Section 19 Electrical Specifications

19.1 Absolute Maximum Ratings

Table 19-1 lists the absolute maximum ratings.

Table 19-1 Absolute Maximum Ratings

ltem Symbol Rating Unit
Supply voltage vce -0.3t0+7.0 \
Input voltage (except port 7) Vin —0.3to Vcc + 0.3 Vv
(port 7) Vin —0.3to AVcc + 0.3 \J
Analog supply voltage Avce -0.3t0+7.0 v
Analog input voltage VAN -0.3to AVce + 0.3 \'
Operating temperature Topr Regular specifications: —20 to +75 C
Wide-range specifications: —40t0 +85 'C
Storage temperature Tstg -5510 +125 'C

Note: Permanent LSI damage may occur if maximum ratings are exceeded. Normal 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 =5.0 V £10%, AVcc = 5.0V +10%*1, Vss = AVsS =0 V,
Ta =-20 to +75°C (Regular Specifications)
Ta =40 to +85°C (Wide-Range Specifications)

Sym- Measurement

Item bol Min Typ Max Unit Conditions
Input High voltage RES, STBY, VI Vec-07 -  Vec+03 V

EXTAL Veex 0.7 - Vee+03  V

Port 7 2.2 - Avcc + 0.3 V

Other input pins 2.2 - vece+03 V

(except port 4)
input Low voltage @, W ViL —0.3 - 05 Y

MDz2, MD1, MDo

Other input pins -0.3 - 0.8 3

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

VT+-VT 0.4 - - \

Input leakage RES [in] = - 100 pA  Vin=05to
current STBY, NM|, - - 1.0 pA Vee-05V

MD2, MD1, MDo,

port 7
Leakage current  Port 8, fhsi| - - 1.0 uA  Vin=0.5to
in 3-state ports 6 to 1 vcec-05V
(oft state)
Output High All output pins ~ VOH Vcc-05 - - V.  loH =-200pA
voltage 3.5 - — \ IOH = -1 mA
Output Low All output pins VoL - - 04 Vv oL = 1.6 mA
voltage RES - - 0.4 \' loL=2.6 mA
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 Conditions
Current dissipation*? Normal operation  Icc - 15 30 mA f=6MHz

- 20 40 mA f=8MHz

- 25 50 mA f=10MHz

Sleep mode - 9 20 mA f=86MHz

- 12 25 mA f=8MHz

- 15 30 mA f=10MHz

Standby - 0.01 50 pA Ta <50°C

- - 200 pA Ta>50°C

Analog supply During A/D Alcc - 1.0 20 mA
current conversion
While waiting - 001 50 pA

Note: *1 Current dissipation values assume that VIH min = Vcc - 0.5 V, Vit max = 0.5 V and all
output pins are in the no-load state.

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

Sym- Measurement
item bol Min Typ Max Unit Conditions
Input High voltage RES, STBY, ViH Vce x 0.9 - vcc+03 V
EXTAL Vcex0.9 - Vee+03 V
Port 7 Vee x0.7 - AvVcc +0.3 V
Other input pins Veex 0.7 - Vcc+03 V
(except port 4)

Input Low voltage RES, STBY, ViL -0.3 - Veex 0.1V
MD2, MD1, MDo
Other input pins -0.3 - Veex 0.15 V
(except port 4)

Schmitt trigger Port 4 vr Vcex 0.2 - Vcex0.6 V

input voltage T+ Veex 04 - Vcex 0.7

VT+-VT VCce x0.07 — - \

Input leakage RES [ in | - - 10.0 uA Vin=05to
current STBY, NMI, - - 1.0 uA 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
ltem bol Min Typ Max Unit Conditions
Leakage current  Port 8, st - - 1.0 pA  Vin=051o
in 3-state ports 6 to 1 Vee-05V
(off state)

Output High All output pins VOH Vee-04 - - \ loH = —200 pA
voltage Vec-09 - - \' loH = -1 mA
Output Low All output pins VoL - - 04 V loL = 1.6 mA
voltage RES - - 04 V loL = 2.6 mA
Input copacitance All input pins Cin - - 20 pF  Vin=0V
f=1MHz
Ta=25°C
Current Normal cperation  Icc - 20 28 mA {=5MHz
dissipation*1 Sleep mode - 12 18 mA {=5MHz
Standby - 0.01 50 pA Ta<50°C
- - 200 pA Ta>50°C
Analog supply During A/D Alcc - 1.0 2.0 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 all

output pins are in the no-load state.

lcc (mA)
Normal operation
20
Sleep mode

15 -

10 -

5 f—

0 ! ! |

2 3 4 5 6
Ve (V)

Figure 19-1 Relation between ICC and VCC
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Table 19-3 Allowable Output Current Sink Values

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

ltem Symbol Min Typ Max Unit
Allowable output Low  Per output pin loL - - 2.0 mA
current sink (per pin)

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

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

Allowable 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.

H8/510

Port

Darlington 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 =5.0 V £10%, AVcCc=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)

6 MHz 8 MHz 10 MHz Measurement
ltem Symbol Min Max Min Max Min Max Unit Conditions
Clock cycle time toye 166.7 2000 125 2000 100 2000 ns Seefigures
Clock pulse width Low tcL 65 - 4 - 40 - ns 19-4and 19-5
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 hold time tAH1 30 - 25 - 15 - ns
Read strobe delay time 1 tRDD1 - 50 - 40 - 30 ns
Read strobe delay time 2 tRDD2 - 50 - 40 - 40 ns
Read strobe width High 1 tASH1 110 - 85 - 70 - ns
Read strobe width High 2 tASH2 110 - 8 - 70 - ns
Write strobe delay time 1 tWwRD1 - 50 - 40 - 30 ns
Write strobe delay time 2 tWRD2 - 50 - 40 - 30 ns
Write strobe delay time 3 twRDz - 50 - 40 - 30 ns
Write data strobe pulse width1 twrw1 150 - 110 - 90 - ns
Write data strobe pulse width2 twrw2 200 - 150 - 120 - ns
Address setup time 1 tAS1 25 - 20 - 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 - 0o - 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 - 81.7 - 60 - 55 ns
Read data access time 4 taccs - 230 - 165 - 135 ns
Write data delay time twDD - 70 - 60 - 50 ns
Write data setup time twos 30 - 15 - 10 - ns
Write data hold time tWDH 30 - 25 - 26 - ns
Wait setup time twrs 40 - 40 - 40 - ns See figure 19-6
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 tBACD1 - 70 - 60 - 50 ns
Bus acknowledge delay time 2 tBACD2 - 70 - 60 - 50 ns
Bus floating delay time tBZD - tBACD1 — tBACD1—  tBACD1NS
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Table 19-4 Bus Timing (cont)

6 MHz 8 MHz 10 MHz Measurement
em Symbol Min Max Min Max Min Max Unit Conditions
E clock delay time tED - 20 - 15 - 15 ns Seefigure 19-12
E clock rise time tER - 15 - 15 - 15 ns
E clock fall time {EF - 15 - 15 - 15 ns
Read data hold time tRDHE O - 0 - 0 - ns  See figure 19-7
(E clock sync)
Write data hold time twpHE 50 - 0 - 30 - ns
(E clock sync)

Conditions: VcCc=3.0V1t055V,8=051050MHz,Vss=0V
Ta=-20 to +75°C (Regular Specifications)

5 MHz Measurement
em Symbol Min Max Unit Conditions
Clock cycle time toye 200 2000 ns See figures
Clock pulse width Low tcL 60 - ns 19-4 and 19-5
Clock pulse width High fcH 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 tRDD1 - 80 ns
Read strobe delay time 2 tRDD2 - 120 ns
Wiite strobe delay time 1 tWRD1 - 80 ns
Wirite strobe delay time 2 tWRD2 — 80 ns
Wirite 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 tASt 30 - ns
Address setup time 2 tAS2 30 - ns
Address setup time 3 1AS3 130 - ns
Read data setup time tRDS 50 - ns
Read data hold time tRDH 0 - ns
Read data access time 1 tAcC1 - 180 ns
Read data access time 2 tacc2 - 350 ns
Write data delay time twoD - 120 ns
Write data setup time tWDSs 10 - ns
Wirite data hold time tWDH 40 - ns
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Table 19-4 Bus Timing (cont)

5 MHz Measurement
Iltem Symbol Min Max Unit Conditions
Wait setup time tWTs 60 - ns See figure 19-6
Wait hold time twTH 20 - ns
Bus request setup time tBRQS 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 tBzZD - tBACDT ns
E clock delay time tED - 50 ns See figure 19-12
E clock rise time tER - 25 ns
E clock fall time {EF - 25 ns
Read data hold time tRDHE 30 - ns See figure 19-7
(E clock sync)
Write data hold time tWDHE 40 - ns
(E clock sync)

Table 19-5 Control Signal Timing

Conditions: VcC=5.0V £10%, AVcc=50V £10%,8=0.5t0 I0 MHz, Vss =0V

Ta = -20to +75°C (Regular Specifications)

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

6 MHz 8 MHz 10 MHz Measurement
Item 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 - 80 . - 60 - teye
RES output delay time tRESD - 100 - 106 - 100 ns Seefigure 19-8
RES output puise width tRESOW 132 - 132 - 132 - teye
NMI setup time tNMIS 150 - 150 - 150 - ns See figure 19-10
NMI hold time INMIH 10 - 10 - 10 - ns
1RQo setup time tiRQos 50 - 50 - 5 - ns
IRQ1 setup time tiRQts 50 - 50 - 50 - ns
1RQ1 hold time tRatH 10 - 10 - 10 - ns
NMI pulse width tNMw - 200 — 200 - 200 - ns
(for recovery from
software standby mode)
Crystal oscillator settling 10SC1 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: VcCc=30Vt055V,p=051050MHz, Vss=0V
Ta =20 to +75°C (Regular Specifications)

5 MHz Measurement
ltem Symbol Min Max Unit Conditions
RES setup time tRESS 300 - ns See figure 19-8
RES pulse width tRESW 6.0 - teyc
RES output delay time tRESD - 150 ns See figure 19-8
RES output pulse width tRESOW 132 - teye
NMI setup time tNMIS 300 - ns See figure 19-10
NMI hold time tNMIH 10 - ns
1RQo setup time tIRCOS 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 tosc1 20 - ms See figure 19-13
time (reset)
Crystal oscillator settling time tosc2 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%,6=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 Measurement
Item Symbol Min Max Min Max Min Max Unit Conditions
FRT  Timer output delay ime tFTOD - 100 - 100 - 100 ns  Seefigure 19-15
Timer input setup time tFTIS 80 - 50 - 50 - ns
Timer clock input setup time 3¢ 50 - 5 - 50 -~ ns Seefgure 19-16
Timer clock pulse width tFTCW 15 - 15 - 15 - toye
TMR  Timer output delay time fTMOD - 100 - 100 ~ 100 ns Seefigure 19-17
Timer clock input setup time tMes 5 - 50 - 80 - ns  Seefigure 19-18
Timer clock pulse width tTMCW 15 - 15 - 15 - toye
Timer reset input setup time tT™MRS 5 - 5 - 5 - ns  Seefigure 19-19
SCl Input clock cycle (Async)  tseyc 2 - 2 - 2 - tye  See figure 19-20
(Sync) - 4 - 4 - by
Input clock pulse width tSCkwW 04 06 04 06 04 06 fSorc
Transmitdata delay ime (Sync) 10O - 100 - 100 - 100 ns  Seefigure 19-21
Receive data setup ime  (Sync) RS 100 - 100 - 100 — ns
Receive datahold time  (Sync)  tRxH 100 - 100 - 100 — ns
Port Output data delay ime tPWD - 100 - 100 - 100 ns Seefigure 19-14
Input data setup time tPRS 50 - 5 - 50 - ns
Input data hold time tPRH 5 - 50 - 50 - ns
RFSH Refresh output delay time 1 RFD1 - 50 - 45 - 40 ns Seefigure 19-22
Refresh output delay time 2 tRFD2 - 50 - 46 - 40 ns
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Table 19-6 Timing Conditions of On-Chip Supporting Modules (cont)

Conditions: VcCc=3.0V1t05.5V,8=0.5t050MHz, Vss=0V
Ta =20 to +75°C (Regular Specifications)
Ta =-40 to +85°C (Wide-Range Specifications)

5 MHz Measurement
em Symbol Min Max Unit  Conditions
FRT  Timer output delay time 1FTOD - 150 ns See figure 19-15

Timer input setup time 1FTIS 80 - ns
Timer clock input setup time tFTCS 80 - ns See figure 19-16
Timer clock pulse width tFTcw 15 - toye
TMR  Timer output delay time {TMOD - 150 ns See figure 19-17
Timer clock input setup time frMcs 80 - ns See figure 19-18
Timer clock pulse width fTMew 15 - toye
Timer reset input setup time {TMRS 80 - ns See figure 19-19
SCI  Input clock cycle (Async) 1Scyc 2 - toyc See figure 19-20
(Sync) 4 - toye
Input clock pulse width 1SCKW 04 06 1Scyc
Transmit data delay time  (Sync)  tTXD - 200 ns See figure 19-21
Receive data setuptime  (Sync)  tRXS 150 - ns
Receive dataholdtime  (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 tRFD1 - 80 ns See figure 19-22
Refresh output delay time 2 tRFD2 - 80 ns

+« Measurement Conditions for AC Characteristics

5V
RL
H8/510 e %1 o
output pin C=90 pF: P1, P2, 6, E, AS, RD, HWR,
LWR, RFSH, A15 to Ao, D1sto Ds,
=30 pF: P3, P4, P5, P&, P7, P8
RL =24kQ
- § RH RH=12kQ
C Input/output timing reference levels
Low: 08V
High: 20V
nr r

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

Table 19-7 lists the characteristics of the on-chip A/D converter.

Table 19-7 A/D Converter Characteristics

Conditions: VcC = 5.0 V £10%, AVCC = 5.0 V +10%, VSS = AVSS = 0 V,
Ta=-2010 +75°C (Regular Specifications)
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 —~ — 238 — — 1875 — — 134 us
Analog input capacitance - — 20 — — 20 — — 20 pF
Allowable signal-source impedance — — 10 — — 10 — — 10 kQ
Nonlinearity error — — 8B — — 43 — — 13 LSB
Offset error — — 2 —_ — %2 — — *2 LSB
Full-scale error —  — 2 — — 2 — — 2 LSB
Quantizing error - — 2 — — H2 — — #/2 LSB
Absolute accuracy — — ¥ — — 14 — — 4 LSB

Conditions: VCC=3.0V 1055V, Vss = AVss =0 V, Ta = -20 to +75°C (Regular Specifications)
AVCC =50V +10%

5 MHz
ltem 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 — — 43 LSB
Offset error — —  *2 LSB
Full-scale error — — 2 LSB
Quantizing error —  — /R LSB
Absolute accuracy —  — 4 LSB
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19.3 MCU Operational Timing

This section provides the following timing charts:

19.3.1 Bus timing Figures 19-4 to 19-7
19.3.2 Control Signal Timing Figures 19-8 to 19-11
19.3.3 Clock Timing Figures 19-12 and 19-13
19.3.4 1/O Port Timing Figure 19-14

19.3.5 16-Bit Free-Running Timer Timing Figures 19-15 and 19-16
19.3.6 8-Bit Timer Timing Figures 19-17 to 19-19
19.3.7 Serial Communication Interface Timing  Figures 19-20 and 19-21
19.3.8 Refresh Timing Figures 19-22 and 19-23

19.3.1 Bus Timing

1. Basic Bus Cycle (Two-State Mode)

e— Tt ol T2

I (= a—
- 1CH et tCL
- - K
° _/ &K_/
-t - tor
tAD
W
A2ato Ao X_‘ }(
tRDD2
tRDD1 tAH
AS, RD t _NF tASHI
(Read) A IR o - -
tRDS tRDH
- tacct ——] hl
- b
D15 to Do {r ,E—
(Read) tWRD1 tWRD2
taH |
l———tWRWI— g |
HWR, LWR j\ ZZ
(Write) [ tAS2 i T A
twpD tWDH

—
D1sto Do 3
(Write) A —

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

A23to Ao

AS, RD
(Read)

Disto Do
(Read)

HWR, LWR
{Write)

Disto Do
(Write)

-—— T1

Jm

——— T2

—__

-~ T3

taccs

vy

taccz

twos

— tWRD3

lt—— tAS3 —14—— twRW2 —-/L
K.

a S—

>
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Figure 19-5 Basic Bus Cycle (Three-State Mode)




3. Basic Bus Cycle (Three-State Mode with One Wait State)

Azito Ao

AS, RD
(Read)

D1sto Do
{Read)

HWR, LWR
{Write)

D15 to Do
(Write)

WAIT

T e T T™ T
N K
X X
— —
Co—
\ a
— )~
wrs|| e twrs| |t
\[ I/ AN

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

° VARV A N
-— tED
g \
A23t0 A0 j§<
tRDD2| [wa
| taH
AS,RD
(Read)
tRDS
] tROHE
Disto Da
(Read)
tWRD2jeaH{p} »
tAH
AS, AHWR
(Write}
tWOHE
Disto Ds Y
{Write) 7E
Figure 19-7 Bus Cycle Synchronized with E Clock
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19.3.2 Control Signal Timing

1. Reset Input Timing

° /.
tRESS tRESS

RES )

¢

tRESW

Figure 19-8 Reset Input Timing

2. Reset Qutput Timing

tRESD tRESD
r—

RES ) \

—

tRESDW

Figure 19-9 Reset Output Timing

3. Interrupt Input Timing

o N N ¥ S S
tINMIS | [ INMIH
NMI >< X

tirais| | tiRCIH

-

iRQT to IRQ3 ><j K

tiRQoOS

G N

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

T TS IS e T

BREQ
{Input) I « /

7 7
{BACD? tBACD2

BACK «
(Output) 7
«
tezD 7 tAD
A23to Ao, i :
RD, HWR, 1
[WR \\ i

Figure 19-11 Bus Release State Timing
19.3.3 Clock Timing

1. E Clock Timing

: ™~

teD 1D

E ‘:—\

ter ter

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

(i
P
L
»
tosc
{(
M

)7

AN\ NAANNNN—s—IWIT\ I\
|

(4
)

4
J
J— )
sTBY J tosct
{
)3

vce

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

Port 1

to ({Input)
port8
Port 1+

port 8

to (Output)

Port read/write cycle

tPRS

tPRH

r¢————T2 ———r————T3

tPWD

ok

* Except P77 to P70

Figure 19-14 1/0 Port Input/Qutput Timing

19.3.5 16-Bit Free-Running Timer Timing

1. Free-Running Timer Input/Qutput Timing

Free-running
timer counter

FTOA1, FTOB1,
FTOAz, FTOBz,

FTi1, FTl2

2N NI 2 NI N

Compar&matchx

tFTOD

tFTiS

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

o N L

tFTCs

2
FTCH B AN
FTCl2 )y

[~ tFTCWL 1FTCWH

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

1. 8-Bit Timer Output Timing

e _/j—/_m

Timer
counter  Compare-match ><

tTMOD

TMO

Figure 19-17 8-Bit Timer Output Timing

2. 8-Bit Timer Clock Input Timing

TMCI ‘\r j
-+ tTMCWL * {TMCWH
T il

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

tTMRS|

TMRI

Timer .
counter n >< H'00

Figure 19-19 8-Bit Timer Reset Input Timing

19.3.7 Serial Communication Interface Timing

tSeye

Figure 19-20 SCI Input Clock Timing

tSeye

Serial clock zw

tTXD

s A X X X

tRXS | | tRXH

e X XA X

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

1. Basic Refresh Bus Cycle

c AN
s N

tRFD1 tRFD2

— —]
RFSH

Figure 19-22 Basic Refresh Bus Cycle

2. Refresh Timing (Wait Cycle)

TR TRW Trw TR2

tWTs | [twTH tWTS | [tWTH

WAIT

Figure 19-23 Refresh Timing (Wait Cycle)

317







