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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and ViH (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi. (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Vop or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity as
much as possible, and quickly dissipate it when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, 1/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/0 pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.

User’s Manual U18698EJ1V0UD




8.4.3 Carrier generator operation (8-bit timer H1 only).........cccuviiiiiiiiiii e 255

CHAPTER 9 REAL-TIME COUNTER. ... sssmn s e s sssmn s s mnms s e s e s s mmmnn s 262
9.1 Functions of Real-Time COUNLEr ..........cccceiireeierircere e e srssre s s s e s sme e s e smr e s e e e mn e nnnns 262

9.2 Configuration of Real-Time COUNLEr .........ccciiiiiiiiinr s 262

9.3 Registers Controlling Real-Time Counter ..........ccccoiiiicccicerirnien e s ssmse e e e ee s s ssmnnes 264
9.4 Real-Time Counter Operation ..........cccccciiiiicccismmiinir s s ssnr e s mnn e e e e e s se s mmnne e s 276
9.4.1 Starting operation of real-time COUNTEN ...........coiiiii i e 276

9.4.2 Reading/Writing real-time COUNTET...........iiiiiii e 277

9.4.3 Setting alarm of real-time COUNTET ..........ooi i 279
CHAPTER 10 WATCHDOG TIMER ...t iisicssmere e sssmss s s s s sssmns e s se s smmmn s e s s ses s ssmnnnn s 280
10.1 Functions of Watchdog Timer.........cccciiiririrrirr e sere s ss e e e 280
10.2 Configuration of Watchdog Timer ........ccccciiiiiiniinr e 281
10.3 Register Controlling Watchdog Timer.........ccoovccceimiiiiiicccceer e e s e e s s nnen 282
10.4 Operation of Watchdog Timer.........cccciiioiirrrricrrrrrscre e e e me s smn e e e 283
10.4.1 Controlling operation of watchdog tIMEr...........cooiiiiiii e 283

10.4.2 Setting overflow time of watchdog timer............oooiiiiiii e 284

10.4.3 Setting window open period of watchdog timer.............coociiiiii i 285
CHAPTER 11 BUZZER OUTPUT CONTROLLER.......coiiiiiiiicmmrrre e sssssssene e s s s sssmsns s e ss s sssssssmnnes 287
11.1 Functions of Buzzer Output Controller.............cooomriececerrcceee e 287
11.2 Configuration of Buzzer Output Controller ..........ccccciniimiiniin 288
11.3 Registers Controlling Buzzer Output Controller.............cccoommiiiiiiccccsecrrer e 288
11.4 Operations of Buzzer Output Controller.............ociiiiiiccciscrrrrr e sen e 290

CHAPTER 12 10-BIT SUCCESSIVE APPROXIMATION TYPE A/D CONVERTER

L7 o D =T 1 b Qe 5§ 291

12.1 Function of 10-Bit Successive Approximation Type A/D Converter............cccoeaemrrrrrrnncnnns 291
12.2 Configuration of 10-Bit Successive Approximation Type A/D Converter ........ccccccvrrrrnneees 292
12.3 Registers Used in 10-Bit Successive Approximation Type A/D Converter.........ccccccceeeeunn. 294
12.4 10-Bit Successive Approximation Type A/D Converter Operations .............ccceeecmrrrrrninnnnes 302
12.4.1 Basic operations Of A/D CONVEIET ...........iiiiiiiie ittt 302

12.4.2 Input voltage and CONVEISION rESUILS.........coiiiiiiiiiiiiiie e e e e e e e 304

12.4.3 A/D converter 0peration MOGE ..........cccuuiiiiiee i e e e e e e e e e e e et e e e e e e e seeaaereeeeeeaanees 305

12.5 How to Read A/D Converter Characteristics Table.........c.c.ccocmriiiemiiicicnniccce e 307
12.6 Cautions for 10-Bit Successive Approximation Type A/D Converter.........cccccceceeceerrrcneens 309
CHAPTER 13 SERIAL INTERFACE UARTO .......cccciiiietericsmressssseessssssseesssssnessssssnsesssssnsesssssnsesssssnns 313
13.1 Functions of Serial Interface UARTO............coc oo ciiiiiiinrcccrecrr e sses e e e ssmne e e e s s s s nnnnn 313
13.2 Configuration of Serial Interface UARTO ... e 314
13.3 Registers Controlling Serial Interface UARTO.........ccccocceciririimmiimer e e 317
13.4 Operation of Serial Interface UARTO .........ccoiiiicciiiciiiiiin s ssscer e s e s ssssss e e s s s s s sssmne s e s e ssssnsnnn 323
13.4.1 Operation STOP MOGE.......ccoiiiiiiiiiie e e e e e e et e e e e e e e st e e e e e e e eatseeeeeeeaaanees 323

13.4.2 Asynchronous serial interface (UART) MOGE .........oiiiiiiiiiiiiiic et 324

13.4.3 Dedicated baud rate GENEIator...........c.uviiiiii i e e e e s e e e e s e e aae e e e e anees 330

10 User's Manual U18698EJ1V0OUD



CHAPTER 3 CPU ARCHITECTURE

Figure 3-4. Memory Map (£PD78F0403, 78F0413)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 hits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Pt Reserved =0
Data memory FA56H
space FA55H LCD display_ RAM
FA4OH 22 x 8 bhits
FA3FH
.t Reserved =~
8000H
TFFFH
Program A Flash memory A
memory space 32768 x 8 bits T
0000H

1FFFHE

Boot cluster 1

TFFFH
- Program area
108FH
108EH
On-chip debug security
ID setting areaN°te 1
1085H 10 x 8 bits
1084H Option byte areaN°te 1
1080H 5 x 8 hits
107FH
Program area
1000H
OFFFH
L CALLF entry area
2048 x 8 bits
0800H
07FFH
-+ Program area
1905 x 8 bits
008FH
008EH - .
On-chip debug security
ID setting areaNote 1
0085H 10 x 8 bits
0084H Option byte areaNote 1
0080H 5 x 8 hits
007FH
CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits
0000H

Boot cluster QNote 2

Notes 1.

When boot swap is used:

Setting).

IDs to 0085H to 008EH.

When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security

Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the

on-chip debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,

see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

TFFFH
7C00H

Block 1FH

7TBFFH

Block 01H

Block OOH

1KB
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CHAPTER 3 CPU ARCHITECTURE

3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) to undergo manipulation
during instruction execution.

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the 78K0/LC3 instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVUW AX register for dividend and quotient storage
ADJBA/ADJBS A register for storage of numeric values that become decimal correction targets
ROR4/ROL4 A register for storage of digit data that undergoes digit rotation

[Operand format]
Because implied addressing can be automatically determined with an instruction, no particular operand format is
necessary.

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of the A register and X register is stored in AX. In this
example, the A and AX registers are specified by implied addressing.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

Figure 6-8. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol
TOCO00

7 <6> <5> 4 <3> <2> 1 <0>

0 OSPTO00 OSPEO0 TOCO004 LVS00 LVROO TOCO001 TOEOO
OSPTO00 One-shot pulse output trigger via software

0 -

1 One-shot pulse output

The value of this bit is always “0” when it is read. Do not set this bit to 1 in a mode other than the one-

shot pulse output mode.
If it is set to 1, TMOO is cleared and started.

OSPEOQO One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by

TI000 pin valid edge input.

The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM0O and

CRO000.
TOC004 TOO0O0 output control on match between CR010 and TM0O0
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO010) is generated even when TOC004 = 0.

LVSO00 LVROO Setting of TO00 output status
0 0 No change
0 1 Initial value of TOO0O output is low level (TO00 output is cleared to 0).
1 0 Initial value of TOO0O0 output is high level (TO00 output is set to 1).
1 1 Setting prohibited

e LVS00 and LVROO can be used to set the initial value of the TO00 output level. If the initial value does

not have to be set, leave LVS00 and LVRO0O as 00.
e Be sure to set LVS00 and LVROO when TOEOO = 1.
LVS00, LVROO, and TOEOO being simultaneously set to 1 is prohibited.

e LVS00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the TO00 output level

can be set. Even if these bits are cleared to 0, TO00 output is not affected.
e The values of LVS00 and LVRO0O are always 0 when they are read.
e For how to set LVS00 and LVROO, see 6.5.2 Setting LVS00 and LVRO00.

e The actual TO00/TI010/P34/TI52/RTC1HZ/INTP1 pin output is determined depending on PM34 and

P34, besides TO0O0 output.

TOCO001 TOO0O0 output control on match between CR000 and TM00
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMOO0O) is generated even when TOC001 = 0.

TOEOO TOO0O0 output control
0 Disables output (TOO0O0 output fixed to low level)
1 Enables output
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

(2) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: capture register)

Figure 6-25. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register)

Edge
detector

T1000 pin O—

Clear

\ Timer counter
) (TMO00)
{} Match signal _ Interrupt signal

Count clock

Operable bits

INTTMOOO
TMCO003, TMCO002 I ( )

- TOO00
Compare register Output | output .
(CR000) controller © TOO00 pin
Capture signal L, Capture register Interrupt signal
(CR010) (INTTMO010)

Figure 6-26. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (1/2)

(a) TOCO00 = 13H, PRM00 = 10H, CRC00, = 04H, TMCO00 = 08H, CR000 = 0001H

M N P Q

TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI1000 pin input)

Compare register
(CR000) X 0001H

Compare match interrupt
(INTTMO000)

Capture register
(CRO10) 0000H X M > N S P <
Capture interrupt '|
(INTTMO010)

O]

TOOO0 output

This is an application example where the TO00 output level is inverted when the count value has been captured
& cleared.

The count value is captured to CR010 and TMOO is cleared (to 0000H) when the valid edge of the TI000 pin is
detected. When the count value of TM0O is 0001H, a compare match interrupt signal (INTTMO0O0O) is generated,
and the TOOO output level is inverted.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

(4) Operation in clear & start mode entered by TI000 pin valid edge input
(CRO000: capture register, CR010: capture register)

Figure 6-29. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

N

Clear

\ Timer counter
J

Count clock (TMO00)

Capture register Interrupt signal

Capture signal (CRO10) ﬂ—> (INTTMO10)

TOO00
Output | output _
controller —(©) TOO0 pin™cte
; Edge
TI000 pin © : =

detectian % Capture register Interrupt signal

9 CRO00) (INTTMO00)

i Not Edge o} Capture (
TI010 pin™*Or | getection @ signal

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.

Figure 6-30. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (1/3)

(a) TOCO00 = 13H, PRM00 = 30H, CRC00 = 05H, TMC00 = 0AH

L
TMOO register N

M- [ o p. 2T Rrs,
0000H A\/ﬂwy/ AV
Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI1000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTM000) L

Capture register —\| —_—
oy oooon XX w X XoX P X o XRX(s
i L O O

TOOO output

0000H

I -

This is an application example where the count value is captured to CR010, TMOO is cleared, and the TOQ0
output is inverted when the rising or falling edge of the TI000 pin is detected.

When the edge of the TI0O10 pin is detected, an interrupt signal (INTTMO00OQ) is generated. Mask the INTTM00O0
signal when it is not used.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

Figure 6-42. Example of Register Settings for PPG Output Operation

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

TMC003 TMC002 TMCOOL OVFO0
Lo [ ol of ol 2 [ 1 [ of o]

Clears and starts on match

between TM0O and CR000.

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

CRC002 CRC001 CRCO00
Lo [ o ol ol ol ol ol o]

—— CRO000 used as
compare register

CRO010 used as
compare register

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

OSPTO0 OSPEOO TOCO004 LVSO00 LVROO TOC001 TOEOO

o [ o o] ] on | on | 1 ] 1|

\;J \—’—‘ \— Enables TOO0O output
Specifies initial value of

TOOO output F/F

11: Inverts TOOO output on
match between TM0O
and CR0O00/CR010.

00: Disables one-shot pulse
output

(d) Prescaler mode register 00 (PRM00)

ES101 ES100 ESO001 ESO000 3 PRM002 PRMO001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Selects count clock

(e) 16-bit timer counter 00 (TMO0O0)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)

An interrupt signal (INTTMOOO) is generated when the value of this register matches the count value of TMO0O.

The count value of TMOO is not cleared.

(g) 16-bit capture/compare register 010 (CR010)

An interrupt signal (INTTMO010) is generated when the value of this register matches the count value of TMO0O.

The count value of TMOO is not cleared.

Caution Set values to CR000 and CR010 such that the condition 0000H < CR010 < CR000 < FFFFH is

satisfied.
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CHAPTER 9 REAL-TIME COUNTER

9.4 Real-Time Counter Operation

9.4.1 Starting operation of real-time counter

Figure 9-18. Procedure for Starting Operation of Real-Time Counter

s )

RTCE=0

Setting AMPM, CT2 to CTO

Setting SEC (clearing RSUBC)

Setting MIN

Setting HOUR

Setting WEEK

Setting DAY

Setting MONTH

Setting YEAR

Clearing IF flags of interrupt

Clearing MK flags of interrupt

RTCE=1

INTRTC =1?

( Reading counter )

Stops counter operation.

Selects 12-/24-hour system and interrupt (INTRTC).

Sets second count register.

Sets minute count register.

Sets hour count register.

Sets week count register.

Sets day count register.

Sets month count register.

Sets year count register.

Clears interrupt request flags (RTCIF, RTCIIF).

Clears interrupt mask flags (RTCMK, RTCIMK).

Starts counter operation.
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CHAPTER 13 SERIAL INTERFACE UARTO

(e) Reception error

Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error

flag of asynchronous serial interface reception error status register 0 (ASISO) is set as a result of data

reception, a reception error interrupt (INTSRO) is generated.

Which error has occurred during reception can be identified by reading the contents of ASISO in the reception

error interrupt (INTSRO) servicing (see Figure 13-3).
The contents of ASISO are cleared to 0 when ASISO is read.

Table 13-3. Cause of Reception Error

Reception Error

Cause

Parity error

The parity specified for transmission does not match the parity of the receive data.

Framing error

Stop bit is not detected.

Overrun error

Reception of the next data is completed before data is read from receive buffer
register 0 (RXBO).

(f) Noise filter of receive data

The RxDO signal is sampled using the base clock output by the prescaler block.

If two sampled values are the same, the output of the match detector changes, and the data is sampled as

input data.

Because the circuit is configured as shown in Figure 13-11, the internal processing of the reception operation

is delayed by two clocks from the external signal status.

Base clock

Figure 13-11. Noise Filter Circuit

RxD0 ©

Internal signal A

In Q [— Internal signal B

Match detector LD_EN
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CHAPTER 14 SERIAL INTERFACE UART6

(4) Clock selection register 6 (CKSR®6)
This register selects the base clock of serial interface UARTG6.
CKSRG6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to O0H.

Remark CKSRG6 can be refreshed (the same value is written) by software during a communication operation
(when bits 7 and 6 (POWERS, TXE6) of ASIM6 = 1 or bits 7 and 5 (POWERG6, RXE6) of ASIM6 = 1).

Figure 14-8. Format of Clock Selection Register 6 (CKSR6)

Address: FF56H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

CKSR6 0 0 0 0 TPS63 TPS62 TPS61 TPS60
TPS63 TPS62 TPS61 TPS60 Base clock (fxciks) selection™** "

frrs = frrs = frrs = frrs =

2 MHz 5 MHz 8 MHz 10 MHz

0 0 0 0 frrs"®? | 2 MHz 5 MHz 8 MHz 10 MHz
0 0 0 1 fers/2 | 1 MHz 25MHz |4 MHz 5 MHz
0 0 1 0 fers/22 | 500 kHz | 1.25 MHz |2 MHz 2.5 MHz
0 0 1 1 frrs/2® | 250 kHz |625kHz |1 MHz 1.25 MHz
0 1 0 0 fers/2* | 125kHz | 312.5 kHz | 500 kHz | 625 kHz
0 1 0 1 frrs/2® | 62.5 kHz | 156.25 kHz| 250 kHz | 312.5 kHz
0 1 1 0 frrs/2® | 31.25 kHz | 78.13 kHz | 125kHz | 156.25 kHz
0 1 1 1 frrs/2” | 15.625 kHz| 39.06 kHz | 62.5 kHz |78.13 kHz
1 0 0 0 frrs/2® | 7.813 kHz | 19.53 kHz | 31.25 kHz | 39.06 kHz
1 0 0 1 fers/2° | 3.906 kHz | 9.77 kHz | 15.625kHz | 19.53 kHz
1 0 1 0 frrs/2' | 1.953 kHz | 4.88 kHz | 7.513 kHz | 9.77 kHz
1 0 1 1 TM50 output™?

Other than above Setting prohibited

Notes 1. |If the peripheral hardware clock (frrs) operates on the high-speed system clock (fxH) (XSEL = 1), the

frrs operating frequency varies depending on the supply voltage.
e Vbob =2.71t05.5V: frrs < 10 MHz
e Vob=1.8t02.7 V: frrs < 5 MHz

2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V <Vbop < 2.7V, the setting of TPS63 = TPS62 = TPS61 = TPS60 = 0 (base clock: frrs)
is prohibited.

3. When selecting the TM50 output as the base clock. Start the operation of 8-bit timer/event counter 50
first and then enable the timer F/F inversion operation (TMC501 = 1).

Caution Make sure POWERG6 = 0 when rewriting TPS63 to TPS60.

Remark frrs: Peripheral hardware clock frequency
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CHAPTER 14 SERIAL INTERFACE UART6

(2) Error of baud rate
The baud rate error can be calculated by the following expression.

Actual baud rate (baud rate with error)

o Error (%) = [

- 1] x 100 [%]
Desired baud rate (correct baud rate)
Cautions 1. Keep the baud rate error during transmission to within the permissible error range at the
reception destination.
2. Make sure that the baud rate error during reception satisfies the range shown in (4)
Permissible baud rate range during reception.

Example: Frequency of base clock = 10 MHz = 10,000,000 Hz
Set value of MDL67 to MDL60 bits of BRGC6 register = 00100001B (k = 33)
Target baud rate = 153600 bps

Baud rate =10 M / (2 x 33)
= 10000000 / (2 x 33) = 151,515 [bps]

Error = (151515/153600 — 1) x 100
= -1.357 [%]
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CHAPTER 16 MANCHESTER CODE GENERATOR

16.3 Registers Controlling Manchester Code Generator
The following six types of registers are used to control the Manchester code generator.

o MCG control register 0 (MCOCTLO)
e MCG control register 1 (MCOCTL1)
e MCG control register 2 (MCOCTL2)
o MCG status register (MCOSTR)

e Port mode register 3 (PM3)

e Port register 3 (P3)

(1) MCG control register 0 (MCOCTLO)
This register is used to set the operation mode and to enable/disable the operation.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 10H.

Figure 16-4. Format of MCG Control Register 0 (MCOCTLO)

Address: FF4ACH  Afterreset: 10H R/W

Symbol <7> 6 5 <4> 3 2 <1> <0>
MCOCTLO MCOPWR 0 0 MCODIR 0 0 MCOOSL MCOOLV
MCOPWR Operation control
0 Operation stopped
1 Operation enabled
MCODIR First bit specification
0 MSB
1 LSB
MCOOSL Data format
0 Manchester code
1 Bit sequential data
MCOOLV Output level when transmission suspended
0 Low level
1 High level

Caution Clear (0) the MCOPWR bit before rewriting the MCODIR, MCOOSL, and MCOOLYV bits (it is
possible to rewrite these bits by an 8-bit memory manipulation instruction at the same
time when the MCOPWR bit is set (1)).
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CHAPTER 16 MANCHESTER CODE GENERATOR

(2) MCG control register 1 (MCOCTL1)
This register is used to set the base clock of the Manchester code generator.
This register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 16-5. Format of MCG Control Register 1 (MCOCTL1)

Address: FF4DH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
MCOCTL1 0 0 0 0 0 MCOCKS2 | MCOCKS1 | MCOCKSO
MCOCKS2 | MCOCKS1 MCOCKSO Base clock (fxcik) selection™°*®"
0 0 0 fers“2 (10 MHz)
0 0 1 fers/2 (5 MHz)
0 1 0 fers/2? (2.5 MHz)
0 1 1 fers/2® (1.25 MHz)
1 0 0 fers/2* (625 kHz)
1 0 1 frrs/2° (312.5 kHz)
1 1 0 Setting prohibited
1 1 1

Notes 1. If the peripheral hardware clock (frrs) operates on the high-speed system clock (fxH) (XSEL =
1), the frrs operating frequency varies depending on the supply voltage.
e Vob =2.7t05.5V: frrs < 10 MHz
e Vob=1.8t02.7 V: frrs < 5 MHz
2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock
(frH) (XSEL = 0), when 1.8 V < Voo < 2.7 V, the setting of MCOCKS2 = MCOCKS1 =
MCOCKSO0 = 0 (base clock: frrs) is prohibited.

Caution Clear bit 7 (MCOPWR) of the MCOCTLO register to 0 before rewriting the MCOCKS2 to
MCOCKSO bits.

Remarks 1. frrs: Peripheral hardware clock frequency
2. Figures in parentheses are for operation with frrs = 10 MHz.
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CHAPTER 19 STANDBY FUNCTION

(b) Release by reset signal generation
When the reset signal is generated, HALT mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 19-4. HALT Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

- HALT
instruction
((
Reset signal )
Normal operation Resel Normal operation
(high-speed Reset [processing (internal high-speed
Status of CPU system clock) HALT mode period |(LL1047 is) oscillation clock)
High-speed Oscillation|Oscillation
system clock Oscillates stopped | stopped | Oscillates
(X1 oscillation) \ J

*Oscillation stabilization time

11 16
Starting X1 oscillation is (27/ixt0 27/

specified by software.

(2) When internal high-speed oscillation clock is used as CPU clock

. HALT
instruction
l (
Reset signal e
‘Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed
Status of CPU  oscillation clock) HALT mode period (111047 s) oscillation clock)
) Oscillation
Internal high-speed Oscillates stopped Oscillates
oscillation clock

Wait for oscillation
accuracy stabilization
(86 to 361 us)

(3) When subsystem clock is used as CPU clock

. HALT
instruction
((
Reset signal )
_ Resel Normal operation mode
Normal operation Reset |processing|  (internal high-speed
Status of CPU  (subsystem clock) HALT mode period |(L1t047 ss) oscillation clock)
Oscillation| Oscillation
Subsystem clock Oscillates stopped | stopped | Oscillates

(XT1 oscillation) |

!

Starting XT1 oscillation is
specified by software.

Remark fx: X1 clock oscillation frequency
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CHAPTER 24 FLASH MEMORY

24.2 Writing with Flash memory programmer
Data can be written to the flash memory on-board or off-board, by using a dedicated flash memory programmer.
(1) On-board programming
The contents of the flash memory can be rewritten after the 78K0/LC3 has been mounted on the target system.
The connectors that connect the dedicated flash memory programmer must be mounted on the target system.
(2) Off-board programming
Data can be written to the flash memory with a dedicated program adapter (FA series) before the 78K0/LC3 is
mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.

Table 24-2. Wiring Between 78K0/LC3 and Dedicated Flash memory programmer

Pin Configuration of Dedicated Flash memory programmer| With UART6
Signal Name I/0 Pin Function Pin Name Pin No.
SI/RxD Input Receive signal TxD6/SEG6/P112 24
SO/TxD Output Transmit signal RxD6/SEG7/P113 23
SCK Output Transfer clock - -
CLK Output Clock to 78K0/LC3 Note 1 Note 1
/RESET Output Reset signal RESET 6
FLMDO Output Mode signal FLMDO 9
Vob 1/0 Voo voltage generation/ Vob 14
power monitoring Vop\ete 2 35
AVREFNote 3
GND - Ground Vss 13
Vssote 2 36
AVSSNote 3

Notes 1. Only the X1 clock (fx) or external main system clock (fexcik) can be used when UARTG6 is used. When
using the clock output of the dedicated flash memory programmer, pin connection varies depending on the
type of the dedicated flash memory programmer used.

e PG-FP4, FL-PR4: Connect CLK of the programmer to EXCLK/X2/P122 (pin 10).
¢ PG-FPL3, FP-LITE3: Connect CLK of the programmer to X1/P121 (pin 11), and connect its inverted
signal to X2/EXCLK/P122 (pin 10).
2. uPD78F040x only.
3. uPD78F041x only.
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CHAPTER 24 FLASH MEMORY

24.3 Programming Environment
The environment required for writing a program to the flash memory of the 78K0/LC3 is illustrated below.

Figure 24-3. Environment for Writing Program to Flash Memory

FLMDO
RS-232C Voo
Vss
UsB RESET
Dedicated flash UART6 78K0/LC3

memory programmer

Host machine

A host machine that controls the dedicated flash memory programmer is necessary.

To interface between the dedicated flash memory programmer and the 78K0/LC3, UART®6 is used for manipulation
such as writing and erasing. To write the flash memory off-board, a dedicated program adapter (FA series) is
necessary.

24.4 Communication Mode

Communication between the dedicated flash memory programmer and the 78KO0/LC3 is established by serial
communication via UARTG6 of the 78KO0/LC3.

* UART6
Transfer rate: 115200 bps

Figure 24-4. Communication with Dedicated Flash memory programmer (UART6)

FLMDO —— FLMDO
Voo —————————— Voo/AVrer
GND — Vss/AVss

/IRESET ———— RESET

SI/IRXD =———— TxD6

PG-FP4 (Flash Prod)

Dedicated flash SO/TXD ——— RxD6 78K0/LC3
memory programmer CLKNote EXCLKNote

Note The above figure illustrates an example of wiring when using the clock output from the PG-FP4 or FL-PR4.
When using the clock output from the PG-FPL3 or FP-LITE3, connect CLK to X1/P121, and connect its

inverted signal to X2/EXCLK/P122.
CLK X1
X2

Caution Only the bottom side pins (pin numbers 23 and 24) correspond to the UART6 pins (RxD6 and
TxD6) when writing by a flash memory programmer. Writing cannot be performed by the top side
pins (pin numbers 48 and 47).

User's Manual U18698EJ1V0UD 511



CHAPTER 27 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS)

Standard products

DC Characteristics (4/5)
(TA=-40 to +85°C, 1.8 V < Vbp < 5.5 V, AVREF < Vbp, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current | Iops Operating mode | fxu = 10 MHZ"***?, Square wave input 16 3.0 mA
i Voo =5.0V Resonator connection 2.3 3.4

fxu = 10 MHZ"***?, Square wave input 1.5 2.9 mA
Voo =3.0V Resonator connection 2.2 3.3
fxn = 5 MHZV*?, Square wave input 0.9 17 mA
Voo =3.0V Resonator connection 1.3 2.0
fxu = 5 MHZ"**?, Square wave input 0.7 1.4 mA
Voo =20V Resonator connection 1.0 1.6
fre = 8 MHz, Voo = 5.0 VN*°° 1.4 2.3 mA
fsus = 32.768 kHZz"***, | Resonator connection 6.7 26 LA
Voo =5.0V

loo2 HALT mode fxn = 10 MHZV" 2, Square wave input 0.4 1.4 mA
Voo =50V Resonator connection 1.0 17
fxn = 5 MHZ"**?, Square wave input 0.2 0.7 mA
Voo =3.0V Resonator connection 0.5 1.0
fru = 8 MHz, Voo = 5.0 VN°*°° 0.4 1.2 mA
fsus = 32.768 kHZ"***, | Resonator connection 24 22 LA
Vob=5.0V

Ioos"*®® | STOP mode Vob = 5.0 V 1 20 LA
Voo =5.0V, Ta=-40 to +70°C 1 10 LA

Notes 1. Total current flowing into the internal power supply (Vob), including the peripheral operation current and
the input leakage current flowing when the level of the input pin is fixed to Vop or Vss. However, the
current flowing into the pull-up resistors and the output current of the port are not included.

2. Not including the operating current of the 8 MHz internal oscillator, 240 kHz internal oscillator and XT1
oscillation, and the current flowing into the A/D converter, watchdog timer, LVI circuit and LCD
controller/driver.

3. Not including the operating current of the X1 oscillation, XT1 oscillation and 240 kHz internal oscillator,
and the current flowing into the A/D converter, watchdog timer, LVI circuit and LCD controller/driver.

4. Not including the operating current of the X1 oscillation, 8 MHz internal oscillator and 240 kHz internal
oscillator, and the current flowing into the A/D converter, watchdog timer, LVI circuit and LCD
controller/driver.

5. Not including the operating current of the 240 kHz internal oscillator and XT1 oscillation, and the current
flowing into the A/D converter, watchdog timer, LVI circuit and LCD controller/driver.

Remarks 1. fxu: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fru: Internal high-speed oscillation clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS)

Standard products

LVI Circuit Characteristics (Ta = —40 to +85°C, Vroc < Vbp < 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection Supply voltage level | Vivio 414 4.24 4.34 \Y
voltage Vi 399 | 409 | 419 v
Viviz 3.83 3.93 4.03 \%

Vivia 3.68 3.78 3.88 \%

Vivia 3.52 3.62 3.72 \

Vivis 3.37 3.47 3.57 \

Vivie 3.22 3.32 3.42 \

Viviz 3.06 3.16 3.26 \%

Vivis 2.91 3.01 3.11 \%

Vivie 2.75 2.85 2.95 \%

Vwvito 2.60 2.70 2.80 \%

Vit 2.45 2.55 2.65 \

Vivitz 2.29 2.39 2.49 \%

Vivits 214 2.24 2.34 \%

Vivita 1.98 2.08 2.18 \%

Vivits 1.83 1.93 2.03 \%

External input pin“**®"| EXLVI | EXLVI < Vop, 1.8V <Vpp <55V 1.11 1.21 1.31 v

Minimum pulse width fw 200 us
Operation stabilization wait timeN®? | tuwarr 10 us

Notes 1. The EXLVI/P120/INTPO pin is used.
2. Time required from setting bit 7 (LVION) of the low-voltage detection register (LVIM) to 1 to operation
stabilization.

Remark Vwin-1)>Vivn:n=1t015

LVI Circuit Timing

Supply voltage
(Vop)

Detection voltage (MAX.) | --ceommmmmmaaeeeoo AL
Detection voltage (TYPR) [---============--/f-------- ~ ---------------------------------------
Detection voltage (MIN.) [~~~ """~~~ """"~ /" ==="777°°~ e e

E . tiw 1
E tLwait E E
LVION « 1 Time
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS)

Standard products

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage V/booR 1.44N° 55 \Y

Note The value depends on the POC detection voltage. When the voltage drops, the data is retained until a POC
reset is effected, but data is not retained when a POC reset is effected.

0 STOP mode Operation mode
~————— Data retention mode ———
A
{s
Veo T Vobor
STOP instruction execution
. /
Standby release signal
(interrupt request) N
!
Flash Memory Programming Characteristics
(Ta=-40 to +85°C,2.7V<Vbp < 5.5V, Vss = AVss = 0 V)
¢ Basic characteristics
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo supply current lop 4.5 11.0 mA
Erase timeM**" | All block Teraca 20 200 ms
Block unit Terasa 20 200 ms
Write time (in 8-bit units) Twwa 10 100 us
Number of rewrites per chip Cerwr Retention: 15 years 1000 Times
1 erase + 1 write after erase = 1 rewrite"°'*?

Notes 1. The prewrite time before erasure and the erase verify time (writeback time) are not included.
2. When a product is first written after shipment, “erase — write” and “write only” are both taken as one
rewrite.

Remark fxr: Main system clock oscillation frequency
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