Section 22 Electrical Specifications

22.1 Absolute Maximum Ratings
Table 22-1 lists the absolute maximum ratings.

Table 22-1 Absolute Maximum Ratings

Item Symbol Rating Unit
Supply voltage Vee -0.3t0+7.0 A
Flash memory programming FV,. -0.3t0 +13.0 \
voltage
Programming voltage Ver -0.3t0 +13.5 Vv
Input voltage Pins other than V,, -0.3toV_+03 \
Ports 7, MD,,
Port 7 ' -0.3to AV, + 0.3 \
MD, v, F-ZTAT version: -0.3to +13.0 \
Other versions: ~0.3to V, + 0.3
Analog supply voltage AV, -0.3t0+7.0 \Y
Analog input voltage Vin -0.3t10 AV +0.3 \'
Operating temperature Toor Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature Ty -55 to +125 °C
Note: Exceeding the absolute maximum ratings shown in table 20-1 can permanently destroy

the chip.”

* FV,, must not exceed 13 V and V,,, must not exceed 13.5 V, including peak overshoot. In
the F-ZTAT version, MD, must not exceed 13 V, including peak overshoot.

B 4496204 006L9L8 79T WA

39 -\



22.2 Electrical Characteristics

22.2.1 DC Characteristics

Table 22-2 lists the DC characteristics of the 5-V version. Table 22-3 lists the DC characteristics
of 4-V version. Table 224 lists the DC characteristics of the 3-V version. Table 22-5 gives the
allowable current output values of the 5-V and 4-V versions. Table 22-6 gives the allowable
current output values of the 3-V version. Bus drive characteristics common to 5V, 4 Vand 3 V

versions are listed in table 22-7.

Table 22-2 DC Characteristics (5-V Version)

Conditions: Ve =5.0V£10%, AVcc=5.0 V £10%", Vss = AVss =0 V, Ta = —20°C to +75°C
(regular specifications), Ta = —40°C to +85°C (wide-range specifications)

Test
Item Symbol Min Typ Max Unit Conditions
Schmitt P6,toP6,*, (1) V. 1.0 - - v
trigger  IRQ, to IRQ,*5,
input IRQ, to IRQ,,
voltage
VT+ — —  Voex0.7
04 V+-VT- 04 - —

Input RES, STBY, 2 Vv, Vo= 07 —  V,.+03 \
high MD,, MD,, _
voltage EXTAL, NMI

SCL, SDA Vee x07 — V,+03

P7,to0 P7, 2.0 — AV +03

All input pins 2.0 — V. +03

other than (1)

and (2) above
Input low RES, STBY, 3) Vv, -0.3 — 0.5 v
voltage MD,, MD,

SCL, SDA -0.3 - 1.0

All input pins -0.3 — 08

other than (1)

and (3) above
Output  All output pins® \% V=05 — — v fon = =200 pA
high
voltage

35 —_ - \ I,y ==1.0m
B823-2
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Table 22-2 DC Characteristics (5-V Version) (cont)

Conditions: Vee=5.0V £10%, AVec=5.0V £10%", Vgs = AVss = 0 V, Ta = —20°C to +75°C

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

Test
Item Symbol Min Typ Max Unit Conditions
Output Al output pins® Vo —_ — 04 v lo.=1.6mMA
low
voltage
P1,t0 P1, — — 1.0 lo, = 10.0 mA
P2, to P2,
Input RES, STBY M —_ — 100 MBA  Vin=05Vto
leakage V=05V
current
NMI, MD,, MD, — — 1.0
P7,t0 P7, — — 1.0 Vin=0.5Vto
AV__-05V
Leakage Ports 1t0 6, 8, g | — — 1.0 PA  Vin=05Vto
currentin 9, V.—05V
three-
state
(off
state)
Input Ports 1to 3 -1, 30 — 250 MA  Vin=0V
pull-up
MOS
current
Ports 6 60 — 500
Input STBY (F-ZTAT (4) C, - - 120 pF  Vin=0V,
capaci-  version) f=1MHz,
tance Ta =25°C
RES, STBY — — 60
(except F-ZTAT
version)
NMI, MD, — — 50
P9, P8, — — 20
All input pins — — 15
other than (4)
Current  Normal loe —_ 27 45 mA f=12MHz
dissipa- operation
tion*2
— 36 60 f=16 MHz
Sleep mode — 18 30 f=12 MHz
— 24 40 f=16 MHz
Standby — 0.01 5.0 BA  Ta<50°C
modes”
— —  20.0 50°C < Ta
33~ 3
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Table 22-2 DC Characteristics (5-V Version) (cont)

Conditions: Vec=5.0V £10%, AVec=5.0V 210%™, Vgs = AVgs =0 V, Ta = —20°C to +75°C

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

Test
ltem Symbot Min Typ Max Unit Conditions
Analog During A/D Al — 20 50 mA
supply conversion
current
During A/D and - 20 50
D/A conversion
A/D and D/A — 0.01 5.0 pA AV, =2.0Vto
conversion idle 55V
Analog supply voltage’ AV, 4.5 — 55 v During operation
20 — 55 While idle or
when not in
use
RAM standby voltage Viaw 2.0 - - \'
Notes: 1. Even when the A/D and D/A converters are not used, connect AV, to power supply
V. and keep the applied voltage between 2.0 V and 5.5 V.
2. Current dissipation values assume that V,,,, = V. — 05V, V,_ = 0.5V, all output pins
are in the no-load state, and all input pull-up transistors are off.
3. Forthese values it is assumed that V,,,,* V.. <45V and V,, , =V, x 0.9,
Vimx =03 V.
4. P6, to P6, include supporting module inputs multiplexed with them.
5. TRQ, includes ADTRG multiplexed with it.
6. Applies when liCE = 0. The output low level is determined separately when the bus
drive function is selected.
>3-4
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Table 22-3 DC Characteristics (4-V Version)

Conditions: Vee=40V 1055V, AVee=40V 1055V, Vg = AV =0V, Ta

=-20°Cto

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

Test
Item Symbol Min Typ Max Unit Conditions
Schmitt  P6,toP6", (1) V; 1.0 — — v V,.=45Vto
trigger  IRQ, to IRQ,'5, 55V
input IRQ, to IRQ,
voltage
‘A -_— — V.. x0.7
V-V, 04 - —
\'A 0.8 — — Ve=40Vto
45V
A" — — Ve x0.7
V-V, 03 —_ —_
Input high RES, STBY, (2) V,, Ve =07 — Ve +03 V
voltage MD,, MD,,
EXTAL, NMI
SCL, SDA Ve X0.7 — Vo +0.3
P7,t0 P7, 20 - AV +
0.3
All input pins 2.0 — Vg +0.3
other than (1)
and (2) above
Inputlow RES, STBY, (3) V, -0.3 — 0.5 \
voltage  MD,, MD,
SCL, SDA -0.3 - 1.0 Vie=45Vto
55V
-0.3 — 08 V,,=40Vto
45V
All input pins -0.3 — 0.8 V,.=45Vto
other than (1) 55V
and (3) above Vce
-0.3 — 0.6 V,.=40Vto
45V
Output All output pins Vou Vee— 05 — — \' lon = =200 pA
high ®
voltage
3.5 - = lgw=—1.0 MA,
V=45Vto
Pa- 5
HITACHI
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Test

Item Symbol Min Typ Max Unit Conditions
55V
28 - - oy =—=1.0
mA, V. =4.0
Vto
45V
Output All output pins Vo —_— — 0.4 \Y loo=1.6MA
low ¢
voltage
P1,to P1,, — — 1.0 lo,=10.0 mA
P2, to P2,
Input RES, STBY (N - - 10.0 HA Vin=0.5Vto
leakage V=05V
current
NMI, MD,, MD, — — 1.0
P7,to P7, — - 1.0 Vin=05Vto
AV,—-05V
Leakage Ports 11086, 8, Fig ! —_ — 1.0 pA Vin=0.5Vto
currentin 9, Vi .—~05V,
three-
state(off
state)
Input pull- Ports1to 3 -1, 30 - 250 HA Vin=0V,
up VCC =45V
MOS to55V
current
Ports 6 60 — 500
Ports 1 to 3 20 — 200 Vin=0V,
VCC=4.0V
to45V
Ports 6 40 — 400
Input STBY (F-ZTAT (4) C, — - 120 pF Vin=0V,
capaci-  version) f = 1MHz,
tance Ta=25°C
RES, STBY — — 60
(except F-ZTAT
version)
NMI, MD, — — 50
P9,, P8, — — 20
All input pins — — 15
other than (4)
above
23-6
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Test

Item Symbol Min Typ Max Unit Conditions
Current  Normal bee — 27 45 mA  f=12MHz
dissipa - operation
tion*2
— 36 60 f=16 MHz,
V.=45Vto
55V
Sleep mode — 18 30 f=12 MHz
— 24 40 f=16 MHz,
Ve =45V to
55V
Standby - 001 5.0 HA Ta<50°C
modes®
— — 20.0 50°C < Ta
Analog During A/D Al — 2.0 5.0 mA
supply conversion
current
During A/D and — 2.0 5.0
D/A conversion
A/D and D/A — 0.01 5.0 pA AV, =20V
conversion idle to55V
Analog supply voltage® AV, 4.0 — 55 \ During
operation
20— 55 While die or
when not in
use
RAM standby voltage Vaau 2.0 —_ — \
Notes: 1.

2.

Even when the A/D and D/A converters are not used, connect AV, to power supply
V.. and keep the applied voltage between 2.0 V and 5.5 V.

Current dissipation values assume that V,,, .. = V.. - 0.5V, V, . = 0.5V, all output
pins are in the no-load state, and all input pull-up transistors are off.

For these values it is assumed that V,,,,, * V. <4.0 Vand V,,,, = V,, X 0.9, V,
V.

P8, to P8, include supporting module inputs multiplexed with them.

IRQ, includes ADTRG multiplexed with it.

Applies when |ICE = 0. The output low level is determined separately when the bus
drive function is selected.

=0.3

IL mex
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Table 22-4 DC Characteristics (3-V Version)

Conditions: Vee=27V105.5V,AVc=27V 055V Vgs= AV =0V, Ta=-20°C to

+75°C
Test
ltem Symbol Min Typ Max Unit Conditions
Schmitt  P6,toP6,", (1) \A Ve X015 — - \'
trigger IRQ 2t
input IRQO*5,
voltage  IRQ, to IRQ,
A — — VCC x
0.7
V. =V~ 0.2 — —
Input high RES, STBY, (2) ' Veex09 — Ve +0.3 V
voltage =MD, MD,,
EXTAL, NMI
SCL, SDA Ve x0.7 — Vi +0.3
P7,to P7, Veex07 — AV, +
0.3
All input pins Ve x07 — Ve +0.3
other
than (1) and
(2) above
Inputlow RES, STBY, (3) vV, -0.3 —_ Ve x 0.1V
voltage®* MD,, MD,
SCL, SDA -0.3 — Ve X
0.15
All input pins -0.3 — Ve %
other 0.156
than (1) and
(3) above
Output Al} output Vou Vee—=05 — — \ 1oy = —200 pA
high pins®
voltage
VCC-1.0 — — ly=—1mA
Output All output pins Vo, — — 0.4 \ lo. = 0.8 MA
low ®
voltage
P17t0P10, - — 0.4 Iy = 1.6 mA
P2, to P2,
Input RES, STBY F — — 10.0 uA Vin=0.5Vto
leakage Vee—=05V
323~-38
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Item

Test

Symbol Min Typ Max Unit Conditions
current
NMI, MD,, - — 1.0
MD,
P7,to P7, — — 1.0 Vin=0.5Vto
AV ~-05V
Leakage Ports1to86, gl — — 1.0 HA Vin=0.5Vto
currentin 8,9 V=05V,
three-
state(off
state)
Input pull- Ports 1 to 3 -, 3 — 120 pA Vin=0V,
up Vee=27Vio
MOS 36V
current
6 30 — 250
Input STBY (F-ZTAT (4) C. — — 120 pF Vin=0V,
capaci-  version) f=1MHz,
tance Ta =25°C
RES, STBY — — 60
(except F-
ZTAT version)
Wi mD, -~ = w
P9, P8, — — 20
All input pins — — 15
other than (4)
above
Current  Normal bee — 7 — mA f=6 MHz,
dissipa-  operation V=27 Vto
tion® 36V
—_ 12 22 f =10 MHz,
Ve=27Vto
36V
— 25 — =10 MHz,
V=40V
to5.5V
Sleep mode — 5 —_ f =6 MHz,
V,.=27Vto
38V
— 9 16 f=10 MHz,
V. =27Vto
38V
93~ 9
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Test

Item Symbol Min Typ Max Unit Conditions
— 18 — f=10 MHz,
Vee=4.0Vto
55V
Standby — 0.01 5.0 HA Ta<50°C
modes®
— — 20.0 50°C < Ta
Analog During A/D Al — 2.0 5.0 mA
supply conversion
current
During A/D — 2.0 5.0
and D/A
conversion
A/D and D/A — 0.01 5.0 HA AV, =20V
conversion to55V
idle
Analog supply voltage’ AV, 2.7 —_ 5.5 \ During
operation
2.0 — 5.5 While idle or
when notin
use
RAM standby voltage Vaau 2.0 —_ — \

Notes: 1. Even when the A/D and D/A converters are not used, connect AV, to power supply

V. and keep the applied voltage between 2.0 V and 5.5 V.

2. Current dissipation values assume that V,, ., =V, - 05V, V,
pins are in the no-load state, and all input pull-up transistors are off.

3. Forthese values itis assumed that V,,,, * V. <27 Vand V,,,, =V x 0.9, V

V.

4. P6, to P6, include supporting module inputs multiplexed with them.
IRQ, includes ADTRG multiplexed with it.

o

Lmax =

= 0.5V, all output

0.3

6. Applies when IICE = 0. The output low level is determined separately when the bus

drive function is selected.

23410
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Table 22-5 Allowable Output Current Values (5-V and 4-V Versions)

Conditions: Vec=4.0 V1055V, AVc=4.0V 1055V, Vgg=AVgs =0V, Ta=-20°C to
+75°C (regular specifications), Ta = —40°C to +85°C (wide-tange specifications)

ltem Symbol Min Typ Max Unit
Allowable outputlow  SCL, SDA lo — — 20 mA
current (per pin) (bus drive selection)

Ports 1 and 2 — - 10

Other output pins —_ —_ 2
Allowable output low  Ports 1and 2, total  ZI,, — — 80 mA
(total)

Total of all output — — 120
Allowable output high  All output pins —lon — — 2 mA

current (per pin)

Allowable output high Total of all output Z-lg, — — 40 mA
current (total)

Table 22-6 Allowable Output Current Values (3-V Version)

Conditions: Vec=2.7t05.5V, AVcc=27 V105.5V, Vgs = AVgs =0 V, Ta = =20°C to +75°C

Item Symbol Min Typ Max Unit
Allowable output low  SCL, SDA lo — _ 10 mA
current (per pin) (bus drive selection)

Ports 1 and 2 — — 2

Other output pins —_ —_—
Allowable output low  Ports 1 and 2, total ~ ZI,, — —_ 40 mA
(total)

Total of all output —_ —_ 60
Allowable output high  All output pins —lon —_ — 2 mA
current (per pin)
Allowable output high Total of all output p3 I — — 30 mA

current (total)

Note: To avoid degrading the reliabiity of the chip, be careful not to exceed the output current
values in tables 22-5 and 22-6. In particular, when driving a darlington transistor pair or

LED directly, be sure to insert a current-limiting resistor in the output path. See figures 22-
1 and 22-2.

HITACHI
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H8/3337 Series or
H8/3397 Series

Port

Darlington 777
transistor

Figure 22-1 Example of Circuit for Driving a Darlington Transistor (5-V Version)

HB8/3337 Series or
HB8/3397 Series
Vee
600W
-~
Ports 1 or2
LED

Figure 22-2 Example of Circuit for Driving an LED (5-V Version)
Table 22-7 Bus Drive Characteristics

Conditions: Vss=0V, Ta=-20to 75°C

item Symbol Min Typ Max Unit Test Condition
Outputlow SCL,SDA v, —_- - 0.5 v Vee =5V £10%
voltage (bus drive lo. = 16 MA
selection)
—_ - 0.5 V,=27Vto55V
lo. =8 mMA
2312
HITACHI
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22.2.2 AC Characteristics

The AC characteristics are listed in following tables. Bus timing parameters are given in table
22-8, control signal timing parameters in table 22-9, timing parameters of the on-chip supporting
modules in table 22-10, I*C bus timing parameters in table 22-11, and external clock output delay

timing parameters in table 22-12.

Table 22-8 Bus Timing

Condition A:

VYee =5.0 V £10%, Vss =0V, ¢ = 2.0 MHz to maximum operating frequency,

Ta = -20°C to +75°C (regular specifications), Ta = -40°C to +85°C (wide-range

specifications)
Condition B:

Vec=4.0V 1055V, Vss =0V, ¢ =2.0 MHz to maximum operating frequency, Ta = —

20°C to +75°C (regular specifications), Ta = —40°C to +85°C (wide-range specifications)

Condition C:

Vee=2.7V105.5V, Vss =0V, p=2.0 MHz to maximum operating frequency, Ta=—

20°C to +75°C
Condition C  Condition B Condition A
10 MHz 12 MHz 16 MHz
item Symbol Min Max Min Max Min Max Unit Conditions
Clock cycle time t. 100 500 833 500 625 500 ns Fig.22-4
Clock pulse width low t, 30 - 30 - 20 - ns
Clock pulse width high i, 30 - 30 - 20 - ns
Clock rise time t., - 20 - 10 - 10 ns
Clock fall time ty — 20 - 10 — 10 ns
Address delay time te - 50 - 35 - 30 ns
Address hold time b 20 - 15 - 10 - ns
Address strobe delay time t,., - 50 - 35 - 30 ns
Write strobe delay time L - 50 - 35 - 30 ns
Strobe delay time e - 50 - 35 - 30 ns
Write strobe pulse width™ t,., 110 - 90 - 60 - ns
Address setup time 1 [ 15 - 10 - 10 - ns
Address setuptime 2"t 65 - 50 - 40 - ns
Read data setup time tepe 35 - 20 - 20 - ns
Read data hold time" ton 0 - 0 - 0 - ns
Read data access time"  t,.. - 170 - 160 - 110 ns
Write data delay time ¢, - 80/75° - 65/60° — 60 ns
Write data setup time s 0/5° - 0/5% - 0/5% - ns
Write data hold time Yo 20 - 20 - 20 - ns
Wait setup time trs 40 - 35 - 30 - ns  Fig. 22-5
Wait hold time o 10 - 10 - 10 - ns
Note: *1 Values at maximum operating frequency
*2 HB8/3337YF-ZTAT version/other products
‘A3-13
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Table 22-9 Control Signal Timing

Condition A: Vee =5.0V 210%, Vss =0V, ¢ = 2.0 MHz to maximum operating frequency,
Ta = -20°C to +75°C (regular specifications), Ta = —40°C to +85°C (wide-range
specifications)

Condition B:  Vec=4.0Vt05.5V, Vss =0V, ¢ = 2.0 MHz to maximum operating frequency, Ta = —
20°C to +75°C (regular specifications), Ta = —40°C to +85°C (wide-range specifications)

Condition C:  Vec=2.7V 1055V, Vss =0V, ¢ = 2.0 MHz to maximum operating frequency, Ta = -

20°C to +75°C
Condition € Condition B_Condition A
10 MHz 12 MHz 16 MHz
Test
Item Symbol  Min Max Min Max Min Max Unit Conditions
RES setup time  t... 300 - 200 - 200 - ns Fig. 22-6
RES pulse width  t.q, 10 - 10 - 10 - toe
NMI setup time tyas 300 - 150 - 150 - ns Fig. 22-7
(NMI, IRQ, to IRQ.)
NMI hold time - 10 - 10 - 10 - ns
(NMI, IRQ, to IRQ,)
Interrupt pulse L. 300 - 200 - 200 - ns
width for recovery
from soft-
ware standby
mode (NMI, IRQ,
to IRQ,, IRQ,)
Crystal oscillator  t,., 20 - 20 - 20 - ms  Fig. 22-8
settling time (reset)
Crystal oscillator ~ t.., 8 - 8 - 8 - ms  Fig. 22-9
settling time
(software standby)

o Measurement Conditions for AC Characteristics

LSl
output pin

)

Ry

5V

RL

C= 90pF: Ports 1-4,6,9
30 pF: Ports 5, 8

R. =
Ry=

Input/output timing measurement levels

2.4kQ
12kQ

Low: 0.8V
High: 2.0V

23-14

Figure 22-3 Output Load Circuit
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Table 22-10 Timing Conditions of On-Chip Supporting Modules

Condition A: Vec=5.0V x10%, Vgs =0V, ¢ = 2.0 MHz to maximum operating frequency,

Ta =-20°C to +75°C (regular specifications), Ta = —40°C to +85°C (wide-
range specifications)

Condition B: Vec=4.0V 1055V, Vgs=0V, g =2.0 MHz to maximum operating frequency,

Ta = -20°C to +75°C (regular specifications), Ta = —<40°C to +85°C (wide-range
specifications)

Condition C: Vec=2.7 V1055V, Vgg=0V, g = 2.0 MHz to maximum operating frequency,

Ta =-20°C to +75°C
Condition C Condition B Condition A

10 MHz 12 MHz 16 MHz
Test

Item Symbol Min Max Min Max Min Max Unit Conditions
FRT Timer output delay time {,, - 150 - 100 - 100 ns  Fig. 22-10

Timer input setup time ¢, 80 - 50 - 50 -~ ns

Timer clock input setup t,, 80 - 50 - 5 - ns  Fig. 22-11

time

Timer clock pulse width t o toom 1.5  — 1.5 - 1.5 - te
TMR  Timer output delay time t,,., - 150 - 100 - 100 ns  Fig. 22-12

Timer reset input setup t,n¢ 80 - 50 - 50 - ns  Fig. 22-14

time

Timer clock input setup t,,,. 80 - 5 - 50 - ns Fig. 22-13

time

Timer clock pulse width t,.,., 15 - 16 - 1.6 - e

(single edge)

Timer clock pulse width t,... 25 - 25 - 25 - bt

{both edges)
PWM  Timer output delay time t.,., - 150 - 100 - 100 ns Fig. 22-15
SCI Inputclock  (Async) tg 4 - 4 - 4 - t,. Fig.22-16

cycle

(Syne) g 6 - 6 - 6 - t

Transmit data delay tho - 200 - 100 - 100 ns

time (Sync)

Receive data setup tas 150 - 100 -~ 100 - ns

time (Sync)

Receive data hold time t,, 150 - 100 - 100 - ns

(Sync)

Input clock pulse width t., 04 06 04 06 04 06 t.. Fig.22-17
Ports  Output data delay time t, - 150 - 100 - 100 ns Fig. 22-18

Input data setup time ~ t,., 80 - 50 - 50 - ns

Input data hold time | 80 - 50 - 50 - ns

23-15
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Table 22-10 Timing Conditions of On-Chip Supporting Modules (cont)

Condition A:Vee =5.0V £10%, Vss =0V, ¢ = 2.0 MHz to maximum operating frequency, Ta =
~20°C to +75°C (regular specifications), Ta = —40°C to +85°C (wide-range

specifications)

Condition B: Vcc=4.0V1t05.5V, Vgs =0V, ¢ = 2.0 MHz to maximum operating frequency,
Ta =-20°C to +75°C (regular specifications), Ta = —40°C to +85°C (wide-range

specifications)

Condition C: V=27V 105.5V, Vgs=0V, ¢ = 2.0 MHz to maximum operating frequency,
Ta =-20°C to +75°C

Condition C  Condition B Condition A

10 MHz 12 MHz 16 MHz
tem Symbol Min Max Min Max Min Max Unit Conditions
HIF CS/HA setup time 1, 10 - 10 - 10 - ns Fig. 22-19
read
cycle
CS/HA, hold time | 10 - 10 - 10 - ns
10R pulse width brew 20 - 120 - 120 - ns
HDB delay time o - 200 - 100 - 100 ns
HDB hold time - 0 40 0 25 0 25 ns
HIRQ delay time o - 200 - 120 - 120 ns
HIF CS/HA setup ime  t,,, 10 - 10 - 10 - ns Fig. 22-20
write
cycle
CB/HA, hold time towa 10 - 10 - 10 - ns
IOW pulse width owew 100 - 60 - 60 - ns
HDB High- Yo 50 - 30 - 30 - ns
setup time speed
GATE A,
not used
High- 85 - 55 - 45 -
speed
GATEA,,
uesd
HDB hold time fwo 25 - 15 - 15 - ns
GA,, delay time tica - 180 - 90 - 90 ns
33-16
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Table 22-11 I°C Bus Timing

Conditions: Vec=2.7V 1055V, Vg =0V, Ta=-20°C to +75°C

Rating
Item Symbo! Min Typ Max Unit Test Condition Note
SCL clock tee, 12t - — ns Figure 22-21
cycle time
SCL clock high t,,, 3, - — ns
pulse width
SCL clock low t, 5t - — ns
pulse width
SCL, SDArise t, — — 1000 ns  Normal mode
time 100 kbit/s (max)
20+01C, — 300 High-speed mode
400 kbit/s (max)
SCL, SDAfall t, — — 300 ns  Normal mode
time 100 kbit/s (max)
20+01C, — 300 High-speed mode
400 kbit/s (max)
SDA bus free t,,. t,—-30 — — ns
time
SCL start Yo 3t,, - - ns
condition hold
time
SCLresend  t, 3t - - ns
start condition
hold time
SDA stop tsros 3t - - ns
condition setup
time
SDA data teoas 1. +10 - - ns
setup time
SDA data hold t,,, 0 - - ns
time
SDA load C, — — 400 pF
capacitance
29 -17
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Table 22-12 External clock output delay Timing

Conditions: Vec=2.7V1055V, AV c=27V 1055V,
VSS = AVSS =0V, Ta=-40°C to +85°C

Iltem Symbol Min Max Unit Notes

External clock output delay time 1., 500 — ps fig-22-22

Note: * t,., includes to RES pulse width t..,, (10t_).

22.2.3 A/D Converter Characteristics
Table 22-13 lists the characteristics of the on-chip A/D converter.
Table 22-13 A/D Converter Characteristics

Condition A: Vee=5.0V £10%, AVcc=5.0 V £10%, Vg5 = AVss =0V, g = 2.0 MHz to
maximum operating frequency, Ta = —20°C to +75°C (regular specifications),
Ta = -40°C to +85°C (wide-range specifications)

Condition B: Vec=40V 1055V, AVec=40V1055V,Vis=AVg =0V, g=2.0MHzto
maximum operating frequency, Ta = -20°C to +75°C (regular specifications), Ta
= —40°C to +85°C (wide-range specifications)

Condition C: Vec=27TV1055V,AVc=27V 1055V, Vg=AVgi=0V,9=20MHz to
maximum operating frequency, Ta = —20°C to +75°C

Condition C Condition B Condition A
10 MHz 12 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 (single mode)* — — 134 — — 112 — - 8.4 uUs
Analog input capacitance — — 20 —_ — 20 - - 20 pF
Allowable signal source — — 5 — — 10 - - 10 kQ
impedance
Nonlinearity error — — 6.0 — — 30 - — +3.0 LSB
Offset error — — +4.0 — — 35 - — +3.5 LSB
Full-scale error — — +40 — — +3.5 — - +3.5 LSB
Quantizing error — — 05 — — 05 - — +0.5 LSB
Absolute accuracy — — 8.0 — — x40 — — +40 LSB

Note: * Vaiues at maximum operating frequency
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22.2.4 D/A Converter Characteristics (H8/3337 Series Only)
Table 22-14 lists the characteristics of the on-chip D/A converter.
Table 22-14 D/A Converter Characteristics

Condition A: Ve =5.0V £10%, AVee=5.0V £10%, Vgs = AVgs =0V, g = 2.0 MHz to
maximum operating frequency, Ta = —20°C to +75°C (regular specifications), Ta =
—40°C to +85°C (wide-range specifications)

Condition B: Vec=40V 1055V, AVec=40V 1055V, Vss=AVs=0V, g=2.0 MHz to
maximum operating frequency, Ta = —20°C to +75°C (regular specifications), Ta =
~40°C to +85°C (wide-range specifications)

Condition C: V=27V 1055V, AVec=27V 1055V, Vss=AVgs=0V, g=2.0MHzto
maximum operating frequency, Ta = —20°C to +75°C

Condition C Condition B Condition A
10 MHz 12 MHz 16 MHz
Test
ltem Min Typ Max Min Typ Max Min Typ Max Unit Conditions
Resolution 8 8 8 8 8 8 8 8 8 Bits
Conversion time — — 10.0 —_ —_ 10.0 100 ps 30 pF load
(settling time) capacitance
Absolute - 2.0 +3.0 —_ 1.0 15 — 1.0 15 LSB 2M}load
accuracy resistance
- — +2.0 — — +1.0 — — 1.0 LSB 4 MQload
resistance
22.3 MCU Operational Timing
This section provides the following timing charts:
22.3.1 Bus Timing Figures 22-4 and 22-5
22.3.2 Control Signal Timing Figures 22-6 to 22-9
22.3.3 16-Bit Free-Running Timer Timing Figures 22-10 and 22-11
2234 8-Bit Timer Timing Figures 22-12 to 22-14
22.3.5 PWM Timer Timing Figure 22-15
22.3.6 SCI Timing Figures 22-16 and 22-17
2237 1/O Port Timing Figure 22-18
22.3.8 Host Interface Timing (H8/3337 Series Only) Figures 22-19 and 22-20
22.3.9 I°C Bus Timing (Option) (H8/3337 Series Only) Figure 22-21
22.3.10 External Clock Output Timing Figure 22-22
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22.3.1 Bus Timing

(1) Basic Bus Cycle (without Wait States) in Expanded Modes

A to Ay

AS, RD

D;to D,
(read)

WR

D; to D,
(write)

T Tz o Ty
toye
tew | ter |
tan ~te \
ra— lor
” N
Pl X
taso tso
t
[=a—tass -
—
tacc tros }!/tRDH |
twsp Cﬁ%
t AS2 | twsw | t AH
\L
N, /l/
twoo, twos twon

g

P9~ 20

Figure 22-4 Basic Bus Cycle (without Wait States) in Expanded Modes
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(2) Basic Bus Cycle (with 1 Wait State) in Expanded Modes

D;to Dg
(write)

WAIT

N o
< i >—
\t* «)1/ /KH "j‘L

Figure 22-5 Basic Bus Cycle (with 1 Wait State) in Expanded Modes (Modes 1 and 2)

22.3.2 Control Signal Timing

(1) Reset Input Timing

— =

o

tRess tress

(¢
RES 7 N
J—S
tRESW
Figure 22-6 Reset Input Timing
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(2) Interrupt Input Timing

o A A e

tnmis | | tamin
NMI
RO

tmis
IRQL

X tamiw )
& X X
RG;

Note: i = 0 to 7; IRQg: IRQ; when edge-sensed; IRQ: IRQ; when level-sensed

Figure 22-7 Interrupt Input Timing

(3) Clock Settling Timing

:
§
%
:

J~
/2N

V'\
i~
J~
prel

~

VCC J 3T
144 { r_%(
)T 12
STBY _} toscr | \ £ J toscs
RES 55
RES . \ S5 55

Figure 22-8 Clock Settling Timing
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(4) Clock Settling Timing for Recovery from Software Standby Mode

. Uy Uy

(C

=7 >§(
£( K
3T

4

T=Ten —4 \

NMI

(i=0,1,2,6) toscz

Figure 22-9 Clock Settling Timing for Recovery from Software Standby Mode

22.3.3 16-Bit Free-Running Timer Timing

(1) Free-Running Timer Input/Qutput Timing

o I N NI N A N

Free-running oo o mateh Y

timer counter
teTop
FTOA , FTOB ;
fFmis
FTIA, FTIB,
FTIC, FTID

Figure 22-10 Free-Running Timer Input/Output Timing
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(2) External Clock Input Timing for Free-Running Timer

o /N S\

{C
FTeh \ ¥ TN

53
o~

trrowL trrewn

Figure 22-11 External Clock Input Timing for Free-Running Timer

22.3.4 8-Bit Timer Timing

(1) 8-Bit Timer Output Timing

S N N AN S

Timer
counter

Compare-matchX

trmop

TMOy,
T™MO,

Figure 22-12 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

: NN

trmes trmes

TMClg,
TMCH _\L \1§—

trmowe l trmewn |

Figure 22-13 8-Bit Timer Clock Input Timing
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(3) 8-Bit Timer Reset Input Timing

trmrs

TMRI,,
TMRI

Timer .
counter N >< H00

Figure 22-14 8-Bit Timer Reset Input Timing

22.3.5 Pulse Width Medulation Timer Timing

VAN NNV N

Timer ><
counter Compare-match

tewop
PW,, PW;, 3

Figure 22-15 PWM Timer Output Timing
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22.3.6 Serial Communication Interface Timing

(1) SCI Input/Output Timing

| tseye
Serial clock Zm
(SCK,, SCKy)
trxo

Transmit
data >< ><
(TXDo, TXD1)

trxs| [tRxH

‘——l ’4—»
Receive

data X ><XXX>K WX

(RxDy, RxD,)

Figure 22-16 SCI Input/Output Timing (Synchronous Mode)

(2) SCI Input Clock Timing

tsckw

SCKg, SCK;

tScyc:

Figure 22-17 SCI Input Clock Timing
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22.3.7 1/O Port Timing

Port1to
port 9 (input)

Port 1* to
port 9 (output)

Note: * Except P9g and P7;to P7,

Figure 22-18 1/O Port Input/Output Timing

>3- 27
HITACHI

B 4496204 00bLA44 841 EN



22.3.8 Host Interface Timing (H8/3337 Series Only)

(1) Host Interface Read Timing

CS8/HA, ><z x><
HAq I 71
thar l thrPw ;’ tura
ﬁ * Vg
N thRr
thAD
™
HDB; to HDBy Effective data 7}
tHira

HIRQ, k
(i=1,11,12) ~

Note: The rising edge timing is the same as port 4 output timing. Refer to figure 22-18.

Figure 22-19 Host Interface Read Timing

(2) Host Interface Write Timing

CS/HA, y(
HAg N
taw ‘ \ tHwpw tHwa

thwo
ow [ ™

HDB7 to HDBO

thaa

32-28

Figure 22-20 Host Interface Write Timing
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22.3.9 F*C Bus Timing (Option) (H8/3337 Series Only)

SDA

SCL

tscL

~—tspan

Note: * S, P, and Sr are defined as follows:

S: Start condition
P: Stop condition

Sr: Retransmission start condition

Figure 22-21 I°C Interface Input/Output Timing

22.3.10 External Clock Output Timing

b))

[(¢

)}

<
H
e

EXTAL

a

[

(internal or external)

RES

I AVAVAVAVAVAVAVAVAVAYAVAVAY
i AVAVVAVAVAYAVAVAY

))

b))
[4

toexT*

Note: * t,,; includes an RES pulse width (t..,) of 10 tcyc.

«

Figure 22-22 External clock output delay Timing
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