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Datasheet HEEMANN Sensor Integrated Module HIS

Features

The HEIMANN Sensorthermopile module isdesigned forthe non-contact temperature
measurement of surffacesbased on infrared radiation. A self-designed application
specific integrated circuit isused forthe sensor signal processing. The module can be
supplied with or without internal compensation of the sensor-typical, physical-based

ambient temperature drift.

The HEIMANN Sensorthermopile module HIStype can be supplied for different object
temperature rangescharacterized by the detectable temperature range , 10" or
adjusted to a defined amplification forgasdetection applications. The “type” in the
nomenclature describesthe sizes, opticsand filter characteristics of the different

versons.

Thermopile sensor with integrated ASC for signal processing

2 analog outputsforthermopile and reference signal

Smple linearreference function for external or internal compensation

TO39 metal housing forproperthermal shock behaviour

Fast response time of 5 msec forsensortype 1 and 10msec forsensortype 2
Variouscaps, opticsand filter available

Characteristics

min/typ/max

Parameter unit condition
value

supply voltage 45..5..55 \% VDD
supply current 1.14.2 mA without load
output voltage range 0.3..vDD-0.3 \%
output resistance <10 Ohm f < 100Hz
output load > 20 kOhm |foroptimal operation
thermopile amplification 500 .. 5500
object temperature range | -30....+500 (1000) |°C dep.on meas.conditions

_ linear function
gradient temp. reference 10..15..16 mV/°C

1.225V at 25°C

response time 4..5..10 ms t/T=63%; sensortype 1
operating temperature -40to 120 °C
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Datasheet HEEMANN Sensor Integrated Module HIS

Schematic
SENSOR MODULE
r o - ASIC — — o cext
:ERMDPE Anplifier Amplifier WDNNECTDRj
Sy p— —L
Temp. Ref. ‘ Amplifier

\V, ™S ‘ 1 AOR ¢ Dutput ‘
L Reference
‘ ~—‘—|E VDD ¢+ Supply (V4
T
- VSS : Supply (GND

<
+ 0O
C+
D . .
DR ~—X CM : Calibration
02 U=
g,@tﬂﬁj te——=P SCLK : Serial Clock
+ o« Ve
C C O
00 wiJ
OO KL

connect description
AOR analog output —temperature reference (AORt) or voltage reference
(AORv) / digital input —instructions, addresses, data
V+ powersupply —postive supply voltage
AOT analog output —object temperature related output voltage - AOTc

(amplified thermopile signalinternalcompensated by the temperature
reference) - AOTu (amplified thermopile signal) / digital output - data

V- powersupply —negative supply voltage , ground

CM calibration mode —selection between analog and digital mode

SCLK serial clock input

HEIMANN Sensor GmbH  Contact / Customer Support Internet
Grenzstr. 22 Phone 49 (0) 6123 60 50 30 www.heimannsensor.com
D-01109 Dresden Fax 49 (0) 6123 60 50 39 mail: info@heimannsensor.com

TT J0 g dfed / G00Z 994 TOY SIH 193ysereq



Datasheet HEEMANN Sensor Integrated Module HIS

Sample Sgnal Characteristics Sensor Output AOT
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Datasheet HEEMANN Sensor Integrated Module HIS

Application Hints — Temperature Calculation and Compensation

The HEEIMANN Sensor integrated module HTIA consistsof a fast response thermopile
sensorand an ASC asspecific integrated circuit for the signal processing and on chip
calibration.

The thermopile sensor convertsthe temperature radiation of an object surface to an
electrical signal (voltage) by thermocouples(Seebeck effect). The sensor output voltage
isrelated to the object temperature and emissivity (radiation) aswell asto the sensor
chip temperature (housing temperature) and surrounding temperature (radiation) by the
following equation :

VS=K* | *(TOn-T)at TA=TS

VS-> sensoroutput voltage

K -> constant apparatusfactor

I -> object emissivity

TO -> objecttemperature

TA -> ambient (surrounding) temperature

TS -> sensor (housing) temperature

n -> exponentto describe the temperature dependency of the signal voltage

The equation issmplified by the hypothessof equalambient and sensortemperatures.
The exponent ,n“ hasthe theoretical value of ,4“ based on physical laws. But in the
application practice it isan empirically determined exponent value mostly in the range
of 3..4.The knowledge of the housing temperature isnecessary to get the right object
temperature from the sensorvoltage.

Example of an Amplified Sensor Output Voltage Example of an Amplified Sensor Output Voltage
vs. Object Temperature Related to a Constant vs. Ambient Temperature Related to a Constant
Ambient Temperature Object Temperature
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Datasheet HEEMANN Sensor Integrated Module HIS

Application Hints — Temperature Calculation and Compensation

The integrated sensor module HTIA isdesigned to detect the housing temperature and
to convert the temperature to a voltage.

By the multi-functionality of the integrated sensor module HTIA it ispossible to use that
voltage foran internal (on chip) ambient temperature compensation which makesthe
output voltage of the sensor module widely independent from ambient temperature
variationswithin a range of about 40 e C. The achievable accuracy isshown in the
picture.
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For higheraccuracy requirementsthe multi-functional sensor module can output the
amplified and calibrated sensor voltage separated from the linearon-chip temperature
reference voltage. With it the ambient temperature compensation can be smply done
combined with the object temperature calculation by the external microcontroller used
in most applications. The following equationsand procedurescan be used forthe
calculation of the object temperature independent from the ambient temperature with
sufficient accuracy formost applications.
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Datasheet HEEMANN Sensor Integrated Module HIS

Application Hints — Temperature Calculation and Compensation

Base Function

Vobj (V): sensorobject voltage

K: constant apparatusfactor->test certificate

- emissivity of the object

Tobj (K): object temperature (Kelvin)

Tamb (K): sensor (ambient) temperature (Kelvin); The equation issmplified by the

hypothesisof equalambient Tamb and sensortemperaturesTs.

n: exponent, empirically determined, in sensor practice mostly in the range 3

to 4 -> test certificate

—_ * * n _ n
Vobj =K*e ( obj amb)
Tamb=Tsensor

Experimental Determined Factors

In a first approximation the constant factor“K” and exponent “n” based on the
Heimann Sensor measuring data can be used. In most casesan exponent of 4 is
sufficient for the required temperature tolerance, which smplifiesthe calculation.
The verification of the valuesisrecommended by an application test.

V|
" et )

obj S

Function for Object Temperature Calculation with Temperature Compensation

— VOb' n
TObJ - n *J +TS
K*e
The uncompensated sensor output voltage V(AOTu), measured at the output AOT, is
containing the object signalvalue Vobjand the reference voltage Vref:

Vobj = V{AOTu} - Vref
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Datasheet HEEMANN Sensor Integrated Module HIS

Application Hints — Temperature Calculation and Compensation

Internaltemperature gradientsgenerate additional offset voltagesVoffsdepending on
application influences:
Vobj=V{AOTu} - Vref + Voffs

The temperature generated offset can be determined by an output signal test at Tobj =
Tamb.

Calculation of the ambient (sensor) temperature using the sensoroutput AOR:

Ts= S;* (V{AOR} - V{AORI@R5}) + 298.15K

TS sensortemperature

S, (V/IK): temperature sensitivity of the internal temperature reference ->
test certificate

V{AORLt} (V): measured temperature output voltage at output AOR

V{AORt@25}(V): temperature output voltage at 25 e C (298.15K) -> test certificate

For first teststhe object temperature calculation can be done by the mentioned
calculation procedure using an application factorand exponent derived from the
Heimann Sensorsample data and based on Heimann Sensortest equipment.

Alltest data are typical related to a defined emissivity of 100%. The emissivity variation

can be considered by the factor .

Anotherwaysforthe object temperature calculation with ambient temperature
compensation can be performed using look-up tablesor polynomial regression
equations.

But by the large number of physical affectsinfluencing the non-contact temperature
measurement, it isdifficult to have the best initial adjustment for the different
applications. In detail the measuring isinfluenced by the object emissivity and its
variation, optical ratios (field of view, object size, measuring distances), the ambient and
object temperature ranges, the adjustment of the ambient temperature compensation
aswellasunstable (dynamic) ambient temperature conditions. For that reason the
object and ambient temperature to output voltage relation needsto be measured on
application conditions.

Formost applicationsan optimized solution can be found and fixed for a serial
production. Don't hesitate to contact HEEMANN Sensor for support to use our long-time
experience in infrared sensorsand sensor modules.
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Datasheet HEEMANN Sensor Integrated Module HIS

Application Hints — Gas Detection

IR Narrow Band
IR lamp Pass Gas Filter

S

B
T thermopile ——

detector \

® Gas Molecule O Other Molecules

Upl =1 exp(-kec)

The gasconcentration can be measured by monitoring the absorption of an infrared
light beam. The base equation forgasconcentration measurement in the infrared way is
Beerslaw :

I=1(0)*exp(-k*c*L)

I ->radiant flux at the point of measurement

1(0) ->base radiant flux of the test system without gasabsorption
k -> constant (gasand filter specific)

L -> measuring distance

c -> gasconcentration

The radiant flux isproportional to the output voltage of the sensor module : U/U(Q) ~ I/1(0) .
A specialinfrared light source isused to generate the radiant heat. The infrared source
needsto be pulsed to eliminate parasitic temperature influences.

The temperature reference output (housing temperature) of the sensormodule can be
used to compensate ambient temperature drift effects.
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Datasheet HEEMANN Sensor Integrated Module HIS

Transmission in %

Application Hints — Gas Detection

Available Infrared Rlter for Gas Detection
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Datasheet HEEMANN Sensor Integrated Module HIS

Application Hints —Handling

Thermal stressto the sensor module can cause temporary measuring deviations. That
deviationsare generated by internal temperature differencesin the sensorpackage.
The sensordetectsthe temperature differencesuntil the system isthermal stabilized.
Recommended measuresto reduce the influence of temperature stressto the output
signal are

- to fixthe sensormodule at the side wall of the headeronly

-to thermalisolate the sensorpackage to the environment

-to place the sensor far from parasitic thermal sources

Sressesabove the absolute maximum ratingsmay cause damagesto the device.
Precautionsshould be taken to avoid voltages0.3V beyond the supply voltagesto all
inputsand outputs, which may result in latch-up effects (low impedance state with
excessive currents). A limitation of the input current to maximum 5mA can avoid latch-
up effects.

The allowed duration of output short circuitsare indefinite. Continuous short-circuitsto
ground might cause permanent damage to the device.

Reversed polarity of powersupply may result in a destroyed unit.
Do not expose the sensorsto aggressive detergents.
Windowsmay be cleaned with alcoholand cotton swab.

Capacitive loadswhich are applied directly to the outputsreduce the loop stability
margin. A resistive isolation should be used If largerload capacitancesmust be driven.

The module can be damaged by electrostatic discharges. Please take appropriate
precautionsforthe handling._
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Datasheet HEEMANN Sensor Integrated Module HIS

Ordering Information

The sensormodulescan be ordered by the following nomenclature :
Temperature measurement : HIS"type”+”"U” or“C”-To ,e.g. HTIA-DU-T100
Gasdetection : HIS“type” —"filter’-"pin number” ,€.9. HISA21 H4.26 4PIN

HIS-> HEIMANN Sensorthermopile module with integrated circuit and analog outputsin
a TO39 package

type ->letterdescribing the cap, opticsand sensortype (1,2 or 3)

“U" or“C” ->dgandsforseparated orinternalcompensated output voltage AOT

To ->maximum objecttemperature describing the amplification adjustment

fiter -> central wave length of the narrow band filter orgastype

Pin number->forgasdetection 4 or 6 pin sensorsare available , 4 pin typesare adjusted
to max. sensoramplification of 5.500

The long wavelength passfilter with 5.5um cut on isused asstandard filter type for all
temperature measurement types.

Please give following information :

* object and ambient temperature ranges

* object (surface) emissivity

e required temperature accuracy and resolution

* required optics(field of view orobject size and measuring distance)

» special environmental conditions

* requested speed of response

* different filter transmission

Don’t hesitate to contact us, if the sensor modulesshow problemsin your special
application.

Liability Information

Changesormodificationsat the product which haven'tinfluence to the
performance and/or quality of the device haven'tto be announced to the
customersin advance.

Customersare requested to consult with Heimann Sensor representativesbefore
the use of Heimann Sensor productsin special applicationswhere failure or
abnormal operation may directly affect human livesorcause physical injury or
property damage. The company or theirrepresentativeswillnot be responsible for
damage arising from such use without priorapproval.
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