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CHAPTER 1 OUTLINE

(2/2)
ltem 1PD78F0471 1PD78F0472 uPD78F0473 uPD78F0474 ©PD78F0475
10-bit successive approximation _
type A/D converter
16-bit AX type A/D converter —
Serial interface » UART supporting LIN-bus"™": 1 channel
* 3-wire serial /O/UART""* 1 channel

¢ Automatic transmit/receive 3-wire CSI:1 channel

LCD controller/driver

* External resistance division and internal resistance division are switchable.
» Segment signal outputs: 40 (36) [36 (32)] *°**
» Common signal outputs: 4 (8)"*°*

Remote controller receiver Provided
Manchester code generator Provided
Vectored Internal 20
interrupt sources | External 7

Segment key source signal output

Segment key source signal outputs: 8 (SEG24(KS0)-SEG31(KS7))

Key interrupt

Key interrupt (INTKR) occurs by detecting falling edge of key input pins (KRO to KR7).

Reset

¢ Reset using RESET pin

¢ Internal reset by watchdog timer

¢ Internal reset by power-on-clear

¢ Internal reset by low-voltage detector

On-chip debug function

Provided

Power supply voltage

Voo=1.8t0 5.5V

Operating ambient temperature

Ta=-40to +85°C

Package ¢ 80-pin plastic LQFP (14 x 14)
* 80-pin plastic LQFP (fine pitch) (12 x 12)
Notes 1. The LIN-bus supporting UART pins can be changed to the automatic transmit/receive 3-wire CSI pins (pin

numbers 75 and 76).

2. Select either of the functions of these alternate-function pins.

w

. The values in parentheses are the number of signal outputs when 8com is used.

4. The values in square brackets are the number of signal outputs when using the UART6 pins (RxD6, TxD6)

on the bottom side.

30
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are three types of pin I/O buffer power supplies: AVrer*", Vico, and Vop. The relationship between these
power supplies and the pins is shown below.

Table 2-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVree"’ P20 to P27
Vioo COMO to COM7, SEGO to SEG31, SEG32 to SEG39"**,

Vico to Vics

Vob Pins other than above

Notes 1. xPD78F048x and 78F049x only. The power supply is Vob with xPD78F047x.
2. uPD78F047x and 78F048x only.

(1) Port pins (1/3)
Function Name I/0 Function After Reset | Alternate Function
P10 110 Port 1. Input port PCL
P11 8-bit I/O port. SCK10
Input/output can be specified in 1-bit units.
P12 . . - SI10/RxD0
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. S010/TxDO
P14 SCKAO/INTP4
P15 SIA0/<RxD6>
P16 SOA0/<TxD6>
P17 -

Remark The functions within arrowheads (< >) can be assigned by setting the input switch control register (ISC).
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CHAPTER 3 CPU ARCHITECTURE

Figure 3-2. Memory Map (xPD78F0491)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
768 x 8 bits
FCOOH
FBFFH
et Reserved =
Data memory FABOH
space FASFH LCD displa){ RAM
FA4OH 32 x 8 bits
FASFH L ReservedNote 3 =0~
FA20H
FA1FH
Buffer RAM
32 x 8 bits
FAOOH
F9FFH
= Reserved ot
4000H
3FFFH
Program A Flash memory L
memory space 16384 x 8 bits T
0000H

|~ 1FFFH

Boot cluster 1

3FFFH
-+ Program area
108FH
108EH
On-chip debug security
ID setting areaNeote 1
1085H 10 x 8 bits
1084H Option byte areaNete !
1080H 5 x 8 bits
107FH
Program area
1000H
OFFFH
L CALLF entry area
2048 x 8 bits
0800H
07FFH
- Program area
1905 x 8 bits
008FH
008EH ) .
On-chip debug security
ID setting areaNote 1
0085H 10 x 8 bits
0084H Option byte areaNote 1
0080H 5 x 8 bits
007FH
CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits
0000H

Boot cluster oNote 2

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 O08EH.

When boot swap is used:

Setting).

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 (see 28.8 Security

3. However, FA26H and FA27H can be used (See 13.3 Registers Used in 16-Bit AX Type A/D
Converter).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,

see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

3FFFH

Block OFH

3C00H
3BFFH

Block 01H

Block O0H

1KB
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CHAPTER 5 CLOCK GENERATOR

Power supply
voltage (VbD)

Internal reset signal <1

Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On
(When 1.59 V POC Mode Is Set (Option Byte: POCMODE = 0))

oV

Reset processing

! <3> Waiting for (19t0 80 s) Switched by
|voltage stabilization: / (5>  Software -

' (1.93105.39 ms) ! o/ X .
CPU clock ; " \Internal high-speed oscillation clock>< High-speed system clock X Subsystem clock

1<2>

[P E—

Internal high-speed
oscillation clock (frH) .

Note 1

selected)

High-speed ‘ ‘
system clock (fxt) <4>
(when X1 oscillation

' X1 clock
oscillation stabilization time:

Subsystem clock (fsus) ) o 2"/fx to 2'6/fxNte
(when XT1 oscillation iS‘a"'”?ﬂX; gsc'"?tt";’"r T4>_|_|_|J—|_‘_|_|—|_|_|_|
selected) s specified by software.

<1>

<2>

<3>

<4>

<5>

T

Starting XT1 oscillation
is specified by software.

When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.
When the power supply voltage exceeds 1.59 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

When the power supply voltage rises with a slope of 0.5 V/ms (MIN.), the CPU starts operation on the
internal high-speed oscillation clock after the reset is released and after the stabilization times for the voltage
of the power supply and regulator have elapsed, and then reset processing is performed.

Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).

When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (3) in 5.6.3
Example of controlling subsystem clock).

Notes 1. The internal voltage stabilization time includes the oscillation accuracy stabilization time of the internal

high-speed oscillation clock.

2. When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the
internal high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the
oscillation stabilization time counter status register (OSTC). If the CPU operates on the high-speed
system clock (X1 oscillation), set the oscillation stabilization time when releasing STOP mode using the
oscillation stabilization time select register (OSTS).

Cautions 1. If the voltage rises with a slope of less than 0.5 V/ms (MIN.) from power application until the

166

voltage reaches 1.8 V, input a low level to the RESET pin from power application until the
voltage reaches 1.8 V, or set the 2.7 V/1.59 V POC mode by using the option byte (POCMODE
= 1) (see Figure 5-14). By doing so, the CPU operates with the same timing as <2> and
thereafter in Figure 5-13 after reset release by the RESET pin.

2. It is not necessary to wait for the oscillation stabilization time when an external clock input
from the EXCLK pin is used.
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CHAPTER 5 CLOCK GENERATOR

(4) Example of setting procedure when stopping the high-speed system clock
The high-speed system clock can be stopped in the following two ways.
¢ Executing the STOP instruction to set the STOP mode
e Setting MSTOP to 1 and stopping the X1 oscillation (disabling clock input if the external clock is used)

(a) To execute a STOP instruction
<1> Setting to stop peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that
cannot be used in STOP mode, see CHAPTER 23 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.

<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation
is stopped (the input of the external clock is disabled).

(b) To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed system
clock.
When CLS = 0 and MCS = 1, the high-speed system clock is supplied to the CPU, so change the
CPU clock to the subsystem clock or internal high-speed oscillation clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock
1 x Subsystem clock

<2> Stopping the high-speed system clock (MOC register)
When MSTORP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Caution Be sure to confirm that MCS = 0 or CLS = 1 when setting MSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed system clock.

5.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the following cases.

(1) When restarting oscillation of the internal high-speed oscillation clock

(2) When using internal high-speed oscillation clock as CPU clock, and internal high-speed oscillation clock or
high-speed system clock as peripheral hardware clock

(3) When stopping the internal high-speed oscillation clock
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Figure 6-9. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH  After reset: 00OH R/W

Symbol
PRMO00O

Notes 1.

7 6 5 4 3 2 1 0
ES101 ES100 ES001 ES000 0 ‘ PRMO002 ‘ PRMO001 ‘ PRMO000
ES101 ES100 TI010 pin valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
ES001 ES000 TIO0O0 pin valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

PRM002 | PRM001 | PRMO00O Count clock selection™*"
frrRs =2 MHz | ferrs =5 MHz | frrs = 10 MHz

0 0 0 fers"™®? 2 MHz 5 MHz 10 MHz

0 0 1 frrs/2 1 MHz 2.5 MHz 5 MHz

0 1 0 fers/2° 500 kHz 1.25 MHz 2.5 MHz

0 1 1 frrs/2* 1.25 MHz 2.5 MHz 625 kHz

1 0 0 frrs/2° 7.81 kHz 19.53 kHz 39.06 kHz

1 0 1 fsus 32.768 kHz

1 1 0 TI000 valid edge™*®

1 1 1 TM52 output

If the peripheral hardware clock (fprs) operates on the high-speed system clock (fxH) (XSEL = 1), the
frrs operating frequency varies depending on the supply voltage.

e Vob=2.71t05.5V: frrs < 10 MHz

e Vop=1.8102.7 V: frrs < 5 MHz

If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V < Vbbp < 2.7 V, the setting of PRM002 = PRM001 = PRMO00O = 0 (count clock: frrs) is
prohibited.

The external clock from the TIO00 pin requires a pulse longer than twice the cycle of the peripheral
hardware clock (frrs).

Caution Do not select the valid edge of TIO00 as the count clock during the pulse width measurement.

Remarks 1.

196

8-bit timer/event counter 52 (TM52) output can be selected as the TM0OO count clock by setting
PRM002, PRMO001, PRMO0O = 1, 1, 1. Any frequency can be set as the 16-bit timer (TMOO) count
clock, depending on the TM52 count clock and compare register setting values.

frrs: Peripheral hardware clock frequency

fsue: Subsystem clock frequency
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

Figure 6-15. Example of Software Processing for Interval Timer Function

N
TMOO register

0000H

N N — N —

Operable bits

(TMCo03, TMCo02) . °

11

CROO0O register X

INTTMOOO signal

<1>

<1> Count operation start flow

=

Register initial setting
PRMOO register,
CRCOO register,
CROOO register,

port setting

TMCO003, TMCO002 bits = 11

<2> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

<2>

Initial setting of these registers is performed before
setting the TMCO003 and TMCO002 bits to 11.

Starts count operation

The counter is initialized and counting is stopped
by clearing the TMC003 and TMCO002 bits to 00.
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50, 51, AND 52

Figure 7-8. Format of Timer Clock Selection Register 52 (TCL52)

Address: FF5BH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL52 0 0 0 0 0 ‘ TCL522 ‘ TCL521 ‘ TCL520
TCL522 TCL521 TCL520 Count clock selection™*’
frrs = frrs = frRs =
2 MHz 5 MHz 10 MHz
0 0 0 Falling edge of clock selected by ISC2
0 0 1 Rising edge of clock selected by ISC2
0 1 0 fers"™®? 2 MHz 5 MHz 10 MHz
0 1 1 frrs/2 1 MHz 2.5 MHz 5 MHz
1 0 0 frrs/2* 125 kHz 312.5kHz | 625 kHz
1 0 1 frrs/2° 31.25kHz | 78.13kHz | 156.25 kHz
1 1 0 frrs/2° 7.81 kHz 19.53 kHz | 39.06 kHz
1 1 1 frrs/2' 0.49 kHz 1.22 kHz 2.44 kHz

Notes 1. If the peripheral hardware clock (frrs) operates on the high-speed system clock (fxH) (XSEL = 1), the
frrs operating frequency varies depending on the supply voltage.
e Vpp=2.7105.5V: frrRs < 10 MHz
e Vob=1.8t02.7 V: frrs < 5 MHz
2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V < Vbp < 2.7 V, the setting of TCL522, TCL521, TCL520 = 0, 1, 0 (count clock: frrs) is
prohibited.

Cautions 1. When rewriting TCL52 to other data, stop the timer operation beforehand.
2. Be sure to clear bits 3 to 7 to 0.

Remark frrs: Peripheral hardware clock frequency

266 Users Manual U18329EJ4VOUD



CHAPTER 9 REAL-TIME COUNTER

(4) Real-time counter control register 2 (RTCC2)
The RTCC2 register is an 8-bit register that is used to control the interval interrupt function and the RTCDIV
pin.
RTCC2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 9-5. Format of Real-Time Counter Control Register 2 (RTCC2)

Address: FF8BH  After reset: 00H R/W

Symbol <7> <6> <5> 4 3 2 1 0
RTCC2 RINTE RCLOE2 RCKDIV 0 0 ICT2 ICTH ICTO
RINTE ICT2 ICT1 ICTO Interval interrupt (INTRTCI) selection
0 x X x Interval interrupt is not generated.
1 0 0 0 2%/frtc (1.953125 ms)
1 0 0 1 2'ffarc (3.90625 ms)
1 0 1 0 2%/frTc (7.8125 ms)
1 0 1 1 2°/frTc (15.625 ms)
1 1 0 0 2"frrc (31.25 ms)
1 1 0 1 2""/frrc (62.5 ms)
1 1 1 x 2%/frrc (125 ms)
RCLOE2™" RTCDIV pin output control
0 Output of RTCDIV pin is disabled.
1 Output of RTCDIV pin is enabled.
RCKDIV Selection of RTCDIV pin output frequency
0 RTCDIV pin outputs 512 Hz (1.95 ms).
1 RTCDIV pin outputs 16.384 kHz (0.061 ms).

Note RCLOEO and RCLOE2 must not be enabled at the same time.

Cautions1. Change ICT2, ICT1, and ICTO when RINTE = 0.

2. When the output from RTCDIV pin is stopped, the output continues after a maximum of
two clocks of frtc and enters the low level. While 512 Hz is output, and when the output is
stopped immediately after entering the high level, a pulse of at least one clock width of fxr
may be generated.
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CHAPTER 14 SERIAL INTERFACE UARTO

14.4.2 Asynchronous serial interface (UART) mode
In this mode, 1-byte data is transmitted/received following a start bit, and a full-duplex operation can be performed.
A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of
baud rates.

(1) Registers used

e Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASISO0)
¢ Baud rate generator control register 0 (BRGCO)

¢ Port mode register 1 (PM1)

e Port register 1 (P1)

The basic procedure of setting an operation in the UART mode is as follows.
<1> Set the BRGCO register (see Figure 14-4).

Set bits 1 to 4 (SLO, CLO, PS00, and PS01) of the ASIMO register (see Figure 14-2).
Set bit 7 (POWERQO) of the ASIMO register to 1.

Set bit 6 (TXEO) of the ASIMO register to 1. — Transmission is enabled.

Set bit 5 (RXEO) of the ASIMO register to 1. — Reception is enabled.
Write data to the TXSO register. — Data transmission is started.

<2>
<3>
<4>

<5>

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

The relationship between the register settings and pins is shown below.

Table 14-2. Relationship Between Register Settings and Pins

POWERO| TXEO RXEO PM13 P13 PM12 P12 UARTO Pin Function
Operation | T4po/SO10/P13 | RxDO/SI10/P12
0 0 0 xNoe xNee X" xNoe Stop SO10/P13 SI10/P12
1 0 1 xNoe xNote 1 x Reception S0O10/P13 RxDO
1 0 0 x xNer xNoe Transmission TxDO SI10/P12
1 1 0 x 1 x Transmission/ TxDO RxDO
reception
Note Can be set as port function or serial interface CSI10.
Remark x: don’t care
POWERQO: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)
TXEO: Bit 6 of ASIMO
RXEO: Bit 5 of ASIMO
PM1x: Port mode register
P1x: Port output latch
408 User's Manual U18329EJ4VOUD



CHAPTER 15 SERIAL INTERFACE UART6

(2) Communication operation

(a) Format and waveform example of normal transmit/receive data
Figures 15-15 and 15-16 show the format and waveform example of the normal transmit/receive data.

Figure 15-15. Format of Normal UART Transmit/Receive Data

1. LSB-first transmission/reception

1 data frame

Sttf}t” po | D1 | D2 | D3| D4| D5 | D6 | D7 P"’I‘Driit‘y Stop bit

Character bits

2. MSB-first transmission/reception

1 data frame

Sttf}t” D7 | b6 | D5 | D4 | D3 | D2 | D1 | DO P"’I‘Driit‘y Stop bit

Character bits

One data frame consists of the following bits.

e Start bit ... 1 bit

e Character bits ... 7 or 8 bits

o Parity bit ... Even parity, odd parity, O parity, or no parity
e Stop bit ... 1 or 2 bits

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial
interface operation mode register 6 (ASIM6).

Whether data is communicated with the LSB or MSB first is specified by bit 1 (DIR6) of asynchronous serial
interface control register 6 (ASICL6).

Whether the TxD6 pin outputs normal or inverted data is specified by bit 0 (TXDLV6) of ASICLS.
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CHAPTER 16 SERIAL INTERFACE CSI10

474

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10
SIO010
Output latch

SO10

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10

SIOo10

Output latch

S010

(c) Type 2: CKP10 =0, DAP10 =1

Figure 16-9. Output Value of SO10 Pin (Last Bit) (2/2)

| | ( < Next request is issued.)

A

= 4-F---}

Last bi

4---A-t---b><<-b--F----

(d) Type 4: CKP10 =1, DAP10 =1

X

| ( « Next request is issued.)

1---1-1---1-><-}--4 ....| -

Last bit

X
X
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CHAPTER 18 LCD CONTROLLER/DRIVER

Figure 18-32. Eight-Time-Slice LCD Drive Waveform Examples (1/4 Bias Method)

(a) When segment key scan function is not used (KSON = 0)

TF

COMO

COoM1

Com2

cowmz

SEG4

COMO-SEG4

COM1-SEG4

Remark The waveforms for COM3 to COM6, COM2 to SEG4 and COM7 to SEG4 are omitted.
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Vice
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Vico
Vie
Vice
Vics

Vss

+Vico

+1/2Vico
+1/4Viep
0

-1/4Vicp
-1/2Vieo

-Vico

+Vico

+1/2Vieo

+1/4Vieo

0

-1/4Vico
-1/2Viep

-Vico



CHAPTER 20 REMOTE CONTROLLER RECEIVER

Figure 20-1. Block Diagram of Remote Controller Receiver

RIN/P41/KR1 (O)

RMIN

i

fors/2° —m =
frrs/2” —| ‘§ fRem
fprs/2° —= g :g
fsug —==1 %
;

= INTRIN

Noise Edge
canceler detection
NCW
Clock
counter

Compare register

RMGPLS | RMGPLL

RMGPHS | RMGPHL

fREMPRS

RMDLS

RMDLL

RMDHOS | RMDHOL

RMDH1S | RMDH1L

End-width select register (RMER)

t

t 1

T

[ 1

RMMD1, RMMDO —

Register selection

|.7A

Comparator

Selection control
signal

Data detection

Remote controller receive
data register (RMDR)

it

Remote controller receive
shift register (RMSR)

Remote
controller shift
register receive
counter register
(RMSCR)

— INTDFULL

= INTGP

= INTRERR

= INTREND

|RMEN ‘ NCwW ‘PRSEN‘ RMIN ‘RMCD1 ‘RMCDO‘RMCK1 ‘RMCKO'

Remote controller receive control register (RMCN)

Internal bus

(1) Remote controller receive shift register (RMSR)
This is an 8-bit register for reception of remote controller data.
Data is stored in bit 7 first. Each time new data is stored, the stored data is shifted to the lower bits. Therefore,
the latest data is stored in bit 7, and the first data is stored in bit O.
RMSR is read with an 8-bit memory manipulation instruction.

Reset signal generation sets RMSR to 00H.

Also, RMSR is cleared to 00H under any of the following conditions.

* Remote controller stops operation (RMEN = 0).
¢ Erroris detected (INTRERR is generated).

o INTDFULL is generated.
e RMSR is read after INTREND has been generated.

Caution Reading RMSR is disabled during remote controller reception.

Complete reception, then

read RMSR. When the reading operation is complete, RMSR is cleared. Therefore, values

once read are not guaranteed.
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CHAPTER 20 REMOTE CONTROLLER RECEIVER

(4) Remote controller receive GPLS compare register (RMGPLS) (Type B reception mode)
This register is used to detect the low level of a remote controller guide pulse (short side).
RMGPLS is set with an 8-bit memory manipulation instruction.
Reset signal generation sets RMGPLS to 00H.

(5) Remote controller receive GPLL compare register (RMGPLL) (Type B reception mode)
This register is used to detect the low level of a remote controller guide pulse (long side).
RMGPLL is set with an 8-bit memory manipulation instruction.
Reset signal generation sets RMGPLL to 00H.

RIN

Counter value

Guide pulse

RMGPLS register value

RMGPLL register value

AN

—

Allowable

range
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If RMGPLS < counter value < RMGPLL
is satisfied, it is assumed that the low
level of the guide pulse has been
successfully received.
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CHAPTER 21 INTERRUPT FUNCTIONS

21.4 Interrupt Servicing Operations

21.4.1 Maskable interrupt acknowledgment

A maskable interrupt becomes acknowledgeable when the interrupt request flag is set to 1 and the mask (MK) flag
corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if interrupts are
in the interrupt enabled state (when the IE flag is set to 1). However, a low-priority interrupt request is not
acknowledged during servicing of a higher priority interrupt request (when the ISP flag is reset to 0).

The times from generation of a maskable interrupt request until vectored interrupt servicing is performed are listed
in Table 21-4 below.

For the interrupt request acknowledgment timing, see Figures 21-8 and 21-9.

Table 21-4. Time from Generation of Maskable Interrupt Until Servicing

Minimum Time Maximum Time"**
When xxPR =0 7 clocks 32 clocks
When xxPR = 1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.
Remark 1 clock: 1/fcru (fcpu: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupts requests have the same
priority level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 21-7 shows the interrupt request acknowledgment algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then
PC, the IE flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged
interrupt are transferred to the ISP flag. The vector table data determined for each interrupt request is the loaded into
the PC and branched.

Restoring from an interrupt is possible by using the RETI instruction.
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CHAPTER 26 LOW-VOLTAGE DETECTOR

26.5 Cautions for Low-Voltage Detector

In a system where the supply voltage (Vob) fluctuates for a certain period in the vicinity of the LVI detection voltage
(Vivi), the operation is as follows depending on how the low-voltage detector is used.

(1) When used as reset
The system may be repeatedly reset and released from the reset status.
In this case, the time from release of reset to the start of the operation of the microcontroller can be arbitrarily set
by taking action (1) below.

(2) When used as interrupt
Interrupt requests may be frequently generated. Take (b) of action (2) below.

<Action>

(1) When used as reset
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a
software counter that uses a timer, and then initialize the ports (see Figure 26-9).

(2) When used as interrupt

(a) Confirm that “supply voltage (Vop) > detection voltage (Vivi)” when detecting the falling edge of Voo, or
“supply voltage (Vop) < detection voltage (VLvi)” when detecting the rising edge of Vbb, in the servicing routine
of the LVI interrupt by using bit 0 (LVIF) of the low-voltage detection register (LVIM). Clear bit 0 (LVIIF) of
interrupt request flag register OL (IFOL) to O.

(b) In a system where the supply voltage fluctuation period is long in the vicinity of the LVI detection voltage, wait
for the supply voltage fluctuation period, confirm that “supply voltage (Vop) > detection voltage (Vivi)” when
detecting the falling edge of Vob, or “supply voltage (Vop) < detection voltage (VLvi)” when detecting the rising
edge of Vop, using the LVIF flag, and clear the LVIIF flag to O.

Remark If bit 2 (LVISEL) of the low voltage detection register (LVIM) is set to “1”, the meanings of the above
words change as follows.
e Supply voltage (Vop)  — Input voltage from external input pin (EXLVI)
¢ Detection voltage (VLvi) — Detection voltage (Vex.vi = 1.21 V)
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CHAPTER 28 FLASH MEMORY

Figure 28-4. Example of Wiring Adapter for Flash Memory Writing in UART (UART6) Mode

———© Voo (2.7t05.5V)
—O anp
@)
e)
80797877 767574 7372717069 68 67 66 65 64 63 62 61
1 60 O
P 59 O
3 58
e 5
5 56
6 55
7 54
8 53
9 52
10 51
11 50
12 49
13 48
14 47
15 46
16 45
17 44
18 Note 43
19 42
s 20 41
5 2122 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
o | GND
o VDD
VDD2

© © © 0 o0 O

S| SO SCK  CLKNett /RESET FLMDO

WRITER INTERFACE

Note The above figure illustrates an example of wiring when using the clock output from the PG-FP5 or FL-PR5.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS)

Standard products

16-bit AZ type A/D Converter Characteristics (¢PD78F049x only)
(Ta =-40 to +85°C, 2.7 V < AVRer < VDD< 5.5V, Vss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Resz2 8 16 bit
Sampling clock"™®’ fvp At differential input 35V<AVrRer<55V | 0.016 1.25 MHz

27V<AVrer<35V | 0.016 0.625 MHz
At single input 285V <AVrer <55V | 0.016 0.625 MHz
2.7V <AVrer<285V| 0.016 0.525 MHz
Integral non-linearity error | ILe2 At 14-bit AVRer =5.0V +1.0 LSB
(relative accuracy) differential | resolution"** | 3 £ \; < AVrer < 5.5V 417 LSB
: Note 2
nput 2.7V <AVrer <35V +2.6 LSB
At single 12-bit resolution™** +2.8 LSB
input">©?
Differential non-linearity Diez At 14-bit AVrer =5.0V +1.0 LSB
error (relative accuracy) differential | resolution"*® 35V < AVrer < 5.5 V 1.7 LSB
: Note 2
input 2.7V <AVrer <35V +2.6 LSB
At single 12-bit resolution™** +2.8 LSB
input*e?
Offset EOS At differential input +0.032 %FSR
At single input +0.16 %FSR
Gain error GE At differential input +0.09 %
At single input +0.1 %
Reference voltage REF+ AVRer \
REF- AVss \Y
Analog input voltage Vainz In high-accuracy mode OFF 0 REF+ \Y
In high-accuracy mode ON 0.1REF+ 0.9REF+ \

Notes 1. The conversion time can be calculated by using the following expression, based on the sampling clock
(fvp) and set resolution (N bits).
Conversion time = 2" / fvp

2. These values apply when the high-accuracy mode is set to be on during differential input, or when the
high-accuracy mode is set to be off during single input.

3. The characteristics of resolutions (N bits) other than those stated as conditions in the integral linearity
error (ILe2) and differential linearity error (DLe2) columns can be calculated by using the following
expressions.

o During differential input

ILe2 in N-bit resolution = ILe2 in 14-bit resolution x 2™~

Dtez in N-bit resolution = DLez in 14-bit resolution x 2™~ '
e During single input

ILe2 in N-bit resolution = ILe2 in 12-bit resolution x 2"~

Dtez in N-bit resolution = DLez in 12-bit resolution x 2"~ '@

Remark In the 16-bit AX type A/D converter characteristics, the approximation line is defined by the least-squares
method.
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