Section 15 Electrical Characteristics

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

Table 15-1 Absolute Maximum Ratings

—Preliminary—

Item Symbol Value Unit
Power supply voltage Ve -0.3t0+7.0 \

Input voltage (except port 7) Vin —0.3t0 V¢ +0.3 \Y

Input voltage (port 7) Vin ~0.3 to AV +0.3 A
Reference voltage VREr —0.3 to AV +0.3 \
Analog power supply voltage AVee -0.3t0 +7.0 Vv
Analog input voltage Van —0.3to AVc +0.3 \'
Operating temperature Topr Regular specifications: —20 to +75 °C

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

Storage temperature Tag -5561t0 +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: Vee= 5.0V £10%, AVce=5.0V £10%, Vrgg = 4.5 Vo AV,
Vgg = AVgs =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, A 1.0 — — Vv
trigger input . _
voltages P80 to P82, VT+ VCC x0.7 V
PBO to PBa VT+ - VT_ 0.4 — — \'
Input hlgh RES, STBY, VIH VCC -0.7 — VCC +03 V
voltage NMI, MD,,
MD,
EXTAL VCC x0.7 — VCC +03 V
Port 7 2.0 — AVCC +03V
Ports 6,9, P83, 2.0 —_— VCC +03 V
PB, to PB,,
D7 to Do
Input low RES, STBY, V. —0.3 — 0.5 \
voltage MD;, MD,
NMI, EXTAL, -0.3 — 0.8 \'
ports 6, 7,
9, P8,
PB, to PBy,
D7 to DO
Output high  All output pins Vg Vec—05 — — \ lon = —200 pA
voltage 35 — — V. lgy=-1mA

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

Conditions: Voc=5.0V £10%, AVee =50V £ 10%, VRgp=4.5V t0 AV,
Vgs = AVgg =0 V*I, 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 \ lop = 1.6 mA
voltage (except RESO)
Ports B, — — 1.0 \ lop = 10 mA
A1g to AO
RESO — — 0.4 \ loL =2.6 mA
Input leakage STBY, NMI, iyl — — 1.0 A V;y=05to
current RES, Vee—-05V
MD,, MDg
Port 7 — — 1.0 MA  Viy=05to
AVge-05V
Three-state  Ports 6, Iltgql — — 1.0 BA  V,y=05to
leakage 8to B, Veg-05V
current Agto Ao,
(off state) D5 to Dy
RESO — — 100 pA
lnput NMI ClN — —_ 50 pF VlN =0V
capacitance .. . f=1MHz
All input pins - — 15 T. = 25°C
except NMI a~
Current Normal lee — 45 60 mA =16 MHz
dissipation*2 operation
Sleep mode — 32 45 mA f=16 MHz
Standby — 0.01 5.0 BA  T,<50°C
mode™3

— — 20.0 VA  5B0°C<T,

Notes: 1. If the A/D converter is not used, do not leave the AVgc, AVgg, and Vger pins open.
Connect AV and Vger to Ve, and connect AVgg 10 Vgg.
2. Current dissipation values are for Viymin = Ve — 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 Vgaym < Voo <4.5 V, Vigmin = Voo X 0.9, and V) jax = 0.3 V.
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Table 15-2 DC Characteristics (cont)

Conditions: Vcc=5.0V £10%, AVee=5.0V £ 10%, Vrgr=4.5 V to AV,
Vss = 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  Alec — 1.2 2.0 mA
supply current conversion

Idle — 0.01 5.0 pA
Reference During A/D  Alge — 0.3 0.6 mA Vgge=5.0V
current conversion

Idle — 0.01 5.0 HA
RAM standby voltage VRaM 2.0 — — A

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 Vg, and connect AVgg to Vgg.
2. Current dissipation values are for Vigmin = Veg — 0.5 V and V) ax = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are for Vgaym < Voo < 4.5V, Vigmin = Vee X 0.9, and Vi ma, = 0.3 V.

Conditions: Vo =2.7V1055V,AVcc =27V 1055V, Vggp=2.7 Vto AV,
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 Port A, VT_ VCC x0.2 — —_ \")
trigger input P8, to P8,, . _ —
voltages PBg to PB4 V1 Veex 07 V
VT+ - VT_ VCC x0.07 — —_ \'
Input hlgh RES, STBY, VIH VCC x09 — VCC +03 V
voltage NMI, MD,,
MDg
EXTAL VCC x0.7 — VCC +0.3 \
Port 7 Ve x0.7 — AVec +03 V
Ports 6, 9, P83, VCC x07 — VCC +03 V
PB4 to PB7,
D7 to Do

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

Conditions: VCC =27Vto55YV, AVCC =27Vto55V, VREF =27Vto AVCC’

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, -0.3 — Vee x01 V
voltage MD;,, MDg
NM', EXTAL, -03 — VCC x02 V VCC <40V
ports 6, 7,
9: P83x 0.8 \") VCC =
PB4 to PBs, 40to55V
D7 to DO
Output high Al output pins Vgy Ve —05 — — \ lon = —200 pA
voltage Voo —1.0 — — V. loy=-1mA
Outputlow  All output pins Vg -— — 0.4 \ loL=1.6mA
voltage (except RESO)
Ports B, — — 1.0 \ Vec 24V,
A19 to Ao IOL =5 mA,
4V<Vpc<55YV,
IOL =10 mA
RESO — —_ 0.4 A loL=1.6 mA
Input leakage STBY, NMI, ! — — 1.0 HA  V,y=05to
current RES, Vec—-05V
MD,, MDy
Port 7 - —_ 1.0 BA  Vy=05to
AVge-05V
Three-state  Ports 6, g1t — — 1.0 A  V|y=05to
leakage 8toB, Vee—05V
current Ajgto A,
(off state) D5 to Dy
RESO — —_ 10.0 HA

Note: * If the A/D converter is not used, do not leave the AVgg, AVgg, and Vgge pins open.
Connect AVCC and VREF to VCC’ and connect AVSS to Vss.
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Table 15-2 DC Characteristics (cont)

Conditions: VCC =27Vito55YV, AVCC =27Vto55YV, VREF =27Vto AVCC’
Vgs = AVgg =0 V*1, T, = -20°C 1o +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 m — _ 15 fr = 1 gllsl;ié
except NMI a~
Current Normal Icc™ - 12 33.8 mA f=8MHz
dissipation*2  operation (3.0V) (5.5V)
Sleep mode — 8 25.0 mA f=8MHz
(3.0V) (5.5 V)
Standby — 0.01 5.0 MA  T,<50°C
mode™3 —_ — 20.0 VA 50°C<T,
Analog power During A/ID  Alge —_ 1.0 2.0 mA  AVe=3.0V
supply current conversion — 12 _ mA AVgo =50V
Idle — 0.01 5.0 pA
Reference During A'D  Alcg — 0.2 0.4 mA Vgge=3.0V
current conversion _ 0.3 _ MA Vpgr =50V
ldle - 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, AVgg, and Vgeg pins open.
Connect AVCC and VREF to Vcc, and connect AVSS to Vss.

2. Current dissipation values are for Vi, = Voo — 0.5 V and V)| nax = 0.5 V with all output
pins unloaded.

3. The values are for VRaym < Voo < 2.7 V, Vigmin = Voo X 0.9, and V) max = 0.3 V.
4. lgc depends on Vee and f as follows:

lcemax = 3.0 (MA) + 0.7 (MA/MHz - V) x V¢ % f [normal mode]

lccmax = 3.0 (MA) + 0.5 (MA/MHz - V) x V¢ x f [sleep mode]
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Table 15-2 DC Characteristics (cont)

Conditions: Voc=3.0V105.5V,AVec=3.0V 055V, Vegr=3.0 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, Vi~ Veex02 — — v
trigger input P8 to P8y, _ —
voltages PB, to PB, Vit Vecx 0.7 V
VT+ - VT_ VCC x 0.07 — —_— \'
Input high RES, STBY, Vi Veex09 — Vee+03  V
voltage NMI, MD,,
MDg
EXTAL Veex0.7 — Vec+03  V
Port 7 VCC x0.7 — AVCC +03 V
Ports 6, 9, P8, Ve x 0.7 — Vec+03 V
PB4 to PB7,
D7 to DQ
Input low RES, STBY, V|_ -0.3 — Ve x 0.1 V
voltage MD,, MDg
NMI, EXTAL, -0.3 — Ve x0.2 V Vec <40V
ports 6, 7,
9, P8,, 0.8 \ Vee =
PB4 to PB7, 40to 55V
D7 to Do
Output high  All output pins Vgy Ve —-05 — — \ lon =—200 pA
voltage Voo —10 — - V. lon=-1mA

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

Conditions: VCC =30VtoS5S5 V, AVCC =30V1t05S5 V, VREF =30Vto AVC(_',
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
Output low  All output pins Vg — — 0.4 \' loL = 1.6 mA
voltage (except RESO)
Ports B, — —_ 1.0 v VCC <4V
A1g to Ao IOL =5 mA,
4V <Vee<55V
lOL =10 mA
RESO — — 0.4 Vv loL=1.6 MA
input leakage STBY, NMI, [l — —_— 1.0 PA  Vy=05to
current RES, Vee~0.5V
MD,, MDy
Port7 — — 1.0 pA VIN =05to
AVpe -05V
Three-state Ports 6, gl — _ 1.0 MPA  Vy=05to
leakage 8toB, Vee—-05V
current Aigto Ay,
(off state) D5 to Dy
RESO — — 10.0 PA  Vy=05t0
Vec—-05V

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

Conditions: Vee=3.0V 1055V, AV =30V t055V, Vegr=3.0 V to AV,

Vss = AVgs =0 V*1, T, = -20°C to +75°C (regular specifications),

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

Iitem Symbol Min Typ Max Unit Test Conditions
Input NMI Cin — — 50 pF  Viy=0V
capacitance m — — 15 fr = 1 gﬂsl;lé
except NMI a~=
Current Normal lcc™ — 15 415 mA {=10MHz
dissipation*2  operation (3.0V) (5.5V)
Sleep mode — 10 30.5 mA =10 MHz
(3.0V) (5.5V)
Standby — 0.01 5.0 HA  T,<50°C
mode*3 — — 20.0 LA 50°C<T,
Analog power During A/D  Algc — 1.0 2.0 mA AVgc=3.0V
supply current conversion _ 12 — mA  AVgg =50V
idle — 0.01 5.0 pA
Reference During AD  Alc — 0.2 0.4 mA  Vgge=3.0V
current conversion _ 0.3 _ MA  Vpgr=5.0V
Idle — 0.01 5.0 LA
RAM standby voltage VReam 2.0 — — Vv

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

Connect AVc and Vger to Vg, and connect AVgg to Vgs.

2. Current dissipation values are for Vi, = Vg — 0.5 V and V) max = 0.5 V with all output

pins unloaded.

3. The values are for Vgay < Voo < 3.0 V, Vigmin = Vee X 0.9, and Vi na = 0.3 V.

4. lgc depends on Vg and f as follows:
loemax = 3.0 (MA) + 0.7 (mA/MHz - V) x V¢ x f [normal mode]
lccmax = 3-0 (MA) + 0.5 (MA/MHz - V) x Vg x f [sleep mode]
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Table 15-3 Permissible Qutput Currents

Conditions: Ve =27V 1055V, AVec=27V 1055V, Vggr=2.7Vto AV,
Vg5 =AVgg =0V, T, =-20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

ltem Symbol Min Typ Max Unit
Permissible output Ports B, Ag to Ag lou — — 10 mA
low current (per pin) Other output pins —_ — 2.0 mA
Permissible output Total of 28 pins including Zlop — — 80 mA
low current (total) ports B, Ajgto Aq
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 ZloH — — 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, always insert a current-limiting resistor in the

output line, as shown in figures 15-1 and 15-2.
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HB8/3004 and H8/3005

Port

Darlington pair

Figure 15-1 Darlington Pair Drive Circuit (Example)

H8/3004 and H8/3005

Port 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. Timing parameters of the on-chip supporting modules are listed in table 15-6.

Table 15-4 Bus Timing

Condition A: VCC =27Vto5.5 V, AVCC =27Vt55 \[, VREF =27Vto AVCC’

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=3.0V 105.5V, Vygr= 3.0 V to AVg,

Vss = AVgs =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: VCC =50V=+ 10%, AVCC =50V £10%, VREF =45Vto AVCC’
Vss=AVgs =0V, 3 =2MHzto 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A  ConditionB  Condition C
8 MHz 10 MHz 16 MHz Test
Item Symbol  Min Max Min Max Min Max Unit Conditions
Clock cycle time teve 125 500 100 500 625 500 ns Figure 15-4,
Clock low pulse width  to, 0 - 3 — 20 — Figure 15-5
Clock high pulse width tch 40 — 30 — 20 —_
Clock rise time tcr —_ 20 —_ 15 — 10
Clock fall time tcr — 20 — 15 — 10
Address delay time tan - 60 — 50 — 30
Address hold time tan 25 — 20 - 10 —
Address strobe delay taso — 60 — 40 — 30
time
Write strobe delay time twsp — 60 — 50 —_ 30
Strobe delay time tsp — 60 — 50 — 30
Write data strobe pulse twswix 85 — 60 — 35 —
width 1
Write data strobe pulse twswox 150 — 110 — 65 —
width 2
Address setup time 1 tasq 20 — 15 — 10 —_
Address setup time 2 tase 80 — 65 — 40 —
Read data setup time tros 50 — 35 —_ 20 —
Read data hold time troH 0 — 0 — 0 —
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Table 15-4 Bus Timing (cont)

Condition A: VCC =27Vto55Y, AVCC =27Vto55YV, VREF =2"7Vto AVCC’
Vgg = AVgg =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 =30Vtb55 V, AVCC =30Vto55 V, VREF =30Vt AVCC’
Vgs = 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: V=50V £10%, AVeec =50V + 10%, VRgg =4.5 V to AV,
Vgs=AVgg=0V, g8=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 Test
Item Symbol Min Max Min Max  Min Max Unit Conditions
Wirite data delay time twop — 75 — 75 — 60 ns Figure 15-4,
Write data setup tme 1 twpsy 60 2 — 40 — 15  — Figure 15-5
Write data setup time 2 twosz 5 —_ -10 — -5 —
Write data hold time twoH 25 — 20 — 20 —
Read data access tacct* — 110 — 100 — 55
time 1
Read data access tacco* — 230 — 200 - 115
time 2
Read data access taccs* - 55 — 50 — 25
time 3
Read data access tacca* — 160 — 150 — 85
time 4
Precharge time tpcH* 85 — 60 — 40 —_
Wait setup time twrs 40 —_ 40 — 25 — ns Figure 15-6
Wait hold time twrh 10 — 10 — 5 —
Note is on next page.
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Note: At 8 MHz, the times below depend as indicated on the clock cycle time.

tACC1 =15x% tcyc -78 (nS) tWSW1 =1.0x tcyc —-40 (ns)
tACCZ =25x% tcyc -83 (ns) twswz =15x tcyc - 38 (ns)
tACCS =1.0x tcyc -70 (ns) tPCH =1.0x% tcyc -40 (ns)

tACC4 =2.0x tcyc -90 (ns)
At 10 MHz, the times below depend as indicated on the clock cycle time.

tACC‘I =15x tcyc -50 (I'\S) tWSW1 =1.0x tcyc —40 (ns)
tACCZ =25x% tcyc -50 (nS) tWSWZ =1.5x% tCyC -40 (nS)
tACC3 =1.0x tcyc - 50 (ns) tecH = 1.0 % tcyc —-40 (nS)

tacca = 2.0 % tcyc -50 (nS)
At 16 MHz, the times below depend as indicated on the clock cycle time.

tACC1 =15x tcyc -39 (ns) tWSW1 =1.0x tcyc - 28 (ns)
tACCZ =25x% tcyc —41 (ns) twswz =15x 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 15-5 Control Signal Timing

Condition A: Voe=27 V1055V, AVee =27V 105.5V, VRgr=2.7 V to AVe,

Vss =0V, ¢=2MHz 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 =30V 105.5V, VRgp=3.0V to AVe,

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)

ConditionC: Vee=5.0V +£10%, AV =50V £ 10%, VRgr=4.5 V to AV,
Vgs=AVgg =0V, g =2 MHz to 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A  ConditionB  Condition C
8 MHz 10 MHz 16 MHz Test
Item Symbol Min Max  Min Max Min Max Unit Conditions
RES setup time tress 200 — 200 — 200 — ns Figure 15-7
RES pulse width tRESW 10 — 10 —_— 10 —_ tcyc
RESO output delay tResD — 100 — 100 — 100 ns Figure 15-8
time
RESO OUtpUt pulse tRESOW 132 —_ 132 —_ 132 —_ tcyc
width
NMI setup time tamis 200 — 200 — 150 — ns Figure 15-9
(NMI, IRQ, to IRQg)
NMI hLdtlme__ tNM|H 10 —_— 10 —_ 10 —
(NM1, IRQ4 to IRQy)
Interrupt pulse width tmiw 200 — 200 - 200 —
{NMI, IRQ, to TRQ,
when exiting software
standby mode)
Clock osciltator settling tosct 20 — 20 — 20 — ms Figure 15-10
time at reset (crystal)
Clock oscillator settling tosca 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: Vcc=27V 1055V, AVec=27V105.5V, VRgr=2.7 V to AV,
Vgs=AVgs =0V, g =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 1t055V,AVec=3.0V105.5V, Vggr=3.0 V to AV,
Vgs =0V, p=2MHzto 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 x10%, VREF =45Vto AVCC?
Vgs=AVgs =0V, g=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

Test

Item Symbol Min Max Min Max Min Max Unit Conditions
ITU Timer output trocp — 100 — 100 — 100 ns Figure 15-12

delay time

Timer input t-ncs 50 —_ 50 - 50 —_—

setup time

Timer clock troks 50 — 50 —_ 50 — Figure 15-13

input setup time

Timer Slngle tTCKWH 1.5 —_— 15 — 1.5 — tcyc

clock edge

pulse oy t 25 — 25 — 25 —

: TCKWL - . .

width edges
SCi Input Asyn- tseve 4 — 4 — 4 —_ Figure 15-14

clock chronous

CyC'e Syn' tscyc 6 — 6 —_ 6 —_

chronous

Input clock rise tsckr — 1.5 —_ 1.5 — 15

time

Input clock fall tsokt — 15 — 1.5 — 1.5

time

Input clock tSCKW 0.4 0.6 0.4 0.6 0.4 0.6 tSCYC

pulse width
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Table 15-6 Timing of On-Chip Supporting Modules (cont)

Condition A: Vec=27V 1055V, AVee=27V 1055V, Vggr=2.7 V 1o AV,

Vss=0V,¢=2MHzto 8 MHz, T, = -20°C to +75°C (regular specifications),

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

Condition B: Vec=30V1055V,AVee=3.0V 1055V, VRer=3.0Vto 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: Vee=5.0V £ 10%, AVee =50V = 10%, Vegr=4.5V to AV,
Vgs =AVgs =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 trxo — 100 — 100 — 100 ns Figure 15-15
delay time
Receive data trxs 100 — 100 — 100 —
setup time
{synchronous)
Receive data trxH 100 — 100 — 100 —
hold time
(synchronous
clock input)
Receive data taxH 0 —_ 0 — 0 —
hold time
(synchronous
clock output)
Ports  OQutput data tewn —_ 100 — 100 — 100 ns Figure 15-11
delay time
Input data teRs 50 — 50 — 50 —
setup time
(synchronous)
Input data terH 50 — 50 — 50 —_
hold time
(synchronous)
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H8/3004 and
H8/3005
output pin

C=90pF: ports 6, 8, Arg to Ag,

D; to Dy, 2, AS, RD,
WR

C=380pF: ports 9,A, B

R =2.4kQ
Ry =12 kQ

Input/output timing measurement levels
*Low: 0.8V
¢ High: 2.0V
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15.2.3 A/D Conversion Characteristics
Table 15-7 lists the A/D conversion characteristics.
Table 15-7 A/D Converter Characteristics

Condition A: VCC =27Vtos55Y, AVCC =277V1t055Y, VREF =2.7Vto AVCC’
Vgs=AVgg =0V, 8=2MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = —-40°C to +85°C (wide-range specifications)

Condition B: VCC =30V1t055 V, AVCC =30Vto55 V, VREF =30Vto AVCC’
Vgs = AVgs =0V, p =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%, Vrgr = 4.5V t0 AV,
Vgs=AVgg =0V, p=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

ltem 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 [TE]
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 10"t — — 10 — — 10*  kQ
source impedance _ — 52 53 . _ 55
Nonlinearity error — — +60 — — +60 — — +3.0 LSB
Offset error —_ - +40 — — +40 — — +20 LSB
Full-scale error — — +40 — — x40 — — 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 < AV < 4.0.
The value is for 3.0 < AVee < 4.0.
The value is for g < 12 MHz.
The value is for & > 12 MHz.

LR
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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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t oR
(read) - AS1 - I k | P
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Figure 15-4 Basic Bus Cycle: Two-State Access
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@ _}_\_/Z—\_/H\M
r
A1g to AO X( X
tacca |
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RD (read) g /
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D, to D, .‘ I—
(read) X /
ItWSD twswe
WR (writ
(write) tasz )lsr 7/
1
twpsz
D7 to Do ¥ \
(write) Zp /

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

D;to Dy

(read)

WR (write)

\.

D; to Dy (
(write)

twrs

WAIT

twrh

twrs

)

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.
Reset output timing

Figure 15-8 shows the reset output timing.
Interrupt input timing

Figure 15-9 shows the input timing for NMI and m,; to ﬁﬁo.

[

s}
m
w

tREsow

Figure 15-8 Reset Output Timing
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tawis | {tnmiH

tmis | | tmiH
Xﬁ
N i (

IRQE: Edge-sensitive IRQ
IRQ_: Level-sensitive IRQ, (1=0to 4)

tamiw
NMI j} : : :

RQ,
(J=0t02)

Figure 15-9 Interrupt Input 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.

A
m
[0
—

Vee | ) " " ”
STBY ] " ’ \ ’
tosci tosci

n
T

Figure 15-10 Oscillator Settling Timing

15.3.4 1/O Port Timing

I/O port timing is shown as follows.

T
B T . 2 o Ts N
. TN A N
tPRs tPRH
Ports 6 to B
(read)
tpwb
Ports 6, '
8 to B (write) >§

Figure 15-11 ¥/O Port Input/Output Timing
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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 L

troco

Output
compare*?

trics

Input
capture*2

Notes: 1. TIOCA to TIOCA,, TIOCB, to TIOCB,, TOCXA,, TOCXB,
2. TIOCA, to TIOCA,, TIOCB, to TIOCB,

Figure 15-12 ITU Input/Output Timing

. =

treks
TCLKA to -
TCLKD /|
B trokwe trekwH

. e —~ troks |
N

Figure 15-13 ITU Clock Input Timing
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15.3.6 SCI Input/Output 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
Figure 15-14 SCK Input Clock Timing
tscye

trxo
;I;:'(aDnsmit q >< >< ><
data) trxs| |trxn
RxD :_> *:
v Pe ) ~

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