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Package / Case
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78K/0

8-Bit

10MHz

3-Wire SIO, LINbus, UART/USART
LCD, LVD, POR, PWM, WDT
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24KB (24K x 8)

FLASH

1K x 8

1.8V ~ 5.5V

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-LQFP
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CHAPTER 1 OUTLINE

1.7 Outline of Functions (xPD78F044x)

(1/2)
ltem 1PD78F0441 uPD78F0442 uPD78F0443 uPD78F0444 uPD78F0445
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

32 x 4 bits (with 4 com) or 28 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).

User's Manual U18696EJ3VOUD 29



<R>

CHAPTER 3 CPU ARCHITECTURE

58

Figure 3-4. Memory Map (©zPD78F0462)

Data memory
space

Program

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Reserved
FA58H
FASTH LCD display RAM
FA4OH 24 % 8 bits
FA3FH
= ReservedNote 3
6000H
5FFFH

memory space

0000H

Flash memory
24576 x 8 bits

5FFFH

Program area

108FH
108EH

On-chip debug security

ID setting areaNete 1
1085H 10 x 8 bits
1084H Option byte areaNote !
1080H 5 x 8 bits
107FH
Program area

1000H
OFFFH

1FFFHE

Boot cluster 1

0800H

CALLF entry area
2048 x 8 bits

07FFH

008FH

Program area
1905 x 8 bits

008EH

0085H
0084H
0080H
007FH

0040H
003FH

On-chip debug security
ID setting areaNote !
10 x 8 bits

Option byte areaNete 1
5 x 8 bits

CALLT table area
64 x 8 bits

0000H

Vector table area
64 x 8 bits

Boot cluster oNote 2

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security
When boot swap is used:

2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security

Setting).

3. However, FA26H and FA27H can be used (See 13.3 Registers Used in 16-Bit AX Type A/D
Converter).

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

IDs to 0085H to O08EH.

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.

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

5FFFH

5C00H
5BFFH

1KB
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CHAPTER 3 CPU ARCHITECTURE

3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal high-speed RAM and special
function registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. See the [lllustration] shown below.

[Operand format]

Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]

MOV OFE30H, A ; When transferring the value of A register to the saddr (FE30H)

Operation code |1 111 0 0 1 0| OP code
|O 011 0 00O O| 30H (saddr-offset)
[llustration]

7 0

OP code

saddr-offset ﬁ

- N Short direct memory

15 8 7 0

Effective address 1111 1 1 1 |«

When 8-bit immediate data is 20H to FFH, o =0
When 8-bit immediate data is 00H to 1FH, a =1
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

(iii) Setting range when CR000 or CR010 is used as a compare register
When CR000 or CR010 is used as a compare register, set it as shown below.

Operation

CRO00 Register Setting Range

CRO010 Register Setting Range

Operation as interval timer

0000H < N < FFFFH

Operation as square-wave

output

Operation as external event counter

0000H"" <M < FFFFH
Normally, this setting is not used. Mask the
match interrupt signal (INTTM010).

Operation in the clear & start mode 0000H"" < N < FFFFH

entered by TI000 pin valid

edge input

Operation as free-running timer

0000H"" < M < FFFFH

Operation as PPG output

M < N < FFFFH

0000H"™* <M < N

Operation as one-shot pulse output 0000H"" < N < FFFFH (N = M)

0000H""* < M < FFFFH (M = N)

Note When 0O000H is set, a match interrupt immediately after the timer operation does not occur and timer output
is not changed, and the first match timing is as follows. A match interrupt occurs at the timing when the

timer counter (TMOO register) is changed from 0000H to 0001H.

e When the timer counter is cleared due to overflow

e When the timer counter is cleared due to TIO00 pin valid edge (when clear & start mode is entered by
TIO00 pin valid edge input)

¢ When the timer counter is cleared due to compare match (when clear & start mode is entered by match
between TM0OO and CR000 (CR000 = other than 0000H, CR010 = 0000H))

Timer counter clear —,

TMOO register

Compare register set value

Remarks 1. N: CROO0O register set value, M: CRO010 register set value

(0000H)

Operation Operation enabled
(other than 00)

Timer operation enable bit disabled (00)
(TMCO003, TMC002)

Interrupt request signal

|

Interrupt signal
is not generated

t

Interrupt signal
is generated

2. For details of TMC003 and TMCO002, see 6.3 (1) 16-bit timer mode control register 00 (TMCO00).
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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
T1000 pin © detector
Clear
Count clock \ Timer counter
r ) (TMO00)
. {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMO00)
TMCO003, TMCO002 : TO00
Compare register Output | output ]
(CR000) controller © TOO00 pin
Capture signal ||  Capture register Interrupt signal
(CR0O10) (INTTMO10)

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) TOCO0 = 13H, PRMO00O = 10H, CRC00, = 04H, TMCO00 = 08H, CR000 = 0001H

M N P Q

TMOO register

0000H

Operable bits
(TMCO003, TMC002)

00 10

Capture & count clear input
(TI1000 pin input)

Compare register
(CR000) X 0001H
Compare match interrupt
(INTTMO000)

Capture register
(CR010) 0000H X M > N S P

Capture interrupt '|
(INTTMO010)

P
ol

TOO00 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 TIO00 pin is
detected. When the count value of TMOO is 0001H, a compare match interrupt signal (INTTMOOO) is generated,
and the TOOO output level is inverted.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

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

(c) TOCO00 = 13H, PRM00 = 00H, CRC00 = 07H, TMCO00 = 0AH

M o S W

TMOO register L / N / Q- R / P /

0000H P

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI000 pin input) -

Capture register
(CR000)

Capture register C
(CR010) 0000H M 0] Q S w

Capture interrupt ‘| '| '| ‘|
(INTTMO010) -|_

Capture input
(TI010)

Capture interrupt
(INTTMO000)

0000H L N P R T

This is an application example where the pulse width of the signal input to the TIO00 pin is measured.

By setting CRCO00, the count value can be captured to CR0OO0O in the phase reverse to the falling edge of the
TI000 pin (i.e., rising edge) and to CR010 at the falling edge of the TI000 pin.

The high- and low-level widths of the input pulse can be calculated by the following expressions.

¢ High-level width = [CR010 value] — [CR000 value] x [Count clock cycle]
e Low-level width = [CR00O0 value] x [Count clock cycle]

If the reverse phase of the TI000 pin is selected as a trigger to capture the count value to CR000, the INTTM000
signal is not generated. Read the values of CR000 and CR010 to measure the pulse width immediately after the
INTTMO10 signal is generated.

However, if the valid edge specified by bits 6 and 5 (ES101 and ES100) of prescaler mode register 00 (PRMO00) is
input to the TI010 pin, the count value is not captured but the INTTMOOO signal is generated. To measure the
pulse width of the TIO00 pin, mask the INTTMOOO signal when it is not used.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

(3) Measuring the pulse width by using one input signal of the TI000 pin (clear & start mode entered by the
TIO00 pin valid edge input)
Set the clear & start mode entered by the TI000 pin valid edge (TMCO003 and TMC002 = 10). The count value of
TMOO is captured to CRO0O in the phase reverse to the valid edge of the TIO00 pin, and the count value of TM0O
is captured to CR010 and TMOO is cleared (0000H) when the valid edge of the TI0O00 pin is detected. Therefore,

a cycle is stored in CR010 if TMOO does not overflow.

If an overflow occurs, take the value that results from adding 10000H to the value stored in CR010 as a cycle.

Clear bit 0 (OVFO00) of 16-bit timer mode control register 00 (TMCOO) to 0.

Figure 6-51. Timing Example of Pulse Width Measurement (3)

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI1000)

Capture register
(CRO000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

Overflow flag
(OVF00)

Capture trigger input
(TI010)

Capture interrupt
(INTTMO000)

<1> Pulse cycle =

<3> Low-level pulse width = (Pulse cycle — High-level pulse width)

e TMCO00 = 08H, PRMO00 = 10H, CRC00 = 07H

N B P Q4
M- / c o |
/ A S5
00 )k 10 )@
<1> <1> <1> <1>
<2>|  <3> <2> <3> <2> <3> <2> <3>
0000H C D
0000H M N S P Q
0 write clear

L

L

(10000H x Number of times OVFO0O bit is set to 1 + Captured value of CR010) x
Count clock cycle
<2> High-level pulse width = (10000H x Number of times OVFO0O bit is set to 1 + Captured value of CR000) x
Count clock cycle
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

Figure 6-52. Example of Register Settings for Pulse Width Measurement (2/2)

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

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a capture register. Either the TI0O00 or TI010 pin is selected as a capture trigger.
When a specified edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

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

This register is used as a capture register. The signal input to the TIO00 pin is used as a capture trigger.
When the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 8-1. Block Diagram of 8-Bit Timer HO

8

Internal bus

8-bit timer H mode register 0

(TMHMDO)

{

&

[ TwrEo | cksoz | cksot | cksoo | Tumpot | muipoo | ToLevo | ToeNo |

| Decoder |

frRs ——

fers/2 ——
fprs/22 ——

fprs/28 ——=
fprs/210 ——=

8-bit timer/ ——

event counter 50
output

Selector

8-bit timer H 8-bit timer H
compare register compare register
10 (CMP10) 00 (CMP0O)
2
Selector

Match Interrupt

generator

0

8-bit timer
counter HO

Clear

Output
controller

Level

. .
Inversion

PWM mode signal

)

Timer H enable signal D@

TOHO
output

©TOHO/P32/MCGO

Output latch
(P32) PM32

INTTMHO
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CHAPTER 14 SERIAL INTERFACE UARTO

Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz
Set value of MDLO04 to MDLOO bits of BRGCO register = 10000B (k = 16)
Target baud rate = 76,800 bps

Baud rate = 2.5 M/(2 x 16)

=2,500,000/(2 x 16) = 78,125 [bps]

Error = (78,125/76,800 — 1) x 100
=1.725 [%]

(3) Example of setting baud rate

Table 14-5. Set Data of Baud Rate Generator

Baud fers = 2.0 MHz fers = 5.0 MHz fers = 10.0 MHz
Rate TPSO01, k Calculate| ERR TPSO01, k Calculate| ERR TPSO01, k Calculate| ERR
(brs] | Tpso0 dValue | [%] | TPS00 dValue | [%] | TPS00 dValue | [%]
1200 | 3H 26 1202 | o0.16 - - - - - - - -
2400 | 3H 13 2404 | 0.16 - - - - - - - -
4800 | 2H 26 4808 | 0.16 3H 16 4883 | 1.73 - - - -
9600 | 2H 13 9615 | 0.16 3H 8 9766 | 1.73 3H 16 9766 | 1.73
10400 | 2H 12 | 10417 | o0.16 2H 30 | 10417 | 0.16 3H 15 | 10417 | 0.16
19200 | 1H 26 | 19231 | 0.16 2H 16 | 19531 | 1.73 3H 8 19531 | 1.73
24000 | 1H 21 23810 | —0.79 | 2H 13 | 24038 | 0.16 2H 26 | 24038 | 0.16
31250 | 1H 16 | 31250 0 2H 10 | 31250 0 2H 20 | 31250 0
33600 | 1H 15 | 33333 | -0.79 | 2H 9 34722 | 3.34 2H 19 | 32895 | -2.1
38400 | 1H 13 | 38462 | 0.16 2H 8 39063 | 1.73 2H 16 | 39063 | 1.73
56000 | 1H 9 55556 | —0.79 1H 22 | 56818 | 1.46 2H 11 56818 | 1.46
62500 | 1H 8 62500 0 1H 20 | 62500 0 2H 10 | 62500 0
76800 | - - - - 1H 16 | 78125 | 1.73 2H 8 78125 | 173
115200 - - - - 1H 11 | 113636 | -1.36 1H 22 | 113636 | -1.36
153600 - - - - 1H 8 | 156250 | 1.73 1H 16 | 156250 | 1.73
312500| - - - - - - - - 1H 8 |312500| o0

Remark TPSO01, TPS00: Bits 7 and 6 of baud rate generator control register 0 (BRGCO) (setting of base clock
(fxcLko))
Value set by the MDL04 to MDLOQO bits of BRGCO (k = 8, 9, 10, ..., 31)
Peripheral hardware clock frequency

fers:

ERR:

Baud rate error
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CHAPTER 15 SERIAL INTERFACE UART6

(4) Clock selection register 6 (CKSR6)
This register selects the base clock of serial interface UART6.
CKSRE6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Remark CKSR6 can be refreshed (the same value is written) by software during a communication operation
(when bits 7 and 6 (POWERS6, TXES6) of ASIM6 = 1 or bits 7 and 5 (POWER6, RXE6) of ASIM6 = 1).

Figure 15-8. 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 (fxcLks) 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 frrs/2® | 500 kHz | 1.25 MHz |2 MHz 2.5 MHz
0 0 1 1 frrs/2° |250 kHz | 625 kHz |1 MHz 1.25 MHz
0 1 0 0 frrs/2* [125kHz |312.5kHz |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 | 125 kHz 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 frrs/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 Vpp=2.7105.5V: frrRs < 10 MHz

e Vop=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 < Vbp < 2.7 V, the setting of TPS63 = TPS62 = TPS61 = TPS60 = 0 (base clock: frrs)
is prohibited.

3. Note the following points when selecting the TM50 output as the base clock.

e Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion
operation (TMC501 = 1).

o PWM mode (TMC506 = 1)

Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty
=50%.

It is not necessary to enable (TOE50 = 1) TO50 output in any mode.
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CHAPTER 15 SERIAL INTERFACE UART6

(5) Data frame length during continuous transmission
When data is continuously transmitted, the data frame length from a stop bit to the next start bit is extended by
two clocks of base clock from the normal value. However, the result of communication is not affected because

the timing is initialized on the reception side when the start bit is detected.

Figure 15-28. Data Frame Length During Continuous Transmission

Start bit of

1 data frame f second byte
\ Start bit /< Bit 0 X Bit 1 x x Bit7 XParity bity Stop bit \Start bit ‘ Bit 0 x
L FL FL

FL FLstp FL FL

FL F

Where the 1-bit data length is FL, the stop bit length is FLstp, and base clock frequency is fxciks, the following

expression is satisfied.
FLstp = FL + 2/fxcLke
Therefore, the data frame length during continuous transmission is:

Data frame length = 11 x FL + 2/fxcLke
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CHAPTER 17 LCD CONTROLLER/DRIVER

Table 17-1 lists the maximum number of pixels that can be displayed in each display mode.

(a) uPD78F044x, 78F045x

Table 17-1. Maximum Number of Pixels

LCD Driver Voltage Bias Number of Common Signals Used Number of Maximum Number of
Generator Mode Time Slices Segments Pixels
* External resistance division - Static COMO (COM1 to COM3) | 32 32 (32 segment signals,
B Note 2
* Internal resistance division 1 common signal)
1/2 2Nt COMo0, COM1 64 (32 segment signals,
2 common signals)"***
ghee! COMO to COM2 96 (32 segment signals,
. Note 4
173 g Nete' COMO to COM2 3 common signals)
gt COMO0 to COM3 128 (32 segment signals,
4 common signals)"**®
1/4 ghee! COMO0 to COM7 28 224 (28 segment signals,
8 common signals)""**

Notes 1.

When using the

segment key scan function (KSON = 1), “number of time slices + 1” is added for

segment key scan signal output.

2. 4-digit LCD panel, each digit having an 8-segment 5. configuration.
3. 8-digit LCD panel, each digit having a 4-segment . configuration.
4. 12-digit LCD panel, each digit having a 3-segment 5. configuration.
5. 16-digit LCD panel, each digit having a 2-segment &. configuration.
6. 28-digit LCD panel, each digit having a 1-segment 5. configuration.
(b) xPD78F046x
LCD Driver Voltage Bias Number of Common Signals Used Number of Maximum Number of
Generator Mode Time Slices Segments Pixels
* External resistance division - Static COMO (COM1 to COM3) | 24 24 (24 segment signals,
. Note 2
* Internal resistance division 1 common signal)
1/2 2Nt COMO, COM1 48 (24 segment signals,
2 common signals)"***
ghoe! COMO to COM2 72 (24 segment signals,
. Note 4
173 ghotet COMO to COM2 3 common signals)
4! COMO0 to COM3 96 (24 segment signals,
4 common signals)"*®
1/4 ghe! COMO0 to COM7 20 160 (20 segment signals,
8 common signals)"*®

Notes 1.

466

segment key scan signal output.

o gk wNbN
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3-digit LCD panel, each digit having an 8-segment 5. configuration.
6-digit LCD panel, each digit having a 4-segment &. configuration.
9-digit LCD panel, each digit having a 3-segment &. configuration.
12-digit LCD panel, each digit having a 2-segment #. configuration.
20-digit LCD panel, each digit having a 1-segment &. configuration.

When using the segment key scan function (KSON = 1), “number of time slices + 1” is added for




CHAPTER 17 LCD CONTROLLER/DRIVER

482

(b) 4PD78F046x

The segment signals correspond to 24 bytes of the LCD display data memory (FA40H to FA57H) during an
LCD display period, bits 0, 1, 2, and 3 of each byte are read in synchronization with COM0, COM1, COM2,
and COMB3, respectively. If a bit is 1, it is converted to the select voltage, and if it is 0, it is converted to the
deselect voltage. The conversion results are output to the segment pins (SEGO to SEG23).

Furthermore, segment signals correspond to the setting values of port registers 14 and 15 during a segment
key scan output period. Bits 0 to 3 and bits 4 to 7 of each port register will be read in synchronization with
the first half and latter half of the segment key scan output period, respectively, and if the content of each bit
is 1 or 0, high levels or low levels will be output to the segment pins (SEG16 to SEG23), respectively.

Check, with the information given above, what combination of front-surface electrodes (corresponding to the
segment signals) and rear-surface electrodes (corresponding to the common signals) forms display patterns
in the LCD display data memory, and write the bit data that corresponds to the desired display pattern on a
one-to-one basis.

LCD display data memory bits 1 to 3, bits 2 and 3, and bit 3 are not used for LCD display in the static display,
two-time slot, and three-time slot modes, respectively. So these bits can be used for purposes other than
display.

The higher 4 bits of FA40H to FA43H are fixed to 0.
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CHAPTER 18 MANCHESTER CODE GENERATOR

.1 Functions of Manchester Code Generator

The following three types of modes are available for the Manchester code generator.

Operation stop mode

This mode is used when output by the Manchester code generator/bit sequential buffer is not performed. This
mode reduces the power consumption.

For details, refer to 18.4.1 Operation stop mode.

Manchester code generator mode

This mode is used to transmit Manchester code from the MCGO pin.

The transfer bit length can be set and transfers of various bit lengths are enabled. Also, the output level of the
data transfer and LSB- or MSB-first can be set for 8-bit transfer data.

Bit sequential buffer mode
This mode is used to transmit bit sequential data from the MCGO pin.
The transfer bit length can be set and transfers of various bit lengths are enabled. Also, the output level of the
data transfer and LSB- or MSB-first can be set for 8-bit transfer data.
.2 Configuration of Manchester Code Generator

The Manchester code generator includes the following hardware.

Table 18-1. Configuration of Manchester Code Generator

ltem Configuration
Registers MCG transmit buffer register (MCOTX)
MCG transmit bit count specification register (MCOBIT)
Control registers MCG control register 0 (MCOCTLO)

(
MCG control register 1 (MCOCTL1)
MCG control register 2 (MCOCTL2)
MCG status register (MCOSTR)
Port mode register 3 (PM3)
Port register 3 (P3)
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CHAPTER 18 MANCHESTER CODE GENERATOR

(3) MCG control register 2 (MCOCTL2)
This register is used to set the transmit baud rate.
This register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 1FH.

Figure 18-6. Format of MCG Control Register 2 (MCOCTL2)

Address: FF4EH  Afterreset: 1FH R/W

Symbol 7 6 5 4 3 2 1 0
MCOCTL2 0 0 0 MCOBRS4 MCOBRS3 MCOBRS2 MCOBRS1 MCOBRSO0
MCOBRS4 | MCOBRS3 | MCOBRS2 | MCOBRS1 MCOBRSO k Output clock selection of 5-bit
counter

0 0 0 X X 4 fxck/4

0 0 1 0 0 4 fxoLx/4

0 0 1 0 1 5 fxc/5

0 0 1 1 0 6 fxc/6

0 0 1 1 1 7 fxoLk/7

L] L] L] L] L] L] [ ]

L] L] L] L] L] L] L]

L] L] L] L] L] L] L]

L] L] L] L] L] L] L]

L] L] L] L] L] L] L]

1 1 1 0 0 28 | fxcx/28

1 1 1 0 1 29 | fxex/29

1 1 1 1 0 30 | fxex/30

1 1 1 1 1 31 fxcLk/31

Cautions 1. Clear bit 7 (MCOPWR) of the MCOCTLO register to 0 before rewriting the MCOBRS4 to
MCOBRSO bits.
2. The value from further dividing the output clock of the 5-bit counter by 2 is the baud
rate value.

Remarks 1. fxck: Frequency of the base clock selected by the MCOCKS2 to MCOCKSO bits of the
MCOCTL1 register
2. k: Value set by the MCOBRS4 to MCOBRSO bits (k=4, 5, 6,7, ...., 31)
3. x: Don’t care

(4) MCG status register (MCOSTR)
This register is used to indicate the operation status of the Manchester code generator.
This register can be read by a 1-bit or 8-bit memory manipulation instruction. Writing to this register is not
possible.
Reset signal generation or setting MCOPWR = 0 clears this register to 00H.
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<R> CHAPTER 19 REMOTE CONTROLLER RECEIVER

19.1 Remote Controller Receiver Functions
The remote controller receiver uses the following remote controller modes.
¢ Type A reception mode ... Guide pulse (half clock) provided
¢ Type B reception mode ... Guide pulse (1clock) provided
e Type C reception mode ... Guide pulse not provided
19.2 Remote Controller Receiver Configuration

The remote controller receiver includes the following hardware.

Table 19-1. Remote Controller Receiver Configuration

Iltem Configuration

Registers Remote controller receive shift register (RMSR)

Remote controller receive data register (RMDR)

Remote controller shift register receive counter register (RMSCR)
Remote controller receive GPLS compare register (RMGPLS)
Remote controller receive GPLL compare register (RMGPLL)
Remote controller receive GPHS compare register (RMGPHS)
Remote controller receive GPHL compare register (RMGPHL)
Remote controller receive DLS compare register (RMDLS)
Remote controller receive DLL compare register (RMDLL)
Remote controller receive DHOS compare register (RMDHOS)
Remote controller receive DHOL compare register (RMDHOL)
Remote controller receive DH1S compare register (RMDH1S)
Remote controller receive DH1L compare register (RMDH1L)
Remote controller receive end width select register (RMER)

Control register Remote controller receive interrupt status register (INTS)
Remote controller receive interrupt status clear register (INTC)
Remote controller receive control register (RMCN)
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CHAPTER 22 STANDBY FUNCTION

(2) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP
mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can
be checked up to the time set using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 05H.

Figure 22-2. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTS0
OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx=10 MHz

0 0 1 2" /fx 204.8 us

0 1 0 2"%/fx 819.2 us

0 1 1 2"/fx 1.64 ms

1 0 0 2%/fx 3.27 ms

1 0 1 2%/fx 6.55 ms

Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS
before executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed oscillation clock is being used as the CPU clock,
set the oscillation stabilization time as follows.

¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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CHAPTER 23 RESET FUNCTION

Table 23-2. Hardware Statuses After Reset Acknowledgment (1/4)

Hardware After Reset
Acknowledgment™**’
Program counter (PC) The contents of the
reset vector table
(0O000H, 0001H) are set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory Undefined"™**
General-purpose registers Undefined"™*?
Port registers (P1 to P4, P8, P10 to P12, P14, P15) (output latches) 00H
Port mode registers (PM1 to PM4, PM8, PM10 to PM12, PM14, PM15) FFH
Pull-up resistor option registers (PU1, PU3, PU4, PU8, PU10 to PU12, PU14, PU15) 00H
Port function register 1 (PF1) 00H
Port function register 2 (PF2) 00H
Port function register ALL (PFALL) 00H
Internal expansion RAM size switching register (IXS) OCH"™*?*
Internal memory size switching register (IMS) CFH"™"*
Clock operation mode select register (OSCCTL) 00H
Processor clock control register (PCC) 01H
Internal oscillation mode register (RCM) 80H
Main OSC control register (MOC) 80H
Main clock mode register (MCM) O00H
Oscillation stabilization time counter status register (OSTC) 00H
Oscillation stabilization time select register (OSTS) 05H
Internal high-speed oscillation trimming register (HIOTRM) 10H
16-bit timer/event Timer counters 00 (TMO00) 0000H
counters 00 Capture/compare registers 000, 010 (CR000, CR010) 0000H
Mode control registers 00 (TMCO00) 00H
Prescaler mode registers 00 (PRMO0O0) O00H
Capture/compare control registers 00 (CRCO00) 00H
Timer output control registers 00 (TOCO00) 00H
8-bit timer/event Timer counters 50, 51, 52 (TM50, TM51, TM52) O00H
counters 50, 51, 52 | compare registers 50, 51, 52 (CR50, CR51, CR52) 00H
Timer clock selection registers 50, 51, 52 (TCL50, TCL51, TCL52) 00H
Mode control registers 50, 51, 52 (TMC50, TMC51, TMC52) 00H

Notes 1. During reset signal generation or oscillation stabilization time wait, only the P
hardware statuses become undefined. All other hardware statuses remain unchan

2. When areset is executed in the standby mode, the pre-reset status is held even af

3. The initial values of the internal memory size switching register (IMS) and intern

C contents among the
ged after reset.

ter reset.

al expansion RAM size

switching register (IXS) after a reset release are constant (IMS = CFH, IXS = OCH) in all the 78KO0/LE3
products, regardless of the internal memory capacity. Therefore, after a reset is released, be sure to set

the following values for each product.

Flash Memory Version IMS IXS
(78KO/LE3)
#PD78F0441, 78F0451, 78F0461 | 04H O0CH
1PD78F0442, 78F0452, 78F0462 | C6H
#PD78F0443, 78F0453, 78F0463 | C8H
#PD78F0444, 78F0454, 78F0464 | CCH 0AH
#PD78F0445, 78F0455, 78F0465 | CFH
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CHAPTER 30 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 Vooor 1.44"" 5.5 Vv

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.

I STOP mode Operation mode
~———— Data retention mode ———
))
1
V
oo T VoDDR
STOP instruction execution
. /
Standby release signal
(interrupt request) N
A
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 Iop 4.5 11.0 mA
Erase time""? | All block | Teraca 20 200 ms
Block unit | Terasa 20 200 ms
Write time (in 8-bit units)*®" | Twwa 10 100 us
<R> Number of rewrites per chip | Cerwr 1 erase + 1 write| When a flash memory Retention:| 1000 Times
after erase = 1 programmer is used, and 15 years
rewrite"®® the libraries provided by

NEC Electronics are used

When the EEPROM Retention: | 10000 Times
emulation libraries provided | 3 years™**
by NEC Electronics are
used, and the rewritable
ROM size is 4 KB

<R> Notes 1. Characteristic of the flash memory. For the characteristic when a dedicated flash programmer, PG-FP5, is
used and the rewrite time during self programming, see Tables 27-12 and 27-13.
2. The prewrite time before erasure and the erase verify time (writeback time) are not included.
3. When a product is first written after shipment, “erase — write” and “write only” are both taken as one rewrite.
<R> 4. Data retention is guaranteed for three years after data has been written. If rewriting has been performed,
data retention is guaranteed for another three years thereafter.

Remark fxp: Main system clock oscillation frequency
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