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1 SCOPE

1.1 PURPOSE

This measurement system is used for the non-contact measurement of surface temperatures based on IR-radiation. The thermopile sensor is integrated in an ambient temperature compensated module with mirror or lens optics. An additional IR-window can be used for protection against contamination and condensation. The standard system is optimised to an object emission near 95%, but it can be modified to respective application conditions.

1.2 SCHEMATIC

The following drawing shows the principle of the measurement and circuitry :




Picture 1: Principle of the Measurement and Schematic Circuit Diagram

2 GENERAL CHARACTERISTICS

2.1 ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Single Power Supply)
+18V

Storage Temperature Range
-40°C to 105°C

Table 1: Absolute Maximum Ratings

2.2 OPERATING CONDITIONS

Supply Voltage (Single Power Supply)
+5V .. +16V

Output Voltage Swing
0V .. (Vsupply - 2V)

Supply Current (RL (() at V+ 5V
1.5mA (typical) ; 5mA (maximum)

Power Supply Rejection Ratio
50dB (minimum)

Output Current (Short Circuit to Ground)
60mA (maximum)

Response Time
20ms (typical)

Operating Ambient Range
-20°C .. 100°C

Table 2: Operating Conditions

2.3 HANDLING REQUIREMENTS



Stresses above the absolute maximum ratings may cause damages to the device.

Short circuits from the output to V+ can cause destruction's. Regarding to short circuits to ground, the maximum output current is approximately 60mA independent of V+. Continuous short-circuits at values of supply voltage in excess of +15VDC might cause destruction's. 

Precautions should be taken to avoid reverse polarity of power supply. Reversed polarity of power supply results in a destroyed unit.

The module can be damaged by electrostatic discharges. Please take appropriate precautions for the handling.

Do not expose the sensor's to aggressive detergents such as freon, trichlorethylen, etc. Windows may be cleaned with alcohol and cotton swab. 

Hand soldering may be applied by a maximum temperature of 260°C for a dwell time less than 10s. 
2.4 APPLICATION HINTS

2.4.1 Connection Requirements

Capacitive loads which are applied directly to the outputs reduce the loop stability margin. Values of 50pF can be accommodated using the worst-case unity gain connection. A resistive isolation should be used if a larger load capacitance must be driven.

2.4.2 Ambient Temperature Compensation

The thermopile sensor converts the temperature radiation of an object surface to an electrical signal by thermocouples (Seebeck effect). The sensor output voltage is caused by the temperature difference between radiation heated (hot) junctions and cold junctions with a good thermal contact to the housing. The changing of the housing (cold junction) temperature have to be detected to get the right output signal depending on the object radiation only. The sensor module is designed to compensate the ambient (sensor) temperature changing by a hardware adjustment. Because of many physical affects are influencing the non-contact temperature measurement based on infrared radiation, it is difficult to have the best initial adjustment for the different applications. Therefore some deviations could be found at first measuring. For all applications the optimised solution can be prepared and fixed based on the measurement in the application. Don't hesitate to contact the marketing or engineering department for support.

The temperature compensation is working right in an ambient temperature range, limited by different device parameters of the thermopile sensor and the thermistor. Please have a look to the following diagram for better understanding of the principle compensation curve. The central curve shows the deviation for an optimum working of a compensated module type 1. The other curves are showing the maximum deviation for the same module type at the specified object temperature (worst case). 

The compensation of the mentioned module type is adjusted to the best fitting at 20°C to 60°C ambient temperature.
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Diagram 1: Typical and Maximum Temperature Deviation of a Module Type 1
2.4.3 Measuring Tolerances

The measuring tolerance of the sensor modules depends on the emissivity, object temperature, object size to spot size relation, temperature gradients on the sensor, device tolerances and the optimal adjustment of the ambient temperature compensation as basis for the measurement in a wide ambient range. 

The following diagram shows the 'worst case' temperature tolerances at different object (black body) temperatures need to be added to the typical compensation curve for a standard module type 1.
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Diagram 2: Maximum Temperature Deviation of a Module Type 1
2.4.4 Applications Adjustment

Don’t hesitate to contact us, if the sensor modules show problems in your special application. The sensor module can be adjusted to the different requirements of most applications. If possible, please give following information's to allow us better support :

* Object temperature range 
* Object (surface) emissivity 
* Ambient temperature range
* Temperature accuracy of measurement at object and ambient temperature ranges
* Field of view (spot size and measuring distance)
* Sensor module with a special case
* Measuring data of the sensor module in your application (for the optimal adjustment of the ambient temperature compensation) like the following :


Tobject
Tambient
Vout(Tsensor)
      Vout(Tobject)
       :

       :

         :



    :



The measuring conditions should be :

- Constant object temperature

- Constant object emissivity

- Variation of the ambient (sensor) temperature in the used range

- Measuring of the output voltages at different stabilised ambient temperatures
3 TYPE CHARACTERISTICS

3.1 DESIGN CHARACTERISTICS

Parameter
Type
Drawing

Thermopile Module
TPML


Thermopile Sensor
HEIMANN TPS434
2/70372

Optics
HEIMANN Ellipsoid Mirror
45501887

Protection Filter
Type Standard Mounted


PCB
TPMF710
2/70709

Schematic and Layout
TPMF710
HW-WI-H80-S0007

Spectral Range

Protection Filter
HEIMANN STANDARD

Coating


Spectral Range 

Sensor Filter
HEIMANN STANDARD Coating


Table 3: Design Characteristics of the Specified Device Type

3.2 OPTICAL CHARACTERISTICS

3.2.1 Definition and Measurement

The field of view is defined by the full angle at the half energy points given by the following experiment. 

[image: image8.wmf]
Picture 2: Measuring of the Field of View

3.2.2 Horizontal and Vertical  Characteristics

Picture 3: [image: image9.wmf]Horizontal Characteristics of the Mirror Optics

Picture 4: [image: image10.wmf]Vertical Characteristics of the Mirror Optics 

3.3 FILTER CHARACTERISTICS

3.3.1 Parameter

Standard Filter

Parameter
Limits
Units
Conditions


Min
Typ
Max



Average Transmission
70


%
Wavelength Range from 7.5µm to 13.5µm 

Average Transmission


0.5
%
Wavelength Range from Visual to 5µm 

Cut On
5.2
5.5
5.8
µm
At 25°C

Table 4: Parameter of the Used Filter Type Standard

3.3.2 Sample Curves

[image: image11.wmf]
Diagram 3: Sample Filter Transmission Curves of the Standard Filter 
3.4  MECHANICAL REQUIREMENTS

3.4.1 Mechanical Dimensions of the Module

[image: image12.wmf]
Picture 5: Dimensions of the Specified Module

3.4.2 Mirror with Assembled Protection Filter

[image: image13.wmf]
Picture 6: Assembled Filter to Mirror of the Specified Module 

3.4.3 Scheme of Connection
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Picture 7: Scheme of Connection of the Specified Module

3.4.4 Marking

Each device is marked at the backside of the mirror optics by a label with a letter and a serial number. The letter describes the place of manufacturing. 

3.5 ELECTRICAL REQUIREMENTS

3.5.1 Compensated Thermopile Output Voltage

The compensated thermopile output voltage Vout(Tobject) is given by the circuit 4 of the pcb and circuit 1 of the connector.

The following table shows the typical and maximum tolerance voltages for different object temperatures (black body) at 25°C ambient (sensor) temperature :

Black Body
Vout=f(Tobject)
Gradient

Tobject
Minimum
Typical
Maximum
Typical

°C
V
V
V
V/ °C

0
1.218
1.273
1.333
0.011

25
1.545
1.591
1.641
0.0145

50
1.945
2.004
2.066
0.0185

100
3.051
3.143
3.240
0.0272

200
6.581
6.783
6.990
0.0456

Table 5: Output Voltage Vout(Tobject) at different Object Temperatures

Note 1 : The compensated thermopile output voltages are specified including the protection filter type standard and by the condition, that the whole target fills the field of view defined by the energy points below 1%.

Parameter
Minimum
Typical
Maximum


ms
ms
ms

Time Constant
5
20
100

Table 6: Response Time of the Thermopile Output

Note 2 : The time constant can be measured as response to an object temperature 
   jump (low to high or high to low) based on the following equations :


  Low to High : 
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  High to Low : 
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3.5.2 Temperature Reference Output Voltage

The temperature reference output voltage Vout(Tambient) is given by the circuit 1 of the pcb and circuit 4 of the connector.

The following table shows the typical and maximum tolerance voltages for different ambient temperatures :


Vout=f(Tambient)

Tsensor
Minimum
Typical
Maximum

°C

V
V

-40
1.206
1.240
1.273

-20
1.241
1.273
1.305

0
1.325
1.357
1.390

20
1.496
1.530
1.569

25
1.556
1.591
1.631

40
1.762
1.813
1.870

60
2.085
2.162
2.247

80
2.386
2.491
2.606

100
2.612
2.744
2.885

Table 7: Output Voltage Vout(Tambient) at different Ambient (Sensor) Temperatures

4 TESTING

4.1 ELECTRICAL TEST

4.1.1 Test Conditions

Object Size
> (50mm

Object Emission
> 99%

Object Temperature
100°C ±0.5°C

Ambient Temperature
25°C ±2°C

Viewing angle to the object
> 50°

Table 8: Test Conditions for the Electrical Parameters

4.1.2 Test Parameters

Typical
Typical
Vout=f(Tobject)
Vout=f(Tambient)

Tobject
Tambient
Minimum
Typical
Maximum
Minimum
Typical
Maximum

°C
°C
V
V
V
V
V
V

100
23.0
3.053
3.147
3.243
1.531
1.566
1.605

100
23.5
3.052
3.146
3.242
1.537
1.572
1.611

100
24.0
3.053
3.145
3.242
1.543
1.578
1.618

100
24.5
3.052
3.144
3.241
1.549
1.585
1.624

100
25.0
3.051
3.143
3.240
1.556
1.591
1.631

100
25.5
3.050
3.142
3.239
1.562
1.598
1.637

100
26.0
3.049
3.142
3.238
1.568
1.604
1.644

100
26.5
3.047
3.141
3.238
1.574
1.611
1.652

100
27.0
3.047
3.140
3.238
1.580
1.617
1.659

Table 9: Test Parameters for the Electrical Device Test

Note 3 : The compensated thermopile output voltages are specified including the mounted protection filter type standard and by the condition, that the whole target fills the field of view defined by the energy points below 1%.

4.2 VISUAL TEST

4.2.1 Mirror Optics

The visual inspection of the mirror optics has to be performed according to the document number S0001 index 1, component specification of the sensor housing.

4.2.2 Protection Filter

The visual inspection of the protection filter has to be performed by a visible light reflection test.

5 PACKAGING

5.1 PACKING FOR DELIVERY

The packing for the delivery of mass production devices depends on the respective order quantity. 

5.2 LABELLING FOR DELIVERY

Each label contains the following information : 

Name of the manufacturer, Product Group, Product type, Product number, 

Quantity per box, Date of packing, Place of packing

6 RELIABILITY

HEIMANN confirms that samples of modules have been tested to the following reliability conditions. 

6.1 TEST CONDITIONS

Object Size
> (50mm

Object Emission
> 99%

Object Temperature
95°C ±0.3°C

Ambient Temperature
25°C ±2°C

Viewing angle to the object
> 50°

Table 10: Test Conditions for the Electrical Parameters

6.2 ENVIRONMENTAL PERFORMANCE

Parameter
Test Condition
Test Result

Heat Ageing


(100(5)°C, 1000hours, Operation V+16V
Vout(Tobject) Changing ( (2%

Cold Ageing
(-20(5)°C, 1000hours,

Operation V+16V
Vout(Tobject) Changing ( (2%

Temperature Cycling


(-20±5)°C to (85±5)°C, 2hours/each, 30cycles,

Operation V+16V

Vout(Tobject) Changing ( (2%

Humidity


(60±5)°C, (80±5)% rH,

1000hours, Operation V+16V
Vout(Tobject) Changing ( (2%

Table 11: Reliability Test Results for the Environmental Performance

6.3 MECHANICAL PERFORMANCE

Parameter
Test Condition
Test Result

Mechanical Shock

1m free fall onto wooden plate, x-y-z-directions
Vout(Tobject) Changing  ( (2%

Vibration
Acceleration

20g

50g

100g

500g

1000g

5000g

10000g
Pulse Duration

3ms

3ms

3ms

1ms

0.7ms

0.15ms

0.08ms
Vout(Tobject) Changing  ( (2%

Vout(Tobject) Changing  ( (2%

Vout(Tobject) Changing  ( (2%

Vout(Tobject) Changing  ( (2%

Vout(Tobject) Changing  ( (2%

Vout(Tobject) Changing  ( (2%

Vout(Tobject) Changing  ( (2%

Table 12: Reliability Test Results for the Mechanical Performance
7 QUALITY

7.1 QUALITY SYSTEM

HEIMANN is an ISO 9001 certified manufacturer with established SPC and TQM. All materials are checked according to specifications and final goods meet the specified tests.

7.2 LOT ACCEPTANCE TEST

7.2.1 Test Conditions and Parameter

According to item 4.1.1 and 4.1.2 .
7.2.2 Test Level

Lot conformance to specification of products delivered in volume production is checked by means of following tests : 

Test
Conditions
Level

Electrical parametric

Vout=f(Tobject)
Acc. to the test parameters at the test conditions , tolerance check
100%

Electrical parametric

Vout=f(Tambient)
Acc. to the test parameters at room temperature , functional check
100%

External visual
Physical correctness
0.65

Mechanical
External dimensions
0.65

Table 13: Acceptable Quality Level for the Lot Acceptance Tests

7.3 CHANGES AND MODIFICATIONS

Changes or modifications at the product which could influence performance and/or quality of the device have to be announced to said customer in advance and approved by said customer.

7.4 REFERENCED DOCUMENTS

The referenced documents form a part of this drawing.  The revision level of these referenced documents unless defined shall be that  which is in effect on the date of the purchase order.
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