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April 11, 2000

Version 2

MB90470 Series
Electric Specification Table

■ Electrical Characteristics
1.  Absolute Maximum Rating

(Vss = Avss = 0.0 V)

Rated Value
Parameter Symbol

Min. Max.
Unit Remarks

Vcc3 Vss – 0.3 Vss + 4.0 V

Vcc5 Vss – 0.3 Vss + 7.0 V

Avcc Vss – 0.3 Vss + 4.0 V *1
Power supply voltage

AVRH Vss – 0.3 Vss + 4.0 V

Vss –0.3 Vss + 4.0 V *2

Input voltage VI
Vss –0.3 Vss + 7.0 V *2

Vss – 0.3 Vss + 4.0 V *2

Output voltage VO
Vss – 0.3 Vss + 7.0 V *2

"L" level max. output current IOL — 10 mA *3

"L" level avg. output current IOLAV — 3 mA *4

"L" level max. overall output
current ΣIOL — 60 mA

"L" level avg. overall output
current ΣIOLAV — 30 mA *5

"H" level max. output current IOH — –10 mA *3

"H" level avg. output current IOHAV — –3 mA *4

"H" level max. overall output
current ΣIOH — –60 mA

"H" level avg. overall output
current ΣIOHAV — –30 mA *5

Power consumption PD — 200 mW

Operating temperature TA –40 +85 °C

Storage temperature TSTG –55 +150 °C

*1: AVCC, AVRL should not exceed VCC3.

*2: VI and VO should not exceed VCC (including Vcc3, Vcc5) + 0.3 V.

*3: The maximum output current is standard at the peak value of the corresponding 1 pin.

*4: The average output current is defined as the mean of the current passing through the relevant pin for
a period of 100 ms max.

*5: The average total output current is defined as the mean of the current passing through all relevant
pins for a period of 100 ms max.

Caution: Use outside the absolute maximum ratings (voltage, current, temperature) can damage
semiconductor devices.  Never allow any condition to exceed the rating.

Data sheet
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2.  Recommended Conditions

(Vss = Avss = 0.0 V)

Rated value
Parameter Symbol

Min. Max.
Unit Remarks

1.8 3.6 V MASK Version

2.4 3.6 V Low-voltage FLASH versionVcc3

3.13 3.6 V High-speed FLASH version

1.8 5.5 V MASK Version

2.4 5.5 V Low-voltage FLASH versionVcc5

3.13 3.6 V High-speed FLASH version

Vcc3 1.8 3.6 V Maintains status of stop operation

1.8 5.5 V Maintains status of stop operation (MASK
version)

Power supply voltage

Vcc5

1.8 5.5 V Maintains status of stop operation (FLASH
version)

VIH 0.7 Vcc Vcc + 0.3 V Pins other than VHIS, VIHM

VIHS 0.8 Vcc Vcc + 0.3 V Hysteresis input pin“H” level input voltage

VIHM Vcc – 0.3 Vcc + 0.3 V MD Pin input

VIL Vss – 0.3 0.3 Vcc V Pins other than VILS, VILM

VILS Vss – 0.3 0.2 Vcc V Hysteresis input pin“L” level input voltage

VILM Vss – 0.3 Vss + 0.3 V MD pin input

Operation
temperature TA –40 +85 °C

*:  When using I2C, apply a voltage of 2.7 V min.

Caution: The recommended operating conditions ensure normal operation of semiconductor devices.
The standard values for the electrical characteristics are all assured within the recommended
operating conditions.  Always use semiconductor devices under the recommended operating
conditions.  If these conditions are exceeded, the reliability may be adversely affected.

Normal operation of semiconductor devices is not assured if any item, condition, and logic not
listed in the electrical specifications is used.  If you plan to use semiconductor devices under
conditions not listed in the electrical specifications, always consult our Sales Department first.
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3.  DC Specifications
(MASK version:  Vcc = 1.8 V to 3.6 V, Vss = 0.0 V, TA =–40° to +85°C

 (Low voltage FLASH version:  Vcc = 2.4 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)
(High speed FLASH version:  Vcc = 3.13 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin Test Condition

Min. Typ . Max.
Unit Remarks

Vcc = 2.7 V

IOH = –1.6 mA
Vcc3
–0.3 — — V *

Output H
voltage VOH

Pins other than
P76 and P77 Vcc=4.5V

IOH= –4.0 mA
Vcc5
–0.5 — — V When 5 V power

used

Vcc = 2.7 V

IOL = 2.0 mA
— — 0.4 V

Output L
voltage VOL All output pin

Vcc = 4.5 V

IOL = 4.0 mA
— — 0.4 V When 5 V power

used

Input leak
current IIL

Pins other than
P76 and P77

Vcc = 3.3 V

Vss < VI < Vcc
–10  10 µA

Pull-up
resistor RPULL —

Vcc = 3.0 V, and

TA = +25•
20 65 200 kΩ

Open drain
output
current

Ileak

P40 to P47•

P70 to P77
— — 0.1 10 µA

— 40 55 mA MASK version
(Target is TBD.)

— 45 60 mA
MASK version

(Target is TBD.)
(A/D operation)

— 51 66 mA FLASH version

Vcc = 3.3 V, and internal
operation at 20 MHz, and
normal operation

— 56 71.5 mA
FLASH version

• A/D operation•

ICC —

Vcc = 3.3 V, and internal
operation at 20 MHz, and
flash
programming/erasing

— 57 71.5 mA FLASH version

ICCS —
Vcc = 3.3 V, and internal
operation at 20 MHz, and
sleep mode

— 18 33 mA

ICCL —

Vcc = 3.3 V, and external
operation at 32 kHz, and
internal operation at 8
kHz, and sub-operation
(TA = 25°C)

— 16 140 µA

— 10 40 µA MASK version
(Target is TBD.)

ICCT —

Vcc = 3.3 V, and external
operation at 32 kHz, and
internal operation at 8
kHz, and watch operation
(TA = 25°C)

— 15 40 µA FLASH version

— 0.1 20 µA MASK version
(Target is TBD.)

Power
supply
current

ICCH —
Ta = +25°C, and
operation stopped, and
Vcc = 3.3 V — 0.2 40 µA FLASH version

Input
capacity CIN

Pins other than
AVcc, AVss,

Vcc, Vss
— — 10 80 pF
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*: P40 to P47 and P70 to P75 are N-ch open-drain pins with control, and are normally used as CMOS.

*: P76 and P77 are N-ch open-drain pins.

*: Vcc = Vcc3 = Vcc5

*: When a dual power supply is used, P20 to P27, P30 to P37, P40 to P47, and P70 to P77 are 5-V
pins; other pins are 3-V input pins.
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4.  AC Specifications
(1) Clock timing specifications

(Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Typ. Max.

Unit Remarks

FCH X0, X1 — 3 — 40 MHz *3

Clock frequency
FCL X0A, X1A — 32.768 — kHz

tC X0, X1 25 — 333 ns *3

Clock cycle time
tCL X0A, X1A — 30.5 — µs

PWH

PWL
X0 5 — — ns *2

Input clock pulse width
PWLH

PWLL
X0A — 15.2 — µs *2

Input clock rise, fall
time

tcr

tcf
X0 — — 5 ns External clock used

fCP — 1.5 — 20 MHz *3
Internal operation
clock frequency fCPL — — 8.192 — kHz

tCP — 50.0 — 666 ns *3
Internal operation
clock cycle time tCPL — — 122.1 — µs

Frequency varying
time

∆f — — — 5 % During lock*1

*1:  Frequency varying rate is the maximum variable ratio from the set central frequency when PLL used
multiplication is locked.

*2:  Vcc = Vcc3 = Vcc5

The PLL frequency varying rate fluctuates at a certain cycle (about CLK × (1 CYC to 50 CYCs)) from
the specified frequency.  So, the worst value does not necessarily appear continuously  (There is
almost no error with long-cycle pulses).
As a guide, set a duty ratio of 30% to 70%.

*3:  When using the clock frequency for internal operation at 16 MHz min., use a multipling circuit.  Also,
be careful about the operating voltage.

• X0, X1 clock timing

tcr

0.2 Vcc

0.8 Vcc

PW Ltcf

X0

PW H

tC

• X0A, X1A clock timing

tcr

0.2 Vcc

0.8 Vcc

PWLLtcf

X0A

PWLH

tCL

+α

-α

f0Central
frequency

∆f = 
α

f0
 × 100 (%)
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• PLL operating guaranteed range
Relationship between internal-operation clock frequency and power supply voltage

Internal clock fC P (MHz)
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Operation range for low-voltage flash product
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PLL Operation assurance range

Notes: 1. When using a high-speed FLASH product when f is 20 MHz, apply a
voltage of 3.13 to 3.6 V.

2. For the A/D operating frequency, see the electrical characteristic s
of the A/D conversion unit .

Operation range for high-speed flash product

3.13

Relationship between original oscillation frequency and internal-operation clock frequency
 

Original Oscillation Clock Fc (MHz)

4 multiplication

16 324

8

4

16

12

2483

9

20

402010

3 multiplication

2 multiplication

1 multiplication No multiplication

In
te

rn
al

 c
lo

ck
 fc

p 
(M

H
Z

)

Note: When using an internal clock at 16 MHz min., use a frequency multiply circuit
(PLL).  As a guide, set the upper limit of the original oscillation clock to 20 MHz.
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AC specifications are set to the measured reference voltage values below.

• Input signal waveform • Output signal waveform

Hysterisis input pin

0.2 Vcc

0.8 Vcc

Output pin

0.8 V

2.4 V

Hysterisis input pin/Pins other than MD

0.3 Vcc

0.7 Vcc
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(2) Clock output timing
( Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin Test condition

Min. Max.
Unit Remarks

Cycle time tCYC CLK tCP – ns

Vcc = 3.0 V to 3.6 V tCP/2 –15 TCP/2 + 15 ns When fcp = 20 MHz

Vcc = 2.7 V to 3.3 V tCP/2 –20 TCP/2 + 20 ns When fcp = 16 MHzCLK↑→CLK↓ tCHCL CLK

Vcc = 2.7V to 3.3 V tCP/2 –64 TCP/2 + 64 ns When fcp = 5 MHz

tCP :  See (1) Clock timing specifications .     *:  Vcc = Vcc3 = Vcc5

2.4 V2.4 V

0.8 V
CLK

tCHCL

tCYC

(3) Reset input specifications
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

Reset input time tRSTL


RST – 16 tCP – ns

tCP:  See (1) Clock timing specifications .    *:  Vcc = Vcc3 = Vcc5 



RST

0.2 Vcc 0.2 Vcc

tRSTL

Measurement condition for AC specifications

Pin

CL

CL:  Capacity of load attached to pin at testing

CLK, ALE:  CL = 30 pF

AD15 to AD00 (address data bus), 


RD , 


WR,

A23 to A00/D15 to D00:  CL = 80 pF
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(4) Power-on specifications (power-on reset)
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to + 85°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

Power supply rise time tR Vcc  30 ms *

Power supply stop time tOFF Vcc


1  ms As operation is
repeated

*: Vcc < 0.2 V must be given before power-on.     *:  Vcc = Vcc3 = Vcc5

Notes: 1.  The above specifications are numeric values used to trigger a power-on reset.

2.  Perform an internal power-on reset by turning the power on again.

If you change the power supply voltage too rapidly, a power on reset may occur.  We recommend that you
startup smoothly by restraining voltages when changing the power supply voltage during operation, as
shown in the figure below.

Main power
suppl y vol tage

Vss

Vcc

We recommend a rise of 50
mV/ms maximum.

Holds RAM data

Sub power
suppl y vol tage

Vcc 2.7 V

0.2 V 0.2 V 0.2 V

tR

tOFF
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(5) Bus read timing
 ( Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = 0° to +70°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

tCP/2 –15  ns When fcp = 20 MHz

tCP/2 –20  When fcp = 16 MHzALE pulse width tLHLL ALE 

tCP/2 –35  ns When fcp = 8 MHz

tCP/2 –20  nsValid address ⇒
ALE↓time

tAVLL Address 
tCP/2 –40  ns When fcp = 8 MHz

ALE↓⇒
Address valid time

tLLAX Address  tCP/2 –15  ns

Valid address⇒
RDX↓time

tAVRL
RDX,

address  tCP –15  ns

 5 tCP/2 –60 nsValid address ⇒
Valid data input

tAVDV

Address/

data


 5 tCP/2 –80 When fcp = 8 MHz

3 tCP/2 –25  ns When fcp = 20 MHz
RDXpulse width tRLRH RDX 

3 tCP/2 –20  ns When fcp = 16 MHz

– 3 tCP/2 –60 nsRDX↑ ⇒
Valid data input

tRLDV Data 
– 3 tCP/2 –80 When fcp = 8 MHz

RDX↑ ⇒

data hold time
tRHDX Data  0  ns

RDX↑ ⇒ ALE↑time tRHLH RDX, ALE  tCP/2 –15  ns

RDX↑⇒address valed
time

tRHAX
Address,

RDX  tCP/2 –10  ns

Valid adderss ⇒
CLK↑time

tAVCH
Address•

CLK  tCP/2 –20  ns

RDX↓⇒CLK↑time tRLCH RDX, CLK  tCP/2 –20  ns

ALE↓⇒RDX↓tme TLLRL RDX, ALE  tCP/2 –15  ns

tCP:  See (1) Clock timing specifications.        *:  Vcc = Vcc3 = Vcc5

    



11

2.4 V

2.4 V 2.4 V 2.4 V

2.4 V2.4 V

0.8 V

0.8 V

Read dataAddress
AD15 to
AD00

A23 to A16

RDX

ALE

CLK

tAVCH tRLCH

tLHLL

tRHLH

tLLRL

tRLRH

tAVRL

0.7 Vcc

0.3 Vcc

2.4 V

0.8 V

2.4 V

0.8 V

2.4 V

0.8 V

0.7 Vcc

0.3 Vcc

tLLAXtAVLL

2.4 V

0.8 V

tRHAX

tRHDX

tRLDV

t AVDV

A23 to A00
2.4 V

0.8 V

2.4 V

0.8 V

tRHAX

In multiplex mode

In non-multiplex mode

0.7 Vcc

0.3 Vcc
D15 to D00 Read data

0.7 Vcc

0.3 Vcc

tRHDX
tAVDV

tRLDV
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(6) Bus write timing
(• cc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = 0° to +70°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

Valid
address⇒WRX↓time

tAVWL Adress  tCP – 15  ns

 3tCP/2 – 25  ns When fcp = 20 MHz
WRX pulse width tWLWH

WRLX,
WRHX  3tCP/2 –20  ns When fcp = 16 MHz

Valid data
output⇒WRX↑time

tDVWH Data  3tCP/2 –20  ns

 15  ns When fcp = 20 MHz

 20 ns When fcp = 16 MHzWRX↑• data hold time tWHDX Data

 30 ns When fcp = 8 MHz

WRX↑⇒address valid
time

tWHAX Address  tCP/2 – 10  ns

WRX↑⇒ALE↑time tWHLH WRX, ALE  tCP/2 – 15  ns

WRX↓⇒CLK↑time tWLCH WRX, CLK  tCP/2 – 20  ns

tCP:  See (1) Clock timing specifications .       *:  Vcc = Vcc3 = Vcc5

2.4 V

2.4 V

2.4 V

0.8 V

Write dataAddressAD15
to AD00

A23 to A16

WRX
(WRLX, WRHX)

ALE

CLK

tWLCH

tWHLH

tWLWH

tAVWL

2.4 V

0.8 V

2.4 V

0.8 V

2.4 V

0.8 V

tWHAX

tWHDXtDVWH

2.4 V

0.8 V

2.4 V

0.8 V

Write data

A23 to
A00

2.4 V

0.8 V

2.4 V

0.8 V

2.4 V

0.8 V

2.4 V

0.8 V

D15 to
D00

In multiplex mode

In non-multiplex mode

tWHDXtDVWH

tWHAX
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(7) Ready input timing
(Vcc= 2.7 V to 3.6 V, Vss = 0.0 V, TA = 0° to +70°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

 45  ns
RDY Setup time tRYHS

70  ns fcp = 8 MHz

RDY Hold time tRYHH

RDY

 0  ns

Note: Use auto ready function in case RDY setup time is short.

*:Vcc = Vcc3 = Vcc5

2.4 V2.4 V

RDY
When wait
time (1 cycle)
taken:

RDY
When no wait
time taken:

RD/WR

ALE

CLK

tRYHS

0.8 Vcc

0.2 Vcc

0.8 Vcc

0.2 Vcc

tRYHS

tRYHH
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(8) Hold timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = 0° to + 70°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

Pin floating•

HAK• time

tXHAL


HAK 30 tCP ns



HAK↓→pin valid time tHAHV


HAK



tCP 2 tCP ns

tCP:  See (1) Clock timing specifications .

Note: The time from the instant the HRQ pin is input to the instant 


HAK changes is one cycle or more.

2.4 V

0.8 V

Each pin

High impedance

––––
HAK

tXHAL

2.4 V

0.8 V

2.4 V

0.8 V

tHAHV
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(9) UART Timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin Test condition

Min. Max.
Unit Remarks

Serial clock cycle time tSCYC  8tCP  ns

–80 80 ns
SCK↓→SOT delay time tSLOV 

–120 120 ns fcp = 8 MHz

100  ns
Valid SIN→SCK↑ tIVSH 

200  ns fcp = 8 MHz

SCK↑→ Valid

SIN hold time
tSHIX 

For the output pin
in the internal

shift clock mode,
CL = 80 pF +

1TTL

tCP  ns

Serial clock “H” Pulse width tSHSL  4 tCP  ns

Serial clock “L” Pulse width tSLSH  4 tCP  ns

 150 ns
SCK↓→SOT delay time tSLOV 

 200 ns fcp = 8 MHz

60  ns
Valid SIN→SCK↑ tIVSH 

120  ns fcp = 8 MHz

60  nsSCK↑→ Valid

SIN hold time
tSHIX 

For the output pin
in the external

shift clock mode,
CL = 80 pF +

1TTL

120  ns fcp = 8 MHz

Notes: 1.  The above values are AC specifications in the CLK synchronous mode.

2.  CL is the capacity of the load attached to the pin at testing.

3.  tCP is the machine cycle (unit:  ns).

*:  Vcc = Vcc3 = Vcc5
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• Internal shift clock mode

• External shift clock mode

2.4 V

2.4 V

0.8 V

SIN

SOT

SCK

tSLOV

tSHIXtIVSH

0.8 V0.8 V

0.8 Vcc

0.2 Vcc

0.8 Vcc

0.2 Vcc

tSCYC

2.4 V

0.8 V

SIN

SOT

SCK

tSLOV

tSHIXtIVSH

0.8 Vcc0.8 Vcc

0.8 Vcc

0.2 Vcc0.2 Vcc

0.2 Vcc

0.8 Vcc

0.2 Vcc

tSLSH tSHSL
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(10)  I/O extended serial timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin Test condition

Min. Max.
Unit Remarks

Serial clock cycle time tSCYC  8tCP  ns

 80 ns
SCK↓→SOT delay time tSLOV 

 160 ns fcp = 8 MHz

Valid SIN→SCK↑ tIVSH  tCP  ns

SCK↑→ valid

SIN hold time
tSHIX 

For the output pin
in the internal
shift clock mode,
CL = 80 pF +
1TTL

tCP  ns

230  ns
Serial clock “H” Pulse width tSHSL 

460  ns fcp = 8 MHz

230  ns
Serial clock “L” Pulse width tSLSH 

460  ns fcp = 8 MHz

SCK↓→SOT delay time tSLOV   2 tCP ns

Valid SIN→SCK↑ tIVSH  tCP  ns

SCK↑→ Valid

SIN hold time
tSHIX 

For the output pin
in the external
shift clock mode,
CL = 80 pF +
1TTL

2tCP  ns

Notes: 1.  The above values are AC specifications in the CLK synchronous mode.

2.  CL is the capacity of the load attached to the pin at testing.

3. tCP is the machine cycle (unit:  ns).

4. Values in the table are target value.

*:  Vcc = Vcc3 = Vcc5
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• Internal sift clock mode

  

2.4 V

2.4 V

0.8 V

SIN

SOT

SCK

tSLOV

tSHIXtIVSH

0.8 V0.8 V

0.8 Vcc

0.2 Vcc

0.8 Vcc

0.2 Vcc

tSCYC

• External sift clock mode

2.4 V

0.8 V

SIN

SOT

SCK

tSLOV

tSHIXtIVSH

0.8 Vcc0.8 Vcc

0.8 Vcc

0.2 Vcc0.2 Vcc

0.2 Vcc

0.8 Vcc

0.2 Vcc

tSLSH tSHSL
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(11)  I2C timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to + 85°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

SCL Clock frequency fSCL  0 100 kHz

Bus-free time between stop
and start conditions tBUS  4.7  µs

Start of hold time (start of
retransmission) tHDSTA  4.0  µs

The first clock pulse is
generated after this period
has elapsed.

SCL Clock LOW state hold
time tLOW  4.7  µs

SCL Clock HIGH state hold
time tHIGH  4.0  µs

Setup time for
retransmission start
condition

tSUSTA  4.7  µs

Data hold time tHDDAT  0  µs

Data setup time tSUDAT  40  ns

SDA/SCL Signal rise time tR   1000 ns

SDA/SCL Signal fall time tF   300 ns

Stop condition setup time tSUSTO 



4.0  µs

*:  Vcc = Vcc3 = Vcc5

tHDSTA tSUSTtSUSTAtSUDATtHDDAT

0.8 Vcc

0.8 Vcc

SCL

SDA

tHDSTA
tHIGH tFtRtLOWtBUS

0.2 Vcc

0.2 Vcc

fSCL
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(12)  Timer input timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin Test condition

Min. Max.
Unit Remarks

Input pulse
width

tTIWH

tTIWL

TIN0

IN0, 1

PWC0 to
PWC3

 4 tCP  ns

*:  Vcc = Vcc3 = Vcc5

(13)  Timer output timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

CLK↑→TOUT change
time

tTO

TOT0

PPG0 to PPG5

OUT0 to 5

Load:

80 pF
30  ns

*:  Vcc = Vcc3 = Vcc5

0.8 Vcc
TIN0
PWC0 to PWC3
IN0,1

0.2 Vcc

0.8 Vcc

0.2 Vcc

tTIWLtTIWH

CLK

0.7 Vcc

tTO

0.7 Vcc

0.3 Vcc

T OUT
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(14)  Trigger input timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin Test condition

Min. Max.
Unit Remarks

Input pulse
width

tTRGH

tTRGL

ATGX

IRQ0 to IRQ7
 5 tCP  ns

*:  Vcc = Vcc3 = Vcc5

(15)  Updown counter timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin Test condition

Min. Max.
Unit Remarks

AIN Input “H” pulse
width tAHL 8 tCP  ns

AIN Input “L” pulse
width tALL 8 tCP  ns

BIN Input “H” pulse
width tBHL 8 tCP  ns

BIN Input “L” pulse
width tBLL 8 tCP  ns

AIN↑→BIN↑time tAUBU 4 tCP  ns

BIN↑→AIN↓time tBUAD 4 tCP  ns

AIN↓→BIN↑ time tADBD 4 tCP  ns

BIN↓→AIN↑ time tBDAU 4 tCP  ns

BIN↑→AIN↑ time tBUAU 4 tCP  ns

AIN↑→BIN↓ time tAUBD 4 tCP  ns

BIN↓→AIN↑ time tBDAD 4 tCP  ns

AIN↓→BIN↑ time tADBU

AIN0, AIN1

BIN0, BIN1

4 tCP  ns

ZIN Input “H” pulse
width tZHL 4 tCP  ns

ZIN Input “L” pulse
width tZLL

ZIN0, ZIN1

Lord:  80 pF

4 tCP  ns

*:  Vcc = Vcc3 = Vcc5

0.8 Vcc

IRQ0 to IRQ7
ATGX

0.2 Vcc

0.8 Vcc

0.2 Vcc

tTRGLtTRGH
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0.8 Vcc

AIN

0.2 Vcc

0.8 Vcc

0.2 Vcc

tAHL tALL

0.8 Vcc

0.2 Vcc

0.8 Vcc

0.2 Vcc

tAUBU tBUAD tADBD tBDAU

tBHL tBLL

BIN

BIN

0.2 Vcc

0.8 Vcc

0.8 Vcc

0.2 Vcc

0.8 Vcc

0.2 Vcc

tBUAU tAUBD tBDAD tADBU

AIN

ZIN

0.8 Vcc 0.8 Vcc

tZHL

tZLL

0.2 Vcc 0.2 Vcc
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(16)  Chip select output timing
(Vcc = 2.7 V to 3.6 V, Vss = 0.0 V, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin

Test
condition Min. Max.

Unit Remarks

Chip select output valid
time→

RDX ↓
tSVRL

CS0 to CS3

RDX
 tCP/2–10 ns

Chip select output valid
time→

WRX↓
tSVWL

CS0 to CS3

WRHX, WRLX
tCP/2–10 ns

RDX↑→

Chip select output valid time
tRHSV

RDX

CS0 to CS3
 tCP/2–20 ns

WRX↑→

Chip select output valid time
tWHSV

WRHX, WRLX

CS0 to CS3
 tCP/2–20  ns

*:  Vcc = Vcc3 = Vcc5

Note: There is a possibility of a bus conflict because Chip Select output signals change concurrently
due to the configuration of the internal bus.

AC cannot be ensured between the ALE output signal and the Chip Select output signal.

RDX
2.4 V

0.8 V

A23 to A16
CS0 to CS3

tRHSV

D15 to D00
Read data

2.4 V

0.8 V

tSVRL

2.4 V
WRHX, WRLX

tWHSV

D15 to D00

Write dataUndefined

0.8 V

tSVWL

0.8 V

2.4 V



24

5.  A/D Conversion Unit Electrical Characteristics
(Vcc = AVcc = 2.2 Vo 3.6 V, Vss = AVss = 0.0 V, 2.2 V ≤ AVRH, TA = –40° to +85°C)

Rated value
Parameter Symbol Pin

Min. Typ. Max.
Unit Remarks

Resolution    10 10 bit

Overall error     ±3.0 LSB

Linearity error     ±2.5 LSB

Differential linearity error     ±1.9 LSB

Zero transition voltage VOT
AN0 to

AN7
AVSS

–1.5 LSB

AVSS

+0.5
LSB

AVSS

+2.5 LSB mV

Full scale transition voltage VFST
AN0 to

AN7
AVRH

–3.5 LSB

AVRH
–1.5
LSB

AVRH
+0.5 LSB mV

Conversion time   5.8125*1   µs When AVRH ≥ 2.7 V

Analog port input current IAIN
AN0 to

AN7  0.1 10 µA

Analog input voltage VAIN
AN0 to

AN7 AVSS  AVRH V

Reference voltage  AVRH AVSS

+ 2.2  AVcc V

IA AVcc  1.2 4.4 mA
Power supply current

IAH AVcc   5*3 µA

IR AVRH  95 170 µAReference voltage supply
current IRH AVRH   5*2 µA

Channel differences  AN0 to
AN7   4 LSB

*1:  At 16-MHz machine clock
*2:  When not operating A/D converter, this is the current (VCC = AVCC = AVRH = 3.0 V) when the CPU is

stopped.
*3:  Vcc = Vcc3 = Vcc5

Notes: 1. The error is relatively large as the |AVRH–AVss| becomes smaller.
2. Analog input external circuit output impedance should use the following conditions.

External Circuit Output Impedance   ≤ 6 kΩ
When using an external capacitor, it’s capacity should be a few thousand times the capacity
of the internal capacitor, considering the effect of the external capacitor and the effect of the
divided voltage of the capacity of the internal capacitor.

3. If the external circuit output impedance is too high, there maybe insufficient time for
sampling of the analog voltage (sampling time = 3.75 µs at machine clock of 16 MHz).

• Analog input circuit model diagram

Note: The above values are a guide.

RON1

Comparator

Analog input C0

RON2 RON3 RON4

C1

Sample hold circuit

C0:  About 35 pF

C1:  About 2 pF

 RON1:  About 5 kΩ

RON2:  About 617 Ω

RON3:  About 617 Ω

RON4:  About 473 Ω
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 ( Vcc = 1.8 V to 3.6 V, Vss = AVss = 0.0 V, 1.8 V ≤ AVRH,TA =–40° to +85°C)

Rated value
Parameter Symbol Pin

Min. Typ. Max.
Unit Remarks

Resolution    10 10 bit

Overall error     ±4.0 LSB

Linearity error     ±3.5 LSB

Differential linearity error     ±2.4 LSB

Zero transition voltage VOT
AN0 to

AN7
AVss

–2.0 LSB

AVss
+0.5
LSB

AVss
+3.0 LSB mV

Full scale transition voltage VFST
AN0 to

AN7
AVRH

–4.0 LSB

AVRH
–1.5
LSB

AVRH
+1.0 LSB mV

Conversion time   5.8125*1   µs When AVRH ≥ 2.7 V

Analog port input current IAIN
AN0 to

AN7  0.1 10 µA

Analog input voltage VAIN
AN0 to

AN7 AVss  AVRH V

Reference voltage  AVRH AVss
+ 1.8  AVcc V

IA AVcc  1.2 4.4 mA
Power supply current

IAH AVcc   5*3 µA

IR AVRH  95 170 µAReference voltage supply
current IRH AVRH   5*2 µA

Channel differences  AN0 to
AN7   4 LSB

*1:  At 16-MHz machine clock
*2:  When not operating A/D converter, this is the current (Vcc = AVcc = AVRH = 3.0 V) when the CPU is

stopped.
*3:  Vcc = Vcc3 = Vcc5

Restrictions on A/D operation frequency (for information)

Power supply voltage A/D Conversion time [ µs] Machine clock

3.6 V > AVcc > 3.0 V 4.650 20 MHz

3.6 V > AVcc > 2. 7 V 5.813 16 MHz

2.7 V > AVcc > 2.6 V 6.643 14 MHz

2.6 V > AVcc > 2.5 V 7.750 12 MHz

2.5 V > AVcc > 2.4 V 8.445 11 MHz

2.4 V > AVcc > 2.3 V 9.300 10 MHz

2.3 V > AVcc > 2.2 V 11.63 8 MHz

2.2 V > AVcc > 2.1 V 15.50 6 MHz

2.1 V > AVcc > 2.0 V 23.25 4 MHz

2.0 V > AVcc > 1.9 V 46.50 2 MHz

1.9 V > AVcc > 1.8V 93.00 1 MHz
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6.  Handling Device

• Preventing latch-up

Latch-up may occur in CMOSIC when a voltage higher than Vcc or lower than Vss is applied to other than
the middle/high withstandable voltage input or output pins, or a voltage exceeding the rated value is
applied between Vcc and Vss.  Latch-up may cause a rapid increase in the supply current, sometimes
resulting in thermal damage to the device.  Therefore, keep the used voltage within the maximum ratings.

When turning the power on and off the analog supply voltage (AVcc, AVRH) analog input should not
exceed the digital supply voltage (Vcc).

• Voltage supplies should be stabilized.

A sudden change of the power supply voltage may cause a malfunction even within the guaranteed range
of operation of the power supply voltage. For reference of stabilization, voltage variations are
recommended to be restrained so that Vcc ripple variations (P-P values) are below 10% of the standard
Vcc value in commercial frequencies (50 to 60 Hz), and so that transient variation is below 0.1 V/ms in
sudden changes during power switchovers.

• Precautions when turning on the power supply

Ensure a minimum of 50 ms (between 0.2 to 2.7 V) for voltage rise times when turning on the power
supply to prevent malfunction of the built-in power reduction circuit.

• Handling of N.C. pins

Always leave N.C. pins (internal connections) open.

• Handling of power supply pins for product with A/D converters

Connect power supply pins with AVCC = AVRH = VCC, AVSS = VSS even when not using the A/D converters.

• Precautions when using the external clock

Oscillating stability waiting time is required when resetting from the Power On Reset, Sub-clock Mode and
Stop Mode when using the external clock.  As a guide, when using an external clock, set its upper limit to
20 MHz.

• Order of turning on the power

Turn off the digital power supply (VCC) after turning off the A/D converter power supplie (AVCC, AVRH) and
analog input (AN0 to AN7).

Do not allow the AVRH to exceed AVCC when turning the power on and off.

Do not allow the input voltage to exceed AVCC when using the analog input pins as an input port.

Note: Vcc = Vcc3 = Vcc5

• Note that low-voltage FLASH products (2.4 V to 3.6 V/10 MHz) do not have the security function.

• Handling unused pins

If unused input pins are left open, this may cause a malfunction or latch-up, resulting in permanent
damage.  Use a pull-up or pull-down resistor of 2 kΩ min.  Also, when there are unused I/O pins, set them
to the output state and free them, or set them to the input state and handle them in the same way as input
pins.

• Caution when using external crystal oscillator

As a guide, set the upper limit to 20 MHz.  To use the 16-MHz internal clock, use the PLL multiply.
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• Usage of X0/X1 and X0A/X1A

Example of use of pins as external clock input pins

 

 

fc
When pins used normally (Vcc = 2
V min.)
Pull-up resistor 1, 2
Damping resistor 1, 2
For each of C1 to C4, contact the
oscillator manufacturer.
(Example of use of pins when Vcc =
2.0 V or less and f = 5 MHz or less)
Pull-up resistor 1 = 5.1 kΩ
Pull-up resistor 2 = 510 kΩ
Damping resistor 1 = 0 Ω
Damping resistor 2 = 3.9 kΩ
C1 = C2 = 22 pF
C3 = C4 = 30 pF

When pins used with crystal oscillator

X1 X0 X0A X1A

C2 C1

Damping
resistor 1

C3 C4

Damping
resistor 2

Pull-up
resistor 2

Pull-up
resistor 1

MB90470 Series

X0

X1OPEN


