Section 22 Electrical Characteristics

22.1 Absolute Maximum Ratings

Table 22-1 lists the absolute maximum ratings.

Table 22-1 Absolute Maximum Ratings

ltem Symbol Value Unit
Power supply voltage Vee -0.3t0+7.0 v
Input voltage (except port 4) Vin Vv
Input voltage (port 4) Vin Vv
Reference voltage Viet A
Analog power supply voltage AVec v
Analog input voltage Van \)
Operating temperature Topr ! °C
Wide-range specifications: —401t0 +85  °C
Storage temperature 55 to +125 °C

Caution: Permanent damage ay result if absolute maximum rating are exceeded.
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22.2 DC Characteristics
Table 22-2 lists the DC characteristics. Table 22-3 lists the permissible output currents.

Table 22-2 DC Characteristics Preliminary —

Conditions: VCC = AVCC =5.0V £ 10%, me= 45Vio AVCC’VSS = AV§
+75°C (regular specifications), T, = —40 to +85°C (wide-ratigé i

Item Symbol
Schmitt Port 2, ‘2
trigger input  P6, to P6., Vot
voltage PA, to PA, T

Vit -V~
Input high RES, STBY, Vi

voltage NMI, MD,
to MDO
EXTAL Ve 403V
Port1 3,5, g}’;;, VCC +0.3 Vv
Bto G, g

P60 to P63,

AVCC +03 V
Input low -0.3 — 0.5 \
voltage
-0.3 — 0.8 \
§ BtoG,
: g P60 to P63,
"y, PAgtoPAg
Output high"' All output pins  Vgoy Vgg 05 — — v lon = =200 pA
voltage 35 - - V. lgg=-1mA
Output low  All output pins Vg — — 0.4 Vv lop = 1.6 MA
voltage Port1, Ato C — — 10 Vg =10mA
Input STBY.RES, | —_ - 1.0 PA  Vip=
leakage NMI, MD,, 0.5t0 Vg 05V
current to MDy
Port4 — — 10 A Vip=
05to AVCC —-05V

Note: 1. IF the A/D converter is not used,do not leave the AV, AVgs, and Vg pins open.
Connect AV and V10 Ve, and connect AVgg to Vgs.
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Table 22-2 DC Characteristics (cont)

Conditions: Vee = AVee=5.0V 1 10%, Vef=45Vio AVCCvVSS = AVSS =0 V*I,Ta =-20to
+75°C (regular specifications), T, = -40 to +85°C (wide-range speci i

~ Preliminary —

item Symbol  Min Typ Max
Three-state Port1 to 3, [trsi] — — 1.0
leakage 56, AtoG
current
(off state)
Input pull- PortAto E —lp 50
up current
Input NMI C|N —_
capacitance 4,0 put pins _ oF fT =1 ;ASI;lé
except NM| a=™
Current Normal lec*? mA {=20MHz
dissipation*2 operation
Sleep mode mA f=20MHz
Standby HA  T,<50°C
3
mode* 50°C < T,
Analog power T8D TBD mA
supply current
0.01 5.0 pA
TBD T8BD mA
_ 0.01 50 nA
voltage VRam 2.0 - - v

“the A/D converter is not used,do not leave the AVce, AVgs, and V¢ pins open.
ect AVec and Vit to Ve, and connect AVgg to Vgg.

2. Current dissipation values are for Vi min = V¢ 0.5 V and V) max = 0.5V with alf
output pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are for Vgay < Vi < 4.5V, V) min = Ve x 0.9, and Vy max = 0.3 V.
4. lcc depends on Ve and f as follows:
lcc max = TBD (mA) + TBD (mA/MHz.V) x V¢ x f [normal mode)
lcc max = TBD (mA) + TBD (mA/MHz.V) x V¢ x f [sleep mode]
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Table 22-2 DC Characteristics (cont) - Preliminary —

Conditions: Ve =AVee=2.71055V V=27V 10 AV, Vgg = AVgg=0 V#1, T,=-20to
+75°C (regular specifications), T, = 40 to +85°C (wide-range speci i

Item Symbol  Min Typ
Schmitt Port 2, Vi~ Veex0.2 =
trigger input P, to P6,, Vot _ ____
voltage PA, to PA, T

VT+ —VT_ Vcc x 0.07 —

Input high RES, STBY, VIH Veex09 —
voltage NMI, MD,
to MDO

EXTAL

Port1, 3, 5,

Bto G,
P&, to P63,
PAO to PA3

Port4

Input low RES, STBY, =
voltage MD, to MD,

AVCC +03 V
VCC x 0.1 \Y

-_ VCC x02 V VCC <40V

0.8 Vec = 401055V
- — V. lgy=—200 pA
VCC -1.0 — —_— \' lOH =-1mA
Output low:, All output pins Vg — — 04 V g =16mA
voltage Portl, Ato C — — 10 V. g =10mA
Input STBY,RES,  |ln| — — 10 HA Vi = :
leakage NMI, MD, 0.5 10 Vg —0.5
current to MDg
Port4 —_ —_ 1.0 ]J.A VIN =
0510 AVCC -0.5V

Note: 1. IF the A/D converter is not used,do not leave the AV, AVgg, and V 4 pins open.
Connect AV and Vper to Vg, and connect AVgg to Vgg.

750

B 4496204 0050394 577 WA




Table 22-2 DC Characteristics (cont) ~ Preliminary -

Conditions: Ve =AVee=2.710 5.5V V=27 V 10 AV, Vg = AVgs = 0 V*1, T, = 20 10

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

item Symbol Min Typ Max
Three-state Port1 to 3, [trsi| - —
leakage 56, AtoG
current
(off state)
input pul-  Port Ato E -p 10 — 3 Veg=27Vio
up current 55V, Vy=0V
Input NMI Cin Vin=0V
capacitance Al input pins oF !l' =1 ;:—,'j(z:
except NMi a=
Current Normal lcc*? mA f=10MHz
dissipation*2 operation
Sleep mode mA f=10MHz
HA  T,<50°C
50°C< T,
Analog power TBD TBD mA
supply current
0.01 5.0 pA
TBD TBD mA
0.01 5.0 HA
VRaM 20 — — Vv

the A/D converter is not used,do not leave the AV¢c, AVgg, and Viet Pins open.
nect AVee and Vger to Ve, and connect AVgg to Vg,
2. Current dissipation values are for Vyy min = Ve ~0.5 V and VL max = 0.5V with all
output pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are for Vgay < Ve < 2.7 V, Vyymin = Ve x 0.9, and V)L max = 0.3V,
4. lgc depends on Ve and f as follows:
lcc max = TBD (mA) + TBD (mA/MHz x V) x Ve x f [normal mode]
Icc max = TBD (mA) + TBD (mA/MHz x V) x Vee x f [sleep mode]
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Table 22-.3 Permissible Output Currents - Preliminary —

Conditions: Vo= AVee=2.7105.5V, Ves=2710 AVee, Vg =AVgg =0V, T,=-20t0
+75°C (regular specifications), T, = —40 to +85°C (wide-range specifications)

Item Symbol Min

Permissible output Port1, Ato C loL -

low current (per pin) Other output pins

Permissible output Total of 32 pins
low current (total) including port1
and Ato C
Total of all output 120 mA
pins, including the
above
Permissible output All output pins 2.0 mA
high current (per pin)
Permissible output Total of all outp 40 mA
high current (total) pins , -
Notes: 1. To protect chip reliability;: ceedithe output current values in table 22-3.

, always insert a current-limiting resister in the
d 22-2.

2. When driving a da
output line, as sho

Dadington Pair

Figure 22-1 Darlington Pair Drive Circuit (Example)
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H8S/2655 Series

Port1,Ato C
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22.3 AC Characteristics

Figure 22-3 show, the tcst conditions for the AC characteristics.

5V

LSI output pin O , - ¢

7Gtiming test levels
5 Low level.......08 V
« High level...... 20V
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22.3.1 Clock Timing
Table 22-4 lists the clock timing

Table 22-4 Clock Timing

Condition A: Vec=AVee=27V 1055V, Veer=27V 10 AVcc, Vgg =
10 MHz, T, = =20 to +75°C (regular specifications), Ty =4
specifications)

Condition B: Vce=AVee=50V 1 10%, Ver=4.5V 1o AVC
20 MHz, T, = -20 to +75°C (regular specifi
specifications)

—%@*to +85°C (wide-range
r:*‘&%\

Item Symbol nit Test Conditions
Clock cycle time teye 224
Clock high pulse width tcH ns 224
Clock low pulse width ns
Clock rise time ns
Clock delay time ns
Clock oscillator setting 10 — ms 225
time at reset (crystal)
Clock oscillator setting t] 10 - ms

500 - us

, few | tor
: o, 't

Figure 22-4 System Clock Timing
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22.3.2 Control Signal Timing
Table 22-5 lists the control signal timing,

Table 22-5 Control Signal Timing & Preliminary —

Condition A: Vec=AVec=27V 1055V, Vief = 27Vto AVce, Vgg =
10 MHz, T, = -20 to +75°C (regular specifications), T, =
specifications) '

=2t0
yide-range

Condition B:

specifications)

ltem Symbol
RES setup time tress
RES pulse width
NMI setup time
NM!I hold time

Unit Test Conditions
ns Figure 22-6

teye
ns Figure 22-7

NMI pulse width (exiting

software standby mode) i "
IRQ setup time 150 — 150 — ns
IRQ hold time 10 — 10 — ns

" 200 — 200 — ns
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|

Py
m
4]

NMI

Figure 22-6 Reset

1RQi ’ X

i=0to2
( ) ™
. ‘tros ' tiow
Edge input :
. tRos i
-

IRQ \i
Level input h

Figure 22-7 Interrupt Input Timing
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22.3.3 Bus Timing

Tablc 22-6 lists the bus timing.

Table 22-6 Bus Timing

Condition A:

Condition B:

Item

VCC = AVCC =27V105.5 \"A Vref =2.7Vto AVCC’ VSS = @f -
10 MHz, T, = -20 to +75°C (regular specifications), T, =240
specifications)

VCC = AVCC =50V +10%, me =4.5V 10 AV, Vsﬁ )
20 MHz, T, = -20 to +75°C (regular specificatio
specifications)

Symbol Unit Test Conditions

Address delay time tao

ns

Address setup time tas ns

Address hold time ns

Precharge time ns

CS delay time 1 ns

CS delay time 2 — 20 ns

CS pulse width 25x  — ns

leye —20

— 30 ns

- 30 ns

, — 30 ns

CAS delay time' tcasp — 40 — 20 ns

Read data setup time thps — 30 —_ 15 ns

Read data hold time thpH — 0 - 0 ns

Read data access time1 taccy - 10x — 10x ns
teye —50 teye =25

Read data access time2 taccs — 15x — 15x ns
toye —50 toye —25

Read data access time3 thcea ~— 20x — 20x ns
tyc =50 toyc =25

Read data access time4 tacca — 25x  — 25x s
teyc —50 teye —25
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Table 22-6 Bus Timing (cont) - Preliminary —

Condition A: Vee=AVec=27TV1055V, V= 27V[0AVCc,VSS AVgs=0V,86=210

Condition B:

Item

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

VCC = AVCC =50Vz 10%, Vref =45V1to AVCc, VSS
20 MHz, T, = -20 to +75°C (regular specifications), T,
specifications)

Symbol Min

Read data access time5 taccs —

WR delay time 1 twaD! —
WR delay time 2 twRD2
WR pulse width 1 twswi I
40 loye—20
WR pulse width 2 x = 15x ns
teye =20
Write data delay time — TBD ns
0 —_ ns
10 —_ ns
05x — ns
teye -10
05x — ns
teye -10
g 05x — ns
teye -20 teye -10
WAIT setup time twTs 60 — 30 — ns
WATT hold time twrn 10 — 5 — ns
BREQ setup time teRQS 60  — 30 — ns
BACK delay time tBACD — 60 — 30 ns
Bus-floating time tezp — 100 — 50 ns
BREQO delay time tspaop  — 60 — 30 ns
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D15 to Do

(write)

Two-State Access

.
-

iming

-8 Basic Bus Ti

Figure 22
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Az to Ay

CS7 to CSO

D15 to Do

(write)

Three-State Access

Bus Timing

asic

Figure 22-9 B
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hree-State Access with One Wait State

T

Figure 22-10 Basic Bus Timing:
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gure 22-11 DRAM Bus Timing

Fi
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Figure 22-13 Self-Refresh Timing
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ure 22-14 PSRAM Bus Timing

Fig
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‘igure 22-16 Self-Refresh Timing
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A23 to Ao
TS, 10 CS,

Two-State Access

.
-

iming

st ROM Access T

Figure 22-17 Bur
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T

One-State Access

8

Toor Ty
ccess Timin
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Figure 22-18 Burst ROM A
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BACK

Agsto Ag,
CS; 10 CS,,
AS, RD,
HWR, LWR,
CAS, OE

Figure 22-20 External Bus Request Qutput Timing
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22.3.4 DMAC Timing
Table 22-7 lists the DMAC timing.

Table 22-7 DMAC Timing 4% Preliminary —

Condition A: Vee=AVee =27 V105.5 V, Ve =2.7 V 10 AV, Vss = AViRE 0V = 2 10
]0 MHZ, Ta = —20 o +75°C (rcgular Speciﬁcallons), Ta .
specifications)

Condition B: Ve =AVee=5.0 V£ 10%, Ver=4.5 Vio AV _
20 MHz, T, =-2010 +75°C (regular spcciﬁg‘\aljo s
specifications)

ltem Symbol 4, Max Unit  Test Conditions
DREQ setup time toras — ns Figure 22-24
DREQ hold time —

TEND delay time - {-{: N— 30 Figure 22-23
DACK delay time 1 ' __ — 30 ns Figure 22-21,
DACK delay time 2 - 30 Figure 22-22
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Asyto Ag

S 10 TS,

AS

RS
(read)

D1 510 Do
(read)

HWR, LWR
(write)

Figure 22-21 DMAC Single Address Transfer Timing: Two-State Access
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Ax 1o Aq

CS;10CS,

As

RS
(read)

D15 to Do
(read)

HWR, LWR
(write)

Dy5to Dy
(write)

Figure 22-22 DMAC Single Address Transfer Timing: Three-State Access
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TEND,, TEND,

Figure 22-23 DMAC

Figure 22-24 DMAC DREQ Intput Timing
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22.3.5 Timing of On-Chip Supporting Modules
Table 22-8 lists the timing of on-chip supporting modules.

Table 22-8 Timing of On-Chip Supporting Modules

Condition A; VCC = AVCC =27Vios55V, me =2.7Vto AVCC' VSS = @ ;
10 MHz, T, = =20 to +75°C (rogular specifications), T, =#40 to +8

specifications)

Condition B:
20 MHz, T, = -20 10 +75°C (regular specification
specifications)

Vee=AVee=5.0V 2 10%, V=45V io AVg 4

Item Symbol Unit  Test Conditions
PORT Outputdatadelay tpwp ns Figure 22-25
time
Input data
setup time
Input data 30 —_—
hold time
PPG 100 — 50 ns Figure 22-26
TPU 100 — 50 ns Figure 22-27
— 30 —_—
— 30 — ns Figure 22-28
Timer  Single trokwH 1.5 - 1.5 — teye
clock edge
pulse  gom ¢ 25 — 25
i TCKWL . . -
width edges
TMR  Timeroutputdelay trmop — 100 — 50 ns Figure 22-29
time
Timer reset input  trygs 50 - 30 — ns Figure 22-31
setup time
Timer clock input  tryues 50 — 30 — ns Figure 22-30
setup time
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Table 22-8 Timing of On-Chip Supporting Modules (cont)

- Preliminary —

Condition A: Ve = AVec=27V1055V, V=27V 0 AVce, Vgs=AVgs=0V, =210
10 MHz, T, = -20 to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)

Condition B: VCC = AVCC =50V+10%, me =45Vio AVCC! VSS
20 MHz, T, = -20 to +75°C (regular spccifications), T, =

specifications)

Item Symbol Min  Max

TMR  Timer Single trMeWH
clock edge

pul Both t
H TMCWL
width Jges

Test Conditions
Figure 22-30

WDT  Overflowoutput  twovp

ns Figure 22-32

delay time

SCi Input  Asynchro — teye Figure 22-33
clock  nous
cycle Synchro- — 6 —

0.6 0.4 0.6 tseye
1.5 — 1.5 teye
15 _— 15
100 — 50 ns Figure 22-34
Receive data setup  tgys 100 — 50 - ns
time (synchronous)
Receivedatahold  tgyy 100 — 50 - ns
time (synchronous)
AD Trigger input thas 50 — 30 — ths Figure 22-35
converter setup time
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Port 1 to 6,
Ato G (read)

Port 110 3, 5, 6,
A to G (write)

i
Output compare p £ .
output* )L i

Input capture —— p

input* " x

Note: * TIOCAO to TIOCAS, TIOCBO to TIOCBS, TIOCCO, TIOCC3, TIOCDO, TIOCD3

Figure 22-27 TPU Input/Output Timing
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TMO,, TMO,

TMCl,, TMCI, \1

trmowe

trmewL

Figure 22-30 8-Bit Timer Clock Input Timing
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TMRI,, TMRI,

WDTOVF

Figure 22-32 WDT Output Timing

tscxkw tsckr tsext
—’l—l‘_

H [ B

SCKq to SCK, _/_\_f_\_

)
)
tScyc:

Figure 22-33 SCK Clock Input Timing
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SCK, to SCK,

TxDg to TxD,
transit data

Figure 22-35 A/D Converter External Trigger Input Timing
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22.4 A/D Conversion Characteristics
Table 22-9 lists the A/D conversion characteristics.
Table 22.9 A/D Conversion Characteristics

Condition A: Vec=AVee=27V1055V, Vet =2.7V to AV, Vgs
10 MHz, T, = -20 to +75°C (regular specifications), T,
specifications)

Condition B: V= AVee =50V 1 10%, Ves=4.5Vio AVea,
20 MHgz, T, = -20 to +75°C (regular specificati
specifications)

= Preliminary —

Item Min Typ Max Unit
Resolution 10 10 10 bits
Conversion time ' — TBD Hs
Analog input capacitance — TBD pF
Permissible signal-source " TBD — — TBD kQ
impedance TBD _ _ TBD
Nonlinearity error TBD — — TBD LSB
Offset error TBD — — TBD LSB
Full-scale.asmor - TBD — — TBD LSB
' — - $0.5 — — $0.5 LSB
— — TBD — — TBD LSB
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