Section 21 Electrical Characteristics

—Preliminary—

21.1 Absolute Maximum Ratings
Table 21-1 lists the absolute maximum ratings.
Table 21-1 Absolute Maximum Ratings —Preliminary—
item Symbol  Value Unit
Power supply voltage Vee -0.310 +7.0 A
Programming voltage = HD6473048 Vpp —0.31t0 +13.5 v

HD64F3048 ~0.310 +13.0 Vv
Input voltage Vin —0.3to Vge + 0.3 \
(except for MD, and
port 7
Input voltage (MD,) HD6473048, Vi, -0.3t0 Voo + 0.3 Vv

HD6433048,

HD6433047,

HD8433045,

HD6433044

HD64F3048 -0.310 +13.0 \'
Input voltage (port 7) Vin -0.3t0 AV + 0.3 \'
Reference voltage Vaer -0.3t0 AVge + 0.3 \'
Analog power supply voltage AVee -0.31t0 +7.0 v
Analog input voltage Van -0.310 AV + 0.3 \'
Operating temperature Topr Regular specifications: —20 to +75 °C

Wide-range specifications: -40t0 +85 °C

Storage temperature Tetg 5510 +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Particularly, insure that peak overshoot at the Vpp and MD, pins does not exceed 13 V.
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21.2 Electrical Characteristics of Masked ROM and PROM Versions

21.2.1 DC Characteristics

Table 21-2 lists the DC characteristics. Table 21-3 lists the permissible output currents.

Table 21-2 DC Characteristics —Preliminary—
Conditions: Voo = 5.0V £ 10%, AV =5.0 V£ 10%, Vrgr=4.5 V to AVcc,

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

tem Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, V- 1.0 —_ — v
trigger input
vo%ggesp P8yto P8,  Vp+ — — Vee X 0.7 V
PBO to PBa VT"' - VT_ 0.4 -_— _— \'}
Input high RES, STBY, Vi Ve =07 — Vee+03 V
voltage NMI, MD, to
MD,
EXTAL Ve x0.7 — Vee+03 V
Port 7 2.0 — AVpe +0.3V
Ports 1, 2, 3, 20 |, — Vec+03 V
4,5, 86,9,
P8, P8,,
PB4 to PB7
Input low RES, STBY, V| -0.3 —_ 0.5 \
voltage MD, to MD,
NMI, EXTAL, -0.3 — 0.8 \
ports 1, 2, 3,
4! 51 6! 7! 91
P8, P8,,
PB4 to PB7 i
Output high  All output pins Vgy Vee—05 — — v loy = —200 pA
voltage (except RESO) 35 _ _ v lon = =1 mA
Output low  All output pins Vg — - 0.4 v lop =1.6 mA
voltage (except RESO)
Ports 1,2, -_ —_ 1.0 \' IOL =10 mA
5,and B
RESO - — 0.4 v loL = 2.6 mA

Note: * If the A/D and D/A converters are not used, do not leave the AV¢, AVgs, and Vpee pins
open. Connect AV and Vper to Vo, and connect AVgg to Vgg.
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Table 21-2 DC Characteristics (cont) —Preliminary—

Conditions: Voc=5.0 V£ 10%, AVec =50V £ 10%, VRgp=4.5 V to AV,
Vgg = 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 leakage STBY, NMI, |l — — 1.0 HA  Vy=05to
current RES, Vec—-05V
MDZ to MDO
Port 7 — — 1.0 MPA  Vy=05to
AVec-05V
Three-state Ports 1, 2, Ibrsl — — 1.0 MA  Viy=05to
leakage 3,4,5,6, Vee-05V
current 8o B
(off state)  mEso — — 100  pA
Input pull-up Ports 2, ~lp 50 — 300 HA V=0V
current 4,and 5
Input NMI Cin - — 50 pF V=0V
capacitance input pins - — 15 pF !|'= 1 g‘st'é
except NMI ax
Current Normal lec — 50 65 mA =16 MHz
e imatinn®2 )
dissipation*2 operation _ 55 75 mA =18 MHz
Sleep mode — 35 50 mA f=16 MHz
— 40 55 mA f=18MHz
Module — 20 25 mA =16 MHz
*4
standby mode — 25 27 mA {=18MHz
Standby _ 0.01 5.0 A T,<50°C

mode*s — — 200 pA  50°C<T,
Notes: 1. If the A/D and D/A converters are not used, do not leave the AV, AVgg, and VRer pins
open. Connect AVgc and Ve to Vi, and connect AVgg to Vg,
2. Current dissipation values are for Viymin = Vec — 0.5 V and V) ma, = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are for Vam < Vee < 4.5 V, Vimin = Vee x 0.9, and Vitmax = 0.3 V.
4. Module standby current values apply in sleep mode with all modules haited.
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Table 21-2 DC Characteristics (cont) —Preliminary—

Conditions: VCC =50V +£10%, AVcc = 5.0V 110%, VREE= 45V to AVce,
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
Analog power During A/D Al — 1.2 2.0 mA
supply current  conversion

During A/D —_ 1.2 2.0 mA

and D/A

conversion

Idle —_ 0.0t 5.0 uA DASTE=0
Reference During AD  Algc — 0.3 0.6 mA Vggr=50V
current conversion

During AD — 1.3 3.0 mA

and D/A

conversion

Idle — 0.01 5.0 pyA DASTE=0
RAM standby voltage Veam 2.0 —_ —_— \)

Note: * If the A/D and D/A converters are not used, do not leave the AVee, AVgg, and Vper pins
open. Connect AV and Vper to Vee, and connect AVgg to Vgs.
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Table 21-2 DC Characteristics (cont) ~—Preliminary—

Conditions: Vcc=2.7V105.5V,AVcc=2.7 V10 5.5V, VRgr=2.7 V to AV,
Vss = 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 Port A, Vi~ Veex0.2 — — Vv
trigger input P8, to P8, ;
voltages  PBytoPBy V1 - —  Vecx07 V
Vr+— V1 Ve x0.07 — —_ Vv
Input high RES, STBY, Vi Veex0.9 — Vee+03 V
voltage NMI, MD, to
MDg
EXTAL Ve x0.7 — Vee+03  V
Port 7 VCC x07 — AVCC +03 V
Ponts 1, 2, 3,4, Veex0.7 — Vec+03  V
5, 6, 9, P85,
P84, PB4 to PB7
Input low RES, STBY, V||_ -0.3 —_ Vcc x01 V
voltage MD, to MD,
NMI, EXTAL, -0.3 - Veex0.2 V Vec <40V
ports 1, 2, 3,
4,5,6,7,9,
P8,;, P8,
0.8 v Vee =
PB4 to PB; 40Vto55V
Output high  All output pins Vi Veg-05 — - \) loy = =200 YA
voltage (except RESO) Vec-1.0 — _ Vv lop =—1 mA
Output low Al output pins Vg — — 04 \' lop = 1.6 mA
voltage (except RESO)
Ports 1, 2, —_ —_— 1.0 Vv VccS4V
5,and B loL =5 mA,
4V <Vec<55V
lop =10 mA
RESO — — 04 \ loL = 1.6 mA
Input leakage STBY, NMI,  |iil — — 1.0 VA Vpu=05to
current RES, Vec-05V
MDZ to MDO
Port 7 — _ 1.0 MA  VN=05to
AV - 05V

Note: * If the A/D and D/A converters are not used, do not leave the AV, AVsg, and Vge
pins open. Connect AVge and Vger to Ve, and connect AVgg to Vgs.
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Table 21-2 DC Characteristics (cont) —Preliminary—

Conditions: Voc =27V 0 5.5V, AVee=27V 055V, Vrer=2.7 Vo 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
Three-state Ports 1, 2, Ibrs4l — — 1.0 PA  Vy=05to
leakage 3,4,5, 8, Vec-05V
current 8toB
(off state)  mEgm - — 10.0 LA
Input pull-up Ports 2, =lp 10 — 300 HA  Vc=27Vio
current 4,and 5 55V, Vy=0V
Input NMI Cin - —_ 50 pF V=0V
capactance Ay input pins — — 15 !I'= 1 2’15':(2.;
except NMI a®
Current Normal lgc* — 12 35 mA f=8MHz
dissipation*2 operation (8.0V) (5.5V)
— 20 55 mA f=13MHz
(33V) (5.5V) (Vec=8.15Vto
55V)
Sleep mode — 8 25 mA f=8MHz
(3.0V) (55V)
— 12 40 mA f=13MHz
(33V) (55V) (Vec=3.15Vto
55V)
Module — 5 14 - mA {=8MHz
standby mode*5 (30V) (5.5V)
—_ 7 20 mA 13 MHz
(3.3V) (5.5V) (Vcc=3.15Vto
55 V)
Standby — 0.01 5.0 PA  T,<50°C
3
mode - — 20.0 pA  50°C<T,
Notes: 1. If the A/D and D/A converters are not used, do not leave the AVee, AVgg, and Vgep pins
open. Connect AV and VRer to Ve, and connect AVgg to Vgs.
2. Current dissipation values are for Viymin = Vo = 0.5 V and Vi 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 Vpam < Veoe <2.7 V, Vigmin = Vee X 0.9, and Vi max = 0.3 V.
4. g depends on Ve and f as follows:
lccmax = 3.0 (MA) + 0.75 (MA/MHz - V) x Vo xf  [normal mode]
lccmax = 3:0 (MA) 4+ 0.55 (MA/MHz - V) x Voo Xt [sleep mode]
lccmax = 3.0 (MA) + 0.25 (MA/MHz - V) x Voo xf [module standby mode]
5. Module standby current values apply in sleep mode with ail modules halted.
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Table 21-2 DC Characteristics (cont) —Preliminary—

Conditions: Voc=2.7V105.5V, AVee =27V 105.5V, VRgp=2.7 Vo 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 During AAD  Alge — 0.4 1.0 mA  AVec=30V
power conversion — 12 — mA  AVen =50V
supply -_ : CcC = 9.
current During A/D — 0.4 1.0 MA AVec=30V
and D/A — 12 — mA  AVgg =50V
conversion
Idle —_— 0.01 5.0 MA DASTE=0
Reference  During A/D Alce —_ 0.2 04 mA  Vpge=30V
current conversion — 0.3 _ MA  Vggr =5.0 V
During A/D - 0.8 2.0 MA  Vpege=3.0V
and D/A
conversion _— 1.3 —_ MmA  Vggr=5.0V
Idle - 0.01 5.0 WA DASTE=0
RAM standby voltage VRam 20 — - v

Note: * If the A/D and D/A converters are not used, do not leave the AV, AVgg, and VRer
pins open. Connect AVcc and Ve to Vo, and connect AVgg to Vgg.
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Table 21-3 Permissible Output Currents —Preliminary—

Conditions: Voc=27V 1055 V,AVec=27V 1055V, VRgr=2.7 V10 AVc,
Vss = 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 1,2, 5, and B loL — — 10 mA
low current (per pin) Other output pins — — 20 mA
Permissible output Total of 28 pins in Zlo — —_ 80 mA
low current (total) ports 1,2, 5,and B
Total of all output pins, - — 120 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 21-3.
2. When driving a darlington pair or LED, always insert a current-limiting resistor in the
output line, as shown in figures 21-1 and 21-2.
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H8/3048
Series

Port

Darlington pair

Figure 21-1 Darlington Pair Drive Circuit (Example)

H8/3048
Saries

Ports 1, 2, 5,
and B

LED

600Q

Figure 21-2 LED Drive Circuit (Example)
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21.2.2 AC Characteristics

Bus timing parameters are listed in table 21-4. Refresh controller bus timing parameters are listed
in table 21-5. Control signal timing parameters are listed in table 21-6. Timing parameters of the
on-chip supporting modules are listed in table 21-7.

Table 21-4 Bus Timing (1) —Preliminary—

Condition A: Vee=27Vt055V,AVee=27V1055V, Vrer=2.7V 10 AV,
Vgs = AVgg =0V, ¢=1 MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: V=315 V1055V, AVeec=3.15V105.5V, VRgr=3.15 V0o AV,
Vgs = AVgs =0V, g=1MHz to 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

Condition C: Vee=50V 1 10%, AVce =50V * 10%, Vrgr=4.5 V10 AVc,
Vgs=AVgg=0V, g =1MHz to 18 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 13 MHz 16 MHz 18 MHz Test
Item Symbol Min Max Min Max Min Max Min Max Unit Conditions
Clock cycle time teve 125 1000 76.9 1000 625 1000 555 1000 ns Figure 21-7,
Clock pulse low width  to, 0 — 20 — 20 — 17 — Figure 21-8
Clock pulse high width  tey 40 — 20 — 20 — 17 -
Clock rise time ter — 20 - 15 — 10 — 10
Clock fall time ter — 20 — 15 — 16 — 10
Address delay time tap — 60 — 5 - 30 — 25
Address hold time taAH 25 — 20 — 10 — 10 —
Address strobe delay  tagp — 80 — 5 — 3 - 25
time
Write strobe delay time twgp — 60 — 50 — 30 — 25
Strobe delay time tsp - 60 — 85 — 30 — 25
Wirite data strobe pulse tyswi* 85 — 40 — B — 32 —
width 1
Write data strobe pulse tyswox 150 — 90 — 66 — 62 —
width 2
Address setup time 1 tagq 20 — 15 - 10 — 10 —
Address setup time 2 tagp 80 — 45 — 40 — 38 —
Read data setup time  tppg 50 — 30 - 20 - 15 -
Read data hold time thoH 0 — 0 — 0 — 0 —
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Table 21-4 Bus Timing (cont) —Preliminary—

Condition A: V=27V 105.5V,AVec=27V w055V, Vggr=2.7 V 10 AV,
Vss = AVgs =0V, ¢ =1MHz to 8§ MHz, T, = -20°C to +75°C (regular
specifications), T, = 40°C to +85°C (wide-range specifications)

Condition B: VCC =315Viws55Y, AVCC =315Vw5.5V, VREF =3.15Vio AVCCa
Vss=AVgs=0V,p=1MHzto 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

Condition C: Vee=50V 1 10%, AVee=5.0V 1 10%, VRer=45V 10 AVcc,
Vgs = AVgs =0V, p=1MHz to 18 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 13 MHz 16MHz - 18MHz Test
Item Symbol Min Max Min Max Min Max Min Max Unit Conditions
Write data delay time  typp - 7% —- 75 — 680 — 55 ns Figure21-7,
Write data setup time 1 typgy 60 — 20 — 15 - 0 — Figure 21-8
Write data setup time 2 typs, 5 - -0 - 5 —- -0 —
Write data hold time twoH 2 — 15 — 20 — 20 —
Read data access tacck — 120 — 80 — B0 — 50
time 1
Read data access taccox — 240 — 140 — 120 — 105
time 2
Read data access taccax — 7 — 30 — 30 — 20
time 3
Read data access taccax — 180 — 100 — 9% — 80
time 4
Precharge time tocyx 8 — 55 — 45 — 40 -
Wait setup time twTs €0 — 40 — 25 — 25— ns  Figure 219
Wait hold time twTH 10 — 10 — 5 — 5 —
Bus request setupime ftgrgs 40 — 40 — 40 — 40 — ns  Figure 21-21
Bus acknowledge tacpy — 60 — 50 — 30 — 30
delay time 1
Bus acknowledge tgacppr — 60 — 50 — 30 — 30
delay time 2
Bus-floating time tazp —_ 70 — 70 — 40 — 40
Note is on next page.
659

M 4496204 00b24L5 332 W



Note: At 8 MHz, the times below depend as indicated on the clock cycle time.

tacet = 1.5 xtoyc — 68 (ns) twswi = 1.0 x teye — 40 (ns)
tacce = 25x toye - 73 (ns) twswe = 1.5 x toye - 38 (I"IS)
taccs = 1.0 x toye — 55 (ns) tpcH = 1.0 X teyg — 40 (ns)

taccs = 2.0 X toyc — 70 (ns)
At 13 MHz, the times below depend as indicated on the clock cycle time.

tacct = 1.5 X toye — 56 (ns) twswi = 1.0 x tcyc — 37 (ns)
tacez = 2.5 X toyc — 53 (ns) twswz = 1.5 X toye — 26 (ns)
tACCS =1.0x tcyc —47 (ns) tPCH =1.0x tcyc - 32 (ns)

tACC4 =2.0x tcyc -54 (ns)
At 16 MHz, the times below depend as indicated on the clock cycle time.

tacct = 1.5 X toyc — 34 (ns) twswi = 1.0 x toyc — 28 (ns)
tacc2 = 2.5 x toye — 37 (ns) twswe = 1.5 xtoye — 29 (ns)
taccs = 1.0 Xty — 33 (ns) tpcH = 1.0 X toye — 28 (ns)

tACC4 =2.0x tcyc -30 (ns)
At 18 MHz, the times below depend as indicated on the clock cycle time.

tacct = 1.5 xtoye — 34 (ns) twswi = 1.0 xteye — 24 (ns)
tACCZ =25x% tcyc -34 (ns) twswz =1.5 X» tcyc -22 (ns)
taces = 1.0 X toye — 36 (ns) tpoH = 1.0 x foyc — 21 (ns)

tacca = 2.0 x toyc — 31 (ns)
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Table 21-5 Refresh Controller Bus Timing

—Preliminary—

Condition A: VCC =27Vtw0oSS5YV, AVCC =27Vtwo55YV, VREF =27Vto AVCc,
Vss=AVgg =0V, g =1MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Vec=3.15V105.5V,AVec=3.15V 10 5.5V, Vgge=3.15 V to AVc,
Vss = AVgs =0V, =1MHz to 13 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 110%, VREF =45Vt AVCC’
Vss=AVgg=0V,p=1MHzto 18 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 13 MHz 16 MHz 18 MHz Test
ltem Symbol Min Max Min Max Min Max Min Max Unit Conditions
TRAS delay time 1 tapy — 60 — 50 — 30 — 30 ns Figure 21-10
RAS delay time 2 tRapz — 60 — 50 — 30 — 30 to
- Figure 21-16
RAS delay time 3 thapz — 60 — 850 — 30 — 30
Row address hold time* tgay 25 — 20 — 15 — 15 —
HAS precharge time*  tgp 8 — 8 — 45 — 40 —
CAS to RAS precharge tcpp 8 — 8 — 45 — 40 —
time*
CAS pulse width tcas 00 — 55 — 40 — 35 —
RAS access time* taac — 180 — 80 — 8 — 70
Address access time  taa — 105 — 485 — 55 — 45
CAS access time* tcac — 8 — 3 — 3 — 2
Write data setup time3 typgss 50 — 20 — 15 - 10 —
CAS setup time* tesp 22 — 0 - 15 — 10 —
Read strobe delay time tggp — 60 — 50 — 30 — 30
Note is on next page.
661

4496204 00bLeubk? 105 WN



Note: At 8 MHz, the times below depend as indicated on the clock cycle time.

traH = 0.5 X toye — 38 (ns) tcac = 1.0 xteye ~= 75 (ns)
trac = 2.0x teve - 90 (ns) tcsp=0.5x teye - 43 (ns)
tap = tcpp = 1.0 X toyc — 40 (ns)

At 13 MHz, the times below depend as indicated on the clock cycle time.
traH = 0.5 x toye — 19 (ns) tcac = 1.0 xtoyc — 47 (ns)
trac = 2.0 x toyc — 74 (ns) tesr = 0.5 X toye — 29 (ns)
trp = terp = 1.0 X toyc — 22 (ns)

At 16 MHz, the times below depend as indicated on the clock cycle time.
traH = 0.5 X toyc — 17 (ns) teac = 1.0 x tcyc —~ 33 (ns)
trac = 2.0 x toyc — 40 (ns) tcsr = 0.5 X toye =~ 17 (ns)
trp = tcpp = 1.0 X icyc — 18 (ns)

At 18 MHz, the times below depend as indicated on the clock cycle time.
tRAH = 0.5x tcyc -13 (nS) tCAC =1.0x tcyc -31 (ns)
tRAC =2.0x tcyc -41 (ns) tCSR =0.5x tcyc -18 (ns)
trp = tcpp = 1.0 X toyc = 16 (ns)
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Table 21-6 Control Signal Timing —Preliminary—

Condition A: Vgc=27V105.5V,AVcc=2.7V 1055V, Vrgr=2.7 V1o AV,
Vss=AVss =0V, ¢=1MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Vcc=3.15V105.5V,AVec=3.15V 0 5.5V, VRgp=3.15 V 1o AV,
Vss=AVgs =0V, ¢=1MHz to 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = —-40°C to +85°C (wide-range specifications)

Condition C: Ve =5.0V 1 10%, AV =50 V 1 10%, VRgr=4.5 V to AV,
Vss =AVgs =0V, ¢=1MHz to 18 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 13 MHz 16 MHz 18 MHz Test
ltem Symbol Min Max Min Max Min Max Min Max Unit Conditions
RES setup time thess 2000 — 200 — 200 — 200 — ns  Figure 21-18
RES pulse width tesw 10 — 10 — 10 — 10 — feyc
Mode programming twps 200 — 200 — 200 — 200 — ns
setup time

RESO output delay tResp — 100 — 100 — 100 — 100 ns  Figure 21-19
time

RESO output pulse kesow 182 — 182 — 132 — 132 — 1o

width

NMI setup time tamis 200 — 200 — 150 — 150 — ns  Figure 21-20
(NM, IRQ; to IRQy)

NMI hold time taw 10 — 10 — 10 — 10 —
(NMI, IRQ; to IRQy)

Interrupt pulse width thww 200 — 200 — 200 — 200 —
(NMI, IRQ; to IRQ,

when exiting software

standby mode)

Clock oscillator settling t9gcq 20 - 20 — 20 — 20 — ms  Figure 21-22
time at reset (crystal)

Clock oscillator settling togco 7 - 7 - 7 - 7 — ms Figure 20-1
time in software standby
(crystal)
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Table 21-7 Timing of On-Chip Supporting Modules

Condition A: Vee= 27Vw0S55V,AVec=27V 1055V, Vggp=2.7V 1o AVce,

Vgs = AVgg =0V, 9 =1MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

—Preliminary—

Condition B: Vcc=3.15V1055V,AVec=3.15V 1055V, Vggp=3.15 Vo AV,
Vgs=AVgs =0V, g=1MHzto 13 MHz, T, = -20°C to +75°C (regular

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

Condition C: Vee= 50V 10%, AVCC =50V 1 10%, VREF = 45Vt AVec,
Vgs = AVgg =0V, ¢ = 1 MHz to 18 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 13 MHz 16 MHz 18 MHz Tost
item Symbol Min Max Min Max Min Max Min Max Unit Conditions
DMAC DREQsetup tppgs 40 — 40 — 30 — 30 — ns  Figure 21-30
time
DREG hold tDF\QH 10 —_ 10 —_ 10 —_— 10 —_
time
TEND delay tyepr — 100 — 100 — 50 — 50 Figure 21-28,
time 1 Figure 21-29
TEND delay Hep2 — 100 — 100 — 50 — 50
time 2
ITU Timeroutput  trocp — 100 — 100 — 100 — 100 ns  Figure 21-24
delay time
Timer input trics 50 — 50 — — 50 —
setup time
Timer clock treks S0 — 50 - —_ 50 — Figure 21-25
input setup time
Timer Slngle tTCKWH 15 - 15 — 15 — 1.5 —_ fcyc
clock edge
p‘.’f: Both  trexwm. 25 — 26 — 25 — 25 —
widt edges
scl Input Asyn- tgcvg 4 — 4 — 4 — 4 — toye Figure 21-26
clock chronous
Y% Sn telc 6 29— 6 29— 6 2 — 6 —
chronous
Input clock rise tSCKR — 15 —_ 15 —_— 1.5 _ 15
time
Inputdlock fall  tgoxr — 15 — 16 — 1.5 — 1.5
time
Input clock tsckw 04 0.6 04 0.6 0.4 06 04 0.6 tscye
pulse width
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Table 21-7 Timing of On-Chip Supporting Modules (cont) —Preliminary—

Condition A: VCC =27Vio55YV, AVCC =27Viws5YV, VeRep=2.7Vto AVce,
Vss=AVgs =0V, ¢ =1 MHz to 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = 40°C to +85°C (wide-range specifications)

Condition B: Vec=3.15V1t05.5V,AVe=3.15V105.5V, VRgg=3.15 V to AV,
Vss=AVgg =0V, ¢ =1MHz to 13 MHz, T, =-20°C 0 +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

ConditionC: Voo =5.0V 1£10%, AVee=5.0 V £ 10%, VREp=43 V0 AV,
Vss=AVgs =0V, ¢ =1MHzto 18 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 13MHz 16 MHz 18 MHz

Test
Item Symbol Min Max Min Max Min Max Min Max Unit Conditions
SCl Transmit data trx0 — 100 — 100 — 100 — 100 ns Figure 21-27
delay time
Receive data thxs 100 — 100 — 100 — 100 —
setup time
(synchronous)
Receive data Clock input  trxy 100 — 100 — 100 — 100 —
hold time Al ity
ck t ¢ — o0 — 0 — 0 -
(synchronous) Clock outpu
Ports Output data twp — 100 — 100 — 100 -— 100 ns Figure 21-23
and delay time
TPC
Input data teRs 50 — 50 — 5 — 5 —
setup time
Input data tPRH 6 — 50 — 85 — 50 —
hold time
5V
; C=90pF: ports4,5,6,8, A(19t0 0}, D (1510 8), @
RL
H8/3048 Series 0 ) C =30 pF: ports 9, A, B, RESO
output pin 'l‘ R, =24KkQ
Ry=12kQ
c Ry Inputioutput timing measurement levels
T s Low: 0.8V
*High: 2.0 V
TIT

Figure 21-3 Output Load Circuit
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21.2.3 A/D Conversion Characteristics
Table 21-8 lists the A/D conversion characteristics.
Table 21-8 A/D Converter Characteristics —Preliminary—

Condition A: VCC =27Vi055YV, AVCC =27Vio55YV, VREF =27V AVCC'
Vgs = AVgs =0V, ¢ =1MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = 40°C to +85°C (wide-range specifications)

Condition B: VCC =315V10355YV, AVCC =315Viws55YV, VREF =315V AVCC’
Vss = AVgs =0V, ¢ =1MHz to 13 MHz, T, = -20°C to +75°C (regular
specifications), T = <40°C to +85°C (wide-range specifications)

Condition C; Voc=50V 110%, AVee =5.0V 1 10%, Vegr=4.5 V10 AV,
Vsg=AVgs=0V,¢=1MHz to 18 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 13 MHz 16 MHz 18 MHz

Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 10 10 10 bits
Conversion time - - 168 — — 104 — — 84 — — 75 ps
Analog input — — 20 — — 20 — — 20 — — 20 pF
capacitance
Permissible signa- — — 10"t — — 10" — —  10% — — 10" kQ
source impedance __ . 52 — _ 52 _ 5% _ _ 5%
Nonlinearity emor —  — 60 — — %0 — — 30 — — 30 LSB
Offset error — — 4.0 — — 340 — — 20 — — 120 LSB
Full-scale error - - 40 — — 40 — — 20 — — 20 LSB
Quantization error — —_ 05 — — 05 — — 05 — — 0.5 LSB
Absolute accuracy — — 80 — — 80 — — 40 — — 340 LSB

Notes: 1. The value is for 4.0 < AV £ 5.5.
2. The value is for 2.7 < AV < 4.0.
3. The value is for o < 12 MHz.
4. The value is for g > 12 MHz.
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21.2.4 D/A Conversion Characteristics
Table 21-9 lists the D/A conversion characteristics.
Table 21-9 D/A Converter Characteristics —Preliminary—

Condition A: Vec=2.7V1055V,AVcc=2.7V 1055V, Vggr=2.7 V t0 AV,
Vss = AVSS =0V, ¢=1MHzt0 8 MHz, Ta =-20°C to +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

ConditionB: Vge=3.15V105.5V,AVec=3.15 V055V, VRgr=3.15 V 10 AV,
Vgs =AVgs=0V,p=1MHz to 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition C: Vge=5.0V £10%, AV =5.0V £ 10%, VRgr=4.5 V1o AV,
VSS = AVSS =0V, 6=1MHz 10 18 MHz, Ta = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 13 MHz 16 MHz 18 MHz Teost
Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Conditions
Resolution 8 8 8 8 8 8 8 8 8 8 8 8 Bits
Conversion — — 10 — — 10 — — 10 — — 10 us 20-pF capaci-
time tive load
Absolute — 120 #30 — 120 30 — 1.0 #5 — 1.0 1.5 LSB 2-MQ
accuracy resistive load
- — 0 — — 20 — — $#¢0 — — 0 LSB 4MQ
resistive load
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21.3 Electrical Characteristics of Flash Memory Version

21.3.1 DC Characteristics

Table 21-10 lists the DC characteristics. Table 21-11 lists the permissible output currents.

Table 21-10 DC Characteristics —Preliminary—
Conditions: Vo= 5.0V £ 10%, AVee=5.0V £ 10%, Veer=4.5 Vto AV,

Vss = AVgs = 0 V¥, T, = -20°C to +75°C (regular specifications),
T, = -40°C to +85°C (wide-range specifications)

Kem Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, Vi 1.0 — — v
trigger input Vv . _
voltages P80 to P82, T VCC x0.7 V
PB, to PB, Vit —-Vy- 04 — — v
Input hlgh RES, STBY, VIH Vcc -07 — Vcc +03 V
voltage NMI, MD, to '
MDg
EXTAL Vee x0.7 — Vee+03 V
Port 7 2.0 — AVcc + 0.3V
Ports 1, 2, 3, 2.0 — VCC +03 V
4,5,6,9,
P8,, P8,,
PB, to PB,
Input low RES, STBY, V; -0.3 — 0.5 \
voltage MD, to MDg
NMI, EXTAL, ~0.3 — 0.8 v
ports 1, 2, 3,
4,5,6,7,9,
P83, P8,,
PB,to PB,
Output high  All output pins Vg Vec—-05 — — \ lon = =200 pA
voltage 35 — - V. loy=-1mA
Output low  All output pins Vg — - 0.4 v lor=1.6mA
voltage (except RESO)
Ports 1, 2, - _ 1.0 \' loL = 10 mA
5,and B
RESO _ — 0.4 \ loL = 2.6 mA

Note: * if the A/D and D/A converters are not used, do not leave the AVg, AVgg, and Vpgr pins
open. Connect AV and Vger to Vg, and connect AVgg to Vgg.
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Table 21-10 DC Characteristics (cont) —Preliminary—

Conditions: Voo =5.0 V£ 10%, AVce = 5.0 V £ 10%, Vrgr=4.5 V to AV,
Vgs = AVgg = 0 V*1, T, = -20°C to +75°C (regular specifications),
T, = —40°C t0 +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Input leakage STBY, NMI, |l - - 1.0 HA  Viy=05to
current RES, MD,, Veg=-05V
MD,
MD, —_ — 10.0 HA Viy=05to
VCC +05V
MD, — — 50.0 BA  Viy=Vceo+
0510126V
Port 7 —_ —_ 1.0 A  Viy=05t0
AVgc-05V
Three-state Ports 1, 2, thsil —_ — 1.0 HA Vy=05to
leakage 3,4,5, 6, Vec—-05V
current 8to B
(off state)  REsH — — 100  pA
Input pull-up Ports 2, -lp 50 — 300 A Viy=0V
current 4,and 5
Input NMI Cin - - 50 pF V=0V
capacitance A input pins — — 15 pF !r' ! ggjé
except NMI a®
Current Normal lec — 50 65 mA f=16 MHz
dissipation*2 operation
Sleep mode — 35 50 mA f=16 MHz
Module — 20 25 mA f=16 MHz
standby mode*4
Standby — 0.01 5.0 pA  T,<50°C
mode*3

— - 200 pA  50°C<T,

Notes: 1. If the A/D and D/A converters are not used, do not leave the AV, AVgs, and Ve pins
open. Connect AV and Vggr to Ve, and connect AVgs to Vgs.
2. Current dissipation values are for Viymin = Vec — 0.5 V and Vj 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 <45V, VIHmin = Vcc x 0.9, and VILmax =03V.
4. Module standby current values apply in sleep mode with all modules halted.
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Table 21-16 DC Characteristics (cont) —Preliminary—

Conditions: Voo =5.0V £ 10%, AVee =50V £ 10%, Vrgr =4.5 V 10 AV,
Vgs = AVgs =0 V*, T, = -20°C to +75°C (regular specifications),
T, = —40°C to +85°C (wide-range specifications)

iteam Symbol Min Typ Max Unit Test Conditions
Analog power During AD  Alge — 1.2 20 mA
supply current conversion

During AD - 1.2 2.0 mA

and D/A

conversion

Idle — 0.01 5.0 HA DASTE=0
Reference During AD  Algg - 0.3 0.6 mA Vpge=5.0V
current conversion _

During A/D — 1.3 3.0 mA

and D/A

conversion

idle — 0.01 5.0 vA DASTE=0
RAM standby voltage Vaam 2.0 — — Vv

Note: * If the A/D and D/A converters are not used, do not leave the AV, AVgg, and Ve pins
open. Connect AV and Vper to Ve, and connect AVgg to Vgs.
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Table 21-10 DC Characteristics (cont) —Preliminary—

Conditions: Voc=2.7V10 5.5V, AVec =27V 10 5.5V, VRgr= 2.7 V to AV,
Vss = 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 Port A, V- Veex02 — — \Y}
trigger input P8, to P8, .
voltages ~ PBytoPB; VT — —  Veex07 V
Vi+t=V1~ Ve x0.07 — -— \
lnput hlgh RES, STBY, VIH Vcc x09 — VCC + 03 v
voltage NMI, MD, to
MD,
EXTAL Veex0.7 — Vee+03 V
Port 7 Veex0.7 — AVec +03 V
Ports 1, 2, 3.4, VCC x 07 — Vcc +0.3 Y
5,6, 9, P8,,
P84, PB4 to PB7
Input low RES, STBY, V||_ -0.3 —_— VCC x01 V
voltage MD, to MD,
NMI, EXTAL, -0.3 — Veex0.2 V Veg <40V
ports 1, 2, 3,
4,5,6,7,9,
P8,, P8,
0.8 V Vcc =
PB4to PB, 40V1055V
Output high  All output pins Vg Vec—-05 — — \ loy = —200 pyA
voltage Veg—1.0 — _ V. lon=-1mA
Output low  All output pins Vg — - 04 v o = 1.6 mA
voltage (except RESO)
Ports 1, 2, -— — 1.0 v Vees4V
5,and B log =5 mA,
4 V < Vcc <55 V
|o|_ =10 mA
RESO — — 0.4 v loL = 1.6 mA

Note: * If the A/D and D/A converters are not used, do not leave the AV, AVgs, and Viee
pins open. Connect AV and Vee to Ve, and connect AVgg to Vgg.

671

M 4496204 00L247?7 0S4 EM



Table 21-10 DC Characteristics (cont) —Preliminary—

Conditions: Voc=27V 1055 V,AVcc=27V 1055V, VRgr=2.7 V10 AV,
Vg = 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 leakage STBY, NMI, || —_— —_ 1.0 PA V|y=05to
current RES, MD,, Voc-0.5V
MD,
MD, - - 10.0 BPA  Viy=05to
Vcc +05V
MD, — — 50.0 HA  Viy=Veo+
05t0126V
Port 7 —_ _ 1.0 MA VIN =05to
: AVge—-05V
Three-state Pons 1, 2, Ihrssl — — 1.0 PA  Vy=05to
leakage 3, 4, 5, 6, VCC -05V
current 8toB
(off state)  mEsS — — 100 A
Input pull-up Ports 2, -lp 10 - 300 PA  Vgc=27Vio
current 4,and5 55V, Vy=0V
Input NMI Cin — — 50 pF V=0V
capacitance p. - . . — f=1MHz
All input pins 15 T, =25°C
except NMI

Note: * If the A/D and D/A converters are not used, do not leave the AV, AVgs, and VReg
pins open. Connect AV and Vpep to Ve, and connect AVgg to Vgg.
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Table 21-10 DC Characteristics (cont) —Preliminary—

Conditions: VCC =27V10535V, AVCC =27V1t055V, VREF =27V AVC(_:,

Vgs = AVgg =0 V*1, T, = -20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

tem Symbol Min Typ Max Unit Test Conditions
Current Normal lec*t — 12 35 mA f=8MHz
dissipation®2 operation 80V) (55V)
Sleep mode — 8 25 mA f=8MHz
(3.0V) (55V)
Module -— 5 14 mA {=8MHz
standby mode*S 80V) (55V)
Standby — 0.01 5.0 YA  T,<50°C
*3
mode — — 20.0 LA 50°C<T,
Notes: 1. K the A/D and D/A converters are not used, do not leave the AV¢c, AVgg, and Vper pins
open. Connect AV and Vpgr to Vg, and connect AVgg to Vgs.
2. Current dissipation values are for Viymin = Veg — 0.5 V and Vi nay = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are for Veap < Vec < 2.7 V, Vigmin = Veg % 0.9, and V) may = 0.3 V.
4. loc depends on Ve and f as follows:
lccmax = 3.0 (MA) + 0.75 (MA/MHZz - V) x Voo xf  [normal mode]
lccmax = 3.0 (MA) + 0.55 (MA/MHz - V) x Voo xT  [sleep mode]
lccmax = 3.0 (MA) + 0.25 (MA/MHz - V) x Voo xf  [module standby mode]
5. Module standby current values apply in sleep mode with all modules halted.
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Table 21-10 DC Characteristics (cont) : —Preliminary—

Conditions: Voe=2.7V1055V,AVee=27V 1055V, VRgr=2.7 V1o AV,
Vs = AVgg = 0 V¥, T, = -20°C 10 +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Analog During AD Al — 0.4 1.0 mA AVgc=3.0V
power conversion
supp|y —_ 1.2 —_ mA AVCC =50V
current During AD — 0.4 1.0 mA AVgc =30V
and D/A
conversion — 1.2 —_— mA AVCC =50V
Idle — 0.01 5.0 pA  DASTE=0
Reference  During AD Al — 0.2 0.4 mA  Vgege=3.0V
current ‘ conversion _ 03 — mA  Veer =50V
During A/D — 0.8 2.0 mA  Vpgg=3.0V
and D/A
conversion —_ 1.3 — mA VREF =50V
idle — 0.01 5.0 pA DASTE=0
RAM standby voltage Veam 2.0 - — v

Note: * If the A/D and D/A converters are not used, do not leave the AVgc, AVss, and Ve
pins open. Connect AVc and Vggr to Ve, and connect AVgg to Vgs.
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Table 21-11 Permissible Qutput Currents —Preliminary—

Conditions: Voc=2.7V1t0 5.5V, AV =27V 105.5V, Vggr=2.7 V to AV,
Vs =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 1,2, 5, and B loL - - 10 mA
low current (per pin) Other output pins : — — 20 mA
Permissible output Total of 28 pins in Zloy - — 80 mA
tow current (total) ports 1, 2,5, and B
Total of all output pins, — — 120 mA
including the above
Permissible output All output pins low — — 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 21-11.
2. When driving a darlington pair or LED, always insert a current-limiting resistor in the
output line, as shown in figures 21-4 and 21-5.
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H8/3048
Series

Port

Darlington pair

Figure 21-4 Darlington Pair Drive Circuit (Example)

H8/3048
Series
Ports 1, 2, 5,
and B 600Q
.
LED

Figure 21-5 LED Drive Circuit (Example)
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21.3.2 AC Characteristics

Bus timing parameters are listed in table 21-12. Refresh controller bus timing parameters are
listed in table 21-13. Control signal timing parameters are listed in table 21-14. Timing parameters
of the on-chip supporting modules are listed in table 21-15.

Table 21-12 Bus Timing (1) —Preliminary—

Condition A: Vcc=2.7V1035.5V, AVee=27V1055V,Vggr=2.7V 10 AVec,
Vss=AVgs=0V, 9 =1MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition C: VCC =50Vt 10%, AVCC =50Vt 10%, VREF =45Vto AVCC’
Vss=AVgs =0V, ¢ =1MHz to 16 MHz, T, =-20°C t0 +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz Test
ltem Symbol Min Max Min Max Unit Conditions
Clock cycle time teve 125 1000 62.5 1000 ns Figure 21-7
Clock pulse low width to 40 — 20 — Figure 21-8
Clock pulse high width tcH 40 - 20 —
Clock rise time ton — 20 — 10
Clock fall time tor — 20 — 10
Address delay time tap — 60 — 30
Address hold time tan 25 — 10 —
Address strobe delay time tasp — 60 —_ 30
Write strobe delay time twsp — 60 — 30
Strobe delay time tsp — 60 — 30
Write data strobe pulse width 1 twswi* 85 — 35 —
Write data strobe pulse width 2 tygwo* 150 -— 65 —
Address setup time 1 tast 20 - 10 —
Address setup time 2 tass 80 — 40 —
Read data setup time tros 50 — 20 —
Read data hold time tRoH 0 — .0 —
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Table 21-12 Bus Timing (cont) —Preliminary—

Condition A: Vee= 27V1woS5.5Y, AVCC =27Vto55YV, VREF = 27V AVce,
Vss=AVgs =0V, g=1MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = 40°C to +85°C (wide-range specifications)

Condition C: V=50V £ 10%, AVee = 5.0V £ 10%, VRer =4.5 V to AV,
Vgs=AVgs=0YV,¢=1MHzto 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz Test
Item . Symbol Min Max Min Max Unit Conditions
Write data delay time twop — 75 — 60 ns Figure 21-7
Write data setup time 1 twos1 60 — 15 — Figure 21-8
Write data setup time 2 twosz 5 _— -5 —
Write data hold time YWOH . 25 — 20 —
Read data access time 1 tacor# — 120 — 60
Read data access time 2 tacca* — 240 - 120
Read data access time 3 tacoa* — 70 — 30
Read data access time 4 tacca* — 180 —_— 95
Precharge time tpon* 85 — 45 —
Wait setup time twTs 40 — 25 — ns Figure 21-9
Wait hold time twTH 10 — 5 —
" Bus request setup time " tgpos 40 — 40 — ns Figure 21-21

Bus acknowledge delay time 1 laaco1 — 60 — 30
Bus acknowledge delay time 2 teaco2 — 60 —_ 30
Bus-fioating time tazp — 70 — 40
Note: At 8 MHz, the times below depend as indicated on the clock cycle time.

tacct = 1.5 Xty — 68 (ns) twswi = 1.0 xtcyc — 40 (ns)

taccz = 2.5 x toye — 73 (ns) twswoz = 1.5 Xtcye — 38 (ns)

tacca = 1.0 x teyc — 55 (ns) tpcH = 1.0 X {oyg — 40 (ns)

taccs = 2.0 X toyg — 70 (ns)
At 16 MHz, the times below depend as indicated on the clock cycle time,

tacct = 1.5 x toye — 34 (ns) twswi = 1.0 x toye — 28 (ns)
taccz = 2.5 x toye — 37 (ns) twswz = 1.5 x teye — 29 (ns)
taces = 1.0 xtoye — 33 (ns) tpen=1.0xtcyc —28 (ns)

taccs = 2.0 x teye — 30 (ns)
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Table 21-13 Refresh Controller Bus Timing ~—Preliminary—

Condition A: Vee=2TVw55V,AVcc=27V 1055V, VRep=2.7V to AV,
Vss = AVgg =0V, 9= 1 MHz to 8 MHz, T, = -20°C t0 +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition C: V=50V 1 10%, AVec =50 V £ 10%, Vpgr=4.5V to AVec,
Vss=AVss =0V, ¢=1MHz to 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz Test

Item Symbol Min Max Min Max Unit Conditions
RAS delay time 1 taAD1 — 60 — 30 ns Figure 21-10
f delay time 2 traD2 — 80 — 30 tlggure 2116
RAS delay time 3 trAD3 — 60 — 30
Row address hold time* traH 25 — 15 —
RAS precharge time* tap 85 — 45 -
CAS to RAS precharge time* teap 85 — 45 —
CAS pulse width tcas 100 — 40 —
RAS access time* trac — 160 — 85
Address access time taa - 105 — 55
CAS access time* teac — 50 — 30
Write data setup time 3 twoss 50 — 15 -
CAS setup time* teeR 20 — 15 —
Read strobe delay time tasp — 60 - 30
Note: At 8 MHz, the times below depend as indicated on the clock cycle time.

traH = 0.5 X toyc — 38 (ns) toac = 1.0 xtgyc — 75 (ns)

thac = 2.0 X toyc — 90 (ns) tcsp = 0.5 xteyc — 43 (ns)

tap = topp = 1.0 X toyc — 40 (ns)
At 16 MHz, the times below depend as indicated on the clock cycle time.
tran = 0.5 X toyc — 17 (ns) tcac = 1.0 X teye — 33 (ns)
tRAC =2.0x tcye ~ 40 (ns) 1csr=05x tove — 17 (ns)
tRP = tCRP =1.0x tcyc -18 (ns)
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Table 21-14 Control Signal Timing ‘ —Preliminary—

Condition A: Vcoe=27V 1055V, AVce=27V 1055V, VRgr=2.7V 10 AV¢c,
Vgs = AVgg =0V, g =1 MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = <40°C to +85°C (wide-range specifications)

ConditionC: Vo =5.0V 1 10%, AV =5.0V £ 10%, Vrgp=4.5 V10 AV,
Vss = AVgs =0V, ¢ =1 MHz to 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C

8 MHz 16 MHz Test
Item Symbol Min Max Min Max Unit Conditions
RES setup time taess 200 — 200 — ns Figure 21-18
HE§ pulse width tRESW 10 — 10 _— fcyc
Mode programming tvos 200 — 200 — ns
setup time
RESO output delay thesp — 100 — 100 ns Figure 21-19
time
RESO output pulse width taesow 132 — 132 — tove
NMi setup time tmis 200 — 150 — ns Figure 21-20
(NML, TRQ; to TRQy)
NMI hold time tNMlH 10 - —_ 10 —
(NM', 'RQ5 to IRQo)
Interrupt pulse width taviw 200 — 200 —
(NML, TRQ; to TRQ,
when exiting software
standby mode)
Clock oscillator settling tose1 20 — 20 — ms Figure 21-22
time at reset (crystal)
Clock oscillator settling toscz 7 — 7 — ms Figure 20-1
time in software standby
(crystal)
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Table 21-15 Timing of On-Chip Supporting Modules —Preliminary—

Condition A: Vcc=27Vt055YV, AVec=27Vi055V, VREF=2.7V 10 AV,
Vss=AVgs=0V,8=1MHz to 8 MHz, T, = -20°C t0 +75°C (regular
specifications), T, = <40°C to +85°C (wide-range specifications)

Condition C: Vee=5.0 V+10%, AVee = 5.0 V 1 10%, Vrgp=4.5 Vo AV,
Vss=AV55=0V, 9 =1MHz to 16 MHz, T, = -20°C t0 +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C

8 MHz 16 MHz Test
Item Symbol  Min Max Min Max Unit Conditions
DMAC DREQ setup time toras 40 — 30 - ns Figure 21-30
DREQ hold time toRaH 10 — 10 -
TEND delay time 1 trep — 100 — 50 Figure 21-28,
TEND delay time 2 trene — 100 — 50 Figure 21-29
ITU Timer output delay time troco — 100 — 100 ns Figure 21-24
Timer input setup time trics 50 - 50 —
Timer clock input setup time treks 50 — 50 — Figure 21-25
Timer clock  Single edge trekwH 1.5 — 1.5 — tove
pulse width B cdges trokwe. = 25— 25 —
SCI Input clock  Asynchronous tscye 4 — 4 — tcve  Figure 21-26
cycle Synchronous tscve 6 — 6 —
Input clock rise time tsciR —_ 1.5 —_ 1.5
Input clock fall time tsekr — 1.5 — 15
Input clock pulse width tsckw 0.4 0.6 04 06 tscye
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Table 21-15 Timing of On-Chip Supporting Modules (cont)

—Preliminary—

Condition A: Voc=27V105.5V,AVec=2.7V105.5V, VRgr=2.7 V to AV,
Vgs = AVgg =0V, g =1 MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

Condition C: VCC =50Vt 10%, AVCC =50Vt 10%, VREF =45V1io AVCC’
Vgg=AVgg =0V, g=1MHz to 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)
Condition A Condition C
8 MHz 16 MHz Test
tem Symbol  Min Max Min Max Unit Conditions
SCI Transmit data trxo — 100 — 100 ns Figure 21-27
delay time
Receive data taxs 00 — 100 —
setup time
(synchronous)
Receive data  Clock input tRXH 100 — 100 —
hold time - —
(synchronous) Clock output taxH 0 0
Ports Output data towp — 100 — 100 ns Figure 21-23
and delay time
TPC Input data toRs 50 — 50 -
setup time
Input data tPRH — —
hold time
5V
C =90 pF: ports 4,5,6,8,A(19100), D (1510 8), 2
R,
H8/3048 Series o l‘ C=30pF: ports 9, A, B, RESO
output pin | R, =2.4kQ
Rpy=12kQ
- . »
c —— ; Ry Input/output timing measurement levels
slow:08V
»High:2.0V

o |

Figure 21-6 Output Load Circuit
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21.3.3 A/D Conversion Characteristics
Table 21-16 lists the A/D conversion characteristics,
Table 21-16 A/D Converter Characteristics —Preliminary—

Condition A: Vcc=27Vt055V, AVcc=27Vi055V, VrRer=2.7V to AV,
Vss=AVgs =0V, 9 =1MHz to 8 MHz, T, = -20°C to +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

Condition C: Vcc=5.0 V+10%, AVee = 5.0 V 1 10%, Vrep=4.5 V to AV,
Vss=AVgs =0V, ¢ =1MHz to 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = -40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz

item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bits
Conversion time — — 16.8 — — 8.4 us
Analog input capacitance - — 20 — — 20 pF
Permissible signal-source — — 10*1 — — 103 kQ
impedance _ _ 5%2 _ _ 54
Nonlinearity error — — 6.0 — — 3.0 LSB
Oftset error — — 40 — — 20 LSB
Full-scale error — — 4.0 — — 2.0 LSB
Quantization error — — 105 — — 105 LsSB
Absolute accuracy — — 8.0 — — 4.0 LSB

Notes: 1. The value is for 4.0 < AV £ 5.5.
2. The value is for 2.7 < AV¢c < 4.0.
3. The value is for o < 12 MHz.
4. The value is for o > 12 MHz.
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21.3.4 D/A Conversion Characteristics

Table 21-17 lists the D/A conversion characteristics.

Table 21-17 D/A Converter Characteristics

—Preliminary—

Condition A: VCC =27Vto55YV, AVCC =27V1055Y, VREF =27Vt AVCCa
Vss = AVgs =0V, g =1MHz to 8 MHz, T, = ~20°C to +75°C (regular

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

Condition C: VCC =50V z10%, AVCC =50V x10%, VREF =45Vt AVcc,

Vgs = AVg5 =0V, g = 1 MHz to 16 MHz, T, = -20°C to +75°C (regular

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

Condition A Condition C
8 MHz 16 MHz Tost
Item Min Typ Max Min Typ Max Unit Conditions
Resolution 8 8 8 8 8 8 Bits
Conversion time — — 10 — - 10 TH] 20-pF capacitive
load
Absolute accuracy - 2.0 3.0 -~ 1.0 1.5 LSB 2-MQ resistive
load
— — 2.0 —_ - 1.0 LSB 4-MQ resistive
load
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21.3.5 Flash Memory Characteristics
Table 21-18 lists the flash memory characteristics.
Table 21-18 Flash Memory

Condition A: Vcc=27V105.5V,AVec=2.7V 1055V, Vrgr=2.7 V to AV,
VSS=AVSS=0V'VPP= 12V06V,6=1 MHZKOSW’IZ,T‘=—20°C“)
+75°C (regular specifications), T, = -40°C to +85°C (wide-range specifications)

Condition C: Ve =5.0 V1 10%, AVee =5.0 V £ 10%, VRgp = 4.5 V to AV,
VSS=AVSS=0V’VPP= 12Vz0.6V,6=1MHzto 16MHZ,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
Programming time*! tp — 50 1000 uS

Erase time*! te — 1 30 s

Erase-program cycle Nwee — — 100 time

Verify setup time 1*1 tvsq 4 — — [V

Verify setup time 2*1 tysz 2 — — ps

Flash memory read trRs 50 — - Hs Vec245V
setup time*2 100 — - uS  Voo<45V

Notes: 1. To specify each time, follow the appropriate algorithm.
2. Before reading the flash memory, wait at least for the read setup time after clearing the
VppE bit; lowering the voltage supplied to Vpp from 12 V to 0-5 V; turning on the power
when the external clock is used; or returning from standby mode. When the Vpp voltage

is cut off, trRg indicates the time from when the Vpp falls below Vg + 2 V to when the
flash memory is read.
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21.4 Operational Timing

This section shows timing diagrams.

21.4.1 Bus Timing

Bus timing is shown as follows:

Basic bus cycle: two-state access

Figure 21-7 shows the timing of the extemnal two-state access cycle.
Basic bus cycle: three-state access

Figure 21-8 shows the timing of the external three-state access cycle.
Basic bus cycle: three-state access with one wait state

Figure 21-9 shows the timing of the external three-state access cycle with one wait state
inserted.

686

B 4496204 00b2492 3L0 WA



T, R Ts |
teve
tcn tcL
—
2 / [\
ter — ~—Tlca
] et teve
AD [
A23 to Ao, 3 R
et X ,it(P ;
CH
tasp,  laccs tsp | tan
AS 4 =3
AS tast 13‘( /) M
B o tecn
tasp  taccs s | taH
ﬁ)— t B . T
(read) ASt -] e
tacc laps tRDH
I
(read) 3 foon
tasD tso | tan
AWR, TWR ¢ -
(write) fast :!ST o 72 M ccceccamaeaan
1
[ twos1 twoH |
twoo ™
(write)

Figure 21-7

687

Basic Bus Cycle: Two-State Access

B 4496204 0062493 277 W



1 Ty T2 ! Ts |

° _/L_v N/ \_h_/_
Axato Ag X

taccs
s N /

taccs
RD (read) N\ /

tacce LRDS
?,::; Do £\
re Jc [
}WSD twswz
HWR, LWR
(write) tas2 N /
twos2

Dyst0 Dy 1 \
{write) K /

Figure 21-8 Basic Bus Cycle: Three-State Access
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HWR, LWR

(write)

{write)

WAIT

\
—< |
) *Iy 3

Figure 21-9 Basic Bus Cycle: Three-State Access with One Wait State
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21.4.2 Refresh Controller Bus Timing

Refresh controller bus timing is shown as follows:

DRAM bus timing

Figures 21-10 to 21-15 show the DRAM bus timing in each operating mode.

PSRAM bus timing

Figures 21-16 and 21-17 show the pseudo-static RAM bus timing in each operating mode.

. T ol T2 e Ta |
o _/jAD L/ tao ;/\r_ﬂ \M
AgtoA, X i X
AS N\ / .
tRap1 —™] t_t““” _ ;RAD:i y '
5, (RAS) Tast ‘l\‘ /ot O
taso tp
—— N toas | [ — Y
AD (CAS) s N e D = AN
HWR (UW),
LWR (LW)
{read) - Ll > tsp
_ — < tagp -
HWR (UW), - M -
[WR (LW)—\ ~ z <
(write) 3 ='CAC‘ bwoH,  eeeoos
RFSH
taps - H
(read) h
twoss
D15 to Do —£——’
(write)

Figure 21-10 DRAM Bus Timing (Read/Write): Three-State Access

— 2WE Mode —
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{ !
Agto A, X X
taso tsp
JosR tRAD3
T3 (AAS) A M
tasp | | tRapz tsp
RD (CAS) N i
HWR (OW),
WR (W)
taap2 tRaps, 0 T
RFSH o : ‘
SR

Figure 21-11 DRAM Bus Timing (Refresh Cycle): Three-State Access
— 2WE Mode —

CS, (RAS) IcsR /
lcsh /

3l
2
a3
7
/

o

rJ
L

Figure 21-12 DRAM Bus Timing (Self-Refresh Mode)
— 2WE Mode —
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- T1 ol T2 . T3 |
S e, -
tap tA[L
4 . ). W 4
Agto Ay D, o 4
AS \ . / .\ ----------
— traD1 traD3
S i r_tRAH -~ +
ﬁg (RAS) 'AS 1 ~ / trp | \‘
tasp
UCAS. tcas <2,
— \ e ” .
HWR (UCAS), B tAS1 N \: >)/ tCRP A \\
[WR (LCAS) SR R U
RD (WE)
(read) taac o
— ft— tASD tAA -
RD (WE) TN\ teac i
(write) N A | o LR
RFSH r—
—~ | tpy
D15 to Do
(read)
- twosa .-
Dysto Do I
(write)

Figure 21-13 DRAM Bus Timing (Read/Write): Three-State Access
— 2CAS Mode —
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tasp

- tesr traD3

o5, (FAS) ZISL ;‘ R
tasp tRaD2 tsp
AWR (UCAS), ;
TWR (LCAS) XL
AD (WE)
tRaD2 tRAD{ ST
RFSH
tesr /

Figure 21-14 DRAM Bus Timing (Refresh Cycle): Three-State Access
— 2CAS Mode —

CS, (RAS) tesm /

HWR (UCAS), fesm
LWR (LCAS) N /

RFSH ﬂL—s /

Figure 21-15 DRAM Bus Timing (Self-Refresh Mode)
— 2CAS Mode —
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e _/
Azs 10 Ag g X
AS \ / R
IRAD traD3

o, F w F.

faat | tsp ) T
RD (read) tasp 2

taps tADH
D15 to Do ;: — ;z
read A
tread) twsp tsp
HWR, LWR \ -411
(write) \ N\
wDs2

Dy5 to Do 7 \
{write) X /
RFSH

Figure 21-16 PSRAM Bus Timing (Read/Write): Three-State Access

T4 T2

Ta

)
:
é

trap2

tRaD3

al

Figure 21-17 PSRAM Bus Timing (Refresh Cycle): Three-State Access
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21.4.3 Control Signal Timing
Control signal timing is shown as follows:
»  Reset input timing
Figure 21-18 shows the reset input timing,
*  Resct output timing
Figure 21-19 shows the reset output timing.
*  Interrupt input timing
Figure 21-20 shows the input timing for NMI and IRQj5 to IRQ,.
*  Bus-release mode timing

Figure 21-21 shows the bus-release mode timing.

o

-
o]
m
w
(%]

-
o]
m
w
[

- £ 4

)
tMDs tRESW

MD, to MD, X

Figure 21-18 Reset Input Timing

tResD

D
RESO ;l‘ 7 N

I{d
)7

tRESOW

Figure 21-19 Reset Output Timing
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NMI X

TRQe X X

RO,

IRQg: Edge-sensitive IRQ;

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

tNmiw
NMi : E' ':l :
RQ;
(i=0to2)

Figure 21-20 Interrupt Input Timing

° T\

taras
BREQ "

‘j/ taras

"

L

% > 5acD1
BACK 0

tsacoe

)

tszp

2z b0 "
E’ m‘ «

I{d

tazp —™

L

HWR, TWR ”

"y

Figure 21-21 Bus-Release Mode Timing
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21.4.4 Clock Timing
Clock timing is shown as follows:

*  Oscillator settling timing

Figure 21-22 shows the oscillator settling timing.

Vee ] ’
steYy | \ [
- tosc1 . tosci
AES ] | B

Figure 21-22 Oscillator Settling Timing

21.4.5 TPC and I/0 Port Timing

Figure 21-23 shows the TPC and I/O port timing.

% Ty o LP) - Ta N
. S N s N
tpRs tPRH
Port1to B %
(read)
tewp
Port 1106, |
810B A
(write)

Figure 21-23 TPC and 1/O Port Input/Output Timing
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21.4.6 ITU Timing
ITU timing is shown as follows:
¢ ITU input/output timing
Figure 21-24 shows the ITU input/output timing.
e ITU external clock input timing

Figure 21-25 shows the ITU external clock input timing.

o 2N 2N

troco

Output
compare*!

trics

Input
capture*2

Notes: 1. TIOCAp to TIOCA4, TIOCBg to TIOCB4, TOCXA4, TOCXB 4
2. TIOCAp to TIOCA4, TIOCBg to TIOCB 4

Figure 21-24 ITU Input/Qutput Timing

treks

TCLKA to 2 -
TCLKD ( <
trexkwe trckwH
-l

I~

Figure 21-25 ITU Clock Input Timing
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21.4.7 SCI Input/Output Timing

SCI timing is shown as follows:

SCI input clock timing

Figure 21-26 shows the SCK input clock timing.

SCI input/output timing (synchronous mode)

Figure 21-27 shows the SCI input/output timing in synchronous mode.

SCKy. SCK,

Figure 21-26 SCK Input Clock Timing

[

tscye

SCKy, SCK ,M

trxo
TxDg, TxDy

X

X

RxDg, RxDy

transmit
ok ;QLL X
XS

tRxH

(receive
data) X

XK

22X

X

Figure 21-27 SCI Input/Output Timing in Synchronous Mode
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21.4.8 DMAC Timing

DMAC timing is shown as follows.

DMAC TEND output timing for 2 state access

Figure 21-28 shows the DMAC TEND output timing for 2 state access.

DMAC TEND output timing for 3 state access

Figure 21-29 shows the DMAC TEND output timing for 3 state access.

DMAC DREQ input timing

Figure 21-30 shows DMAC DREQ input timing.

T

T2

N N, N

teD1

TEND :L

ttep2

Figure 21-28 DMAC TEND Output Timing for 2 State Access

TEND

— -

Figure 21-29 DMAC TEND Output Timing for 3 State Access
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toras| | toron

DREQ

Figure 21-30 DMAC DREQ Input Timing
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