HTPA32x32dL.2.1/0.8 HEIMANN

Thermopile Array With Lens Optics

Rev.8: 2016.04.12 Schnorr

Sensor

HEIMANN SENSOR GMBH

This datasheet is valid for following parts:

HTPA32x32dL2.1/0.8HiC[Si]
HTPA32x32dL2.1/0.8C[Si]
HTPA32x32dL2.1/0.8HiS[Si]
HTPA32x32dL2.1/0.8S[Si]
HTPA32x32dL2.1/0.8F5.0HiC[Si]
HTPA32x32dL2.1/0.8F5.0C[Si]
HTPA32x32dL2.1/0.8F5.0HiS[Si]
HTPA32x32dL2.1/0.8F5.0S[Si]

1 Principal Schematic for HTPA32x32d:
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Pin Assignment— Bottom View:

4
o'
bottom view
30 O,

Figure 1: pin-allocation

Pin  Symbol Description

1 SCL Digital 1/0, Open Drain, 100k PU, Serial Clock
2 VDD Positive supply voltage
3 VSS Negative supply voltage / Ground (0V)/(connected to housing)
4 SDA Digital 1/0, Open Drain, 100k PU, Serial,Data
2 Optical @rientation:
+— Reference pin
/ \
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3 Order Code Example

[rpas2x3s] [L10/0.8 |Fs-14dmimlsp)si |

Type:
HTPA32x31

Package:
S

Not declared

Output:
d

Not declared

Optics:
L

/

Filter:
F
Not declared

Not declared
e

Sensitivity:
Hi
Not declared

Version:
A

C

M
S

Interface:
SPIL

LC

uDP
PoE

Si
Not declared

L Lens Material:

Please contact support for all available HTPA and module
combinations.

SMD variant
TO can variant

HTPA sensor with digital output
HTPA sensor with analogous output

Focal length: In example L10 = 10.0 mm focal length
F-Number: In example /0.8
For optics see also “HTPA standard optics™

Filter characteristics. In example F8-14 (um, Bandpass)
Broad band ARC

External aperture:

without external aperture
with external aperture

Increased sensitivity
Standard sensitivity

Application set: comes with GUI, housing, power supply.
Always UDP Interface.

Calibrated sensor (only digital). Carries calibration constants
on internal EEPROM

Module: HTPA sensor soldered to PCB, calibrated stream
HTPA sensor only. Raw voltage output, not calibrated

SPI device; Three variants:

HTPA82x62: 16bit ADC

all other analogous HTPAs: 14bit ADC

Digital HTPA: 12bit ADC

SPLOnly Analogous HTPA, 12bit ADC

low speed, external processing required

Ethernet, CATS cable connection

Power over Ethernet, CAT5 connection, UDP protocol

Silicon
Germanium
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4 Serial Order of Frame

The sensor is divided into two parts (top and bottom half) which are again separated into 4
blocks. The readout order is shown below for the different blocks.
Block O (top)
Block 1 (top)
Block 2 (top)
Block 3 (top)
Block 3 (bottom)
Block 2 (bottom)
Block 1 (bottom)
Block 0 (bottom)

Whenever a conversion is started the Block x of the top and bottom half are,measured at the
same time. Each block consists of 128 Pixel that are sampled fully parallel. The readout order
on the bottom half is mirrored compared to the top half so that the/Central lines are always
read last.

32x32d active Pixel
0 1 2 3| 4 5 6| 7 8 9| 10| 11 12 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31
32)] 33| 34| 35| 36| 37| 38| 39| 40| 41| 42| 43| 44| 45| 46| 47| 48| 49| 50| 51| 52 53| 54| 55| 56| 57| 58| 59| 60[ 61| 62| 63
64| 65| 66 70| 71| 72| 73 89

128| 129 134| 135| 136| 137 141| 142 151| 152| 153
160| 161 164| 165| 166| 167| 168| 169 171] 172] 173[ 174 179 181 183| 184 185
192| 193 196| 197| 198| 199( 200| 201 203| 204| 205| 206 211 213 215| 216| 217,

256| 257 260| 261| 262| 263| 264| 265 267| 268 270 275 277, 279| 280| 281
288| 289 292| 293[ 294| 295| 296] 297, 299| 300 302 307| 308| 309 311| 312| 313
320| 321 324| 325| 326| 327| 328| 329 331] 332 334 339| 340| 341 343| 344| 345

00 J3PJO JNOpEa)

384 385 388| 389| 390| 391| 392| 393| 394| 395| 396 398 403| 404| 405 408| 409
416| 417 420| 421| 422| 423| 424| 425| 426| 427| 428 430) 435| 436| 437 440| 441
448| 449 455| 456| 457| 458] 459[ 460 462 467,

<&
» N

W00 JapJo Inopeal

Theeelectrical offset js sampled parallel for the top and bottom half. The matching lines for the
corresponding electrical offsets and active Pixel are marked with the same color.

32x32d electrical Offset
0 1 2 3| 4| 5 6| 7 8 9] 10{ 11 12| 13| 14 15| 16| 17| 18| 19| 20f 21| 22| 23 24| 25| 26| 27| 28] 29| 30 31l

32| 33| 34| 35| 36| 37| 38] 39] 40| 41] 42| 43[ 44] 45] 46| 47[ 48] 49] so| si| 52| 53] 54| 55| 56| 57| 58] 59 60 61] 62] 63
64| 65| 66| 67 79| 80| 81| 82| 83| 84| 85 86 90| 91 92
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5 Characteristics:

5.1 Common Specifications:

Technology n-poly/p-poly Si
Element Resistance approx. 300 kOhms
Sensitivity approx. 450 V/W without optics and filter
Thermal pixel time constant <4 ms

Digital Interface 12C

Analog Output No

selectable Clock 1to 13 MHz
EEPROM size 64 kBit

Pitch 90 um

Absorber size 77 um

Max. Framerate 60 Hz

(complete frame with maximum 12C and sensor clock speed and reduced ADCiresolution)
1024 sensitive elements

5.2 Optical characteristics:

Focal length: 2.1 mm (“L” equalg the focal length of the lens)
F-Number: 0.8

Field of view: 90 x 90 deg

Lens coating: AR-Ceoating; average reflectance per surface

< 3% for8um <A< 11.5 um
Environment acc. for MIL-C-48497
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5.3 Electric Specifications:

Absolute Maximum Ratings:
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Parameter Symbol [ Condition MIN. TYP. [MAX. Unit
Supply Voltage Voo -0.3 3.6 Y
Voltage at All inputs
and outputs Vio 0.3 Voot03 |V
Storage Temperature | Tq g -40 85 Deg. C
Operating Conditions:
Parameter Symbol | Condition MIN. TYP. MAX. Unit
Supply Voltage s 3.3 3,35, (3.6 \%
Supply Current loo 9.0 102 [10.7 mA
(sensor running)
Supply Current
(sensor in idle state) loo R Yy (102 mA
Standby Current
(sensor in sleep state) lsay R’ 21|25 HA
Operation
Temperature Ta 20 85 Deg. C
ESD-Protection Human body:

model 20 KV

100pF +1k50hm
Electrical Characteristics
Parameter Symbol /| Condition MIN. TYP. MAX. |Unit
Digital Input
Internal Clock Folk 1 5 13 MHz
frequency.
Internal 12C Pull up Reu 1 100 100 kOhm
Bias current Isias 1 5 13 MA
BPA current lgpa 0.2 1.5 4.0 MA
Input voltage high VH 0.7XVpp V
Input voltage low \n 0.3xVpp |V
PTAT
Temperature range TBD TBD Deg. C
PTAT gradient 170 174 178 K/IV
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Parameter Symbol | Condition MIN. TYP. MAX. [Unit
Chopper frequency Fcup 20 kHz
Preamplifier Noise Npa at 20 kHz 72 nV/HZ"*
Frame rate (Full Array) FR1 2 9 60 Hz
Frame rate (Quarter Array) |FR4 8 36 240 HZ
ADC pos. Reference VRerp 1.6 \Y
ADC neg. Reference VREEN 0.9 \Y
ADC resolution ADC,sg |at 16 Bit 21 \Y
6 12C Timings HTPA32x32d:
Thd,start Tsu‘df_la I-Lur-l

oA [ a6 ) . a0 \wr ack[[c7 [ . fcolack[ o7 ) . Joolak [\ [ ..}

SCL P
Parameter Symbal | Condition MIN. TYP. MAX. | Unit
I2C clock frequency FoLk 400 1000 kHz
low pulse duration Tcikio 0.50 us
high pulse duration TeLk pi 0.26 s
data set up time TsUdata 0.05 us
data hold time T hd data 0.00 us
start setup time TS0 start 0.26 U
start holdstime Thstart 0.26 Us
stop_setup time Tsu.stop 0.26 s
stop-hold time Thdstop 0.26 s
time between Tout 0.50 S
STOP / START
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7 12C Communication:

The chip uses the 7-bit 12C address 0x34 for configuration and sensor data and the address
0xADO to access the internal EEPROM. The address byte is followed by an 8-bit command.

7.1 Worite Command:

In case of a write access to an internal register the command is followed by the data byte. The
chip acknowledges each byte with a low active ACK bit.

SDA_\ W\WH ack [cr | . fcolack[ o7} . ) oo ack /_

7.2 Read Command:

To read data from the chip first the address and command must be sent. After the last ACK a
new start-bit (repeated start) and the address with a set read“flagiinitiates the read sequence.
There can be bytes read as many as required. Thedast byte:must be denoted by a not-
acknowledge. The shown example below can be used e.g. ta get the status register.

SDAﬂ\ [as ] . Jao\wr ack[cr ] . Joo ‘lACK,’_\l [as ) . Y a0 [ro\ack[ o7 ) .. ) oo\ack[o7 ] li,’nACK\_/_

7.3 Sensor Commands:
The sensor has several registers that ean be‘written and read, they are listed below.

Configuration register (writesenly)

Addr / CMD 0x34'/ 0x01

Config Reg 7 ‘ 6 5 | 4 3 2 1 0
Name RFU BLOCK START | RFU | BLIND | WAKEUP
Default o [ o o | o 0 0 0 0

The'WAKEUP bit is'used to switch on / off the chip and must be set prior all other operations.
After the START bit is set the chip starts a conversion of the array or blind elements and
enters the idle state (not sleep!) when finished. The BLOCK selects one of the four
multiplexed-array blocks.

If the BLIND bit is set the electrical offsets are sampled instead of the active pixel and the
setting of the BLOCK is ignored.

Status Register (read only)

Addr / CMD 0x34 / 0x02

Status Reg 7 | 6 | 5 | 4 3 | 2 1 0
Name RFU BLOCK RFU | EOC
Default o | o | o | o o | o 0 0

If the EOC flag is set a previous started conversion has been finished.
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Trim Register 1 (write only)

Addr / CMD 0x34 / 0x03

Trim Reg 1 7 | 6 | 5 | 4 3 | 2 [ 1 ] o
Name RFU MBIT TRIM

Default o | o | o | o 1 | 1 | o | o
MBIT_TRIM: m=41t012 = (m+4) bit as ADC resolution (Default: m=12)
Trim Register 2 (write only)

Addr / CMD 0x34 / 0x04

Trim Reg 2 7 | 6 | 5 4 | 3 [ 2 | 1 ] o
Name RFU BIAS TRIM TOP

Default o | o | o o | 1 | 1 | o] 0
BIAS_TRIM_TOP: 0to31 = 1A to 13pA (Default: 5pA)

This setting is used to adjust the bias current of the ADC. A faster clock’frequency reguires a
higher bias current setting.

Trim Register 3 (write only)

Addr / CMD 0x34 / 0x05

Trim Reg 3 7 | 6 | 5 4 | 3 | 2 | 1 ] o
Name RFU BIAS TRIM BOT

Default o | o | o o b 1] 1 ] o | o
BIAS_TRIM_BOT: 0t031 = 1pAto 13pA (Default: 5pA)

This setting is used to adjust the bias current of the ADC/ A faster clock frequency requires a
higher bias current setting.

Trim Register 4 (write only)

Addr / CMD 0x34./ 006

Trim Reg 4 7 | 6 5 | 4 | 3 [ 2 [ 1] o

Name RFU CLK TRIM

Default 0. | 0 o | 12 | o | 1 | o | 1
CLK_TRIM: 0to 63 &~ /1MHz to 13MHz (Default: 5SMHz)

NOTE: The measure time depends on the clock frequency settings. One quarter frame takes
about:

32421 v

I:CLK

~27ms @ 5MHz

tFR4 .

Trim Register5/(write only)

Addr / CMD 0x34 / 0x07

Trim Reg 5 7 | 6 | 5 4 | 3 | 2 | 1 ] o

Name RFU BPA TRIM TOP

Default o | o | o o | 1 | 1 | o | o

BPA TRIM_TOP: 0to 31 = 0.2uA to 4.0pA (Default: 1.5pA)

Thisgetting is used to adjust the common mode voltage of the preamplifier.
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Addr / CMD 0x34 / 0x08

Trim Reg 6 7 | 6 | 5 4 | 3 | 2 [ 1] o

Name RFU BPA TRIM BOT

Default o | o | o o | 1 | 1 | o | o

BPA _TRIM_BOT: 0to 31 = 0.2uAto 4.0pA (Default: 1.5pA)

This setting is used to adjust the common mode voltage of the preamplifier.

Trim Register 7 (write only)

Addr / CMD 0x34 / 0x09

Trim Reg 7 7 | e | 5 | 4 3 | 2 [ 1 ] o

Name PU SDA TRIM PU SCL TRIM

Default 1 | o ] o | o 1 | o Jalo [ o
PU_SDA_TRIM: select internal pull up resistor on SDA (Default: 100kOhm)
PU_SCL_TRIM: select internal pull up resistor on SCL (Default: 1200kOhm)

“1000” = 100 kOhm; “0100”

Read Data 1 Command

(Top Half of Array)

50 kOhm; “0010” = 10 kOhm; “000177=1kOhm

Addr / CMD 0x34 / OX0A

Read Data 7 | e | 5 | 4 | 3 ] 2 | 1] o
1. Byte / 2. Byte PTAT 1 MSB/LSB

3. Byte / 4. Byte Pixel (0+BLOCK*128) MSB / LSB

5. Byte / 6. Byte Pixel'(1+BLOCK*128) MSB / LSB

257. Byte / 258. Byte Pixel (127#BLOCK*128) MSB / LSB

Read Data 2 Command (BottomyHalf of Array)

Addr / CMD 0x34 / Ox0B

Read Data 7 | 6 | 5 | 4 | 3] 2 [ 1] o
1. Byte / 2. Byte PTAT 2 MSB / LSB

3. Byte / 4. Byte Pixel (992-BLOCK*128) MSB / LSB

5. Byte / 6. Byte Pixel (993-BLOCK*128) MSB / LSB

65. Byte / 66. Byte

Pixel (1023-BLOCK*128) MSB / LSB

67. Byte / 68. Byte

Pixel (960-BLOCK*128) MSB / LSB

69. Byte / 70. Byte

Pixel (961-BLOCK*128) MSB / LSB

129. Byte / 130. Byte

Pixel (991-BLOCK*128) MSB / LSB

131. Byte / 132. Byte

Pixel (928-BLOCK*128) MSB / LSB

257. Byte / 258. Byte

Pixel (927-BLOCK*128) MSB / LSB

The complete sensor data must be read at once. If the communication fails somewhere in
between, all successive data will be corrupted. The readout can be stopped anywhere by
pausing the clock. A new initialized readout proceeds at this stopped byte by continuing the

clock, but the index is reset when a new conversion has been started.
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If the bit for the electrical offsets (Bit 1 in Config 0x01) is set the electrical offsets are
sampled and can be read similar to the active pixel:
Read Data electrical offsets (Top Half of Array)

Addr / CMD 0x34 / 0x0A

Read Data 7 | 6 | 5 | 4 | 3 | 2 1 0
1. Byte / 2. Byte PTAT 1 MSB/LSB

3. Byte / 4. Byte electrical offset (0) MSB / LSB

5. Byte / 6. Byte electrical offset (1) MSB / LSB

257. Byte / 258. Byte electrical offset (127) MSB / LSB

Read Data electrical offsets (Bottom Half of Array)

Addr / CMD 0x34 / 0x0B

Read Data 7 | 6 | 5 | 4 | 3 | 2 1 0
1. Byte / 2. Byte PTAT 2 MSB / LSB

3. Byte / 4. Byte electrical offset (224) MSB /4ZSB

5. Byte / 6. Byte electrical offset (225) MSB / LSEB

65. Byte / 66. Byte electrical offset (255) MSB / LSB

67. Byte / 68. Byte electrical offset((192) MSB).,LSB

257. Byte / 258. Byte electrical offset (159) MSB / LSB

The complete sensor data must be read at once. Ifithe communication fails somewhere in
between, all successive data will be corrupted. The readout can be stopped anywhere by
pausing the clock. A new initialized readout proeeeds at this stopped byte by continuing the
clock, but the index is reset when a new:cenversion has been started.

7.4 EEPROM communieation

The built-in EEPROM (24AA64 fram Microchip) consists of 8 blocks of 1K x 8-bit. The chip
select of the EEPROM/Is set ta 000 (A2 to A0). For further information please see the
corresponding datasheet:

http://ww1.micrechip.com/downloads/en/DeviceDoc/21189f.pdf
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12C Example Sequences — Init and Read Thermopile Array

(There should be a delay of at least 5 ms between the write of each Configuration Register)

ADDR R/W CONFIG_REG WAKEUP
S 0x34 0 0x01 0x01 P
ADDR R/W TRIM REG1 MBIT TRIM
S 0x34 0 0x03 0x0C p
ADDR R/W TRIM_REG2 BIAS TRIML
S 0x34 0 0x04 0x0C P
ADDR R/W TRIM REG3 BIAS TRIMR
S 0x34 0 0x05 0x0C P
ADDR R/W TRIM_REG4 CLK TRIM
S 0x34 0 0x06 0x14 P
ADDR R/W TRIM_ REG5 BPA TRIML
S 0x34 0 0x07 0x0C P
ADDR R/W TRIM REG6 BPA_ TRIMR
S 0x34 0 0x08 0x0C P
ADDR R/W TRIM_REG7 PU TRIM
S 0x34 0 0x09 0x88 p
ADDR R/W CONFIG REG | START|WAKEUP
S 0x34 0 0x01 0x09 p
ADDR R/W STATUS REG ADDR R/W STATUS
S 0x34 0 0x02 Sr 0x34 1 ?? P
Wait 30 ms
ADDR R/W STATUS REG ADDR R/IW STATUS
S 0x34 0 0x02 Sr 0x34 1 ?? P
[ [ ADDR [ R/W [READ DATA 1] [ ADDR [RW [PTATIMSB] PTAT1LSB | POOMSB | POOLSB | .. [ PxyMSB [ PxyLSB |
[ s [£oea [T 0 | 0X0A st | o4 | 1 | 22 [ 72 [ 22 [ 72 [ ] 22 [ 22 [ P
[ [ ADDR [ R/W [READ DATA 7] [ ADDR [RW [PTAT2MSB] PTAT2LSB | PoOMSB | P0OOLSB | ... [ PxyMsB [ PxyLSB |
[ s | oea ] o] 00B st | oea | 1| 22 [ 72 [ 22 [ 72 ] 22 [ 2 [ P
ADDR R/W CONFIG REG SLEEP
S 0x34 0 0x01 0x00 p
HEIMANN Sensor GmbH  Contact / Customer Support Internet
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8 Temperature calculation

The object and ambient temperature can be calculated from the sensor output and the stored
calibration data. The table below is showing an overview of the EEPROM.

MBIT(user)|BIAS(user) | CLK(user) | BPA(user) PU(user)l

DevicelD

free to use

All values are stored as unsigned 8 bit values unless they are spe
endian format is used for larger values. Grey marked areas
future use and are Heimann Sensor reserved.
MBIT(calib), BIAS(calib), CLK(calib), BPA(calib) and
registers that have been used during calibration (see chapter
MBIT (user), BIAS(user), CLK(user), BPA(user) and ser) are free to be set by the user.
The temperature calculation is only valid if th settings are used that have been set
during calibration!

The corresponding order of the ThGrad,

et.

the following overview: o
ThGradoo —> Pixel 0 ThGrados —>Pixel 1 ... ThGradozi—> Pixel 31
ThGradio —>Pixel 32 ThGradiyx —>Pixel 33 ... ThGradis1—> Pixel 63

\Y

0Z 0 €T 3bed 9T0Z' V02T  8°0/T'CTIPZEXZEVLH 193ysereq

HEIMANN Sensor GmbH  Contact / Customer Support Internet
Maria-Reiche-Str. 1 Phone 49 (0) 6123 60 50 30 www.heimannsensor.com
D-01109 Dresden / Germany Fax 49 (0) 6123 60 50 39 mail: info@heimannsensor.com




HTPA32x32dL.2.1/0.8 HEIMANN

Thermopile Array With Lens Optics Sensor

Rev.8: 2016.04.12 Schnorr RELMANNSENSOR MO

8.1 Ambient Temperature:

The ambient temperature (Ta) is calculated from the average measured PTAT value, the
PTATgradiem and the PTAToffset.

27: PTAT,

Ta= 'Z(’T PTAT agient+ PTAT s (Value is given back in dK)

where:

PTAT  adient Is the gradient of the PTAT stored in the EEPROM as a float value
PTAT, Is the offset of the PTAT stored in the EEPROM as a float value

offset

8.2 Thermal Offset:

The thermal offset of the sensor needs to be substracted for each pixelito compensate for any
thermal drifts.

ThGrad; -Ta
Vij_Comp :Vij —W—ThOﬁsetij
where:
ij represents the row (i) and column (j) of the pixel
Vi comp is the thermal offset compensated voltage
V; is the raw pixel data (digital), readoutifrom the RAM

ThGrad; is the thermal gradient, storedin,the EEPROM from 0x740 to OxF3F
ThOffset; is the thermal offset, stored,in the EEPROM from 0xF40 to 0x173F
gradScale s the scaling,coefficient forthe thermal gradient

8.3 Electrical Offset

The electrical offset is used to compensate changes in the supply voltage. This compensation
is only a substraction so,it can be done before or after the thermal offset compensation (here
done afterwards).

The compensation for the top half is done by using the following formula:

Vi cant™ = Y4 Jcomp —€lOffset [ + (i : 4)-32]

and'the .bottom half analogue with this formula:

Vi comp =V, comp —elOffset[j+(i:4)-32+128]

where:

ij represents the row (i) and column (j) of the pixel and electrical offset
Vi comp ™ is the electrical offset compensated voltage

Vi comp is the thermal offset compensated voltage

elOffset[ij| s the electrical offset belonging to Pixel ij
i:4 is the rest of the integer division of i by 4 (e.g. 7:4=3)

Please see chapter 4 for the serial order.
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8.4 Object Temperature:

The calculation of the object temperature is done by using a look-up table and doing a bi-
linear interpolation, the matching table is given by the tablenumber (TN). The table is
supplied in a separate file named “Table.c”.

The sensitivity coefficients (PixC ;) are calculated in the following way:

P. -(PixC, . —PixC .

PixC; =| — (PXC ) +PixC ., |- 190

65535 epsilon
where
PixC;; is the sensitivity coefficient for each pixel
P; is the stored sensitivity coefficient scaled to 16 bit
PixC,.. is the minimum sensitivity coefficient, used for scaling
PixC, ., is the maximum sensitivity coefficient, used for scaling
epsilon is the emissivity factor
Leading to a compensation of the pixel voltage

Vi com T‘PCSCALEVAL
V. = ij_Comp
ij _PixC -

PixC;
where:
Vi pic Is the sensitivity compensated IR voltage

PCSCALEVAL is a scaling coefficient, typically,1-10°
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8.5 Example calculation:
Example values:

PTAT =32357 Digits

PTAT,,gien:= 0.046 dK / Digit

PTAT, ., =1511.6 dK

V, = 34435 Digits

gradScale =15

ThGrad,, =56693 ————-— —8842
ThOffset,, = 44

elOffset [0] = 35000

PixC,, =1.1-10°

PCSCALEVAL =1-10°

Calculation of ambient temperature:
Ta=PTAT - PTAT + PTAT,

offset

=32357-0.046 +1511.6,dK =3000 dK

gradient

Compensation of thermal offset:
ThGrad,,-Ta —8842 -3000

Voo_comp = Voo — Saradscals —ThOffset,, = 34435= P —44 =35200
Compensation of electrical offset:

Vo com™ =Vao_comp —€lOffset[0]= 35200=85000= 200
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Example look-up table:

TA[dK]/dig 2882 3032 3182 3332
-64 1494 2128 2491 2775
-32 2466 2692 2898 3091
0 2882 3032 3182 3332
32 3170 3285 3406 3530
64 3396 3491 3592 3699
96 3584 3665 3754 3848
128 3746 3818 3897 3981
160 3890 3954 4025 4102
192 4019 4078 4143 4214
224 4137 4191 4251 4317
256 4246 4296 4351 4413
288 4347 4393 4445 4503
320 4441 4485 4534 4588
8
VOO_PixC = % =182

Ta was calculated before to 3000 dK.
The matching region in the look-up table is already/marked yellow, the bi-linear interpolation
is leading to an object temperature of 3941 dK =1220.9 °C.
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8.6 Look-up Table

dig \ Ta[dK] [ 2782] 2882] 2982 3082 3182 3282 3382 6848 6877] 6920 6974] 7039 7114] 719£| 729_0|
-256) 0 1159 1804 2115 2343] 6912 6892' 6936 6990 7055 7130| 7214 7306}

-192) . I 2211 2407| 2576 2721 6951 7006 7071] 7146| 7230
-128| TO n d K |s! 2605] 2742 2872 2995 6966 7021 7086) 7162) 7246
-64) 6 2873 2986 3097 3206 6982 7036 7102 7177 7262
0| 2782] 2882 238|5| 3082 3182 3282 33_85‘ 6997 7052, 7117 7193 7277
64 2&{ 3078} 3166 3256 3347 3440 3534 7012 7067 7133 7208 7293
128 3167| 3243 3322] 3405 3491 3579 3669) 7027 7082 71& 7223 ng‘
192 3316| 3385 345! 3537 3619 3703 3790 7042 7097 7163 7239 7324
256 3448| 3512 3582 3656 3734 3816 3901 7057 7112 7178] 7254 7339
320} 3565 3626 3693 3764 3840 3920 4003} 7072 7127 7193 7269 7354
384 3673] 3731 3794 3864 3938 4016 4007 7%_3' 7043] 7086 7141] 7207| 7284 7369

48] 3771 3827 3889 3956 4029 4105 4186| 7616) 7057 71H| 7156 7222)

512 3863 3916 3977 4043 4114 4189 4269 7680 7072 711i| 71H1 7237

576} 3948 4000 4059 4124 4194 4269 7744 7086 7130 71@{ 7251

640} 40@ 4079 4137 4200 4270 4344 4423 7808| 7100 7144 7199 7266

704) 4104) 4154] 4210 4273 4342 2415 2494 7872) 7114 715Lﬂ| 7214| 7280)

768] 4176 4224 4280 4342 4410 4484 4561' 7936 7129 7172 72@{ 7294

4346] 4408[ 4476 4549 4626 8000) 7143] 71§| 7242 7309

4410 2471 4538 2611 4689 8064 7156] 7200 7256 7323

4471 4532 4599 4671 4748 8128| 7170 214[ 7270 7337,

4530 4590 4657 4729 4806 8102 7184 722§| 7284 7351

4586| 4646| 4713 4785 4&' 8256 7198] 7242] 7298 7365)

4641 4700) 4767 4839 2916 8320) 7211 7255 7311 7378

4693 4753 4819 4891 agegl 8384 7225 7269 7325 7392

4744) 4803 4869 4941 5018] 8448| 7238 7282 7:@‘ @T

4793 4852 4918 2990 50@| 8512 725ﬂ 7296 7352 7419

140§| 474£| 4790 48411 4900 4966 5038} 5115 8576 7265 7309 7365 7433

1472) 4793 4836 4888 2946 5012 5084 5162 8640) 7278 7322 7379 7446

6861

6958

7023

7098]

7182| 7274

13888
13952 8188

82
8226 8287
8236 8297

Internet

8552 8|
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8197]

8245

8380]

8270|

14720

14784|

14848 8315|

14912 8

14976 8332]

15040 8341|
8350|

@' 3“_|—55 8562 9211] 9278] 9359] 9453] 9559)
14080} 8206 8254 8315 8389 8475 8571 8677 9218 5285] 9366 5460 9566
14144] 8216 8263 Bszé{ 8399 8484| 8581 8687 9224 9291 937| 9467 9573

14208} 8225 8272 8334) saog{ 8494 8590 8696) 9231 9379] 9473 9580

14272 8234 8282 8343 8417 8503

14336 8243 8201 8352 8426 8512

14400} 8252 8300 8361 8436

14464| ﬁ' 8309

8

9497
25472 9503
25536 9509
25600 9515
9521

9527

26560|

9602

9656

26624|

9662

9601
26688 9614
26752} of

26816

9668
9674

9738
9743

9749|

9065

21120 9072] 9123 9584]
21184 9079 9130) 9197] 9277, 9370) 9476 9501}

21248 90&{ 9137, 9203] 9284 9377 9483 9598]

21312 9092] 9144 9210) 9291, 9384 9490) 9606|

21376 9099| 9151 9217 9298 9391 9497 9613 10053] 10154] 10267

21440 910§| 9157 9224 9305 9398 9504 9620) 10059) 10159) 10272]

21504] 9112) 9164 9231] 9311] 9405] 9511, 9627] 10064] 10164] 10278]

21568 9119| 9171 9238 9318| 9412] 9518| 9634] 10069 10170) 10283

21632 9126 9178 9244 9325 9419| 9525 9641] 10075 10175] 10289

mﬁ' 9132 10080 10181] 10294

21760| 9139| 10086 10186 10300!

21824| 9146| 1003' 10@‘ 10305

21888| 9152 10096] 10197] 10311 10436|
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9 Outer Dimensions:
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