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78KOR/Lx3 CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2) : 78KOR/LF3

Function Name I/0 Function After Reset Alternate Function

P50 I/0 Port 5. Input port | SEG30/RxD3

P51 8-bit I/ port. SEG29/TxD3
Input/output can be specified in 1-bit units.

P52 . . - SEG28/T102
Use of an on-chip pull-up resistor can be specified by a software

P53 setting. SEG27/TI04

P54 to P57 SEG26 to SEG23

P90 to P92 I/0 Port 9. Input port | SEG22 to SEG20
3-bit 1/0 port.

Inputs/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.

P100 I/0 Port 10. Input port | SEG11
1-bit I/O port.

Inputs/output can be specified in 1-bit units.

Use of an on-chip pull-up resistor can be specified by a software

setting.
R P110 1’0 Port 11. Input port | ANOO"™™*
<R> .
P111 2-bit I/0 port ANO1 Note
Inputs/output can be specified in 1-bit units.
P120 I/0 Port 12. Input port | INTPO/EXLVI
P121 Input 1-bit I/O port and 4-bit input port. X1
For only P120, input/output can be specified in 1-bit units.
P122 For only P120, use of an on-chip pull-up resistor can be X2/EXCLK
P123 specified by a software setting. XT1
P124 XT2
P130 Output | Port 13. Output port -
1-bit output port.
P140to P147 | I/O Port 14. Input port | SEG19 to SEG12
8-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
<R> P157 I/0 Port 15. Digital ANI15/AVRerm "
1-bit 1/0 port. input port
Input/output can be specified in 1-bit units.
<R> Note ANOx and AVRrerm apply to z PD78F150xA only.
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78KOR/Lx3 CHAPTER 3 CPU ARCHITECTURE

Table 3-5. SFR List (4/5)

Address| Special Function Register (SFR) Name Symbol R/W Manipulable Bit After Reset | & | & | &
Range % % %

1-bit | 8-bit | 16-bit 3lglz

FFFIDH | Real-time counter control register 0 RTCCO RW | v - 00H VIV
FFFOEH | Real-time counter control register 1 RTCC1 RW | v - 00H VAN
FFFOFH | Real-time counter control register 2 RTCC2 RW | v - 00H VAN
FFFAOH | Clock operation mode control register CMC RW | - v - 00H VIV
FFFA1H | Clock operation status control register CSsC RW | v - COH VIV
FFFA2H | Oscillation stabilization time counter status |OSTC R v v - 00H ViV

register
FFFA3H | Oscillation stabilization time select register |OSTS RW | - v - 07H AR
FFFA4H | Clock control register CKC RW | v - 09H VIV
FFFASH | Clock output select register 0 CKSo RW| v - 00H VIV
FFFAGH | Clock output select register 1 CKs1 RW | + y - 00H MR
FFFA8H | Reset control flag register RESF R - v - | Undefined | v | ¥ | ¥
Note 1

FFFA9H | Low-voltage detection register LvVIM RW| v - 00H™** | N |V |V
FFFAAH | Low-voltage detection level select register |LVIS R/W v - OEH™** | V|V |V
FFFABH | Watchdog timer enable register WDTE RW | - v - TAGA™* | N | V| Y
FFFBOH | DMA SFR address register 0 DSA0 RW /| - v - 00H VIV
FFFB1H | DMA SFR address register 1 DSA1 RW| - | V| - 00H [V V|V
FFFB2H | DMA RAM address register OL DRAOL |DRAO |R/W | - v v 00H VIV
FFFB3H | DMA RAM address register OH DRAOH RW | - v 00H VIV
FFFB4H | DMA RAM address register 1L DRATL [DRAT [RW | - | v | 00H | V[V A
FFFB5H | DMA RAM address register 1H DRA1H RW| - v 00H VIV
FFFB6H | DMA byte count register OL DBCOL |DBCO (RW | - v v 00H VIV
FFFB7H | DMA byte count register OH DBCOH RW| - y 00H NV A
FFFB8H | DMA byte count register 1L DBCIL [DBCT [RW | - | v | 00H [V |V | Y
FFFBOH | DMA byte count register 1H DBC1H RW | - v 00H MRIA
FFFBAH | DMA mode control register 0 DMCO RW | v - 00H VIV
FFFBBH | DMA mode control register 1 DMC1 RW | v - 00H VIV
FFFBCH| DMA operation control register 0 DRCO RW| v - 00H VIV
FFFBDH| DMA operation control register 1 DRC1 RW | v - 00H VIV
FFFBEH | Back ground event control register BECTL RW | 3 - 00H VIV
FFFCOH _ PFCMD""* - - - — | Undefined | ¥V | ¥ | ¥
FFFC2H - PFS"*s - | - | = | - |Undefined | V|V |V
FFFC4H _ FLPMC"*** - - - — | Undefined | ¥V | ¥ | ¥

Notes 1. The reset value of RESF varies depending on the reset source.

2. The reset value of LVIM varies depending on the reset source and the setting of the option byte.
The reset value of LVIS varies depending on the reset source.
The reset value of WDTE is determined by the setting of the option byte.

ok w

Do not directly operate this SFR, because it is to be used in the self programming library.
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78KOR/Lx3 CHAPTER 6 TIMER ARRAY UNIT

Remark pq: Unit number + Channel number (only for channels provided with timer I/O pins)
<1> 78KOR/LF3:
ep=0,q=0t04,7(q=0, 2, 4 for master channel)
g < r<7 (where ris a consecutive integer greater than q)
<2> 78K0OR/LG3:
ep=0,9q=0t07(q=0, 2, 4, 6 for master channel)
g < r<7 (where ris a consecutive integer greater than q)
<3> 78K0R/LH3:
ep=0,9g=0t07(q=0, 2, 4, 6 for master channel)
g < r <7 (where r is a consecutive integer greater than q)
ep=1,q=0t0 3 (q=0, 2 for master channel)
g < r <3 (where r is a consecutive integer greater than q)

(13) Input switch control register (ISC)
ISC is used to implement LIN-bus communication operation with channel 7 of timer array unit 0 in association with
serial array unit 1.
When bit 1 of this register is set to 1, the input signal of the serial data input pin (RxD3) is selected as a timer input
signal.
ISC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 6-22. Format of Input Switch Control Register (ISC)

Address: FFF3CH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 ISC4 ISC3 ‘ ISC2 ‘ ISC1 ISCO
ISC1 Switching channel 7 input of timer array unit
0 Uses the input signal of the TI07 pin as a timer input (normal operation).
1 Input signal of RxD3 pin is used as timer input (wakeup signal detection).

Caution Be sure to clear bits 5 to 7 to “0”.

Remarks 1. When the LIN-bus communication function is used, select the input signal of the RxD3 pin by setting
ISC1 to 1.
2. Bits 0 and 2 to 4 of ISC are not used with TAUO.
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78KOR/Lx3

CHAPTER 7 REAL-TIME COUNTER

7.4.2 Shifting to STOP mode after starting operation
Perform one of the following processing when shifting to STOP mode immediately after setting RTCE to 1.
However, after setting RTCE to 1, this processing is not required when shifting to STOP mode after the first INTRTC

interrupt has occurred.

e Shifting to STOP mode when at least two subsystem clocks (fsus) (about 62 x s) have elapsed after setting RTCE to 1
(see Figure 7-20, Example 1).
e Checking by polling RWST to become 1, after setting RTCE to 1 and then setting RWAIT to 1. Afterward, setting
RWAIT to 0 and shifting to STOP mode after checking again by polling that RWST has become 0 (see Figure 7-20,

Example 2).

Figure 7-20. Procedure for Shifting to STOP Mode After Setting RTCE to 1

Example 1

=

RTCE =1

Waiting at least for 2
fsus clocks

STOP mode

A

Sets to counter operation
start

Shifts to STOP mode No

Example 2

(

RTCE =1

RWAIT =1

é

Yes

RWAIT =0

%\

Yes

STOP mode

¢

Sets to counter operation
start

Sets to stop the SEC to YEAR
counters, reads the counter
value, write mode

Checks the counter wait status

Sets the counter operation

Shifts to STOP mode
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Figure 7-28. Operation When (DEV, F6, F5, F4, F3, F2, F1,F0)=(1,1,1,0,1,1,1, 0)

7FFFH — 24H (36) 7FFFH — 24H (36)

Count start

RSUBC A
count value 7FDAHX7FDBHY 0000H 7FFFH 7FFFH { 0000H 7FFFH 7FFFH X 0000H X 0001H 7FFFH y 7FFFH
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CHAPTER 10 12-BIT A/D CONVERTER (x PD78F150xA),
78KOR/Lx3 10-BIT A/D CONVERTER (1 PD78F151xA)

10.2 Configuration of A/D Converter
The A/D converter includes the following hardware.

(1) ANIO to ANI10, ANI15 pins
These are the analog input pins of the A/D converter. They input analog signals to be converted into digital signals.
Pins other than the one selected as the analog input pin can be used as I/O port pins.

Remark 78KOR/LF3: ANIO-ANI6, ANI15
78KOR/LGS3, 78KOR/LH3: ANIO-ANI10, ANI15

(2) Sample & hold circuit
The sample & hold circuit samples each of the analog input voltages sequentially sent from the input circuit, and
sends them to the A/D voltage comparator. This circuit also holds the sampled analog input voltage during A/D
conversion.

(3) Series resistor string
The series resistor string is connected between ADrerp and ADRerm, and generates a voltage to be compared with the

sampled voltage value.

Figure 10-3. Circuit Configuration of Series Resistor String

AD-rerp

P-ch = | o<} ADCS

Series resistor string

ADrerm

(4) Voltage comparator
The voltage comparator compares the sampled voltage value and the output voltage of the series resistor string.

(5) Successive approximation register (SAR)
This register converts the result of comparison by the voltage comparator, starting from the most significant bit (MSB).
When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D conversion),
the contents of the SAR register are transferred to the A/D conversion result register (ADCR).
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CHAPTER 10 12-BIT A/D CONVERTER (x PD78F150xA),

78KOR/Lx3 10-BIT A/D CONVERTER (¢ PD78F151xA)
Table 10-2. A/D Conversion Time Selection
A/D Converter Mode Register (ADM) Mode Conversion Time Selection Conversion
FR2 | FR1 | FRO | LV1 | LVO fork = fork = fork = fork = Clock (fan)
1 MHz 8 MHz 10 MHz 20 MHz
0 0 0 0 0 Normal | 240/fck | Setting 30 us 24 us 12 us fok/12
0 0 1 mode 1 160/fcik | prohibited | 20 us 16 us 8 us fok/8
0 1 0 tote? 120/foLk 15 us 12 s 6 us foLk/6
0 1 1 100/fcLk 12.5 us 10 s 5 s fouk/5
1 0 0 80/fcLk 10 us 8 us Setting foLk/4
1 0 1 60/fcik 7.5 us 6 us prohibited  |fcik/3
1 1 0 40/fck |40 us 5us Setting feLk/2
1 1 1 20/fcik |20 ws Setting prohibited fouk
prohibited
0 0 0 0 1 Normal | 240/fck | Setting 30 us 24 us 12 us fok/12
0 0 1 mode 2 | 160/fcik | prohibited | 20 us 16 us 8 us fok/8
0 1 0 tote2 120/fcLk 15 us 12 us 6 us fou/6
0 1 1 100/fcLk 12.5 us 10 s 5 s fowk/5
1 0 0 80/fcLk 10 us 8 us Setting foLk/4
1 0 1 60/fcLk 7.5 us 6 us prohibited  |fcix/3
1 1 0 40/fck | 40 s 5 us Setting fok/2
1 1 1 20/fcik |20 ws Setting prohibited fouk
prohibited
0 0 0 1 0 Low |300/fcik | Setting 37.5 us 30 us 15 45" |fe/12
0 0 1 voltage | 200/fcwx | prohibited | 25 us 20 us™* 110 us"* |fow/8
0 1 0 mode | 150/fcwk 18.8 5™ |15 us™®* | 7.5 1s"? i
0 1 1 e 125 fo 156 18" | 125 5"™* |6.25 8™ |fow/5
1 0 0 100/feLk 125 15"°* |10 s"™* | Setting foLw/4
1 0 1 75/feLx 9.38 1s™™* | 7.5 us"* | prohibited  |fou/3
1 1 0 50/fcik | 50 us 6.25 15" | Setting foLk/2
1 1 1 25/fck |25 us Setting prohibited fork
prohibited
Other than above Setting prohibited
Notes 1. Normal mode 1: 2.7 V < AVbDo < 5.5 V, when operation of the input gate voltage boost circuit for the A/D

converter is stopped.

2. Normal mode 2: 2.3 V < AVbDo < 5.5 V, when operation of the input gate voltage boost circuit for the A/D
converter is operating.

3. Low voltage mode: 1.8 V < AVDDo < 5.5 V, when operation of the input gate voltage boost circuit for the A/D
converter is operating.

4. WhenTA=0t050°Cand 2.3V <AVDD0<3.6V.

Caution When using the A/D converter in normal mode 2 (LV1 = 0, LVO = 1) or low voltage mode (LV1 =1, LVO
= 0), enable the input gate voltage boost circuit for the A/D converter by using the analog reference
voltage control register (ADVRC), and then set ADCE and ADCS to 1. After the voltage boost circuit
stabilization time (10 us) passes after the input gate voltage boost circuit for the A/D converter has
been enabled, set ADCS to 1.

Remark fcik: CPU/peripheral hardware clock frequency
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78KOR/Lx3 CHAPTER 11 D/A CONVERTER (z PD78F150xA only)

11.3 Registers Used in D/A Converter
The D/A converter uses the following four registers.

o Peripheral enable register 0 (PERO)

e D/A converter mode register (DAM)

e D/A conversion value setting registers W0, W1 (DACSWO0, DACSW1)
e D/A conversion value setting registers 0, 1 (DACS0, DACS1)

(1) Peripheral enable register 0 (PERO0)
PERQO is used to enable or disable use of each peripheral hardware macro. Clock supply to a hardware macro that is
not used is stopped in order to reduce the power consumption and noise.
When the D/A converter is used, be sure to set bit 6 (DACEN) of this register to 1.
PERO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Cautions When setting the D/A converter, be sure to set DACEN to 1 first. If DACEN = 0, writing to a
control register of the D/A converter is ignored, and, even if the register is read, only the default
value is read.

Figure 11-2. Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PERO RTCEN DACEN ADCEN IICAEN ™* SAU1EN SAUOEN TAU1EN TAUOEN
DACEN Control of D/A converter input clock
0 Stops supply of input clock.

e SFR used by the D/A converter cannot be written.
e The D/A converter is in the reset status.

1 Supplies input clock.
e SFR used by the D/A converter can be read/written.

Note 78KOR/LGS3, 78KOR/LH3 only
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78KOR/Lx3 CHAPTER 14 SERIAL ARRAY UNIT

O

)

Shift register

This is an 8-bit register that converts parallel data into serial data or vice versa.

During reception, it converts data input to the serial pin into parallel data.

When data is transmitted, the value set to this register is output as serial data from the serial output pin.
The shift register cannot be directly manipulated by program.

To read or write the shift register, use the lower 8 bits of serial data register mn (SDRmn).

Shift register | ‘ ‘ ‘ | ‘ ‘ ‘ |

Lower 8 bits of the serial data register mn (SDRmn)

SDRmn is the transmit/receive data register (16 bits) of channel n. Bits 7 to 0 function as a transmit/receive buffer
register, and bits 15 to 9 are used as a register that sets the division ratio of the operation clock (MCK).

When data is received, parallel data converted by the shift register is stored in the lower 8 bits. When data is to be
transmitted, set transmit to be transferred to the shift register to the lower 8 bits.

The data stored in the lower 8 bits of this register is as follows, depending on the setting of bits 0 to 2 (DLSmnO to
DLSmn2) of the SCRmn register, regardless of the output sequence of the data.

o 5-bit data length (stored in bits 0 to 4 of SDRmn register) (settable in UART mode only)

o 7-bit data length (stored in bits 0 to 6 of SDRmn register)

» 8-bit data length (stored in bits 0 to 7 of SDRmn register)

SDRmn can be read or written in 16-bit units.

Note

The lower 8 bits of SDRmn of SDRmn can be read or written™* as the following SFR, depending on the
communication mode.

e CSlp communication ... SIOp (CSlp data register)

e UARTq reception ... RXDq (UARTQq receive data register) Note Writing in 8-bit units is prohibited
e UARTq transmission ... TXDq (UART(q transmit data register) when the operation is stopped
e [ICr communication ... SIOr (IICr data register) (SEmn = 0).

Reset signal generation clears this register to 0000H.

Remarks 1. After data is received, “0” is stored in bits 0 to 7 in bit portions that exceed the data length.
2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
p: CSI number (p = 00, 01, 10, 20), g: UART number (q = 0 to 3), r: [IC number (r = 10, 20)
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78KOR/Lx3 CHAPTER 14 SERIAL ARRAY UNIT

(3) Processing flow (in single-reception mode)

Figure 14-36. Timing Chart of Master Reception (in Single-Reception Mode) (Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn ﬂ_
SEmn .
— Receive data 1 Receive data 2 Receive data 3
SDRmn Dummy data for reception X Dummy data Dummy data !
AWrite AWrite Write
ARead ARpad Redd A
SCKp pin igligigipiguyigh gigigigigigigl pigigigigigigh
Slp pin Receive data 1 Receive data 2 Receive data 3
register mn X_freckpir & shit sperzfior fRecpptior & 5t ppergfion ) )ecgption & s gpergiion( X
INTCSIp 1 |
Data reception (8-bit length) Data reception (8-bit length) Data reception (8-bit length)
TSFmn

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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78KOR/Lx3 CHAPTER 14 SERIAL ARRAY UNIT

(3) Processing flow (in single-transmission mode)

Figure 14-50. Timing Chart of Slave Transmission (in Single-Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn ﬂ_
SEmn |
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
SCKp pin
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shift e —— —_———
register mn Shitt spersfion X Shit cperafiory XX it spergfior) )X
INTCSIp I I L
Data transmission (8-bit length) Data transmission (8-bit length) Data transmission (8-bit length)
TSFmn

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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78KOR/Lx3

CHAPTER 14 SERIAL ARRAY UNIT

14.6 Operation of UART (UARTO, UART1, UART2, UART3) Communication

This is a start-stop synchronization function using two lines: serial data transmission (TxD) and serial data reception

(RxD) lines. It transmits or receives data in asynchronization with the party of communication (by using an internal baud

rate). Full-duplex UART communication can be realized by using two channels, one dedicated to transmission (even

channel) and the other to reception (odd channel).
[Data transmission/reception]
e Data length of 5, 7, or 8 bits
e Select the MSB/LSB first

¢ Level setting of transmit/receive data and select of reverse

o Parity bit appending and parity check functions

¢ Stop bit appending
[Interrupt function]
¢ Transfer end interrupt/buffer empty interrupt

e Error interrupt in case of framing error, parity error, or overrun error

[Error detection flag]
e Framing error, parity error, or overrun error

The LIN-bus is supported in UART3 (2, 3 channels of unit 1)

[LIN-bus functions]
o Wakeup signal detection
¢ Sync break field (SBF) detection
e Sync field measurement, baud rate calculation

UARTO uses channels 0 and 1 of SAUO.
UART1 uses channels 2 and 3 of SAUO.
UART2 uses channels 0 and 1 of SAU1.
UARTS uses channels 2 and 3 of SAU1.

External interrupt (INTPO) or timer array unit (TAU) is

used.

Used as UART

UART3 (supporting LIN-bus

Unit Channel Used as CSI
0 0 CSI00
1 CSIl0o1
2 CSI10
3 _
1 0 CSI20
1 _
2 —
3 _

Used as Simplified I°C

Caution When using serial array units 0 and 1 as UARTSs, the channels of both the transmitting side (even-

number channel) and the receiving side (odd-number channel) can be used only as UARTSs.

Remark For 78KOR/LF3, UARTO is not mounted.
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78KOR/Lx3

CHAPTER 14 SERIAL ARRAY UNIT

14.8 Processing Procedure in Case of Error

The processing procedure to be followed if an error of each type occurs is described in Figures 14-100 to 14-102.

Figure 14-100. Processing Procedure in Case of Parity Error or Overrun Error

Software Manipulation

Hardware Status

Remark

Reads SDRmn register.

#» BFF = 0, and channel n is enabled to
receive data.

This is to prevent an overrun error if
the next reception is completed
during error processing.

Reads SSRmn register.

Error type is identified and the read
value is used to clear error flag.

Writes SIRmn register.

#» Error flag is cleared.

Error can be cleared only during
reading, by writing the value read
from the SSRmn register to the
SIRmn register without modification.

Figure 14-101. Processing Procedure in Case of Framing Error

Software Manipulation

Hardware Status

Remark

Reads SDRmn register.

#» BFF = 0, and channel n is enabled to
receive data.

This is to prevent an overrun error if
the next reception is completed
during error processing.

Reads SSRmn register.

Error type is identified and the read
value is used to clear error flag.

Writes SIRmn register.

#» Error flag is cleared.

Error can be cleared only during
reading, by writing the value read
from the SSRmn register to the
SIRmn register without modification.

Sets STmn bit to 1.

% SEmn = 0, and channel n stops
operation.

Synchronization with other party of
communication

Synchronization with the other party
of communication is re-established
and communication is resumed
because it is considered that a
framing error has occurred because
the start bit has been shifted.

Sets SSmn bit to 1.

» SEmn = 1, and channel n is enabled to
operate.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 3)
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78KOR/Lx3 CHAPTER 15 SERIAL INTERFACE IICA

(d) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIM = 0 (after restart, does not match address (= not extension code))

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |[ACK| D7toDO |ACK| SP
AT A2 A3 A4

A1:1ICS =00100010B
A2: ]ICS = 00100000B
A3: 1ICS = 00000110B
A4: 1ICS = 00000001B

Remark A: Always generated
A: Generated only when SPIE = 1
x: Don’t care

(ii) When WTIM = 1 (after restart, does not match address (= not extension code))

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |[ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5

A1:1ICS =00100010B
A2: ]ICS =00100110B
A3: [ICS = 00100x00B
A4: 1ICS = 00000110B
AB: 1ICS = 00000001B

Remark A: Always generated
A:  Generated only when SPIE = 1
x: Don’t care
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78KOR/Lx3

CHAPTER 16 LCD CONTROLLER/DRIVER

(2) Internal voltage boosting method

<1>

<2>

<3>

<4>

<5>
<6>
<7>
<8>
<9>
<10>

<11>

<12>

Set the internal voltage boosting method via the MDSETO0 and MDSET1 bits (bits 4 and 5 of the LCDMD
register) (MDSETO = 1, MDSET1 = 0).
To use segment output only pins, use the SEGEN register to enable segment output to them.
To use segment output pins, which are alternatively used with port pins, use the PFALL register to set them
to segment output. In addition, to use the segment output pins, which are alternatively used with the T104,
TI02, and RxD3 pins, use the ISC register to disable input to the Schmitt trigger buffer.

Set the display data in LCD display RAM.

Set the number of time slices and the bias mode via the LCDMO to LCDM2 bits (bits 0 to 2 of the LCDM
register).

* When setting Static, 2-time-slice, 3-time-slice, or 4-time-slice — Go to step <5>

¢ When setting 8-time-slice — Go to step <6>

(Only 1/3 bias mode and 1/4 bias mode can be set for the internal voltage boost method.)

Select the display data area via the LCDSEL and BLON bits (bits 3 and 4 of the LCDM register).

Set the LCD source clock and LCD clock via the LCDCO register.

Set the reference voltage (adjust the contrast) via the VLCD register.

Wait for the reference voltage setup time (2 ms (min.)) after setting of the VLCD register.

Set (VLCON = 1) the VLCON bit (bit 5 of the LCDM register) to start the voltage boost circuit operation.
Wait for the voltage boost wait time after setting of VLCON (see CHAPTER 31 ELECTRICAL
SPECIFICATIONS).

Set (SCOC = 1) the SCOC bit (bit 6 of the LCDM register).

Non-selected waveforms are output from all the segment and common pins, and the non-display status is
entered.

Start output corresponding to each data memory by setting (LCDON = 1) the LCDON bit (bit 7 of the LCDM
register).

Caution When stopping the operation of the voltage boost circuit, be sure to set SCOC and LCDON to 0

before setting VLCON to 0.

(3) Capacitor split method

<1> Set the capacitor split method via the MDSETO0 and MDSET1 bits (bits 4 and 5 of the LCDMD register)
(MDSETO = 0, MDSET1 = 1).

<2> To use segment output only pins, use the SEGEN register to enable segment output to them.
To use segment output pins, which are alternatively used with port pins, use the PFALL register to set them
to segment output. In addition, to use the segment output pins, which are alternatively used with the T104,
TI02, and RxD3 pins, use the ISC register to disable input to the Schmitt trigger buffer.

<3> Set the display data in LCD display RAM.

<4> Set the number of time slices and the bias mode via the LCDMO to LCDM2 bits (bits 0 to 2 of the LCDM
register).
(Only 1/3 bias mode can be set for the capacitor split method)

<5> Select the display data area via the LCDSEL and BLON bits (bits 3 and 4 of the LCDM register).

<6> Set the LCD source clock and LCD clock via the LCDCO register.

<7> Set (VLCON = 1) the VLCON bit (bit 5 of the LCDM register) to start the voltage reduction circuit operation.

<8> Wait for the voltage capacitor split wait time after setting of VLCON (see CHAPTER 31 ELECTRICAL
SPECIFICATIONS).
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78KOR/Lx3 CHAPTER 16 LCD CONTROLLER/DRIVER

16.7.4 Four-time-slice display example

Figure 16-26 shows how the 12-digit LCD panel having the display pattern shown in Figure 16-25 is connected to the
segment signals (SEGO to SEG23) and the common signals (COMO to COMS3). This example displays data
"123456.789012" in the LCD panel. The contents of the display data memory (addresses FO400H to FO417H) correspond
to this display.

The following description focuses on numeral "6." ( ) displayed in the seventh digit. To display "6." in the LCD panel,
it is necessary to apply the select or deselect voltage to the SEG12 and SEG13 pins according to Table 16-8 at the timing
of the common signals COMO to COMS3; see Figure 16-25 for the relationship between the segment signals and LCD
segments.

Table 16-8. Select and Deselect Voltages (COMO0 to COM3)

Segment SEG12 SEG13
Common
COMO Select Select
COM1 Deselect Select
CcOMm2 Select Select
COMS3 Select Select

According to Table 16-8, it is determined that the display data memory location (FO40CH) that corresponds to SEG12
must contain 1101.

Figure 16-27 shows examples of LCD drive waveforms between the SEG12 signal and each common signal. When
the select voltage is applied to SEG12 at the timing of COMO, an alternate rectangle waveform, +Vico/-Vicp, is generated
to turn on the corresponding LCD segment.

Figure 16-25. Four-Time-Slice LCD Display Pattern and Electrode Connections

SEG2n

como COM1

com2

WV O coms

SEGa2n+1

Remark 78KOR/LF3: n=0to 14
78KOR/LG3: n=0to 19
78KOR/LH3: n =0 to 26
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19.3 Registers Controlling Interrupt Functions
The following 6 types of registers are used to control the interrupt functions.

¢ Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H, IF2L, IF2H)

¢ Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H, MK2L, MK2H)

e Priority specification flag registers (PROOL, PROOH, PRO1L, PRO1H, PRO2L, PRO2H, PR10L, PR10H, PR11L,
PR11H, PR12L, PR12H)

e External interrupt rising edge enable registers (EGP0, EGP1)

o External interrupt falling edge enable registers (EGNO, EGN1)

e Program status word (PSW)

Table 19-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding to
interrupt request sources.

Table 19-2. Flags Corresponding to Interrupt Request Sources (1/2)

LF3 | LG3 | LH3 Interrupt Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Source Register Register Register
\ \ N | INTWDTI WDTIIF IFOL WDTIMK MKOL WDTIPRO, WDTIPR1 | PROOL,
V| N ]V [INTLVI LVIIF LVIMK LVIPRO, LVIPR1 PR10L
\ \ v | INTPO PIFO PMKO PPROO, PPR10
\ \ N | INTP1 PIF1 PMK1 PPRO1, PPR11
\ \ N | INTP2 PIF2 PMK2 PPRO2, PPR12
\ \ N | INTP3 PIF3 PMK3 PPRO3, PPR13
N N v | INTP4 PIF4 PMK4 PPRO04, PPR14
\ \ v | INTP5 PIF5 PMK5 PPRO5, PPR15
N N v | INTST3 STIF3 IFOH STMK3 MKOH STPRO3, STPR13 PROOH,
v | v | v |INTSR3 SRIF3 SRMK3 SRPR03, SRPR13 PR10H
\ \ v | INTSRE3 SREIF3 SREMK3 SREPRO03, SREPR13
\ \ v | INTDMAO DMAIFO DMAMKO DMAPR00, DMAPR10
\ \ v | INTDMAT1 DMAIF1 DMAMK1 DMAPRO1, DMAPR11
- v v | INTSTO "*! STIFQ "' STMKO "' STPRO00, STPR10 "'
- \ N | INTCSI00 ™' | CSIIFOO0 "’ CSIMKO00 "' CSIPR000, CSIPR100 "™
- N v | INTSRO "** SRIFQ "2 SRMKQ "** SRPR00, SRPR10 "**
- - N | INTCSIO1 ™*°* | CSIIFO1 ™2 CSIMKO1 "2 CSIPR001, CSIPR101 "**
\ \ v | INTSREO SREIF0 SREMKO SREPR00, SREPR10

Notes 1. Do not use UARTO and CSI00 at the same time because they share flags for the interrupt request sources.
If one of the interrupt sources INTSTO and INTCSIOO is generated, bit 5 of IF1H is set to 1. Bit 5 of MKOH,
PROOH, and PR10H supports these two interrupt sources.
2. Do not use UARTO and CSI01 at the same time because they share flags for the interrupt request sources.
If one of the interrupt sources INTSRO and INTCSIO1 is generated, bit 6 of IFOH is set to 1. Bit 6 of MKOH,
PROOH, and PR10H supports these two interrupt sources.
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Figure 24-2. Format of Low-Voltage Detection Register (LVIM)

Address: FFFA9H  After reset: Q0HNete!  R/yyNote2

Symbol <7> 6 5 4 3 <2> <1> <0>
LVIM LVION 0 0 0 0 LVISEL | LviMD | LVIF
LVIONMe*=* Enables low-voltage detection operation
0 Disables operation
1 Enables operation
LVISEL""?® Voltage detection selection
0 Detects level of supply voltage (Vob)
1 Detects level of input voltage from external input pin (EXLVI)
LVIMD "? Low-voltage detection operation mode (interrupt/reset) selection
0 ¢ LVISEL = 0: Generates an internal interrupt signal when the supply voltage (Voo) drops

lower than the detection voltage (Vivi) (Vob < Vivi) or when Vop becomes
Vuvi or higher (Voo > Vivi).

¢ LVISEL = 1: Generates an interrupt signal when the input voltage from an external
input pin (EXLVI) drops lower than the detection voltage (Vex.vi) (EXLVI <
Vexwvi) or when EXLVI becomes Vexwvi or higher (EXLVI > Vexiv).

1 ¢ LVISEL = 0: Generates an internal reset signal when the supply voltage (Vob) <
detection voltage (Vwvi) and releases the reset signal when Vob > Vivi.

o LVISEL = 1: Generates an internal reset signal when the input voltage from an
external input pin (EXLVI) < detection voltage (Vex.vi) and releases the
reset signal when EXLVI > Vexwvi.

LVIF Low-voltage detection flag

0 ¢ LVISEL = 0: Supply voltage (Vo) > detection voltage (V.vi), or when LVI operation is
disabled

¢ LVISEL = 1: Input voltage from external input pin (EXLVI) > detection voltage (Vexwwi),
or when LVI operation is disabled

1 e LVISEL = 0: Supply voltage (Vo) < detection voltage (Vi)
e LVISEL = 1: Input voltage from external input pin (EXLVI) < detection voltage (Vex.vi)

Notes 1. The reset value changes depending on the reset source and the setting of the option byte.
This register is not cleared (00H) by LVI reset.
It is set to “82H” when a reset signal other than LVI is applied if option byte LVIOFF = 0, and to “00H” if
option byte LVIOFF = 1.
2. BitOis read-only.
3. LVION, LVIMD, and LVISEL are cleared to 0 in the case of a reset other than an LVI reset. These are not
cleared to 0 in the case of an LVI reset.
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Flash Memory Programming Characteristics
(Ta =-40 to +85°C, 1.8 V< Vpop=EVbop < 5.5V, Vss = EVss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Voo supply current lop Typ. = 10 MHz, Max. = 20 MHz 6 20 mA

Number of rewrites per chip Cerwr 1 erase + When a flash Retention: | 1000 Times
1 write memory 15 years
after programmer is
erase = used, and the

1 rewrite libraries provided
Nt by Renesas
Electronics are
used

When the Retention | 10000 Times
EEPROM :5 years
emulation libraries
provided by
Renesas
Electronics are
used

Note When a product is first written after shipment, “erase — write” and “write only” are both taken as one rewrite.
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78KOR/Lx3 APPENDIX B REGISTER INDEX

T
10-bit A/D conversion result regisSter (ADCR) ........cuuiiiiiiieeeiie et e e e 389, 397
Timer channel enable status register M (TEM) .......ooiiiiiii e 269
Timer channel start regisSter M (TSM) ... ..eii et e st e e s e e e s ran e e e e aabe e e sannreesanneeeean 270
Timer channel Stop regisSter M (TTM) ..o i ettt sae e e b e e sb e e b e e e abeeeane e st e e snreesnreeanneenee 275
Timer clock select rediSter M (TPSM) ... i et s e st e e et e e ennr e e e saneeeean 262
Timer data register MN (TDRMN).....co ittt h e s b e e bt sbe e e b e e abeeeab e e st e e saneesareennnee e 260
Timer iNPut SEIECE rEGISTEr P (TISP) -.veeieiiiieeiiiii ettt s e e e e s bt e e e be e e e e sabe e e e aabeeeeannreeesnneeeean 276
Timer mode register MN (TIMRITINY ......ooiii ettt e b e e sb e e e b et e sbeeeb et e abeeebe e e beesaneesnreennneee 264
Timer output €nable regiSter P (TOEDP) ... . iu ittt e e et e e s aaee e e e sab e e e e ebeeesanreeesaneeeean 278
Timer output 1eVel re@iStEr P (TOLP)....ceiuuteieeeititeriee ettt ettt ettt rt ettt et ea e st e e eab e e sabeeeas e e s abeeeabe e sabeennneesareennnee e 281
Timer output MOde regiSter P (TOMP) ... ..eeii ettt e s e e et b e e e s ase e e e s aab e e e e abeeeeannreeesaneeeean 282
TIimer OUIPUL FEGISTET P (TOP) ..uueeiutiiiiie ittt ettt et e et b e s ae e e b et e she e e b et e abe e e bt e e bt e e b et e beeeabe e s abeeanneesnreennneee 279
Timer status register PO (TSRPQ) . .uveeeeieeeee ittt et e e e et e e sb e e e e e s be e e s aaee e e e sabeeeeaabaeeeannreeesaneeeean 268
Timer/counter register MN (TCRMN).....oouii ettt b et sa e e e b et e sbe e e b e e e beesaneesabeesanee e 258
12-bit A/D conversion result regisSter (ADCR) .........cuuiiiiiiie ettt s e e s sneeas 389, 396
20 MHz internal high-speed oscillation control register (DSCCTL).......ccoeiiiiieiieiiee et 218
w

Watch error correction register (SUBCUD) ........ouiiiiiiiiiiiiiee ettt ab e e e b e e sne e e e sneeeeas 358
Watchdog timer enable register (WDTE).......coi ittt et e e sbe e et e esab e e sneenanee e 376
Week Count regiSter (WEEK) ..ottt ettt st e s st e e e e b bt e e s ae e e e e aab e e e s aabee e e enneeeesabeeeean 356
Y

Year COUNt r@GISTEr (YEAR) ... .ttt e et e e s ab e e e sa b et e e eas bt e e s ne e e e e aabeeesanbeeeeanneeeesabeeeean 357
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