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CHAPTER 1 OUTLINE

An outline of the timer is shown below.

16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO, H1, and H2 | Real-time | Watchdog
Event Event Counters 50, 51, and 52 Counter Timer
Counters 00
TMO00 TM50 TM51 TM52 TMHO TMHA TMH2
Function | Interval timer 1 channel |1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 channel -
Note 1
External event 1 channel |1 channel |1 channel |1 channel - - Moz - -
counter Note? Note2
PPG output 1 output - - - - - - - -
PWM output - 1 output | 1 output - 1 output | 1 output - - -
Pulse width 2 inputs - - - - - - - -
measurement
Square-wave 1 output 1 output | 1 output - 1 output | 1 output - - -
output
Carrier - - Notes - - 1 output - - -
generator Note
Calendar - - - - - - - 1 channel
function Note 1
RTC output - - - - - - - 2 outputs -
Note 4
Watchdog timer - - - - - - - - 1 channel
Interrupt source 2 1 1 1 1 1 1 1 -

Notes 1. In the real-time counter, the Interval timer function and calendar function can be used simultaneously.
2. TM52 and TMOO can be connected in cascade to be used as a 24-bit counter. Also, the external event
input of TM52 can be input enable-controlled via TMH2.
3. TM51 and TMH1 can be used in combination as a carrier generator mode.
4. A1 Hzoutput can be used as one output and a 512 Hz, 16.384 kHz, or 32.768 kHz output can be used as
one output.
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CHAPTER 1 OUTLINE

1.9 Outline of Functions (4PD78F046x)

(1/2)
ltem 1PD78F0461 uPD78F0462 uPD78F0463 uPD78F0464 uPD78F0465
Internal Flash memory 16 KB 24 KB 32 KB 48 KB 60 KB
memory (self-programming
supported)"*®
High-speed RAM"™ | 768 bytes 1 KB
Expansion RAM"* - 1 KB

LCD display RAM

24 x 4 bits (with 4 com) or 20 x 8 bits (with 8 com)

Memory space

64 KB

Main system | High-speed system

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)

clock clock 2t0 10 MHz: Vob =2.7t0 5.5 V,
(oscillation 2to 5 MHz: Voo =1.8t0 5.5V
frequency) | Internal high-speed | Internal oscillation

oscillation clock

8 MHz (TYP.): Voo = 1.8 0 5.5 V

Subsystem clock
(oscillation frequency)

XT1 (crystal) oscillation
32.768 kHz (TYP.): Voo =1.8t0 5.5V

Internal low-speed oscillation clock
(for TMH1, WDT)

Internal oscillation
240 kHz (TYP.): Voo =1.8t0 5.5 V

General-purpose registers

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.2 us (high-speed system clock: @ fx1 = 10 MHz operation)

0.25 us (internal high-speed oscillation clock: @ fri = 8 MHz (TYP.) operation)

122 us (subsystem clock: @ fsus = 32.768 kHz operation)

Instruction set

¢ 8-bit operation and 16-bit operation
¢ Bit manipulate (set, reset, test, and Boolean operation)
* BCD adjust, etc.

1/0 ports Total: 46
CMOS 1/0: 42
CMOS input: 4

Timers ¢ 16-bit timer/event counter: 1 channel

* 8-bit timer/event counter: 3 channels (out of which 2 channels can perform PWM output)
* 8-bit timer: 3 channels (out of which 2 channels can perform PWM output)

* Real-time counter: 1 channel

* Watchdog timer: 1 channel

Timer outputs 5 (PWM output: 4 and PPG output: 1)

RTC outputs 2

1 Hz (Subsystem clock: fsus = 32.768 kHz)
e 512 Hz or 16.384 kHz or 32.768 kHz (Subsystem clock: fsus = 32.768 kHz)

1.22 kHz, 2.44 kHz, 4.88 kHz, 9.77 MHz

(peripheral hardware clock: @ frrs = 10 MHz operation)

Buzzer output

Note The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM capacity
can be changed using the internal memory size switching register (IMS) and the internal expansion RAM size
switching register (IXS).
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CHAPTER 4 PORT FUNCTIONS

<R> Figure 4-5. Block Diagram of P20 to P27
A
A/D converter
RD
| 5
©
w
WRProRT
§ P2 5
= Output latch 3 ®)
z > < © P20/SEG31/ANIO/DSO- to
5 (P20 to P27) & P27/SEG24/ANI7/REF+
£ WRpm
PM2
S PM20 to PM27
WRer LCD controller/driver
J PF2
© PF20 to PF27
N
P2: Port register 2

PM2:  Port mode register 2
PF2: Port function register 2
RD: Read signal

WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

Figure 4-16. Block Diagram of P120

Vop
N
WReu
l PU12
< PU120
P-ch
Alternate
function
RD
2]
=
: : o]
g & | 8
(0] | [
£ 7))
WRPpoRT
P12
A Output latch
~ (P120) © P120/INTPO/EXLVI
WRem
PM12
S PM120
—~_

P12: Port register 12

PU12:  Pull-up resistor option register 12
PM12: Port mode register 12

RD: Read signal

WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

Internal bus

124

Figure 4-18. Block Diagram of P123 and P124

© P124/XT2

A

i
OSCCTL
OSCSELS
RD
| | (]
| N
OSCCTL
OSCSELS ({
o
RD
| | (]
AN

OSCCTL: Clock operation mode select register
RD:

Read signal
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

(4)

186

Prescaler mode register 00 (PRMO00)

PRMOO is the register that sets the TMOO count clock and TI000 and TI010 pin input valid edges.
Rewriting PRMOO is prohibited during operation (when TMC003 and TMCO002 = other than 00).
PRMOO can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets PRMO0O to O0H.

Cautions 1. Do not apply the following setting when setting the PRM001 and PRMO000 bits to 11 (to

specify the valid edge of the TI000 pin as a count clock).
e Clear & start mode entered by the TI000 pin valid edge
¢ Setting the TI000 pin as a capture trigger

2. If the operation of the 16-bit timer/event counter 00 is enabled when the TI000 or TI010 pin is
at high level and when the valid edge of the TI0O00 or TI010 pin is specified to be the rising
edge or both edges, the high level of the TIO00 or TI0O10 pin is detected as a rising edge.
Note this when the TI0O00 or TI010 pin is pulled up. However, the rising edge is not detected
when the timer operation has been once stopped and then is enabled again.

3. The valid edge of TI010 and timer output (TO00) cannot be used for the P34 pin at the same
time. Select either of the functions.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

Figure 6-39. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 OVFOO
[ o | o [ o | o | o | 1 | on | o |

L]

0: Inverts TOOO output on match
between TM0OO and CR0O00/CR010.

1: Inverts TOOO output on match
between TMOO and CR000/CR010 and
valid edge of TI000 pin.

Free-running timer mode

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o [ o [ o | o | o [ ot | on | on |

—— 0: CRO0O00 used as compare register
1: CROO0O0 used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR00O.

0: CR010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEOO0 TOC004 LVS00 LVROO TOC001 TOEOO

| o | o | o [ ot | on | on | o | on |
\;J \— 0: Disables TO00 output

1: Enables TOO0O output

Specifies initial value of
TOOO0 output F/F

00: Does not invert TO00 output on match
between TM0O and CR000/CR010.

01: Inverts TOO0O output on match between
TMOO and CR000.

10: Inverts TOOO output on match between
TMOO and CR0O10.

11: Inverts TOOO output on match between
TMO00 and CR000/CR010.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Figure 6-39. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register 00 (PRM00)

ES101 ES100 ESO001 ES000 3 PRM002 PRMO001 PRMO000

Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TM0O, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TI010 pin input as a capture trigger.
When the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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CHAPTER 10 WATCHDOG TIMER

10.4.3 Setting window open period of watchdog timer
Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option
byte (0080H). The outline of the window is as follows.

o If “ACH” is written to WDTE during the window open period, the watchdog timer is cleared and starts counting
again.

e Even if “ACH” is written to WDTE during the window close period, an abnormality is detected and an internal
reset signal is generated.

Example: If the window open period is 25%

Counting Overflow
starts time

) . Window open
’* Window close period (75%) ———»f= period (25%) ‘<

T T

Internal reset signal is generated Counting starts again when
if "ACH" is written to WDTE. "ACH" is written to WDTE.

Caution The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the timing of the writing, and the watchdog timer starts counting
again.

The window open period to be set is as follows.

Table 10-4. Setting Window Open Period of Watchdog Timer

WINDOW1 WINDOWO Window Open Period of Watchdog Timer
0 0 25%
0 1 50%
1 0 75%
1 1 100%
Cautions 1. The combination of WDCS2 = WDCS1 = WDCSO0 = 0 and WINDOW1 = WINDOWO = 0
is prohibited.

2. The watchdog timer continues its operation during self-programming and EEPROM
emulation of the flash memory. During processing, the interrupt acknowledge time
is delayed. Set the overflow time and window size taking this delay into
consideration.
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Figure 14-1. Block Diagram of Serial Interface UARTO

fPRS/2 ——]

fPRs/28 ——]

fPRS/25 ——»-

8-bit timer/ ——»|

event counter
50 output

Selector
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v

v

Filter

<+-© RxD0/SI10/
<RxD6>/P12

'
0
L
'
'
' Baud rate
'
'
'
'
'

Receive shift register 0

(RXS0)

N

* ]

Registers

Port function

(TXS0)

1 Transmission unit

UARTS6 output signal

CSI10 output signal

~ Asynchronous serial Asynchronous serial INTSRO < Reception control Receive buffer register 0
interface operation mode interface reception error t (RXB0)
register 0 (ASIMO) status register 0 (ASIS0) generator
Reception unit @
j @ J L ___________________________________________________ el 4
s Internal bus
@ : ----------------------------------------------------- ﬁ-----------l
! |
! |
Baud rate generator ! Baud rate '
control register 0 . enerator . ] '
(BRGCO) ! 9 INTSTO<—{ Transmission control ||  Transmit shift register 0
|
.
\
|

Selector

Output latch
P13)

register 1 (PF1)
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<TxD6>/P13
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CHAPTER 15 SERIAL INTERFACE UART6

(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by
using the calculation expression shown below.

Figure 15-27. Permissible Baud Rate Range During Reception

Latch timing
Y Y4 Y Y% Y% %7
\ \
Data frame length . . . . s .
of UART6 Start bit /< Bit 0 X Bit 1 Bit 7 XPanty bit y Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible . . . . - .
data frame length \ Start bn/< Bit 0 X Bit 1 x x Bit 7 XParlty blt)l Stop bi

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParity bity Stop bit
data frame length

FLmax

—

As shown in Figure 15-27, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 6 (BRGCG6) after the start bit has been detected. If the last data (stop bit) meets this
latch timing, the data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™
Brate: Baud rate of UART6
k: Set value of BRGC6

FL: 1-bit data length
Margin of latch timing: 2 clocks
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Figure 17-1. Block Diagram of LCD Controller/Driver

Internal bus S
LCD mode register LCD clock control LCD display mode .
(LCDMD) register (LCDC) register (LCDM) Display data memory
|MDSET1‘MDSETO‘ KSF ‘ KSONl |LCDCG‘LCDC5‘ LCDCA‘LCDCZ‘LCDG‘LCDCO' |LCDON‘ scoc ‘ VAON ‘LCDMZ‘LCDMW ‘LCDMOl | 76";&“3!’,‘1 0 | ---------- | 76';6{‘;"' o | | 76";@53% 0 | ---------- | 75?}57"' 0 | | 76':5515?"' """"" 75'5—,6;53':";' 0
[ I [ J
2 3 3 3
fxr
frrs/2° 5 Prescaler | KSF KSON
o
fm/z: 2|  foo] foo[fion[ fico[ fico fLﬂL
frrs/2 %] 25| 26| 27| 28| 2° —
/23 L‘CIZE( LCDCL Tlmlng_| 1 o t t t
sglgglor |_controlli|—
543210 76543210 6543210 76543210 654 0 76543210
VAON selector selector selector selector selector selector
Gate booster LCDON 6 6 LCDON 6 LCDON 6 LCDON 6
circuit
Segment voltage |
controller 1
PK140|P140 PK153|P153 ‘
LCD dri It: troll
rive voltage controller Common voltage " Segment Segment Segment Segment Segment Segment
controller Common driver driver | "TTTT driver driver driver driver | T driver
© © © © © © 0 ©® e © © s ©
Vies Vice Vici Vico COMO COM1 COM2 COM3 COM4/ COMs/ COMe/ COM7/ SEG4 SEG15 SEG16 SEG23 SEG24 SEG31
SEGO SEG1 SEG2 SEG3 (KS0) (KS7)

uPD78F044x, 78F045x only
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CHAPTER 18 MANCHESTER CODE GENERATOR

Figure 18-8. Timing of Manchester Code Generator Mode (LSB First) (3/4)

(3) Transmit timing (MCOOLYV = 1, total transmit bit length = 13 bits)

MCOPWR
MCOOLV
MCOOSL .. ! i
' Write Write !

vooerr-----( 1 X oo )- -

A RRARR L
vesomn T LT LT UL

MCOTSF . | . i
INTMCG ” |'| i
(a) (b)
(a): “8-bit transfer period” — (b)
(b): “1/2 cycle of baud rate” + 1 clock (fxcLk) before the last bit of transmit data

fxcik:  Frequency of the operation base clock selected by using the MCOCKS2 to MCOCKSO bits of
the MCOCTLA1 register
Last bit: Transfer bit when 3-bit counter = 000

Caution Writing the next transmit data to MCOTX must be complete within the period (a) during
continuous transmission. If writing the next transmit data to MCOTX is executed in the period
(b), the next data transmission starts 2 clocks (fxcLk) after the last bit has been transmitted.
Rewrite the MCOBIT before writing to MCOTX during continuous transmission.
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CHAPTER 18 MANCHESTER CODE GENERATOR

)

8-bit

Baud rate clock

548

Transmit operation

In bit sequential buffer mode, data is transmitted in 1- to 8-bit units. Transmission is enabled if bit 7 (MCOPWR)
of MCG control register 0 (MCOCTLDO) is set to 1.

The output value while transmission is suspended can be set by using bit 0 (MCOOLYV) of the MCOCTLO register.
A transmission starts by writing a value to the MCG transmit buffer register (MCOTX) after setting the transmit
data bit length to the MCG transmit bit count specification register (MCOBIT). At the transmission start timing, the
MCOBIT value is transferred to the 3-bit counter and data of MCOTX is transferred to the 8-bit shift register. An
interrupt request signal (INTMCG) occurs at the timing that the MCOTX value is transferred to the 8-bit shift
register. The 8-bit shift register is continuously shifted by the baud rate clock and is output from the MCGO pin.
When continuous transmission is executed, the next data is set to MCOBIT and MCOTX during data transmission
after INTMCG occurs.

To transmit continuously, writing the next transfer data to MCOTX must be complete within the period (3) and (4)
in Figure 18-9. Rewrite MCOBIT before writing to MCOTX during continuous transmission.

Figure 18-9. Timing of Bit Sequential Buffer Mode (LSB First) (1/4)

(1) Transmit timing (MCOOLYV = 1, total transmit bit length = 8 bits)

MCOPWR

MCOOLV

MCOOSL

MCOBIT-----f-< “1119”

S-bit coUnter — — — — < - - — K< X0 X ror X oo Yoo X oo X oor X oo

MCOTX - = - - “10010110” (8-bit data)

“10010110° A “x1001011” X “xx100101” X “xxx10010” A “xxxx1001” “xxxxx100’X‘xxxxxx10” “Xxxxxxx1”

shift register — = = — = - - -

MCOTSF

»

INTMCG ”
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CHAPTER 18 MANCHESTER CODE GENERATOR

Figure 18-9. Timing of Bit Sequential Buffer Mode (LSB First) (3/4)

(3) Transmit timing (MCOOLYV = 1, total transmit bit length = 13 bits)

MCOPWR
MCOOLV
MCOOSL
' Write Write :—
MCOBIT = = - - = -< 111" X ‘100" >_ .
3-bit counter - — — = = = = = = _
Write
MCOTX - = = = = - - - { "2892,{3%;?3}" >< "xxx10100"(5-bit data) >- .

S T

MCGOpin____J f f g___
MCOTSF : | '
INTMCG ” |'|

| (a) | (b)l
(a): “8-bit transfer period” — (b)
(b): “1/2 cycle of baud rate” + 1 clock (fxcLk) before the last bit of transmit data

fxcik:  Frequency of operation base clock selected by using the MCOCKS2 to MCOCKSO bits of the
MCOCTLI1 register
Last bit: Transfer bit when 3-bit counter = 000

Caution Writing the next transmit data to MCOTX must be complete within the period (a) during
continuous transmission. If writing the next transmit data to MCOTX is executed in the period
(b), the next data transmission starts 2 clocks (fxcLk) after the last bit has been transmitted.
Rewrite the MCOBIT before writing to MCOTX during continuous transmission.
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CHAPTER 19 REMOTE CONTROLLER RECEIVER

(14) Remote controller receive end-width select register (RMER)
This register determines the interval between the timing at which the INTREND signal is output.
RMER is set with an 8-bit memory manipulation instruction.
Reset signal generation sets RMER to 00H.

(a) Type A reception mode

RIN
Dagta Counter value = RMER
= RMDLL
Counter _/l/l/
INTREND _l
(b) Type B, Type C reception mode
RIN
Data Counter value = RMER
RMDHOL
RMDH1L
Counter AVMMV
INTREND

Caution For RMER and all the remote controller receive compare registers (RMGPLS, RMGPLL,
RMGPHS, RMGPHL, RMDLS, RMDLL, RMDHO0S, RMDHOL, RMDH1S, and RMDH1L), disable
remote controller reception (bit 7 (RMEN) of the remote controller receive control register
(RMCN) = 0) first, and then change the value.
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CHAPTER 19 REMOTE CONTROLLER RECEIVER

Clock

RIN

RIN_1

RIN_2

0

)

©)

574

Figure 19-12. Setting Example (Where n1 =1, n2=2)

L L

L

w

Twe

' RMGPLS/RMGPHS/RMDHOS/RMDH1S

: RMDLS 3

1 1 ' RMDLL | RMER
RMGPLL/RMGPHL/RMDHOL/RMDH1L ‘
n2
Formula for RMGPLS, RMGPHS, RMDLS, RMDHO0S, and RMDH1S
Tw x (1 —a/100)
-2-n
1/fREMPRS INT
Formula for RMGPLL, RMGPHL, RMDLL, RMDHOL, and RMDH1L
Tw x (1 + a/100)
+1+n2
1/fREMPRS INT
Formula for RMER
Twe x (1 —a/100) ]
1/fREMPRS NT
Tw: Width of RIN input waveform
1/fremprs: Width of internal operation clock cycle after division control by PRSEN
a Tolerance (%)
[ 1T Round down the fractional portion of the value produced by the formula in the brackets.

Note1

n1, n2:  Variables of waveform change caused by noise
Twe: End width of RIN input"**

Notes 1. Set the values of n1 and n2 as required to meet the user’s system specification.

2. This end width is counted after RMDLL.

The low-level width actually required after the last data has been received is as follows:
(RMDLL + 1 + RMER + 1) x (width of internal operation clock cycle after division control by PRSEN)
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CHAPTER 20 INTERRUPT FUNCTIONS

Table 20-1. Interrupt Source List (1/2)

Interrupt Default Interrupt Source Internal/ Vector Basic
: 4. Note 1 . .
Type Priority Name Trigger External Table ConflguNr{ilt;on
Address Type™*
Maskable 0 INTLVI Low-voltage detection"**® Internal 0004H (A)
1 INTPO Pin input edge detection External 0006H (B)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTP4 000EH
6 INTSRE6 UARTS® reception error generation Internal 0012H (A)
7 INTSR6 End of UART6 reception 0014H
8 INTST6 End of UART®6 transmission 0016H
9 INTCSI10/ End of CSI10 communication/end of UARTO 0018H
INTSTO transmission
10 INTTMH1 Match between TMH1 and CMPO1 001AH
(when compare register is specified)
11 INTTMHO Match between TMHO and CMP0OO 001CH
(when compare register is specified)
12 INTTM50 Match between TM50 and CR50 001EH
(when compare register is specified)
13 INTTMO00 Match between TM0O and CR000 0020H
(when compare register is specified),
TI010 pin valid edge detection
(when capture register is specified)
14 INTTMO10 Match between TM00 and CR010 0022H
(when compare register is specified),
TIO0O0 pin valid edge detection
(when capture register is specified)
15 INTAD""* End of 10-bit successive approximation type 0024H
A/D conversion
16 INTSRO End of UARTO reception or reception error 0026H
generation
17 INTRTC Fixed-cycle signal of real-time counter/alarm 0028H
match detection
18 INTTM51 Match between TM51 and CR51 002AH
Note# (when compare register is specified)
19 INTKR Key interrupt detection External 002CH (©C)
20 INTRTCI Interval signal detection of real-time counter Internal 002EH (A)
Notes 1. The default priority determines the sequence of processing vectored interrupts if two or more maskable
interrupts occur simultaneously. Zero indicates the highest priority and 26 indicates the lowest priority.

2. Basic configuration types (A) to (D) correspond to (A) to (D) in Figure 20-1.

3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is cleared to 0.

4. When 8-bit timer/event counter 51 and 8-bit timer H1 are used in the carrier generator mode, an
interrupt is generated upon the timing when the INTTM5H1 signal is generated (see Figure 8-15
Transfer Timing).

5. uPD78F045x and 78F046x only.
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CHAPTER 22 STANDBY FUNCTION

Table 22-1. Operating Statuses in HALT Mode (1/2)

HALT Mode Setting

ltem

When HALT Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (frH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | fru

Operation continues (cannot
be stopped)

Status before HALT mode was set is retained

fx

Status before HALT mode
was set is retained

Operation continues (cannot
be stopped)

Status before HALT mode
was set is retained

fexcik

Operates or stops by external clock input

Operation continues (cannot
be stopped)

Subsystem clock | fxt

Status before HALT mode was set is retained

Real-time counter

fRL Status before HALT mode was set is retained
CPU Operation stopped
Flash memory Operation stopped
RAM Status before HALT mode was set is retained
Port (latch) Status before HALT mode was set is retained
16-bit timer/event counter 00 Operable
8-bit timer/event 50
counter 51
52
8-bit timer HO
H1
H2

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.

Buzzer output

10-bit successive approximation
type A/D converter

16-bit AX type A/D converter

Serial interface UARTO

UART6

Csli10

LCD controller/driver

Manchester code generator

Remote controller receiver

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

Remark frH: Internal high-speed oscillation clock
fx: X1 clock
fexck:  External main system clock
fxT: XT1 clock
fRL: Internal low-speed oscillation clock
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CHAPTER 29 INSTRUCTION SET

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 - | AX, CY « AX + word X X X
operation | SUBW AX, #word 3 6 — | AX, CY « AX - word x x x
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 - |AX<«AxX
divide DIVUW o} 2 25 — | AX (Quotient), C (Remainder) « AX = C
Increment/ [INC r 1 2 - r<r+1 X x
decrement saddr 2 4 6 |(saddr) « (saddr) + 1 X x
DEC r 1 2 - r<r-1 X x
saddr 2 4 6 (saddr) « (saddr) — 1 X x
INCW rp 1 4 - p«rp+1
DECW p 1 4 - p<«rp-1
Rotate ROR A1 1 2 — | (CY, A7 < Ao, Am-1 < Anm) x 1 time x
ROL A1 1 2 - [(CY, Ao« A7, Am+1 < Am) x 1 time x
RORC A1 1 2 —  |(CY <~ Ao, A7 <~ CY, Am-1 < Anm) x 1 time x
ROLC A1 1 2 - [(CY « A7, Ao < CY, Am+1 <« Am) x 1 time x
ROR4 [HL] 2 10 12 |[As-o0« (HL)3-o, (HL)7-4 < As-o,
(HL)3-0 « (HL)7-4
ROL4 [HL] 2 10 12 [As-0« (HL)7-4, (HL)3-0 < As-o,
(HL)7-4 « (HL)3-o0
BCD ADJBA 2 - Decimal Adjust Accumulator after Addition | x x x
adjustment | ApJBS 2 — | Decimal Adjust Accumulator after Subtract | x x  x
Bit MOV1 CY, saddr.bit 3 6 7 | CY « (saddr.bit) x
manipulate CY, sfr.bit 3 - 7 | CY « sfr.bit X
CY, A.bit 2 4 — | CY « Abit x
CY, PSW.bit 3 - 7 |CY « PSW.bit x
CY, [HL].bit 2 7 | CY « (HL).bit x
saddr.bit, CY 3 6 8 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit < CY
A.bit, CY 2 4 - |Abit« CY
PSW.bit, CY 3 - 8 |PSW.bit < CY X X
[HL].bit, CY 2 6 (HL).bit « CY
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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