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LM3911 Temperature Controller
General Description
The  LM 3911 is a  h igh ly  a ccu ra te  te m p e ra tu re  m easu re m e n t 
a n d /o r  co n tro l sys tem  fo r  use o ve r a  — 25°C  to  +  85°C  te m 
p e ra tu re  range. F ab rica te d  on  a  s in g le  m o n o lith ic  ch ip , it 
in c lu d e s  a  te m p e ra tu re  senso r, a  s ta b le  vo lta g e  re fe ren ce  
and  an  o p e ra tio n a l am p lifie r.

The  o u tp u t vo lta g e  o f the  LM 3911 is d ire c tly  p ro p o rtio n a l to  
te m p e ra tu re  in d e g re e s  K e lv in  a t 10 m V /°K . Using the  in te r
nal op  am p w ith  ex te rna l re s is to rs  an y  te m p e ra tu re  sca le  
fa c to r  is e a s ily  ob ta ined . By co n n e c tin g  the  op  am p  as  a 
com p a ra to r, the  o u tp u t w ill sw itch  as  the  te m p e ra tu re  tran s- 
ve rse s  the  se t-p o in t m ak ing  the  dev ice  use fu l as  an o n -o ff 
te m p e ra tu re  co n tro lle r.

A n  a c tive  sh u n t re gu la to r is  c o n n e c te d  a c ro ss  the  pow er 
le a d s  o f the  LM 3911 to  p rov id e  a  s ta b le  6 .8V  vo lta g e  re fe r
e n ce  fo r  the  sens ing  system . T h is  a llo w s  the  use o f any  
po w e r su p p ly  vo lta g e  w ith  su ita b le  ex te rn a l res is to rs .

The  in pu t b ias  cu rre n t is lo w  and  re la tive ly  c o n s ta n t w ith  
tem p era tu re , ensu ring  h igh a ccu ra cy  w h e n  h igh so u rce  im 
p ed ance  is used. Further, th e  o u tp u t c o lle c to r  ca n  be re
tu rn e d  to  a  vo lta g e  h ighe r than  6 .8V  a llow ing  th e  LM 3911 to  
drive  la m ps  and  re lays  up to  a  35V  supp ly.

The  LM 3911 uses th e  d iffe re n ce  in e m itte r-b a se  vo lta g e  o f 
tra n s is to rs  o pe ra tin g  a t d iffe re n t cu rre n t d e n s itie s  a s  the  ba 
s ic  te m p e ra tu re  se n s itive  e lem e n t. S ince  th is  o u tp u t d e 
pen ds o n ly  on  tra n s is to r m a tch ing  the  sam e  re liab ility  and 
s ta b ility  as  p re se n t op  a m ps  ca n  be expe c ted .

The  LM 3911 is a va ilab le  in tw o  packa ge  s ty les, a  m e ta l can  
T O -46  and  an  8 -lea d  e p o xy  m in i-D IP . In the  e p o xy  package  
all e le c tr ica l c o n n e c tio n s  a re  m ade on  one  s ide  o f the  d e 
v ice  a llow ing  the  o th e r 4 le a d s  to  be used fo r a tta ch in g  the  
LM 3911 to  the  te m p e ra tu re  souce . The  LM 3911 is  ra te d  fo r 
o p e ra tio n  o ve r a  — 25°C  to  +  85°C  te m p e ra tu re  range.

Features
■  U n ca lib ra ted  a ccu ra cy  + 1 0 °C
■  In te rna l op  am p w ith  fre q u e n cy  co m p e n sa tio n

■  L inear o u tp u t o f 10 m V /°K  (10 m V /°C )

■  C an be ca lib ra te d  in de g re e s  Ke lv in , C e ls iu s  or 
F ah ren he it

■  O u tp u t ca n  d rive  lo ads  up to  35V

■  In te rna l s ta b le  vo lta g e  re fe ren ce

■  Low  co s t

Block Diagram

Ground Referred 
Centigrade Thermometer

; Trims out initial zener tolerance. 
Set output to read C

temperature increase 
RS = (V +—6.8V) kX

Proportioning Temperature 
Controller

Note 1: C1 determines proportioning frequency f •

|V+i a  lV—l — 7V
Note 2: R10 = 1-----!-----!-----!--------

0.0015A
Note 3: Either V— or Va can be ground.

2R4C1

© 1995 National Semiconductor Corporation TL/H/5701 RRD-B30M115/Printed in U. S. A.

LM
3911 Tem

perature C
ontroller



Absolute Maximum Ratings
If Military/Aerospace specified devices are required, O u tp u t S h o rt C ircu it D u ra tion  
p|ease contact the Nationa| Semiconductor Sa|es O pera ting  T em p e ra tu re  R ange 
Office/Distributors for avai|abi|ity and specifications. s to ra g e  T em p e ra tu re  R a nge  -

S u p p ly C u rren t (E xte rn a l l y S e t) 1 0 m A  Lead T e m p e ra tu re  (S o ldering , 1 0 s e c o n d s ) 
O u tpu t C o lle c to r V o ltage , V +  +  36V

F e e d b a ck  Input V o lta g e  R ange  0V  to  +  7.0V

Inde fin ite  

- 2 5 ° C  to  + 8 5 °C  

65°C  to  + 1 5 0 °C  

260°C

E|ectrica| Characteristics ( N o t e i)

Parameter Conditions Min Typ Max Units
SENSOR
O u tp u t V o ltage TA =  — 25°C, (N o te  2) 2.36 2.48 2.60 V

O u tp u t V o ltage TA =  + 2 5 °C , (N o te  2) 2.88 2.98 3.08 V

O u tp u t V o ltage TA =  + 8 5 °C , (N o te  2) 3.46 3.58 3.70 V

Linearity A T  =  100°C 0.5 2 %

Long-T erm  S ta b ility 0.3 %

R e pea tab ility 0.3 %

VOLTAGE REFERENCE
R e ve rse  B re a kd o w n  V o ltage 1 m A <  Iz < 5  m A 6.55 6.85 7.25 V

R e ve rse  B re a kd o w n  V o ltage  
C h ange  W ith  C u rren t

1 m A <  Iz < 5 m A 10 35 m V

T em p e ra tu re  S tab ility 20 85 m V

D ynam ic  Im pe dance Iz =  1 m A 3.0 X

R M S  N o ise  V o ltage 10 H z < f< 1 0  kHz 30 mV

Long T erm  S ta b ility TA =  + 8 5 °C 6.0 m V

OP AMP
Input B ias C u rren t T a =  + 2 5 °C 35 150 nA

Input B ias C u rren t 45 250 nA

V o lta g e  G ain R L =  36k, V +  +  = 3 6 V 250 0 15000 V /V

O u tp u t Leakage  C u rren t T a  =  25°C  (N o te  3) 0.2 2 mA

O u tp u t Leakage  C u rren t (N o te  3) 1.0 8 mA

O u tp u t S o u rce  C u rren t V o u t < 3 .7 0 10 mA

O u tp u t S in k  C u rren t 1 V <  V o u t < 3 6 V 2.0 m A

Note 1: These specifications apply for — 250C<Ta < + 850C and 0.9 mA <Isupply< 1.1 mA unless otherwise specified; C_<50 pF.
Note 2: The output voltage applies to the basic thermometer configuration with the output and input terminals shorted and a load resistance of t  1.0 MX. This is 
the feedback sense voltage and includes errors in both the sensor and op amp. This voltage is specified for the sensor in a rapidly stirred oil bath. The output is 
referred to Va .
Note 3: The output leakage current is specified with 1 100 mV overdrive. Since this voltage changeswith temperature, the voltage drive for turn-off changes and is 
defined as Vout (with output and input shorted) —100 mV. This specification applies for Vout= 36V.

App|ication Hints
A lth o u g h  th e  LM 3911 is de s ig n e d  to  be to ta lly  trou b le -free , m e d ia  w ill co n d u c t th e  hea t from  th e  senso r. A lso , th e re  are 
ce rta in  p re ca u tio n s  shou ld  be ta ke n  to  in su re  th e  bes t pos- m any  sm a ll hea t s in ks  d es igned  fo r  tra n s is to rs  w h ich  w ill 
s ib le  p e rfo rm ance . im p rove  hea t tra n s fe r to  th e  se n so r from  th e  su rround ing  

A s w ith  any  te m p e ra tu re  senso r, in te rna l pow er d iss ip a tio n  m e d iu m . A  sm aN fm ned c lip -on  hea t s in k  is q riite  e f fec tive  in 
w ill ra ise  th e  se n s o r's  te m p e ra tu re  abo ve  am b ien t. N om ina l fre e -a ir. |t s h o u ld be m to n h o n ^  th a t th e  l_M 3 9 11 d ie  is on  
su g g e s te d  ope ra tin g  cu rre n t fo r th e  sh u n t reg u la to r is 1.0 th e  base  o f th e  packa ge  an d  th e re fo re c o i ip ling to  th e  base 
m A  and  cause s  7 .0  m W  o f pow er d iss ipa tio n . In free , s till, a ir is  p re fe ra b le .
th is  ra ises  th e  p acka ge  te m p e ra tu re  by abo u t 1.2°K. A l- T he  in te rna l re fe re n ce  reg u la to r p ro v id e s  a  te m p e ra tu re  s ta- 
tho u g h  th e  regu la to r w ill o p e ra te  a t h igher reve rse  cu rre n ts  b le  v o lta g e  fo r o ffs e tt in g  th e  o u tp u t o r se ttin g  a  co m parison  
and  th e  o u tp u t w ill d rive  lo ads up to  5 .0  mA, th e se  h ighe r p o in t in te m p e ra tu re  co n tro lle rs . H ow ever, s in ce  th is  re fe r- 
cu rre n ts  w ill ra ise  th e  se n so r te m p e ra tu re  to  a bo u t 19°K e n ce  is a t th e  sam e  te m p e ra tu re  as  th e  se n so r tem p era tu re , 
abo ve  am b ie n t-d e g ra d in g  accu racy . T he re fo re , th e  se n so r c h a n g e s  w ill a lso  ca u se  re fe re n ce  drift. F o r a p p lica tio n  
shou ld  be o p e ra te d  a t th e  lo w e s t p oss ib le  pow er level. w h e re  m axim um  accu ra cy  is nee ded  an  e x te rn a l re fe ren ce  

W ith  m oving air, liqu id  o r su rfa ce  te m p e ra tu re  sens ing , se lf- sh o u ld  be used. O f course , fo r fixed  te m p e ra tu re  co n tro lle rs  
hea ting  is no t as  g re a t a  p rob lem  s in ce  th e  m easured  th e  in te rna l re fe re n ce  is ade qua te .
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Typical Performance Characteristics

Temperature
Conversion

"■"centigrade = TC
"■"FAHRENHEIT =  "■> 

"■"KELVIN =  TK

tk

TC

t f

TC + 273.16
5(40 + Tf ) ---- 409
9(40 + TC) ---- 405

-55 -35 -15 5.0 25 45 65 85 105 125 

TEMPERATURE (°C)

Output Saturation

1.0 2.0 3.0 4.0 5.0

SATURATION VOLTAGE (V) 
(REFFERED TO V ")

Thermal Time Constant 
in Stirred Oil Bath

<  60 

U. 40

Supply Sensitivity Device Temperature Rise

2  E

3 §
iS

£
I I2  «

4.0 5.0 6.0 1.0 2.0 3.0 4.0 5.0

SUPPLY 
CURRENT (mA)

2.0 4.0 6.0 8.0 10

SHUNT REGULATOR CURRENT (mA)

Reference Regulation Turn “ON” Response

2.0 4.0 6.0 8.0 10

SUPPLY CURRENT (mA)

ta.= 25C

^3.0k '

T
EH.5kH

R- = 7 5k
- f

-

.0k
-1 .i ik

X Rs *  7.5k

f f 1 |
100 200 300

Power Supply Current

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

DEVICE VOLTAGE (V)

Thermal Time Constant in 
Still Air

0 2.0 4.0 6.0 8.0 10 12 14

TIME (MINUTES)

Device Temperature Rise

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

OUTPUT SINK CURRENT (mA)

Amplifier Output Impedance

10 100 1.0k 10k 100k
FREQUENCY (Hz)

TL/H/5701-2
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Schematic Diagram

Typical Applications (C on tinued)

Basic Thermometer for Negative Supply
Basic Thermometer 
for Positive Supply Increasing Output Drive

OUTPUT 

LM3911 

INPUT T
OUTPUT 
10 mV/°K

Rs =  (V -  -  6.8V) X 103fl

External Frequency Compensation 
for Greater Stability when Driving 

Capacitive Loads

Rs =  (V -  -  6.8V) X 103fl

Operating With External Zener for Temperature Controller With Hysteresis 
Lower Power Dissipation

IRs< 75
X

>  50

INPUT — ^

OUTPUT 
10 mV/ K

LM3911

OUTPUT

T
•Output goes positive on temperature increase 
tS e t temperature TL/H/5701-3
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Typical Applications (Continued)

Thermometer With Meter Output Meter Thermometer With Trimmed Output

(Vz) 0.01 AT *
Im (Vz -  0.01 Tq)

2 V
Select In < —  

u R1
0.01 T0 -  lQR1

. ' o -

■q

■ ® C \
R1 /

■q

R1 -

Vz = Shunt regulator voltage (use 6.85) 
AT = Meter temperature span (°K) 
lM = Meter full scale current (A)
Tq = Meter zero temperature (°K)
Iq = Current through R1, R2, R3 at zero 

meter current (10 fxA to 1.0 mA) (A)

*Values shown for:
T0 = 300°K, AT = 100°K,
Im =  1.0 mA, Iq =  100 jxA

*The 0.01 in the above and following equations is in units of V/°K or V/°C, 
and is a result of the basic 0.01 V/°K sensitivity of the transducer

500t

*Selected as for meter thermometer except Tq should 
be 5°K more than desired and Iq = 100 juA 

tCalibrates Tq

Ground Referred Thermometer
v+

R2

(Vz)(10mV)(AT) 
Vo (VZ -  0.01 To)
Rl

0.01 Tq -  Iq R1

Ground Referred Centigrade Thermometer

!q 
VZ

R3 = —  — R1 — R2
■q

Vz = Shunt regulator voltage 
AT = Temperature span (°K)
Tq = Temperature for zero output (°K) 
Vq =  Full scale output voltage < 10V 
Iq = Current through R1, R2, R3 

at zero output voltage 
(typically 100 juA to 1.0 mA)

Two Terminal Temperature to Current Transducer*

R2 (ft) = -

R3(ft) >

1

S - °-01 Tl) (Ih - 0J£ r)+ (Vz - °-01 Th) (^r - '0
TH(VZ -  0.01 TL) -  TL(VZ -  0.01 TH)

1
R4 (Vz -  0.01 Tl)(R2)

(R2)(0.01 TL)
 ̂Vz -  0.01 Tl 
 ̂ R2

R1
R2 R3

R2

T[_ = Temperature for l[_ ( K)
Th =  Temperature for Ih ( K)
Vz = Zener voltage (V)
l[_ = Low temperature output current (A)
Ih =  High temperature output current (A)

* Values shown for Iout = 1 mA to 10 mA for 10°F to 100°F 
tSet temperature

TL/H/5701-4

*The 0.01 in the above and following equations is in units of V/0K or V/0C, and is a result of the basic 0.01V/oK sensitivity of the transducer

R1

R2

R1

R1 R3

II
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Typical Applications (Continued)

Over Temperature Detectors With Common Output
15V

TL/H/5701-5

Two-Wire Remote A.C. Electronic Thermostat (Gas or Oil Furnace Control)

TL/H/5701 -8

*Solenoid or 6 —15W heater
tPot will provide about a 50°F to 90°F setting range. The trim resistor (100k) is selected 

to bring 70°F near the middle of the pot rotation.
SCR heating, by proper positioning, can preheat the sensor giving control anticipa
tion as is presently used in many home thermostats.

Electronic Thermostat

SENSITIVE GATE TRIAC 
IGt =  <5 mA 
RCA T2300, 40529 
OR SIMILAR

TL/H/5701 -9
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Typical Applications (Continued)
Three-Wire Electronic Thermostat

Kelvin Thermometer With 
Ground Referred Output

Connection Diagrams
of the basic 0.01 V/°K sensitivity of the transducer

Dual-ln-Line Package
TO-46 Package

TL/H/5701-6
Order Number LM3911N 
See NS Package N08E

Order Number LM3911H-46 
See NS Package H04A
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Molded Dual-In-Line Package (N) 
Order Number LM3911N 

NS Package N08E

NS Package H04A

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 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.
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Arlington, TX 76017 
Tel: 1(800) 272-9959 
Fax: 1(800) 737-7018

National Semiconductor 
Europe

Fax: (+49) 0-180-530 85 86 
Email: cnjwge@tevm2.nsc.com 

Deutsch Tel: (+49) 0-180-530 85 85 
English Tel: (+49) 0-180-532 78 32 
Frangais Tel: (+49) 0-180-532 93 58 
Italiano Tel: (+49) 0-180-534 16 80
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Hong Kong Ltd.
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Tel: (852) 2737-1600 
Fax: (852) 2736-9960
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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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