Section 14  Electrical Specifications

14.1 Absolute Maximum Ratings

Table 14-1 lists the absolute maximum ratings.
Table 14-1. Absolute Maximum Ratings (Preliminary)

item Symbol Rating Unit
Supply voltage Vee —03t0 +7.0 \
Programming voitage Vpp —0.3t0 +13.5 \
Input voltage Ports 1-6 Vin —0.31t0 Vg +0.3 \
Port7 ViN —0.3t0 AVgg +0.3 A
Analog supply voltage AVego -0.3to +7.0 v
Analog input voltage VAN —0.3 to AVge +0.3 v
Operating temperature Topr Regular specifications: —20 to + 75 °C
Wide-range specifications: —40 to + 85 °C
Storage temperature Taig —585t0 +125 °C

Note: Exceeding the absolute maximum ratings shown in table 14-1 can permanently destroy the chip.

14.2 Electrical Characteristics
14.2.1 DC Characteristics

Table 14-2 lists the DC characteristics of the 5V versions of the H8/329 Series. Table 14-3 lists the
DC characteristics of the 3V versions. Table 14-4 gives the allowable current output values of the
5V versions. Table 14-5 gives the allowable current output values of the 3V versions.
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Table 14-2. DC Characteristics (5V Versions) (Preliminary)
Conditions: Voe = 5.0V £10%,

AVce = 5.0V £10%*, Vgs = AVgg = 0V,

Ta = —20to 75°C (regular specifications), T = —40to 85°C (wide-range
specifications)
Measurement
Item Symbol Min Typ Max Unit conditions
Schmitt trigger P67-P62, Py, V1— 1.0 — —_ v
i(r;;;ut voltage P47, P44—P4p Vi+ _ _ Voo X 07 v
Vr+-Vr— 04 — — \
Input High voltage ~ RES, STBY,NMI Vi Voe-0.7 — Vog +0.3V
@ MD+, MDg
EXTAL
P77-P7g 20 — AVgc 03 V
Input High voltage Input pins VIH 20 — Voo +0.3 Vv
other than (1)
and (2) above
Input Low voltage RES, STBY ViL -0.3 — 0.5 \'
(3) MD4, MDg
Input Low voitage Input pins ViL -03 - 0.8 A"
other than (1)
and (3) above
Qutput High All output pins VoH Vg — 05 — - v loH = —200 pA
voltage 35 - - Y low = —1.0mA
Output Low Ali output pins VoL — — 04 Vv loL = 16mA
voltage Ports 1 and 2 — — 10 v loL = 10.0 mA
Input leakage RES il — — 10.0 pA VN =05Vto
current STBY, NMI, — —~ 10 pA Vo — 0.5V
MD4, MDg
P7,-P70 — — 1.0 pA  Viy=05Vto
AVce — 0.5V
Leakage current Ports 1,2, 3 Jrsil — — 1.0 pA VN =05Vto
in 3-state (off state) 4,5,6 Vg — 0.5V
Input pull-up Ports 1,2, 3 —Ip 30 — 250 pA  ViN=0V
MOS current

Note: * Connect AV to the power supply (+5V) even when the A/D converter is not used.
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Table 14-2, DC Characteristics (5V Versions) (Preliminary) (cont.)

Conditions: Voo = 5.0V £10%, AVce = 5.0V £10%*1, Vgs = AVgs = 0V, Ta = —20to
75°C (regular specifications), Ty = — 40 to 85°C (wide-range specifications)
Measurement
Item Symbol Min Typ Max Unit conditions
Input capacitance RES Cin — - 60 pF ViN = OV
NMT — — 30 pF f=1MHz
All input pins — — 15 pF Ta = 25°C
except RES
and NMT
Current Normal lec — 12 25 mA f=6MHz
dissipation*2 operation _ 16 a0 mA f = 8 MHz
— 20 40 mA f=10MHz
Sleep mode - 8 15 mA f=6MHz
— 10 20 mA f=8MHz
—_ 12 25 mA = 10 MHz
Standby modes*3 — 0.01 5.0 pA
Analog supply During A/D Alce —_ 0.6 15 mA
current conversion
Waiting — 0.01 5.0 A
RAM standby VRaM 20 - — v
voltage

Notes: *1 Connect AVcc to the power supply (+ 5V) even when the A/D converter is not used.

*2 Current dissipation values assume that Vi min = Voo — 0.5V, V| max = 0.5V, all output pins are in the
no-load state, and all input pull-up transistors are off.

*3 For these values it is assumed that VRam < Voc < 4.5V and Viy min = Vg X 0.9, V), max = 0.3V.
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Table 14-3. DC Characteristics (3V Versions) (Preliminary)

Conditions: Vo = 3.0V £10%, AVcc = 5.0V £10%*1, Vgg = AVgg = OV, T = —20to
75°C
Measurement
Item Symbol Min Typ Max Unit conditions
Schmitt P67-P6y, P6g, V71— Ve X015 — — "
triggerinput  pg, p4, P4y Vr+ — - Vec X07 ¥
voltage*2
Vr+ — Vr— 0.2 —_ - v
(1)
Input High RES, STBY Vi Vog X 0.9 - Voo + 0.3 v
voltage*2 MD4, MDp
2 EXTAL, NMI
P77,-P70 Veo X 0.7 — AVec +03 V
Input pins Voo X 0.7 —_ Ve +0.3 v
other than (1)
and (2) above
Input Low RES, 5TBY ViL -0.3 — Vee X 0.1 v
voltage*2 MD4, MDg
@) Input pins -03 — Voo X 0.15 v
other than (1)
and (3) above
Output High Al output pins VoH Vog — 0.4 — — \ lon = —200 pA
voltage Vec-08 —  — v ioH = —1mA
QOutput Low All output pins VoL - — 0.4 Vv loL = 0.8 mA
voltage Ports 1 and 2 - - 0.4 v loL = 1.6 mA
Input RES il —_ — 10.0 pA ViN =05t
leakage STEY, NI, - — 1.0 pA Vo — 0.5V
current MD;, MDg
P77-P79 —_ — 1.0 HA ViN=05t0
AVeoe — 0.5V
Leakage Ports 1, 2, 3 Ihrsil — — 1.0 pA  Viy=05t0
current in 4,56 Vee — 0.5V
3-state
(off state)
input Ports 1,2,3 —lp 3 — 120 pA Vin = OV
pull-upMOS
current

Notes: *1 Connect AVG to the power supply (+3V) even when the A/D converter is not used.
*2 |n the range 3.3V < Vgg < 4.5V, for the input levels of V|4 and VT, apply the higher of the values given
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Table 14-3, DC Characteristics (3V Versions) (Preliminary) (cont.)

Conditions: Voo = 3.0V £10%, AVce = 50V £10%*], Vss = AVgg = 0V, Ta = —20to
70°C .
Measurement
Item Symbol Min Typ Max Unit conditions
Input RES CiN - 60 pF Vin = 0V
capacitance NMi — - 30 pF f =1 MHz
Allinput pins —_ — 15 pF Ta = 25°C
except RES
and NMi
Current Normal Icc — 4 —_ mA f=3MHz
dissipation*2 Operation — 6 12 mA f=5MHr
Sleep mode —_ 3 —_ mA f=3MHz
—_— 4 8 mA f=5MHz
Standby modes*3 —_ 0.01 5.0 pA
Analog During A/D Alcc - 0.6 1.5 mA
supply conversion
current Waiting — 0.01 5.0 nA
RAM backup voltage VRAM 2.0 —_ - v
(in standby modes)

Notes: *1 Connect AVpc to the power supply (+3V) even when the A/D converter is not used.

*2 Current dissipation values assume that Vi min. = Ve — 0.5V, V) max. = 0.5V, all output pins are in the
no-load state, and all input pull-up transistors are off.

*3 For these values it is assumed that VRAM £ Vgg < 2.7V and Vi min = Vee X 0.9, Vi max = 0.3V,
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Table 14-4. Allowable Output Current Sink Values (5V Versions) (Preliminary)

Conditions: Voo = 5.0V +10%, AVec = 5.0V £ 10%, Vgs = AVgs = OV, Tp = —20to
75°C (regular specifications), Ty = —40to 85°C (wide-range specifications)

Item Symbol Min Typ Max Unit

Allowable output Low Ports 1 and 2 loL - — 10 mA

current sink (per pin) Other output pins — - 20 mA

Allowable output Low Ports 1 and 2, total SloL - — 80 mA

current sink (total) Total of all output - — 120 mA

Allowable output High All output pins —loH — — 20 mA

current sink (per pin)

Allowable output High Total of all output 2-loH —_ — 40 mA

current sink (total) pins

Table 14-5. Allowable Output Current Sink Values (3V Versions) (Preliminary)

Conditions: Voc = 3.0V 10%, AVee = 5.0V £ 10%, Vgg = AVgg = 0V, Tp = —20to
75°C

Item Symbol Min Typ Max Unit

Allowable output Low Ports 1 and 2 oL - — 2 mA

current sink (per pin) Other output pins — - 1 mA

Allowable output Low Ports 1 and 2, total SloL — — 40 mA

current sink (total) All output pins — — 60 mA

Aliowable output High All output pins —loH — — 2 mA

current sink (per pin)

Allowable output High Total of all output 2-loH - —_ 30 mA

current sink (total) pins

Note: To avoid degrading the reliability of the chip, be careful not to exceed the output current sink values in tables 14-
4 and 14-5. 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 14-1 and 14-2.
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H8/329
Series

................

Port

Darlington
pair

Figure 14-1. Example of Circuit for Driving a Darlington Pair (5V Versions)

H8/329
Series
Vce
600 Q
R,
Port1or2
LED

26-07

Figure 14-2, Example of Circuit for Driving an LED (5V Versions)

14.2.2 AC Characteristics

The AC characteristics of the H8/329 Series are listed in three tables. Bus timing parameters are
given in table 14-6, control signal timing parameters in table 14-7, and timing parameters of the on-
chip supporting modules in table 14-8.
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Table 14-6. Bus Timing (Preliminary)
Condition A: Voc = 5.0V £10%, Vgg = 0V, @ = 0.5 MHz to maximum operating frequency,

Ta = —20to 75°C (regular specifications),

Tp = — 40 to 85°C (wide-range specifications)
Condition B: Voo = 3.0V £10%, Vgs = 0V, @ = 0.5 MHz to maximum operating frequency,

Tp = —20to75°C

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

Item Symbol Min Max Min Max Min Max Min Max Unit conditions
Clock cycle time teye 200 2000 166.7 2000 126 2000 100 2000 ns Fig. 14-4
Clock pulse width Low toL 70 —_ 65 — 45 — 3B — ns Fig. 14-4
Clock pulse width High tcH 70 —_ 65 — 45 - 3B — ns Fig. 14-4
Clock rise time tor —_ 25 —_ 15 — 15 —_ 15 ns Fig. 14-4
Clock fall time tot —_ 25 -— 15 —_ 15 — 15 ns Fig. 14-4
Address delay time tap _ 920 — 70 — 60 — 50 ns Fig. 14-4
Address hold time taH 30 — 30 - 26 — 20 — ns Fig. 144
Address strobe delay time  tasp — 80 — 70 — 60 — 40 ns Fig. 14-4
Write strobe delay time twsp - 80 — 70 — 80 — 50 ns Fig. 14-4
Strobe delay time tsp —_ 80 — 70 — 60 — 50 ns Fig. 14-4
Write strobe pulse width*  twsw 200 — 200 — 150 — 120 — ns  Fig. 14-4
Address setup time 1* tas1 25 - 25 — 20 — 15 — ns  Fig. 14-4
Address setup time 2* tasz 105  — 105 — 80 — 66 — ns  Fig. 144
Read data setup time tRDS 90 - 70 — 50 — 35 - ns  Fig. 144
Read data hold time {RDH (] — ] — [\ R [V J— ns  Fig. 14-4
Read data access time* tacc — 300 — 270 —_ 210 - 170 ns Fig. 144
Write data delay time twoD —_ 125 — 85 — 75 —_ 75 ns Fig. 144
Wirite data setup time twps 10 - 20 —_ 10 — 5 - ns Fig. 14-4
Write data hold time tWDH 30 — 30 — 25 — 20 — ns Fig. 14-4
Wait setup time twrs 60 — 40 —_ 40 — 40 — ns Fig. 14-5
Wait hold time twrH 20 — 10 — 10 - 10 - ns Fig. 14-5

Note: * Values at maximum operating frequency
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Table 14-7. Control Signal Timing (Preliminary)
Condition A: Ve = 5.0V £10%, Vgg = 0V, @ = 0.5 MHz to maximum operating frequency,

TaA = —20to 75°C (regular specifications),
Ta = —40 to 85°C (wide-range specifications)
Condition B: Voc = 3.0V £10%, Vgg = 0V, @ = 0.5 MHz to maximum operating frequency,
Ta = —20to0 75°C
Condition B Condition A
5 MHz 6 MHz 8 MHz 10 MHz Measurement
Item Symbol Min Max Min  Max Min Max Min Max Unit conditions
RES setup time tRESS 300 — 200 — 200 — 200 — ns Fig. 14-6
RES pulse width tRESW 10 — 10 — 10 — 10 — tcyc Fig. 14-6
NMI setup time tNMis 300 — 150 — 150 — 150 — ns  Fig. 147
(M, TRQg to IRGR)
NMI hold time tNMIH 10 —_ 10 — 10 — 10 — ns Fig. 14-7
(NMI, TRQ, to TRTG)
Interrupt pulse width tamw 300 _ 200 — 200 — 200 — ns Fig. 14-7
for recovery from soft-
ware standby mode
(NMI, IRG, to IRG,)
Crystal oscillator settling  tygcq 20 — 20 — 20 — 20 — ms Fig. 14-8
time (reset)
Crystal oscillator settling  tosce 10 — 10 — 10 — 10 — ms Fig.149
time (software standby)
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Table 14-8, Timing Conditions of On-Chip Supporting Modules (Preliminary)
Condition A: Ve = 5.0V £10%, Vgg = 0V, @ = 0.5 MHz to maximum operating frequency,

Ta = =20 to 75°C (regular specifications),
To = — 40 to 85°C (wide-range specifications)
Condition B: Ve = 3.0V £10%, Vgs = 0V, @ = 0.5 MHz to maximum operating frequency,
Condition B Condition A
5 MHz 6 MHz 8 MHz 10 MHz Measurement

Item Symbol Min  Max Min Max Min Max Min Max Unit conditions

FRT Timeroutputdelaytime tryop — 150 — 100 — 100 — 100 ns Fig. 14-10
Timer input setup time temis 80 — 50 — 50 — 50 — ns Fig. 14-10
Timer clock input trrcs 80— 50 — 50 — 50 — ns Fig. 4-11
setup time
Timer clock pulse width  trrwon 15 — 15 — 15 — 15 — tcye  Fig 411

tFrowL

TMR Timer outputdelaytme  trmop — 150 — 100 — 100 — 100 ns Fig. 14-12
Timer reset input tTMRS 80 —_ 50 - 50 — 50 — ns Fig. 14-14
setup time
Timer clock input trmes 80 — 50 — 50 — 50 — ns Fig. 14-13
setup time
Timer clock pulse width  tyycww 1.5 — 15 — 15 — 15 — tcyc  Fig. 14-13
(single edge)

Timer clock pulse width  tyyowr 25 — 25 — 25 — 25 — tcyc  Fig. 14413
(both edges)

SCl  Input clock (Async) tsoye 2 —_ 2 — 2 —_ 2 —_ tcyc Fig. 14-15
cycle (Syno) tscyc 6 — 6 — 6§ — 6 — tcyc  Fig. 14-15
Transmit data delay trxp — 200 — 100 — 100 — 100 ns Fig. 14-15
time (Sync)

Receive data setup time  taxs 150 — 100 — 100 — 100 — ns Fig. 14-15
(Sync)
Receive datahold time  trxH 150 — 100 — 100 — 100 — ns Fig. 14-15
(Sync)
Input clock pulse width tsckw 0.4 0.6 04 06 04 06 04 06 tscyc Fig. 14-16

Ports Output data delay time tPwD —_ 150 — 100 — 100 — 100 ns Fig. 14-17
Input data setup time tprs 80 - 50 — 50 — 50 — ns Fig. 14-17
Input data hold time teRH 80 —_ 50 - 5 — 50 — ns Fig. 14-17
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® Measurement Conditions for AC Characteristics

SV
Ru
LSI
c;
output pin C = 90 pF: Ports 1-4, 6
30 pF: Port 5
Ru RL = 24 KO
CI Ry = 12 KQ
Input/output timing reference levels
Low: 0.8V
High: 2.0v
Figure 14-3, Output Load Circuit

14.2.3 A/D Converter Characteristics

Table 14-9 lists the characteristics of the on-chip A/D converter.

Table 14-9, A/D Converter Characteristics (Preliminary)

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

Condition B: Voo = 3.0V £10%, AVee = 5.0V +£10%, Vss = AVgg = 0V, @ = 0.5 MHz
to maximum operating frequency, T = — 20 to 75°C

Condition B Condition A
5 MHz 8 MHz 8 MHz 10 MHz Measurement

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
Conversion time (singlemode)* — — 24.4 - - 204 — — 1625 — — 422 ns
Analog input capacitance - — 2 - - 2 - — 2 - - 20 pF
Allowable signal - — 10 - - 10 - — 10 - — 10 ki
source impedance

Nonlinearity error - - %t i - - 1 - — 11 LSB
Offset error - - 1 — — %1 - - 1 - = %1 LsB
Full-scale error _— - 11 - - 11 - - 11 - — %1 LSB
Quantizing error — — 105 — — 105 -~ — 105 — — 105 LSB
Absolute accuracy — — #15 —~— — 115 — - %15 — — %15 LSB

Note: * At maximum operating frequency
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14.3 MCU Operational Timing

This section provides the following timing charts:

14.3.1 Bus Timing Figures 14-4 to 14-5
14.3.2 Control Signal Timing Figures 14-6 to 14-9
14.3.3 16-Bit Free-Running Timer Timing  Figures 14-10 to 14-11
14.3.4 8-Bit Timer Timing Figures 14-12 to 14-14
14.3.5 SCI Timing Figures 14-15 to 14-16
14.3.6 1/0 Port Timing Figure 14-17

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

- T -t T ol T -
- toye o N -
e Lt |
(7] i N\
™ ety
- et— tey
As to Ao ){
A
‘ taso 1so_ |

at— tAs! -
AS,RD

- tacc ol taoH
Drto Do
(Read) tweo | teo

- tase J - twsw Ol L
_— 4
WR 9

tlvol)l‘ twos twoH

D7to Do
(Write)

Figure 14-4. Basic Bus Cycle (without Wait States) in Expanded Modes
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(2) Basic Bus Cycle (with 1 Wait State) in Expanded Modes
T4 T2 ™w T3
o ke I %

T ' X

7

(Read)
N\ /

e G >
(Write) twrs Ftwrn ————tywrs Htwme

o N oS

Figure 14-5. Basic Bus Cycle (with 1 Wait State) in Expanded Modes (Modes 1 and 2)

3

14.3.2 Control Signal Timing

(1) Reset Input Timing
° AN
tress tress
_ X
RES
tResw

Figure 14-6. Reset Input Timing
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(2) Interrupt Input Timing

tNmis] | tNmIH

NMI
iRCE (Edge)

tNMIS

IROL (Level)

NMI
RO

tNmIW
X %(

Note:i = 0to 2

Figure 14-7. Interrupt Input Timing
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(3 Clock Settling Timing

tosct

-

(S

ﬁ,
(¢
2

K4

‘\
\
Figure 14-8. Clock Settling Timing
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(@) Clock Settling Timing for Recovery from Software Standby Mode

{
-
) HIIHIIIHH _JUUUUU
_ &
NMi e
L4
iRG: \
(1=0,1.2) .tm.

Figure 14-9. Clock Settling Timing for Recovery from Software Standby Mode

14.3.3 16-Bit Free-Running Timer Timing
(1) Free-Running Timer Input/Output Timing

o TN N N

Free-running y
timer counter Compare-match X

<t—n—°.‘|

FTOA, FTOB )i
tens
—
FTIA, FTIB,
FTIC, FTID X

Figure 14-10, Free-Running Timer Input/Output Timing
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(2) External Clock Input Timing for Free-Running Timer

e N U

trrcs

Frel % (s J
| ——

™

trrewm trrown

Figure 14-11. External Clock Input Timing for Free-Running Timer

14.3.4 8-Bit Timer Timing
(1) 8-Bit Timer Output Timing

o _ /T N\ __ /" SN

trics

(I

Frer ) § j 15
| -t - j

trrew trrown

Figure 14-12, 8-Bit Timer Output Timing
(2) 8-Bit Timer Clock Input Timing

° s_\_/_\_
times trues

TMClo,

TMCh { P ‘EF_
I‘ trMew N trmewn

Figure 14-13. 8-Bit Timer Clock Input Timing
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(3) 8-Bit Timer Reset Input Timing

[}
trums

TMRIo,
TMRI

Timer
N U
counter X Hoo

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

14.3.5 Serial Communication Interface Timing
(1) SCI Input/Output Timing

‘8qc

too

Serial clock M
(SCK)

il N 4 4

(TxD) )

trxs| [trn

o >C ST TWX

(RxD)

Figure 14-15. SCI Input/QOutput Timing (Synchronous Mode)
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(2) SCI Input Clock Timing

SCK

tsopo

2u-F1

Figure 14-16, SCI Input Clock Timing

14.3.6 1/0 Port Timing

T T2 >l Ts
Q
tens tean
Port 1
o (Input)
Port7 ){ tewo
Port 1
o (Output)
Port6

Figure 14-17. 1/0 Port Input/Output Timing

B 4495204 0055797 4659 R
HITACHI

Hitachi America, Ltd. « Hitachi Plaza » 2000 Slerra Point Pkwy. ¢ Brisbane, CA 84005-1819 ¢ (415) 589-8300

258




