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Automotive, Motor-sport, Industrial Infared (IR) thermometer for
Remote Temperature Sensing

Features and Benefits

Remote temperature measurement

Fully linearized temperature signal

Analog voltage output

Factory calibrated

Custom aperture heat-sink (optic)

Composite automotive construction

High impact injection molded automotive casing
High accuracy thru wide temperature range

Applications - Automotive

¢ Automotive Race Tire — remote sensing of tire surface compound temperature
¢ Open wheel, closed wheel race car or motorcycle applications
e On-board track (surface) temperature measurement

e Sump (and Dry-sump) temperature monitoring

e Driver/passenger compartment (cockpit) temperature monitoring

¢ NOS (Nitrous Oxide — NO2) injection vapor spray instant manifold temperature
compensation for horsepower maximization
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Applications - Industrial

Infared object temperature measurement in harsh environments

Remote measurement of machine operation and over/under-temperature
Monitoring of temperature critical processes (e.g. molding, cleaning, finishing etc.,)
Applications where intermittent exposure to liquids is possible (‘water resistant’)
Industrial Air-conditioning remote area/compartment temperature sensing

Industrial examples:

e Space heating - infared
¢ environmental/facilities monitoring
e paper and textile process control

e Paint and coating oven bake control (infa-red surface temperature monitoring).
e Materials curing and setting — interval management
e Cool-down (annealing) time management
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1 Mechanical Diagrams
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Note: Leads 1m length as supplied: Supply, Ground, Signal.

2 Description

The modules are IR thermometer modules,
which perform signal conditioning, linearization
and ambient temperature compensation. The
modules are built around an automotive qualified
sensor interface, which uses high performance
chopper stabilized amplifiers, providing excellent
noise performance. The sensing element is an
automotive qualified discrete IR thermopile
sensor.

The automotive plastic casing is formed using
automotive qualified processing to give a highly
temperature stable module.

The modules are delivered factory calibrated.
The output signal is 8bit analog voltage output
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based on 10bit internal process. All output
signals are linear with the applied temperature.

The module features a flexible polyamide
substrate, making the sensor highly robust for
motor-racing, automotive and industrial
applications.

The modules have been used successfully by
several racing teams in the 2003 season —
screen shots of the telemetry data acquired on a
race car fitted with SolidStateRacing IR
temperature sensors is shown below:
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3 Glossary of Terms
ADC: Analog to Digital Converter

Ambient Compensation: The IR signal
captured by a thermopile sensor is not only
dependent on the temperature of the object
(Tobject) but also on the temperature of the
sensor itself. Therefore the IR signal is
compensated for this effect by means of the
measured sensor temperature (Tambient). This
rather complex calculation is performed in the
linearization unit of integrated automotive sensor
interface.

Chopper Amplifier: Special amplifier
configuration aimed at ultra low offset.

DAC: Digital to Analog Converter.

EEPROM: Non-volatile memory that can be
electrically erased and rewritten. This type of
memory is used to store configuration and
calibration data for the module.

ECC: Error Checking and Correction. The
EEPROM on board of the integrated automotive
sensor interface is equipped with a checking and
correction feature based on the Hamming Code
method.

IR: Infrared. Every object emits infrared
radiation in relation to its temperature. This
effect can be used to measure this temperature
without the need for physical contact.

Linearization: The signal from a thermopile is
not linear with the object temperature. The
integrated automotive sensor interface is
therefore equipped with a digital calculation unit
that produces an output that is linear with the
object temperature.

POR: Power-on reset: Reset circuit that starts
the digital system in a known state whenever the
supply voltage is cycled

PSRR: Power Supply Rejection Ratio: Measure
for an amplifier’s immunity to disturbances on
the supply connections.

PTC: See Thermistor
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Ta, Tambient: The temperature of the IR
sensor.

Target: or Object: The object the IR module is
aimed at.

Thermistor: Temperature dependant resistor.
Basically there are 2 types. The types that
increase their resistance with rising temperature
are PTC (positive thermal coefficient) type. The
ones that decrease their resistance with rising
temperature we call NTC (negative thermal
coefficient) type.

To, Tobject: The temperature of the object one
wishes to measure with the module
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4 Absolute Maximum Ratings
Flexible modules

Voltage, Voo (over-voltage) v
Supply Voltage, Voo (operating) 5.5V
Supply Current, Ioo 6mA

Operating Temperature Range, Ta -40°C /125°C
ESD Sensitivity (AEC Q100 002) 1kV

Exceeding the absolute maximum ratings may cause permanent damage. Exposure to absolute-
maximum rated conditions for extended periods may affect device reliability.

5 General Description

5.1 Theory of operation

The modules are developed especially to make IR temperature sensing easy. All modules have a
linearized output signal. Also they are factory calibrated, so making all modules interchangeable. Also this
relieves customers from complex calibration procedures.

All modules have an automotive qualified thermopile sensor as IR sensing element. The output of this
sensor is a function of both Object (IR) and ambient temperature. Ideally the output voltage of the
thermopile sensor is:

Vir =a(To* —Ta")

Where To is Object temperature in Kelvin, and Ta is the ambient temperature in Kelvin. Alpha is a device
constant. It is clear from above equation that the ambient temperature must be known before the object
temperature can be calculated. Therefore the thermopile sensor has a thermistor built-in.
SolidStateRacing has integrated the powerful ASIC to perform the signal processing of the thermopile
output voltage.

The integrated automotive sensor interface amplifies the signals coming from discrete IR sensing element
and converts them to digital by means of two high performance, low noise, chopper stabilized amplifiers
and the 12-bit analog to digital converter. The digital unit on the interface then performs the ambient
compensation of the IR signal. This results in two temperature signals, one representing the temperature
of the object the IR sensor is pointed at (Tobject) and one representing the temperature of the sensor
(Tambient). Both signals are then linearised and presented at the outputs in analog of PWM coded form.

The linearisation unit can only operate when both Ta (ambient temperature) and To (object temperature)
are both in a distinct calibrated range. This has an important implication for the ambient temperature.
When the modules are used outside the calibrated ambient temperature, the object temperature is
calculated using a false ambient temperature, resulting in an erroneous output signal.

The Custom module for motor-racing applications has a 0 to 150degC range tailored for the applications.
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5.2 Sensor characteristics

All modules have the same thermopile sensor. In a calibrated module the linearization unit of integrated
automotive sensor interface takes all characteristics of the sensor into account, including all process
variations they are subject to.

The TO-39 sensor housing of the thermopile has a 2.5mm diameter aperture and a aluminum bezel giving
a field of view (FOV) of 22 degrees. The field of view shape is conical. The distance to spot diameter is
defined by:

Spot diameter = 2 * sin(FOV/2) * distance

Spot diameter vs distance to target
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The silicon filter used as IR-window is treated with an antireflective coating that will pass minimum 75% of
IR radiation in the wave length band from 7.5um to 13.5um.. Below 5um, 99.5% of incoming radiation is
reflected by the filter. This makes the sensor insensitive to visible light.
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6 Motor-racing Custom IR Module

6.1 Key properties

e Automotive use
¢ analog output signals with 8 bit resolution
e only 3 connections

6.2 General description

The Object temperature information is available at the IROUT pin (BLUE WIRE). The resolution of the
output D/A converter is 8bit.

If the ambient temperature is out of the calibrated temperature range, the correct object temperature
cannot be calculated. For applications where the ambient temperature can rise above the maximum
calibrated temperature, the ambient temperature output must be monitored to make sure the object

temperature is valid.

Note that the object temperature range for the custom motor-racing IR module is fixed at 0 to 150degC.

The relation of the output voltage to the temperature is defined as follows:

_ Vout

T *(Tmax — Tmin) + Tmin

where:

T measured temperature

Vout  analog output voltage on IROUT

Tmin  minimal calibrated temperature **0degC for motor-racing spec
Tmax maximum calibrated temperature **150degC for motor-racing spec

A graphical representation with lookup reference is given in appendix A.

6.3 Wiring Information

Description symbol Color
Supply VDD RED
Ground VSS BLACK
Signal IROUT BLUE
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6.4 Electrical specifications

Parameter ‘ symbol condition ‘ min ‘ typ ‘ max unit
Supply Voltage

Supply voltage range VDD 4.75 5 6 V
Power consumption IDD Ta=25C 5 5.6 mA
Analog outputs IROUT

D/A converter resolution 8 Bits
Output source current lod 1 mA
Output sink current los 20 uA
AC Output impedance ro 100 Q
Capacitive load Cmax 100 nF
6.5 Calibration details

Maximum calibrated object temperature 150°C

Minimum calibrated object temperature 0°C

Object temperature Accuracy (module to module) +2°C

Object temperature Accuracy (single module <0.5°C

repeatability)

Maximum calibrated ambient temperature 125°C

Minimum calibrated ambient temperature -10°C

Field of View 22°, conical

Response time 500ms

7 ESD Precautions

Electronic semiconductor products are sensitive to Electro Static Discharge (ESD).
Always observe Electro Static Discharge control procedures whenever handling semiconductor products.

8 FAQ
Q: What is the accuracy?
A: For the standard offered modules the accuracy is +2°C for the object temperature and +1°C for

the ambient temperature.

Q: Does accuracy increase when the temperature range is decreased?
A: No. The main error comes from limited measurement precision during calibration. These

imperfections are the same for all modules.

Q: Are there any special installation requirements or recommendations?
A: For the best performance of your SolidStateRacing IR sensor, always mount the sensor securely
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and always by the main composite housing of the module — never by the heat-sink (optic) part of the
assembly.

For best response and accuracy, keep the module away from any obvious external or direct heat sources.
It is recommended that an air gap or similar insulating layer of 2mm is present around the heat-sink ‘tube’
(optic).

For the most robust installation, use a SolidStateRacing ‘Install Shield’ Heat-sink cap!

Q: What is FOV?

A: The FOV or Field Of View is a definition of the area the sensor is ‘seeing’. The sensor will detect
radiation coming in at an angle, relative to the sensor’s central axis, from 0° to 11°. The full viewing angle
is thus 22°.

Q: What is the useful temperature range?

A: There are two temperature ranges of interest; the temperature of the object (or target), which you
are trying to measure and the temperature of the sensor. The sensor temperature, called Tambient,
should be in the calibrated temperature range. See calibration details. Outside this range the ambient
temperature compensation will no longer work and calculation of the object’s temperature will no longer
be correct. The object temperature, called Tobject, should be between 0°C and 150°C. Outside this range
the IROUT output will saturate.

Q: IR radiation is comparable with light. Does my object have to be black?

A: No, the appearance in the visible light spectrum completely differs from the appearance for IR
wavelengths. Water and glass for instance, are completely opaque for IR, and thus you can perfectly
measure the temperature. Air is transparent for IR and does not influence the measurement. The better
name for this property is EMISSIVITY

Q: What is emissivity and how does it affect my measurement?

A: Emissivity is the ratio of the emitted IR energy over the total IR energy that an object has. You
can find the value for this property by searching the internet, material data sheets etc. Ice, water, skin,
clothes, most non-metallic coatings have an emissivity of 0.90 to 0.99. Emissivity should be close to 1.
When measuring objects with low emissivity, reflections of the ambient temperature will come into the
thermopile sensor. Therefore there is a measurement error depending on the difference between object
and ambient temperature. If the surface of the target has an emissivity lower than 0.7, you can still
measure it, but here some tips and tricks are needed. Contact info@solidstateracing.com

Q: How do | clean the module aperture if it exposed to/contaminated by road dirt or tire debris?
A: The IR module aperture can be carefully cleaned using a cotton bud stick (typically used for
cleaning out ear wax!) The cotton end should first be gently moistened in pure alcohol as the cleaning
solvent. Do not over clean!
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9 Custom Module Look-up Reference Table

Output  |Sbject Output  |Object COutput  |Gbject Output | Object Output  |Gbject

Voltage |Temp Vaoltage |Temp Vaoltage |Temp Voltage |Temp Vaoltage |Temp

i) Degc iv) Degt iV Degt Jlrey Degt iV Degt
0000 0.0 1.0 A5 1555 d2.8 2882 &5.4 3478 1158
Log os 1112 ara 1.508 Ha5 2,700 800 3494 1185
0055 1.2 1128 375 1.5 4.1 2.718 HE 3512 1171
0053 1.8 1.147 gz 1.841 647 2,755 91.2 3525 11715
I 34 1165 3 1.558 H55 2,753 91.8] A 547 1182
0055 28 1.1&2 384 1.576 H5.8) 2771 H2.4 3 555 1188
0108 35 1.200 40.0] 1564 GBS 2,788 52,5/ 3552 118.4
024 4.1 1218 A5 2012 &7 280 938 3500 1200
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0385 BB 1558 455 2953 s 2847 EIED X 1247
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(=T 128 1.4E2 454/ 2278 188 aoh 2.4 355 1288
0405 13.5) 1.500 S00 2294 TE.S| 3,05 102.5) 3 EE2 128.4)
D424 141 1518 S5 2312 ma KR 103E 3000 1300
041 14.7 1.535 51.2 2528 TG 3124 104.1 3818 13005
{455 155 1.553 518 2347 TR2 3141 104.7 3655 1312
0478 15.6 1.571 52 4/ 2555 TR 31849 105.3 353 1318
0494 165 1558 52.8) 2552 T8.4 3178 105.8 3871 132.4
o512 171 = RO 2,400 OO EREE] 108.5 R 1325
0525 1715 1524 54.1 2418 BOUS inz 1071 4. 008 EEE
0547 18.2 1541 S54.7 2,455 a1.2 3.2m 107.8 4024 1341
0585 185 1558 555 2453 A18 3.247 108.2 4.041 134.7
0582 184 1576 558 2471 [CFEE] 3255 1088 4058 [EEE]
0500 20.0 1584 SE.5| 2 458 A28 3282 1054 4.078 1358
] 2005 1.712 571 2508 BAE 3.800) 110.00 4084 EEE
D535 21.2 1.728 5715 2524 A4 s 108 4112 1371
DRSS 218 1.747 582 2541 847 3,355 111.2 4125 13715
0BT 224 1.768 S 255G L] 3383 11LE 4147 1382
0555 228 1.7E2 554/ 2578 A58 3.an 112.4 4.165 [EEE
0708 235 1500 SO0 2544 BEE 3288 128 4152 1384
0724 24.1 1518 SO 2512 A7 3406 1138 4.200 1400
[T 24.7 15635 1.2 252 B 3424 1141 4218 140005
=T 253 1553 818 2547 Rz 344 14y 4,255 1412
0778 2568 1.ET §2 4/ 2555 BEE 3.4549 115.3 4253 141 8
0.7ag 285 4271 142.4
2 271 IR Object Energy 4. 258 142 5]
] 275 4308 1435
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I G o 1000 FECT]
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10 Disclaimer

The data contained herein are furnished for information only and are believed to be reliable. We cannot
assume responsibility for the results obtained by others over whose methods we have no control. It is the
user’s responsibility to determine suitability for the user’s purpose of any products supplied and to adopt
such precautions as may be advisable for the protection of both property and persons against any or all
hazards that may be involved in the handling or use thereof.

In light of the foregoing, SolidStateRacing specifically disclaims all warranties expressed or implied,
including warranties of merchantability or fitness for a particular purpose, arising from sale or use
of SolidStateRacing’s products. SolidStateRacing specifically disclaims any liability for
consequential or incidental damages of any kind, including lost profits. The discussion herein of
various products or applications is not to be interpreted as representation that they are free from
domination of patents owned by others or as a license under any SolidStateRacing patents that may
cover such products. We recommend that each prospective user test his proposed application before
repetitive use, using this data as a guide. This product or it's application may be covered by one or more
United States or Foreign patents or patent applications.

The information in this datasheet or information otherwise supplied by SolidStateRacing is subject to
change at any time and without notice.

SolidStateRacing in a Trademark of Solid State Racing LLC.
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