LENESANS
HA16315S01/02/03/04 Series

Single CMOS Comparator (Push Pull/Open Drain Output)

REJ03D0056-0100Z
Rev.1.00
2003.08.08

Description

The HA1631S01/02/03/04 are low power single CMOS Comparator featuring low voltage operation with typical current
supply of 5 uA/50 pA. They are designed to operate from a single power supply. HA1631S01/02 have push-pull full swing
outputs that allow direct connections to logic devices. The Open Drain version HA1631S03/04 enable Output Level shifting
through external pull up resistors. Availableinan ultra-small CMPAK -5 package, they occupy only 1/8 the area of the SOP-8
package.

Features

e Low supply current
HA1631S01/03: IDDtyp =5 ]JA (VDD =3.0 V)
HA1631S02/04: IDDtyp =50 ]JA (VDD =3.0 V)
e Low voltage operation: Vpp=18t055V
e Low input offset voltage: V omax =5 MV
e Lowinput biascurrent: gy, =1 pA
e Maximum output voltage: V oxmin = 2.9V (at Vpp =3.0V)
e Input common voltage range includes ground
e On-chip ESD protection
e Auvailablein CMPAK-5 and MPAK-5 package using Pb free lead frame

Outline

& &

CMPAK-5V MPAK-5V
HA1631S01CM HA1631S01LP
HA1631S02CM HA1631S02LP
HA1631S03CM HA1631S03LP
HA1631S04CM HA1631S04LP
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Pin Arrangement
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* Not available in Open Drain version (HA1631S03/04)
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Absolute Maximum Ratings

(Ta=25°C)
Item Symbol Ratings Unit Remarks
Supply voltage Vb 7.0 \%
Differential input voltage ViN(diff) —Vpp to +Vpp \% Note 1
Input voltage ViN 0.1to +Vpp \Y
Output current lout 28 mA Note 2
Power dissipation P 80/120 mwW CMPAK/MPAK
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg -55to +125 °C

Notes: 1. Do not apply input voltage exceeding Vpp or 7 V.
2. The maximum output current is the maximum allowable value for continuous operation.

Electrical Characteristics
(Ta= 25°C,Vpp =30V, V= OV)

Item Symbol  Min Typ Max Unit Test Conditions
Input offset voltage Vio — — 5 mV VN =Vop/2, RL = 1IMQ
Input bias current lis — () 100 PA  Vin=Vpp/2
Input offset current lio — (2) 100 pPA  Vin=Vpp/2
Common mode input voltage range Vewm -0.1 — 21
Supply current HA1631S01/03 Iob — 5 10 pA  Vpp =3V, Vit =1V,
HA1631S02/04 — 50 100 pA  Vin-=0V
Response time HA1631S01 TP — (2.20) — us 1V DC bias,
HA1631S01/03  TPu — (0.55) — pus  100mV overdrive,
HA1631S01 t, — (24) — ns  CL=15pF
HA1631S01/03 ty — (7) — ns
HA1631S02 TPw — (0.33) — us
HA1631S02/04 TP — (0.17) — us
HA1631S02 tr — (12) — ns
HA1631S02/04 ty — (7) — ns
Output source current losource 6 13 — mA  Vout = 2.5V
(HA1631S01/02)
Output sink current losink 7 14 — mA  Vout=0.5V
Common mode HA1631S01/03 CMRR 60 80 — dB  Vin1=0V,VinN2 =2V
rejection ratio HA1631S02/04 50 70 — dB
Power supply rejection ratio PSRR 60 80 — dB Vppl = 1.8V, Vpp2 = 5.5V
Output voltage high Vou Vpp—0.1 — — \% R =10k to Vss
Output voltage low VoL — — 0.1 \% R =10k to Vpp
Output leakage current ILo — (0.2) — nA  Vp+=1V,Vn—=0V,
(Only for HA1631S03/04) Vo =3V
Operating voltage range Vopr 1.8 — 55 \%

Note: ( ): Design specification
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Table of Graphs

HA1631S01 HA1631S02 HA1631S03 HA1631S04 Test
Electrical Characteristics Figure Figure Figure Figure Circuit No.
Supply current loo vs. Supply voltage(Out H)  1-1 2-1 3-1 4-1 1
vs. Supply voltage(Out L)  1-2 2-2 3-2 4-2 2
vs. Temperature(Out H)  1-3 2-3 3-3 4-3 1
Output high voltage Vou vs. Rload 1-18 2-18 3-4 4-4 4
Output source losource  Vs. Output high voltage  1-4 2-4 — — 5
current
Output low voltage VoL vs. Rload 1-17 2-17 3-14 4-14 6
Output sink current losink vs. Output low voltage 1-5 2-5 3-4 4-4 5
Input offset voltage Vio vs. Supply voltage 1-6 2-6 3-5 4-5 8
vs. Temperature 1-7 2-7 3-6 4-6 7
Common mode input  Veu vs. Temperature 1-8 2-8 3-7 4-7 9
voltage range
Power supply PSRR vs. Supply voltage 1-9 2-9 3-8 4-8 11
rejection ratio
Common mode CMRR vs. Input voltage 1-10 2-10 3-9 4-9 12
rejection ratio
Input bias current lis vs. Temperature 1-11 2-11 3-10 4-10 10
vs. Input voltage 1-12 2-12 3-11 4-11 10
Falling time t vs. Temperature 1-13 2-13 3-12 4-12 13
vs. Cload 1-15 2-15 3-13 4-13 13
Time waveform 1-20 2-20 3-15 4-15 13
Rising time tr vs. Temperature 1-14 2-14 — — 13
vs. Cload 1-16 2-16 — — 13
Time waveform 1-19 2-19 — — 13
Propagation delay TPy Time waveform 1-21 2-21 — — 13
time TP Time waveform 1-22 2-22 3-16, 3-17 4-16, 4-17 13
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Test Circuits
1. Supply Current, Ipp (Output High) 2. Supply Current, Ipp (Output Low)
} © Vop } © Vop
3. Output Source Current, losource 4. Output High Voltage, Vg (Output High)
3V 3V
v v
7; Vour 7; Rioap
5. Output Sink Current, logink 6. Output Low Voltage, Vg, (Output Low)
RLOAD
3V 3V
v v
7. Input Offset Voltage, V,q 8. Input Offset Voltage vs. Vpp
<~ Only for
1MQ Open Drain 1MQ
1kQ = 10kQ; 1kQ
N ‘1 [~ _
L > —3vV . Voo
1 Vour
1kQ 1kQ
Vin IMQ 1MQ -Vpp
sy ioowr 100pF
% 7T 77T 7T
Note: Vg = Vout — 1.5V
9. Common Mode Input Voltage Range, V¢ 10. Input Bias Current, | g

<~ "% Only for
. Open Drain

1IMQ .
10kQ!
1kQ T 2
+/> -3V
} O 3V
ViN 1ka 1IMQ 1 =ov: 0
L5y ioow NN Vin
T 77 ‘

Note: Ve and Ve are values of Vi when Vg
changes more than 50dB taking V| = OV
as reference.
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11. Power Supply Rejection Ratio, PSRR

//N Only for
IMQ Open Drain
10kQ!
1kQ q : 1,
< Vpp/2
+ Vour| 7 Measure | Calculate
1kQ Vpp |Point [V PSRR Calculation
ma ~Vpp/2 [LOOWF] 18V | Vourr [ Vior =Vour/1000 | o 20l0g |(Vioz = Vioy)l
T 55V |Vours | Vies = Vours/1000 0 55v-18v

12. Common Mode Rejection Ratio, CMRR
<~ "* Only for

IMQ Open Drain
10kQ!
1kQ q 2]
— 1.5V
p Vout Measure | Calculate
1kQ Viy | Point |V CMRR Calculation
Vin 1MQ _ _ _
_1.5v [LOOpF L5 | Vours | Vior =Voun/1000 | o0 20l0g,, [(Vioz =~ Vioy)|
A 05V |[Voura | Vioz = Vouro/1000 0.5V - (-1.5V)

Only for Only for
Open Drain Open Drain
+0.1V = 2V +1.0V -2V
Cloap CLoap
50Q 50Q
Y Y
Overdrive = £0.1V Overdrive = £1.0V
input 50%. |- | 50% | | input
| 50% | 50%
output
TPy TP ¢ ;
T f
Only for Push Pull HA1631S01/02
% [ % | !
input 50%. | 50% | |
L /50% | 50%
output L L
= - -
TPy TPhL

Only for Open Drain HA1631S03/04
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Main Characteristics

Figure 1-1 HA1631S01 Figure 1-2 HA1631S01
Supply Current vs. Supply Voltage Supply Current vs. Supply Voltage
(Output High) (Output Low)
7.0 ‘ 7.0 ‘
—_ Ta=25°C —_ Ta=25C
< 6.0} Vpt=1.0V < 6.0} Vp+t=0.0V
= V- = 0.0V L = V- = 1.0V
o 5.0 — a 5.0
o o
= 40 = 40 —
o ) L
= 3.0 5 3.0
o o
> 2.0 > 2.0
Q. Q.
s 10 2 10
0.0 0.0
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Supply Voltage Vpp (V) Supply Voltage Vpp (V)
Figure 1-3 HA1631S01 Figure 1-4 HA1631S01
10.0 Supply Current vs. Ambient Temperature 3 5Output High Voltage vs. Output Source Current
< Vpp = 5.0V -
e Vpp = 3.0V z 30
5 75 Vpp = 1.8V — > 55
_D [ [}
= 50 25 g 2.0 R
o O 5 RS
% /%/ g 15 ) BN
8] = =y s
T 1.0 N
2 25 I )
= 2 05fTa=25C >
n 5 Vpp = 3.0V |
0.0 O 00 : -
-50 -25 0 25 50 75 100 0 10 20 30 40
Ambient Temperature Ta (°C) Output Source Current lgsource (MA)
Figure 1-5 HA1631S01 Figure 1-6 HA1631S01
5 Output Low Voltage vs. Output Sink Current 4 Input Offset Voltage vs. Supply Voltage
S Ta=25C z Ta=25C
., 3.0} Vpp=3.0V : = 3V =Vpp2
0 . o
> 25 5 > 2
o [ 1
g 20 ; 5
= K = 0
> 15 ~
2 = 1
9 10 = 3
z 5 2
2 05 5 -3
= o
© 00 =
0 10 20 30 40 0 1 2 3 4 5 6
Output Sink Current lggnk  (MA) Supply Voltage Vpp (V)
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Figure 1-7 HA1631S01
Input Offset Voltage vs. Ambient Temperature

T T T
Vpp = 1.8V, V=09V |
Vpp = 3.0V, Vjy = 1.5V
Vpp = 5.0V, Vjy = 2.5V —|
I —————]
—
-50 =25 0 25 50 75 100

120

[Eny
o
o
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60
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20

o

Power Supply Rejection Ratio PSRR (dB)

200

|
[ [N
o o
o o o

Input Bias Current |z (pA)

{
N
o
o

-50 -25 0 25 50 75

Ambient Temperature Ta (°C)

Figure 1-9 HA1631S01
Power Supply Rejection Ratio vs. Supply Voltage

Ta=25C
Viy = 0.0V
| Vpp = 0.0 to 2.75V
VSS =0.0to -2.75V
| Vop & Vss
Simulta}neous §weep

1 2 3 4 5 6 7
Supply Voltage Vppto Vss (V)

Figure 1-11 HA1631S01
Input Bias Current vs. Ambient Temperature

Vpp = 3.0V

100
Ambient Temperature Ta (°C)

Figure 1-8 HA1631S01

< Common Mode Input Voltage vs. Ambient Temperature
= 25
5 | —
> 20 Vet
S 15 }
5 Common Mode
; 10 Input Voltage Range
2 05
[}
© —
S 0.0 " Vewm E——
s-05
IS Vpp = 3.0V
E-1.0 :
o -50 -25 0 25 50 75 100

Ambient Temperature Ta (°C)

o Figure 1-10 HA1631S01
= Common Mode Rejection Ratio vs. Input Voltage
x 120
=
O 100
\
o T
T 80
o4
c
2 60
o
2,
& 40
3 Ta=25C
£ 20fvp,=15V
s Vgg = —1.5V
g O ‘
£ -20 -15 -10 -05 00 0.5 1.0
© Input Voltage V,y (V)
Figure 1-12 HA1631S01
200 Input Bias Current vs. Input Voltage

< Ta=25C
e Vpp = 3.0V
0 100
=
(&)
= 0
]
©)
%]
oo
m-100
5
Q.
=

—200

0.0 0.5 1.0 15 2.0 25 3.0
Input Voltage V5 (V)
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Figure 1-13 HA1631S01 Figure 1-14 HA1631S01
Falling Time vs. Ambient Temperature 20 Rising Time vs. Ambient Temperature
16 ‘
— Vpp = 1.8V — ~ 60
@ g PO~ (0 ~ Vpp = 5.5V
=L y < 50
- - Vpp = 5.5V - \K
o 10 4/ o 40 Vpp = 1.8V
E y ——— E y
E 8 —— = 30 !
g’ 6 r (o))
= £ 20
T 4 VDD =3.0vV % \
L 5 10 Vpp = 3.0V
0 0 ‘
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Ambient Temperature Ta (°C) Ambient Temperature Ta ('C)
Figure 1-15 HA1631S01 Figure 1-16 HA1631S01
Falling Time vs. Capacitor Load Rising Time vs. Capacitor Load
140 ‘ 140 w
Ta=25C Y Ta=25C
. 120 Vpp = 2.0V / __ 120} Vpp =2.0V
2] — n —
2 Vsg = -1.0V / @ Vgg = —1.0V
~ 100 | v,+ = 0.1Vp-p ~ 100 | v+ = +0.1Vp-p ”
il 80 Overdrive / - 80 Overdrive /
© { )
£ / E yd r
= 60 £ 60
g / 2 /
= 40 = 40 ,
1 0
& // 4 4
20 / 20
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Capacitor Load C, (pF) Capacitor Load C| (pF)
Figure 1-17 HA1631S01 Figure 1-18 HA1631S01
. Output Low Voltage vs. Resistor Load 20 Output High Voltage vs. Resistor Load
S | Taz25c > Pl
4 2.5 Voo =3.0V T 25 /'
> =
o 20 @ 2.0
g g
S 15 S 15
g 10 S 1.0
= \ E
g 05 AN 3 05 Ta=25C
= NG 5 Vpp = 3.0V
(@) 0.0 [T (@) 0.0 R
1.0E+01 1.0E+03 1.0E+05 1.0E+01 1.0E+03 1.0E+05
Resistor Load R_ (Q) Resistor Load R (Q)
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Figure 1-19 HA1631S01
Rising Time, t,
(Overdrive = £0.1Vp-p)

Vpp | Ta=25°C 5 fn
~ " Vpp = 3.0V ¥
C, = 15pF
Vint = £0.1Vp-p
Overdrive

GND |

i Thy 7 ELET

Figure 1-21 HA1631S01
TPy Transient Response
(Overdrive = £0.1Vp-p)

b
g

=E2
£

Input Voltage
P :

CH1 |
GND f—ens
Ta=25C
Vpp = 3.0V
C_ = 15pF
Vint = £0.1Vp-p
CH2 | Overdrive
|

Output Voltage
GND =

T T Bl e W s ThT T T

Figure 1-20 HA1631S01
Falling Time, t;
(Overdrive = £0.1Vp-p)

VDD
—

Ta=25C o
Vpp = 3.0V

C, = 15pF
GND | v+ = £0.1Vp-p
Overdrive

Figure 1-22 HA1631S01
TPy Transient Response
(Overdrive = £0.1Vp-p)

Input Voltage 3

CH1
GND . [ R —
Output Voltage

PEEERE

Ta=25C

o Vpp = 3.0V

CH2 | CL=15pF

GND | Vint = #0.1Vp-p :
Overdrive
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Figure 2-1 HA1631S02 Figure 2-2 HA1631S02
Supply Current vs. Supply Voltage Supply Current vs. Supply Voltage
(Output High) (Output Low)
70 ‘ 70 ‘
—_ Ta=25°C —_ Ta=25C
< 60} Vpt=1.0V < 60} Vpt=0.0V
~ Vi~ = 0.0V ~ V- = 1.0V
a 50 — a 50
o -— T o
= 40 = 40
= 30 = 30
o o
> 20 > 20 >
Q. Q.
2 10 2 10
0 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Supply Voltage Vpp (V) Supply Voltage Vpp (V)
Figure 2-3 HA1631S02 Figure 2-4 HA1631S02
100 Supply Current vs. Ambient Temperature 3 5Output High Voltage vs. Output Source Current
\ < 9
< Vpp = 5.0V -
=2 Vpp = 3.0V 5 3.0
o 75 Vpp = 1.8V — > o5
£ 3 / ®
(o))
g %0 | — g 15 .
3 = 5
2 25 -~ ‘.
s 2 05| Ta=25C :
n = Vpp = 3.0V '
0 O 00 : ‘
-50 -25 0 25 50 75 100 0 10 20 30 40
Ambient Temperature Ta (°C) Output Source Current losource (MA)
Figure 2-5 HA1631S02 Figure 2-6 HA1631S02
5 Output Low Voltage vs. Output Sink Current 4 Input Offset Voltage vs. Supply Voltage
S Ta=25C z Ta=25C
|, 3.0 Vpp=3.0V : = 3IVpy=Vppl2
0 : o
> 25 : > 2
) ' 1
g 20 .-' 2
= ; = 0
S 15 ; S
. — -1
g 10 s
z 5 2
2 05 5 -3
= o
© 00 =
0 10 20 30 40 1 2 3 4 5 6
Output Sink Current lggnk  (MA) Supply Voltage Vpp (V)
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Figure 2-7 HA1631S02
Input Offset Voltage vs. Ambient Temperature

Vpp = 1.8V, V}y = 0.9V
Vpp = 3.0V, V) = 1.5V
Vpp = 5.0V, V= 2.5V |
-50 -25 0 25 50 75 100

120

[Eny
o
o

80
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20

o

Power Supply Rejection Ratio PSRR (dB)

200

|
[ [N
o o
o o o

Input Bias Current |z (pA)

{
N
o
o

-50 -25 0 25 50 75

Ambient Temperature Ta (°C)

Figure 2-9 HA1631S02
Power Supply Rejection Ratio vs. Supply Voltage

Ta=25C

Vin = 0.0V

| Vpp = 0.0 to 2.75V
VSS =0.0to -2.75V

| Vbp & Vss
Simultaneous Sweep
1 2 3 4 5 6 7
Supply Voltage Vppto Vss (V)
Figure 2-11 HA1631S02
Input Bias Current vs. Ambient Temperature
Vpp = 3.0V
E—

100
Ambient Temperature Ta (°C)

Figure 2-8 HA1631S02

< Common Mode Input Voltage vs. Ambient Temperature
= 25

3 20 )

> . VC‘M+

[}

=) Common Mode

; 10 Input Voltage Range

2 05

[}

B 0.0 Vem

=

s-05

IS Vpp = 3.0V

E-1.0 :

o -50 -25 0 25 50 75 100

Ambient Temperature Ta (°C)

@ Figure 2-10 HA1631S02
~ Common Mode Rejection Ratio vs. Input Voltage
o 120
x
3 100
i)
< 80
o4
c
2 60
[&]
B3
& 40
3 Ta=25C
£ 20rvp,=15V
s Vgg =-1.5V
g 0 ‘
€ -20 -15 -10 -05 00 0.5 1.0
© Input Voltage V,y (V)
Figure 2-12 HA1631S02
200 Input Bias Current vs. Input Voltage
< Ta=25C
S Vpp = 3.0V
o 100
=
(0]
= 0
]
@)
%]
o
m-100
5
o
=
—-200

0.0 0.5 1.0 15 2.0 25 3.0
Input Voltage V5 (V)
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Figure 2-13 HA1631S02
Falling Time vs. Ambient Temperature

18
g 16
- E Vpp = 1.8V |
2 10 y —
gl —r |
2 6 //:
= —
w4 Vpp = 3.0V
2 Vpp = 5.5V —|
0 \ \
-50 -25 0 25 50 75 100
Ambient Temperature Ta (°C)
Figure 2-15 HA1631S02
Falling Time vs. Capacitor Load
120 ‘
Ta=25C /
—~ 100 | Vopo = 2.0V /
0 Vs = 1.0V /
c SS
=~ | Viy+ = £0.1Vp-p
= 80 Overdrive /
@ /
£ 60
[ /
2 40
c
- /
L 20 //
0
0 10 20 30 40 50
Capacitor Load C, (pF)
Figure 2-17 HA1631S02
. Output Low Voltage vs. Resistor Load
S | Taz25c
4 2.5} Vop=3.0V
0
>
o 20
(o))
8
S 15
>
g 1.0
- \
Z 05 A
= N
(@) N
0.0
1.0E+01 1.0E+03 1.0E+05

Resistor Load R_ (Q)

Rising Time t, (ns) Rising Time t, (ns)

Output High Voltage Voy (V)

Rising Time vs. Ambient Temperature

20

Figure 2-14 HA1631S02

Vpp = 5.5V |
18 ¥ —
16
14 i""‘
12
10 T
8 Vpp = 3.0V
6 Vpp = 1.8V
4
2
0
-50 -25 0 25 50 75 100
Ambient Temperature Ta (°C)
Figure 2-16 HA1631S02
Rising Time vs. Capacitor Load
120 ‘
Ta=25C
100 | Vop = 2.0V
Vgg = —1.0V
| Vint =%0.1Vp-p
80 Overdrive /
60 /’
40 /
20 /
_/
0
0 10 20 30 40 50
Capacitor Load C| (pF)
Figure 2-18 HA1631S02
20 Output High Voltage vs. Resistor Load
R
25 //
2.0
15
1.0
0.5 Ta=25C
Vpp = 3.0V
0.0 L L 1L
1.0E+01 1.0E+03 1.0E+05

Resistor Load R (Q)
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Figure 2-19 HA1631S02

Figure 2-20 HA1631S02

Rising Time, t; Falling Time, t;
(Overdrive = +0.1Vp-p) (Overdrive = +0.1Vp-p)
Vpp | Ta=25°C .-t -I:‘EI-H.H Vop E ':.
—1 Vpp = 3.0V B
C, = 15pF |
VNt = £0.1Vp-p
Overdrive
i
L Ta=25C "
Vpp = 3.0V i
4 C, = 15pF i
G@. G@. Vit = £0.1Vp-p
Overdrive
W e W Tmes 11 Taet =T = THE T
Figure 2-21 HA1631S02 Figure 2-22 HA1631S02
TP_n Transient Response TPy Transient Response
(Overdrive = £0.1Vp-p) (Overdrive = £0.1Vp-p)
Input Voltage i e Input Voltage 3
] I 4 ] | F
CH1 | CH1 |
GND st GND - ey —
Ta=25'C il el e
Vpp = 3.0V
C, = 15pF | Ta=25C
_ | Vint=£0.1vpp _ | Vop=3.0V
CH2 | Overdrive Output Voltage CH2 | CL=15pF
GND il GND | Vin+ = £0.1Vp-p L "
Overdrive

T [ = £
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Figure 3-1 HA1631S03
Supply Current vs. Supply Voltage
(Output High)

7.0 ‘
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Supply Voltage Vpp (V)
Figure 3-3 HA1631S03
100 Supply Current vs. Ambient Temperature
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Package Information
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Keep safety first in your circuit designs!
1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary
circuits, (ii) use of nonflammable material or (i) prevention against any malfunction or mishap.

Notes regarding these materials
. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corp. product best suited to the customer's

application; they do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or a third party.
. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-party's rights, originating in the use of any product data,
diagrams, charts, programs, algorithms, or circuit application examples contained in these materials.
All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of
publication of these materials, and are subject to change by Renesas Technology Corp. without notice due to product improvements or other reasons. Itis
therefore recommended that customers contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means, including the Renesas Technology Corp. Semiconductor
home page (http://www.renesas.com).
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evaluate all information as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corp. assumes
no responsibility for any damage, liability or other loss resulting from the information contained herein.
Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life
is potentially at stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when considering the use of a
product contained herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater
use.
The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in whole or in part these materials.
If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and
cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.
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