Section 15 Electrical Characteristics

15.1 Absolute Maximum Ratings
Table 15-1 lists the absolute maximum ratings.

Table 15-1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vee -0.310 +7.0 Vv
Input voltage (except port 7) Vin ~0.31t0 V¢ +0.3 \)
Input voltage (port 7) ViN —0.3 to AV +0.3 Vv
Analog power supply voltage AVce -0.3t0+7.0 A
Analog input voltage Van —0.3t0 AV +0.3 Vv
Operating temperature Topr Reguiar specifications: =20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature Tsig -55t0 +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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15.2 Electrical Characteristics

15.2.1 DC Characteristics

Table 15-2 lists the DC characteristics. Table 15-3 lists the permissible output currents.
Table 15-2 DC Characteristics

Conditions: Vo= 5.0V £ 10%, AVee =5.0 V + 10%, Vgg = AVgg = 0 V¥,
T, = -20°C to +75°C (regular specifications),
T, = —40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Ports8,A,B V¢~ 1.0 — — \'
trigger input _ _
voltages Vit Veex0.7 V
VT+ - VT_ 04 -_ _ \'

Input hlgh RES, STBY, V|H VCC -0.7 — VCC +03 V
voltage NMI, MD, to

MDg

EXTAL VCC x0.7 — VCC +03 V

Port 7 2.0 — AVCC +03V

Ports 4, 6, 9, 2.0 — Vec+03 V

D15 to DB
Input low RES, STBY, Vi -0.3 — 0.5 \
voltage MD, to MDy

NMI, EXTAL, -0.3 - 0.8 \

ponts 4,6,7,9,

D15 to Da
Output high  All output pins Vgy Vge—-05 — —_ \ loy =—200 pA
voltage 3.5 — — V. loq=—1mA
Outputlow Al output pins Vg, — — 0.4 Vv lop = 1.6 mA
voltage Port B, — — 1.0 V  lo =10mA

A1 9 to AO

Note: *If the A/D converter is not used, do not leave the AV and AVgg pins open.
Connect AV to Ve, and connect AVgg to Vgg.
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Table 15-2 DC Characteristics (cont)

Conditions: VCC =50V +10%, AVCC =50V=z 10%, VSS = AVSS =0 V*l,

T, =-20°C to +75°C (regular specifications),
T, = —40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Input leakage STBY, NM!, Iyl — — 1.0 A Vy=05to
current RES, Vec =05V
MD, to MD,
Port 7 —_ —_ 1.0 pA VIN =05t
AVge~-05V
Three-state Ports 4, 6,8, |l — — 1.0 HA Vpy=05to
leakage 9,A, B Ajgto Vec—-05V
current Ag, Dygto Dg
(off state)
Input pull-up Port 4 -lp 50 — 300 PA V=0V
current
Input NMi Cin — — 50 pF V=0V
capacitance All input pins —_ — 15 f|_=1 'zvg;lé
except NMI a=
Current Normal lcc — 45 60 mA =16 MHz
dissipation*2 operation
Sleep mode — 32 45 mA f=16MHz
Standby -— 0.01 5.0 pPA  T,<50°C
*3
meode — — 20.0 WA 50°C<T,
Analog power During A/D Alce — 1.5 26 mA
supply current conversion
idle — 0.02 10.0 pA
RAM standby voltage VRAM 2.0 — — Vv

Notes: 1. If the A/D converter is not used, do not leave the AV and AVgg pins open.

Connect AV to Ve, and connect AVgg to Vgg.

2. Current dissipation values are for Viymin = Ve — 0.5 V and V) a = 0.5 V with all output

pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for Vgay < Ve < 4.5 V, Viymin = Ve X 0.9, and V) max = 0.3 V.

B 4496204 00L4597 L0O& HM

363




Table 15-2 DC Characteristics (cont)

Conditions: Vee =27V 105.5V, AV =27V 105.5V, Vgg = AVgg =0 V*,
T, = —20°C to +75°C (regular specifications),
T, = —40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Ports8,A,B V4~ Veex0.2 — —_ Y
trigger input + _ _
voltages VT VCC x 0.7 \'
VT+— VT— VCC x 0.07 — -_— \'
Input hlgh RES, STBY, VlH VCC x09 — VCC +03 V
voltage NMI, MD, to
MDg
EXTAL VCC x0.7 — VCC + 0.3 v
Port7 Vo x0.7 — AVee +03 V
Ports 4, 6, 9, VCC x0.7 — VCC +03 V
D15 to DB
input low RES, STBY, V. 0.3 — Veex01 V
voltage MD, to MDg
NMI, EXTAL, -0.3 — Veex02 V Vec <40V
orts 4, 6, 7, 9,
B b 0.8 Vo Veo=
15 8 40to b5V
Output high  All output pins Vg Vec—-05 — — Vv lon = =200 pA
voltage Voc-10 — — V  lon=—1mA
Outputiow  All output pins Vg, — — 04 \ lop = 1.6 mA
voltage  ponp, — — 1.0 Vo Vec<4V
A19 to Ao IOL =5 mA,
4V < VCC < 55 V
IOL =10 mA

Note: * If the A/D converter is not used, do not leave the AV and AVgg pins open.
Connect AV to Ve, and connect AVgg to Vgg.
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Table 15-2 DC Characteristics (cont)

Conditions: VCC =27Vios55YV, AVCC =27Vito55YV, VSS = AVSS =0 V*],
T, =-20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

ltem Symbol Min Typ Max Unit Test Conditions
Input leakage STBY, NMI, i)l — —_ 1.0 PA  Viy=05to
current RES, Vec—05V

MDZ to MDO

Port 7 —_ _— 1.0 IJA VIN =05to

AVec—-05V
Three-state Ports 4, 5,6, llgl — — 1.0 BA  Vy=05to
leakage 8,9,A, B, Ve =05V
current Aqgto Ag,
(off state) Dy5to Dg
Input pull-up Port 4 ~lp 10 —_ 300 HA  Vec=27Vto
current 55V,
VlN = 0 V

Input NMI Cin — -_ 50 pF  Viy=0V
capacitance Ay input pins — — 15 fl'=-1- gﬂst'é

except NMI a~
Current Normal lcc™t — 12 33.8 mA {=8MHz
dissipation*2 operation (8.0V) (5.5V)

Sleep mode — 8 25.0 mA {=8MHz

(3.0V) (55V)
Standby — 0.0t 5.0 pA  T,<50°C
*3

mode — - 20.0 WA 50°C<T,
Analog During A/D Alee — 1.2 24 mA AVge=3.0V
power conversion _ 15 _ mA  AVgg=5.0V
supply -
current idle — 0.02 10.0 pA
RAM standby voltage VraMm 2.0 — — \

Notes: 1. If the A/D converter is not used, do not leave the AV¢¢ and AVgg pins open.

Connect AV to Ve, and connect AVgg to Vgs.

2. Current dissipation values are for Vmin = Vog — 0.5 V and Vi nax = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for Veay < Ve < 2.7 V, Vigmin = Vee % 0.9, and Vi max = 0.3 V.

4. g depends on V¢ and f as follows:
lceomax = 3.0 (MA) + 0.7 (MA/MHz - V) x V¢ x f [normal mode]
Iccmax = 3.0 (MA) + 0.5 (MA/MHz - V) x V¢ % f [sleep mode]
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Table 15-2 DC Characteristics (cont)

Conditions: Voc=3.0V 10 5.5V, AV =3.0V 1055V, Vgg = AVgg = 0 V¥,
T, =-20°C to +75°C (regular specifications),
T, =—-40°C to +85°C (wide-range specifications)

ltem Symbol Min Typ Max Unit Test Conditions
Schmitt Ports 8, A,B Vi Veex02 — — \
trigger input + _ _
voltages Vr Vecx07 V
Vit =V VCC x0.07 — — \Y
Input high  RES, STBY, V|4 Veex09 — Vec+03 V
voltage NMI, MD, to
MDg
EXTAL VCC x07 — VCC +03 V
Port 7 Veex0.7 — AVge +0.3 V
Ports 4, 6, 9, VCC x0.7 — VCC +03 V
D15 to D8
Input low RES, STBY, VIL -0.3 —_ VCC x 0.1 Vv
voltage MD, to MD,
NMI, EXTAL, -0.3 — Veex02 V Vo <4.0V
pDort? 4b6, 7,9, 0.8 Vv Vg =
1510 s 40t055V
Output high  All output pins Vg Veg—-05 — — v lon =—200 pA
voltage Veg-10 —  — V. loy=—1mA
Outputlow Al output pins Vg, — — 0.4 \ loL =1.6 mA
voltage Port B, — — 10 V. Vee<4V
A1g to AO IOL =5mA
4V < VCC <55
'OL =10 mA

Note: * If the A/D converter is not used, do not leave the AV and AVgg pins open.
Connect AV to V¢, and connect AVgg to Vgg.
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Table 15-2 DC Characteristics (cont)

Conditions: VCC =30Vto55YV, AVCC =30VtoS55YV, VSS = AVSS =0 V*l,
T, =-20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

ltem Symbol Min Typ Max Unit Test Conditions
Input leakage STBY, NMI, Iyl — - 1.0 A Viy=0.5to
current RES, Vec=-05V

MD, to MDy

Port 7 — — 1.0 MA  Vy=0.5t0

AVge -0.5V
Three-state  Ports 4, 6, llrg4l — — 1.0 PA Viy=05to
leakage 8to B, Vee—05V
current Aqgto Ay,
(off state) Dy5to Dg
input pull-up Port 4 -lp 10 — 300 PA  Vee=3.0Vio
current 55V,
VlN = 0 V

InpUt NMI CIN —_ — 50 pF VIN =0V
capacitance Ay input pins — — 15 fr=1 2"5“(2:

except NMI a-
Current Normal lec™ — 15 415 mA {=10MHz
dissipation*2 operation (3.0V) (55V)

Sleep mode — 10 30.5 mA f=10MHz

(3.0V) (55V)
Standby - 0.01 50 HA  T,<50°C
*3

mode — — 20.0 pA  50°C<T,
Analog During AAD  Algc — 1.2 24 mA  AVgc=3.0V
power conversion _ _ _
SUpply - 1.5 mA AVCC =50V
current Idle — 0.02 10.0 HA
RAM standby voltage VRAM 2.0 — — \

Notes: 1. If the A/D converter is not used, do not leave the AV and AVgg pins open.

Connect AV to Ve, and connect AVgg to Vgg.

2. Current dissipation values are for Viymi, = Vo — 0.5 V and V. = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for Vgam < Ve < 2.7 V, Vigmin = Ve X 0.9, and Vy oy = 0.3 V.

4. lgc depends on V¢ and f as follows:
lccmax = 3.0 (MA) + 0.7 (MA/MHz - V) X Ve x f [normal mode]
lccmax = 3.0 (MA) + 0.5 (MA/MHZ - V) X V¢ x f [sleep mode]
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Table 15-3 Permissible Output Currents

Conditions: Voc=27V105.5V,AVee=27V 1055V, Vgg=AVgs=0V,
T, =-20°C to +75°C (regular specifications),
T, = —40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 5 and B, Ajgto Ag loL — — 10 mA
low current (per pin) Other output pins — — 20 mA
Permissible output Total of 24 pins including ZlgL — — 80 mA
low current (total) port Band Ajgto Ap
Total of all output pins, — — 120 mA
including the above
Permissible output All output pins loH — — 2.0 mA
high current (per pin)
Permissible output Total of all output pins Zlon — — 40 mA

high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 15-3.
2. When driving a darlington pair or LED, aiways insert a current-limiting resistor in the
output line, as shown in figures 15-1 and 15-2.

368

B 4496204 00b4kLO2 &T5 HE

e e e




H8/3001

Port

Darlington pair

Figure 15-1 Darlington Pair Drive Circuit (Example)

HB8/3001

Ports 5and B
600Q

LED

Figure 15-2 LED Drive Circuit (Example)
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15.2.2 AC Characteristics

Bus timing parameters are listed in table 15-4. Control signal timing parameters are listed in
table 15-5. Refresh controller bus timing parameters are listed in table 15-6. Timing parameters of
the on-chip supporting modules are listed in table 15-7.

Table 15-4 Bus Timing (1)

Condition A; VCC =27VitSs5Y, AVCC =27Vto55V, VSS = AVSS =0V,
¢ =2 MHz to 8 MHz, T, = -20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Condition B: Voc=3.0V 055V, AV =30V 1055V, Vgg=AVgg=0V,
g =2 MHz to 10 MHz, T, = -20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Condition C: Voe=5.0V £ 10%, AVee=5.0V + 10%, Vgg= AVgg =0V,
¢ =2 MHz to 16 MHz, T, = -20°C to +75°C (regular specifications),
T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C

8 MHz 10 MHz 16 MHz Test
ltem Symbol Min Max Min Max Min Max Unit Conditions
Clock cycle time teve 125 500 100 500 62.5 500 ns  Figure 15-4,
Clock low pulse width g, 40 _ 30 — 20 — Figure 15-5
Clock high pulse width  tcy 40 — 30 — 20 —
Clock rise time tcr — 20 — 15 — 10
Clock fall time ter — 20 — 15 — 10
Address delay time tao — 60 — 50 — 30
Address hold time tan 25 — 20 — 10 —
Address strobe delay ~ tagp —_ 60 — 40 _ 30
time
Write strobe delay time  tygp — 60 — 50 — 30
Strobe delay time tsp - 60 — 50 - 30
Write data strobe pulse  tygwqx 85 — 60 - 35 —
width 1
Write data strobe pulse  tygwox 150 — 110 —_ 65 —
width 2
Address setup time 1 tag, 20 - 15 — 10 _
Address setup time 2 tag 80 — 65 — 40 —
Read data setup time ~ tgpg 50 — 35 — 20 —
Read data hold time tRoH 0 — 0 — 0 —
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Table 15-4 Bus Timing (cont)

Condition A: V=27V 1055V, AVee=27V 1055V, Vgg=AVgs=0V,
¢ =2 MHz to 8 MHz, T, = -20°C to +75°C (regular specifications),
T, = -40°C to +85°C (wide-range specifications)

Condition B: VCC =30V1055 V, AVCC =30Vt0S5 V, VSS = AVSS =0 V,
# =2 MHz to 10 MHz, T, = -20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Condition C: V=50V £10%, AV =50V +10%, Vgg = AVgg=0'V,
# =2 MHz to 16 MHz, T, = —20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C

8 MHz 10 MHz 16 MHz Test
Item Symbol Min Max Min Max Min Max Unit Conditions
Write data delay time  twpp — 75 — 75 — 60 ns  Figure 15-4,
Write data setup time 1 typgy 60 — 40 — 15 — Figure 15-5
Write data setup time 2 twpgo 5 — -10 — -5 -
Write data hold time twoH 25 — 20 — 20 —
Read data access taccr®x — 110 — 100 — 55
time 1
Read data access taccax — 230 — 200 — 115
time 2
Read data access taccax — 55 — 50 — 25
time 3
Read data access taccax — 160 — 150 — 85
time 4
Precharge time tech* 85 — 60 — 40 —_
Wait setup time twrs 40 —_ 40 — 25 — ns  Figure 15-6
Wait hold time W 10 — 10 — 5 —
Bus request setup ime  tgpqg 40 — 40 — 40 — ns  Figure 15-9
Bus acknowledge teacDr  — 60 — 50 — 30
delay time 1
Bus acknowledge teacDz — 60 — 50 —_ 30
delay time 2
Bus-floating time tszp — 70 — 70 — 40
Note is on next page.
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Note: In condition A, the times below depend as indicated on the clock cycle time.

tACC1 =15x tcyc -~78 (ﬂS) tw5w1 =1.0x tcyc - 40 (ns)
taccz = 2.5 X tey. — 83 (ns) twswz = 1.5 X tgc — 38 (ns)
tACC3 =1.0x QCVC -70 (nS) tPCH =1.0x tcyc - 40 (nS)

tACC4 =2.0x tcyc -90 (nS)
In condition C, the times below depend as indicated on the clock cycle time.

tACC1 =15x% tcyc -39 (ns) twswi = 1.0 x tcyc - 28 (ns)
tACCZ =25x% tcyc -4 (ns) twswz =15x% tCYC -28 (ns)
taccs = 1.0 Xty — 38 (ns) tpcy = 1.0 Xty - 23 (ns)

tacca = 20x tcyc —-40 (ns)
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Table 15-5 Control Signal Timing

Condition A: VCC =27Vitwo55Y, AVCC =50V +10%, VSS = AVSS =0V,
8 =2 MHz to 8 MHz, T, = -20°C to +75°C (regular specifications),
T, = -40°C to +85°C (wide-range specifications)

Condition B: VCC =3.0V1t5.5 v, AVCC =30Vto55YV, VSS = AVSS =0V,
8 =2 MHz to 10 MHz, T, = ~20°C to +75°C (regular specifications),
T, =—-40°C to +85°C (wide-range specifications)

Condition C: VCC =50V= 10%, AVCC =50V= 10%, VSS = AVSS =0 V,
¢ =2 MHz to 16 MHz, T, = -20°C to +75°C (regular specifications),
T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz

Test

item Symbol Min Max Min Max Min Max Unit Conditions
RES setup time thess 200 - 200 —_ 200 - ns  Figure 15-7
RES pulse width tresw 10 —_ 10 —_ 10 - teve
NMI setup time tmis 200 — 200 — 150 — ns  Figure 15-8
(NMI, IRQy, IRQ;, IRQy)
NMI hold time thviH 10 — 10 —_ 10 —
(NML, IRQ;4, IRQp)
Interrupt pulse width taviw 200 — 200 — 200 —
(NMI, IRQ; to IRQ,
when exiting software
standby mode)
Clock oscillator setting togey 20 — 20 —_ 20 — ms  Figure 15-10
time at reset (crystal)
Clock oscillator settling  togces 8 — 8 — 8 - ms  Figure 14-1
time in software standby
(crystal)
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Table 15-6 Timing of On-Chip Supporting Modules

Condition A: Vec=27V1055V,AVec=27V 1055V, Vgs =AVgg =0V,
# =2 MHz to 8 MHz, T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Condition B: Vee=3.0V 1055V, AVee=30V 1055V, Vgg=AVgg=0V,
8 =2 MHz to 10 MHz, T, = -20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Condition C: Ve =50V £10%, AV =5.0V + 10%, Vgg = AVgg =0V,
$ =2 MHz to 16 MHz, T, = -20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz

Test

ltem Symbol Min Max Min Max  Min Max Unit Conditions
ITU  Timer output ttoco — 100 — 100 — 100 ns  Figure 15-12

delay time

Timer input tTlCS 50 — 50 bt 50 —

setup time

Timer clock treks 50 — 50 — 50 — Figure 15-13

input setup time

Timer Single  trokwn 1.5 — 1.5 - 1.5 — teve

clock edge

pulse ‘o 4 25 — 25 — 25 @ —

: TCKWL . - .

width edges
SCl Input Asyn-  tgeye 4 — 4 — 4 - Figure 15-14

clock chronous

cycle Syn- tscve 6 —_ 6 — 6 —_

chronous

Input clock rise  tgok, — 1.5 — 1.5 — 1.5

time

Input clock fall  tgeyg — 1.5 — 1.5 — 15

time

Input clock tsckw 0.4 0.6 0.4 0.6 0.4 0.6 tscve

pulse width
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Table 15-7 Timing of On-Chip Supporting Modules (cont)

Condition A: Voe=27 V1055V, AVec=27V 1055V, Vgg= AVgg =0V,

Condition B: Vee=3.0V 1055V, AVee=30V 1055V, Vgg= AVgg =0V,

Condition C:

# =2 MHz to 8 MHz, T, = -20°C to +75°C (regular specifications),

T, = —40°C to +85°C (wide-range specifications)

¢ =2 MHz to 10 MHz, T, = -20°C to +75°C (regular specifications),

T, =-40°C to +85°C (wide-range specifications)
VCC =50V=x 10%, AVCC =50V x10%, VSS = AVSS =0V,

¢ =2 MHz to 16 MHz, T, = -20°C to +75°C (regular specifications),

T, =—40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C

8 MHz 10 MHz 16 MHz Test

Item Symbol Min Max Min Max Min Max Unit Conditions
SCI Transmit data delay  tyyp — 100 — 100 — 100 ns  Figure 15-15

time

Receive data setup taxs 100 — 100 — 100 —

time (synchronous)

Receive data Clock tgyy 100 — 100 — 100 —

hold time input

(synchronous) Clock  thxey 0 _ 0 _ 0 _

output

Ports  Output data delay tewn — 100 — 100 - 100 ns  Figure 15-11
and time
TPC  Input data setup tprs 50 — 5 — 50 —

time (synchronous)

Input data hold trAH 50 — 50 — 50 -—

time (synchronous)

5V

H8/3001

output pin °©

C =90 pF: ports 4,6, 8, Ayg to Ag,

D15 to DB! 2, E, m,

HWR, LWR

C=30pF: ports 9, A, B

RL=2.4kQ
Ry=12kQ

Input/output timing measurement levels
*Low: 0.8V
e High: 2.0V

Figure 15-3 Output Load Circuit
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15.2.3 A/D Conversion Characteristics
Table 15-8 lists the A/D conversion characteristics.
Table 15-8 A/D Converter Characteristics

Condition A: V=27V 1t055V,AVec=27V 1055V, Vgg=AVgg =0V,
¢ =2 MHz to 8 MHz, T, = -20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Condition B: VCC =3.0V1055 V, AVCC =30V105.5 V, VSS = AVSS =0 V,
¢ =2 MHz to 10 MHz, T, = -20°C to +75°C (regular specifications),
T, = —-40°C to +85°C (wide-range specifications)

Condition C: Ve =50V £ 10%, AVee =50V + 10%, Vgg= AVgg =0V,
¢ =2 MHz to 16 MHz, T, = -20°C to +75°C (regular specifications),
T, = —-40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 10 MHz 16 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 — —_ 168 — - 134 — — 8.4 Hs
Analog input — — 20 — — 20 —_ — 20 pF
capacitance
Permissible signal- — —_ 10" — — 10t — — 10*  kQ
source impedance _ _ 52 . _ 53 _ _ 55
Nonlinearity error — —_— %0 — — +6.0 — — +3.0 LSB
Offset error — — 40 — — +4.0 — — 2.0 LSB
Full-scale error — — +40 — — 40 — — 2.0 LSB
Quantization error — — 05 — — 05 — —_ 0.5 LSB
Absolute accuracy — — 8.0 — — 8.0 - —_— +4.0 LSB

Notes: 1. The value is for 4.0 < AV < 5.5.
The value is for 2.7 < AVee < 4.0,
The value is for 3.0 < AV < 4.0,
The value is for o < 12 MHz.
The value is for o > 12 MHz.

N

ok
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15.3 Operational Timing
This section shows timing diagrams.
15.3.1 Bus Timing
Bus timing is shown as follows:
»  Basic bus cycle: two-state access
Figure 15-4 shows the timing of the external two-state access cycle.
*  Basic bus cycle: three-state access
Figure 15-5 shows the timing of the external three-state access cycle.
*  Basic bus cycle: three-state access with one wait state

Figure 15-6 shows the timing of the external three-state access cycle with one wait state
inserted.
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B teye
< fcH oL
— —
2 /] N N
tep —= = ~—tcr
—] |— tAD
4 N
Azgto Ag )l X
tecH
tasp, tacca tsp | tan
AS ' -
AS tass jx< /| N
! teeh
Yo, taccs sp | tan
RD L T
t .
(read) B LIXL e
tacct _| tRos tRoH
Dy5to Dy -
(read) K tocn
taso tso| taw
HWR, LWR o -
) t |S .
(write) AST L ok - ¥ N
- Wsw1 N
twosi twon
twop ™ =
Dys to By
(write)

Figure 15-4 Basic Bus Cycle: Two-State Access
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[ - | |
2 _/L—w N/ W
Agsto Ag X X
taccs
S \ /
taccs
RD (read) \r /
tACCZ tRDS
D1 5 to DO 75_—\
(read) * /
}WSD twswa
)
HWR, LWR
! t
(write) Az jir 4
twos2
Dys to Dy £ \_
(write) K /

Figure 15-5 Basic Bus Cycle: Three-State Access
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RD (read) ﬁ

Disto Dy
{read)

HWR, LWR \
(write)

Di5t0 Dy
(write) _<
twrs| twr tms*‘ .

WA e

Figure 15-6 Basic Bus Cycle: Three-State Access with One Wait State
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15.3.2 Control Signal Timing
Control signal timing is shown as follows:
* Reset input timing
Figure 15-7 shows the reset input timing.

*  Interrupt input timing

Figure 15-8 shows the input timing for NMI and IRQy, IRQ, and IRQ,
*  Bus-release mode timing

Figure 15-9 shows the bus-release mode timing.

Q

s/
m
w

tress y‘

Figure 15-7 Reset Input Timing
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tNMis | | tnmib

NMi pll
tmis | |tmie

RO D
tnmis

IRQg: Edge-sensitive IRQ,
IRQ, : Level-sensitive IRQ, (1=0, 1, 4)

tmiw
NMI ‘: : : :

Figure 15-8 Interrupt Input Timing
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Figure 15-9 Bus-Release Mode Timing
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15.3.3 Clock Timing
Clock timing is shown as follows:

*  Oscillator settling timing

Figure 15-10 shows the oscillator settling timing.

VCC J 4 ) 4 4
STBY ] ' R
tosct . tosct
RES ] — l r

Figure 15-10 Oscillator Settling Timing

15.3.4 TPC and I/O Port Timing

TPC and I/O port timing is shown as follows.

ters
Port 4,

tpRH

6t09,A,B

(read)

Port 4, 6,

trwo

8,9,A,B

(write)

Figure 15-11
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15.3.5 ITU Timing

ITU timing is shown as follows:

ITU input/output timing
Figure 15-12 shows the ITU input/output timing.
ITU external clock input timing

Figure 15-13 shows the ITU external clock input timing.

o TN

troco

Output
compare*!

trics

Input
capture*2

Notes: 1. TIOCAO to TIOCA4, TIOCBO to TIOCB4, TOCXA4, TOCXB4
2. TIOCAOQ to TIOCA4, TIOCB( to TIOCB4

Figure 15-12 ITU Input/Output Timing

treks
= §

TCLKA to
TCLKD /]
trokwL trekwH

et
i

e W N
N

Figure 15-13 ITU Clock Input Timing
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15.3.6 SCI Input/Qutput Timing

SCI timing is shown as follows:

SCI input clock timing

Figure 15-14 shows the SCI input clock timing.

SCI input/output timing (synchronous mode)

Figure 15-15 shows the SCI input/output timing in synchronous mode.

SCK

t
SCKw tsckr

Figure 15-14 SCK Input Clock Timing

tScyc

P e e NN

TxD

trxp

(transmit
data)

B S—a—a

X

RxD

taxs| |t
RXS RXH

(receive
data)

X KL X

X

Figure 15-15 SCI Input/Output Timing in Synchronous Mode
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