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General Description

The LM135 series are precision, easily-calibrated, integrated
circuit temperature sensors. Operating as a 2-terminal zener,
the LM135 has a breakdown voltage directly proportional to
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perature range. The LM335 operates from —-40°C to 100°C.
The LM135/LM235/LM335 are available packaged in hermet-
ic TO-46 transistor packages while the LM335 is also avail-
able in plastic TO-92 packages.

absolute temperature at +10 mV/°K. With less than 1Q dy- Features
namic impedance the device operates over a current range ) . o )
of 400 pA to 5 mA with virtually no change in performance. ™ Directly calibrated in °Kelvin
When calibrated at 25°C the LM135 has typically lessthan 1°  ® 1°C initial accuracy available
C error over a 100°C temperature range. Unlike other sensors ~ m  Operates from 400 pA to 5 mA
the LM135 has a linear output, m Less than 1Q dynamic impedance
Applications fgr the LM135 include almost any type of tem- Easily calibrated
perature sensing over a —55°C to 150°C temperature range. ) .
The low impedance and linear output make interfacing to ™ Wide operating temperature range
readout or control circuitry especially easy. m 200°C overrange
The LM135 operates over a -55°C to 150°C temperature ~ ® Low cost
range while the LM235 operates over a —40°C to 125°C tem-
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Reverse Current
Forward Current

Absolute Maximum Ratings

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

(Note 4)

15 mA
10 mA

Specified Operating Temp. Range
Continuous

LM135, LM135A
LM235, LM235A
LM335, LM335A

-55°C to 150°C
-40°C to 125°C
-40°C to 100°C

Intermittent

(Note 2)

Lead Temp. (Soldering, 10 seconds)

150°C to 200°C
125°C to 150°C
100°C to 125°C

Storage Temperature 8-Pin SOIC Package: 300°C
8-Pin SOIC Package —-65°C to 150°C Vapor Phase (60 seconds): 215°C
TO-92 Package -60°C to 150°C Infrared (15 seconds): 220°C
TO-46 Package —60°C to 180°C TO-92 Package: 260°C

TO-46 Package: 300°C
Temperature Accuracy  (Note 1)
LM135/LM235, LM135A/LM235A
Parameter Conditions LM135A/LM235A LM135/LM235 Units
Min Typ Max Min Typ Max
Operating Output Voltage Tc=25°C, Ig=1mA 2.97 2.98 2.99 2.95 2.98 3.01 Y,
Uncalibrated Temperature Error Tc=25°C, Ig=1mA 0.5 1 1 3 °C
Uncalibrated Temperature Error Tun S Te S Tyaw IR =1 mA 1.3 2.7 2 5 °C
Temperature Error with 25°C Tun S Te S Tyaw lr=1mA 0.3 1 0.5 1.5 °C
Calibration
Calibrated Error at Extended T¢ = Tyax (Intermittent) 2 2 °C
Temperatures
Non-Linearity Ir=1mA 0.3 0.5 0.3 1 °C
Temperature Accuracy  (Note 1)
LM335, LM335A
Parameter Conditions LM335A LM335 Units
Min Typ Max Min Typ Max
Operating Output Voltage Tc=25°C, Ig=1mA 2.95 2.98 3.01 2.92 2.98 3.04 \Y,
Uncalibrated Temperature Error Tc=25°C, Ig=1mA 1 3 2 6 °C
Uncalibrated Temperature Error Tumn S Te € Tyax lr = 1 MA 2 5 4 9 °C
Temperature Error with 25°C Tun S Te S Tyaw IR =1mA 0.5 1 1 2 °C
Calibration
Calibrated Error at Extended T = Tyax (Intermittent) 2 2 °C
Temperatures
Non-Linearity Ir=1mA 0.3 15 0.3 15 °C
Electrical Characteristics  (Note 1)
LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA < I, S 5mA 25 10 3 14 mv
Change with Current At Constant Temperature
Dynamic Impedance lr=1mA 0.5 0.6 Q
Output Voltage Temperature +10 +10 mV/°C
Coefficient
Time Constant Still Air 80 80 sec
100 ft/Min Air 10 10 sec
Stirred Oll 1 1 sec
Time Stability Te=125°C 0.2 0.2 °Clkhr
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Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered.

Note 2: Continuous operation at these temperatures for 10,000 hours for H package and 5,000 hours for Z package may decrease life expectancy of the device.

Thermal Resistance 8-Pin SOIC  TO-92 TO-46
64 (Junction to Ambient) 165°C/W 202°C/IW 400°C/W
6,c (Junction to Case) N/A 170°C/W N/A

Note 4: Refer to RETS135H for military specifications.

Connection Diagrams

8-Pin SOIC TO-92 TO-46
Surface Mount Package Plastic Package Metal Can Package*
! 8
T e,
2 ?
W e WO
3 B
N — —H{
4 5
- ADY 569808
Bottom View 560826
. 569625 *Case is connected to negative pin
Top View Bottom View
Ordering Information
Package Part Number Package Marking Transport Media NSC Drawing
LM335AM 95 Units/Rall
LM335AM -
. LM335AMX 2.5k Units Tape and Reel
8-Pin SOIC - - MO8A
LM335M 95 Units/Rail
LM335M -
LM335MX 2.5k Units Tape and Reel
LM335AZ LM335AZ 1800 Bag
TO-92 703z
LM335Z LM335Zz 1800 Bag
LM135AH LM135AH 1000 Bag
LM135H LM135H 1000 Bag
LM235AH LM235AH 1000 Bag
TO-46 HO3H
LM235H LM235H 1000 Bag
LM335AH LM335AH 1000 Bag
LM335H LM335H 1000 Bag
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Typical Performance Characteristics

Reverse Voltage Change

g
= 1
E
w 7 Tj=~55°¢ ///
Z s L/
g 7
w 3 7j= 25°C
= g
t:i /
fue]
-~ 3 r‘
v o

2 A Tj= 125°C
: A;( -
i 1 L
1o

9

0 2 4 § L] 19
REVERSE CURRENT {mA)

569827

Reverse Characteristics
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Dynamic Impedance
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Response Time
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Noise Voltage
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PERCENT OF FINAL VALUE (%) THERMAL RESISTANCE PL/W)

FORWARD VOLTAGE {V}
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Forward Characteristics
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Application Information

CALIBRATING THE LM135

Included on the LM135 chip is an easy method of calibrating
the device for higher accuracies. A pot connected across the
LM135 with the arm tied to the adjustment terminal allows a
1-point calibration of the sensor that corrects for inaccuracy
over the full temperature range.

This single point calibration works because the output of the
LM135 is proportional to absolute temperature with the ex-
trapolated output of sensor going to OV output at 0°K
(-273.15°C). Errors in output voltage versus temperature are
only slope (or scale factor) errors so a slope calibration at one
temperature corrects at all temperatures.

The output of the device (calibrated or uncalibrated) can be
expressed as:

T
Voutr = Voutr, X T

where T is the unknown temperature and T, is a reference
temperature, both expressed in degrees Kelvin. By calibrating
the output to read correctly at one temperature the output at
all temperatures is correct. Nominally the output is calibrated
at 10 mV/°K.

To insure good sensing accuracy several precautions must
be taken. Like any temperature sensing device, self heating
can reduce accuracy. The LM135 should be operated at the
lowest current suitable for the application. Sufficient current,
of course, must be available to drive both the sensor and the
calibration pot at the maximum operating temperature as well
as any external loads.

If the sensor is used in an ambient where the thermal resis-
tance is constant, self heating errors can be calibrated out.
This is possible if the device is run with a temperature stable
current. Heating will then be proportional to zener voltage and
therefore temperature. This makes the self heating error pro-
portional to absolute temperature the same as scale factor
errors.

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such as manufac-
tured by Raychem can be used to make low-cost waterproof
sensors. The LM335 is inserted into the tubing about Y2 from
the end and the tubing heated above the melting point of the
core. The unfilled ¥2 end melts and provides a seal over the
device.

Typical Applications

Basic Temperature Sensor
v+

QUTPUT
Hmyl K

LM3E

569802

Calibrated Sensor
v+

DUTEUT 10 mV/°K

LM95 ok

569809
*Calibrate for 2.982V at 25°C

Wide Operating Supply

Y50V
8
LM33
68
‘f .
4 SuTPYT
16 my/ &
Ve -4

i LM33
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Minimum Temperature Sensing

15v
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£

569804
Average Temperature Sensing

15V
5k
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LM3I3E
LMI3E
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Remote Temperature Sensing

QuTPHY
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Wire length for 1°C error due to wire drop

AWG
14
16
18
20
22

24

Ik =1mA
FEET
4000
2500
1600
1000

625

400

I = 0.5 mA*
FEET
8000
5000
3200
2000
1250

800

Isolated Temperature Sensor
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*For Iz = 0.5 mA, the trim pot must be deleted.
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LBV -15¥ -
569820
Simple Temperature Controller
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LM135/LM235/LM335, LM135A/LM235A/LM335A

HEATER

Simple Temperature Control

R RN

By

1M335

*Adjust R2 for 2.554V across LM336.
Adjust R1 for correct output.

15y

*Adjust for 2.7315V at output of LM308
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Centigrade Thermometer
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Ground Referred Fahrenheit Thermometer

BUTPUT
1w
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Fahrenheit Thermometer
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*To calibrate adjust R2 for 2.554V across LM336.
Adjust R1 for correct output.

THERMOCOUPLE COLD JUNCTION COMPENSATION
Compensation for Grounded Thermocouple

15V

Ra™
Lm3z86
i
..... .
METER

THERMOLGURLE

~15Y
569806
*Select R3 for proper thermocouple type

THERMO- R3 SEEBECK
COUPLE (x1%) COEFFICIENT

J 377Q 52.3 pv/°C

T 308Q 42.8 pv/i°C

K 2930 40.8 pv/°C

S 45.8Q 6.4 pv/°C

Adjustments: Compensates for both sensor and resistor tolerances
1. Short LM329B
2. Adjust R1 for Seebeck Coefficient times ambient temperature (in degrees K) across R3.
3. Short LM335 and adjust R2 for voltage across R3 corresponding to thermocouple type.
J 14.32 mV K 11.17 mV
T 11.79 mV S 1.768 mV

www.national.com
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Single Power Supply Cold Junction Compensation
15%

THERMOLOUPLE
LMI3s

+
auyruy

LM3238

R4

569811
*Select R3 and R4 for thermocouple type

THERMO- R3 R4 SEEBECK

COUPLE COEFFICIENT
J 1.05K 3850 52.3 WVI°C
T 856Q 315Q 42.8 pvi°C
K 816Q 300Q 40.8 pv/°C
S 128Q 46.3Q 6.4 pv/°C

Adjustments:

2. Adjust R2 for voltage across R4 corresponding to thermocouple.

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

1. Adjust R1 for the voltage across R3 equal to the Seebeck Coefficient times ambient temperature in degrees Kelvin.

www.national.com 10



Centigrade Calibrated Thermocouple Thermometer

100K 284k
3% % 5%
AP e 15Y
>
P Lm3zes
18k

B3
5k

Yoyt = 1B m¥rL

ALUMEL

569812
Terminate thermocouple reference junction in close proximity to LM335.
Adjustments:
1. Apply signal in place of thermocouple and adjust R3 for a gain of 245.7.
2. Short non-inverting input of LM308A and output of LM329B to ground.
3. Adjust R1 so that V5, = 2.982V @ 25°C.
4. Remove short across LM329B and adjust R2 so that V5,1 = 246 mV @ 25°C.
5. Remove short across thermocouple.

Fast Charger for Nickel-Cadmium Batteries
4

By

O—=_

e START

<

A A
L
§
A A
vy
-
B
E3
AAA
¥y

1=

T wli
b LME335
oyt
1335 AN

<
> 20
<
3

THERMALEY BEIPLE ‘e e e e T

tAdjust D1 to 50 mV greater V, than D2.
Charge terminates on 5°C temperature rise. Couple D2 to battery.

Differential Temperature Sensor
15V

12k 2%

[METER

569807

569813

11
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Differential Temperature Sensor
15V

auTPuT
199 mVFg

569814
Variable Offset Thermometer *

18V 1Y

Zk

Wy

QUTPUT
T my¥ oG

Vo 8y ¢
i ZERD
ol
5.0k g
’ A AA
w
12k

‘[-; "} LM3288

>

569815
tAdjust for zero with sensor at 0°C and 10T pot set at 0°C

*Adjust for zero output with 10T pot set at 100°C and sensor at 100°C

FOutput reads difference between temperature and dial setting of 10T pot
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Ground Referred Centigrade Thermometer

SCALE

Air Flow Detector*
HAY

1.2%

18k

2%
M

FAGTOR

BUTPUT
10 mV/°C

569816

QUTPUT -HIGH
WITH AIR FLOW

THIP 2GINT

*Self heating is used to detect air flow

DEFINITION OF TERMS

Operating Output Voltage: The voltage appearing across
the positive and negative terminals of the device at specified
conditions of operating temperature and current.
Uncalibrated Temperature Error:  The error between the
operating output voltage at 10 mV/°K and case temperature
at specified conditions of current and case temperature.

569817

Calibrated Temperature Error:  The error between operating
output voltage and case temperature at 10 mV/°K over a tem-
perature range at a specified operating current with the 25°C
error adjusted to zero.

13

www.national.com

VSEEWT/VSECZINT/VSETINT ‘GSEENT/SECNT/SETINT



LM135/LM235/LM335, LM135A/LM235A/LM335A

Physical Dimensions

ESECT | O% MARK

oo
e e
e

Gld]
i MOLG FLASH
G oAl PEEPND

inches (millimeters) unless otherwise noted

CONTROLLING DIMENSION 15 MILLIMETER
VALLES IN{ ]::RE ENG;%ES
PNoD O POR REYIREEDE

SIMEHE IGND

CHLT

8-Pin SOIC
NS Package Number MOSA

T wmd

DIMIENSIONS ARE

TO-92

2.2% MAX
{UNCORTROLLED LEAD Dit)
i
14.2 Lo
171
-
1.27%5.03 — -—§-§2
b 2, 54321

i OMELIMETERS

NS Package Z03A

BIO8A {Rev L)

I03A ifRan &)
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CONTROLLING DIMENSION 18 INCH
VALUES IN { § ARE IN MILLIMETERS

TO-46
NS Package Number HO3H

HU3H (Fey F)

15
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Notes
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Reference Designs
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LVDS www.national.com/lvds Packaging www.national.com/packaging

Power Management

www.national.com/power

Green Compliance
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www.national.com/switchers

Distributors

www.national.com/contacts

LDOs

www.national.com/Ido

Quality and Reliability

www.national.com/quality
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www.national.com/led
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www.national.com/feedback

Voltage Reference

www.national.com/vref

Design Made Easy

www.national.com/easy

PowerWise® Solutions www.national.com/powerwise Solutions www.national.com/solutions
Serial Digital Interface (SDI) |www.national.com/sdi Mil/Aero www.national.com/milaero
Temperature Sensors www.national.com/tempsensors | Solar Magic® www.national.com/solarmagic
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Analog University®
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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.
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