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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
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Iltem

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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Iltem

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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Iltem

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
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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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Item Page Revisions (See Manual for Details)

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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Item Page Revisions (See Manual for Details)

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

Rev.2.0, 07/03, page xxii of xxxviii
RENESAS



Contents

SECHION L OVEIVIEW ...ttt ettt e ere e te e e sneeneeneennenn 1
O e (0 = F TR PRTRUPPPRROR 1
D = Lo ot 1 BT o | = o USRS 7
R T o 1 D= o 1o o PSPPSR 8
1.3 1 PiNAITANGEMENL .....cciiiiiece ettt e s e et e e s aesraesneesaeeneenneans 8
1.3.2  PINFUNCLONS ..ottt ettt et sn et e sb e eneenen 9
1.3.3  PiNASSIONMENTS......oicie ettt sae s s e e sre e sre e seetesnaesneesraens 17
= o (0] o 2 1 = TS 27
Y225 RN = (= o 1 = g o g1 oW = 1 o o S 27
211 Genera ReGISLEIS (RN)..c..cciieieeee ettt st nnae 27
2.1.2  CONLrol REQISIES ... .vecieeiieiie e sttt et e st e e te e stesee e e sneesaeeneesanesnaenreens 28
2.1.3  SYSIEM REQISLErS......ei et sttt nraen 29
2.1.4  Floating-Point REJISLErS........ccceiieiieiicee e e ste et ee e 30
2.15 Floating-Point System REQISLEIS.......ccveuieieriesies et scee st esee e 31
2.1.6  Initial Values Of REGISIEIS......ccviiiiierieciesie ettt enaesnaens 31
2.2 DA FOIMELS.......eeieeiee et r e r e r e r e ne s 32
221 DataFormal in REQISLEIS.......cccveiieiieiece ettt e e e 32
222 DataFormatSin MEMOIY .......cccoiieiieiieceeciesees e e s see e see e sreeeeeeesnaesnaesreeseas 32
223  Immediate Data FOrMEL .........cccoeiieiiiieiireie et 32
2.3 INSITUCLION FBIUIES. .....c.ui ittt b e bt see s n e e e 33
2.3.1 RISC-Type INStrUCtioN SEL.......cccoveiieieiceeseee et 33
ARG T2 N [0 1SS T a0 1Y oo - 36
2.3.3  INSLUCHION FOMMEAL........coeiieiiiieietiee ettt s ene s 40
2.4  Instruction Set by ClassifiCation .........ccc.ocieiiiienie i 42
2.4.1 Instruction Set by ClassifiCation ...........cccveuevieriieiieeie e 42
2.5 PrOCESSING SEALES......cceeieeieieiteeteeteeetee e e e e e ste s e sreesteesteetesseesse e teenteentessaesreesseesreesennnas 57
251 StALE TrANSITIONS......ccueieeiterieeeeie ettt b et se e se et see b e eneas 57
Section 3 Floating-Point Unit (FPU) ........ccooiiiiieiice e 61
il OVEIVIBI ..ttt bbb h et s e e b bt sh e bt et e st e se et e s beeb e b e e e e e e e e nenrenreas 61
3.2  Floating-Point Registers and Floating-Point System Registers........cccovvvveevieevecceeseennene 62
3.2.1 Floating-Point ReGISLEr File.......cccoieeiieecie et 62
3.2.2 Floating-Point Communication Register (FPUL) .......cccoccvviveveeveecceeceeseene 62
3.2.3 Floating-Point Status/Control Register (FPSCR).........cccceveeiirieveeseseeseeeseens 62
GG T o [ o T o o 65
3.3.1  Floating-Point FOrMEL...........ccceiieiieicee ettt eee e 65
3.3.2  NON-NUMDEIS (NN ...ooviiiecie et ae st s e et eneesnee 66
3.3.3 Denormalized NUMDEr VAIUES.........ccoiiiiiiiiiereeee et 66

Rev.2.0, 07/03, page xxiii of xxxviii
RENESAS



3.3.4  Other SPECial VAIUES........coiieeiiieireteeree e 67

3.4 Floating-Point EXCeption MOE! .........cccoiiiiiirieneeee e 68
34.1 ENable State EXCEPLIONS. .....ccviiieiiririeieierteee et 68
3.4.2 Disable State EXCEPLIONS.....c..ciiuirieiriiieierieieesie bbb 68
3.4.3 FPU Exception Event and Coe ..........ccoeriririinieiniiieesieieeses e 68
3.4.4 Floating-Point Data Arrangement in MmO .........ccccovvereerineeneneeseseeeseens 68
3.4.5 Arithmetic Operations Involving Special Operands..........cccoevrerenereneneneneenne 68
3.5 Synchronization With CPU..........cccoiiiiiieer e 69
3.6 USAGE INOLES ...ttt et e e e r e n e 69
Section 4 Operating MOUES .........ooveriiriirereienieee e 71
4.1 Operating MOde SEIECHION ..ottt e 71
Section 5 Clock Pulse Generator (CPG)........cceierererieieeieesiesiese e 73
D1 OVEIVIBW .ttt bbbt h bbbt b et b e nne 73
511 BlOCK DIBOIAM ..ottt b s 73
512 Pin ConfigUraion........cccoereiriieiiiieisiesie st st 74
5.2 FreqUENCY RANGES.....ccuiiuiiieieie ittt et nne s 74
5.3 ClOCK SOUICE. ...ttt sttt b 75
5.3.1 Connecting aCrystal OSCIHIBION .........coeeririeirieeree s 75
5.3.2 External Clock INput MEthOd..........coiiiiriniiieee e 76
54 USAQE NOLES ......oceieeitieiee e e e s 77
SeCtion 6 EXCEPLION PrOCESSING......cveiveiereeriesieriesiesieeee e see e see s e eneeneas 79
B.1  OVEIVIBW...eieiitieeeeet ettt bbb bbb a bbbt e et b bbb e b e s 79
6.1.1 Typesof Exception Processing and Priority .........ccoeoerenereneneineneesese e 79
6.1.2 EXCeption ProceSSiNg OPErationS.........ccoerueererieeriesieeriesiesesiesteseeesreseeessesseneens 80
6.1.3 Exception Processing VECtor Table.......cooeiriieinineinesiese e 81
5.2 RESALS ...ttt R bbbt E bRt R e bR e ea b e s 84
B.2.1  TYPESOf RESEL ..ottt 84
6.2.2  POWEI-ONRESEL ...ttt 84
B.2.3  MaANUA RESEL ..ottt 85
6.3 AGAIrESS EITOIS ..ottt bbbt b et nn s 86
6.3.1  AJUreSS ErTOr SOUICES .....c.eiuiieeiriiieiestisieesie sttt sttt bbbt re e e 86
6.3.2  Address Error EXCEpLion PrOCESSING........ccurirueeririeieesienieesiesieesie e 87
6.4  INEEITUDBES. ..t r et r et nre e 87
6.4.1  INLEITUPE SOUMCES.......ceuviiiirirtirieeteee ettt sr e r e sr e 87
6.4.2  INterrupt Priority LEVEL . ... s 88
6.4.3  Interrupt EXCEPtion PrOCESSING .....c..coviirieieirieieesie e 88
6.5 Exceptions Triggered by INSIFUCLIONS........cccciiirieiinineeeee e 89
6.5.1 Typesof Exceptions Triggered by INSIrUCLIONS.........cccovveiirerinicinieeceee 89
6.5.2  Trap INSIIUCHIONS. ....ccuiitiieiiitiiecstest e 89
6.5.3  [llegal SIOt INSIIUCLIONS.......c.civirieeiriiieiirieee e 90

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

RENESAS



6.5.5 Floating-Point INSLIUCHIONS.......c.ciiiieiririeerese e 20
6.6  When Exception Sources Are NOt ACCEPLEM ........ccveeriiieiriiineriee s 91
6.7  Stack Status after Exception Processing ENGS.........ccccvireirinennineseseseseseese e 92
6.8 USAJE NOLES ...ttt e r et n e e 93
6.8.1 Value of Stack POINEr (SP) ...c.coireeiriiiririeiriereesie et 93
6.8.2 Vaueof Vector Base RegISter (VBR) .....ccoiiirieirinereestee e 93
6.8.3 Address Errors Caused by Stacking of Address Error Exception Processing......93
6.8.4 Interrupt Processing Timing Gap Caused in SCO Processing ........ccocceeervereneenn 93
Section 7 Interrupt Controller (INTC) ..o 95
T L OVEIVIBW. ..ottt bbbt bbb a bt e et b e e et b bbb e eb e s 95
8 T R = (= PP P TP 95
712 BlOCK DIBOIAM.....eiviiiitirieieiesteeei sttt bbb 96
7.1.3  Pin ConfigUration.........ccoeeeeriieiriinieisiesie st st 97
7.1.4  Register CONfiQUIaLiON........ccorueiririeieisieiee sttt 97
7.2 INTEITUPRE SOUICES. ... .coviiiitietirieei ettt r et s r e s r et nenn e ne e 98
721 NMIEINEEITUDBES ..ot e 98
7.2.2  USEr Break INEEIMTUPL .....ccoeiieertiesees e 98
7.2.3  H-UDI INEITUPDL ..ottt 98
724 TRQ INEITUDES...ueitiieeteriestesie sttt s e ere e 98
7.25 On-Chip Peripheral Module INEITUPES.......coveeririiieirieere e 99
7.2.6 Interrupt Exception Vectorsand Priority RanKings.........c.ccoceevereenenenneneenn 100
7.3 DesCription Of REGISIEIS......c.cuiiriiieiriiee st 109
7.3.1 Interrupt Priority Registers A—L (IPRA=IPRL) ....ccooeiriiieiriieereeeseeeenes 109
7.3.2 Interrupt Control REGISLEr (ICR)......cviiieiriieeeriteeereee e 110
7.3.3 |RQ Status REGISIEr (ISR)...c.eivirieiriirieirierieirieree sttt 111
T4 INEETUDPE OPEIAIION.....c.eetiitiietirtereeie sttt bbbt bbb bbb ese b nnenes 113
741 INtEITUPE SEOUENCE.......eiiiiriiteite ettt er e 113
7.4.2 Stack after Interrupt EXCeption ProCeSSING........ccoverermrerienieenienieesiese s 115
7.5  INLETUPL RESPONSE TIMIE. ...uiitiieiiriiieirie sttt ettt sttt e 116
7.6  DataTransfer with Interrupt ReqUESE SIgNalS.......coeeririiiriiecre e 118
7.6.1 Handling CPU Interrupt Sources, but Not DMAC Activating Sources............... 118
7.6.2 Handling DMAC Activating Sources but Not CPU Interrupt Sources................ 118
Section 8 User Break Controller (UBC) .......oovviiiriiieieieeieseseseseseseeeees 119
8.1 OVEIVIBW .ttt bbb h e bbbt a bbb bt b n e 119
811 FEAIUIES......ecviieeeeeet ettt e e r e e 119
8.1.2  BIOCK DIBOIAM.....eiuiuiitirieieiirieieie sttt st 120
8.1.3 Register CONfiQUIaLiON........cerueeriirieieierieiee st 121
8.2  REQISIEr DESCIIPLIONS ... .cueitieeiirtiieterteiei sttt bttt b e se s 121
8.2.1 User Break Address Register (UBAR).....ccoviiieiriineneiee e 121
8.2.2 User Break Address Mask Register (UBAMR) .......ooeivinieinineneseeeese e 122

6.5.4 General lllegal INSLrUCHIONS.........coviuiieiriiirireee s 90

Rev.2.0, 07/03, page xxv of xxxviii
RENESAS



8.2.3 User Break Bus Cycle Register (UBBR) ......cccooueiririeininieeeseee e 124

8.2.4 User Break Control Register (UBCR)........coiruiiririeirinieesieseeeseseeesie e 126
8.3 OPEIBIION ...ttt bbb e 127
8.3.1 Flow of the User Break Operation ...........cocerereeirinieinieneeeseeeeeseeesee e 127
8.3.2 Break on On-Chip Memory Instruction Fetch Cycle.........ccocooviiiinincininee 129
8.3.3  Program Counter (PC) ValUeS SAVEM.........ccorueeririeirireeee e 129
8.4 EXAMPIES O USE ...ttt bt s 129
8.4.1 Break on CPU Instruction Fetch CyCle........ccociiineiiinisee e 129
8.4.2 Break on CPU Data ACCESS CYCIE ..ot e 130
8.4.3 Break 0N DMA CYClE ..ot 131
8.5 USAGE INOLES ... et e r e e 131
85.1 Simultaneous Fetching of TWO INSIFUCLIONS .......c.ccovvveininiiieereee e 131
8.5.2 Instruction Fetchesat BranChes..........cccouveiineinineneeese e 131
8.5.3 Contention between User Break and EXception Processing ..........cccoeevevererienenn 132
8.5.4 Break at Non-Delay Branch Instruction Jump Destination.............ccoceeeeerenienne 132
855 User Break Trigger OULPUL .........ccovveeririeieerieie sttt 133
8.5.6  MOAUIE SEBNADY ......coveviniiiriiieiiriee s 133
Section 9 Bus State Controller (BSC) .....ccvvveviirierinieieseseeeeeeeesee e 135
0.1 OVEIVIBW .ttt bbb h bbb b n bbbt ee e 135
.11 FEAIUMES. ... .ottt et r et nr e r e 135
9.1.2  BIOCK DIBOIAM......eiuiuiitirieieiesieei sttt bbb e b 136
9.1.3  Pin ConfigUIaioN........cciuiieuiriiieiriisieisiesie sttt 137
9.1.4 Register CONfIQUIaLION........cerueeertireeerterieisie ettt 137
.15 AdUrESS M@ .....iiiiiiiiiirieee e 138
9.2  DesCription Of REJISIEIS. .....ciiiieieie ettt 140
9.21 BusControl Register 1 (BCRL) .....c.ccuvirieeririeirierieieesie e 140
9.22 BusControl RegIStEr 2 (BCR2) .......cccvirieeririeinirieieesiesiee s 141
9.23 Wait Control REGISIEr (WCR).....c.ciuieeiirieieiirieieeereeee st 145
9.24 RAM Emulation Register (RAMER) .......coceoiiiiiinietsesc e 146
9.3 ACCESSING EXErNal SPACE......c.ciiieiiiie e 148
.31 BASIC TIMING.c..iuietiieiietiriiiet sttt sttt st b e 148
0.3.2  Walt StaLe CONLIOL....c..cueieereeieiereeicet et 149
9.3.3  CS ASSErt PEriod EXIENSION ....ccouremrirrereireeeeesessessesessssssssssssssssssssssssnsens 151
9.4 WaitsS hetween ACCESS CYCIES......cuiiiiriieerieiee st 152
9.4.1 Prevention of Data BuS CONFlICES........cccoiriiiririiinireiee e 152
9.4.2 Simplification of Bus Cycle Start DEteCtion ..........c.cccvereerinieienenseseeseseee 153
9.5 BUSATIDITIAHON. ...c.eceiieiceiiie e 154
9.6 Memory Connection EXBMPIES........ccoirriiiieine et 155
Section 10 Direct Memory Access Controller (DMAC) ......cceveveienenencniene. 157
LO. 1 OVEIVIBW ..ottt sttt sttt et b et b e s b e b se bt b e s e b e e b e bt e b e seeb e e b e seeb e sbeneebeebeneebesre e 157
JO.1.1 FEALUMES.....eeeeeeeeeeteete ettt et r et sn e resreer s s e 157

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

RENESAS



10.1.3 Register CONfigUIaiON. ... ..cccvuireeeirierieeerie ettt ere e 159
10.2 REGISIEr DESCITPIIONS ...c.ecueiterieieeterieeete ettt sttt sttt st b e e b e se b e 160
10.2.1 DMA Source Address Registers 0—3 (SARO-SAR3) .......coerireeriniecreneeens 160
10.2.2 DMA Destination Address Registers 0-3 (DARO-DARS).......cccecerireerenieennns 161
10.2.3 DMA Transfer Count Registers 0-3 (DMATCRO-DMATCRS3)......cccecevvereeuenne 161
10.2.4 DMA Channel Control Registers 0—-3 (CHCRO—CHCRS).........cccecevinieerenieennes 162
10.2.5 DMAC Operation Register (DMAOR) ......ooeiiiirieirieeeiesieeeie e 167
L0 B @ o 1< - 1 o] o [F PSSP U RSP TRPPPRTRPIN 169
10.3.1 DMA Transfer FIOW .....coiiieeiriiieiriiieesieeerteeee e 169
10.3.2 DMA Transfer REQUESES ......coerieiirieieieriereeiesie ettt 171
10.3.3  ChannEl PrioFity ....c.coeoeeeerieieierieeee ettt s e besne e 174
10.3.4 DMA TranSf el TYPES...coueeeeriereeiertereeteste sttt sttt et e e sre e ere e 174
10.3.5 Dual AQAreSSMOUE ........oouiiriiieirierieet et 174
10.3.6 BUSMOUES ......c.ccuiiiiieiiitiieierte ettt e e b e neas 180
10.3.7 Relationship between Request Modes and Bus Modes by DMA Transfer
(O (= o 0] VPP STTPP PSPPSR 181
10.3.8 BusMode and Channel Prioriti€s.........cccooereeririeenieneeeneese e 182
10.3.9 Source Address Reload FUNCLION..........coiiiiiriiiireeeesee s 182
10.3.10 DMA Transfer Ending ConditionsS..........cc.couvirieereneinenieeseseeese s 183
10.3.11 DMAC ACCESSTIOM CPU ..ottt 184
10.4  EXAMPIES OF USE ..ottt s b e et b e et e ebesnene 185
10.4.1 Example of DMA Transfer between On-Chip SCI and External Memory .......... 185
10.4.2 Example of DMA Transfer between A/D Converter and On-Chip Memory
(AAdress RE0A ON)....c.oiueieiiriiicienieseie ettt b e e ebesre e ene s 185
10.4.3 Example of DMA Transfer between External Memory and SCI1 Transmitting
Side (INireCt AdAreSS ON) .....evvereeeirierieierie et ene 187
105 USBGENOLES......coiiiereiiiitieieee ettt r et r b s r et r e se e nnens 189
Section 11 Advanced Timer Unit-11 (ATU-T) oo 191
L1.1 OVEIVIEW ..ottt sttt ettt b et b e st b e b st b e b s e e bt e b e e bt s b e st eb e e b e ne bt sbeneebesbeneebenre e 191
J1.1.1 FEAIUMES....co ettt en 191
11.1.2 Pin CONFIQUIBLTION. ...c.eeueitireieetireeeeteri ettt 197
11.1.3 Register CONfigUIaLiON. ......ccciireeiirierieierie ettt ere e 201
11.1.4 BIlOCK DIBGIAIMS ...cveeeiiriirieiiniesieeste ettt 211
11.1.5 Inter-Channel and Inter-Module Signal Communication Diagram...................... 221
11.1.6 PreSCaler DIaQramM ... .ccociiirieieiierieiesie ettt sttt er e s b e st se e b sr e sre e 222
11.2 REGISIEr DESCIPIIONS ...ttt sttt sttt b e st b e e b e nre e 223
11.2.1 Timer Start REGISErS (TSTR) ..vevveeiirieirierieeriereeesie e 223
11.2.2 Prescaler REGISIErS (PSCR).....coiiiierieieirieseeie ettt s 227
11.2.3 Timer Control REGISIErS (TCR) ...ccevueeririeiririeereseeesie e 228
11.2.4 Timer I/O Control RegiSters (TIOR).......cociiereirerieiesie e 238
11.2.5 Timer StatuS REGISLErS (TSR) ..vevveueriirieiiriirieierierieesieseee st 249

10.1.2 BIOCK DIBGIaIM.....ccuiieeiiriiieeisteseeeete sttt 158

Rev.2.0, 07/03, page xxvii of xxxviii
RENESAS



11.3

114

115

11.2.6 Timer Interrupt Enable RegiSters (TIER) ......ccoeoeririiininieerceesceeseeeees 278

11.2.7 Interval Interrupt Request Registers (ITVRR) ...c.covvvviiviriercreieceeeeeeees 300
11.2.8 Trigger Mode Register (TRGMDR) .......ooeiiiriiinirieisieseeeeseeeee s 305
11.2.9 Timer Mode Register (TMDR) .....cooiiiiriiiiereeereeeere e 305
11.2.10 PWM Mode Register (PMDR)......cciiiieririiieieriiieesieeeiesie e 307
11.2.11 Down-Count Start Register (DSTR) .......ccueereirieeririeerereeese e 309
11.2.12 Timer Connection Register (TCNR) ......oviiiirinreeree s 315
11.2.13 One-Shot Pulse Terminate Register (OTR) ....co.ovveverieeeeerieiee e 320
11.2.14 Reload Enable Register (RLDENR) .....c.ovuiiiiriiieirieeeiesieieeseeee e 324
11.2.15 Free-RUNNiNg CoUNtErS (TCNT) .c.ccuiiiiriiiririeeeieriereeesie e 325
11.2.16 DOWN-CoUNEES (DCNT) ..ccviieiieiiriiieiesieieerieneeiesie e 327
11.2.17 Event CouNters (ECNT) ....ccoiiiririeeeierieeeeniesiee st 329
11.2.18 Output Compare RegIStErs (OCR) .....c.coirieeririeieerieesiesieese s 329
11.2.19 Input Capture REGIStErS (ICR) .....eoveveriiriiiriirieeeie st 330
11.2.20 General REGISIES (GR) .....eoeeueriiieiiriiieierteiete sttt 331
11.2.21 Offset Base RegiSters (OSBR) ......c.eiviiiiiiiiieierieesie st 334
11.2.22 Cycle REGISLEIS (CYLR) .viiciiieieeiertiee et 334
11.2.23 Buffer REQISIErS (BFR) ...cvcieiieiereeeet s 335
11.2.24 DUty REGISIEIS (DTR) ....veivierieriiieierieeer ettt 336
11.2.25 Reload Register (RLDR)......ccviiiiirieieiereeeereeeie st 337
11.2.26 Channel 10 REGISIENS ......ceeuerieeeiirieneeterte ettt sttt st sb e s b e s s sre e 337
L@ 01 £ 1o o OSSOSO PSPPSR 352
L1131 OVEIVIBW. ettt ettt e bbbt sb et b et b bt nns 352
11.3.2 Free-Running Counter Operation and Cyclic Counter Operation...........c.ccceueu.e. 359
11.3.3 Compare-MatCh FUNCLION ..........coueiriiieiieiieeseeees s 360
11.3.4 InpuUt Capture FUNCLION ........ocueuiiirieieiesecee ettt 361
11.3.5 One-Shot PUISE FUNCLION ......cuoiviieiiriiieie et 362
11.3.6 Offset One-Shot Pulse Function and Output Cutoff Function...........c.cccceeeveene. 363
11.3.7 Interval Timer OPEration ........ccooeeeriereeeerierieertereerest et e e seas 364
11.3.8 TWIiN-Capture FUNCLION. .......cccoieiiirieieie ettt 365
11.3.9 PWM Timer FUNCHION .....ciuiiiiieiieieie ettt 366
11.3.10 Channel 3t0 5 PWM FUNCLION ......ooueiiiiiiieieniecee et 368
11.3.11 Event Count Function and Event Cycle Measurement ...........cccoeveeererenecennenees 369
11.3.12 Channel 10 FUNCHIONS .....c.cceriirieiirierieiieiesee st 371
INEEITUDES ... sne e 379
11.4.1 Status Flag Setting TiMiNg.......cccereeeerierineneese s seenes 379
11.4.2 StatUS Flag ClEANNG . .....cvevereeeetirieieie ettt 384
CPU INEEITACE. ...ttt b e 386
11.5.1 Registers Requiring 32-Bit ACCESS.......ccuvirieiriniiirieei s 386
11.5.2 Registers Permitting 8-Bit, 16-Bit, or 32-Bit ACCESS......cccvcvrivrirereririeeeieneens 388
11.5.3 Registers Requiring 16-Bit ACCESS.......ccuvirieiriiniciriieeree s 389
11.5.4 8-Bit or 16-Bit ACCESSIDIE REQISLENS.......civeiiierieieriereeesie e 390
1155 Registers Requiring 8-Bit ACCESS.......ccoiiriiririeene st 391

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

RENESAS



11.6  SampPle SEtUP PrOCEAUIES........cccuiriieitreeeet sttt 391
11,7 USBOE NOLES.......oociiiiiiiicie e s sre e 406
11.8 ATU-I RegiStErS @nd PINS......c.coiiieiiriirieiiierieieie sttt 419
Section 12 Advanced Pulse Controller (APC) .......cooviiiirieieeenee e 421
D21 OVEIVIBW ..ottt ettt b bbbt b b st bt e bt st eb e e b e bt e b e seeb e e b e se bt ebene e bt sbeneebenbe e 421
T2.1.1 FEALUES.....eeeceeeeeetee ettt ettt st r et nesn e r e srenr s s e 421
12.1.2 BIOCK DIBGIaIM.....ciuiiieiiitiieeiste ettt 422
12.1.3 PiN CONFIQUIBLION. ...c..cueitireieetiieeeetesiee ettt 423
12.1.4 Register CONfIQUIBLION. ......ceitireeiirtirieiet ettt 423
12.2 REGISIEr DESCITPIIONS ...c.ecueitirieieete ettt sttt et b e e b e se b e 424
12.2.1 Pulse Output Port Control Register (POPCR).........cccoveerireerieeeenieesesieesieneas 424
R B @ o 1< - 1 o] o [F PSSP PRV TRTPTPRPRPIN 425
L12.3. 1 OVEIVIEW.c.ecuitiieieeteeeee ettt ettt b bbbt b et b et benn e nns 425
12.3.2 Advanced Pulse Controller Output Operation ............ocoevereeereereeereneeeseneeenees 426
12,4 USBGENOLES......ooieireiie ittt ettt e s b e r e sn e r e e e nennen s 429
Section 13 Watchdog Timer (WDT) ....oceverererireeeeieieee e 431
P31 OVEIVIBW ..ottt ettt ettt bbbt b e st bt b e s e bt e b e bt e b e s e eb e e b e st bt nbe st e b e ebeneebenre e 431
L1311 FEALUMES ...ttt ettt r et sn e r e e er s 431
13.1.2 BIOCK DIBGIaIM.....ccuiieiiiitirieerie ettt 432
13.1.3 PiN CONFIQUIBLION. ......cueitireeieetirieeetesieeet sttt 432
13.1.4 Register CONfigUIELiON. ......cceiuireeiirtirieietereeeet ettt 433
13.2 REGISIEr DESCITPIIONS ...ttt b et et b e s eb e e b e ebe e 433
13.2.1 Timer COUNEr (TCONT) . ..ciiiriieeierieieie sttt 433
13.2.2 Timer Control/Status RegIStEr (TCSR) ......coeeririeieriirieirerieesieseeese e 434
13.2.3 Reset Control/Status Register (RSTCSR) .....cuevverieeeriireeierienesiesieeeie e 436
13.2.4 REQISIEN ACCESS....ccutiuiueetirtieetestest et sttt st e bt st ee bt s bbb st b e e besbeeebesbesenenean 437
SRS B @0 1< - 1 [o] o [F PSPPSR POTURTPPRRRPIN 438
13.3.1 Watchdog Timer MOTE........coucueiiriiieiereieeenier ettt 438
13.3.2 INterval TimMer MOE.......ccveiiirieirierieeete e 440
13.3.3 Timing of Setting the Overflow Flag (OVF) ...t 440
13.3.4 Timing of Setting the Watchdog Timer Overflow Flag (WOVF).......ccccoevvuenee. 441
134 USBGENOLES......ooiiieteriicteri ettt et r e e sr e r e r e e nenrens 442
13.4.1 TCNT Write and Increment CONtENLION ...........ooveereirieerinieeriereeesiesee e 442
13.4.2 Changing CKS2 t0 CKSO Bit ValUES.........cceoeririeerinieenesieesieseeesie e 442
13.4.3 Changing between Watchdog Timer/Interval Timer Modes.........cccceecevvrvrennnne 442
13.4.4 System Reset by WDTOVF SigNal.......cccoerieiiinieiniieiniesieeseeseeesesee e 443
13.4.5 Internal Reset in Watchdog Timer MOde..........cooveeririieinineeneseeeseeees 443
13.4.6 Manual Reset in Watchdog Timer .......cceoveiiiieiriieseeene s 443
Section 14 Compare Match Timer (CMT) ...c.ooeiiiireeieieeeese e 445
LA L OVEIVIBW ..ottt sttt sttt sttt b et b e st b e b st bt b s e bt e b e bt e b e s e eb e e b e seeb e ebe st ebeebeneebenbe e 445

Rev.2.0, 07/03, page xxix of xxxviii
RENESAS



14.1.2 BIlOCK DIBGIAIM.....citiiieiiitirieiete ettt 446
14.1.3 Register CONfiQUIBLION. ......ccitieeeirtirieiert sttt 447
14.2 REGISIEr DESCITPIIONS . ..c.ecueitiieeieetereeeete ettt sttt b e st b e et e ebe e 448
14.2.1 Compare Match Timer Start Register (CMSTR) ....ccovviiririercneencseeesesieeees 448
14.2.2 Compare Match Timer Control/Status Register (CMCSR)........coccovereiererieenees 449
14.2.3 Compare Match Timer Counter (CMCNT) ....oovciiinieiririeeeseeeeeseee s 450
14.2.4 Compare Match Timer Constant Register (CMCOR)........cceevireeninieesenieeees 451
I B @ 1< - 1 [o] o [F PSP U TP PROTTRTPRRRPIN 451
14.3.1 Cyclic CoUNt OPEFALION .....cuervieeiiriirieiesiesieerte sttt sn s 451
14.3.2 CMOCNT COUNE TIMING...c.titereiieririeeeieseeneeesress e sre e e e e seenennes 452
T4.4  INEEITUDBLS... .ottt b e s e sae e sa e sre e n e s esneesreesree s 452
14.4.1 Interrupt Sources and DTC ACHVELION ......ccccervieeeiriiieireeereeee e 452
14.4.2 Compare Match Flag Set TimiNg......ccoeoeeererererieenerieese e 452
14.4.3 Compare Match Flag Clear TIMIiNg .......ccocureerineenineenesieeseeseeeseesee s 453
145 USBOE NOLES.......oooiiiiiiiiiie st 454
14.5.1 Contention between CMCNT Write and Compare Match.........c.cccvevveeercniennne. 454
14.5.2 Contention between CMCNT Word Write and Incrementation ............cccccveeeee. 455
14.5.3 Contention between CMCNT Byte Write and Incrementation..........c.ccceeevveenne. 456
Section 15 Serial Communication Interface (SCI) .....cccovvvevenineneninesiseenes 457
D51 OVEIVIBW ..ottt sttt sttt sttt b e e bbbt b e bt bt s e bt e b e bt s b e neeb e e b e neeb e ebe st e b e ebeneebenre e 457
I5.1.1 FEAIUMES.....o et s e s n e s 457
15.1.2 BIlOCK DIBGIaIM.....ciuiieeiiitirieirte ettt 458
15.1.3 Pin CONFIQUIBLION. ......cueiviieieetirieeeterieeet ettt 459
15.1.4 Register CONfiQUIELION. ......cccitireeeiriirieieet ettt 460
15.2 REGISIEr DESCITPIIONS . ..c.ecuiitiieeieete ettt sttt et b e st b e et e se b e 461
15.2.1 Receive Shift RegiSter (RSR).......coririiririeririenereeese e 461
15.2.2 Receive Data RegiSter (RDR) .......ccviiriieriirieininieesieseeesie e 462
15.2.3 Transmit Shift REQIStEr (TSR) ...ocveeriireeririeieeie et 462
15.2.4 Transmit Data ReGIStEr (TDR)...cccoiiirieirienieiereeie ettt 463
1525 Serial Mode ReGISIEr (SMR)....c.oiieiiiiciirieeie ettt 463
15.2.6 Serial Control REGISIEr (SCR)......cceririeiiriirieirereetesteesie e sre e 466
15.2.7 Serial Status REQISIEr (SSR).....ceiirieiriirieiririeriese st 470
15.2.8 Bit Rate RegISter (BRR)......ccceiiriiiriiieiirierieesereeest e 474
15.2.9 Serial Direction Control Register (SDCR)....c.ccvvvirieieriiieerieirereeesesee s 481
15.2.10 Inversion of SCK Pin SIgNal.........cccoueiriniinieenieeesesieeseesee s 482
SRS B @ 1< - 1 (o] o [F PSP U TR PROTURTPRPRPIN 482
1531 OVEIVIBW.c.ecuiitiiiieeterteee ettt ettt b bbb bbbt benn e nnas 482
15.3.2 Operation in ASynchronoUuS MOGE.............ccovreiririieinieeeee s 484
15.3.3 Multiprocessor COMMUNICELION.........c..cerrerieererieenreseeesre s 494
15.3.4  SyNCNronOUS OPEIaLION. .......ccueueiuirieirierieeeiere ettt sbe e se e neas 502
15.4  SCI Interrupt Sources and the DMAC ..ot 513

R R = (U= TN 445

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

RENESAS



15,5 USBGE NOLES.......oooiiiiiiiice e e 514
155.1 TDRWriteand TDRE Flag ......ccoeoiiiriiiriirieieerieseeeene e 514
15.5.2 Simultaneous Multiple RECEIVE ETOrS........cooeiiireerieieerieeseseees s 514
15.5.3 Break Detection and PrOCESSING .......coveeeririeiririeenenieese e 515
15.5.4 Sending aBreak Signal ..o 515
15.5.5 Receive Error Flags and Transmitter Operation (Synchronous Mode Only)....... 515
15.5.6 Receive Data Sampling Timing and Receive Margin in Asynchronous Mode ...515
15.5.7 ConstraintS 0N DMAC USE.....oouiieiiiiiieiriiieerieeeeste et 516
15.5.8 Cautions on Synchronous External Clock Mode..........cceeevviiieecennnnieciens 517
15.5.9 Caution on Synchronous Internal Clock Mode............coeivineiereninereneeee 517

Section 16 Controller Area Network (HCAN) .....oveiiiiiiieeeeeeseeeeee 519

L16. 1 OVEIVIBW ..ottt ettt sttt sttt sttt b e et b et b e b st bt b e s e eb e e b e e bt e b e s e ekt e b e seeb e sbeneebesbeneebeane e 519
T6.1.1 FEALUIES... .ttt ettt r et nn e r e sreer et ene e 519
16.1.2 BIOCK DIBGIaIM.....coviiieiiitirieisie ettt 521
16.1.3 PiN CONFIQUIBLION. ......cueitiieiietirieeetesieeet sttt 522
16.1.4 Register CONfIQUIELiON. ......cceitireeeerierieeestereeieste ettt ere e 523

16.2 REGISIEr DESCITPIIONS . ..c.ecuiitirieiiete ettt sttt st b e st b e et e neene e 527
16.2.1 Master Control REGISLEr (MCR)......coeiiirieirerieerieneese e 527
16.2.2 General Status REGISIEr (GSR)......cvierieiriirieirieseeie ettt 528
16.2.3 Bit Configuration RegiSter (BCR) ......ccccevuiiririiinirieeeseeeereeeeeseeee e 529
16.2.4 Mailbox Configuration Register (MBCR) ........ccoeiriiririniinine e 533
16.2.5 Transmit Wait Register (TXPR) ...cooiiciiiieireee e 533
16.2.6 Transmit Wait Cancel Register (TXCR) ....coceviieirieieerieene e 534
16.2.7 Transmit Acknowledge Register (TXACK) ..o 535
16.2.8 Abort Acknowledge Register (ABACK) .....coiieerinieeriieirereeeseseeee s 536
16.2.9 Receive Complete Register (RXPR) .....cccoiiiiririniererieseeesesee e 537
16.2.10 Remote Request Register (RFPR)......cccoi i 538
16.2.11 Interrupt REGIStEr (IRR) ....ccueiveieiirieieeeriereeereseet sttt 538
16.2.12 Mailbox Interrupt Mask Register (MBIMR).......ccovviiiiniinereeeneeeseseeees 542
16.2.13 Interrupt Mask Register (IMR) ..o 543
16.2.14 Receive Error Counter (REC) ......couveiiirieininieeseneesie e 545
16.2.15 Transmit Error Counter (TEC)........coviriiririeieerenieesieseeesie s 546
16.2.16 Unread Message Status Register (UMSR) ..o 546
16.2.17 Loca Acceptance Filter Masks (LAFML, LAFMH) ....coooiiiiiniinnceneeees 547
16.2.18 Message Control (MCO t0 MCL5) .....covirieiriiriririinieesieseeese st 549
16.2.19 Message Data (MDO 0 MD15) ....c.cvuiieiiriiieieriiieenieeeesee e 552

LGRS B @0 1< - 1 (o] o [F PSPPSR PRSPPI 554
16.3.1 Hardware Reset and SOftware RESEL ..........coeerireeeriieree s 554
16.3.2 Initialization after a Hardware RESEL...........ccverireriereee s 557
16.3.3 TranSMIt MOOE. ......oiveiiiiirieeete ettt 561
16.3.4 RECEIVEIMOUE.......ccuiieiiitirieiete ettt bbb 567
16.3.5 HCAN SIEED MOUE......ccuiitiiciiiiietertee e 573

Rev.2.0, 07/03, page xxxi of xxxviii
RENESAS



16.3.7  INLETUPL INEEITACE ... .cuiieiecerieee e 575
16.3.8 DMAC INTEITACE ..ottt 576
16.4 CAN BUSINEEITACE. ....cui ittt et et nbe e 578
16.5 USBGENOLES......ooiiicteiiicteeieee ettt e e sr e r e r e 