Small size, low codi6x12 pixels IR array
Easy to integrate

Industry standard four lead TO39 package
Factory calibrated

Noise Equivalent Temperature Difference
(NETDP.1IK @4Hz refresh rate

I’Ccompatible digital interface

Programmaéle refreshrate @ | T Xcn | 1

3.3V supply voltage

Current consumptior 12mA

2 FOV optiong 55°x35° and110°x75°
Operating temperature40°C+ 125°C
Target temperature40°C +300°C

Complies with RoHS regulations
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High precision noitontact temperature
measurements

Microwave ovens
Intrusion / Movement detection

Temperature sensing element for
residential, commercial and industrial
building air conditioning

Thermal Comfort sensan automotiveAir
Conditioning control system

Passenger classification

Industrial temperature control of moving
parts

Visual IR thermometers

Driver SW for MCU available at:
https://github.com/melexis/mix90641

library.qit

The MLX0641is a fully calibratedl6x12 pixels
thermal IR array inan industry standard4-lead
T@9 packagavith digital interface.

The MLX9641 contains 192 FIR pixels. An
ambient sensor is integrated to measure the
ambient temperature of the chip and supply
sensor to measure the VDD. The outputs of all
sensors IR, Ta and Ve stored in internal RAM
and are accessible throudfC.

Vdd
Band gap

reference and
PTAT sensor

34 MHz RC
oscillator

Regulator for
digital part

Array
M pixels

M amplifiers = M ADC

SDA
EEPROM Storage RAM [« 12C

SCL
A [}
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LY TFT2NXIF O0AZ2Y

Custom

MLX90641 E
MLX90641 E
MLX90641 K
MLX90641 K

Legend:

SF BCB 000 TU
SF BCA 000 TU
SF BCB 000 TU

16x12 IR array
16x12 IR array
16x12 IR array
16x12 IR array

Temperature Code:

E:-40°C b 85°C
K -40°C to 25°C

Package Code

0SE  T@3Bfhckage

Option Code

xAx¢ TGC is disabled and may notdreabled
XCx¢ TGC is enabled

Option Code

XXA ¢ FOV = 110°x75°
xxBg FOV = 55°x35°

Custom configuration

000¢ standard product

Packing Form

a ¢ |- Eubes

Ordering Example

Ga[ B64pKSFBCA-000-TUE

Tablel Ordering information
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5.Dft 2aal

TC

POR

Ta
IR data
ADC
TGC
FOV

nFOV

SDA
SCL
LSB
MSB
Fps
MD
SD
ASP
DSP
ESD
EMC
NC

NA

Melexis

INSPIRED ENGINEERING

NE 2F ¢SNXa

TemperatureCoefficient (in ppm?C)

Power On Reset

Infra-Red

Ambient Temperatureg the temperature of the ©39 package
Infrared data (raw data from ADC proportional to IR energy received by the sensor)
Analog TdDigital Converter
TemperatureGradient Coefficient

Feld Of View

Held Of View of the Nth pixel
Inter-IntegratedCrcuit communication protocol
Serial Deta

Serial Cbck

LeastSgnificantBit

Most SgnificantBit

Framesper Secondc data refresh rate
MasterDevice

SaveDevice

AnaloguedgnalProcessing

Digital SgnalProcessig

Hectro Satic Discharge

Hectro MagneticCompatibility

Not Connected

Not Applicable

Table2 Glosarry of terms
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6.t AY 58SFAYAGAZ2YAE YR 5840
I S I

1 SDA [’Cserial data(input / output)
2 VDD Positive supply

3 GND Negative supply (Ground)
4 SCL I°C serial clocKinput only)

Table3 Pin definition

Figure2 MLX90641 Overview and pinsteiption

7.1 042€tdz0i S al EAYdzY wl GAy3a
lllﬁ@ﬂllﬂﬁmmnlmaﬂﬂllﬁﬁll

Supply Voltagéover voltage)

Supply Voltag€operating max voltage)  Vpp 3.6

Reverse Voltagéach pin) -0.3 \%

Operating Temperature Tams -40 +125 °C

Storage Temperature Tst -40 +150 =(C Not in plastic tbes
ESD sensitivity (AEC Q100 002) 4 kv

SDA DC sink current 40 mA

Table4 Absolute maximum ratings

Exceeding the absolute maximum ratings may cause permanent damaggosure to absolute maximum
rated conditions for exteded periods may affect device reliability.
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8.Déy§|\u- f 9f SOGNROITt { LISOA
e I N 0 0

Supply Voltage

Supply Current Iop 10 12 14 mA

POR level up analog Veor up 2.2 2.6 V VDD rising

PR level down analog  Veorpown 2.55 V VDD falling

POR hysteresis VeoRhys 50 mV

I°C addres§8°™E?) 0x01  Ox33(default) OX7F

'(g%i’his‘?’gso'tage Vin 0.7*Vop V. OverTaandd
I(r;pgj’:\,loswc\lic))ltage Viow 03*Vpp V Over Ta and pb

SDA output low voltage VoL 0.4 \% E\;(::ra';i\and 56

SDA leakage Ispa leak +10 MA  Vgpis3.6V, Ta=150°C
SCL leakage IscL jeak +10 HA  VscgE3.6V, Ta=150°C
SDA capacitance Gspa 10 pF

SCL capacitance GscL 10 pF

Acknowledgesetup time Tsuacovp) 0.45 pS

Acknowledge hold time Touacvb) 0.45 VS

Acknowledge setup time  Tsyacm) 0.45 pS

Acknowledge hold time Touace) 0.45 VS

I’Cclock frequency Rac 0.4 1 MHz

Erase/write cycles 10 times Ta=25°C

Write cell time Twrite 5 ms

Table5 Electrical specification
NOTEL: For best performance it is recommended to keep the supply voltage as accurate and stable as possible to 3.3V
+ 005V

NOTE 2When a data in EEPROM cell todh@nged an erase (write 0x0000) must be done prior to writing the new
value. After each write at least 5ms delay is needed in order to writing process to take place.

NOTE 3Slave address 0x00 must be avoided.

NOTE4: According to’C standard the max sirdurrent is specified to be 20mA, however due to the thermal
considerations (the dissipated power into the driver) the max current is limited to 1Dmgis the only parameter
which does not comply with the FM+ specification.

NOTE 5Max EEPROMG speedperations to be done at 400kHz
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9.CI £ aS LIAESEt O2NNBOlAz2Y

The imager can have up to defective pixel, with either no output or out of specification temperature reading.
These pixels are identified in the EEPROM table of the sensor and can be read oghtlineulfC. The defective pixel
result can be replaced by an interpolation of its neighboring pixels.

10.5SU1FAf SR DSYSNIf 5S3aONA

10.1.t AESt LR&AGA2Y

The array consists af92 IR sensors (also called pixelEach pixel is identified with its row and column
position as Pix(j) wherei is its row numbei(from 1 to12) andj is its column numbe¢from 1 to16)

16
15
14

™ N o

L A B ®© © ~ © 1L ¥ o «N o
% % @ & 9 @ © © © & © © © © © ©
] O O O @] o O (@] (@] (®) o O ] ] o o

Row 1

Row 2 \

Row 3

I~

Row 4

s ||\ /

Row 6

Row 7

Row 8 \ /

Row 9

o0 \ /
S EEEA /

Row 12

VDD GND

!

spA~ I —scL

Reference tab

Figure3 Pixel in the whole FOV
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10.2./ 2YYdzyAOF GA2Y LINRG202f¢

The device us€C protocol withsupport of FM+ mode (up to 1Mtclockfrequency)and can be only slave on the bus
The SDA and SCL ports are 5V tolerant and the sensor can be directly connected {6 adtwaork.
The slave address is programmable and can have up to 127 different slave add®@asedx0nust be avoided)

1021 26 f SOS¢
1021.1{ GF NI k {G2L) O2yRAGA2Y A

Each communication session is initiated by a START condition and ends with a STOP condition. A START condition
initiated by a HIGH to LOW transition of the SDA while a STOP is generated by a LOW to HIGH Balisitibanges must
be done while the SCL is HIGH.

10.2.1.25 SGA OS | RRNBaaAy3

The master is addressing the slave device by sendinbitasiave address after the START condition. The first seven bits are
dedicated for the address and th&' & Read/Write (R/W) bifThis bit indicates the direction of the transfer:

1 Read (HIGH) means that the master will read the data from the slave

1 Write (LOW) means that the master will send data to the slave

10.2.1.3! O1y24f SR3S

During the &' clock following every byte transfer the transttgir releases the SDA line. The receiver acknowledges
6!/ Y0 NBOSAGAY3I (GKS o0&iGS o0& LidzZtAy3da {5! tAyS G2 t26 2N

102141 O2YYlI YR F2NXI

Slave address

/—/%
SoA % | MSByte address M LSByte address >\_/< MSByte data >\_/< LSByte data A f

1C write S0110011WA A A A P

SCL

Figure4 I°C write command format (default $Bx33 is used)

Slave address Slave address
% { MSByte address >\_/< LSByte address ) % A MSByte data M LSByte data
SDA
2 =
1°C read S0110011WA A AS0110011WA A NAK P

SCL

Figureb I°C read command format (default SA=0x33 is used)
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10.3.a S| 4 dINBYB§ (U

In this mode the measurements are constantly running. Depending on the selected frame rate Fps in the control
register, the data for IRixels and Ta will be updated in the RAM eaehseconds. In this mode the external microcontroller

has full access to the internal registers and memories of the device.

104WSTFNBAK NJGS

The efresh rate isconfigured byd / 2 y i NBf NBIA&EGSNI mé 06 nEvynnA dHz thigwduld nfedh aw S
that each 250ms a nedata (full frame)is available in the RAM.

NOTE: It is possible to program the desired refresh rate into device EEPROM eliminating the necessity to reconfigure the
device every time it is powered on. The correspondingBEEM cell is at addre8g240(seeTable7)

2 KAOK adzoLJ 3S A& dzlJRIFGSR A& AYRAOFGSR o0é& GKS a[lad YSI ac

It is important both subpages to be read as the necessd#gormation for the Ta calculations only avaiable by combining
the data from both subpages i.e. the Ta is refreshed with refresh rate twice as low as the oné seSriF NSa K NI G4S O

When a new data (subpage) is available a dedicated bit is set to indicaedhlsti. o abS¢é RIak RKR@GF Ko
NB 3 A &G SNE s up mEhg customeérdo rdset thait once the data is dumped.

Set bit ANew data available in RAMO

Subpage 0 Subpage 0\

250ms

Refresh rate control = 011b (4Hz)

Figure6 Refresh rate timing
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105.a S| adz2NBYSy

Tt20

Following measurement flow is recommended:

C

Just once after POR

Measurement How

POR

Wait 80ms + delay determined by the refresh rate

v

Extract calibration data from BEEPROM and store in RAM

Absolute temp measurement?

Melexis

0.5HzA 4sec

- 2 1HzA 2sec
\T/ 2HzA 1sec

X.
64 Hz A 0.03125 sec

{da MY Séé

1 Qi BEKS BY LINIAMERFIKS da MY Scoé

Sep mode ?

No

No
Wait app 4 min
{da WY Sé0¢ Read meas data
v
/{8 NIKib S R | B AH6iSA W a é - Bit3in 0x8000
v .
Image processing

decision making

Yes

A

Set Sart Of Measurement ¢ Bit5 in 0x8000

Wait time determined by RR¢ 20%

b Ss R 1B Ol W a ¢ 540

Read measdata

v

/{8 NIKicb S5 R-{ | G AH6fSA W a é - Bit3in 0x8000

v

/ Qi BEKS BY LINIdpERFKS 2 MY Scné

Sep mode ?

No

Image processing
decision making

Yes

Set Sart Of Measurement ¢ Bit5 in 0x8000

Wait time determined by RR¢ 20%

At Ss Rt B A-ofSH W a ¢ &
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Datasheet
G
RAM Subpage 0 A 0x8000 = OxXXX8 RAM Subpage 1 A 0x8000 = 0xXXX9
‘0)(0400‘1‘2‘3‘4‘5‘6‘7‘B‘9‘10‘11‘12‘13‘14‘15‘15‘17‘15‘19‘20‘21‘22‘23‘24‘25‘26‘27‘25‘29‘30‘31 32‘
,
/ ‘0)(0420‘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‘23‘29‘30‘31 32‘
,
‘0)(0440‘33‘3\\‘35‘36‘37‘38‘39‘40‘41‘42‘43‘“‘45‘45‘47‘48‘&‘50‘51‘52‘53‘54‘55‘56‘57‘55‘59‘60‘61‘62‘%‘64‘ /
/ / ‘0)(0460‘33‘3N35‘36‘37‘38‘39‘40‘41‘42‘43‘44‘45‘46‘47‘48 4N50‘51‘52‘53‘54‘55‘56‘57 58 59‘60‘51‘52‘%‘54‘
,
‘0)(0480‘55‘55‘5\[53‘59‘70‘71‘72‘73‘74‘75‘75‘77‘73‘79‘?“El‘B\‘53‘54‘55‘55‘57‘55‘59‘90‘91‘92‘93‘9%‘95‘96‘ / /
/ / ‘OXO4A0‘65‘66‘67\4\68‘69‘70‘71‘72‘73‘74‘75‘76‘77‘78‘79‘76‘81‘82\4\83‘84‘85‘86‘87‘88‘89 90 91‘92‘93‘9//‘95‘95‘
‘0)(0400‘97‘BB‘99‘10}{\101‘102‘103‘104‘105‘106‘107‘108‘109‘110‘11/{‘ 112‘113‘114‘INIIG‘117‘118‘119‘120‘121‘122‘123‘124‘125/{126‘127‘128‘ / /
/ / ‘0x04E0‘97‘98‘99‘100\1\101‘102‘103‘104‘105‘105‘107‘103‘109‘110‘l}l{‘112‘113‘114‘115\1\116‘117‘118‘119‘120‘121 122 123‘124‘12%‘ 126‘127‘128‘
‘OXOBOO‘129‘130‘131‘132‘133\4\134‘135‘136‘137‘138‘139‘140‘141‘14%143‘144‘145‘146‘147‘14}{149‘150‘151‘152‘153‘154‘155‘156%57‘158‘159‘160‘ / /
/ ‘Dx0520‘129‘130‘131‘132‘133N4‘135‘136‘137‘138‘139‘140‘141‘14/‘ 143‘144‘145‘146‘147‘MSNQ‘150‘151‘152‘153‘15A‘155‘15%157‘158‘159‘160‘
‘0)(0540‘161‘162‘163‘164‘165‘166#\167‘168‘169‘170‘171‘172‘173%74‘175‘176‘177‘178‘179‘180‘181\4\182‘183‘184‘185‘186‘187 ‘/88‘189‘190‘191‘192‘
‘OxOSGO‘161‘162‘163‘164‘165‘166 ‘\{7‘168‘169‘170‘171‘172

RAM
A3
0x0400 | 1 [ 2/ 3 | 4 |5 |6 | 7 |8 |9 |10]|11 12|13 |14 |15 16
0x0410 | 17 }é 19 | 20 | 21 |22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 32’
0x0440 | 33 /34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48
0x0450 | 49 ’ 50 | 51 | 52 |53 | 54 | 55 |56 |57 |58 |59 |60 |61 |62| 63|64
0x0480 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80
0x0490 | 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88 | 89 | 90 | 91 | 92 | 93 | 94 | 95 | 96
0x04C0 | 97 | 98 | 99 | 100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112
0x04D0 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127 | 128
0x0500 | 129 | 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143 | 144
0x0510 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 160
0x0540 | 161 | 162 | 163 | 164 | 165 | 166 | 167 | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175 | 176
0x0550 | 177 | 178 | 179 | 180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192

Only highlighted cells are RAM
updated at each refresh rate

Control register 1 (0x800D) = 0981

‘ 17%171: ‘ 175 ‘ 176 ‘ 177 ‘ 178 ‘ 179 ‘ 180 ‘ 181 ‘\{2 ‘ 183 ‘ 184 ‘ 185 ‘ 186 ‘ 187X188 ‘ 189 ‘ 190 ‘ 191 ‘ 192 ‘
/

0x0420 N 1|2/3 |4 |5 |6 |7 |8 |9 |10|11|12|13]|14]15]|16
0x0430 | 17 }é 19 | 20 |21 |22 | 23 |24 |25 |26 |27 |28 |29 | 30 | 31 | 32
0x0460 | 33 |/34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48
0x0470 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64
0x04A0 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80
0x04BO | 81 | 82 | 83 | 84 | 85 | 86 | 87 (88 | 89 | 90 | 91 | 92 | 93 | 94 | 95 | 96
OxO4E0 | 97 | 98 | 99 |100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112
0x04D0 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127 | 128
0x0520 | 129 | 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143 | 144
0x0530 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 160
0x0560 | 161 | 162 | 163 | 164 | 165 | 166 | 167 | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175 | 176
0x0570 | 177 | 178 | 179 | 180 | 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192
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10.6.! RRNB&a YI LJ
0x0000
ROM
Ox03FF

0x2400

EEPROM
Ox273F

0x800D

Registers

0x8011

Figure9 MXL9064 memory map

106.1LY G SNy Ff NBIAZGSNE

There are few internal register that are coster accessible through which the device performance may be
cugomized

B15 | B14 [ B13 [ B12[B11 B0 Bo [ B8 [ B7 [ B6 | BS

Status register - 0x8000

Melexis reserved

New data available in RAM

0 No new data is available in RAM (must be reset by the customer)
1 A new data is available in RAM

Melexis resened

Figurel0 Status registe(0xX8000) bits meaning
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Control register 1 - 0x800D

Reading pattern
Refresh rate control
Enable subpages repeat
Melexis reserved

0 Keep this bit = "0

Toggles between subpage "0" and subpage "1" if Enable subpages mode = "1" (default)

Select subpage determines which subpage to be measured if Enable subpages mode = "1"

IR refresh rate = 0.5Hz

IR refresh rate = 1Hz

IR refresh rate = 2Hz (default)
IR refresh rate = 4Hz

IR refresh rate = 8Hz

IR refresh rate = 16Hz

IR refresh rate = 32Hz

IR refresh rate = 64Hz

P P P P OO OO

P P O O FrP P OO
P O FPr O Fr O Fr O

0 Interleaved (TV) mode (default)
1 Chess pattern

Figurell Control registetl (0x800D) bis meaning

Enable s(lé?tpg)ge mode Enable SEJBbiE[)g?e repeat Seleczgistugpage Working mode
0 0 - measure subpage 0 only
0 1 - measure subpage 0 only
1 0 - 0A 1A 0A M X
1 1 0 measure subpage 0 only
1 1 1 measure subpage 1 only

Table6 Priorities ofsubpage controls

REVISIOBI DECEMBER 9, 2019

3901090641
Pagel6 of 55



MLX90641 16x12 IR array
Datasheet

Melexis
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w
-

12C configuration register - 0x800F

Melexis reserved H

12C threshold levels

VDD reffered threshold (normal mode) (default)
1.8V reffered threshold (1.8V mode)

Melexis resened

Figurel2 I°c configuration register (0x800F) bits meaning

10.6.2w! a

0x0400 O0x041F

0x0420 4 mMXmc 64&dzo L) 3S t AESfAa MTXoH 04adz LI 3S|0x043F

0x0440 0x045F

t AESf & ooXny 6adzL} IS t AESf & nddpXcn 6adz LI 3S|0x047F

0x0460

0x0480 0x049F
é é
0x0520 0x053F
0x0540 t AESfAa mMcmMXMTc 64dz LI t AESf A& MTTXMdMH 6 4adzo LI 3 Ox0O55F
0x0560 O0x057F
0x0580 0x0580=Ta_Vbe, 0x0588=CP(SP 0), 0x058A=GAIN Melexis reserved 0x059F
0x05A0 0x05A0=Ta_PTAT, 0x05A8=CP(SP1), 0X05AA=VDDpix Melexis reserved 0x05BF

Figure13 RAM memorymap (Interleaved mode default)
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99t wha

The EEPROM is used to store the calibration constantstendonfiguration parameters of the device

0x2400 Melexis Melexis reserved
0x2401 Melexis Melexis reserved
0x2402 Melexis Melexis reserved
0x2403 Melexis Configuration register
0x2404 Melexis Melexis reserved
0x2405 Melexis Melexis reserved
0x2406 Melexis Melexis reserved
0x2407 Melexis Device ID1
0x2408 Melexis Device ID2
0x2409 Melexis Device ID3
0x240A Melexis Device Options
0x240B Melexis Melexis reserved
0x240C Customer Control register_1
0x240D Customer Control register_2
0x240E Customer I2CConfReg
0x240F Customer Melexis reserved / 12C_Address

Table7 Configuration parameters memory

After POR the device reatkdicatedEEPROM cells and transfers their content to into the comtndl configuration register
of the device. This way the device is configured and prepared for operation. The relation between EEPROM and register
address is shown here aftéexplanation of the bit meaning can be found in sectldn6.linternal registers

EEPROM address Register address Data [hex]

0x240C 0x800D Customer Control_register_1 0901
0x240D 0x800E Customer Control_register_2 0000
0x240E 0x800F Customer I2CConfReg 0000
OX240F 0x8010 Customer Melexis iternal use (8 bit) BE33

I2C_Address (8bit)

Figurel4 EEPROM to registers mapping
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0x2400 Osc Trim |Ana Trim 1|  MLX Confreg |Ana Trim 2| MLX MLX D1 ID 2 ID 3 MLX MLX | Cont reg 1| Cont reg 2| 12C conf | 12C add

0x2410 Scale occ Pix os R1 MLX | Kta_awg |Ktascales| Kv_awy [ Kvscales | Scal e_row 14¢rowl_max|row2_max |row3_max | rowd_max
0x2420 |row5_max | row6_max KsTa | Emissivity Gain Vdd_25 K_wvdd PTAT_25 Kt_PTAT | Kv_PTAT Alpha PTAT| Alpha CP | CP scale [ OS 1 CP

0x2430 0OS 2CP Kt CP Kv CP TGC |KsTo scale| KsTo_1 KsTo_2 KsTo_3 KsTo_4 | KsTo_5 CT6 KsTo_6 CT7 KsTo_7 CT8 KsTo_8

0x2440
0x2450
0x2460
0x2470
0x2480
0x2490
0x24A0
0x24B0
0x24C0
0x24D0
0x24E0
0x24F0
0x2500
0x2510
0x2520
0x2530
0x2540
0x2550
0x2560
0x2570
0x2580
0x2590
0x25A0
0x25B0
0x25C0
0x25D0
0x25E0
0x25F0
0x2600
0x2610
0x2620
0x2630
0x2640
0x2650
0x2660
0x2670
0x2680
0x2690
0x26A0
0x26B0
0x26C0
0x26D0
0x26E0
0x26F0
0x2700
0x2710
0x2720
0x2730

192 x Pixel offset - subpage 1

Ce

192 x Pixel sensitivity -

192 x Kta, Kv (i, j)

192 x Pixel offset - subpage 2

Table8 EEPROM overviefwords)
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[Address\bit [ 15 [ 14 [ 13 | 12 [ 11 10 [ 9 [ 8 [ 7 [ 6 [ 5 | a4 [ 3 T 2 [ 1]
0x2410 Hamming code Scale_OCC_offset_range_1 MLX
0x2411 Hamming code Pix_offset_part_1
0x2412 Hamming code Pix_offset_part_2
0x2413 Hamming code
0x2414 Hamming code MLX
0x2415 Hamming code Kta_avg
0x2416 Hamming code Kta_scale_1 Kta_scale_2
0x2417 Hamming code Kv_awg
0x2418 Hamming code Kta_scale_1 Kta_scale_2
0x2419 Hamming code Scale_row_1 Scale_row_2
0x241A Hamming code Scale_row_3 Scale_row_4
0x241B Hamming code Scale_row_5 Scale_row_6
0x241C Hamming code Row_1_max
0x241D Hamming code Row_2_max
0x241E Hamming code Row_3_max
0x241F Hamming code Row_4_max
0x2420 Hamming code Row_5_max
0x2421 Hamming code Row_6_max
0x2422 Hamming code KsTa (fixed scale 15)
0x2423 Hamming code Emissivity + 2
0x2424 Hamming code GAIN - part 1
0x2425 Hamming code GAIN - part 2
0x2426 Hamming code Vdd_25 (fixed scale 5)
0x2427 Hamming code K_Vdd (fixed scale 5)
0x2428 Hamming code PTAT - part 1
0x2429 Hamming code PTAT - part 2
0x242A Hamming code Kt_PTAT (fixed scale 3)
0x242B Hamming code Kv_PTAT (fixed scale 12)
0x242C Hamming code Alpha_PTAT (fixed scale 11)
0x242D Hamming code Alpha CP
0x242E Hamming code Alpha CP scale
0x242F Hamming code Offset CP - part 1
0x2430 Hamming code Offset CP - part 2
0x2431 Hamming code Kt CP scale Kt CP
0x2432 Hamming code Kv CP scale | Kv CP
0x2433 Hamming code Cal resolution [ TGC coefficient + 4
0x2434 Hamming code KsTo scale
0x2435 Hamming code b Yac2 NIy3IS wm émnnc/ X mHAC
0x2436 Hamming code Fb Yac2 NIy3IS uw o6munc/ X nc/ 0
0x2437 Hamming code b Yac2 NIy3IS o é6nc/ X ynclb
0x2438 Hamming code b Yac¢z2 N¥y3IS n 6ync/ X mHnc/
0x2439 Hamming code pb Yac2 NIy3IS p 6munc/ X asSS n
0x243A Hamming code Corner temp range 6
0x243B Hamming code p Yac¢2 NIy3IS c 64SS nEHno! X &
0x243C Hamming code Corner temp range 7
0x243D Hamming code F Yacz2 Nry3IS 1 6aSS nEwno/ X &
O0x243E Hamming code Corner temp range 8
0x243F Hamming code p _Yac2 NYy3IS y 4SS nEHno9 X
0x2440 Hamming code Offset pixel (1, 1) - subpage 0
0x2441 Hamming code Offset pixel (1, 2) - subpage 0
X X X
Ox244E Hamming code Offset pixel (1, 15) - subpage 0
0x244F Hamming code Offset pixel (1, 16) - subpage 0
0x2450 Hamming code Offset pixel (2, 1) - subpage 0
0x2451 Hamming code Offset pixel (2, 2) - subpage 0
X X X
Ox24FE Hamming code Offset pixel (12, 15) - subpage 0
Ox24FF Hamming code Offset pixel (12, 16) - subpage 0
0x2500 Hamming code Sensitivity (1, 1)
0x2501 Hamming code Sensitivity (1, 2)
X X X
0x250E Hamming code Sensitivity (1, 15)
0x250F Hamming code Sensitivity (1, 16)
0x2510 Hamming code Sensitivity (2, 1)
0x2511 Hamming code Sensitivity (2, 2)
X X X
O0x25BE Hamming code Sensitivity (12, 15)
0x25BF Hamming code Sensitivity (12, 16)
0x25C0 Hamming code Kta (1, 1) Kv (1, 1)
0x25C1 Hamming code Kta (1, 2) Kv (1, 2)
X X X X
0x25CE Hamming code Kta (1, 15) Kv (1, 15)
0x25CF Hamming code Kta (1, 16) Kv (1, 16)
0x25D0 Hamming code Kta (2, 1) Kv (2, 1)
0x25D1 Hamming code Kta (2, 1) Kv (2, 1)
X X X X
OX267E Hamming code Kta (12, 15) Kv (12, 15)
0x267F Hamming code Kta (12, 16) Kv (12, 16)
0x2680 Hamming code Offset pixel (1, 1) - subpage 1
0x2681 Hamming code Offset pixel (1, 2) - subpage 1
X X X
OX268E Hamming code Offset pixel (1, 15) - subpage 1
0x268F Hamming code Offset pixel (1, 16) - subpage 1
0x2690 Hamming code Offset pixel (2, 1) - subpage 1
0x2691 Hamming code Offset pixel (2, 2) - subpage 1
X X X
0x273E Hamming code Offset pixel (12, 15) - subpage 1
0x273F Hamming code Offset pixel (12, 16) - subpage 1

Me

I;e

XIS

GINEER

NOTE 1In casethe pixel calibration datastoredin EEPROMA({pha, offset, Kta and K¥§ equal to 0x0000

this means that this particular pixels has failed and the calculation for To should not be trusted and avoided.
Depending on the application, the To value swmch pixels can be replaced with a default value such as
273.15°C, can be equal to Ta or one calculate an average value from the adjacent pixels.

NOTE 2The maximum number of deviating pixeld (please checkalse pixel correction
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~

11./ F £ Odzf F Ay 3 ho2SOd ¢SYLI

4

11.1wS&ad2NAYy3 OFfAONYGA2Y RFEGF FN

NOTE 1.All data in the EEPROM are codedias 2 Qa O2 Y LJ &héeSvigdnotedl)dzy S & a
2. All EEPROM cells are codded using Hamming code for proper data restoring stored in the 5 most significant bits
od ¢KS OFftOdzZ FGA2y o0Stft2g | NB 02y aiRSNieHanmhgdodebiisKS a
APSd +a GKS FTAGS aAAYAFAOIY(d oAda 2F SIFEOK g2NR dané F2NJJ
In the examplave are restoring calibration data for pixél, Q)
The polynom for the Hamming code is addais:
PO=D0+D1+D3+D4+D6+D8+D10
P1=D0+D2+D3+D5+D6+D9+D10
P2=D1+D2+D3+D7+D8+D9+D10
P3=D4 + D5+ D6 + D7 + D8 + D9 + D10
P4=D0+D1+D2+D3+D4+D5+D6+D7+D8+D9+D10+P0+P1+P2+P3

Where P4isk S a{. Al Ay (GKS g2NR ¢KAfS 5aX5mn FNBE G§KS RIGF o6Ad

P4 | P3| P2 | P1]| PO |D10| DO | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Figurel5 EEPROM Hamming and data bit meaning

11.1AwSaG2NAYy3 GKS +5¥YRaEFH2 K LIONK YEA

Following formula is used to calculate the VDD of the sensor:

i YQi € &6 070¥0 0T 0 W
w 5 o

YOO 6 ogXHXYYOOmwmo d YOO o Quuoo
Where:
0 O'0Ox T ¢ Qmaat 0O
If 0 p Tt CACU 0 CmT Y
0 U z2g
O@ O0mwE T ¢ @ruat Y00
If '@ P TTCAOHD @ 0@ CTmT Y
0@ 0@ zg

Where'Y'Qi ¢ &6 0idestored in11.1.18
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11.1.2wS a3 G2 NA y 3

GKS ¢I

Following formula is used to calculate the Ta of the sensor:

y C v°C

Where:
0 00O 16 QT YOO
If 0 p T CACU 0
. 0
0
C
0 ‘O'Orex 16 Qraat 0O
If O p Tt CASU 0
. 0
0
C

<. YOUmmoe o w®@
0

IfYOOmTO 0 oy HXYOOmurd 0 'YOOmMWTd O @UuUUGQ

@ o 00w T ¢ @rmrt 00O O0mx 1 ¢ @t XO'Qunsigned)
, @
@ 6 oda®m o O
Where:
@ YO Ot 6Tt

If & oC X H)» @
W YO Ot v Y
If @ oC X Hw @
0O Té& QN OO
C

11.1.3wSa G2 NA y 3

0 d@

cmt Y

¢mt y

QLULOQ

QuUULUOQ

GKS 2FFasi

There are two sets of offset data for each subpage.

n MQ O QW Q
n @ MO QM Q

REVISIOBIc DECEMBER 9, 2019
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0 QMW Q o2 OO0 T p@mut YOO O0mwx 1 p Qrmuat YOO

Ifo QW Q CGCXHY QD Q

0QM Q

£ QA Qoo OO0 T w@Tat Y0'O

If¢€ Q@G Qoo p mcAoE QG Qohw

€ Q@ Qi

£ Q@ Qoo ‘OO, @Y Q et Y00

If¢€ Q@& Qohw p mcAoE Q@ Qohw

0"QQi Qo

&

11.1.4wS a3 2 NR y 3

{SyariAOAGRE A& RAOHR

(9))

Sensitivity Mawalue¥F 2 NJ N2 ¢ M 6 LA ESH
Sensitivity Mawalue¥ 2 NJ N2 ¢ H O LIAEST
Sensitivity Mawalue¥ 2 NJ N2 6 o O LIAEST
Sensitivity MawalueF 2 NJ NB g n O LIAEST
Sensitivity MawalueF 2 NJ NB g p O LIAEST

Sensitivity Mawaluefor N2 6 ¢ 6 LA ESt &

h

2|
Where:

| oo O0mwWEL L oQPrIT X & &
0

O0wE T p @t Yt
C

C T

O0wL T p@QmT MY ¢ T

REVISIOBIc DECEMBER 9, 2019
3901090641

(unsigned)

R AYR

a

Q)

QX

a

MCMXMMHD

€ Q@ Qpho

{Syaa
238 RYYI
MXOHU A
ooXcno
cpXdco
PT XMHY O

MHPXMC N

@LUULOO

cmT Y

CmT Y

Aa

Melexis

INSPIRED ENGINEERING

(V)

b
ROt

R I

l.j

l.j

- @K NIYy3IS g

99t wha I |
99t wha |
99t wha |
i 99t wha
Fd 99t wh

99t wha |
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\ OO0 TP Qmut TP ¢
Q

‘OO, Td O Tt ot
C

qm
|
\ OO0wg T Qrut m'P ¢ 1

11.15w8aG2NAy3 GKS YGFo6Aaz20

. 0 S 0
U &
C
Where:
0 i —Q(depending on pixel number)
If 0 R oAU A 0 N §
0 O0m T pOTMTY & &
If O p T CAOU 0 CmT Y
0 - ° (unsigned)
0 OO, T p @Taat 1T p (&nsigned)

11.1.6wSaG2NAY3 GKS YZBOAZ20

0 o O0mx ¢ p @muut T p(depending on pixel number)

fo s PWBL {7 L { O¢

0 O0wE T pQmITX & &
If O p T CACUL 0 CTmT Y
0 DOrz ¢ p Qrinx * %@mx %Funsigned)

C

0 0omwE T p Qrwat 1 p (&Nnsigned)
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11.1.7WSa 0 2NA Y2 SHFRAORBYR YO F2NI [ £ f LIAES

") .02 00w T ¢@rat YOO O0mx T ¢ @1t YO Qunsigned)

11.1.8WwS a0 2NAY3I (KEOXYYRYOZSRFAOASVYMES
O "YOOOrmE T ¢QruatX & &

IFO 0 "Yop TMATU { “Y0O i "Yég mtT @
00 "Yé—

-

11.19wSa G2 NA Y3 O2 NyORNI YIRS/Y LIRNN (i dgNB 3LIA E &
The informationregarding corner temperatures is stored into device EEPROM and is restored as follows:

60 ‘OO0 1T o® mar x &@nsigned)

0% ‘OO0 1 0@ ma X &@nsigned)

60Y OO0 1T o@maat X &@nsigned)

Or we can construct the temperatures for the ranges as follows:

CT1 =40°C (hard codded¥ Range 1> CT2 =20°C (hard codded Range 2> CT3 = 0°C (hard coddedRange 3> CT4 = 80°C
(hard coddedK Range 4> CT5=120°C (hard codded¥ Range5 > CT6<Range 6> CT7<Range 7 XXT8<Range 8

11.1.10w S 3 G 2 N yOR2 ST Oadnyediy F2NJ €€ LIAE
oigYy —%
fOi&Y pmcASOi €Y VIiéY ¢mT Y
oi &% — %
fOiEY pmcAOOIi &Y OVIi&Y ¢gmT Y
oigy —2%
fOiEY pmmcAOOIi &Y OVIié&Y gmT Y
O &Y Q
fFOiEY pmmcAOOIEY VIiéY ¢cmT Y
O &Y Q

fO{EY pmmcAoOIi &Y VIi&Y ¢cmT Y
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0 &Y ©

fOiEY pmcAOOIi &Y VIié&Y ¢cmT Y
O &Y ©

fOiEY pmmcAoOi &Y OIié&Y ¢gmT Y
oigy — 2%

fOiEY pmmcAOOIi &Y OIi&Y gmT Y
Where:

Liéy OO0 T o@raat X &rsigned)
11.1.11wS 3 G2 NAYy 3 ASyaArtGAgGrAGed O2NNBOG
b dtp T

p LIENZ OY OF
6 awp P
p LI Y& 6 O

0 a@ P
0 o'@p p LI & 6 0¥
0 o'@p p Vi Y& 6 O 20 @
0 o'@p p Vi Y& 6% 66U 20 @
0 o'@p p Ui Y& 6 OF 20 AW
0 o'@p p VI Y¢ 6 O 20 a@

11.1.12wSa G2 NAY 3 9YAZAAODA(S
An emissivity parameter is stored into EEPROM and can have valuesdfrignm @ ¢ ¢ i
04 Qi i QDOHT (@TITYX & &
IfOa Qi | QpRAAOG Qi | QOO i Qg RO ¢
04 Qi i Q6w

Default value stored in EEPRONMOst Qi | Qp Q0 w
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11.1.13wSadG2NRAy3 4GKS {SyardArorie

| Q

Where:
\ ‘ OO0 T@Q Qruut YOO

11.1.14wS a2 NAy3 GKS 2FFasSG 2F GKS 1/t
0'Q®0 o O0mwE 1°®@Qmu JO'O 00wE T o @t XO'Qsigned)

fO QOO ocx ) QOO U QOO puuvoe

11.1.15wS N& Y3 GKS YO /1t O28FFAOASY

0 —Q(unsignec)
Where:
0 ‘ ‘OO, T 0@t 1T o(fgned
If O . ogpPAL . 0 . 0T

11.1.16 WwSaG2NAY3 GKS YaGF /t O2SFFAOASY

U —_—

0 ~ ——— (unsigned
Where:
0 ‘ ‘OO, T 0 @t @ &signed
If O ‘ GPAD . 0 . 0T

111.17wSad2NAy3 GKS ¢D/ O28FFAOASYD
s

Where:
YO OO, T 0 @mat & &signed)

fY® cuAY® YO upc
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11.1.18wWS a4 G 2NAY 3 OFf AONI GA2Y NBaztdziazy
For some calculatiopalibration resolution is needed that is why we store this parameter into EEPROM as well.

YQi é &6 0 Q2 (unsigned)

11.2.¢ SYLISNY G dzNB OF f OdzE | GA2Y

A

11.2.1.9EF YLIX S Ay Lddzi RI G
112119 El YLX S YSI &dz2NBYSy G RIE Gl

Input data name Input data value

Object temperature 80°C
9YAAAADAGE 0.95
Control register 1 (Rgg) 0x0901 (2 decimal)
RAM[0x0498] (pix(6, 9) data 0x03CC (972)
Vbe- RAM[0X®80] 0x4C54 (19540)
CP- RAV[0x0588] OxFF97-105)
GAIN- RAM[Ox®8A] 0x2606 (9734)
PTAT RAM[OXBAQ] 0x06D8 (1752)
VDD- RAM[Ox®AA] 0xCB8A-13430)

Tablel10 Calculation example input data

11.2.1.2/ F £ A 6 A2y Rl
Scale_os_ri6bits Scale_os_r1=0
AL ALY Scale_os_r25bits Y Scale os r2=0
0x2411 Pix_os_rl_part_111 bits OxB7E8 -746
0x2412 Pix_os _rl _part 211 bits 0xD016 NA
0x2413 MLX
0x2414 MLX
0x2415 Kta_avg 11 bits 0xC2FD 0.00291824
Kta_scale_16 bits Kta_scale_1 =18
2 AR Kta_scale 25 bits AR Kta_scale 2=3
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0x2417

0x2418

0x2419

0x241A

0x241B

0x241C
0x241D
0x241E
0x241F
0x2420
0x2421
0x2422
0x2423
0x2424
0x2425
0x2426
0x2427
0x2428
0x2429
0x242A
0x242B
0x242C
0x242D
0x242E
0x242F
0x2430

0x2431

0x2432

Kv_avg 11bits

Kv_scale_16 bits
Kv_scale_25 bits

Scale_row_16 bits
Scale_row_25 bits

Scale_row_36 bits
Scale_row_45 bits

Scale_row_56 bits
Scale_row_65 bits

rowl max- 11 bits
row2_max- 11 bits
row3_max- 11 bits
rowd_max- 11 bits
row5_max- 11 bits
row6_max- 11 bits
KsTa, fixed scale 15
Emissivity £2, 10 bits
GainMeasRef_word1
GainMeasRef_word2
vdd_25
K_Vvdd
PTAT 25 W1
PTAT 25 W2
Kt_Ptat
Kv_Ptat
Alpha PTAT
Alpha cyclops
Alpha cyclop scale
Offset CP W1
Offset CP W2

Kta CP scaleb bits
Kta CR 6 bits

Kv CP scaleb bits
Kv CR 6 bits

OxCA9A

0x5164

0x018C

0x018C

0x018C

0x9CB1
0x956C
OxA5CC
0x7DD1
Ox6D7F
0x3CD4
0x27B8
0x19E6
OxF137
0x7814
0x2658
OXEF9E
0x917F
OxFO018
OxE156
0x4817
0x1C80
0x233E
0xC85B
OxCFFC
0xA009

0xBB53

O0xF194

Melexis

0.325195313

Kv_scale_ 1=11
Kv_scale 24

Scale_row_1 =32
Scale_row_2 =32

Scale_row_3 =32
Scale_row_4 = 32

Scale_row_5 32
Scale_row_6 = 32

2.7962960ED7
3.2316893D)7
3.4552068E07
3.4668483ED07
3.275922E07
2.8777868ED07
-0.002197266
0.94921875
9972
NA
-13568
-3136
12280
NA
42.75
0.005615234
9
3.0195224E9
38
-119
NA

Kta CP scale = 13
Kta CP =0.02319336

Kv CP scale = 6
Kv CP =0.3125
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0x2433 Fbsoluigéoinjglti?sl— 2 bits OXECO0 Resolutis)rr(lscg)zt[)ol ca?2
0x2434 KsTo scalellbits 0x7814 KsTo scale = 20
0x2435 KsTo_% 10 bits OxED22 KsTo_1 =0.0007
0x2436 KsTo_2 10 bits OxED22 KsTo_2 =0.0007
0x2437 KsTo3- 10 bits OxED22 KsTo3=-0.0007
0x2438 KsTo4 - 10 bits OxED22 KsTo 4=-0.0007
0x2439 KsTo5- 10 bits OxED22 KsTo5=-0.0007
0x243A CT6 0x80C8 CT6 = 200
0x243B KsTo6 - 10 bits OxED22 KsTo6=-0.0007
0x243C CT7 0x4190 CT6 =400
0x243D KsTo7 - 10 bits OxED22 KsTo 7=-0.0007
0x243E CT8 OxDAS58 CT6 = 600
0x243F KsTo_8 10 bits OxED22 KsTo_8 =0.0007
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11.22¢ SYLISNF 1 dz2NBE OF f OdzE | GA2Y

After the parameters restore the temperature calation is done using following calculation flow (assuming that the
EEPROM data are already extracted):

Supply voltage value calculatigcommon for all piel)- 11.2.2.2

\’

Ambient temperature calculation11.2.2.3

v

Gain compensation11.2.2.5.1

v

IR data compensatioqoffset, VDD and Tall.2.2.5.3

2

IR data Emissivity compensatiohl.2.2.5.4

v

IR data gradient compensatieril.2.2.7

v

Normalizing to sensitivity11.2.2.8

\’

/[ 1§ O0dzf F GAy3a ¢2 TF2N oBRG-QL.2ALYY U

2

Image (data) processing

Figurel6 To calculation flow

For this example we calculate the temperature of pixel (12, 16yaw=12 and the column=16.

VallESmarkeaiitiigteare extracted from device EEPROM

Values marked with gregre final parameter values or are values to be used for next calculations

11.221wS &2t dziA2y NBAG2NB

The device is calibrated with default resolution setfi= 2 (corresponding to ADC resolution set to 18bit see Fig 11) i.e.
if the one choose to change the ADC resolution setting to a different one a correction of the data must bd-dsmne.
we must restore the resolution at which the device has been catdaravhich is stored at EERPOM 0x343

YQi ¢ 60 Q¢&——
Where:

Q 0

YQi € &6 0 € TG TT TT ¢C (unsigned)

YA £ & @0 Qf Q

T TT 7T ¢¢ (unsigned)
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YQi £ &60 W—— — P

In case the ADC resolutias changed the one must multiply thRéQi € & 60 0 cBeéfficient with the RAM data for VDD
only. Please note that the data for Vbe, PTAT and IR pixels (includingu@Pijot be changed.

11.2.22{ dzZlLJLX & @2f (i ASOBY Y 2136 EBZ WIOIdA § (IR Y

YQi ¢ &6 0708 DL 6 6 6
o

YOoOmammo 6 Twod vgpTmQ

foquUUYogxAaXYoOmuméd o vgpmeuLOoEpPOoT IB

Where:
0 DICTRENTNG Q root YOO [IED O Tt YOO Tt X@ p WU T
Ifp wu Tp T CASUL P WL TG T T YN
0 0 Z¢ wWgog 1 0pOQ

@  (OICTHENRNE @t OO0 FEENEIOITIT YOO Tt @ L Pp G ¢ T
fpecTpmcAoO®@  p@¢Tg mT Y T
w'@ W@ z¢ TCI0C pPOLOY

, POTOTMPCULOY paoy
@ o ————
opoog opaooy

11.2.2.31 YO A Sy G G S YLISNMIQRIINE yO I Fi20dzE 1A AN ESE O

TITTTMTINORH 08 VUL OW

"y c v°C

Where:

0 EIGTEEENG O ot YOO [T JOO Tt TP XG O
If¢ o p mgAoL 4y

0 0 59 T@ImMUL QPUCOT

C TTMTWE

0 OICTEERNGg O root OO PN @ ot YOO Tt p L GBI ¢
Ifot ¢p mcASL B ¢

. 0 0T ¢

v c F T&U
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¢, YOUmuto o w®@
Yw 5

YOOwImo 0 mooW vgpmo
foquUUYogx@daXYoOmuméd o vgpmeuLoEpoT 6SB

o CTOTPOU o
Yo P P LR TEIT T ML P

ocpoQ opoQ
& o ¢ [DISTGENNG Qo SO0 [DISTEENG Qo SO'Qunsigned)

@ 0 ¢ TENPRRO It OO [IIEE @ it 0°0

® CCTINPR TWNTNPp WEEIoGT PCCLPT PCGUYT
, )
® L
Where:
0 Y6 Dot &1 = 0x06D8 = 1752

Ifp X vcogxdxw PXULG

w YOoOmummu YnmmBT #U@AWLT T

IfpwutTTmg ) @)X pWULUTT
DICTRENG O ot OO MEPePIrO ot 0O TGt T ) 71/ANEiD <

0 o

R C q PG U
: w PXUG
z z
@ o od® o ¢  pxve pwurn POTHER
- v 8
Y qu . —= CU PRICCGCU T @CC

11.2.24DIF AY LI N} YSGSNI O f QUM ESAAY 602YY2y ¥
"06 00
YO Omat vap
YO Oyt vap TOE @ TQEWYX O T
IfwX oTo¢ X YO Ot vdp wy dBB
‘00 'Ob0 ¢ (CICTHRENING © T OO  (DICTHENING © it O'Qunsigned)
"06 "'0O00 ¢ M@ @ oot OO NPT 0O
"00 000 @TUIT P O U TIP TOCEMPE PC T WWUL T WWX C
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WWX Qo
wxorp CTTULUTOY

11225t AESt RIGF OFt OdAFGA2ya
The pixel addressing is following the pattern described in Reading pattern as shown in Fig 5:
11.2251DF Ay O2YLISyal iArzy
N  ow Y0 01 Qo b YO Uraat T wad
YO OmamT wPmnatd 6 wX ¢
fFwxcog X AXYo Imamt wyP WX ¢
NR o wXx€P8IC T T U T EP X @X X TYL T X
11.2252h FFa4SG OFt OdzA F A2y
R ew 6O £ Q@ Qof 7 ¢
0 QM Q 0 ¢ DICTEENINE © mut OO OICTHENE @ mut YOO
0 QM Q 0 ¢ WNgEE O it OO @ @ rut YOO
0@ © CCTTOp TP ¢o ¢ G TCC QT X @ ¢ DI
foT xwmgxHY Q@D Q PTXWELULOECXTO®
£ Q@ Qo DICTHEENND @ OO P @it JO'O T T T uflio

Ifx 0 p TTGAoE Q@ Qphw X o

§ Qi Qo TEEEO (unsigned)
60 0o ==  — fi
N ¢ XT X 07 @ X €SB

11.2.253Lw RI (G Oy A225%5 | YR ¢l
ne o @ ow AR zp b0 FZYY 2p b o @
The same calculation must be done for the second subpage as well
N @ \ ohw QW Q € Q@ Qohw z¢
£ 0% ogho  ISTRENEN O i OO NP i JO'0 mixt T XKl

IfX p p TcADE QA Qo X p

ne oMo XT QX PZC @ X ASEO QM Q andl "QQi Qdarethe same for both subpages)

REVISIOBIc DECEMBER 9, 2019

3901090641
Page34 of 55



MLX90641 16x12 IR array

Datasheet

nNe  ow N ow @ zp 0 RZY Y zZp 0

NOTE: In the example bellow calculation are done for subpapdy0

. 0 B ZG 0
UV j
C
Where:
0 A O (depending on pixel number)
. — O -
0 A — 0
ifo opA v hoo®
0 (OISTEENENE © ot X & SEIEIRCH I X & & ¢ & S U
IfXpu p 1mCcAOL X@u
0 _—Q(unsigned
o —— Q 0w
0 OICTEENTE @ rwt 1t p (&nsigned
0 TEPSIPCO TGt TT p &IGIT TT TT 00
) -z 1)) z
0 i I L X(pUTISIT[O'pT[pGT(o
S S
: L f 2G 0
0
" C
Where:

0 P (CICTEEIPIE @ ot 1t po(d@epending on pixel number)
0 poo TESEIFQUIGIT TT p &ITOIT TU TT TH

Ifmt puvy O RoOOT

0 DISTREE Q X & &

0 FEIONED O Tt X & &t caw PP ¢
Ifo @ ¢pmcAsl M0N0

0 _—Q(unsigned

0 —_— = pp
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0 OICTEENTE @t 1t p (&nsigned
0 TEBPEIROTGIT TT P &TTGIT TT 7T TT

0 K2 0 1%
- i cc cc 2P0 e cupwuo

N e A e A®yehe O FZY Y Zp 0 jZ0 ©
N o WOREPXOXXTYPRE p TWITOP TPTHC L Z p TW U P BLE L L WAB
NR o WOREPXOXXTYPRE p TWITOP TPTHC L Z p TW U P BLE L L WAB
N ow pPOe@IT VX QX
11.2254Lw RIGF 9YAaaArAgaGe O2YLISyalGazy
04 Qi i QDICHGENING Oy & & FPIBPAIT X & &t p % ol ¢
ftPgoepmcAcOa Qi | Q& MPapw
Oa Qi i Q696w — ™mWT WP Y
11.226/ t RFGF OFft OdA F A2y A
11.226.1./ 2YLISyalGAy3 GKS D!'Lb 2F /t LA EST
ne  ohw YO dmaru Yaw
YO Ormamu YYmwAX @uUT Oop
fouvtopegxAXYOo TV YYEULUT OCPLUL O ECPTU
6 0n @ PTUVPHTICTTU M PHEHOX € Y ww

11.2.2.6.2/ 2YLISy &+ (@Aly 3 2RFF2854 LA ES ¢

6@ 6 0n @ r‘]@‘ZpD_Z"Y"YZpD‘Z(fo ®

@ oo DIESHGENNG O 00 DISTENS @i 00

N @ \ 0 ¢ MIEE@ Qduyt YOO -erdn ¥OO

n @ A o @ Tt XO0 Ttdnnnmcz-tm QUTITMYP QUTPX
fovTpcxdgn® PLUIPYULULOECPPW

0 — — mWpCU

0 I © s — @ (unsigned

Where:
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0 ‘ OICTHENG @ rwrt 1 o(sgneg
0 ‘ EEgpLSTIT T 0 &t 1T p TgT(signeg
If¢cm oA ‘ Cm
0 ——— — TM@IMCOPWOCULW

0 N Q = p o(unsigned

0 ‘ OICTEENNG © Wt o & b @it T & Tt TP op osigned
Ifpw opo ‘ p W

6 0n @ PTIHOXCYWPEPPBAP TWINMCOPWOTHEO® CL Z p TP GEULOE L LV WA
6N PBCWTP YW
11227Lw RFEGF 3ANFRASYG O2YLISyalGArzy
Y06 — — m
Where:

YO [OICTEENTNG © ot @ & RGO noat & & Tt 1 Tt T (Signed)

Ifm ¢uvAa"Yo® i

h z 8 z 8

. PXBWTT ap XY

W

11.228b 2 NXI f ATAy3 G2 aSyarGtdAargrae

h

I Z|

The row for the pixel is calculated as follows:

0 QOQ " 6— P QEe———— p VES p O
o
OICTEENTGE O Tt Yo TGO Tt oI Tt p P | oy T
c T c T oc T G—C CTl OC

e O —

o LLCMEXLO YT T O

| o DICTEENON @i X & SREREROSUI X & &TGITX & & T X

h

Z|

ZOB LLUCMOPX VP YT THBLVLCTPX LO YTXO T O
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o

| DISTEENEE) O i SO0 [N @ Tir SO0 TGI T G 60y

| —_ = oBpWULGCGT M@ U p G

0 i "YCIOICTEENNE @ root X & & FGEIE QUrat X & &t X " o %0 @
Ifp X @ McATL i "Ydp wX @ T Y X G
0i "YoO— — TEITMCPWXCPLOPG U
| PR YO oz p 0 zZYY
| gy 08 UUGTQOX L YIGYo MZ08T P WU G ¢ T M@ YMPWF PG TBITIC FUX GT G G U
| P 08 COTPYTO@ ITuxX O p

11229/ I £ Odz F Ay 3 ¢2 F2N oylmd/A® G SYLISNI G dzNB
0 i €Y [OICTOENING Q oot X & &FIOEICO it X & &t v ¢ PGP T
fpoptpmcAoLiéY popigmT ' XOT

X0t
i€y C— TEBUTTTT @ W W WwX

Where:
0igy DICTEENTNG © rurt X &nsigned)
iy FEXIUIPOTIT X & & G T T pCITT

As the IR signal received by the sensor has two components:
1. IR signal emitted by the object
2. IR signal refleed from the object (the source of this signal is surrounding environment of the sensor)
In order to compensate correctly for the emissivity and achieve best accuracy we need to know the surrounding
temperature which is responsible for the second componehthe IR signal namely the reflected pafty. In case this
"Y temperature is not available and cannot be provided it might be replacetfby”Y v.
[ SGQa "yaaxeys

Y Y OoCX®ULV TG CXPU opBX WYOOUXPUWEPP
Ye Y GXPU oX ¢XPUV oMPO OGULUOTUEKPXKTP

Y Y WCULOT Ty
vy y R wcucnuﬁxtptxlxn¢C (AIQXLIH)(Tlé)U cpwwxwwcmcpg)wwwpx&ch

Yok TBITMMY WAWEXC QT PYTOQ OTIXCEP X YUOB C QT P YT Q@ O P W WP XB K 0 ©
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Y g BUYT Qo eeT1O 9101 WU

W
Yoh : - Yo o x®U
" F2 P Uig?2¢ XL Y 5

Yo . PXWY - WP wwp XB K g pdrv
O COTPYMOQOTW pp TBITIT Q WAQXPKL W YT o ed@ uroyo v

v pPXWYuL
Y h BIoay0ld cmxp(pw@wDXU&(COQJX&U

YR MpLuXeo@®KNOWXPU OLBX wPpXPL 8 JF
11.2.2.9.1/ | £ Odzf | G A 2 yix8 YLENWI SENSy NS 35S &

In order to extent the object temperature range and get the best possible accuracy an additional calculeitos mgeded.
We can identify &bject temperature ranges (each temperature range has its own so dableter Temperature¢ CT which
is the temperature at which the range starts):

- Object temperature range 1 =n n ¢ f20°& (Corner temperature for this raags-40°C and cannot be changed)

- Object temperature range 2 =20c / X Camner/temperature for this range 480°C and cannot be changed)

- Object temperature range 3 =cO X Cprnetr température for this range is 0°C and cannot be changed)

- Objecttemperature range 4 = 8/ X @ainerdempeeature for this range is 80°C and cannot be changed)

- Object temperature range 5 = 120X /°@Q@orner temperature for this range is 120°C and cannot be changed)
- Object temperaturerange 6= Q6 X [ ¢ 1 C/

- Object temperaturerange 7= Q@I7 X [ ¢y c/

- Object temperaturerange8# ¢y c/ X

In order to be able to carry out temperature calculation for the ranges outside of temperature 2dge 2 '80°Gc / X
an additional parameters are needed and must be agted from the device EEPROM. Those parameters are:

- So called corner temperature (CTx) i.e. the value of temperature at the beginning of the range. Please
note that the corner temperatures for range 1 igdd to-40°C,corner temperatures for range 2 fixed to
-20°C, corner temperatures for range 3 is fixed to 0°C, corner temperatures for range 4 is fixed to 80°C ,
corner temperatures for range 5 is fixed to 120°C while CT6, CT7 arar€a8justable

- Sensitivity slope for each rangeKsTq

- "Y p calculated inll.2.2.9

11.2.29.11wSa i 2NAyYy3I O2NYy SNJ G§SYLISNI G dzNB a

The information regarding corner temperatures is stored into device EEPROM and is restored as follows:
0y [OICTENNG O it X & S@iGn x & &t Gy ¢ miJ

0Y [OICTENNG @ ot X & &F@RIPQITIT X & &It p w Nt i J

0y [OICTENNG Qo X & &SN @rdot X & &t ¢ L Yp T ad J

Or we can construct the temperatures for the ranges as follows:
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CT1 =40°C (hard codded¥ Range 1> CT2 =20°C (lard codded)< Range 2> CT3 = 0°C (hard coddedRange 3>CT4 = 80°C
(hard coddedK Range 4> CT5 = 120°C (hard coddedRange 5> CT6< Range 6> CT7<Range 7 XXT8<Range 8

11.2.29.12wSad2NAy3 (KS aSyaradadirAgiide atz2LIS TFT2N St OK
0 bvg 540G Thas been extractech 11.1.10
Oi &Y DICTRENNG Ot X & IO TTX & &WTL (P O P T

fpoptpmcAoLiéY popiCmT ! XOT

X 0T
q

01 €Yy OICTRITNG Qo X & &HEOIANQ I X & &WITL G P o P T

TBITTTT @ WWWwX

fpoptpmcAoLIi &Y popTCmT Y XOT

X 0T
q

O£y OICTEENNG @rur X & &FIOPIOTITX & &LITL P o P T

TBUTTTT @ W W W WX

fpoptpmcAoLi €Y popTgmT P XOT

XOT
C

Oi €Y [DICTEEING QruT X & SFBIOPIQMITX & &WITL P OPT

fpoptpmcgAoLiéY popigmT ' XOT

TEBUTTTT @ W W WwX

X 0T
q

01 €Y  [OICTERNNGS O it X & &I T X & &WITL G P O P T

TBUTTTT @ W W W WX

fpoptpmcAoLi €Y popiqgmT ' XOT

X 0T
q

01 €Y OICHEING Ot X & &NOEIO T X & &WITL ¢ P O P T

TBUTTTT @ W W W WX

fpopTpmcAoLiéY popiqmT ' XOT

XOT
G

O €Y [DICTEENING Ot X & &GO IT X & &ITL ¢ CP O p T

fpoptpmcgAoLiéY popigmT ' XOT

TBITTTT @ WWWwX

X 0T
q

Oig&yYy

TBUTTTT @ W W WWX

Now we can calculate sensitivity correction coefficients for each temperature range:
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P

~ s

20 AW
p Ui e OY O
0 narnncpof;)w@xr - ZPEIP T P WY )HBIP T P PRI MET p w P XPFIE® YL WW
p Ui Y& p('i"cY 0y p n&nnmi@cﬂr{wx ¢ DR <
p
p LI & 0 6 p TBITTTQ W® WX TT BT T MMTCT
p Ui Y& 6 6 20 @
P TBITIMO WAWWXTY T ZTRT T MTNRBIP X U Q@ YPOoTX
p Ui Y& Oy 6 20 @
P TBIMMOWAWWY PG TP XL OYAP P YT XT
p Ui Y& O O 20 d@
P TBITMIMO WAD@WNIC MTZTRH O OP PTHKT T WP WO WY
p Ui We O O 20 aM@
P TEBITITMO WAWWNIT MTZT T T WP WOTAE MO o PP Y

11229139 EG0 SY REK IE2 OF f Odzf F GA2Y

The input parameter for this calculation is the object temperature calculatethalculating To for basic temperature range

0 n c80°K)
If "% - <-20°C we are in range 1 and we will use the parean®t) vy, 0 AW andd Y 1 10)
If -20°C <% -4 <-40°C we are in range 2 and we will use the parametersy, 6 a'@ andé Yy ¢ 10)
If 0°C <Y ¢ <80°Cwe are in range 3 and we will use the parametars-{g, 0 '@ andé 'y md)
If 80°C <Y i <120°C we are in range 4 and we will use the parameters,{, 0 '@ andé Y Y ™)
If 120°C ¥ ¢, <CT6°C we are in range 5 and we will use the parametefs, 06 a'@ andé Y p g )
If CT6°C ¢ ¢4 < CT7°C we are in range 6 and we will use the parameteisg, 6 a@ and6 Yy ¢ mi)d
If CT?7C <% 4, <CT8C we are in rang@and we will use the parameters® (ryg, 0 'GP andé Y Tt mia)d
If CT8C <% ¢, we are in range &nd we will use the parameters (yg, 0 GG andé ¥ @ mi)d

W
Y Y% ¢ XBU

w20 0 Wya;,, 2, P Vi 7 Y #4
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12.t SNF2NX I yOS 3INJ LKA
12.1.! OOdzNY O&

12.1.1t AESt | OOdzNF Oa

All accuracy specifications apply under settled isothermal conditions only.
Furthermore, the accuracy is only valid if the object fills the FOV of the seoswietely.

Parameter definitions:
Frameaccuracyis defined as average value of the all (768) pixels in the frame fnafoe € can be expressed as:

P o~ 4
— Y are
Xoy

YQ OEQ
Ol OEDOO T FOH QY
Non-uniformity is defined as the maximum deviation of each individual pixel reading vs. the absolute accuracy.
O & EYE QQE T aUih @'Y a QI ®EQ

Pixel absolute accuracig defined as

Y Ol Q@D w6 i WuEdEYe Q Qe T & Qo w
A To, °C
300°C
T Frame accuracy +1°C +3.0%*|To-Ta|
200°C | Non-uniformity zonel +1°C +1.5%*|To-Ta|
Non-uniformity zone2 +2°C +1.5%*|To-Ta|
| Non-uniformity zone3 4°C +1.5%*|To-Ta| Frame accuracy +2.5°C +3.0%*|To-Ta|
R . Non-uniformity zonel +1°C +1.5%*|To-Ta|
Frame accuracy +4°C +3.0%*|To-Ta| | Non-uniformity zone2 +2°C +1.5%*To-Ta|
Non-uniformity +1°C +1.5%*To-Ta| Non-uniformity zone3 +4°C +1.5%*To-Ta|
100°C
T Frame accuracy +1°C
1 Non-uniformity zonel +0.5°C
Non-uniformity zone2 +1°C
4 Non-uniformity zone3 +2°C+2%*|To-Ta|
0°C >
. +5.5°C +5% * [To-Ta| +3°C 5% * |To-Ta| +4°C +5% * |To-Ta|
'20 C T ‘ T ‘ T ‘ T T ‘ T ‘ T ‘ T ‘ T T T ‘ T ‘ T ‘ ‘
-40°C 0°C 50°C 125°C

Figurel7 Tempeature absolute accuracy MLX90641BA
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A To, °C
300°C
200°C T
-1 Frame accuracy +2.5°C +3.0%*|To-Ta|
Frame accuracy 1A}’°C iS.Cg"/fITO-TaI Frame accuracy +1°C +3.0%*|To-Ta| Non-uniformity zonel +1.5°C +1.5%*To-Ta|
i T on-uniformity zonel +1°C +2%*|To-Ta -uni i +2.5°C +1.5%*|To-
oo A RCL totglogial N iformity 1+1°C +2%*|To-Ta| Non-uniformity zone2 +2.5°C +1.5%*To-Ta|
Non-uniformity zone2 +2°C +2%*|To-Ta|
100°C 1
0°C >
3 +5.5°C +3°C 5% * |To-Ta| +4°C 5% * |To-Ta|
-20°C T T ‘ T ‘ T T ‘ T ‘ T ‘ T ‘ T T ‘ T ‘ T ‘ T ‘ ‘
-40°C 0°C 50°C 125°C

N
[}
2
P
N
D
5
D

Example: If we assume thtte sensor (BEtype zone } is measuring a target at 80°C that would mean that there shoeld b
no pixel witherror biggerthan:

Y Ol Q@D OO T CECEYE 'QQE 1 G QO p® d
NOTE
1) For best performance it is recommended to keep the supply voltage as accuratalbledas possible to 3.3V *
0.05v

2) As aresult of long terrfyears) drift there can be an additional measurement deviation of + 3°C for object
temperatures around room temperature.

12.1.2¢F | OOdzN} O&
Absolute accuracy for the Ta chanifdie temperature)
Y ™ J

NOTE: Actual sensor sounding temperature would be approximatebyC lower
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122{ G F Nl dzZLd GAYS

1221.CANARG O+t AR REGI

After POR the first valid data is available after (depending on the selected refrestiYate) which is calculated as:
Yo Y ¢zu t,ms  (Example refresh rate is 2ldzhe default value)

It is always subpage 0 to be measured first after POR then subpage 1 and so on alternating.

NOTE1In case one changdhe refresh rate on the fly (by writing new values into device register (0x800D)) the settings
will take place only after the subpage under measurement is finished.

NOTR: Although the first subpage is ready after 500i& necessary to have data froboth subpages in order to be
able to calculate the Ta meaning that the valid data are only possible after twice the refresh rate after POR

Default

Set 8Hz

N N

40ms ‘ 2Hz

Valid data

Subpage 0 Subpage 0

Active 2Hz refresh rate 8Hz refresh rate start

12226 KSNXYIf 0SKI GA 2 NJ

Although electrically the device is set and running there is thermal stabilization timessacy before the device can
reach the specified accuracyup to 3 min.
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Increasing the resolution decreasthe quantization noise and improves the overall noise performance.

Measurement conditions for the

LISNF 2 NXF yOS

noise are: To=Ta=25°C

Melexis

INSPIRED ENGINEERING

YR NB&2f dz

There are two bits in the configuration register that allow chagghe resolution of the MLX9064deasurements.

NOTEDue to the nature of the thermal infrared radiatiohjs normal that the noise will decrease for high temperature and

increa® for lower temperatures

0.600

0.500

Noise (rms), °C
o o o
5 8 3
o o (=]

0.100

0.000

MLX90641BAx

—4—90641BAA ./

——90641BAB

W

—

0.5 1 2 4 8 16 32
Refresh rate, Hz

64

Figure20 MLX9064BCx noise vs refresh rate for different device types

Not all pixels have the same noise performance. Because of the optical performance of the integrated lens, it is normal
that the pixels in the corner of the frame are noisier in comparison with pireelsin the middle. The graphs bellow

show the distribution of the noisdensityversus the pixel position in the frame (pixel number)

0.4
0.35
03
& 025
Q
T 02
&
£ 015
£
0.1
0.05

MLX90641BCA noise vs pixel and refresh rate

Figure21 MLX90641KA noise vs pixel and refresh rate at 1Hz and 2Hz

0.4
0.35
03
& 025
Q
T 02
&
£ 015
£
0.1
0.05

MLX90641BCA noise vs pixel and refresh rate

e ——

——4Hz

Figure22 MLX9064.BCA noise vs pixel and refresh rate at 4Hz, 8Hz and 16Hz
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04
0.35
0.3

5]}
80 0.25
T 02

&
£ 0as

E
0.1
0.05

Figure23 MLX9064BCB noise vs pixel and refresh rate at 1Hz

Melexis

INSPIRED ENGINEERING

and 2Hz

MLX90641BCB noise vs pixel and refresh rate

0.4
035 |
03

1)
0.25

&

T 02

)

E 015

E
0.1
0.05

Figure24 MLX9064BCB noise vs pixel and refresh rate at 4Hz, 8Hz and 16Hz

NETD (K) 1Hz RMS noise (temperature equivalent), all pixels

Average Min Standard deviation
0.07 0.04 0.03
0.15 0.07 0.05

Tablel1l2 Noise performance
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124CAStR 2F OAS9 6Chzx0

Point heat source Sensitivity

N
" 100%

50%

»

“Field Of View

Rotated sensor Angle of incidence

Figure25 Field Of View measurement

The specified FOV is calculated for the wider direction, in this case for the 16 pixels.

: : : ' Central pointing from normal
X direction Y direction (X & Y direction)
|

Max
MLX90@& 1-ESHBCA 110° 75° 5°
MLX906&1-ESFBCB 55° 35° 3°

Tablel3 Available FOV options
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13.1 LILIX AOF UA2Y AYF2NXYIOAZ2Y
13.1.h LXGAOFf O2yaAARSN}OA2YV A

As this is an optical device a cameist be taking such that the device performs according to the specification. One such
parameter is FOV obstruction. It is paramount that the FOV in the optical path is kept clear. The external aperture is
designed such to shape the FOV of the device ansislled prior calibration process thus cam be considered as part
2F GKS RSOAOS $sKAOK R2Sa y20 AYLI OGO GKS LISNF2NXYIFyOS od
I 2 y&éeFgure 27 hereafter.

_90.00"—_

yd N\
\ Obstacle free zone v
/
/
w"; % ) -

Plastic cover

’ ‘ Y External aperture

) i\'/\ \ Plastic cover
/] “\Exteranl aperture

/PCB slits
/ PCB

X /|
32 B2

Figure26 Application examples concerning the optical consideration

4

132.9f SOGNAOFEf O2yaARSN}GA2Yy A

Figure27 MLX9064.Bxxelectrical connections

As the MLX9061Bxx is fully I2C compatible it allows to have a system in which the MCU may be dwpii¢/DD=BVX p +

gKAES GKS aSyaz2N) AdQa pplpV¥DD1=3X2 (or &wzl Bfftwkh$ & sufpBeYVDB-NGh thd 1ZCS & dz
connection running at supply voltage of the MCU
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