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Features

The HEIMANN Sensor thermop ile module is designed for the non-c ontac t tempera ture 
measurement of surfac es based on infra red  rad ia tion. A self-designed  app lic a tion 
spec ific  integra ted  c irc uit is used for the sensor signa l p roc essing. The module c an be 
supp lied  with or without interna l c ompensa tion of the sensor-typ ic a l, physic a l-based  
amb ient tempera ture d rift. 

The HEIMANN Sensor thermop ile module HIS-type c an be supp lied  for d ifferent ob jec t 
tempera ture ranges c harac terized  by the detec tab le tempera ture range „ To“  or 
ad justed  to a  defined  amp lific a tion for gas detec tion app lic a tions. The “ type”  in the 
nomenc la ture desc ribes the sizes, op tic s and  filter c harac teristic s of the d ifferent 
versions.

Charac teristic s

� Thermop ile sensor with integra ted  ASIC for signa l p roc essing
� 2 ana log outputs for thermop ile and  referenc e signa l 
� Simp le linear referenc e func tion for externa l or interna l c ompensa tion
� TO39 meta l housing for p roper therma l shoc k behaviour
� Fast response time of 5 msec for sensor type 1 and  10msec  for sensor type 2
� Various c aps, op tic s and  filter ava ilab le

for op tima l opera tionkOhm> 20output load
f < 100HzOhm< 10output resistanc e

dep . on meas.c ond itions°C-30….+500 (1000)ob jec t tempera ture range
linear func tion  

1.225V a t 25°C
mV/ °C10 .. 15 .. 16grad ient temp. referenc e

500 .. 5500thermop ile amp lific a tion

°C-40 to 120opera ting  tempera ture
ms

V
mA
V

unit

0.3 .. VDD-0.3output voltage range

t / T=63% ; sensor type 14 .. 5 .. 10response time

without load1 .. 1.4 .. 2supp ly c urrent
VDD4.5 .. 5 .. 5.5supp ly voltage

c ond itionmin/ typ / max  
va lueParameter
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Sc hematic

seria l c loc k inputSCLK

c a lib ra tion mode – selec tion between ana log and  d ig ita l modeCM

power supp ly – nega tive supp ly voltage , g roundV-

ana log output – ob jec t tempera ture rela ted  output voltage - AOTc
(amp lified  thermop ile signa l interna l c ompensa ted  by the tempera ture 
referenc e) - AOTu (amp lified  thermop ile signa l) /  d ig ita l output - da ta

AOT

power supp ly – positive supp ly voltageV+

ana log output – tempera ture referenc e (AORt) or  voltage referenc e 
(AORv) /  d ig ita l input – instruc tions, addresses, da ta

AOR

desc rip tionc onnec t
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Sample Signal Charac teristic s Referenc e Output AOT
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Applic ation Hints – Temperature Calc ulation and Compensation

The HEIMANN Sensor integra ted  module HTIA c onsists of a  fast response thermop ile 
sensor and  an ASIC as spec ific  integra ted  c irc uit for the signa l p roc essing and  on c hip  
c a lib ra tion. 
The thermop ile sensor c onverts the tempera ture rad ia tion of an ob jec t surfac e to an 
elec tric a l signa l (voltage) by thermoc oup les (Seebec k effec t). The sensor output voltage 
is rela ted  to the ob jec t tempera ture and  emissivity (rad ia tion) as well as to the sensor 
c hip  tempera ture (housing tempera ture) and  surround ing tempera ture (rad ia tion) by the 
fo llowing equa tion :  

VS = K * �¦ * ( TOn – TSn) a t TA=TS

VS -> sensor output voltage
K   -> c onstant appara tus fac tor

�¦ -> ob jec t emissivity
TO -> ob jec t tempera ture
TA  -> amb ient (surround ing) tempera ture
TS  -> sensor (housing) tempera ture  
n     -> exponent to desc ribe the tempera ture dependenc y of the signa l voltage

The equation is simp lified  by the hypothesis of equa l amb ient and  sensor tempera tures. 
The exponent „ n“ has the theoretic a l va lue of „ 4“ based  on physic a l laws. But in the 
app lic a tion p rac tic e it is an emp iric a lly determined  exponent va lue mostly in the range 
of 3 .. 4 . The knowledge of the housing tempera ture is nec essary to get the right ob jec t 
tempera ture from the sensor voltage. 

Example of an Amplif ied Sensor Output Voltage 

vs. Object Temperature Related to a Constant 
Ambient Temperature
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Example of an Amplif ied Sensor Output Voltage 

vs. Ambient Temperature Related to a Constant 
Object Temperature

-1,5

-0,5

0,5

1,5

2,5

0 20 40 60 80
Ambient Temperature {°C}

O
ut

pu
t V

ol
ta

ge
 A

O
T

u 
 

{V
}

Constant Object Temperature



Fast Response

Small S
ize

D
atasheet H

IS
 R

01 D
ec 2005 / P

age 5
of  11

Internet
www.heimannsensor.com
mail: info@heimannsensor.com

Contact / Customer Support
Phone 49 (0) 6123 60 50 30
Fax 49 (0) 6123 60 50 39

HEIMANN Sensor GmbH
Grenzstr. 22
D-01109 Dresden

Datasheet HEIMANN Sensor Integrated Module HIS

The integra ted  sensor module HTIA is designed  to detec t the housing tempera ture and  
to c onvert the tempera ture to a  voltage. 
By the multi-func tiona lity of the integra ted  sensor module HTIA it is possib le to use tha t 
voltage for an interna l (on c hip ) amb ient tempera ture c ompensa tion whic h makes the 
output voltage of the sensor module widely independent from amb ient tempera ture 
varia tions within a  range of about 40�e C. The ac hievab le ac c urac y is shown in the 
p ic ture.

 
typical output signal drift at 100degC object temperature
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Applic ation Hints – Temperature Calc ulation and Compensation

For higher ac c urac y requirements the multi-func tiona l sensor module c an output the 
amp lified  and  c a lib ra ted  sensor  voltage separa ted  from the linear on-c hip  tempera ture 
referenc e voltage. With it the amb ient tempera ture c ompensa tion c an be simp ly done 
c omb ined  with the ob jec t tempera ture c a lc ula tion by the externa l mic roc ontroller used 
in most app lic a tions.  The following equations and  proc edures c an be used for the 
c a lc ula tion of the ob jec t tempera ture independent from the amb ient tempera ture with 
suffic ient ac c urac y for most app lic a tions. 
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Base Func tion

Vob j (V): sensor ob jec t voltage
K : c onstant appara tus fac tor -> test c ertific a te
�¦ : emissivity of the ob jec t
Tob j (K): ob jec t tempera ture (Kelvin)
Tamb (K): sensor (amb ient) tempera ture (Kelvin); The equa tion is simp lified  by the 

hypothesis of equa l amb ient Tamb and  sensor tempera tures Ts.
n: exponent, emp iric a lly determined , in sensor p rac tic e mostly in the range 3 

to 4 -> test c ertific a te

( )
TsensorTamb

n
amb

n
objobj TTKV

=
-= ** e

Applic ation Hints – Temperature Calc ulation and Compensation

Experimenta l Determined  Fac tors

In a  first approximation the c onstant fac tor “ K” and  exponent “ n” based on the 
Heimann Sensor measuring da ta  c an be used . In most c ases an exponent of 4 is 
suffic ient for the required  tempera ture to leranc e, whic h simp lifies the c a lc ula tion. 
The verific a tion of the va lues is rec ommended  by an app lic a tion test.

( )n
s

n
obj

obj

TT

V
K

-
=

*e

Func tion for Ob jec t Tempera ture Ca lc ula tion with Tempera ture Compensa tion

n n
s

obj
obj T

K

V
T +=

e*
The unc ompensa ted  sensor output voltage V(AOTu), measured  a t the output AOT, is 
c onta ining the ob jec t signa l va lue Vob j and  the referenc e voltage Vref : 

Vobj = V{AOTu} - Vref
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Interna l tempera ture grad ients genera te add itiona l offset voltages Voffs depend ing on 
app lic a tion influenc es :
Vobj = V{AOTu} - Vref + Voffs

The tempera ture genera ted  offset c an be determined  by an output signa l test a t Tob j = 
Tamb.
Ca lc ula tion of the amb ient (sensor) tempera ture using the sensor output AOR :
Ts = ST * (V{AORt} – V{AORt@25}) + 298.15K

Ts: sensor tempera ture
ST (V/ K): tempera ture sensitivity of the interna l tempera ture referenc e -> 

test c ertific a te
V{AORt} (V): measured  tempera ture output voltage a t output AOR
V{AORt@25}(V):           tempera ture output voltage a t 25�e C (298.15K) -> test c ertific a te

Applic ation Hints – Temperature Calc ulation and Compensation

For first tests the ob jec t tempera ture c a lc ula tion c an be done by the mentioned  
c a lc ula tion p roc edure using an app lic a tion fac tor and  exponent derived  from the 
Heimann Sensor samp le da ta  and  based on Heimann Sensor test equipment. 
All test da ta  a re typ ic a l rela ted  to a  defined  emissivity of 100%. The emissivity varia tion 

c an be c onsidered  by the fac tor � . 
Another ways for the ob jec t tempera ture c a lc ula tion with amb ient tempera ture 
c ompensa tion c an be performed  using look-up  tab les or polynomia l regression 
equa tions. 
But by the la rge number of physic a l a ffec ts influenc ing the non-c ontac t tempera ture 
measurement, it is d iffic ult to have the best initia l ad justment for the d ifferent 
app lic a tions. In deta il the measuring is influenc ed  by the ob jec t emissivity and  its 
varia tion, op tic a l ra tios (field  of view, ob jec t size, measuring d istanc es), the amb ient and  
ob jec t tempera ture ranges, the ad justment of the amb ient tempera ture c ompensa tion 
as well as unstab le (dynamic ) amb ient tempera ture c ond itions. For tha t reason the 
ob jec t and  amb ient tempera ture to output voltage rela tion needs to be measured  on 
app lic a tion c ond itions.
For most app lic a tions an op timized  solution c an be found  and  fixed  for a  seria l 
p roduc tion. Don't hesita te to c ontac t HEIMANN Sensor for support to use our long-time 
experienc e in infra red  sensors and  sensor modules.
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The gas c onc entra tion c an be measured  by monitoring  the absorp tion of an infra red  
light beam. The base equa tion for gas c onc entra tion measurement in the infra red  way is 
Beer’ s law :

I=I(0)*exp(-k*c *L)

I -> rad iant flux a t the point of measurement
I(0) -> base rad iant flux of the test system without gas absorp tion
k -> c onstant (gas and  filter spec ific ) 
L -> measuring d istanc e 
c  -> gas c onc entra tion

The rad iant flux is p roportiona l to the output voltage of the sensor module : U/ U(0) ~ I/ I(0) .
A spec ia l infra red  light sourc e is used  to genera te the rad iant hea t. The infra red  sourc e 
needs to be pulsed  to elimina te pa rasitic  tempera ture influenc es. 
The tempera ture referenc e output (housing tempera ture) of the sensor module c an be 
used to c ompensa te amb ient tempera ture d rift effec ts.

Applic ation Hints – Gas Detec tion

IR lamp

Gas Molecule Other Molecules

IR Narrow Band 
Pass Gas Filter

thermopile
detector

)exp( kclIIU
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Applic ation Hints – Gas Detec tion
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Therma l stress to the sensor module c an c ause tempora ry measuring devia tions. Tha t 
devia tions a re genera ted  by interna l tempera ture d ifferenc es in the sensor pac kage. 
The sensor detec ts the tempera ture d ifferenc es until the system is therma l stab ilized . 
Rec ommended  measures to reduc e the influenc e of tempera ture stress to the output 
signa l a re
- to fix the sensor module a t the side wa ll of the header only 
- to therma l isola te the sensor pac kage to the environment
- to p lac e the sensor fa r from parasitic  therma l sourc es

Stresses above the absolute maximum ra tings may c ause damages to the devic e. 
Prec autions should  be taken to avoid  voltages 0.3V beyond  the supp ly voltages to a ll 
inputs and  outputs, whic h may result in la tc h-up  effec ts (low impedanc e sta te with 
exc essive c urrents). A limita tion of the input c urrent to maximum 5mA c an avoid  la tc h-
up  effec ts. 

The a llowed  dura tion of output short c irc uits a re indefinite. Continuous short-c irc uits to 
ground  might c ause permanent damage to the devic e. 

Reversed  pola rity of power supp ly may result in a  destroyed  unit. 

Do not expose the sensors to aggressive detergents. 

Windows may be c leaned  with a lc ohol and  c otton swab . 

Capac itive loads whic h a re app lied  d irec tly to the outputs reduc e the loop  stab ility 
marg in.  A resistive isola tion should  be used If la rger load  c apac itanc es must be d riven.

The module c an be damaged  by elec trosta tic  d isc harges. Please take appropria te 
p rec autions for the hand ling .

Applic ation Hints – Handling
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Ordering Information

The sensor modules c an be ordered  by the following nomenc la ture :
Tempera ture measurement : HIS-” type” +” U”  or “ C” -To , e.g .  HTIA-DU-T100
Gas detec tion : HIS-“ type”  –” filter” -” p in number” , e.g . HIS A21 F4.26 4PIN

HIS -> HEIMANN Sensor thermop ile module with integra ted  c irc uit and  ana log outputs in 
a  TO39 pac kage
type  -> letter desc rib ing the c ap , op tic s and  sensor type (1,2 or 3)
“ U”  or “ C”    -> stands for separa ted  or interna l c ompensa ted  output voltage AOT
To    -> maximum ob jec t tempera ture desc rib ing the amp lific a tion ad justment
filter -> c entra l wave length of the narrow band  filter or gas type
Pin number -> for gas detec tion 4 or 6 p in sensors a re ava ilab le , 4 p in types a re ad justed  
to max. sensor amp lific a tion of 5.500
The long wavelength pass filter with 5.5µm c ut on is used  as standard  filter type for a ll 
tempera ture measurement types. 

Please g ive fo llowing information :
• ob jec t and  amb ient tempera ture ranges
• ob jec t (surfac e) emissivity
• required  tempera ture ac c urac y and  resolution
• required  op tic s (field  of view or ob jec t size and  measuring d istanc e)
• spec ia l environmenta l c ond itions
• requested  speed of response 
• d ifferent filter transmission
Don’ t hesita te to c ontac t us , if the sensor modules show prob lems in your spec ia l 
app lic a tion. 

Liability Information

Changes or mod ific a tions a t the p roduc t whic h haven't influenc e to the 
performanc e and / or qua lity of the devic e haven't to be announc ed to the 
c ustomers in advanc e. 

Customers a re requested  to c onsult with Heimann Sensor representa tives before 
the use of Heimann Sensor p roduc ts in spec ia l app lic a tions where fa ilure or 
abnorma l opera tion may d irec tly a ffec t human lives or c ause physic a l injury or 
p roperty damage. The c ompany or their rep resenta tives will not be responsib le for 
damage a rising from suc h use without p rior approva l.


