NJM8190/NJM8191

Single Channel Low power Comparator

IFEATURES(\/+:5V, V=0V, Ta=25°C) nGENERAL DESCRIPTION
eGuaranteed Temperature ~ -40°C to +125°C The NJM8190/NJM8191 are single comparators
eInput Offset Voltage 3mV max. designed specifically to operate wide range of supply
eSupply Current 0.5mA max.

voltage and temperature.

eOperating Voltage t2Vio+3bVor £1Vio £18V These comparators featured low input offset voltage
eIntegrated EMI filter

eLow-level Output Voltage ~ 80mV typ. (Isik = 4MA) of 3mV max. low supply current of 0.5mA max. DC
eResponse Time 1.3us typ. characteristics are also 100% tested and guaranteed
eOpen Collector Output from -40 to 125°C.

oGND sencing

The NJM8190/NJM8191 are available in DFN6-G1(1616)

einternal ESD protection Human Body Model *=2000V typ. ) o . .
ePackage of small size Package, significantly reducing the required
NJIMS190 SOT-23-5. SC-88A portable application's board area.
NJM8191 SOT-23-5, SC-88A,
DFN6-G1L(ESON6-G1)
mPIN CONFIGURATION
NE;rtbser NJIM8190F NJM8190F3 NJIM8191F NJM8191F3 NJM8191KG1
Package SOT-235 SC-88A SOT-23-5 SC-88A DFN6-G1()
Outline
(Top View) (Top View) (Top View)
ouTPUT [1] 5] v INPUT [1] 5] v VLG T Y
Pln V- IZ Vv IZ N.C. _-_-_E g Exposed é :’_-_-_ -INPUT
Function _L ., | ondere |
NPUT 3] 4] +INPUT +NPUT [3)] 4] outpuT  [OUTPUT [ i L | HINPUT
(*)Connect to exposed pad to V'
mEQUIVALENT CIRCUIT
é N
OUTPUT
+INPUT
L
—INPUTO ' -
M~
. . . O V-
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NJM8190/NJM8191

mPRODUCT NAME INFORMATION

NJM8191 FE (TEL1)

= 5

Part Number  Package Taping Form

F:SOT-23-5
F3:SC-88A
KG1:DFN6-G1(ESON6-G1)
mORDERING INFORMATION
e | oo | rors | Moot | TRMNLT uamng | Ve | 00
NJIM8190F SOT-23-5 yes yes Sn2Bi A5V 15 3,000
NJM8190F3 SC-88A yes yes Sn2Bi 2A 75 3,000
NJIM8191F SOT-235 yes yes Sn2Bi A5U 15 3,000
NJM8191F3 SC-88A yes yes Sn2Bi 29 75 3,000
NJM8191KG1 | DFN6-G1 yes yes Sn2Bi 8191 35 3,000
mABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage V-V 36 \%
Differential Input Voltage Vi +36 V
Input Voltage Vi V-03t0V +36 v
Output Terminal Input Voltage @ V, V -03t0V +36 Y,
Short-Circuit Output Current to v Infinite
Power Dissipaticig(T a=25°C) (2-layer ; 4-layer)
3. 480/ 650
28138225 Po 360/ 490 mw
DFN6-G1(ESON6-G1)® 330/1200
Junction Temperature Timax +150 °C
Storage Temperature Range Tsg - 5510 +150 °C

(1) Input voltage is the voltage should be allowed to apply to the input terminal independent of the magnitude of V.

(2) Output voltage is the voltage should be allowed to apply to the output terminal independent of the magnitude of v
(3) Short=circuits from the output to V* can cause excessive heating and potential destruction.
(4) Short-circuit can cause excessive heating and destructive dissipation. Values are typical.
(5) Mounted on glass epoxy board. (76.2x114.3x1.6mm:based on EIA/JJDEC standard, 2Layers FR4)
Mounted on glass epoxy board. (76.2x114.3x1.6mm:based on EIA/JJDEC standard, 4Layers FR4), internal Cu area: 74.2 x 74.2mm
(6) Mounted on glass epoxy board. (101.5x114.5x1.6mm: based on EIA/JJEDEC standard, 2Layers FR-4, with Exposed Pad)
Mounted on glass epoxy board. (101.5x114.5x1.6mm: based on EIAJJEDEC standard, 4Layers FR-4, with Exposed Pad)
*For 4Layers: Applying 99.5%99.5mm inner Cu area and a thermal via hole to a board based on JEDEC standard JESD51-5
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NJM8190/NJM8191

aTHERMAL CHARACTERISTICS
PARAMETER SYMBOL VALUE UNIT

Junction-to-ambient  thermal resistance (2-layer / 4-layer)
SOT-23-57 o 260/195 °C W
sc-88A” ja 355/ 260
DFN6-G1(ESON6-G1)® 385/110

Junction-to-Top of package characterization parameter (2-layer/ 4-layer)
SOT-23-57 " 68/58 °C M
sc-gsA” Wl 91/74
DFN6-G1(ESON6-G1)® 65/ 26

(7) Mounted on glass epoxy board. (76.2x114.3x1.6mm:based on EIA/JJDEC standard, 2Layers FR4)

Mounted on glass epoxy board. (76.2x114.3x1.6mm:based on EIA/JDEC standard, 4Layers FR4), internal Cu area: 74.2 x 74.2mm
(8) Mounted on glass epoxy board. (101.5x114.5x1.6mm: based on EIA/JJEDEC standard, 2Layers FR-4, with Exposed Pad)

Mounted on glass epoxy board. (101.5x114.5x1.6mm: based on EIAJJEDEC standard, 4Layers FR-4, with Exposed Pad)

*For 4Layers: Applying 99.5x99.5mm inner Cu area and a thermal via hole to a board based on JEDEC standard JESD51-5

mPOWER DISSIPATION vs. AMBIENT TEMPERATURE

Power Dissipation vs. Temperature Power Dissipation vs. Temperature

700 2-Layer 1400 4-Layer

600 1200
= SOT-23-5 = DFN6-G1(ESON6-G1)
% 500 E'Q 1000 | 7
= // ° \
c c
_g 400 N SC-88A g 800 SOT-23-5 \
5] 5]
-3 \/ o / N\
@ 300 ‘\/\ @ 600 << \
a > \ a
o 200 N o 400 \ \
2 DFN6-G1(ESON6-G1) 2 / \
o o
o o N

100 200 SC-88A ~

0 0 |
0 25 50 75 100 125 150 0 25 50 75 100 125 150
Ambient Temperature Ta [°C] Ambient Temperature Ta [°C]
mRECOMMENDED OPERATING CONDITIONS
PARAMETER SYMBOL RATINGS UNIT

Supply Voltage V-V 21036 \Y
Operating Ambient Temperature Topr -40to +125 °C

New Japan Radio Co., L.
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NJM8190/NJM8191

mELECTRICAL CHARACTERISTICS
(Unless otherwise specified, V=5V, V=0V, R, =OPEN, Ta=25°C)

PARAMETER SYMBOL TEST CONDITION MIN TYP. MAX. | UNIT
Ta=25°C — 05 3 mV
Input Offset Voltage(l) Vio TZ— 40 10 125°C — — 2 p—;
Ta=25°C — 05 50
Input Offset Current lo S S
Ta=-4 — —
a: 20t01250 150 A
Input Bias Current® I Ta=25C — 20 250
Ta=-40°C to 125°C — — 400
V'=30V, Ta=25°C 0 - V*-1.5
Common Mode Input Voltage Vieum V'=30V Ta=-40 10 125°C 0 — V' 20 \Y
. V=15V, R, =15k Q,
Open-Loop Voltage Gain Ay Vo=1V 1o 11V 50 200 - Vimv
Ta=25°C — 0.3 0.5
Ta=-40t0 125°C — — 0.9
Supply Current IsuPPLY 30y Ta=25°C - 0.4 12 | ™
V=30V, Ta=-40 to 125°C - - 15
Differential Input Voltage +
Range® P ) Vio B B v v
+= - =
VIN_ 00V1V|N 1V, Isn=4mA, _ 80 400
Ta=25°C
Low-level Output Voltage VoL Vi =0V, Ve =1V lanecdmA mV
Ta=-40to0 125°C B B 700
Output Sink Current lsink Vin+=0V,V\-=1V, V,=1.5V 6 16 - mA
v*:_vo:osov, Vint=1V,Vj\-=0V, B 01 B A
Ta=25°C
Output Leakage Current I Eak V'=V.=30V, V=1V V=0V
— Vo ] . [} - [} _ _
Ta=-401t0 125°C 1 WA
Response Time® te R.=5.1kQ toV* - 1.3 - 1S
Large Signal Response Time tre R=5.1kQ toV - 250 - ns

V=LAV, TTL input

(1) Vo=1.4V, Rs=0Q, 5V < V"< 30V, 0 < Vieu<(V'- 1L5V.)
(2) The direction of the input current is out of the IC due to the PNP input stage.

(3) Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the

comparator will provide a proper output state. The low input voltage must not be less than -0.3V (or 0.3V below the negative power supply, if used).

(4) The response time specified is for a 200mV input step with 5mV overdrive.

Ver.1.0
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NJM8190/NJM8191

mTYPICAL CHARACTERISTICS
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Supply Current [mA]

Input Offset Voltage [mV]
o
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Input Offset Voltage [mV]
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Supply Current vs. Supply Voltage
V=0V, Vou=0V, Vo=OPEN

100
80
— 60
Ta=25°C <
Ta=-40°C / = 40
/ 5 20
- :
O 0
— — g 20
||
/1~ 5
[ I, a -40
P el / =
-60
Ta=125°C -80
L1 -100
0 5 10 15 20 25 30 35 40
Supply Voltage V* [V]
Input Offset Voltage vs. Supply Voltage
V- =0V, Veou=0V, V=14V, R, =15kQ 3
2

Ta=25°C

Ta=-40°C

Input Offset Voltage [mV]
o

-1
Ta=125°C
-2
-3
0 5 10 15 20 25 30 35 40
Supply Voltage V* [V]
Input Offset Voltage
vs. Common-Mode Input Voltage
V*=30V, V- =0V, Vo=1.4V, R, =15kQ
160
— 140
0
=
c 120
L Ta=-40°C Ta=25°C <
\ % 100
()]
8
—Fi 14 o 80
>
f \ | S 60
- : 9
: Ta=125°C ' < a0
] ! g
! | 5
I ] 20
| ]
! L1}
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Common-Mode Input Voltage [V]

Ver.1.0
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Input Bias Current vs. Temperature

V=0V, Veoy=0V

Ww

V=2V

-75 50 -25 0 25 50 75 100 125 150

Temperature [°C]

Input Offset Voltage vs. Temperature
V- =0V, Veou=0V, Vo=1.4V, R =15kQ

V*=5V

V=30V

| vt=2v

-75 -50 -25 0 25 50 75 100 125 150

Temperature [°C]

Large signal voltage gain vs. Temperature
V*=15V, V- =0V, Veoy=1.4V, R =15kQ

-75 -50 -25 0 25 50 75 100 125 150

Temperature [°C]
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NJM8190/NJM8191

mTYPICAL CHARACTERISTICS

Low-level Output Voltage

vs. Supply Voltage Low-level Output Voltage vs. Output Sink Current
V=0V, Ta=25°C V*=5V, V- =0V, V=0V, V=1V
300 10 i
= —
E 250 >
()
(6] _ (o)) 1 y &
§ 200 \\\ IS'N;}omA % Ta=1\25°C 'Iﬁ
g \\\ 2 N - 7’ \
- - A
3 150 % 0.1 e Ta=25°C
3 | /| % A
D PV’
T 100 (= 3 7 Ta:\-40°C
2 N == . 0.01
2 Isnk=4mA % :
S 50 T - 3
Isink=2mA
0 L 0.001
0 5 10 15 20 25 30 35 40 0.1 1 10 100
Supply Voltage V* [V] Output Sink Current [mA]
Output Signal Rising/Falling Time
Response Time vs. Temperature vs. Temperature
V*=5V, V- =0V, Ov=100mV, R, =5.1kQ V*=5V, V- =0V, ov=100mV, R, =5.1kQ
1 __ 600
2
0.9 >
08 £ 500
2] (o2}
= 0.7 . £ 400
g 0.6 7- L‘E
= Rise 4 S
v 05 — £ 300
c \ Fall 2 Rise
S 04 \ o
8 03 7 N |- g 200 —- . —=
o - P ey =2
0.2 n Fall
< I==F 5 100 A
g N L--
0.1 5 - |
(e}
0 0
-75 50 -25 0 25 50 75 100 125 150 -75 -50 -25 0 25 50 75 100 125 150
Temperature [°C] Ambient Temperature [°C]
.
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NJM8190/NJM8191

m T YPICAL CHARACTERISTICS
Response Time Response Time
Vee*=5V, Ve =0V, R, =5.1KQ, Vier=0V, C_=0,F, Ta=25°C 6 | Ve vsov R =5.1kQ, V=0V, C, =0pF, Ta=25°C 6
09 | 1] 5 09 | 5
I Output / 4 08 F 4
08 L / L A ST ov=5mv
0.7 ov=5mV 3 0.7 | Output & S—— t } t 3
';‘ 0.6 I I I(\ ] 2 E ';‘ 0.6 P Qutpu [ ov=20mV 5 E
ot " ov=20mV o ° T ] Q
> 05 IIG'L o b 1 2 > 05 [~ ov=100mV 19
£ L " ov=100mV 5 £ 5
S 0.4 | 08 S 0.4 08
é_ 0.3 i -1 g_ *g_ 0.3 i -1 E—
£ 02 [ -2 8 £ 02 [ Input -2 8
0.1 Input -3 0.1 -3
0 -4 0 -4
-0.1 -5 -0.1 -5
-0.2 -6 -0.2 -6
-1 0 1 2 3 -1 0 1 2 3
0.25ps/div 0.25ps/div
Response Time Response Time
V*=5Y, V- =0V, R =5.1KQ, Vper=1.4V, Ta=25°C V*=5V, V- =0V, R, =5.1KQ, Vper=1.4V, Ta=25°C
12 6 12 ‘ ‘ ‘ ‘ 6
11 5 11— — - 5
L
10 /4 o - 4 10 | Output = c-0pF 4
~— _ ' '
9 |- Output / - ?L‘OIPF ; 3 9 o= C,=47pF 3
> 8 P CE4TPR 2 2 > 8 <5 = C,=100pF 2 2
o 7 V = c,=100pF 13 o 7 13
S 6 0 = S 6 0o &£
° o ° o
S 5 12 S =5 12
5 4 23 5 4 23
£ 3 33 £ 3 38
2 -4 2 -4
1 Input 5 1 Input 5
0 -6 0 -6
-1 -7 -1 7
-1 0 1 2 3 -1 0 1 2 3
0.25ps/div 0.25ps/div
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NJM8190/NJM8191

mTYPICAL TEST CIRCUIT

eSupply Current (IsuppLy)
-\/'=5V, V=0V, Ta=25°C,-40 to 125°C
-\/'=30V,V =0V, Ta=25°C,-40 to 125°C

\Vas

eOutput Leakage Current (ILgax) eLow-level Output Voltage (Vor)
'V+:3OV,V_:0V, V|N+:1V,V|N_:OV,Ta:2500,-40 to 12500 'V+:5V,V_:OV, V|N+=OV,V|N.=1V,|5|NK:4mA,
Ta=25°C,-40to 125°C
V* v+

SINK

6<
— |
==
]
)
[

eResponse Time(te)
-+\V'=5V,V"=0V,R,=5.1k Q
Input Wave Form
(Rise Measurement)

Over
Drive

RR2 Yl 1o OV

100mV]

@
\Y Input Wave Form

(Fall Measurement)

100mV

||I
1
|
|||
2

Over
Drive
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NJM8190/NJM8191

mAPPLICATION NOTE

EMIRR(EMI Rejection Ratio) Definition

EMIRR is a parameter indicating the EMI robustness of an
EMIRR vs. Frequency

comparator. The definition of EMIRR is given by the following V=5V, V=0V, Vi 1.4V, V= 100mVpp
a formula (1). We can grasp the tolerance of the RF signal by 100
measuring an RF signal and offset voltage shift quantity. 90 P
80 ‘
VRF_PEAK
EMIRR=20-log (‘— (1 70
[AViol @ T 60 /
> /
. , € 50 i
Vre peac  : RF Signal Amplitude [ Vp] =
AVo :Input offset voltage shift quantity [ V] w /1
30 //
Offset voltage shift is small so that a value of EMIRR is big. 20 fi
And it understands that the tolerance for the RF signal is high. 10
In addition, about the input offset voltage shift with the RF 0
signal, there is the thinking that influence applied to the input 10M 100M 1G 10G
terminal is dominant. Therefore, generally the EMIRR Frequency [Hz]

becomes value that applied an RF signal to +INPUT terminal.

*For detalils, refer to " Application Note for EMI Immunity" in
our HP: http:/Amaww.njr.com/

New Japan Radio Co., L.
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NJM8190/NJM8191

SOT-23-5

B PACKAGE DIMENSIONS
2.9+0.2
0~15
1.9%+0.2
5 4 _
f—— ——— — =L
- o o ﬁ o__
1 2 3 B
0. 6max 0.95+0. 1 L0 B
[ | -
0.4+£0.1 g
B EXAMPLE OF SOLDER PADS DIMENSIONS
0.7
7 o
N7 7%
=
A
o
é N v
0.95 0.95
Ver.1.0 /Vewg i R ca" ) -10-
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NJM8190/NJM8191

SC-88A

B PACKAGE DIMENSIONS
N +0.1
2.0+0.2 o 0.13 03
H <
1.3+0.2 o
<
! ! s
0
— o~
sl o
Hl A
S 3
‘ ‘ S
0 -0 s ]
X X N
02393 | | =
T H
[fe) o
0.65+0.07 S 0~10
| | s

~—
oo
F

9+0
0.95%%

0.

B EXAMPLE OF SOLDER PADS DIMENSIONS

0.3
e w— e
©
o

0.05+0.05

[h
N

|
]
H
3|

>
B
o,
S

0.65 0.65

New Japan Radio Co., L.
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NJM8190/NJM8191

DFN6-G1(ESON6-G1

BPACKAGE DIMENSIONS BEXAMPLE OF SOLDER PADS DIMENSIONS
1.28 |
—1D] 0.10 W[ s ||
1.60+0. 05 0.28 ‘
=] ST 7l FA-FA-
- SIR7 nt/
E)
o |2 of | ]
= Rl 7777777 B
® |16 o
i 27 0
§_ | 1.14 |
I
s|
<
1.2070.9
&
NiBpugE
B
N[ =@
2
e "
'f\/ i
S 4inEn
0.5 | lo.s 22
| | 1 =
s
0.06
0. 260 o (D] 90.05 ()] s [ 8]
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NJM8190/NJM8191

SOT-23-5

B PACKING SPEC

TAPING DIMENSIONS
==> Feed direction SYMBOL DIMENSION REMARKS
P2 PO ¢ DO T A 3.3+0.1 BOTTOM DIMENSION
] B 3.2+0.1 BOTTOM DIMENSION
DO 1.55
D 1.05
/r\ o) r\(/ o / - 3 R
(\/ \ /| F 3.5+_O 65
\ A N o PO 4.0+0. 1
| \ A A ~ Ay P 4.0£0. 1
= ) g hd V\ \7 P2 2. 0+0.05
T 0.25+0. 05
/ 2 1.82
| KO Ko 1.50.1
A P1 ¢ D1 1o | W 8.0+0.3
W1 5.5 THICKNESS 0. 1MAX

REEL DIMENSIONS

SYMBOL DIMENSION
$180=+1
¢ 601
¢ 13+0.2
¢ 21+0.8
2+0.5
9+0.5
1.2+0.2

sEl=|mlo|o|w|>

TAPING STATE

Insert direction

H _H

1 Sealing with covering tape |

0O 00 00O OO (b oo 00 00

IEIIEIIEIEII‘))IIIIEIEIEIEI \\\\\\\\\

| Empty tape | Device attaching tape | Empty tape Covering tape |
) ) . | | I |
Drawing direction more than 20pitch 3000pcs/reel more than 20pitch reel more than 1 round
PACKING STATE
Label Label

Put a reel into a box

New Japan Radio Co., L.
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NJM8190/NJM8191

SC-88A

B PACKING SPEC

TAPING DIMENSIONS
by b ==> Feed direction D0 : SYMBOL DIMENSION REMARKS
9“@ A 2.3+0.1 BOTTOM DIMENSION
B 2.5+0.1 BOTTOM DIMENSION
% {/ / w DO 1.55+0.05
N N N ] D1 1.05+0. 05
[ E 1 75%0. 1
\ \ ol F 3.5+0.05
\ PO 4.0+0.1
== ) O O Q O P 4.0%0.1
AN P2 2.0+0.05
/ / T 0.25+0. 05
2 1.3+0. 1
A P1 ¢ D1 W 8.0+0.2
W1 5.5 THICKNESS 0. 1max

REEL DIMENSIONS

SYMBOL DIMENSION
$180+1
¢ 60+1
¢ 13+0.2
¢ 21+0.8
2+0.5
9+0.5
1.2+0.2

SEl=|mlo|o|m|>

TAPING STATE

Insert direction

1 Sealing with covering tape |

O 0O 0O 00 0 0 O OQQQOQQO

HEEEO0O00 DDDIEIIEIIEIIEI\\\\\\\

— | Empty tape | Device attaching tape | Empty tape Covering tape
|

. . : | | I I
D d t . .
rawing direction more than 20pitch 3000pcs/reel more than 20pitch reel more than 1 round

PACKING STATE
Label Label

Put a reel into a box

New Japan Radio Co., L.
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http://www.njr.com/



NJM8190/NJM8191

DFN6-G1(ESON6-G1)

B PACKING SPEC

TAPING DIMENSIONS
= Feed direction SYMBOL |  DIMENSION REMARKS
P2 PO » DO T A 1.85=+0. 05 BOTTOM DIMENSION
B 1.85+0.05 BOTTOM DIMENSION
{ / o DO 1.5 %1
/ N N N (] D1 0.5=+0. 1
L/ \ Y ( E 1.75+0. 1
\ w F 3.50.05
\ = Bl PO 4.0=+0. 1
SEIRE ° % o\ L | Pi 4.0+01
= P2 2 0+0.05
/ J— T 0.25+0. 05
A P1 ¢ D1 LI_(_ Tw2 g giiE)OQOS
W1 5: 5_ . THICKNESS 0. Tmax
REEL DIMENSIONS
SYMBOL | DIMENSION
A 5180 7,
B ® 60"
C b 13+02
D ® 21+0.8
E 2405
W 9 93
Wi 12
TAPING STATE

Insert direction

1 Sealing with covering tape

O 00 0O O0OO[po o oo oo

IZIEIEIEIEIEI)EIEIEIEIEIEI 777

| Empty tape _| Devices | Empty tape _| Covering tape |
|

- f | | | |
Feed direction  more than 40 pitch 3000pcs/reel more than 25 pitch reel more than 1 round

PACKING STATE
Label Label

)

Put a reel into a box

A ]

New Japan Radio Co., L.
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NJM8190/NJM8191

mRECOMMENDED MOUNTING METHOD

*Recommended reflow soldering procedure

f
260°C /< e
230°C Y \/ d
220°C
180°C
150°C
Room Temp.
a b c a
a: Temperature ramping rate : 1t0 4°Cls
b: Pre-heating temperature :150t0 180°C
time : 60 to 120s
c: Temperature ramp rate :1t04°Cls
d:220°C or higher time : Shorter than 60s
€:230°C or higher time : Shorter than 40s
f:Peak temperature : Lower than 260°C
g: Temperature ramping rate : 1to 6°C/s

mREVISION HISTORY

*The temperature indicates at the surface of mold package.

Date Revision

Changes

17.APR.2017 Ver.1.0

Initial Version

Ver.1.0

New Japan Radio Co., L.
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NJM8190/NJM8191

[ CAUTION ]

1.  New JRC strives to produce reliable and high quality semiconductors. New JRC's semiconductors are intended for
specific applications and require proper maintenance and handling. To enhance the performance and service of New JRC's
semiconductors, the devices, machinery or equipment into which they are integrated should undergo preventative
maintenance and inspection at regularly scheduled intervals. Failure to properly maintain equipment and machinery
incorporating these products can result in catastrophic system failures

2. The specifications on this datasheet are only given for information without any guarantee as regards either mistakes or
omissions. The application circuits in this datasheet are described only to show representative usages of the product and
not intended for the guarantee or permission of any right including the industrial rights.

All other trademarks mentioned herein are property of their respective companies.

3. To ensure the highest levels of reliability, New JRC products must always be properly handled.
The introduction of external contaminants (e.g. dust, il or cosmetics) can result in failures of semiconductor products.

4. New JRC offers a variety of semiconductor products intended for particular applications. It is important that you select
the proper component for your intended application. You may contact New JRC's Sale's Office if you are uncertain about
the products listed in this catalog.

5. Special care is required in designing devices, machinery or equipment which demand high levels of reliability. This is
particularly important when designing critical components or systems whose failure can foreseeably result in situations that
could adversely affect health or safety. In designing such critical devices, equipment or machinery, careful consideration
should be given to amongst other things, their safety design, fail-safe design, back-up and redundancy systems, and
diffusion design.

6. The products listed in the catalog may not be appropriate for use in certain equipment where reliability is critical or where
the products may be subjected to extreme conditions. You should consult our sales office before using the products in any
of the following types of equipment.

Aerospace Equipment

Equipment Used in the Deep sea

Power Generator Control Equipment (Nuclear, Steam, Hydraulic)
Life Maintenance Medical Equipment

Fire Alarm/Intruder Detector

Vehicle Control Equipment (airplane, railroad, ship, etc.)

Various Safety devices

7. New JRC's products have been designed and tested to function within controlled environmental conditions. Do not use
products under conditions that deviate from methods or applications specified in this catalog. Failure to employ New JRC
products in the proper applications can lead to deterioration, destruction or failure of the products. New JRC shall not be
responsible for any bodily injury, fires or accident, property damage or any consequential damages resulting from misuse or
misapplication of its products. Products are sold without warranty of any kind, either express or implied, including but not
limited to any implied warranty of merchantability or fithess for a particular purpose.

8. Warning for handling Gallium and Arsenic(GaAs) Products (Applying to GaAs MMIC, Photo Reflector). This Products
uses Gallium(Ga) and Arsenic(As) which are specified as poisonous chemicals by law. For the prevention of a hazard, do
not burn, destroy, or process chemically to make them as gas or power. When the product is disposed, please follow the
related regulation and do not mix this with general industrial waste or household waste.

9. The product specifications and descriptions listed in this catalog are subject to change at any time, without notice.

New Japan Radio Co., L.
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