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LMV431/LMV431A/LMV431B

Low-Voltage (1.24V) Adjustable Precision Shunt

Regulators

General Description

The LMV431, LMV431A and LMV431B are precision 1.24V
shunt regulators capable of adjustment to 30V. Negative
feedback from the cathode to the adjust pin controls the
cathode voltage, much like a non-inverting op amp configu-
ration (Refer to Symbol and Functional diagrams). A two
resistor voltage divider terminated at the adjust pin controls
the gain of a 1.24V band-gap reference. Shorting the cath-
ode to the adjust pin (voltage follower) provides a cathode
voltage of a 1.24V.

The LMV431, LMV431A and LMV431B have respective ini-
tial tolerances of 1.5%, 1% and 0.5%, and functionally lends
themselves to several applications that require zener diode
type performance at low voltages. Applications include a 3V
to 2.7V low drop-out regulator, an error amplifier in a 3V
off-line switching regulator and even as a voltage detector.
These parts are typically stable with capacitive loads greater
than 10nF and less than 50pF.

The LMV431, LMV431A and LMV431B provide performance
at a competitive price.

May 2005

Features
m Low Voltage Operation/Wide Adjust Range (1.24V/30V)
0.5% Initial Tolerance (LMV431B)

m Temperature Compensated for Industrial Temperature
Range (39 PPM/°C for the LMV431Al)

®m Low Operation Current (55pA)
m Low Output Impedance (0.25Q)
|
]

Fast Turn-On Response
Low Cost

Applications
®m Shunt Regulator

m Series Regulator

m Current Source or Sink

m Voltage Monitor

m Error Amplifier

m 3V Off-Line Switching Regulator

m Low Dropout N-Channel Series Regulator

Connection Diagrams

TO92: Plastic Package
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LMV431/LMV431A/LMV431B

Symbol and Functional Diagrams

Cathode Cathode
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Ordering Information

Package Temperature Voltage Tolerance Part Number Package Marking NSC Drawing
Range
Industrial Range 1% LMV431AIZ LMV431AlZ
-40°C to +85°C 1.5% LMV4311Z LMV4311Z
TO92 c IR 0.5% LMV431BCZ LMV431BCZ Z03A
ommerial Range S
0°C to 470°C 1% LMV431ACZ LMV431ACZ
1.5% LMV431CZ LMV431CZ
1% LMV431AIM5 NO8A
Industrial Range 1% LMV431AIM5X NO8A
-40°C to +85°C 1.5% LMV431IM5 NO08B
1.5% LMV431IM5X NO8B
0.5% LMV431BCM5 N09C
SOT23-5 MFO05A
0.5% LMV431BCM5X NO09C
Commercial Range 1% LMV431ACM5 NO9A
0°C to +70°C 1% LMV431ACM5X NO9A
1.5% LMV431CM5 N09B
1.5% LMV431CM5X N09B
0.5% LMV431BIMF ALB
i 0.5% LMV431BIMFX
S0T23-3 Indusetrlal Rarjge o MEO3A
—-40° to +85°C 1% LMV431AIMF ALA
1% LMV431AIMFX
DC/AC Test Circuits for Table and
Curves
p— V7
| —
IN —AAM—— V7
L
l 'z
Rer l
|__|l
Z N Iz
p
VRer 1
- 10095805
Note: Vz = Vgegge (1 + R1/R2) + Iggg® R1

10095804

FIGURE 2. Test Circuit for V; > Vgee
FIGURE 1. Test Circuit for V, = Vgee

IN —AAA—— V;

10095806

FIGURE 3. Test Circuit for Off-State Current
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LMV431/LMV431A/LMV431B

Absolute Maximum Ratings (Note 1)

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

Storage Temperature Range
Operating Temperature Range

-65°C to +150°C

Cathode Current

Temperature range
LMV431Al

Thermal Resistance (6,;,)(Note 3)
SOT283-5, -3 Package
TO-92 Package

0.1 mA to 15mA

—40°C < T, <85C

455 "C/W
161 "C/W

Industrial (LMV431AI, LMV4311) -40°C to +85°C Derating Curve (Slope = —1/6,4)
Commercial (LMV431AC, 0°C to +70°C = foco
LMV431C, LMV431BC) ;E
Lead Temperature %
TO92 Package/SOT23 -5,-3 Package SN
(Soldering, 10 sec.) 265°C g \)0
Internal Power Dissipation (Note 2 S 5o EZ
T092 pation ( ) 0.78W % ~
SOT23-5, -3 Package 0.28W > Sorb
Cathode Voltage 35V % . ——
Continuous Cathode Current —-30 mA to +30mA 25 70 85 125
Reference Input Current range —.05mA to 3mA TEMPERATURE (°C)
10095830
Operating Conditions
Cathode Voltage Vger to 30V

LMV431C Electrical Characteristics

T, = 25°C unless otherwise specified

Symbol Parameter Conditions Min Typ Max | Units
Veer Reference Voltage V; = Vger, Iz = 10mA Tp=25C 1222 | 1.24 | 1.258
(See Figure 1)) Ta = Full Range | 1.21 1.27 \Y
Vpev Deviation of Reference Input Voltage | V; = Vgep, 1> = 1T0mA, 4 12 mV
Over Temperature (Note 4) T, = Full Range (See Figure 1)
AVpeg | Ratio of the Change in Reference I, = 10mA (see Figure 2') -15 | -2.7 | mV/V
AVz Voltage to the Change in Cathode V  from Vggg to 6V
Voltage Ry = 10k, R, = == and 2.6k
lger Reference Input Current Ry = 10kQ, R, = 0.15 05 |[pA
I, = 10mA (see Figure 2)
«<lger | Deviation of Reference Input Current R; = 10kQ, R, = oo, 0.05 0.3 uA
over Temperature I, = 10mA, T, = Full Range (see Figure 2)
Izovingy Minimum Cathode Current for V, = Vger (See Figure 1) 55 80 pA
Regulation
Iz0FF) Off-State Current V=6V, Vger = OV (see Figure 3) 0.001 0.1 pA
rz Dynamic Output Impedance (Note 5) V; = Vger, Iz = 0.1mMA to 15mA
Frequency = OHz (see Figure 1) 0.25 0.4 Q

www.national.com




LMV431l Electrical Characteristics

Ta = 25°C unless otherwise specified

Symbol Parameter Conditions Min Typ Max |Units
Vger Reference Voltage V; = Vgep, Iz = 10mA Tp=25C 1222 | 1.24 | 1.258 Y
(See Figure 1) T, = Full Range | 1.202 1.278
Vpev Deviation of Reference Input Voltage Vz = Vger, Iz = 10mA, 6 20 mV
Over Temperature (Note 4) Ta = Full Range (See Figure 1)
AVggp | Ratio of the Change in Reference I, = 10mA (see Figure 2) -15 | -2.7 |mV/V
“Avy, | Voltage to the Change in Cathode V, from Vgeg to 6V
Voltage R; = 10k, R, = e and 2.6k
lger Reference Input Current Ry = 10kQ, Ry = o 0.15 |05 HA
I, = 10mA (see Figure 2)
=<lger | Deviation of Reference Input Current R; = 10kQ, R, = <, . 0 04 A
over Temperature I, = 10mA, T, = Full Range (see Figure 2)
Izaviny Minimur.n Cathode Current for V, = Vger (see Figure 1) 55 80 UA
Regulation
IzoFF) Off-State Current V, = 6V, Vger = OV (see Figure 3) 0.001 0.1 pA
rz Dynamic Output Impedance (Note 5) V2 = Vger Iz = 0.1mA to 15mA
Frequency = OHz (see Figure 1) 0.25 0.4 Q
LMV431AC Electrical Characteristics
Ta = 25°C unless otherwise specified
Symbol Parameter Conditions Min Typ Max (Units
Veer Reference Voltage V; = Vger, |z = 10 mA Tp=25C 1.228 | 1.24 | 1.252 v
(See Figure 1) Ta = Full Range | 1.221 1.259
Vpev Deviation of Reference Input Voltage Vz = Vger, Iz = 1T0mA, 4 12 mV
Over Temperature (Note 4) Ta = Full Range (See Figure 1)
AVggp | Ratio of the Change in Reference I, = 10 mA (see Figure 2) -15 | -2.7 |mV/NV
AVz Voltage to the Change in Cathode V from Vggg to 6V
Voltage R; = 10k, R, = e and 2.6k
lger Reference Input Current Ry =1KkQ, Ry, = 0.15 | 0.50 A
I, = 10 mA (see Figure 2)
=<lger | Deviation of Reference Input Current Ry = 10 kQ, R, = oo, . 0.05 0.3 uA
over Temperature I, = 10 mA, Ta = Full Range (see Figure 2)
Izomin Minimum Cathode Current for V, = Vger (see Figure 1) 55 80 UA
Regulation
Iz(0FF) Off-State Current V, = 6V, Vger = OV (see Figure 3) 0.001 0.1 pA
rz Dynamic Output Impedance (Note 5) V; = Vgep, Iz = 0.1mMA to 15mA
Frequency = 0 Hz (see Figure 1) 0.25 0.4 Q
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LMV431/LMV431A/LMV431B

LMV431Al Electrical Characteristics

Ta = 25°C unless otherwise specified

Symbol Parameter Conditions Min Typ Max |Units
Veer Reference Voltage V, = Vger, |z = 10mA Tp=25C 1.228 | 1.24 | 1.252
(See Figure 1) T, = Full Range | 1.215 1.265 | V
Vpev Deviation of Reference Input Voltage Vz = Vger, Iz = 10mA, 6 20 mV
Over Temperature (Note 4) Ta = Full Range (See Figure 1)
AVggr | Ratio of the Change in Reference I = 10mA (see Figure 2) -1.5 | -2.7 |mV/V
“AVy | Voltage to the Change in Cathode V, from Vger to 6V
Voltage Ry = 10k, R, = ° and 2.6k
lrer Reference Input Current Ry = 10kQ, Ry = e 0.15 |05 pA
I, = 10mA (see Figure 2)
<lger Deviation of Reference Input Current Ry = 10kQ, R, = <0, ' 0.1 04 A
over Temperature I, = 10mA, T, = Full Range (see Figure 2)
Izaviny Minimum Cathode Current for V, = Vger (see Figure 1) 55 80 UA
Regulation
Iz(0FF) Off-State Current V, = 6V, Vger = OV (see Figure 3) 0.001 0.1 pA
rz Dynamic Output Impedance (Note 5) V, = Vger, Iz = 0.1mMA to 15mA
Frequency = OHz (see Figure 1) 0.25 0.4 Q
LMV431BC Electrical Characteristics
Ta = 25°C unless otherwise specified
Symbol Parameter Conditions Min Typ Max |Units
Veer Reference Voltage V, = Vger, |z = 10mA Tpo=25C 1234 | 1.24 | 1.246
(See Figure 1)) Ta = Full Range | 1.227 1253 | V
Vpev Deviation of Reference Input Voltage |V, = Vggr, |z = 10mA, 4 12 mV
Over Temperature (Note 4) Ta = Full Range (See Figure 1)
AVRgr | Ratio of the Change in Reference I, = 10mA (see Figure 2) -1.5 | -2.7 |mV/V
AVz Voltage to the Change in Cathode Vz from Vggg to 6V
Voltage R; = 10k, R, = = and 2.6k
lrer Reference Input Current Ry = 10kQ, Ry = e 0.15 |0.50 A
I, = 10mA (see Figure 2)
<lger Deviation of Reference Input Current Ry = 10kQ, R, = <, ' 0.05 0.3 A
over Temperature I, = 10mA, T, = Full Range (see Figure 2)
Izaviny Minimum Cathode Current for V, = Vger (see Figure 1) 55 80 VA
Regulation
Iz(0FF) Off-State Current V, = 6V, Vger = OV (see Figure 3) 0.001 0.1 pA
rz Dynamic Output Impedance (Note 5) V, = Vgeg, Iz = 0.1MA to 15mA
Frequency = OHz (see Figure 1) 0.25 0.4 Q
LMV431BI Electrical Characteristics
Ta = 25°C unless otherwise specified
Symbol Parameter Conditions Min Typ Max |Units
Veer Reference Voltage V; = Vger, Iz = 10mA Tpo=25C 1234 | 1.24 | 1.246
(See Figure 1) Ta = Full Range | 1.224 1259 | V
Vpev Deviation of Reference Input Voltage Vz = Vgep, |z = 1T0MA, 6 20 mV
Over Temperature (Note 4) Ta = Full Range (See Figure 1)
AVggr | Ratio of the Change in Reference I, = 10mA (see Figure 2) -1.5 | -2.7 |mV/V
“AvVy | Voltage to the Change in Cathode V, from Vger to 6V
Voltage R; = 10k, R, = = and 2.6k
lrer Reference Input Current Ry = 10kQ, R, = 0.15 | 0.50 pA
I, = 10mA (see Figure 2)
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LMV431BI Electrical Characteristics (continued)

T = 25°C unless otherwise specified

Symbol Parameter Conditions | Min Typ Max |Units
<lger Deviation of Reference Input Current Ry = 10kQ, Ry = o, . 0.1 04 uA
over Temperature I, = 10mA, T, = Full Range (see Figure 2)
Izaminy Minimum Cathode Current for V, = Vger (see Figure 1) 55 80 UA
Regulation
Iz(0FF) Off-State Current V, = 6V, Vger = OV (see Figure 3) 0.001 0.1 pA
ry Dynamic Output Impedance (Note 5) V; = Vger |1z = 0.1mMA to 15mA
Frequency = OHz (see Figure 1) 0.25 0.4 Q

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device
beyond its rated operating conditions.

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the TO92 at 6.2 mW/C, and the SOT23-5 at 2.2 mW/°C. See derating curve
in Operating Condition section..

Note 3: T pmax = 150°C, Ty = Ta+ (6ya Pp), where Pp is the operating power of the device.

Note 4: Deviation of reference input voltage, Vpgy, is defined as the maximum variation of the reference input voltage over the full temperature range.

See following:

www.nhational.com
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LMV431/LMV431A/LMV431B

LMV431BI Electrical Characteristics (continued)

VMax —

Voev = Viax = YMIN |

T2
TEMPERATURE

10095807
The average temperature coefficient of the reference input voltage, «<VRgr, is defined as:

[ YMax — VMin |,06 . [ VbEv
ppm | VRer (at 25°C) " L VRer (st 25°C)
<VREF ==~ = =
C To— T4 To — Ty
Where:
T, — T4 = full temperature change.
=<VRer can be positive or negative depending on whether the slope is positive or negative.
Example: Vpgy = 6.0mV, ggg = 1240mV, To - T¢ = 125°C.
[ 6.0 mv
1240 mV
oV = ——— = +39ppm/°C
REF 125°C PP
Note 5: The dynamic output impedance, rz, is defined as:
AVz
rz=-—
Alz

When the device is programmed with two external resistors, R1 and R2, (see Figure 2), the dynamic output impedance of the overall circuit, rz, is defined as:

e (B
T R2

www.national.com 8




Typical Performance Characteristics

Reference Voltage vs. Junction Temperature

Reference Voltage v)

1.248
1.246
1.244

1.242

1.24

1.238

1.236

1.234

1.232

-50 -25 0 25 50 75 100 125 150

Junction Temperature (°C)

10095850

Cathode Current vs. Cathode Voltage 1

Cathode Current (mA)

0ff-State Cathode Current {nA)

15.0

2.00 mA

/div

-15.0

Off-

40

[
[
-1 (0) 1.5
200 m/div
Cathode Voltage (V)
10095851
State Cathode Current vs.

Junction Temperature
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0
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10095863

Reference Input Current vs. Junction Temperature
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180 |=——

\\

160 \
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100
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Reference Current (nA)

Junction Temperature (°C)
10095862

Cathode Current vs. Cathode Voltage 2
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s
e
5
S 50u/ Lt
% div
=
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o
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-1 200m/div 1.5

Cathode Voltage )
10095852

Delta Reference Voltage Per
Delta Cathode Voltage vs. Junction Temperature

0
S
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LMV431/LMV431A/LMV431B

Input Voltage Noise vs. Frequency

350
e
g
< 300
>
=
[
2
S 250 N
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f=td
g
o
> 200
5
Qo
£

150

0 100 1k 10k

Frequency (Hz)

100k

10095853

Low Frequency Peak to Peak Noise

2 uV/div

1 s/div

10095854

Small Signal Voltage Gain and Phase Shift vs.

Frequency (Hz)

Frequency
80 13 0
70 P 36
60 Sad 72
T T A
50 N 108 o
@ 40 N 144
e =
- 30 \ 180 &
(o]
8 20 i a
10 &
‘\\
0 N
-10
-20
100 1k 10k 100k ™

10095855

Typical Performance Characteristics (continued)

3V

LMV431A

10095845
Test Circuit for Input Voltage Noise vs. Frequency

3V

7500 LM833
2200 uf
+

TP

8200
LMV431A

10095864

Test Circuit for Peak to Peak Noise (BW= 0.1Hz to 10Hz)

4 Output
lb=10mA
6.8 kQ
1800
10 uF “"'

1Ty
Gr) | .j:_ -[—GND

10095846
Test Circuit For Voltage Gain and Phase Shift vs.
Frequency

www.national.com




Typical Performance Characteristics (continued)

Reference Impedance vs. Frequency

100 1000
i i 7
— i i r
\c/: 10 /1
e T T T
< il 7~ il 1000
8 i i
g 4 L
E
N = =i R S | 17=10ma
2
2 0.1
& i i i
T T T
i i i _
oo A A A
1k 10k 100k 1M 10M Test Circuit for Reference Impedance vs. Frequency
Frequency (Hz)
10095856
Pulse Response 1
35 18 k)
o 3 ‘ ‘ Output
~ Input
g; 2.5 |
g ]
2 2 Ry = 18k Pulse 5 L
3 . I Generator | 500 llz
£ Output f=100kHz | S
o
- 1
= |
2 05
a & r. GND
£ 0
10095848
01 2 3 456 7 8 -
Test Circuit for Pulse Response 1
Time (ps)
10095857
Pulse Response 2
3.5 1.8k
—~ 3 Output
Z
e 25
S Rg = 1.8k
2 2 Pulse ,
El Generator é 500 Iy
a 1.5 — <
s f=100kHz
o
= 1
2 o5
a & GND
£ 0
10095849
0 1 2 3 45 6 7 8 -
Test Circuit for Pulse Response 2
Time (ps)

10095858
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Typical Performance Characteristics (continued)

LMV431 Stability Boundary Condition

LMV431/LMV431A/LMV431B

15 ,
T\ ( Tp=25°C
Z 12 % I, = 15mA
£ |
N STABLE STABLE
E 9 | [
¢ N4 \UI\LSTABlLE
['4 =
= Vzzv REGION
5
I
8 V,=3v ]
£ oo |
5 | A&
FORV, = Vgpp, STABLE FOR C| = 1pF
TO 10K nF
0 ] ] ] L I
0.001 001 01 1 10 100 1k 10K
LOAD CAPACITANCE C, (nF)
10095868
VZ 150Q VZ 150Q
AN * ANV

i |Z R1 i |Z
10k

+
/é' VsuppLy ¢

"

+
g— VSUPPLY

10095869
Test circuit for V, = Vgee

Percentage Change in Vgge vs. Operating Life at 55°C

0.025

1
o
=)
N
wu

-0.075

1
i

Average Change in Veep (%)
1
o
fan)
w

-0.125

0 10 20 30 40
Operating Life at 55°C (kh)

10095866
Extrapolated from life-test data taken at 125°C; the activation energy assumed is 0.7eV.

10095870

Test Circuit for V, = 2V, 3V
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Typical Applications

Series Regulator

v+

| 0.01

uF
R1
—t—
k v L . VO
R2

10095816

V ~(1+R1>V
o~ R2 REF

Higher Current Shunt Regulator
Ve —AN—¢

%
R1
9
L
—h
R2

10095818

V ~(1+R—1)V
o~ R2 REF

Over Voltage/Under VoltageProtection Circuit

V4 $ &

l OUT ON
R1A > R1B WHEN
4 o LowW HIGH

<V+ <

]

Output Control of a Three Terminal Fixed Regulator

LM7805 ouT
COMMON

R2

10095817

R1
Vo=|1+=1V
(o] ( R2) REF

Vo MIN = VRer + 5V

Crow Bar
v+ —of \_o—¢ * v Vo
«
R 9
[
ety
—

R2

10095819

R1
Vomr = | 1+ m VRerF

Voltage Monitor

Ve —e A
R1A % R1B
> % -‘l'—§

ol LIMIT
[ —l
— & 4%
= N [
< R2A R2B
R2A > R2B
10095820 - 10095821
R1B LED ON WHEN
- 4 R1B
LOWLIMIT = VRer (1 * RZB) Ve LOW LIMIT = Vger (1 + @) LOW LIMIT < V' < HIGH LIMIT
R1A
~ N R1A
HIGH UMIT = Vrer (1 RZA) HIGH LIMIT = Vggr (1 + @)
13 www.national.com
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LMV431/LMV431A/LMV431B

Typical Applications (continued)

Delay Timer Current Limiter or Current Source
. A
V4 o
Vi —yqg ._o\,lm,_,,_’
B AW R
R R o
p
L ]
ON _L c [.
OFF T —WW J‘
> “I 10095823
= _ VRer
10095822 " RoL
v+
DELAY = ReCe /n—————
T - VREF
Constant Current Sink
v+
;%
— VReF
Rs
Rg
- 10095824
www.national.com 14




Physical Dimensions inches (millimeters) unless otherwise noted

[Al¢——— 1151003 ——f
2 (28240071 *1‘ %) ‘}e
| |
075
! ! | PKGQSVMM |
LA
[ T |
| | (&] ,if, -
i | !
11 Jid
i | \ ! l Loty
1 I I
) | ! | | ‘
063,003
(278450 151 777%77’7‘**’*’%”’ i1.6%0.071 r L
T | I esx 039 0 L i
) | ‘ 07991 i
)
! . 1 T 1 |
| ! i (5 027 J<L—J ! !
| ‘ . fo.61 f—t— (2x L0375 )
) 1 z‘ 3‘ [0.953]
2% LAND PATTERN RECOMMENDATION
[0.9531
R.004 MIN TYP
011
[ \ T R.004 MIN TYP
0 11
038-.048 (o8t
[0.97-1.221 E 021 00601 0013 Tvp
[o.1527:832 ]
[&] 004 [0 10]¢]
5¢ 0170+ 0025 «L—J
[o 43240.063) [0 200
[¢].008 [0.21@]c[AB [6&]

CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS

MFOS5A (Rev B)

S0T23-5 Molded Small Outline Transistor Package (M5)
NS Package Number MFO5A

[Pl 4—— 115005 ————=

[2.92%0.12)
3 ;
’:::‘ (8] IER
L |
I 3% .030 ) | (.080 )
| [0 761 | iz.29)
005 B | S | o510+ 004
0997992 *‘ [1.3%0.1] ‘
[z.51934 ] ‘ ‘ i ‘ !
(36,030 ) 74‘7 I I R
i T i 107761 ‘ ‘
! f | \
T \ "2 e —ex 0315
i [ . Y B 10.953)
I | [0 853
o1 024 R - RECOMENDED LAND PATTERN
| )
[0 46-0 611 P15 ‘

035-.044 4 R.004 MIN TYP
-1 [0.11

T R.004 MIN TYP
(037 te.11
10,937
,005£,002  TYP
Lu—l EI_} } fo i3ite.0s) b = IR =
[&] 004 0. 11@]C

L0005~ 0040 J \
16 0580 1091 3% .0175£.0025 L024t-002 TP SEATING

0°-8°TYP

B [0.44540.063] [o et*“ 10 PLANE 015+ 002 TYP
[# ] 008 (0. 21@[[2E 66 ] 008 £0.39%0.05)
CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS
MFO3A (Rev B)

S0T23-3 Molded Small Outline Transistor Package (M3)
NS Package Number MFO3A
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LMV431/LMV431A/LMV431B Low-Voltage (1.24V) Adjustable Precision Shunt Regulators

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

i
—ro

-

EJECTJON MARK
P16 MAX —_|

¥ 0.38 MAX
5.2
i/ 4.9
T 1T - 14.2
I 1 M 12.7

0.55 qyp ] |

4,19
3.65

/SEAT ING PLANE

2.29 MAX
(UNCONTROLLED LEAD DIA)

__I_L_ 0.50

0.40
1.27x0.05 0. 36
L—— 2.54%0.1
—
3% DIMENSIONS ARE IN MILLIMETERS

1034 (Rey &)

TO-92 Plastic Package
NS Package Number Z03A

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.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

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 for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

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 manufactures products and uses packing materials that 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-9-111S82.
Leadfree products are RoHS compliant.
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