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CHAPTER 1 OUTLINE

The list of functions in the 78K0/Lx3 Microcontrollers is shown below. (1/3)
Part Number 78K0/LC3 78K0/LD3
#PD78F040x 1PD78F041x 1PD78F042x #PD78F043x
Item 48 Pins 52 Pins
Flash memory (KB) 8 16 | 24 | 32 | 8 16 | 24 | 32 | 8 16 | 24 | 32 8 16 | 24 | 32
RAM (KB) 05 075 1 1 |05 (075| 1 1 05 (075 1 1 05 075 1 1
Power supply voltage Vop=1.8t055V
Regulator Provided

Minimum instruction
execution time

0.2 us (10 MHz: Voo = 2.7 t0 5.5 V)/ 0.4 s (5 MHz: Voo = 1.8 t0 5.5 V)

High-speed system 10 MHz: Voo =2.7 t0 5.5 V/5 MHz: Voo = 1.8 to 5.5 V
,g clock
| 2| Internal high-speed 8 MHz (TYP.): Voo =1.8t0 5.5V
8 oscillation clock
© Subclock 32.768 kHz (TYP.): Voo =1.8t0 5.5V
Internal low-speed 240 kHz (TYP.): Voo =1.8t0 5.5 V
oscillation clock
£ Total 30 34
o
16 bits (TMO) 1ch
_ | 8 bits (TM5) 3ch
£ [ bits (TMH) 3¢ch
~IRTC 1ch
WDT 1ch
§ 3-wire CSI - 1 ch"*!
S| UART 1ch 1 ch"*!
E UART supporting LIN- 1 ch"*? 1 ch"*®
21 bus
®
Type External resistance division and internal resistance division are switchable.
g) Segment signal 22 (18) [20 (16)] "*=** | 24 (20) [21 (17)] *®
Common signal 4 (8)"*
10-bit successive - 6 ch - 6 ch
approximation type A/D
16-bit AX type A/D -
‘5 | External 5
g Internal 17 18 19 20
£
Segment key source signal 8 ch 8ch
output
Key interrupt 3ch 5ch
RESET pin Provided
‘qwi POC 1.59 V £0.15 V (Time for rising up to 1.8 V : 3.6 ms (MAX.))
T LVI The detection level of the supply voltage is selectable in 16 steps.
WDT Provided
Clock output -
Buzzer output Provided
Remote controller receiver - Provided
MCG Provided
On-chip debug function Provided

Operating ambient temperature

TA=-40 to +85°C

Notes 1. Since 3-wire CSl and UART are used as alternate-function pins, they must be assigned to either of the functions for use.
2. The LIN-bus supporting UART pins can be changed to the UART pins (pin numbers 47 and 48).
3. The LIN-bus supporting UART pins can be changed to the 3-wire CSI/UART pins (pin numbers 50 and 51).

4. The values in parentheses are the number of signal outputs when 8com is used.

5. The values in square brackets are the number of signal outputs when using the UART6 pins (RxD6, TxD6)

on the bottom side.
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins

(3/3)

Function Name I/0 Function After Reset | Alternate Function
RxDO Input Serial data input to asynchronous serial interface Input port P12/S110/<RxD6>
RxD6 P113/SEG15
<RxD6> P12/S110/RxDO0
S0 Input Serial data input to CSI10 Input port P12/RxD0/<RxD6>
SO10 Output Serial data output from CSI10 Input port P13/TxD0/<TxD6>
SCK10 1/0 Clock input/output for CSI10 Input port | P11
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port P33/RTCDIV/

Capture trigger input to capture registers (CR000, CR010) of RTCCL/BUZ/
16-bit timer/event counter 00 INTP2
TIO10 Capture trigger input to capture register (CR000) of 16-bit P34/T152/TO00/
timer/event counter 00 RTC1HZ/INTP1
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port P44/TO50/KR4
TI51 External count clock input to 8-bit timer/event counter 51 P43/TO51/KR3
TI52 External count clock input to 8-bit timer/event counter 52 P34/T1010/TO00/
RTC1HZ/INTP1
TOO00 Output 16-bit timer/event counter 00 output Input port P34/TI52/T1010/
RTC1HZ/INTP1
TO50 Output 8-bit timer/event counter 50 output Input port P44/TI50/KR4
TO51 8-bit timer/event counter 51 output P43/TI51/KR3
TOHO Output 8-bit timer HO output Input port P32/MCGO
TOH1 8-bit timer H1 output P31/INTP3
TxDO Output Serial data output from asynchronous serial interface Input port P13/SO10/<TxD6>
TxD6 P112/SEG14
<TxD6> P13/SO10/TxD0
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
X1 Input Connecting resonator for main system clock Input port P121/OCDOA
X2 - P122/EXCLK/
OCDoB
EXCLK Input External clock input for main system clock Input port P122/X2/0CD0B
XT1 Input Connecting resonator for subsystem clock Input port P123
XT2 - P124
Vob - Positive power supply - -
Vss - Ground potential - -
FLMDO - Flash memory programming mode setting - -
OCDOA Input On-chip debug mode setting connection Input port P121/X1
OCDoB - P122/X2/EXCLK

Remark The functions within arrowheads (< >) can be assigned by setting the input switch control register (ISC).

42
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CHAPTER 3 CPU ARCHITECTURE

Table 3-8. Special Function Register List (2/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | Heset
FF34H | Pull-up resistor option register 4 PU4 R/W S v - 00H
FF38H | Pull-up resistor option register 8 PU8 R/W S v - 00H
FF3AH | Pull-up resistor option register 10 PU10 R/W \ v - 00H
FF3BH | Pull-up resistor option register 11 PU11 R/W \ v - 00H
FF3CH | Pull-up resistor option register 12 PU12 R/W S v - 00H
FF3EH | Pull-up resistor option register 14 PU14 R/W \/ \ - 0OH
FF3FH | Pull-up resistor option register 15 PU15 R/W S v - 00H
FF40H | Clock output selection register CKS R/W \ v - 00H
FF41H | 8-bit timer compare register 51 CR51 R/W - v - 00H
FF42H | 8-bit timer H mode register 2 TMHMD2 R/W v \ - OOH
FF43H | 8-bit timer mode control register 51 TMC51 R/W \/ \ - 0OH
FF44H | 8-bit timer H compare register 02 CMPO02 R/W - v - 00H
FF45H | 8-bit timer H compare register 12 CMP12 R/W - \ - 00H
FF47H | MCG status register MCOSTR R \ v - 00H
FF48H External interrupt rising edge enable register EGP R/W \ v - O0H
FF49H | External interrupt falling edge enable register EGN R/W \ v - 00H
FF4AH | MCG transmit buffer register MCOTX R/W - v - FFH
FF4BH | MCG transmit bit count specification register MCOBIT R/W - v - 07H
FF4CH | MCG control register 0 MCOCTLO RW \ v - 10H
FF4ADH | MCG control register 1 MCOCTL1 R/W - \ - 00H
FF4EH | MCG control register 2 MCOCTL2 R/W v - 1FH
FF4FH | Input switch control register ISC R/W \/ y - OOH
FF50H Asynchronous serial interface operation mode | ASIM6 R/W \ v - 01H
register 6
FF51H | 8-bit timer counter 52 TM52 R - v - 00H
FF53H Asynchronous serial interface reception error ASIS6 R - v - O00H
status register 6
FF54H | Real-time counter clock selection register RTCCL RW \ v - 00H
FF55H Asynchronous serial interface transmission ASIF6 R - v - 00H
status register 6
FF56H | Clock selection register 6 CKSR6 R/W - v - 00H
FF57H Baud rate generator control register 6 BRGC6 R/W - v - FFH
FF58H | Asynchronous serial interface control register 6 | ASICL6 R/W \ v - 16H
FF59H | 8-bit timer compare register 52 CR52 R/W v - 00H
FF5BH | Timer clock selection register 52 TCL52 R/W S v - 00H
FF5CH | 8-bit timer mode control register 52 TMC52 R/W \ v - 00H
86 User's Manual U18696EJ3VOUD




CHAPTER 5 CLOCK GENERATOR

5.6.10 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the 78K0/LE3.

Table 5-10. Peripheral Hardware and Source Clocks

Source Clock Peripheral | Subsystem Internal TM50 TM52 TMHA1 External Clock
Hardware | Clock (fsus) | Low-Speed Qutput Qutput Output from Peripheral
Clock (frrs) Oscillation Hardware Pins
Peripheral Hardware Clock (frL)
16-bit timer/ 00 Y Y N N Y N Y (TI000 pin)"**®
event counter
8-bit timer/ 50 Y N N N N N Y (TI50 pin)**®
event counter 51 \% N N N N \% Y (TI51 pin)**
52 Y N N N N N Y (TI52 pin)**®
8-bit timer HO Y N N Y N N
H1 Y N Y N N N N
H2 Y N N N N N N
Real-time counter Y Y N N N N N
Watchdog timer N N Y N N N N
Buzzer output Y N N N N N N
Successive approximation Y N N N N N N
type A/D converter
AX type A/D converter Y Y N N N N N
Serial interface UARTO Y N N Y N N N
UART6 Y N N Y N N N
CSI0 \4 N N N N N Y (SCK10 pin)*™
LCD controller/driver Y Y Y N N N N
Manchester code generator Y N N N N N N
Remote controller receiver Y Y N N N N N

Note When the CPU is operating on the subsystem clock and the internal high-speed oscillation clock has been
stopped, do not start operation of these functions on the external clock input from peripheral hardware pins.

Remark Y: Can be selected, N: Cannot be selected
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Table 6-2. Capture Operation of CR000 and CR010

External Input
Signal
Capture
Operation

TI000 Pin Input Il | |

TI010 Pin Input | | | |

Capture operation of
CR000

CRCO001 =1
TI000 pin input
(reverse phase)

UL

Set values of ES001 and
ES000

Position of edge to be
captured

01: Rising

00: Falling

ULk
Hinsj

11: Both edges
(cannot be captured)

CRCO001 bit=0
TI010 pin input

JuL

Set values of ES101 and
ES100

Position of edge to be
captured

01: Rising

E

00: Falling

E

11: Both edges

E

Interrupt signal

INTTMOOO signal is not
generated even if value
is captured.

Interrupt signal

INTTMOOO signal is
generated each time
value is captured.

Capture operation of
CR010

TI000 pin input™™*

L

Set values of ES001 and
ES000

Position of edge to be
captured

01: Rising

-

00: Falling

-
e

11: Both edges

1

=

Interrupt signal

INTTMO10 signal is
generated each time
value is captured.

Note The capture operation of CR010 is not affected by the setting of the CRCO001 bit.

Caution To capture the count value of the TMOO register to the CR000 register by using the phase
reverse to that input to the TIO00 pin, the interrupt request signal (INTTMO0O00) is not generated
after the value has been captured. If the valid edge is detected on the TI010 pin during this
operation, the capture operation is not performed but the INTTMO00O signal is generated as an
external interrupt signal. To not use the external interrupt, mask the INTTMO000 signal.

Remark

CRCO001: See 6.3 (2) Capture/compare control register 00 (CRC00).

ES101, ES100, ES001, ES000: See 6.3 (4) Prescaler mode register 00 (PRMO00).

180
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

Figure 6-9. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH  After reset: 00H R/W

Symbol
PRMO00O

Notes 1.

7 6 5 4 3 2 1 0
ES101 ES100 ES001 ES000 0 | PRMO002 | PRMO001 | PRMO000
ES101 ES100 TI010 pin valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
ES001 ES000 TIO0O0 pin valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

PRM002 | PRM00O1 | PRM000 Count clock selection™"
frrRs =2 MHz | fers =5 MHz | frrs = 10 MHz

0 0 0 fers"™®? 2 MHz 5 MHz 10 MHz

0 0 1 frrs/2 1 MHz 2.5 MHz 5 MHz

0 1 0 frrs/2° 500 kHz 1.25 MHz 2.5 MHz

0 1 1 frrs/2* 1.25 MHz 2.5 MHz 625 kHz

1 0 0 frrs/2° 7.81 kHz 19.58 kHz 39.06 kHz

1 0 1 fsus 32.768 kHz

1 1 0 TI000 valid edge™*®

1 1 1 TM52 output

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=2.7105.5V: frrs < 10 MHz

e Vpp=1.8102.7 V: fPrRs < 5 MHz

If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V < Vbb < 2.7 V, the setting of PRM002 = PRM001 = PRMO00O = 0 (count clock: frrs) is
prohibited.

The external clock from the TIO00 pin requires a pulse longer than twice the cycle of the peripheral
hardware clock (frrs).

Caution Do not select the valid edge of TI000 as the count clock during the pulse width measurement.

Remarks 1.

8-bit timer/event counter 52 (TM52) output can be selected as the TM0OO count clock by setting
PRMO002, PRM001, PRMO0O = 1, 1, 1. Any frequency can be set as the 16-bit timer (TMO0O) count
clock, depending on the TM52 count clock and compare register setting values.

frrs: Peripheral hardware clock frequency

fsue: Subsystem clock frequency
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

Figure 6-28. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (1/2)

(a) TOCO00 = 13H, PRM0O = 10H, CRCO00, = 03H, TMCO00 = 08H, CR010 = 0001H

TMOO register
M S =

0000H N

Operable bits 00 >
(TMCO003, TMCO002)

10

Capture & count clear input
(TI1000 pin input)

Capture( E;ep?(l)s(;g; 0000H M N S P

Capture interrupt
(INTTMo00) L

Compare register
(CR010) >< 0001H
Compare match interrupt '| ‘| '| '| '|
(INTTMO010) -I_

TOO00 output

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

TMOO is cleared at the rising edge detection of the TIO0O0 pin and it is captured to CRO0O at the falling edge
detection of the TI000 pin.

When bit 1 (CRCO001) of capture/compare control register 00 (CRCO00) is set to 1, the count value of TMOO is
captured to CR0OO0O in the phase reverse to that of the signal input to the TI000 pin, but the capture interrupt signal
(INTTMOO0O) is not generated. However, the INTTMOOO signal is generated when the valid edge of the TI010 pin
is detected. Mask the INTTMOOO signal when it is not used.
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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

L

Clear

\ Timer counter
J

Count clock (TMO0)

Capture register Interrupt signal

Capture signal (CR010) 77 (NTTMO10)

TOO00
Output | output _
controller © TOOO pinNete
; Edge
TI000 pin © ; =

i detection § Capture register Interrupt signal

2 CR000) (INTTMO00)

i Not Edge © Capture (
TI010 pin™=Q detection @ signal

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI0O10 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, TMCO00 = 0AH

L
TMOO register N__ Q
M- o P A R S__ T
0000H
Operable bits 00 10

(TMC003, TMC002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMo00) L

o ot o000 XL X m XnXoX P X a XrX s X7
Capture intrru L I

TOO00 output

0000H

This is an application example where the count value is captured to CR010, TMOO is cleared, and the TO00
output is inverted when the rising or falling edge of the TI000 pin is detected.

When the edge of the TI010 pin is detected, an interrupt signal (INTTMOOO) is generated. Mask the INTTMO00O
signal when it is not used.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Figure 6-34. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

¢ TOCO00 = 13H, PRMO00 = 00H, CRC00 = 00H, TMCO00 = 04H

FFFFH

| A Wl W8 Wt
TMOO register

0000H

Operable bits ><
(TMCO003, TMCO002) 00 o 00

Compare register M
(CR000) x

Compare match interrupt
(INTTMO00) -| -| -| -|

Compare register
(CR010) >< N

Compare match interrupt
(INTTMO10) -| -| -| -|

TOO00 output

OVFOO bit —l —l _|_

? ? ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where two compare registers are used in the free-running timer mode.
The TOOO output level is reversed each time the count value of TMOO matches the set value of CR0O00 or CR010.
When the count value matches the register value, the INTTMOOO or INTTMO10 signal is generated.

(2) Free-running timer mode operation
(CR000: compare register, CR010: capture register)

Figure 6-35. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

Count clock Timer counter
r (TMO0)

- & Match signal Interrupt signal
Operable bits {} I (INTTMO00)
TMCO003, TMC002 : TO00
Compare register Output [ output )
(CR000) controller [———=© TO00 pin
. Edge Capture register Interrupt signal
Tiooo pin @ detection Capture Signa| (CR01 0) (INTTMO1 O)
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50, 51, AND 52

260

Figure 7-11. Format of 8-Bit Timer Mode Control Register 52 (TMC52)

Address: FF5CH  After reset: OOH R/W

Symbol <7> 6 5 4 3 2 1
TMC52 TCE52 0 0 0 0 ‘ 0 ‘ 0
TCE52 TM52 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

Caution Be sure to clear bits 0 to 6 to 0.
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CHAPTER 14 SERIAL INTERFACE UARTO

(c) Transmission

If bit 7 (POWERO) of asynchronous serial interface operation mode register 0 (ASIMO) is set to 1 and bit 6
(TXEOQ) of ASIMO is then set to 1, transmission is enabled. Transmission can be started by writing transmit
data to transmit shift register 0 (TXS0). The start bit, parity bit, and stop bit are automatically appended to
the data.

When transmission is started, the start bit is output from the TxDO pin, and the transmit data is output
followed by the rest of the data in order starting from the LSB. When transmission is completed, the parity
and stop bits set by ASIMO are appended and a transmission completion interrupt request (INTSTO) is
generated.

Transmission is stopped until the data to be transmitted next is written to TXSO0.

Figure 14-9 shows the timing of the transmission completion interrupt request (INTST0). This interrupt
occurs as soon as the last stop bit has been output.

Caution After transmit data is written to TXS0, do not write the next transmit data before the
transmission completion interrupt signal (INTSTO) is generated.

Figure 14-9. Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxDO (output) \ Start/ DO X D1 X D2 B D6 X D7 XParity StopI
INTSTO —|

2. Stop bit length: 2

400

\ \
TxDO (output) Start/ DO X D1 X D2 B D6 X D7 XParity/ Stop

INTSTO

User's Manual U18696EJ3VOUD



<R>

<R>

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

(8) Port function register 1 (PF1)
This register sets the pin functions of P13/SO10/TxD0/<TxD6> pin.
PF1 is set using a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PF1 to O0H.

Figure 15-12. Format of Port Function Register 1 (PF1)

Address: FF20H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PF1 0 0 0 0 PF13 0 0 0
PF13 Port (P13), CSI10, UARTO, and UART®6 output specification
0 Used as P13 or SO10
1 Used as TxDO or TxD6

(9) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.

When using the P13/SO10/TxD0/<TxD6> pin for serial interface data output, clear PM13 to 0. The output latch of
P13 at this time may be 0 or 1.

When using the P12/S110/RxD0/<RxD6> pin for serial interface data input, set PM12 to 1. The output latch of
P12 at this time may be 0 or 1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 15-13. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | 1 ‘ 1 ‘ 1 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ 1 |
PM1n P1n pin I/O mode selection (n =1 to 4)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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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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CHAPTER 16 SERIAL INTERFACE CSI10

(2) Communication operation
In the 3-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted or
received in synchronization with the serial clock.
Data can be transmitted or received if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 1.
Transmission/reception is started when a value is written to transmit buffer register 10 (SOTB10). In addition,
data can be received when bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 0.
Reception is started when data is read from serial I/O shift register 10 (SIO10).
After communication has been started, bit 0 (CSOT10) of CSIM10 is set to 1. When communication of 8-bit data
has been completed, a communication completion interrupt request flag (CSIIF10) is set, and CSOT10 is cleared
to 0. Then the next communication is enabled.

Caution Do not access the control register and data register when CSOT10 = 1 (during serial
communication).

Figure 16-6. Timing in 3-Wire Serial I/0 Mode (1/2)

(a) Transmission/reception timing (Type 1: TRMD10 = 1, DIR10 = 0, CKP10 = 0, DAP10 = 0)

esshwtovgger  [| | L L L L L0 0L i
SOTB10 i:x ; ; ; 55I-E| (coinmuinicatiion diata) ; ; ; ; ; ; ; ;
SI010 ABH 56H ADH 5AH BSH 6AH D5H EXAAH
oo [T
weso 1L
SI10 (receive AAH) ; ; I ; | ; | ; | ; | ; | ; | ; | ;

y

55H is written to SOTB10.
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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

(4) Data high level width determination

<1> <2> <§> <4> <5>
RINYte | RINNOt | ; | E !
RINNOte, mNote I ' ! '
RINNOte, mNote E 1
RINNOte, mNote :
RINNOte, mNote |
RMDHO0S o

4 RMDHOL o

|l RMDH1S -—

- RMDH1L

—p|Allowable | _—p|Allowable |

range range

A

Note RIN is generated in type A reception mode, and RIN is generated in type B and type C reception modes.

Relationship Between
RMDHO0S/RMDHOL/RMDH1S/RMDH1L/Counter

Position of Waveform

Corresponding Operation

Counter < RMDHO0S

<1>: Short

Error interrupt INTRERR is generated.
Measuring the guide pulse high-level width is started
at the next rising edge.

RMDHOS < counter < RMDHOL

<2>: Within the range

Data 0 is received.
Measuring data low-level width is started.

RMDHOL < counter < RMDH1S

<3>: Outside of the
range

Error interrupt INTRERR is generated.
Measuring the guide pulse high-level width is started
at the next rising edge.

RMDH1S < counter < RMDH1L

<4>: Within the range

Data 1 is received.
Measuring the data low-level width is started.

RMDH1L < counter

<5>: Long

(Type A reception mode)

Error interrupt INTRERR is generated at the A point.
(Type B, Type C reception modes)

Measuring the end width is started from the A point.

Measuring the guide pulse high-level width is started
at the next rising edge.

Note In type C reception mode, before the first INTDFULL interrupt is generated, INTRERR will not be generated.
However, RMSR and RMSCR will be cleared.
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APPENDIX A DEVELOPMENT TOOLS

Figure A-1. Development Tool Configuration (2/2)

(2) When using the on-chip debug emulator with programming function QB-MINI2

Notes 1.

Language processing software

Software package

* Software package

* Assembler package

o C compiler package

o Device fileNete!

o C library source fileNte2

Debugging software

o Integrated debuggerMo*e?

Control software
* Project manager
(Windows only)Nete3

Host machine
(PC or EWS)

USB interface cableNete4

<When using as flash memory programmer>

QB-MIN|2Note4

Connection cable
(16-pin cable)Note4

<When using as on-chip debug emulator>

QB-MIN|2Nete 4

78K0-OCD board"ete4

Connection cable
(10-pin/16-pin cable)Nete4

Target connector

Target system

Download the device file (DF780495) for the 78K0/LE3 and the integrated debugger ID78K0-QB from

the download site for development tools (http://www.necel.com/micro/ods/eng/index.html).

The C library source file is not included in the software package.
The project manager PM+ is included in the assembler package.

The PM+ is

only used for Windows.

The QB-MINI2 is supplied with a USB interface cable, connection cables (10-pin and 16—pin cables),
and the 78K0-OCD board. Any other products are sold separately.

Download the software for operating the QB-MINI2 from the download site for development tools

(http://www.necel.com/micro/ods/eng/index.html).

User's Manual U18696EJ3VOUD

731


http://www.necel.com/micro/ods/eng/index.html
http://www.necel.com/micro/ods/eng/index.html

For further information,
please contact:

NEC Electronics Corporation

1753, Shimonumabe, Nakahara-ku,
Kawasaki, Kanagawa 211-8668,
Japan

Tel: 044-435-5111
http://www.necel.com/

[America]

NEC Electronics America, Inc.
2880 Scott Blvd.
Santa Clara, CA 95050-2554, U.S.A.
Tel: 408-588-6000

800-366-9782
http://www.am.necel.com/

[Europe]

NEC Electronics (Europe) GmbH
Arcadiastrasse 10

40472 Dusseldorf, Germany

Tel: 0211-65030
http://www.eu.necel.com/

Hanover Office
Podbielskistrasse 166 B
30177 Hannover

Tel: 0511 33402-0

Munich Office
Werner-Eckert-Strasse 9
81829 Miinchen

Tel: 08992 10 03-0

Stuttgart Office
Industriestrasse 3
70565 Stuttgart
Tel: 071199 01 0-0

United Kingdom Branch
Cygnus House, Sunrise Parkway
Linford Wood, Milton Keynes
MK14 6NP, U.K.

Tel: 01908-691-133

Succursale Francaise

9, rue Paul Dautier, B.P. 52
78142 Velizy-Villacoublay Cédex
France

Tel: 01-3067-5800

Sucursal en Espaina
Juan Esplandiu, 15
28007 Madrid, Spain
Tel: 091-504-2787

Tyskland Filial
Taby Centrum
Entrance S (7th floor)
18322 Taby, Sweden
Tel: 08 638 72 00

Filiale ltaliana

Via Fabio Filzi, 25/A
20124 Milano, ltaly
Tel: 02-667541

Branch The Netherlands
Steijgerweg 6

5616 HS Eindhoven

The Netherlands

Tel: 040 265 40 10

[Asia & Oceania]

NEC Electronics (China) Co., Ltd

7th Floor, Quantum Plaza, No. 27 ZhiChunLu Haidian
District, Beijing 100083, P.R.China

Tel: 010-8235-1155

http://www.cn.necel.com/

Shanghai Branch

Room 2509-2510, Bank of China Tower,

200 Yincheng Road Central,

Pudong New Area, Shanghai, PR.China P.C:200120
Tel:021-5888-5400

http://www.cn.necel.com/

Shenzhen Branch

Unit 01, 39/F, Excellence Times Square Building,
No. 4068 Yi Tian Road, Futian District, Shenzhen,
P.R.China P.C:518048

Tel:0755-8282-9800

http://www.cn.necel.com/

NEC Electronics Hong Kong Ltd.

Unit 1601-1613, 16/F., Tower 2, Grand Century Place,

193 Prince Edward Road West, Mongkok, Kowloon, Hong Kong
Tel: 2886-9318

http://www.hk.necel.com/

NEC Electronics Taiwan Ltd.

7F, No. 363 Fu Shing North Road
Taipei, Taiwan, R. O. C.

Tel: 02-8175-9600
http://www.tw.necel.com/

NEC Electronics Singapore Pte. Ltd.
238A Thomson Road,

#12-08 Novena Square,

Singapore 307684

Tel: 6253-8311
http://www.sg.necel.com/

NEC Electronics Korea Ltd.

11F., Samik Lavied’or Bldg., 720-2,
Yeoksam-Dong, Kangnam-Ku,
Seoul, 135-080, Korea

Tel: 02-558-3737
http://www.kr.necel.com/
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