Section 19 Electrical Characteristics

19.1  Absolute Maximum Ratings

Table 19-1 lists the absolute maximum ratings.

Table 19-1 Absolute Maximum Ratings

Item Symbol  Value Unit
Power supply voltage Vee -0.3t0 +7.0 A
Programming voltage Ve -0.3t0 +13.5 Vv
Input voltage (except port 4) Vi -0.31to V. +0.3 v
Input voltage (port 4) Vi -0.3to AV, +0.3 \
Reference voltage Vi -0.3 to AV, +0.3 \
Analog power supply voltage AV .. -0.3t0 +7.0 \
Analog input voltage Van -0.3to AV +0.3 Vv
Operating temperature Tow Regular specifications: 20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature LI -551t0 +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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19.2

Power Supply Voltage and Operation Range

Table 19-2 shows the power supply voltage and operation range.

Table 19-2 Power Supply Voltage and Operation Range

Clock
Supply Module Condition A Condition B
Crystal  All modules
resonator
External DTC ¥ ¥
clock  TPU = 20M = 20M
input SCI 10M}- 10M
A/D converter
2Mp--- ‘ 2M
32 k}t 32|
0 27 45 55 0
Vee (V)
CPU .
N
Bus controller Z oM
Interrupt controller -
/O ports
8-bit timer
WDT
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19.3

DC Characteristics

Table 19-3 lists the DC characteristics. Table 19-4 lists the permissible output currents.

Table 19-3

DC Characteristics: Conditions:V ¢ =5.0V * 10%, AV =50V £ 10%, V.,
=45V t0 AV, Vg = AV = 0 V¥, T, = —20 to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port 2, Vo 1.0 — — \"
trigger input  IRQO to IRQ7 v, _ _ Ve X0.7 V
voltage Ve -V 04 — — v
Input high RES, STBY, V, Ve - 0.7 — Ve #H03  V
voltage NMI, MD,

to MD,

EXTAL Ve x07 — Ve +#03 V

Port 1, 3, 5, 20 — Ve 403  V

AtoG

Port 4 20 — AV, +0.3 V
Input low RES, STBY, V., 03 —_ 0.5 A
voltage MD, to MD,

NMI, EXTAL, -03 — 08 v

Port 1, 3 to 5,

AtoG
Output high Al output pinsV Ve 05 — — v loy = —200 pA
voltage 35 _ _ Vv low = =1 MA
Output low  All output pinsV o, — — 04 A oo =1.6 MA
voltage Port1,Ato C — — 10 V  ly=10mA
Input RES, STBY, |, — — 1.0 MA V.=
leakage NMI, MD, 0.5to V., 0.5V
current %_

Port 4 — — 10 BA V=

0.5to AV, 0.5V

Note: 1. If the A/D converter is not used, do not leave the AV ., AV, and V, pins open.

Connect AV and V, to V., and connect AV to V.
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Table 19-3 DC Characteristics: Conditions:V ¢ =50V + 10%, AV =50V £ 10%, V,,,
=45V to AVge, Vg = AV = 0 V¥, T, = 20 to +75°C (regular
specifications),

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

Item Symbol Min Typ Max Unit Test Conditions
Three-state  Port1t03, Il — — 10 MA V=
leakage 5AtoG 05to Ve 05V
current
(off state)
Input pull-up PortAtoE -, 50 — 300 BA V. =0V
MOS current
Input RES C. — — 80 pF  V,=0V
capacitance  nm) . _ 50 pF f=1MHz
—_— T,=25°C
All input pins — — 15 pF
except RES
and NM!
Current Normal boc** — 50 75 mA  f=20MHz
dissipation*?  operation (5.0V)(5.5V)
Sleep mode — 35 55 mA =20 MHz
B.o0V)(55V)
All module — 35 — mA  Reference value
stop mode (5.0V) f=20 MHz
Medium — 25 — mA  Reference value
speed (¢/32) (5.0V) f =20 MHz
mode
Sleep, all — 5.0 10 mA f=20MHz
module stop (5.0 V) (5.5 V)
and medium
speed (¢/32)
mode
Standby — 0.01 5.0 HA T, £50°C
mode** — — 200 50°C < T,
Analog power During A/D Al — 1.2 20 mA
supply current conversion
Idle — 001 5.0 pA
Reference During A/D Al — 05 0.8 mA V., =50V
current conversion
Idle — 0.01 50 HA
RAM standby voltage Vaam 20 — — Vv
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Notes: 1. If the A/D converter is not used, do not leave the AV .., AV, and V,, pins open.

Connect AV, and V, to V., and connect AV ¢ to V..

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

3. The values are for Vg, € Ve <45V, V, min=V, x0.9,andV, max=0.3 V.

4. |l depends on V. and f as follows:
1cc max = 2.0 (mA) + 0.67 (mA/(MHz x V)) x V. x f [normal mode]
lec max = 2.0 (mA) + 0.48 (mA/(MHz x V)) x V. x f [sleep mode]}

lec max = 2.0 (mA) + 0.07 (mA/(MHz x V)) x V; x f [sleep, all module stop and
medium speed (¢/32) mode]
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Table 19-3 DC Characteristics: Conditions:V ¢ =2.7 V1055V, AV =27V 1055V,

V=27 V1o AV, Vg = AV g =0 V¥ T
specifications),
T, = -40 to +85°C (wide-range specifications) (cont)

2 =—20 to +75°C (regular

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port 2, vy Vee x02 — — Vv
trigger input  1IRQO to IRQ7 R _ _ Ve 0.7 V
voltage Vi V7 Ve x0.07 —  — v
Input high RES, STBY, V, Vee X0.9 — Ve 403V
voltage NMI, MD,
to MD,,
EXTAL Vee x0.7 — Ve +0.3  V
Port 1, 3,5, Ve x0.7 — Ve 403V
Ato G
Port4 Vee X0.7 — AV +03 V
Input low RES, STBY, V,, -0.3 — Vee X0.1 V
voltage MD, to MD,
NMI, EXTAL, -0.3 — Ve x02 V Ve <40V
Port1,3to0 5,
AtoG 0.8 Vee=40t055V
Output high  All output pinsV Vee 05 — —_— v low = —200 pA
voitage Ve 10 —  — V. gy =-1mA
Output low All output pinsV o, — — 04 A loo=1.6 MA
voltage Port1, Ato C — — 10 V. V<4V
lo. =5mA
4V <V, <5V
|°(_ =10 mA
Input RES,STBY, 1, — — 10 MA V=
leakage NMI, MD, 0.5 to V. 0.5V
current to MD,
Port 4 — — 10 AV, =

0.5 to AV, -0.5V

Note: 1. If the A/D converter is not used, do not leave the AV ., AV, and V , pins open.
Connect AV and V , to V., and connect AV to V.
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Table 19-3 DC Characteristics: Conditions:V ¢ =27 Vt055V,AV =27V t055V,

Vit =27V 10 AV, Vg = AV = 0 V¥ T, = -20 to +75°C (regular
specifications),
T, = —40 to +85°C (wide-range specifications) (cont)

Item Symbol Min Typ Max Unit Test Conditions
Three-state  Port 1103, |lgl — — 10 AV, =
leakage 5 AtoG 0510 Ve -05V
current
(off state)
Input pull- PotAtoE -l 10 — 300 MA  V, =27Vto
up current 55V,V, =0V
Input RES C. — — 80 pF  V,=0V
capacitance  Nmi _ _ 50 pF f=1MHz
—_— Ta=25°C
All input pins — — 15 pF
except RES
and NMI
Current Normnal Ioc** — 13 40 mA f=10MHz
dissipation*?*  operation B.o0V)(5.5V)
— 60 120 HA  f=32kHz,
Vee=3.0V
Sleep mode — 9 28 mA f=10MHz
(3.0V)(5.5V)
All module — 9 — mA  Reference value
stop mode (3.0V) f=10 MHz
Medium — 6 — mA  Reference value
speed (¢/32) (3.0V) f=10 MHz
mode
Sleep, all — 15 6.0 mA f=10 MHz
module stop B.0V)(55V)
and medium
— 30 60 pA  f=32kHz,
speed (¢/32) Vee =30V
mode
Standby — 001 50 pA T, <50°C
mode** — — 200 50°C < T,
Analog power During A/D Al — 04 1.0 mA  AV,.=30V
supply current conversion . 12 mA AV, =5.0V
Idle — 001 50
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Table 19-3 DC Characteristics: Conditions:V ¢ =27 Vt055V,AVc=27V1t055V,
V=27 Vito AV, Vg = AV =0 V¥, T, = —20 to +75°C (regular
specifications),

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

item Symbol Min Typ Max Unit Test Conditions
Reference During A'D Al - 03 06 mA  V,=30V
power supply conversion _ 05 — mA V._=50V
current _— ™

Idle — 001 50 HA
RAM standby voltage Veaam 20 — —_— v

Notes: 1. If the A/D converter is not used, do not leave the AV ., AV, and V , pins open.
Connect AV and V., to V., and connect AV, to V.

2. Current dissipation values are for V,, min = V. -0.5 V and V,_ max = 0.5V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for Vp, S Ve <2.7V, Vi min =V, x 0.9, and V, max = 0.3V.
4. | depends on V. and f as follows:

lec max = 2.0 (mA) + 0.67 (mA/(MHz x V)) x V x f [normal mode}

lec max = 2.0 (MA) + 0.48 (MA/(MHzx V)) x V. x f [sleep mode]

lee max = 2.0 (mA) + 0.07 (mA/(MHz x V)) x V. x f [sleep, all module stop and
medium speed (/32) mode]}

Table 19-4 Permissible Output Currents: Conditions:V . =2.7 Vto 5.5 V, AV = 2.7 to
S5V, V=27V 10AV ., Vi = AV =0V, T, =-20 to +75°C (regular
specifications), Ta = —40 to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output Portt, Ato C loL — — 10 mA
low current (per pin)  other output pins — — 2.0 mA
Permissible output Total of 28 pins Tl — — 80 mA
low current (total) including port 1

and AtoC

Total of all output — — 120 mA

pins, including the

above
Permissible output All output pins —loy — — 2.0 mA
high current (per pin)
Permissible output Total of all output X -, —_ — 40 mA

high current (total) pins

Notes: 1. To protect chip reliability, do not exceed the output current values in table 19-4.

2. When driving a darlington pair or LED, always insert a current-limiting resister in the
output line, as show in figures 19-1 and 19-2.

542
HITACHI

B 4496204 00L9LS5 272 I



H8S/2245 Series

Port

Darlington Pair

Figure 19-1 Darlington Pair Drive Circuit (Example)

H8S/2245 Series

600 Q
RN

Port1,Ato C

LED

Figure 19-2 LED Drive Circuit (Example)

19.4 AC Characteristics

Figure 19-3 show, the test conditions for the AC characteristics.

5V

C=90pF:Port1,AtoF

LSI output pin O - : ¢ g = 32 fi:QPon 2,3,5G
L=2.
Ry=12kQ

I/O timing test levels
C Ry + Low level: 0.8V
; * High level: 2.0V

Figure 19-3 Output Load Circuit
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19.4.1 Clock Timing
Table 19-5 lists the clock timing

Table 19-5 Clock Timing
Condition A: Ve =27V 1055V, AV =27 V1055V, V ;=27 Vto AV,
Vss = AV =0V, ¢ =32 kHz to 10 MHz, T, =-20 to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)
Condition B: Ve =50V £10%, AV =50V 1 10%, V., =4.5Vto AV,
Vss=AVg =0V, 0 =21t020MHz, T, =-20 to +75°C (regular specifications),
T, = —40 to +85°C (wide-range specifications)

Condition A Condition B

Item Symbol Min Max Min Max Unit Test
Conditions
Clock cycle time tore 100 31250 50 500 ns Figure 19-4
Clock high pulse width t, 35 — 20 — ns Figure 19-4
Clock low pulse width  t, 35 — 20 — ns
Clock rise time ., — 15 — 5 ns
Clock fall time te —_ 15 —_ 5 ns
Clock oscillator setting  tygc, 20 — 10 — ms Figure 19-5
time at reset (crystal)
Clock oscillator setting  tygc, 20 — 10 — ms
time in software standby
(crystal)
External clock output toext 500 — 500 — us
stabilization delay time
Do Yo
Tl Tt

Figure 19-4 System Clock Timing
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'
I L L0
n 3

Figure 19-5 Oscillator Settling Timing

HITACHI

M 449L204 00L9LSS T4l WA

545



19.4.2 Control Signal Timing

Table 19-6 lists the control signal timing.

Table 19-6 Control Signal Timing
Condition A: Vo =27 Vo 5.5V, AV =27 V1055V, V =27 Vio AV,
Vss = AVgs =0V, ¢ =32 kHz to 10 MHz, T, = -20 to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)
Condition B: Ve =50V + 10%, AV =50V £ 10%, V,; =4.5 Vto AV,
Ves=AVgs=0V, ¢ =2to 20 MHz, T, =-20 to +75°C (regular specifications),
T, =—40 to +85°C (wide-range specifications)

Condition A Condition B

item Symbol Min Max Min Max Unit Test
Conditions

RES setup time taess 200 — 200 — ns Figure 19-6

RES pulse width tocsw 20 —_ 20 — toe

NMI reset setup time tamins 200 — 200 — ns

NMI reset hold time S 200 — 200 —

NMI setup time tamis 200 — 150 — ns Figure 19-7

NMI hold time tuwmn 10 — 10 —

NMI pulse width (exiting tyw 200 — 200 — ns

software standby mode)

1RQ setup time tras 200  — 150 — ns

IRQ hold time trow 10 — 10 — ns

1RQ pulse width (exiting .o, 200 — 200 — ns

software standby mode)

o NMRS R Y

? !
Nmi >< )
)

Figure 19-6 Reset Input Timing
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taws 10 v

X —C

Inmw !
* o
(i=0to0 2) ' o g

) RQW '

" tRos I T
: X X
Edge input

tiras
_-—— -

210 T\
Level input h

Figure 19-7 Interrupt Input Timing
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194.3 Bus Timing

Table 19-7 lists the bus timing.

Table 19-7 Bus Timing
Condition A: Vo =27V 1055V, AV =27V 1055V, V=27 Vo AV,
Vss =AVg=0V,¢ =32kHz to 10 MHz, T, =20 t0 +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)
Condition B: Ve =50V £ 10%, AV =50V £ 10%, V,=4.5 Vto AV,
Vss =AVgs =0V, ¢ =2t020 MHz, T, = -20 to +75°C (regular specifications),
T, = —40 to +85°C (wide-range specifications)

Condition A Condition B

item Symbol Min Max Min Max Unit Test
Conditions
Address delay time to — 40 — 20 ns Figure 19-8 to
Address setup time tas 05x — 05x — ns  Figure 19-12
te —30 toe =15
Address hold time tan 05x — 05x — ns
te — 20 tye — 10

CS delay time teso — 40 — 20 ns
AS delay time taeo — 60 — 30 ns
RD delay time 1 tasos —_ 60 — 30 ns
RD delay time 2 tasoe — 60 — 30 ns
Read data setup time teos 30 — 15 — ns
Read data hold time trom 0 — 0 —_ ns
Read data access time 1 t,., — 1.0x — 10x ns

t,. —50 t,. —25
Read data access time 2 t,.., — 15x — 15x ns

tye — 50 te —25
Read data access time 3 t,., —_ 20x — 20x ns

t,. —50 tye —25
Read data access time 4 t,.., — 25x — 25x ns

t,. —50 ty —25
Read data access time 5, — 30x — 30x ns

tye — 50 te —25
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Table 19-7 Bus Timing (cont)
Condition A: Ve =27 V1055V, AV =27 V1055V, V=27 V1o AV,
Vss = AV =0V, ¢ =32 kHz to 10 MHz, T, = -20 to +75°C (regular
specifications), T, =
Condition B: V=50V £ 10%, AV =50V + 10%, V,,=4.5 V10 AV,
Vs = AV =0V, 6 =21t020MHz, T, =-20 to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

—~40 to +85°C (wide-range specifications)

Condition A Condition B

Item Symbol Min Max Min Max Unit Test
Conditions

WR delay time 1 tyroe _— 60 — 30 ns Figure 19-8 to
WR delay time 2 twroz — 60 — 30 ns  Figure 19-12
WR pulse width 1 twsws 1.0x — 10x — ns

t.. —40 t,. —20
WR pulse width 2 twswz 15 — 15x — ns

te —40 t,. —20
Wirite data delay time twoo — 60 — 30 ns
Wirite data setup time twos 0 —_ 0 — ns
Write data hold time twon 20 — 10 — ns
WAIT setup time trs 60 — 30 —_ ns Figure 19-10
WAIT hold time twm 10 — 5 — ns
BREQ setup time tarcs 60 —_— 30 — ns Figure 19-13
BACK delay time teaco — 60 — 30 ns
Bus-floating time tem —_ 100 — 50 ns
BREQO delay time teraon —_ 60 — 30 ns Figure 19-14
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Az to Ag

CS31CSo

.

RS L g :\_5 /:;
(read) -—e R A

L tacca ! aosi itron
D15 to Do . ' ! :
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Dys to Dy 7 }__
(write)

5560

Figure 19-8 Basic Bus Timing (Two-State Access)
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A23 tOAo

RD
(read)

015 to Do
(read)

HWR, LWR
(write)

(write)

Dre—— ' :
co0 s Cota
tespr ;v 0 o
X 5 . RS X
Do | o
Mool 1
————
. =
tacca Lo i itesoe
: taces . 'aos tRow
E : | :
: ! twaDs 'twRD2 '
L e : '
! \ 7 tan
! —P
: ' [? T
twop twos wsw2 » twon
|l

Figure 19-9 Basic Bus Timing (Three-State Access)
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Ty : T2 : Tw ‘. T3

RO —\ i
(read) L

Dy5to Dy

(read) b ¥ S
HWR, LWR \ L . /

(write) — =

Dysto Dy ' !

(write) ! L

'

twrs! tw twrs: ‘twrn

wa N T

Figure 19-10 Basic Bus Timing (Three-State Access with One Wait State)
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T1 ‘ Toor Ty . T, ‘ T,

— E L

) . ; =

o X — X
) — :

o » ; e
CS310 TS0 X S Do ﬁX
(¢ ' : IR

D \ | Y/
(read) (i : |

taces taDs © | tADH

D15 to Do /_—\ / —
(read) \ / C}—

o
=~

Figure 19-11 Burst ROM Access Timing (Two-State Access)
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. ToorTy . T,

é

tap!
g —— —
Mok X . X X
) : !
§ 1 s
CS310CS0 X ; b }L
— ‘ RE
AS \ / | T
E R
! e
D \ 3 Y
(read) 4 —
! tacct tros! i tRon

D15 to Do ( ; \
(read) )

teaos | tBFIlQS
i 3 i R (- 1
C AN . ) .
o) N 1 )] ! '
EtaAgD Baco !
(« i ——— ——:—:-4—— '
—— )) | ' 4 [l
BACK ; \ A
: {( {{ !
: ). ) '
azp tazp
Az to A, ( i :
CS3 10 CSO, } (« ( i
AS, FD, { -

HWR, LWR

Figure 19-13 External Bus Release Timing
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BREQO \

1 'eRaoD +taraon

{(
B)]

Figure 19-14 External Bus Request Output Timing
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19.4.4 Timing of On-Chip Supporting Modules

Table 19-8 lists the timing of on-chip supporting modules.

Table 19-8 Timing of On-Chip Supporting Modules

Condition A: Vo =27 VI055 V,AV =27 V1055V, V=27 Vto AV,
Vs =AVg =0V, ¢ =32 kHz to 10 MHz (I/O port, TMR, WDT),

¢ = 2 to 10 MHz (TPU, SCI, A/D converter), T , = =20 to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

Condition B: Ve =50V + 10%, AV =50V £ 10%, V=45 Vto AV,
Vs =AVg=0V, ¢ =2to 20 MHz, T, = -20 to +75°C (regular specifications),
T, = —40 to +85°C (wide-range specifications)

Condition A Condition B

Item Symbol Min Max Min Max Unit Test Conditions
/O port Output data delay t,,p — 100 — 50 ns Figure 19-15
time
Input data setup tors 50 — 30 —
time
Input data hold time t.,,, 50 — 30 —_—
TPU Timer output delay 1o — 100 — 50 ns Figure 19-16
time
Timer input setup ;s 50 — 30 —
time
Timer clock input ;s 50 — 30 — ns Figure 19-17
setup time
Timer Single S 15 — 15 — e
clock edge
pulse  gotp t, 25 — 25 —
. CKWL - *
width edges
8-bit Timer output delay t;,00 — 100 — 50 ns Figure 19-18
timer time
Timer reset input  t;qe 50 — 30 — ns Figure 19-20
setup time
Timer clock input s 50 — 30 —_— ns Figure 19-19
setup time
Timer Single edgetycwn 15 —_ 15 — tepe
clock
a‘l’('jstﬁ Both edgestyyw. 25 — 25 —
556

HITACHI

B 4495204 0069709 497 I



Table 19-8 Timing of On-Chip Supporting Modules (cont)
Condition A: Ve =27V 10 5.5 V,AV =27 V1055V, V ;=27 Vio AV,
Vss = AV =0V, ¢ = 32 kHz to 10 MHz (I/O port, TMR, WDT),
¢ = 2 to 10 MHz (TPU, SCI, A/D converter), T, = -20 to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)
Condition B: Vo =50V £ 10%, AV =50V 1 10%, V,; =4.5 V0 AV,
Vs =AVg =0V, 0 =21t020MHz, T, = -20 to +75°C (regular specifications),
T, = —40 to +85°C (wide-range specifications)

Condition A Condition B

Item Symbol Min Max Min Max Unit Test Conditions
WDT Overflow output  tyoup — 100 — 50 ns Figure 19-21

delay time
SCi Input  Asynchro- tg . 4 —_ 4 — tepe Figure 19-22

clock nous

cycle Synchro- 6 — 6 —

nous

Input clock pulse  tgw 04 06 04 06 fg,

width

Input clock rise time tg,, — 15 — 1.5 oo

Input clock fall time tqq,, — 15 — 1.5

Transmit data delay t;,; — 100 — 50 ns Figure 19-23

time

Receive data setup tqs 100 — 50 — ns

time (synchronous)

Receive data hold  t,, 100 — 50 — ns

time (synchronous)
A/D Trigger input setup tipes 50 — 30 — t. Figure 19-24
convertertime
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T , T2

tors | | tpRN

|

Port1to 5, ; '
Ato G (read) X X

! town

v
—— e
T

Port 10 3, 5, ' X
A to G (write) \

Figure 19-15 1/O Port Input/Output Timing

itrocp
Output compare — 45 .
output* X e
27 0
trics:
e
Input capture $— ;

input* ¢ X

Note: * TIOCAO to TIOCA2, TIOCBO to TIOCB2, TIOCCO, TIOCDO

Figure 19-16 TPU Input/Qutput Timing
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' {C )
TCLKA to TCLKD '\ “ ] 'y

trekwL o trokwl

Figure 19-17 TPU Clock Input Timing

" trmop
————l—

TMOO0, TMO1 ><

Figure 19-18 §-Bit Timer Output Timing

trmcs! trves |
———— (T
y )] \
TMCI0, TMCH \ B / N\
' ) ‘ ,
‘ trmowe s trmewL '

Figure 19-19 8-Bit Timer Clock Input Timing

trmRs |

————— e
i

TMRIO, TMRI1 %

Figure 19-20 8-Bit Timer Reset Input Timing
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' twovo » twovp
——:——14—- ———-‘—¢<—

WDTOVF \ /

Figure 19-21 WDT Output Timing

. tsoow | fsckr  tscw
- _—':-—:‘— ——:——74—
SCKO to SCK2 _/_\_/—\_

tseye

Figure 19-22 SCK Clock Input Timing

SCKO to SCK2 m—\—/_\_

L txo L
TxDO to TxD2 X K : X ><
Transmit data \ L

taxs. tAxH

RxDQ to RxD2 X >< < ‘ } >< X
Receive data \ ,

Figure 19-23 SCI Input/Output Timing Synchronous Mode

N/ ./ /S S

trags:
——»:——.—I‘_

ADTRG \\

Figure 19-24 A/D Converter External Trigger Input Timing

19.5 A/D Conversion Characteristics

Table 19-9 lists the A/D conversion characteristics.
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Table 19.9 A/D Conversion Characteristics

Condition A: Ve =27 V1055V, AV =27V 1055V, V =27 VoAV,
Vss = AV =0V, ¢ =210 10 MHz, T, = -20 to +75°C (regular specifications),
T, = —40 to +85°C (wide-range specifications)

Condition B: Ve =5.0V £ 10%, AV =50V £ 10%, V. =4.5 Vo AV,
Vss =AVgi =0V, 0 =21t020MHz, T, =-20 to +75°C (regular specifications),
T, = -40 to +85°C (wide-range specifications)

Condition A Condition B
Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bits
Conversion time — —_ 134 — — 10 us
Analog input capacitance — — 20 — — 6.7 F
Permissible signal-source — —_ 10 — — 20 kQ
impedance _ _ ) _ _ 10%°
Nonlinearity error — — 6.0 — — Ll LSB
Offset error — — 40 — — 3.0 LSB
Full-scale error — — 40 — — 2.0 LSB
Quantization error — — 05 — — 0.5 LSB
Absolute accuracy — — 8.0 — — 4.0 LSB
Notes: 1. 40<AV <55V
2 27V <AV, <40V
3. ¢$<12MHz
4. ¢>12MHz
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19.6 Usage Notes

Although both the ZTAT and mask ROM versions fully meet the electrical specifications
listed in this manual, due to differences in the fabrication process, the on-chip ROM, and the
layout patterns, there will be differences in the actual values of the electrical characteristics,
the operating margins, the noise margins, and other aspects.

Therefore, if a system is evaluated using the ZTAT version, a similar evaluation should also
be performed using the mask ROM version.
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