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 Vcce -0.3t0+7.0 v
Programming voltage Vrep -0.3t0 +14.0 v
Input voltage Vin -0.310 Vec +0.3 \%
Operating temperature Topr Regular specifications: —20 to +75 °C

Wide-range specifications: —40 to +85 °C

Storage temperature Tsig -55to +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

Table 15-2 lists the DC characteristics of the H8/320 series.
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Table 15-2. DC Characteristics
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 — P63, P60, VT 1.0 - - A%
input voltage P70 vt - - Veex07 V
(1) VT+ -VT70.4 - - \Y
Input high voltage RES, STBY  VH Vee-07 =  Vee+03 Vv
2) MD1, MDo ‘

EXTAL, NMI
Input high voltage Input pins VIH 2.0 - Vec+03 V

other than (1)

and (2)
Input low voltage RES, STBY Vi -03 - 05 v
3) MD1, MDo,

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

other than (1)

and (3)
Output high All output pins VOH vee-05 - - \% IoH =-200 pA
voltage 35 - - A% Ion =-1.0 mA
Output low All output pins VOL - - 04 A% IoL=1.6mA
voltage P17-Plo, - - 10 \Y JIoL = 10.0 mA

P27- P20
Input leakage RES (Tinl - - 100 MA  Vin=05Vito
current STBY, NMI, - - 10 HA Vee-0.5V

MD:1, MDo
Leakage current  Ports 1 to 7 (Irs1l - - 10 HA  Vin=05Vto
in 3-state (off state) Vee-05V
Input pull-up Ports 1 to 7 -Ip 30 - 250 MA  Vin=0V
MOS current
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Table 15-2. DC Characteristics (cont.)
Conditions: Vcc = AVce = 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
All input pins - - 15 pF f=1MHz
except RES Ta=25C
» 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 - 0.01 5.0 LA
RAM standby VRAM 2.0 - - \Y
voltage

* 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 15-3. Allowable Output Current Sink Values
Conditions: Vcc = 5.0V £10%, Vss = 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 ~ ZloL - - 80 mA
current sink (total) All output pins - - 120 mA
Allowable output high  All output pins ~loH - - 2.0 mA
current sink (per pin)

Allowable output high  Total of all output 2-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 15-3. 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.

H8/320
series

Port

Darlington
pair

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

H8/320
series

Port 1 or 2

LED

Vce

600 Q

G HITACHI

228

Figure 15-2. Example of Circuit for Driving a LED




15.2.2 AC Characteristics

The AC characteristics for the H8/320 series are listed in three tables. Bus timing parameters are
given in table 15-4, control signal timing parameters in table 15-5, and timing parameters of the

on-chip supporting modules in table 15-6.

Table 15-4. Bus Timing
Conditions: Vcc = 5.0V £10%, @ = 0.5 1o 10MHz, Vss =0V,
Ta = —20 to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)

Measurement Measurement 6MHz SMHz 10MHz

Item Symbol conditions min max min max min max Unit
Clock cycle time teye Fig. 15-4 166.7 2000 125 2000 100 2000 ns
Clock pulse width Low  tcL Fig. 15-4 65 - 45 - 35 - ns
Clock pulse width High  tcn Fig. 15-4 65 - 45 - 35 - ns
Clock rise time tcr Fig. 15-4 - 15 - 15 - 15 ns
Clock fall time tct Fig. 15-4 - 15 - 15 - 15 ns
Address delay time tAD Fig. 15-4 - 70 - 60 - 55 ns
Address hold time tAH Fig. 15-4 30 - 25 - 20 - ns
Address strobe delay time tasD Fig. 15-4 - 70 - 60 - 40 ns
Write strobe delay time  twsp Fig. 15-4 - 70 - 60 - 50 ns
Strobe delay time tsp Fig. 15-4 - 70 - 60 - 50 ns
Write strobe pulse width twsw  Fig. 15-4 200 - 150 - 120 - ns
Address setup time 1 tAS1 Fig. 15-4 25 - 20 - 15 - ns
Address setup time 2 tAS2 Fig. 15-4 105 - 80 - 65 - ns
Read data setup time tRDS Fig. 15-4 60 - 50 - 335 - ns
Read data hold time tRDH Fig. 15-4 0 - 0 - 0 - ns
Write data delay time twop  Fig. 15-4 - 85 - 75 - 75 ns
Read data access time tacc Fig. 15-4 - 280 - 210 - 170 ns
Write data setup time twDs Fig. 15-4 30 - 15 - 10 - ns
Write data hold time twon  Fig. 15-4 30 - 25 - 20 - ns
Wait setup time twTs Fig. 15-5 45 - 45 - 45 - ns
Wait hold time tWTH Fig. 15-5 0 - 10 - 10 - ns
E clock delay time tED Fig. 15-6 ~ 25 - 25 - 25 ns
E clock rise time tEr Fig. 15-6 - 15 - 15 - 15 ns
E clock fall time tEf Fig. 15-6 - 15 - 15 - 15 ns
Read data hold time tRoHE  Fig. 15-6 0 - 0 - 0 - ns

(for E clock)
Write data hold time twpHe  Fig. 15-6 50 - 40 - 30 - ns
(for E clock)
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Table 15-5. Control Signal Timing
Conditions: Vcc = 5.0V £10%, @ = 0.5 to 10 MHz, Vss =0 V,
Ta = -20 to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)

Measurement Measurement 6MHz 8MH:z 10MHz

Item Symbol conditions min max min max min max Unit
RES setup time tRess  Fig. 15-7 200 - 200 - 200 - ns
RES pulse width tresw  Fig. 15-7 10 - 10 - 10 - teye
Mode programming tMDS Fig. 15-7 4 — 4 - 4 - teye
setup time

NMI setup time tnmis Fig. 15-8 150 - 150 - 150 - ns
(NMI, IRQo to IRQ2)

NMI hold time i~ Fig. 15-8 10 - 10 - 10 - ns
(NMI, IRQo to IRQ2)

Interrupt pulse width wwmw - Fig. 15-8 200 - 200 - 200 - ns
for recovery from soft-

ware standby mode

(NMI, IRQo to IRQ2)

Crystal oscillator settling  tosci Fig. 15-9 20 - 20 - 20 - ms
time (reset)

Crystal oscillator settling tosc2  Fig. 15-10 10 - 10 - 10 - ms

time (software standby)

Table 15-6. Timing Conditions of On-Chip Supporting Modules
Conditions: 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)

Measurement 6MHz 8MHz 10MHz
Item Symbol conditions min max min max min max Unit
FRT  Timer output trrop  Fig. 15-11 - 100 - 100 - 100 ns
delay time
Timer input tFTIS Fig. 15-11 50 - 50 - 50 - ns
setup time
Timer clock tFTCS Fig. 15-12 50 - 50 - 50 - ns
input setup time
Timer clock trrcwn  Fig. 15-12 15 - 15 - 1.5 - teye
pulse width tFTCWL
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Table 15-6. Timing Conditions of On-Chip Supporting Modules (cont.)
Conditions: Vcc = 5.0V #10%, @ = 0.5 to 10 MHz, Vss =0V,
Ta = —20 to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)

Measurement 6MHz 8MH:z 10MH:z
Item Symbol conditions min max min max min max Uit

TMR  Timer output ttmop  Fig. 15-13 - 100 - 100 - 100 ns
delay time
Timer reset ttmes  Fig. 15-15 50 - 50 - 50 - ns
input setup time
Timer clock ttmes Fig. 15-14 50 - 50 - 50 - ns
input setup time ‘

Timer clock trmewn  Fig. 15-14 1.5 - 1.5 - 1.5 - teye
pulse width tTMCWL

(single edge)

Timer clock Fig. 15-14 25 - 25 - 25 - teye
pulse width

(both edges)

SCI Input (Async) tseye Fig. 15-16 2 - 2 - 2 - teye
clock (Sync)  tSeyc Fig. 15-16 4 - 4 - 4 - teye
cycle
Transmit data XD Fig. 15-16 - 100 - 100 - 100 ns
delay time (Sync)

Receive data tRXS Fig. 15-16 100 - 100 - 100 - ns
setup time (Sync)

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

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

Ports  Output data tPwD Fig. 15-18 - 100 - 100 - 100 ns
delay time
Input data setup  tPRs Fig. 15-18 50 - 50 - 50 - ns
time
Input data hold  terH Fig. 15-18 50 - 50 - 50 - ns
time
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Table 15-6. Timing Conditions of On-Chip Supporting Modules (cont.)
Conditions: Vcc =5.0V £10%, @ =0.5t0 10 MHz, Vss =0 V,
Ta =-20 to 75°C (regular specifications), Ta = —40 to 85°C (wide-range specifications)

Measurement 6MHz 8SMHz 10MHz

Item Symbol conditions min max min max min max Unit
Parallel Handshake  tHisw Fig. 15-19 1.5 - 1.5 - 15 - teye
handshake input strobe
interface  pulse width

Handshake  tuis Fig. 15-19 10 - 0 - 10 - ns

input data

setup time

Handshake  tun Fig. 15-19 120 - 120 - 120 - ns

input data

hold time

Handshake tuospt  Fig. 15-20 - 80 - 80 - 80 ns

output strobe t1osp2  Fig. 15-20 - 80 - 80 - 80 ns

delay time

Busy output  tussob1 Fig. 15-21 - 150 - 150 - 150 ns

delay time  tuBsopz Fig. 15-21 - 150 - 150 - 150 ns
» Measurement Conditions for AC Characteristics

5V
Re
LS!
output pin O ' 14
l C= 90pF: Ports 1,2,3,46, 6,7
R+ 30 pF: Ports 4 (except 46), 5

C RL=24kQ
R =12 kQ

Input/output timing reference levels

Low: 0.8V
High: 2.0V

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
15.3.2
1533
15.3.4
15.3.6
15.37
15.3.8

15.3.1

Bus Timing
Control Signal Timing

16-Bit Free-Running Timer Timing

8-Bit Timer Timing
SCI Timing
1/0 Port Timing

Parallel Handshaking Interface Timing

Bus Timing

Figures 15-4 to 15-6
Figures 15-7 to 15-10
Figures 15-11 to 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 Tz | Ts -
- teye -
tcH oL
2 _/ \_J \
a0 tt—t o L= tCr
A15 to Ao )<r ‘><
I0S 7
| taso 1sp

a5 -
AS, RD s
(Read)

- tacc _ | _tRos tROH
D7 to Do i
(Read) twsp —tsp

. 1as2 ‘TA twsw T  tan
- \L 2
WR o

BVEBIA twos twpH

D7 to 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 T Tw T3
° “K}\M

(Read)

Drto Do <}
" \ Y

Drto Do ——<__
twrs Fiwrn

(Write) twrs [{twrn

r N -

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

o 4 g/ T
tep _tep
S\
£ -
E S——.ﬂ.
ter > letcf
taD
o
{—— £
Ais to Ao, I0S ) (C (C 114
3) 1] ¥/
tas1 tso tAH

tRDS lea] tAOR
le—»{ tRDHE
D7 to Do S s
(Read) H
¢ tWDHE
D7 to Do J
(Write) S !

Figure 15-6. E Clock Bus Cycle
15.3.2 Control Signal Timing

(1) Reset Input Timing

2 Sﬂ
tress tress

IQ

RES

tmos
tresw

MD1 and

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

2 \—/——'\

tNMIs| | INMIH
NML
IRQi (Edge)

tNMIS
IRQx (Level)

€ INMIW .

o X 3
IRGy
Note: i=0to2

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

Sunur [, 3uIpdg ¥20[) “6-ST 2an3iy

£¢

{¢

D3 1)
/ r¢i * miwﬂ
)
Zc
b)) 1080
? \ . N [ Aqals
b)) b))
e L pA P NI OO>
R R ) 5
VAVAV/)i 5 NAVAVAWAVAVAVAVA/ i/
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(4) Clock Settling Timing for Recovery from Software Standby Mode

o _TUUUUUUT pipipisigip

(4
)

NMI

(C
4

Ra \

(i=0,1,2)

tosce

Figure 15-10. Clock Settling Timing for Recovery from Software Standby Mode
15.3.3 16-Bit Fre.-Running Timer Timing

(1) Free-Running Timer Input/QOutput Timing

o /T N A N ¥

Free-running Compare-math(
timer counter

trron
FTOA ,FTOB j

FTI (without
noise
canceler)

tems

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

N U e a U aa Ve

trres

<
<«

{¢
FTCI _\_ (s 7 v
|¢ — | :‘

trrowe 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

° NW—\_
Timer
counter Compare- match >(

t1mop
TMO», ;i
TMOo

Figure 15-13. 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

o __ N/ N\

times trmes
h (¢
TMClo, \ Vi )
™CH o {4 1
trmewe D trmewn rl

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

trmas

TMRlo,
TMRI

Timer .
n H'00
counter X

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

15.3.5 Serial Communication Interface Timing

(1) SCI Input/OQuiput Timing

tScyc

SCK 4 trxo

Serial clock lw
SCKy 1

o N ¢

TxD 0

D4 trxs| |tRxH

aiaBniig

G X S0

RXDQ
RXD1

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

(2) SCI Input Clock Timing

tsckw

ASCK, CSCK

tSr:yt:

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

Port read/write cycle

| FE——— T2 P lh Ts

%]
ters tean

Port 1 ‘ﬁ
to  (Input)
Port 7

tewn

Port 1~
to (Output)
Port 7

* Except P4s

Figure 15-18. I/0 Port Input/Output Timing
15.3.7 Parallel Handshake Interface Timing

(1) Input Strobe Input Timing

P37 to P3o K

this tHH

tHIsSW

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

o _f O/ 4/ _f

t HOSD1 t HOSD2

0s \ ]

NN
-

Figure 15-20. Output Strobe Output Timing

(3) Busy Output Timing

o [\ _/ "\

W 2N

N
paiy

1S \ /

t HBSOD1 t HBSOD2 4——}
BUSY \

Figure 15-21. Busy Output Timing
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Table C-1. Pin States (cont.) : . T-90-0]
Pin MCU Hardware Software Sleep Normal
Name Mode Reset Standby  Standby Mode Operation
PS5s to P5o, 1 3-State 3-State Prev. state  Prev. state  I/O port

2 (note 3)

3
P66 to P60, 1 3-State 3-State Prev. state  Prev. state  I/O port

2 (note 3)

3 - .
P77/WAIT 1 3-State  3-State  3-state  3-state WAIT

2

3 7 Prev. state Prev. state /O port
P76 to P74, 1 High 3-State ~ High " High AS, WR,
AS,WR,RD, 2 - RD

3 3-State Prev. state  Prev, state  I/O port
P73 to P70, 1 3-State  3-State Prev. state  Prev, state  I/O port

3
Notes:

1, 3-state: High-impedance state

2. Prev. state: Previous state. Input ports are in the high-impedance state (with the MOS pull-up
on if DDR = 0 and DR = 1). Output ports hold their previous output level,

3. On-chip supporting modules are initialized, so these pins revert to I/O ports according to the.
DDR and DR bits.

4. /O port: Direction depends on the data direction (DDR) bit. Note that these pins may also be
used by the on-chip supporting modules.

See section 5, I/O Ports for further information.
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Appendix D. Package Dimensions

2LE D m 449L204 0023363 & W

7-90-20

Figure D-1 shows the dimensions of the DC-64S package. Figure D-2 shows the dimensions of the

DP-648 package. Figure D-3 shows the dimensions of the FP-64 A package.

Unit: mm (inch)

57.3{2.256)

O

18.92
(0.745)

! 0.9{0.035

&

19.05

(0.750)

1.778+0.25
(0.070£0.010

in| 5.6 0max

54

0.48%0.1
~10.019£0,004)

(0.100min) (0.220max)

2

0.25:3:51
(0.01 0".8:8855

Figure D-1, Package Dimensions (DC-64S)

Unit: mm (inch)

57.6(2.268)

{0.070%0.010)

x

EE

SIEN

a8

° R|RS
32

! Il 1.0 (0.039) T

sk

. e _ 2

Tl Tt tterrrn D=t B

T s

- -

1:778£0.2 0.48%0.10 o B

00190.004) ©

{0.180min) (0.200max)

Figure D-2. Package Dimensions (DP-64S)
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Appendix E. Package Dimensions V=G o

Figure D-1 shows the dimensions of the DC-64S package. Figure D-2 shows the dimensions of the
DP-64S package. Figure D-3 shows the dimensions of the FP-64A package. Figure D-4 shows the
dimensions of the CP-68 package.

Unit: mm

Figure E-1, Package Dimensions (DC-64S)
Unit: mm

Figure E-2. Package Dimensions (DP-64S)
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Unit: mm
T-90-20
17.2%0.3
. D014.0
: Al
0.35%0.05 ce
e ||y
— LTI
LE@ ;l 0.80 1. 0.80
Figure E-3. Package Dimensions (FP-64A)
Unit: mm

25.15%0,12

124.20

614

25.1520.12

uuuuuuuuuuuuuuuu

0,4240.10,
| 23.12#0.50

—1a}0.10

Figure E-4, Package Dimensions (CP-68)
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