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Section2 CPU

Table2.3 Arithmetic Operations Instructions (2)

Instruction Size* Function

DIVXS B/W Rd + Rs —» Rd
Performs signed division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR bits according to the
result.

NEG B/W/L 0-Rd— Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU Wi/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS Wi/L Rd (sign extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

Note: * Refers to the operand size.
B: Byte
W: Word

L: Longword
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Section2 CPU

Table2.9 Block Data Transfer Instructions

Instruction Size Function

EEPMOV.B — if R4L = 0 then
Repeat @ER5+ — @ERG6+,
R4L-1 — R4L
UntiiR4L =0
else next;

EEPMOV.W — if R4 # 0 then
Repeat @ ER5+ — @ERG+,
R4-1 — R4
UntiiR4 =0
else next;

Transfers a data block. Starting from the address set in ERS5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ERG.

Execution of the next instruction begins as soon as the transfer is
completed.
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Section2 CPU

\_/—\

Specified — Dummy
by @aa:8

Branch address

Figure2.8 Branch Address Specification in Memory Indirect Mode

252 Effective Address Calculation

Table 2.12 indicates how effective addresses are calculated in each addressing mode. In thisLSI
the upper 8 bits of the effective address are ignored in order to generate a 16-bit effective address.

Table2.12 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct(Rn)

[ [n[n]

2 Register indirect( @ ERn) 31 0 23 0

I General register contents |——>|
Lo [ ]

3 | Register indirect with displacement
@(d:16,ERn) or @(d:24,ERN) 31 0

[ I General register contents
23 0

[ I I
31 0
| Sign extension | disp

Operand is general register contents.

4 Register indirect with post-increment or

pre-decrement 31 0
*Register indirect with post-increment @ ERn+ [ -
| General register contents
[T
“-
*Register indirect with pre-decrement @-ERn 31
I General register contents 0

Lo ] ]
The value to be added or subtracted is 1 when the

operand is byte size, 2 for word size, and 4 for
longword size.
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Section2 CPU

2.7 CPU States

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active mode and subactive mode.
For the program halt state, there are a sleep mode, standby mode, and sub-sleep mode. These
states are shown in figure 2.11. Figure 2.12 shows the state transitions. For details on program
execution state and program halt state, refer to section 6, Power-Down Modes. For details on
exception processing, refer to section 3, Exception Handling.

CPU state Reset state

The CPU is initialized

Program Active
execution state (high speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock

Subactive mode -

successive program
instructions at reduced

The CPU executes E
speed, synchronized .

by the subclock o :

y the subcloc 1! Power-down

' 1 modes

— Program halt state Sleep mode F--d e !
A state in which some :
or all of the chip Standby mode .

functions are stopped
to conserve power

Subsleep mode ---

Exception-
handling state

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Figure2.11 CPU Operation States
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Section 5 Clock Pulse Generators

Table5.1 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 16 20
R, (max) 500 Q 120 Q 80 Q 60 Q 50 Q 40 Q
C, (max) 7 pF 7 pF 7 pF 7 pF 7 pF 7 pF

512 Connecting Ceramic Resonator

Figure 5.5 shows atypical method of connecting a ceramic resonator.

C4

0OSC; T' ';L
] C,

0sC, — 11— |;|7

C;=51t030pF
C,=51030pF

Figure5.5 Typical Connection to Ceramic Resonator

513 External Clock Input Method

Connect an external clock signal to pin OSC,, and leave pin OSC, open. Figure 5.6 shows a typical
connection. The duty cycle of the external clock signal must be 45 to 55%.

0SC4 7J_|_|_|_|_L External clock input

0OSC, Open

Figure5.6 Exampleof External Clock Input

RENESAS
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Section 6 Power-Down Modes

Table6.3 Internal Statein Each Operating Mode
Subactive Subsleep Standby
Function Active Mode  Sleep Mode  Mode Mode Mode
System clock oscillator Functioning Functioning Halted Halted Halted
Subclock oscillator Functioning Functioning Functioning Functioning Functioning
CPU Instructions Functioning Halted Functioning Halted Halted
operations Registers Functioning Retained Functioning Retained Retained
RAM Functioning Retained Functioning Retained Retained
10 ports Functioning Retained Functioning Retained Register
contents are
retained, but
output is the
high-
impedance
state.
External IRQ3 to IRQO  Functioning Functioning Functioning Functioning Functioning
interrupts WKP5 to Functioning Functioning Functioning Functioning Functioning
WKPO
Peripheral RTC Functioning Functioning Functioning if the timekeeping time-base
functions function is selected, and retained if not selected
Timer V Functioning Functioning Reset Reset Reset
Watchdog Functioning Functioning Retained (functioning if the internal oscillator is
timer selected as a count clock*)
SCI3, SCI3_2  Functioning Functioning Reset Reset Reset
lic2 Functioning Functioning Retained* Retained Retained
Timer B1 Functioning Functioning Retained* Retained Retained
Timer Z Functioning Functioning Retained (the counter increments according to
subclocks if the internal clock (¢) is selected as
a count clock*)
A/D converter  Functioning Functioning Reset Reset Reset
Note: * Registers can be read or written in subactive mode.

RENESAS
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Section 9 1/0O Ports

94.1 Port Mode Register 5 (PMR5)

PMRS5 switches the functions of pinsin port 5.

Initial
Bit Bit Name Value R/W Description
7 POF57 0 R/W When the bit is set to 1, the corresponding pin is cut off
6 POF56 0 R/W by PMOS and it functions as the.NMOS. open-drain
output. When cleared to 0, the pin functions as the CMOS
output.
5 WKP5 0 R/W This bit selects the function of pin P55/WKP5/ADTRG.

0: General I/O port
1: WKP5/ADTRG input pin

4 WKP4 0 R/W  This bit selects the function of pin P54/WKP4.
0: General I/O port
1: WKP4 input pin

3 WKP3 0 R/W  This bit selects the function of pin P53/WKP3.
0: General I/O port
1: WKP3 input pin

2 WKP2 0 R/W  This bit selects the function of pin P52/WKP2.
0: General I/O port
1: WKP2 input pin

1 WKP1 0 R/W  This bit selects the function of pin P51/WKP1.
0: General I/O port
1: WKP1 input pin

0 WKPO 0 R/W  This bit selects the function of pin P50/WKPO.
0: General I/O port
1: WKPO input pin
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Section 12 Timer V

TCRV1
Trigger
TRGY control
I
TMCIV ——— | Clock select ®
=
8
g
o — PSS g
2
£
Clear |
TMRV  ————  ontrol TCRVO
T A Interrupt
request
control
Output
TMOV control TCSRV |
L——> CMIA
[Legend] CMIB
TCORA:  Time constant register A ovi

TCORB:  Time constant register B
TCNTV:  Timer counter V

TCSRV:  Timer control/status register V
TCRVO: Timer control register VO
TCRV1: Timer control register V1

PSS: Prescaler S

CMIA: Compare-match interrupt A
CMIB: Compare-match interrupt B
oVI: Overflow interupt

Figure12.1 Block Diagram of Timer V
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Section 12 Timer V

12.2  Input/Output Pins
Table 12.1 shows the timer V pin configuration.

Table12.1 Pin Configuration

Name Abbreviation 1/0 Function

Timer V output TMOV Output Timer V waveform output
Timer V clock input TMCIV Input Clock input to TCNTV

Timer V reset input TMRIV Input External input to reset TCNTV
Trigger input TRGV Input Trigger input to initiate counting

12.3  Register Descriptions
Time V hasthe following registers.

e Timer counter V (TCNTV)

e Timer constant register A (TCORA)

e Timer constant register B (TCORB)

e Timer control register VO (TCRVO)

e Timer control/status register V (TCSRV)
e Timer control register V1 (TCRV1)

1231 Timer Counter V (TCNTV)

TCNTV isan 8-hit up-counter. The clock sourceis selected by bits CKS2 to CKS0 in timer
control register VO (TCRV0). The TCNTV value can be read and written by the CPU at any time.
TCNTV can be cleared by an external reset input signal, or by compare match A or B. The
clearing signal is selected by bits CCLR1 and CCLRO in TCRVO.

When TCNTV overflows, OVFisset to 1 in timer control/status register V (TCSRV).

TCNTV isinitialized to H'0O.

12.3.2 Time Constant Registers A and B (TCORA, TCORB)
TCORA and TCORB have the same function.

TCORA and TCORB are 8-bit read/write registers.
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Section 12 Timer V

125 Timer V Application Examples

1251  Pulse Output with Arbitrary Duty Cycle
Figure 12.9 shows an example of output of pulses with an arbitrary duty cycle.

1. Set bits CCLR1 and CCLRO in TCRVO0 so that TCNTV will be cleared by compare match with
TCORA.

2. Set bitsOS3to OS0 in TCSRV so that the output will go to 1 at compare match with TCORA
and to 0 at compare match with TCORB.

3. Set bits CKS2to CKS0 in TCRVO and bit ICKS0in TCRV 1 to select the desired clock source.

4. With these settings, awaveform is output without further software intervention, with a period
determined by TCORA and a pulse width determined by TCORB.

TCNTV value

ﬁCounter*clearedﬁ<

Time

Figure12.9 Pulse Output Example
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Section 13 Timer Z

Initial
Bit Bit Name Value

R/W

Description

2 ECO 1

R/W

Master Enable CO
0: FTIOCO pin output is enabled according to the TPMR,
TFCR, and TIORC_0 settings

1: FTIOCO pin output is disabled regardless of the TPMR,
TFCR, and TIORC_O0 settings (FTIOCO pin is operated
as an /O port).

1 EBO 1

R/W

Master Enable BO

0: FTIOBO pin output is enabled according to the TPMR,
TFCR, and TIORA_O settings

1: FTIOBO pin output is disabled regardless of the TPMR,
TFCR, and TIORA_O settings (FTIOBO pin is operated
as an /O port).

0 EAO 1

R/W

Master Enable AO
0: FTIOAO pin output is enabled according to the TPMR,
TFCR, and TIORA_O settings

1: FTIOAO pin output is disabled regardless of the TPMR,
TFCR, and TIORA_O settings (FTIOAO pin is operated
as an /O port).

13.3.6  Timer Output Control Register (TOCR)

TOCR selects the initial outputs before the first occurrence of a compare match. Note that bits
OLS1 and OLS0 in TFCR set theseinitial outputs in reset synchronous PWM mode and

complementary PWM mode.

Initial
Bit Bit Name Value R/W Description
7 TOD1 0 R/W Output Level Select D1
0: 0 output at the FTIOD1 pin*
1: 1 output at the FTIOD1 pin*
6 TOC1 0 R/W Output Level Select C1
0: 0 output at the FTIOC1 pin*
1: 1 output at the FTIOC1 pin*
5 TOB1 0 R/W Output Level Select B1

0: 0 output at the FTIOB1 pin*
1: 1 output at the FTIOB1 pin*
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Section 13 Timer Z

Figure 13.8 illustrates free-running counter operation.

TCNT value

HFFFF  F = — o o o o e e e e oo

H'0000 ‘ \ > Time

STRO, I I
STR1 I I
[ [
\ \

Figure13.8 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the relevant
channel performs periodic count operation. The GR registers for setting the period are designated
as output compare registers, and counter clearing by compare match is selected by means of bits
CCLR1 and CCLRO in TCR. After the settings have been made, TCNT starts an increment
operation as a periodic counter when the corresponding bit in TSTR is set to 1. When the count
value matchesthe value in GR, the IMFA, IMFB, IMFC, or IMFD flagin TSR issetto 1 and
TCNT iscleared to H'0000.

If the value of the corresponding IMIEA, IMIEB, IMIEC, or IMIED hitin TIER is 1 at this point,
the timer Z requests an interrupt. After acompare match, TCNT starts an increment operation
again from H'0000.

Figure 13.9 illustrates periodic counter operation.
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TCNT values

Section 13 Timer Z
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Figure 13.32 (2) Example of Complementary PWM Mode Operation
(TPSC2=TPSC1
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Section 16 Serial Communication Interface 3 (SCI3)

Table16.5 Examplesof BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

@)

Operating Frequency ¢ (MHz)
Bit Rate 18 20
(bit/s) n N n N
110 — — — —
250 — — — —
500 3 140 3 155
1k 3 69 3 77
2.5k 2 112 2 124
5k 1 224 1 249
10k 1 112 1 124
25k 0 179 0 199
50k 0 89 0 99
100k 0 44 0 49
250k 0 17 0 19
500k 0 8 0 9
1M 0 0 4
2M — — — —
2.5M — — 0 1
4M — — — —
Legend:

Blank : No setting is available.
— : A setting is available but error occurs.
* : Continuous transfer is not possible.

RENESAS
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Section 16 Serial Communication Interface 3 (SCI3)

( Start reception

) (1]

Read OER, PER, and
FER flags in SSR

[1] 2]

No

OER+PER+FER =1

(3]
[4]
(Continued on next page) [4]

| Read RDRF flag in SSR

| [2]

Yes

e

Read receive data in RDR

(3]

Clear RE bit in SCR3 to 0

<End>

Read the OER, PER, and FER flags in
SSR to identify the error. If a receive
error occurs, performs the appropriate
error processing.

Read SSR and check that RDRF =1,
then read the receive data in RDR.

The RDREF flag is cleared automatically.
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag and read
RDR.

The RDREF flag is cleared automatically.
If a receive error occurs, read the OER,
PER, and FER flags in SSR to identify
the error. After performing the
appropriate error processing, ensure
that the OER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RxD pin.

Figure16.8 Sample Serial Reception Data Flowchart (Asynchronous Mode) (1)
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Section 17 °C Bus Interface 2 (lIC2)

Initial
Bit Bit Name Value R/W Description
5,4 — All 1 — Reserved
These bits are always read as 1, and cannot be modified.
3 BCWP 1 R/W BC Write Protect
This bit controls the BC2 to BCO modifications. When
modifying BC2 to BCO, this bit should be cleared to 0 and
use the MOV instruction. In clock synchronous serial
mode, BC should not be modified.
0: When writing, values of BC2 to BCO are set.
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are invalid.
2 BC2 0 R/W Bit Counter 2to 0
1 BC1 0 R/W These bits specify the number of bits to be transferred
0 BCO 0 R/W next. When read, the remaining number of transfer bits is

indicated. With the I°C bus format, the data is transferred
with one addition acknowledge bit. Bit BC2 to BCO
settings should be made during an interval between
transfer frames. If bits BC2 to BCO are set to a value
other than 000, the setting should be made while the SCL
pin is low. The value returns to 000 at the end of a data
transfer, including the acknowledge bit. With the clock
synchronous serial format, these bits should not be
modified.

I’C Bus Format Clock Synchronous Serial Format
000: 9 bits 000: 8 bits
001: 2 bits 001: 1 bits
010: 3 bits 010: 2 bits
011: 4 bits 011: 3 bits
100: 5 bits 100: 4 bits
101: 6 bits 101: 5 bits
110: 7 bits 110: 6 bits
111: 8 bits 111: 7 bits
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Section 19 EEPROM

e Upper memory lower memory N .
C] Slave address F/WlACKl address ACK] ™ Jddress ACK| Write Data |ACK| Write Data |ACK|

Start Sto_?
condition conditon

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge

Figure19.4 Page Write Operation

19.4.8 Acknowledge Polling

Acknowledge polling featureis used to show if the EEPROM isin an internally-timed write cycle
or not. Thisfeature isinitiated by the input of the 8-bit slave address + R/W code following the
start condition during an internally-timed write cycle. Acknowledge polling will operate R/W
code ="0". The ninth acknowledgement judges if the EEPROM is an internally-timed write cycle
or not. Acknowledgement "1" shows the EEPROM isin ainternally-timed write cycle and
acknowledgement "0" shows the internally-timed write cycle has been completed. The
acknowledge polling starts to function after awrite datais input, i.e., when the stop condition is
input.

19.49 Read Operation

There are three read operations; current address read, random address read, and sequential read.
Read operations are initiated in the same way as write operations with the exception of R/W = 1.

1. Current Address Read
The internal address counter maintains the (n+1) address that is made by the last address (n)
accessed during the last read or write operation, with incremented by one. Current address
read accesses the (n+1) address kept by the internal address counter.
After receiving in the order of a start condition and the slave address + R/'W code (R/W = 1),
the EEPROM outputs the 1-byte data of the (n+1) address from the most significant bit
following acknowledgement "0". If the EEPROM receives in the order of acknowledgement
"1" and afollowing stop condition, the EEPROM stops the read operation and is turned to a
standby state.
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Section 22 List of Registers

Data
Abbre- Module Bus Access
Register viation BitNo Address Name Width  State
Time constant register A TCORA 8 HFFA2 TimerV 8 3
Time constant register B TCORB 8 H'FFA3 TimerV 8 3
Timer counter V TCNTV 8 H'FFA4 TimerV 8 3
Timer control register V1 TCRV1 8 H'FFA5 TimerV 8 3
— — — H'FFA6, — — —
H'FFA7
Serial mode register SMR 8 H'FFA8 SCI3 8 3
Bit rate register BRR 8 H'FFA9 SCI3 8 3
Serial control register 3 SCRS3 8 HFFAA SCI3 8 3
Transmit data register TDR 8 H'FFAB SCI3 8 3
Serial status register SSR 8 HFFAC SCI3 8 3
Receive data register RDR 8 H'FFAD SCI3 8 3
— — — H'FFAE, SCI3 — —
H'FFAF
A/D data register ADDRA 16 HFFBO A/D 8 3
converter
A/D data register ADDRB 16 HFFB2 A/D 8 3
converter
A/D data register ADDRC 16 HFFB4 A/D 8 3
converter
A/D data register ADDRD 16 HFFB6 A/D 8 3
converter
A/D control/status register ADCSR 8 H'FFB8 A/D 8 3
converter
A/D control register ADCR 8 HFFB9 A/D 8 3
converter
— — — H'FFBA, — — —
H'FFBB
PWM data register L PWDRL 8 H'FFBC 14-bit PWM 8 2
PWM data register U PWDRU 8 H'FFBD 14-bit PWM 8 2
PWM control register PWCR 8 H'FFBE 14-bit PWM 8 2
— — — H'FFBF  14-bit PWM — —
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Section 23 Electrical Characteristics

Table23.2 DC Characteristics(3)

V,.=30t055V,V_=0.0V, T,=-20to +75°C, unless otherwise indicated.

Values

Item Symbol  Applicable Pins Test Condition Min Typ Max  Unit
Allowable output low |, Output pins except V ,=4.0t05.5V — — 2.0 mA
current (per pin) port 6, SCL, and

SDA

Port 6 —_ — 20.0

Output pins except — — 0.5

port 6, SCL, and

SDA

Port 6 —_ — 10.0

SCL, SDA — — 6.0
Allowable output low . Output pins except V ,=4.0t05.5V — — 400 mA
current (total) port 6, SCL, and

SDA

Port 6, —_ — 80.0

SCL, and SDA

Output pins except — — 20.0

port 6, SCL, and

SDA

Port 6, —_ — 40.0

SCL, and SDA
Allowable output high |1, | All output pins V,=40t055V  — — 20 mA
current (per pin) — — 0.0
Allowable output high |-XI,,,|  All output pins V,=40t055V — — 300 mA
current (total) — — 8.0
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