Section 16. Electrical Specifications
16.1 Absolute Maximum Ratings
Table 16-1 lists the absolute maximum ratings.

Table 16-1. Absolute Maximum Ratings (Preliminary)

Item Symbol Rating Unit
Supply voltage Vce -0.310+7.0 v
Programming voliage Vpp -0.3t0 +13.5 \Y
Input voltage Ports 1 -6,8,9 Vin ~0.310Vece +0.3 v
Port 7 Vin -0.3 10 AVce + 0.3 v
Analog supply voltage AVcc -0.3t0+7.0 \%
Analog input voltage VaN -0.3t0 AVcc +0.3 v
Operating temperature Topr Regular specifications: —-20 to +75 °C
_Wide-range specifications: —401t0 +85 °C
Storage temperature Tstg -55t0 +125 °‘C

Note: Exceeding the absolute maximum ratings shown in table 16-1 can permanently destroy
the chip.

16.2 Electrical Characteristics
16.2.1 DC Characteristics
Table 16-2 lists the DC characteristics of the 5V version. Table 16-3 lists the DC characteristics of

the 3V version. Table 16-4 gives the allowable current output values of the SV version.

Table 16-5 gives the allowable current output values of the 3V version.
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Table 16-2. DC Characteristics (§V Version) (Preliminary)

Conditions: Vcc = 5.0V £10%, AVcce = 5.0V £10%*, Vss = AVss =0V,
Ta = -20 to 75°C (regular specifications), Ta = —40 1o 85°C (wide-range specifications)

Measurement

Item Symbol Min Typ Max Unit conditions
Schmitt trigger P67 - P62, P60, VT 1.0 - - \
input voltage P8s— P8o, vT* - - Veex07 Vv
)] P97, P94 -P9% VT*-VT 04 - - \Y
Input High voltage RES, STBY, NMI VIH Vee-0.7 - Vee+03 vV
2) MD1, MDo

EXTAL

P77 - P70 2.0 -  AVcc+03V
Input High voltage Input pins VIH 20 -  Vec+03 V

other than (1)

and (2)
Input Low voltage RES, STBY VIiL -0.3 - 0.5 \%
(3) MD1, MDo
Input Low voltage Input pins VIiL -0.3 - 0.8 \Y

other than (1)

and (3) above
Output High All output pins VOH vee-05 - -~ v IoH =-200pA
voltage 3.5 - - \% IoH =-1.0mA
Output Low All output pins VoL - - 04 v JIoL = 1.6mA
voltage Ports 1 and 2 - - 1.0 \ IoL = 10.0mA
Input leakage RES Tinl - - 100 UA  Vin=0.5V 1o
current STBY, NMI, - - 10 MA  Vcc-0.5V

MD1, MDo

P77 - P70 - - 1.0 HA  Vin=05V 1o

Avcce -0.5V

Leakage current Ports 1,2,3 st - - 1.0 HA  Vin=05Vto
in 3-state (off state) 4,5,6,8,9 vce - 0.5V
Input pull-up Ports 1,2,3 -Ip 30 - 250 HA  Vin=0V
MOS current

Note: * Connect AVCC to the power supply (+5V) even when the A/D and D/A converters are

not used.
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Table 16-2. DC Characteristics (SV Version) (cont.)

Conditions: Vcc = AVec = 5.0V £10%, Vss = AVss =0V, Ta = -20 to 75°C (regular specifications)
Ta =40 to 85°C (wide-range specifications)

Measurement
Item Symbol Min Typ Max Unit conditions
Input capacitance  RES (Vep) Cin - - 60 pF Vin =0V
NMI - - 30 pF  f=1MHz
All input pins - - 15 pF Ta =25°C
except RES
and NMI
Current Normal Icc - 12 25 mA f=6MHz
dissipation™! operation - 16 30 mA f=8MHz
- 20 40 mA f=10MHz
Sleep mode - 8 15 mA f=6MHz

- 10 20 mA {f=8MHz

- 12 25 mA f=10MHz

Standby modes*2 - 001 50 pA

Analog supply During A/D or Alcc 2.0 5.0 mA

current D/A conversion

Waiting ~ 001 5.0 BA
RAM standby VRAM 2.0 - - \Y
voltage

Notes: *1 Current dissipation values assume that VIK min = VcC —- 0.5V, VIL max = 0.5V, all output
pins are in the no-load state, and all input pull-up transistors are off.
*2 For these values it is assumed that VRAM < Vcc < 4.5V and VIH min = VeC X 0.9,
VIL max = 0.3V.

HITACHI
Hitachi America. Ltd. » Hitachi Plaza » 2000 Serra Point Pkwy. » Brisbane. CA 94005-181§ « (415) 589-8300



278

Table 16-3. DC Characteristics (3V Version) (preliminary)

Conditions: Vcc = 3.0V £10%, AVce = 5.0V £10%*1, Vss = AVss = 0V, Ta = -20 to 70°C

Measurement

Item Symbol Min Typ Max Unit conditions
Schmitt P67 — P62, P60, VT- Veex0.15 ~ ~ \Y
trigger input P8¢ — P8o, VTt - — Vcex 0.7 V
voltage*2  P97,P94-P9% VT+-VT- 02 - - \%
(1)
Input High RES, STBY VIH Veex 09 - Vece+03 vV
voltage*? MD1, MDo
(2) EXTAL, NMI

P77-P70 veex 0.7 - AvVcc+03 V

Input pins Veex 07 - Vee+03 vV

other than (1)

and (2) above
Input Low RES, STBY VIiL -03 - Veex 0.1 VvV
voltage®>  MD1, MDo
(3) Input pins -03 - Veex0.15 vV

other than (1)

and (3) above
Output High All output pins VOH vVee-04 - - Vv IoH = -200pA
voltage vee-09 - - A% IoH = -1.0mA
Output Low All output pins VoL - - 0.4 \Y IoL = 0.8mA
voltage Ports 1 and 2 - - 0.4 \Y IoL = 1.6mA
Input RES ILinl - - 10.0 HA  Vin=0.510
leakage STBY, NMI, - - 1.0 HA Ve - 0.5V
current MD1, MDo

P77 - P70 - - 1.0 HA  Vin=0510

AVcc - 0.5V

Leakage Ports 1,2,3 s - - 1.0 HA Vin=051t0
current in 4,5,6,8,9 Vee - 0.5V
3-state
(off state)
Input Ports 1,2,3 - 3 - 120 HA  Vin=50V
pull-up MOS
current

Notes: *1 Connect AVCC to the power supply (+3V) even when the A/D converter is not used.
*2 In the range 3.3V < Vcc < 4.5V, for the input levels of VIH and VT+, apply the higher of
the values given for the 5V and 3V versions. For VIL and VT, apply the lower of the

values given for the 5V and 3V versions.
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Table 16-3. DC Characteristics (3V Version) (preliminary) (cont.)

Conditions: Vce = 3.0V £10%, AVce = 5.0V £10%*1, Vss = AVss =0V, Ta=-20t0 70°C

Measurement
Item Symbol Min Typ Max Unit conditions
Input RES Cin - - 60 pF Vin =0V
capacitance NMI - - 30 pF f=1MHz
All input pins - - 15 pF Ta=25C
except RES
and NMI
Current Normal Icc - 6 - mA f=3MHz
dissipation®!  operation - 10 20 mA  f=5MHz
Sleep mode - 4 - mA  f=3MHz
- 6 12 mA f=5MHz
Standby modes*2 - 001 5.0 UA
Analog During A/D or Alcc - 2.0 5.0 mA
supply D/A conversion
current Waiting - 001 50 LA
RAM backup voltage VRAM 2.0 - - Vv

(in standby modes)

Notes: *1 Current dissipation values assume that VIH min = VCC — 0.5V, VIL max = 0.5V, all output

pins are in the no-load state, and all input pull-up transistors are off.

*2 For these values it is assumed that VRaM < Vcc < 2.7V and ViH min = VCC x 0.9,

VIL max = 0.3V.
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Table 16-4. Allowable Output Current Sink Values (SV Version) (Preliminary)

Conditions: VCC = AVCC = 5.0V £10%, Vss = AVss =0V, Ta = -20 to 75°C (regular specifications)
Ta = 40 to 85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Allowable output Low  Ports 1 and 2 IoL - - 10 mA
current sink (per pin) Other output pins - - 20 mA
Allowable output Low  Ports 1 and 2, total ~ ZJoL - - 80 mA
current sink (total) Total of all output - - 120 mA
Allowable output High  All output pins -IoH - - 2.0 mA

current sink (per pin)

Allowable output High  Total of all output X-IoH - - 40 mA
current sink (total)

Table 16-5. Allowable Qutput Current Sink Values (3V Version) (Preliminary)

Conditions: Vcc = 3.0V £10%, AVcce = 5.0V £10%, Vss = AVss =0V, Ta=-201t0 75°C

Item Symbol Min Typ Max Unit
Allowable output Low  Ports 1 and 2 IoL - - 2 mA
current sink (per pin) Other output pins - - 1 mA
Allowable output Low  Ports 1 and 2,total ~ ZJoL - - 40 mA
current sink (total) Total of all output - - 60 mA
Allowable output High  All output pins -IoH - - 2 mA

current sink (per pin)

i
|

Allowable output High  Total of all output Z-IoH 30 mA

current sink (total)

Note: To avoid degrading the reliability of the chip, be careful not to exceed the output current sink
values in tables 16-4 and 16-5. In particular, when driving a Darlington transistor pair or
LED directly, be sure to insert a current-limiting resistor in the output path. See figures 16-1
and 16-2.
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H8/338

Pon

Darlington
pair

Figure 16-1. Example of Circuit for Driving a Darlington Pair (5V Version)

H8/338

Port 1 0or2

Vee

6000
ooy

LED

Figure 16-2. Example of Circuit for Driving an LED (5V Version)

16.2.2 AC Characteristics

The AC characteristics are listed in three tables. Bus timing parameters are given in

table 16-6, control signal timing parameters in table 16-7, and timing parameters of the on-chip

supporting modules in table 16-8.
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Table 16-6. Bus Timing (Preliminary)

Condition A: Vcc = 5.0V £10%, Vss =0V, @ = 0.5MHz 1o maximum operating frequency,
Ta = -20 to 75°C (regular specifications),
Ta = 40 to 85°C (wide-range specifications)

Condition B: Vcc = 3.0V +10%, Vss =0V, @ = 0.5MHz to maximum operating frequency,
Ta=-201t075C

Condition B Condition A
SMH:z 6MHz 8MHz 10MHz Measurement
Item Symbol Min Max Min Max Min Max Min Max Unit conditions
Clock cycle time Leye 200 2000 166.7 2000 125 2000 100 2000 ns Fig. 164
Clock pulse width Low cL 70 - 65 - 45 - 5 - ns  Fig. 164
Clock pulse width High ICH 0 - 65 - 45 - 35 - ns Fig. 164
Clock rise ime 1Cr - 25 - 15 - 15 - 15 ns Fig. 164
Clock fall time tce - 25 - 15 - 15 - 15 ns Fig. 164
Address delay time tap - 90 - 70 - 60 - 50 ns Fig. 164
Address hold time tAH 30 - 30 - 25 - 20 - ns  Fig. 164
Address strobe delay time tASD - 80 - 70 - 60 - 40 ns Fig. 164
Write strobe delay time twsp - 80 - 70 - 60 - 50 ns Fig 164
Strobe delay time 1sD - %0 - 70 - 60 - 50 ns Fig. 164
Write strobe pulse width* tWsw 200 - 200 - 150 - 120 - ns Fig. 164
Address setup time 1* tas: 25 - 25 - 20 - 15 - ns Fig. 164
Address setup time 2* tas2 105 - 105 - 80 - 65 - ns  Fig. 164
Read data setup time RDS 0 - 70 - 50 - 35 - ns Fig. 164
Read data hold time* tRDH 0 - 0 - 0 - 0 - ns Fig. 164
Read data access time* tacc - 300 - 2710 - 210 - 170 ns  Fig. 164
Write data delay time IWDD - 125 -~ 8 - 5 - 75 ns Fig. 164
Write data setup time twDs 10 - 20 - 10 - 5 - ns Fig. 164
Write data hold time IWDH 30 - 30 - 25 - 0 - ns Fig. 164
Wait setup time IWTS 60 - 40 - a0 - 40 - ns  Fig. 16-5
Wait hold time IWTH 20 - 10 - 10 - 10 - ns  Fig. 165

Note: * Values at maximum operating frequency
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Table 16-7. Control Signal Timing (Preliminary)

Condition A: Vcc = 5.0V £10%, Vss =0V, @ = 0.5MHz to maximum operating frequency,
Ta = -20 to 75°C (regular specifications),

Ta = —40 10 85°C (wide-range specifications)

Condition B: Vce = 3.0V £10%, Vss =0V, @ = 0.5MHz to maximum operating frequency,
Ta=-201075C

Condition B Condition A
SMHz 6MHz 8MHz 10MHz Measurement

Item Symbol Min Max Min Max Min Max Min Max Unit conditions
RES setup time 1RESS 300 - 200 - 200 - 200 - as Fig. 166
RES pulse width wesw 10— 10 - 10 - 10 -  wyc Fig. 166
msctupu'mc LNMIS 300 ~ 150 - 150 - 150 -~ ns  Fig. 16-7
(NMI, IRQo 10 RQ7)
NMI hold time INMIH 10 - 10 - 10 - 10 - ns  Fig. 167
(NML, IRQo to IRQ7)
Interrupt pulse width INMIW 300 - 200 - 200 - 200 - ns  Fig. 167
for recovery from soft-
ware standby mode
(NMI, IRQo 1o IRQ2)
Crystal oscillator setding tosc1 20 - 20 - 20 - 20 - ms Fig. 16-8
time (reset)
Crystal oscillator scttling 105C2 10 - 10 - 10 - 10 - ms Fig. 16-9

time (software standby)
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Table 16-8. Timing Conditions of On-Chip Supporting Modules (Preliminary)

Condition A: Vcc = 5.0V £10%, Vss = 0V, @ = 0.5MHz 10 maximum operating frequency,
Ta = -20 to 75°C (regular specifications),
Ta = —40 to 85°C (wide-range specifications)

Condition B: Vcc = 3.0V £10%, Vss = 0V, @ = 0.5MHz to maximum operating frequency,
Ta=-201075C

Condition B Condition A
SMHz 6MHz 8MHz 10MHz Measurement
Item Symbol Min Max Min Max Min Max Min Max Unit conditions
FRT Timer output delay ime (FToD - 150 - 100 - 100 - 100 ns  Fig. 16-10
Timer input setup ime  FT1s 80 - 50 - 50 - 50 - ns Fig. 16-10
Timer clock input tFTCS 80 - 50 - 50 - 50 - ns  Fig. 16-11
setup ume
Timer clockpulse width FTcwn 1.5 - 1.5 - 1.5 - 15 - teye  Fig. 16-11
[FTCWL
TMR Timer output delay time tTMoD  — 150 - 100 - 100 - 100 ns Fig. 16-12
Timer reset input tTMRS 80 - 50 - 50 - 50 - ns Fig. 16-14
setup time
Timer clock input tT™CS 80 - 50 - 50 - 50 - ns  Fig.16-13
setup time
Timer clock pulse width trMcwn 1.5 — 1.5 - 1.5 - 15 - teye  Fig. 16-13
(single edge)
Timer clock pulsc width trMcwe 2.5 - 25 - 25 - 25 - teye  Fig. 16-13
(both edges)
PWM Timer output delay time tpwop - 150 - 100 - 100 - 100 ns  Fig. 16-15
SCI  Inputclock  (Async) lscye 2 - 2 - 2 - 2 - Lkye Fig. 16-16
cycle (Sync)  tseye 6 - 6 - 6 - 6 - leye  Fig. 16-16
Transmit data delay XD - 200 - 100 - 100 - 100 ns Fig. 16-16
time (Sync)
Receive data sctup time  tRxs 150 - 100 - 100 - 100 - ns Fig. 16-16
(Sync)
Receive data hold time  tRxH 150 - 100 - 100 - 100 - ns Fig. 1616
(Sync)
Input clock pulse width tsckw 04 06 04 06 04 06 04 06 txye Fig 1617
Ports Output data delay time  tewD - 150 - 100 - 100 - 100 ns  Fig. 16-18
Input data setup time tPRS 80 - 50 - 50 - 50 - ns  Fig. 16-18
Input data hold time tPRH 80 - 50 - 50 - 50 - ns Fig. 16-18
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+ Measurement Conditions for AC Characteristics

5V
Ru
LSI
cutput pin O ’ 14
J. C= 90pF: Ports1-4,6.9
R 30 pF: Ports 5, 8
c RL=2.4kQ

Rw =12 kQ

Inputroutput timing reference levels

Low: 0.8V
High' 2.0V

Figure 16-3. Output Load Circuit
16.2.3 A/D Converter Characteristics
Table 16-9 lists the characteristics of the on-chip A/D converter.
Table 16-9. A/D Converter Characteristics (Preliminary)
Condition A: Vcc = 5.0V +10%, AVece = 5.0V £10%, Vss = AVsS = 0V, @ = 0.5MHz to maximum
operating frequency, Ta =20 to 75°C (regular specifications),
Ta = -40 10 85°C (wide-range specifications)

Condition B: Ve = 3.0V £10%, AVce = 5.0V £10%, Vss = AVss = 0V, @ = 0.5MHz to
maximum operating frequency, Ta =-20 10 75°C

Condition B Condition A
SMHz 6MHz 8MHz 10MHz

Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 8 8 8 8 8 8 8 8 8 8 8 8 Bits
‘CTonvcrsion timc];;glc mode)* -~ — 244 — — 204 — — 1525— — 122 us
Analog mpul capacitance —_ - 20 - - 20 - - 20 — — 20 pF
A_llowablc signal source - — 10 - - 10 - - 10 — — 10 kQ
impedance

Nonlinearity error o - — s — A — - +1 LSB
Offset error - a4 — — &1 — — &1 — — #1 LSB
Full-scale crror -~ T L T T LSB
Quantizing error T 205 — — +05 — — 05 — — 0. LSB
Absolute accuracy — — f15 — — +15 — — #15 — — #15 LSB

Note: * Values at maximum operating frequenc
% g
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16.2.4 D/A Converter Characteristics

Table 16-10 lists the characteristics of the on-chip D/A converter.

Table 16-10. D/A Converter Characteristics

Condition A: Vcc = 5.0V £10%, AVce = 5.0V 210%, Vss = AVss = OV, @ = 0.5MHz to maximum
operating frequency, Ta = -20 to 75°C (regular specifications),
Ta = —40 to 85°C (wide-range specifications)

Condition B: Vcc = 3.0V £10%, AVcc = 5.0V £10%, Vss = AVss = 0V, @ = 0.5MHz to maximum
operating frequency, Ta =-20 to 75°C

Condition B Condition A
SMHz 6MHz 8MHz 10MHz Measurement
Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit conditions
Resolution 8 8 8 8 8 8 8 8 8 8 8 8 Bits
Conversion time —_ = W00 - — 100 - — 100 — — 100 us 30pF load
capacitance
Absolute accuracy — 1 #1.5 — #1  *1.5 — #1  *lS — #1  £1.5 LSB 2MQ load
resistance
— — — -  *l — —  #l — — 4l LSB 4MQ load
resistance

16.3 MCU Operational Timing

This section provides the following timing charts:

16.3.1 Bus Timing Figures 16-4 10 16-5
16.3.2 Control Signal Timing Figures 16-6 to 16-9
16.3.3 16-Bit Free-Running Timer Timing Figures 16-10 to 16-11
16.3.4 8-Bit Timer Timing Figures 16-12 to 16-14
16.3.5 PWM Timer Timing Figure 16-15

16.3.6 SCI Timing Figures 16-16 to 16-17
16.3.7 1/O Port Timing Figure 16-18
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16.3.1 Bus Timing

(1) Basic Bus Cycle (without Wait States) in Expanded Modes

T, o T2 - Ta
- toye -
ten | tor
o _/ N ;/ AN
tac [t
- [ tc,
¢ —
Ass to Ao >< P<
K. __..}
1asD tsp
o 1 AK
te— {45 -t —-
o 4
AS, RD
tace |  tRos 1RO+
D7t Bo
(Read) 1wsd i 1o
‘ T _ 1wsw ‘_ | tad
= {
WR -
twon twos twos
- > F———»
D7to Do
(Write)

Figure 16-4. Basic Bus Cycle (without Wait States) in Expanded Modes
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(2) Basic Bus Cycle (with 1 Wait State) in Expanded Modes

Ty T2 Tw T3

At 10 Ao X X

WA AN /
Drto Dc | >_

(Write) twrs [{twrn = twrs [twms
aalase
WATT 7N

Figure 16-5. Basic Bus Cycle (with 1 Wait State) in Expanded Modes

16.3.2 Control Signal Timing

(1) Reset Input Timing

° AN
tRESS tress
[(}
_ 17
RES

tresw

Figure 16-6. Reset Input Timing
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(2) Interrupt Input Timing

o w3M
tNMiS| [ INMIF

NMI

IRQe (Edge)
tNmis

IRC. (Level}

tNMIW o

& X
IRQ

Note: i=0to 7

Figure 16-7. Interrupt Input Timing
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(3) Clock Settling Timing
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(4) Clock Settling Timing for Recovery from Software Standby Mode

(¢

o _[UUUUULY 7 UL
_ (s
NMI ‘
7
IRQ.
(i=0,1,2) tosca

Figure 16-9. Clock Settling Timing for Recovery from Software Standby Mode

16.3.3 16-Bit Free-Running Timer Timing

(1) Free-Running Timer Input/Output Timing

o N

R N N

Free-running Compare-match X
timer counter

troo

=

FTOA ,FTOB

A

tens

FTIA, FTIB,
FTIC, FTID

Figure 16-10. Free-Running Timer Input/Output Timing
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(2) External Clock Input Timing for Free-Running Timer

FTCI _\_‘_

S e A

tFTCS

L&
<«

TN TN

{
)

o

|

— |

trrew

1rrown

Figure 16-11. External Clock Input Timing for Free-Running Timer

16.3.4 8-Bit Timer Timing

(1) 8-Bit Timer Output Timing

AN D N N NI

Timer Compare-match X

counter

TMOo,

lmoo‘

TMO:

Figure 16-12. 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

° __/

{1mes

/"

tt™es

TMClo, Y|

L

A

TMCh

I 3

N

A

trmews

trmcw

—

Figure 16-13. 8-Bit Timer Clock Input Timing
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(3) 8-Bit Timer Reset Input Timing

t1mRs

TMRio,
TMRI

Timer N >< H00
counter

Figure 16-14. 8-Bit Timer Reset Input Timing

16.3.5 Pulse Width Modulation Timer Timing

A N N N N

Timer )(
Com -match
counter pare-mate

tewoo
PWo, PWh 3

Figure 16-15. PWM Timer Output Timing

16.3.6 Serial Communication Interface Timing

(1) SCI Input/Output Timing

tseye
Senal clock
{SCK) F
tixp
Transmit
data >< >< > C
(TxD)
taxs| {tRxm
[ ]

Receive
e D

(RxD)

X

Figure 16-16. SCI Input/Qutput Timing (Synchronous Mode)
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(2) SCI Input Clock Timing

tscrw

SCK

tseye

Figure 16-17. SCI Input Clock Timing

16.3.7 /O Port Timing

Port read/write cycle

Port 1

to  {input)

Port 9

Port 1*

o {Output)

Port 9

Note: * Except PS¢ and P77to P70

Figure 16-18. 1/0 Port Input/Output Timing
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