Section 18 Electrical Characteristics

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

Table 18-1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vee -0.3t0+7.0 A
Input voltage (except port 7) Vin -0.3t0 Ve +0.3 \'
Input voltage (port 7) Vin —0.310 AV +0.3 Vv
Reference voltage VRer —0.3 to AV¢g +0.3 \Y
Analog power supply voltage AVee -0.3t0 +7.0 \
Anailog input voltage Van -0.310 AVge +0.3 \Y
Operating temperature Topr Regular specifications: —20 to +75 °C
Storage temperature Tatg Wide-range specifications: —40 to +85 °C
-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: Voo = 5.0V £ 10%, AVec =5.0 V £ 10%, Vpgr=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)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, V¢ 1.0 — — \'4
trigger input _ _
VOltageS P80 to Paz, VT+ Vcc x07 V
PBg to PB3 Vi+t-V~ 0.4 — — v
input high RES, STBY, Vi Ve -07 — Vee+03 V
voltage NMI, MD, to
MDy
EXTAL Vee x0.7 — Vee+03 V
Pont 7 2.0 — AVee + 0.3V
Ports 4, 5, 6, 2.0 — Vgg+03 V
9, C, P8,, P8,,
PB4 to PBy,
D15 to DB
Input low RES, STBY, V,_ 0.3 — 0.5 A
voltage MD, to MDg
NMI, EXTAL, -0.3 — 0.8 Vv
ports 4, 5, 6, 7,
9, C, P83, P8,,
PB4 to PB7,
D45 to Dg
Output high Al output pins VOH VCC -05 — — Vv IOH =-200 pA
voltage 3.5 - . Vv lop=-1mA

Note: * If the A/D converter is not used, do not leave the AVzc, AVgg, and Vpeg pins open.
Connect AVCC and VREF to Vcc, and connect AVSS to Vss.
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Table 18-2 DC Characteristics (cont)

Conditions: Vcc=5.0V x10%, AVcc=5.0V +10%, Vggp=4.5Vto AVee,
Vss = 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 Vv loo=1.6mA
voltage (except RESOQ)
Ports 5 and B, — — 1.0 \ lop =10 mA
Agto Ay
RESO — — 04 Vv lot=2.6mA
Input leakage STBY, NMI, Il —_ — 1.0 PA  V|y=05to
current RES, Vee—-05V
MD2 to MDO
Port 7 -_ —_ 1.0 HA VIN =0.5to0
AV ~-0.5V
Three-state Ports 4,5,6, gyl — - 1.0 BA  Viy=05to
leakage 8toC,Agto Vec =05V
current Ao, Dy5 to Dg
(off state)  RESH — - 100 pA Vy=0510
Veg—-05V
Input pull-up Ports4and5 -k 50 —_ 300 HA  V|y=0V
current
Input NMI Cin — — 50 pF vy=0V
capacitance Alfinput pins . _ 15 f=1MHz
except NMI Ta=25°C
Current Normal lee — 35 55 mA =10 MHz
dissipation*2 operation _ 40 65 mA  f=12 MHz
— 50 80 mA f=16 MHz
Sleep mode —_ 25 40 mA =10 MHz
— 30 45 mA f=12MHz
— 35 60 mA f=16MHz
Standby — 0.01 5.0 pA  T,<50°C

mode*3 — — 20.0 BA  50°C<T,

Notes: 1. If the A/D converter is not used, do not leave the AVc, AVgg, and Vgee pins open.
Connect AVgc and Ve to Vg, and connect AVgg to Vgg.
2. Current dissipation values are for Viymin = Vg — 0.5 V and Vj ma = 0.5 V with all output
pins unicaded and the on-chip pull-up transistors in the off state.
3. The values are for Vgam < Vg < 4.5 V, Vigmin = Voe X 0.9, and Vi ma, = 0.3 V.

521

B 449L204 00L89LY T3bL MW



Table 18-2 DC Characteristics (cont)

Conditions: Vo= 5.0 V + 10%, AVec = 5.0 V £ 10%, Vggp=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 AD  Alcc - 1.2 2.0 mA
supply current  conversion

Idle — 0.01 5.0 pA
Reference During A'D  Alee — 0.3 0.6 MA  VRgr=5.0V
current conversion

Idle — 0.01 5.0 pA
RAM standby voltage Veam 2.0 — — \

Notes: 1. If the A/D converter is not used, do not leave the AV, AVss, and Vger pins open.
Connect AVe and Vgeg to Ve, and connect AVgg 1o Vgg.
2. Current dissipation values are for Vijmin = Vee = 0.5 V and Vj_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 Vram < Vee < 4.5 V, Viymin = Vg X 0.9, @and Vi max = 0.3 V.

Conditions: Vec=2.7V 1055V, AVcc =27V 1055V, Vger=2.7 Vto 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, V- Vegx02 — — v
trigger input P8, to P8,, Vot _ _ Vegx07 V
voltages PBy to PB3
Vy+—Vqy~ Vee x0.07 — — \

Inputhigh  RES, STBY, V4 Veex09 — Veg+03  V
voltage NMI, MD, to

MD,

EXTAL Veex07 — Ve +03 V

Port 7 Vcc x0.7 — AVCC +03 V

Ports 4, 5, 6, Veex0.7 — Vee+03 V

9, C, P8y, P8,,

PB4 to PB,

D15 to DB

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

Conditions: Vec =27V 10 5.5V, AVec =27V 105.5V, VRgp=2.7 V to AV,
Vsg = 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 — Veex0.1 V
voltage MD, to MD,
NMI, EXTAL, -0.3 — VCC x02 V VCC <40V
ports 4, 5, 6, 7,
9, C, P8;, P8,
Fou to P87 0.8 V. Veo=
150 g 401055V
Output high  All output pins VOH Vcc -05 — bt A lOH =-~200 pA
voltage Vec-10 —  — V. Vee<45V
lOH =-1 mA.
3.5 — — V.  45V<Vgc<55V
lOH =-1 mA
Outputlow  All output pins Vg — _— 0.4 V. lgL=16mA
voltage (except RESO)
Ports 5 and B, — — 1.0 \ Vegs4V
A19 to AO IOL =8 mA,
4V <Vec$55V
loL = 10 mA
RESO — — 0.4 \ lop=2.6 mA
Input leakage STBY, NMi, i)yl — - 1.0 MA  Vy=0.5to
current RES, Vec—-05V
MD, to MD,
Pont 7 —_ — 1.0 'JA VlN =0.5to
AVge—05V
Three-state Ports 4,5,6, [lkg,! — — 1.0 PA Vy=05to
leakage 8t0C, Agto Vee—05V
current Ap, Dy5to Dy
(off state)  RESO — — 10.0 PA Vi =05t0
Veg-05V
Input pull-up Ports 4 and 5 ) 10 —_ 300 WA VCC =27Vio
current 55V,
VIN = 0 V

Note: * if the A/D converter is not used, do not leave the AV¢, AVgg, and Vger pins open.
Connect AVcc and Ver to Vg, and connect AVgg 1o Vgg.
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Table 18-2 DC Characteristics (cont)

Conditions: Vo =27V 1055V, AVcc =27V 1055V, Vegr=2.7 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
Input NMi Cin — -~ 50 pF V=0V
capacitance “Allinput pins. _ _ 15 fl‘ = 1 gﬂsl;lcz:
except NMI a=
Current Normal lec™ — 30 36.2 mA {=8MHz
dissipation*2  operation (5.0V) (5.5V)
Sleep mode — 20 27.4 mA f=8MHz
(50V) (55V)
Standby — 0.01 5.0 PA  T,<50°C
mode™? — — 20.0 VA 50°C<T,
Analog power During A/D  Algg — 1.0 2.0 mA AVee=30V
supply current conversion _ 12 _ mA AVge=50V
Idle — 0.01 5.0 HA
Reference During A/D  Alge — 0.2 0.4 mA  Vpee=3.0V
current conversion _ 03 _ MA  Vper=50V
Idle — 0.01 5.0 HA
RAM standby voltage Veam 2.0 - - \

Notes: 1. If the A/D converler is not used, do not leave the AVg, AVgs, and Vger pins open.

Connect AV and Vger 10 Ve, and connect AVgg 1o Vgg.

2. Current dissipation values are for Viymin = Vo — 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 S Ve < 2.7 V, Vigmin = Ve X 0.9, and Vymax = 0.3 V.

4. lgc depends on V¢ and f as follows:
lccmax = 1.0 (MA) + 0.8 (MA/MHz - V) x V¢ x f [normal mode]
lccmax = 1.0 (MA) + 0.6 (MA/MHZ - V) x Ve x f [sleep mode]
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Table 18-2 DC Characteristics (cont)

Conditions: VCC =30Vtws55YV, AVCC =30Vto55YV, VREF =30Vto AVCC’
Vg5 = AVgg =0 V*1, T, = 20°C to +75°C (normalspecification product),
T, =-40°C to +85°C (extended temperature range specification product)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, Vi~ Veex02 — — v
trigger input P8g to P8,, v+ _ _— Ve x07 V
voltage PBg to PB3
VT+ - VT_ VCC x 0.07— — A"
Input high RES, STBY, Vi Ve x0.9 — Vee+03 V
voltage NMI, MD, to

MD,

EXTAL VCC x0.7 — VCC +03 V

Port 7 Voex0.7 — AVee +03 V

Ports 4, 5, 6, 9, Ve X 0.7 — Voc+03 V

C, P83, P8,4, PB,

to PB;, Dy5t0 Dy

Inputlow  RES, STBY, Vi -0.3 - Veex0.1 V. Ve <40V
voltage MD5 to MDq

NM!, EXTAL, -0.3 — Vecx02 V

Ports 4,5, 86,7, 9, 0.8 Vec=4.01055V

C, P83, P8y, PBy

to PB7, D15 to D8

Output high All output pins  VoH Veg~05 — - \ lon = -200 pA
voltage Voe-10 —  — V V<45V
lOH =-1mA
35 — — V  45V<Vecs55V
lOH =—1mA
Output low  All output pins VoL — —_ 0.4 V.  lo.=16mA
voltage (except RESO)

Ports 5 and B, —_ _ 1.0 \Y VCC <40V,

A19 to Ao IOL =8mA,
40V< VCC <55V,
lo=10mA

RESO — — 0.4 A loL =2.6 mA

Input STBY, NMI, N - — 1.0 A Viny=05to
leakage RES, Vee~05V
current MDQ to MDO

Port 7 — — 1.0 pA  Vy=05to
AVec-05V
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Table 18-2 DC Characteristics (cont)

Conditions: Voc=3.0 V1o 5.5V, AV =3.0V105.5V, Vrgr = 3.0 V to AV,
Vgs = AVgg =0 V*1, T, = -20°C to +75°C (normalspecification product),
T, =-40°C to +85°C (extended temperature range specification product)

Item Symbol Min Typ Max Unit Test Conditions
Three-state Ports 4,5, 6, lhgqt — — 1.0 BA Vy=05to
|eakage 8to C, A19 to VCC -05V
current Ao, D45 to Dg
(off state) RESO — — 10.0 PA
Input pull Potsdand5 -lp 10 — 300 BA Vee=3.0Vio
-up current 55V,
ViNn=0V

Input NMI ClN —_ —_ 50 pF VIN =0V
capacitance "o input pins — — 15 pF  f=1MHz

except NMI T,=25°C
Current Normal lec™ — 38 45 mA f=10MHz
dissipation*2 operation — (5.0V) (55V)

Sleep —_ 27 34 mA f=10MHz

— (5.0V) (65V)
Standby*3{ — 0.01 5.0 PA  T,<50°C
— — 20.0 50°C < T,

Analog During A/D Alce — 1.0 2.0 mA AVec=3.0V
power conversion _ 12— AVec=5.0V
supply T

A/D conversion — 0.01 50 A

standby
Reference During A/D AlCC -_ 0.2 0.4 mA VREF =30V
power conversion — 03 — VRep=5.0V
supply _—
current AJ/D conversion — 0.01 50 HA

standby
RAM standby voltage VReam 20 - — \

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

Connect the AVCC and Ve pins to Ve, and the AVSS pin to Vss.

2. The current dissipation value is the value when all output pins are unloaded and the on-
chip pull-up MOS is off under the following conditions: Vi min= V¢ t0 0.5V, V.
max =0.5V.

3. When Viay < Ve < 3.0 V, the value is for the case where Viymin = Ve x 0.9, and
V,Lmax =03V.

4. g is dependent upon V¢ and f in accordance with the following formulas.
Iccmax = 1.0 (MA) + 0.8 (IMA/MHz - V)x Vge xf  [normal mode]
Iccmax = 1.0 (MA) + 0.6 (MA/MHz-V)x Voo xf  [sleep mode]
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Table 18-3 Permissible Output Currents

Conditions: Vee=2.7V105.5V, AV =27V 10 5.5V, Vpgr=2.7 V to AV,
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 Ports § and B, Ajgto Aq lov — - 10 mA
low current (per pin) Other output pins — — 20 mA
Permissible output Total of 32 pins including ZloL — — 80 mA
low current (total) ports 5 and B and Ajg to A,

Total of all output pins, — — 1200 mA

including the above

Permissible output All output pins loH — — 20 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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H8/3003

Port

Darlington pair

Figure 18-1 Darlington Pair Drive Circuit (Example)

H8/3003

Ports 5and B
6000

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. Control signal timing parameters are listed in
table 18-5. Refresh controller bus 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

Condition A: Vec=27V1t05.5V,AVec=27V 1055V, Vggr=2.7V to AVce,
Vs =AVgs =0V, 3 =2 MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Vge=3.0Vt055V,AVc=30V 055V, Vrer=3.0V 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: Vgc=35.0V £10%, AVee=5.0 V £ 10%, VRer=4.5 V1o AV,
Vss=AVgs =0V, p =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

Clock cycle time teve 125 500 100 500 625 500 ns Figure 18-4,

Clock low pulse width  tg, 0 — 30 — 20 - Figure 18-5

Clock high pulse width ten 40 — 3 — 20 —

Clock rise time ter - 20 — 15 — 10

Clock fall time tep - 20 - 15 — 10

Address delay time tao — 60 — 50 —_ 30

Address hold time tan 25 — 20 — 10 _

Address strobe delay taso — 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 tase 80 —_ 65 —_ 40 —

Read data setup time tros 50 — 35 — 20 —

Read data hold time troH o] — 0 — 0 —
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Table 18-4 Bus Timing (cont)

Condition A: Vee=2.7V105.5V, AVec =27 V105.5V, Vggr=2.7V to 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: Vce=3.0V1t05.5V, AV =3.0V 1055V, Vggr=3.0 V to AV,
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 =50V +10%, AVee=5.0V £ 10%, Vgpr=4.5 V1o AV,
Vgs = AVgs =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 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 twoo _ 75 — 75 - 60 ns Figure 18-4,
Write datasetuptime 1 twpg; 60 — 65 — 35 — Figure 18-5
Write data setup time 2 typgs 15— 0 — 5 —
Write data hold time tWDH 25 - 20 —_ 20 -
Read data access taccix — 110 ~— 100 — 55
time 1
Read data access tacco* — 230 — 200 — 115
time 2
Read data access tacCa* — 55 —_ 50 - 25
time 3
Read data access tacca* _— 160 — 150 — 85
time 4
Precharge time tpoH* 85 — 80 — 40 -
Wait setup time twrs 40 — 40 — 25 — ns Figure 18-6
Wait hold time twrH 10 — 10 — 5 —
Bus request setup ime teras 40 — 40 — 40 —_ ns Figure 18-18
Bus acknowledge teacoi —_ 60 — 50 —_ 30
delay time 1
Bus acknowledge teacoz — 60 — 50 - 30
delay time 2
Bus-floating time tezo — 70 — 70 —_— 40
Note is on next page.
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Note: At 8 MHz, the times below depend as indicated on the clock cycle time.

tacct = 15x tcyc -78 (nS) tWSW1 =1.0x ‘cyc - 40 (ns)
taccz = 2.5 Xty — 83 (ns) twswa = 1.5 X 1y — 38 (ns)
tAcca =1.0x tcyc - 70 (ns) tPCH =1.0x ‘cyc —40 (ns)

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

tacct = 1.5x tcyc -50 (nS) twowi = 1.0x tcyc - 40 (ns)
tACCZ =25x tcyc ~-50 (ns) tWSWZ =1.5x tcyc -40 (nS)
tACCs =1.0x tcyc -50 (nS) tPCH =10x tcyc -40 (ns)

tacca=2.0x tcyc — 50 (ns)
At 16 MHz, the times below depend as indicated on the clock cycle time.

tacct = 1.5x% tcyc -39 (ns) twswi = 1.0x tcyc - 28 (ns)
tACCZ =25% tcyc - 41 (ns) tWSWZ =15x tcyc - 28 (HS)
tACC3 =1.0x tcyc -38 (ns) tPCH =1.0x tcyc— 23 (ns)

tACC4 =20x tcyc -40 (ns)
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Table 18-5 Refresh Controller Bus Timing

Condition A: Ve =27V 1055V, AVee=27 V105.5V, Vggr=2.7 V to AV,

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

Condition B: Vec=3.0V105.5V, AVee=3.0V 1055V, Vggp=3.0 V to AVc,

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 =5.0 V £ 10%, AVee = 5.0 V + 10%, Vegr=4.5 V to AVce,

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
RAS delay time 1 tRAD1 — 60 — 50 — 83 ns Figure 18-7
RAS delay time 2 a2 — 60 — 50 — 30 it e 1813
RAS delay time 3 tRAD3 — 60 —_ 50 —_ 30
Row address hold time*  tRaH 25 —_ 20 —_ 15 —
RAS precharge time* tRP 8 — 70 — 40 —
CAS to RAS precharge  tCRP 8 — 70 — 40 —
time*
CAS pulse width tcas M0 — 8 — 40 —
RAS access time* tRAC — 180 — 150 — 85
Address access time taa — 105 — 75 — 55
CAS access time tCAC — 50 — 50 — 25
Write data setup time 3 twpsa 75 — 50 — 40 —
CAS setup time* tCSA 20 — 15 — 15  —
Read strobe delay time  tRsp — 60 — 50 — 30
Note: At 8 MHz, the times below depend as indicated on the clock cycle time.
tran = 0.5 X teyc — 38 (ns) toac = 1.0 X teye — 75 (ns)
tRAC =20x tcyc ~ 90 (ns) fesp = 0.5x%x tcyc -43 (nS)

tHP = tcnp =1.0x tcyc -40 (nS)

At 10 MHz, the times below depend as indicated on the clock cycle time.
tran = 0.5 X ey — 30 (ns) tcac = 1.0 X teye — 50 (ns)
trac = 2.0 Xty ~ 50 (ns) tcsp = 0.5 X teye — 35 (ns)
tRp=1crp=1.0x tcyc - 30 (ns)

At 16 MHz, the times below depend as indicated on the clock cycle time.
tran = 0.5 X toye — 16 (ns) toac = 1.0 Xty — 38 (ns)
tRAC =2.0x tcyc - 40 (nS) ICSR =0.5x% tcyc -16 (nS)
tap = topp = 1.0 X oy - 23 (ns)
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Table 18-6 Control Signal Timing

Condition A: VCC =27Vtods5YV, AVCC =27Vto55 v, VREF =27Vt AVCC’
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)

ConditionB: Ve =3.0V1055V, AV =30V 1055V, Vygr=3.0 V 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: Ve =5.0V £ 10%, AV =5.0 V £ 10%, VRer = 4.5 V 0 AVcc,
Vss = 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
RES setup time tacss 200 — 200 — 200 — ns Figure 18-15
RES pulse width thesw 10 — 10 —_ 10 _— tcve
RESO output delay treso - 100 — 100 — 100 ns Figure 18-16
time
RESO output puise tresow 132 — 132 — 132 — tcye
width
NMI setup time tans 150 — 150 — 150 — ns Figure 18-17
(NM), IRQ7 to IRQo)
NMI hold time [ 10 — 10 — 10 —
(NM, IRQ7 to IRQo)
Interrupt pulse width toww 200 — 200 — 200 —
(NMI, IRQz to IRQo
when exiting software
standby mode)
Clock oscillator settling  toge, 20 — 20 — 20 — ms Figure 18-19
tima at reset (crystal)
Clock oscillator settling o, 8 — 8 — 8 — 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 1055V, AV =27V 1055V, Vggr=2.7 V to 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)

ConditionB: Vcec=3.0V1t055V,AVec=3.0Vt055V, Vrer=3.0 Vto AV,

Vss =AVgg =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: VCC =50V £10%, AVCC =50V x10%, VREF =45Vto AVCC?

Vs =AVgs =0V, 8 =2MHz 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
tem Symbol Min Max Min Max Min Max Unit Conditions
DMAC DREQ setup toras 40 - 30 - 30 — ns Figure 18-27
time
DREQ hold toRgy 10 — 10 — 10 —
time
TEND delay treDy —_ 100 — 50 —_ 50 Figure 18-25,
time 1 Figure 18-26
TEND delay treoe — 100 — 50 -— 50
time 2
ITU Timer output troco — 100 — 100 — 100 ns Figure 18-21
delay time
Timer input tnes 50 — 50 — 50 —
setup time
Timer clock treks 50 - 50 — 50 - Figure 18-22
input setup time
Timer Single trexkwH 15 — 15 — 15 — teve
clock edge
pulse _ _ _
bt Egth trokwe 25 25 25
ges
SCI  Input  Asyn- tscve 4 - 4 - 4 — Figure 18-23
clock  chronous
cycle Syn- tscyc 6 -_ 6 - 6 —_
chronous
Input clock rise  tgekp — 15 — 15 — 15
time
Input clock fall  tgexr — 15 — 15 - 1.5
time
Input clock tsoxw 04 06 04 06 04 06 5o
pulse width
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Table 18-7 Timing of On-Chip Supporting Modules (cont)

Condition A: VCC =27V1to55V, AVCC =27VtoS55Y, VREF =27Vto AVCC9
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: Ve =3.0V1t05.5V,AVee=3.0V105.5V, Vger=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 %=10%, AVCC =5.0V x10%, Verep=4.5Vto AVCC’
Vss =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 trxp - 100 — 100 — 100 ns Figure 18-24
delay time
Receive data trxs 100 — 100 — 100 —
setup time
(synchronous)
Receive data tRxH 100 — 100 — 100 —
hold time
(synchronous)
Ports Output data tewo — 100 — 100 — 100 ns Figure 18-20
and delay time
TPC  Input data ters 50 — 5 — 50 —
setup time
(synchronous)
Input data tpRH 50 - 50 — 50 —
hold time
(synchronous)
5V
C=90pF: ponts 4,5,6, 8,C,
A Asg to Ap, Disto Dg,
L o, AS, RD, HWR, LWR
H8/3003 ‘ . C=30pF: ports 9,A, B
output pin & i I‘ pr ports
R =24kQ
Ry=12kQ
c A Input/output timing measurement levels
slLow:08V
*High: 20V

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: Vec=27Vt055V,AVec=2.7V 1055V, Vpgr=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: VCC =30Vto55 V, AVCC =30Vto 5.5 V, VREF =3.0Vto AVCC’
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: Ve =5.0 V £10%, AV =5.0 V = 10%, Vrgr=4.5 V to AV,
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 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 us
Analog input —_— - 20 —_ —_ 20 — — 20 pF
capacitance
Permissible signal- — — 10 — — 0 — — 103 kQ
source impedance _ 5%2 . _ 5'5 _ _ 5%
Nonlinearity error - — %0 — —_ +6.0 — — +3.0 LSB
Offset error — — 40 — —_ 240 — — +2.0 LSB
Full-scale error - —_ 0 — —_ 40 — — +2.0 LSB
Quantization efror  — —_ 05 — —_ 0.5 — — +0.5 LSB
Absolute accuracy —— — 8.0 — - 80 — — +4.0 LSB

Notes: 1. The value is for 4.0 < AV <5.5.
. The value is for 2.7 < AVq < 4.0
. The value is for @ < 12 MHz.
. Thevalue is for @ > 12 MHz.
. The value is for 3.0 < AV < 4.0.

aprON
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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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AxtoAg
€S 10 TS,

RD
(read)

D45 to Dy
(read)

HWR, LWR
(write)

D15 to DQ
(write)

T1 T2 |
t<:yt:
ton o,
|
_/ N
ter - —tcp
1 [t
e N
X( 7§<
trcn
tasp,  taccs sp| tan
’“ -
tast )I&< /| )
= tgn T
tasp taccs tso| tam
"4 .
tas )I\( .
I | e
tacc tRos tROH |
Ll
|
teen
tasp ten | tan
4 =
tast )IS( A
twswi
twoss twoH |

twoo ] I

Figure 18-4

Basic Bus Cycle: Two-State Access
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° mmm
Az 1o Ag X X

taccs
AS N /

taccs
RD (read) \L /

tacce tans
D15 to DO £\
(read) % )
:WSD twswz
HWR, LWR t AS /
(write) AS2 = 4
twosz

015 to DO ¥ \
{write) Zz /

Figure 18-5 Basic Bus Cycle: Three-State Access
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RD (read) \

D15 to Do

(read)

HWR, LWR
(write)

D15 to Do
(write) /\

WAIT

twrs

)

tVQITH tWTS ‘-l .‘t_WTH

VA

Figure 18-6 Basic Bus Cycle: Three-State Access with One Wait State

540

B 4496204 00L&988 995 W




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.

Ty T2 | Ts |

e —/ tap ‘—/ tap ;),_\\R__){j_/_

7 .
Agto A, >§< )XL ><
AS \ /

trapt ™ <_tRAH trapa
CS3 (RAS) fast N Mo e T
taso
tsp
_ ™\ tCI\S ~* Fe
RD (CAS) L tst N ¥, tore Neens
HWR (UW),
LWR (LW), 1
(read) RAC t
o — [_— ‘ASD 0
HWR (UW), A
LWR (LW),———— ‘ 7
(write) k. on twoH DR,
RFSH
tros = i
RDH*
Dysto Dy 7
(read) A
twoss

Dysto Dy N
(write) A

Note: * Stipulation from earliest CS3 and RD negate timing.

Figure 18-7 DRAM Bus Timing (Read/Write): Three-State Access

— 2WE Mode —
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Agto A, X

taso

losn traDs
CS3 (RAS) ‘jﬁ
tasp tmj( w,
mes r
FIWE (W),
LWR (LW)

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

— 2WE Mode —

?
s

Cs3 (RAS) tesh N\ /

RD (CAS) \ icsm /

Figure 18-9 DRAM Bus Timing (Self-Refresh Mode)

— 2WE Mode —

542

B 4495204 00bL&990 S4bL HE




- T Tz . T3 /
° TN S N SN
_/ tAD \___./ 'AD
N
Agto A, X o D4
AS AN / ~
—1 [ taaps traD3
CS3 (RAS) tast \l\( AAH ;/( tre T
tasp :

S0
HWR (UCAS P tcas Iy
HWR (UCAS), tas \L ~/ tere
LWR (LCAS) - N e ] e
RD (WE)
(read) trac t

SD

— i taa

RD (WE) —\ teac &
{write) K = fwon
RFSH r—

= = tapus
Dy5to Dy X
(read)

twoss

D15 to DO
(write) 3 4

Note: * Stipulation from earliest CS, and RD negate timing.

Figure 18-10 DRAM Bus Timing (Read/Write): Three-State Access
—2CAS Mode —

543

B 4496204 0064991 4ac W




| Ty - T, A T3
Ag to A1 X
tasp tsp
AS N ; _________
lesk | tRaps
TS3 (RAS) A
taso trapz tso
HWR (UCAS), N F
LWR (LCAS) — 4
RD (WE) .
trape taps, 0 T
RFSH :
tcsr

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

— 2CAS Mode —

CS3 (RAS)

HWR (UCAS),
LWR (LCAS)

RFSH

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

— 2CAS Mode —
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T2

tRAD1

tasi

tRAD3
42‘ trp T
- tsp! |
RsD F 72‘
taps tRDH>
.
,IZ r—
twsp tsp
\"L
twosz

Note: * Stipulation from earliest CS; and RD negate timing.

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

é

T

T ;

TN N N

traD2

trapa

=

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 IRQ; to IRQ,,.
*  Bus-release mode timing

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

2 3_/—\_
tress tress
RES
tresw
Figure 18-15 Reset Input Timing

2 _/—\_ﬂ f\_

tResD tResD
RES ;l \

—

tRESOW

Figure 18-16 Reset Output Timing
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] W\M
tnmis | [tmik

NMI i
thmis | Inmig

—— ¥

RQ X
s

IRQg: Edge-sensitive IRQ,
IRQ : Level-sensitive TRQ, (1=0107)

tmiw
NMI ay
>£ X

Ra,
(J=0102)

Figure 18-17 Interrupt Input Timing

teras tsras
BREQ .
)

teacoe

2

O

X
.28
>
o
2

Az to Ay, > tazp tazp —1
E, -_D, 35—

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

i AR AVAYAVAVAVANANASS S //v/AVAYAN

Vee |}

STEY J Ay Ay \_”-——— 3

tosct tosct

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

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

\ Ty Tz Ts |
: TN N\
tpRs tPRH
Port4to C
(read)
tewo

Port 4 to 6,

8toC

(write)

Figure 18-20 TPC and IO 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.

0 AN 2N

Output
compare*1

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

treks
o TN W:!f
trcks
TCLKA to - 55—
TCLKD t)ﬁ._/ ~
trokwe trekwh
| .

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

| tscve |
trxo
TxDO, TxD1
{transmit >< >< ><:
data
) trxs| |tRxn
RAxD0, RxD1 [ e

g:ge)ive >< ><<< A i >>>>< ><

Figure 18-24 SCI Input/Output Timing in Synchronous Mode
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18.3.8 DMAC Timing

DMAC timing is shown as follows.

DMAC TEND output timing/2 state access

Figure 18-25 shows the DMAC TEND output timing/2 state access
DMAC TEND output timing/3 state access

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

Figure 18-27 shows DMAC DREQ input timing.

T] | T2

I A SN S

treD1 trepe

Figure 18-25 DMAC TEND Output Timing/2 State Access

Ty | Tz | Ta

<—;L;

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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