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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2): 78K0/KC2

Function Name I/0 Function After Reset | Alternate Function
P120 /0 Port 12. Input port INTPO/EXLVI
P121 5-bit I/0 pOf‘t. X1/OCD0ANo|e|
122 Input/output can be specified in 1-bit units. v —"
Only for P120, use of an on-chip pull-up resistor can be
P123 specified by a software setting. XT1
P124 XT2/EXCLKS
P130"*? Output | Port 13. Output port -
1-bit output-only port.
P140"%"? 110 Port 14. Input port PCL/INTP6""?
1-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.

Notes 1. 4PD78F0513D, 78F0513DA, 78F0515D and 78F0515DA (product with on-chip debug function) only
2. 48-pin products only

(2) Non-port functions (1/2): 78K0/KC2

Function Name 110 Function After Reset | Alternate Function
ANIO to ANI5 Input A/D converter analog input Analog input | P20 to P25
ANI6NME1’ ANI7NoleI P26Nolel‘ P27NoleI
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
EXSCLO Input External clock input for serial interface. Input port P62

To input an external clock, input a clock of 6.4 MHz.
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

specified o2
INTP2 P31/OCD1A™"
INTP3 P32/0CD1B""*
INTP4 P33/T151/TO51
INTP5 P16/TOH1
INTPE""* P140/PCL""*
KRO, KR1 Input Key interrupt input Input port P70, P71
KRZNoleI‘ KRSNM&1 P72Nole|‘ P73Nol91
pCL"*® Output | Clock output (for trimming of high-speed system clock, Input port P140/INTP6""**

subsystem clock)

Notes 1.

44-pin and 48-pin products only

For the 38-pin products, be sure to set bits 6 and 7 of PM2 to “1”, and bits 2 and 3 of PM7, bits 6 and 7 of P2,
and bits 2 and 3 of P7 to “0”.
2. 4PD78F0513D, 78F0513DA, 78F0515D and 78F0515DA (product with on-chip debug function) only
3. 48-pin products only
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78K0/Kx2

CHAPTER 3 CPU ARCHITECTURE

3.1.1 Internal program memory space
The internal program memory space stores the program and table data. Normally, it is addressed with the program

counter (PC).

78K0/Kx2 microcontrollers incorporate internal ROM (flash memory), as shown below.

Table 3-4. Internal ROM Capacity

78KO/KB2 78KO/KC2 78KO/KD2 78KO/KE2 78KO/KF2 Internal ROM
30/36 Pins 38/44 Pins 48 Pins 52 Pins 64 Pins 80 Pins (Flash memory)
LPD78F0500, - - - - - 8192 x 8 bits
PD78F0500A (0000H to 1FFFH)
4PD78F0501, | uPD78F0511, |uPD78F0511, |uPD78F0521, |.PD78F0531, - 16384 8 bits
78F0501A 78F0511A 78F0511A 78F0521A 78F0531A (0000H to 3FFFH)
4PD78F0502, | xPD78F0512, |uPD78F0512, |uPD78F0522, |.PD78F0532, - 24576 x 8 bits
78F0502A 78F0512A 78F0512A 78F0522A 78F0532A (0000H to 5FFFH)
4PD78F0503D, | PD78F0513D, |uPD78F0513, |uPD78F0523, |.PD78F0533, - 32768 x 8 bits
78F0503DA | 78F0513DA | 78F0513A 78F0523A 78F0533A (0000H to 7FFFH)
4PD78F0503, | 1 PD78F0513,
78F0503A 78F0513A
- - 4PD78F0514, | uPD78F0524, | uPD78F0534, | uPD78F0544, 49152 x 8 bits
78F0514A 78F0524A 78F0534A 78F0544A (0000H to BFFFH)
- - (PD78F0515D, | uPD78F0525, | 4PD78F0535, | uPD78F0545, 61440 x 8 bits
78F0515DA | 78F0525A 78F0535A 78F0545A (0000H to EFFFH)
PD78F0515,
78F0515A
- - - (PD78F0526, | uPD78F0536, | uPD78F0546, 98304 x 8 bits
78F0526A 78F0536A 78F0546A (0000H to 7FFFH
(common area: 32 KB)
+ 8000H to BFFFH
(bank area: 16 KB) x 4)
- - - 4PD78F0527D, |uPD78F0537D, |uPD78F0547D, | 131072 x 8 bits
78F0527DA  |78F0537DA  |78F0547DA (0000H to 7FFFH
4PD78F0527, |uPD78F0537, |uPD78F0547, | (commonarea: 32 KB)
78F0527A 78F0537A 78F0547A +8000H to BFFFH
(bank area: 16 KB) x 6)

The internal program memory space is divided into the following areas.

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The program start addresses for branch upon
reset or generation of each interrupt request are stored in the vector table area.
Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.

RO1UHO008EJ0401 Rev.4.01 111
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78K0/Kx2

CHAPTER 3 CPU ARCHITECTURE

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

6000H
5FFFH

0000H

Figure 3-14. Correspondence Between Data Memory and Addressing
(4PD78F0502, 78F0502A, 78F0512, 78F0512A, 78F0522, 78F0522A, 78F0532, and 78F0532A)

Flash memory
— 24576 x 8 bits 2

Short direct
addressing

Special function registers T )
(SFR) SFR addressing
256 x 8 bits
General-purpose + )
registers Register addressing
32 x 8 bits Y
A Internal high-speed RAM A
B 1024 x 8 bits T
- Reserved T

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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78K0/Kx2

CHAPTER 5 PORT FUNCTIONS

5.2.5 Port4
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P40 - e \/ N
P41 - e v v
P42 - N N
P43 - v v
P44 - - v
P45 - - v
P46 - - v
P47 - - v

Note This is not mounted onto 38-pin products of the 78K0/KC2.

PM4 and P4 to “0”.

Remark +: Mounted, — Not mounted

For the 38-pin products, be sure to set bits 0 and 1 of

Port 4 is an I/O port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units using port
mode register 4 (PM4). When the P40 to P47 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 4 (PU4).

Reset signal generation sets port 4 to input mode.

Figure 5-15 shows a block diagram of port 4.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-30. Format of Port Mode Register (78K0/KC2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
mo | 1 | 1 | 1 | 1 | 1 | 1 | pPwmot | Pmoo | FF2oH FFH RIW

PM1 | PM17 | PM16 | PMi5s | PM14 | PM13 | PM12 | PM11 | PM10 | FF21H FFH RIW
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | FF22H  FFH RW
s [T 7 T 7 T [ e Lot Toww ] reoon e
e (T T T T T T o ] e e
owo [T+ T+ [+ T oo [owes [wor [ ] reoon e e
PM7 | 1 | 1 [PM75"[pm74™®| PM73 | PM72 | PM71 | PM70 | FF27H FFH RIW
P2 | 1 | 1 | 1 | pmi2a | Pmi2s [ Pm122 | Pm121 | Pmizo | FR2cH  FFH RW
g [T T T T T T T e e e e
PMmn Pmn pin /O mode selection

(m=0t04,6,7,12,14,n=01t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note 48-pin products only

Caution For the 38-pin products, be sure to set bits 2 to 7 of PMO, bits 6 and 7 of PM2, bits 4 to 7 of PM3,
bits 2 to 7 of PM4, bits 4 to 7 of PM6, bits 4 to 7 of PM7, and bits 5 to 7 of PM12 to “1”. Also, be
sure to set bits 0 and 1 of PM4, and bits 2 and 3 of PM7 to “0”.
For the 44-pin products, be sure to set bits 2 to 7 of PMO, bits 4 to 7 of PM3, bits 2 to 7 of PM4,
bits 4 to 7 of PM6, bits 4 to 7 of PM7, and bits 5 to 7 of PM12 to “1”.
For the 48-pin products, be sure to set bits 2 to 7 of PMO, bits 4 to 7 of PM3, bits 2 to 7 of PM4,
bits 4 to 7 of PM6, bits 6 and 7 of PM7, bits 5 to 7 of PM12, and bits 1 to 7 of PM14 to “1”.
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78K0/Kx2

CHAPTER 5 PORT FUNCTIONS

Table 5-6. Settings of Port Mode Register and Output Latch When Using Alternate Function (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P00 TI000 Input 1 x
PO1 TI010 Input 1 x
TOO00 Output 0 0

P02 SO11 Output 0 0
P03 SI11 Input 1 x
P04 SCK11 Input 1 x
Output 0 1

P05 Ssi1 Input 1 x
TI001 Input 1 X

P06 TIO11 Input 1 x
TOO1 Output 0 0

P10 SCK10 Input 1 x
Output 0 1

TxDO Output 0 1

P11 SI10 Input 1 x
RxDO Input 1 X

P12 S010 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P15 TOHO Output 0 0
P16 TOHA1 Output 0 0
INTP5 Input 1 x

P17 TI50 Input 1 X
TO50 Output 0 0

P20 to P27"" | ANIO to ANI7""* Input 1 x

Note The function of the ANIO/P20 to ANI7/P27 pins can be selected by using the A/D port configuration register

(ADPC), the analog input channel specification register (ADS), and PM2.

ADPC PM2

ADS

ANIO/P20 to ANI7/P27 Pins

Analog input selection Input mode

Selects ANI.

Analog input (to be converted)

Does not select ANI.

Analog input (not to be converted)

Output mode

Selects ANI.

Setting prohibited

Does not select ANI.

Digital I/O selection Input mode

Digital input

Output mode

Digital output

Remark x: Don’t care
PMxx: Port mode register
Pxx:  Port output latch
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78K0/Kx2

CHAPTER 5 PORT FUNCTIONS

Table 5-6. Settings of Port Mode Register and Output Latch When Using Alternate Function (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P30 to P32 INTP1 to INTP3 Input 1 x
P33 INTP4 Input 1 x
TI51 Input 1 X

TO51 Output 0 0

P60 SCLO /0 0 0
P61 SDAO 1/O 0 0
P62 EXSCLO Input 1 x
P70 to P77 KRO to KR7 Input 1 X
P120 INTPO Input 1 x
EXLVI Input 1 x

P121 X1t - x x
P122 xaree - x x
EXCLK™* Input x x

P123 XT{%* - x x
P124 XT2" " - x x
EXCLKS"™ " Input X x

P140 PCL Output 0 0
INTP6 Input 1 X

P141 BUZ Output 0 0
INTP7 Input 1 X

BUSYO Input 1 x

P142 SCKAO Input 1 x
Output 0 1

P143 SIA0 Input 1 x
P144 SOA0 Output 0 0
P145 STBO Output 0 0

Note When using the P121 to P124 pins to connect a resonator for the main system clock (X1, X2) or subsystem
clock (XT1, XT2), or to input an external clock for the main system clock (EXCLK) or subsystem clock

(EXCLKS), the X1 oscillation mode, XT1 oscillation mode, or external clock input mode must be set by using the
clock operation mode select register (OSCCTL) (for details, see 6.3 (1) Clock operation mode select register
(OSCCTL) and (3) Setting of operation mode for subsystem clock pin). The reset value of OSCCTL is 00H
(all of the P121 to P124 are 1/O port pins). At this time, setting of PM121 to PM124 and P121 to P124 is not
necessary.

Remarks 1. x: Don’t care

PMxx: Port mode register
Pxx:  Port output latch

2. X1, X2, P31, and P32 of the product with an on-chip debug function (#PD78F05xxD and 78F05xxDA) can
be used as on-chip debug mode setting pins (OCD0OA, OCDOB, OCD1A, and OCD1B) when the on-chip
debug function is used. For how to connect an on-chip debug emulator (QB-MINI2), sce CHAPTER 28
ON-CHIP DEBUG FUNCTION (#PD78F05xxD AND 78F05xxDA ONLY).
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78K0/Kx2

CHAPTER 5 PORT FUNCTIONS

5.6 Cautions on 1-Bit Manipulation Instruction for Port Register n (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the output
latch value of an input port that is not subject to manipulation may be written in addition to the targeted bit.
Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

When P10 is an output port, P11 to P17 are input ports (all pin statuses are high level), and the port

<Example>
latch value of port 1 is 00H, if the output of output port P10 is changed from low level to high level via a
1-bit manipulation instruction, the output latch value of port 1 is FFH.

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output

latch and pin status, respectively.

A 1-bit manipulation instruction is executed in the following order in the 78K0/Kx2 microcontrollers.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses of

P11 to P17, which are input ports, are read. If the pin statuses of P11 to P17 are high level at this time,

the read value is FEH.

The value is changed to FFH by the manipulation in <2>.

FFH is written to the output latch by the manipulation in <3>.

Figure 5-45. Bit Manipulation Instruction (P10)

S R O

Low-level output

P11to P17 @

Pin status: High level

Port 1 output latch

[ofofofooefo]oa]o]

1-bit manipulation
instruction

(set1 P1.0)

is executed for P10
bit.

>

P10 @

High-level output

P11to P17 @

Pin status: High level

Port 1 output latch

EEENERENERERENED

<2> Set the P10 bit to 1.

in 8-bit units.

1-bit manipulation instruction for P10 bit

<1> Port register 1 (P1) is read in 8-bit units.
¢ In the case of P10, an output port, the value of the port output latch (0) is read.
e In the case of P11 to P17, input ports, the pin status (1) is read.

<3> Write the results of <2> to the output latch of port register 1 (P1)
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78K0/Kx2 CHAPTER 6 CLOCK GENERATOR

6.6.4 Example of controlling internal low-speed oscillation clock
The internal low-speed oscillation clock cannot be used as the CPU clock.
Only the following peripheral hardware can operate with this clock.
e Watchdog timer
o 8-bit timer H1 (if frL is selected as the count clock)

In addition, the following operation modes can be selected by the option byte.
» Internal low-speed oscillator cannot be stopped
 Internal low-speed oscillator can be stopped by software

The internal low-speed oscillator automatically starts oscillation after a reset release, and the watchdog timer is driven
(240 kHz (TYP.)) if the watchdog timer operation has been enabled by the option byte.

(1) Example of setting procedure when stopping the internal low-speed oscillation clock
<1> Setting LSRSTOP to 1 (RCM register)
When LSRSTORP is set to 1, the internal low-speed oscillation clock is stopped.

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock
<1> Clearing LSRSTOP to 0 (RCM register)
When LSRSTORP is cleared to 0, the internal low-speed oscillation clock is restarted.

Caution If “Internal low-speed oscillator cannot be stopped” is selected by the option byte, oscillation of the
internal low-speed oscillation clock cannot be controlled.

RO1UHO008EJ0401 Rev.4.01 256
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78K0/Kx2 CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

7.4.2 Square-wave output operation

When 16-bit timer/event counter On operates as an interval timer (see 7.4.1), a square wave can be output from the
TOON pin by setting the 16-bit timer output control register On (TOCON) to 03H.

When TMCOn3 and TMCOn2 are set to 11 (count clear & start mode entered upon a match between TMOn and CROOn),
the counting operation is started in synchronization with the count clock.

When the value of TMOn later matches the value of CROOn, TMOn is cleared to 0000H, an interrupt signal (INTTMOON)
is generated, and TOOnN output is inverted. This TOOn output that is inverted at fixed intervals enables TOOn to output a
square wave.

Remarks 1. For the setting of I/O pins, see 7.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOnN signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.

Figure 7-20. Block Diagram of Square-Wave Output Operation

Clear ¢—
Output TOON output .
Count clock } 16-bit counter (TMon) | controller ©) TOON pin
r {} Match signal .
INTTMOOn signal

Operable bits
TMCONn3, TMCOn2

CRO0ON register

Figure 7-21. Basic Timing Example of Square-Wave Output Operation

N — N — N — N N
TMOn register

0000H

Operable bits
(TMCON3, TMCOn2) 90 11

Compare register N
(CROON)
TOON output
Compare match interrupt _| _| _| _|
(INTTMOON)

Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)

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
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78K0/Kx2 CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 7-44. Example of Software Processing in Free-Running Timer Mode

FFFFH
M M M

TMOn register N,_— N, N _—] N 1
0000H —/

Operable bits < >
(TMCOn3, TMCON2) 00> 01 <00
Compare register :>< M
(CROON)
Compare match interrupt _l
(INTTMOON)
Compare register :>< N
(CRO1n)
Compare match interrupt [ [ ] ]
(INTTMO1n)

Timer output control bits
(TOEON, TOCON4, TOCON1) J

TOON output

<1> <2>

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed
PRMOn register, before setting the TMCOn3 and TMCON2
CRCOn register, bits to 01.

TOCON registerhete,
CROON/CRO1n register,
TMCONn.TMCON1 bit,
port setting

TMCOn3, TMCON2 bits = 0, 1 Starts count operation

<2> Count operation stop flow

) The counter is initialized and counting is stopped
TMCOn3, TMCON2 bits = 0, 0 by clearing the TMCOn3 and TMCON2 bits to 00.

=

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
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CHAPTER 9 8-BIT TIMERS HO AND H1

9.4.3 Carrier generator operation (8-bit timer H1 only)

In the carrier generator mode, the 8-bit timer H1 is used to generate the carrier signal of an infrared remote controller,

and the 8-bit timer/event counter 51 is used to generate an infrared remote control signal (time count).
The carrier clock generated by the 8-bit timer H1 is output in the cycle set by the 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by the 8-bit timer/event counter 51,

and the carrier pulse is output from the TOH1 output.

(1) Carrier generation

In carrier generator mode, the 8-bit timer H compare register 01 (CMPO01) generates a low-level width carrier pulse

waveform and the 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.

Rewriting the CMP11 register during the 8-bit timer H1 operation is possible but rewriting the CMPO1 register is

prohibited.

(2) Carrier output control

Carrier output is controlled by the interrupt request signal (INTTM51) of the 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the outputs is

shown below.

RMC1 Bit

NRZB1 Bit

Output

Low-level output

High-level output at rising edge of
INTTM51 signal input

Low-level output

Carrier pulse output at rising edge of
INTTM51 signal input

RO1UHOO08EJ0401 Rev.4.01
Jul 15, 2010

RENESAS

382



78K0/Kx2

CHAPTER 14 SERIAL INTERFACE UARTO

(2) Error of baud rate
The baud rate error can be calculated by the following expression.

e Error (%) =

Cautions 1.

(baud rate with error)

Actual baud rate
Desired baud rate (correct baud rate)

—]x'IOO[%]

Keep the baud rate error during transmission to within the permissible error range at the

reception destination.

Make sure that the baud rate error during reception satisfies the range shown in (4) Permissible
baud rate range during reception.

Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz
Set value of MDLO04 to MDLOO bits of BRGCO register = 10000B (k = 16)

(3) Example of setting baud rate

Target baud rate = 76,800 bps

Baud rate = 2.5 M/(2 x 16)

= 2,500,000/(2 x 16) = 78,125 [bps]

Error = (78,125/76,800 — 1) x 100
=1.725 [%)]

Table 14-5. Set Data of Baud Rate Generator

Baud frrs = 2.0 MHz frrs = 5.0 MHz frrs = 10.0 MHz frrs = 20.0 MHz
Rate TPS01,| k [Calculated| ERR |TPS01,| k |Calculated| ERR |TPS01,| k [Calculated| ERR |[TPS01,| k |Calculated| ERR
[bps] [ tpsoo Value | [%] |TPS00 value | [%] |TPS00 Value | [%] |TPS00 Value | [%]
4800 2H 26 4808 0.16 3H 16 4883 1.73 - - - - - - - -
9600 2H 13 9615 0.16 3H 8 9766 1.73 | 3H 16 9766 1.73 - - - -
10400 | 2H 12 | 10417 | 0.16 | 2H 30 | 10417 | 0.16 | 3H 15 | 10417 | 0.16 | 3H 30 | 10417 | 0.16
19200 | 1H | 26 | 19231 [ 016 | 2H | 16 | 19531 | 1.73 | 3H | 8 | 19531 |1.73 | 3H | 16 | 19531 | 1.73
24000 | 1H | 21 | 23810 |-0.79| 2H | 13 | 24038 | 0.16 | 2H | 26 | 24038 | 0.16 | 3H | 13 | 24038 | 0.16
31250 1H 16 | 31250 0 2H 10 | 31250 0 2H 20 | 31250 0 3H 10 | 31250 0
33600 1H 15 | 33333 |(-0.79| 2H 9 34722 | 3.34 | 2H 19 | 32895 | -2.1 3H 9 34722 | 3.34
38400 1H 13 | 38462 | 0.16 | 2H 8 39063 | 1.73 | 2H 16 | 39063 | 1.73 | 3H 8 39063 | 1.73
56000 1H 9 55556 |-0.79| 1H 22 | 56818 | 1.46 | 2H 11 56818 | 1.46 | 2H 22 | 56818 | 1.46
62500 1H 8 62500 0 1H 20 | 62500 0 2H 10 | 62500 0 2H 20 | 62500 0
76800 - - - - 1H 16 | 78125 | 1.73 | 2H 8 78125 | 1.73 | 2H 16 | 78125 | 1.73
115200 - - - - 1H | 11 | 113636 |-1.36| 1H | 22 | 113636 [-1.36| 2H | 11 | 113636 [-1.36
153600 - - - - 1H 8 | 156250 | 1.73 1H 16 | 156250 | 1.73 | 2H 8 | 156250 | 1.73
312500 - - - - - - - - 1H 8 | 312500 0 1H 16 | 312500 0
625000 - - - - - - - - - - - - 1H 8 | 625000 0
Remark TPS01, TPS00: Bits 7 and 6 of baud rate generator control register 0 (BRGCO) (setting of base clock

fers:

ERR:

(fxcLko))
Value set by the MDL04 to MDLOQO bits of BRGCO (k =8, 9, 10, ..., 31)
Peripheral hardware clock frequency

Baud rate error
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78K0/Kx2 CHAPTER 18 SERIAL INTERFACE 1ICO

(14) Bus status detector
This circuit detects whether or not the bus is released by detecting start conditions and stop conditions.
However, as the bus status cannot be detected immediately following operation, the initial status is set by the
STCEN bit.

Remark STTO bit: Bit 1 of IIC control register 0 (11ICCO0)
SPTO bit: Bit 0 of IIC control register 0 (11CCO0)
IICRSV bit: Bit 0 of IIC flag register 0 (IICF0)
IICBSY bit: Bit 6 of IIC flag register 0 (IICFO0)
STCF bit: ~ Bit 7 of IIC flag register 0 (IICFO)
STCEN bit: Bit 1 of IIC flag register 0 (IICFO)
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78K0/Kx2 CHAPTER 18 SERIAL INTERFACE 1ICO

18.3 Registers to Control Serial Interface 11IC0
Serial interface 11CO is controlled by the following seven registers.

¢ 1IC control register 0 (IICCO)

¢ |IC flag register 0 (IICFO0)

¢ |IC status register 0 (1ICS0)

¢ 1IC clock selection register 0 (11ICCLO)

¢ |IC function expansion register 0 (IICX0)
* Port mode register 6 (PM6)

* Port register 6 (P6)

(1) IIC control register 0 (11ICCO0)
This register is used to enable/stop I°C operations, set wait timing, and set other I°C operations.
IICCO register is set by a 1-bit or 8-bit memory manipulation instruction. However, set the SPIEO, WTIMO, and
ACKEQOQ bits while [ICEO bit = 0 or during the wait period. These bits can be set at the same time when the IICEO bit
is set from “0” to “1”.
Reset signal generation clears 1ICCO to O0H.
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78K0/Kx2 CHAPTER 18 SERIAL INTERFACE IICO

(5)

(6)

Setting STTO and SPTO bits (bits 1 and 0 of IICCO register) again after they are set and before they are cleared to 0
is prohibited.

When transmission is reserved, set SPIEO bit (bit 4 of IICLO register) to 1 so that an interrupt request is generated
when the stop condition is detected. Transfer is started when communication data is written to IIC status register 0
(ICS0) after the interrupt request is generated. Unless the interrupt is generated when the stop condition is
detected, the device stops in the wait state because the interrupt request is not generated when communication is
started. However, it is not necessary to set SPIEO bit to 1 when MSTSO bit (bit 7 of [IC status register 0 (1ICSO0) is
detected by software.

18.5.16 Communication operations
The following shows three operation procedures with the flowchart.

)

)

()

Master operation in single master system

The flowchart when using the 78K0/Kx2 microcontrollers as the master in a single master system is shown below.
This flowchart is broadly divided into the initial settings and communication processing. Execute the initial settings
at startup. If communication with the slave is required, prepare the communication and then execute
communication processing.

Master operation in multimaster system

In the I°C bus multimaster system, whether the bus is released or used cannot be judged by the I°C bus
specifications when the bus takes part in a communication. Here, when data and clock are at a high level for a
certain period (1 frame), the 78K0/Kx2 microcontrollers takes part in a communication with bus released state.

This flowchart is broadly divided into the initial settings, communication waiting, and communication processing.
The processing when the 78K0/Kx2 microcontrollers looses in arbitration and is specified as the slave is omitted
here, and only the processing as the master is shown. Execute the initial settings at startup to take part in a
communication. Then, wait for the communication request as the master or wait for the specification as the slave.
The actual communication is performed in the communication processing, and it supports the
transmission/reception with the slave and the arbitration with other masters.

Slave operation

An example of when the 78K0/Kx2 microcontrollers is used as the I°C bus slave is shown below.

When used as the slave, operation is started by an interrupt. Execute the initial settings at startup, then wait for the
INTICO interrupt occurrence (communication waiting). When an INTIICO interrupt occurs, the communication
status is judged and its result is passed as a flag over to the main processing.

By checking the flags, necessary communication processing is performed.
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CHAPTER 20

INTERRUPT FUNCTIONS

Figure 20-10. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L, MK1H) (78 K0/KE2)

Address: FFE4H  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOL SREMK6 PMK5 PMK4 PMK3 PMK2 PMK1 PMKO LVIMK
Address: FFE5H  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOH TMMKO010 | TMMKO0O | TMMK50 | TMMKHO | TMMKH1 | DUALMKO STMK6 SRMK6
CSIMK10
STMKO
Address: FFE6H After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MK1L PMK7 PMK6 WTMK KRMK TMMK51 WTIMK SRMKO ADMK
Address: FFE7H  After reset: FFH R/W
Symbol 7 6 5 4 <3> <2> <1> <0>
MK1H 1 1 1 1 TMMKO11"*|TMMK001"*| CSIMK11"**|  [ICMKO
DMUMK"*
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

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

Caution Be sure to set bits 1 to 7 of MK1H to 1 for the products whose flash memory is less than 32 KB.

Be sure to set bits 4 to 7 of MK1H to 1 for the products whose flash memory is at least 48 KB.
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78K0/Kx2 CHAPTER 22 STANDBY FUNCTION

(b) Release by reset signal generation
When the reset signal is generated, HALT mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 22-4. HALT Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

T HALT
instruction
((
Reset signal 7
Normal operation Reset Normal operation
(high-speed Reset |processing (internal high-speed
Status of CPU system clock) HALT mode period 111045 ) oscillation clock)
High-speed Oscillation|Oscillation
system clock Oscillates stopped | stopped | Oscillates
(X1 oscillation) \ _J

*Oscillation stabilization time

11 16
Starting X1 oscillation is @ /1027/%)

specified by software.

(2) When internal high-speed oscillation clock is used as CPU clock

~ HALT
instruction
l ((
Reset signal »
Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed
Status of CPU  oscillation clock) HALT mode period (111045 ps) oscillation clock)
. Oscillation
Internal high-speed Oscillates stopped Oscillates
oscillation clock

Wait for oscillation
accuracy stabilization
(86 to 361 us)

Note 1

(3) When subsystem clock is used as CPU clock

~ HALT
instruction

((
Reset signal )

Reset Normal operation mode
Reset |processing|  (internal high-speed
HALT mode period |(111045 i) oscillation clock)

Normal operation
Status of CPU  (subsystem clock)

Oscillation| Oscillation

Subsystem clock Oscillates stopped | stopped | Oscillates

(XT1 oscillation) | C I
! Oscillation stabilization time
(measure by the user)"'¢2

Starting XT1 oscillation is
specified by software.

Notes 1. The 78K0/KB2 is not provided with a subsystem clock.
<R> 2. Oscillation stabilization time is not required when using the external subsystem clock (fexciks) as the
subsystem clock.

Remark fx: X1 clock oscillation frequency
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CHAPTER 25 LOW-VOLTAGE DETECTOR

Figure 25-2. Format of Low-Voltage Detection Register (LVIM)

Address: FFBEH  After reset: 0QHNete1  R/wNote2

Symbol <7> 6 5 4 3 <2> <1> <0>
LVIM LVION 0 0 0 0 LVISEL LVIMD LVIF
LVION"®* 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) (Voo < Vivi) or when Vop becomes
Vv 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 (Vexwvi) (EXLVI <
Vexwvi) or when EXLVI becomes Vexwvi or higher (EXLVI > Vexiwi).

1 ¢ LVISEL = 0: Generates an internal reset signal when the supply voltage (Vop) <
detection voltage (V.vi) and releases the reset signal when Voo > V.

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 > Vexvi.

LVIF Low-voltage detection flag
0 e LVISEL = 0: Supply voltage (Vo) > detection voltage (V.vi), or when operation is
disabled

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

1 e LVISEL = 0: Supply voltage (Vob) < detection voltage (Vi)
e LVISEL = 1: Input voltage from external input pin (EXLVI) < detection voltage (Vex.vi)
Notes 1. This bitis cleared to 00H upon a reset other than an LVI reset.
2. BitO0is 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.
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 xs (MIN.)) from when LVION is set to 1 until operation
is stabilized. After operation has stabilized, the external input of 200 xs (MIN.) (Minimum pulse
width: 200 us (MIN.)) is required from when a state below LVI detection voltage has been entered,
until LVIF is set (1).

Cautions 1. To stop LVI, follow either of the procedures below.

e When using 8-bit memory manipulation instruction: Write 00H to LVIM.
o When using 1-bit memory manipulation instruction: Clear LVION to 0.

2. Input voltage from external input pin (EXLVI) must be EXLVI < Vob.
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