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PRECISION TEMPERATURE SENSORS

■ DIRECTLY CALIBRATED IN °K 
• 1 °C INITIAL ACCURACY
■ OPERATES FROM 400 pA TO 5 mA
.  LESS THAN 1 a  DYNAMIC IMPEDANCE

DESCRIPTION
The LM135. LM235. LM335 are precision tempera- 
iure sensors which can be easily calibrated. They 
operate as a 2-termlnal Zener and the breakdown 
voltage ia directly proportional to the Absolute tem­
perature at 10 mV/vK. The circuit has a dynamic im­
pedance of less than 1 Q and operates within A 
'ange of current from 400 pA to s mA without alte­
ration of its characteristics. Calibrated at * 25 8C, 
the LM135. LM235. LM335 have a typical error of 
ess than i  °C over a 10Q °C temperature range, un­
like other sensors, the LM155, LM235, LM335 have 
a linear output.
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LM135-LM235-LM335,A

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM135 LM235 LM335, A Unit

Ir
Current

Reverse 15 15 15
mA

If Foward 10 10 10

T oper Operating Free-air Temperature Range (note 1) 
Continuous 
Intermittent

— 5 5 to + 150 
+ 150 t o + 200

-  4 0 to + 125 
+ 125 to + 150

-  40  t o + 100 
+ 100 to + 125

°C

T stg Storage Temperature Range -  65 to + 150 -  65 to + 150 -  65 to + 150 °C
N ote : 1. Tj<150°C.

THERMAL DATA

Rth(j-c) Maximum Junction-case Thermal Resistance 60 °C/W
Rth(j-a) Maximum Junction-ambient Thermal Resistance 170 °C/W

SCHEMATIC DIAGRAM
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LM135-LM235-LM335,A

’ EMPERATURE ACCURACY

Symbol P aram ete r
LM 135 - LM 235  

LM 335A LM 335
U nit

Min. Typ. Max. Min. Typ. Max.

Operating Output Voltage V
(Tease = + 25 °C, lR = 1 mA) 2.95 2.98 3.01 2.92 2.98 3.04

Uncalibrated Temperature Error (Ir = 1 mA) °c
Tcase = + 25 °C 1 3 2 6
T(min) < T case < T(max) 2 5 4 9

Temperature Error with 25 °C Calibration °c
(T(min) < Tcase < T(max), Ir = 1 mA)

LM135 - LM235 0.5 1.5
LM335 1 2

LM335A 0.5 1

Calibrated Error at External Temperature °c
Tcase = T (rT,ax) (intermittent) 2 2

Non-linearity (Ir -  1 mA) °c
LM135 - LM235 0.3 1

LM335 0.3 1.5
LM335A 0.3 1.5

ELECTRICAL CHARACTERISTICS {note 1)

Symbol P aram ete r
LM135 . LM235 LM335, A

Unit
Min . Typ. M ax . Min. Typ. M ax .

operating output voltage ohangs with eurrent
(400 pA c  In « 5 mA at constant temperature). 2.5 10 3 14

mv

Dynamic impedance (in - 1 mA) 0.5 0.5 n

O u tp u t V o lta ge  T e m p e ra tu re  D rift T 10 T 10 m W °C

Time Constant 
Still A ir  
Air 0.5 m/e 
S tirre d  O il

80
10
1

80
10
1

£

Time Stability (Tgaoo _ j- 125 »C) 0.2 0.2 °C/lch

Note : 1 . Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered
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LM135-LM235-LM335,A
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LM135-LM235-LM335,A

THERMAL RESISTANCE JUNCTION TO AIR
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THERMAL RESPONSE IN STILL AIR
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THERMAL RESPONSE IN STIRRED OIL BATH
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LM135-LM235-LM335,A

APPLICATION HINTS
There is an easy method of calibrating the device 
for higher accuracies (see typical applications).

The single point calibration works because the out­
put of the LM135, LM235, LM335 is proportional to 
the absolute temperature with the extrapolated out­
put of sensor going to 0 V at 0 °K ( -  273.15 °C). Er­
rors in output voltage versus temperature are only 
slope. Thus a calibration of the slope at one tempe­
rature corrects errors at all temperatures.
The output of the circuit (calibrated or not) can be 
given by the equation :

V0T= VOT0 x ~

where T is the unknown temperature and To is the 
reference temperature (in °K).

Nominally the output is calibrated at 10 mV/°K.
Precautions should be taken to ensure good sen­
sing accuracy. As in the case of all temperatures 
sensors, self heating can decrease accuracy. The 
LM135, LM235, LM335 should operate with a low 
current, but sufficient to drive the sensor and its ca­
libration circuit to their maximum operating tempe­
rature.
If the sensor is used in surroundings where the ther­
mal resistane is constant, the errors due to self hea­
ting can be externally calibrated. This is possible if 
the circuit is biased with a temperature stable cur­
rent. Heating will then be proportional to zener volt­
age and therefore temperature. In this way the er­
ror due to self heating is proportional to the absolute 
temperature as scale factor errors.

TYPICAL APPLICATIONS

Basic Temperature Sensor.

v +

LM135
LMZ35
LM 33&

Output 
10 m V / " *

■ 5

E88LM135-15

Wide Operating Supply.

+ 5 to + 40 V

Calibrated Sensor. Average Temperature Sensing.

LM135
LM 2 3 5
LM336

* Calibrate for 2.982 V at + 25 °C.
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LM135-LM235-LM335.A

Isolated Temperature Sensor.

Simple Temperature Controller.

SCS-THOMSON
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LM135-LM235-LM335,A

Centigrade Tnermometer,

Differential Temperature Sensor.

Output 
100 m V '°C

E88LM135-22
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LM135-LM235-LM335.A

THERMOCOUPLE COLD JUNCTION COMPENSATION 
Compensation for Grounded Thermocouple.

15 V

1 N 4 5 6 8

LM135,
LMZ&
LM335

200 M l

1 R3‘

J - T m i T

J 1 %
L R1

1  o  h a

Thermo­
couple R3 Ses&csk

Coefficient
j 377 Si 52.3 uV/°C
T 308  n 42.8 pV/*C
K 733  f l 40.S  uV/*C
s 45.8 a 5.4  p v ; *c

71.5 kQ
12 k l l

Adjustments : o o m p e n a a to o  for both aonoor 
and resistor to lG ra n o o a .
1. Short 1N45QB.
Z  Adjust R1 for OEEfbEOK coofflolont 
amdient temperature (in degrees K)
H3
3. Short LM13S and adjust R2 for voltage 

4»̂ c<!>55 R9 eerrespah-iling to thermocouple 
type.

J 14.32 mV K 11.17mV
T 11.79 mV S 1.768 mV

^Therm ocoup le

15 V
' Select R3 for proper thermocouple type.

Single Power Supply Cold Junction Compensation.

+ 15 v T h e rm o ­
cou p le

R3 R4 S eebeck
C o e ffic ie n t

J 1.05 kO 365 n 52.3 pV/°C
T 856 a 315 n 42.8 pV/°C
K 816 Q 300 n 40.8 pV/°C
S 128 n 46.3 n 6.4 pV/°C

Therm ocouple

Outpui

' Select R9 and R4 for proper thermocouple type.

Adjustments :
1. Adjust R1 for the voltage across R3 equal 

to the SEEBECK coefficient times ambient 
temperature in degrees Kelvin.

2. Adjust R2 for voltage across R4 correspon­
ding to thermocouple.

J 14.32 mV 
T 11.79 mV

K 11.17 mV 
S 1.768 mV

E8 8 LM  1 3 5  24
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LM135-LM235-LM335,A

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC MICROPACKAGE (SO)

g  Outputs

3 PINS - PLASTIC PACKAGE T092

G J SOS'TMOMSQN
MSB®®!®®™®*®®
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LM135-LM235-LM335,A

ORDER CODES

Part num ber
TemperatureRange

Package
Continuous Interm ittent

LM135Z -  55 °C to + 150 °C + 150 °C to + 200 °C T092
LM235Z -  40 °C to + 125 °C + 125 °C to + 150 °C T092
LM235D -  40 °C to + 125 °C + 125 °C to + 150 °C S08
LM335Z -  40 °C to + 100 °C + 100 °C to + 125 °C T092
LM335D -  40 °C to + 100 °C + 100 °(Tto + 125 °C S08
LM335AZ -  40 °C to + 100 °C + 100 “C to + 125 °C T092
LM335AD - 4 0  °C to + 100 °C + 100 °C to + 125 °C S08
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