Section 18 Electrical Characteristics

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

Table 18-1 Absolute Maximum Ratings

—Preliminary—
Item Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 A
Input voltage (except port 7) Vin -0.3to Vge +0.3 Vv
Input voltage (port 7) Vin ~0.3 to AV +0.3 A
Reference voltage VREF —0.3t0 AV +0.3 \
Analog power supply voltage AVee -0.3t0 +7.0 \'
Analog input voltage Van —0.3to AV +0.3 \
Operating temperature Topr Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature Tsig —5510 +125 °C

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

18.2.1 DC Characteristics

Table 18-2 lists the DC characteristics. Table 18-3 lists the permissible output currents.

Table 18-2 DC Characteristics

Conditions: Vo= 5.0V £10%, AV =5.0V £ 10%, Vrgr = 4.5 V to AV,
Vg5 = 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 Port A, o 1.0 — — \'
trigger input P8, to P8y, — _
voltages PBy to PBg Vit Veex 07 V
Vit—-V- 04 — — A
Input hlgh RES, STBY, VIH VCC -07 — VCC +03 V
voltage NMI, MD; to
MD,
EXTAL VCC x 0.7 — VCC +03 V
Port 7 20 - AVgc + 0.3V
Ports 4,6, 9, 2.0 — Vec+03 V
P8, P8,,
PB4 to PB7,
D15 to Dg
Input low RES, STBY, V|_ —0.3 - 0.5 \
voltage MD, to MDg
NMI, EXTAL, -0.3 — 0.8 v
ports 4, 6, 7,
9, P85, P8,,
PB, to PBy,
D15 to Dg
Output high  All output pins Vg Ve —-05 — — \' lon = —200 pA
voltage 35 — — V. lon=—1mA

Note: *If the A/D converter is not used, do not leave the AV¢, AVgg, and Vgeg pins open.
Connect AV and Vgee to Ve, and connect AVgg to Vgg.

512

B 4496204 00b3513 &40c WA




Table 18-2 DC Characteristics (cont)

Conditions: Voc=5.0V +10%, AVee=5.0V £ 10%, VRgr=4.5 V 10 AV,
Vgs = AVgg = 0 V*1, T, = -20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

litem Symbol Min Typ Max Unit Test Conditions
Output low  All output pins Vg, -— — 0.4 V' loL=1.6 mA
voltage (except RESO)
Port B, — — 1.0 \") |0|_ =10 mA
A1 9 to AO
Input leakage STBY, NMI, ;! — - 1.0 HA  V;;=05to
current RES, Vec—05V
MD, to MD,
Port 7 — — 1.0 MA  Vi;=05to
AVge~-05V
Three-state Ports 4, 6, lrgyl — — 1.0 A V,=0.5t0
leakage 8toB, A to Vec—05V
current Ag, Dy5to Dg
(off state)  RESD - — 100 pA V,=05t
Vec =05V
Input pull-up Port 4 -lp 50 — 300 PA V=0V
current
Input NMI Cin — — 50 PF  Viy=0V
capacitance ) input pins _ _ 15 f=1MHz
except NMI Ta=25°C
Current Normal loc™ — 45 70 mA {=16MHz
dissipation*2 operation
Sleep mode — 30 50 mA f=16 MHz
Standby — 0.01 5.0 BA  T,<50°C

mode*3 — — 20.0 PA  50°C<T,

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

Connect AV and Ve to Ve, and connect AVgg to Vgg.

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

3. The values are for VHAM < VCC <45V, VIHmin = VCC % 0.9, and VILmax =03V

4. lgc depends on f as follows:
lce max = 5.0 (MA) + 4.06 (NA/MHz) x f [normal mode]
lcc max = 5.0 (MA) + 2.81 (MA/MHz) x f [sleep mode]
lcc Typ = 5.0 (MA) + 2.50 (mA/MHz) x f [normal mode]
lcc Tvp = 5.0 (MA) + 1.56 (MA/MHz) x f [sleep mode]
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Table 18-2 DC Characteristics (cont)

Conditions: Ve = 5.0 V £ 10%, AVee = 5.0 V £ 10%, Vygr = 4.5 V to AV,
Vgs = 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
Analog power During A/D  Algc —_ 1.2 2.0 mA
supply current conversion

Idle — 0.01 5.0 bA
Reference During A/D  Alge — 0.3 0.6 mMA  Vpegr=5.0V
current conversion

Idle — 0.01 5.0 pA
RAM standby voltage VRaM 2.0 — — Vv

Notes: 1. If the A/D converter is not used, do not leave the AVg¢, AVgg, and Vgeg pins open.
Connect AV and Vggr to Vg, and connect AVgg to Vgg.
2. Current dissipation values are for Vo = Vg — 0.5 V and V| may = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are for VRAM < VCC <45 V, VIHmin = VCC x 0.9, and VILmax =03V.

Conditions: Voc =27V 105.5V, AV =27V 1055V, VRgr=2.7 V to AV,
Vgs = 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 Port A, VT_ VCC x02 — —_ \
trigger input P8, to P8,, + _ _
voltages PBg to PBy Vr Veex07 v
VT+ bl VT— VCC x0.07 — _ \"4
Input hlgh RES, STBY, VIH VCC x0.9 — VCC +03 V
voltage NMI, MD; to
MD,
EXTAL Vee x07 — Vec+03  V
Port 7 VCC x07 — AVCC +03 V
Ports 4, 6, 9, Ve x0.7 — Vec+03 V
P83, P8,,
PB4 to PB7,
D15 to DB

Note: * If the A/D converter is not used, do not leave the AV¢, AVgg, and Vger pins open.
Connect AV and Vger to Ve, and connect AVgg to Vgg.
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Table 18-2 DC Characte

ristics (cont)

Conditions: Voe =27V 1055V, AV =27V 1055V, VRgr=2.7 V t0 AV,

Vgs = 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
Input low RES, STBY, V. -03 — Vegx 0.1 V
voltage MD, to MD,
NMI, EXTAL, -0.3 —_ Veex02 V Vec<4.0V
ports 4, 6, 7,
9, P85, P8,
PB4 to PB;, _
DictoD 0.8 \ Vee =
15 8 40t055V
Output high  All output pins Vgy Ve =05 — —_ \' lon =—200 pA
voltage Voc-10 — — V. Vgo<45V
IOH =-1mA
35 — — V.  45V<Vggs<55V
log=-1mA
Output low  All output pins Vg, — — 04 \ loL = 1.6 mA
voltage {except RESO)
Port B, —_ —_ 1.0 \Y VCC <4V
A19 to AQ lOL =5 mA,
4V < VCC <55V
'OL =10 mA
RESO —_ — 04 \ loL = 1.6 mA
Input leakage STBY, NMI, 11l — - 1.0 MA  V,=0.5t0
current RES, Vog—-05V
MD2 to MDO
Port 7 — — 1.0 BA  V,=05t0
AVee—05V
Three-state FPorts 4, 6, lhrgql — — 1.0 BA V=05t
leakage 8toB, Ajgto Vec-05V
current Ag, Dysto Dg
(offstate)  mESO — — 100 pA
Input pull-up Port 4 -lp 10 — 300 PA  Vee=27Vto
current 55V,
Vin =0V

Note: * If the A/D converter is not used, do not leave the AV, AVgg, and Vger pins open.
Connect AV and Ver to Vg, and connect AVgg to Vgg.
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Table 18-2 DC Characteristics (cont)

Conditions: Vcc=2.7V105.5V,AVoc=2.7V105.5V, VRgr=2.7 V to AV,
Vgs = AVgg = 0 V*1, 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 NMI Cin — —_ 50 pF V=0V
capacitance All input pins —_ — 15 2_=1 gnstlé
except NM| a~
Current Normal lec™ — 25 31.8 mA f=8MHz
dissipation*2  operation (5.0V) (5.5V)
Steep mode — 15 23.0 mA f=8MHz
(5.0V) (55V)
Standby — 0.01 5.0 A T,<50°C
mode? — — 20.0 VA 50°C<T,
Analog power During AD  Algg —_ 1.0 2.0 mA AVge=3.0V
supply current conversion — 10 _ mA AVeg=50V
e — 0.01 5.0 pA
Reference During A/D  Algce — 0.2 0.4 mA  Vgegr=3.0V
current conversion — 03 — MA  Vpgr=5.0V
Idle — 0.0t 5.0 HA
RAM standby voltage VRAM 2.0 —_ — Vv

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

Connect AV and Vger to Ve, and connect AVgg to Vgg.

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

3. The values are for VRAM < VCC <2.7 V, VIHmin = VCC x 0.9, and VILmax =03V

4. lgc depends on Vg and f as follows:
lcomax = 1.0 (MA) + 0.7 (mA/MHz - V) x V¢ % f [normal mode]
lcomax = 1.0 (MA) + 0.5 (MA/MHz - V) x V¢ % f [sleep mode]
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Table 18-2 DC Characteristics (cont)

Conditions: VCC =30Viwos55YV, AVCC =30Vto AVCC’ VREF =30Vt AVCC’
Vss = 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 Port A, Vi Veex02  — — Vv
trigger input P8 to P8,,
voltages PBg to PB3 v — — Vec x07 V
VT"' - VT— VCC x 0.07 —_ -_— \'
input high RES, STBY, Vi Ve x 0.9 — Ve +03 V
voltage NMI, MD, to
MD,
EXTAL Ve x07 — Voe+03 V
Port 7 Ve x07 — AVge +0.3V
Ports 4, 6, 9, Veex0.7 — Ve +03 V
P8,, P8,
PB4 to PB7,
D15 to Ds
Input low RES, STBY, V_ -03 — Veex0.1 V
voltage MD, to MDg
NMI, EXTAL, -0.3 — Veex0.2 V Vec <4V
ports 4, 6, 7,
9, P8,, P8,
PB, to PB;, -0.3 — 0.8 \' 4V<Vcc<h5Y
D15 to Da
Output hlgh All output pins VOH VCC -05 —_ —_— \'4 IOH =-200 IJA
voltage Veo—10 — — V V<45V
lon=-1mA
3.5 — — \ 45< Ve £5.5V
IOH ==1mA

Note: * If the A/D converter is not used, do not leave the AV, AVgg, and Vger pins open.
Connect AV and Vger to Ve, and connect AVgg to Vgg.
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Table 18-2 DC Characteristics (cont)

Conditions: VCC =30VioS55YV, AVCC =30Vto AVCC’ VREF =30Vto AVCC ,
Vgs = AVgg =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
Output low  All output pins Vg — — 0.4 \) lo=1.6 mA
voltage (except RESO)

Port B, — —_ 1.0 \' VCC <4V, lOL =5mA,

A19‘OA0 4V<Vcc$5.5V,

loL =10 mA

RESO - — 0.4 V- lo, = 1.6 mA
Input leakage STBY, NMI, I, — — 1.0 A Vin=0.510
current RES, Vec—05V

MD2 to MDO

Port 7 _— _— 1.0 pA Vin =0.51t0 AVCC -05V
Three-state Ports 4, 6, syl — — 1.0 pA Vin=05to V=05V
leakage 8to B, Agto
current Ag, Dy5to Dg
(off state)  RESO —  — 100 uA
Input pull-up Port 4 —lp 10 — 300 pA Vec=3.0Vto55V
current Vip=0V
Input NMI Cin — - 50 pF Vin=0V, f=1MHz,
capacitance "5 inoL input pins - — — 15 T,=25°C

except NMI
Current Normal lec — 30 395 mA f=10MHz
dissipation*2 operation (5.0V) (6.5V)

Sleep mode — 20 285 mA f=10MHz

(5.0V) (5.5V)

Standby — 0.01 5.0 HA T, <50°C

mode™3 - - 200 pA  50°C<T,
Notes: 1. If the A/D converter is not used, do not leave the AV¢, AVgg, and Vger pins open.

Connect AV and Vger to Ve, and connect AVgg to Vgg.

2. Current dissipation values are for Viymin = Voo — 0.5 V and V| may = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for Vray < Ve < 3.0V, Vigmin = Ve X 0.9, and Vi ax = 0.3 V.

4. lgc depends on V¢ and f as follows:
lcc max = 1:0 (MA) + 0.7 (MA/MHz - V) x V¢ % f [normal mode]

lcc max = 1.0 (MA) + 0.5 (MA/MHz - V) x V¢ % f [sleep mode]
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Table 18-2 DC Characteristics (cont)

Conditions: VCC =30Vtws55YV, AVCC =30V AVCC VREF =30Vto AVCC’
Vgs = AVgg =0 V*1, 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

Analog power During A'D  Algg — 1.0 2.0 mA AVgc=3.0V

supply current conversion _ 12 _ mA AVeg=50V
ldle — 0.01 5.0 pA

Reference During AD  Algg - 0.2 0.4 mA Vgege=3.0V

current conversion _ 03 _ MA  Vpgr =50V
Idle — 0.01 5.0 HA

RAM standby voltage VRaM 2.0 — — \

Notes: 1. If the A/D converter is not used, do not leave the AV¢c, AVgg, and Vgee pins open.
Connect AV and Vper to Ve, and connect AVgg to Vgg.
2. Current dissipation values are for Viymin = Vo — 0.5 V and V) max = 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 < Voc < 3.0V, Viymin = Vee X 0.9, and Vy max = 0.3 V.
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Table 18-3 Permissible Output Currents

Conditions: VCC =27Vtos55Y, AVCC =27Vtil5YV, VREF =2.7Vto AVCC’
Vgs = AVgg =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 Port B, Ajgto Ag loL — — 10 mA
low current (per pin) Other output pins —_ — 20 mA
Permissible output Total of 28 pins including Zlop —_ —_ 80 mA
low current (total) port B and Ayg to A,
Total of all output pins, - — 120 mA
including the above
Permissible output All output pins lon —_ — 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 18-3.

2. When driving a darlington pair or LED, always insert a current-limiting resistor in the

output line, as shown in figures 18-1 and 18-2.
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H8/3002

Port

Darlington pair

Figure 18-1 Darlington Pair Drive Circuit (Example)

H8/3002

Port B
600Q

LED

Figure 18-2 LED Drive Circuit (Example)
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18.2.2 AC Characteristics

Bus timing parameters are listed in table 18-4. Refresh controller bus timing parameters are listed
in table 18-5. Control signal timing parameters are listed in table 18-6. Timing parameters of the
on-chip supporting modules are listed in table 18-7.

Table 18-4 Bus Timing (1)

Condition A: V=27V 1055V, AVeec=27V 1055V, Vggp=2.7 V to AV,
Vss = 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: V=30V 1055V, AVee=3.0V 1055V, VRgr=3.0 Vto AV,
Vs =AVgs =0V, ¢ =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 x10%, AVCC =50V = 10%, VREF =45Vto AVCC’
Vgs =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 Symbol Min Max Min Max Min Max Unit -Cl-:eos;:ditions
Clock cycle time teve 125 500 100 500 625 500 ns Figure 18-4,
Clock low pulse width  tc, 40 — 80 — 20 —  ,, Fouelss
Clock high pulse width  tey 40 — 30 - 20 —
Clock rise time tcr — 20 — 15 — 10 ns
Clock fall time ter —_ 20 — 15 —_ 10
Address delay time tap - 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 tygwix 85 — 60 — 35 —
width 1
Write data strobe pulse tygwo+ 150 — 110 — 65 —
width 2
Address setup time 1 tast 20 — 15 — 10 —
Address setup time 2  taqp 80 —_ 65 —_ 40 -
Read data setup time ~ tgpg 50 —_ 35 —_ 20 —
Read data hold time tRDH 0 — 0 — 0 —
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Table 18-4 Bus Timing (cont)

Condition A: V=27V 1055V, AVpe=2.7V105.5V, Veep=2.7 V to AV,
Vss = AVgg =0V, 9 =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 =30Vto55YV, AVCC =30V1to55YV, VREF =30Vt AVCC’
Vss =AVgg =0V, 9 =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 =5.0V £10%, AV =5.0V £ 10%, Vggp=4.5 V to AV,
Vss=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
Item Symbol Min Max Min Max Min Max Unit Conditions
Write data delay time  typp — 75 — 75 — 60 ns Figure 18-4,
Write data setup time 1 typg; 90 - 65 - 35 - Figure 18-5
Write data setup time 2 typg, 15 — 10 — 5 -
Write data hold time twoH 25 — 20 — 20 —
Read data access tacci* — 110 — 100 — 55
time 1
Read data access taccex — 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 tpey* 85 — 60 — 40 —
Wait setup time twrs 40 — 40 — 25 —_ ns Figure 18-6
Wait hold time twrh 10 — 10 — 5 —
Bus request setup ime  tgpqg 40 — 40 — 40 — ns Figure 18-18
Bus acknowiedge tsacpr  — 60 — 50 — 30
delay time 1
Bus acknowledge teacpz — 60 — 50 — 30
delay time 2
Bus-floating time ts20 — 70 — 70 — 40
Note is on next page.
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Note: At 8 MHz (condition A), the times below depend as indicated on the clock cycle time.

tACC‘I =156x tcyc -78 (ns) twsw1 =10x tcyc -40 (nS)
tacce = 2.5 X toy; — 83 (ns) twswz = 1.5 X tgc — 38 (ns)
tACCS =1.0x tcyc ~70 (ns) tPCH =1.0x tcyc -40 (ns)

taccs =2.0 % tcyc —90 (ns)
At 10 MHz (condition B), the times below depend as indicated on the clock cycle time.

tacct = 1.5 X tgyc — 50 (ns) twsw1 = 1.0 X teye — 40 (ns)
tACC2 =2.5x% tcyc -50 (ns) twswz =15x tcyc -40 (ns)
tacca = 1.0 Xty — 50 (ns) tpeH = 1.0 X 1y — 40 (ns)

taccs =2.0 % tcyc —50 (ns)
At 16 MHz (condition C), the times below depend as indicated on the clock cycle time.

tACC1 =15x% tcyc -39 (ns) tWSW1 =1.0x tcyc - 28 (ns)
tacce =2.5 % tcyc -4 (ns) twswa = 1.5 x tcyc -28 (nS)
tACC3 =1.0x tcyc -38 (ns) tPCH =1.0x tcyc - 23 (nS)

tACC4 =2.0x tcyc -40 (ns)
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Table 18-5 Refresh Controller Bus Timing

Condition A: Voc=27V 1055V, AVec=27V 1055V, VRer=2.7 V to AVce,

Vgs =AVgg =0V, ¢ =2MHz to § MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Vcc=3.0V105.5V,AVec=3.0V105.5V, Vggr=3.0 V to AV,

Vgs = 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 C: Vec=5.0V +10%, AVee=5.0V  10%, Vpgr = 4.5 V to AV,

Vgs=AVgg=0V,¢=2MHzto 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 Symbol Min Max Min Max Min Max Unit .(I;Zsr:ditions
RAS delay time 1 trapr — 60 — 50 — 30 ns Figure 18-7
@ delay time 2 tpape  — 60 — 50 — 30 Egure 1813
RAS delay time 3 taaps  — 60 — 50 - 30
Row address hold time* tgay 25 — 20 —_ 15 —
RAS precharge time*  tgp 85 — 70 — 40 —
CAS to RAS precharge tcpp 85 — 70 — 40 —
time*
CAS pulse width toas 10 — 85 — 40 —
RAS access time* trac — 160 — 150 — 85
Address access time taa — 105 - 75 — 55
CAS access time toac — 50 — 50 — 25
Write data setup time 3 typss 75 — 50 — 40 -
CAS setup time* tesr 20 — 15 — 15 —
Read strobe delay time tggp —_ 60 — 50 — 30
Note: At 8 MHz (condition A), the times below depend as indicated on the clock cycle time.
tran = 0.5 Xt — 38 (ns) teac = 1.0 Xty =75 (ns)
trac = 2.0 Xty — 90 (ns) tcsr = 0.5 Xty — 43 (ns)

trp = tCRP =1.0x tcyc -40 (ns)
At 10 MHz (condition B), the times below depend as indicated on the clock cycle time.
tran = 0.5 % tcyc —30 (ns) tcac=1.0x tcyc — 50 (ns)
tRAC =2.0x tcyc - 50 (ns) tCSR =0.5x% tcyc -35 (ns)
tF{P = tCRP =1.0x tcyc -30 (ns)
At 16 MHz (condition C), the times below depend as indicated on the clock cycle time.
tRAH =0.5% tcyc -16 (ns) tCAC =1.0x tcyc -38 (nS)
tRAC =2.0x tcyc -40 (nS) tCSR =0.5x% tcyc -16 (nS)
tRP = tCRP =1.0x tcyc -23 (ns)
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Table 18-6 Control Signal Timing

Condition A:

Condition B:

Vee=27V1055V,AVec=27V 1055V, Vggp=2.7 Vto AV,
Vg =AVgs =0V, ¢ =2 MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Veoc=30V1055V,AVcc=3.0V 1055V, Vggr=3.0 V to AV,
Vgs = AVgg =0V, ¢ =2MHz to 10 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition C: Vo =5.0 V£ 10%, AV =50V £ 10%, Vggr = 4.5 V to AV,

VSS = AVSS =0V, ¢g=2MHzto 16 MHz, Ta

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

—20°C to +75°C (regular

Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz Test
Iitem Symbol Min Max Min Max Min Max Unit Conditions
RES setup time tress 200 — 200 — 200 — ns Figure 18-15
RES pulse width tresw 10 —_ 10 - 10 -_ tcyc
RESO output delay trEsD - 100 - 100 — 100 ns Figure 18-16
time
RESO output pulse thesow 132 — 132 — 132 —_ toye
width
NMi setup time tamis 150 - 150 — 150 - ns Figure 18-17
(NMI, |RQS to |RQQ)
NM! hold time tNMlH 10 —_ 10 —_ 10 _— ns
(NMLI, 1RQs to IRQyg)
Interrupt pulse width taviw 200 — 200 — 200 — ns
(NMI, IRQ; to IRQ,
when exiting software
standby mode)
Clock oscillator settling  tggcy 20 — 20 —_ 20 — ms Figure 18-19
time at reset (crystal)
Clock oscillator settling  tggco 8 — 8 — 8 — ms Figure 17-1
time in software standby
(crystal)
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Table 18-7 Timing of On-Chip Supporting Modules

Condition A: V=27V 105.5V,AVcc=27V 1055V, Vggp=2.7 V1o AV,
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: VCC =30Vto55Y, AVCC =30Vt55YV, VREF =30Vto AVCC’
Vgs =AVgg =0V, ¢ =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 =5.0V £10%, AV =5.0V = 10%, VRgr=4.5 V to AV,
Vss =AVgs =0V, 9 =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
DMAC DREQsetup tppgs 40 — 40 —_ 30 — ns Figure 18-27
time
DREQ hold toray 10 —_ 10 - 10 —
time
TEND delay tep1 — 100 — 100 — 50 Figure 18-25,
time 1 Figure 18-26
TEND delay tTEDZ _— 100 —_— 100 —_ 50
time 2
ITU Timeroutput  trgcp — 100 — 100 - 100 ns Figure 18-21
delay time
Timer input trics 50 - 50 — 50 —
setup time
Timer clock treks 50 — 50 — 50 - Figure 18-22
input setup time
Timer Single trcxkwn 1.5 — 1.5 — 1.5 — teye
clock edge
PUISe goyy g 25 — 25 — 25 —
. TCKWL . . .
width edges
SCI Input  Asyn-  tgge 4 — 4 —_ 4 - tseye Figure 18-23
clock chronous
cycle Syn- tseye 6 — 6 — 6 —
chronous
Input clock rise  tgok, — 1.5 — 1.5 — 1.5
time
Input clock fall  tgeks — 1.5 — 1.5 — 1.5
time
Input clock tsckw 04 0.6 04 0.6 0.4 0.6
pulse width
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Table 18-7 Timing of On-Chip Supporting Modules (cont)

Condition A: Ve =27V 1055V, AVcc=27V 1055V, Vggp=2.7 V 1o AV,
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, AVec=3.0 Vt05.5V, Vggr=3.0 V to AV,

Vss=AVgs =0V, ¢ =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=2 10%, AVCC =50V =+ 10%, VREF =45Vt AVCC’
Vss = AVgg =0V, =2 MHzto 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 Transmitdata  tyxp — 100 — 100 — 100 ns Figure 18-24
delay time
Receive data taxs 100 — 100 — 100 -
setup time
(synchronous)
Receive  Clock tgyy 100 —_ 100 — 100 —
data hold input
time (syn- "Gk 0 — 0 — 0 —
chronous) oput
Ports Output data trwp — 100 — 100 —_ 100 ns Figure 18-20
and delay time
TPC Input data tas 50 — 50 — 50 —
setup time
(synchronous)
Input data tPRH 50 - 50 — 50 —
hold time
(synchronous)
5V
C =90 pF: ports 4, 6, 8,
R Aqg to Ag, Dy5 to Dg,
L o, AS, RD, HWR, LWR
H8/3002 C=30pF: ports 9,A, B
output pin |
R =24 kQ
Ry=12kQ
c — § R Input/output timing measurement levels
sLow: 0.8V
¢ High: 2.0V
T TT

Figure 18-3 Output Load Circuit
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18.2.3 A/D Conversion Characteristics

Table 18-8 lists the A/D conversion characteristics.

Table 18-8 A/D Converter Characteristics

Condition A: Vee=27 V1055V, AVee =27V 1055V, Vggr=2.7V to AV,

Vss =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: Vee=3.0V 1055V, AV =3.0V 1055V, Vger=3.0V to AV,

Vss =AVgg =0V, ¢ =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%, VREF =45V to AVCC’

Vgs = 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

em Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 bits
Conversion time — — 16.8 — — 13.4 — — 8.4 us
Analog input — — 20 — - 20 — — 20 pF
capacitance
Permissible signal- — — oM — — o4 — — 100 kQ
source impedance _ 52 55 _ — 5*4
Nonlinearity error — — +6.0 — -—_ 16.0 — — +3.0 LSB
Offset error — — +4.0 — —_ +4.0 — — 2.0 LSB
Full-scale error — — +4.0 — - +4.0 — — +2.0 LSB
Quantization error — — +0.5 — — +0.5 — — +0.5 LsSB
Absolute accuracy — — 8.0 — — +8.0 — — +4.0 LsSB
Notes: 1. The value is for 4.0 < AV £5.5.

2. The value is for 2.7 < AVee < 4.0.

3. The value is for g < 12 MHz.

4. The value is for g > 12 MHz.

5. The value is for 3.0 < AVgc < 4.0
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18.3 Operational Timing
This section shows timing diagrams.
18.3.1 Bus Timing
Bus timing is shown as follows:
*  Basic bus cycle: two-state access
Figure 18-4 shows the timing of the external two-state access cycle.
* Basic bus cycle: three-state access
Figure 18-5 shows the timing of the external three-state access cycle.
*  Basic bus cycle: three-state access with one wait state

Figure 18-6 shows the timing of the external three-state access cycle with one wait state
inserted.
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LS5 to CSg K 7§t<
PCH
tasp,  taccs Isp | tan
\S ¢ =+
S tast jS( /| N
o tecn
taso,  taces dsp|  tan
RD v i
t N
yead) A1 j}\‘ N
B tacci tRos | tROH
D5 to Dy A
Fead) K toc
tasp tsp | tan
HWR, LWR - +
) t .
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; | twosgs twon |

wop ™
rite)

Figure 18-4 Basic Bus Cycle: Two-State Access
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RD (read)

(read)

HWR, LWR

(write)

D;5to Dy
(write)

tacca

tacca

tacea

}wso

twswz

[P_N]

tas2

twosz2

—

~N

Figure 18-5 Basic Bus Cycle: Three-State Access
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1P

Tw

RD (read) \

D15 to Do
(read)
AWR, TWR AN
(write)
D1 5 to Do
(write) (
twrs| twrn tWTS*I Tt
WAIT J L 1 \

Figure 18-6 Basic Bus Cycle: Three-State Access with One Wait State
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18.3.2 Refresh Controller Bus Timing

Refresh controller bus timing is shown as follows:

* DRAM bus timing

Figures 18-7 to 18-12 show the DRAM bus timing in each operating mode.

* PSRAM bus timing

Figures 18-13 and 18-14 show the pseudo-static RAM bus timing in each operating mode.

L T1 . T2 o T3 )
o e N N N N
. N
Agto A, X P X
AS / ~
t — |— t
RADI < tRAH B »
CS3 (RAS) s N 4 SR AN
- -
Jaso . tsp
— Y, AS =4
RD (CAS) e N e tore
HWR (UW),
LWR (LW)
(read) - trac . te
- — [— tASD -4 Ol
HWR (OW), - -
WR (W) ———————— - o / -
(write) K —— twon RS
RFSH
tRDS
- tRoH
D15 to Do F,
(read) k
twosa
(write) d

Figure 18-7 DRAM Bus Timing (Read/Write): Three-State Access
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[ Ty >l T >l Ts »|
@ — dmm
Agto A, X X
tasD tsp
7S \ J
- losn - traps
CS3 (RAS) A
taso trapz tsp
RD (CAS) N T
IR OW)
LWR (LW) .
tRaD2 traps T
RFSH e :
SR

— 2WE Mode —

Figure 18-8 DRAM Bus Timing (Refresh Cycle): Three-State Access

CS3 (RAS) ‘tcsn ™~ /

o o N /
RFSH R /
— 2WE Mode —

Figure 18-9 DRAM Bus Timing (Self-Refresh Mode)
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mor X W X
AS L / ~
— [ traps thaps |
S — n RAH ~ s o
CS3 (RAS) ASt ‘!\Q S e
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- e tsp_
_ _____— N S| [T 4 M
HWR (UCAS), tasr  IN- “H=A e
CWR (LCAS) - — eeeeeaas
RD (WE)
(Tead) A tRAC ;
- > S
- e tasp - taa - - D
RD (WE) *—\ tcac (1 \
(write) I = ) PP T N
RFSH Tros
i N il 1T
Dys to Dy r —
(read) X -
- twpss
D15 to DO ' Y
: —_—
(write) X P
— 2WE Mode —

Figure 18-10 DRAM Bus Timing (Read/Write): Three-State Access
— 2CAS Mode —
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Agto A, X
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LkIf
o

tesr

<SSR RAD3
tasp tRaD2 o
FWR (UGAS). | ‘j‘
LWR (LCAS) <
RD (WE)

traDz traD3

Figure 18-11 DRAM Bus Timing (Refresh Cycle): Three-State Access

— 2CAS Mode —

CS3 (RAS) <tCS?,_\ /

HWR (UCAS), losh_
LWR(LCAS) \

"

RFSH j\——s /

Figure 18-12 DRAM Bus Timing (Self-Refresh Mode)

— 2CAS Mode —
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1RADT s 7
tas o T

RD (read) thsp j

tros _tRon
D15 to Dp = _E
(read) 'f =

twsp tsp
HWR, LWR \ ;‘c
(write) N
twosz

Dis to Do £ >
(write)
RFSH

Figure 18-13 PSRAM Bus Timing (Read/Write): Three-State Access

. Ty N Ta

|
é

LWR, RD traD2 traDs

Figure 18-14 PSRAM Bus Timing (Refresh Cycle): Three-State Access
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18.3.3 Control Signal Timing
Control signal timing is shown as follows:
*  Reset input timing
Figure 18-15 shows the reset input timing.
¢ Reset output timing
Figure 18-16 shows the reset output timing,
*  Interrupt input timing
Figure 18-17 shows the input timing for NMI and IRQjs to IRQ,
*  Bus-release mode timing

Figure 18-18 shows the bus-release mode timing.

1]

— N\

tREsS

tress
E

s/

tRESW

Figure 18-15 Reset Input Timing

o m ﬂ
trESD treso
{4
e 2T
RES ;l‘ \v .

trResow

Figure 18-16 Reset Output Timing
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2 Mxm
tamis | {tmiH

NMI X
fNMlg tNMI}i

[E—— ' R

IR E :zt 72<
tmis

IRQE: Edge-sensitive IRQ;
IRQ : Level-sensitive IRQ; (i=0to 5)

tmiw
NMI ﬁl z 5 :

Figure 18-17 Interrupt Input Timing

o S__/‘ \ g

taros teras
BREQ
(r L(

n

tBacD2

¢ —™ teaco1
BACK «
)
Ansto A, i tezp tgzp ™
AS, RD, 45
()(;

HWR, LWR

Figure 18-18 Bus-Release Mode Timing
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18.3.4 Clock Timing
Clock timing is shown as follows:
*  Oscillator settling timing

Figure 18-19 shows the oscillator settling timing.

Q

BN AV AVAVAVAVAVAVAUATRSSS /N AVAVAY

stev | ' ]

tosct tosci

5
m
(/2]
el

!

Figure 18-19 Oscillator Settling Timing
18.3.5 TPC and I/O Port Timing

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

Ty T2 T3

ters tPRH

Port 4, 6,
BtoB
read)

tewp

Port 4,
b to B
write)

Figure 18-20 TPC and I/O Port Input/Output Timing
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18.3.6 ITU Timing
ITU timing is shown as follows:
» ITU input/output timing
Figure 18-21 shows the ITU input/output timing.
* ITU external clock input timing

Figure 18-22 shows the ITU external clock input timing.

5 2 N2 N

ttocp

Qutput
compare*?

trics

Input
capture*2

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

Figure 18-21 ITU Input/Output Timing

N 5_\:“tTCKS

treks

CLKA to = %H&
CLKD ( ~
trokwL N trokwH
b}

Figure 18-22 ITU Clock Input Timing
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18.3.7 SCI Input/Output Timing

SCI timing is shown as follows:

SCI input clock timing

Figure 18-23 shows the SCI input clock timing.

SCI input/output timing (synchronous mode)

Figure 18-24 shows the SCI input/output timing in synchronous mode.

SCKO, SCK1

Figure 18-23 SCK Input Clock Timing

SCKo, scmm

TxDO, TxD1

tseve

(transmit
data)

trxo

X

X

RxDO, RxD1

taxs
[~

(receive
data)

X

P

X

X

Figure 18-24 SCI Input/Qutput Timing in Synchronous Mode
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18.3.8 DMAC Timing
DMAC timing is shown as follows.
»  DMAC TEND output timing for 2 state access

Figure 18-25 shows the DMAC TEND output timing for 2 state access.
»  DMAC TEND output timing for 3 state access

Figure 18-26 shows the DMAC TEND output timing for 3 state access.
» DMAC DREQ input timing

Figure 18-27 shows DMAC DREQ input timing.

treps trep2

TEND

ﬂ “j(_,

Figure 18-26 DMAC TEND Output Timing/3 State Access
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toras | | toraH

Figure 18-27 DMAC DREQ Input Timing
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