Section 15. Electrical Specifications

15.1 Absolute Maximum Ratings
Table 15-1 lists the absolute maximum ratings.

Table 15-1. Absolute Maximum Ratings

Item Symbol Rating Unit
Supply voltage Ve -0.3t0+7.0 v
Programming voltage VPP -0.3to +13.5 \
Input voltage Vin -0.3to Vcc + 0.3 v
Operating temperature Topr Regular specifications: —20to +75 °‘C

Wide-range specifications: —40to0 +85 °C
Storage temperature Tsg -55t0 +125 ‘C

Note: The input pins have protection circuits that guard against high static voltages and electric
fields, but these high input-impedance circuits should never receive overvoltages exceeding
the absolute maximum ratings shown in table 15-1.

15.2 Electrical Characteristics

15.2.1 DC Characteristics

Tables 15-2 and 15-3 list the DC characteristics of the H8/325 series.
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Table 15-2. DC Characteristics (5V Version)
Conditions: Vcc = 5.0V £10%, Vss = 0V, Ta = =20 to 75°C (regular specifications)
Ta = -40 to 85°C (wide-range specifications)

Measurement

Item Symbol min typ max Unit conditions
Schmitt trigger P66 to P63, P60, VT~ 1.0 - - v
input voltage P70 vrt - - Veex07 V
n V1t -V1°0.4 - - \Y
Input high voltage RES, STBY  VIH vVee-0.7 - Vec+03 VvV
2) MD1, MDo

EXTAL, NMI
Input high voltage Input pins VIHH 20 - Vec+03 V

other than (1)

and (2)
Input low voltage RES, STBY VI -0.3 - 05 \Y
3) MD1, MDsy,

EXTAL
Input low voltage Input pins VIL -0.3 - 08 v

other than (1)

and (3)
Output high All output pins VOH Vee-0.5 - - \ IoH = -200 uA
voltage 35 - - v IoH =-1.0 mA
Output low All output pins VoL - - 04 \% JIoL=1.6 mA
voltage P17 to Plo, - - 10 A IoL = 10.0 mA

P27 to P20
Input leakage RES Tinl - - 100 MA  Vin=05Vio
current STBY, NM], - - 10 HA Vee-0.5V

MD1, MDo
Leakage current  Ports 1 to 7 [ITsil - - 10 HA  Vin=05Vito
in 3-state (off state) Vee-0.5VY
Input pull-up Ports 1to 7 -Ip 30 - 250 HA  Vin=0V
MOS current
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Table 15-2. DC Characteristics (5V Version) (cont.)

Conditions: Vcc = AVec = 5.0V £10%, Vss = 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 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 =8 MHz
- 20 40 mA f=10MHz
Sleep mode - 8 15 mA f=6MHz
- 10 20 mA =8 MHz
- 12 25 mA f=10MHz
Standby modes*? - 001 50 MA
RAM standby VRAM 2.0 - - v
voltage

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 MOS input pull-ups are off.

2. For these values it is assumed that VRAM < VcC < 4.5 V and VIH min = Vcc x 0.9,

ViLmax =03 V.
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Table 15-3. DC Characteristics (3V Version for only H8/3257 and H8/3256)
Conditions: Vcc =2.71t0 3.6V, Vss =0V, Ta=-201t0 75°C

Measurement

Item Symbol min typ max Unit conditions
Schmitt trigger P66 to P63, P60, VT Veex0.15 - - Vv
input voltage vrt - - Veex07 V
(1) V1t -V1 0.2 - - \
Input high voltage RES,STBY VM Veex09 -  Vec+03 V
2)

EXTAL, NMI
Input high voltage VHH Veex07 - Vee+03 V

other than (1)
Input low voltage RES,STBY  VIL -0.3 - Veex01 VvV
(3)
Input low voltage VIL -0.3 -  Veecx0.15V

other than (1)
Output high All output pins VOH Vece-04 - - V  IoH=-200 pA
voltage Vece-09 - - v IoH =-1.0mA
Output low VoL - - 04 v IoL=1.6mA
voltage

All output pins - - 04 V  IoL=08mA
Input leakage RES (Linl - - 100 MA Vin=05Vto
current STBY, NMI, - - 1.0 HA Vcc-05V
Leakage current {ITsi - - 10 HA Vin=05Vio
in 3-state (off state) Vec-05V
Input pull-up -Ip 3 - 120 HA Vcc=33V
MOS current Vin=0V
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Table 15-3. DC Characteristics (3V Version for only H8/3257 and H8/3256) (cont.)
Conditions: Vcc =2.7 t0 3.6V, Vss =0V, Ta=-201t0 75°C

Measurement
Item Symbol min typ max Unit conditions
Input capacitance RES 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 - 4 - mA f=3MHz
dissipation* operation
Sleep mode - 3 - mA
Normal - 6 12 mA f=5MHz
operation
Sleep mode - 4 8 mA
Standby modes - 0.01 5.0 HA
RAM standby VRAM 2.0 - - A%

voltage

Note: 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 MOS input pull-ups are off.
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Table 15-4. Allowable Qutput Current Sink Values
Conditions: Vcc = 5.0V £10%, Vss = 0V, Ta = -20to 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 ~ XIoL - - 80 mA
current sink (total) All output pins - - 120 mA
Allowable output high  All output pins ~IoH - - 20 mA
current sink (per pin)

Allowable output high  Total of all output X-IoH - - 40 mA

current sink (total)

Note: To avoid degrading the reliability of the chip, be careful not to exceed the output current

sink values in table 15-4. In particular, when driving a Darlington pair or LED directly, be sure to

insert a current-limiting resistor in the output path. See figures 17-1 and 17-2.

H8/325
series

Pont

Darlington
pair

Figure 15-1. Example of Circuit for Driving a Darlington Pair

H8/325
series

Port 1 or2

LED

Vee

600 2
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Figure 15-2, Example of Circuit for Driving a LED




Table 15-5. AHowable Qutput Current Sink Values (3V Version for only H8/3257 and H8/3256)
Conditions: Vcc =2.7 10 3.6V, Vss =0V, Ta=-20t0 75°C

Item Symbol min typ max Unit
Allowable output low Ports 1 and 2 ToL - - 2 mA
current sink (per pin) Other output pins - - 1.0 mA
Allowable output low Ports 1 and 2, total of 16 pins  ZIoL - - 40 mA
current sink (total) Total of all other output pins - - 60 mA
Allowable output high  All output pins -IoH - - 20 mA

current sink (per pin)

Allowable output high  Total of all output pins ZIoH -~ - 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 table 15-5.
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15.2.2 AC Characteristics

The AC characteristics of the H8/325 series are listed in three tables. Bus timing parameters are
given in table 15-6, control signal timing parameters in table 15-7, and timing parameters of the on-
chip supporting modules in table 15-8.

Table 15-6. Bus Timing
Condition A: Vcc =5.0V 210%, @ = 0.5 to 10MHz, Vss = 0V,

Ta = -20 to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)
Condition B: Vcc =27 t0 3.6V, Vss = 0V, Ta = -20 to 75°C, for only H8/3257 and H8/3256

Condition B Condition A
SMHz 6MH:z 8MH:z 10MHz Measurement
Item Symbol min max min max min max min max Unit conditions
Clock cycle time teye 200 2000 1667 2000 125 2000 100 2000 ns Fig. 15-4
Clock pulse width Low  tcL 65 - 65 - 45 - 35 - ns Fig. 154
Clock pulse width High  tcu 65 - 65 - 45 - 35 - Ins Fig. 154
Clock rise time tCr - 25 - 15 - 15 - 15 ns Fig. 154
Clock fall time tcr - 25 ~- 15 - 15 - 15 ns Fig. 154
Address delay time AD - 90 - 70 - 60 - 55 ns Fig. 154
Address hold time LAH 30 - 30 - 25 - 20 - ns Fig. 15-4
Address strobe delay time tasp - 80 - 70 - 60 - 40 ns Fig. 154
Write strobe delay time  twsp - 80 - 70 - 60 - 50 ns Fig. 154
Strobe delay time IsD - 90 - 70 - 60 - 50 ns Fig. 154
Write strobe pulse width  twsw 200 - 200 - 150 - 120 - ns Fig. 154
Address setup time 1 tas1 25 - 25 - 20 - 15 - ns Fig. 154
Address setup time 2 tas2 105 - 105 - 80 - 65 - ns Fig. 154
Read data setup time IRDS 90 - 60 - 50 - 35 - ns Fig. 15-4
Read data hold time tRDH 0 - 0 - 0 - 0 - ns Fig. 154
Write data delay time tWDD - 125 - 85 - 75 - 75 ns Fig. 154
Read data access time tacc - 300 - 280 - 210 - 170 ns Fig. 154
Write data setup time twDS 10 - 30 - 15 - 10 - ns Fig. 154
Write data hold time IWDH 30 - 30 - 25 - 20 - ns Fig. 154
Wait setup ime IWTS 60 - 45 - 45 - 45 - ns Fig. 15-5
Wait hold time tWTH 20 - 10 - 10 - 10 - ns Fig. 15-5
E clock delay time tED - 30 - 25 - 25 - 25 ns Fig. 15-6
E clock rise time tEr - 25 - 15 - 15 - 15 ns Fig. 15-6
E clock fall time Ef - 25 - 15 - 15 - 15 ns Fig. 15-6
Read data hold time wpHE 0 - 0 - 0 - 0 - ns Fig. 15-6
(for E clock)
Write data hold time twpHE 60 - 50 - 40 - 30 - ns Fig. 15-6
(for E clock)
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Table 15-7. Control Signal Timing
Condition A: Vcc =5.0V £10%, @ = 0.5 to 10MHz, Vss = 0V,

Ta = -20 to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)
Condition B: Vcc =2.710 3.6V, Vss =0V, Ta=-20to 75°C, for only H8/3257 and H8/3256

Condition B Condition A

SMHz 6MHz 8MHz 10MHz Measurement
Item Symbol min max min max min max min max Unit conditions
RES sewp time mess 300 - 200 - 200 - 200 - ns  Fig. 15-7
RES pulse width wesw 10 - 10 - 10 - 10 - tyc  Fig. 15-7
Mode programming tMDS 4 - 4 - 4 - 4 - teye  Fig. 15-7
setup time
NMI setup time s 300 - 150 - 150 - 150 - ns  Fig. 15-8
(NMI, iRQo 1o IRQ2)
NMI hold time wMH 10 - 10 - 10 - 10 - ns  Fig. 15-8
(NMI, IRQo 1o IRQ2)
Interrupt pulse width w3000 - 200 - 200 - 200 - ns Fig. 15-8
for recovery from soft-
ware standby mode
(NMI, IRQo 10 IRQ2)
Crystal oscillator settling  tosc 20 - 20 - 20 - 20 - ms  Fig. 159
time (reset)
Crystal oscillator settling  tosc2 10 - 10 - 10 - 10 - ms  Fig. 15-10
time (software standby)

Table 15-8. Timing Conditions of On-Chip Supporting Modules
Condition A: Vcc = 5.0V £10%, @ = 0.5 to 10MHz, Vss = 0V,

Ta = -20 to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)
Condition B: Vcc =2.710 3.6V, Vss =0V, Ta=-20to 75°C, for only H8/3257 and H8/3256

Condition B Condition A
SMH:z 6MH:z 8MH:z 10MHz Measurement
Item Symbol min max min max min max min max Unit conditions
FRT  Timer output tFroo - 150 - 100 - 100 - 100 ns Fig. 15-11
delay time
Timer input tFTIS 80 - 50 - 50 - 50 - ns Fig. 15-11
setup time
Timer clock FTCS 80 - 50 - 50 - 50 - ns Fig. 15-12
input setup time v
Timer clock tFrcwH 1.5 - | P 15 - 1.5 - teye  Fig. 15-12

pulse width IFTCWL
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Table 15-8. Timing Conditions of On-Chip Supporting Modules (cont.)
Condition A: Vcc = 5.0V £10%, @ = 0.5 to 10MHz, Vss = 0V,

Ta = -20 to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)
Condition B: Vcc =2.7to 3.6V, Vss =0V, Ta=-20to 75°C, for only H8/3257 and H8/3256

Condition B Condition A
5MHz 6MHz 8MH:z 10MHz Measurement

Item Symbol min max min max min max min max Unit conditions

TMR  Timer output tTMOD - 150 - 100 - 100 - 100 ns Fig. 15-13
delay time
Timer reset “{TMRS 80 - 50 - 50 - 50 - ns Fig. 15-15
input setup time
Timer clock tTMCS 80 - 50 - 50 - 50 - ns Fig. 15-14
input setup time
Timer clock trMewH 1.5 - 1.5 - 1.5 - 1.5 - teye  Fig. 15-14
pulse width
(single edge)

Timer clock trMcwL 2.5 - 2.5 - 2.5 - 2.5 - teye Fig. 15-14
pulse width
(both edges)

SCI Input (Async) tscye 2 - 2 - 2 - 2 - teye  Fig. 15-16
clock (Sync)  Iseyc 4 - 4 - 4 - 4 - teye  Fig. 15-16
cycle
Transmit data tTXD - 200 - 100 - 100 - 100 ns Fig. 15-16
delay ume (Sync) .

Receive data RXS 150 - 100 - 100 -~ 100 - ns Fig. 15-16
setup time (Sync)

Receive data tRXH 150 - 100 - 100 - 100 - ns Fig. 15-16
hold time (Sync)

Input clock tsckw 04 06 04 06 04 06 04 06 tseye Fig.15-17
pulse width

Ports  Output data {PWD - 150 - 100 - 100 - 100 ns Fig. 15-18
delay time
Input data setup  trrs 80 - 50 - 50 - 50 - ns Fig. 15-18
time
Input data hold  terH 80 - 50 - 50 - 50 - ns Fig. 15-18
time

244



Table 15-8. Timing Conditions of On-Chip Supporting Modules (cont.)
Condition A: Vcc = 5.0V £10%, @ = 0.5 to 10MHz, Vss =0V,

Ta = -20to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)
Condition B: Vcc =2.7 to 3.6V, Vss =0V, Ta =-20 to 75°C, for only H8/3257 and H8/3256

Condition B Condition A
SMHz 6MHz 8MHz 10MHz Measurement
Item Symbol min max min max min max min max Unit conditions
Parallel Handshake  uasw 1.5 - 1.5 - 1.5 - 1.5 - teye  Fig. 15-19
handshake input strobe
interface  pulse width
Handshake  tas 10 - 10 - 10 - 10 - ns Fig. 15-19
input data
setup time
Handshake  tHH 120 - 120 - 120 - 120 - ns Fig. 15-19
input data
hold time
Handshake tHospi - 100 - 80 - 80 - 80 ns Fig. 15-20
output strobe tHosD2  — 100 - 80 - 80 - 80 ns Fig. 15-20
delay time
Busy output  t#BsoD1  — 150 - 150 - 150 - 150 ns Fig. 15-21
delay time tHBSOD2 — 150 - 150 - 150 - 150 ns Fig. 15-21

+ Measurement Conditions for AC Characteristics

5v
RL
LSI
output pin O ' r—id¢
l C= 90pF: Ports 1,2, 3,46,6,7
Ru 30 pF: Ports 4 (except 4s), 5
C RL = 2.4kQ
RH =12 k2

Input/output timing reference tevels

Low: 0.8V
High: 2.0 V

Figure 15-3. Output Load Circuit
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15.3 MCU Operational Timing

This section provides the following timing charts:

15.3.1 Bus Timing

15.3.2 Control Signal Timing
15.3.3 16-Bit Free-Running Timer Timing
15.3.4 8-Bit Timer Timing

15.3.6 SCI Timing
15.3.7 1/O Port Timing

15.3.8 Parallel Handshaking Interface Timing

15.3.1 Bus Timing

Figures 15-4 to 15-6
Figures 15-7 to 15-10
Figures 15-11to 15-12
Figures 15-13 to 15-15
Figures 15-15 to 15-17
Figure 15-18

Figures 15-19 to 15-21

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

- Ty L T2 1 Ta -
- teye -
- ton ta —
° _/ \\_/ \
1 —1cy L1
AD
Ais to Ao j ‘><
108
- tasD tsp d
|t tas) - s -
AS,RD s
(Read)
_ tacc _ ] _teos {ROH
D7 to Do
(Read) twso 1sp
- tas2 =T - Twsw . tan
_ \L "
WR <
twon twos - twon
D710 Do
(Write)

Figure 15-4. 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
° ‘K_;L\M

e G
(Write) twrs Htwrw twrs [twm

r TR

Figure 15-5. Basic Bus Cycle (with 1 Wait State) in Expanded Modes
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(3) E Clock Bus Cycle

— o WY
A Y
{eD 1D
\ ]
4
E
ter t
tao
-
{ ‘( Q4
Ass to Ao, 108 ) ) H 0«
L/ /7 7
_ 1as1 N tsp tan
A 3
AS
S
tap a0
_ i« I
R, WR A 0\ /
4 37

tRDS “:: tRDH
o> tRDHE

D7to Do ; ;
(Read) H 3

¢ _ twome
D7 to Do 7 1
(Write) § F

Figure 15-6. E Clock Bus Cycle

15.3.2 Control Signal Timing

(1) Reset Input Timing

e 5_/_\
tress tagss

[}

L4

RES

tvos
tresw
MD» and
MDo

Figure 15-7. Reset Input Timing
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(2) Interrupt Input Timing

] w

tnmrs| | tINMIH
NMI
IRy (Edge)

tNMIS
IRQ (Level)

INMIW

NMI
RO A JK
Note: |=0to 2

Figure 15-8. Interrupt Input Timing
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(3) Clock Settling Timing

Bupuy g, 3uiag 01D “6-SY sy

< g ;
’ (¢ -N » mm‘m
)

1280 (¢ 150

| D) l
PO | . . A81S

) b)) S
(¢ (¢ {t 7L bl A

) D V) ) '

RYAVAV i) 5 NVAVAVAWAVAVAVAVAV /gt
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(4) Clock Settling Timing for Recovery from Software Standby Mode

{(
o _(UUuuuy 7 Uy
_ $
NMI (¢
)
IRQi
(i=01,2) toscz

Figure 15-10. Clock Settling Timing for Recovery from Software Standby Mode

15.3.3 16-Bit Free-Running Timer Timing

(1) Free-Running Timer Input/Output Timing

0 N N ¥

Free-running )
timer counter Compare-match X

troo

=

FTOA , FTOB >¢

tems
Pl

FTI (without
noise

A

canceler)

Figure 15-11. Free-Running Timer Input/Output Timing
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(2) External Clock Input Timing for Free-Running Timer

o TN\ NSNS

¢
|- |-

terew tetown

Figure 15-12. External Clock Input Timing for Free-Running Timer
15.3.4 8-Bit Timer Timing

(1) 8-Bit Timer Output Timing

o /N S S

Timer
counter Compare- match X

trmo0
TMO», ;*
TMOo

Figure 15-13. 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

I, BNV N s Ve NV

timcs trves

—_— L
TMClo, )
mc:—Y £ { . L
|

timew trmewn

Figure 15-14. 8-Bit Timer Clock Input Timing
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(3) 8-Bit Timer Reset Input Timing

ttmrs

TMRiIo,
TMRI

Timer ’
n
counter x H00

Figure 15-15. 8-Bit Timer Reset Input Timing

15.3.5 Serial Communication Interface Timing

(1) SCI Input/Qutput Timing

e tseye |

P

Serial clock zw
SCK o

SCK 4 trxo

o ped e

TxDo

TxD 4 taxs| |trxu

[ [
Receive

N SO TmX

RxDg
RxD 1

Figure 15-16. SCI Input/Qutput Timing (Synchronous Mode)

(2) SCI Input Clock Timing

tscxw

SCKi
SCKo

t Scyc

Figure 15-17. SCI Input Clock Timing
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15.3.6 /O Port Timing

T4

Port readiwrite cycle

T2

Port 1

-

ters ‘ ltpan

o

o (input)

K

Port 7

Port t*

o {Output)

=

Port 7

* Except Pde

Figure 15-18. 1/0 Port Input/Qutput Timing

15.3.7 Parallel Handshake Interface Timing

(1) Input Strobe Input Timing

P37 10 P30 )

- tHIS L

tHIH

t Hisw

Figure 15-19. Input Strobe Input Timing
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(2) Output Strobe Output Timing

S L W A WY A W I

1 HOSD

T

t HOSD2

Figure 15-20. Qutput Strobe Output Timing

(3) Busy Output Timing

%)

IS

BUSY

S A WY A VY A U A S

\

[N

t HBSOD1

{ HBSOD2 v—}-

NN

Figure 15-21.

Busy Qutput Timing
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