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CHAPTER 3 CPU ARCHITECTURE

60

Figure 3-6. Memory Map (©PD78F0463)

1FFFH

Boot cluster 1

FFFFH
Special function registers 7FFFH
(SFR)
FFOOH 256 x 8 bits T Program area
FEFFH General-purpose 108FH
i 108EH
Srze?('sstirifs On-chip debug security
Eé |§ 2 : ID setting areaNote 1
1 1 1085H 10 x 8 bits
-+ T 1084H Option byte areaNote 1
Internal high-speed RAM 5 x 8 bits
1024 x 8 bits 1080H
107FH
Program area
800 hetH
FAFFH
FASGH Reserved L CALLFentryarea
Data memory FABTH 2048 x 8 bits
space 5 LCD display RAM 0800H
FALOH 24 x 8 bits 07FFH
FA3FH
-+ Program area
1905 X 8 bits
008FH
008EH
On-chip debug security
ft ReservedNote 3 -~ ID setting areaNote 1
0085H 10 x 8 bits
0084H Option byte areaNete !
0080H 5 x 8 bits
007FH
78}9::)2 : CALLT table area
64 x 8 bits
0040H
Program 1 Flash memory 1 003FH
memory space T 32768 x 8 bits T Vector table area
64 x 8 bits
0000H 0000H

Boot cluster oNote 2

Notes 1.

When boot swap is used:

2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security

Setting).

Converter).

Remark

IDs to 0085H to O08EH.

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

When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security

on-chip debug security IDs to 0085H to 008EH and 1085H to 108EH.

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

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.

TFFFH
7C00H

Block 1FH

7BFFH

Block 01H

Block O0H

1KB
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CHAPTER 3 CPU ARCHITECTURE

Figure 3-9. Memory Map (xPD78F0445, 78F0455)

- Program area T
1FFFH

On-chip debug security
ID setting areaNete !

108 bits Boot cluster 1

Option byte areaNote !
5 x 8 bits

Program area

10

CALLF entry area L
2048 x 8 bits

Program area R
1905 x 8 bits

T(

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits EFFFH
FEDFH
L Internal high-speed RAM | -
T 1024 x 8 bits T 108EH
FBOOH 108EH
FAFFH
Reserved
FA60H 1085H
FASFH LCD display RAM 1084H
FA40H 32 x 8 bits 1080H
FA3FH 107FH
1000H
it Reserved -~ OFFFH
Data memory n
space F800H 0800H
F7FFH 07FFH
Program RAM area
RAM space in L Internal expansion RAM _|_ 3
which instruction | T 1024 x 8 bits T
can be fetched 008FH
F400H 008EH
F3FFH
0= Reserved 0=
FOOOH 0085H
EFFFH 0084H
0080H
007FH
Program L Flash memory L
memory space T 61440 x 8 bits T 0040H
003FH
0000H 0000H

On-chip debug security B Note 2
t cl
ID setting arealNote 1 oot cluster 0
10 x 8 bits

Option byte areaNote 1
5 x 8 bits

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

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: 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
Setting).

the setting of security (see 27.8 Security

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.

EFFFH

ECO0H
EBFFH

Block 3BH

Block 01H

Block O0H

1KB
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CHAPTER 4 PORT FUNCTIONS

Table 4-2. Port Functions (1/2)

Function Name I/0 Function After Reset Alternate Function
P11 110 Port 1. Input port | SCK10
P12 4-bit 1/O port. SI10/RxDO/<RxD6>
Input/output can be specified in 1-bit units.
P13 . . " SO10/TxD0/<TxD6>
Use of an on-chip pull-up resistor can be specified by a
P14 software setting. INTP4
P20 110 Port 2. Digital SEG31""*/ANI0""**/D
8-bit I/0 port. input port | SO-"**
P21 Input/output can be specified in 1-bit units. SEG30™*/ANI1"*/D
SO+Nole3
P22 SEG29""*'/ANI2""**/D
81 7Nolef§
P23 SEG28""*'/ANI3""**/D
S1+Nete3
P24 SEG27""*'/ANI4"***/D
SZ*NO'ES
P25 SEG26""*'/ANI5""**/D
82+Ncle3
P26 SEG25""'/ANI6""*/R
EF_Note:l
P27 SEG24""*'/ANI7""*/R
EF+Nol23
P31 110 Port 3. Input port | TOH1/INTP3
P32 4-bit 1/0 port. TOHO/MCGO
Input/output can be specified in 1-bit units.
P33 . . " TIO00/RTCDIV/RTCC
Use of an on-chip pull-up resistor can be specified by a
. L/BUZ/INTP2
software setting.
P34 TI52/TI010/TO00/RT
C1HZ/INTP1
P40 1/0 Port 4. Input port | Vica/KRO
P41 5-bit 1/O port. RIN/KR1
Input/output can be specified in 1-bit units.
P42 . . - KR2
Use of an on-chip pull-up resistor can be specified by a
P43 software setting. TO51/TI51/KR3
P44 TOS50/TI50/KR4
P80 to P83 110 Port 8. Input port | SEG4 to SEG7
4-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. wuPD78F044x and 78F045x only.

2. 1PD78F045x and 78F046x only.
3. PD78F046x only.

Remark The functions within arrowheads (< >) can be assigned by setting the input switch control register (ISC).
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CHAPTER 5 CLOCK GENERATOR

Figure 5-2. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FF9FH After reset: 00H R/W

Symbol <7> <6> 5 <4> 3 2 1 0
OSCCTL | EXCLK | OSCSEL o | oscseLs o | o | o | o
EXCLK OSCSEL | High-speed system clock P121/X1 pin P122/X2/EXCLK pin
pin operation mode
0 0 Input port mode Input port
1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input Input port External clock input
mode

Caution To change the value of EXCLK and OSCSEL, be sure to confirm that bit 7 (MSTOP)
of the main OSC control register (MOC) is 1 (the X1 oscillator stops or the external
clock from the EXCLK pin is disabled).

Be sure to clear bits 0 to 3, and 5 to “0”.

Remark fxH: High-speed system clock oscillation frequency
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CHAPTER 5 CLOCK GENERATOR

5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 5-1).

e Main system clock fxp
e High-speed system clock fxH
X1 clock fx
External main system clock fexcik
¢ Internal high-speed oscillation clock frH
e Subsystem clock fsus
e XT1 clock fxr
¢ Internal low-speed oscillation clock frL
e CPUclock fcru
o Peripheral hardware clock frrs

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the
78K0/LES, thus enabling the following.

(1) Enhancement of security function
When the X1 clock is set as the CPU clock by the default setting, the device cannot operate if the X1 clock is
damaged or badly connected and therefore does not operate after reset is released. However, the start clock of
the CPU is the internal high-speed oscillation clock, so the device can be started by the internal high-speed
oscillation clock after a reset release. Consequently, the system can be safely shut down by performing a
minimum operation, such as acknowledging a reset source by software or performing safety processing when
there is a malfunction.

(2) Improvement of performance
Because the CPU can be started without waiting for the X1 clock oscillation stabilization time, the total
performance can be improved.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-13.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

6.4 Operation of 16-Bit Timer/Event Counter 00

6.4.1 Interval timer operation

If bits 3 and 2 (TMC003 and TMCO002) of the 16-bit timer mode control register (TMCOQO0) are set to 11 (clear & start
mode entered upon a match between TMOO and CRO000), the count operation is started in synchronization with the
count clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H and a match interrupt signal
(INTTMOO0O) is generated. This INTTMOOO signal enables TMOO to operate as an interval timer.

Remarks 1. For the setting of I/O pins, see 6.3 (6) Port mode register 3 (PM3).
2. For how to enable the INTTMOOO interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.

Figure 6-12. Block Diagram of Interval Timer Operation

Clear ¢—

Count clock r_>—~ 16-bit counter (TMOO)

{} Match signal )
INTTMOOO signal

Operable bits {}

TMCO003, TMCO002

CRO000 register

Figure 6-13. Basic Timing Example of Interval Timer Operation

N — N — N — N —
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Compare register N
(CR000)
Compare match interrupt _| _| _| _|
(INTTMO00)

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

00 11
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00

Figure 6-26. Timing Example of Clear & Start Mode Entered by TI0O00 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (2/2)

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 04H, TMCO00 = 0AH, CR000 = 0003H

M N P Q

TMOO register

0003H
0000H

Operable bits 00 >
(TMCO003, TMC002)

Capture & count clear input —l _l
(TI000 pin input)

Compare register
(CR000) X 0003H

Compare match interrupt '| ] '| '| '|
(INTTMO000)

Capture register
(CR010) 0000H M > N

Capture interrupt '| '| '| '|
(INTTMO10)

TOOO0 output

10

This is an application example where the width set to CR0O00 (4 clocks in this example) is to be output from the
TOO00 pin when the count value has been captured & cleared.

The count value is captured to CRO10, a capture interrupt signal (INTTMO010) is generated, TMOO is cleared (to
0000H), and the TOO0O0 output is inverted when the valid edge of the TIO00 pin is detected. When the count value
of TMOO is 0003H (four clocks have been counted), a compare match interrupt signal (INTTMOOO) is generated
and the TOOO output level is inverted.
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50, 51, AND 52

7.1 Functions of 8-Bit Timer/Event Counters 50, 51, and 52
8-bit timer/event counters 50 and 51 have the following functions.

e Interval timer

o External event counter"™®’

e Square-wave output"**?

o PWM output™*?
Notes 1. TM52 and TMOO can be connected in cascade to be used as an external 24-bit event counter. Also,
the external event input of TM52 can be input enable-controlled via TMH2. For details, see CHAPTER
6 16-BIT TIMER/EVENT COUNTER 00.
2. TM50 and TM51 only.
7.2 Configuration of 8-Bit Timer/Event Counters 50, 51, and 52

8-bit timer/event counters 50, 51, and 52 include the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counters 50, 51, and 52

ltem Configuration

Timer register 8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)

Timer input TI5n

Timer output TO50, TO51

Control registers Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
Input switch control register (ISC)
Port mode register 3 (PM3) or port mode register 4 (PM4)
Port register 3 (P3) or port register 4 (P4)

Remark n=0to2

Figures 7-1 to 7-3 show the block diagrams of 8-bit timer/event counters 50, 51, and 52.
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CHAPTER 8 8-BIT TIMERS HO, H1, AND H2

Q)

)

8-bit timer H compare register On (CMPOn)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in all of the
timer operation modes.

This register constantly compares the value set to CMPOn with the count value of the 8-bit timer counter Hn and,
when the two values match, generates an interrupt request signal (INTTMHn) and inverts the output level of
TOHN.

Rewrite the value of CMPOn while the timer is stopped (TMHEnN = 0).

A reset signal generation sets this register to 00H.

Figure 8-4. Format of 8-Bit Timer H Compare Register On (CMPOn)

Address: FF18H (CMP00), FF1AH (CMPO1), FF44H (CMP02)  After reset: 00H  R/W

Symbol 7 6 5 4 3 2 1 0

N | | | | | | | |

Caution CMPON cannot be rewritten during timer count operation. CMPOn can be refreshed (the same
value is written) during timer count operation.

8-bit timer H compare register in (CMP1n)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in the
PWM output mode and carrier generator mode.

In the PWM output mode, this register constantly compares the value set to CMP1n with the count value of the 8-
bit timer counter Hn and, when the two values match, inverts the output level of TOHNn. No interrupt request
signal is generated.

In the carrier generator mode, the CMP1n register always compares the value set to CMP1n with the count value
of the 8-bit timer counter Hn and, when the two values match, generates an interrupt request signal (INTTMHn).
At the same time, the count value is cleared.

CMP1n can be rewritten during timer count operation.

If the value of CMP1n is rewritten while the timer is operating, the new value is latched and transferred to CMP1n
when the count value of the timer matches the old value of CMP1n, and then the value of CMP1n is changed to
the new value. If matching of the count value and the CMP1n value and writing a value to CMP1n conflict, the
value of CMP1n is not changed.

A reset signal generation sets this register to 00H.

Figure 8-5. Format of 8-Bit Timer H Compare Register 1n (CMP1n)

Address: FF19H (CMP10), FF1BH (CMP11), FF45H (CMP12)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

o) | | | | | | | |

Caution In the PWM output mode and carrier generator mode, be sure to set CMP1n when starting the
timer count operation (TMHEN = 1) after the timer count operation was stopped (TMHEnN = 0) (be
sure to set again even if setting the same value to CMP1n).

Remark n =0 to 2, however, TOHO and TOH1 only for TOHn
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CHAPTER 8 8-BIT TIMERS HO, H1, AND H2

Figure 8-8. Format of 8-Bit Timer H Mode Register 2 (TMHMD?2)

Address: FF42H After reset: OOH R/W
<7> 6 5 4 3 2 <1> <0>
TMHMD2 | TMHE2 | Cks22 | CKs21 | CKS20 | TMMD21|TMMD20 | TOLEV2 | TOEN |

TMHE2 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)
CKS22 | CKS21 | CKS20 Count clock selection™*?
frrs = frRs = frRs =
2 MHz 5 MHz 10 MHz
0 0 0 |ferghete? 2MHz |5MHz |10 MHz
0 0 1 frrs/2 1 MHz 25MHz |5MHz
0 1 0 frrs/22 500 kHz |1.25 MHz [2.5 MHz
0 1 1 frrs/2% 125 kHz |312.5 kHz|625 kHz
1 0 0 frrs/28 31.25 kHz | 78.13 kHz|156.25 kHz
1 0 1 frrs/21° 1.95 kHz |4.88 kHz |9.77 kHz
1 1 0 frrs/212 0.49 kHz [1.22 kHz |2.44 kHz
Other than above Setting prohibited
TMMD21 | TMMD20 Timer operation mode
0 0 Interval timer mode
1 0 Input enable width adjust mode for pins (PWM mode)
Other than above | Setting prohibited
TOLEV2 Timer output level control (in default mode)
0 Low level
1 High level
TOEN2 Timer output control
0 Disables output
1 Enables output™°®®?

Notes 1. If the peripheral hardware clock (frrs) operates on the high-speed system clock (fx1) (XSEL = 1), the

frrs operating frequency varies depending on the supply voltage.
e Vpp=2.7105.5V: fPrRs < 10 MHz
e Vob=1.8102.7 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 < Vb < 2.7 V, the setting of CKS22 = CKS21 = CKS20 = 0 (count clock: frrs) is
prohibited.

3. The timer output of TMH2 can only be used as an external event input enable signal of TM52. No pins
for external output are available.

Caution When TMHE2 = 1, setting the other bits of TMHMD?2 is prohibited.
Remark frrs: Peripheral hardware clock frequency
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CHAPTER 9 REAL-TIME COUNTER

<R>

9.4.2 Shifting to STOP mode after starting operation

Perform one of the following processing when shifting to STOP mode immediately after setting RTCE to 1.

However, after setting RTCE to 1, this processing is not required when shifting to STOP mode after the first
INTRTC interrupt has occurred.

e Shifting to STOP mode when at least two input clocks (frtc) have elapsed after setting RTCE to 1 (see Figure 9-

19, Example 1).

e Checking by polling RWST to become 1, after setting RTCE to 1 and then setting RWAIT to 1. Afterward, setting
RWAIT to 0 and shifting to STOP mode after checking again by polling that RWST has become 0 (see Figure 9-

19, Example 2).

Figure 9-19. Procedure for Shifting to STOP Mode After Setting RTCE to 1

Example 1

=

RTCE=1

Waiting at least for 2
frrc clocks

STOP mode

~L

Sets to counter operation
start

Shifts to STOP mode No

Example 2

(

RTCE=1

RWAIT =1

é

Yes

RWAIT =0

%W

Yes

STOP mode

¢
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Sets to counter operation
start

Sets to stop the SEC to YEAR
counters, reads the counter
value, write mode

Checks the counter wait status

Sets the counter operation

Shifts to STOP mode
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CHAPTER 12 10-BIT SUCCESSIVE APPROXIMATION TYPE A/D CONVERTER

(1PD78F045x and 78F046x only)

12.1 Function of 10-Bit Successive Approximation Type A/D Converter

The 10-bit successive approximation type A/D converter converts an analog input signal into a digital value, and
consists of up to eight channels (ANIO to ANI7) with a resolution of 10 bits.
The A/D converter has the following function.

¢ 10-bit resolution A/D conversion
10-bit resolution A/D conversion is carried out repeatedly for one analog input channel selected from ANIO to

ANI7. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

Figure 12-1. Block Diagram of 10-Bit Successive Approximation type A/D Converter

ANIO/P20 ©—=
ANI1/P21 ©—=
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CHAPTER 12 10-BIT SUCCESSIVE APPROXIMATION TYPE A/D CONVERTER (4PD78F045x and 78F046x only)

12.4 10-Bit Successive Approximation Type A/D Converter Operations

12.4.1 Basic operations of A/D converter

<1>

<2>
<3>
<4>

<5>

<6>

<7>

<8>

<9>

<10>

<11>
<12>

<13>

Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1 to start the operation of the comparator.

Set channels for A/D conversion to analog input by using the A/D port configuration register (ADPCO0) and set
to input mode by using port mode register 2 (PM2).

Set A/D conversion time by using bits 6 to 1 (FR3 to FRO, LV1, and LV0) of ADM.

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

Start the conversion operation by setting bit 7 (ADCS) of ADM to 1.

(<6> to <12> are operations performed by hardware.)

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

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

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVrer by the tap selector.

The voltage difference between the series resistor string voltage tap and sampled voltage is compared by the
voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of SAR remains set to 1. If the
analog input is smaller than (1/2) AVrer, the MSB is reset to 0.

Next, bit 8 of SAR is automatically set to 1, and the operation proceeds to the next comparison. The series
resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit9 =1:(3/4) AVRer

e Bit9=0: (1/4) AVRer

The voltage tap and sampled voltage are compared and bit 8 of SAR is manipulated as follows.

e Analog input voltage > Voltage tap: Bit8 =1

¢ Analog input voltage < Voltage tap: Bit8 =0

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

Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result
value is transferred to the A/D conversion result register (ADCR, ADCRH) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <6> to <12>, until ADCS is cleared to 0.

To stop the A/D converter, clear ADCS to 0.

To restart A/D conversion from the status of ADCE = 1, start from <5>. To start A/D conversion again when
ADCE = 0, set ADCE to 1, wait for 1 us or longer, and start <5>. To change a channel of A/D conversion,
start from <4>.

Caution Make sure the period of <1> to <5> is 1 us or more.

Remark Two types of A/D conversion result registers are available.

o ADCR (16 bits): Store 10-bit A/D conversion value
o ADCRH (8 bits): Store 8-bit A/D conversion value
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CHAPTER 12 10-BIT SUCCESSIVE APPROXIMATION TYPE A/D CONVERTER (4PD78F045x and 78F046x only)

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

Figure 12-22. Internal Equivalent Circuit of ANIn Pin

R1
ANIn

C1 c2

Table 12-4. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVRer R1 C1 C2
40V <AVrer<55V 8.1 kQ 8 pF 5 pF
2.7V <AVrer<4.0V 31 kQ 8 pF 5 pF
23V<AVRrer <27V 381 kQ 8 pF 5 pF

Remarks 1. The resistance and capacitance values shown in Table 12-4 are not guaranteed values.
2. n=0to7

(12) Simultaneous use of the 10-bit successive approximation type A/D converter and the 16-bit AX type A/D
converter (uPD78F046x only)
The A/D conversion accuracy may deteriorate when the 10-bit successive approximation type A/D converter and
the 16-bit AX type A/D converter are used at the same time.
Stop the 16-bit AX type A/D converter during 10-bit successive approximation type A/D converter operation,
because the accuracy cannot be guaranteed. Also, stop the 10-bit successive approximation type A/D converter
during 16-bit AX type A/D converter operation. (Do not operate them simultaneously.)
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CHAPTER 16 SERIAL INTERFACE CSI10

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

<1>
<2>
<3>

<4>

Set the CSIC10 register (see Figures 16-3).
Set bits 4 and 6 (DIR10 and TRMD10) of the CSIM10 register (see Figures 16-2).
Set bit 7 (CSIE10) of the CSIM10 register to 1. — Transmission/reception is enabled.

Write data to transmit buffer register 10 (SOTB10). — Data transmission/reception is started.

Read data from serial I/O shift register 10 (SI010). — Data reception is started.

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 16-2. Relationship Between Register Settings and Pins

CSIE10|{TRMD10; PM12 P12 PM13 P13 PM11 P11 CSI10 Pin Function
Operation SIO/RxDO/ | SO10/TxDO/ | SCK10/
<RxD6>/P12 | <TxD6>/P13 P11
0 X ><Nole1 ><Nme1 ><Nntel ><Nntel ><Nme1 ><Nntel StOp RXDO/ TXDO/ P1 1Nolez
<RxD6>/P12 | <TxD6>/P13
1 0 1 x xhoet | yNetet 1 x Slave S0 TxD0/ SCK10
reception™*® <TxD6>/P13 | (input)**®
1 1 e xhete! 0 0 1 X Slave RxD0/ S010 SCK10
transmission"*® | <RxD6>/P12 (input)**®
1 1 1 x 0 0 1 x Slave S0 S010 SCK10
transmission/ (input)****
reception™*®®
1 0 1 X xNete ! xNee! 0 1 Master SO TxDO/ SCK10
reception <TxD6>/P13 | (output)
1 1 xNee? Notet 0 0 0 1 Master RxDO/ S010 SCK10
transmission <RxD6>/P12 (output)
1 1 1 X 0 0 0 1 Master SHO S010 SCK10
transmission/ (output)
reception
Notes 1. Can be set as port function.
2. To use P11/SCK10 as port pins, clear CKP10 to 0.
3. To use the slave mode, set CKS102, CKS101, and CKS100to 1, 1, 1.
Remark x: don’t care
CSIE10: Bit 7 of serial operation mode register 10 (CSIM10)
TRMD10: Bit 6 of CSIM10
CKP10: Bit 4 of serial clock selection register 10 (CSIC10)
CKS102, CKS101, CKS100: Bits 2 to 0 of CSIC10
PM1x: Port mode register
P1x: Port output latch
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CHAPTER 17 LCD CONTROLLER/DRIVER

(a) When both diodes A and B are missing
When both diodes A and B are missing, the segment key scan function cannot be used, because of the
following.
The following figure shows a circuit example when both diodes A and B are missing.
Assume, as shown in the figure below, that switches SW1 and SW2 are turned on, and a high level and a low
level are output from the KS1 pin and KSO pin, respectively.
When diode A is missing at this time, currents I+ and Iz, shown as broken lines, will flow.
Consequently, the high level of KS1 and the low level of KSO will not be output normally due to I2, and the key
input data of KR1 will become undefined.
Furthermore, the LCD display will not be turned on or off normally.

L | swi

°© 0 oo YT _C
| o
. e . LCD
1

1 : :

R * _______ S _vyz |
1 1 I
; = e : 1 1cD
X I ! Low , | High
v ¥ |

| KRO KR1 KSo KS1

(b) When only diode A exists
When only diode A exists, whether switches are pressed simultaneously cannot be identified, due to the
following.
The following figure shows a circuit example when only diode A exists.
Assume, as shown in the figure below, that switches SW1, SW2, and SW4 are turned on, and a high level
and a low level are output from the KS1 pin and KSO pin, respectively.
At this time currents |1 and l2, shown as broken lines, will flow.
Consequently, even though SW3 is turned off, SW3 is identified to be turned on, because a low level is input
to KRO due to la.
There is no interference with the LCD display.

ol SWI [ sw2
O O
=== === =-=-- | rTT o= bl
: ) O I
- I pi LCD
1 1
1 1
! e e e e - - - - - - =
: — sws | to1swan
. o O .-—-:’—-C———1 :
1 1 1 1
! [ e "
: : —~— : —— LCD
. X Lom - - - - - .| | Low High
1
I I I1 Y ; I
| KRO KR1 KSO KS1

(c) When only diode B exists
Identification of at least three switches being pressed simultaneously can be performed.
There is no interference with the LCD display.
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CHAPTER 25 LOW-VOLTAGE DETECTOR

(2) When detecting level of input voltage from external input pin (EXLVI)
¢ When starting operation

<1>

<2>

<3>
<4>

<5>

<6>
<7>
<8>

<9>

Mask the LVI interrupt (LVIMK = 1).

Set bit 2 (LVISEL) of the low-voltage detection register (LVIM) to 1 (detects level of input voltage from
external input pin (EXLVI)).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)).

Confirm that “input voltage from external input pin (EXLVI) > detection voltage (Vexcvi = 1.21 V (TYP.)”
when detecting the falling edge of EXLVI, or “input voltage from external input pin (EXLVI) < detection
voltage (Vexwvi = 1.21 V (TYP.)” when detecting the rising edge of EXLVI, at bit 0 (LVIF) of LVIM.

Clear the interrupt request flag of LVI (LVIIF) to 0.

Release the interrupt mask flag of LVI (LVIMK).

Clear bit 1 (LVIMD) of LVIM to 0 (generates interrupt signal when the level is detected) (default value).
Execute the El instruction (when vector interrupts are used).

Figure 25-8 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in

this timing chart correspond to <1> to <8> above.

Caution Input voltage from external input pin (EXLVI) must be EXLVI < Vopo.

¢ When stopping operation

Either of the following procedures must be executed.

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

. When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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CHAPTER 27 FLASH MEMORY

Boot
cluster 1
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Figure 27-18. Example of Executing Boot Swapping
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS)

Standard products

16-bit AZ type A/D Converter Characteristics (¢PD78F046x 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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