Section 19 Electrical Specifications

19.1  Absolute Maximum Ratings
Table 19-1 lists the absolute maximum ratings.

Table 19-1 Absolute Maximum Ratings

ltem Symbol Rating Unit
Supply voltage Vee —-0.3t0 +7.0 \
Programming voltage Vpp —-0.3t0 +13.5 \
Input voltage Vin —0.3to Vg +0.3 \Y
Operating temperature Topr Regular specifications: —20 to +75 °C

Wide-range specifications: —40 to +85 °C

Storage temperature Tsig —55t0 +125 °C

Note: Exceeding the absolute maximum ratings shown in table 19-1 can permanently damage
the chip.

19.2  Electrical Characteristics

19.2.1 DC Characteristics

Tables 19-2, 19-3, and 19-4 list the DC characteristics of the 5V, 4 V, and 3 V versions,
respectively. Table 19-5 gives the allowable current output values of the 5 V and 4 V versions,
and table 19-6 gives the allowable current output values of the 3 V version. Bus drive
characteristics common to the 5 V, 4 V, and 3 V versions are listed in table 19-7.
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Table 19-2 DC Characteristics (5 V Version)
Conditions: Vee =5.0 V £10%, Vgs =0V, Ta = -20°C to +75°C (regular

Item

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

Symbol

Min

— Preliminary —

Typ Max

Test
Unit Conditions

Schmitt
trigger
Input
voltage

P77, (1 VvV
P75 to P7,™
FTCI, FTI,
TMRiI,

1.0

- — v

TMRI4, Vr*
TMCly,
TMCly,
VSYNCI,

— VCC x 0.7

HSYNCI,
CSYNCI,
FBACKI,
KEYIN, to
KEYIN,

0.4

Input high
voltage

RES, 5TBY, (2) Vi
MD1! MDO:
EXTAL, NMI

SCLy, SCLy,

SDA,, SDA;,
P73, P75
(when bus
drive function
is selected)

All input pins other
than (1) and (2)
above

Veg —0.7

—_— VCC +03V

VCC x 0.7

—_— VCC +0.3

2.0

—_— VCC +0.3

Input low
voltage

RES, STBY, (3) Vi
MD;, MDy

SCLy, SCLy,

SDA,, SDA;,
P73, P75
(when bus
drive function
is selected)

All input pins other
than (1) and (3)
above

-0.3

Output
high
voltage

All output pins™  Voy

Vec —0.5

IOH =—-200 IJ.A

3.5

IOH =—1.0mA
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Table 19-2 DC Characteristics (5 V Version) (cont) — Preliminary —
Conditions:Vee =5.0 V £10%, Vgg = 0V, Ta = -20°C to +75°C (regular specifications),
Ta = -40°C to +85°C (wide-range specifications)

Test
ltem Symbol  Min Typ Max Unit Conditions
Output low All output pins™ VoL — — 0.4 \ lop =1.6 mA
It
Vorag® b1 to P1,, _ — 10 lo, = 10.0 mA
P27 to P20,
P37 to P30
Input RES | lin | — — 10.0 PA  Vin=05Vto
leak ———— Vec-05V
g STBY, NMI, — — 10 ce
MD;, MDg
Leakage Ports1to7 | lrgr | — — 1.0 PA  Vin=05Vto
currentin Vee—05V
three-state
(off state)
Input pull- Ports 1 to 3 —lp 30 — 250 HA  Vin=0V
up MOtS P73 to P7,, 60 — 500
current - pe, to PGy
Input RES (4) Cp — — 60 pF  Vin=0V,
capaci- e f=1 MHz,
tance NMI — — 50 Ta =25°C
P73 to P70 —_ —_ 20
All input pins other — — 15
than (4)
Current Normal operation  lge — 27 45 mA f=12MHz
dissipa
tion™ — 36 60 f=16 MHz
Sleep mode — 18 30 f=12MHz
— 24 40 f=16 MHz
Standby modes™ — 0.01 5.0 MA  Ta<50°C
— — 20.0 50°C < Ta
RAM standby voltage VRam 2.0 — — \Y

Notes: 1. Value when Viymin=Vee —0.5V, V| nax = 0.5V, all output pins are unloaded, and
input MOS pull-ups are off.
2. Value when VRAM < VCC <45 V, VIH min = VCC x 0.9 and V||_ max = 0.3 V.
3. P77 and P75 to P7, do not include SCL,, SDA,, SCLy, SDA4, HA,, IOW, CS4, and
WAIT.
4. When IICS = ICE = 0. The output low level when the bus drive function is selected
with P73, P75, SDA4, SCL4, SDAg, and SCLg is determined separately.
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Table 19-3 DC Characteristics (4 V Version)

Item

— Preliminary —

Conditions: Vee=4.0V1t05.5V,Vgg=0V, Ta=-20°C to +75°C (regular
specifications), Ta = —40°C to +85°C (wide-range specifications)

Symbol

Min

Typ

Max

Unit

Test
Conditions

Schmitt
trigger
input
voltage

P77, (1
P75 to P7,"3,
FTCI, FTI,
TMRiI,
TMRI4,
TMCly,
TMCI4,
VSYNCI,
HSYNCI,
CSYNCI,
FBACKI,
KEYIN; to
KEYINg

VT_

1.0

vyt

VCC x 0.7

VT+ - VT_

0.4

VT_

0.8

vyt

VCC x 0.7

VT+ - VT_

0.3

\

VCC =45Vto
55V

VCC =4.0Vto

45V

Input high
voltage

RES, STBY,
MD;, MDo,
EXTAL, NMT

SCLy, SCLy,

SDA,, SDA;,
P73, P75
(when bus
drive function
is selected)

All input pins other
than (1) and (2)
above

ViH

Veg —0.7

VCC +0.3

VCC x 0.7

VCC +0.3

2.0

VCC +0.3

Input low
voltage

RES, STBY,
MD;, MDy

SCLy, SCL;,
SDA,, SDA;,
P73, P75
(when bus
drive function
is selected)

(3)

All input pins other
than (1) and (3)
above

0.5

1.0

0.8

0.8

0.6

VCC =45Vto
55V

VCC =4.0Vto

45V

VCC =45Vto
55V

VCC =4.0Vto

45V
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Table 19-3 DC Characteristics (4 V Version) (cont) — Preliminary —
Conditions: Vee=4.0V1t05.5V,Vgg=0V, Ta=-20°C to +75°C (regular
specifications), Ta = —40°C to +85°C (wide-range specifications)

Test
ltem Symbol  Min Typ Max Unit Conditions
Output All output pins™ Vou Vgc-05 — — v lon = —200 pA
high
voltage 3.5 - - lon =—1.0 mA,
VCC =45Vto
55V
2.8 — — IOH =-1.0 mA,
VCC =4.0Vto
45V
Output low All output pins™ VoL — — 0.4 \ lop =1.6 mA
It
Vorag® b1 to P1,, _ — 10 lo, = 10.0 mA
P27 to P20,
P37 to P30
Input RES | lin | — — 10.0 PA  Vin=05Vto
leak ———— Vec-05V
g STBY, NMI, — — 10 ce
MD;, MDg
Leakage Ports1to7 | lrgr | — — 1.0 PA  Vin=05Vto
currentin Vee—05V
three-state
(off state)
Input pull- Ports 1 to 3 —lp 30 — 250 HA  Vin=0V,
up MOtS P73 to P7,, 60 — 500 ;’%0\7 45Vto
curren P64 to P6, .
Ports 1 to 3 20 — 200 Vin=0V,
P73 to P7,, 40 — 400 Vog=4.0Vto
P65 to P6y 45V
Input RES (4) Cp — — 60 pF Vin=0V,
capaci- e f=1 MHz,
tance NMI — — 50 Ta =25°C
P73 to P70 —_ —_ 20
All input pins — — 15

other than (4)
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Table 19-3 DC Characteristics (4 V Version) (cont) — Preliminary —
Conditions: Vee=4.0V1t05.5V,Vgg=0V, Ta=-20°C to +75°C (regular
specifications), Ta = —40°C to +85°C (wide-range specifications)

Test
ltem Symbol  Min Typ Max Unit Conditions
Current Normal operation  lge — 27 45 mA f=12MHz
dissipa- -
tifr?*lﬁ)a — 36 60 f=16 MHz,
VCC =45Vto
55V
Sleep mode — 18 30 f=12 MHz
— 24 40 f=16 MHz,
VCC =45Vto
55V
Standby modes™ — 0.01 5.0 MA  Ta<50°C
— — 20.0 50°C < Ta
RAM standby voltage VRam 2.0 — — \Y

Notes: 1. Value when Viymin=Vee —0.5V, V| nax = 0.5V, all output pins are unloaded, and
input MOS pull-ups are off.
2. Value when VRAM < VCC <4.0 V, VIH min = VCC x 0.9 and V||_ max = 0.3 V.
3. P77 and P75 to P7, do not include SCL,, SDA,, SCLy, SDA4, HA,, IOW, CS4, and
WAIT.

4. When IICS = ICE = 0. The output low level when the bus drive function is selected
with P73, P75, SDA4, SCL4, SDAg, and SCLg is determined separately.
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Table 19-4 DC Characteristics (3 V Version)

Item

— Preliminary —

Conditions: Vee=2.7Vt05.5V, Vgs =0V, Ta=-20°C to +75°C

Symbol

Min

Typ Max

Test
Unit Conditions

Schmitt
trigger
input
voltage

P77,

P75 to P7,"3,
FTCI, FTI,
TMRiI,
TMRI4,
TMCly,
TMCI4,
VSYNCI,
HSYNCI,
CSYNCI,
FBACKI
KEYIN; to
KEYINg

(M

VCC x0.15

VCC x 0.7

0.2

\

Input high
voltage

RES, STBY,
MD;, MDo,
EXTAL, NMT

SCLy, SCLy,

SDA,, SDA;,
P73, P75
(when bus
drive function
is selected)

All input pins other
than (1) and (2)
above

ViH

VCC x 0.9

VCC +0.3

VCC x 0.7

VCC +0.3

VCC x 0.7

VCC +0.3

\

Input low
voltage

RES, STBY,
MD;, MDy

(3)

SCLy, SCLy,

SDA,, SDA;,
P73, P75
(when bus
drive function
is selected)

All input pins other
than (1) and (3)
above

Vi

VCC x 0.1

VCC x 0.15

VC(;X 0.15

\

Output
high
voltage

All output pins™

Vor

Vec —0.5

\' IOH =—-200 IJ.A

VCC_ 1.0

IOH =—1.0mA
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Table 19-4 DC Characteristics (3 V Version) (cont) — Preliminary —
Conditions: Vee=2.7Vt05.5V, Vgs =0V, Ta=-20°C to +75°C

Test
ltem Symbol  Min Typ Max Unit Conditions
Output low All output pins™ VoL — — 0.4 \ lo. =0.8 mA
It —_—

Vorag® b1 to P1,, _ — 04 lo, = 1.6 MA

P27 to P20,

P37 to P30
Input RES | lin | — — 10.0 PA  Vin=05Vto
leak ———— Vec-05V
g STBY, NMI, — — 10 GG

MD;, MDg
Leakage Ports1to7 | lrgr | — — 1.0 PA  Vin=05Vto
currentin Vee—05V
three-state
(off state)
Input pull- Ports 1 to 3 —lp 3 — 120 HA  Vin=0V,
up MOtS P73 to P7,, 30 — 250 X%C\f 2.7 Vto
curren P64 to P6, .
Input RES (4) Cp — — 60 pF Vin=0V,
capaci- e f=1 MHz,
tance NMI — — 50 Ta =25°C

P73 to P70 —_ —_ 20

All input pins other — — 15

than (4)
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Table 19-4 DC Characteristics (3 V Version) (cont) — Preliminary —
Conditions: Vee=2.7Vt05.5V, Vgs =0V, Ta=-20°C to +75°C

Test
ltem Symbol  Min Typ Max Unit Conditions

Current Normal operation  lge — 7 — mA f=6 MHz,
dissipa Vee=27Vto
tion™? 36V

— 12 22 f=10 MHz,
VCC =27Vto
36V

— 25 — f=10 MHz,
VCC =4.0Vto
55V

Sleep mode — 5 — f =6 MHz,
VCC =27Vto
36V

— 9 16 f=10 MHz,
Vcc= 2.7 Vto
36V

— 18 — f=10 MHz,

VCC =4.0Vto
55V

Standby modes™ — 0.01 5.0 MA  Ta<50°C
— — 20.0 50°C < Ta

RAM standby voltage VRam 2.0 — — \Y

Notes: 1. Value when Viymin=Veg —0.5V, V| max = 0.5V, all output pins are unloaded, and
input MOS pull-ups are off.
2. Value when VRAM < VCC <27 V, VIH min = VCC x 0.9 and V||_ max = 0.3 V.
3. P77 and P75 to P7, do not include SCL,, SDA,, SCLy, SDA4, HA,, IOW, CS4, and
WAIT.

4. When IICS = ICE = 0. The output low level when the bus drive function is selected
with P73, P75, SDA4, SCL4, SDAg, and SCLg is determined separately.
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Table 19-5 Allowable Output Current Values — Preliminary —
(SV and 4 V Versions)
Conditions: Vee=4.0V 105.5V, Vgs =0V, Ta=-20°C to +75°C (regular
specifications), Ta =-—40°C to +85°C (wide-range specifications)

ltem Symbol  Min Typ Max Unit
Allowable output low SCLy, SCLy, SDAy oL — — 20 mA
current (per pin) SDA, P75, P73

(when bus drive
function is selected)

Ports 1,2 and 3 — — 10

Other output pins — — 2
Allowable output low Ports 1,2 and 3 ZloL — — 80 mA
current (total) 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 Y—lon — — 40 mA
current (total)
Table 19-6 Allowable Output Current Values (3 V Version) — Preliminary —

Conditions: Vee=2.7Vt05.5V, Vgs =0V, Ta=-20°C to +75°C

ltem Symbol  Min Typ Max Unit
Allowable output low SCLg, SCLy, SDAg, oL — — 10 mA
current (per pin) SDA, P75, P73

(when bus drive
function is selected)

Ports 1,2 and 3 — — 2

Other output pins — — 1
Allowable output low Ports 1,2 and 3 ZloL — — 40 mA
current (total) 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 Y—lon — — 30 mA

current (total)

Note: To avoid degrading the reliability of the chip, be careful not to exceed the output current
values in tables 19-5 and 19-6. In particular, when driving a Darlington transistor or
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LED direrctly, be sure to insert a current-limiting resistor in the output path. See figures
19-1 and 19-2.

H8/3217 Series

Port

Darlington
transistor

Figure 19-1 Example of Circuit for Driving a Darlington Transistor (S V Version)

H8/3217 Series

Ports 1,2 or3

LED

Figure 19-2 Example of Circuit for Driving an LED (5§ V Version)
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Table 19-7 Bus Drive Characteristics = — Preliminary —
Conditions: Vee=2.7Vt05.5V, Vgs =0V, Ta=-20°C to +75°C

ltem Symbol Min Typ Max Unit Test Conditions
Outputlow  SCLgy, SCLy, VoL — — 0.5 \ Vee=45Vio55YV,
voltage SDAg, SDA4, lop =16 mA

P75, P75 — _—  os Voc=27 V1055V,

(when bus I =8 mA

drive function oL=

is selected)

19.2.2 AC Characteristics

The AC characteristics are listed in five tables. Bus timing parameters are given in table 19-8,
control signal timing parameters in table 19-9, timing parameters of the on-chip supporting
modules in table 19-10, I2C bus interface timing parameters in table 19-11, and External Clock
Output Settling Delay Time in table 19-12.
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Table 19-8

Bus Timing — Preliminary —

Condition A: Vee=45V1t055V,Vgg=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=40V 1055V, Vgg=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=27V1t055V,Vgg=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 Test
ltem Symbol Min  Max Min  Max Min Max Unit Conditions
Clock cycle time teye 100 500 83.3 500 625 500 ns Fig. 19-4
Clock pulse width low oL 30 — 30 — 20 —
Clock pulse width high ten 30 — 30 — 20 —
Clock rise time o — 20 — 10 — 10
Clock fall time te — 20 — 10 — 10
Address delay time tap — 50 — 35 — 30
Address hold time tay 20 — 15 — 10 —
Address strobe delay time  t5gp — 50 — 35 — 30
Write strobe delay time twsp — 50 — 35 — 30
Strobe delay time tsp — 50 — 35 — 30
Write strobe pulse width* twsw 110 — 90 — 60 —
Address setup time 1* tas1 15 — 10 — 10 —
Address setup time 2* taso 65 — 50 — 40 —
Read data setup time trps 35 — 20 — 20 —
Read data hold time* troH 0 — 0 — 0 —
Read data access time* tace — 170 — 160 — 110
Write data delay time twop — 75 — 60 — 60
Write data setup time twos 5 — 5 — 5 —
Write data hold time twon 20 — 20 — 20 —
Wait setup time twrs 40 — 35 — 30 — Fig. 195
Wait hold time twrH 10 — 10 — 10 —
Note: * Values at maximum operating frequency
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Table 19-9  Control Signal Timing — Preliminary —
Condition A: Vee=45V1t055V,Vgg=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=40V 1055V, Vgg=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=27V1t055V,Vgg=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 Test
ltem Symbol Min  Max Min  Max Min Max Unit Conditions
RES setup time tress 300 — 200 — 200 — ns Fig. 19-6
RES pulse width tresw 10 — 10 — 10 — toye
NMI setup time .~~~ tamis 300 — 150 — 150 — ns Fig. 19-7
(NMI, TRQ, to IRQ,, IRQg)
NMiholdtime  tywn 10 — 10 — 10 —
(NMI, TRQ, to TRQ,, IRQg)
Interrupt pulse width for taviw 300 — 200 — 200 —
recovery from software
standby mode
(NMI, TRQ, to TRQ,, TRQg)
Crystal oscillator settling tosct 20 — 20 — 20 — ms Fig. 19-8
time (reset)
Crystal oscillator settling toscz 8 — 8 — 8 — Fig. 199

time (software standby)

Measurement Conditions for AC Characteristics

5V
RL
C= 90pF: P1, P2, P3, P4g, P6, P7
LSl output pin o ¢ 30 pF: P4 (except P4g), P5
R, = 2.4KkQ
Ry = 12kQ

— =Ry
C Input/output timing measurement levels
Low: 0.8V

High: 2.0 V

7T T
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Figure 19-3 Test Conditions for AC Characteristics
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Table 19-10 Timing Conditions of On-Chip Supporting Modules — Preliminary —

Condition A: Vee=45V1t055V,Vgg=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=40V 1055V, Vgg=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=27V1t055V,Vgg=0V, ¢=2.0 MHz to maximum
operating frequency, Ta = -20°C to +75°C

ConditionC  Condition B Condition A
10 MHz 12 MHz 16 MHz Test
ltem Symbol Min Max Min  Max Min Max Unit Conditions
FRT  Timeroutputdelay  trop — 150 — 100 — 100 ns Fig. 19-10
time
Timer input setup teris 80 — 50 — 50 —
time
Timer clock input teres 80 — 50 — 50 — Fig. 19-11
setup time
Timer clock pulse terewn 165 — 15 — 165 — teye
width terowl
TMR  Timer outputdelay  tryop — 150 — 100 — 100 ns Fig. 19-12
time
Timer reset input YrvRs 80 — 50 — 50 — Fig. 19-14
setup time
Timer clock input trves 80 — 50 — 50 — Fig. 19-13
setup time
Timer clock pulse rvewn 165 — 15 — 165 — 1
width (single edge) trvewL ove
Timer clock pulse 25 — 25 — 25 —
width (both edges)
PWM  Timer outputdelay  tpywop — 150 — 100 — 100 ns Fig. 19-15
time
SCI Input clock  (Async) gy — — — toye  Fig. 19-16
I —
cycle (Synd) — — —
Transmit data delay  tryp — 200 — 100 — 100 ns
time (Sync)
Receive data setup  tgyg 150 — 100 — 100 —
time (Sync)
Receive data hold  tzyy 150 — 100 — 100 —
time (Sync)
Input clock pulse tsckw 04 06 04 06 04 06 tseye  Fig. 19-17
width
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Table 19-10 Timing Conditions of On-Chip Supporting Modules (cont) — Preliminary

Condition A: Vee=45V1t055V,Vgg=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=40V 1055V, Vgg=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=27V1t055V,Vgg=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

Test

ltem Symbol Min Max Min  Max Min Max Unit Conditions
PORT Outputdatadelay  tpyp — 150 — 100 — 100 ns Fig. 19-18

time

Input data setup teRs 80 — 50 — 50 —

time

Input data hold time  tpgry 80 — 50 — 50 —
|r-|e|e'1:d CS/HA, setup time  tyap 10 — 10 — i0 — ns Fig. 19-19
cycle  CS/HA, hold time tHra 10 — 10 — 10 —

IOR pulse width turPw 220 — 120 — 120 —

HDB delay time thrD — 200 — 100 — 100

HDB hold time tHRE 0 40 0 25 0 25

HIRQ delay time tira — 200 — 120 — 120
V"\:lrﬁe CS/HA, setup time  tpaw 10 — 10 — i0 — ns Fig. 19-20
cycle  CS/HA, hold time thwa 10 — 10 — 10 —

IOW pulse width tawpw 100 — 60 — 60 —

HDB setup time thow 50 — 30 — 30 —

HDB hold time thwo 25 — 15 — 15 —

GA, delay time thaa — 180 — 90 — 20
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Table 19-11 12C Bus Timing

— Preliminary —

Conditions: Vee=2.7Vt05.5V, Vgs =0V, Ta=-20°C to +75°C

Item

Symbol

Min

Typ Max

Unit

Test Conditions

Note

SCL clock
cycle time

tscL

12tyc

ns

SCL clock
high pulse
width

tscLH

ns

SCL clock low
pulse width

tscLL

ns

SCL, SDA
rise time

tSr

— 1000

ns

Normal mode
100 kbits/s (max)

— 300

High-speed mode
400 kbits/s (max)

SCL, SDA fall
time

tss

— 300

ns

Normal mode
100 kbits/s (max)

20 +0.1C,

— 300

High-speed mode
400 kbits/s (max)

SDA bus free
time

teur

Tteye — 300

ns

SCL start
condition hold
time

tsTaH

3teyc

ns

SCL resend
start condition
setup time

tstas

3teyc

ns

SDA stop
condition
setup time

tstos

3teyc

ns

SDA data
setup time

tspas

ey + 10

ns

SDA data
hold time

tspan

ns

SDA load
capacitance

Cp

— 400

pF

Fig. 19-21
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Table 19-12 External Clock Output Settling Delay Time
Conditions: Vee =27V 105.5V, Vg =0V, Ta=-40°C to +85°C

ltem Symbol Min

Max Unit

— Preliminary —

Notes

External clock output  tpexr* 500
settling delay time

J— lJ.S

Figure 19-22

Note: * tpexr includes a 10t RES pulse width (tresw)-

19.3 MCU Operational Timing

This section provides the following timing charts:

19.3.1 Bus Timing

19.3.2 Control Signal Timing

19.3.3 16-Bit Free-Running Timer Timing
19.3.4 8-Bit Timer Timing

19.3.5 Pulse Width Modulation Timer Timing
19.3.6 Serial Communication Interface Timing
19.3.7 1/O Port Timing

19.3.8 Host Interface Timing

19.3.9 I2C Bus Interface Timing (Option)
19.3.10 External Clock Ouptput Timing

378

Figures 19-4 and 19-5
Figures 19-6 to 19-9
Figures 19-10 and 19-11
Figures 19-12 to 19-14
Figure 19-15

Figures 19-16 and 19-17
Figure 19-18

Figure 19-19 and 19-20
Figure 19-21

Figure 19-22
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19.3.1 Bus Timing

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

tc:yc:
toH toL
o s AS ZL—\—/L lg
_ L ] \
> =for =etlcr
tap
[
Ass 1o Ag ;gf [(
tasp tsp
tas1 taH
AS, RD X T
. 7
tacc tRDs tRDH
D7 to DO 7L JV
(read) twsb hS 1
tsp
taso twsw = ftap
— \ s
WR Sr 72
twop twps twoH
D7 tO DO 7L
(write) AY E
Figure 19-4 Basic Bus Cycle (without Wait States) in Expanded Modes
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(2) Basic Bus Cycle (with 1 Wait State) in Expanded Modes

471'1 4><7T24><7T34><7T44>

A r p!

° A / S \
A1 5 to AO X X
AS, RD \ /
D7 to Do [\
(read) | S
WR \ /
D to Dy
(write)

— fi —

twrs WTH o rtMH
WAIT \ / \
Figure 19-5 Basic Bus Cycle (with 1 Wait State) in Expanded Modes
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19.3.2 Control Signal Timing

(1) Reset Input Timing

RES /L 56 \

Figure 19-6 Reset Input Timing

(2) Interrupt Input Timing

° Y S A W Y
tnvis| | INmIH

i, o .
tnmis

o X

Note: i=0to 2, 6; IRQg: IRQ; when edge-sensed; IRQ : IRQ; when level-sensed

tnmiw

e

=
<
el
=

RQ;

Figure 19-7 Interrupt Input Timing
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(3) Clock Settling Timing

AV AVAVAVAVAVAVAVESS e/ AVAVAS

Vee _]
o ) 45 —
STBY —] tosci _ \ 1 ] tosci
{
PR P2
RES { ] \ { I

Figure 19-8 Clock Settling Timing

(4) Clock Settling Timing for Recovery from Software Standby Mode

Q

Juuduuy

:
b ot

IRQ ) \
(i=0t02,6)

tosce

Figure 19-9 Clock Settling Timing for Recovery from Software Standby Mode
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19.3.3 16-Bit Free-Running Timer Timing

(1) Free-Running Timer Input/Output Timing

° A W L W A W A W

Free-running Compare-match X
counter
trrop
FTOA, FTOB X
tFmis
)
FTI X
'

Figure 19-10 Free-Running Timer Input/Output Timing

(2) External Clock Input Timing for Free-Running Timer

FTCI _\

tFrowL trrowH

Figure 19-11 External Clock Input Timing for Free-Running Timer
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19.3.4 8-Bit Timer Timing

(1) 8-Bit Timer Output Timing

i VU W A W W

Timer
counter Compare-match ><

trmop
TMO4, TMOq XL
TMO, t

Figure 19-12 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

“’ AU A A WA

trmes trmes
TMCIy, )
TMClo, _\r \: _
FBACKI trmewt trmewH
Figure 19-13 8-Bit Timer Clock Input Timing
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(3) 8-Bit Timer Reset Input Timing

TMRI;, TMRI,
FBACKI

Timer counter

trmRs

]

N X H'00

Figure 19-

14 8-Bit Timer Reset Input Timing

19.3.5 Pulse Width Modulation Timer Output Timing

Timer
counter

PWO to PW15

VA W R W A W A U

Compare-match X

tpwob

Figure 19-15 Pulse Width Modulation Timer Output Timing
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19.3.6 Serial Communication Interface Timing

(1) SCI Input/Output Timing

tSc:yc:
Serial clock l—\—7 l—\—/—\_
SCKjy, SCK, _/ /
trxp
Transmit data s
TxD4, TxDg >gt X X X:
trxs ||tRXH

oD FDy X N N X

Figure 19-16 SCI Input/Output Timing (Synchronous Mode)

(2) SCI Input Clock Timing

tsckw

SCKy, SCK, I Y I \

tSc:yc:

Figure 19-17 SCI Input Clock Timing
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19.3.7 1/O Port Timing

o~ Ty —— Ty —>a—— Tg ——»

S W e U WD W

tpRs ||tPRH
Port 1 to port 7 XL AK
(input) X 1
tpwp
Port 1 to port 7* r
(output) X

Note: * Except P4g

Figure 19-18 1/0 Port Input/Output Timing
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19.3.8 Host Interface Timing

(1) Host Interface Read Timing

CS/HA, >><
HAO 7
thar tHrPw tHrA
IOR i
N tHRF
tHrRD -~
\
HDB; to HDB, Effective data D>
/
tHira
\

HIRQ* N
(i=1,11,12)

Note: * Rising edge timing is the same as in port 4 output timing. Refer to figure 19-18.

Figure 19-19 Host Interface Read Timing

(2) Host Interface Write Timing

CS/HA,
HAg

tHaw tHwew thwa
oW

tHwo
thow | ™
HDB; to HDB,

tHaa

Figure 19-20 Host Interface Write Timing

388
HITACHI




19.3.9 12C Bus Interface (Option) Timing

tscL

r*—tspaAH

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

S: Start condition
P: Stop condition
Sr: Resend start condition

Figure 19-21 12C Bus Interface Input/Output Timing
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19.3.10 External Clock Output Timing

Vee 27 \i/

f Pl

stey "M/
o i1/ //AVAVAVAVAVAVAVAVAY

RES

toexT*

Note: * tpexr includes a 10 ty,; RES pulse width (tresw)-

Figure 19-22 External Clock Output Settling Delay Timing
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