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General Description

The LM10 series are monolithic linear ICs consisting of a
precision reference, an adjustable reference buffer and an
independent, high quality op amp.

The unit can operate from a total supply voltage as low as
1.1V or as high as 40V, drawing only 270pA. A complemen-
tary output stage swings within 15 mV of the supply termi-
nals or will deliver 220 mA output current with +0.4V satu-
ration. Reference output can be as low as 200 mV.

The circuit is recommended for portable equipment and is
completely specified for operation from a single power cell.
In contrast, high output-drive capability, both voltage and
current, along with thermal overload protection, suggest it in
demanding general-purpose applications.

The device is capable of operating in a floating mode, inde-
pendent of fixed supplies. It can function as a remote com-
parator, signal conditioner, SCR controller or transmitter for
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analog signals, delivering the processed signal on the same
line used to supply power. It is also suited for operation in a
wide range of voltage- and current-regulator applications,
from low voltages to several hundred volts, providing greater
precision than existing ICs.

This series is available in the three standard temperature
ranges, with the commercial part having relaxed limits. In
addition, a low-voltage specification (suffix “L”) is available in
the limited temperature ranges at a cost savings.

Features

m input offset voltage: 2.0 mV (max)
m input offset current: 0.7 nA (max)
m input bias current: 20 nA (max)

m reference regulation: 0.1% (max)
m offset voltage drift: 2uV/°C

m reference drift: 0.002%/°C

Connection and Functional Diagrams
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Order Number LM10BH, LM10CH,
LM10CLH or LM10H/883
available per SMA# 5962-8760401
See NS Package Number HO8A
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Order Number LM10CWM or LM10CWMX
See NS Package Number M14B
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Order Number LM10CN or LM10CLN
See NS Package Number NOSE
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LM10

Absolute Maximum Ratings (Notes 1,
8)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

See AN-450 “Surface Mounting Methods and Their Effect on
Product Reliability” for other methods of soldering surface

mount devices.
ESD rating is to be determined.

Maximum Junction Temperature

LM10 150°C
LM10/LM10BAM10BL/ .
LM10C LM10CL LM108 10000
LM10C 85°C
Total Supply Voltage 45V ra%
Differential Input Voltage (Note 2) +40V +7V . .
Power Dissipation (Note 3) internally limited Operatlng Ratlngs
Output Short-circuit Duration (Note continuous Package Thermal Resistance
4) N
Storage-Temp. Range -55°C to +150°C H Package 150°C/W
Lead Temp. (Soldering, 10 seconds) N Package 87°C/W
Metal Can 300°C WM Package 90°C/W
Lead Temp. (Soldering, 10 260°C 0,c
seconds) DIP H Package 45°C/W
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
Electrical Characteristics
T,=25°C, Tyn<T,<Tmax (Boldface type refers to limits over temperature range) (Note 5)
Parameter Conditions LM10/LM10B LM10C Units
Min Typ Max Min Typ Max
Input offset voltage 0.3 2.0 0.5 4.0 mV
3.0 5.0 mV
Input offset current 0.25 0.7 0.4 2.0 nA
(Note 6) 1.5 3.0 nA
Input bias current 10 20 12 30 nA
30 40 nA
Input resistance 250 500 150 400 kQ
150 115 kQ
Large signal voltage Vg=%20V, loyr=0 120 400 80 400 V/imV
gain Vour=%19.95V 80 50 V/mV
Vg=%20V, Vour=£19.4V 50 130 25 130 V/imV
lout=%20 mA (£15 mA) 20 15 V/imV
Vg=%0.6V (0.65V), loyr=%2 mA 1.5 3.0 1.0 3.0 V/mV
Vour=%0.4V (£0.3V), Voy=-0.4V 0.5 0.75 V/mV
Shunt gain (Note 7) 1.2V (1.3V) V<40V, 14 33 10 33 V/mV
R.=1.1 kQ
0.1 mA<lgyr<5 mA 6 6 V/mV
1.5V<V*<40V, R =250Q 8 25 6 25 V/imV
0.1 mA<Ig5y7t<20 mA 4 4 V/imV
Common-mode —-20V<V\<£19.15V (19V) 93 102 90 102 dB
rejection Vg=£20V 87 87 dB
Supply-voltage -0.2V>V—>-39V 90 96 87 96 dB
rejection V+=1.0V (1.1V) 84 84 dB
1.0V (1.1V) <V*<39.8V 96 106 93 106 dB
V~=-0.2V 90 90 dB
Offset voltage drift 2.0 5.0 pv/c
Offset current drift 2.0 5.0 pA/°’C
Bias current drift Tc<100°C 60 90 pA/’C
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Electrical Characteristics (continued)

T,=25°C, Tyin<Tu<Tmax (Boldface type refers to limits over temperature range) (Note 5)

Parameter Conditions LM10/LM10B LM10C Units
Min Typ Max Min Typ Max
Line regulation 1.2V (1.3V) <Vg=40V 0.001 0.003 0.001 0.008 %/
0<lger<1.0 mA, Vgee=200 mV 0.006 0.01 %/
Load regulation 0<lgers1.0 mA 0.01 0.1 0.01 0.15 %
V*=Vgege21.0V (1.1V) 0.15 0.2 %
Amplifier gain 0.2V<VRgee<35V 50 75 25 70 V/imV
23 15 V/imV
Feedback sense 195 200 205 190 200 210 mV
voltage 194 206 189 211 mV
Feedback current 20 50 22 75 nA
65 90 nA
Reference drift 0.002 0.003 %/"C
Supply current 270 400 300 500 pA
500 570 pA
Supply current 1.2V (1.3V) <Vg=40V 15 75 15 75 HA
change
Electrical Characteristics
T,=25°C, TyinsTu<Tmax (Boldface type refers to limits over temperature range) (Note 5)
Parameter Conditions LM10BL LM10CL Units
Min Typ Max Min Typ Max
Input offset voltage 0.3 2.0 0.5 4.0 mV
3.0 5.0 mV
Input offset current 0.1 0.7 0.2 2.0 nA
(Note 6) 1.5 3.0 nA
Input bias current 10 20 12 30 nA
30 40 nA
Input resistance 250 500 150 400 kQ
150 115 kQ
Large signal voltage Vg=%3.25V, loy1=0 60 300 40 300 V/mV
gain Vour=+3.2V 40 25 V/mV
Vg=%3.25V, lo,r=10 mA 10 25 5 25 V/mV
Vour=+2.75V 4 3 V/imV
Vg=%+0.6V (0.65V), loyr=%2 mA 1.5 3.0 1.0 3.0 V/imV
Vour=+0.4V (£0.3V), Vo =—0.4V 0.5 0.75 V/imV
Shunt gain (Note 7) 1.5V<V*<6.5V, R, =500Q 8 30 6 30 V/mV
0.1 mA<lgy<10 mA 4 4 V/mV
Common-mode -3.25V<V 2.4V (2.25V) 89 102 80 102 dB
rejection Vg=%3.25V 83 74 dB
Supply-voltage -0.2V>V—>-5.4V 86 96 80 96 dB
rejection V+=1.0V (1.2V) 80 74 dB
1.0V (1.1V) <V*<6.3V 94 106 80 106 dB
V~=0.2V 88 74 dB
Offset voltage drift 2.0 5.0 pv/ec
Offset current drift 2.0 5.0 pA/°"C
Bias current drift 60 90 pA/°"C
Line regulation 1.2V (1.3V) <Vg<6.5V 0.001 0.01 0.001 0.02 %IV
0<lger<0.5 MA, Vgge=200 mV 0.02 0.03 %IV
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LM10

Electrical Characteristics (continued)

T,=25°C, Tmin<Tu<Tmax (Boldface type refers to limits over temperature range) (Note 5)

Parameter Conditions LM10BL LM10CL Units
Min Typ Max Min Typ Max
Load regulation 0<Iger<0.5 mA 0.01 0.1 0.01 0.15 %
V*=Vgee21.0V (1.1V) 0.15 0.2 %
Amplifier gain 0.2V<Vgee<5.5V 30 70 20 70 V/mV
20 15 V/mV
Feedback sense voltage 195 200 205 190 200 210 mV
194 206 189 211 mV
Feedback current 20 50 22 75 nA
65 920 nA
Reference drift 0.002 0.003 %/°C
Supply current 260 400 280 500 A
500 570 pA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: The Input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the maximum differential
input voltage and excess dissipation is accounted for when V\<V~.

Note 3: The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LM10B(L) and 85°C for the LM10C(L). At elevated temperatures,
devices must be derated based on package thermal resistance.

Note 4: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the IC can be subjected to accelerated stress with a shorted
output and worst-case conditions.

Note 5: These specifications apply for V"<Vgy<V*-0.85V (1.0V), 1.2V (1.3V) <Vg<Vpax, VRer=0.2V and 0<Iger<1.0 mA, unless otherwise specified: Vyax=40V
for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface type indicates limits and altered test conditions for
full-temperature-range operation; this is -55°C to 125°C for the LM10, —25°C to 85°C for the LM10B(L) and 0°C to 70°C for the LM10C(L). The specifications do
not include the effects of thermal gradients (t1=20 ms), die heating (1o=0.2s) or package heating. Gradient effects are small and tend to offset the electrical error
(see curves).

Note 6: For T;>90°C, lpg may exceed 1.5 nA for Voy=V~. With Ty=125°C and V"<VcusV™+0.1V, log<5 nA.

Note 7: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the V* terminal of the IC
and input common mode is referred to V™ (see typical applications). Effect of larger output-voltage swings with higher load resistance can be accounted for by adding
the positive-supply rejection error.

Note 8: Refer to RETS10X for LM10H military specifications.

Definition of Terms

Input offset voltage: That voltage which must be applied between the input terminals to bias the unloaded output in the linear
region.

Input offset current: The difference in the currents at the input terminals when the unloaded output is in the linear region.
Input bias current: The absolute value of the average of the two input currents.

Input resistance: The ratio of the change in input voltage to the change in input current on either input with the other grounded.

Large signal voltage gain: The ratio of the specified output voltage swing to the change in differential input voltage required to
produce it.

Shunt gain: The ratio of the specified output voltage swing to the change in differential input voltage required to produce it with
the output tied to the V* terminal of the IC. The load and power source are connected between the V* and V- terminals, and input
common-mode is referred to the V~ terminal.

Common-mode rejection: The ratio of the input voltage range to the change in offset voltage between the extremes.

Supply-voltage rejection: The ratio of the specified supply-voltage change to the change in offset voltage between the
extremes.

Line regulation: The average change in reference output voltage over the specified supply voltage range.
Load regulation: The change in reference output voltage from no load to that load specified.
Feedback sense voltage: The voltage, referred to V~, on the reference feedback terminal while operating in regulation.

Reference amplifier gain: The ratio of the specified reference output change to the change in feedback sense voltage required
to produce it.

Feedback current: The absolute value of the current at the feedback terminal when operating in regulation.

Supply current: The current required from the power source to operate the amplifier and reference with their outputs unloaded
and operating in the linear range.
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Typical Performance Characteristics (Op Amp)

Input Current
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LM10

Typical Performance Characteristics (Op Amp) (Continued)

Output Saturation
Characteristics
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Typical Performance Characteristics (Op Amp) (continued)
Frequency Response Output Impedance
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LM10

Typical Performance Characteristics (Op Amp) (Continued)
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Typical Performance Characteristics (Op Amp) (continued)
Shunt Gain Shunt Gain
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LM10

Typical Performance Characteristics (Reference)

Line Regulation Load Regulation
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Typical Applications (Note 10) (Pin numbers are for devices in 8-pin packages)
Op Amp Offset Adjustment

Standard Limited Range With Boosted
Reference

VRrer
VRrer

V-

00565251

Limited Range

V-

00565253

— VREF

V-

00565252
Positive Regulators (Note 9)

Low Voltage Best Regulation

c
0.01.F

HF

1 Vin > 32V

Vi > 11V

Vour
10v

00565254

00565255

www.nhational.com

OLINT



LM10

Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

Zero Output

c1
0.01uF

R1
100K

2

’—\ 7
Al xa_‘_ Vour

LM10 0V 705V

Rzé g
39K ¢

R3
5K

00565256
Note 9: Use only electrolytic output capacitors.
Current Regulator Shunt Regulator
+ c*
0.01 uF
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=+ m ) VRer
(R2 + R3) V,
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Required For Capacitive Loading
Negative Regulator Precision Regulator
9 * Vin
+
l [:1*
25 uF 2N2222
6 |
x_‘ Vour = -10V a2
4
o
2N3055
2N5089 S
>
>
_ Vour = 50V
> R1
:: 1K
L— Viy < -10.5V W" -t
50 uF
R2
) 00565259 c1 _J_ :, 250k
*Electrolytic 0.001 4F 'T' > 1%
@— GROUND
00565260

www.national.com




Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

Laboratory Power Supply

Vin
c2 RI0S
0.01 4F kS
- 05
2N2222
[\
2N2222
1 R9
3
a1
2N2905 a
2N3055
R4 < RS S 02 R8S
< <
390 kY inas mw
a2
>
2N2905 (. S
2N2222 ;» 0.1
Vour
1, |
o 0.022 uF 04 —dm g-?nnv
0.001 uF S0uF I
& . com
00565261
'VOUT=1074 R3
HV Regulator
Vi > 208V
Vour = 200V
> R1
<
Sk
> 1% .
10,4F
T S
—I—n.nm L 3
COMMON
00565262

R2
Vout = g7 VREF

00565284
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LM10

Protected HV Regulator

Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

260V < V) < 350V

RS
20 L
> 10W S R6
) m o Sw
2N3439
a3
2N6513
D2
Na57 v 05
1N4002
R? 06
750 —§e IN4OO2
AAA
W
3 -
% :: R3
2
Vour = 250V
SmA < oyt < 150 mA
ot C2 fud Y c3
1000 pF ATNF
R2
o=l
200 pF a AW
| 50k )
VWV GND
00565263
Flame Detector Light Level Sensor
+
PLATINUM*
RHODIUM
PROBE
TOMOS OR
TTL LOGIC
!
R1'S
00565264 200k S
*800°C Threshold Is Established By Connecting Balance To VRgg.

*Provides Hysteresis

Remote Amplifier

L

VIBRATION
SENSOR =

T

00565265

R2
10M v
MV 9 5V
AN R4
1k
Al 6
Lm0
Vour
o+ 1
¢ L
> R3 -
:> R1 ™M
‘D 1.1M

00565266
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Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

Remote Thermocouple Amplifier

Rig gyt
133k <
w6k
g 1%
A
st
Lm134
R1
715
1%
+

CHROMEL
ALUMEL
PROBE

*
7220 V=V p =20V
1% 200°C=<Tp <700°C
tSpan Trim

TLevel-shift Trim
*Cold-junction Trim

00565267

Transmitter for Bridge Sensor

©- &

- A ]
> R2
HEID A
[ \
| I
R4
Vaer | Vin | 1:1?/:(
I —vA—g (
ouT
I | I
>
I b3 I 73?1: g?gok
% 1%
L4 ' 1
-0 &
RESISTIVE_T

BRIDGE

00565268

15
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LM10

Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

10 n1/\f§|()LJ1'Sfi() mA
500°C<Tp<1500°C
*Gain Trim

+

Precision Thermocouple Transmitter

R2
< 383
< 1%

o
< 392k

<_4| R1*

1%

Al
133k LM121A
1% 3
*— MV + 5
16
RS O R7 >
<
393k & 60k :>
% <con 1% T
> JUNCTION
< R4 L
< 392 coMP_ < ?Sk
1% v

4

1

120k

R11
15k
1%

R10
2k
1%

—— +
3 7 -~
+ IOUY
A2 ] (i]]
M1 e 2N4033
0 1 1\
2] _ 8
4
d R12S 4
b 206S 7
LEVEL SHIFT

Vour > 6V

>
& R6
2 20
1%

Resistance Thermometer Transmitter

Vour

00565270

00565269
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Typlcal Applications (Note 10) (Pin numbers are for devices in 8-

Optical Pyrometer

SOURCE

IR PASS ‘ I:E IR STOP
A | '
D2

—>t g
o1
03
N457
mitt
165 Q@
1% °
3
N
A1 ]
LM10
s
L4 SRS
>
S0k
< 1%
] p 02 i R4
1/2 2N3811 1/2 2N3811 S %
1%
*
QA2 3 3t
49 b4
1% 1%

ttLevel-shift Trim
*Scale Factor Trim
‘tCopper Wire Wound

1 mA<loyT<5 mA

I
0.01<22<100
Ip1

Thermocouple Transmitter

pin packages) (Continued)

<‘ou7

00565271

Logarithmic Light Sensor

+ °
| 01
lour Snatt
s1 1n4e7 S 120k °
LM134 . NU
R1 )
02
N5 Al L]
1% LM10
)
+ 2 8
CHROMEL A1 4 R
ALUMEL 1,65k S0
PROBE 6 1% q " -
- a1 ) X><__ lout
pat M3
1 . e P&l
—0.001 F] 4: %
T : 1%
R2 Q2 net™
499 3 84
1% 1%
-

R2 SHIFT

100
1% 200

1 mAs<loyt<5 mA
$50 pA<Ip<500 pA

coLp
JUNCTION ast FtCenter Scale Trim
come
R3 6.67 TScale Factor Trim
50 1%

00565272
200°C<T,<700°C

1 mA<lpyt<5 mA
TGain Trim

*Copper Wire Wound

00565273
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LM10

Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

Battery-level Indicator

Battery-threshold Indicator

+

9 +

R4
R3 1.5k
680k

R1
680k

— NN

oy = 6V

LED dims below 7V

R2
290k

>
:,RJ
> 10k

Vi = 6V
Ipy =5 mA

g

R1
47

00565274

Single-cell Voltage Monitor

00565275

Double-ended Voltage Monitor

v . v*
A
SRS
>
R2 Sk O
V' = 15V
+ ., Vory = 6V
20 uF
Rl
110k
R4
L 5.1M
00565276 00565277
Flashes Above 1-2_V Flash Rate Increases
Rate Increases With Above 6V and Below 15V
Voltage
Meter Amplifier
R1 R2
100k 8.5M
1% 1%
- ANN M
o 2
- 7
01 02 ::Rz
1NAST IN4ST S M ﬂl_ B1
T 15V
+ *—e
>
S R4 RS
>
mo D
é %o
00565278
INPUT
10 mV, 100nA
FULL-SCALE
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Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

Thermometer
V' >1v
2 0-100°C
\ Y 0-100,A
Al []
LM134
lm
S5
<%
P4 r2t
>
& 1.5k
> 1%
00565279
*Trim For Span
+Trim For Zero
Light Meter
L +1VCV gV

00565280
1<M/ho<108

19
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LM10

Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

ZoyuT-680Q @ 5 kHz
Ay<ik

f1~100 Hz

fo~5 kHz

RL~500

*Max Gain Trim

FControls “Loop Gain”

*Optional Frequency Shaping

R1<
62M'S

Fel

N

A
\AAJ

Microphone Amplifier

'\
L4 A s

Vs
1.5V
R9
M
R8
kL]
—AAA
\ 4

L,

_r 0.02 .F

2
4: A3 0.05 uF
S 300

AA
A A AL
N3

00565281

Isolated Voltage Sensor

R1t R6
47 5k
FEEDBACK TO
SWITCH
CONTROLLER
FROM
REGULATED
OUTPUT
R4
1.91k
1%
00565282

www.national.com
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Typlcal Applications (Note 10) (Pin numbers are for devices in 8-pin packages) (Continued)

Light-level Controller

TRIAC

R3
c1

2.2k 10.F

“ /[
2N4991 AN

et (2

T 0.33,F

D2
ST2

115

Note 10: Circuit descriptions available in application note AN-211.

Application Hints

With heavy amplifier loading to V-, resistance drops in the
V~ lead can adversely affect reference regulation. Lead re-
sistance can approach 1Q. Therefore, the common to the

reference circuitry should be connected as close as possible
to the package.

00565283

21
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LM10
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LM10

PhySiCﬁ' Dimensions inches (millimeters) unless otherwise noted

0.350-0.370
(8.890—9.398) |
DIA

I | 0.315-0.335
0.165-0.185 I‘* > (8.001-8.509)
{4.191-4.699) DIA

A

+ 0.015-0.040
B S i (0.381-1.016)
REFERENCE PLANE ) r

/ t 0.040 ———Aj— SEATING PLANE
_0.500 ~ qp1g) T 0.025

(1270)  max
2T (0.635)
MAX UNCONTROLLED
v \ 0.016-0.019 | Eap piA

(0.406 —0.483)
DIATYP
0.225-0.235
(5.715-5.969)
DIAPC
N\
MY
0.115-0.145

| (2.921-3.683)
Y DIA

0.029-0.045 o
(0.737-1.143)

0.028—0.034

o —0.854;“«//,<

45° TYP
HOBA (REV C)

Metal Can Package (H)
Order Number LM10BH, LM10CH, LM10CLH or LM10H/883
NS Package Number HO8A

03460362
(8.788 —9.195)

14 13 12 11 10 9

0gannd

-

0.394-0.419
(10.01-10.64)

LEAD NO. 1
IDENT '||O

1 2 3 4 5 6 7
0.027 '
(0.686)
0.291-0.299
(7.391—-7.595)
. 0.093—0.104
e e 30 5o 2.362 —2.642
0.009-0.013 ‘ (0432 ( ! 0.004—0.012
{0.229—0.330) + .004-0.
8° MAX TYP 0.102—0.305
TYP ALL LEADS ALL LEADS . ( )
Yy f | SEATING
? 0.037-0.044 lr PLANE
(0.940—1.118)
0.004 | 0.030-0.050 0.050 0.014-0.019 1p
0102 >~ gIs—1.2m) r.210)
ALL LEAD TYP ALL LEADS )
TIPS

S.0. Package (WM)
Order Number LM10CWM or LM10CWMX
NS Package Number M14B

{0.356—0.483)

M14B (REV D}
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Physical Dimensions

0.280
7.112)

0.300-0.320

(7.62—8.128)

—» MIN

—

inches (millimeters) unless otherwise noted (Continued)

OPTION 2

1

|/

95° +5°

0.009—0.015
(0.229—0.381)

—>|

LIFE SUPPORT POLICY

0.373—0.400
(9.474—10.16)
0.090
’ (2.286)
0.0%2 [8] [7] [6] [5] 0.032+0.005
(2.337) RN | (0.81320.127)
PIN NO. 1 IDENT @ ) 22500008 RAD
' o (6.35£0.127) PIN NO. 1 IDENT
oPTION1 |® e
[f [2] [3] [4
~ om0 0.040 o | ’
——— MAX (1.016) 0.039
{0.762) — 0.039 0.145—0.200
< ¢ 20° +1°—» /<— (0.991) (3.683—5.080)
I ¢ R A 0.130+0.005 1
JT v (3.302£0.127) v
‘T‘ A 0a25-0140 ¢
0.065 [\ _ Y  (3.175-3.556)
0125 77559 905 £4° 0.020
(3.175) {0.508)
DIA TYp MIN
NOM . 0.018+0.003
(0.457+0.076)
0.100:+0.010
) > (2.54020.250)
0.045+0.015
1.143%0.381 )
( ) 0.060
0.050 > (1.528)
(1.270) ’ ‘ )

Dual-In-Line Package (N)
Order Number LM10CN or LM10CLN
NS Package Number NOSE

NOBE (REV F)

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in

accordance with instructions
labeling, can be reasonably
significant injury to the user.

for use provided in the
expected to result in a

2. A critical component is

any component of a life

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification
(CSP-9-111S2) and contain no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor
Americas Customer

Support Center

Email: new.feedback@nsc.com
Tel: 1-800-272-9959

o

www.national.com

National Semiconductor
Europe Customer Support Center
Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Support Center

Email: ap.support@nsc.com

National Semiconductor

Japan Customer Support Center
Fax: 81-3-5639-7507

Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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