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78K0/Kx2-L

CHAPTER 3 CPU ARCHITECTURE

Figure 3-2. Memory Map (xPD78F0551, 78F0556, 78F0561, 78F0566, 78F0571, 78F0576, 78F0581, 78F0586)

FFFFH
Special function registers
(SFR) 1FFFH
256 x 8 bits
FFOOH Program area T
FEFFH General-purpose
registers On-chi -
) -chip debug security
FEEOH 32 8 bis ID setting areaMete ! Boot cluster 1
FEDFH 10 x 8 bits
T - Option byte areaNote 1
Internal high-speed RAM 5 x 8 bits
512 x 8 bits
Program area
FDOOH
FCFFH
CALLF entry area L
Data memory 2048 x 8 bits T
space
Program area |1
1905 x 8 bits T
ot Reserved -
On-chip debug securit
D seFt)ting argeaNote e Boot cluster oNote 2
10 x 8 bits
Option byte areaNote 1
5 x 8 bits
2000H CALLT table area
1FFFH 64 x 8 bits
0040H
Program €L Flash memory L 003FH
memory space 8192 x 8 bits B Vector table area
64 x 8 bits
0000H 0000H Y
Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security IDs
to 0085H to OO8EH.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the on-chip
debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 25.6 Security

Settings).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
refer to Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

TFFFH Block 07H
1C00H
1BFFH
0800H
07FFH
Block 01H
0400H
03FFH
Block 00H 1KB
0000H
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78K0/Kx2-L CHAPTER 3 CPU ARCHITECTURE

3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that is,
the HL register pair in the register bank specified by the register bank select flag (RBS0O and RBS1), and the sum is
used to address the memory. Addition is performed by expanding the B or C register contents as a positive number
to 16 bits. A carry from the 16th bit is ignored.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [HL + B], [HL + C]

[Description example]

MOV A, [HL +B]; when selecting B register

Operation code 101010 11
[Mustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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78K0/Kx2-L

CHAPTER 4 PORT FUNCTIONS

<R>

4.2.7 Port7
78K0/KY2-L 78K0/KA2-L 78K0/KB2-L 78K0/KC2-L
(«PD78F057x) (1PD78F056x) (1PD78F057x) (1PD78F058x)
16 Pins 20, 25 Pins 32 Pins 30 Pins 40, 44 Pins 48 Pins
- - P70/ANI8 - P70/KRO P70/KRO
- - P71/ANI9 - P71/KR1 P71/KR1
- - P72/ANI10 - P72/KR2 P72/KR2
- - - - P73/KR3 P73/KR3
- - - - - P74/KR4
- - - - - P75/KR5

Port 7 is an I/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using port
mode register 7 (PM7). When the P70 to P75 pins are used as an input port, use of an on-chip pull-up resistor can be

specified in 1-bit units by pull-up resistor option register 7 (PU7) in 78K0/KC2-L.

<R> This port can also be used for A/D converter analog input and key interrupt input pins.
When using P70/ANI8 to P72/ANI10, set the registers according to the pin function to be used (refer to Tables 4-13).
<R> Table 4-13. Setting Functions of P70/ANI8 to P72/ANI10 Pins
ADPCH1 register PM?7 register ADS register P70/ANI8 to P72/ANI10
(n=81010) Pins
Digital I/O selection Input mode Selects ANIn. Setting prohibited
Does not select ANIn. Digital input
Output mode Selects ANIn. Setting prohibited

Does not select ANIn.

Digital output

Analog input selection Input mode Selects ANIn.

Analog input (to be
converted into digital
signals)

Does not select ANIn.

Analog input (not to be
converted into digital
signals)

Output mode -

Setting prohibited

Remark ADPC1: A/D port configuration register 1
PM7: Port mode register 7
ADS: Analog input channel specification register

Reset signal generation sets port 7 to input mode.

Figure 4-26 shows a block diagram of port 7.

R01UH0028EJ0400 Rev.4.00
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78K0/Kx2-L CHAPTER 4 PORT FUNCTIONS

Figure 4-29. Block Diagram of P125

Vob
Y
WReu
l PU12
O PU125 I P-ch
RD
2 J I
3
o ~ |
g +——©O) P125/RESET
2
Internal reset < I (
WRprm
J RSTMASK
© RSTM
4
PU12: Pull-up resistor option register 12
RD: Read signal

WRxx: Write signal
RSTMASK: Reset pin mode register

<R> Caution Because RESET/P125 is set in the external reset input immediately after release of reset, if a reset
signal is generated during low level input, the reset status continues until the input rises to the high

level.

Remark After reset, the external reset function and the pull-up resistor are enabled (RSTM = 0, PU125 = 1). Set
RSTM bit to 1 when using as a port function.
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78K0/Kx2-L CHAPTER 5 CLOCK GENERATOR

(7) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1 clock
oscillation starts with the internal high-speed oscillation clock or subsystem clock used as the CPU clock, the X1 clock
oscillation stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of MOC
register) = 1 clear OSTC to 00H.

Figure 5-10. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3SH Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=10 MHz

1 0 0 0 0 2" /fx min. 204.8 45 min.

1 1 0 0 0 2"%/fx min. 819.2 ys min.

1 1 1 0 0 2"/fx min. 1.64 ms min.

1 1 1 1 0 2"/fx min. 3.27 ms min.

1 1 1 1 1 2"%/fx min. 6.55 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

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

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

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

oscillation starts (“a” below).

STOP mode release

X1 pinvoltage | l
waveform

Remark fx: X1 clock oscillation frequency
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78K0/Kx2-L CHAPTER 5 CLOCK GENERATOR

Remark 2. When switching the CPU clock from the main system clock to the subsystem clock, calculate the number
of clocks by rounding up to the next clock and discarding the decimal portion, as shown below.

Example When switching CPU clock from fxp to fsus (@ oscillation with fxr = 10 MHz, fsus =
32.768 kHz)
fxp/fsus = 10000/32.768 = 305.1 — 306 clocks

By setting bit 0 (MCMO) of the main clock mode register (MCM), the main system clock can be switched (between the
internal high-speed oscillation clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to MCMO; operation continues on the pre-
switchover clock for several clocks (refer to Table 5-10).

Whether the CPU is operating on the internal high-speed oscillation clock or the high-speed system clock can be
ascertained using bit 1 (MCS) of MCM.

Table 5-10. Maximum Time Required for Main System Clock Switchover

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
0 1 + 2fin/fxn clock
1 1 + 2fxw/fin clock

Cautions 1. When switching the internal high-speed oscillation clock to the high-speed system clock, bit 2
(XSEL) of MCM must be set to 1 in advance. The value of XSEL can be changed only once after a
reset release.

2. Do not rewrite MCMO when the CPU clock operates with the subsystem clock.

Remarks 1. The number of clocks listed in Table 5-10 is the number of main system clocks before switchover.
2. Calculate the number of clocks in Table 5-10 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the
high-speed system clock (@ oscillation with fiH = 8 MHz, fx4 = 10 MHz)
1+2fm/fxn=1+2x810=1+2x0.8=1+1.6=2.6 — 2clocks
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78K0/Kx2-L

CHAPTER 5 CLOCK GENERATOR

5.6.10 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the 78K0/Kx2-L microcontrollers.

Remark The peripheral hardware depends on the product.

Functions.

Table 5-13. Peripheral Hardware and Source Clocks

Source Clock Peripheral Subsystem Clock Internal Low- TM50 Output External Clock
Hardware Clock (fsus)"™®" Speed Oscillation from Peripheral
Peripheral Hardware (fers) Clock (fiL) Hardware Pins
16-bit timer/event counter 00 Y N N Y (TI000 pin)"*?
8-bit timer/ 50 N N N Y (TI50 pin)"*?
event counter 51 Y N N N Y (TI51 pin)**?
8-bit timer HO Y N N Y N
H1 Y N Y N N
Real-time counter N Y N N N
Watchdog timer N N Y N N
Clock output Y Y N N N
A/D converter Y N N N N
Serial interface UART6 Y N N Y N
csI10 Y N N N Y (SCK10 pin)**?
CcSH1 Y N N N Y (SCK11 pin)**?
IICA Y N N N Y (SCLAO pin)"**

Notes 1.

78K0/KC2-L only

Refer to 1.4 Block Diagram and 1.5 Outline of

2. Do not start the peripheral hardware operation with the external clock from peripheral hardware pins when
the internal high-speed oscillation clock and high-speed system clock are stopped while the CPU operates
with the subsystem clock, or when in the STOP mode.

Remark Y: Can be selected, N: Cannot be selected

RO1UHO0028EJ0400 Rev.4.00
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78K0/Kx2-L CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Figure 6-53. Example of Software Processing for Pulse Width Measurement (1/2)

(a) Example of free-running timer mode

FFFFH
. Dw/ D11/ D12/ D13/
TMOO register Doo / D01/ Doz~ Dos/ Do

0000H
Operable bits
(TMC003, TMCo02) 90 01 < 00

Capture trigger input
(T1000)

Capture(&eg(l;tg; 0000H Dio D1 D12 D13

Capture interrupt '| '| '| '|

(INTTMO10)
Capture trigger input
(T1010)

Capture register
(CR000) 0000H Doo Do+ Doz Dos Do

Capture interrupt '| _| '| '| '|
(INTTM000)

<1><2> <2> <2> <2> <2> <2> <2> <2> <2><3>

(b) Example of clear & start mode entered by TI000 pin valid edge

FFFFH Ds Ds

De = Dg
. Do _,— Ds ] D7 /
TMOO register Da

D1

0000H

Operable bits >
(TMC003, TMCo02) _ 90 10 @
Capture & count clear input
(TI000)

Capture register
(CRO00) 0000H D+ Ds Ds D7

Capture interrupt
(INTTMo00) L

Capture register

Capture interrupt _| _| _| -| -|
(INTTMO010)
<1> <2> <2> <2> <2> <2> <2> <2> <2> <2><3>
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78K0/Kx2-L CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

(9) Capture operation

(a) When valid edge of TI0O0O0 is specified as count clock
When the valid edge of TI000 is specified as the count clock, the capture register for which TI000 is specified as
a trigger does not operate correctly.

(b) Pulse width to accurately capture value by signals input to TI010 and TI000 pins
To accurately capture the count value, the pulse input to the TIO00 and TI010 pins as a capture trigger must be
wider than two count clocks selected by PRMOO (refer to Figure 6-7).

(c) Generation of interrupt signal
The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTMO0O and
INTTMO10) are generated at the rising edge of the next count clock (refer to Figure 6-7).

(d) Note when CRCO001 (bit 1 of capture/compare control register 00 (CRC00)) is set to 1
When the count value of the TMOO register is captured to the CR0O0O register in the phase reverse to the signal
input to the TIO0O pin, the interrupt signal (INTTMOOO) is not generated after the count value is captured. If the
valid edge is detected on the TI010 pin during this operation, the capture operation is not performed but the
INTTMOOO signal is generated as an external interrupt signal. Mask the INTTMOOO signal when the external
interrupt is not used.

(10) Edge detection

(a) Specifying valid edge after reset
If the operation of the 16-bit timer/event counter 00 is enabled after reset and while the TIO00 or TI0O10 pin is at
high level and when the rising edge or both the edges are specified as the valid edge of the TIO00 or TI010 pin,
then the high level of the TI000 or TI0O10 pin is detected as the rising edge. Note this when the TI000 or TI0O10
pin is pulled up. However, the rising edge is not detected when the operation is once stopped and then enabled
again.

(b) Sampling clock for eliminating noise

The sampling clock for eliminating noise differs depending on whether the valid edge of TIO00 is used as the
count clock or capture trigger. In the former case, the sampling clock is fixed to fers. In the latter, the count clock
selected by PRMOO is used for sampling.

When the signal input to the TIO00 pin is sampled and the valid level is detected two times in a row, the valid
edge is detected. Therefore, noise having a short pulse width can be eliminated (refer to Figure 6-7).

(11) Timer operation

The signal input to the TI0O00/TI010 pin is not acknowledged while the timer is stopped, regardless of the operation
mode of the CPU.

Remark frrs: Peripheral hardware clock frequency
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78K0/Kx2-L CHAPTER 10 REAL-TIME COUNTER

10.3 Registers Controlling Real-Time Counter
The real-time counter is controlled by the following 18 registers.

* Peripheral enable register 0 (PERO)

* Real-time counter control register 0 (RTCCO)
* Real-time counter control register 1 (RTCC1)
» Real-time counter control register 2 (RTCC2)
¢ Sub-count register (RSUBC)

¢ Second count register (SEC)

* Minute count register (MIN)

¢ Hour count register (HOUR)

e Day count register (DAY)

* Week count register (WEEK)

¢ Month count register (MONTH)

* Year count register (YEAR)

¢ Watch error correction register (SUBCUD)

¢ Alarm minute register (ALARMWM)

e Alarm hour register (ALARMWH)

¢ Alarm week register (ALARMWW)

* Port mode register 4 (PM4)

* Port register 4 (P4)

R01UH0028EJ0400 Rev.4.00 372
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78K0/Kx2-L CHAPTER 12 A/D CONVERTER

Cautions 1. Be sure to clear bits 4, 5, and 7 to “0”.

2. Set a channel to be used for A/D conversion in the input mode by using port mode registers 1, 2,
7 (PM1, PM2, PM7).

3. Set ADS after PGA operation setting when selecting the PGA output signal as analog input. Set
ADS after single AMP operation setting when selecting the operational amplifier output signal as
analog input (refer to CHAPTER 13 OPERATIONAL AMPLIFIERS).

4. If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the peripheral
hardware clock (frrs) is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR WAIT.

(6) A/D port configuration registers 0, 1**° (ADPC0, ADPC1"")

ADPCO switches the P20/AMPO-/ANIO to P27/ANI7 pins to digital I/O or analog I/O of port. Each bit of ADPCO
corresponds to a pin of port 2 and can be specified in 1-bit units.
ADPC1 switches the P10/AMP1-/ANI8 to P12/AMP1+/ANI10 or P70/ANI8 to P72/ANI10 pins to digital I/O or analog
I/O of port. Each bit of ADPC1 corresponds to a pin of P10 to P12 in port 1 or P70 to P72 in port7 and can be
specified in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

<R> Reset signal generation clears ADPCO to 00H, sets ADPC1 of 78K0/KA2-L (32-pin products) to 00H, and sets ADPC1
of 78K0/KB2-L and 78K0/KC2-L to 07H.

Note 78K0/KA2-L (32-pin products), 78K0/KB2-L, and 78K0/KC2-L only
<R> Figure 12-9. Format of A/D Port Configuration Registers 0, 1 (ADPC0, ADPC1) (1/3)
(a) 78K0/KY2-L

Address: FF2EH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPCO | 0 ’ 0 ’ 0 0 ADPCS3 ADPCS2 ADPCSH1 ADPCSO0
(b) 78K0/KA2-L (20-pin products)
Address: FF2EH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ADPCO | 0 ‘ 0 ‘ ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCSH1 ADPCSO0
(c) 78K0/KA2-L (25-pin products)
Address: FF2EH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ADPCO | 0 ‘ ADPCS6 ‘ ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCSH1 ADPCSO0
RO1UH0028EJ0400 Rev.4.00 413
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78K0/Kx2-L CHAPTER 15 SERIAL INTERFACE IICA

Figure 15-6. Format of IICA Status Register 0 (IICASO0) (3/3)

ACKDO Detection of acknowledge (Aﬁ)
0 Acknowledge was not detected.
1 Acknowledge was detected.
Condition for clearing (ACKDO = 0) Condition for setting (ACKDO = 1)
* When a stop condition is detected o After the SDAAO line is set to low level at the rising
¢ At the rising edge of the next byte’s first clock edge of SCLAO’s ninth clock

o Cleared by LRELO = 1 (exit from communications)
e When the [ICEOQ bit changes from 1 to O (operation

stop)
* Reset
STDO Detection of start condition
0 Start condition was not detected.
1 Start condition was detected. This indicates that the address transfer period is in effect.
Condition for clearing (STDO = 0) Condition for setting (STDO = 1)
* When a stop condition is detected * When a start condition is detected

o At the rising edge of the next byte’s first clock
following address transfer

e Cleared by LRELO = 1 (exit from communications)

e When the IICEO bit changes from 1 to O (operation

stop)
* Reset
SPDO Detection of stop condition
0 Stop condition was not detected.
1 Stop condition was detected. The master device’s communication is terminated and the bus is
released.
Condition for clearing (SPDO = 0) Condition for setting (SPDO = 1)

e At the rising edge of the address transfer byte’s first * When a stop condition is detected
clock following setting of this bit and detection of a
start condition

o When the IICEO bit changes from 1 to 0 (operation
stop)

* Reset

Remark LRELO: Bit 6 of IICA control register O (IICACTLO)
IICEO: Bit 7 of IICA control register 0 (IICACTLO)

(3) IICA flag register 0 (IICAFO0)
This register sets the operation mode of I°C and indicates the status of the I°C bus.
This register can be set by a 1-bit or 8-bit memory manipulation instruction. However, the STTO clear flag (STCF)
and I°C bus status flag (IICBSY) are read-only.
The IICRSV bit can be used to enable/disable the communication reservation function.
The STCEN bit can be used to set the initial value of the IICBSY bit.
The IICRSV and STCEN bits can be written only when the operation of I’C is disabled (bit 7 (IICEO) of the IICA
control register 0 (IICACTLO) = 0). When operation is enabled, the IICAFO register can be read.
Reset signal generation clears this register to 00H.
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78K0/Kx2-L CHAPTER 15 SERIAL INTERFACE IICA

Figure 15-26 shows the communication reservation timing.

Figure 15-26. Communication Reservation Timing

Program processing [STT0=1 Yl\gllf\e 10
A
Communi- SetSPDO| | o
Hardware processing |cation and S'T'D 0
reservation INTIICAO
SCLAO 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6

oo XY 1 BESEN

Generate by master device with bus mastership

Remark [ICA: IICA shift register

STTO: Bit 1 of IICA control register 0 (IICACTLO)

STDO: Bit 1 of IICA status register 0 (IICASO)

SPDO0: Bit 0 of IICA status register 0 (IICASO0)
Communication reservations are accepted via the timing shown in Figure 15-27. After bit 1 (STDO) of the IICA
status register 0 (IICASO) is set to 1, a communication reservation can be made by setting bit 1 (STTO) of the IICA

control register 0 (IICACTLO) to 1 before a stop condition is detected.

Figure 15-27. Timing for Accepting Communication Reservations

soLA0 / J
e N

STDO

SPDO

((
))
((
))
Standby mode (Communication can be reserved by setting STTO to 1 during this period.)

Figure 15-28 shows the communication reservation protocol.
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CHAPTER 15

SERIAL INTERFACE IICA

(1) Master device operation

(a) Start ~ Address ~ Data ~ Data ~ Stop (transmission/reception)

(i) When WTIMO = 0

A1: 1ICASO = 1000x110B

A2: [ICASO = 1000x000B

A3: |ICASO = 1000x000B (Sets WTIMO to 1)"*
A4: ]ICASO = 1000xx00B (Sets SPTO to 1)"**
AB: 1ICAS0 = 00000001B

request signal.
Remark A: Always generated

A: Generated only when SPIEO = 1
x: Don’t care

SPTO = 1
l
ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK| SP
A1 A2 A3 A4 A5

Note To generate a stop condition, set WTIMO to 1 and change the timing for generating the INTIICAO interrupt

(i) When WTIMO = 1

A1: [ICASO = 1000x110B
A2: [ICASO = 1000x100B
A3: [ICASO = 1000xx00B (Sets SPTO to 1)
A4: 1ICASO = 00000001B

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

SPTO =1
l
ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
N A2 A3 A4
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