NEC uPD78011F(A), 78012F(A), 78013F(A), 78014F(A), 78015F(A), 78016F(A), 78018F(A)

11. ELECTRICAL SPECIFICATIONS
® Electrical Specifications of uPD78011F(A), 78012F(A), 78013F(A), 78014F(A), 78015F(A), 78016F(A), 78018F(A) (1/26)

Absolute Maximum Ratings (Ta = 25 °C)

Parameter Symbol Test Conditions Rating Unit
Supply voltage | Voo -0.310 +7.0 \')
AVoo -0.3to Voo + 0.3 \'s
AVRer -0.3to Voo + 0.3 \'s
AVss -0.3 10 +0.3 '
Input voltage Vi P00-P04, P10-P17, P20-P27, P30-P37, P40-P47 -0.3to Voo + 0.3 V'l
P50-P57, P84-P67, X1, X2, XT2, RESET
Viz P80-P63 Open-drain 0.3 to +16
Output veoltage | Vo -0.3to Voo + 0.3
Analog input Van P10-P17 Analog input pin AVss — 0.3 to AVRer + 0.3
voltage
Output loH 1 pin -10 mA
current high P10-P17, P20-P27, P30-P37 total -15 mA
P01-P03, P40-P47, P50-P57, P60-P67 total -15 mA
Output |o Note 1 pin Peak value 30 mA
current low ms 15 mA
P40-P47, P50-P55 total Peak value 100 mA
ms 70 mA
P0O1-P0O3, P56, P57, Peak value 100 mA
P&0-P67 total rms 70 mA
P01-P03, PB4-P67 total Peak value 50 mA
rms 20 mA
P10-P17, P20-P27, P30-P37 Peak value 50 mA
total rms 20 mA
Operaling ambient| Ta —40 to +85 °C
temperature
Storage Tstg —65 to +150 °C
temperature

Note rms should be calculated as follows: [rms] = [peak value] x vduty

Caution Product quality may suffer if the absolute maximum rating is exceeded for even a single parameter
or even momentarily. That is, the absolute maximuam ratings are rated values at which the product
is on the verge of suffering physical damage, and therefore the product must be used under
conditions which ensure that the absolute maximum ratings are not exceeded.
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Capacitance (Ta=25°C, Voo =Vss=0V)

Parameter Symbol Test Conditions MIN. | TYP. [ MAX. | Unit
Input capacitance CiN f =1 MHz Unmeasured pins returned to 0 V 15 pF
I/O capacitance Cio f=1 MHz Unmeasured | P01-P03, P10-P17, P20-P27, 15 pF

pins returned to 0 V P30-P37, P40-P47, P50-P57,
P8&4-P67

P80-P83 20 pF

Remark The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.

Main System Clock Oscillation Circuit Characteristics ( Ta = —40 to +85 °C, Voo = 1.8 to 5.5 V)

Resonator Recommended Parameter Test Conditions MIN. | TYP. | MAX. | Unit
Ceramic -J Oscillator 27V <Vmg55Y 1 10 MHz
rescnator X1 X2 Vse frequency (fx) Note 1

| Rl auency 18V <Vin<27V 1 5
|
i
! . )
I=C1 =€2| | | Oscillation After Voo reaches oscillator 4 ms
Eé;l tabilization ti Note 2 It MIN
1. |stabllization time voltage range :
Crystal Oscillator 27V<Vn<55V 1 10 | MHz
resonator f fx) Note 1
requency (f) 18V <Von<27V 1 5
Oscillation Voo =451t055V 10 ms
tabilizafion time Mote 2
stabilizafion time 30
External X1 input 1.0 10.0 | MHz
clock X1 X2 frequency (fx) Note 1
X1 input 45 500 ns
#PD74HCUO4 | high/low level width
(e, txu)

Notes 1. Indicates only oscillation circuit characteristics. Refer to AC Characteristics forinstruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release.

Cautions 1. When using the main system clock oscillator, wirinin the area enclosed with the dotted line
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should be carried out as follows to avoid an adverse effect from wiring capacitance.

Wiring should be as short as possible.

Wiring should not cross other signal lines.

Wiring should not be placed close to a varying high current.

The potential of the oscillator capacitor ground should be the same as Vss.
Do not ground wiring to a ground pattern in which a high current flows.

Do not fetch a signal from the oscillator.

. When the main system clock is stopped and the system is operated by the subsystem clock,

the subsystem clock should be switched again to the main system clock after the oscillation
stabilization time is secured by the program.
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Subsystem Clock Oscillation Circuit Characteristics (Ta = —40 to +85 °C, Vobo = 1.8 to 5.5 V)

Resonator (F;ierggirrmended Parameter Test Conditions MIN. | TYP. | MAX. [ Unit
Crystal Oscillator 32 |32.768| 35 kHz
resonator frequency (fx) Note 1

Oscillation Voo=45t086.0V 1.2 2 s
stabilization time Note 2 10
External KT1 input 32 100 kHz
clock XT1 xTz2| | frequency (fxr) Nete ?
XT1 input 5 15 us
high/low level width
(txm, txm)

Notes 1. Indicates only oscillation circuit characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after Vop reaches oscillator voltage MIN.

Cautions 1. When using the subsystem clock oscillator, wiring in the area enclosed with the dotted line

should be carried out as follows to avoid an adverse effect from wiring capacitance.

Wiring should be as short as possible.

Wiring should not cross other signal lines.

Wiring should not be placed close to a varying high current.

The potential of the oscillator capacitor ground should be the same as Vss.
Do not ground wiring to a ground pattern in which a high current flows.

Do not fetch a signal from the oscillator.

. The subsystem clock oscillation circuit is a circuit with a low amplification level, more prone

to misoperation due to noise than the main system clock. Particular care is therefore required
with the wiring methed when the subsystem clock is used.
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® Electrical Specifications of xPD78011F(A), 78012F(A), 78013F(A), 78014F(A), 78015F(A), 78016F(A), 78018F(A) (4/26)

Recommended Oscillation Circuit Constant
Recommended oscillation circuit constant differs depending on the model.
(1) pPD78011F(A), 78012F(A), 78013F(A), 78014F(A)

(a) Main system clock: ceramic resonator (Ta = =40 to +85 °C)
¥

Manufacturer | Product Name | Frequency |Recommended Cscillafien Oscillation Remark
(MHz) Cireuit Constant Voltage Range
C1 (pF) | C2 (pF) | MIN. (V) | MAX. (V)

TDK Corp. CCR4.0MC3 4.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, surface-mount type
FCR4.0MC5 4.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, insertion type
CCR4.18MC3 4.18 Built-in | Built-in 1.8 5.5 Capacitor on chip, surface-mount type
FCR4.18MC5 4.19 Built-in | Built-in 1.8 55 Capacitor on chip, insertion type
CCR5.00MC3 5.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, surface-mount type
FCR5.00MC5 5.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, insertion type
CCR8.00MC 8.00 Built-in | Built-in 2.7 5.5 Capacitor on chip, surface-mount type
FCR8.00MC5 8.00 Built-in | Built-in 2.7 5.5 Capacitor on chip, insertion type
CCR8.38MC 8.38 Built-in | Built-in 2.7 5.5 Capacitor on chip, surface-mount type
FCRR8.38MC5 8.38 Built-in | Built-in 2.7 5.5 Capacitor on chip, insertion type
CCR10.00MC 10.00 Built-in | Built-in 2.7 5.5 Capacitor on chip, surface-mount type
FCR10.00MC5 10.00 Built-in | Built-in 2.7 5.5 Capacitor on chip, insertion type

Murata Mfg. | CSA4.00MG 4.00 30 30 1.8 55 Insertion type

Co. Ltd. CST4.00MGW 4.00 Built-in | Bkuilt-in 1.8 5.5 Capacitor on chip, insertion type
CSA4.19MG 4.18 30 30 1.8 5.5 Insertion type
CST4.19MGW 418 Built-in | Built-in 1.8 5.5 Capacitor on chip, insertion type
CSA5.00MG 5.00 30 30 1.8 55 Insertion type
CST5.00MGW 5.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, insertion type
CSA8.00MTZ 8.00 30 30 2.7 55 Insertion type
CST8.00MTW 8.00 Built-in | Built-in 2.7 5.5 Capacitor on chip, insertion type
CSAB.38MTZ 8.38 30 30 2.7 5.5 Insertion type
CSTa.38MTW 8.38 Built-in | Built-in 2.7 55 Capacitor on chip, insertion type
CSA10.00MTZ 10.00 30 30 2.7 5.5 Insertion type
CST10.00MTW 10.00 Built-in | Built-in 2.7 5.5 Capacitor on chip, insertion type

Caution The oscillation circuit constants and oscillation voltage range indicate conditions for stable
oscillation but do not guarantee the accuracy of the oscillation frequency. I the application circuit
requires accuracy of the oscillation frequency, it is necessary to set the oscillation frequency of
the resonator in the application circuit. For this, it is necessary to directly contact manufacturer
of the resonator being used.
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(b) Main system clock: ceramic resonator (Ta = =20 to +80 °C)

Manufacturer| Product Name | Frequency |Recommended Cscillafion Oscillation Remark
{(MHz) Cireult Constant Voltage Range
C1 (pF) | C2 (pF) | MIN. (V) | MAX. (V)
Kyocera PBRC4.00A 4.00 33 33 1.8 55 Surface-mount type
Corp. RBRC4.00B 4.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, surface-mount type
KBR-4.00MSA 4.00 33 33 1.8 5.5 Insertion type
KBR-4.00MKS 4.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, insertion type
PBRCS5.00A 5.00 33 33 1.8 55 Surface-mount type
RBRC5.00B 5.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, surface-mount type
KBR-5.00MSA 5.00 33 33 1.8 55 Insertion type
KBR-5.00MKS 5.00 Built-in | Built-in 1.8 55 Capacitor on chip, insertion type
KBR-8M 8.00 33 33 2.7 55 Insertion type
KBR-10M 10.00 33 33 2.7 55 Insertion type

(2) uPD78015F(A), 78016F(A)

(a) Main system clock: ceramic resonator (Ta = —40 to +85 °C)

Manufacturer | Product Name | Frequency |Recommended Cscillafion Oscillation Remark
{MHz) Circuil Constant Voltage Range
C1 (pF) | C2 {pF) [R1 (k&) | MIN. (V) | MAX. (V)
Murata Mfg. | CSB1000J 1.00 100 | 100 | 5.8 1.8 5.5 Insertion type
Co. Ltd. CSA2.00MG040 | 2.00 100 | 100 0 1.8 5.5 Insertion type
CST2.00MG040 Built-in [Built-in] @ 1.8 55 Capacitor on chip, insertion type
CSA4.00MG040 | 4.00 100 | 100 0 1.8 5.5 Insertion type
CST4.00MGWO040 Built-in|Built-in] @ 1.8 5.5 Capacitor on chip, insertion type
CSAB.00MG 6.00 30 30 0 1.8 5.5 Insertion type
CST8.00MGW Built-in|Built-in| @ 1.8 5.5 Capatitor on chip, insertion type
CSA10.0MTZ 10.0 30 30 0 1.8 5.5 Insertion type
CST10.0MTW Buill-in|Buill-in| 0 1.8 5.5 Capatitor on chip, insertion type
TDK FCR4.0MC5 4.0 Buill-in|Built-in| 2.2 1.8 5.5 Capatitor on chip, insertion type
FCR10.0MC 10.0 Buill-in|Built-in| 1.0 1.8 5.5 Capatitor on chip, insertion type
Caution The oscillation circuit constants and oscillation voltage range indicate conditions for stable

oscillation but do not guarantee the accuracy of the oscillation frequency. Kthe application circuit
requires accuracy of the oscillation frequency, it is necessary to set the oscillation frequency of
the resonator in the application circuit. For this, it is necessary to directly contact manufacturer
of the resonator being used.
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(b) Main system clock: ceramic resonator (Ta = =20 to +80 °C)

Manufacturer| Product Name | Frequency |Recommended Cscillafion Oscillation Remark
{(MHz) Cireult Constant Voltage Range
C1 (pF) | C2 (pF) | MIN. (V) | MAX. (V)
Kyocera PBRC4.00A 4.00 33 33 1.8 55 Surface-mount type
Corp. RBRC4.00B 4.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, surface-mount type
KBR-4.00MSA 4.00 33 33 1.8 5.5 Insertion type
KBR-4.00MKS 4.00 Built-in | Built-in 1.8 55 Capaciter on chip, insertion type
PBRCS5.00A 5.00 33 33 1.8 55 Surface-mount type
RBRC5.00B 5.00 Built-in | Built-in 1.8 5.5 Capacitor on chip, surface-mount type
KBR-5.00MSA 5.00 33 33 1.8 55 Insertion type
KBR-5.00MKS 5.00 Built-in | Built-in 1.8 55 Capacitor on chip, insertion type
KBR-8M 8.00 33 33 2.7 55 Insertion type
KBR-10M 10.00 33 33 2.7 55 Insertion type

Caution The oscillation circuit constants and oscillation voltage range indicate conditions for stable
oscillation but do not guarantee the accuracy of the oscillation frequency. I the application circuit
requires accuracy of the oscillation frequency, it is necessary to set the oscillation frequency of
the resonator in the application circuit. For this, it is necessary to directly contact manufacturer
of the resonator being used.
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DC Characteristics (Ta = —40 to +85 °C, Vop = 1.8to 5.5 V)

Parameter | Symbol Test Conditions MIN. TYP. MAX. Unit
Input voltage | Vi P10-P17, P21, P23, P30-P32, [ Voo =27 to 5.5V 0.7 Voo Voo A
high P35-P37, P40-P47, P50-P57,

PE4-67 0.8 Voo Voo V'
ViHe P00-PQ3, P20, P22, P24-P27, | Voo =27 1toc 55V 0.8 Vb Voo \'
P33, P34, RESET 0.85 Voo Voo v
ViHz PB80-P&3 Voo=271t055V 0.7 Voo 15 \'
{N-ch open drain) 0.8 Voo 15 \Y
ViHa X1, X2 Vio=271t055V Voo —-0.5 Voo vV
Voo —-0.2 Voo \'
ViHs XT1/P04, XT2 45V<Vop<55YV 0.8 Voo Voo ')
27V <Voo<45V 0.8 Vop Voo \'
1.8V <Vop<27 YV Note 0.8 Voo Voo V'
Input voltage | Vi P10-P17, P21, P23, P30-P32, [ Voo =27 o 5.5V 0 0.3 Voo \'
low P35-P37, P40-P47, P50-P57,
PE4-B7 0 0.2 Vop \'4
Vi P00-P0O3, P20, P22, P24-P27, | Voo =27 to 5.5V 4] 0.2 Voo v
P33, P34, RESET 0 0.15Voo| V
Vie Pe0-P&3 45V<Voc <55V 0 0.3 Voo A
27V <Voo<45V 0 0.2 Vop \'
0 0.1 Voo A
VL4 X1, X2 Vio=27to55VY 0 0.4 \'i
0 0.2 \'4
Vis XT1/P04, XT2 45V<Vop£55YV 0 0.2 Voo Vv
27V <Voo<45V 0 0.1 Vop \'4
1.8V < Vpp < 2.7 V Note 0 0.1 Voo v
Output Von1 Voo =451t 55V, lon=-1 mA Voo —1.0 \)
voltage high loH = —100 wA Voo—-0.5 \Y
Output Vo1 P50-P57, PB0-P83 Voo =451t 55V, 0.4 2.0 \'
voltage low loo =15 mA
P01-P03, P10-P17, P20-P27 Voo =451t0 55V, 0.4 \)
P30-P37, P40-P47, Pe4-P67 loL=1.6 mA
' SB0, SB1, % Voo =4.510 5.5V, epen-drain, 0.2 Voo \'4
pulled-up (R = 1 kQ)
Vous loL = 400 pA 0.5 A

Note When using XT1/P04 as P04, input the inverse of P04 to XT2 using an inverter.

Remark The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.
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DC Characteristics (Ta = —40to +85 °C, Voo = 1.8t0 5.5 V)

Parameter | Symbol Test Conditions MIN. TYP. MAX. Unit
Input leakage | ILins Vin = Voo P00-P0O3, P10-P17, 3 HA
current high P20-P27, P30-P37,

P40-P47, P50-P57,
P60-P67, RESET
ILikz X1, X2, XT1/P04, XT2 20 HA
ILiHe Vin=15V P60-P63 80 A
Input leakege | It Vin=0V Po0-PO3, P10-P17, -3 HA
current low P20-P27, P30-P37,
P40-P47, P50-P57,
P80-P67, RESET
Iz X1, X2, XT1/P04, XT2 -20 HA
s P60-P63 —3 Note HA
Output leakage | ILom Vour = Voo 3 HA
current high
Output leakage | ILoL Vour=0V -3 HA
current low
Mask option R4 Vin =0V, P0-P63 20 40 90 k&
pull-up resistor
Software Rz Vin =0 V, PO1-P03, P10-P17, P20-P27, P30-P37, P40-P47, 15 40 90 k&
pull-up resistor P50-P57, P60-P67

Nete For P60-P63, if pull-up resistor is not provided (specifiable by mask option) a low-level input leak current of
—200 pA (MAX.) flows only during the 3 clocks (no-wait time) after an instruction has been executed to read
out port & (P8) or port mode register 6 {FM8). Outside the pericd of 3 clocks following execution a read-out
instruction, the current is —3 pA (MAX.).

Remark The characteristics of a dual-function pin and a port pin are the same unless specified ctherwise.
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DC Characteristics (Ta = —40to +85 °C, Voo = 1.8to 5.5 V)

Parameter | Symbol Test Conditions MIN. | TYP. [ MAX. | Unit
Supply Iop1 10.00 MHz crystal Voo = 5.0 V + 10 9 Note 2 8.0 18.0 | mA
current Note 1 oscillation operation mode Voo = 3.0 V + 10 9 Note 3 1.3 28 mA

lcoe 10.00 MHz crystal Voo = 5.0 V + 10 9 Note 2 24 48 mA
oscillation HALT mode Voo = 3.0 V + 10 9 Note 3 1.2 24 mA

looa 32.768 kHz crystal Voo =50V X10% 60 120 HA
oscillation operation mode Note 4 Voo = 3.0 V+10% 35 70 UA
Voo=20V+10% 24 48 HA

Iop4 32.768 kHz crystal Voo =50V+10% 25 50 HA
oscillation HALT meode Note 4 Vop=3.0V110% 5 15 UA
Voo=20V+10% 2 10 HA

loos XT1 = Voo Voo =50V+10% 1 30 HA
STOP mode when using feedback | Voo =30V +10% 0.5 10 HA

resistor Voo =20V+10% 0.3 10 HA

Ioos XT1 = Voo Voo =50V+10% 01 30 HA
STOP mode when not using Voo =30V+10% 0.05 10 HA

feedback resistor Voo =20V X210% 0.05 10 HA

Netes 1. This current excludes the AVRrer current, port current, and current which flows in the built-in pull-up resistor.
2. When operating at high-speed mode (when the processor clock control register (PCC) is set to 00H)
3. When operating at low-speed mode (when the PCC is set to 04H)
4. When main system clock stopped.
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@ Electrical Specifications of yPD78011F(A), 78012F(A), 78013F(A), 78014F(A), 78015F(A), 78016F(A), 78018F(A) (10/26)
AC Characteristics

(1) Basic Operation (Ta =-40 to +85 °C, Voo = 1.8 to 5.5 V)

Parameter Symbol Test Conditions MIN. TYP. | MAX. [ Unit
Cycle time Tor Operating on main system 35V<Vc<b5YV 0.4 64 Hs
(Min. instruction clock 27V<Vop<35V 0.8 64 Hs
execulion time) 18V<Vop<27V 2.0 64 Hs

Operating on subsystem clock 40 122 125 Hs
TIO input triHo 35V<Vopn<55V 2/fsam+Q.1 Note us
frequency trie 27V <Voc<35V 2/fsam+0.2 Note Hs
18V<Voo<27V 2/fsam+0.5 Note us
TH, TI2 input frin Voo =451t055V 0 4 MHz
frequency 0 275 kHz
T, TiZinput | gy Voo =451t055 V 100 ns
high/ow-level
width tris 1.8 Hs
Interrupt bNTH INTPO 35V<Vo<55Y 2/fszm+0.1 Note Hs
request input bl 27V<Vop<35V 2/fsam+0.2 Note us
high/low-level 1.8V <Voo<27V 2/fsam+0.5 Note us
width INTP1-INTP3, KRO-KR7 Voo =27t055V 10 us
20 us
RESET low tReL Voo = 2.7 to 5.5 V 10 us
level width 20 us

Note In combination with bits 0 (S8CS0) and 1 {(SCS1) of sampling clock select register (SCS), selection of fsam is
possible between /2N Iw64 and fx/128 (when N = 0 1o 4).
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Tcy vs VoD (At main system clock operation)
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(2) Read/Write Operation (Ta = —40 to +85 °C, Voo = 2.7 o 5.5 V)

Parameter Symbol Test Conditions MIN. MAX. Unit

ASTB high-level width tastH 0.5tcr ns
Address setup time tans 0.51cv—30 ns
Address hold time taoH 50 ns
Data input time from address tanD {2.5+2n)tcv-50 ns
tabcz (3+2n)tcy—100 ns

Data input time from RD. tRo {1+42n)tcr—25 ns
troD2 (2.5+2n)tcy—100 ns

Read data hold time troH 0 ns
RD low-level width tanLt (1.5+2n)tcv—20 ns
troLe (2.5+2n) tov—20 ns

WAITL input time from RD. trowrs 0.5ty ns
trowTe 1.5toy ns

WAITL input time from WR. twrwr 0.5tcy ns
WAIT low-level width L {0.5+2n)tcv+10 (2+2n)toy ns
Write data setup time twos 100 ns
Write data hold time twoH Load resistor = 5 kQ 20 ns
WR low-level width twRLt (2.5+2n) toy—20 ns
RD. delay time from ASTBL tasTRD 0.5tc+v—30 ns
WwRl delay time from ASTB! tasTwr 1.5tcv—30 ns
ASTBT delay time from troasT tey—10 tov+40 ns

RDT in external fetch
Edress held time from tRoADH tov tov+50 ns
RDT in external fetch

Write data output time from RDT | taown Vio=451t055V 0.5tcv+5 0.5tcv+30 ns
0.5tcr+15 0.5tcv+80 ns

Write data output time from WRL | twawo Vic=451t055V 5 30 ns
15 30 ns

Address hold time from WR™T twracH | Voo=451t0 55V tey tcy+60 ns
toy tev+100 ns

RDT delay time from WATT twmRD 0.5tcy 2.5tcv+80 ns
WRT delay time from WAITT twrwe 0.5tcy 2.5tcv+80 ns

Remarks 1. tcy = Tev/4
2. n indicates number of waits.
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(3) Serial Interface (Ta = -40 to +85 °C, Voo = 1.8 to 5.5 V)
(a) Serial Interface Channel 0
(i) 3-wire serial I'O mode (SCKO... Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKO cycle time tcvi | 45V <Vn<55V 800 ns
27V <Voip<45V 1600 ns
20V <Vop<27 V 3200 ns
4800 ns
SCKO high/low-level ter1 Voo=451t0 55V tkov1/2-50 ns
width bt tkoy1/2-100 ns
810 setup time tsik1 45V <Vmp=<55V 100 ns
{to SCKOT) 27V<Voo<45V 150 ns
20V <Vm<27V 300 ns
400 ns
510 hold time tsie 400 ns
{from SCKOT)
SO0 output delay time | tksos C = 100 pF Note 300 ns
from SCKal

Note C isthe load capacitance of SCKO and SO0 output line.

(i) 3-wire serial I/O mode (SCKO... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKQO cycle time tove 45V <Vn<55V 800 ns
27V <Vm<45V 1600 ns
20V <V« 27 V 3200 ns
4800 ns
SCKO high/low-level terz 45V <Vmp<55V 400 ns
width tkee 27V <Vop<45V 800 ns
20V <Vop<27 V 1600 ns
2400 ns
310 setup time tsikz Voo=20to 55V 100 ns
{to SCKOT) 150 ns
310 hold time tksiz 400 ns
{from mﬂ
300 output delay time | tksoz C=100pF Note |y =20t055V 300 ns
from SCKOL 500 ns
Mrise, fall time tr2 When external device 160 ns
tro expansicon function is used
When external When 16-bit timer 700 ns
device expansion | output function is
functien is not used
used When 16-bit timer 1000 ns
output function is
not used

Note C is the load capacitance of SO0 output line. 45
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(iii) SBlI mode (SCKO... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
3CKo cycle time trkevs 45V V=55V 800 ns
20V <Vop<45V 3200 ns
4800 ns
8CKO high/low-level tkHs Voo=45106.0V tkovs/2-50 ns
width tkis tkcys/2—150 ns
SBO, SB1 setup time tsika 45V <Vpp<55V 100 ns
{to SCKOT) 20V <Voo<45V 300 ns
400 ns
3B0, SB1 hold time tsiz tkeya/2 ns
{from MT)
3B0, SB1output delay | txsos R =1KkQ, Voo =45t055V 0 250 ns
time from SCKol C = 100 pF Note ] 1000 ns
SBO, SB1. from SCKOT tkss trovs ns
'SCKO-. from SBO, SB1Y tesx tkeva ns
SBQ, SB1 high-level tsen tkovs ns
width
SB0, SB1 low-level tsaL tkevs ns
width

Neote R and C are the load resistors and load capacitance of the SB0, SB1 and SCKO output line.
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(iv) SBI mode (SCKO... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKO cycle time tove | 45V <Vop<55V 800 ns
20V <Vop<45V 3200 ns
4800 ns
SCKO high/low-level tera 45V <Vm<55V 400 ns
width tkLa 20V <Voi<45VY 1600 ns
2400 ns
3B0, SB1 setup time tsika 45V <Vm=s55YVY 100 ns
{to SCKOT) 20V<Von<45V 300 ns
400 ns
SB0, SB1 hold time tisia treova/2 ns
{from mﬂ
SBO, SB1 output delay | tksos R=1kQ, Voo=45t055V 0 300 ns
time from SCKol C = 100 pF Note ] 1000 ns
8B0, 8B1. from 'SCKOT| txss tkova ns
SCKO. from SBO, 8B1Y{ tsax trcva ns
SBO, SB1 high-level tseH tkova ns
width
SB0, SB1 low-level tsaL tkova ns
width
mrise, fall time tra When external device 160 ns
tra expansion function is used
When extemal When 16-bit timer 700 ns
device expansion | output function is
function is not used
used When 16-bit timer 1000 ns
output function is
not used

Nete R and C are the load resistors and load capacitance of the SBO and SB1 output line.
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(v) 2-wire serial /0 mode (SCKO... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit

SCKO cycle time ticyvs R=1ke, 27V<Von<55V| 1600 ns

C=100pFNote |20VeVe27V| 3200 ns

4800 ns

SCKO high-level width | tis Voo= 2.7 to 5.5 V | tkcvs/2—160 ns

tkcys/2—190 ns

SCKO low-level width | tis Voo=451t05.5V | tkovs/2-50 ns

tkcys/2—100 ns

SBO, SB1 setup time | tsis 45V< Vo555V 300 ns

(to SCKo™) 27V<Voo<45V| 350 ns

20V<Vm<27V 400 ns

500 ns

SBO0, SB1 hold time tksis 600 ns

(from m?)

SB0, SB1 output delay | trksos 0 300 ns

time from mi

Note R and C are the load resistors and load capacitance of the SCKO, SB0 and SB1 output line.
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(vi) 2-wire serial 'O mode (SCKO... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKO cycle time ticvs 27V<Vi<55V 1600 ns
20V<Voo<27V 3200 ns
4800 ns
SCKO high-level width | txe 27V<Vowe55Y 650 ns
20V <Vopo<27V 1300 ns
2100 ns
SCKO low-level width | tas 27V<Vn<55V 800 ns
20V <Vop<27V 1600 ns
2400 ns
SB0O, SB1 setup time tsike Veo=20to 55V 100 ns
fto SCKOT) 150 ns
SBO, SB1 hold time tksis tkove/2 ns
{from MT)
SBO, SB1 output delay | tsos R =1kQ, 45V <Vopp<55V 0 300 ns
time from SCKOL C=100pFNete |20V <Vi<45V 0 500 ns
0 800 ns
mrise, fall time tre When external device 180 ns
tre expansion function is used
When external When 18-bit timer 700 ns
device expansion | output function is
function is not used
used When 16-bit timer 1000 ns
output function is
not used

Note R and C are the load resistors and load capacitance of the SB0 and SB1 output line.
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(b) Serial Interface Channel 1
(i) 3-wire serial I'O mode (SCK1... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK1 cycle time tkevr 45V <Vp=s55YV 800 ns
27V <Vo<45V 1600 ns
20V<Vm<27V 3200 ns
4800 ns
SCK1 high/low-level | tair Voo =45t0 55V tcvr/2—50 ns
width ter twoy#/2-100 ns
S setup time tsikr 45V <Vmp<55V 100 ns
{to SCK1T) 27V<Vo<45Y 150 ns
20V <Vop<27 V 300 ns
400 ns
S hold time tesiz 400 ns
{from WT)
S0O1 output delay time | tksor C = 100 pF Note 300 ns
from SCK1l

Note C isthe load capacitance of SCK1 and SO1 oulput line.

(i) 3-wire serial 1/0O mode (SCK1... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
3CK1 cycle time trkevs 45V V=55V 800 ns
27V<Vo<45Y 1600 ns
20V <Vm<27V 3200 ns
4800 ns
SCK1 high/low-level | tkre 45V <Voos55V 400 ns
width tkie 27V <Vop<45V 800 ns
20V <Vm<27V 1600 ns
2400 ns
81 setup time tsiks Voo=201to 55V 100 ns
{to SCKIT) 150 ns
S hold time tksis 400 ns
{from WT)
800 output delay time | tksos C=100pF Note | ypp =20t055V 300 ns
from SCK11 500 ns
Wrise, fall time trs When external device 160 ns
tre expansion function is used
When extemal When 16-bit timer 700 ns
device expansion | output function is
function is not used
used When 16-bit timer 1000 ns
output function is
not used

Note C is the load capacitance of SO1 output line.
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(iii) 3-wire serial 'O mode with automatic transmit/receive function (SCK1... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK1 cycle time tcve | 45V <Vn<55V 800 ns
27V <Vop<45V 1600 ns
20V <<Vmo<27 V 3200 ns
4800 ns
SCK1 high/low-level | tere Vop=451t0 55V tove/2—50 ns
width tkee trove/2—-100 ns
31 setup time tsike 45V <Vmp<55YV 100 ns
{to SCK1™) 27V<Vin<45V 150 ns
20V <sVm<27V 300 ns
400 ns
S hold time tksis 400 ns
{from SCK1T)
SO1 output delay time | txsos C = 100 pF Nete 300 ns
from SCK1l
STBT from SCK17T tsep tecva/2-100 teova/2+100 ns
Strobe signal tsew 27V <Vm=55YVY txcve—30 tkeve+30 ns
high-level width 20V<Vm<27V tkcre—60 tkove+60 ns
tkeye—90 tkeye+90 ns
Busy signal setup time | tsvs 100 ns
{to busy signal
detection timing)
Busy signal hold time | tavH 45V <Vmp<55V 100 ns
{from busy signal 27V<Vo<45Y 150 ns
detection timing) 20V <Vm<27V 200 ns
300 ns
SCK1. from busy tsps 2lkove ns
inactive

Note C isthe load capacitance of SCK1 and SO1 output line.
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(iv) 3-wire serial 'O mode with automatic transmit/receive function (SCK1... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK1 cycle time tkovio | 45V <Vop<55V 800 ns
27V <\Vop<45V 1600 ns
20V <Vop< 27V 3200 ns
4800 ns
SCK1 high/low-level b0, 45V <Voi=s55V 400 ns
width tkito 27V <\Vop<45V 800 ns
20V <Vop<27V 1600 ns
2400 ns
31 setup time tsikio Vob=20to 55V 100 ns
{to SCKIT) 150 ns
31 hold time tksHo 400 ns
tfrom SCK1T)
301 output delay time | tkscto C=100pF Note [Vyop =20t055V 300 ns
from SCK1l 500 ns
mrise, fall time tr1o, When external device expansion 160 ns
tr1o functien is used

When external device expansion 1000 ns

functien is not used

Note C isthe load capacitance of the SO1 output line.
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AC Timing Test Point (Excluding X1, XT1 Input)

0.8 Voo 0.8 Voo
Test Points
X 0.2 Voo :> <: 0.2 VDDX

Clock Timing

1/x

tx

b
Vins (MIN.)
X1 Input

N N Viia (MAX.)
1/fxr
b L txtH
Virs (MIN.)
XT1 Input N K Viis (MAX.)
Tl Timing
tTiLo || tTHe
TIO
- 1/fr11 -
s | | trima
TH,TI2 \
\ N
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Read/Write Operation

External fetch (No wait):

AB-A15

ADO-AD7

ASTB

AB-A15

ADO-AD7

ASTB

WAIT

[=— trsTRD trROL1 | tron
External fetch (Wait insertion):
"4
>< Higher 8-Bit Address
N
taoo1
i i Hi-Z s : \
Lower 8-Bit
>§‘ Address -<9peratlon Code/2<
teos fhor trRoD1 tRoADH
b ﬂ troasT
i s
\ /
X %
[ tasTrD tRoLs | =l ton
trowT1 * twrL | R

54

X

Higher 8-Bit Address

Ao

X

 Lower 8-

N Address

tan

tasTH
/ gt

taoH

" i- 4 3
E?--‘:‘-I-Z---< Operation Code ><
" 7

troD1

troaDH

trRoAsST

N\

L
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External data access (No wait):

AB-Al15

ADO-AD7Y

ASTB

AB-A15

ADQ-AD7

ASTB

WAIT

N
>Z Higher 8-Bit Address P
L P
taoo2
Aiower 8B | HiZ HLZ_# . .. H-Z
>§\ Addiess 'S\ Read Dala ‘ Write Data _’_>
1an troD2
tapH |
1ASTH;1
1RDH—=]
/X
\ 4
X 7
lasTRD tRoL2 4-{ [=— trRowo twos TwoH
twrwo twRADH —=-]
ya
lasTwr twal1
External data access (Wait insertion):
I Higher 8-Bil Address X
1aDD2
4 i Hi-Z 4 Hi-Z ¥ Hi-Z
)@f;;[eﬁf ----------------------- {_ Read Data )----%=- < Write Data IR ¢
1aDs d
tADH
1AsTHY | troD tROH—*
1asTRD
X s
X 1
1RoL2 [=—trRowD twos -t e
| e twRWO
\ 7
tasTwR TwRL1 twRADH —=
r
trow o W ﬁq\ﬁﬂz
TwrwT TwTwr
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Serial Transfer Timing

3-wire serial /0 mode:

tkcym
tkLm tkHm
trn tFn
F4 \
SCK0, SCK1 / \
\ / N
| tsikm tesim
slo, SN Input Data
tksom

800, 801 Qutput Data X

m=1,2,7,8 n=28

SBI mode (Bus release signal transfer):

kevs, 4
KLz, 4 1kHz, 4
R4 1Fa
- / \
SCKo / \
N/
1ks 1sBL 1tsBH tsek fare 4 ks, 4
g
SBO, SB1
\
tksos, 4

SBIl Mode {(command signal transfer):

tkcva 4

r=tra
SCKO0
tsiz, 4
tksa [ S tsiz, 4
i
SBO, SB1
N

tksos, 4
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2-wire serial 1/O mode:

tkcys.s

tiLs, ra— tHs,
KLSt:u*| KHSB*‘

| | tes.s
trsos,6 — tksis.s

-
o
)

SCKoQ

SB0, SB1

3-wire serial I/O mode with automatic transmit/receive function:

o m X o X% X x>
o o X XX X =

tsie,10 | 1 tksia 10
tsog 10 tkH 10
o= tr10 ‘ N
3 i’ il
SCK1 / \ / \_/_
teiso | thro

tseo {so
tkcye 10
STB

3-wire serial /'O mode with automatic transmit/receive function (busy processing):

tBvs—m| tevH tsPs
g
BUSY
by

(Active High)

Note The signal is not actually driven low here; it is shown as such to indicate the timing.
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A/D converter characteristics (Ta = -40 to +85 °C, AVop = Voo =1.8to 5.5V, AVss = Vss =0 V)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Overall error Note 2.7 V < AVrer< AVon 0.6 %

18V <AVRer=27 YV 1.4 %
Conversion time tcony 20V<AVoo<55YV 191 200 us

18V <AVp<20V 382 200 Us
Sampling time tsamp 24/fx us
Analog input voltage Vian AVss AVrer v
Reference voltage AVREF 1.8 AVop v
AVreF resistance Rarer 4 14 kQ

Note Overall error excluding quantization error (x1/2 LSB). It is indicated as a ratio to the full-scale value.

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85 °C)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
Data retention supply | Vooor 1.8 55 A
voltage
Data retention supply | looor Vooor=18V 01 10 UA
current Subsystem clock stop and feed-

back resister disconnected
Release signal set time | tsreL 0 Us
Oscillation stabilization | twar Release by RESET 2'8/fx ms
wait time Release by interrupt request Note ms
Nete In combination with bit O to bit 2 (OSTS0 to OST82) of oscillation stabilization time select register (OSTS),

selection of 2'3/fx and 2'%fx to 2'%/fx is possible.

Data Retention Timing (STOP Mode Release by RESET)

Internal Reset Operation
HALT Mode

it STOP Mode Operating Mode

t«— Data Retension Mode ——— ]

3
I

T Vooor tSﬁiEL

STOP Instuction Execution

! /
RESET /

twarr
|~
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Data Retention Timing (Standby Release Signal : STOP Mode Release by Interrupt Request Signal)

STOP Mode

HAL‘T Mode

=——— Data Retension Mode ———

Operating Mode

tsreL

T VoooR

STOP Instruction Execition

Standby Release Signal
(Interrupt Request)

Interrupt Request Input Timing

TinTe

twarr

tinTH

INTPO-INTP2

| TinTL
INTP3 S

RESET Input Timing

tRsL

RESET
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Absolute Maximum Ratings (Ta = 25 °C)

Parameter Symbol Test Conditions Rating Unit
Supply voltage | Voo -0.3to +7.0
AVop —0.3 to Voo + 0.3 \4
AVeer —0.3 to Voo + 0.3 v
AVss -0.3 to +0.3 v
Input voltage Vi P00-P04, P10-P17, P20-P27, P30-P37, P40-P47 —-0.3to Voo + 0.3 v
P50-P57, P84-P87, X1, X2, XT2, RESET
Vi P&0-P6&3 Open-drain —0.3to +16
Output voltage | Vo -0.3 to Voo + 0.3
Analog input Van P10-P17 Analog input pin AVss — 0.3 to AVrer + 0.3
voltage
Output lon 1 pin -10 mA
current high P10-P17, P20-P27, P30-P37 total -15 mA
P01-P03, P40-P47, P50-P57, P60-P67 total -15 mA
Output [o Note 1 pin Peak value 30 mA
current low rms 15 mA
P40-P47, P50-P55 total Peak value 100 mA
rms 70 mA
P01-P03, P58, P57, Peak value 100 mA
P80-P67 total ms 70 mA
P01-P03, P64-PB7 total Peak value 50 mA
rms 20 mA
P10-P17, P20-P27, P30-P37 Peak value 50 mA
total rms 20 mA
Cperating ambient| Ta —40 to +125 °C
temperature
Storage Tstg -65 to +150 °C
temperature

Note rms should be calculated as follows: [rms] = [peak value] x vduty

Caution Product quality may suffer if the absolute maximum rating is exceeded for even a single parameter
or even momentarily. That is, the absolute maximuam ratings are rated values at which the product
is on the verge of suffering physical damage, and therefore the product must be used under

conditions which ensure that the absolute maximum ratings are not exceeded.

Remark The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.
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Permissible Injection Current characteristics at overvoltage application (Ta = —-40tc +125 °C, Voo =5V £10%, Vss =0 V)

Parameter Symbol Test Conditions MIN. [ TYP. | MAX. [ Unit
Positive direction [ 1UH4 1 pin | Input pert other than ANIn {n = 0-7) Peak value 2 mA
injection current Average value 0.2 mA
{Vin > Vop)

[1Hz ANIn {n = 0-7) Peak value 0.2 mA

Average value 0.02 mA

I1uHz Total for all input pins Peak value 16 mA

Average value 1.6 mA

[1UHa Total fer ANIn (n = 0-7) Peak value 0.2 mA

Average value 0.02 mA

Negative direction [V 1 pin | Input port other than ANIn {n = 0-7) Peak value -0.1 mA

injection current Average value -0.01 mA
(Vin < Vsg

luLe ANIn {n =0-7) Peak value -0.3 mA

Average value -0.03 | mA

lus Total for all input pins Peak value -0.8 mA

Average value -0.08 | mA

luLs Total fer ANIn (n = 0-7) Peak value -0.3 mA

Average value -0.03 | mA

Cautions 1. When injection current flows through an analog input pin (ANIn : n = 0-7), the A/D conversion
result of the analog input becomes the rated value when there is no injection current 12LSB.
2. When injection current flows through several analog input pins (ANIn : n = 0-7), the A/D conver-
sion result of the analog input becomes the rated value when there is no injection current
HLSB.
3. The average value (absolute value) of the pin injection current is obtained by the following
formula.

Average value = ((1/T) “ | it) | ¥2dty®2
where, i(t) indicates the pin injection current. The maximum value of | i(t) | is the peak value.

Capacitance (Ta=25°C, Voo =Vss=0V)

Parameter Symbol Test Conditions MIN. | TYP. | MAX. | Unit
Input capacitance Cin f = 1 MHz Unmeasured pins returned to0 V 15 pF
I/O capacitance Cio f=1MHz Unmeasured | P01-P03, P10-P17, P20-P27, 15 pF

pins returned to 0 V P30-P37, P40-P47, P50-P57,
P64-P67

P60-P63 20 pF

Remark The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.
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Main System Clock Oscillation Circuit Characteristics ( Ta = —40 to +125°C, Voo =5 V 10 %)

Resonator gﬁzzir{‘me”ded Parameter Test Conditions MIN. | TYP. | MAX. | Unit
Ceramic ; 1 8 MHz
i xo Vs_s'J Oscillator
rasonator ‘ my frequency (fx) Note 1
!
s i) 10
I=C1 =C2 Oscillation After Voo reaches oscillator ms
TOL T |Opclliaton
77777 i stabilization time Mot voltage range MIN.
Crystal Oscillator 1 8 | MHz
rasonator frequency (fx) Note 1
Oscillation 10 ms
stabilization time Note 2
Extemal X1 input 1.0 8.0 MHz
clock X1 X2 frequency (fx) Note 1
X1 input 55 500 ns
UPD74HCUO4 | high/low level width
{txH, tx)

Notes 1. Indicates only oscillation circuit characteristics. Refer to AC Characteristics forinstruction execution time.

2. Time required to stabilize oscillation after reset or STOP mode release.

Cautions 1. When using the main system clock oscillater, wirinin the area enclosed with the dotted line
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should be carried out as follows to avoid an adverse effect from wiring capacitance.

Wiring should be as short as possible.

Wiring should not cross other signal lines.

Wiring should not be placed close to a varying high current.
The potential of the oscillator capacitor ground should be the same as Vss.

De not ground wiring to a ground pattern in which a high current flows.
Do not fetch a signal from the oscillator.

. When the main system clock is stopped and the system is operated by the subsystem clock,

the subsystem clock should be switched again to the main system clock after the oscillation
stabilization time is secured by the program.
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uPD78011F(A), 78012F(A), 78013F(A), 78014F(A), 78015F(A), 78016F(A), 78018F(A)

® Electrical Specifications of uPD78012F(A2) (4/20)

Subsystem Clock Oscillation Circuit Characteristics (Ta = —40 to +125 °C, Voo =5 V +10 %)

Resonator (F;ie;gzirrmended Parameter Test Conditions MIN. [ TYP. | MAX. | Unit
Crystal «r1 7o V;eJ Oscillator 32 |32.768| 35 | kHz
resonator | ol frequency (fxt) Note 1

| 2
|
|
763 704 . | Oscillation 12 | 2 s
—————— a stabilization time Note 2
e
External XT1 input 32 100 kHz
clock T x1o| |frequency (fxr) Nete
XT1 input 5 15 ls
high/low level width
(txm, txm)

Notes 1. Indicates only oscillation circuit characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after Vob reaches oscillator voltage MIN.

Cautions 1. When using the subsystem clock oscillator, wiring in the area enclosed with the dotted line

should be carried out as follows to avoid an adverse effect from wiring capacitance.

Wiring should be as short as pessible.

Wiring should not cross other signal lines.

Wiring should not be placed close to a varying high current.

The potential of the oscillator capacitor ground should be the same as Vss.
Do not ground wiring to a ground pattern in which a high current flows.
Do not fetch a signal from the oscillator.

. The subsystem clock oscillation circuit is a circuit with a low amplification level, more prone

to misoperation due to noise than the main system clock. Particular care is therefore required
with the wiring methed when the subsystem clock is used.
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@ Electrical Specifications of yPD78012F(A2) (5/20)

DC Characteristics (Ta = =40 to +125 °C, Voo = 5 V + 10%)

Parameter | Symbol Test Conditions MIN. TYP. MAX. Unit
Input voltage | Vi P10-P17, P21, P23, P30-P32, P35-P37, P40-P47, 0.7 Voo Voo \
high P50-P57, P64-67

Vi P00-PO3, P20, P22, P24-P27, P33, P34, RESET 0.85 Voo Voo v
Vine P80-P63 (N-ch open drain) 0.7 Voo 15 A
ViHa X1, X2 Voo—-0.5 Voo ')
ViHs XT1/P04, XT2 0.8 Voo Voo Vv
Input voltage | Vi P10-P17, P21, P23, P30-P32, P35-P37, P40-P47, 0 0.3 Voo Vv
low P50-P57, Pe4-87
Vie P00-PO3, P20, P22, P24-P27, P33, P34, RESET 0 018 Voo| V
Vi P80-P8&3 (N-ch open drain) 0 0.3 Voo A
Vi X1, X2 0 0.4 ')
Vis XT1/P04, XT2 0 0.2 Voo v
Output Yors lon=—1 mA Voo—1.0 v
voltage high lon = —100 wA Voo —0.5 \')
Output VoL P50-P57, P80-P83 loo =15 mA 0.4 2.0 \'
voltage low P01-PQ3, P10-P17, P20-P27 lo.=1.6 mA 0.4 vV
P30-P37, P40-P47, P64-P67
VoLe SBoO, SB1, SCKO N-ch open-drain, pulled-up 0.2 Voo v
(R =1k0O)
Vous loL = 400 pA 0.5 v
Input leakage | ILins Vin = Voo P00-P0O3, P10-P17, 10 HA
current high P20-P27, P30-P37,
P40-P47, P50-P57,
P64-P67, RESET
ILiHe X1, X2, XT1/P04, XT2 20 HA
ILiHe Vin=15V P60-P63 80 HA
Input leakege | ILi1 Vin=0V P00-PO3, P10-P17, -10 HA
current low P20-P27, P30-P37,
P40-P47, P50-P57,
P64-P67, RESET
iz X1, X2, XT1/P04, XT2 -20 HA
ILiLs P60-P&3 —fgNote| A

Note For P680-PE3, if pull-up resistor is not provided (specifiable by mask option} a low-level input leak current of
—200 pA (MAX.) flows only during the 3 clocks (no-wait time) after an instruction has been executed to read
out port & (P8) or port mode register 6 {FM8). Outside the period of 3 clocks following execution a read-out
instruction, the current is —10 gA (MAX.).

Remark The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.
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® Electrical Specifications of uPD78012F(A2) (6/20)

DC Characteristics (Ta= —40to +125 °C, Voo =5 V + 10 %)

Parameter | Symbol Test Conditions MIN. TYP. MAX. Unit
Output leakage | ILon Vour = Voo 10 HA
current high
Output leakage | ILoL Vour=0V -10 HA
current low
Mask option Ri Vin = 0 V, PB0-P63 20 40 120 kQ
pull-up resistor
Software Rz Vin = 0 V, PO1-P03, P10-P17, P20-P27, P30-P37, 15 40 120 kQ
pull-up resistor P40-P47, P50-P57, PE0-P&7
Supply Iop1 8.00 MHz crystal oscillation operation mode Note 2 9.0 29.0 mA
current Note 1| | 8.00 MHz crystal oscillation HALT mode Note 2 2.4 6.5 mA

Ioba 32.768 kHz crystal oscillation operation mode Note 3 60 1200 HA
Ioea 32.768 kHz crystal oscillation HALT mode Note 3 25 1000 HA
loos XT1 = Voo STOP mode when using feedback resistor 1 1000 HA
Iooe XT1 = Voo STOP mode when not using feedback resistor 0.1 1000 HA

Notes 1. The current which flows in the Voo pin and AVop pin. However, it does not include the current flowing in
the A/D converter and built-in pull-up resistor.
2. When operating at high-speed mode (when the processor clock control register (PCC) is set to 00H}
3. When main system clock stopped.

Remark The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.
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® Electrical Specifications of uPD78012F(A2) (7/20)
AC Characteristics

(1) Basic Operation (Ta =—40 to +125 °C, Voo =5 V 1 10 %)

Parameter Symbol Test Conditions MIN. TYP. | MAX. [ Unit
Cycle time Tor Operating on main system clock 0.5 64 Hs
{Min. instruction
execution time,) Operating on subsystem clock 40 122 125 us
TIO input trivo 2/fsam+0.1 Note Us
high/low-level trio
width
TH, TIZ2 input frin 0 2 kHz
frequency
TH, TI2 input triH 200 Hs
high/low-level triLs
width
Interrupt tinTH INTPO 2/fsam+0.1 Note us
request input tnTL
high/low-level INTP1-INTP3, KRO-KR7 10 s
width
RESET low tRsL 10 Hs
level width

Note In combination with bits 0 (SCS0) and 1 {SCS1) of sampling clock select register (SCS), selection of feam is
possible between fx/2N+ fx/84 and fx/128 {when N = O to 4).

Tey vs Vob (At main system clock operation)

60.0
B
10.0 2
o
5
=2
% 50 <
3 2
> 83
et 25
] oo
£
'_
o
[%]
& 10
05 , ;
: :
1 1
i i
0.1 ' '

0 10 20 30 40455055860
66 Supply voltage Voo [V]
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® Electrical Specifications of uPD78012F(A2) (8/20)

2) Read/Write Operation (Ta =-40 to +125 °C, Voo =5V +10 %
P

Parameter Symbol Test Conditions MIN. MAX. Unit
ASTB high-level width tastH 0.5ty ns
Address setup time tans 0.5tcv—30 ns
Address hold time taoH 50 ns
Data input time from address tabos {2.5+2n)tcv—50 ns
tabcz (3+2n)tcy—100 ns
Data input time from RDL troD1 {1+2n)tcv—25 ns
troD2 (2.5+2n)tcy—100 ns
Read data hold time troH 0 ns
RD low-level width troL1 (1.5+2n)tcr—20 ns
troL2 (2.5+2n) tev—20 ns
WAITL input time from RD. trRowT 0.5tcy ns
trowTz 1.5tcy ns
WAITL input time from WR. twrwT 0.5tcy ns
WAIT low-level width b {0.542n)tcv+10 (2+2njtey ns
Write data setup time twos 100 ns
Write data hold time twoH Load resistor =5 kQ 20 ns
WR low-level width twRLt (2.5+2n) toy—20 ns
RDL delay time from ASTB. tasTRD 0.5tcy-30 ns
WR. delay time from ASTBL tasTwr 1.5tcv—30 ns
ASTBT delay time from tRoasT tev—10 tcv+40 ns
ROT in exteral fetch
Edress held time from tRoADH toy tor+50 ns
RDT in external fetch
Write data output time from RDT | trown 0.5tcv+5 0.5tcv+30 ns
Write data output time from WR. | twawo 5 6 ns
Address hold time from WR™T twRADH tov tov+60 ns
RDT delay time from WAITT twmRD 0.5tcr 2.5tcv+80 ns
WRT delay time from WAITT twrwa 0.5tcy 2.5tcv+80 ns

Remarks 1. tcy = Tev/d
2. n indicates number of waits.
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® Electrical Specifications of uPD78012F(A2) (9/20)
(3) Serial Interface (Ta = -40to +125 °C, Voo =5V 110 %)
(a) Serial Interface Channel D

(i) 3-wire serial /O mode (SCKO... Internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKo cycle time trev 1000 ns
SCKO high/low-level |tk tkev1/2—100 ns
width freLs
310 setup time tsik1 150 ns
{to SCKOT)

Slo hoﬂe tisi1 500 ns
{from SCKOT)

300 output delay time | tkso C = 100 pF Note 400 ns
from SCKol

Note C isthe load capacitance of SCKO and SO0 output line.

(i) 3-wire serial I/O mode (SCKO... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKO cycle time tkeve 1000 ns
SCKO high/low-level tiHe 500 ns
width tkiz
S10 setup time tsike 150 ns
{to SCKOT)

510 holdﬁe trsiz 500 ns
{from SCKOT)
SO0 output delay time | txsoz C = 100 pF Note 400 ns
from SCKo.
mrise, fall time tr2 When external device 160 ns
tre expansion function is used
When extemal When 16-bit timer 700 ns

device expansion | output function is

function is not used

used When 16-bit timer 1000 ns

output function is

not used

Nete C isthe load capacitance of SO0 output line.
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® Electrical Specifications of uPD78012F(A2) (10/20)

(iii) SBlI mode (SCKO... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKO cycle time tkevs 1000 ns
3CK0O high/low-level tkHs tkors/2-100 ns
width tree
SBO, SB1 setup time tsika 150 ns
{to SCKoT)

SB0, 3B1 hold time txsis teovs/2 ns
{from SCKoOT)

SBO0, SBioutput delay | txsos R =1 kQ, C =100 pF Note 300 ns
time from SCKO.

SR0, SB1l from SCKO! | txes tkevs ns
SCKo. from SBO, SB1 | teax tkovs ns
SB0, SB1 high-level tseH tkovs ns
width

3B0, SB1 low-level tsaL tkovs ns
width

Nete R and C are the load resistors and load capacitance of the SBO, SB1 and SCKO output line.

(iv) SBI mode (SCKO... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKO cycle time treva 1000 ns
SCKO high/low-level ticHa 500 ns
width tkia
88@1 setup time tsika 150 ns
{to SCKOT)

SBO, E‘mold time trsia tkeva/2 ns
{from SCKoOT)
SBO, SB1Ltput delay | tksos R =1k, C =100 pF Note 400 ns
time from SCKo.
SBo, SB1l from SCKOL | txss tkova ns
m¢ from SBO, SB1.| tsex tkova ns
SBO, SB1 high-level tseH tkova ns
width
SB0, SB1 low-level tsaL tkova ns
width
mrise, fall time tra When external device 160 ns
tra expansion function is used
When extemal When 16-bit timer 700 ns
device expansion | output function is
function is not used
used When 16-bit timer 1000 ns
output function is
not used

Note R and C are the load resistors and load capacitance of the SBO and SB1 output line.
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® Electrical Specifications of uPD78012F(A2) (11/20)

(v) 2-wire serial I/0O mode (SCKO... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKO cycle time tovs | R=1kQ, C =100 pF Note 1600 ns
SCKO high-level width | tes txovsi2—160 ns
SCKO low-level width | tas tecvs/2-100 ns
SBO. 3B1 setup time tsiks 350 ns
{to SCKOT)

SB0, SB1 hold time tisis 600 ns
{from SCKoT)

SB0, SB1Ltput delay | tksos 300 ns
time from SCKO.

Note R and C are the load resistors and load capacitance of the SCKO, SBO and SB1 output line.

(vi) 2-wire serial YO mode (SCKO... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKo cycle time ticvs 1600 ns
SCKO high-level width | tk1s 650 ns
SCKO low-level width tis 800 ns
SB(EI setup time tsike 100 ns
{toc SCKoT)

SB0, 8B1 hold time tksis tkove/2 ns
{from SCKOT)
SB0, SB1 M delay | tksos R=1kQ, C=100pF Note 500 ns
time from SCKO.
Mrise, fall time tre When external device 180 ns
trs expansion function is used
When external When 16-bit timer 700 ns
device expansion | output function is
function is not used
used When 16-bit timer 1000 ns
output function is
not used

Note R and C are the load resistors and load capacitance of the SB0 and SB1 output line.
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® Electrical Specifications of uPD78012F(A2) (12/20)

(b) Serial Interface Channel 1
(i) 3-wire serial I'O mode (SCK1... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK1 cycle time tkevr 1000 ns
SCK1 high/low-level | tar tev7/2—100 ns
width tkiz
Sl1itup time tsikr 150 ns
{to SCK1T)

SH hcaldﬂe trsiz 500 ns
{from SCK1T)

801 output delay time | txsor C = 100 pF Note 400 ns
from SCK1.l

Nete C isthe load capacitance of SCK1 and SO1 output line.

(i) 3-wire serial I/O mode (SCK1... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK1 cycle time trevs 1000 ns
SCK1 high/low-level tieris 500 ns
width tkis
S setup time tsiks 150 ns
{to SCK1T)

S hold time tksis 500 ns
{from SCK1T)
SO0 output delay time | txsos C = 100 pF Note 400 ns
from SCK1.
mrise, fall time trs When external device 160 ns
trs expansicon function is used
When external When 16-bit timer 700 ns
device expansion | output function is
functien is not used
used When 16-bit timer 1000 ns

output function is

not used

Note C isthe load capacitance of SO1 output line.
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® Electrical Specifications of uPD78012F(A2) (13/20)

(iii) 3-wire serial YO mode with automatic transmit/receive function (SCK1... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK1 cycle time treve 1000 ns
SCK1 high/low-level e tkeve/2—100 ns
width tkee
381 setup time tsike 150 ns
fto SCK1T)

SH hﬂne tksis 500 ns
{from SCK1T)

S0O1 output delay time | txsos C = 100 pF Nete 400 ns
from SCK1l

STBT from SCK1T tseo tkcve/2-100 tkcve/2+100 ns
Strobe signal tsw tkove/2-30 tkove/2+30 ns

high-level width

Busy signal setup time | tsvs 100 ns
{to busy signal
detection timing)

Busy signal hold time | tavn 150 ns
{from busy signal
detection timing)

SCK1. from busy tsPs 2hecvs ns
inactive

Nete C isthe load capacitance of SCK1 and SO1 output line.

(iv) 3-wire serial 'O mode with automatic transmit/receive function (SCK1... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
3CK1 cycle time tkevio 1000 ns
SCK1 high/low-level tero, 500 ns
width tkL1o
31 setup time tsikio 150 ns
{to SCK1T)

SN hold time tksio 500 ns
{from SCK1T)
801 output delay time | txsco C = 100 pF Note 400 ns
from SCK1.
SCK1 rise, fall time tr1o, When extemal When 16-bit timer 700 ns
tre device expansion | output function is
functien is not used
used When 16-bit timer 1000 ns
output function is
not used

Note C isthe load capacitance of the SC1 output line.
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® Electrical Specifications of uPD78012F(A2) (14/20)

AC Timing Test Point (Excluding X1, XT1 Input)

0.8 Voo 0.8 Voo
Test Points
X 0.2 Voo :> <: 0.2 VDDX

Clock Timing
1/fx
& . e |
Voo — 0.5
X1 Input \ J\
N N 0.4
1/
T || txmH
T | \ 0.8 Voo
nput N 0.2 Voo
Tl Timing
triLo | | triHo
TIo
1/f1
i | | triH
T, TI2 \
N\ N—
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® Electrical Specifications of uPD78012F(A2) (15/20)
Read/Write Operation

External fetch (No wait):

"4 . §
AB-A15 X‘ Higher 8-Bit Address 1§<
taoo1
/ , B s b a
ADQ-AD7 >Z Lower 8'?—-'1'-2--- Operation Code §< K
N Address 3 7 i
taos tacH troo1 —

tasTH
troasT
ASTB / L ]! \
RD X !f
b -

r=— tASTRD ROL1 |

tROH

External fetch (Wait insertion):

"4 N
AB-A15 >< Higher 8-Bit Address )
N ’
troo1
4 ; Hi-Z # . S R
ADQ-AD7T Lower 8-Bit N o coce e cce e e m————
>§‘ e & { Operation Code) ?< 1}(
tans taoH troo1 tROADH

tasTH troAST
ASTB ]z ;Lt ]’_\_
RD S {f

r— tasmRD trowt | ™™ltron

WAIT %‘
tRowT | bwm | twTRD —=
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® Electrical Specifications of uPD78012F(A2) (16/20)

External data access (No wait):

v
AB-A15 X‘ Higher 8-Bit Address
taooe
¥ ower 8-Bil i~ r d i-Z A E Hi-Z
ADO-AD7 >§\ :‘::ess ? """ HiZ..... 'S\ Read Data HiZ. L Write Data 7_} """""" "<
10 | troD2
taoH

1asTH a
tRoH —=]
ASTB ’

N

tasTRD tRoL2 | e—1trowo twos twoH
twrwo twrADH ——
WR
J
tasTwR twwrLt
External data access (Wait insertion):
3 . . p |
A8-A1E x‘ Higher 8-Bit Address ,X
taooe
¥-Lower 8-Bi) Hi-Z . Hi-Z
AD0-AD7 ) 4 Wiite Data p--- = <
tans
taoH
tasTHY troce
ASTB # 35
tastroD
RD \ ’TL
troLe | r=— trRown twos Fe- bwDH-=1
fa—w{ twRWD
WR \ /
tasTwr twrL1 twraDH
. r
WAIT * ;f
trRowT2 twrL twTRD——m o b ™|

twrwt twrwr
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® Electrical Specifications of uPD78012F(A2) (17/20)
Serial Transfer Timing

3-wire serial 1/O mode:

treym
ficem ticHm
trn —s—— tFn
'4 h!
SCKO0, SCK1 / \
N / \
| tsikm tksim |
SI0, Si1 Input Data
tksom

800, 801 Qutput Data ><

m=1,2,?,8 n=2,8

SBI mode (Bus release signal transfer):

tkevs, 4
kiz, 4 kHsz, 4
1Ra 1Fa
.
SCKo / \
N/
1ks tsaL tsBH 3Bk loka 4 tksiz, 4
e
SBO, SB1
\
k808, 4

SBI Mode (command signal transfer):

tkcvs, 4

tKLaf:—ﬂ "‘—tKHS‘ 4—~| .

4 4
SCKQ
teikz, 4
tkss tsak tisiz, 4
g
SB0O, SB1
\

trsos, 4
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® Electrical Specifications of uPD78012F(A2) (18/20)

2-wire serial 1/O mode:

| tkeyss

tkise ﬂ |— tKHE.Gﬂ
t

trs trs

|| tsise

SCKO

[

txsis.6

tksos 6

8B0, SB1

3-wire serial IO mode with automatic transmit/receive function:
, ,
SO1 D2 X‘ D1 X DO X \S X D7
S D2 % D1 % Do X SS X D7

tsikg 10 | Itksio 10
tksos,10 tirigo | |
[t trio . "
. " a— T
s /7 N/ _/

ka0 tmo‘ tseD tsp
twevs 1o
STB

3-wire serial IYO mode with automatic transmit/receive function (busy processing):

g \ Note " 3 Note N Nate"
SCK1 7 8 o9y 10 MO+ 0" 1
\‘ ----- ¥ \‘ ----- r \‘%?----'
fBys —=t ‘ tByH tsPs
BUSY / \
T

(Active High)

Note The signal is not actually driven low here; it is shown as such to indicate the timing.
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® Electrical Specifications of uPD78012F(A2) (19/20)

A/D converter characteristics (Ta = —40 to +125 °C, AVoo = Voo = 5.0 V + 10 %, AVss = Vss = 0 V)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Overall error Note 45V < AVrer < AVoo 1.0 %
Conversion time tcony 45V <AVon=55V 23.8 200 us
Sampling time tsamp 24/fx us
Analog input voltage Vian AVss AVRer v
Reference voltage AVrer 45 AVop v
AVRer resistance Rairer 4 14 kQ

Note Overall error excluding quantization error (£1/2 LSB). It is indicated as a ratio to the full-scale value.

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +125 °C)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
Data retention supply | Vooor 2.7 55 A
voltage
Data retention supply | looor Vooor=2.7 V Q.1 1000 HA
current Subsystem clock stop and feed-

back resister disconnected

Release signal set time | tsreL 0 us
Oscillation stabilization | twar Release by RESET 218/fx ms
wait time Release by interrupt request Note ms

Note In combination with bit 0 to bit 2 (OSTS0 to OSTS2) of oscillation stabilization time select register (OSTS),

selection of 2'¥fx and 2'%fx to 2'%fx is possible.

Data Retention Timing (STOP Mode Release by RESET)

Jl

) STOP Mode

T

T

Vooor

Internal Reset Operalion

HALT Mode

Data Retension Mode

Operating Mode

tsreL
|

STOP Instruction Execution

)l

RESET
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® Electrical Specifications of uPD78012F(A2) (20/20)

Data Retention Timing (Standby Release Signal : STOP Mode Release by Interrupt Request Signal)

3
1

STOP Mode

HALT Mode

r«——— Data Retension Mode

Operating Mode

tsReL

Voo T Vooor
STOP Instruction Execition
Standby Release Signal

(Interrupt Request)

Interrupt Request Input Timing

TinTL

twa T

TiNTH

INTPOQ-INTP2

RESET Input Timing

treL

RESET

—\
—\

S
S
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