Section 19 Electrical Specifications

19.1 Absolute Maximum Ratings

Table 19-1 lists the absolute maximum ratings.

Table 19-1 Absolute Maximum Ratings

item Symbol Rating Unit
Supply voltage Vce -0.310+7.0 \'
Input voltage (except port 7) Vin -0.3toVcc + 0.3 \'
(port 7) Vin —0.3 to AVcc + 0.3 \
Analog supply voltage AVcc —0.3t0+7.0 Vv
Analog input voltage VAN —0.3 to AVcc + 0.3 )
Operating temperature Topr Regular specifications: —20to +75 ‘C
Wide-range specifications: —40t0 +85 'C
Storage temperature Teg —551to0 +125 ‘C

Note: Permanent LS| damage may occur if maximum ratings are exceeded. Narmal operation
should be under recomended operating conditions.

19.2 Electrical Characteristics
19.2.1 DC Characteristics

Table 19-2 lists the DC characteristics.
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Table 19-2 DC Characteristics

Conditions: VcC = 5.0V 1£10%, AVCC=5.0V +10%"*], VSs = AVss =0 V,
Ta =-20to +75°C (Regular Specifications)
Ta =-40 to +85°C (Wide-Range Specifications)

Sym- Measurement

Item bol Min Max Unit_Conditions
Input High vottage RES, STBY,  VH Vec-07 -  Vcc+03 V

EXTAL Vecx 0.7 - Vcc+03 V

Port 7 22 - AVcc +03 V

Other input pins 22 - Vcc +03 V

(except port 4)
input Low voltage RES, STBY, viL -0.3 - 0.5 \

MD2, MD1, MDo

Other input pins -0.3 - 0.8 \

(except port 4)
Schmitt trigger Port 4 VT 1.0 - 25 \
input voltage v+ 2.0 - 35 Vv

Vi+-Vr 04 - - \

Input leakage RES [ lin | - - 10.0 HA  Vin=05to
current W NMI, - - 1.0 pHA Vcc-05V

MD2, MD1, MDo,

port 7
Leakage current  Port 8, |Irsi] - - 1.0 A  Vin=0.5to
in 3-state ports 6 to 1 Vec-05V
(off state)
Output High All output pins  VOH Vec-05 - - \Y loH = —200 pA
voltage 3.5 - = V_  loH=-1mA
Output Low All output pins VoL - - 0.4 \' loL = 1.6 mA
voltage RES - - 0.4 V lo=26mA
Input copacitance All input pins Cin - - 20 pF  Vin=0V

f=1MHz
Ta = 25°C

Note: *1 AVcc must be connected to the power supply even when the A/D converter is not used.
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Table 19-2 DC Characteristics (cont)

Sym- Measurement
item bol Min Typ Max Unit Condltions
Current dissipation*! Normal operation  Icc - 15 30 mA {=6MHz

- 20 40 mA {=8MHz
- 25 50 mA {=10MHz
Sleep modse - 9 20 mA {=6MHz
- 12 25 mA f=8MHz
- 15 30 mA f=10MHz
Standby - 001 50 pA Ta <50°C
- - 20.0 pA Ta>50°C
Analog supply During A/D Alcc - 1.0 20 mA
current conversion
While waiting - 001 50 puA

Note: *1 Current dissipation values assume that ViH min = VCC - 0.5 V, ViL max = 0.5 V and all

output pins are in the no-load state.

Conditions: VcC=3.0V t05.5 V, VSS = AVsS = 0 V, Ta = -20 to +75°C (Regular Specifications)

AVCcC =50V £10%"*!

Sym- Measurement
tem bol Min Typ Max Unit Conditions
Input High voltage RES, 5TBY, ViH Veex09 -  Vec+03 V
EXTAL Veex09 -~ vVcc+03 V
Port 7 Vee x0.7 - AVcc +03 V
Other input pins Vee x0.7 - Vcc+03 V
(except port 4)

Input Low voltage RES, STBY, Vi -0.3 - Veex 0.1V
MD2z, MD1, MDo
Other input pins ~0.3 - Veex 0.15 V
(except port 4)

Schmitt trigger Port 4 vr Veex 0.2 - Vcex06 V

input voltage V1 Veex04 - Veex 0.7 V

VT+-VT Vece x0.07 — - Vv
Input leakage RES { lin | - - 10.0 MA Vin=0.5to
current STBY, NMi, - - 1.0 BA Vcc-05V

MD2, MD1, MDo,
port 7

Note: *1 AVcc must be connected to the power supply even when the A/D converter is not used.
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Table 19-2 DC Characteristics (cont)

Sym- Measurement
item bol Min Typ Max Unit Conditions
Leakage current  Port 8, |1 - - 1.0 wA  Vin=05to
in 3-state ports 6 to 1 Vcc-0.5V
(off state)

Output High All output pins VOH Vec-04 - - \'J loH = —200 pA
voltage vec-09 - - v loH = —1 mA
Output Low All output pins VoL - - 04 V loL = 1.6 mA
voltage RES - - 04 V loL=26mA
Input copacitance All input pins Cin - - 20 pF  Vin=0V
=1 MHz
Ta = 25°C
Current Normal operation lcc - 20 28 mA f=5MHz
dissipation*1 Sleep mode - 12 18 mA f=5MHz
Standby - 001 50 pA Ta<50°C
- - 20,0 pA Ta>50°C
Analog supply During A/D Alcc - 1.0 20 mA
current conversion
While waiting - 0.01 50 pA

Note: *1 Current dissipation values assume that VIH min = Vcc x 0.9 V, ViL. max = 0.3 V and ali
output pins are in the no-load state.

lcc (mA)
Normal operation
20 |-
15 Sleep mode
10 -
5 —
0 | 1 1
2 3 4 5 6
Vce (V)

Figure 19-1 Relation between Icc and Vcc
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Table 19-3 Allowable Output Current Sink Values

Conditions: VcC =5.0 V £10%, AVCC =5.0 V £10%, VSs = AVss =0 V,
Ta = -20 to +75°C (Regular Specifications)
Ta = -40 to +85°C (Wide-Range Specifications)

item Symbol Min Typ Max Unit
Allowable output Low  Per output pin foL - - 20 mA
current sink (per pin)

Allowable output Low  Total of all Ilol - - 80 mA
current sink (total) output pins

Allowable output High  All output pins —loH - - 2.0 mA
current sink {per pin)

Aliowable output High  Total of all output Z —loH - - 25 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 table 19-3. In particular, when driving a Darlington transistor pair directly, be sure

to insert a current-limiting resistor in the output path. See figure 19-2.

H&/510

Pont

Dartlington pair

Figure 19-2 Example of Circuit for Driving a Darlington Transistor Pair

19.2.2 AC Characteristics

The AC characteristics of the H8/510 chip are listed in three tables. Bus timing parameters are
given in table 20-4, control signal timing parameters in table 20-5, and timing parameters of the

on-chip supporting modules in table 20-6.
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Table 19-4 Bus Timing

Conditions: Vcc=5.0V £10%, AvcCc =50V £10%, ¢ = 0.5 to 10 MHz, Vss =0 V
Ta =-20to +75°C (Regular Specifications)
Ta =-40 to +85°C (Wide-Range Specifications)

6 MHz 8 MHz 10 MHz Measurement
Hem Symbol Min Max Min Max Min Max Unit Conditions
Clock cycle time teyc 166.7 2000 125 2000 100 2000 ns See figures
Clock pulse width Low tcL 65 - 45 - 40 - ns 194and 195
Clock pulse width High tCH 65 - 45 - 0 - ns
Clock rise time tcr - 15 - 15 - 10 ns
Clock fall time tct - 15 - 15 - 10 ns
Address delay time tAD - 50 - 40 - 30 ns
Address hoid time tAH1 30 - 25 - 15 - ns
Read strobe delay time 1 tRDDt - 50 - 40 - 30 ns
Read strobe delay time 2 tROD2 - 50 - 40 - 40 ns
Read strobe width High 1 tASH1 110 - 85 - 70 - ns
Read strobe width High 2 tASH2 110 - 8 - 7 - ns
Wirite strobe delay time 1 tWwRD1 - 50 - 40 - 30 ns
Write strobe delay time 2 ftWRD2 - 50 - 40 - 30 ns
Wirite strobe delay time 3 tWRD8 - 50 - 40 - 30 ns
Wirite data strobe pulse width1 twrw: 150 - 110 - 90 - ns
Wirite data strobe pulse width2 twRwz 200 - 150 - 120 — ns
Address setup time 1 tAS1 25 - 2 - 15 - ns
Address setup time 2 tAS2 25 - 20 - 15 - ns
Address setup time 3 tAs3 105 - 80 - 65 - ns
Read data setup time tRDS 40 - 30 - 20 - ns
Read data hold time tRDH 0 - 0 - 0 - ns
Read data access time 1 tACC1 - 160 -~ 125 - 100 ns
Read data access time 2 taccz - 300 - 230 - 180 ns
Read data access time 3 taccs - 817 - 60 - 55 ns
Read data access time 4 tacca - 230 - 165 - 135 ns
Wiite data delay time twoD - 70 - 60 - 50 ns
Wirite data setup time twDs 30 - 15 - 10 - ns
Wirite data hold time twoH 30 - 25 - 20 - ns
Wait setup time twrs 40 - 40 - 40 - ns See figure 196
Wait hold time tWTH 10 - 10 - 10 - ns
Bus request setup time tBRQS 40 - 40 - 40 - ns Seefigure 19-11
Bus acknowledge delay time 1 teaco1  — 70 - 60 -~ 50 ns
Bus acknowledge delay time 2 tBaCD2 -~ 70 - 60 - 50 ns
Bus floating delay time t8zD - tBACD1 — tBACD1—  tBACD1 NS
HITACHI 300



Table 19-4 Bus Timing (cont)

6 MHz 8 MHz 10 MHz Measurement
Rem Symbol Min Max Min Max Min Max Unit Conditions
E clock delay time ~ 2 - 15 - 15 ns Seefigure 19-12
E clock rise time - 15 - 15 -~ 15 ns
E clock fall time - 15 - 15 - 15 ns
Read data hold time tROHE O - 0 - o - ns  See figure 19-7
(E clock sync)
Wirite data hold time tWoHE 50 - 40 - 30 - ns
{E dlock sync)
Conditions: Vcc=3.0V1055V,8=05t0 50MHz, Vss=0V
Ta =-20 to +75°C (Regular Specifications)
5 MHz Measurement
em Symbol Min Max Unit Conditions
Clock cycle time toyc 200 2000 ns See figures
Clock pulse width Low tcL 60 - ns 19-4 and 19-5
Clock pulse width High CH 60 - ns
Clock rise time tcr - 25 ns
Clock fall time tct - 25 ns
Address delay time tAD — 80 ns
Address hold time (read) tAH1 5 - ns
Address hold time (write) tAH2 20 - ns
Read strobe delay time 1 tROD1 - 80 ns
Read strobe delay time 2 tRDD2 - 120 ns
Wirite strobe delay time 1 tWRD1 - 80 ns
Wirite strobe delay time 2 tWRD2 - 80 ns
Wiite strobe delay time 3 tWRD3 ~ 80 ns
Wirite data strobe pulse width1 tWRW1 150 - ns
Wirite data strobe pulse width2 tWRW2 220 - ns
Address setup time 1 tAS1 30 - ns
Address setup time 2 tAs2 30 - ns
Address setup time 3 tAs3 130 - ns
Read data setup time tRDS 50 - ns
Read data hold time tRDH 0 - ns
Read data access time 1 taccH - 180 ns
Read data access time 2 tacc? - 350 ns
Wirite data delay time tWOD - 120 ns
Write data setup time tWwDs 10 ~ ns
Wiite data hold time TWOH 40 - ns
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Table 19-4 Bus Timing (cont)

5 MHz Measurement
Hem Symbol Min Max Unit Conditions
Wait setup time tWTS 60 - ns See figure 19-6
Wait hold time tWTH t 20 - ns
Bus request setup time 1BRQS 80 - ns See figure 19-11
Bus acknowledge delay time 1 tBACD1 - 80 ns
Bus acknowledge delay time 2 tBACD2 - 80 ns
Bus floating delay time 182D - 1BACD1  ns
E clock delay time tED - 50 ns See figure 19-12
E clock rise time terR - 25 ns
E clock fall time tEF — 25 ns
Read data hold time tRDHE 30 - ns See figure 19-7
(E clock sync)
Wirite data hold time tWDHE 40 - ns
(E clock sync)

Table 19-5 Control Signal Timing

Conditions: Vcc =5.0 V £10%, AVCC = 5.0 V £10%, ¢ = 0.5 to 10 MHz, Vss =0 V
Ta = -20 to +75°C (Regular Specifications)
Ta = -40 to +85°C (Wide-Range Specificalions)

6 MHz 8 MHz 10 MHz Measurement
ltem Symbol Min Max Min Max Min Max Unit Conditions
RES setup time tRESS 200 - 200 - 200 - ns See figure 19-8
RES pulse width tRESW 6.0 - 60 - 60 - teye
RES output delay time tRESO ~ 100 - 100 - 100 ns See figure 19-8
RES output pulse width tRESOW 132 — 132 - 132 - teyc
NMI setup time INMIS 150 - 150 - 150 - ns See figure 19-10
NMI hold time INMIH 10 - 10 - 10 - ns
TRQo setup time fRQoS 50 - 50 - 50 - ns
IRQ1 setup time th1s 50 - 50 - 50 - ns
1RQ1 hold time tRQH 10 - 10 - 10 - ns
NMI pulse width tNMiw 200 — 200 - 200 - ns
(for recovery from
software standby mode)

Crystal oscillator settling tosct 20 - 20 - 20 - ms See figure 19-11
time (reset)

Crystal oscillator settling time tosc2 10 - 10 - 10 - ms See figure 18-1
(software standby)
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Table 19-5 Control Signal Timing (cont)

Conditions: Vcc=3.0V1055V,p=0.5105.0MHz, Vss=0V
Ta =-20 to +75°C (Regular Specifications)

5 MHz Measurement
ftem Symbol Min Max Unit  Conditions
RES setup time tRESS 300 - ns See figure 19-8
RES pulse width tRESW 6.0 - teye
RES output delay time tRESD -~ 150 ns See figure 19-8
RES output pulse width tRESOW 132 - toyc
NMI setup time INMIS 300 - ns See figure 19-10
NMI hold time INMIH 10 - ns
TRQo setup time tIRQOS 100 - ns
TRQ1 setup time tiRQ1S 100 - ns
1RQ1 hold time tiRQIH 10 - ns
NMI pulse width tNMIW 200 - ns
(for recovery from
software standby mode)

Crystal oscillator settling tosct 20 - ms See figure 19-13
time (reset)
Crystal oscillator settling time toscz 10 - ms See figure 18-1

(software standby)
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Table 19-6 Timing Conditions of On-Chip Supporting Modules

Conditions; VCC = 5.0V *10%, AVCC=5.0V +£10%,9 = 0.5 to 10 MHz, Vss=0V

Ta =-20to +75°C (Regular Specifications)
Ta = -40 to +85°C (Wide-Range Specifications)

6 MHz 8 MHz 10 MHz Measurement
hem ] Symbol Min Max Min Max Min Max Unit Conditions
FRT  Timer output deldy me FToD - 100 - 100 —- 100 ns Seefigure 19-15
Timer input setup Sme LaL] 50 - 50 - 50 - ns
Timer clock input setup time Ll 50 - 50 - 5 - ns See figure 19-16
Timer clock puise width Frcw 15 -~ 15 - 15 - tye

TMR  Timer output delay time tTMOD - 100 - 100 - 100 ns See figure 19-17
Timer clock input setup time tms 5 - 5 - 5 - ns Seefigure19-18
Timer clock pulse width tTvMew 15 - 15 - 15 -~ toye
Timer reset input setup time MRS 50 - 50 - 5 - ns See figure 19-19

SCl Input dlock cycle (Async) tSoye 2 - 2 - 2 - toe  See figure 19-20

(Sync) 4 - 4 - 4 -

Input dock pulse width tSCKW 04 06 04 06 04 06 ftseye
Transmit data delay tme (Sync) o - 100 - 100 - 100 ns See figure 19-21
Receive data setup time  (Sync) RS 100 - 100 - 100 — ns
Receive dataholdtime  (Sync) tRxH 100 - 100 - 100 - ns

Pot  Output data delay tme tPwo - 100 - 100 - 100 ns Seefgure 19-14
Inpuit data setup time tPRS 5 - 50 - 50 - ns
Input data hold ime tPRH 5 - 5 - 50 - ns

RFSH  Refresh output delay time 1 WD - 50 45 - 40 ns Seefigure 19-22
Refresh output delay time 2 tRFD2 - 5 - 4 - 4 ns
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Table 19-6 Timing Conditions of On-Chip Supporting Modules (cont)

Conditions: VcC=3.0Vt0o55V,9=05t0 50MHz, Vss=0V
Ta=-20to +75°C (Regular Specifications)
Ta = -40 to +85°C (Wide-Range Specifications)

5 MHz Measurement
Htem Symbol Min Max Unit Conditions
FRT  Timer output delay time tFTOD - 150 ns See figure 19-15
Timer input setup time tFTIS 80 - ns
Timer clock input setup time fF1CS 80 - ns See figure 19-16
Timer clock pulse width tFTcw 15 - feye
TMR  Timer output delay time 1TMOD - 150 ns See figure 19-17
Timer clock input setup time tt™es 80 - ns See figure 19-18
Timer clock pulse width tTMCW 15 -~ tore
Timer reset input setup time 1TMRS 80 - ns See figure 19-19
SCl  Input clock cycle (Async)  tseye 2 - toye See figure 19-20
(Sync) 4 ~ torc
Input clock pulse width tsCkw 04 06 tSoyc
Transmitdatadelay time (Sync) tixo - 200 ns See figure 19-21
Receive data setuptime  (Sync)  tRxS 150 - ns
Receive data hold time (Sync)  tRxH 150 - ns
Port  Output data delay time tPWD - 150 ns See figure 19-14
Input data setup time tPRS 80 ~ ns
Input data hold time tPRH 80 - ns
RFSH Refresh output delay time 1 {RFD1 - 80 ns See figure 19-22
Refresh output delay time 2 1RFD2 - 80 ns
« Measurement Conditions for AC Characteristics
5V
RL
H8/510 o 1'1 o
output pin C =90 pF: P1, P2, 8, E, AS, RD, HWR,
LWR, RFSH, A5 to Ao, D1sto Da,
= 30 pF: P3, P4, P5, P6, P7, P8
RL =24kQ
= § AH RH = 12kQ
Cc input/output timing refarence levels
Low: 08V
High: 20V
nr nr

Figure 19-3 Qutput Load Circuit
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19.2.3 A/D Converter Characteristics

Table 19-7 lists the characleristics of the on-chip A/D conventer.

Table 19-7 A/D Converter Characteristics

Conditions: VCC = 5.0 V £10%, AVCC = 5.0 V £10%, VSS = AVss =0 V,
Ta =-20to +75°C (Regular Specifications)
Ta =40 to +85°C (Wide-Range Specifications)

6 MHz 8 MHz 10 MHz
ltem Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Convaersion time - — 2388 — — 1675 — — 134 us
Analog input capacitance — — 20 — — 20 — — 20 pF
Allowable signal-source impedance — — 10 — — 10 — — 10 kQ
Nonlinearity error — — #8838 — — 3 — — 43 LSB
Offset error - — ¥ - — %2 — — 12 LSB
Full-scale error - — 2 — — $2 —_ — }2 LSB
Quantizing error — — #12 — — @R — — +172 LSB
Absolute accuracy — — 4 — — 14 — — 14 LSB

Conditions: VCC=3.0V t05.5V, Vss = AVss =0 V, Ta = -20 to +75°C (Regular Specifications)
AVCcCc =50V 10%

5 MHz
Item Min Typ Max Unit
Resolution 10 10 10 Bits
Conversion time — — 268 us
Analog input capacitance — — 20 pF
Allowable signal-source impedance — — 10 kQ
Nonlinearity error — — 13 LS8
Offset error — — 12 LSB
Full-scale error - — 12 LSB
Quantizing error — — 12 LSB
Absolute accuracy e LSB
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19.3 MCU Operational Timing

This section provides the following timing charts:

19.3.1 Bus timing

19.3.2 Control Signal Timing

19.3.3 Clock Timing
19.3.4 1/O Port Timing

19.3.5 16-Bit Free-Running Timer Timing

19.3.6 8-Bit Timer Timing

19.3.7 Serial Communication Interface Timing

19.3.8 Refresh Timing

19.3.1 Bus Timing

1. Basic Bus Cycle (Two-State Mode)

Figures 194 to 19-7
Figures 19-8 to 19-11
Figures 19-12 and 19-13
Figure 19-14

Figures 19-15 and 19-16
Figures 19-17 to 19-19
Figures 19-20 and 19-21
Figures 19-22 and 19-23

A23to Ao

AS, RD
(Read)

D15 to Do

(Read)

HWR, LWR

(Write)

Disto Do

(Write)

lt-tCH .- tCL

[——teye——]

le———— 11— ot T2

AN N
tet Pt ter
taD
X K
**
trODZ
| tROO1 JAH
—
_ tasy K tASH1
1ACC3 - o
tRD§ tROH
- tAcCy LI I
2 E
b _ A
_ |twRD1 _ |twno2
tAH
lat——twRw

g
g

N

—

Figure 19-4 Basic Bus Cycle (Two-State Mode)
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2. Basic Bus Cycle (Three-State Mode)

—— T e T2 gl T3
. N NS A N
1
Azsto Ao | X
AS, RD 1\
(Read) k
i 1ACCa
- tacc2 L
Disto Do ):
(Road) “— {WRD3 1
Jet—— tAS3 g———— tWRw2
HWR, LWR 1 /
(Write) twos
Disto Do
witey  ———4 ) S
Figure 19-5 Basic Bus Cycle (Three-State Mode)
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3. Basic Bus Cycle (Three-State Mode with One Wait State)

A2ito Ao

AS, AD
(Read)

D1sto Do
(Read)

HWR, LWR
(Write)

Disto Do
(Write)

le T1 e LE

N

le——— W gl Ty,

X

N\

—<

Y

twTs
"

twTs

twTH

\

7

N

Figure 19-6 Basic Bus Cycle (Three-State Mode with One Wait State)
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4. Bus Cycle Synchronized with E Clock

N
A2310 Ao ,K

AS,RD
{Read)

tRDS

-

tRDHE

Disto Ds
(Read) k

v

tWRDR |t
1AH

AS, HWR :
(Write)}

twoHE

D1sto Ds b
{Write) ‘E

Figure 19-7 Bus Cycle Synchronized with E Clock

HITACHI 310



19.3.2 Control Signal Timing

1. Reset Input Timing

RES

‘r_\‘—-—‘)ﬁl

tRESW

Figure 19-8 Reset Input Timing

2. Reset Output Timing

; T\

tRESD tRESD

AEs —\

tRESDW

Figure 19-9 Reset Output Timing

3. Interrupt Input Timing

° Lf_jp\__//_—\_/__\__/—

INMIS | | INMIH

—ad |l

NMI X

tirais| | tiraiH

o X

Figure 19-10 Interrupt Input Timing
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4. Bus Release State Timing

F VAT O T

(Input) . £ /
P2 P2
tBACD1 tBACD2

BACK ((
(Output) ” —
-
tezp tAD
A23to Ao, it | :
RD, HWR, {4
iwh » $ 7

Figure 19-11 Bus Release State Timing
19.3.3 Clock Timing

1. E Clock Timing

e w
teD €0
E \
teF teR

Figure 19-12 E Clock Timing
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2. Clock Oscillator Stabilization Timing

7

{$(
(s
)
os: of}
F (4
PY

7

I{d

{4
7
I
"
o o3}
L4
2

TN AN\ AN\
4 \ )

N
. s B

Figure 19-13 Clock Oscillator Stabilization Timing
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19.3.4 1/0O Port Timing

Port read/write cycle

-~ T—————»

¢ N

Port 1

to (Input)
port 8

f———— T2 ———— > a—T3

tPRS {PRH

tPwD
Port 1+

to {Output)
port 8

+ Except P77 to P70

Figure 19-14 /O Port Input/Qutput Timing
19.3.5 16-Bit Free-Running Timer Timing

1. Free-Running Timer Input/Output Timing

Free-running
timer counter CompammatchX

_tFTOD

FTOA:1, FTOB1,
FTOA2, FTOB2, P

tFris

FTh, FTi2

Figure 19-15 Free-Running Timer Input/Output Timing
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2. External Clock Input Timing for Free-Running Timers

% N
FTClt
FTCl2 t ) | S
r~

tFrewt I {FTCWH

Figure 19-16 External Clock Input Timing for Free-Running Timers
19.3.6 8-Bit Timer Timing

1. 8-Bit Timer Output Timing

4R N N 2N -

Timer
counter Compare-match ><

tTMOD

T™MO

Figure 19-17 8-Bit Timer Output Timing

2. 8-Bit Timer Clock Input Timing

™CT ) N E!

Figure 19-18 8-Bit Timer Clock Input Timing
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3. 8-Bit Timer Reset Input Timing

TMRI

tTMRS|

Timer
counter

X

H00

Figure 19-19 8-Bit Timer Reset Input Timing

19.3.7 Serial Communication Interface Timing

tsCkw

T NG TN

Figure 19-20 SCI Input Clock Timing

1Seye
Serial clock Zt_\_m
tTxo
- X X X X

tRxs

tAXH

(F’{:;oive X

AN

< X

Figure 19-21 SCI Input/Qutput Timing (Synchronous Mode)
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19.3.8 Refresh Timing

1. Basic Refresh Bus Cycle

A23to Ao

tRFD1 tRAFD2
RFSH

Figure 19-22 Basic Refresh Bus Cycle

2. Refresh Timing (Wait Cycle)

TRt TAw TAw TRz

WAIT

Figure 19-23 Refresh Timing (Wait Cycle)
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