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NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a
reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise
from entering the device when the input level is fixed, and also in the transition period when the input level
passes through the area between VIL (MAX) and VIH (MIN).

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

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

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

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

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

78K0/Ix2 R01UH0010EJ0500
RENESAS MCU Rev.5.00
Feb 28, 2012

CHAPTER 1 OUTLINE

1.1 Features

O 78K0 CPU core
O /0 ports, ROM and RAM capacities

Item 1/0O ports Program Memory Data Memory (Internal
Products (Flash Memory) High-Speed RAM)
78K0/1Y2 (16 pins) 12 (CMOS 1/0: 9, CMOS input: 3) 4 KB to 16 KB 384 bytes to 768 bytes
78K0/1A2 (20 pins) 16 (CMOS I/0: 13, CMOS input: 3) 8 KB and 16 KB 512 bytes and 768 bytes
78K0/IB2 (30 pins) 25 (CMOS 1/0: 22, CMOS input: 3)
78K0/IB2 (32 pins) 23 (CMOS I/0: 20, CMOS input: 3)

O Low power consumption (Vop = 5.0 V)
e Internal high-speed oscillator operation mode: 350 zA (TYP.) (fcru = 1 MHz operation)

¢ STOP mode: 0.58 pA (TYP.) (fi. = 30 kHz operation)
O Clock
* High-speed system clock ... Selected from the following four sources
- Ceramic/crystal oscillator: 1 to 10 MHZ"°*®
- External clock: 1 to 10 MHZ"°*
- Internal high-speed oscillator: 4 MHz + 2 % (—20 to +70°C)"°'*®, or 8 MHz + 3 %(—40 to +85°C)

- Clock for 16-bit timers X0 and X1: 40 MHz (TYP.) (when using PLL)
e Internal low-speed oscillator 30 kHz + 10 % ... Watchdog timer, timer clock in intermittent operation

Note When using a 4 MHz clock, operation at 20 MHz is possible by using PLL.

O Timer

® 16-bit timer X ... PWM output (40 MHz (MAX.) clock operation), operation in conjunction with an
external signal, synchronous output of up to four channels, A/D conversion trigger
generation

* 16-bit timer/event counter ... PPG output, capture input, external event counter input

® 8-bit timer H1 ... PWM output, operable with low-speed internal oscillation clock

¢ 8-bit timer/event counter 51 ...  External event counter input

o Watchdog timer ... Operable with low-speed internal oscillation clock

Item 16-bit timer 16-bit timer/ 8-bit timer Watchdog timer

Products event counter

78K0/1Y2 (16 pins) 2ch 1ch Timer H1: 1 ch 1ch

78K0/1A2 (20 pins) Timer 51: 1 ch

78K0/IB2 (30 pins)

78K0/IB2 (32 pins)

RO1UHO010EJ0500 Rev.5.00 1
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78K0/1x2

CHAPTER 1 OUTLINE

e 32-pin

TOX00/P31 ~—]
TOX01/P32 =—|

16-bit TIMER X0

g ¢ 4 44

TOX10/P33 .
Toxi1man 16-bit TIMER X1
<T“ﬁg;§;§é 16-bit TIMER/
RXDGIPGL (NG EVENT COUNTER 00
<TIS1>/P00 ——~| g it TIMER/
<TI51>/P34 — | EVENT COUNTER 51
<TOH1>/PO0 = |
8-bit TIMER H1
<TOH1>/P34 ~—|
*
INTERNAL
LOW-SPEED
OSCILLATOR

¥

WATCHDOG TIMER

RXD6/P61 — =
TxD6/P60 ~—|

SERIAL
INTERFACE UART6

LINSEL

SDAAO/P61 -—=
SCLAQO/P60 ~—

SERIAL
INTERFACE IICA

SCK11/P35 ~—=|
SI11/P36 ——~|
SO11/P37 ~——
SSI11/P02 —=

SERIAL
INTERFACE CSI11

g ¢ g ¢

AVrer
AVss

ANIO/P20 to ANI7/P27

ANI8/P70 ——

A/D CONVERTER

PGAINNo'e/P2] —— |

PROGRAMMABLE
GAIN AMPLIFIER Nete

AMPOUTN'®/P2] -]

OPERATIONAL

g ¢ 8 3

AMP /P22 AMPLIFIER Nte
AMP-Nete/p2Q
CMPO+/P24,
CMP1+/P25,
CMP2+/P23 COMPARATOR
CMPCOM/P26 ~——
TXD6/P60 (LINSEL)
INTPO/POO .
<INTPO>/P121 —~ ”\(‘:BE'\‘RT'E%T

INTP2/P31, INTP3/P32,

INTP4/P34, INTP5/P02

{

Note PD78F0755, 78F0756 (products with operational amplifier) only

Cautions 1.

78K/0
CPU
CORE

FLASH
MEMORY

g U

U

INTERNAL
HIGH-SPEED
RAM

Voo Vss

PORT 0

K2 >Poo, P02

PORT 2

K8 >P20to P27

PORT 3

K 7 >P31topP37

PORT 6

K2~ >pe0, P61

PORT 7

[~— P70

g g agedy

PORT 12

3 JP121, P122, P125

POWER ON CLEAR/

-

LOW VOLTAGE CF(;?\‘CT/E\SL
INDICATOR
RESET CONTROL

-

ON-CHIP DEBUG

TOOLCO0/X1, TOOLC1/P31
—— TOOLDO0/X2, TOOLD1/P32

Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

SYSTEM
CONTROL L. REsET/P125
X1/P121
INTERNAL | ke Xo/EXCLK/P122
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC
Ico

2. ANIO/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMPO+,
ANI5/P25/CMP1+, ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 are set in the analog input mode
after release of reset.

3. RESET/P125 immediately after release of reset is set in the external reset input.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

RO1UHO010EJO0500 Rev.5.00
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78K0/1x2 CHAPTER 6 16-BIT TIMERS X0 AND X1

(8) PWM output operation (PWM output from TOX00, TOX01, TOX10, and TOX11 when TOH1 output is at high
level)

A square wave is output from the TOX00, TOX01, TOX10, and TOX11 pins by combining 8-bit timer H1 and 16-bit
timers X0 and X1, only when the TOH1 output is at high level.

See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1
synchronous start mode) for the setting of outputting a square wave.

Remark For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER HA1.

Figure 6-41. Example of Register Settings for PWM Output Operation
(TMXO0 and TMX1 synchronous start/clear mode, PWM Output
from TOX00, TOX01, TOX10, and TOX11 When TOH1 Output Is at High Level) (1/2)

(a) 16-bit timer X0 operation control register 0

TX0TMC TXOCKS2 TXOCKS1 TXO0CKSO
TXOCTLO | 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Selects count clock

Starts timer count operation

(b) 16-bit timer Xn operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM

TXOCTL1 | 0/1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |
TMXO Dual output
Performs PWM output from TOXmn pin
when TOH1 output is high level.
Using the TOXOn output gate function by
TOH1 output is enabled.
0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1

and INTPO rising edge is detected.
TX1IPWMCE TX1PWM TX1IMD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 |

\—\——‘ TMXO0 and TMX1 synchronous

start/clear mode

Dual output

Using the TOX1n output gate function by
TOH1 output is enabled.

Remark n=0, 1, mn =00, 01, 10, 11

RO1UHO010EJO0500 Rev.5.00 233
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78K0/1x2 CHAPTER 6 16-BIT TIMERS X0 AND X1

6.7.2 Registers Controlling High-Impedance Output Controller
Registers used to control the High-Impedance Output Controller are shown below.

» High-impedance output function enable register (HIZTREN)
¢ High-impedance output mode select register (HIZTRS)
¢ High-impedance output function control register 0 (HZAOCTLO)

(1) High-impedance output function enable register (HIZTREN)

HIZTREN is a register that enables/disables the input of the trigger signal used for controlling high-impedance output.

HIZTREN can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears HIZTREN to 00H.

Figure 6-56. Format of High-impedance Output Function Enable Register (HIZTREN)

Address: FF6EH After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1
HIZTREN HIZTRENO 0 0 0 0 0 0
HIZTRENO Input control of trigger signal used for high-impedance output control
0 Disables input
1 Enables input

RO1UHO010EJO0500 Rev.5.00
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78K0/1x2 CHAPTER 7 16-BIT TIMER/EVENT COUNTER 00

7.3 Registers Controlling 16-Bit Timer/Event Counter 00
Registers used to control 16-bit timer/event counter 00 are shown below.

e 16-bit timer mode control register 00 (TMCO00)
e Capture/compare control register 00 (CRC00)

e 16-bit timer output control register 00 (TOCQ0)
o Prescaler mode register 00 (PRMOO0)

o Port alternate switch control register (MUXSEL)
e Port mode register 0 (PMO)

o Port register 0 (P0)

Note 78KO0/IB2 (30 pins) only

(1) 16-bit timer mode control register 00 (TMCO00)
TMCOO is an 8-bit register that sets the 16-bit timer/event counter 00 operation mode, TMOO clear mode, and output
timing, and detects an overflow.
Rewriting TMCOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00). However, it can be
changed when TMCO003 and TMCO0O02 are cleared to 00 (stopping operation) and when OVFO0O is cleared to 0.
TMCOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TMCOO to 00H.

Caution 16-bit timer/event counter 00 starts operation at the moment TMC003 and TMCO002 are set to values
other than 00 (operation stop mode), respectively. Set TMC003 and TMC002 to 00 to stop the
operation.

RO1UHO010EJO0500 Rev.5.00 258
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78K0/1x2 CHAPTER 11 A/D CONVERTER

(8) 8-bit A/D conversion result register L (ADCRL)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the lower 8 bits of the A/D conversion resullt.

(9) 8-bit A/D conversion result register H (ADCRH)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion result.

(10) 10-bit A/D conversion result register for TMXn synchronization (ADCRXn = 0, 1)
If A/D conversion is started with the output of 16-bit timer Xn as the trigger, the conversion result is loaded from the
successive approximation register and the A/D conversion result is held in the lower 10 bits (the higher 6 bits are fixed
to 0) every time an A/D conversion ends.

(11) 8-bit A/D conversion result register L for TMXn synchronization (ADCRXnL =0, 1)
If A/D conversion is started with the output of 16-bit timer Xn as the trigger, the conversion result is loaded from the
successive approximation register and the lower 8 bits of the A/D conversion result are held in ADCRXnL register,
every time an A/D conversion ends.

Caution When data is read from ADCR, ADCRL, ADCRH, ADCRX0, ADCRX1, ADCRXOL, and ADCRXI1L, a
wait cycle is generated. Do not read data from ADCR, ADCRL, ADCRH, ADCRX0, ADCRX1,
ADCRXOL, and ADCRX1L when the peripheral hardware clock (frrs) is stopped. For details, refer to
CHAPTER 31 CAUTIONS FOR WAIT.

(12) Controller
This circuit controls the conversion time of an input analog signal that is to be converted into a digital signal, as well
as starting and stopping of the conversion operation. When all the specified A/D conversion has been completed, this
controller generates an A/D conversion end interrupt request signal (INTAD).

(13) AVREF pin
This pin inputs an analog power/reference voltage to the A/D converter. Make this pin the same potential as the Vop
pin when ports 2 and 7 are used as a digital port.
The signal input to ANIO to ANI8 is converted into a digital signal, based on the voltage applied across AVrer and
AVss.

(14) AVss pin (78K0/IB2 only)
This is the ground potential pin of the A/D converter. Always use this pin at the same potential as that of the Vss pin
even when the A/D converter is not used.

(15) Vss pin
This is the ground potential pin. In the 78K0/1Y2 and 78KO0/IA, Vss functions alternately as the ground potential of the
A/D converter. Be sure to connect Vss to a stabilized GND (= 0 V).

RO1UHO010EJO0500 Rev.5.00 367
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78K0/1x2 CHAPTER 11 A/D CONVERTER

11.4.2 Basic operation of A/D converter (timer trigger mode)

<1> Set the A/D conversion time and the operation mode by using bits 5 to 1 (FR2 to FRO, LV1, and LVO0) of the A/D
converter mode register 0 (ADMO).

<2> Set bit 0 (ADCE) of ADMO to 1 to start the operation of the A/D voltage comparator.

<3> Set channels for A/D conversion to analog input by using the A/D port configuration registers 0 and 1 (ADPCO,
ADPC1) and set to input mode by using port mode registers 2 and 7 (PM2, PM7).

<4> Set the PGA operation to set the PGA output and the single Amp operation to set the operational amplifier output
for analog input. (refer to CHAPTER 12 OPERATIONAL AMPLIFIER).

<5> Select TMX0 or TMX1 synchronization by using bits 4 and 5 (ADTRGO, ADTRG1) of the analog input channel
specification register (ADS).

<6> Select one channel for A/D conversion by using the analog input channel specification register (ADS).

<7> Set the timer trigger wait state by setting (1) bit 7 (ADCS) of ADMO.
(<8> to <16> are operations performed by hardware.)

<8> A conversion operation is started when a trigger signal (TMX0 or TMX1 output) is detected.

<9> The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

<10> When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
sampled voltage is held until the A/D conversion operation has ended.

<11> Bit 9 of the successive approximation register (SAR) is set. The comparison voltage generator outputs (1/2)
AVREF voltage.

<12> The voltage difference between the output voltage of the comparison voltage generator and sampled voltage is
compared by the voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of SAR remains
set to 1. If the analog input is smaller than (1/2) AVrer, the MSB is reset to 0.

<13> Next, bit 8 of SAR is automatically set to 1, and the operation proceeds to the next comparison. The output
voltage of the comparison voltage generator is selected according to the preset value of bit 9, as described below.
e Bit9 =1:(3/4) AVRrer
e Bit9=0:(1/4) AVRer
The output voltage of the comparison voltage generator and sampled voltage are compared and bit 8 of SAR is
manipulated as follows.
e Analog input voltage > Output voltage of comparison voltage generator: Bit 8 = 1
e Analog input voltage < Output voltage of comparison voltage generator: Bit 8 =0

<14> Comparison is continued in this way up to bit 0 of SAR.

<15> Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result
value is transferred to the A/D conversion result register (TMX0 synchronization: ADCRX0, ADCRXOL, TMX1
synchronization: ADCRX1, ADCRX1L) and then latched.
At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

<16> Repeat steps <9> to <15>, until ADCS is cleared to 0.
To stop the A/D converter, clear ADCS to 0.
To restart A/D conversion from the status of ADCE = 1, start from <7>. To start A/D conversion again when
ADCE = 0, set ADCE to 1, wait for 1 us or longer, and start <7>. To change a channel of A/D conversion, start
from <6>.

RO1UHO010EJ0500 Rev.5.00 386
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78K0/1x2 CHAPTER 11 A/D CONVERTER

(11) Internal equivalent circuit
The equivalent circuit of the analog input block is shown below.

Figure 11-27. Internal Equivalent Circuit of ANIn Pin

R1

C1 c2

Table 11-9. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVRer Mode R1 C1 Cc2
40V <AVrer<55V Normal 5.2kQ 8 pF 6.3 pF
High-speed 1 5.2kQ
High-speed 2 7.8 kQ
27V <AVrer<4.0V Normal 18.6 kQ
High-speed 2 7.8 kQ

Remarks 1. The resistance and capacitance values shown in Table 11-9 are not guaranteed values.
2. n =0 to 8 (it depends on products)
3. A/D conversion result registers differ depending on trigger mode.
e Software trigger mode: ADCR, ADCRH, ADCRL registers
o Timer trigger mode: ADCRXO0, ADCRXOL registers (TMXO0 synchronization)
ADCRX1, ADCRX1L registers (TMX1 synchronization)

RO1UHO010EJO0500 Rev.5.00 399
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78K0/1x2 CHAPTER 14 SERIAL INTERFACE UARTG6/DALI

(6) Baud rate generator control register 6 (BRGC6)
This register sets the division value of the 8-bit counter of serial interface UART6/DALI.
BRGCS6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Remark BRGC6 can be refreshed (the same value is written) by software during a communication operation
(when bits 7 and 6 (POWERS6, TXE6) of ASIM6 = 1 or bits 7 and 5 (POWER6, RXE6) of ASIM6 = 1).

Figure 14-10. Format of Baud Rate Generator Control Register 6 (BRGC6)

Address: FF57H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
BRGC6 | MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 |

MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 k Output clock selection of
8-bit counter

UART mode | DALI mode

0 0 0 0 0 0 x x x | Setting Setting
prohibited prohibited

0 0 0 0 0 1 0 0 4 | fxcLke/4

0 0 0 0 0 1 0 1 5 | fxcike/5

0 0 0 0 0 1 1 0 6 | fxcike/6

0 0 0 0 0 1 1 1 7 | fxcikel7

0 0 0 0 1 0 0 0 8 | fxcike/8

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 1 1 1 0 0 252 | fxcike/252

1 1 1 1 1 1 0 1 253 | fxcike/253

1 1 1 1 1 1 1 0 254 | fxcike/254

1 1 1 1 1 1 1 1 255 | fxcike/255

Cautions 1. Make sure that bit 6 (TXE6) and bit 5 (RXE6) of the ASIM6 register = 0 when rewriting the MDL67
to MDL60 bits.
2. In UART mode the baud rate is the output clock of the 8-bit counter divided by 2.
3. In DALI mode the baud rate is the output clock of the 8-bit counter divided by 4.

Remarks 1. fxcike: Frequency of base clock selected by the TPS63 to TPS60 bits of CKSR6 register
2. k: Value set by MDL67 to MDL60 bits (k =4, 5, 6, ..., 255)
3. x: Don'tcare
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78K0/1x2 CHAPTER 14 SERIAL INTERFACE UARTG6/DALI

(10) Port output mode register 6 (POM®6)
This register sets the output mode of P60 and P61 in 1-bit units.
When using the P60/TxD6/SCLAQ pin as the data output of serial interface UART6/DALI, clear POM60 to 0.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 14-14. Format of Port Output Mode Register 6 (POM®6)

Address: FF2AH  After reset: 0O0OH R/W

Symbol 7 6 5 4 3 2 1 0
POM®6 0 0 0 0 0 0 POM61 POM60
POM®6nN P6n pin output mode selection (n =0, 1)
0 Normal output (CMOS output) mode
1 N-ch open drain output (Voo tolerance) mode
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78K0/1x2 CHAPTER 15 SERIAL INTERFACE IICA

15.4.2 Setting transfer clock by using ICWL and IICWH registers

(1) Setting transfer clock on master side

Transfer clock = fPRs
ranster clock =1ICWL + IICWH + fers (i + tr)

At this time, the optimal setting values of the ICWL and IICWH registers are as follows.
(The fractional parts of all setting values are rounded up.)

e When the fast mode

0.52
NCWL = = ansfer clock * fPRS
0.48
IICWH = (m —tR — tF) x fPrs

e When the normal mode

0.47
NCWL = = r3nsfer clock < fPRS
0.53
IICWH = (—Transfer clock ~ tr — tF) x fPRs

(2) Setting ICWL and IICWH on slave side
(The fractional parts of all setting values are truncated.)

e When the fast mode

IICWL = 1.3 us x frrs
IICWH = (1.2 us — tr — tF) x fPrs

¢ When the normal mode

IICWL = 4.7 1s x fers
IICWH = (5.3 us — tr — tF) x fers

Caution Note the minimum frrs operation frequency when setting the transfer clock. The minimum fers
operation frequency for serial interface IICA is determined according to the mode.
Fast mode: frrs = 3.5 MHz (min.)
Normal mode: frrs =1 MHz (min.)
Remarks 1. Calculate the rise time (tr) and fall time (tr) of the SDAO and SCLAO signals separately, because they
differ depending on the pull-up resistance and wire load.
2. [ICWL: IICA low-level width setting register
IICWH: 1ICA high-level width setting register

tr: SDAAOQ and SCLAQO signal falling times (refer to CHAPTER 28 ELECTRICAL SPECIFICATIONS)
trR: SDAAOQ and SCLAO signal rising times (refer to CHAPTER 28 ELECTRICAL SPECIFICATIONS)
frrs: Peripheral hardware clock frequency
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78K0/1x2 CHAPTER 15 SERIAL INTERFACE IICA

(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, matches with SVAQ)

ST | AD6to ADO |R/W [ACK| D7toDO |ACK| ST | AD6to ADO |R/W |[ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1: 1ICAS0 = 0001x110B
A2: |ICAS0O = 0001x000B
A3: IICAS0O = 0001x110B
A4: ]ICAS0 = 0001x000B
A5: 1ICASO = 00000001B

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

(i) When WTIMO = 1 (after restart, matches with SVA0)

ST | AD6to ADO |R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |[ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1:1ICASO = 0001x110B
A2: IICAS0O = 0001xx00B
A3: IICAS0 =0001x110B
A4: ]ICAS0O = 0001xx00B
Ab: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care
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CHAPTER 16 SERIAL INTERFACE CSI11

Figure 16-2. Format of Serial Operation Mode Register 11 (CSIM11)

Address: FF88H After reset: 00H R/WwWN !

Symbol <7> 6 5 4 3 2 1 0
CSIM11 CSIE11 TRMD11 SSE11 DIR11 0 0 0 CSOT11
CSIE1 Operation control in 3-wire serial I/O mode
0 Disables operation"°®? and asynchronously resets the internal circuit“°*®>.
1 Enables operation
TRMD11Me4 Transmit/receive mode control
QNete® Receive mode (transmission disabled).
1 Transmit/receive mode
SSENetes .7 SSI11 pin use selection
0 SSI11 pin is not used
1 SSI11 pin is used
DIR1q"ete® First bit specification
0 MSB
1 LSB
CSOT11 Communication status flag
0 Communication is stopped.
1 Communication is in progress.
Notes 1. Bit 0 is a read-only bit.

2. Touse P37/SO11, P35/SCK11, and P20/SSI11/INTP5 as general-purpose ports, set CSIM11 in the default

status (OOH).
3. Bit0 (CSOT11) of CSIM11 and serial I/O shift register 11 (SI011) are reset.
4. Do not rewrite TRMD11 when CSOT11 = 1 (during serial communication).

5. The SO11 output (refer to Figure 16-1) is fixed to the low level when TRMD11 is 0. Reception is started

when data is read from SIO11.
6. Do not rewrite SSE11 when CSOT11 = 1 (during serial communication).
7. Before setting this bit to 1, fix the SSI11 pin input level to 0 or 1.
8. Do not rewrite DIR11 when CSOT11 = 1 (during serial communication).

(2) Serial clock selection register 11 (CSIC11)
This register specifies the timing of the data transmission/reception and sets the serial clock.
CSIC11 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.
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78K0/1x2 CHAPTER 17 MULTIPLIER

(2) Multiplication input data registers A, B (MULA, MULB)
These are 16-bit registers that store data for multiplication. The multiplier multiplies the values of MULA and
MULB.
MULA and MULB can be set by an 8-bit or 16-bit memory manipulation instruction.
Reset signal generation clears these registers to 0000H.

Caution In the case of multiplication of 8 bits by 8 bits, set the multiplied data to MULAL and MULBL.

Figure 17-3. Format of Multiplication input data registers A, B (MULA, MULB)

Address: FF70H, FF71H  After reset: 0000H R/W

Symbol FF71H (}l\\/IULAH) FF70H sl\\AULAL)
MULA
Address: FF72H, FF73H  After reset: 0000H R/W
Symbol FF73H (}l\\/IULBH) FF72H Sl\\/IULBL)
MULB
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CHAPTER 18 INTERRUPT FUNCTIONS

(1) Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H)
The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction is

executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request or

upon reset signal generation.

When an interrupt is acknowledged, the interrupt request flag is automatically cleared and then the interrupt routine is

entered.

IFOL, IFOH, IF1L, and IF1H are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH, and
IF1L and IF1H are combined to form 16-bit registers IFO and IF1, they are set by a 16-bit memory manipulation

instruction.

Reset signal generation clears these registers to 00H.

Cautions 1.

When operating a timer, serial interface, or A/D converter after standby release, operate it once
after clearing the interrupt request flag. An interrupt request flag may be set by noise.

When manipulating a flag of the interrupt request flag register, use a 1-bit memory manipulation
instruction (CLR1). When describing in C language, use a bit manipulation instruction such as
“IFOL.0 = 0;” or “_asm(“cir1 IFOL, 0”);” because the compiled assembler must be a 1-bit memory
manipulation instruction (CLR1).

If a program is described in C language using an 8-bit memory manipulation instruction such as
“IFOL &= Oxfe;” and compiled, it becomes the assembler of three instructions.

mov a, IFOL
and a, #0FEH
mov IFOL, a

In this case, even if the request flag of another bit of the same interrupt request flag register
(IFOL) is set to 1 at the timing between “mov a, IFOL” and “mov IFOL, a”, the flag is cleared to 0 at
“mov IFOL, a”. Therefore, care must be exercised when using an 8-bit memory manipulation
instruction in C language.
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CHAPTER 18 INTERRUPT FUNCTIONS

(6) Program status word (PSW)
The program status word is a register used to hold the instruction execution result and the current status for an
interrupt request. The IE flag that sets maskable interrupt enable/disable and the ISP flag that controls multiple

interrupt servicing are mapped to the PSW.

Besides 8-bit read/write, this register can carry out operations using bit manipulation instructions and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed, the
contents of the PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt request
is acknowledged, the contents of the priority specification flag of the acknowledged interrupt are transferred to the ISP
flag. The PSW contents are also saved into the stack with the PUSH PSW instruction. They are restored from the
stack with the RETI, RETB, and POP PSW instructions.

Reset signal generation sets PSW to 02H.

<7> <6> <5>

Figure 18-13. Format of Program Status Word

<4>

<3>

<1> 0

PSW| IE Z |RBS1

AC

RBSO

ISP | CY

After reset

02H

Used when normal instruction is executed

ISP

Priority of interrupt currently being serviced

High-priority interrupt servicing (low-priority
interrupt disabled)

1 Interrupt request not acknowledged, or low-
priority interrupt servicing (all maskable
interrupts enabled)

IE Interrupt request acknowledgment enable/disable

0 Disabled

1 Enabled
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78K0/1x2 CHAPTER 22 LOW-VOLTAGE DETECTOR

Figure 22-2. Format of Low-Voltage Detection Register (LVIM)

Address: FFBEH  After reset: Q0HNtel  R/wNote2

Symbol <7> 6 5 4 3 2 <1> <0>
LVIM LVION 0 0 0 0 o | wvimp [ LviF
LVIONNetes Enables low-voltage detection operation
4
0 Disables operation
1 Enables operation
LVIMDNete? Low-voltage detection operation mode (interrupt/reset) selection
0 Generates an internal interrupt signal when the supply voltage (Voo) drops lower than the

LVI detection voltage (Viwvi) (Vop < Vivi) or when Voo becomes Vi or higher (Vop > Viw).

1 Generates an internal reset signal when the supply voltage (Vop) < the LVI detection
voltage (Vwvi) and releases the reset signal when Vop > Vivi.

LVIF Low-voltage detection flag
0 Supply voltage (Vob) > LVI detection voltage (Vivi), or when LVI operation is disabled
1 Supply voltage (Vob) < LVI detection voltage (Vivi)

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 (except reset by LVI default start function).
The value of this register is reset to “00H” by other resets.

2. BitOis read-only.

3. LVION and LVIMD 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.

4. When LVION is set to 1, operation of the comparator in the LVI circuit is started. Use software to wait for
an operation stabilization time (10 us (MAX.)) from when LVION is set to 1 until operation is stabilized.
After the operation stabilizes, an external input (minimum pulse width: 200 us) of 200 us or more is
required until LVIF is set (1) after the voltage drops to the LVI detection voltage or less.

Cautions 1. To stop LVI, follow either of the procedures below.
e When using 8-bit memory manipulation instruction: Write 00H to LVIM.
e When using 1-bit memory manipulation instruction: Clear LVION to 0.
2. If LVI operation is disabled (clears LVION) when LVI is used in interrupt mode (LVIMD = 0) and
the supply voltage (Vob) is less than or equal to the detection voltage (VLvi), an interrupt request
signal (INTLVI) is generated and LVIIF may be set to 1.
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22.4.1 When used as reset

(1) When LVI default start function stopped is set (LVISTART = 0)
¢ When starting operation
<1> Mask the LVI interrupt (LVIMK = 1).
<2> Set the LVI detection voltage using bits 3 to 0 (LVIS3 to LVISO) of the low-voltage detection level
selection register (LVIS).
<3> Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).
<4> Use software to wait for an operation stabilization time (10 us (MAX.)).
<5> Wait until it is checked that (supply voltage (Vob) > LVI detection voltage (Vivi)) by bit O (LVIF) of LVIM.
<6> Set bit 1 (LVIMD) of LVIM to 1 (generates reset when the level is detected).

Figure 22-4 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers in
this timing chart correspond to <1> to <6> above.

Cautions 1. Be sure to execute <1>. When LVIMK = 0, an interrupt may occur immediately after the
processing in <3>.
2. If supply voltage (Vobb) > LVI detection voltage (VLvi) when LVIMD is set to 1, an internal
reset signal is not generated.

o When stopping operation
Either of the following procedures must be executed.

« When using 8-bit memory manipulation instruction:
Write O0H to LVIM.

« When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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