To our customers,

Old Company Name in Catalogs and Other Documents

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

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

April 1%, 2010
Renesas Electronics Corporation

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

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

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

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

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

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

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

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

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

(1) artificial life support devices or systems

(2) surgical implantations

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

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

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

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

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

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

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

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
Genera Precautions in the Handling of MPU/M CU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

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

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

Processing at Power-on

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

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

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

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
become stable. When switching the clock signal during program execution, wait until the
target clock signal has stabilized.

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

Differences between Products

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

confirm that the change will not lead to problems.

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

The SH7055SF is asingle-chip RISC (reduced instruction set computer) microcomputer that has
an original 32-bit RISC type CPU asits core, and aso includes peripheral functions necessary for
system configuration.

The SH7055SF is equipped with on-chip peripheral functions necessary for system configuration,
including a floating-point unit (FPU), large-capacity ROM and RAM, a direct memory access
controller (DMAC), timers, a serial communication interface (SCI), Controller area network
(HCAN), A/D converter, interrupt controller (INTC), and 1/0 ports, therefore, it can be used asa
microprocessor built in ahigh-level control system.

The SH7055SF isan F-ZTAT™* (Flexible Zero Turn-Around Time) version with flash memory
asitson-chip ROM, and it can rapidly and flexibly deal with each situation on an application
system with fluid specifications from an early stage of mass production to full-scale production.

Note: F-ZTAT™ isatrademark of Renesas Technology Corp.

Target users. This manual was written for users who will be using the SH7055S F-ZTAT in
the design of application systems. Users of this manual are expected to
understand the fundamental s of electrical curcuits, logical circuits, and
microcomputers.

Objective:  This manual was written to explain the hardware functions and electrical
characteristics of the SH7055S F-ZTAT to the above users.

Refer to the SH-2E Programming Manual for a detailed description of the
instruction set.

Notes on reading this manual:

¢ Inorder 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.

* |norder to understand the details of the CPU's functions
Read the SH-2E Programming Manual.

Rule: Bitorder: The MSB (most significant bit) is on the left and the LSB (least
significant bit) is on theright.
Releated Manuals: The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/
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SH7055S F-ZTAT manuals:

Manual Title ADE No.
SH7055S F-ZTAT Hardware Manual This manual
SH-2E Programming Manual

Users manuals for development tools:

Manual Title ADE No.

SH Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's ADE-702-246
Manual

SH Series Simulator/Debugger (for Windows) User's Manual ADE-702-186
SH Series Simulator/Debugger (for UNIX) User's Manual ADE-702-203
High-Performance Embedded Workshop User's Manual ADE-702-201
Application note;

Manual Title ADE No.

C/C++ Compiler
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Revisions and Additions in This Editions

Item Page Revisions (See Manual for Details)
2.4.1 Instruction Set by 53  Table amended
Classification BF/S | abel  10001111dddddddd Delayed branch, if T=0, dispx2 + 2/1* —

PC - PC;if T =1, nop

Table 2.16 Branch Instructions
3.6 Usage Notes 69, 70Newly added

3. Restrictions of the FADD and
FSUB instructions

5.3.1 Connecting a Crystal 75, 76 Recommended value amended

Oscillator CL1=CL2=18-22 pF (recommended value)
Figure 5.3 Connecting of
Crystal Oscillator(Example)

Table amended

Frequency (MHz)

Table 5.3 Damping Resistance Parameter 5 10

Values(Recommended Values) Rd(@) e i
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Item Page Revisions (See Manual for Details)

5.4 Usage Notes 77, 78Description deleted
PLL Oscillation Power Supply PLL Oscillation Power Supply: Separate PLLV . and
Figure 5.7 Points for Caution in PLLV from the other V. and V lines at the board power
PLL Power Supply Connection supply source, ...
Figure 5.8 Actual Example of Figures amended
Board Design
PLLCAP
Rp
PLLVcc T A"
T Ces
PLLVss
Vee
1. 1
Ves—+ ne T

Recommended values
Cpg, Cg: 0.1pF
Rp: 200Q

PLLVss

!
1
PLLCAP —"
PLLVcc [} —AA/N o

XTAL [ | o
EXTAL [} | o
Vss j
6.7 Stack Status after Exception 92  Table amended
PrOCGSSing Ends General illegal instruction T T
sp Address of general 32 bits
Table 6.11 Stack Status After eoallinsruction
Exception Processing Ends SR 32 bits
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Item Page Revisions (See Manual for Details)

11.1.1 Features 191 toDescription amended
193 prescaler

O 1/1 to 1/32 clock scaling possible in initial stage for
channels 0 to 8, 10, and 11
0 Channels 1 to 5 enable TI10 pin input, multiple the
TI10 pin input (correction), and select AGCK and
AGCKM.
Channel 2

O Provision for forcible cutoff of channel 8 down-
counters(DCNTS8I to P)

Channel 8

0 Reload function can be set to eight 16-bit down
counters (DCNT8I to DCNT8P)

Channel 9

* Channel 9 has six event counters and six general
registers, allowing the following operations:
Channel 10

e Channel 10 has a 32-bit output compare and input
capture register, free-running counter, 16-bit free-
running counter, output compare/input capture
register, reload register, 8-bit event counter, and
output compare register, and one 16-bit reload
counter, allowing the following operations:

0 Reload count possible with 1/32, 1/64, 1/128, or
1/256 times the captured value

Channel 11

0 Waveform output at compare match: 0 output, 1
output, and toggle output selectable

O Input capture function: Detection at rising edge,
falling edge, and both edges

0 Compare-match signal can be output at the APC
by using a general register as a output compare
register

Rev.2.0, 07/03, page ix of xxxviii
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Page Revisions (See Manual for Details)

11.1.1 Features

Table 11.1 ATU-II functions

195, Table amended
196

Channel 1 Channel 2 Channels 3-5
(¢-@/32) x (1/2n) (¢-¢/32) x (1/2n) (¢-@/32) x (1/2n)
(n=0-5) (n=0-5) (n = 0-5)
TCLKA, TCLKB, TCLKA, TCLKB, TCLKA, TCLKB,
AGCK, AGCKM AGCK, AGCKM AGCK, AGCKM
GR10G
OCR10AH,
OCR10AL,
OCR10B,
NCR10,
TCCLR10
11.1.3 Register Configuration 201 Table amended
Table 11.3 ATU-II Registers TSTR1 R/W  H00
TSTR2 R/W  H00
TSTR3 R/W  H00
PSCR1 R/W  H00
PSCR2 R/W  HO00
PSCR3 R/W  HO00
PSCR4 R/W  HO00
11.2.2 Prescaler 227 Bit Table amended
Registers(PSCR) Bt 7 6 5 4 3 2 1 0
[ — [ — [ — [Prscxe]Pscxp [ Pscxc | PSCxB [ PSCxA |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R/IW R/IW RIW R/IW RIW
x=1to4
11.2.4 Timer I/O Control 246, Table amended
Registers(TIOR) 247 Bits 6 to 4
Timer |/O COntrOI RegiSterS 3A1 1 0 0 GRis an input Input capture disabled (In channel 3
SB 4A 4B 5A SB(T|OR3A gapture register only, GR cannot be written to)

' ' ' ' ' (input capture by n rein N risin
TIOR3B, TIOR4A, TIOR4B, ' chamnel3ands| 110 TE G oot bewiten ©
T|OR5A‘ T|ORSB) 1 0 enabrled) Input capture in GR on falling edge at

TIOxx pin (GR cannot be written to)
Bits2t0 0
1 0 0 GR is an input Input capture disabled (In channel 3
capture register only, GR cannot be written to)
(input capture by nput capture in on rising edge af
! channel 3 and 9 ITIF())XIX pi':: (GR cSanm be wrgitteigto) '
- compare-match
1 0 enabled) Input capture in GR on falling edge at

TIOxx pin (GR connot be written to)
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Page Revisions (See Manual for Details)

11.2.22 Cycle Registers (CYLR) 335
Cycle Registers (CYLR6A to
CYLR6D, CYLR7A to CYLR7D)

Description amended

At the same time, the buffer register (BFR) value is
transferred to the duty register (DTR). Output pin (TO6A
to TO6D, TO7A to TO7D) of corresponding channnel will
be 0 when H'0000 of BFR is 0 output and otherwise will

11.2.26 Channel 10 Registers 338  Description amended

Counters(TCNT) ...an input clock and is cleared to the initial value by input

Free-Running Counter 10AH,AL capture input (TI10)(AGCK).

(TCNT10AH, TCNT10AL)

11.2.26 Channel 10 Registers 342  Description amended

Registers (TCNT) At the same time, ICF10A in timer status register 10

Input Capture Register 10AH, AL (TSR10) is set to 1.

(ICR10AH, ICR10AL)

11.3.1 Overview 355 Description amended

Channels 6 and 7 Do not set a value in DTR that will result in the condition
DTR > CYLR. When H'0000 is set to DTR, do not have
DTR directly read H'0000. Set BFR to H'0000 and set
H'0000 by forwarding from BFR to DTR. If H'0000 is
directly set to DTR, duty may not be 0%.

11.3.8 Twin-Capture Function 365 Description amended

Line 4

When TCNTO, TCNT1A, and TCNT2A in channel 0,
channel 1, and channel 2 are started by a setting in the
timer status register (TSR), and an edge detection is
carried out by the ICROA input as a trigger signal, the
TCNTI1A value is transferred to OSBR1, and the TCNT2A
value to OSBR2. Edge detection is as described in
section 11.3.4, Input Capture Function.
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Item Page Revisions (See Manual for Details)
11.3.9 PWM Timer Function 366, Description amended
Figure 11.21 PWM Timer 367 i the DTR value is H'0000, the output does not change
Operation (0% duty). However, when H'0000 is set to DTR, do not
directly write H'0000 to DTR. Set H'0000 to BFR and
forward it from BFR to DTR. If H'0000 is directly set to
DTR, duty may not be 0%. A duty of 100% is specified by
setting DTR = CYLR. Do not set a value in DTR that will
result in the condition DTR > CYLR.
Figure amended
* TO6A amended
PWM output does not change for one cycle after
activation*
Note added
* PWM output is not guaranteed because retained
value is output for one cycle after activation.
11.3.9 PWM Timer Function 368 Figure replaced
Figure 11.22 Complementary
PWM Mode Operation
11.3.12 Channel 10 Functions 372  Figure amended

Inter-Edge Measurement
Function and Edge Input
Cessation Detection Function:

Figure 11.28 TCNT10A Capture
Operation and Compare-Match
Operation

A ooocoons

11.7 Usage Notes 414

Contention between DCNT Write
and Counter Clearing by
Underflow:

Figure 11.72 Contention between
DCNT Write and Underflow

Note added
Figure amended

Underflow signal
DCNT 0001 |

H'5555 is written to the DCNT because
the write to the DCNT has priority

X v

0000 5655

11.7 Usage Notes 418 Description amended

ATU Pin Setting: When a port is set to the ATU pin function, the following
points must be noted because input capture or count
operation may occur.

17.4.2 Scan Mode 608 Figure amended

Figure 17.4 Example of A/D
Converter Operation(Scan
Mode(Single-Cycle Scan),
Channels ANO to AN11 Selected)

Ls—— Continuous A/D conversion —»‘
¥ set’

ADST }

‘ Clear

[ /
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Item Page Revisions (See Manual for Details)
22.1 Features 736 Description amended
* Programming/erasing time * Programming/erasing time
«  Number of programming The flash memory programming time is t, ms (typ) in
128-byte simultaneous programming and t,/128ms per
byte. The erasing time is t.s (typ) per block.
¢ Number of programming
The number of flash memory programming can be up
to N, times.
22.4.3 Programming/Erasing 758 Description added
Interface Parameters Line 13
(2) Programming/Erasing The general registers R8 to R15 are stored. The general
Initialization registers RO to R7 can be used without being stored.
22.5.3 User Boot Mode 782 Description added

(1) User Boot Mode Initiation

Line 3

When the reset start is executed in user boot mode, the
check routine for flash-memory related registers runs.
While the check routine is running, the RAM area about
1.2 kbytes from H'FFFF6800 is used by the routine and 4
bytes from H'FFFFDFFC is used as a stack area. NMI
and all other interrupts cannot be accepted. Neither can
the AUD be used in this period. This period is
approximately 100 Us while operating at an internal
frequency of 40 MHz.

22.7 Flash Memory Emulation 791

in RAM

Note: Description added

Note: Setting the RAMS bit to 1 puts all the blocks in flash
memory in the programming/erasing-protected
state regardless of the values of the RAM2 to
RAMO bits (emulation protection). Clear the RAMS
bit to 0 before actual programming or erasure.

RAM emulation can be performed when the user
boot MAT is selected. However,
programming/erasing user boot MAT can be
performed only in boot mode or program mode.
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Page Revisions (See Manual for Details)

22.8.3 Other Notes 797

2. User branch processing
intervals

Table 22.11 Initiation Intervals
of User Branch Processing

Table 22.12 Required Period for
Initiating User Branch Processing

4. State in which AUD operation
is disabled and interrupts are
ignored

Table amended and added
Minimum Interval

Approximately 19 us

Approximately 19 ps

Processing Max. Min.

Programming Approximately 113 ps Approximately 113 ps

Erasing Approximately 85 ps Approximately 45 pus

Description added

O Checking the flash-memory related registers
immediately after user boot mode is initiated
(Approximately 100 ps when operation with
internal frequency of 40 MHz is carried out after
the reset signal is released.)

22.10.1 Serial Communication 827
Interface Specification for Boot

Mode
(3) Memory read

Description added
Command:
Read start address (four bytes): Size of data to be read
Error response:
H'2A: Address error
The start address for reading is not in the MAT.
H'2B: Size error

The read size exceeds the MAT, the last address
for reading calculated from the start address for
reading and the read size is not in the MAT, or
read size is 0.

24.3.1 Transition to Hardware 854

Standby Mode

Description added

The chip enters hardware standby mode when the HSTBY
and RES pins go low. Set the pins following to mode
setup pin shown in section 4, Operating modes. Operation
with other pin set up are not guaranteed.

Hardware standby mode reduces power consumption
drastically by halting all SH7055SF functions

Rev.2.0, 07/03, page xiv of xxxviii

RENESAS



Iltem

Page Revisions (See Manual for Details)

26.1 Absolute Maximum Ratings 861,

Table 26.1 Absolute Maximum 862

Ratings

Table amended

Power —0.3to +6.5

supply
voltage*

PV.1 and PV
PV..2 pins

cc

Operating temperature ** —40 to +125
(except writing or erasing on-

chip flash memory)

Topr

Operating temperature TWEopr —40 to +85
(writing or erasing on-chip

flash memory)

Storage temperature Tstg -55 to +125

Note added

Temperature Range for Operation Accumulated Time

8510 105 °C 3000 hours

26.2 DC Characteristics

Table 26.2 Correspondence
between Power Supply Names
and Pins

869

Table amended

3|
S

169 PC4
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26.2 DC Characteristics 874 toTable amended

Table 26.4 DC Characteristics  2/6  Conditions: V__= PLLV__=3.3V 0.3V, PV_1=5.0V
+0.5V/3.3V 0.3V, PV_2=50V 0.5V,
AV_=5.0V20.5V,AV_=45V oAV, V,
=PLLV=AV_ =0V, T, =—40°C to 125°C.
When PV_1=3.3V 0.3V, V. =PV_1.
When writing or erasing on-chip flash

[Operating precautions]

memory,
T, =-40°C to 85°C.
Input high- RES, NMI, FWE, V. Ve — 5.8 \ 2.7V <V
level voltage MD2-0, HSTBY -05 <3.6V
(except
Schmitt
trigger input
voltage)
Input low- RES, NMI, FWE, \'A -0.3 —_ 0.5 \ 27VsV, <
level voltage MD2-0, HSTBY, 3.6V
(except TRST, AUDRST,
Schmitt AUDMD
trigger input - "5 "o 1 03 — PV.2xV
voltage) 0 3”
Other input pins -0.3 — 0.8 \
Input leak RES, NMI, FWE, |in| — — 3.0"  pA Vin=0.5Vto
current MD2-0, HSTBY, 6.0° 58V
EXTAL (Standby) — — 30" pA  Vin=05Vto
607 V. —-05V
TMS, TRST, TDI, — — 3.0%" pA  Vin=05Vto
TCK (Standby) 07 V,.-05V
AUDMD, AUDCK, — — 3.0 HA Vin=0.5Vto
AUDSYNC, 07 PV, 2-05V
AUDATA3-0 :
(Standby)
AUDRST (Standby) — — 80" pA  Vin=05t0AV
507 PV, 2-05V
A/D port — — 02" pA  Vin=0to AV
04*
Input leak D15-D0, WAIT, BREQ | lin | — — 3.0 pA  Vin=05Vto
current —_— PV, 1-05V
6.0 PV, 1=33V
+0.3V
PE15-PEO, PF15— — — 30" pA  Vin=05Vto
PF0, PH15-PHO e PV, 1-05V
(When in MCU 6.0 PV, 1=33V
expansion mode) +0.3V
Other input pins — — 3.0 pA  Vin=05Vto
07 PV,2-05V
Input pull-up  TMS, TRST, TDI, TCK —lpu — — 350 HA Vin=0V
MOS current  (pull-up characteristic)
AUDMD, AUDCK, —_ —_ 800 HA Vin=0V
AUDSYNC,
AUDATA3-0 (pull-up
characteristic)
Input pull- AUDRST (pull-down  Ipd — — 500 HA Vin = PV,2
down MOS  characteristic)
current
Three-state ~ A21-A0, D15-DO, lits| — — 80" pA  Vin=05to
leak current  CS3-CS0, WRH., — PV, 1-05V
(while OFF)  WRL, RD, BACK 6.0 PV, 1=33V
(When in MCU +03V

expansion mode)
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26.2 DC CharaCteriStiCS 877 to Current Normal operation lec — 50 80 mA =40 MHz
' 878 consumption “geer — 40 60 mA
Table 26.4 DC Characteristics Standby — B0 200 pA T,<50°C
. . — — 500 pA 50°C<
[Operating precautions] Tag105°C
= — 1000 pA  Ta>105°C
Write operation — 60 90 mA V. =33V
f =40 MHz
Analog During AID Al — 12 5 mA
supply conversion
current Awaiting A/D — 1 30 WA
conversion
Reference  During AD Alref — 13 5 mA AV, =5V
power supply conversions
current Awaiting AID — 11 10 A
conversion
RAM standby Ve | - - \% Ve
voltage
Notes: "1 Ta <105°C
"2 Ta >105°C

Description added
[Operating precautions]

2. The current consumption is measured when V min =
V,.-03V/IPV_-03V,V, =0.3V, with all output
pins unloaded.

26.2 DC Characteristics 879 Table amended
Table 26.5 Permitted Output Conditions: V. =PLLV_ =33V +0.3V,PV_1=50V
Current Values +0.5V/3.3V 0.3V,

PV,2=50V+05V, AV =50V 05V,
AV _=45Vto AV,

V. =PLLV =AV_ =0V, T ,=-40°Cto
125°C.

When PV_1=33V+03V,V_=PV_1.
When writing or erasing on-chip flash
memory, T, = —-40°C to 85°C.

Output low-level permissible lo, — — 6 mA
current (per pin)

Output low-level permissible Tl — — 80 mA
current (total)

Output high-level permissible low — — 2 mA
current (per pin)

Output high-level permissible Ty — — 25 mA
current (total)
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26.3.1 Timing for switching the
power supply on/off

Table 26.6 Timing for switching
the power supply on/off

880 Conditions amended
Conditions: V= PLLV_. =3.3V+0.3V,PV_1=50V

+0.5V/3.3V 0.3V,

PV,2=50V+05V, AV =50V 05V,
AV _=45Vto AV,

V. =PLLV =AV_ =0V, Ta=-40°C to
125°C.

When PV_1=33V+03V,V_=PV_1.
When writing or erasing on-chip flash
memory, Ta = —40°C to 85°C.

26.3.2 Clock Timing
Table 26.7 Clock Timing

881 Conditions amended
Conditions: V= PLLV_. =3.3V+0.3V,PV_1=50V

+0.5V/3.3V 0.3V,

PV,2=50V+05V, AV =50V 05V,
AV _=45Vto AV,

V. =PLLV =AV_ =0V, Ta=-40°C to
125°C.

When PV_1=33V 0.3V, V_=PV_1.
When writing or erasing on-chip flash
memory, Ta = —40°C to 85°C.

26.3.3 Control Signal Timing
Table 26.8 Control Signal Timing

883 Table amended
Conditions: V= PLLV_. =3.3V+0.3V,PV_1=50V

+0.5V/3.3V 0.3V,

PV,2=50V+05V, AV =50V 05V,
AV _=45Vto AV,

V. =PLLV =AV_ =0V, T ,=-40°Cto
125°C.

When PV_1=33V 0.3V, V_=PV_1.
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.

RES pulse width

tesw 20 — . Figure 26.5

RES setup time

tess 40 — ns

MD2-MDO setup time t

20 — t

us oye

26.3.4 Bus Timing
Table 26.9 Bus Timing

886

Conditions amended
Conditions: V. = PLLV,_ =3.3V 0.3V, PV_1=5.0V

+0.5V/3.3V 0.3V,
PV,2=50V+05V,AV_ =50V 0.5V,
AV _ =45V to AV,

V. =PLLV =AV, =0V, T,=-40°Cto
125°C.

When PV_1=33V 03V, V_=PV_1l.
When writing or erasing on-chip flash
memory, T, = —-40°C to 85°C.
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26.3.5 Advanced Timer Unit 890 Conditions amended

Timing and Advance Pulse Conditions: V= PLLV, = 3.3V 0.3V, PV, 1=50V
Controller Timing +05V/3.3V +0.3V

Table 26.10 Advanced Timer PV,2=50V+05V, AV =50V 05V,

Unit Timing and Advanced Pulse AV _=45Vto AV,

Controller Timing V. =PLLV =AV_ =0V, T ,=-40°Cto
125°C.

When PV, 1=3.3V 0.3V, V., =PV_1
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.
26.3.6 1/0O Port Timing 892 Conditions amended

Table 26.11 1/O Port Timing Conditions: V. =PLLV_ =33V +0.3V,PV_1=50V
+0.5V/3.3V 0.3V,
PV,2=5.0V 0.5V, AV =50V 0.5V,

AV_=45Vt0AV,,
V. =PLLV_=AV_=0V, T,=-40°Cto
125°C.

When PV_1=33V 0.3V, V_=PV_1.
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.

26.3.7 Watchdog Timer Timing 893 Conditions amended

Table 26.12 Watchdog Timer Conditions: V. =PLLV_ =33V +0.3V,PV_1=50V
Timing +0.5V/3.3V 0.3V,
PV,2=5.0V 0.5V, AV =50V 0.5V,
AV_=45Vto AV,
V. =PLLV =AV_ =0V, T,=-40°Cto
125°C.
When PV_1=3.3V 0.3V, V. =PV_1.
When writing or erasing on-chip flash

memory, T, =—-40°C to 85°C.
26.3.8 Serial Communication 894 Conditions amended

Interface Timing Conditions: V,_ = PLLV__ = 3.3V 0.3V, PV_1=5.0V

Table 26.13 Serial +0.5V/3.3V 0.3V,

Communication Interface Timing PV,2=50V 05V, AV =50V 05V,
AV_=45Vto AV,
V. =PLLV =AV_ =0V, T,=-40°Cto
125°C.
When PV_1=3.3V 0.3V, V. =PV_1.
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.
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26.3.9 HCAN Timing 896 Conditions amended
Table 26.14 HCAN Timing Conditions: V= PLLV_. =3.3V+0.3V,PV_1=50V
+0.5V/3.3V 0.3V,

PV,2=50V+05V, AV =50V 05V,
AV _=45Vto AV,

V. =PLLV =AV_ =0V, T ,=-40°Cto
125°C.

When PV_1=3.3V 0.3V, V_=PV_L
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.

26.3.10 A/D Converter Timing 897 Conditions amended

Table 26.15 A/D Converter Conditions: V. =PLLV_ =33V +0.3V,PV_1=50V
Timing +0.5V/3.3V 0.3V,
PV.2=50V*05V,AV, =50V 05V,
AV_=45VtoAV,,
V. =PLLV =AV_ =0V, T, =-40°Cto
125°C.
When PV_1=3.3V 0.3V, V. =PV_1.
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.

26.3.11 H-UDI Timing 899 Conditions amended

Table 26.16 H-UDI Timing Conditions: V. =PLLV_ =33V +0.3V,PV_1=50V
+0.5V/3.3V 0.3V,
PV,2=50V+05V, AV =50V 05V,
AV _=45Vto AV,
V. =PLLV =AV_ =0V, T ,=-40°Cto
125°C.
When PV_1=3.3V 0.3V, V_=PV_L
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.

26.3.12 AUD Timing 901 Conditions amended

Table 26.17 AUD Timing Conditions: V. =PLLV_ =33V +0.3V,PV_1=50V
+0.5V/3.3V 0.3V,
PV,2=50V+05V, AV =50V 05V,
AV _=45Vto AV,
V. =PLLV =AV_ =0V, T ,=-40°Cto
125°C.
When PV_1=3.3V 0.3V, V_=PV_L
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.
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26.3.13 UBC Trigger Timing 903 Conditions amended

Table 26.18 UBC Trigger Timing Conditions: V. =PLLV_ =33V +0.3V,PV_1=50V
+0.5V/3.3V 0.3V,
PV.2=50V*05V,AV, =50V 05V,
AV_=45VtoAV,,
V. =PLLV =AV_ =0V, T, =-40°Cto
125°C.
When PV, 1=3.3V 0.3V, V., =PV_1
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.

26.4 A/D Converter 905 Conditions and table amended

Characteristics Conditions: V,_ = PLLV__ = 3.3V 0.3V, PV_1=5.0V
Table 26.19 A/D Converter +0.5V/3.3V 0.3V,

Characteristics PV,2=50V+05V, AV =50V 05V,

AV _=45Vto AV,

V. =PLLV =AV_ =0V, T ,=-40°Cto
125°C.

When PV_1=33V 0.3V, V_=PV_1.
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.

CSK = 0: fop =10-20 MHz CSK = 1: fop = 10 MHz
Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bit
A/D conversion time — — 13.3 — — 13.4 Hs
Analog input capacitance  — — 20 — — 20 pF
Permitted analog signal — — 3 — — 3 kQ
source impedance
Non-linear error — — +1.5" — — 15" LSB
257 257
Offset error — — £1.5" — — 15" LSB
25" 257
Full-scale error — — 15" — — 15" LSB
257 257
Quantization error — — +0.5 — — +0.5 LSB
Absolute error — — +2.0" — — 20" LSB

Note: *1 Ta<105°C
*2  Ta>105°C
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26.5 Flash Memory 906 Conditions and table amended

Characteristics Conditions: V,_ = PLLV__ = 3.3V 0.3V, PV_1=5.0 V
Table 26.20 Flash Memory +0.5V/3.3V +0.3V,

Characteristics PV,2=50V+05V, AV =50V 05V,

AV _=45Vto AV,

V. =PLLV =AV_ =0V, T ,=-40°Cto
105°C.

When PV_1=33V 0.3V, V_=PV_1.
When writing or erasing on-chip flash
memory, T, =—-40°C to 85°C.

Item Symbol Min Typ Max Unit
Programming time**** t— 20 200 ms/128 bytes
Erase time*** t— 1 10 s/block
Reprogramming count Nyec — — 100 Times

Note: *1 Use the on-chip programming/erasing routine for programming/erasure.
*2 When all 0 are programmed.
*3 64 kbytes of block

26.6.1 Notes on Connecting 907 26.6.1 Title added
External Capacitor for Current

e Description added
Stabilization

...power supply (V, pin) and the V_ pin, an capacitor

Figure 26.29 Connection of V, (0.33 to 0.47 pF) for stabilizing the internal voltage....

Capacitor
Figure amended
One 0.33 to 0.47 pF capacitor
One 0.33t0 0.47 uF One 0.33 10 0.47 pF
capacitor capacitor
Do not apply any power supply voltage to the Vct pin.
Use multilayer ceramics capacitors (one'0.33 to 0.47 pF
capacitor for each Ve pin), which should be located
near the pin.
26.6.2 Notes on Mode Pin Input 907 toNewly added
908
A.2 Register States in Reset and 953 to Table amended
POWer-DOWn States 954 Serial SMRO to SMR4 Initialized Initialized Held Held
) X F:ommunication W
Table A.2 Register States in interface (SC)
Reset and Power-Down States TDRO to TDR4 Intialized
SSRO to SSR4
RDRO to RDR4
SDCRO to SDCR4 Held
1/0 ports PADR, PBDR, PCDR Initialized Initialized Held Held
PDDR, PEDR, PFDR
PGDE, PHDR, PJDR
PKDR, PLDR
PAPR, PBPR, PDPR, Pin value Held Held Pin value
PJPR, PLPR
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Section1l Overview

11 Features

The SH7055SF is a single-chip RISC microcontroller that integrates a RISC CPU core using an
original Renesas architecture with peripheral functions required for system configuration.

The CPU has a RISC-type instruction set. Basic instructions can be executed in one state (one
system clock cycle), which greatly improves instruction execution speed. In addition, the 32-bit
internal architecture enhances data processing power. With this CPU, it has become possible to
assembl e low-cost, high-performance/high-functionality systems even for applications such as
real-time control, which could not previously be handled by microcontrollers because of their
high-speed processing requirements.

In addition, the SH7055SF includes on-chip peripheral functions necessary for system
configuration, such as afloating-point unit (FPU) , ROM , RAM, adirect memory access
controller (DMAC), timers, aserial communication interface (SCI), controller area network
(HCAN), A/D converter, interrupt controller (INTC), and /O ports.

ROM and SRAM can be directly connected by means of an external memory access support
function, greatly reducing system cost.

On-chip ROM is available as flash memory inthe F-ZTAT™* (Flexible Zero Turn Around Time)
version. The flash memory can be programmed with a programmer that supports SH7055SF
programming, and can also be programmed and erased by software. Since the
programming/erasing control program isincluded as firmware, programming and erasing can be
performed by calling this program with a user program. This enables the chip to be programmed at
the user site while mounted on a board.

The features of the SH7055SF are summarized in table 1.1.

Note: * F-ZTAT isatrademark of Renesas Technology Corp.
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Tablel.1l SH7055SF Features

Item Features

CPU .

Maximum operating frequency: 40 MHz
Original Hitachi SH-2E CPU

32-bit internal architecture

General register machine

0 Sixteen 32-bit general registers

O Three 32-bit control registers

O Four 32-bit system registers

Instruction execution time: Basic instructions execute in one state
(25 ns/instruction at 40 MHz operation)

Address space: Architecture supports 4 Ghytes
Five-stage pipeline

Operating states

Operating modes

O  Single-chip mode

0  8/16-bit bus expanded mode
¢ Mode with on-chip ROM
¢ Mode with no on-chip ROM

Processing states

O Reset state

O  Program execution state

O Exception handling state

O Bus-released state

O  Power-down state

Power-down state

0 Sleep mode

O Software standby mode

0 Hardware standby mode

O Module standby

Multiplier .

32 x 32 - 64 multiply operations executed in two to four cycles

32 x 32 + 64 - 64 multiply-and-accumulate operations executed in two to
four cycles
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Table1.1 SH7055SF Features (cont)

Item

Features

Floating-point
unit

SuperH architecture coprocessor
Supports single-precision floating-point operations
Supports a subset of the data types specified by the IEEE standard

Supports invalid operation and division-by-zero exception detection (subset
of IEEE standard)

Supports Round to Zero as the rounding mode (subset of IEEE standard)
Sixteen 32-bit floating-point data registers

Supports the FMAC instruction (multiply-and-accumulate instruction)
Supports the FDIV instruction (divide instruction)

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

Instruction delay time: Two cycles for each of FMAC, FADD, FSUB, and
FMUL instructions

Execution pitch: One cycle for each of FMAC, FADD, FSUB, and FMUL
instructions

Clock pulse e On-chip clock pulse generator (maximum operating frequency: 40 MHz)
?gggﬁ;ﬂ) ¢ Independent generation of CPU system clock and peripheral clock for
peripheral modules
e On-chip clock-multiplication PLL circuit (x4)
Internal clock frequency range: 5 to 10 MHz
Interrupt « Nine external interrupt pins (NMI, IRQO to IRQ7)

controller (INTC)

115 internal interrupt sources

(ATU-II x 75, SCI x 20, DMAC x 4, A/D x 3, WDT x 1, UBC x 1, CMT x 2,
HCAN x 8, H-UDI x 1)

16 programmable priority levels

User break
controller (UBC)

Requests an interrupt when the CPU or DMAC generates a bus cycle with
specified conditions (interrupt can also be masked)

Trigger pulse output (UBCTRG) on break condition
O Selection of trigger pulse width (¢ x1, x4, x8, x16)
Simplifies configuration of an on-chip debugger
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Table1.1 SH7055SF Features (cont)

Item

Features

Bus state
controller (BSC)

Supports external memory access (SRAM and ROM directly connectable)
0O  8/16-bit bus space
3.3 V bus interface

16 MB address space divided into four areas, with the following parameters
settable for each area:

0  Bus size (8 or 16 bits)
O Number of wait cycles
O  Chip select signals (CS0 to CS3) output for each area

Wait cycles can be inserted using an external WAIT signal
External access in minimum of two cycles

Provision for idle cycle insertion to prevent bus collisions

Direct memory
access controller
(DMAC)

(4 channels)

DMA transfer possible for the following devices:

0O  External memory, on-chip memory, on-chip peripheral modules
(excluding DMAC, UBC, BSC)

DMA transfer requests by on-chip modules
O  SCI, A/D converter, ATU-1I, HCAN
Cycle steal or burst mode transfer

Dual address mode

O Direct transfer mode

O Indirect transfer mode (channel 3 only)
Address reload function (channel 2 only)
Transfer data width: Byte/word/longword

Advanced timer
unit-1l (ATU-I1)

Maximum 65 inputs or outputs can be processed
Four 32-bit input capture inputs
Thirty 16-bit input capture inputs/output compare outputs

Eight 16-bit PWM outputs

a
a
0 Sixteen 16-bit one-shot pulse outputs
a
0  Six 8-bit event counters

O

One gap detection function
1/0 pin output inversion function

Advanced pulse
controller (APC)

Maximum eight pulse outputs on reception of ATU-1I (channel 11)
compare-match signal
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Tablel.1

Item

SH7055SF Featur es (cont)

Features

Watchdog timer
(WDT)
(1 channel)

Can be switched between watchdog timer and interval timer function
Internal reset, external signal, or interrupt generated by counter overflow

Two kinds of internal reset
0 Power-on reset
0 Manual reset

Compare-match
timer (CMT)
(2 channels)

Selection of 4 counter input clocks

A compare-match interrupt can be requested independently for each

channel

Serial
communication
interface (SCI)
(5 channels)

Selection of asynchronous or synchronous mode
Simultaneous transmission/reception (full-duplex) capability

Serial data communication possible between multiple processors
(asynchronous mode)

Clock inversion function

LSB-/MSB-first selection function for transmission

Controller area
network (HCAN)
(2 channels)

CAN version: Bosch 2.0B active compatible
Buffer size (per channel): Transmit/receive x 15, receive-only x 1
Receive message filtering capability

A/D converter

Thirty-two channels
Three sample-and-hold circuits
O Independent operation of 12 channels x 2 and 8 channels x 1
Selection of two conversion modes
O Single conversion mode
0O Scan mode
e Continuous scan mode
¢ Single-cycle scan mode
Can be activated by external trigger or ATU-1I compare-match
10-bit resolution
Accuracy: +2 LSB

High-
Performance
user debug
interface (H-UDI)

Five dedicated pins
Bypass mode (test mode compliant with IEEE1149.1)
H-UDI interrupt
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Table1.1 SH7055SF Features (cont)

Iltem Features
Advanced user * Eight dedicated pins
debugger (AUD) RAM monitor mode
0 Data input/output frequency: @4 or less
O Possible to read/write to a module connected to the internal/external
bus
¢ Branch address output mode
I/O ports ¢ Dual-function input/output pins: 149
fj?)cggisngag?rirss . Schmitt input pins: NMI, TRQn, RES, HSTBY, FWE, TCLK, IC, IC/OC, SCK,
and daté buses) ADTRG
e Input port protection
ROM ¢ 512-kbyte flash memory
e 512 kbytes divided into 16 blocks
O Small blocks: 4 kB x 8
0 Medium block: 32kB x1
O Large blocks: 64 kB x 7

« RAM emulation function (using 4 KB small block)
¢ Programming/erasing control program included as firmware
¢ Flash memory programming methods
O Boot mode
O User boot mode
O User program mode
O Programmer mode
RAM ¢ 32 kB SRAM
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12 Block Diagram
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< [+ PH10/D10
- ©
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PLLCAP S +— PH5/D5
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PVccl (x4) — FPU me (4 channels) |~— PH3/D3
PVoc2 (0) — Multiplier = — PH2/D2
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[+~ PA13/TIO5B
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Figurel.l Block Diagram
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Pin Description

13

Pin Arrangement
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Figurel.2 Pin Arrangement
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13.2

Pin Functions

Table 1.2 summarizes the pin functions.

Tablel1.2

Type

Pin Functions

Symbol

Pin No. 110

Name

Function

Power supply V,

CcC

11, 49, 52,
75, 139,
187, 203,
237

Input

Power supply

Power supply for chip-internal
and system ports (RES,
MD2-MDO, FWE, HSTBY,
NMI, CK, EXTAL, XTAL, H-
UDI port). Connect all V_ pins
to the system power supply.
The chip will not operate if
there are any open pins.

P

\Y

cc

20, 39, 70,
83

Input

Port power
supply 1

Power supply for bus ports
(ports E, F, and H). Connect
all PV_.1 pins to the system
bus power supply. The chip
will not operate if there are
any open pins.

P

V,

CC

128, 148,
172, 194,
212, 247

Input

Port power
supply 2

Power supply for peripheral
module ports (ports A, B, C,
D, G, J, K, and L, the AUD
port, and WDTOVF). Connect
all PV_.2 pins to the system
peripheral module power
supply. The chip will not
operate if there are any open
pins.

CcL

30, 161,
225

Input

Internal step-
down power

supply

Pins for connection to a
capacitor used for stablizing
the voltage of the internal
step-down power supply.

Connect this pin to V
throhgh a capacitor. The
capacitor should be located
near the pin. Do not connect
to an external power supply.

RENESAS
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Type Symbol Pin No. 1/0 Name Function

Power supply  V 13, 22,32, Input Ground For connection to ground.
41,47, 54, Connect all V pins to the
72,71, 85, system ground. The chip will
126, 141, not operate if there are any
150, 163, open pins.
174, 185,
196, 205,
214, 227,
239, 249

Flash memory FWE 56 Input Flash write Connected to ground in

enable normal operation.

Apply V. during on-board
programming.

Rev.2.0, 07/03, page 10 of 960
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Tablel1.2

Pin Functions (cont)

Type Symbol Pin No. 110 Name Function
Clock PLLV 60 Input PLL power On-chip PLL oscillator power
supply supply.
For power supply connection,
see section 5, Clock Pulse
Generator (CPG).

PLLV 62 Input  PLL ground On-chip PLL oscillator ground.
For power supply connection,
see section 5, Clock Pulse
Generator (CPG).

PLLCAP 61 Input PLL On-chip PLL oscillator

capacitance external capacitance
connection pin.
For external capacitance
connection, see section 5,
Clock Pulse Generator (CPG).

EXTAL 51 Input External clock For connection to a crystal
resonator. An external clock
source can also be connected
to the EXTAL pin.

XTAL 53 Input Crystal For connection to a crystal
resonator.

CK 48 Output System clock  Supplies the system clock to
peripheral devices.

System control RES 58 Input  Power-on Executes a power-on reset
reset when driven low.

WDTOVF 124 Output Watchdog WDT overflow output signal.

timer overflow

BREQ 46 Input Bus request Driven low when an external
device requests the bus.

BACK 45 Output Bus request Indicates that the bus has

acknowledge

been granted to an external
device. The device that output
the BREQ signal recognizes
that the bus has been
acquired when it receives the
BACK signal.

RENESAS
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Table1.2

Pin Functions (cont)

Type Symbol Pin No. 110 Name Function
Operating MDO to 59,55,50 Input Mode setting  These pins determine the
mode control  MD2 operating mode. Do not
change the input values
during operation.
HSTBY 57 Input Hardware When driven low, this pin
standby forces a transition to hardware
standby mode.
Interrupts NMI 84 Input Nonmaskable Nonmaskable interrupt
interrupt request pin.
Acceptance on the rising edge
or falling edge can be
selected.
IRQO to 169,171,  Input  Interrupt Maskable interrupt request
IRQ7 173, 175, requests pins.
230, 226, Oto7 Level input or edge input can
217,218 be selected.
IRQOUT 231 Output Interrupt Indicates that an interrupt has
request been generated.
output Enables interrupt generation
to be recognized in the bus-
released state.
Address bus  A0-A21 7-10, 12, Output Address bus  Address output pins.
14-19, 21,
23-29, 31,
33,34
Data bus D0-D15 63-69, 71, Input/  Data bus 16-bit bidirectional data bus
73,74,76, output pins.
78-82
Bus control CS0-CS3 40, 42-44  Output Chip select Chip select signals for
Oto3 external memory or devices.
RD 38 Output Read Indicates reading from an
external device.
WRH 36 Output  Upper write Indicates writing of the upper
8 bits of external data.
WRL 35 Output Lower write Indicates writing of the lower 8
bits of external data.
WAIT 37 Input  Wait Input for wait cycle insertion in

bus cycles during external
space access.
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Tablel1.2

Pin Functions (cont)

Type Symbol Pin No. 110 Name Function
Advanced TCLKA 159, 162, Input ATU-II timer ATU-II counter external clock
timer unit-11 TCLKB 219 clock input Input pins.
(ATU-11) TIOA-TIOD 125,127, Input  ATU-llinput  Channel O input capture input
129, 130 capture pins.
(channel 0)
TIO1A- 248, Input/  ATU-II input Channel 1 input capture
TIO1H 250-256 output  capture/output input/output compare output
compare pins.
(channel 1)
TIO2A—- 176-183 Input/  ATU-II input Channel 2 input capture
TIO2H output  capture/output input/output compare output
compare pins.
(channel 2)
TIO3A- 131-134 Input/  ATU-Il input Channel 3 input capture
TIO3D output  capture/output input/output compare/PWM
compare/ output pins.
PWM output
(channel 3)
TIO4A—- 135-138 Input/  ATU-II input Channel 4 input capture
TIO4D output capture/output input/output compare/PWM
compare/ output pins.
PWM output
(channel 4)
TIO5A— 140, 142, Input/  ATU-II input Channel 5 input capture
TIO5D 184, 186 output capture/output input/output compare/PWM
compare/ output pins.
PWM output
(channel 5)
TO6A- 145-147, Output ATU-Il PWM Channel 6 PWM output pins.
TO6D 149 output
(channel 6)
TO7A- 151-154 Output  ATU-Il PWM Channel 7 PWM output pins.
TO7D output
(channel 7)
TO8A— 151-158, Output  ATU-II Channel 8 down-counter one-
TO8P 195, one-shot pulse shot pulse output pins.
197-202, (channel 8)
204,
206-211,
213, 215

RENESAS
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Table1.2 Pin Functions (cont)

Type Symbol Pin No. 110 Name Function
Advanced TI9A- 188-193 Input  ATU-llevent  Channel 9 event counter input
timer unit-11 TIOF input pins.
(ATU-II) (channel 9)
TI10 162, 216 Input ATU-II Channel 10 external clock
multiplied clock input pin.
generation
(channel 10)
TIO11A, 217,218 Input/  ATU-IIl input Channel 11 input capture
TIO11B output  capture/output input/output compare output
compare pins.
Advanced PULSO- 1-6, 164, Output APC pulse APC pulse output pins.
pulse controller PULS7 170 outputs 0 to 7
(APC)
Serial TxDO- 143, 165, Output Transmitdata SCIO to SCI4 transmit data
communication TxD4 167, 155, (channels output pins.
interface (SCI) 157 0to 4)
RxDO— 144, 166, Input Receive data  SCIO to SCI4 receive data
RxD4 168, 156, (channels input pins.
158 0to4)
SCKO- 160, 162, Input/  Serial clock SCI0 to SCl4 clock
SCK4 223, 224, output  (channels input/output pins.
226, 164 0to4)
Controller area HTxDO, 157,228,6 Output Transmitdata CAN bus transmit data output
network HTxD1 pins.
(HCAN) HRxDO, 158, 229, input Receive data  CAN bus receive data input
HRxD1 170 pins.
A/D converter AV 101, 119 Input Analog power  A/D converter power supply.
supply
AV 99, 121 Input  Analog ground A/D converter power supply.
AV, 100, 120 Input  Analog Analog reference power
reference supply input pins.
power supply
ANO-AN31 86-98, Input Analog input Analog signal input pins.
102-118,
122, 123
ADTRGO, 175, 220, Input  A/D conversion External trigger input pins for
ADTRGH1 221 trigger input starting A/D conversion.
ADEND 173, 222 Output ADEND output A/D2 channel 31 conversion

timing monitor output pins.
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Table1.2 Pin Functions (cont)

Type Symbol Pin No. 110 Name Function
User break UBCTRG 159 Output User break UBC condition match trigger
controller (UBC) trigger output  output pin.
High- TCK 236 Input Test clock Test clock input pin.
Performance T™MS 232 Input  Test mode Test mode select signal input
user debug :
. select pin.
interface
(H-UDI) TDI 234 Input Test data Instruction/data serial input
input pin.
TDO 235 Output Test data Instruction/data serial output
output pin.
TRST 233 Input  Test reset Initialization signal input pin.
Advanced AUDATAO- 241-244 Input/ AUD data Realtime trace mode: Branch
user debugger AUDATA3 output destination address output
(AUD) pins.
RAM monitor mode: Monitor
address input / data
input/output pins.
AUDRST 238 Input  AUD reset Reset signal input pin.
AUDMD 240 Input  AUD mode Mode select signal input pin.
Realtime trace mode: Low
RAM monitor mode: High
AUDCK 245 Input/ AUD clock Realtime trace mode: Serial
output clock output pin.
RAM monitor mode: Serial
clock input pin.
AUDSYNC 246 Input/ AUD Realtime trace mode: Data
output  synchronization start position identification
signal signal output pin.
RAM monitor mode: Data
start position identification
signal input pin.
1/0 ports POD 34 Input Port output Input pin for port pin drive
disable control when general port is
set for output.
PAO-PA15 125, 127, Input/ Port A General input/output port pins.
129-138,  output Input or output can be
140, specified bit by bit.
142-144
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Table1.2 Pin Functions (cont)

Type Symbol Pin No. 110 Name Function
1/0 ports PBO-PB15 145-147, Input/  PortB General input/output port pins.
149, output Input or output can be
151-160, specified bit by bit.
162, 164
PC0O-PC4 165-169 Input/  PortC General input/output port pins.
output Input or output can be
specified bit by bit.
PD0-PD13 248, Input/ Port D General input/output port pins.
250-256,  output Input or output can be
1-6 specified bit by bit.
PEO-PE15 7-10, 12, Input/  PortE General input/output port pins.
14-19,21,  output Input or output can be
23-26 specified bit by bit.
PFO-PF15 27-29,31, Input/ PortF General input/output port pins.
33-38,40, output Input or output can be
42-46 specified bit by bit.
PGO-PG3 170, 171, Input/  Port G General input/output port pins.
173,175 output Input or output can be
specified bit by bit.
PHO-PH15 63-69, 71, Input/ PortH General input/output port pins.
73,74,76, output Input or output can be
78-82 specified bit by bit.
PJO-PJ15 176-184, Input/  PortJ General input/output port pins.
186, output Input or output can be
188-193 specified bit by bit.
PKO-PK15 195, Input/  Port K General input/output port pins.
197-202,  output Input or output can be
204, specified bit by bit.
206-211,
213, 215
PLO-PL13 216-224, Input/  Port L General input/output port pins.
226, output Input or output can be
228-231

specified bit by bit.
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133 Pin Assignments

Tablel.3 Pin Assgnments

Pin No. MCU Mode

Programmer Mode

1 PD8/PULSO N.C
2 PD9/PULS1 N.C
3 PD10/PULS2 N.C
4 PD11/PULS3 N.C
5 PD12/PULS4 N.C
6 PD13/PULS6/HTXDO/HTxD1 N.C
7 PEO/AO AO
8 PE1/Al Al
9 PE2/A2 A2
10 PE3/A3 A3
11 Vcc Vcce
12 PE4/A4 A4
13 Vss Vss
14 PES5/A5 A5
15 PEG6/A6 A6
16 PE7/A7 A7
17 PES8/A8 A8
18 PE9/A9 A9
19 PE10/A10 Al10
20 PVccl Vce
21 PE11/A11 All
22 Vss Vss
23 PE12/A12 Al12
24 PE13/A13 Al3
25 PE14/A14 Al4
26 PE15/A15 Al5
27 PFO/A16 Al6
28 PF1/A17 Al7
29 PF2/A18 Al8
30 Y, \Y

CL

CL
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
31 PF3/A19 A19
32 Vss Vss

33 PF4/A20 N.C.
34 PF5/A21/POD N.C.
35 PF6/WRL N.C.
36 PF7/WRH N.C.
37 PF8/WAIT Vcee

38 PF9/RD N.C.
39 PVccl Vcce
40 PF10/CSO N.C.
41 Vss Vss
42 PF11/CST Vcee
43 PF12/CS2 vcee
44 PF13/CS3 Vss
45 PF14/BACK N.C.
46 PF15/BREQ Vee
47 Vss Vss
48 CK N.C.
49 Vcce Vcce
50 MD2 Vss
51 EXTAL EXTAL
52 Vcc Vcce
53 XTAL XTAL
54 Vss Vss
55 MD1 Vce
56 FWE FWE
57 HSTBY Vcee
58 RES RES
59 MDO Vee
60 PLLVcc PLLVcc
61 PLLCAP PLLCAP
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Tablel.3 Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
62 PLLVss PLLVss
63 PHO/DO DO
64 PH1/D1 D1
65 PH2/D2 D2
66 PH3/D3 D3
67 PH4/D4 D4
68 PH5/D5 D5
69 PH6/D6 D6
70 PVccl Vce
71 PH7/D7 D7
72 Vss Vss
73 PH8/D8 N.C.
74 PH9/D9 N.C.
75 Vce Vce
76 PH10/D10 N.C.
77 Vss Vss
78 PH11/D11 N.C.
79 PH12/D12 N.C.
80 PH13/D13 N.C.
81 PH14/D14 N.C.
82 PH15/D15 N.C.
83 PVccl Vce
84 NMI Vss
85 Vss Vss
86 ANO N.C.
87 AN1 N.C.
88 AN2 N.C.
89 AN3 N.C.
90 AN4 N.C.
91 ANS N.C.
92 ANG N.C.

Rev.2.0, 07/03, page 19 of 960
RENESAS



Tablel.3 Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
93 AN7 N.C.
94 ANS N.C.
95 AN9 N.C.
96 AN10 N.C.
97 AN11 N.C.
98 AN12 N.C.
99 AVss Vss
100 AVref Vce
101 AVcc Vce
102 AN13 N.C.
103 AN14 N.C.
104 AN15 N.C.
105 AN16 N.C.
106 AN17 N.C.
107 AN18 N.C.
108 AN19 N.C.
109 AN20 N.C.
110 AN21 N.C.
111 AN22 N.C.
112 AN23 N.C.
113 AN24 N.C.
114 AN25 N.C.
115 AN26 N.C.
116 AN27 N.C.
117 AN28 N.C.
118 AN29 N.C.
119 AVcc Vce
120 AVref Vcce
121 AVss Vss
122 AN30 N.C.
123 AN31 N.C.
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Tablel.3 Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
124 WDTOVF N.C.
125 PAO/TIOA N.C.
126 Vss Vss
127 PA1/TIOB N.C.
128 PVcc2 Vcce
129 PA2/TIOC N.C.
130 PA3/TIOD N.C.
131 PA4/TIO3A N.C.
132 PA5/TIO3B N.C.
133 PA6/TIO3C N.C.
134 PA7/TIO3D N.C.
135 PAS8/TIO4A N.C.
136 PA9/TIO4B N.C.
137 PA10/TIO4AC N.C.
138 PA11/TI0O4D N.C.
139 Vcce Vce
140 PA12/TIO5A N.C.
141 Vss Vss
142 PA13/TIO5B N.C.
143 PA14/TxD0O N.C.
144 PA15/RxD0 N.C.
145 PBO/TO6A N.C.
146 PB1/TO6B N.C.
147 PB2/TO6C N.C.
148 PVcc2 Vce
149 PB3/TO6D N.C.
150 Vss Vss
151 PB4/TO7A/TO8A N.C.
152 PB5/TO7B/TO8B N.C.
153 PB6/TO7C/TO8C N.C.
154 PB7/TO7D/TO8D N.C.
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
155 PB8/TxD3/TO8E N.C.
156 PB9/RxD3/TO8F N.C.
157 PB10/TxD4/HTxDO/TO8G N.C.
158 PB11/RxD4/HRxDO/TO8H N.C.
159 PB12/TCLKA/UBCTRG N.C.
160 PB13/SCKO N.C.
161 Vv, V,,
162 PB14/SCK1/TCLKB/TI10 N.C.
163 Vss Vss
164 PB15/PULS5/SCK2 N.C.
165 PCO/TxD1 N.C.
166 PC1/RxD1 N.C.
167 PC2/TxD2 N.C.
168 PC3/RxD2 N.C.
169 PC4/IRQ0 N.C.
170 PGO/PULS7/HRXDO/HRxD1 N.C.
171 PG1/IRQT N.C.
172 PVvcc2 Vcce
173 PG2/IRQ2/ADEND N.C.
174 Vss Vss
175 PG3/IRQ3/ADTRGO N.C.
176 PJO/TIO2A N.C.
177 PJ1/TIO2B N.C.
178 PJ2/TIO2C N.C.
179 PJ3/TIO2D N.C.
180 PJ4/TIO2E N.C.
181 PJ5/TIO2F N.C.
182 PJ6/TIO2G N.C.
183 PJ7/TIO2H N.C.
184 PJ8/TIOSC N.C.
185 Vss Vss

Rev.2.0, 07/03, page 22 of 960

RENESAS



Tablel.3 Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
186 PJO/TIO5D N.C.
187 Vce Vce
188 PJ10/TI9A N.C.
189 PJ11/TI9B N.C.
190 PJ12/TI9C N.C.
191 PJ13/TI9D N.C.
192 PJ14/TI9E N.C.
193 PJ15/TI9F N.C.
194 PVcc2 Vcce
195 PKO/TO8A N.C.
196 Vss Vss
197 PK1/TO8B N.C.
198 PK2/TO8C N.C.
199 PK3/TO8D N.C.
200 PK4/TO8E N.C.
201 PK5/TO8F N.C.
202 PK6/TO8G N.C.
203 Vce Vce
204 PK7/TO8H N.C.
205 Vss Vss
206 PK8/TO8I N.C.
207 PK9/TO8J N.C.
208 PK10/TO8K N.C.
209 PK11/TO8L N.C
210 PK12/TO8M N.C.
211 PK13/TO8N N.C.
212 PVcc2 Vce
213 PK14/TO80 N.C.
214 Vss Vss
215 PK15/TO8P N.C.
216 PLO/TI10 N.C.
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
217 PL1L/TIO11A/IRQ6 N.C.
218 PL2/TIO11B/IRQ7 CE
219 PL3/TCLKB N.C.
220 PL4/ADTRGO N.C.
221 PL5/ADTRG1 N.C.
222 PL6/ADEND N.C.
223 PL7/SCK2 N.C.
224 PL8/SCK3 N.C.
225 Vv, V,,
226 PL9/SCK4/IRQ5 WE
227 Vss Vss
228 PL10/HTXDO/HTXD1/HTxDO & HTxD1 N.C.
229 PL11/HRxDO/HRxD1/HRxDO & HRxD1  N.C.
230 PL12/IRQ4 OE
231 PL13/IRQOUT N.C.
232 T™MS N.C.
233 TRST N.C.
234 TDI N.C.
235 TDO N.C.
236 TCK N.C.
237 Vcc Vcce
238 AUDRST N.C.
239 Vss Vss
240 AUDMD N.C.
241 AUDATAO N.C.
242 AUDATA1 N.C.
243 AUDATA2 N.C.
244 AUDATA3 N.C.
245 AUDCK N.C.
246 AUDSYNC N.C.
247 PVcc2 Vee
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Table 1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
248 PDO/TIO1A N.C.
249 Vss Vss
250 PD1/TIO1B N.C.
251 PD2/TIO1C N.C.
252 PD3/TIO1D N.C.
253 PD4/TIO1E N.C.
254 PD5/TIO1F N.C.
255 PD6/TIO1G N.C.
256 PD7/TIO1H N.C.
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Section2 CPU

2.1 Register Configuration

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

In addition, the FPU has eighteen internal registers. sixteen 32-bit floating-point registers and two
32-hit floating-point system registers.

211 General Registers(Rn)

The sixteen 32-bit general registers (Rn) are numbered RO-R15. General registers are used for
data processing and address calculation. RO is also used as an index register. Several instructions
have RO fixed as their only usable register. R15 is used as the hardware stack pointer (SP). Saving
and recovering the status register (SR) and program counter (PC) in exception processing is
accomplished by referencing the stack using R15. Figure 2.1 shows the general registers.

31 0
RO*1
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15, SP (hardware stack pointer)*2

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

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

Figure2.1 General Registers
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212 Control Registers

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

31 98 76 543210
SR| - ———————- MQI3 121110 -- ST | SR: Status register

1 T I_> T bit: The MOVT, CMP/cond, TAS, TST,

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

— S bit: Used by the MAC instruction.

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

—— ¥ Bits 13-10: Interrupt mask bits.
» M and Q bits: Used by the DIVOU, DIVOS,

and DIV1 instructions.

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

31 0 Global base register (GBR):

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

31

o

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

Figure2.2 Control Register Configuration
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213

System Registers

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

Multiply-and-accumulate (MAC)
registers high and low (MACH,

MACL): Store the results of

multiply-and-accumulate operations.

0 Procedure register (PR): Stores

| the return address from a

subroutine procedure.

0  Program counter (PC): Indicates

31 0
MACH
MACL

31

| PR

31

| PC

| the fourth byte (second instruction)

after the current instruction.

Figure2.3 System Register Configuration
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214 Floating-Point Registers

There are sixteen 32-bit floating-point registers, designated FRO to FR15, which are used by
floating-point instructions. FRO functions as the index register for the FMAC instruction. These
registers are incorporated into the floating-point unit (FPU). For details, see section 3, Floating-
Point Unit (FPU).

31 0
FRO
FR1
FR2
FR3
FR4
FR5
FR6
FR7
FR8
FR9
FR10
FR11
FR12
FR13
FR14
FR15

FRO functions as the index register
for the FMAC instruction.

Figure 2.4 Floating-Point Registers
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215 Floating-Point System Registers

There are two 32-bit floating-point system registers: the floating-point communication register
(FPUL) and the floating-point status/control register (FPSCR). FPUL is used for communication
between the CPU and the floating-point unit (FPU). FPSCR indicates and stores status/control
information relating to FPU exceptions.

These registers are incorporated into the floating-point unit (FPU). For details, see section 3,

Floating-Point Unit (FPU).

31

0

| FPUL

0

| FPSCR

| FPUL:

| FPSCR:

Floating-point communication register
Used for communication between
the CPU and the FPU.

Floating-point status/control register
Indicates and stores status/control
information relating to FPU exceptions.

Figure 2.5 Floating-Point System Registers

2.1.6 Initial Values of Registers

Table 2.1 lists the values of the registers after reset.

Table2.1 Initial Valuesof Registers

Classification Register Initial Value
General registers R0-R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits 13—10 are 1111 (H'F), reserved bits are
0, and other bits are undefined
GBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined

PC

Value of the program counter in the vector
address table

Floating-point registers FRO-FR15 Undefined
Floating-point system registers  FPUL Undefined
FPSCR H'00040001
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits). When the memory operand is only a byte (8
bits) or aword (16 bits), it is sign-extended into alongword when loaded into aregister (figure
2.6).

| Longword

Figure2.6 Data Format in Registers

222 Data Formatsin Memory

Memory dataformats are classified into bytes, words, and longwords. Byte data can be accessed
from any address, but an address error will occur if an attempt is made to access word data starting
from an address other than 2n or longword data starting from an address other than 4n. In such
cases, the data accessed cannot be guaranteed. The hardware stack area, referred to by the
hardware stack pointer (SP, R15), uses only longword data starting from address 4n because this
area holds the program counter and status register (figure 2.7).

Addressm+1  Addressm + 3
Address m Address m + 2
Ta1 l 23 15 l 7 0
Byte | Byte Byte | Byte
Address 2n —» Word Word
Address 4n —»; Longword

§

Figure2.7 Data Formatsin Memory

2.2.3 Immediate Data For mat

Byte (8 hit) immediate data resides in an instruction code. Immediate data accessed by the MOV,
ADD, and CMP/EQ instructionsis sign-extended and handled in registers as longword data.
Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.
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Word or longword immediate data is not located in the instruction code, but instead is stored in a
memory table. An immediate data transfer instruction (MQOV) accesses the memory table using the
PC relative addressing mode with displacement.

23 Instruction Features

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

Onelnstruction per Cycle: The microprocessor can execute basic instructions in one cycle using
the pipeline system. Instructions are executed in 25 nsat 40 MHz.

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

Table2.2 Sign Extension of Word Data

SH7055SF CPU Description Example of Conventional CPU
MOV. W @di sp, PC), Rl Datais sign-extended to 32 ADD. W #H 1234, RO
ADD Rl RO bits, and R1 becomes

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

Note: @(disp, PC) accesses the immediate data.

L oad-Stor e Architectur e: Basic operations are executed between registers. For operations that
involve memory access, datais |oaded to the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions: Unconditional branch instructions are delayed branch instructions.
With a delayed branch instruction, the branch is taken after execution of the instruction following
the delayed branch instruction. There are two types of conditional branch instructions. delayed
branch instructions and ordinary branch instructions.
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Table2.3 Delayed Branch Instructions

SH7055SF CPU Description Example of Conventional CPU
BRA TRGET Executes the ADD before ADD.W R1, RO
ADD R1, RO branching to TRGET. BRA TRGET

Multiply/Multiply-and-Accumulate Operations. 16-bit x 16-bit - 32-hit multiply operations
are executed in one to two cycles. 16-bit x 16-bit + 64-bit — 64-bit multiply-and-accumulate
operations are executed in two to three cycles. 32-bit x 32-bit — 64-bit multiply and 32-bit x 32-
bit + 64bit — 64-bit multiply-and-accumul ate operations are executed in two to four cycles.

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

Table2.4 T Bit

SH7055SF CPU Description Example of Conventional CPU
CMP/ GE R1, RO T bit is set when RO = R1. The CW. W R1, RO
BT TRGETO program branches to TRGETO BGE TRGETO
when RO = R1 and to TRGET1
BF TRGET1 when RO < R1. BLT TRCGET1
ADD #1, RO T bit is not changed by ADD. SUB. W #1, RO
CVP/EQ  #0, RO T bit is set when RO = 0. The BEQ TRGET

program branches if RO = 0.
BT TRGET

Immediate Data: Byte (8-bit) immediate data resides in the instruction code. Word or longword
immediate data is not input viainstruction codes but is stored in amemory table. An immediate
datatransfer instruction (MOV) accesses the memory table using the PC relative addressing mode
with displacement (table 2.5).
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Table25 Immediate Data Accessing

Classification SH7055SF CPU Example of Conventional CPU
8-bit immediate MoV #H 12, RO MOV. B #H 12, RO
16-bit immediate  MOV. W @disp, PO), RO MOV. W #H 1234, RO

. DATA. W H 1234
32-bitimmediate  MOV. L @di sp, PC), RO MOV.L #H 12345678, RO

. DATA. L H 12345678
Note: @(disp, PC) accesses the immediate data.

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

Table2.6 Absolute Address Accessing

Classification SH7055SF CPU Example of Conventional CPU
Absolute address MOV. L @disp, PC), R1 MOV. B @H 12345678, RO
MOV. B @R1, RO

. DATA. L H 12345678
Note: @(disp,PC) accesses the immediate data.

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

Table2.7 Displacement Accessing

Classification SH7055SF CPU Example of Conventional CPU
16-bit displacement  MOV. W @di sp, PC), RO MOV. W @H 1234, R1), R2
MOV. W @RO,Rl), R

.DATA. W H 1234
Note: @(disp,PC) accesses the immediate data.
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2.3.2 Addressing Modes
Table 2.8 describes addressing modes and effective address calculation.

Table2.8 Addressing Modes and Effective Addresses

Addressing Instruction
Mode Format Effective Address Calculation Equation
Direct register  Rn The effective address is register Rn. (The operand —
addressing is the contents of register Rn.)
Indirect register @Rrn The effective address is the contents of register Rn. Rn
deseng | R | _Rn
Post-increment  @Rn+ The effective address is the contents of register Rn. Rn
indirect register A constant is added to the content of Rn after the (After the
addressing instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a executes)
longword operation.
Byte: Rn + 1
- Rn
Word: Rn + 2
- Rn
Longword:
Rn+4 - Rn
Pre-decrement @-Rn The effective address is the value obtained by Byte: Rn -1
indirect register subtracting a constant from Rn. 1 is subtracted for - Rn
addressing a byte operation, 2 for a word operation, and 4 for Word: Rn — 2
a longword operation. ~ Rn
Longword:
Rn—-4 - Rn

(Instruction
executed with
Rn after
calculation)
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Table2.8 Addressing Modesand Effective Addresses (cont)

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

GBR
+ disp x 1/2/4

disp
(zero-extended)
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Table2.8 Addressing Modesand Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Address Calculation Equation
Indirect indexed @ RO, GBR) The effective address is the GBR value plus RO. GBR + RO
GBR addressing
GBR + RO
Indirect PC @ di sp: 8, The effective address is the PC value plus an 8-bit  Word: PC +
addressing with  PC) displacement (disp). The value of disp is zero- disp x 2
displacement extended, and is doubled for a word operation, and Longword:
quadrupled for a longword operation. For a PC &
longwordtoperation, the lowest two bits of the PC H'EFEEEFEC
value are masked. + disp x 4

disp
(zero-extended)

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

Rev.2.0, 07/03, page 38 of 960

RENESAS



Table2.8 Addressing Modesand Effective Addresses (cont)

Addressing Instruction

Mode Format Effective Addresses Calculation Equation
PC relative di sp: 8 The effective address is the PC value sign-extended PC + disp x
addressing with an 8-bit displacement (disp), doubled, and 2

addedtto the PC value.

disp
(sign-extended)

PC + disp x 2

di sp: 12 The effective address is the PC value sign-extended PC + disp x
with a 12-bit displacement (disp), doubled, and added 2
to the PC value.

disp
(sign-extended)

PC + disp x 2

Rn The effective address is the register PC value PC +Rn
plus Rn.

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

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

#i nm 8 The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and quadrupled.
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2.3.3

Instruction Format

Table 2.9 lists the instruction formats for the source operand and the destination operand. The
meaning of the operand depends on the instruction code. The symbols used are as follows:

1. xxxx: Instruction code
2. mmmm:; Source register
3. nnnn: Destination register
4. iiii: Immediate data
5. dddd: Displacement
Table2.9 Instruction Formats
Source Destination
Instruction Formats Operand Operand Example
0 format — — NOP
15 0
| XXXX  XXXX XXXX  XXXX |
n format — nnnn: Direct MOVT  Rn
15 0 register
| xxxx| nnnn | XXXX  XXXX | Control register nnnn: Direct STS  MACH, Rn
or system register
register
Control register nnnn: Indirectpre- STC.L SR @ Rn
or system decrement register
register
m format mmmm: Direct Control register or LDC Rm SR
15 0 register system register
| XXXX |mmmm| XXXX  XXXX mmmm: Indirect  Control registeror LDC. L @wmt, SR

post-increment
register

system register

mmmm: Direct — JMP @Rm
register
mmmm: PC — BRAF Rm

relative using Rm
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Table2.9

Instruction Formats (cont)

Destination
Instruction Formats Source Operand Operand Example
nm format mmmm: Direct nnnn: Direct ADD Rm Rn
15 0 register register
| XXXX | nnnn |mmmm| XXXX | mmmm: Direct nnnn: Indirect MOV.L Rm @un
register register
mmmm: Indirect  MACH, MACL MAC. W
post-increment @Rm+, @Rn+
register (multiply-
and-accumulate)
nnnn*: Indirect
post-increment
register (multiply-
and-accumulate)
mmmm: Indirect  nnnn: Direct MOV. L @mt, Rn
post-increment register

register

mmmm: Direct

nnnn: Indirect pre-

MOV.L Rm @Rn

register decrement
register
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @ RO, Rn)
md format mmmmdddd: RO (Direct MOV. B
15 0 Indirect register register) @di sp, Rn), RO
| XXXX  XXXX |mmmm| dddd | with
displacement
nd4 format RO (Direct nnnndddd: MOV. B
15 0 register) Indirect register RO, @ di sp, Rn)
| XXXX | XXXX | nnnn| dddd with displacement
nmd format mmmm: Direct nnnndddd: Indirect MOV. L
15 register register with Rm @ di sp, Rn)
| XXXX | nnnn |mmmm| dddd displacement
mmmmdddd: nnnn: Direct MOV. L
Indirect register register @di sp, Rm, Rn

with
displacement

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

RENESAS
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Table2.9

Instruction Formats (cont)

Destination
Instruction Formats Source Operand Operand Example
d format dddddddd: RO (Direct MOV. L
15 Indirect GBR register) @di sp, GBBR), RO
XXXX  XXxxX | dddd dddd W_'th
displacement
RO (Direct dddddddd: Indirect MOV. L
register) GBR with RO, @ di sp, GBR)
displacement
dddddddd: PC RO (Direct MOVA
relative with register) @di sp, PC), RO
displacement
— dddddddd: PC BF | abel
relative
d12 format — dddddddddddd: BRA | abel
15 0 PC relative (1 abel = disp
| %0 | dddd  dddd  dddd + PO
nd8 format dddddddd: PC nnnn: Direct MOV. L
0 relative with register @disp, PO), Rn
| xocx | nnnn | dddd  dddd displacement
i format iiiiiiii: Immediate Indirect indexed AND. B
15 0 GBR #i mMm @ RO, GBR)
| XXXX  XXXX | iiii iiii iiiiiiii: Immediate RO (Direct AND #i mm RO
register)
iiiiiiii: Immediate ~ — TRAPA  #i mm
ni format iiiiiiii: Immediate nnnn: Direct ADD #i mm Rn
15 0 register

|xxxx | nnnn| iiii

24 Instruction Set by Classification

241

Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.
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Table2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, 39
peripheral module data transfer, structure data
transfer

MOVA Effective address transfer
MOVT T bit transfer
SWAP Swap of upper and lower bytes

XTRCT Extraction of the middle of registers connected
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division
DIVOS Initialization of signed division
DIVOU Initialization of unsigned division

DMULS Signed double-length multiplication

DMULU Unsigned double-length multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-length

multiply-and-accumulate operation

MUL Double-length multiply operation

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation
NEGC Negation with borrow
SuUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
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Table2.10 Classification of I nstructions (cont)

Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR  One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

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

delay (Branch when T = 0)

BT Conditional branch, conditional branch with
delay (Branch when T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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Table2.10 Classification of I nstructions (cont)

Operation No. of
Classification Types Code Function Instructions
System 11 CLRT T bit clear 31
control CLRMAC MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Transition to power-down mode

STC Store control register data

STS Store system register data

TRAPA Trap exception handling
Floating-point 15 FABS Floating-point absolute value 22
instructions FADD Floating-point addition

FCMP Floating-point comparison

FDIV Floating-point division

FLDIO Floating-point load immediate O

FLDI1 Floating-point load immediate 1

FLDS Floating-point load into system register FPUL

FLOAT Integer-to-floating-point conversion

FMAC Floating-point multiply-and-accumulate

operation

FMOV Floating-point data transfer

FMUL Floating-point multiplication

FNEG Floating-point sign inversion

FSTS Floating-point store from system register FPUL

FSUB Floating-point subtraction

FTRC Floating-point conversion with rounding to

integer
FPU-related 2 LDS Load into floating-point system register 8
icr:EtLrJuctions STS Store from floating-point system register
Total: 79 172
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Table 2.11 shows the format used in tables 2.12 to 2.19, which list instruction codes, operation,
and execution statesin order by classification.

Table2.11 Instruction Code Format

Item Format Explanation

Instruction OP. Sz SRC, DEST  OP: Operation code
Sz: Size (B: byte, W: word, or L: longword)
SRC: Source
DEST: Destination
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*1

Instruction code MSB ~ LSB mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
g
g
a
1111: R15
iiii: Immediate data
dddd: Displacement

Operation o, - Direction of transfer
(xx) Memory operand
M/QIT Flag bits in the SR
& Logical AND of each bit
| Logical OR of each bit
A Exclusive OR of each bit
~ Logical NOT of each bit
<<n n-bit left shift
>>n n-bit right shift
Execution — Value when no wait states are inserted*2
cycles
T bit — Value of T bit after instruction is executed. An em-dash (—)

in the column means no change.

Notes: *1.Depending on the operand size, displacement is scaled x1, x2, or x4. For details, see
the SH-2E Programming Manual.
*2. Instruction execution cycles: The execution cycles shown in the table are minimums.
The actual number of cycles may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) and the register used by the next instruction are the
same.
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Table2.12 Data Transfer Instructions

Execu-
tion T
Instruction Instruction Code Operation Cycles  Bit
MOV #inm Rn 1110nnnniiiiiiii #imm - Sign extension - 1 —
Rn
MOV. W@ di sp, PC), Rn 1001nnnndddddddd (disp x 2 + PC) - Sign 1 —
extension - Rn
MOV.L @disp, PC), Rn 1101nnnndddddddd (disp x4 + PC) - Rn 1 —
MOV Rm Rn 0110nnnnnmm0011 Rm - Rn 1 —
MOV. B Rm @Rn 0010nnnnnMMmMmMD000 Rm - (Rn) 1 —
MOV. W Rm @Rn 0010nnnnmMmmmD001 Rm - (Rn) 1 —
MOV. L Rm @Rn 0010nnnnmMmmmD010 Rm - (Rn) 1 —
MOV. B @m Rn 0110nnnnnmmmD000 (Rm) - Sign extension - 1 —
Rn
MOV. W @m Rn 0110nnnnmmm0001 (Rm) - Sign extension - 1 —
Rn
MOV. L @m Rn 0110nnnnmmmD010 (Rm) - Rn 1 —
MOV. B Rm @-Rn 0010nnnnmMmmmD100 Rn-1 - Rn, Rm - (Rn) 1 —
MOV. WRmM @-Rn 0010nnnnmmmmD101 Rn-2 - Rn, Rm - (Rn) 1 —
MOV. L Rm @-Rn 0010nnnnmmmD110 Rn-4 - Rn, Rm - (Rn) 1 —
MOV. B @mt, Rn 0110nnnnnmmmmD100 (Rm) - Sign extension - 1 —
Rn,Rm+1 - Rm
MOV. W @m#, Rn 0110nnnnmmm0101 (Rm) - Sign extension - 1 —
Rn,RM +2 -~ Rm
MOV. L @mt, Rn 0110nnnnmmmD110 (Rm) - Rn,Rm+4 - Rm 1 —
MOV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —
MOV. WRO, @ di sp, Rn) 10000001nnnndddd RO - (disp x2 + Rn) 1 —
MOV.L Rm @di sp, Rn) 0001nnnnmmmdddd Rm - (disp x4 + Rn) 1 —
MOV.B @di sp, R, R0 10000100nmmmdddd (disp + Rm) - Sign 1 —
extension —» RO
MOV. W@di sp, Rm, R0 10000101nmmmdddd (disp x2 + Rm) - Sign 1 —
extension - RO
MOV.L @disp, R, Rn 010lnnnnnmmmdddd (disp x4 + Rm) - Rn 1 —
MOV. B Rm @ RO, Rn) 0000NnnNNNMMMD100 Rm - (RO + Rn) 1 —
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Table2.12 Data Transfer Instructions (cont)

Execu-
tion T
Instruction Instruction Code Operation Cycles  Bit
MOV. W Rm @ RO, Rn) 0000nnnnmMMMMD101 Rm - (RO + Rn) 1 —
MOV.L Rm @ RO, Rn) 0000NnnNNMmMMOD110 Rm - (RO + Rn) 1 —
MOV.B @RO, Rm, Rn 0000NnnNNMmMML100 (RO + Rm) - Sign 1 —
extension - Rn
MOV. W @ RO, Rm, Rn 0000nnnnMmMML101 (RO + Rm) - Sign 1 —
extension - Rn
MOV.L @RO, RM, Rn 0000NnnNNNMML110 (RO+Rm) - Rn 1 —
MOV. B RO, @di sp, GBR) 11000000dddddddd RO - (disp + GBR) 1 —
MOV. W RO, @di sp, GBR) 11000001dddddddd RO - (disp x2 + GBR) 1 —
MOV.L RO, @disp, GBR) 11000010dddddddd RO - (disp x4 + GBR) 1 —
MOV. B @disp, GBR), RO 11000100dddddddd (disp + GBR) - Sign 1 —
extension - RO
MOV. W @ di sp, GBR), R0 11000101dddddddd (disp x 2 + GBR) - Sign 1 —
extension - RO
MOV.L @disp, GBR), RO 11000110dddddddd (disp x4 + GBR) - RO 1 —
MOVA  @disp, PO, R0 11000111dddddddd disp x4 + PC - RO 1 —
MWVT Rn 0000nnnn00101001 T > Rn 1 —
SWAP. B Rm Rn 0110nnnnnmmmi000 Rm - Swap bottom two 1 —
bytes - Rn
SWAP. WRmMm Rn 0110nnnnnmml001 Rm - Swap two 1 —
consecutive words - Rn
XTRCT Rm Rn 0010nnnnnmmm101 Rm: Middle 32 bits of 1 —

Rn - Rn
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Table2.13 Arithmetic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
ADD Rm Rn 0011nnnnnmml100 Rn+Rm - Rn 1 —
ADD #i mm Rn Ollinnnniiiiiiii Rn +imm - Rn 1 —
ADDC Rm Rn 0011nnnnmml110 Rn+Rm+T - Rn, 1 Carry
Carry - T
ADDV Rm Rn 0011nnnnmmll11ll Rn+Rm - Rn, 1 Overflow
Overflow - T
CVWP/ EQ #i mm RO 10001000i iiiiiii IfRO=imm,1 - T 1 Comparison
result
CWP/ EQ Rm Rn 0011nnnnmmm®D000 IfRn=Rm,1 - T 1 Comparison
result
CW/ HS Rm Rn 0011nnnnmmm®D010  If Rn=Rm with unsigned 1 Comparison
data,1 - T result
CWP/ GE Rm Rn 0011nnnnmmm0011 If Rn = Rm with signed 1 Comparison
data,1 - T result
CW/ H RmRn 0011nnnnmmm®D110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
CWP/ GT Rm Rn 0011nnnnmmm®0111 If Rn > Rm with signed 1 Comparison
data,1 - T result
CMP/PL Rn 0100nnnn00010101 IfRNn>0,1 - T 1 Comparison
result
CWP/ PZ Rn 0100nnnn00010001 IfRN=0,1 T 1 Comparison
result
CMP/ STRRmM Rn 0010nnnnmmm1100 If Rn and Rm have 1 Comparison
antequivalent byte, result
1-T
Dl V1 Rm Rn 0011nnnnmmm0100 Single-step division 1 Calculation
(Rn + Rm) result
DIVOS RmRn 0010nnnnnmmmOD111 MSB of Rn - Q, MSB 1 Calculation
of Rm - M,M"Q - T result
DI VOU 0000000000011001 O - M/Q/IT 1 0

Rev.2.0, 07/03, page 49 of 960

RENESAS



Table2.13 Arithmetic Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
DMULS. L Rm Rn 0011lnnnnmmml101 Signed operation of Rn  2to 4* —
x Rm - MACH, MACL
32 x32 - 64 bits
DMULU. L Rm Rn 0011lnnnnmmm0101 Unsigned operation of 2to4* —
Rn xRm - MACH,
MACL 32 x 32 - 64 bits
DT Rn 0100nnnn00010000 Rn-1 - Rn,whenRn 1 Comparison
is0,1 - T.When Rnis result
nonzero,0 - T
EXTS.B Rm Rn 0110nnnnmmm1110 Byte in Rm is sign- 1 —
extended - Rn
EXTS. W Rm Rn 0110nnnnmmm1111  Word in Rm is sign- 1 —
extended - Rn
EXTU.B Rm Rn 0110nnnnmmm1100 Byte in Rm is zero- 1 —
extended - Rn
EXTU. W Rm Rn 0110nnnnmm101  Word in Rm is zero- 1 —
extended - Rn
MAC.L @Rm+, @+ 0000nnnnmmmi111  Signed operation of 3/2to  —
(Rn) x (Rm) + MAC - 4)*
MAC 32 x32 + 64 -
64 bits
MAC. W @Rmt+, @+ 0100nnnnmmmil111l  Signed operation of 3/(2)* —
(Rn) x (Rm) + MAC -
MAC 16 x 16 + 64 -
64 bits
MJL.L RmRn 0000nnNnnnmMmD111 RnxRm - MACL, 2to4* —
32 x32 - 32 bits
MULS. W Rm Rn 0010nnnnmmmil111  Signed operation of lto3* —
Rn xRm - MACL 16 x
16 - 32 bits
MJULU. W Rm Rn 0010nnnnmmm1110 Unsigned operation of 1to3* —
Rn xRm - MACL 16 x
16 - 32 bits
NEG Rm Rn 0110nnnnmmml011 O -Rm - Rn —
NEGC Rm Rn 0110nnnnnmm1 010 O-Rm-T - Rn, 1 Borrow
Borrow —» T
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Table2.13 Arithmetic Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
SUB Rm Rn 0011nnnnnmmml 000 Rn—-Rm - Rn 1 —
SUBC Rm Rn 0011nnnnmml010 Rn—-Rm-T - Rn, 1 Borrow
Borrow - T
SUBV Rm Rn 0011nnnnnmmml011 Rn-Rm - Rn, 1 Overflow

Underflow - T

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

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

Table2.14 Logic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
AND Rm Rn 0010nnnnnmm001 Rn & Rm - Rn 1 —
AND #imm RO 1100100%iiiiiiii RO & imm - RO 1 —
AND. B #i nm @ RO, GBR) 1100110%iiiiiiii (RO + GBR) & imm - 3 —
(RO + GBR)
NOT Rm Rn 0110nnnnnmmmD111 ~Rm - Rn 1 —
R Rm Rn 0010nnnnmmm1011 Rn|Rm - Rn 1 —
R #i mm RO 1100102%iiiiiiii RO | imm - RO 1 —
OR. B #i mm @ RO, GBR) 1100122%iiiiiiii (RO + GBR) | imm - 3 —
(RO + GBR)
TAS. B @n 0100nnnn00011011 If(Rn)is0,1 - T;1 4 Test
MSB of (Rn) result
TST Rm Rn 0010nnnnmMmmML000 Rn & Rm; if theresultis 1 Test
0,1-T result
TST #imm RO 11001000 iiiiiii RO & imm; if the resultis 1 Test
0,1-T result
TST. B #i nm @ RO, GBR) 11001100iiiiiiii (RO + GBR) & imm; if the 3 Test
resultis0,1 - T result
XOR RmRn 0010nnnnnmmmi010 Rn”~"Rm - Rn —
XOR #immRO 11001010iiiiiiii RO~ imm - RO 1 —
XOR. B #i mm @ RO, GBR) 11001120iiiiiiii (RO + GBR) " imm - 3 —
(RO + GBR)
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Table2.15 Shift Instructions

Execu-

tion
Instruction Instruction Code Operation Cycles T Bit
ROTL Rn 0100nnnn00000100 T <« Rn -« MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL Rn 0100nnnNn00100100 T<Rn T 1 MSB
ROTCR Rn 0100nnnn00100101 T-Rn->T 1 LSB
SHAL Rn 0100nnnn00100000 T<Rn<O0 1 MSB
SHAR Rn 0100nnnn00100001 MSB - Rn - T 1 LSB
SHLL Rn 0100nnnn00000000 T<Rn<O0 1 MSB
SHLR Rn 0100nnnn00000001 O-Rn-T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 -, Rn 1 —
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 -, Rn 1 —
SHLL16 Rn 0100nnnn00101000 Rn<<16 - Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —
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Table2.16 Branch Instructions

Execu-
tion

Instruction Instruction Code Operation Cycles T Bit

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

BF/ S | abel 10001111dddddddd Delayed branch, if T=0,dispx2+  2/1* —
PC - PC;ifT=1, nop

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

BT/ S | abel 10001101dddddddd Delayed branch, if T =1, disp x 2 + 2/1* —
PC - PC;if T =0, nop

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

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

BSR | abel 1011dddddddddddd Delayed branch, PC - PR, disp x2 2 —
+PC - PC

BSRF Rm 0000MmmMMD0000011 Delayed branch, PC - PR, 2 —
Rmt+1PC - PC

JMP @Rm 0100nMmmMmD0101011 Delayed branch, Rm - PC —

JSR @Rm 0100mmMmD0001011 Delayed branch, PC - PR, 2 —
Rm - PC

RTS 0000000000001011 Delayed branch, PR - PC 2 —

Note: * One state when the program does not branch.
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Table2.17 System Control Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
CLRT 0000000000001000 0-T 1 0
CLRVAC 0000000000101000 0 - MACH, MACL 1 —
LDC Rm SR 0100mMmmMmD0001110 Rm - SR 1 LSB
LDC Rm GBR 0100mMmMD0011110 Rm - GBR 1 —
LDC Rm VBR 0100mmMmMD0101110 Rm - VBR 1 —
LDC. L @m+, SR 0100mMMmMD0000111 (Rm) - SR,Rm+4 - Rm 3 LSB
LDC. L @m+, GBR 0100mmMmMD0010111 (Rm) - GBR,Rm +4 - Rm 3 —
LDC. L @m+, VBR 0100mMMD0100111 (Rm) - VBR,Rm+4 - Rm 3 —
LDS Rm MACH 0100mMmMmM00001010 Rm - MACH 1 —
LDS Rm MACL 0100mmMmMD0011010 Rm - MACL 1 —
LDS Rm PR 0100mMMD0101010 Rm - PR 1 —
LDS. L @m+, MACH 0100mMmMD0000110 (Rm) - MACH,Rm+4 - Rm 1 —
LDS. L @m+, MACL 0100mMMmMD0010110 (Rm) - MACL,Rm+4 - Rm 1 —
LDS. L @m+, PR 0100mMmMD0100110 (Rm) - PR,LRm+4 - Rm 1 —
NOP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, stack area 4 —
- PCISR

SETT 0000000000011000 1-T 1 1
SLEEP 0000000000011011 Sleep 3* —
STC SR, Rn 0000nnnn00000010 SR -~ Rn 1 —
STC GBR, Rn 0000nnnn00010010 GBR - Rn 1 —
STC VBR, Rn 0000nnnn00100010 VBR - Rn 1 —
STC.L SR @Rn 0100nnnn00000011 Rn—-4 - Rn, SR - (Rn) 2 —
STC. L GBR @Rn 0100nnnn00010011 Rn—-4 - Rn, GBR - (Rn) 2 —
STC.L VBR @Rn 0100nnnn00100011 Rn-4 - Rn,BR - (Rn) 2 —
STS MACH, Rn 0000nnnn00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnnn00011010 MACL - Rn 1 —
STS PR, Rn 0000nnnn00101010 PR - Rn 1 —
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Table2.17 System Control Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit

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

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

STS.L PR @Rn 0100nnnn00100010 Rn-4 - Rn, PR - (Rn) 1 —
TRAPA #i mm 1100002%iiiiiiii PC/SR - stack area, (imm x4 8 —
+VBR) - PC

Note: * The number of execution cycles before the chip enters sleep mode: The execution cycles
shown in the table are minimums. The actual number of cycles may be increased when (1)
contention occurs between instruction fetches and data access, or (2) when the destination
register of the load instruction (memory - register) and the register used by the next
instruction are the same.
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Table2.18 Floating-Point I nstructions

Execu-
tion

Instruction Instruction Code Operation Cycles T Bit
FABS FRn 1111nnnn01011101 |FRn| - FRn 1 —
FADD FRm FRn 11121nnnnmmm0000 FRn + FRm - FRn 1 —
FCVP/ EQ FRm FRn 1112nnnnmmm0100 (FRN=FRmM)? 1.0 - T 1 Comparison

result
FCWP/ GT FRm FRn 1112nnnnmmm0101 (FRn>FRmM)? 1.0 - T 1 Comparison

result
FDI V FRm FRn 1111nnnnmmmD011 FRn/FRm - FRn 13 —
FLDIO FRn 1111nnnn10001101 0x00000000 — FRn 1 —
FLDI1 FRn 1111nnnn10011101 Ox3F800000 - FRn 1 —
FLDS FRm FPUL 1111nmmm00011101 FRm - FPUL 1 —
FLOAT FPUL, FRn 1111nnnn00101101 (float) FPUL - FRn 1 —
FMAC FRO, FRm FRn 111innnnmmmi110 FRO x FRm + FRn - 1 —

FRn

FMoV FRm FRn 1111nnnnmmmil100 FRm - FRn 1 —
FMOV.S @RO,Rm,FRn 111innnnmmm0110 (RO + Rm) - FRn 1 —
FMOV. S @Rm+, FRn 11121nnnnmmmml001 (Rm) - FRn,Rm+=4 1 —
FMOV. S @wm FRn 11121nnnnmmmmmml000 (Rm) - FRn 1 —
FMOV. S FRm @RO, Rn) 111lnnnnmmm0111 FRm - (RO + Rn) 1 —
FMOV. S FRm @ Rn 1112nnnnmmml011 Rn—-=4,FRm - (Rn) 1 —
FMOV. S FRm @rRn 1111nnnnmmml010 FRm - (Rn) 1 —
FMUL FRm FRn 11121nnnnmmm0010 FRn x FRm - FRn 1 —
FNEG FRn 1111nnnn01001101 -FRn - FRn 1 —
FSTS FPUL, FRn 1111nnnn00001101 FPUL - FRn 1 —
FSuB FRm FRn 11121nnnnmmm0001 FRn-FRm - FRn 1 —
FTRC FRm FPUL 1111mmm®D0111101 (long) FRm - FPUL 1 —
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Table2.19 FPU-Related CPU Instructions

Execu-

tion
Instruction Instruction Code Operation Cycles T Bit
LDS Rm FPSCR 0100mmMm01101010 Rm - FPSCR 1 —
LDS Rm FPUL 0100mmm01011010 Rm - FPUL 1 —
LDS.L  @m+, FPSCR 0100nmmm01100110 @Rm - FPSCR,Rm+=4 1 —
LDS.L @+, FPUL 0100mMmMmMD1010110 @Rm - FPUL, Rm+ =4 1 —
STS FPSCR, Rn 0000nnnn01101010 FPSCR - Rn 1 —
STS FPUL, Rn 0000nnnn01011010 FPUL - Rn 1 —
STS.L FPSCR, @ Rn 0100nnnn01100010 Rn-=4, FPCSR - @Rn 1 —
STS.L  FPUL, @ Rn 0100nnnn01010010 Rn—=4, FPUL - @Rn 1 —

25 Processing States

251 State Transitions

The CPU hasfive processing states: power-on reset, exception processing, bus release, program
execution and power-down. Figure 2.8 shows the transitions between the states.
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From any state

when RES =0
and HSTBY =1
\ 4 RES =0
HSTBY =1
Power-on ie_s%: \
RES=1
When an interrupt source \4

or DMA address error occurs
Exception processing state

Bus request
cleared

NMI interrupt

Bus request
source occurs

generated

; Exception Exception
Bus release state processing processing
> source occurs ends

Bus request
generated

Bus request
cleared

Bus request
cleared

Bus request
generated

Program execution state

SBY hit
cleared
for SLEEP
instruction

Sleep mode Software standby mode
Hardware standby mode
Power-down state

From any state when
RES =0 and HSTBY =0

SBY bit set
for SLEEP
instruction

Note: An internal reset due to the WDT causes a transition from the program execution state
or sleep mode to the exception processing state.

Figure2.8 Transitions between Processing States
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Power-On Reset State: The CPU resetsin the reset state. When the HSTBY pinisdriven high
and the RES pin level goes low, the power-on reset state is entered.

Exception Processing State: The exception processing state is atransient state that occurs when
exception processing sources such as resets or interrupts alter the CPU’ s processing state flow.

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

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

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

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the sleep mode or the software standby mode.
If the HSTBY pin isdriven low when the RES pin is low, the CPU will enter the hardware
standby mode.

Bus Release State: In the bus rel ease state, the CPU rel eases access rights to the bus to the device
that has requested them.
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Section 3 Floating-Point Unit (FPU)

3.1 Overview

The SH7055SF has an on-chip floating-point unit (FPU), The FPU’ s register configuration is
shown in figure 3.1.

Floating-point registers

31 0

FRO FRO functions as the index register
FR1 for the FMAC instruction.

FR2
FR3
FR4
FR5
FR6
FR7
FR8
FR9
FR10
FR11
FR12
FR13
FR14
FR15

Floating-point system registers

31 0 Floating-point communication register

| FPUL | Specifies buffer as communication register between CPU
and FPU*.

31 0 Floating-point status/control register

| FPSCR |

Indicates status/control information relating to FPU
exceptions*.

Note: * For details, see section 3.2, Floating-Point Registers and Floating-Point System Registers.

Figure3.1 Overview of Register Configuration
(Floating-Point Registers and Floating-Point System Registers)
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3.2 Floating-Point Register s and Floating-Point System Registers

321 Floating-Point Register File

The SH7055SF has sixteen 32-bit single-precision floating-point registers. Register specifications
are always made as 4 bits. In assembly language, the floating-point registers are specified as FRO,
FR1, FR2, and so on. FRO functions as the index register for the FMAC instruction.

322 Floating-Point Communication Register (FPUL)

Information for transfer between the FPU and the CPU is transferred via the FPUL
communication register, which resembles MACL and MACH in the integer unit. The SH7055SF
is provided with this communication register since the integer and floating-point formats are
different. The 32-bit FPUL is a system register, and is accessed by the CPU by means of LDS and
STSinstructions.

3.2.3 Floating-Point Status/Control Register (FPSCR)

The SH7055SF has a floating-point status/control register (FPSCR) that functions as a system
register accessed by means of LDS and STSinstructions (figure 3.2). FPSCR can be written to by
auser program. This register is part of the process context, and must be saved when the context is
switched. It may also be necessary to save this register when a procedure call is made.

FPSCR is a 32-hit register that controls the storage of detailed information relating to the rounding
mode, asymptotic underflow (denormalized numbers), and FPU exceptions. The module stop bit
that disables the FPU itself is provided in the module standby control register (MSTCR). For
details, see section 24, Power-Down State. After areset start, the FPU is enabled.

Table 3.1 shows the flags corresponding the five kinds of FPU exception. A sixth flag isaso
provided as an FPU error flag that indicates an floating-point unit error state not covered by the
other five flags.

Table3.1 Floating-Point Exception Flags

Flag Meaning Support in SH7055SF
E FPU error —

\% Invalid operation Yes

z Division by zero Yes

(0] Overflow (value not expressed) —

U Underflow (value not expressed) —

Inexact (result not expressed) —
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The hitsin the cause field indicate the exception cause for the instruction executing at the time.
The cause bits are modified by a floating-point instruction. These bitsare set to 1 or cleared to 0
according to whether or not an exception state occurred during execution of a single instruction.

The bitsin the enable field specify the kinds of exception to be enabled, alowing the flow to be
changed to exception processing. If the cause bit corresponding to an enable bit is set by the
currently executing instruction, an exception occurs.

The bitsin the flag field are used to keep atally of all exceptions that occur during a series of
instructions. Once one of these bitsis set by an instruction, it is not reset by a subsequent
instruction. The bitsin thisfield can only be reset by the explicit execution of a store operation on
FPSCR.
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31

1918171615 14 13121110 9 8 7 6 5 4 3 210

Cause field Enable field Flag field

Reserved
D

=
e

M

CE|CV|CZ|CO|CU| i |evlezleoleu| e1{rv|rz]rolrul

DN:

CV:

Cz:

EV:

EZ:

FV:

FZ:

RM:

Denormalized bit

In the SH7055SF this bit is always set to 1, and the source or destination operand
of a denormalized number is 0. This bit cannot be modified even by an LDS
instruction.

Invalid operation cause bit

When 1: Indicates that an invalid operation exception occurred during execution
of the current instruction.

When 0: Indicates that an invalid operation exception has not occurred.

Division-by-zero cause bit

When 1: Indicates that a division-by-zero exception occurred during execution
of the current instruction.

When 0: Indicates that a division-by-zero exception has not occurred.

Invalid operation exception enable

When 1: Enables invalid operation exception generation.

When 0: An invalid operation exception is not generated, and a qNAN is returned
as the result.

Division-by-zero exception enable

When 1: Enables exception generation due to division-by-zero during execution
of the current instruction.

When 0: A division-by-zero exception is not generated, and infinity with the sign
(+ or -) of the current expression is returned as the result.

Invalid operation exception flag bit

When 1: Indicates that an invalid operation exception occurred during instruction
execution.

When 0: Indicates that an invalid operation exception has not occurred.

Division-by-zero exception flag bit

When 1: Indicates that a division-by-zero exception occurred during instruction

execution.
When 0: Indicates that a division-by-zero exception has not occurred.
Rounding bit.

In the SH7055SF, the value of these bits is always 01, meaning that rounding to
zero (RZ mode) is being used. These bits cannot be modified even by an LDS
instruction.

In the SH7055SF, the cause field EQUI bits (CE, CO, CU, and CI), enable field OUI bits
(EO, EU, and El), and flag field OUI bits (FO, FU, and FI), and the reserved area, are
preset to 0, and cannot be modified even by using an LDS instruction.

Figure 3.2 Floating-Point Status/Control Register
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3.3 Floating-Point For mat

331 Floating-Point Format

The SH7055SF supports single-precision floating-point operations, and fully complies with the
IEEE754 floating-point standard.

A floating-point number consists of the following three fields:

* Sign(9)
e Exponent (g)
» Fraction (f)

The exponent is expressed in biased form, as follows:
e=E + hias

The range of unbiased exponent Eis_ —1toE__ + 1. ThetwovauesE_ —landE__ +1lare
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).
In asingle-precision operation, the bias value is 127, E,,, is—126, and E,, is 127.

‘min

31 30 23 22 0

Figure 3.3 Floating-Point Number Format
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" (1f) [normalized number]

IfE=E, —1andf! =0,v=(-1)2"(0.f) [denormalized number]
IfE=E,,—1andf=0,v =(-1)°0 [positive or negative zero]
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3.3.2 Non-Number s (NaN)

With non-number (NaN) representation in a single-precision operation value, at least one of bits
22to Oisset. If bit 22 isset, thisindicates asignaling NaN (sNaN). If bit 22 isreset, the valueisa
quiet NaN (gNaN).

The bit pattern of anon-number (NaN) is shown in the figure below. Bit N in the figureis set for a
signaling NaN and reset for aquiet NaN. x indicates adon’t care bit (with the proviso that at |east
one of bits 22 to 0 is set). In anon-number (NaN), the sign bit isa don’t care bit.

31 30 23 22 0

X 11111111 XXX XX XXX XXXXX

N = 1: sNaN
N = 0: gNaN

Figure 3.4 NaN Bit Pattern
If anon-number (sNaN) isinput in an operation that generates a floating-point value:

*  WhentheEV bit in the FPSCR register isreset, the operation result (output) is aquiet NaN
(gNaN).

«  Whenthe EV hit in the FPSCR register is set, an invalid operation exception will be generated.
In this case, the contents of the operation destination register do not change.

If aquiet NaN isinput in an operation that generates a floating-point value, and asignaling NaN
has not been input in that operation, the output will always be a quiet NaN irrespective of the
setting of the EV hit in the FPSCR register. An exception will not be generated in this case.

Refer to the SH-2E Programming Manual for details of floating-point operations when anon-
number (NaN) isinput.

3.3.3 Denormalized Number Values

For a denormalized number floating-point value, the biased exponent is expressed as 0, the
fraction as a non-zero value, and the hidden bit as 0. In the SH7055SF’ s floating-point unit, a
denormalized number (operand source or operation result) is always flushed to 0 in afloating-
point operation that generates a value (an operation other than copy).
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3.34 Other Special Values

Floating-point value representations include the seven different kinds of special values shown in

table 3.2.

Table3.2 Representation of Special Valuesin Single-Precision Floating-Point Operations
Specified by | EEE754 Standard

Value Representation

+0.0 0x00000000

-0.0 0x80000000

Denormalized number As described in 3.3.3, Denormalized Number Values
+INF 0x7F800000

—INF 0xFF800000

gNaN (quiet NaN)

As described in 3.3.2, Non-Numbers (NaN)

sNaN (signaling NaN)

As described in 3.3.2, Non-Numbers (NaN)
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34 Floating-Point Exception M odel

34.1 Enable State Exceptions

Invalid operation and division-by-zero exceptions are both placed in the enable state by setting the
enable bit. All exceptions generated by the FPU are mapped as the same exception event. The
meaning of a particular exception is determined by software by reading system register FPSCR
and analyzing the information held there.

34.2 Disable State Exceptions

If the EV enable bit is not set, agNaN will be generated as the result of an invalid operation
(except for FCMP and FTRC). If the EZ enable bit is not set, division-by-zero will return infinity
with the sign (+ or —) of the current expression. Overflow will generate a finite number which is
the largest value that can be expressed by an absolute value in the format, with the correct sign.
Underflow will generate zero with the correct sign. If the operation result isinexact, the
destination register will store that inexact result.

34.3 FPU Exception Event and Code

All FPU exceptions have a vector table address offset in address H'00000034 as the same general
exception event; that is, an FPU exception.

344 Floating-Point Data Arrangement in Memory

Single-precision floating-point datais located in memory at a 4-byte boundary; that is, it is
arranged in the same form as an SH7055SF long integer.

345 Arithmetic Operations I nvolving Special Operands

All arithmetic operations involving special operands (gNaN, sNaN, +INF, —-INF, +0, —0) comply
with the specifications of the |IEEE754 standard. Refer to the SH-2E Programming Manual for
details.
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35 Synchronization with CPU

Synchronization with CPU: Floating-point instructions and CPU instructions are executed in
turn, according to their order in the program, but in some cases operations may not be completed
in the program order dueto a difference in execution cycles. When afloating-point instruction
accesses only FPU resources, there is no need for synchronization with the CPU, and a CPU
instruction following an FPU instruction can finish its operation before completion of the FPU
operation. Conseguently, in an optimized program, it is possible to effectively concea the
execution cycle of afloating-point instruction that requires along execution cycle, such asa
divide instruction. On the other hand, a floating-point instruction that accesses CPU resources,
such as a compare instruction, must be synchronized to ensure that the program order is observed.

Floating-Point I nstructions That Require Synchronization: Load, store, and compare
instructions, and instructions that access the FPUL or FPSCR register, must be synchronized
because they access CPU resources. Load and store instructions access a general register. Post-
increment load and pre-decrement store instructions change the contents of a general register. A
compare instruction modifiesthe T bit. An FPUL or FPSCR access instruction references or
changes the contents of the FPUL or FPSCR register. These references and changes must all be
synchronized with the CPU.

3.6 Usage Notes

1. When using the FPU (using FPU instructions or FPU-related CPU instructions)

a. Limitations on using the BT and BF instructions on the SH7055F are abolished.
The BT and BF instructions can be used on the SH7055SF.

b. The branch destination of TRAP instruction and interrupt/exception handling must be
located at a4n address. In this case, do not place an FPU instruction or FPU-related CPU
instruction at address 4n or 4n+2.

2. When not using the FPU (not using FPU instructions or FPU-related CPU instructions)

After a power-on reset, the FPU should be placed in the module standby state until aDMAC or
AUD buscycleis generated.

Specifically, write 1 to bit 1 in the module standby control register.

This operation is aso effective in reducing current dissipation.

When the FPU enters the module standby state, any subsequent FPU instruction or FPU-

related CPU instruction will be subjected to exception handling as anillegal instruction.
3. Restrictions of the FADD and FSUB instructions

In this FPU, values cal culated by the following two arithmetic operations with a special

operand have a sign which is different from values' expected in the IEEE Standard 754.

1) FADD FRm, FRn FRm = —I NF(OxFF80000)

FRn = MAX(OX7F7FFFFF)
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At thistime, + INF (Ox7F800000) is generated as a result to the expected value —-INF
(OxFF800000) in the IEEE754.

2) FSUB FRm, FRn FRm = —INF(OxFF80000)
FRn = MAX(OX7F7FFFFF)

At thistime, + INF (Ox7F800000) is generated as aresult to the expected value —INF
(OxFF800000) in the IEEE754.
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Section 4 Operating Modes

4.1 Operating M ode Selection

The SH7055SF has five operating modes that are selected by pins MD2 to MDO and FWE. The
mode setting pins should not be changed during operation of the SH7055SF, and only the setting
combinations shown in table 4.1 should be used.

The PV .1 power supply voltage must be within the range shown in table 4.1.

Table4.1l Operating Mode Selection

) ) Area 0
Operating Pin Settings On-Chip Bus
Mode No. FWE MD2 MD1 MDO Mode Name ROM Width PV _1 Voltage
Mode 0 0 1 0 0 MCU expanded Disabled 8bits 3.3V 0.3V
Model o0 1 o0 1 mode 16 bits
Mode 2 0 1 1 0 Enabled Set by
BCR1
Mode 3 0 1 1 1 MCU single-chip  Enabled — 50V 05V
mode
Mode 4 1 1 0 0 Boot mode Enabled Setby 3.3V 0.3V
BCR1
Mode 5 1 1 0 1 — 5.0V 0.5V
Mode 6 1 1 1 0 User program Enabled Setby 3.3V 0.3V
mode BCR1
Mode 7 1 1 1 1 — 50V 05V
Mode 8 1 0 0 1 User boot mode Enabled Setby 3.3V 0.3V
BCR1
Mode 9 1 0 0 1 — 5.0V 0.5V
— 0/1 0 1 1 Programmer mode — — 3.3V0.3V

There are two MCU operating modes: MCU single-chip mode and MCU expanded mode.

Modes in which the flash memory can be programmed are boot mode, user boot mode and user
program mode (the two on-board programming modes) and programmer mode in which
programming is performed with an EPROM programmer (atype which supports programming of
this device).

For details, see section 22, ROM.
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Section 5 Clock Pulse Generator (CPG)

51 Overview

The clock pulse generator (CPG) supplies clock pulsesinside the SH7055SF chip and to external
devices. The SH7055SF CPG consists of an oscillator circuit and a PLL multiplier circuit. There
are two methods of generating a clock with the CPG: by connecting a crystal resonator, or by
inputting an external clock. The oscillator circuit oscillates at the same frequency as the input
clock. A chip operating frequency of 4 times the oscillator frequency is generated by the PLL

multiplier circuit.

The CPG is halted in software standby mode and hardware standby mode.

511 Block Diagram

A block diagram of the clock pulse generator is shown in figure 5.1.

EXTAL

XTAL

PLLVcc

PLLVss

PLLCAP

CK =

A\ A

Oscillator circuit

Y

PLL multiplier circuit

A 4

(system clock)

r——f————— - —

il Internal clock

Figure5.1 Block Diagram of Clock Pulse Generator
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5.1.2 Pin Configuration
The pins relating to the clock pulse generator are shown in table 5.1.

Table5.1 CPG Pins

Pin Name Abbreviation 110 Description

External clock EXTAL Input Crystal resonator or external clock input
Crystal XTAL Input Crystal resonator connection

System clock CK Output System clock output

PLL power supply PLLV . Input PLL multiplier circuit power supply

PLL ground PLLV Input PLL multiplier circuit ground

PLL capacitance PLLCAP Input PLL multiplier circuit oscillation external

capacitance pin

5.2 Frequency Ranges
The input frequency and operating frequency ranges are shown in table 5.2.

Table5.2 Input Frequency and Operating Frequency

Input Frequency Range Operating Frequency Range
(MHz) PLL Multiplication Factor (MHz)
5-10 x4 20-40

Note: Crystal resonator and external clock input

For the chip operating frequency, afrequency of 4 timestheinput frequency (EXTAL pin) is
generated as the internal clock (¢) by the on-chip PLL circuit. The system clock (CK pin) output
frequency isthe same asthat of the internal clock (¢).

Some on-chip peripheral modules operate on a peripheral clock (Pg) obtained by dividing the
internal clock (¢) by 2. Figure 5.2 shows the relationship between the various clocks. As regards
the system clock, since the input clock is multiplied by the PLL multiplier circuit, the phases of
both clocks are not determined uniformly.
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Input clock (EXTAL pin) _,—\J
System clock (CK pin) _,_\_,_\_,_\_,_\_,_\_
Internal clock (¢) _,_\_,_\_,_\_,_\_,_\_
Peripheral clock (Pg) ,—\I

Figure5.2 Input Clock and System Clock

53 Clock Source

Clock pulses can be supplied from a connected crystal resonator or an external clock.

531 Connecting a Crystal Oscillator

Circuit Configuration: Figure 5.3 shows an example of connecting a crystal resonator. Use the
damping resistance (Rd) shown in table 5.3. An AT-cut parallel-resonance type crystal resonator
should be used. Load capacitors (CL1, CL2) must be connected as shown in the figure.

The clock pulses generated by the crystal resonator and internal oscillator are sent to the PLL
multiplier circuit, where amultiplied frequency is selected and supplied inside the SH7055SF chip
and to external devices.

The crystal oscillator manufacturer should be consulted concerning the compatibility between the
crystal oscillator and the chip.

EXTAL i /J7
a

XTAL M || ,J,

CL1 = CL2 = 18-22pF (recommended value)

Figure5.3 Connection of Crystal Oscillator (Example)
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Table5.3 Damping Resistance Values (Recommended Values)

Frequency (MHz)

Parameter 5 10

Rd (Q) 500 0

Crystal Oscillator: Figure 5.4 shows an equivalent circuit of the crystal oscillator. Use a crystal
oscillator with the characteristics listed in table 5.4.

EXTAL +<—9 ¢—» XTAL

Figure5.4 Crystal Oscillator Equivalent Circuit

Table5.4 Crysal Oscillator Parameter s (Recommended Values)

Frequency (MHz)

Parameter 5 10
Rs max (Q) 100 50
CO max (pF) 7 7

The crystal oscillator manufacturer should be consulted concerning the compatibility between the
crystal oscillator and the chip.

5.3.2 External Clock Input Method
An example of external clock input connection is shown in figure 5.5.
When the XTAL pinis placed in the open state, the parasitic capacitance should be 10 pF or less.

Even when an external clock isinput, provide for await of at least the oscillation settling time
when powering on or exiting standby mode in order to secure the PLL settling time.
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Open X—— XTAL

External clock input — EXTAL

Figure5.5 External Clock Input Method (Example)

5.4 Usage Notes
Notes on Board Design: When connecting a crystal oscillator, observe the following precautions:

e To prevent induction from interfering with correct oscillation, do not route any signal lines
near the oscillator circuitry (figure 5.6).

*  When designing the board, place the crystal oscillator and itsload capacitors as close as
possible to the XTAL and EXTAL pins.

Figure 5.6 shows the precautions regarding oscillator circuit system board design.

Crossing of signal
lines prohibited

i

XTAL

J7::
J7::

EXTAL

Figure5.6 Precautionsfor Oscillator Circuit System Board Design

PLL Oscillation Power Supply: Separate PLLV . and PLLV  from the other V. and V  lines at
the board power supply source, and be sure to insert bypass capacitors C,, and C, close to the pins.
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PLLCAP

PLLVcc

PLLVss

1
1
e L 1
Vss 1
-

Recommended values
CPB! CB: OllJF
Rp: 200Q

Figure5.7 Pointsfor Caution in PLL Power Supply Connection

PLLVsg

?
1
PLLCAP —‘7
PLLVcc [} —AAN o

XTAL [ ] [ o
EXTAL [} [ o
Vss j

Figure5.8 Actual Example of Board Design
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Section 6 Exception Processing

6.1 Overview

6.1.1 Types of Exception Processing and Priority

Exception processing is started by four sources: resets, address errors, interrupts and instructions
and have the priority shown in table 6.1. When several exception processing sources occur at
once, they are processed according to the priority shown.

Table6.1 Typesof Exception Processing and Priority Order
Exception Source Priority
Reset Power-on reset High
Manual reset i
Address CPU address error
error DMAC address error
Instructions FPU exception
Interrupt NMI
User break
H-UDI
IRQ
On-chip peripheral modules: « Direct memory access controller (DMAC)
¢ Advanced timer unit-Il (ATU-II)
¢ Compare match timer 0 (CMTO)
¢ A/D converter channel 0 (A/DO)
e Compare match timer 1 (CMT1)
¢ A/D converter channel 1 (A/D1)
e A/D converter channel 2 (A/D2)
¢ Serial communication interface (SCI)
e Controller area network 0 (HCANO)
¢ Watchdog timer (WDT)
¢ Controller area network 1 (HCAN 1) L‘c:w
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Table6.1 Typesof Exception Processing and Priority Order (cont)

Exception Source Priority
Instructions Trap instruction (TRAPA instruction) High
General illegal instructions (undefined code)
lllegal slot instructions (undefined code placed directly after a delay branch Low

instruction** or instructions that rewrite the PC*?)

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

BRAF.

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

6.1.2 Exception Processing Operations

The exception processing sources are detected and begin processing according to the timing

shown in table 6.2.

Table6.2 Timing of Exception Source Detection and Start of Exception Processing

Exception  Source

Timing of Source Detection and Start of Processing

Reset Power-on reset

Starts when the RES pin changes from low to high or when the
WDT overflows.

Manual reset

Starts when the WDT overflows.

Address error

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

Interrupts

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

Instructions  Trap instruction

Starts from the execution of a TRAPA instruction.

General illegal
instructions

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

lllegal slot
instructions

Starts from the decoding of undefined code placed in a delayed
branch instruction (delay slot) or of instructions that rewrite the
PC.

Floating point
instructions

Starts when a floating-point instruction causes an invalid
operation exception (IEEE754 specification) or division-by-zero
exception.
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When exception processing starts, the CPU operates as follows:

1. Exception processing triggered by reset:
Theinitial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception processing vector table (PC and SP are respectively the H'00000000 and
H'00000004 addresses for power-on resets and the H'00000008 and H'0000000C addresses for
manual resets). See section 6.1.3, Exception Processing Vector Table, for more information.
H'00000000 is then written to the vector base register (VBR) and H'F (1111) is written to the
interrupt mask bits (13-10) of the status register (SR). The program begins running from the PC
address fetched from the exception processing vector table.

2. Exception processing triggered by address errors, interrupts and instructions:

SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the
interrupt priority level iswritten to the SR’ s interrupt mask bits (13-10). For address error and
instruction exception processing, the 1310 bits are not affected. The start addressis then
fetched from the exception processing vector table and the program begins running from that
address.

6.1.3 Exception Processing Vector Table

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

All exception sources are given different vector numbers and vector table address offsets, from
which the vector table addresses are calculated. During exception processing, the start addresses of
the exception service routines are fetched from the exception processing vector table, which is
indicated by this vector table address.

Table 6.3 shows the vector numbers and vector table address offsets. Table 6.4 shows how vector
table addresses are calcul ated.

Table6.3  Exception Processing Vector Table

Vector

Exception Sources Numbers Vector Table AddresstOffset
Power-on reset PC 0 H'00000000—H'00000003

SP 1 H'00000004—-H'00000007
Manual reset PC 2 H'00000008-H'0000000B

SP 3 H'0000000C—H'0000000F
General illegal instruction 4 H'00000010—-H'00000013
(Reserved by system) 5 H'00000014-H'00000017
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Table6.3 Exception Processing Vector Table (cont)

Vector
Exception Sources Numbers Vector Table AddresstOffset
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C—-H'0000001F
8 H'00000020-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMAC address error 10 H'00000028-H'0000002B
Interrupts NMI 11 H'0000002C—H'0000002F
User break 12 H'00000030-H'00000033
FPU exception 13 H'00000034—-H'00000037
H-UDI 14 H'00000038—-H'0000003B
(Reserved by system) 16 H'0000003C—H'00000043
31 H'0000007C—H'0000007F
Trap instruction (user vector) 32 H'00000080—H'00000083
63 H'000000FC—-H'000000FF
Interrupts IRQO 64 H'00000100-H'00000103
IRQ1 65 H'00000104-H'00000107
IRQ2 66 H'00000108-H'0000010B
IRQ3 67 H'0000010C—H'0000010F
IRQ4 68 H'00000110-H'00000113
IRQ5 69 H'00000114-H'00000117
IRQ6 70 H'00000118-H'0000011B
IRQ7 71 H'0000011C—H'0000011F
On-chip peripheral module* 72 H'00000120-H'00000124
255 H'000003FC-H'000003FF

Note: * The vector numbers and vector table address offsets for each on-chip peripheral module
interrupt are given in table 7.3, Interrupt Exception Processing Vectors and Priorities, in
section 7, Interrupt Controller (INTC).
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Table6.4 Calculating Exception Processing Vector Table Addresses

Exception Source Vector Table Address Calculation
Resets Vector table address = (vector table address offset)
= (vector number) x 4
Address errors, interrupts, Vector table address = VBR + (vector table address offset)
instructions = VBR + (vector number) x 4

Notes: 1. VBR: Vector base register
2. Vector table address offset: See table 6.3.
3. Vector number: See table 6.3.
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6.2 Resets

6.2.1 Types of Reset

A reset is the highest-priority exception processing source. There are two kinds of reset, power-on
and manual. As shown in table 6.5, the CPU state isinitialized in both a power-on reset and a
manual reset. On-chip peripheral module registers are also initialized by a power-on reset, but not
by amanual reset.

Table6.5 Exception Source Detection and Exception Processing Start Timing

Conditions for Transition

to Reset State Internal States
On-Chip
WDT CPU/MULT/  Peripheral
Type RES Overflow FPU/INTC Modules PFC, IO Port
Power-on reset Low — Initialized Initialized Initialized
High Power-on reset Initialized Initialized Not initialized
Manual reset High Manual reset Initialized Not initialized  Not initialized

6.2.2 Power-On Reset

Power-On Reset by Means of RES Pin: When the RES pin is driven low, the chip enters the
power-on reset state. To reliably reset the chip, the RES pin should be kept at the low level for at
least the duration of the oscillation settling time at power-on or when in standby mode (when the
clock ishalted), or at least 20 t,, when the clock is running. In the power-on reset state, the CPU’s
internal state and all the on-chip peripheral module registers are initialized. See Appendix B, Pin
States, for the state of individual pinsin the power-on reset state.

In the power-on reset state, power-on reset exception processing starts when the RES pin is first
driven low for aset period of time and then returned to high. The CPU operates as follows:

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

2. Theinitia value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (1111).

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

Be certain to always perform power-on reset processing when turning the system power on.
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Power-On Reset Initiated by WDT: When a setting is made for a power-on reset to be generated
in the WDT’ s watchdog timer mode, and the WDT’s TCNT overflows, the chip enters the power-
on reset state.

The pin function controller (PFC) registers and /O port registers are not initialized by the reset
signal generated by the WDT (these registers are only initialized by a power-on reset from off-
chip).

If reset caused by the input signal at the RES pin and areset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the WOVF bit in RSTCSR is cleared to 0.
When WDT-initiated power-on reset processing is started, the CPU operates as follows:

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

2. Theinitial value of the stack pointer (SP) is fetched from the exception processing vector table.

3. Thevector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (1111).

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

6.2.3 Manual Reset

When a setting is made for amanual reset to be generated in the WDT’ s watchdog timer mode,
and the WDT’s TCNT overflows, the chip enters the power-on reset state.

When WDT-initiated manual reset processing is started, the CPU operates as follows:

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

2. Theinitial value of the stack pointer (SP) is fetched from the exception processing vector table.

3. Thevector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (1111).

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

When amanual reset is generated, the bus cycle isretained, but if amanual reset occurs while the
busisreleased or during DMAC burst transfer, manual reset exception processing will be deferred
until the CPU acquires the bus. However, if the interval from generation of the manual reset until
the end of the bus cycle is equal to or longer than the internal manual reset interval of 512 cycles,
the internal manual reset sourceisignored instead of being deferred, and manual reset exception
processing is not executed.
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6.3 AddressErrors

6.3.1 AddressError Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 6.6.

Table 6.6
Bus Cycle
Bus
Type Master

BusCyclesand AddressErrors

Bus Cycle Description

Address Errors

Instruction CPU
fetch

Instruction fetched from even address

None (normal)

Instruction fetched from odd address

Address error occurs

Instruction fetched from other than on-chip
peripheral module space*

None (normal)

Instruction fetched from on-chip peripheral
module space*

Address error occurs

Instruction fetched from external memory
space when in single chip mode

Address error occurs

Data CPU or
read/write DMAC

Word data accessed from even address

None (normal)

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword
boundary

None (normal)

Longword data accessed from other than a
long-word boundary

Address error occurs

Byte or word data accessed in on-chip
peripheral module space*

None (normal)

Longword data accessed in 16-bit on-chip
peripheral module space*

None (normal)

Longword data accessed in 8-bit on-chip
peripheral module space*

Address error occurs

External memory space accessed when in
single chip mode

Address error occurs

Note: * See section 9, Bus State Controller (BSC), for details of the on-chip peripheral module

space.
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6.3.2 AddressError Exception Processing

When an address error occurs, the bus cycle in which the address error occurred ends. When the
executing instruction then finishes, address error exception processing starts up. The CPU operates
asfollows:

1. The status register (SR) is saved to the stack.

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

3. The exception service routine start address is fetched from the exception processing vector
table that correspondsto the address error that occurred and the program starts executing from
that address. The jump that occursis not a delayed branch.

6.4 Interrupts

6.4.1 Interrupt Sources

Table 6.7 shows the sources that start up interrupt exception processing. These are divided into
NMI, user breaks, H-UDI, IRQ, and on-chip peripheral modules.

Table6.7 Interrupt Sources

Number of
Sources
Type Request Source
NMI NMI pin (external input) 1
User break User break controller 1
H-UDI High-performance user debug interface 1
IRQ IRQO-IRQ7 (external input) 8
On-chip peripheral module Direct memory access controller (DMAC) 4
Advanced timer unit (ATU-II) 75
Compare match timer (CMT) 2
A/D converter
Serial communication interface (SCI) 20

Watchdog timer (WDT)
Controller area network (HCAN)

Each interrupt source is allocated a different vector number and vector table offset. Seetable 7.3,
Interrupt Exception Processing Vectors and Priorities, in section 7, Interrupt Controller (INTC),
for more information on vector numbers and vector table address offsets.
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6.4.2 Interrupt Priority Level

The interrupt priority order is predetermined. When multiple interrupts occur simultaneously
(overlap), the interrupt controller (INTC) determines their relative priorities and starts up
processing according to the results.

The priority order of interruptsis expressed as priority levels 0-16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is always
accepted. The user break interrupt and H-UDI interrupt priority level is 15. IRQ interrupts and on-
chip peripheral module interrupt priority levels can be set freely using the INTC' s interrupt
priority registers A through L (IPRA to IPRL) as shown in table 6.8. The priority levelsthat can
be set are 0-15. Level 16 cannot be set. See section 7.3.1, Interrupt Priority Registers A—L (IPRA-
IPRL), for details of the interrupt priority registers.

Table6.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

H-UDI 15 Fixed priority level.

IRQ 0-15 Set with interrupt priority level setting registers A
through L (IPRA to IPRL).

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

through L (IPRA to IPRL).

6.4.3 Interrupt Exception Processing

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

When an interrupt is accepted, exception processing begins. In interrupt exception processing, the
CPU saves SR and the program counter (PC) to the stack. The priority level value of the accepted
interrupt is written to SR bits 13-10. For NMI, however, the priority level is 16, but the value set in
I3-10isH'F (level 15). Next, the start address of the exception service routine is fetched from the
exception processing vector table for the accepted interrupt, that addressis jumped to and
execution begins. See section 7.4, Interrupt Operation, for further details.
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6.5 Exceptions Triggered by Instructions

6.5.1 Types of Exceptions Triggered by Instructions

Exception processing can be triggered by trap instructions, general illegal instructions, and illegal
dlot instructions, and floating-point instructions, as shown in table 6.9.

Table6.9 Typesof Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instructions TRAPA

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,

instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
branch instruction (delay slot) BRAF
and instructions that rewrite Instructions that rewrite the PC: JMP, JSR,
the PC BRA, BSR, RTS, RTE, BT, BF, TRAPA,

BF/S, BT/S, BSRF, BRAF

General illegal Undefined code anywhere

instructions besides in a delay slot
Floating-point Instruction causing an invalid FADD, FSUB, FMUL, FDIV, FMAC,
instructions operation exception defined in FCMP/EQ, FCMP/GT, FNEG, FABS, FTRC

the IEEE754 standard or a
division-by-zero exception

6.5.2 Trap Instructions

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

1. The statusregister (SR) is saved to the stack.

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

3. The exception service routine start address is fetched from the exception processing vector
table that corresponds to the vector number specified in the TRAPA instruction. That address
isjumped to and the program starts executing. The jump that occursis not a delayed branch.
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6.5.3 Illegal Slot Instructions

An instruction placed immediately after a delayed branch instruction is said to be placed in adelay
slot. When the instruction placed in the delay dlot is undefined code, illegal slot exception
processing starts up when that undefined code is decoded. Illegal slot exception processing also
starts up when an instruction that rewrites the program counter (PC) is placed in adelay slot. The
processing starts when the instruction is decoded. The CPU handles anillegal slot instruction as
follows:

1. The statusregister (SR) is saved to the stack.

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

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

6.5.4 General lllegal Instructions

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

When the FPU has been stopped by means of the module stop bit, floating-point instructions and
FPU-related CPU instructions are treated asillegal instructions.

6.5.5 Floating-Point I nstructions

When the V or Z bit is set in the enable field of the FPSCR register, an FPU exception occurs.
Thisindicates that a floating-point instruction has caused an invalid operation exception defined in
the IEEE754 standard or a division-by-zero exception. Floating-point instructions which can cause
an exception are as follows:

FADD, FSUB, FMUL, FDIV, FMAC, FCMP/EQ, FCMP/GT, FNEG,
FABS, FTRC

An FPU exception occurs only if the corresponding enable bit is set. When the FPU detects an
exception source, FPU operation is suspended and the occurrence of the exception is reported to
the CPU. When exception processing is started, the CPU saves the SR and PC contentsto the
stack (the PC value saved is the start address of the instruction following the last instruction
executed), and branches to VBR + H'00000034.
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The exception flag bits in the FPSCR are aways updated, regardless of whether or not an FPU
exception is accepted, and remain set until the user clears them explicitly with an instruction.
FPSCR cause hits change each time an FPU instruction is executed.

Exception events other than those defined in the IEEE754 standard (i.e., underflow, overflow, and
inexact exceptions) are detected by the FPU but do not result in the generation of any kind of
exception. Neither is an FPU exception generated by afloating-point instruction relating to data
transfer, such as FLOAT.

6.6 When Exception Sources Are Not Accepted

When an address error or interrupt is generated after a delayed branch instruction or interrupt-
disabled instruction, it is sometimes not accepted immediately but stored instead, as shownin
table 6.10. When this happens, it will be accepted when an instruction that can accept the
exception is decoded.

Table6.10 Generation of Exception Sources Immediately after a Delayed Branch
Instruction or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Bus Error Interrupt FPU Exception

Immediately after a delayed branch Not accepted Not accepted  Not accepted

instruction*1

Immediately after an interrupt-disabled Not accepted*™4 Not accepted  Accepted

instruction*2

Immediately after an FPU instruction*3 Not accepted Not accepted  Accepted

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

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

*3. FPU instructions: Table 2.18, Floating-Point Instructions, and table 2.19, FPU-Related
CPU Instructions, in section 2.4.1, Instruction Set by Classification.

*4.In the SH-2 a bus error is accepted.
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6.7 Stack Status after Exception Processing Ends

The status of the stack after exception processing endsis as shown in table 6.11.

Table6.11 Stack Status After Exception Processing Ends

Exception Type

Stack Status

Address error = I~
Address of instruction .
SP> after executed instruction 32 bits
SR 32 bits
Trap instruction T .y
Address of instruction .
SP = after TRAPA instruction 32 bits
SR 32 bits
General illegal instruction NAdd f | Iy
ress of genera )
SP >lillegal instruction 32 bits
SR 32 bits
Interrupt E " f iy
Address of instruction .
SP > 4fter executed instruction 32 Pits
SR 32 bits
lllegal slot instruction “J I —— -y
ump destination address .
SP > of delay branch instruction 32 Pits
SR 32 bits
FPU exception E ” f - T
Address of instruction after .
SP> FPU exception instruction 32 bits
SR 32 bits
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6.8 Usage Notes

6.8.1 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception processing.

6.8.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it isnot, an address error
will occur when the stack is accessed during exception processing.

6.8.3 Address Errors Caused by Stacking of Address Error Exception Processing

When the stack pointer isnot amultiple of four, an address error will occur during stacking of the
exception processing (interrupts, etc.) and address error exception processing will start up as soon
asthefirst exception processing is ended. Address errors will then also occur in the stacking for
this address error exception processing. To ensure that address error exception processing does not
go into an endless loop, ho address errors are accepted at that point. This allows program control
to be shifted to the address error exception service routine and enables error processing.

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

6.8.4 Interrupt Processing Timing Gap Caused in SCO Processing

If an interrupt processing is generated in an SCO processing, the interrupt generation timing is
different because the interrupt processing is started after the SCO* processing. For details on the
arbitration with the SCO processing, refer to section 22.8.2(1).

Note: SCO isthe processing to download the flash memory programming/erasing program on
the on-chip RAM.
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Section 7 Interrupt Controller (INTC)

7.1 Overview

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
reguests to the CPU. The INTC has registers for setting the priority of each interrupt which can be
used by the user to order the priorities in which the interrupt requests are processed.

711 Features
The INTC has the following features:

e 16 levelsof interrupt priority
By setting the twelve interrupt-priority level registers, the priorities of IRQ interrupts and on-
chip peripheral module interrupts can be set in 16 levels for different request sources.

¢ NMI noise canceler function
NMI input level bitsindicate the NMI pin status. By reading these bits with the interrupt
exception service routine, the pin status can be confirmed, enabling it to be used as anoise
canceler.

« Notification of interrupt occurrence can be reported externally (IRQOUT pin)
For example, it is possible to request the busif an external bus master isinformed that a
peripheral module interrupt has occurred when the chip has released the bus.
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7.1.2 Block Diagram

Figure 7.1 isablock diagram of the INTC.

e,

IRQOUT <4
NMI —————»] ) >
IRQ0 > > >
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IRQ1 —:—V > >
IRQ2 —— — —»
% ! Input | J] CPU/ | [ Priority
——> -
| control DMAC ranking
IRQ4 — > ™ request [ ™| judg-
IRQS ——— —> judg- [ ment Interrupt
IRQ6 _:—> L ment | —p request
W—:—> > —>
i t SR
|
UBC I (Interrupt request) | L, m
H-UDI ! (Interrupt request) : - | CPU
- > I
DMAC ! (Interrupt request) _ L, !
ATU-I ! (Interrupt request) _ L, :
CMT ! (Interrupt request) : L, !
AD ! (Interrupt request) : L, !
scl | (Interrupt request) | | L, !
WDT | (Interrupt request) | L, !
I (Interrupt request)| !
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! |
: ! ! :
! |
: _PR_]; :
: — '
I =II |
| IPRA-IPRL !
| N
| us ©
: Module bus interface g
! c
e INTC - —=———=——————————- z
UBC: User break controller SCI: Serial communication interface
H-UDI: High-performance user debug WDT: Watchdog timer
interface HCAN: Controller area network
DMAC: Direct memory access controller ICR: Interrupt control register
ATU-Il: Advanced timer unit ISR: IRQ status register
CMT: Compare match timer IPRA-IPRL: Interrupt priority level setting registers A to L
A/D: A/D converter SR: Status register

Figure7.1 INTC Block Diagram
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713 Pin Configuration
Table 7.1 shows the INTC pin configuration.

Table7.1  Pin Configuration

Name Abbreviation 1/0 Function

Non-maskable interrupt input pin NMI I Input of non-maskable interrupt
request signal

Interrupt request input pins IRQO-IRQ7 | Input of maskable interrupt request
signals

Interrupt request output pin IRQOUT (0] Output of notification signal when an

interrupt has occurred

714 Register Configuration

The INTC has the 14 registers shown in table 7.2. These registers set the priority of the interrupts
and control external interrupt input signal detection.

Table7.2 Register Configuration

Name Abbr. R/W Initial Value Address Access Sizes
Interrupt priority register A IPRA R/W H'0000 H'FFFF EDOO 8, 16, 32
Interrupt priority register B IPRB R/W H'0000 H'FFFF EDO2 8, 16, 32
Interrupt priority register C  IPRC R/W H'0000 H'FFFF EDO4 8, 16, 32
Interrupt priority register D IPRD R/W H'0000 H'FFFF EDO6 8, 16, 32
Interrupt priority register E  IPRE R/W H'0000 H'FFFF EDO8 8, 16, 32
Interrupt priority register F IPRF R/W H'0000 H'FFFF EDOA 8, 16, 32
Interrupt priority register G IPRG R/W H'0000 H'FFFF EDOC 8, 16, 32
Interrupt priority register H  IPRH R/W H'0000 H'FFFF EDOE 8, 16, 32
Interrupt priority register | IPRI R/W H'0000 H'FFFF ED10 8, 16, 32
Interrupt priority register J IPRJ R/W H'0000 HFFFF ED12 8, 16, 32
Interrupt priority register K IPRK R/W H'0000 H'FFFF ED14 8, 16, 32
Interrupt priority register L IPRL R/W H'0000 H'FFFF ED16 8, 16, 32
Interrupt control register ICR R/W *1 H'FFFF ED18 8, 16, 32
IRQ status register ISR R(W)**  H'0000 H'FFFF ED1A 8, 16, 32

Notes: Three access cycles are required for byte access and word access, and six cycles for
longword access.

*1. The value when the NMI pin is high is H'8000; when the NMI pin is low, it is H'0000.
*2.Only 0 can be written, in order to clear flags.
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7.2 Interrupt Sources

There are five types of interrupt sources: NMI, user breaks, H-UDI, IRQ, and on-chip peripheral
modules. Each interrupt has apriority expressed as a priority level (0 to 16, with O the lowest and
16 the highest). Giving an interrupt a priority level of 0 masksit.

7.2.1 NMI Interrupts

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

7.2.2 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condition set in the
user break controller (UBC) is satisfied. User break interrupt requests are detected by edge and are
held until accepted. User break interrupt exception processing sets the interrupt mask level bits
(13-0) in the status register (SR) to level 15. For more information about the user break interrupt,
see section 8, User Break Controller (UBC).

723 H-UDI Interrupt

A serial debug interface (H-UDI) interrupt has a priority level of 15, and occurs when an H-UDI

interrupt instruction is serialy input. H-UDI interrupt requests are detected by edge and are held

until accepted. H-UDI exception processing sets the interrupt mask level bits (13-10) in the status
register (SR) to level 15. For more information about the H-UDI interrupt, see section 18, High-

Performance User Debug Interface (H-UDI).

724 IRQ Interrupts

IRQ interrupts are requested by input from pins IRQO-IRQ7. Set the IRQ sense select bits
(IRQOSHRQY7S) of the interrupt control register (ICR) to select low level detection or falling edge
detection for each pin. The priority level can be set from 0 to 15 for each pin using interrupt
priority registers A and B (IPRA—IPRB).

When IRQ interrupts are set to low level detection, an interrupt request signal is sent to the INTC
during the period the IRQ pinislow. Interrupt request signals are not sent to the INTC when the
IRQ pin becomes high. Interrupt request levels can be confirmed by reading the IRQ flags
(IRQOFH RQT7F) of the IRQ status register (ISR).
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When IRQ interrupts are set to falling edge detection, interrupt request signals are sent to the
INTC upon detecting a change on the IRQ pin from high to low level. IRQ interrupt request
detection results are maintained until the interrupt request is accepted. Confirmation that IRQ
interrupt requests have been detected is possible by reading the IRQ flags (IRQOF-RQ7F) of the
IRQ status register (ISR), and by writing a0 after reading a 1, IRQ interrupt request detection
results can be withdrawn.

In IRQ interrupt exception processing, the interrupt mask bits (13—-10) of the status register (SR)
are set to the priority level value of the accepted IRQ interrupt.

7.2.5 On-Chip Peripheral Module I nterrupts

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

« Direct memory access controller (DMAC)
e Advanced timer unit (ATU-II)

e Compare match timer (CMT)

e A/D converter (A/D)

e Serial communication interface (SCI)

* Watchdog timer (WDT)

e Controller area network (HCAN)

A different interrupt vector is assigned to each interrupt source, so the exception service routine
does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can be
assigned to individual on-chip peripheral modulesin interrupt priority registers C-L (IPRC—
IPRL).

On-chip peripheral module interrupt exception processing sets the interrupt mask level bits (13-10)
in the status register (SR) to the priority level value of the on-chip peripheral module interrupt that
was accepted.
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7.2.6 Interrupt Exception Vectorsand Priority Rankings

Table 7.3 listsinterrupt sources and their vector numbers, vector table address offsets and interrupt
priorities.

Each interrupt source is allocated a different vector number and vector table address offset. Vector
table addresses are cal culated from vector numbers and address offsets. In interrupt exception
processing, the exception service routine start address is fetched from the vector table indicated by
the vector table address. See table 6.4, Calculating Exception Processing Vector Table Addresses,
in section 6, Exception Processing.

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely between 0 and
15 for each pin or module by setting interrupt priority registers A—L (IPRA-IPRL). The ranking of
interrupt sources for IPRC-IPRL, however, must be the order listed under Priority within IPR
Setting Range in table 7.3 and cannot be changed. A power-on reset assigns priority level 0 to IRQ
interrupts and on-chip peripheral module interrupts. If the same priority level isassigned to two or
more interrupt sources and interrupts from those sources occur simultaneously, their priority order
isthe default priority order indicated at the right in table 7.3.

Rev.2.0, 07/03, page 100 of 960
RENESAS



Table7.3

Interrupt Exception Processing Vectorsand Priorities

Interrupt Vector

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
NMI 11 H'0000002C to 16 — — High
H'0000002F A
UBC 12 H'00000030to 15 — —
H'00000033
H-UDI 14 H'00000038 to 15 — —
H'00000038
IRQO 64 H'00000100to Oto 15 (0) IPRA —
H'00000103 (15-12)
IRQ1 65 H'00000104 to 0to 15 (0) IPRA —
H'00000107 (11-8)
IRQ2 66 H'00000108to O0to 15 (0) IPRA —
H'0000010B (7-4)
IRQ3 67 H'0000010C to Oto 15 (0) IPRA —
H'0000010F (3-0)
IRQ4 68 H'00000110to Oto 15 (0) IPRB —
H'00000113 (15-12)
IRQ5 69 H'00000114to Oto 15 (0) IPRB —
H'00000117 (11-8)
IRQ6 70 H'00000118to 0to 15 (0) IPRB —
H'0000011B (7-4)
IRQ7 71 H'0000011Cto Oto 15 (0) IPRB —
H'0000011F (3-0)
DMACO DEIO 72 H'00000120 to 0to 15 (0) IPRC 1 1
H'00000123 (15-12)
DMAC1 DEIl 74 H'00000128to 0 to 15 (0) ! 2
H'0000012B
DMAC2 DEI2 76 H'00000130to Oto 15 (0) IPRC 1 1
H'00000133 (11-8)  J
DMAC3 DEI3 78 H'00000138 to 0 to 15 (0) ! 2 Low
H'0000013B
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Table7.3

Interrupt Vector

Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Priority
Vector Table Priority  Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATUO ATUO1 ITV1/ 80 H'00000140 to 0O to 15 (0) IPRC High
ITV2A/ H'00000143 (7-4)
ITV2B A
ATUO2 ICIOA 84 H'00000150 to 0 to 15 (0) IPRC 1 1
H'00000153 (3-0)
ICIOB 86 H'00000158 to ! 2
H'0000015B
ATUO3 ICIOC 88 H'00000160 to 0 to 15 (0) IPRD 1 1
H'00000163 (15-12)
ICIOD 90 H'00000168 to ! 2
H'0000016B
ATUO4 OVIO 92 H'00000170to Oto 15 (0) IPRD
H'00000173 (11-8)
ATU1 ATU11l IMI1A/C 96 H'00000180 to 0 to 15 (0) IPRD 1 1
MI1 H'00000183 (7-4)
IMI1B 97 H'00000184 to 2
H'00000187
IMIIC 98 H'00000188 to 3
H'0000018B
IMIID 99 H'0000018C to ! 4
H'0000018F
ATU12 IMI1E 100 H'00000190 to 0O to 15 (0) IPRD 1 1
H'00000193 (3-0)
IMI1F 101 H'00000194 to 2
H'00000197
IMIIG 102 H'00000198 to 3
H'0000019B
IMITH 103 H'0000019C to ! 4
H'0000019F Y
ATU13 OVI1A/ 104 H'000001A0 to 0O to 15 (0) IPRE Low
oviiB H'000001A3 (15-12)
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Table7.3

Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Vector Interrupt Priority
Vector Table Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU2 ATU21 IMI2A/C 108 H'000001B0 to Oto 15 (0) IPRE 1 1 High
MI2A H'000001B3 (11-8) A
IMI2B/C 109 H'000001B4 to 2
MI2B H'000001B7
IMI2C/C 110 H'000001B8 to 3
Mi2C H'000001BB
IMI2D/C 111 H'000001BC ! 4
MI2D to H'0O00001BF
ATU22 IMI2E/C 112 H'000001CO to Oto 15 (0) IPRE 1 1
MI2E H'000001C3 (7-4)
IMI2F/C 113 H'000001C4 to 2
MI2F H'000001C7
IMI2G/C 114 H'000001C8 to 3
MI2G H'000001CB
IMI2H/C 115 H'000001CC ! 4
MI2H to H'000001CF
ATU23 OVI2A/O 116 H'000001DO0 to 0to 15 (0) IPRE
VI2B H'000001D3 (3-0)
ATU3  ATU31 IMI3A 120 H'000001EO0 to Oto 15 (0) IPRF 1 1
H'000001E3 (15-12)
IMI3B 121 H'000001E4 to 2
H'000001E7
IMI3C 122 H'000001ES8 to 3
H'000001EB
IMI3D 123 H'000001EC ! 4
to H'000001EF Y
ATU32 OVI3 124 H'000001F0 to Oto 15 (0) IPRF Low
H'000001F3 (11-8)
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Table7.3 Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Vector

Interrupt Priority
Vector Table Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU4  ATU41 IMI4A 128 H'00000200 to 0to 15 (0) IPRF 1 1 High
H'00000203 (7-4) A
IMI4B 129 H'00000204 to 2
H'00000207
IMI4C 130 H'00000208 to 3
H'0000020B
IMI4D 131 H'0000020C ! 4
to H'0000020F
ATU42 OVi4 132 H'00000210 to 0to 15 (0) IPRF
H'00000213 (3-0)
ATU5 ATU51 IMISA 136 H'00000220 to 0to 15 (0) IPRG 1 1
H'00000223 (15-12)
IMI5B 137 H'00000224 to 2
H'00000227
IMI5C 138 H'00000228 to 3
H'0000022B
IMI5SD 139 H'0000022C ! 4
to H'0000022F
ATU52 OVI5 140 H'00000230 to 0to 15 (0) IPRG
H'00000233 (11-8)
ATU6 CMI6A 144 H'00000240 to 0to 15 (0) IPRG 1 1
H'00000243 (7-4)
CMI6B 145 H'00000244 to 2
H'00000247
CMI6C 146 H'00000248 to 3
H'0000024B Y
CMI6D 147 H'0000024C ! 4 Low

to H'0000024F
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Table7.3

Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Vector Interrupt Priority
Vector Table Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU7 CMI7TA 148 H'00000250 to 0to 15 (0) IPRG 1 1 High
H'00000253 (3-0) A
CMI7B 149 H'00000254 to 2
H'00000257
CMI7C 150 H'00000258 to 3
H'0000025B
CMI7TD 151 H'0000025C to ! 4
H'0000025F
ATU8 ATU81 OSI8A 152 H'00000260 to 0to 15 (0) IPRH 1 1
H'00000263 (15-12)
0osI8B 153 H'00000264 to 2
H'00000267
0OSsI8C 154 H'00000268 to 3
H'0000026B
OSI8D 155 H'0000026C to ! 4
H'0000026F
ATU82 OSI8E 156 H'00000270to Oto 15 (0) IPRH 1 1
H'00000273 (11-8)
OSI8F 157 H'00000274 to 2
H'00000277
OSI8G 158 H'00000278 to 3
H'0000027B
OSI8H 159 H'0000027C to ! 4
H'0000027F
ATU83 OsSl8I 160 H'00000280 to Oto 15 (0) IPRH 1 1
H'00000283 (7-4)
0sI8) 161 H'00000284 to 2
H'00000287
OSI8K 162 H'00000288 to 3
H'0000028B Y
OSsI8L 163 H'0000028C to ! 4 Low
H'0000028F
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Table7.3 Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Vector

Interrupt Priority
Vector Table Priority  Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU8 ATU84 OSI8M 164 H'00000290 to O to 15 (0) IPRH 1 1 High
H'00000293 (3-0) A
OSI8N 165 H'00000294 to 2
H'00000297
OSI8O 166 H'00000298 to 3
H'0000029B
OSI8P 167 H'0000029C to ! 4
H'0000029F
ATU9 ATU91 CMI9A 168 H'000002A0 to 0 to 15 (0) IPRI 1 1
H'000002A3 (15-12)
CMI9B 169 H'000002A4 to 2
H'000002A7
CMI9C 170 H'000002A8 to 3
H'000002AB
CMI9D 171 H'000002AC to ! 4
H'000002AF
ATU92 CMI9E 172 H'000002B0 to O to 15 (0) IPRI 1 1
H'000002B3 (11-8)
CMIOF 174 H'000002B8 to ! 2
H'000002BB
ATU10 ATU101 CMI10A 176 H'000002C0 to Oto 15 (0) IPRI 1 1
H'000002C3 (7-4)
CMI10B 178 H'000002C8 to ! 2
H'000002CB
ATU102 ICI10A/C 180 H'000002D0 to O to 15(0) IPRI
MI10G H'000002D3 (3-0)
ATU11 IMI11A 184 H'000002E0 to O to 15 (0) IPRJ 1 1
H'000002E3 (15-12)
IMI11B 186 H'000002ES8 to 2
H'000002EB Y
Ooviil 187 H'000002EC to ! 3 Low
H'000002EF
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Table7.3 Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Vector Interrupt Priority
Vector Table Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
CMTO CMTIO 188 H'000002F0 to 0 to 15 (0) | PRJ 1 1 High
H'000002F3 (11-8) A
A/DO ADIO 190 H'000002F8 to ! 2
H'000002FB
CMT1 CMTI1 192 H'00000300 to Oto 15 (0) IPRJ 1 1
H'00000303 (7-4)
A/D1 ADI1 194 H'00000308 to ! 2
H'0000030B
A/D2 ADI2 196 H'00000310 to Oto 15 (0) IPRJ
H'00000313 (3-0)
SCIo ERIO 200 H'00000320to Oto 15 (0) IPRK 1 1
H'00000323 (15-12)
RXIO 201 H'00000324 to 2
H'00000327
TXIO 202 H'00000328 to 3
H'0000032B
TEIO 203 H'0000032C to ! 4
H'0000032F
SCl1 ERI1 204 H'00000330to Oto 15 (0) IPRK 1 1
H'00000333 (11-8)
RXI1 205 H'00000334 to 2
H'00000337
TXI1 206 H'00000338 to 3
H'0000033B
TEI1 207 H'0000033C to ! 4
H'0000033F
SCI2 ERI2 208 H'00000340to 0Oto 15 (0) IPRK 1 1
H'00000343 (7-4)
RXI2 209 H'00000344 to 2
H'00000347
TXI2 210 H'00000348 to 3
H'0000034B | /
TEI2 211 H'0000034C to ! 4 Low
H'0000034F

RENESAS

Rev.2.0, 07/03, page 107 of 960



Table7.3 Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Vector

Interrupt Priority
Vector Table Priority  Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
SCI3 ERI3 212 H'00000350to 0to 15 (0) IPRK ) 1 High
H'00000353 (3-0) A
RXI3 213 H'00000354 to 2
H'00000357
TXI3 214 H'00000358 to 3
H'0000035B
TEI3 215 H'0000035C to ! 4
H'0000035F
SCl4 ERI4 216 H'00000360 to O to 15 (0) IPRL 1 1
H'00000363 (15-12)
RXl14 217 H'00000364 to 2
H'00000367
TXI4 218 H'00000368 to 3
H'0000036B
TEI4 219 H'0000036C to ! 4
H'0000036F
HCANO ERSO 220 H'00000370to 0 to 15 (0) IPRL 1 1
H'00000373 (11-8)
OVRO 221 H'00000374 to 2
H'00000377
RMO 222 H'00000378 to 3
H'0000037B
SLEO 223 H'0000037C to ! 4
H'0000037F
WDT ITI 224 H'00000380to 0to 15 (0) IPRL
H'00000383 (7-4)
HCAN1 ERS1 228 H'00000390 to 0 to 15 (0) IPRL 1 1
H'00000393 (3-0)
OVR1 229 H'00000394 to 2
H'00000397
RM1 230 H'00000398 to 3
H'0000039B \
SLE1 231 H'0000039C to ! 4 Low
H'0000039F
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7.3 Description of Registers

731 Interrupt Priority Registers A-L (IPRA-PRL)

Interrupt priority registers A—L (IPRA—IPRL) are 16-bit readable/writable registers that set
priority levelsfrom 0 to 15 for IRQ interrupts and on-chip peripheral module interrupts.
Correspondence between interrupt request sources and each of the IPRA-IPRL bitsisshownin
table 7.4.

Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table7.4 Interrupt Request Sourcesand |PRA- PRL

Bits
Register 15-12 11-8 -4 3-0
Interrupt priority register A IRQO IRQ1 IRQ2 IRQ3
Interrupt priority register B IRQ4 IRQ5 IRQ6 IRQ7
Interrupt priority register C DMACO, 1 DMAC2, 3 ATUO1 ATUO2
Interrupt priority register D ATUO3 ATUO4 ATU11 ATU12
Interrupt priority register E ATU13 ATU21 ATU22 ATU23
Interrupt priority register F ATU31 ATU32 ATU41 ATU42
Interrupt priority register G ATU51 ATU52 ATUG6 ATU7
Interrupt priority register H ATUS81 ATUS82 ATUS83 ATU84
Interrupt priority register | ATU91 ATU92 ATU101 ATU102
Interrupt priority register J ATU11 CMTO, A/DO CMT1, A/D1 A/D2
Interrupt priority register K SCI0 SCI1 SCI2 SCI3
Interrupt priority register L SCl4 HCANO WDT HCAN1
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Asindicated in table 7.4, four IRQ pins or groups of 4 on-chip peripheral modules are allocated to
each register. Each of the corresponding interrupt priority ranks are established by setting avalue
from H'0 (0000) to H'F (1111) in each of the four-bit groups 15-12, 11-8, 7-4, and 3-0. Interrupt
priority rank becomes level 0 (lowest) by setting H'0, and level 15 (highest) by setting H'F. If
multiple on-chip peripheral modules are assigned to the same bit (DMACO0 and DMAC1, DMAC2
and DMAC3, CMTO0 and A/DO, and CMT1 and A/D1), those multiple modules are set to the same
priority rank.

IPRA-IPRL areinitialized to H'0000 by areset and in hardware standby mode. They are not
initialized in software standby mode.

7.3.2 Interrupt Control Register (ICR)

ICR isa16-hit register that sets the input signal detection mode of the external interrupt input pin
NMI and IRQO —IRQ7 and indicates the input signal level a the NMI pin. A reset and hardware
standby mode initialize |CR but the software standby mode does not.

Bit; 15 14 13 12 11 10 9 8
I I I I e I YN
Initial value: * 0 0 0 0 0 0 0
RIW: R R R R R R R RIW
Bit: 7 6 5 4 3 2 1 0
‘ IRQOS ‘ IRQ1S ‘ IRQ2S ‘ IRQ3S ‘ IRQ4S ‘ IRQ5S ‘ IRQ6S ‘ IRQ7S ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * When NMI input is high: 1; when NMI input is low: O

e Bit 15—NMI Input Level (NMIL): Setsthe level of the signal input at the NMI pin. This bit
can be read to determine the NMI pin level. This bit cannot be modified.

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

« Bits 14 to 9—Reserved: These bits aways read 0. The write value should always be 0.
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« Bit 8—NMI Edge Select (NMIE)

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

* Bits 7 to 0—IRQO-IRQ7 Sense Select (IRQOSHRQ7S): These bits set the IRQO-RQ7
interrupt request detection mode.

Bits 7-0: IRQOS-IRQ7S  Description

0 Interrupt request is detected on low level of IRQ input  (Initial value)

1 Interrupt request is detected on falling edge of IRQ input

7.3.3 IRQ Status Register (ISR)

ISR isa 16-hit register that indicates the interrupt request status of the external interrupt input pins
IRQO-IRQ7. When IRQ interrupts are set to edge detection, held interrupt requests can be
withdrawn by writing O to IRQNF after reading IRQNF = 1.

A reset and hardware standby mode initialize ISR but software standby mode does not.

Bit: 15 14 13 12 11 10 9 8
-l -1 -1l-1=-1-=-17T=-171T=1]
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
‘IRQOF ‘ IRQLF ‘ IRQ2F ‘ IRQ3F ‘ IRQ4F ‘ IRQ5F ‘ IRQ6F ‘ IRQ7F ‘
Initial value: 0 0 0 0 0 0 0 0

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

« Bits 15 to 8—Reserved: These bits aways read 0. The write value should always be 0.
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e Bits 7 to 0—IRQO-IRQ7 Flags (IRQOF- RQ7F): These bits display the IRQ0O-RQ7 interrupt

request status.
Bits 7-0:
IRQOF-IRQ7F Detection Setting Description
0 Level detection No IRQn interrupt request exists

[Clearing condition]
When IRQn input is high

Edge detection

No IRQn interrupt request was detected (Initial value)
[Clearing conditions]
e When 0 is written after reading IRQnF = 1

¢ When IRQn interrupt exception processing has been
executed

1 Level detection

An IRQn interrupt request exists

Setting condition: When IRQn input is low

Edge detection

An IRQn interrupt request was detected

Setting condition: When a falling edge occurs at an IRQn
input

n=7t0
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74 Interrupt Operation

74.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 7.2 is aflowchart of the
operations.

1

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

2. Theinterrupt controller selects the highest priority interrupt in the interrupt requests sent,

following the priority levels set in interrupt priority registers A—L (IPRA-IPRL). Lower-
priority interrupts are ignored. They are held pending until interrupt requests designated as
edge-detect type are accepted. For IRQ interrupts, however, withdrawal is possible by
accessing the IRQ status register (ISR). See section 7.2.4, IRQ Interrupts, for details. Interrupts
held pending due to edge detection are cleared by a power-on reset or a manual reset. If two of
these interrupts have the same priority level or if multiple interrupts occur within asingle
module, the interrupt with the highest default priority or the highest priority within its IPR
setting range (asindicated in table 7.3) is selected.

The interrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (13-0) in the CPU’ s status register (SR). If the request priority level is
equal to or less than the level set in 13-0, the request isignored. If the request priority level is
higher than the level in bits 1310, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt, alow level is output from the IRQOUT pin.
The CPU detects the interrupt request sent from the interrupt controller when it decodes the
next instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception processing (figure 7.4).

SR and PC are saved onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (13 to 10)
in the status register (SR).

When the accepted interrupt is sensed by level or isfrom an on-chip peripheral module, ahigh
level is output from the IRQOUT pin. When the accepted interrupt is sensed by edge, a high
level is output from the IRQOUT pin at the point when the CPU starts interrupt exception
processing instead of instruction execution as noted in 5 above. However, if the interrupt
controller accepts an interrupt with a higher priority than oneit isin the process of accepting,
the IRQOUT pin will remain low.

The CPU reads the start address of the exception service routine from the exception vector
table for the accepted interrupt, jumpsto that address, and starts executing the program there.
Thisjump is not adelay branch.
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v A

Program
execution state

User break?

Yes H-UDI

interrupt?

Level 15
interrupt?

h Yes

| m; low level*1 |

v Level 14 No
| Save SR to stack | Yes interrupt?
1I3tol0 <
2 level 14? Level 1 No
| Save PC to stack | interrupt?
v 13to10<

Copy accept-interrupt s
level to 13 to 10 level 137

v
|TRQOUT = high level*2

1I3to 10 =
level 0?

Read exception
vector table
v
Branch to exception

service routine
I

13 to 10: Interrupt mask bits of status register

Notes: *1. IRQOUT is the same signal as the interrupt request signal to the CPU (see figure 7.1).
Thus, it is output when there is a higher priority interrupt request than the one in the 13 to 10
bits of SR.

*2. When the accepted interrupt is sensed by edge, the IRQOUT pin becomes high level at the

point when the CPU starts interrupt exception processing instead of instruction execution
(before SR is saved to the stack).
If the interrupt controller has accepted another interrupt with a higher priority and has
output an interrupt request to the CPU, the IRQOUT pin will remain low.

Figure 7.2 Interrupt Sequence Flowchart
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7.4.2 Stack after Interrupt Exception Processing

Figure 7.3 shows the stack after interrupt exception processing.

32 hits | <] sp*2

Address T
4n-n8 PC*1
An—n4 SR 32 bits
4n

Notes: *1 PC: Start address of the next instruction (return destination instruction)

after the executing instruction

*2  Always be certain that SP is a multiple of 4

Figure 7.3 Stack after Interrupt Exception Processing
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75 Interrupt Response Time

Table 7.5 indicates the interrupt response time, which is the time from the occurrence of an
interrupt request until the interrupt exception processing starts and fetching of the first instruction
of the interrupt service routine begins. Figure 7.4 shows an example of pipeline operation when an

IRQ interrupt is accepted.

Table7.5 Interrupt Response Time
Number of States
NMI, Peripheral

Item Module IRQ Notes

DMAC activation judgment 0 or 1 0 1 state required for interrupt
signals for which DMAC
activation is possible

Compare identified inter- 2 3

rupt priority with SR mask
level

Wait for completion of
sequence currently being
executed by CPU

X (=0)

The longest sequence is for
interrupt or address-error
exception processing (X = 4
+ml+m2+m3+m4).lfan
interrupt-masking instruction
follows, however, the time
may be even longer.

Time from start of interrupt 5+ m1 + m2 + m3
exception processing until

fetch of first instruction of

exception service routine

Performs the PC and SR
saves and vector address
fetch.

starts
Interrupt Total: (7or8)+mi+ 8+ml+m2+
response m2 + m3 + X m3 + X
time Minimum: 10 11 0.25 to 0.28 pis at 40 MHz
Maximum: 12+2(ml1+m2+ 12+2(mM1+m2+ 0.48 pys at 40 MHz*
m3) + m4 m3) + m4

Note: *Whenml=m2=m3=m4=1

m1-m4 are the number of states needed for the following memory accesses.

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

m3: Vector address read (longword read)

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

L 5+ml+m2+m3

3 13 mim2 1 m3 1]
<+ pla paPararaPrar
|

RQ |

Instruction (instruction

|
|
. MIM|E[M|E]|E]
replaced by interrupt !
exception processing) I
|
Overrun fetch i
! I
Interrupt service routine !
: FID[E]
|

start instruction

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

. Instruction decoding (fetched instruction is decoded).

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

M: Memory access (data in memory is accessed).

mQO T

Figure 7.4 Example of Pipeline Operation when an IRQ Interrupt is Accepted
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7.6 Data Transfer with Interrupt Request Signals
The following data transfer can be carried out using interrupt request signals:
e Activate DMAC only, without generating CPU interrupt

Among interrupt sources, those designated as DMAC activating sources are masked and not input
to the INTC. The masking condition is as follows:

Mask condition = DME « (DEO ¢ source selection 0 + DE1 « source selection 1 + DE2 ¢
source selection 2 + DE3 « source selection 3)

7.6.1 Handling CPU Interrupt Sour ces, but Not DMAC Activating Sour ces

1. Either do not select the DMAC as a source, or clear the DME bit to O.
2. Activating sources are applied to the CPU when interrupts occur.

3. The CPU clearsinterrupt sources with its interrupt processing routine and performs the
necessary processing.

7.6.2 Handling DMAC Activating Sour ces but Not CPU Interrupt Sour ces

1. Select the DMAC asasource and set the DME bit to 1. CPU interrupt sources are masked
regardless of the interrupt priority level register settings.

2. Activating sources are applied to the DMAC when interrupts occur.

3. The DMAC clears activating sources at the time of data transfer.
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Section 8 User Break Controller (UBC)

8.1 Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break interrupt is generated according to the conditions of
the bus cycle generated by the CPU or DMAC. This function makes it easy to design an effective
self-monitoring debugger, enabling the chip to easily debug programs without using alarge in-
circuit emulator.

8.1.1 Features
The features of the user break controller are:

» Thefollowing break compare conditions can be set:
Address
CPU cycle/DMA cycle
Instruction fetch or data access
Read or write
Operand size: byte/word/longword
e User break interrupt generated upon satisfying break conditions
A user-designed user break interrupt exception processing routine can be run.

« Select either to break in the CPU instruction fetch cycle before the instruction is executed or
after.

o Sdtisfaction of abreak condition can be output to the UBCTRG pin.

Ooo0Ooo0ood
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8.1.2 Block Diagram

Figure 8.1 shows a block diagram of the UBC.

Module bus

Bus
interface

| UBCR || UBBR | UBAMRH| [ UBARH

UBAMRL| | UBARL

U U

comparator

User break
—>  interrupt
» generating
circuit

Internal bus

»| Trigger output
generating
> circuit

Y

Interrupt request

Interrupt controller

» UBCTRG pin output

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: Break condition
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

UBARH, UBARL: User break address registers H, L
UBAMRH, UBAMRL: User break address mask registers H, L
UBBR: User break bus cycle register

UBCR: User break control register

Figure8.1 User Break Controller Block Diagram
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8.1.3 Register Configuration

The UBC hasthe six registers shown in table 8.1. Break conditions are established using these

registers.

Table81 Register Configuration

Initial Access
Name Abbr. R/W  Value Address* Size
User break address register H UBARH R/W  H'0000 H'FFFFECO0 8, 16,32
User break address register L UBARL R/W  H'0000 HFFFFECO02 8,16, 32
User break address mask register H UBAMRH R/W  H'0000 H'FFFFEC04 8, 16, 32
User break address mask register L  UBAMRL R/W  H'0000 H'FFFFEC06 8, 16, 32
User break bus cycle register UBBR R/W  H'0000 HFFFFECO08 8, 16, 32
User break control register UBCR R/W  H'0000 H'FFFFECOA 8, 16, 32
Note: * In register access, three cycles are required for byte access and word access, and six
cycles for longword access.
8.2 Register Descriptions
821 User Break Address Register (UBAR)
UBARH:
Bit: 15 14 13 12 11 10 9 8
‘ UBA31 ‘ UBA30 ‘ UBA29 ‘ UBA28 ‘ UBA27 ‘ UBA26 ‘ UBA25 ‘ UBA24 ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
‘ UBA23 ‘ UBA22 ‘ UBA21 ‘ UBA20 ‘ UBA19 ‘ UBA18 ‘ UBA17 ‘ UBA16 ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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UBARL:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
‘ UBA15 ‘ UBA14 ‘ UBA13 ‘ UBA12 ‘ UBA11 ‘ UBA10 ‘ UBAO ‘ UBAS ‘
0 0 0 0 0 0 0 0

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

7 6 5 4 3 2 1 0
‘ UBA7 ‘ UBAG ‘ UBAS5 ‘ UBA4 ‘ UBA3 ‘ UBA2 ‘ UBA1 ‘ UBAO ‘
0 0 0 0 0 0 0 0

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

The user break address register (UBAR) consists of user break address register H (UBARH) and
user break address register L (UBARL). Both are 16-bit readable/writable registers. UBARH
stores the upper bits (bits 31 to 16) of the address of the break condition, while UBARL stores the
lower bits (bits 15 to 0). UBARH and UBARL are initialized to H'0000 by a power-on reset and in
module standby mode. They are not initialized in software standby mode.

¢ UBARH Bits 15 to 0—User Break Address 31 to 16 (UBA31 to UBA16): These bits store the
upper bit values (bits 31 to 16) of the address of the break condition.

« UBARL Bits 15 to 0—User Break Address 15to 0 (UBA15 to UBAO): These bits store the
lower bit values (bits 15 to 0) of the address of the break condition.

8.2.2 User Break Address Mask Register (UBAMR)

UBAMRH:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
‘ UBM31 ‘ UBM30 ‘ UBM29 ‘ UBM28 ‘ UBM27 ‘ UBM26 ‘ UBM25 ‘ UBM24 ‘
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
‘ UBM23 ‘ UBM22 ‘ UBM21 ‘ UBM20 ‘ UBM19 ‘ UBM18 ‘ UBM17 ‘ UBM16 ‘
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW  RW
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UBAMRL:

Bit: 15 14 13 12 11 10 9 8
‘UBMlS‘UBM14‘UBM13‘UBMlZ‘UBMll‘UBMlO‘ UBMQ‘ UBMS‘
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
‘ UBM7‘ UBMG‘ UBMS‘ UBM4‘ UBMS‘ UBMZ‘ UBMl‘ UBMO
Initial value: 0 0 0 0 0 0 0 0

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

The user break address mask register (UBAMR) consists of user break address mask register H
(UBAMRH) and user break address mask register L (UBAMRL). Both are 16-bit
readable/writable registers. UBAMRH designates whether to mask any of the break address bits
established in UBARH, and UBAMRL designates whether to mask any of the break address bits
established in UBARL. UBAMRH and UBAMRL are initialized to H'0000 by a power-on reset
and in module standby mode. They are not initialized in software standby mode.

 UBAMRH Bits 15 to 0—User Break Address Mask 31 to 16 (UBM31 to UBM16): These bits
designate whether to mask the corresponding break address 31 to 16 bits (UBA31 to UBA16)
established in UBARH.

 UBAMRL Bits 15 to 0—User Break Address Mask 15 to 0 (UBM15 to UBMO): These bits
designate whether to mask the corresponding break address 15 to 0 bits (UBA 15 to UBAO)
established in UBARL.

Bit 15-0: UBMn Description
0 Break address UBAnN is included in the break conditions (Initial value)
1 Break address UBAnN is not included in the break conditions

Note: n=31to0
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8.2.3 User Break Bus Cycle Register (UBBR)

Bitt 15 14 13 12 11 10 9 8
-l -1 -1-1T-=-7T-=-1T-=-71T=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
‘ CP1 ‘ CPO ‘ ID1 ‘ IDO ‘ RW1 ‘ RWO ‘ sz1 ‘ SZ0 ‘
Initial value: 0 0 0 0 0 0 0 0

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

The user break bus cycle register (UBBR) is a 16-hit readable/writable register that selects from
among the following four break conditions:

CPU cycle/DMA cycle

Instruction fetch/data access
Read/write

Operand size (byte, word, longword)

pw DN

UBBR sinitialized to H'0000 by a power on reset and in module standby mode. It is not
initialized in software standby mode.

e Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.

e Bits7 and 6—CPU Cycle/DMA Cycle Select (CP1, CP0O): These bits designate break
conditions for CPU cycles or DMA cycles.

Bit 7: CP1 Bit 6: CPO Description

0 0 No user break interrupt occurs (Initial value)

1 Break on CPU cycles
1 0 Break on DMA cycles
1 Break on both CPU and DMA cycles
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e Bits5 and 4—Instruction Fetch/Data Access Select (ID1, 1D0): These bits select whether to
break on instruction fetch and/or data access cycles.

Bit 5: ID1 Bit 4: IDO Description

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

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

¢ Bits 3 and 2—Read/Write Select (RW1, RWO0): These bits select whether to break on read

and/or write cycles.

Bit 3: Rw1 Bit 2: RWO Description

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

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

e Bits1 and 0—Operand Size Select (SZ1, SZ0): These bits select operand size as a break

condition.
Bit 1: SZ1 Bit 0: SZ0 Description
0 0 Operand size is not a break condition (Initial value)
1 Break on byte access
1 0 Break on word access
1 Break on longword access

Note: When breaking on an instruction fetch, clear the SZO0 bit to 0. All instructions are considered
to be word-size accesses (even when there are instructions in on-chip memory and two
instruction fetches are performed simultaneously in one bus cycle).

Operand size is word for instructions or determined by the operand size specified for the
CPU/DMAC data access. It is not determined by the bus width of the space being

accessed.
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8.24 User Break Control Register (UBCR)

Bit: 15 14 13 12 11 10 9 8
-l -1-1-71T-1r=-71-17=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ CKS1 ‘ CKS0 ‘ UBID ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W R/W

The user break control register (UBCR) is a 16-hit readable/writable register that (1) enables or
disables user break interrupts and (2) sets the pulse width of the UBCTRG signal output in the
event of abreak condition match.

UBCRisinitialized to H'0000 by a power-on reset and in module standby mode. It is not
initialized in software standby mode.

« Bits15to 3—Reserved: These bits always read 0. The write value should always be 0.

e Bits2and 1—Clock Select 1 and 0 (CKS1, CKS0): These bits specify the pulse width of the
UBCTRG signal output in the event of a condition match.

Bit 2: CKS1 Bit 1: CKSO Description

0 0 UBCTRG pulse width is ¢ (Initial value)
1 UBCTRG pulse width is @/4

1 0 UBCTRG pulse width is ¢/8
1 UBCTRG pulse width is ¢/16

Note: @: Internal clock

e Bit 0—User Break Disable (UBID): Enables or disables user break interrupt request generation
in the event of a user break condition match.

Bit 0: UBID Description
0 User break interrupt request is enabled (Initial value)
1 User break interrupt request is disabled
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8.3 Operation

8.3.1 Flow of the User Break Operation

The flow from setting of break conditions to user break interrupt exception processing is described
below:

1

The user break addresses are set in the user break address register (UBAR), the desired masked
bitsin the addresses are set in the user break address mask register (UBAMR) and the breaking
bus cycletypeis set in the user break bus cycle register (UBBR). If even one of the three
groups of the UBBR’s CPU cycle/DMA cycle select bits (CP1, CP0), instruction fetch/data
access select bits (ID1, ID0), and read/write select bits (RW1, RWO) is set to 00 (no user break
generated), no user break interrupt will be generated even if al other conditionsarein
agreement. When using user break interrupts, always be certain to establish bit conditions for
al of these three groups.

The UBC uses the method shown in figure 8.2 to judge whether set conditions have been
fulfilled. When the set conditions are satisfied, the UBC sends a user break interrupt request
signal to the interrupt controller (INTC). At the same time, a condition match signal is output
at the UBCTRG pin with the pulse width set in bits CKS1 and CKS0.

The interrupt controller checks the accepted user break interrupt request signa’s priority level.
The user break interrupt has priority level 15, so it is accepted only if the interrupt mask level
in bits 13- 0 in the status register (SR) is 14 or lower. When the 13- 0 bit level is 15, the user
break interrupt cannot be accepted but it is held pending until user break interrupt exception
processing can be carried out. Consequently, user break interrupts within NMI exception
service routines cannot be accepted, since the 130 bit level is 15. However, if the 130 bit
level is changed to 14 or lower at the start of the NMI exception service routine, user break
interrupts become acceptabl e thereafter. See section 7, Interrupt Controller (INTC), describes
the handling of priority levelsin greater detail.

The INTC sends the user break interrupt request signal to the CPU, which begins user break
interrupt exception processing upon receipt. See section 7.4, Interrupt Operation, for details on
interrupt exception processing.
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| UBARH/UBARL| | UBAMRH/UBAMRL

32
Internal address 32 ) 32
bits 31-0 32 / 32

CPU cycle

DMA cycle

Instruction fetch

User
break
interrupt

Data access

]

i

Read cycle

Write cycle

SZ1 | SZ0

Byte size

Word size

plliiop

Longword size

UBID

Figure 8.2 Break Condition Judgment Method
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8.3.2 Break on On-Chip Memory Instruction Fetch Cycle

On-chip memory (on-chip ROM and/or RAM) is always accessed as 32 bitsin one bus cycle.
Therefore, two instructions can be retrieved in one bus cycle when fetching instructions from on-
chip memory. At such times, only one bus cycleis generated, but by setting the start addresses of
both instructionsin the user break address register (UBAR) it is possible to cause independent
breaks. In other words, when wanting to effect a break using the latter of two addresses retrieved
in one bus cycle, set the start address of that instruction in UBAR. The break will occur after
execution of the former instruction.

8.3.3 Program Counter (PC) Values Saved

Break on Instruction Fetch: The program counter (PC) value saved to the stack in user break
interrupt exception processing is the address that matches the break condition. The user break
interrupt is generated before the fetched instruction is executed. If abreak condition isset in an
instruction fetch cycle placed immediately after adelayed branch instruction (delay slot), or on an
instruction that follows an interrupt-disabled instruction, however, the user break interrupt is not
accepted immediately, but the break condition establishing instruction is executed. The user break
interrupt is accepted after execution of the instruction that has accepted the interrupt. In this case,
the PC value saved is the start address of the instruction that will be executed after the instruction
that has accepted the interrupt.

Break on Data Access (CPU/DMA): The program counter (PC) value is the top address of the
next instruction after the last instruction executed before the user break exception processing
started. When data access (CPU/DMA) is set as a break condition, the place where the break will
occur cannot be specified exactly. The break will occur at the instruction fetched close to where
the data access that isto receive the break occurs.

8.4 Examplesof Use

84.1 Break on CPU Instruction Fetch Cycle

1. Register settings: UBARH = H'0000
UBARL =H'0404
UBBR = H'0054
UBCR = H'0000
Conditions set: Address: H'00000404
Bus cycle: CPU, instruction fetch, read
(operand size not included in conditions)
Interrupt requests enabled
A user break interrupt will occur before the instruction at address H'00000404. If it is possible
for the instruction at H'00000402 to accept an interrupt, the user break exception processing
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will be executed after execution of that instruction. The instruction at H'00000404 is not
executed. The PC value saved is H'00000404.
2. Register settings: UBARH = H'0015

UBARL =H'389C

UBBR = H'0058

UBCR = H'0000
Conditions set: Address: H'0015389C

Bus cycle: CPU, instruction fetch, write

(operand size not included in conditions)

Interrupt requests enabled
A user break interrupt does not occur because the instruction fetch cycle is not awrite cycle.

3. Register settings: UBARH = H'0003

UBARL =H'0147

UBBR = H'0054

UBCR = H'0000
Conditions set: Address: H'00030147

Bus cycle: CPU, instruction fetch, read

(operand size not included in conditions)

Interrupt requests enabled
A user break interrupt does not occur because the instruction fetch was performed for an even
address. However, if the first instruction fetch address after the branch is an odd address set by
these conditions, user break interrupt exception processing will be carried out after address
error exception processing.

8.4.2 Break on CPU Data Access Cycle

1. Register settings: UBARH = H'0012
UBARL = H'3456
UBBR = H'006A
UBCR = H'0000
Conditions set: Address: H'00123456
Bus cycle: CPU, data access, write, word
Interrupt requests enabled
A user break interrupt occurs when word data is written into address H'00123456.
2. Register settings: UBARH = H'00A8
UBARL =H'0391
UBBR = H'0066
UBCR = H'0000
Conditions set: Address: H'00A80391
Bus cycle: CPU, data access, read, word
Interrupt requests enabled
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A user break interrupt does not occur because the word access was performed on an even
address.

8.4.3 Break on DMA Cycle

1. Register settings: UBARH = H'0076
UBARL =H'BCDC
UBBR = H'00A7
UBCR = H'0000
Conditions set: Address: H'0076BCDC
Bus cycle: DMA, data access, read, longword
Interrupt requests enabled
A user break interrupt occurs when longword data is read from address H'0076BCDC.
2. Register settings: UBARH = H'0023
UBARL = H'45C8
UBBR = H'0094
UBCR = H'0000
Conditions set: Address: H'002345C8
Bus cycle: DMA, instruction fetch, read
(operand size not included in conditions)
Interrupt requests enabled
A user break interrupt does not occur because no instruction fetch is performed in the DMA
cycle.

8.5 Usage Notes

85.1 Simultaneous Fetching of Two Instructions

Two instructions may be simultaneously fetched from on-chip memory. If abreak condition is set
on the second of these two instructions but the contents of the UBC break condition registers are
changed so asto alter the break condition immediately after the first of the two instructionsis
fetched, auser break interrupt will still occur when the second instruction is fetched.

8.5.2 Instruction Fetches at Branches

When a conditional branch instruction or TRAPA instruction causes a branch, the order of
instruction fetching and execution is as follows:

1. When branching with a conditional branch instruction: BT and BF instructions
When branching with a TRAPA instruction: TRAPA instruction
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Instruction fetch order: Branch instruction fetch — next instruction overrun fetch —
overrun fetch of instruction after next — branch destination
instruction fetch

Instruction execution order: Branch instruction execution — branch destination instruction

execution
2. When branching with adelayed conditional branch instruction: BT/S and BF/S instructions
Instruction fetch order: Branch instruction fetch — next instruction fetch (delay slot) —

overrun fetch of instruction after next — branch destination
instruction fetch

Instruction execution order: Branch instruction execution — delay slot instruction execution
- branch destination instruction execution

Thus, when a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination instruction will be fetched after an overrun fetch of the next instruction or the
instruction after next. However, asthe instruction that is the object of the break does not break
until fetching and execution of the instruction have been confirmed, the overrun fetches described
above do not become objects of a break.

If data accesses are also included as break conditions in addition to instruction fetch breaks, a
break will occur because the instruction overrun fetch is also regarded as satisfying the data break
condition.

85.3 Contention between User Break and Exception Processing

If auser break is set for the fetch of aparticular instruction, and exception processing with higher
priority than a user break isin contention and is accepted in the decode stage for that instruction
(or the next instruction), user break exception processing may not be performed after completion
of the higher-priority exception service routine (on return by RTE).

Thus, if auser break condition is applied to the branch destination instruction fetch after a branch
(BRA, BRAF, BT, BF, BT/S, BF/S, BSR, BSRF, IMP, JSR, RTS, RTE, exception processing),
and that branch instruction accepts exception processing with higher priority than a user break
interrupt, user break exception processing is not performed after completion of the higher-priority
exception service routine.

Therefore, a user break condition should not be set for the fetch of the branch destination
instruction after a branch.

854 Break at Non-Delay Branch Instruction Jump Destination

When a branch instruction with no delay slot (including exception processing) jumps to the jump
destination instruction on execution of the branch, auser break will not be generated even if auser
break condition has been set for the first jump destination instruction fetch.
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855 User Break Trigger Output

Information on internal bus condition matches monitored by the UBC is output as UBCTRG. The
trigger width can be set with clock select bits 1 and 0 (CKS1, CKS0) in the user break control
register (UBCR).

If a condition matches occurs again during trigger output, the UBCTRG pin continues to output a
low level, and outputs a pulse of the length set in bits CKS1 and CK S0 from the cycle in which the
last condition match occurs.

The trigger output conditions differ from those in the case of a user break interrupt when a CPU
instruction fetch condition is satisfied. When a condition occurs in an overrun fetch instruction as
described in section 8.5.2, Instruction Fetch at Branches, a user break interrupt is not requested but
atrigger is output from the UBCTRG pin.

In other CPU data accesses and DMAC bus cycles, pulse output is performed under conditions
similar to user break interrupt conditions.

Setting the user break interrupt disable (UBID) bit to 1 in UBCR enables trigger output to be
monitored externally without requesting a user break interrupt.

8.5.6 M odule Standby

After a power-on reset the UBC isin the module standby state, in which the clock supply is halted.
When using the UBC, the module standby state must be cleared before making UBC register
settings. Module standby is controlled by the module standby control register (MSTCR). See
section 24.2.3, Module Standby Control Register (MSTCR), for further details.
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Section 9 Bus State Controller (BSC)

9.1 Overview

The bus state controller (BSC) divides up the address spaces and outputs control for various types
of memory. This enables memories like SRAM and ROM to be linked directly to the chip without
external circuitry, smplifying system design and enabling high-speed data transfer to be achieved
in a compact system.

911 Features
The BSC has the following features:

* Address spaceis divided into four spaces

O A maximum linear 2 Mbytes for on-chip ROM effective mode, and a maximum 4 Mbytes
for on-chip ROM disabled mode, for address space CSO

A maximum linear 4 Mbytes for each of address spaces CS1-CS3
Bus width can be selected for each space (8 or 16 hits)
Wait states can be inserted by software for each space
Wait state insertion with WAIT pin in external memory space access
Outputs control signals for each space according to the type of memory connected
¢ On-chip ROM and RAM interfaces
O On-chip RAM access of 32 bitsin 1 state
O On-chip Rom access of 32 bitsin 1 state for aread and 2 states for awrite

O O0oo0ood
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9.1.2 Block Diagram

Figure 9.1 shows the BSC block diagram.

T
i L
: Bus interface |
: ——
! |
1 [ onchip | !
o memory [+ RAMER !
1| | controlunit | !
b | I
[ | I
[ | I
! | |
[ | I
| : | :
| .
;o Wait ! * |
WAIT b control unit I WCR 2 :
Lo | © I
[ | = I
! | S |
[ | o I
| : | = :
| : | I
| | |
! i . BCR1 !
| | |
I Area | !
| - |
CS0-Cs3 ! : control unit : !
| |
| ! BCR2 |
| | |
: ! : |
[ | I
ro | I
RD 4—:—:— -« |
ro | I
i ! Memory : :
: || controlunit | | |
| |

_ | !

WRH, WRL «1—— : l
| | |
| | |
: [ |
D BSC-————mmmmm e
WCR:  Wait control register BCR1: Bus control register 1

RAMER: RAM emulation register BCR2: Bus control register 2

Figure9.1 BSC Block Diagram
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9.1.3 Pin Configuration
Table 9.1 shows the bus state controller pin configuration.

Table9.1 Pin Configuration

Name Abbr. I/O Description

Address bus A21-A0 (0] Address output

Data bus D15-D0 I/O 16-bit data bus

Chip select CS0-CS3 O Chip select signals indicating the area being
accessed

Read RD (0] Strobe that indicates the read cycle for ordinary

space/multiplex 1/O

Upper write WRH (0] Strobe that indicates a write cycle to the upper 8 bits
(D15-D8)

Lower write WRL (0] Strobe that indicates a write cycle to the lower 8 bits
(D7-D0)

Wait WAIT | Wait state request signal

Bus request BREQ | Bus release request input

Bus acknowledge BACK (0] Bus use enable output

Note: When an 8-bit bus width is selected for external space, WRL is enabled.
When a 16-bit bus width is selected for external space, WRH and WRL are enabled.

9.14 Register Configuration

The BSC has four registers. These registers are used to control wait states, bus width, and
interfaces with memories like ROM and SRAM, aswell asrefresh control. The register
configurations are listed in table 9.2.

All registers are 16 bits. All BSC registers are all initialized by a power-on reset and in hardware
standby mode. Vaues are retained in a manual reset and in software standby mode.

Table9.2 Register Configuration

Name Abbr. R/W Initial Value Address Access Size
Bus control register 1 BCR1 R/W H'000F H'FFFFEC20 8, 16, 32
Bus control register 2 BCR2 R/W H'FFFF H'FFFFEC22 8, 16, 32
Wait state control register WCR RW H7777 H'FFFFEC24 8, 16, 32
RAM emulation register RAMER R/W H'0000 H'FFFFEC26 8, 16, 32

Note: In register access, three cycles are required for byte access and word access, and six
cycles for longword access.
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9.15 AddressMap

Figure 9.2 shows the address format used by the SH7055SF.

A31-A24 A23, A22 A21 AO

A
Y
A
Y
A

4

L Output address:
Output from the address pins

CS space selection:
Decoded, outputs CSO0 to CS3 when A31 to A24 = 00000000

L Space selection:

Not output externally; used to select the type of space

On-chip ROM space or CS0 to CS3 space when 00000000 (H'00)

Reserved (do not access) when 00000001 to 11111110 (H'01 to H'FE)

On-chip peripheral module space or on-chip RAM space when 11111111 (H'FF)

Figure9.2 AddressFormat
This chip uses 32-bit addresses:

* BitsA31to A24 are used to select the type of space and are not output externaly.

+ BitsA23 and A22 are decoded and output as chip select signals (CS0 to CS3) for the
corresponding areas when bits A31 to A24 are 00000000.

e A21to A0 are output externally.
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Table 9.3 shows the address map.

Table9.3 AddressMap
*  On-chip ROM enabled mode

Address Space Memory Size Bus Width

H'0000 0000 to H'000F FFFF  On-chip ROM On-chip ROM 512 kB 32 bits

H'0010 0000 to H'001F FFFF  Reserved Reserved

H'0020 0000 to H'003F FFFF  CSO space External space 2 MB 8, 16 bits**

H'0040 0000 to H'007F FFFF  CS1 space External space 4 MB 8, 16 bits**

H'0080 0000 to H'00BF FFFF  CS2 space External space 4 MB 8, 16 bits**

H'00CO0 0000 to H'OOFF FFFF  CS3 space External space 4 MB 8, 16 bits**

H'0100 0000 to H'FFFE FFFF  Reserved Reserved

H'FFFF 0000 to H'FFFF BFFF  On-chip RAM On-chip RAM 32 kB 32 bits

H'FFFF C000 to H'FFFF FFFF  On-chip peripheral  On-chip peripheral 8 kB 8, 16 bits
module module

¢ On-chip ROM disabled mode

Address Space Memory Size Bus Width

H'0000 0000 to H'003F FFFF  CSO space External space 4 MB 8, 16 bits*?

H'0040 0000 to H'007F FFFF  CS1 space External space 4 MB 8, 16 bits**

H'0080 0000 to H'00BF FFFF  CS2 space External space 4 MB 8, 16 bits**

H'00CO0 0000 to H'OOFF FFFF  CS3 space External space 4 MB 8, 16 bits**

H'0100 0000 to H'FFFE FFFF  Reserved Reserved

H'FFFF 0000 to H'FFFF BFFF  On-chip RAM On-chip RAM 32 kB 32 bits

H'FFFF C000 to H'FFFF FFFF  On-chip peripheral  On-chip peripheral 8 kB 8, 16 bits
module module

Notes: *1. Selected by on-chip register (BCR1) settings.
*2. Selected by the mode pin.

Do not access reserved spaces. Operation cannot be guaranteed if they are accessed.
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9.2 Description of Registers

9.2.1 Bus Control Register 1 (BCR1)

Bitt 15 14 13 12 11 10 9 8
-l -1 -1=-7T=-1T=-7T=171="1]
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ A3SZ ‘ A2SZ ‘ A1SZ ‘ A0SZ ‘
Initial value: 0 0 0 0 1 1 1 1
RIW: R R R R RW RW RW  RW

BCR1 isa16-bit readable/writable register that specifies the bus size of the CS spaces.

Write bits 15-0 of BCR1 during the initialization stage after a power-on reset, and do not change
the values thereafter. In on-chip ROM enabled mode, do not access any of the CS spaces until
after completion of register initialization. In on-chip ROM disabled mode, do not access any CS
space other than CSO until after completion of register initialization.

BCR1 isinitialized to H'0O00F by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

¢ Bits 15-4—Reserved: The write value should always be 0. Operation cannot be guaranteed if 1
iswritten to these bits.

e Bit 3—CS3 Space Size Specification (A3SZ): Specifies the CS3 space bus size. A 0 setting
specifies byte (8-bit) size, and a 1 setting specifies word (16-bit) size.

Bit 3: A3SZ Description
0 Byte (8-bit) size
1 Word (16-bit) size (Initial value)

e Bit 2—CS2 Space Size Specification (A2SZ): Specifies the CS2 space bus size. A 0 setting
specifies byte (8-bit) size, and a 1 setting specifies word (16-bit) size.

Bit 2: A2SZ Description
0 Byte (8-bit) size
1 Word (16-bit) size (Initial value)

Rev.2.0, 07/03, page 140 of 960
RENESAS



e Bit 1—CS1 Space Size Specification (A1SZ): Specifies the CS1 space bus size. A 0 setting
specifies byte (8-bit) size, and a 1 setting specifies word (16-bit) size.

Bit 1: A1SZ Description
0 Byte (8-bit) size
1 Word (16-bit) size (Initial value)

e Bit 0—CS0 Space Size Specification (A0SZ): Specifies the CS0 space bus size A 0 setting
specifies byte (8-bit) size, and a 1 setting specifies word (16-hbit) size.

Bit 0: AOSZ Description
0 Byte (8-bit) size
1 Word (16-bit) size (Initial value)

Note: AOQSZ is valid only in on-chip ROM enabled mode. In on-chip ROM disabled mode, the CS0
space bus size is specified by the mode pin.

9.2.2 Bus Control Register 2 (BCR2)

Bitt 15 14 13 12 11 10 9 8
‘ W31 ‘ IW30 ‘ W21 ‘ IW20 ‘ W11 ‘ IW10 ‘ IWO01 ‘ IWO00 ‘
Initial value: 1 1 1 1 1 1 1 1

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

Bit: 7 6 5 4 3 2 1 0
\ cw3 \ CcwW2 \ cw1 \ CWO0 \ Sw3 \ SW2 \ Swi \ SW0 \
Initial value: 1 1 1 1 1 1 1 1

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

BCR2 is a 16-bit readable/writable register that specifies the number of idle cycles and CS signal
assert extension of each CS space.

BCR2 isinitialized to H'FFFF by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

* Bits15-8—Idles between Cycles (IW31, IW30, IW21, IW20, IW11, IW10, IW01, IW00):
These bits specify idle cyclesinserted between consecutive accesses when the second oneisto
adifferent CS area after aread. Idles are used to prevent data conflict between ROM (and
other memories, which are slow to turn the read data buffer off), fast memories, and 1/0
interfaces. Even when accessis to the same area, idle cycles must be inserted when aread
accessisfollowed immediately by awrite access. Theidle cycles to be inserted comply with
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the area specification of the previous access. Refer to section 9.4, Waits between Access

Cycles, for details.

IW31, IW30 specify the idle between cycles for CS3 space; IW21, IW20 specify theidle
between cycles for CS2 space; IW11, IW10 specify the idle between cycles for CS1 space and
IWO01, IWO00 specify the idle between cycles for CSO space.

Bit 15: IW31 Bit 14: IW30 Description
0 0 No CS3 space idle cycle
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (Initial value)
Bit 13: IW21 Bit 12: IW20 Description
0 0 No CS2 space idle cycle
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (Initial value)
Bit 11: IW11 Bit 10: IW10 Description
0 0 No CS1 space idle cycle
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (Initial value)
Bit 9: IW01 Bit 8: IW00 Description
0 0 No CSO space idle cycle
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (Initial value)

e Bits 74—Idle Specification for Continuous Access (CW3, CW2, CW1, CWO0): The
continuous access idle specification makes insertions to clearly delineate the bus intervals by
once hegating the CSn signal when performing consecutive accesses to the same CS space.
When awrite immediately follows aread, the number of idle cyclesinserted isthe larger of the
two values specified by IW and CW. Refer to section 9.4, Waits between Access Cycles, for

details.
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CW3 specifies the continuous access idles for CS3 space; CW2 specifies the continuous access
idles for CS2 space; CW1 specifies the continuous access idles for CS1 space and CWO0
specifies the continuous access idles for CS0 space.

Bit 7: CW3 Description

0 No CS3 space continuous access idle cycles

1 One CS3 space continuous access idle cycle (Initial value)
Bit 6: CW2 Description

0 No CS2 space continuous access idle cycles

1 One CS2 space continuous access idle cycle (Initial value)
Bit 5: CW1 Description

0 No CS1 space continuous access idle cycles

1 One CS1 space continuous access idle cycle (Initial value)
Bit 4: CWO0 Description

0 No CSO space continuous access idle cycles

1 One CSO0 space continuous access idle cycle (Initial value)

+ Bits3-0—CS Assert Extension Specification (SW3, SW2, SW1, SWO0): The CS assert cycle
extension specification is for making insertions to prevent extension of the RD signal, WRH
signal, or WRL signal assert period beyond the length of the CSn signal assert period.
Extended cyclesinsert one cycle before and after each bus cycle, which simplifies interfaces
with external devices and also has the effect of extending the write data hold time. Refer to
section 9.3.3, CS Assert Period Extension, for details.

SW3 specifies the CS assert extension for CS3 space access, SW2 specifies the CS assert
extension for CS2 space access, SW1 specifies the CS assert extension for CS1 space access
and SWO specifies the CS assert extension for CS0 space access.

Bit 3: SW3 Description

0 No CS3 space CS assert extension

1 CS3 space CS assert extension (Initial value)
Bit 2: SW2 Description

0 No CS2 space CS assert extension

1 CS2 space CS assert extension (Initial value)
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Bit 1: SW1 Description

0 No CS1 space CS assert extension

1 CS1 space CS assert extension (Initial value)
Bit 0: SWO Description

0 No CSO0 space CS assert extension

1 CSO0 space CS assert extension (Initial value)
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9.2.3 Wait Control Register (WCR)

Bitt 15 14 13 12 11 10 9 8
‘ W33 ‘ W32 ‘ W31 ‘ W30 ‘ W23 ‘ W22 ‘ w21 ‘ W20
Initial value: 1 1 1 1 1 1 1 1

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

Bit: 7 6 5 4 3 2 1 0
‘ W13 ‘ W12 ‘ w11l ‘ W10 ‘ W03 ‘ W02 ‘ Wo1 ‘ W00
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
WCR is a 16-bit readable/writable register that specifies the number of wait cyclesfor each CS
space.

WCRisinitialized to H'FFFF by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

e Bits 15-12—CS3 Space Wait Specification (W33, W32, W31, W30): These bits specify the
number of waits for CS3 space access.

Bit 15: Bit 14: Bit 13: Bit 12:

W33 w32 w31l W30 Description

0 0 0 0 No wait (external wait input disabled)

0 0 0 1 1 wait external wait input enabled

mm

1 1 1 1 15 wait external wait input enabled (Initial value)

* Bits11-8—CS2 Space Wait Specification (W23, W22, W21, W20): These bits specify the
number of waits for CS2 space access.

Bit 11: Bit 10: Bit 9: Bit 8:

w23 w22 w21 W20 Description

0 0 0 0 No wait (external wait input disabled)

0 0 0 1 1 wait external wait input enabled

[

1 1 1 1 15 wait external wait input enabled (Initial value)

* Bits 7-4—CS1 Space Wait Specification (W13, W12, W11, W10): These bits specify the
number of waits for CS1 space access.
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Bit 7: Bit 6: Bit 5: Bit 4:

w13 w12 w11l w10 Description

0 0 0 0 No wait (external wait input disabled)

0 0 0 1 1 wait external wait input enabled

mm

1 1 1 1 15 wait external wait input enabled (Initial value)

e Bits 3-0—CS0 Space Wait Specification (W03, W02, W01, W00): These hits specify the
number of waits for CS0 space access.

Bit 3: Bit 2: Bit 1: Bit O:

W03 w02 wo1 W00 Description

0 0 0 0 No wait (external wait input disabled)

0 0 0 1 1 wait external wait input enabled

[

1 1 1 1 15 wait external wait input enabled (Initial value)

9.2.4 RAM Emulation Register (RAMER)

Bit: 15 14 13 12 11 10 9 8
-l -l -1-=-7T-=-7T=71=1="1]
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
‘ _ ‘ _ ‘ _ ‘ _ ‘RAMS ‘ RAM2 ‘ RAM1 ‘ RAMO‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R RW RW RW  RW

The RAM emulation register (RAMER) is a 16-bit readable/writable register that selects the RAM
area to be used when emulating realtime programming of flash memory.

RAMER isinitialized to H'0000 by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.
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Note:  To ensure correct operation of the RAM emulation function, the ROM for which RAM
emulation is performed should not be accessed immediately after this register has been modified.
Operation cannot be guaranteed if such an access is made.

e Bits 15 to 4—Reserved: Only 0 should be written to these bits. Operation cannot be guaranteed
if 1iswritten.

¢ Bit 3—RAM Sdlect (RAMYS): Used together with bits 2 to 0 to select or deselect flash memory
emulation by RAM (table 9.4).

When 1 iswritten to this bit, al flash memory blocks are write/erase-protected.
This bit isignored in modes with on-chip ROM disabled.

¢ Bits2to 0—RAM Area Specification (RAM2 to RAMOQ): These hits are used together with the
RAMS hit to designate the flash memory area to be overlapped onto RAM (table 9.4).

Table9.4 RAM Area Setting Method

RAM Area Bit 3: RAMS Bit 2: RAM2 Bit 1: RAM1 Bit 0: RAMO
H'FFFF6000 to H'FFFF6FFF 0 * * *
H'00000000 to H'00000FFF 1 0 0 0
H'00001000 to H'00001FFF 1 0 0 1
H'00002000 to H'00002FFF 1 0 1 0
H'00003000 to H'00003FFF 1 0 1 1
H'00004000 to H'00004FFF 1 1 0 0
H'00005000 to H'00005FFF 1 1 0 1
H'00006000 to H'00006FFF 1 1 1 0
H'00007000 to H'00007FFF 1 1 1 1

*: Don't care
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9.3 Accessing External Space

A strobe signal is output in external space accesses to provide primarily for SRAM or ROM direct
connections.

9.3.1 Basic Timing

Figure 9.3 shows the basic timing of external space access. External access bus cycles are
performed in 2 states.

o«
Address
|
RO\
|
Data

|
|
- |
RH, WRL \ } /
Write | ‘

Read

Figure 9.3 Basic Timing of External Space Access
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9.3.2

Wait State Control

The number of wait statesinserted into external space access states can be controlled using the
WCR settings (figure 9.4). The specified number of T, cycles are inserted as software cycles at
the timing shown in figure 9.4.

|
Read i !
|
Data — { ) ;
i 1
‘ | |
RH,WRL | \ VAR
Write ! !
T |
|
| |
|

Figure9.4 Wait State Timing of External Space Access (Software Wait Only)
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When the wait is specified by software using WCR, the wait input WAIT signal from outside is

sampled. Figure 9.5 shows the WAIT signal sampling. The WAIT signal is sampled at the clock

waits, use a WCR setting of 1 state or more when extending CS assertion, and 2 states or more

rise one cycle before the clock risswhen the T, state shiftsto the T, state. When using external
otherwise.

Read
Write

Figure9.5 Wait State Timing of External Space Access (Two Software Wait States + WAIT

Signal Wait State)

Rev.2.0, 07/03, page 150 of 960

RENESAS



933  CS Assert Period Extension

Idle cycles can be inserted to prevent extension of the RD, WRH, or WRL signal assert period
beyond the length of the CSn signal assert period by setting the SW3-SWO bits of BCR2. This
alowsfor flexible interfaces with external circuitry. Thetiming is shown in figure 9.6. T, and T,
cycles are added respectively before and after the ordinary cycle. Only CSn is asserted in these
cycles; RD, WRH, and WRL signals are not. Further, datais extended up to the T, cycle, which is
effective for gate arrays and the like, which have slower write operations.

Th Ty T Ty

| |
| |
} \ \ } \ }
| | | | | | |
I I
Address } X } } } } } } } X
! | ! | | ! | i
‘ \ ‘ \ \ ‘ \ !
‘ \ ‘ \ \ ‘ \ !
—_— | | |
R e e e S S w ey s A
! | ! | I | ! |
I ‘ | ‘ | } ‘ | ‘ |
RD } \ } I\ | L/ \ } |
| | | | | | | | | |
Read L
| | | | | | | | I
S R A b
AN N I TR R AR BN N N
RHLWRL 1 N\ /o
| | | |
Write } | } | ‘ | } | l |
—( T
| | | | | ! | ‘ |
| T | | T | !

Figure9.6 CS Assert Period Extension Function
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9.4 Waits between Access Cycles

When aread from aslow device is completed, data buffers may not go off in time to prevent data
conflicts with the next access. If there is a data conflict during memory access, the problem can be
solved by inserting await in the access cycle.

To enable detection of bus cycle starts, waits can be inserted between access cycles during
continuous accesses of the same CS space by negating the CSn signal once.

94.1 Prevention of Data Bus Conflicts

For the two cases of write cycles after read cycles, and read cyclesfor a different area after read
cycles, waits are inserted so that the number of idle cycles specified by the IW31 to IWQO bits of
BCR2 occur. When idle cycles already exist between access cycles, only the number of empty
cycles remaining beyond the specified number of idle cycles are inserted.

Figure 9.7 shows an example of idles between cycles. In this example, oneidle between CSn
space cycles has been specified, so when a CSm space write immediately follows a CSn space
read cycle, oneidle cycle isinserted.

|
|
CSm i
|
|
o\
i
RHWRL | \_f
| |
|
owa — <
|
| ‘
|
|

CSn space read Idle cycle CSm space write

Figure9.7 IdleCycleInsertion Example
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IW31 and IW30 specify the number of idle cycles required after a CS3 space read either to read
other external spaces, or for this chip, to perform write accesses. In the same manner, IW21 and
IW20 specify the number of idle cycles after a CS2 space read, IW11 and W10, the number after
a CSl space read, and IWO01 and W00, the number after a CSO space read. 0to 3 idle cycles can
be specified.

94.2 Simplification of Bus Cycle Start Detection

For consecutive accesses to the same CS space, waits are inserted to provide the number of idle
cycles designated by bits CW3 to CWO0 in BCR2. However, in the case of awrite cycle after a
read, the number of idle cyclesinserted will be the larger of the two values designated by the IW
and CW bits. When idle cycles aready exist between access cycles, waits are not inserted. Figure
9.8 shows an example. A continuous accessidleis specified for CSn space, and CSn spaceis
consecutively write-accessed.

30 on U o U0 o U o W o W o
Addressix >< i ><
o\ Agpuis /o

< [ >l »
Lt} Lt} L

CSn space access

Figure 9.8 Same Space Consecutive Access|dle Cycle Insertion Example
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95 Bus Arbitration

The SH7058 has a bus arbitration function that, when a bus release request is received from an
external device, releases the busto that device. It also has three internal bus masters, the CPU,
DMAC, and AUD. The priority ranking for determining bus right transfer between these bus
mastersis:

Bus right request from external device > AUD > DMAC > CPU

Therefore, an external device that generates a bus request is given priority even if therequest is
made during aDMAC burst transfer.

The AUD does not acquire the bus during DMAC burst transfer, but at the end of the transfer.
When the CPU has possession of the bus, the AUD has higher priority than the DMAC for bus
acquisition.

A bus request by an external device should be input at the BREQ pin. The signal indicating that
the bus has been released is output from the BACK pin.

Figure 9.9 shows the bus right rel ease procedure.

(_ sH70s5sF ) (__ Externaldevice )

| BREQ accepted

Strobe pin:
high-level output

Address, data, BACK confirmation
strobe pin:

high impedance

BREQ =L
I: Q= Low I Bus right request |

- | BACK = Low
Bus right release

response

Bus right release status Bus right acquisition

Figure9.9 BusRight Release Procedure
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9.6 Memory Connection Examples

Figures 9.10-9.13 show examples of the memory connections.

32 k x 8-bit
SH7055SF ROM
CSn CE
RD OE
AO-A14 A0-A14
D0-D7 1/00-1/07

Figure 9.10 Example of 8-Bit Data Bus Width ROM Connection

256 k x 16-bit
SH7055SF ROM
CSn CE
RD OE
A0 —
A1-A18 AO0-A17
D0-D15 1/00-1/015

Figure9.11 Example of 16-Bit Data Bus Width ROM Connection

128 k x 8-bit
SH7055SF SRAM
CSn CE
RD OE
AO-A16 A0-A16
WRL WE
DO-D7 1/00-1/07

Figure9.12 Example of 8-Bit Data Bus Width SRAM Connection
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128 k x 8-bit

SH7055SF SRAM
CSn Cs
RD OE
A0 —
Al-A17 AO-A16
WRH WE
D8-D15 /00-1/07
WRL
D0-D7 —
cs
OE
L A0-A16
WE
1/00-1/07

Figure9.13 Example of 16-Bit Data Bus Width SRAM Connection
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Section 10 Direct Memory Access Controller (DMAC)

10.1 Overview

The SH7055SF includes an on-chip four-channel direct memory access controller (DMAC). The
DMAC can be used in place of the CPU to perform high-speed data transfers among external
memories, memory-mapped external devices, and on-chip peripheral modules (except for the
DMAC, BSC, and UBC). Using the DMAC reduces the burden on the CPU and increases the
operating efficiency of the chip asawhole.

10.1.1 Features
The DMAC has the following features:

« Four channels

e 4-Gbyte address space in the architecture

* 8-, 16-, or 32-bit selectable data transfer length
e Maximum of 16 M (6,777,216) transfers

e Address modes

Both the transfer source and transfer destination are accessed by address. There are two

transfer modes: direct address and indirect address.

O Direct addresstransfer mode: Values set in aDMAC internal register indicate the accessed
address for both the transfer source and transfer destination. Two bus cycles are required
for one data transfer.

O Indirect address transfer mode: The value stored at the location pointed to by the address
set in the DMAC internal transfer source register is used as the address. Operation is
otherwise the same as for direct access. This function can only be set for channel 3. Four
bus cycles are required for one data transfer.

e Channel function: Dual address mode is supported on al channels.

Channel 2 has a source address reload function that reloads the source address every fourth

transfer. Direct address transfer mode or indirect address transfer mode can be specified for

channel 3.

¢ Reload function
Enables automatic reloading of the value set in the first source address register every fourth
DMA transfer. This function can be executed on channel 2 only.

e Transfer requests

There are two DMAC transfer activation requests, as indicated below.

O Requests from on-chip peripheral modules: Transfer requests from on-chip modules such
asthe SCI or A/D. These can be received by all channels.

O Auto-request: The transfer request is generated automatically within the DMAC.
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10.1.2

Selectable bus modes: Cycle-steal mode or burst mode
Fixed DMAC channel priority ranking

CPU can be interrupted when the specified number of data transfers are complete.

Block Diagram

Figure 10.1 isablock diagram of the DMAC.

On-chip ROM

On-chip RAM

On-chip
peripheral
module

HCANO
ATU-II
SCIO-SCl4

A/D converter

0-2

DElIn

External
ROM

O

External
RAM

O

External /O
(memory
mapped)

o

N DMAC module N
|
' ircui —>
! Circuit [~ SARnN <:>
| control [
|
. >
| Register DARN <:>
! control
| A
(2] I >
3 0| | DMATCRn<:>
o S | . <
T el I Activation [™
E g ! control e || ]
= ST A A CHCRn <:>
) = >
o :
| L
| Y DMAOR <:>
—t>
[ <
7| Request
™ priority
—» control
P |
- |
|
:
|
AN : Y
(D
I | Bus interface
g I
o} |
T :
c L o ___________
[J]
=
]
SARN: DMA source address register
DARN: DMA destination address register
L DMATCRnN: DMA transfer count register
Bus state CHCRnE DMA chann(_al contr_ol register
controller DMAOR: DMA operation register
n:0,1,2, 3
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10.1.3 Register Configuration

Table 10.1 summarizes the DMAC registers. The DMAC has atotal of 17 registers. Each channel
has four registers, and one overall DMAC control register is shared by all channels.

Table10.1 DMAC Registers

Initial Register Access
Channel Name Abbr. R/W  Value Address Size Size
0 DMA source SARO R/W  Undefined H'FFFFECCO 32 bits 16, 32*°

address register 0

DMA destination DARO R/W  Undefined H'FFFFECC4 32 bits 16, 32**
address register 0

DMA transfer DMATCRO R/W  Undefined H'FFFFECCS8 32 bits 16, 32*°
count register 0
DMA channel CHCRO R/W*' H'00000000 H'FFFFECCC 32 bits 16, 32**
control register 0

1 DMA source SAR1 R/W  Undefined H'FFFFECDO 32 bits 16, 32*?

address register 1

DMA destination DAR1 R/W  Undefined H'FFFFECD4 32 bits 16, 32*°
address register 1

DMA transfer DMATCR1 R/W  Undefined H'FFFFECDS8 32 bits 16, 32*°
count register 1
DMA channel CHCR1 R/W** H'00000000 H'FFFFECDC 32 bits 16, 32**
control register 1

2 DMA source SAR2 R/W  Undefined HFFFFECEO 32 bits 16, 32*°

address register 2

DMA destination DAR2 R/W  Undefined H'FFFFECE4 32 bits 16, 32*°
address register 2

DMA transfer DMATCR2 R/W  Undefined H'FFFFECES8 32 bits 16, 32*°
count register 2
DMA channel CHCR2 R/W*' H'00000000 H'FFFFECEC 32 bits 16, 32*?

control register 2
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Table10.1 DMAC Registers (cont)

Initial Register Access
Channel Name Abbr. R/W  Value Address Size Size
3 DMA source SAR3 R/W  Undefined H'FFFFECFO 32 bits 16, 32*°

address register 3

DMA destination DAR3 R/W  Undefined H'FFFFECF4 32 bits 16, 32*°
address register 3

DMA transfer DMATCR3 R/W  Undefined H'FFFFECF8 32 bits 16, 32*°
count register 3
DMA channel CHCR3 R/W** H'00000000 H'FFFFECFC 32 bits 16, 32**
control register 3

Shared DMA operation DMAOR  R/W** H'0000 H'FFFFECBO 16 bits ~ 16**
register

Notes: Word access to a register takes 3 cycles, and longword access 6 cycles.

Do not attempt to access an empty address, as operation canot be guaranteed if this is
done.

*1 Write 0 after reading 1 in bit 1 of CHCRO-CHCR3 and in bits 1 and 2 of DMAOR to
clear flags. No other writes are allowed.

*2 For 16-bit access of SARO-SAR3, DARO-DAR3, and CHCRO-CHCRZ3, the 16-bit value
on the side not accessed is held.

*3 DMATCR has a 24-bit configuration: bits 0—-23. Writing to the upper 8 bits (bits 24—31)
is invalid, and these bits always read 0.

*4 Do not use 32-bit access on DMAOR.

10.2 Register Descriptions

10.2.1 DMA Source Address Registers 0-3 (SARO-SAR3)

DMA source address registers 0—3 (SARO-SARS3) are 32-bit readable/writable registers that
specify the source address of aDMA transfer. These registers have a count function, and during a
DMA transfer, they indicate the next source address.

Specify a 16-hit boundary when performing 16-bit data transfers, and a 32-bit boundary when
performing 32-bit data transfers. Operation cannot be guaranteed if any other addresses are set.

Theinitial value after a power-on reset and in standby mode is undefined.
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Bit: 31 30 29 28 27 26 25 24

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 2 1 0

| | | I | | |
Initial value: — — — . — — —
R/W: R/W R/W R/W . . R/W R/W R/W

10.2.2 DMA Destination Address Registers 0-3 (DARO-DARS3)

DMA destination address registers 0-3 (DARO-DARS3) are 32-bit readable/writable registers that
specify the destination address of a DMA transfer. These registers have a count function, and
during aDMA transfer, they indicate the next destination address.

Specify a 16-hit boundary when performing 16-bit data transfers, and a 32-bit boundary when
performing 32-bit data transfers. Operation cannot be guaranteed if any other addresses are set.

The value after a power-on reset and in standby mode is undefined.

Bit: 31 30 29 28 27 26 25 24

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 2