Section 20 Electrical Specifications

20.1 Absolute Maximum Ratings
Table 20-1 lists the absolute maximum ratings.

Table 20-1 Absolute Maximum Ratings

Item Symbol Rating Unit
Supply voltage Vee —0.3t0+7.0 \
I/O buffer supply voltage VecB -0.3t0+7.0 Vv
Flash memory programming FVpp ~0.3 to +13.0 \
voltage
Programming voltage Vep -0.3t0 +13.5 \
Input voltage Ports 1106,8,9 V;, -0.3t0 Vg + 0.3 \
Port 7 Vin -0.3to AV + 0.3 \
Reference supply voltage AV -0.3t0 AV + 0.3 \%
Analog supply voltage AVee -0.3t0+7.0 \Y
Analog input voltage Van —0.3to AV + 0.3 \'
Operating temperature Topr Regular specifications: ~20 to +75 °C
Wide-range specifications: =40 to +85 ‘C
Storage temperature Teig —55to +125 ‘C

Note: Exceeding the absolute maximum ratings shown in table 20-1 can permanently destroy

the chip.

20.2 Electrical Characteristics

20.2.1 DC Characteristics

Table 20-2 lists the DC characteristics of the 5-V version. Table 20-3 lists the DC characteristics of
the 3 V version. Table 20-4 gives the allowable current output values of the 5-V version. Table 20-5
gives the allowable current output values of the 3-V version. Bus drive characteristics common to

both 5 V and 3 V versions are listed in table 20-6.
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Table 20-2 DC Characteristics (5-V Version) — Preliminary —

Conditions: Veo=VecB =50V 210%, AVee=5.0V 210%™, AV,;= 4.5V to AV,
Vgg = AVgg =0V, Ta=-20to 75°C (regular specifications), Ta = —40 to 85°C (wide-
range specifications)

Test

Item Symbol Min Typ Max Unit Conditions
Schmitt trigger  P6,-P6,*4, Vi 1.0 - - \
; 4
input voltage ~ PA~PA, - n _ — Vg x0.7
1) IRQ,-IRQy*>,

IRQ~IRQg, Vi+=Vy 04 - =

SCL, SDA
lnput hlgh RES, STBY,NMI VIH VCC -0.7 — VCC +03 V
voltage (2) MD;, MD,

EXTAL

P77—P7o 2.0 —_ AVCC +0.3
Input high Input pins ViH 2.0 — Ve +03
voltage other than (1)

and (2)
Input low RES, STBY ViL -0.3 — 05 \
voltage (3) MD,, MD,
Input low Input pins ViL -0.3 — 08
voltage other than (1)

and (3) above
QOutput high Altoutput pins Vg Vee—-05 — — \ loy = —200 pA

6

voltage (except RESO) 35 _ low = 1.0 MA
Output low Alloutput pins Vg, — — 04 \ lo.=1.6 mA
voltage (except RESO)*6

Ports 1 and 2 — — 1.0 lor =10.0 mA

RESO — — 04 loo=2.6 mA
Input leakage  RES, STBY il — — 100 VA Vi,=05Vto
current NMI, MDy, MD, — — 10 Vee-05V

P7~-P7, — — 10 Vihn=05Vto

AVec-05V
Leakage Ports 1,2, 3 [yl — — 1.0 HA  V;,=05Vto
current in 4,5,6,8,9 A, Ve —-05V
3-state B, REsO
(off state)
input pull-up Ports 1,2, 3 —lp 30 — 250 PA Vi, =0V
MOS current  bonse, A, B 60 — 500
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Table 20-2 DC Characteristics (5-V Version) (cont)

— Preliminary —

Conditions: Vee=VeeB =50V £10%, AV, s=4.5 V10 AV, AV = 5.0V £10%*1,
Vss =AVgg =0V, Ta=-20to 75°C (regular specifications), Ta = ~40 to 85°C (wide-
range specifications)

Test
Item Symbol Min Typ Max Unit Conditions
Input RES, STBY Cin — — 60 pF V=0V
capacitance _ _ f=1MHz
NMI, MD, 30 Ta=25C
All input pins — — 15
except RES,
STBY,NMI, and
MD,
Current Normal lec — 24 50 mA f=12MHz
A, :
dissipation operation _ 32 60 - 16 MHz
Sleep mode — 16 30 f=12MHz
- 20 40 f=16 MHz
Standby modes*3 — 0.01 5.0 pA
Analog supply  During A/D Alcc — 12 20 mA
current conversion
During A/D or — 12 20
D/A conversion
Waiting — 0.01 5.0 MA  AVee=20V
to55V
Reference During A/D Al gt — 03 06 mA
supply voltage conversion
During A/D or — 1.3 3.0
D/A conversion
Waiting — 0.01 5.0 HA AV =20V
to5.5V
Analog supply voltage*! AVee 45 — 55 \ During
operation
2.0 — 55 During wait
state or when
not in use
RAM standby VHAM 2.0 _— —_ \'
voltage
Notes on next page.
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Notes: 1. Even when the A/D and D/A converters are not used, connect AV to power supply Ve
and keep the applied voltage between 2.0 V and 5.5 V. At this time, make sure AV, <
AVee.
2. Current dissipation values assume that Vi min = Voc = 0.5 V, V)| max = 0.5 V, all output
pins are in the no-load state, and all input pull-up transistors are off.
3. Forthese values itis assumed that Vgay < Voo < 4.5 V and Viy min = Ve % 0.9,
V|L max = 03 V
P67 to P6; and PA; to PA, include supporting module inputs multiplexed with them.
IRQ; includes ADTRG multiplexed with it.
Applies when IICS = IICE = 0. The output low level is determined separately when the
bus drive function is selected.

oo
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Table 20-3 DC Characteristics (3-V Version)

— Preliminary —

Conditions: Vee=VecB=2.7V103.6 V, AV =27 V105.5 V*L, AV =27V to AV,
Vgs = AVgg =0V, Ta=-20to 70°C

Test
ltem Symbol Min Max Unit Conditions
Schmitt P67—P60*5, VT—- VCC x 0.15 —_ \']
trigger input PA—PA,*S, T —
voltage*4 IRQ,~IRQ,", VT Veex 07
(1) IRQ~IRQg, Vit=Vy 02 —_
SCL, ShA
Input high RES, STBY ViH Vee x 0.9 Vec+03  V
voltage™4 MD,, MDg
@ EXTAL, NMI
P77—P70 VCC x 0.7 AVCC +0.3
Input high Input pins Ve x 0.7 Voo + 0.3
voltage other than (1)
and (2) above
Input low RES, STBY Vi -0.3 Ve x01  V
voltage*4 (3) MD;, MDg
Input low Input pins -0.3 Vee x0.15
voltage other than (1)
and (3) above
Output high All output pins Vg Vec— 0.4 — \ lon =—200 pA
*7
voltage {except RESO) Voo — 0.9 _ lon = -1.0 mA
Output low All output pins Vg — 0.4 \ lop =0.8 mA
voltage (except RESO)*7
Ports 1 and 2 - 0.4 loL=1.6 mA
RESO — 0.4 lop = 1.6 mA
Input RES, STBY i — 10.0 HA  V;,=05Vto
leakage NM I, MDy, MD, - 1.0 Ve =05V
current _
P7—P7, — 1.0 Vih=05Vto
AVee—-0.5V
Leakage Ports 1,2, 3 gl — 1.0 MA  V,=05Vto
current in 4,5,6,8,9, Vec =05V
3-state A, B, RESO
(off state)
Input Ports 1,2, 3 —lp 3 120 A V=0V
pull-up MOS ~——o—
current Ports 6, A, B 30 250
Refer to notes at the end of the table.
417

M 4496204 0D5L8L3 954 IR




Table 20-3 DC Characteristics (3-V Version) (cont)

— Preliminary —

Conditions: Vee=VecB=27V103.6V, AVeo=27 V10 5.5 VI, AV, =27 V to AV,
VSS = AVSS =0 V, Ta=-20to 70°C

H 4496204 00568LY4 890 WE

et

Test
ltem Symbol Min Typ Max Unit Conditions
Input RES, STBY Cin _ — 60 pF  Vi,=0V
capacitance VTe) _ _ f=1MHz
NMIMD, 30 Ta=25C
All input pins — — 15
except RES,
STBY, NM I, and
MD,
Current Normal lee — 12 — mA f=6MHz
it %D - -
dissipation operation _ 20 40 f= 10 MHz
Sleep mode — 8 —_ f=6MHz
—_ 12 24 f=10 MHz
Standby modes*3 — 0.01 5.0 pA
Analog During A/D Alge — 12 20 mA
supply conversion
current During A/D or — 12 2.0
D/A conversion
Waiting — 0.01 5.0 MA  AVee=20V
to55V
Reference During A/D Algs — 03 06 mA
supply voltage conversion
During A/D or —_ 1.3 3.0
D/A conversion
Waiting — 0.01 5.0 HA AV, 4=20V
to55V
Analog supply voltage*! AVcc 2.7 — 55 \ During
operation
2.0 — bbb During wait
state or when
not in use
- RAM backup voltage VRam 2.0 - — \
(in standby modes)
Notes on next page.
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Notes: 1.

Even when the A/D and D/A converters are not used, connect AV to power supply Veg
and keep the applied voltage between 2.0 V and 5.5 V. At this time, make sure AV, <
AVce.

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

For these values it is assumed that Vgay < Ve < 2.7 V and Viy in = Vo % 0.9,

VIL max = 0.3 V.

In the range 3.6 V < V¢ < 4.5V, for the input levels of V, and V+, apply the higher of
the values given for the 5 V and 3 V versions. For V,_and V-, apply the lower of the
values given for the 5 V and 3 V versions.

P67 to P6y and PA; to PA; include supporting module inputs multiplexed with them.
IRQ; includes ADTRG multiplexed with it.

Applies when lICS = lICE = 0. The output low level is determined separately when the
bus drive function is selected.
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Table 20-4 Allowable Output Current Values (5-V Version) — Preliminary —

Conditions: Vo= VB =50V £10%, AV =5.0V £10%, AV, s =4.5V to AV,
Vgg = AVgg =0V, Ta=-20to 75°C (regular specifications), Ta = —40 to 85°C
(wide-range specifications)

item Symbol Min Typ Max Unit
Allowable output low SCL, SDA, PA4 to PA; I — — 20 mA
current (per pin) (bus drive selection)

Ports 1 and 2 — — 10

RESO — —

Other output pins — -
Allowable output low Ports 1 and 2, total ZloL — — 80 mA
current (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 2~lon — — 40 mA

current (total)

Table 20-4 Allowable Output Current Values (3-V Version)

Conditions: VCC = VCCB =2.71t03.6 V, AVCC =27Vt055 V, AVref= 2.7V io AVCC’
VSS = AVSS =0 V, Ta=-20t075°C

ltem Symbol Min Typ Max Unit
Allowable output low SCL, SDA, PA, to PA; o — — 10 mA
current (per pin) (bus drive selection)

Ports 1 and 2 —_ — 2

RESO — — 1

Other output pins — — 1
Allowable output low Ports 1 and 2, total Zlg — - 40 mA
current (total) Total of all output — — 60
Allowable output high All output pins —lon — — 2 mA
current (per pin)
Allowable output high Total of ali output -on -_ — 30 mA

current (total)

Note: To avoid degrading the reliability of the chip, be careful not to exceed the output current
values in tables 20-4 and 20-5. 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 20-1 and
20-2.
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H8/3437

Port

Darlington 7771
pair

Figure 20-1 Example of Circuit for Driving a Darlington Pair (5-V Version)

H8/3437

Vee

600Q

Ports 1 or 2

LED

Figure 20-2 Example of Circuit for Driving an LED (5-V Version)

Table 20-6 Bus Drive Characteristics

— Preliminary —
Conditions: Voe=2.7t05.5V, Vgg=0V, Ta=-20to +75°C
ltem Symbol Min Typ Max Unit Test Conditions
Qutput low SCL,SDA Vg — — 0.5 \' VecB=5V +£10%
level voltage  PA,, PA; loL=16 mA
(bus drive — — 05 VocB=27Vt036V
selection) lop = 8 MA
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20.2.2 AC Characteristics

The AC characteristics are listed in four tables. Bus timing parameters are given in table 20-7,
control signal timing parameters in table 20-8, and timing parameters of the on-chip supporting
modules in table 20-9, amd I2C bus timing parameters in table 20-10.

Table 20-7 Bus Timing — Preliminary —

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

Condition B: Vee=VecB=27V103.6V,Vgg=0V, ¢ =2.0 MHz to maximum operating
frequency, Ta=-20to0 75°C

Condition B Condition A
10 MHz 12 MHz 16 MHz Test
Item Symbol Min Max Min Max Min Max Unit Conditions
Clock cycle time toye 100 500 83.3 500 625 500 ns Fig. 20-4
Clock pulse width low toL 3B - 3 - 20 - ns Fig. 20-4
Clock pulse width high teH 3B - 30 - 20 - ns Fig. 20-4
Clock rise time tor - i5 - 10 - 10 ns Fig. 20-4
Clock fall time o - 15 - 10 - 10 ns Fig. 20-4
Address delay time tap - 50 - 35 - 30 ns Fig. 20-4
Address hold time tan 20 - 15 - 10 - ns Fig. 20-4
Address strobe delay time  tagp - 40 - 35 - 30 ns Fig. 20-4
Wirite strobe delay time twsp - 50 - 35 - 30 ns Fig. 20-4
Strobe delay time tsp - 50 - 35 - 30 ns Fig. 20-4
Write strobe pulse width* twsw 120 - 95 - 65 - ns Fig. 20-4
Address setup time 1* tast 15 - 10 - 10 - ns Fig. 20-4
Address setup time 2* tase 65 - 50 - 40 - ns Fig. 20-4
Read data setup time trps B - 20 - 20 - ns Fig. 20-4
Read data hold time* taoh 0 - 0 - 0 - ns Fig. 20-4
Read data access time* tacc - 170 - 160 - 110 ns Fig. 20-4
Wirite data delay time twop - 75 - 60 - 60 ns Fig. 20-4
Write data setup time twos 5 - 5 - 5 - ns Fig. 20-4
Write data hold time twoH 20 - 20 - 20 - ns Fig. 20-4
Wait setup time twrs 40 - 35 - 30 - ns Fig. 20-5
Wait hold time twTH 10 - 10 - 10 - ns Fig. 20-5

Note: * Values at maximum operating frequency
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Table 20-8 Control Signal Timing — Preliminary —

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

Condition B: Vee=VeB=27V103.6V,Vgg=0V, ¢ =2.0 MHz to maximum operating
frequency, Ta =-20to 75°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. 20-6
RES pulse width tresw 10 - 10 - 10 - teye Fig. 20-6
RESO output delay time tresp — 200 — 100 — 100 ns Fig. 20-22
RESO output pulse width tResow 132 — 132 — 132 — teye
NM I setup time tamis 300 - 150 - 150 - ns Fig. 20-7
(NM1I, IRQ, to 1RQy)
NMI hold time L i0 - 10 - 10 - ns Fig. 20-7
(M1, IRQ, to IRQy)
interrupt pulse width tamiw 300 - 200 - 200 - ns Fig. 20-7
for recovery from soft-
ware standby mode
(M I, IRQq to IRQy)
Crystal oscillator settling tosc1 20 - 20 - 20 - ms Fig. 20-8
time (reset)
Crystal oscillator settling tosce 8 - 8 - 8 - ms Fig. 20-9
time (software standby)
* Measurement Conditions for AC Characteristics
5V
RL
LSl
. |
o
output pin < C= 90 pF: Ports 1-4,6,9,A, B
30 pF: Ports 5, 8
RL=24kQ
—— § Ry Ru=12 kQ
Cc
Input/output timing measurement levels
Low: 0.8V
777 7T High: 2.0V

Figure 20-3 Measurement Conditions for A/C Characteristics
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Table 20-9 Timing Conditions of On-Chip Supporting Modules

— Preliminary —

Condition A: Ve =VeeB =5.0V £10%, Vg =0V, g = 2.0 MHz to maximum operating
frequency, Ta = —20 to 75°C (regular specifications),
Ta =—40 to 85°C (wide-range specifications)
Condition B: Voe=VecB =27V 103.6V, V=0V, ¢ =2.0 MHz to maximum operating

frequency, Ta=-2010 75°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 trop - 150 - 100 - 100 ns Fig. 20-10
delay time
Timer input s 80 - 50 - 50 - ns Fig. 20-10
setup time
Timer clock input teres 80 - 50 - 50 - ns Fig. 20-11
setup time
Timer clock pulse  terown 1.5 - 15 - 15 - tye  Fig. 20-11
width tl'—l'CWL

TMR  Timer output trmop - 150 - 100 - 100 ns Fig. 20-12
delay time
Timer reset input trMRs 80 - 50 - 50 -~ ns Fig. 20-14
setup time
Timer clock input trmes 80 - 50 - 50 - ns Fig. 20-13
setup time
Timer clock pulse  tymewn 1.5 - 15 - 15 - toye  Fig.20-13
width (single edge)
Timer clock pulse  trycw. 25 - 25 - 25 - tee  Fig.20-13
width (both edges)

PWM  Timer output tewon - 150 - 100 - 100 ns Fig. 20-15
delay time

SCI Input clock {Async) tgyc 4 - 4 - 4 - tye  Fig. 20-16
cycle (SYNC)  tooye 6 - - 6 - tye  Fig.20-16
Transmit data o - 200 - 100 - 100 ns Fig. 20-16
delay time (Sync)
Receive data trxs 180 - 100 - 100 - ns Fig. 20-16
setup time (Sync)
Receive data tRxH 150 - 100 - 100 - ns Fig. 20-16
hold time (Sync)
Input clock pulse tsckw 04 06 04 06 04 06 tseye  Fig. 20-17
width

Ports  Output data trwp - 150 - 100 - 100 ns Fig. 20-18
delay time
Input data setup teps 80 - 50 - 50 - ns Fig. 20-18
time
input data hold trAH 80 - 50 - 50 - ns Fig. 20-18
time
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Table 20-9 Timing Conditions of On-Chip Supporting Modules (cont) — Preliminary —

Condition A: Voo =VeeB =50V £10%, Vgg =0V, ¢ = 2.0 MHz to maximum operating
frequency, Ta = 20 to 75°C (regular specifications),
Ta = —40 to 85°C (wide-range specifications)

Condition B: Voc=VcB=27V103.6V,Vsg=0V, p=2.0MHz to maximum operating
frequency, Ta=-201t0 75°C

Condition B Condition A
10 MHz 12 MHz 16 MHz Test
item Symbol Min Max Min Max Min  Max Unit Conditions
HIF cs/HAq setup time  tpyap 10 — 10 — 10 — ns Fig. 20-19
gﬁf’e cs/HAg hold ime  typa 10 — 10 — 10 — ns  Fig. 20-19
IO0R pulse width tHrPw 220 — 120 — 120 — ns Fig. 20-19
HDB delay time thro — 200 — 100 — 100 ns Fig. 20-19
HDB hold time tRr 0 40 0 25 0 25 ns Fig. 20-19
HIRQ delay time twira — 200 — 120 — 120 ns  Fig. 20-19
HIF CS/HAg setup time  tyaw 10 — 10 - 10 — ns Fig. 20-20
‘g’;gﬁa CSMAhold time  tywa 10 — 10 — 10 —  ns Fig. 20-20
I oW pulse width thwew 100 — 60 — 60 — ns Fig. 20-20
HDB setup time tow 50 — 30 — 30 — ns Fig. 20-20
HDB hold time tawo 25 — 15— 15— ns  Fig. 20-20
GAyq delay time tHaa — 180 — 90 — 90 ns Fig. 20-20
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Table 20-10 12C Bus Timing

— Preliminary —

Conditions: Voe =2.7 V10 5.5V, VeeB = 5V £10%, Vg = 0V, Ta = —20 to +75°C

Item Symbol Min Typ Max Unit Test Conditions Note
SCL clock cycle  tge 12ty — —_ ns Fig. 20-2
time
SCL clock hlgh tSCLH 3 tcyc — —_ ns Flg 20-2
pulse width
SCL clock low tscLL 5 toye — — ns Fig. 20-2
pulse width
SCL and SDA tse — — 1000 ns Normal mode Fig. 20-2
rise time 100 kbits/s (max)

20+0.1G, — 300 High-speed mode

400 kbits/s (max)

SCL and SDA ts — — 300 ns Normal mode Fig. 20-2
fall time 100 kbits/s (max)

20+0.1C, — 300 High-speed mode

400 kbits/s (max)
SDA bus-free tsuF 7ty —300 — — ns Fig. 20-2
time
SCL start tsTan 3 teye — — ns Fig. 20-2
condition hold
time
SCL resend start  tgag 3teye — — ns Fig. 20-2
condition setup
time
SDA StOp tSTOS 3 tcyc — —_— ns Flg. 20-2
condition setup
time
SDA data tspas 3ty +50  — — ns Fig. 20-2
setup time
SDA data hold tspaH 0 — — ns Fig. 20-2
time
SDA load Cy —_ — 400 pF Fig. 20-2
capacitance
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20.2.3 A/D Converter Characteristics
Table 20-11 lists the characteristics of the on-chip A/D converter.
Table 20-11 A/D Converter Characteristics — Preliminary —

Condition A: Ve =VeeB =5.0V £10%, AVe =50 V £10%, AV = 4.5 V to AV,
Vg =AVgg =0V, ¢ =2.0 MHz to maximum operating frequency, Ta = —20 to 75°C
(regular specifications), Ta = —40 to 85°C (wide-range specifications)
Condition Bl: Voo = VB =2.7V103.6 V, AV =50 V £10%, AVt =4.5 V to AV,
Vgs=AVgs =0V, g =2.0 MHz to maximum operating frequency, Ta = -20to 75°C
Condition B2: Vec=VecB=2.7V103.6 V,AVc=27V103.6 V,AV ;=27 V 10 AV,
Vgs = AVgg =0V, ¢ =2 MHz to maximum operating frequency, Ta = 20 to 75°C

Condition B2 Condition B1 Condition A
10 MHz 10 MHz 16 MHz

Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 8 8 8 8 8 8 8 8 8 Bits
Conversion time — — 13.4 — — 134 — — 8.4 ys
(single mode)*
Analog input capacitance — — 20 — — 20 —_ —_ 20 pF
Allowable signal source — - 5 — — 10 — — 10 kQ
impedance
Nonlinearity error — — 16.0 - - +3.0 —_- = 3.0 LSB |
Offset error = — #40 — — £20 —_  — 20 LsSB |
Full-scale error — — +4.0 — — 2.0 —_ — +2.0 LSB
Quantizing error — — 0.5 — — +0.5 — — +0.5 LSB
Absolute accuracy — — 8.0 —_ —_ +4.0 — — +4.0 LSB

Note: * Values at maximum operating frequency
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20.2.4 D/A Converter Characteristics
Table 20-12 lists the characteristics of the on-chip D/A converter.
Table 20-12 D/A Converter Characteristics — Preliminary —

Condition A: Vee=VecB =50V £10%, AVe=5.0V £10%, AV, ;= 4.5V to AV,
Vs =AVgg=0V, ¢ =2.0 MHz to maximum operating frequency, Ta = -20to 75°C
(regular specifications), Ta = —40 to 85°C (wide-range specifications)
Condition B1: Ve =VeeB =27V 103.6 V, AV = 5.0 V £10%, AVs = 4.5 V to AV,
Vgs = AVgg =0V, ¢ = 2.0 MHz to maximum operating frequency, Ta = —20 to 75°C
Condition B2: Voo =VecB=27V103.6 V,AVcc=27V103.6 V, AV, ;=27 Vto AV,
Vss =AVgg =0V, ¢ = 2 MHz to maximum operating frequency, Ta = -20 to 75°C

Condition B2 Condition B1 Condition A
10 MHz 10 MHz 16 MHz Test

item Min Typ Max Min Typ Max Min Typ Max Unit Conditions
Resolution 8 8 8 8 8 8 8 8 8 Bits
Conversion — — 10.0 — — 10.0 — — 10.0 ys 30 pF load
time capacitance
(setting time)
Absolute — 2.0 3.0 — 1.0 15 — 1.0 215 LSB 2 MQ load
accuracy resistance

—_ —_— +2.0 — —_ +1.0 — — +1.0 LSB 4 MQ load

resistance

20.3 MCU Operational Timing

This section provides the following timing charts:

20.3.1 Bus Timing Figures 20-4 to 20-5
20.3.2 Control Signal Timing Figures 20-6 to 20-9
20.3.3 16-Bit Free-Running Timer Timing Figures 20-10 to 20-11
20.3.4 8-Bit Timer Timing Figures 20-12 to 20-14
20.3.5 PWM Timer Timing Figure 20-15
20.3.6 SCI Timing Figures 20-16 to 20-17
20.3.7 /O Port Timing Figure 20-18
20.3.8 Host Interface Timing Figures 20-19 and 20-20
20.3.9 I2C Bus Timing Figure 20-21
20.3.10 Reset Output Timing Figure 20-22
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20.3.1 Bus Timing

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

T, T2 _ Ts
toyo _
ten ter
o _/ I NL / \
tan e t oy
[-— tor
¥ =\
A15 to Ao y ><
N A
tasD tso
- tas
re—tas) - -
AS.FD
tace ] thps troH
D;to D,
(read) twso L tep
ey ) twsw Pl taw
- |
I |
WH \‘\ /'IZ ;
twmn| twos twon |
D;to D,
(write)

Figure 20-4 Basic Bus Cycle (without Wait States) in Expanded Modes
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(2) Basic Bus Cycle (with 1 Wait State) in Expanded Modes

A5 10 Ag

2
F:
[w)

D, to Do
(read)

D7 to DO
(write)

WAIT

N\

_—Q—tWTS

twrn twrs|

rtt

Nl

55

-]
e

R R R I I EETTTTTTTTTEEE———

Figure 20-5 Basic Bus Cycle (with 1 Wait State) in Expanded Modes
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20.3.2 Control Signal Timing

(1) Reset Input Timing

Q

me)
m
w

Figure 20-6 Reset Input Timing

(2) Interrupt Input Timing

o N ]

tamis | | tnmm
NMI
IRQg (edge)

mis
IRQy_ (level)

L tmiw .

R
RQ;

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

Figure 20-7 Interrupt Input Timing
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(3) Clock Settling Timing

VCC J[_‘%() ﬂ”} {)() ()()
v 5 —
STBY _} L toser \ — tosci
L
)7
RES (,() F \

Figure 20-8 Clock Settling Timing

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

(¢ |
12 ‘
. _UUUuuy U UL ;
_— 55 >Z{
NMI ()() N
55
IRQy \r
(i=0,1,26) fosce

Figure 20-9 Clock Settling Timing for Recovery from Software Standby Mode
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20.3.3 16-Bit Free-Running Timer Timing

(1) Free-Running Timer Input/Output Timing

0 IV N NI N S N

Free-running Compare-match><

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

Figure 20-10 Free-Running Timer Input/Output Timing

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

FTel \ 7

-

[
puras

{

terewe trrown

Figure 20-11 External Clock Input Timing for Free-Running Timer
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20.3.4 8-Bit Timer Timing

(1) 8-Bit Timer Qutput Timing

A N N NS N

Timer
counter Compare-match><

trmop

TMO,,
TMO,

Figure 20-12 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

e m
trmes trmes

. o

tmowe trmewn |

TMClg,  \
TMCl,

A

Figure 20-13 8-Bit Timer Clock Input Timing

(3) 8-Bit Timer Reset Input Timing

trvms

TMRIq,
TMRI

Timer .
counter N >< H'00

Figure 20-14. 8-Bit Timer Reset Input Timing
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20.3.5 Pulse Width Modulation Timer Timing

- N S S L

Timer ><
counter Compare-match

tpwop
PW,, PW, %

Figure 20-15 PWM Timer Output Timing
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20.3.6 Serial Communication Interface Timing

(1) SCI Input/Output Timing

| tseye

Serial clock
(SCK,
SCKy) o

Transmit

data

X

(TXDo,
TXD1)

Receive

taxs

data >< Wt

(RxDo,
RxD;)

Figure 20-16 SCI Input/Output Timing (Synchronous Mode)

(2) SCI Input Clock Timing

tsckw

SCK,, SCK4

tScyc

Figure 20-17 SCI Input Clock Timing
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20.3.7 VO Port Timing

Port read/write cycle

Ty To ———

tprs tPRH
Port 1 to

port 9 (input)

Port A, B

trwp

Port 1* to

port 9 (output)

Port A, B
Note: * Except P9 and P77 to P7,

Figure 20-18 /O Port Input/Output Timing
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20.3.8 Host Interface Timing

(1) Host Interface Read Timing

N

CS/HA,
" N

tar

brPw

2

HDB; to HDBg

tHrD

Effective data

INA

7

thira

HIRQ*
(i=1,11,12)

)

N

Note: * Rising edge timing is the same as in port 4 output timing. Refer to figure 17-18.

Figure 20-19 Host Interface Read Timing

(2) Host Interface Write Timing

TSMHA, yé
HAg N

taw

tHwew

tHow

tHwa

tHwp

HDB; to HDB,

A

GAx

tHea

Figure 20-20 Host Interface Write Timing
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20.3.9 12C Bus Timing

SDA

SCL

tscL

r*—{span

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

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

Figure 20-21 I2C Bus Interface I/O Timing

20.3.10 Reset Output Timing

. Ve

tResD thEsD

==

tREsow

Figure 20-22 Reset Output Timing
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