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Related Documents The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
78K0/Kx2 User’'s Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K0/Kx2 Flash Memory Programming (Programmer) Application Note U17739E
78K0/Kx2 Flash Memory Self Programming User’s Manual U17516E
78K0/Kx2 EEPROM™ Emulation Application Note U17517E
78K0 Microcontrollers Self Programming Library Type01 User's Manual U18274E
78K0 Microcontrollers EEPROM Emulation Library TypeO1 User's Manual U18275E

Documents Related to Flash Memory Programming

Document Name Document No.
PG-FP5 Flash Memory Programmer User’s Manual U18865E
PG-FP4 Flash Memory Programmer User’'s Manual U15260E

Documents Related to Development Tools (Hardware)

Document Name Document No.
QB-78K0KX2 In-Circuit Emulator User's Manual U17341E
QB-MINI2 On-Chip Debug Emulator with Programming Function User's Manual U18371E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.



78K0/Kx2

CHAPTER 1 OUTLINE

(2) Expanded-specification products (4PD78F05xxA and 78F05xxDA) (1/2)

<1> When internal high-speed oscillation clock is used

Library Name

Interrupt Response Time (us (Max.))

Normal Model of C Compiler

Static Model of C Compiler/Assembler

Entry RAM location Entry RAM location Entry RAM location Entry RAM location
is outside short is in short direct is outside short is in short direct
direct addressing addressing range direct addressing addressing range
range range

Block blank check library 1100.9 431.9 1095.3 426.3
Block erase library 1452.9 783.9 1447.3 778.3
Word write library 1247.2 579.2 1239.2 571.2
Block verify library 1125.9 455.9 1120.3 450.3
Set information library 906.9 312.0 905.8 311.0
EEPROM write library 1215.2 547.2 1213.9 545.9

Remarks 1. The above interrupt response times are those during stabilized operation of the internal high-speed
oscillator (RSTS = 1).

2. RSTS: Bit 7 of the internal oscillation mode register (RCM)

<2> When high-speed system clock is used (normal model of C compiler)

Library Name

Interrupt Response Time (us (Max.))

RSTOP =0,

RSTS =1

RSTOP =1

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Block blank check library

179/fcpu + 567

179/fcru + 246

179/fcru + 1708

179/fcru + 569

Block erase library

179/fcpu + 780

179/fcpu + 459

179/fceu + 1921

179/fcpu + 782

Word write library

333/fcpu + 763

333/fceu + 443

333/fceu + 1871

333/fceu + 767

Block verify library

179/fcpu + 580

179/fcpu + 259

179/fcpu + 1721

179/fcpu + 582

Set information library

80/fcru + 456

80/fcpu + 200

80/fcru + 1598

80/fcru + 459

EEPROM write library"

29/fcpu + 767

333/fcru + 696

29/fcru + 447

333/fcru + 376

29/fceu + 767

333/fcru + 1838

29/fcru + 447

333/fcru + 700

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending on

the value of fcru.

Remarks 1. fcru: CPU operation clock frequency

2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (1/2): 78K0/KB2

Function Name I/0 Function After Reset|  Alternate Function
ANIO to ANI3 Input A/D converter analog input Analog P20 to P23
input

EXLVI Input Potential input for external low-voltage detection Input port | P120/INTPO
FLMDO - Flash memory programming mode setting - -
INTPO Input External interrupt request input for which the valid edge (rising | Input port | P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P30
INTP2 specilled P31/OCD1A"™"
INTP3 P32/0CD1B""
INTP4 P33/T151/TO51
INTP5 P16/TOH1
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -

for internal operation.

Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port | P11/SI10
RxD6 Input Serial data input to UART6 Input port | P14
TxDO Output | Serial data output from UARTO Input port | P10/SCK10
TxD6 Output | Serial data output from UART6 Input port | P13
SCK10 1/0 Clock input/output for CSI10 Input port | P10/TxDO
S0 Input Serial data input to CSI10 P11/RxD0
S010 Output | Serial data output from CSI10 P12
SCLO 110 Clock input/output for I°C Input port | P60
SDAO Serial data I/O for I'C P61
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port | POO

Capture trigger input to capture registers (CR000, CR010) of

16-bit timer/event counter 00
TIO10 Input Capture trigger input to capture register (CR000) of 16-bit Input port | PO1/TO00

timer/event counter 00
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port | P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TOO00 Output | 16-bit timer/event counter 00 output Input port | PO1/TI010
TO50 Output | 8-bit timer/event counter 50 output Input port | P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO Output | 8-bit timer HO output Input port | P15
TOH1 8-bit timer H1 output P16/INTP5
X1 - Connecting resonator for main system clock Input port | P121/OCDOA"™"*
X2 - Input port | P122/EXCLK/OCDOB""*
EXCLK Input External clock input for main system clock Input port | P122/X2/0CDOB"*

Note 4PD78F0503D and 78F0503DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 3 CPU ARCHITECTURE

Figure 3-7. Memory Map (uPD78F0515, 78F0515A, 78F0525, 78F0525A, 78F0535, 78F0535A, 78F0545, and

FFFFH
Special function registers
(SFR)

256 x 8 bits
FFOOH

FEFFH General-purpose

registers
FEEOH 32 x 8 bits
FEDFH
_L Internal high-speed RAM _|_
T 1024 x 8 bits T

FBOOH
FAFFH

FA20H Reserved
FA1FH

Buffer RAM

32 x 8 bitsNete 3

Data memory IESI(:)(F) n

space F800H Reserved
T F7FFH

Program RAM area

RAM space in =
which instruction
can be fetched

FOOOH

Internal expansion RAM  _|
2048 x 8 bits a

EFFFH

memory space

0000H

Program e

Flash memory
61440 x 8 bits

78F0545A)

EFFFH

=0 Program area - ——

1FFFH
1085H
1084H Option byte areaNote 1
1080H 5 x 8 bits
107FH Boot cluster 1
Program area

1000H
0FFFH

L CALLF entry area 4

2048 x 8 bits

0800H
07FFH

1 Program area L

T 1915 x 8 bits T
0085H
0084H Option byte areaN°te 1 Boot cluster oNote 2
0080H 5 x 8 bits
007FH

CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits

0000H Y

Notes 1.

When boot swap is used:

When boot swap is not used: Set the option bytes to 0080H to 0084H.

Set the option bytes to 0080H to 0084H and 1080H to 1084H.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).
The buffer RAM is incorporated only in the xPD78F0545 and 78F0545A (78K0/KF2). The area from FAOOH

to FA1FH cannot be used with the 4PD78F0515, 78F0515A, 78F0525, 78F0525A, 78F0535, and 78F0535A.

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

EFFFH
Block 3BH
ECOOH
EBFFH
07FFH
Block 01H
0400H
03FFH
Block O0H 1 KB
000
RO1UHO008EJ0401 Rev.4.01 104
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78K0/Kx2 CHAPTER 3 CPU ARCHITECTURE

3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. The general-
purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit register (AX,
BC, DE, and HL).

These registers can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and absolute
names (RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of the 4-
register bank configuration, an efficient program can be created by switching between a register for normal processing and
a register for interrupts for each bank.

Figure 3-25. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FEFFH
H
Register bank 0 HL
L
FEF8H
D
Register bank 1 DE
E
FEFOH
B
Register bank 2 BC
C
FEE8H
A
Register bank 3 AX
X
FEEOH
15 0 7 0
(b) Absolute name
16-bit processing 8-bit processing
FEFFH
R7
Register bank 0 RP3
R6
FEF8H
R5
Register bank 1 RP2
R4
FEFOH
R3
Register bank 2 RP1
R2
FEE8SH
R1
Register bank 3 RPO
RO
FEEOH
15 0 7 0
RO1UHO008EJ0401 Rev.4.01 129
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CHAPTER 5 PORT FUNCTIONS

78K0/Kx2
Figure 5-11. Block Diagram of P16 and P17
EVoo
™  WReu
l PU1
S PU16, PU17
Alternate
function
RD
I 2 <] <] |
= 3
: | 8
Ko}
§ WRpoRrT
5 P1
C
- A Output latch
S (P16, P17) ——QO P16/TOH1/INTPS,
P17/T150/TO50
WRpm
PM1
S PM16, PM17
Alternate
function
N
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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78K0/Kx2

CHAPTER 6 CLOCK GENERATOR

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

Remark The peripheral hardware depends on the product. See 1.7 Block Diagram and 1.8 Outline of Functions.

Table 6-13. Peripheral Hardware and Source Clocks

Source Clock Peripheral Subsystem Clock Internal Low- TM50 Output External Clock
Hardware Clock (fsu)">®" Speed Oscillation from Peripheral
Peripheral Hardware (frrs) Clock (frL) Hardware Pins
16-bit timer/ 00 Y N N Y (TI000 pin)"*?
event counter 01 N N N Y (TI001 pin)**2
8-bit timer/ 50 Y N N N Y (TI50 pin)"*e?
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
Watch timer Y Y N N N
Watchdog timer N N Y N N
Buzzer output Y N N N N
Clock output Y Y N N N
A/D converter Y N N N N
Serial interface UARTO Y N N Y N
UART6 Y N N Y N
CSI10 Y N N N Y (SCK10 pin)**2
CcSH1 Y N N N Y (SCK11 pin)**?
CSIA0 Y N N N Y (SCKAO pin)**?
1ICO Y N N N Y (EXSCLO,
SCLO pin)"**?

Notes 1.

The 78K0/KB2 is not provided with a subsystem clock.

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

RO1UHOO08EJ0401 Rev.4.01
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78K0/Kx2 CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

()

Figure 7-3. Format of 16-Bit Timer Counter On (TMOn)

Address: FF10H, FF11H (TM00), FFBOH, FFB1H (TMO1) After reset: 0000H R
FF11H (TM00), FFB1H (TMO01) FF10H (TM00), FFBOH (TMO01)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

oo L T T T T T T T T T T T T T ]

The count value of TMOn can be read by reading TMOn when the value of bits 3 and 2 (TMCOn3 and TMCOn2) of 16-
bit timer mode control register On (TMCOn) is other than 00. The value of TMOn is 0000H if it is read when TMCOn3
and TMCOn2 = 00.

The count value is reset to 0000H in the following cases.

o At reset signal generation

¢ If TMCON3 and TMCON2 are cleared to 00

« If the valid edge of the TI0On pin is input in the mode in which the clear & start occurs when inputting the valid edge
to the TIOON pin

¢ |f TMOn and CR0OONn match in the mode in which the clear & start occurs when TMOn and CROOn match

e OSPTOn is set to 1 in one-shot pulse output mode or the valid edge is input to the TIOOn pin

Caution Even if TMOn is read, the value is not captured by CRO1n.

16-bit timer capture/compare register 00n (CR00n), 16-bit timer capture/compare register 01n (CR01n)

CROOn and CRO1n are 16-bit registers that are used with a capture function or comparison function selected by using
CRCOn.

Change the value of CROOn while the timer is stopped (TMCOn3 and TMCOn2 = 00).

The value of CRO1n can be changed during operation if the value has been set in a specific way. For details, see
7.5.1 Rewriting CRO1n during TMOn operation.

These registers can be read or written in 16-bit units.

Reset signal generation clears these registers to 0000H.

Remark n=0: 78K0/KE2 products whose flash memory is less than 32 KB, and 78K0/KB2, 78K0/KC2,
78K0/KD2 products
n =0, 1: 78K0/KE2 products whose flash memory is at least 48 KB, and 78K0/KF2 products

RO1UHO008EJ0401 Rev.4.01 273
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78K0/Kx2 CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 7-36. Example of Software Processing in Clear & Start Mode Entered by TIOOn Pin Valid Edge Input

TMOn register N /M,/ N }/ N /M,/ N }

0000H —/ / / l/ /

Operable bits
(TMCONn3, TMCONn2)

1

al

00 10

Count clear input
(TI00N pin input)

Compare register >< M
(CRoOON)
Compare match interrupt '| '| '| '|
(INTTMOON)

Compare register
(CRO1n) X N

Compare match interrupt
(INTTMO1n)

TOON output L r

|
—

<1> <2> <2> <2> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
) The counter is initialized
START TMCOn3, TMCON2 bits =00 | and counting is stopped
by clearing the TMCONn3
and TMCON2 bits to 00.
Register initial setting Initial setting of these
PRMOn register, registers is performed
CRCOn register, before setting the STOP
TOCON registerhete, TMCONn3 and TMCOn2

CROOn, CRO1n registers, bits to 10.
TMCONn.TMCOn1 bit,
port setting

TMCOn3, TMCON2 bits = 10 Starts count operation

<2> TMOn register clear & start flow

|

Edge input to TIOON pin

|

When the valid edge is input to the TI00n pin,
the value of the TMOn register is cleared.

Note Care must be exercised when setting TOCOn. For details, see 7.3 (3) 16-bit timer output control register On
(TOCON).
Remark n=0: 78KO0/KE2 products whose flash memory is less than 32 KB, and 78K0/KB2, 78K0/KC2,
78K0/KD2 products
n=0, 1: 78K0/KE2 products whose flash memory is at least 48 KB, and 78K0/KF2 products

RO1UHO008EJ0401 Rev.4.01 311
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78K0/Kx2 CHAPTER 8 8-BIT TIMER/EVENT COUNTERS 50 AND 51

Figure 8-13. Square-Wave Output Operation Timing

ot 1

I

o | o |
T™sn countvalue _ 00HJotH o) N1 N IXOOHXO1HX02HX NN IXOOH
Cour%start E E

1
1
|
TO5nNote L [ |_

Note The initial value of TO5n output can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control register

5n (TMC5n).

8.4.4 PWM output operation

8-bit timer/event counter 5n operates as a PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register 5n

(TMC5Bn) is set to 1.
The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.

Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of TMC5n.

The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).
PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

Caution In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected by

TCL5n) or more.

Remark n=0, 1

RO1UHO008EJ0401 Rev.4.01
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78K0/Kx2 CHAPTER 13 A/D CONVERTER

Figure 13-11. Basic Operation of A/D Converter

Conversion time
Sampling time

A/D converter
operation

~=20000000000E

Conversion
result

INTAD | |

A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register (ADM) is
reset (0) by software.

If a write operation is performed to the analog input channel specification register (ADS) during an A/D conversion
operation, the conversion operation is initialized, and if the ADCS bit is set (1), conversion starts again from the beginning.

Reset signal generation clears the A/D conversion result register (ADCR, ADCRH) to 0000H or 00H.

Sampling A/D conversion

ADCR

13.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical A/D
conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following expression.

VAIN

SAR = INT ( x 1024 + 0.5)
AVREF
ADCR = SAR x 64
or
ADCR
(ADCR 5y AVREE v < (ARCR | o 5) o AVREF
64 1024 64 1024

where, INT(): Function which returns integer part of value in parentheses
VAIN: Analog input voltage
AVRer:  AVREer pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Remark ANIO to ANI3: 78K0/KB2
ANIO to ANI5: 38-pin products of the 78K0/KC2
ANIO to ANI7: Products other than above

RO1UHO008EJ0401 Rev.4.01 422
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78K0/Kx2 CHAPTER 14 SERIAL INTERFACE UARTO

(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 14-12. Permissible Baud Rate Range During Reception

Latch timing
4 Y% 4 Y Y #7
I
Data frame length \ . . . x x . - .
of UARTO Start bit /< Bit 0 X Bit 1 Bit 7 XParlty bit y Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible Startbit [ Bit0 Bit 1 Bit7 ) Parity bit) Stop bi
data frame length

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 14-12, the latch timing of the receive data is determined by the counter set by baud rate generator
control register 0 (BRGCO) 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 UARTO

k: Set value of BRGCO
FL: 1-bit data length
Margin of latch timing: 2 clocks

RO1UHO008EJ0401 Rev.4.01 451
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78K0/Kx2 CHAPTER 16 SERIAL INTERFACES CSI10 AND CSI11

o Serial operation mode register 11 (CSIM11)

Address: FF88H After reset: 00OH R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM11 CSIE11 TRMD11 SSE11 DIR11 0 0 0 CSOT11
CSIE11 Operation control in 3-wire serial I/O mode
0 Disables operation"™®" and asynchronously resets the internal circuit"*?.

Notes 1. To use P02/SO11, P04/SCK11, and P05/SSI11/T1001 as general-purpose ports, set CSIM11 in the
default status (O0H).
2. Bit0 (CSOT11) of CSIM11 and serial I/O shift register 11 (SI011) are reset.

16.4.2 3-wire serial /0 mode
The 3-wire serial /0O mode is used for connecting peripheral ICs and display controllers with a clocked serial interface.

In this mode, communication is executed by using three lines: the serial clock (SCK1n), serial output (SO1n), and
serial input (SI1n) lines.

(1) Registers used

¢ Serial operation mode register 1n (CSIM1n)

Serial clock selection register 1n (CSIC1n)
¢ Port mode register 0 (PMO) or port mode register 1 (PM1)
¢ Port register 0 (P0) or port register 1 (P1)

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1> Set the CSIC1n register (see Figures 16-5 and 16-6).

<2> Set bits 4 to 6 (DIR1n, SSE11 (serial interface CSI11 only), and TRMD1n) of the CSIM1n register (see Figures
16-3 and 16-4).

<3> Set bit 7 (CSIE1n) of the CSIM1n register to 1. — Transmission/reception is enabled.

<4> Write data to transmit buffer register 1n (SOTB1n). — Data transmission/reception is started.
Read data from serial I/O shift register 1n (SIO1n). — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register and
port register.

Remark n=0: 78K0/KE2 products whose flash memory is less than 32 KB, and 78K0/KB2, 78K0/KC2,
78K0/KD2 products
n =0, 1: 78K0/KE2 products whose flash memory is at least 48 KB, and 78K0/KF2 products

RO1UHO008EJ0401 Rev.4.01 500
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78K0/Kx2 CHAPTER 16 SERIAL INTERFACES CSI10 AND CSI11

(5) SO1n output (see Figures 16-1 and 16-2)
The status of the SO1n output is as follows depending on the setting of CSIE1n, TRMD1n, DAP1n, and DIR1n.

Table 16-3. SO1n Output Status

CSIE1n TRMD1n DAP1n DIR1n SO1n Output™*’
CSIEin=0""? | TRMD1n = Q"**=*° - - Low level output"*?
TRMD1n =1 DAP1n=0 - Low level output
DAP1n=1 DIR1In=0 Value of bit 7 of SOTB1n
DIR1n =1 Value of bit 0 of SOTB1n
CSIE1n=1 TRMD1n = 0"** - - Low level output
TRMD1n = 1 - - Transmission data"***

Notes 1. The actual output of the SO10/P12 or SO11/P02 pin is determined according to PM12 and P12 or
PMO02 and P02, as well as the SO1n output.

2. This is a status after reset.
3. To use the P12/SO10 or P02/SO11 pin as general-purpose port, set the serial clock selection

register 1n (CSIC1n) in the default status (O0H).
4. After transmission has been completed, the SO1n pin holds the output value of the last bit of

transmission data.

Caution If a value is written to CSIE1n, TRMD1n, DAP1n, and DIR1n, the output value of SO1n
changes.

Remark n=0: 78KO0/KE2 products whose flash memory is less than 32 KB, and 78K0/KB2, 78K0/KC2,

78K0/KD2 products
n =0, 1: 78K0/KE2 products whose flash memory is at least 48 KB, and 78K0/KF2 products
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78K0/Kx2

CHAPTER 20
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Table 20-2. Flags Corresponding to Interrupt Request Sources (2/2)

K|K|K|K|K]| Interrupt Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
B|C|D|E|F| Source Register Register Register
2|2]|2|2]|2
N[N NN ]|V [INTAD ADIF IF1L ADMK MKiL |ADPR PR1L
V|V | N[V |[V[INTSRO |SRIFO SRMKO SRPRO
— | N NNV INTWTI WTIIF WTIMK WTIPR
VNN [NV [INTTM51 | TMIF51 TMMK51 TMPR51
Note 4
— [ V[~ | V]|V ]|INTKR KRIF KRMK KRPR
- | V|V |INTWT  |WTIF WTMK WTPR
N \ |INTP6 PIF6 PMK6 PPR6
Note 1
| N V|| V[INTP7  |PIF7 PMK7 PPR7
N[N |V [INTHCO lICIFQ""® IF1H IICMKQ"*” MK1H |lICPRO""® PR1H
Note 2|Note 2|Note 2(Note 2| Note 5
INTDMU | DMUIF"*® DMUMK"” DMUPR""*
Note 5
—|={-|~|~[INTCSI11 |CSIIF11 CSIMK11 CSIPR11
Note 3|
—|=|~=1]~|~]INTTMOO1 | TMIF0O1 TMMKO01 TMPROO1
Note 3|
— | == ~]|~|INTTMO11 | TMIFO11 TMMKO11 TMPRO11
Note 3|
—|=|-|-|~]INTACSI |ACSIIF ACSIMK ACSIPR
Notes 1. 48-pin products only.

2. INTIHCO: products whose flash memory is less than 32 KB
INTIICO/INTDMU: products whose flash memory is at least 48 KB

3. Products whose flash memory is at least 48 KB only.

4. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is generated upon the
timing when the INTTM5H1 signal is generated (see Figure 9-13 Transfer Timing).

5. Do not use serial interface IIC0O and multiplier/divider simultaneously, because the flags corresponding to the
interrupt request sources of serial interface [ICO and multiplier/divider support both of these interrupt request
sources. If software which operates serial interface 11CO is developed by CC78K0 which is C compiler, do not
select the check box of “Using Multiplier/Divider” on GUI of PM+.

6. If either interrupt source INTIICO or INTDMU is generated, bit O of IF1H is set (1).

7. Bit 0 of MK1H supports both interrupt sources INTIICO and INTDMU.

8. Bit 0 of PR1H supports both interrupt sources INTIICO and INTDMU.

RO1UHOO08EJ0401 Rev.4.01
Jul 15, 2010

RENESAS

636



78K0/Kx2

CHAPTER 20

INTERRUPT FUNCTIONS

Figure 20-13. Format of Priority Specification Flag Registers (PROL, PROH, PR1L, PR1H) (78K0/KC2)

Address: FFE8H  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROL SREPR6 PPR5 PPR4 PPR3 PPR2 PPR1 PPRO LVIPR
Address: FFEQH  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROH TMPRO10 | TMPR000O | TMPR50 TMPRHO TMPRH1 DUALPRO STPR6 SRPR6
CSIPR10
STPRO
Address: FFEAH  After reset: FFH R/W
Symbol 7 <6> <5> <4> <3> <2> <1> <0>
PR1L 1 PPR6"™"" WTPR KRPR TMPR51 WTIPR SRPRO ADPR
Address: FFEBH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 <0>
PR1H 1 1 1 1 1 1 1 IICPRO
DMUPR"*?
XXPRX Priority level selection
0 High priority level
1 Low priority level

Notes 1. 48-pin products only.

2. Products whose flash memory is at least 48 KB only.

Cautions 1. Be sure to set bits 6 and 7 of PR1L to 1 in the 38-pin and 44-pin products.
Be sure to set bit 7 of PR1L to 1 in the 48-pin products.

2. Be sure to set bits 1 to 7 of PR1H to 1.
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CHAPTER 25 LOW-VOLTAGE DETECTOR

25.1 Functions of Low-Voltage Detector

The low-voltage detector (LVI) is mounted onto all 78K0/Kx2 microcontroller products.

The low-voltage detector has the following functions.

e The LVI circuit compares the supply voltage (Vob) with the detection voltage (Vvi) or the input voltage from an
external input pin (EXLVI) with the detection voltage (Vex.vi = 1.21 V (TYP.): fixed), and generates an internal reset

or internal interrupt signal.
e The supply voltage (Vop) or input voltage from an external input pin (EXLVI) can be selected by software.
o Reset or interrupt function can be selected by software.

o Detection levels (16 levels

Note

e Operable in STOP mode.

) of supply voltage can be changed by software.

Note Standard products and (A) grade products: 16 levels
10 levels

(A2) grade products:

The reset and interrupt signals are generated as follows depending on selection by software.

Selection of Level Detection of Supply Voltage (Vop)
(LVISEL = 0)

Selection Level Detection of Input Voltage from
External Input Pin (EXLVI) (LVISEL = 1)

Selects reset (LVIMD = 1).

Selects interrupt (LVIMD = 0).

Selects reset (LVIMD = 1).

Selects interrupt (LVIMD = 0).

Generates an internal reset
signal when Vop < Vv and
releases the reset signal when
Vop > Vivi.

Generates an internal interrupt
signal when Voo drops lower
than Vivi (Vob < Vwvi) or when
Voo becomes Vv or higher
(Vob > Viw).

Generates an internal reset
signal when EXLVI < Vexwvi
and releases the reset signal
when EXLVI > Vexuvi.

Generates an internal interrupt
signal when EXLVI drops
lower than Vexwi (EXLVI <
Vexwvi) or when EXLVI
becomes Vexwvi or higher
(EXLVI > Vexwi).

Remark LVISEL: Bit 2 of low-voltage detection register (LVIM)
LVIMD: Bit 1 of LVIM

While the low-voltage detector is operating, whether the supply voltage or the input voltage from an external input pin is
more than or less than the detection level can be checked by reading the low-voltage detection flag (LVIF: bit 0 of LVIM).

When the low-voltage detector is used to reset, bit 0 (LVIRF) of the reset control flag register (RESF) is set to 1 if reset
occurs. For details of RESF, see CHAPTER 23 RESET FUNCTION.
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CHAPTER 32 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS: Ta =-40 to +110°C)

Target Products

Conventional-specification Products

Expanded-specification Products

78F0547(A2)

78KO0/KB2 4PD78F0500(A2), 78F0501(A2), 78F0502(A2), | 1PD78F0500A(A2), 78F0501A(A2), 78F0502A(A2),
78F0503(A2) 78F0503A(A2)

78KO0/KC2 4PD78F0511(A2), 78F0512(A2), 78F0513(A2), | 4PD78F0511A(A2), 78F0512A(A2), 78F0513A(A2),
78F0514(A2), 78F0515(A2) 78F0514A(A2), 78F0515A(A2)

78KO0/KD2 4PD78F0521(A2), 78F0522(A2), 78F0523(A2), | uPD78F0521A(A2), 78F0522A(A2), 78F0523A(A2),
78F0524(A2), 78F0525(A2), 78F0526(A2), 78F0524A(A2), 78F0525A(A2), 78F0526A(A2),
78F0527(A2) 78F0527A(A2)

78KO/KE2 4PD78F0531(A2), 78F0532(A2), 78F0533(A2), | 4PD78F0531A(A2), 78F0532A(A2), 78F0533A(A2),
78F0534(A2), 78F0535(A2), 78F0536(A2), 78F0534A(A2), 78F0535A(A2), 78F0536A(A2),
78F0537(A2) 78F0537A(A2)

78KO/KF2 4PD78F0544(A2), 78F0545(A2), 78F0546(A2), | uPD78F0544A(A2), 78F0545A(A2), 78F0546A(A2),

78F0547A(A2)

The following items are described separately for conventional-specification products (xzPD78F05xx(A2)) and expanded-
specification products (#«PD78F05xxA(A2)).

o X1 clock oscillation frequency (X1 oscillator characteristics)

e Instruction cycle, peripheral hardware clock frequency, external main system clock frequency, external main

system clock input high-level width, and external main system clock input low-level width ( (1) Basic operation

AC characteristics)
e A/D conversion time (A/D Converter Characteristics)
o Number of rewrites per chip (Flash Memory Programming Characteristics)

Caution The pins mounted depend on the product as follows.

(1) Port functions

in

Port 78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
30/36 Pins 38 Pins ‘ 44 Pins 48 Pins 52 Pins 64 Pins 80 Pins
Port 0 P00, PO1 P00 to P03 P00 to P06
Port 1 P10 to P17
Port 2 P20 to P23 P20 to P25 ‘ P20 to P27
Port 3 P30 to P33
Port 4 - ‘ P40, P41 P40 to P43 P40 to P47
Port 5 - P50 to P53 P50 to P57
Port 6 P60, P61 P60 to P63 P60 to P67
Port 7 - P70, P71 ‘ P70 to P73 P70 to P75 P70 to P77
Port 12 P120 to P122 | P120 to P124
Port 13 - P130
Port 14 - P140 P140, P141 P140 to P145
(The remaining table is on the next page.)
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Notes 1.

Total current flowing into the internal power supply (Vob, EVop), including the peripheral operation current and
the input leakage current flowing when the level of the input pin is fixed to Vob or Vss. However, the current
flowing into the pull-up resistors and the output current of the port are not included.

2. Not including the operating current of the 8 MHz internal oscillator, 240 kHz internal oscillator, and XT1
oscillator, and the current flowing into the A/D converter, watchdog timer and LVI circuit.

3. When AMPH (bit O of clock operation mode select register (OSCCTL)) = 0.

4. Not including the operating current of the X1 oscillator, XT1 oscillator, and 240 kHz internal oscillator, and the
current flowing into the A/D converter, watchdog timer and LVI circuit.

5. Not including the operating current of the X1 oscillation, 8 MHz internal oscillator and 240 kHz internal
oscillator, and the current flowing into the A/D converter, watchdog timer and LVI circuit.

6. Not including the operating current of the 240 kHz internal oscillator and XT1 oscillation, and the current
flowing into the A/D converter, watchdog timer and LVI circuit.

7. Current flowing only to the A/D converter (AVRer). The current value of the 78K0/Kx2 microcontrollers is the
sum of Ipp1 or Iop2 and laoc when the A/D converter operates in an operation mode or the HALT mode.

8. Current flowing only to the watchdog timer (including the operating current of the 240 kHz internal oscillator).
The current value of the 78K0/Kx2 microcontrollers is the sum of Iop1, Ibp2 or Iops and lwot when the watchdog
timer operates.

9. Current flowing only to the LVI circuit. The current value of the 78K0/Kx2 microcontrollers is the sum of Ibp1,
Iop2 or Ipps and ILvi when the LVI circuit operates.
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Caution The pins mounted depend on the product. Refer to Caution at the beginning of this chapter.

DC Characteristics (3/4)
(Ta =-40 to +125°C, 2.7 V < Vpp = EVpp < 5.5 V, AVRer < Vbp, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, low Vo1 P00 to P06, P10 to P17, 40V<Vop<55YV, 0.7 Vv
P30 to P33, P40 to P47, lott =4.0 mA
P50 to P57, P64 to P67, 27V<Vop<4.0V, 0.7 Vv
P70 to P77, P120, P130, loL1 = 2.0 mA
P140 to P145
VoLz2 P20 to P27 AVrer = Vop, 0.4 \
lo.z = 0.4 mA
P121 to P124 loz = 0.4 mA 0.4 \%
Vos P60 to P63 40V<Vop<55YV, 2.0 \Y
loLt = 8.0 mA
40V<Vop<55YV, 0.6 Vv
loLt =2.0 mA
27V<Vop<4.0V, 0.6 \Y
lott =2.0 mA
Input leakage current, ILiH1 P00 to P06, P10 to P17, Vi = Vop 5 HA
high P30 to P33, P40 to P47,

P50 to P57, P60 to P67,
P70 to P77, P120, P140 to
P145, FLMDO, RESET

ILimz P20 to P27 Vi = AVrer = Vop 5 LA

ILHa P121 to 124 Vi= 1/0 port mode 5 LA

(X1, X2, XT1, XT2) Voo 0SC mode 20 LA

Input leakage current, low | i1 P00 to P06, P10 to P17, Vi =Vss -5 LA

P30 to P33, P40 to P47,
P50 to P57, P60 to P67,
P70 to P77, P120, P140 to
P145, FLMDO, RESET

lLiz P20 to P27 Vi = Vss, AVRrer = Vop -5 LA
lLis P121 to 124 Vi= 1/0O port mode -5 LA
(X1, X2, XT1, XT2) Vss OSC mode _o0 LA
Pull-up resistor Ru Vi = Vss 10 20 100 kQ
FLMDO supply voltage Vi In normal operation mode 0 0.2Vop
ViH In self-programming mode 0.8Vop Vop

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.

RO1UHO008EJ0401 Rev.4.01 867
Jul 15, 2010 RENESAS



