Section 18 Electrical Specifications
18.1 Absolute Maximum Ratings
Table 18-1 lists the absolute maximum ratings.

Table 18-1 Absolute Maximum Ratings

item Symbol Rating Unit
Supply voltage Vce —0.3t0 +0.7 v
Programming voltage Vep —0.3to +13.5 \
Input voltage (except port 6) Vin —0.3to Vcc + 0.3 \
Input voltage (port 6) Vin —0.3to Avcc + 0.3 \"
Analog supply voltage AVcc —-0.310 +7.0 \
Analog input voltage VAN ~0.3to AVcc + 0.3 \
Operating temperature Topr Regular specifications: —20 to +75 ‘C

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

Storage temperature Tstg -55to +125 C

Note: Permanent damage to the chip may resutt if the absolute maximum ratings shown in
table 18-1 are exceeded.

18.2 Electrical Characteristics

18.2.1 DC Characteristics

Table 18-2 lists the DC characteristics.
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Table 18-2 DC Characteristics -

Conditions: Vcc = AVec=5.0 V 10%*1, Vss = AVss =0V,
Ta=-20 to 75°C (Regular specifications)
Ta = —40 to 85°C (Wide-range specifications)
) Test
Item Symbol min typ max Unit Conditions
input high voltage ~ RES, MDz, ViH Vec-07 — Vec+03 V
MD1, MDo
EXTAL Veex 0.7 — Vee+03 V
Port 6 2.2 — Avcc+03 V
Other input pins 2.2 — Vec+03 V
(except port 5)
input low voltage RES, MD2, ViL -0.3 — 05 v
MD1, MDo
Other input pins -0.3 — 08
(except port 5)
Schmitt trigger Port 5 VT 1.0 — 2.5 \'J
input voltage VT+ 2.0 — 35 v
VT+-VT- 04 — — \'
input leakage current RES lin | — — 100 MWA  Vin=05to
NMI, MD2, — — 1.0 HA Vec-05V
MD1, MDo,
Port 6 — — 1.0 MA  Vin=05to
AVcc-0.5V
Leakage current Port 7, | I¥si | — — 1.0 WA Vin=0.5to
in 3-state ports 5 to 1 Vec-05V
(off state)
Input pull-up Ports 3 and 4 —lp 50 — 200 pA Vin=0QV
MOS current
Output high voltage  All output pins VoH Vece-05 — — \ loH = —200 pA
35 — — v loH = -1 mA
Output low voltage All output pins Vo — — 0.4 \ loL=1.6 MA
{except R_ES)
Port 3 —_ —_ 1.0 \ lo = 8 mA
—_ — 1.2 \ lo. = 10 mA
RES — — 04 V  lo=26mA
Input capacitance RES Cin — — 60 pF V=0V
NMI — — 30 pF f=1MHz
All input pins — — 15 pF Ta=25C
except RES
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Table 18-2 DC Characteristics (cont)

Test
item Symbol min typ max Unit Conditions
Current dissipation*  Normmal operation  lcc - 20 30 mA f=6MHz
— 25 40 mA f=8MHz
— 30 50 mA f=10 MHz
— 12 20 mA f=6MHz
Sleep mode — 16 25 mA f=8MHz
— 20 30 mA f=10 MHz
Standby — 0.01 5.0 A
Analog supply During A/D Alcc — 0.6 2.0 mA
current conversion
While waiting — 0.01 5.0 HA
RAM standby voltage VRaM 2.0 — — v

Note: AVcc must be connected to a power supply even when the A/D converter is not used.

* Current dissipation values assume that ViH min = Vec - 0.5 V, Vit max = 0.5 V, all output pins are in the
no-load state, and all MOS input pull-ups are off.

Table 18-3 AHowable Output Current Sink Values

Conditions: Vcc=AVcc=5.0V +10%, Vss =AVss =0V,
Ta =-20 to 75°C (Regular specifications)
Ta =40 to 85°C (Wide-range specifications)

tem Symbol min typ max Unit

Allowable output iow Port 3 lou — — 10 mA

current sink (per pin) RES — — 2.6 mA
Other output pins — — 2.0 mA

Allowable output low Port 3, total of 8 pins Y lot — — 40 mA

current sink (total) Total of ait other — — 80 mA
output pins

Allowable output high All output pins —loH — —_ 2.0 mA

current sink (per pin)

Allowable output high Total of all output Y. —lotH — — 40 mA

current sink (total) pins

Note: To avoid degrading the reliability of the chip, be careful not o exceed the output current sink values in
table 18-3. in particular, when driving a Darlington transistor pair or LED directly, be sure to insert a cur-

rent-limiting resistor in the output path. See figures 18-1 and 18-2.
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H8/520 H8/520
Vee
Port

600 Q

"

Port 3
LED
Figure 18-1 Example of Circuit for Driving a Figure 18-2 Example of Circuit for
Darlington Transistor Pair Driving an LED

18.2.2 AC Characteristics

The AC characteristics of the H8/520 chip are listed in three tables. Bus timing parameters are given
in table 18-4, control signal timing parameters in table 18-5, and timing parameters of the on-chip sup-
porting modules in table 18-6. See figure 18-3 for the output load circuit.

Table 18-4 Bus Timing
Conditions: Vcc=50V+10%,8=0.51010MHz, Vss=0V

Ta=-20 to 75°C (Regular specifications)
Ta =—40 to 85°C (Wide-range specifications)

6 MHz 8 MHz 10 MHz Test

tem Symbol min max min max min max Unit Conditions
Clock cycle time » teye 166.7 2000 125 2000 100 2000 ns See figure 18-4
Clock pulse width low tcL 65 — 45 — 35 — ns

Clock pulse width high tcH 65 — 45 — 35 — ns

Clock rise time ter — 15 — 15 — 15 ns

Clock fall time tot — 15 — 15 — 15 ns

Address delay time tAD — 70 — 60 — 55 ns

Address hold time taH 30 — 25 — 20 — ns

'RD delay time 1 oDt — 70 — 60 — 40 ns

RD delay time 2 tRooz2  — 70 — 60 -— 50 ns

WR delay time 1 twRD1 = — 70 — 60 — 50 ns

'WR delay time 2 w2 — 70 — 60 — 50 ns

Write data strobe pulse width tosww 200 — 150 — 120 — ns

Address setup time 1 tAs1 25 — 20 — 15 — ns

Address setup time 2 tas2 105 — 80 — 65 — ns See figure 18-4
Read data setup time tros 60 — 50 — 40 — ns
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Table 18-4 Bus Timing (cont)

6 MHz 8 MHz 10 MHz Test

item Symbol min max min max min max Unit Conditions
Read data hold time tROH 0 — 0 — 0 — ns See figure 18-4
Read data access time tacc — 280 — 190 — 160 ns

Write data delay time twop — 70 —_ 60 — 60 ns

Write data setup time twos 30 — 15 — 10 — ns

Write data hold time tWDH 30 — 25 — 20 — ns

Wait setup time twis 40 — 40 — 40 — ns  See figure 18-5
Wait hold time twiH 10 — 10 — 10 — ns

Table 18-5 Control Signal Timing

Conditions: Vcc=5.0V £10%,9=0.5t0 10 MHz, Vss =0V
Ta =-20 to 75°C (Regular specifications)
Ta =40 to 85°C (Wide-range specifications)

6 MHz 8 MHz 10 MHz Test
tem Symbol min _ max min  max min _max Unit Conditions
RES setup time tRESs 200 — 200 — 200 — ns  See figure 18-6
RES pulse width 1% tResws 60 — 60 — 60 — teye
RES pulse width 2* tReswz 520 — 520 — 520 —  tge
RES output delay time tRESD — 100 — 100 — 100 ns  See figure 18-7
RES output pulse width tresow 132 — 132 — 132 — teye
Mode programming MDS 4.0 — 4.0 — 4.0 — tooe  See figure 18-6
setup time
NMI setup time tnwis 150 — 150 — 150 — ns  See figure 18-8
NMi hold time tnwH 10 — 10 — 10 — ns
1RQo setup time tRaes 50 — 50 — 50 — ns
IRQ1 to IRQy setup time tRats 50 — 50 @ — 50 — ns
IRQ1 to IRQ7 hold time tRa 10 — 10— 10— ns
NMI pulse width tnww 200 — 200 — 200 — ns
{for recovery from
software standby mode)
A/D trigger setup time trRes 50 — 50 —_ 50 - ns  See figure 18-18
A/D trigger hold time trReh 10 — 10 — 10 —_ ns
Crystal oscillator settling tosct 20 — 20 — 20 — ms  See figure 18-9
time (reset)
Crystal oscillator settling time tosc2 10 — 10 — 10 — ms See figure 17-1
(software standby)

Note: * treswz applies when the RSTOE bit in the reset control/status register (RSTCR) is setto 1. treswi
applies when RSTOE is cleared to 0. tresws also applies at power-up.
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Table 18-6 Timing Conditions of On-Chip Supporting Modules

Conditions: Vcc=5.0V £10%, ¢ =0.5t0 10 MHz, Vss =0V
Ta=-20to 75°C (Regular specifications)
Ta =-40 to 85°C (Wide-range specifications)

6 MHz 8 MHz 10 MHz Test
item Symbol min max min max min max Unit Conditions
FRT Timer output delay time frfoo — 100 — 100 — 100 ns See figure 18-11
Timer input setup time tFTis 50 — 50 — 50 — ns
Timer clock input setup time tfr;rcs 50 — 50 — 50 — ns See figure 18-12
Timer clock pulse width Frew 15 — 15 — 15 — fge
TMR Timer output delay time timoo — 100 — 100 — 100 ns See figure 18-13
Timer clock input setup time trmes 50 — 50 — 50 — ns Seefigure 18-14
Timer clock pulse width ttimew 1.5 — 15 — 15 —  feye
Timer reset input setup time trmps 50 — 50 — 50 — ns See figure 18-15
SCi Input clock cycle {Async) tScyc — — — toe  See figure 18-16
(Sync) — — —  teye
Input clock puise width tsckw 04 06 04 06 04 0.6 tsge
Transmit data delay time (Sync) trxo — 100 — 100 — 100 ns See figure 18-17
Receive data setup time  (Sync) taxs 100 — 100 — 100 — ns
Receive data hold time {Sync) tRxH — 100 — 100 — 100 ns
Ports Output data delay time tepwD — 100 — 100 — 100 ns See figure 18-10
Input data setup time LGGS 5 — 50 — 5 — ns
Input data hold time tPRH 5 — 50 — 50 — ns

+ Measurement Conditions for AC Characteristics

H8/520

output pin

c:: § Rw

n n

5V

Ru

C =90pF: P1, P2, P3, P4,

=30 pF: PS5, P7
RL=24kQ
Ru = 12kQ

Figure 18-3 Output Load Circuit
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18.2.3 A/D Converter Characteristics
Table 18-7 lists the characteristics of the on-chip A/D converter.
Table 18-7 (1) A/D Converter Characteristics

Conditions: Vcc=AVec =50V 1+ 10%, Vss = AVss =0,
Ta =40 to 85°C (Wide-range specifications)

6 MHz 8 MHz 10 MHz
Item min typ max min typ max min typ max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time - — 280 — — 1726 — -— 138 us
Analog input capacitance — — 20 — — 20 — — 20 pF
Allowable signal-source impedance — — 10 — — 10 — — 10 kQ
Nonlinearity error —_ — 20 — — #20 — — *20 LSB
Offset error — — 20 — — *20 — — 20 LSB
Full-scale error — — 20 — — 20 — — *20 LSB
Quantizing error - — 05 — — 05 — — 05 LSB
Absolute accuracy —_ — 25 — — $25 — — #25 LSB

Table 18-7 (2) A/D Converter Characteristics

Conditions: Vcc=AVce =50V £10%, Vss = AVss =0V,
Ta =-201to0 75°C (Regular specifications)

6 MHz 8 MHz 10 MHz
Item min typ max min typ max min typ max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time - — 230 — — 1725 — — 138 us
Analog input capacitance - — 20 — — 20 — — 20 pF
Allowable signal-source impedance — — 10 — — 10 - — 10 kQ
Nonlinearity error — — #3856 — — +35 — — 35 LSB
Oftset error — — #35 — — 135 — — 35 LSB
Full-scale error — — #385 — — 35 — — +35 LSB
Quantizing error — — 05 — — 05 — — 05 LSB
Absolute accuracy — — 40 — ~— #40 — — x40 LSB
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18.3 MCU Operational Timing

This section provides the following timing charts:

18.3.1 Bus timing Figures 18-4 and 18-5
18.3.2 Control Signal Timing Figures 18-6 to 18-8
18.3.3 Clock Timing Figure 18-9

18.3.4 1/O Port Timing Figure 18-10

18.3.5 16-Bit Free-Running Timer Timing  Figures 18-11 and 18-12
18.3.6 8-Bit Timer Timing Figures 18-13 to 18-15
18.3.7 SCI Timing Figures 18-16 and 18-17

18.3.1 Bus Timing

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

Yy

» T1 e T2 ;L Ta

ha— fct l4-tc,

At to Ao >< :§<

A tacc _ 1 tros tRDH
D7 to Do 4
{Read) | twRDs —
tas2 - J tosww 1wRD2 [ =|' < tad -

_ K
WR e

twoo| twos o twon .
D7to Do % y
(Write) AE

Figure 18-4 Basic Bus Cycle (without Wait States) in Expanded Modes
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2. Basic Bus Cycle (with 1 Wait State) in Expanded Modes

T2 Tw ‘ Ts |

Ass to Ao X X

D7 to Do
(Write) ( )

twrs| | twTh twrs| | twrn

. N =t

Figure 18-5 Basic Bus Cycle (with 1 Wait State) in Expanded Modes
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18.3.2 Control Signal Timing

1. Reset Input Timing

. - F/—L;r_,y_/_\
——1

§
RES ] N

tmos
tRESW1, tRESW2
MDz to MDo )J

Figure 18-6 Reset Input Timing

2. Reset Output Timing

tResD

s F

Figure 18-7 Reset Output Timing

3. Interrupt Input Timing

- N Bt S

NMIH

tNmis t
NMI )J L(

tiRais | trai
iRQi to ) g
iRQr
tiraos
IRQo
Figure 18-8 Interrupt Input Timing
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18.3.4 1/O Port Timing

T

Port read/write cycle
T

Port 1

o NS

terH

to (Input)

port 7

Port 1*

to (Output)

tpwD l

port 7
Note: * Except P67 and P67 to P6éo

Figure 18-10 /O Port Input/Output Timing
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18.3.5 16-Bit Free-Running Timer Timing

1. Free-Running Timer Input/Qutput Timing

° _/_\_/(_\_ss_/i_/[_\_

Free-running Compare-match X
timer counter

Atrroo
FTOA1, FTOB:, p
FTOAz, FTOB:2 §<
temis
FTh, FTlz

Figure 18-11 Free-Running Timer Input/Output Timing

2. External Clock Input Timing for Free-Running Timers

" tFrewL | trrewH VI

Figure 18-12 External Clock Input Timing for Free-Running Timers
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18.3.6 8-Bit Timer Timing

1. 8-Bit Timer Output Timing

T Y, N N N

Timer
counter  Compare-match X

trmop

T™MO

Figure 18-13 8-Bit Timer Output Timing

2. 8-Bit Timer Clock Input Timing

Y N N S

-— tTMCS ttmes

— Ji e

trmew o tTMoWH

TMCI

Figure 18-14 8-Bit Timer Clock Input Timing

3. 8-Bit Timer Reset Input Timing

%]
tTmRS
TMRI
Timer y
counter N X H00
Figure 18-15 8-Bit Timer Reset Input Timing
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18.3.7 Serial Communication Interface Timing

tsckw

-

(Scyc

. NN

Figure 18-16 SCI Input Clock Timing

le tseye ol
Serial clock ‘__\ﬂ
[ trxD
Jirdaiie X

Receive
data x

Figure 18-17 SCI Input/Output Timing (Synchronous Mode)

18.3.8 A/D External Trigger Input Timing

trras tTRGH

. N B S

C — |

Figure 18-18 A/D External Trigger Input Timing
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Appendix F  Package Dimensions

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

dimensions of the CP-68 package.
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Figure F-1 Package Dimensions (DC-64S)
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Figure F-2 Package Dimensions (DP-64S)
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Figure F-3 Package Dimensions (FP-64A)
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¥ Figure F-4 Package Dimensions (CP-68)
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