MLX90621

Melexis

16x4 IR array INSPIRED ENGINEERING
Datasheet
O  Small size, low cost 16x4 pixels IR array O High precision non-contact temperature
O Easy to integrate measurements;
O Industry standard four lead TO39 package O Temperature sensing element for residential,
O Factory calibrated infrared temperature commercial and industrial building air
measurement. conditioning;
Calibration parameters stored in EEPROM. U Microwave ovens
0 Noise Equivalent Temperature Difference (NETD) O Home appliances with temperature control;
0.20K RMS @4Hz refresh rate O Thermal Comfort sensor in automotive Air
Q Ic compatible digital interface Conditioning control system;
O Programmable frame rate 0.5Hz...512Hz O Passenger classification
O 2.6V supply voltage O Automotive blind angle detection;
O Current consumption less than 9mA O Industrial temperature control of moving parts;
O Sleep mode consumption less than 7pA O Identifying thermal leaks in homes
0 Measurement start trigger for synchronization O Thermal scanners
with external control unit O Security / safety gates
O 3 FOV-40°x10° 60°x16° and 120°x25° Q Intrusion / Movement detection;
O Ta-40°Cto 85°C O Presence detection / Person localization
0 To-20°Cto 300°C
0 Complies with RoHS regulations
Part No. Temperature Package Option Code Standard Packing
Code Code -X X X part form
MLX90621 E (-40°C to 85°C) SF (TO-39) (1) (2) (3) -000 -TU
(1) Supply Voltage (2) Number of (3) Package options:
B =2.6V thermopiles: A =120°x25° FOV
A =16X4 B = 60°x16° FOV
C=reserved
D =40°x10° FOV
Example:
MLX90621ESF-BAB-000-TU
The MLX90621 is a fully calibrated 16x4 pixels IR array
in an industry standard 4-lead TO-39 package. It
Digital Active Thermopile Array~ "y contains 2 chips in one package: the MLX90670 (IR
array with signal conditioning electronics) and the
. . 24AA02 (256x8 EEPROM) chip.
Digital filtering The MLX90621 contains 64 IR pixels with dedicated
. . low noise chopper stabilized amplifier and fast ADC
RAM memory integrated. A PTAT ' (I'Droportional To Absolute
Temperature) sensor is integrated to measure the
L\ B — VDD ambient temperature of the chip. The outputs of both
EEPROM \— 12C interface IR and PTAT sensors are stored in internal RAM and
CLK g (%SDA VSS are accessible through I°C.
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The results of the infrared sensor measurements are stored in RAM:
e 15...18-bit result of IR measurement for each individual sensor (64 words)
e 15..18-bit result of PTAT sensor

Depending on the application, the external microcontroller can read the different RAM data and, based on the
calibration data stored in the EEPROM memory, compensate for difference between sensors to build up a thermal
image, or calculate the temperature at each spot of the imaged scene.
These constants are accessible by the user microcontroller through the 12C bus and have to be used for external post
processing of the thermal data. This post processing includes:

*  Ta calculation

e Pixel offset cancelling

¢ Pixel to pixel sensitivity difference compensation

e Object emissivity compensation

¢ Object temperature calculation
The result is an image with NETD better than 0.1K RMS at 1Hz refresh rate.
The refresh rate of the array is programmable by means of register settings or directly via 12C command. Changes of
the refresh rate have a direct impact on the integration time and noise bandwidth (faster refresh rate means higher
noise level). The frame rate is programmable in the range 0.5Hz...512Hz and can be changed to achieve the desired
trade-off between speed and accuracy.
The MLX90621 requires a single 2.6V...3.2V although the device is calibrated and performs best at VDD=2.6V.

The MLX90621 is factory calibrated in following temperature ranges:
e -40°C...85°C for the ambient temperature sensor
e -50°C...300°C for the object temperature.

NOTE: The sensor can detect higher temperatures, but is not calibrated for temperatures above 300°C.
See Table 21 for configuration specific properties.

Each pixel of the array measures the average temperature of all objects in its own Field Of View (called nFOV).

It is very important for the application designer to understand that the accuracy of the temperature measurement
is very sensitive to the thermal equilibrium isothermal conditions (there are no temperature differences across
the sensor package). The accuracy of the thermometer can be influenced by temperature differences in the
package induced by causes like (among others): Hot electronics behind the sensor, heaters/coolers behind or
beside the sensor or by a hot/cold object very close to the sensor that not only heats the sensing element in the
thermometer but also the thermometer package.

39001090621 Page 2 of 44 Datasheet IR16x4
Rev 3.0 15 September 2016



MLX90621 Melexis

INSPIRED ENGINEERING

16x4 IR array
Datasheet
R I o1 [l o oo T 0 4= o X TSRS 3
€] (o1 Y- o Ao ] =1 4 TS PPPPRRRRINt 5
3. ADSOIULE MaXimMUM FATINES .oeeiviiieeeiiieceiee e eetee e et e st e e e et e e e e sataeeesaeaeeeassseeeassaeeassaeeeansseeeassseesssseeeaanssesesnsneesnnsenannn 5
o T W I3 T TR To T o= T e Ao [=T-Y o T o) o] o TSP 6
I S ot ToF | ol - T [ =T o o ok TSP PPPPPP 7
(o3 =] Lo Yol Qe [ =T = USSR 8
VA gl T T o] [N o] o] o Y=] =) 4 o] o HO U PPUPTRRRINE 9
A B [ V1 A - 1 2 14 e o H O UPRTPPRP 10
7.1.1. Reading CONTIGUIATION ......eeiiiiiiee et e ettt e e e e e et e e e e e e s e e aabbeaeeaeeeesnbbaaeeeaeeeaanssraeaaaaseennnnrens 11
7.2. Read measurement data (RAM data).....c..eeeccieeeiiiiie ettt e et e e et e e e st e e e enaa e e s snnseeesnsreeeensaeeeenneeas 12
7.2. 0. PTAT data AU c...eei ettt ettt ettt ettt e e e s bt e et e s bt e e bt e s bt e sabeesabaeeabeesabaeebeesbaeesaeebeeenseeenns 12
B | e | - I =T OO OO PP PPTPPPTOPPRRPPRIOt 12
0 T €= (ol | =1 d o o F PSP PO TP PTOUPTOPRPPRINt 14
7.3.1. Calculation of absolute chip temperature Ta (SENSOr teMPErature) ........cccccveeeecuveeeecieeeecieee e e e 14
7.3.2. EXamPIe fOr Ta CalCUIGTIONS . ...ceiii ittt e e et e e e e e et e e e e e e e eesnbbaaeeeaeeseansasaeeeaeseennsnsens 15
2 T T -1 oI T] - 4 e o o ] 0 o T PP UPUPPOPPPPRRN 17
7.3.4. EXample fOr TO CalCUIAtIONS. ...coiii e e e e e e et e e e e e e eesntbeaeeeeeeeseasnsaeeaaeeseennnsens 20
8. Detailed description, BIOCK A@SCIIPLION......ccccuiieiiiiie ettt et ettt e et e e e s e e e seae e e s stt e e e esataeesennaeeesnreeeennsaesesnnees 23
< R S D (=Y I o 1 e o TSRS 23
8.2. MILX90621 @UUIESS MAP c.uutvieiiuireeeiiiieeeeetreeesisteeessteeeeasreeeassaeesassseeaassseseassssseasssessessseseasssssssssssesssssessassssessnseees 24
L300 B 3 AN 1Y TNt 24
8.2.2. INTEINAI FEGISTEIS ...veiiiiiee ettt ettt e e e e e ettt e e e e e eeetabteseeeeeeasaataeseeaeseesassaaaeesaeesaasssaeaasassennsnsens 25
8.2.2.1 Configuration register (OX92) .......eicociieeeiiie ettt et e e ettt e e et e e e ettt e e e e taeeeeaaeeeetbeeeeessaeeeessseaeensseaeannes 25
8.2.2.2 TrimmiNg r@gIStEI (0X93) .. uuriiiieiiiii ettt ettt e e ettt e e ettt e e e etbeeeetteeeeetbeeeeaataeeeesseeeasbeseeassseeeanssaaeansseaeaanes 26
8.2.3  EEPROM ...ttt ettt ettt sttt sttt et s bt st e et e st e e s bt e e b e e e bt e e b e e e be e e b e e e be e s b aeebee e baeenbee e beeenneeeane 26
< T 20 ] 2 S PSP PP TP PTURPTOPROPPRINt 28
S B Y b PP PP PTOUPTOPRROPRRINt 28
1S I @oT 0] 04 18] o Tor= 4 [o g I o] o] o Yol | S 28
128 I o a0 Yo o 0T oYLt L o T o T o] o 3Rt 28
9.2. Low level commuUNICation ProtOCO|.........eeiii i it e et e e e et e e e e e e e b b e e e e e e e e e sabaaaeeaaeeeensaeaeeeaas 29
9.2.1. Start / SEOP CONTITION couveievieereecteectee et et e et e et e eeteeeeteeeeteeebeeeeteeeesesebaeeseeentaeensesensseensesensseensesenseeenseeenes 29
L 0 1LY ol I To [ [ Y = PSRN 29
Lo T Vol 4 Vo VY] =T =TSR 29
9.2.4. Low level commuNICation OPEratioN.........ccieiiiiiieicciee e sciee e ettt e eete e e et e e e str e e e s eaeeesereeessnsaeessnseeeessseeennnes 29
9.3, DVICE MOES ....eeeneieeiieeitie ettt ettt e st e sttt e st e stt e e sttt e st teesate e sttt esat e e bt e e sate e bt e e aee e st e esabeeabbeensbeeabbeenateebeeenaneebeeenseeenss 30
1 70 B oY 0 - 1 4 5 T Lo [T PP RPUPPOPPPPRRN 30
LI B ] =T o I 110 [o Lo [T TR PPRTRRRRE 30
9.3.3. POWET SAVING MOUE c.eiiiiiiiiiiiiie e ettt e e e e e e ettt e e e e e eeeetbtaeeeeeeeeatasbaseeaaseaaassaaseeaeeeasanssessasasesannsssseeasessannssens 30
R oo aa Yo a0 T oY Lot L uTo T oIk do TN 1 38 [ - 1Y ARt 31
9.4.1. Start MeasuremMENt COMMANG .....uiiiiiiiieriee ettt e et e st e e bt e s bt e e bt esbee s bt e s baeesbeesbaeesbeesbeeenseesnbeeenseesnns 31
9.4.2. REAA COMMANT ...tiiiiiieeiiee ittt st e sttt e et e st e et e s bt e s bt e sabeesabee s bae e bt e sabaeeabeesabaeenbeesabaeebeesbaeensaesbeeenseennns 31
9.4.3. Write configuration register COMMANG.........cociiiiiieciie ettt e e e e stre e e s tae e e s ereeeesssaeeesnseeeessseeennes 32
9.4.4. Write trimmiNg COMMANG......coiiiiiiiiiiiiiee et e e et e e e e e e et b e e e e e e e eesaatbeseeaeeeesansssaeeeaeesaasssseeaaassennnsens 32
9.5. CommuNiIcation t0 EEPROIM......coii ittt ettt e e ettt e e e e s e bttt e e e e e e e bt e eeeeeeeaaanbabaeeeeeesannnnneeeens 33
O oY s (o g aa T Ta ol € =] o] o K3 PUUU 34
10.1. Temperature accuracy Of the IMLXO0B2L.......cccoouiiiiiee ettt eeeeee e e e e e e e ere e e e e e e e e s taaaeeeeeeseeassaaeeeeeeennanrens 34
10.2. Noise performance and reSOIUTION ........cc.uieiiiiieieciee et eree e ree e e s e e e eeaeesrateeeesssbeeeenssseessnseeeasnssesennnes 35
10.3. FIeld Of VIEW (FOV) ceiiiieeiiiiiieeite ettt ettt sttt ettt sttt et s sbt e sat e e bt e e sa e e bt e e ssteesabeesabeensteesaaeenateesabeesaseesaseenaras 36
Y o o] o= T oY a K3 g lo ] s 4 F=1 o o T USSR 37
11.1. Use of the MLX90621 thermometer in I°C [oleY oV F={ U] =Y o] o F SR 37
39001090621 Page 3 of 44 Datasheet IR16x4

Rev 3.0 15 September 2016



MLX90621 Melexis

INSPIRED ENGINEERING

16x4 IR array
Datasheet
B2V oY o] [ToF=Y d o) o W @] 4 1Yo 0 T=Y o} €3 PUUU 37
13. Standard information regarding manufacturability of Melexis products with different soldering processes......... 39
T4, ESD PrECAULIONS ..eeeiiieiietiieeeee ettt ettt e e e e ettt e e e e e hab et e e e e e e e s uab bt e e e e e e e aanbbbaeeeeee e ansbeeeeeeeeaanssnteeaeeesaansnraeaaens 39
T Y O T TSP SPPPRR 40
ST Y =Tol s T or= T Y o Y=ol 1 Tor= [ USRS 42
T T =S TV L = USSR 42
I - T a2 T 1 1 V-SSP 43
B 20T =T T Yol YT PTUPRRTPRTN 44
RS T B 1T ol 1 o 1= PSPPI 44
39001090621 Page 4 of 44 Datasheet IR16x4

Rev 3.0 15 September 2016



MLX90621 Melexis

16x4 IR array INSPIRED ENGINEERING
Datasheet
POR Power On Reset
PTAT Proportional To Absolute Temperature sensor (package temperature)
IR Infra Red
IR_data Infrared data (raw data from ADC proportional to IR energy received by the sensor)
ADC Analog To Digital Converter
Ta Ambient Temperature measured from the chip — (the package temperature)
To Object Temperature, ‘seen’ from IR sensor
TGC Temperature Gradient Coefficient
FOV Field Of View
nFOV Field Of View of N-th pixel
ESD Electro-Static Discharge
EMC Electro-Magnetic Compatibility
I°’c Inter-Integrated Circuit communication protocol
SDA Serial Data
SCL Serial Clock
FpS Frames per Second — data refresh rate
MD Master Device
SD Slave Device
TBD To Be Defined
NA Not Applicable

Supply Voltage, Vpp (over voltage) 5.5V
Supply Voltage, Vpp (operating max) 3.6V
Reverse Voltage (each pin) -0.3V
Operating Temperature Range, Ta -40...+485°C
Storage Temperature Range, Tg -40...+125°C
ESD Sensitivity (AEC Q100 002) akvVv
DC sink current, SDA 50 mA
DC source current, SDA NA (open drain)
DC clamp current, SDA 25 mA
DC source current, SCL NA (input only)
DC clamp current, SCL 25 mA

Exceeding the absolute maximum ratings may cause permanent damage. Exposure to absolute-maximum-rated

conditions for extended periods may affect device reliability.
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SCL Serial clock input for 2 wire communications protocol

SDA Digital input / output 2 wire communications protocol.

VDD External supply voltage

VSS Ground (case)
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5. Electrical characteristics

All parameters are valid for T, = 25°C, Vpp =2.6V (unless otherwise specified)

Supplies

External supply1 Voo 2.5 2.6 33 Vv

Supply current lop No load

Sleep current lsip No load
POR level Veor_up Power-up (full temp range) 2 2.2 2.4 \Y
POR level Vpor_down Power —down (full temp range) 1.9 2.1 2.3 \
POR hysteresis VpoRr_hys Full temp range 0.1 \

Vpp rise time (10% to 90% of

specified supply voltage) Tror Ensure POR signal 100 us

I°C compatible 2-wire interface Sensor chip

Slave address SA Factory default 60 hex
Input high voltage Viu(Ta, V) Over temperature and supply 0.7vDD Vv
Input low voltage Vi (Ta, V) Over temperature and supply 0.3vDD \

Output low voltage Vou SDA ol\;er:kt irgieAra(tFul\;Ier:r;g:)u pply, 0.6 Y
Output low voltage VoL SDA IZY:; iezr:\)ie’;a(tl:u'\:i?:;:)pply, 0.4 \Y;
SCL leakage lsc,, leak Vs =4V, Ta=+85°C 2 pA

SDA leakage lspa, leak Vspa=4V, Ta=+85°C 2 WA
SCL capacitance CscL Two dies MLX90670 + EEPROM 20 pF

I°C clock frequency SCLir MLX90621 (FM+ mode) 1 MHz
Acknowledge setup time Tsuac(MD) 8-th SCL falling edge, Master 0.45 us
Acknowledge hold time Thdac(MD) 9-th SCL falling edge, Master 0.45 us
Acknowledge setup time Tsuac(SD) 8-th SCL falling edge, Slave 0.45 us
Acknowledge hold time Thdac(SD) 9-th SCL falling edge, Slave 0.45 us
Slave address SA Factory default 50 hex

I°C clock frequency SCleeprom EEPROM (FM mode) 400 kHz

Data retention Ta =+85°C 200 years
Erase/write cycles Ta=+25°C M Times
Erase/write cycles Ta=+125°C 100K Times

Erase cell time T erase 5 ms

Write cell time T_write 5 ms

Table 4 Electrical specification parameters of MLX90621

1) The device can be supplied with VDD = 2.6...3.3V but the best performance is achieved at VDD=2.6V. For supply
voltages above 2.7V a compensation algorithm should be applied for compensating the temperature readings.
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Digital Active Thermopile Array

TRET RET [RET TRET TRET TRET TRET TRET RET TRET TRET TRET TRET TRET TRET fRET

TR e e e e (e e e e e e e e e frer e

R e e e (e (e e e e (e e e e e e e

U< L - < - LK LK LR LK LK LK LK LR LR LK LR

\ Y \ AR A Y Y \ AR A A \ AR A Y Y

Digital filtering

RAM
memory
A - Voltage
EEPROM 12C interface regulator
\B4

CLK L_g SDA VSS /L VDD /L
S S

The device consists of 2 chips packed in single TO-39 package

e IR array and processing electronics
e EEPROM chip
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The output of all IR sensors and absolute temperature sensors is scanned according to the programmed refresh rate.
Using their output data as well as calibration constants written in EEPROM the absolute chip temperature and object
temperature, ‘seen’ by each pixel can be calculated. For this goal several sequential calculations must be done
according to the Figure 3 Operation block diagram

‘ Wait 5ms ‘
\
v
) Read the EEPROM table (see 8.2.3, 9.5) ‘
v
‘ Store the calibration coefficients in the MCU RAM for fast access ‘
v
‘ Write the oscillator trim value into the 10 at address 0x93 (see 7.1, 8.2.2.2, 9.4.4) ‘
v
Write the configuration value (IO address 0x92) (see 8.2.2.1, 9.4.3)
The value is either read from the EEPROM or hard coded externally
Set the POR/ Brown Ouit flag to “1” (bit 10 at address 0x92)

POR/Brown Out flag cleared?
(see 8.2.2.1)

Read measurement data (PTAT + desired IR data)
(see 7.2.1,7.2.2,8.2.1,9.4.2)

Calcullations (see 7.3) \

‘ Tambient calculation ‘

v

‘ Pixel offset cancelling ‘

v

‘ Thermal Gradient Compensation ‘

v

‘ Pixel to pixel normalization ‘
v

‘ Object emissivity compensation ‘
v

‘ Object temperature calculation ‘

[
v

‘ Image processing and correction ‘
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7.1. Initialization

After the POR is released the external MCU must execute an initialization procedure.
This procedure must start at least 5ms after POR release.

- Read the whole EEPROM (see Figure 4). For maximum speed performance MELEXIS recommends that
the whole calibration data is stored into the client MCU RAM. However it is possible to read the
calibration data from the EEPROM only when needed during calculations. This will result in increased
time for temperature calculation i.e. low refresh rate.

Slave address Command Slave address
oA % Initial address - 0x00 % w DATA(0X00) >\_/< DATA(0x01) ) DATA(OXFF)M
S1010000WAOOO OGO OOOOGOA S1010000TRA A A

SCL

INACI
o

- Store the EEPROM content into customer MCU RAM — This step could be omitted resulting in more
data processing time because calibration data needs to be reread for each calculation

- Write the oscillator trimming value (extracted from EEPROM content at address OxF7) into the
corresponding register (0x93).

Slave address Command
/—Aﬁ
LSByte check MSByte check
SDA H A (LSByte - OXAA) >\_/< LSByte data M (MSByte - OXAA) M MSByte data >\j
S1100000WAOOOUOOTI100O0A A A A A P

SCL

Example: If the value that has to be uploaded is 0x0052 the following sequence must be sent:
1. Start condition (Falling edge of SDA while SCL is high)

Slave address (SA=0x60) plus write bit = 0xCO

Command = 0x04

LSByte check = LSByte — OxAA = 0x52 — OxAA = 0xA8

LSbyte = 0x52

MSByte check = MSByte — OxAA = 0x00 — OxAA = 0x56

MSbyte = 0x00

Stop condition (Rising edge of SDA while SCL is high)

O N Uk WN

- Write device configuration value. In EEPROM addresses (0xF5 and OxF6) MELEXIS provides a typical
value of the configuration register (0x463E). So it is up to the user to copy that value or hardcode a new
value to be loaded into the configuration register. If the EEPROM value is to be used the 16 bits are
combined as follows:

For example: if EEPROM 0xF5 = Ox3E and 0xF6 = 0x46, the Configuration register value is:

Configuration Register value = {0xF6: 0xF5}
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Slave address Command
LSByte check MSByte check MSByte data i
SDA H /< (LSByte - 0x55) M LSByte data >\_/< (MSByte - 0x55) M (15:11)
S1100000WAOO OO OOT OTI1T1A A A A 1 A P

SCL

NOTE: The user must ensure that the bit 10 (POR or Brown-out flag) in Configuration register is set to “1” by the
MD. Furthermore, this bit must be checked regularly and if it is cleared it indicates that the device has been reset
and the initialisation procedure must be redone.

Example: If the value that has to be uploaded is 0x463E the following sequence must be sent:
1. Start condition (Falling edge of SDA while SCL is high)

Slave address (SA=0x60) plus write bit = 0xCO

Command = 0x03

LSByte check = LSByte — 0x55 = Ox3E — 0x55 = OxE9

LSbyte = Ox3E

MSByte check = MSByte — 0x55 = 0x46 — 0x55 = OxF1

MSbyte = 0x46

Stop condition (Rising edge of SDA while SCL is high)

0 Nk W

The default configuration is:

- IR and Ta refresh rate = 1Hz;

- Normal mode (no sleep);

- I’C FM+ mode enabled (maximum bit transfer up to 1000 Kbit/s);
- ADC low reference enabled;

7.1.1. Reading configuration

7.1.1.1 Reading configuration register (EEPROM data)

Slave address Command Start address Address step Number of reads Slave address

—
Configuration value Configuration value
SDA LSByte MSByte

S1100000WAO0OO0OOOOZILO0A10010010A0000O0O0O0O0OAO0OO0O0OOOT1ASL1100000O0TRA A A P

SCL

7.1.1.2 Reading oscillator trimming register (EEPROM data)

Slave address Command Start address Address step Number of reads Slave address
—
Oscillator trim value Oscillator trim value
SDA LSByte MSByte
S1100000WAO0OO0OOOOZI1O0A10010011A0000000O0OAO0OO0O0OO0O0OO0OO01AS1100000O0TRA A A P
SCL
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7.2. Read measurement data (RAM data)

7.2.1. PTAT data read

Absolute ambient temperature data of the device itself (package temperature) can be read by using following
command:

Slave address Command Start address Address step Number of reads Slave address
— r r g —
PTAT data PTAT data
SDA LSByte MSByte
S1100000WAOO0000010A01000000AO0O00O0O0O0O0OOAOO0O0O0O0O0O01AS1100000RA A A P

7.2.2. IR data read

There are four options available for reading IR data: (See section 8.2.1 for an overview of the RAM addresses).

- Whole frame read (MELEXIS recommends the whole frame read for maximum refresh rate)

Slave address Command Start address Address step Number of reads Slave address

o 1| | L] i L)

S1100000WAOOOO OO OTLOAOOOOOOOOAOOOOOOOILAOTLOOOOOOASLI1IO0000ORA

scL \

> IR pixel(0, 0) M IR pixel(0, 0) >\_/< IR pixel(L, 0) M IR pixel(L, 0) > IR pixel(3, 15) M IR pixel(3, 15) >\—F
LsByte MSByte LsByte MSByte LSByte MSByte
>

A A A A

- Single column read

Slave address Command Address step Number of reads Slave address
Start address
SDA _
$S1100000WAO0O0O0O0O0O0O10O0A A0OO0OOOOOOD1AO0O0000100A S1100000RA
scL A
R pixel(0, column), IR pixel(0, column) IR pixel(1, column) IR pixel(1, column) IR pixel(3, column) IR pixel(3, column)
LSByte MSByte LSByte MSByte LSByte MSByte
L
A A A A A P
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- Single line read
Slave address Command Address step Number of reads Slave address
Start address H ’_‘ '
SDA _ /( )\
S1100000WAO0OOOOOGOTLOA AOOO0OOO100AO0O0O0T1000O0OATSLL1O00000ORA
scL L
> IR pixel(ine, 0) M IR pixel(line, 0) >\_/< IR pixel(ine, 1) M IR pixel(line, 1) > IR pixel(line, 15) IR pixel(line, 15) >\—F
LSByte MSByte LSByte MSByte LSByte MSByte
L
A A A
- Single pixel read
Slave address Command Address step Number of reads Slave address
—
IR pixel data IR pixel data
oA % Start address \ w LSByte >\_/< MSByte >\f
S1100000WAOOOOOGOTILO0A A0OO0OO0OOOOOOAOO0O0OOODOO1IA S110000O0RA A A P
SCL
- Compensation pixel read
Save address OIImand SatAaﬂws Address step Nuber of reads Save address
/—)% A} /—Aﬁ
PTAT deta PTAT Geta
DA LSByte MsByte
S1100000WA00000010A01000001A00000000A00000001AS1100000RA A AP
a

The 16bit data for each pixel is:

IRdata(l,]) = {IRdata(i,j)MSByte: IRdata(i,j)LSByte}
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7.3. Calculation

7.3.1. Calculation of absolute chip temperature Ta (sensor temperature)

The output signal of the IR sensors is relative to the cold junction temperature. That is why we need to know the
temperature of the die in order to be able to calculate the object temperature ‘seen’ by each pixel.

The Ta can be calculated using the formula:

_ —Kry + K2, — 4K, [V (25) — PTAT _datal]
- 2K

T, +25,[°C]

ConstantsVy, (25), K;, and K, are stored in EEPROM at following addresses as two’s complement values:

OxDA VTH_L
2’'s complement Vino Of absolute temperature sensor
0xDB VTH_H
0xDC KL
2’s complement Kr, of absolute temperature sensor
0xDD Kri_H
O0xDE KoL
2’s complement Kr, of absolute temperature sensor
OxDF K, H
. [7:4] — Kyq_scale
0xD2 Kr_scale unsigned [3:0] = K, scale

Vr(25) = 256 * Vry y + Vry

If Vry(25) > 32767 — Vpy(25) = Vpy(25) — 65536
Vru(25) = S5 conrighegisal
Kr1 =256 * Kry p + Kr1 ,

if Ky > 32767 > Kry = Kpy — 65536

KTl

= QEERPOM 0xD2[7:4] 4 93-ConfigReg[5:4]

KTl

Ky =256 * Krp y + Kpp .
lf KTZ > 32767 d KTZ = KTZ - 65536

KTZ

Kry = 2EERPOM 0xD2[3:0]+10 4 D3—ConfigReg[5:4]
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7.3.2. Example for Ta calculations

Let’s assume that the values in EEPROM are as follows
(Derived using maximum resolution — ConfigRegister[5:4] = 11b):

OxDA Vo L 0x20
0xDB Voy_H 0x64
0xDC Ky L 0x89
0xDD Krp H 0x55
OxDE Kpp L Ox7E
OxDF Kr, H OX5E
0xD2 Kr_scale 0x8B

Let’s assume that the maximum resolution is set in the configuration register:

ConfigRegister[5:4] = 11b

VTH(ZS) = 256 * VTH_H + VTH_L = 256 * 100 + 32 = 25632

Sign check: 25632 < 32768 — V;,(25) = 25632

Vru(25) 25632

Vry(25) = 23-ConfigReg[5:4] — 23-3 = 25632

Kry = 256 * Kpy, + Kry, = 256 85 + 137 = 21897

Sign check: 21897 < 32768 — Ky = 21897

. Krqi . 21897
" QEERPOM 0xD2[7:4] 4 D3—ConfigReg[5:4] ~ 28 4 23-3

KTl

Kry = 256 * Kry,, + Ky, = 256 % 94 + 126 = 24190

Sign check: 24190 < 32768 — Ky, = 24190

K12 24190

= = 0.01153469085

KTZ = 2EERPOM 0xD2[3:0]4+10,53—ConfigReg[s:4] ~— 211+10,3-3

39001090621 Page 15 of 44
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Let’s assume that the input data is:

PTAT _ data = 0x67DE = 26590 dec

Thus the ambient temperature is:

—Kp1+ JK%1—4KT2 vy (25)—-PTAT_data)

T, = 2K1g + 25

_ —85.53515625+J7316.262954—71—4*0.01153469085*[25632 —26590] +
0.0230693817

25

—85.53515625+\/7316.262954—71—0.04—61387634*(—958)
T, = +25
0.0230693817

—85.53515625+v7360.46389005 +25~ —85.53515625+85.7931459386

T, =
0.0230693817 0.0230693817

+ 25 = 11.1832077 + 25

T, ~ 36.18 °C

The calculated values for the different resolution settings are given in the table below:

00 0x0CFB 3323.750 10.69189453125 0.0014418363571167 36.18
01 0Ox19F7 6647.500 21.38378906250 0.0028836727142334 36.18
10 O0x33EF 13295.000 4276757812500 0.0057673454284668 36.18
11 0x67DE 26590.000 85.53515625000 0.0115346908569336 36.18

Table 7 Calculated values at different resolution settings
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7.3.3. Calculation of To

Following formula is used to calculate the temperature seen by specific pixel in the matrix:

4 VIRG.))coMPENSATED °
Towp = \/acomp(i_j)*(1—1<s4*273.15)+sx(i,1) * TaK4 27315, 1 €]

Where:
VIR(i,j)_COMPENSATED is the parasitic free IR compensated signal as calculated in 7.3.3.1

Acomp(i,j) is the compensated sensitivity coefficient for each pixel

K4 is the compensation factor for the sensitivity — for BAB and BAD, K4 = 0, resulting in a simplified
formula

T,

ags = (Tq +273.15)* where T, is the ambient temperature calculated in 7.3.2

P = 4 P 3 P P 4
Sx(l,}) Koy * \/awmp(ld) * VIR(U)COMPENSATED T Ceomp(iy) * TaK4

7.3.3.1 Calculating Virg,j)_compensatep

1. Offset compensation

VIR(i:j)offsetCompensated = VIR(i:j) - (Al(l']) + Bi(i;j) * (Ta - Tao))

Where:
VIR(i,j) is an individual pixel IR_data readout (RAM read)

Ai(i,j) is an individual pixel offset restored from the EEPROM using the following formula:

Ve
Acommon+AAi(i,j)*2 scale
Ai(i;].) - 23—ConfigReg[s:4]

A common is the minimum offset value stored in the EEPROM at addresses 0xDO and
0xD1 as 2’s complement value

AA; is the difference between the individual offset and the minimum value. It is stored in
the EEPROM as unsigned values.

AA;_,, is the scaling coefficient for the AA; values and is stored in the EEPROM at
address 0xD9[7:4] as an unsigned value

Bi(i,j) is an individual pixel offset slope coefficient

Bitij) ggprom
iscale x23—ConfigReg[5:4]

Biwp =7

B

i(i,))geprom 1S the value stored in EEPROM as two’s complements
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B:

lscal
address 0xD9[3:0] as an unsigned value

L isa scaling coefficient for the slopes of IR pixels offset and is stored in the EEPROM at

T, is the ambient temperature calculated in 7.3.2
T,o = 25°C s a constant

NOTE: This applies to the compensation pixel as well (ACP and B-p while Bisc . is the same) with the only

al
difference being that Ap is stored in the EEPROM at addresses 0xD3 and 0xD4 as an unsigned value but not
calculated

2. Thermal Gradient Compensation (TGC)

VIR(ivj)TGCCompensated = VIR(i,j),offsetCompensated —TGC * VIRCPOffsetCompensated
Where:

I/,choffsemmpensmd is the offset compensated IR signal of the thermal gradient compensation

pixel

TGC,
TGC = E;;ROM

TG Cggprou is a coefficient stored at EEPROM address 0xD8 as a two’s complement value

3. Emissivity compensation

v _ VIR(i.j)TGCCompensated
IR(i,))cOMPENSATED — £

Where:

& is the emissivity coefficient. The scaled value is stored into EEPROM as unsigned value

__ 256xeg+ey
T 32768

7.3.3.2 Calculating @ comp(i j)
Qeomp(iy = (1 + KsTa * (T, — Tap)) * (aq jy — TGC * agp)

Where:
T, is the ambient temperature calculated in 7.3.2

T, is a constant = 25°C

KsTa is Ta dependence of @comyp(;, j) stored in EEPRPOM at addresses OxE6 and OxE7 as two’s
complement value and the scale coefficient is fixed to be 20.

KsTa = 256*K5T¢121;)1+K5TaL
2
256*“°H+a0L. A“(i,j)
_ ,%0scqle 2Ascale
a(i.j) ~  p3-ConfigReg[5:4]
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256*(ZCPH+(ZCPL
Aep = -
CP ™ @05cqle xp3-ConfigReg[s:4]

Qoyr Aopr Acpys Aeppr B jy, Aoy, AN Algeqe are stored in the EEPROM as unsigned values

7.3.3.1 Calculating K ¢4

_ Ksa EE
Ks4-

= St scalevsy Stored in EEPRPOM at addresses Ox9E as two’s complement value

All parameters necessary to calculate To are stored into EEPROM at following addresses:

0x00...0x3F AA; unsigned IR pixel individual offset delta coefficient
, Individual Ta dependence (slope)
0x40...0x7F Bigi,j 2’s complement of IR pixels offset
0x80...0xBF Aa(i,j) unsigned Individual sensitivity coefficient
. [7:4] — NA
0xCO K,_scale unsigned [3:0] - K._scale - 8
0xC4 Ks4_EE 2’s complement Sensitivity To dependence (slope)
0xDO A
COMMOony, 2’s complement IR pixel common offset coefficient
0xD1 AcommonH
0xD3 Acp,
2’s complement Compensation pixel individual offset coefficient
0xD4 Acpy,
Individual Ta dependence (slope)
0xD5 2 I t
X Bcp s compiemen of the compensation pixel offset
0xD6 anL
unsigned Sensitivity coefficient of the compensation pixel
0xD7 anH
0xD8 TGC 2’s complement Thermal gradient coefficient
. 7:4] — Scaling coeff for the IR pixels offset [3:0] —
0xD9 AA;. . ,B; d [
X lscale’ ~lscale unsigne Scaling coeff of the IR pixels offset Ta dependence
OxEO o,
unsigned Common sensitivity coefficient of IR pixels
OxE1 Aoy,
OxE2 Oscale unsigned Scaling coefficient for common sensitivity
OxE3 Ao unsigned Scaling coefficient for individual sensitivity
OxE4 £
L unsigned Emissivity
OxE5 &y
OxE6 KsTa
L 2’s complement KsTa (fixed scale coefficient = 20)
OxE7 KsTay
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7.3.4. Example for To calculations
Let’s assume that we have following EEPROM data for pixel i=2, j=8:

EEPROM

address Cell name Stored as Cell values (hex)
0x22 AA; unsigned 0x21
0x62 Bi(i,j) 2’s complement 0xBC
0xA2 Aa(i,]-) unsigned 0xCD
0xCO K,_scale unsigned 0x99
0xC4 Ky 2’s complement Ox9E
0xDO Acommony , 0x8A
2’s complement
0xD1 AcommonH OxFF
0xD3 ACPL , 0x9D
2’s complement
0xD4 ACPH OxFF
0xD5 Bcp 2’s complement OxA2
0xD6 anL . OxA8
unsigned
0xD7 anH OxOF
0xD8 TGC 2’s complement 0x18
0xD9 AAiscale' Biscale unsigned 0x07
OxEOQ Qo, ) OxAE
unsigned
OxE1 Aoy, Ox4E
OxE2 A0 nte unsigned 0x26
OxE3 Adgenie unsigned Ox1F
OxE4 £ . 0x00
unsigned
OxE5 &y 0x80
OxE6 KsTa, , 0x0C
2’s complement
OxE7 KsTay 0x02

Table 9 EXAMPLE for To calibration values

Let’s assume that we have the following input data:
Virz,s) = 0x01B7 = 439, decimal value
Sign check 439 < 32768 — Vg2 = 439 LSB
Vep = 0xFFDC = 65500, decimal value (compensation pixel readings)
Sign check 65500 > 32767 — V p = 65500 — 65536 = —36 LSB

T, = 36.18 °C (as calculated in 7.3.2)
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Reference routine for To computation:

4 VIRG.{) coMPENSATED _ °
Toj) = \/awmp(i’j)*(1—KS4*273.15)+SX  Tags = 27315, [%C]

VIR(Z.S)OffsetCompensated = VIR(Z.S) - (Ai(z_g) + Bi(z_g) * (Ta - TaO))

24;
A AcommontDAj(2 8)*2 scale
i(2,8) — 2(3—-ConfigReg[s:4])

Acommon = 256 * Acommony + Acommon;, = 256 * 255 + 138 = 65418 LSB decimal value

Sign check 65418 > 32767 = Acommon = 65418 — 65536 = —118 LSB

AA; = 33 LSB
Acommon+AAi(2,8)*2AAiscale —-118+33+2°
Aig) = 2(3—ConfigReg[5:4]) =56 —85LsB

Bi(2,8)
Biscate ¥2(3—ConfigReg[5:4])

Biag) = 3
Bi(z,a),EE =188
Sign check 188 > 127 —» Bi(z‘g) =188 — 256 = —68

—0.53125

B _ Bi2,8) __ ~68 _
U28) T Biq1e,p(3-ConfigReglsal)  27x23-3)

=439 — (-85 — 0.53125 % (36.18 — 25)) ~ 529.939375 LSB

Vir (28)of fsetcompensated

Acp = 256 x Acp,, + Acp, = 65437, decimal value

Sign check 65437 > 32768 - Acp = 65437 — 65536 = —99 LSB

A -99
Acp = 2(3—ConfiC;Reg[s:4]) =36 =99
Bcp pp = 162
Sign check 162 > 127 - B.p = 162 — 256 = —94
Bep = Bep = = _(0.734375

zBiscale*2(3—C0nfi.9R99[5=4-]) T 27426-3) T

Vep — (Acp + Bep * (Ty — Tag)) = —36 — (=99 — 0.734375 * (36.18 — 25))

VIRCPOffsetCompensated -

VIRCPOffsetCompensated ~ 712103125 LSB

TGCggprom = 0x18 = 24, decimal value

Sign check 24 < 128 - TGC_EEPROM = 24

39001090621 Page 21 of 44 Datasheet IR16x4
Rev 3.0 15 September 2016



MLX90621 Melexis

INSPIRED ENGINEERING

16x4 IR array

Datasheet

TGC = T6%EEPROM _ 22 _ 75
32 32

= — *
VIR (2v8)TGCCompensated VIR (2,8)_0f fsetCompensated TGc VIRCPOffsetCompensated

= 529.939375 —0.75 % 71.2103125 = 475.531640625 LSB

VIR(Z.B)TGCCompensated

_ 256%ey+e, _ 256+128+0 _ 32768 _
32768 32768 32768

_ [Reroccompensated _ 476 531640625 LSB

VIR(Z.B)COMPENSATED £
Acomp(2,8) = (1 + KsTa * (T, — Tao)) * (a(z,s) —TGC * acp)
KsTa = 256 x KsTay + KsTa;, = 256 * 2+ 12 = 524 , decimal value

Sign check 524 > 32768 — Acp = 524 LSB

KsTa = ZzTg = 4.9972534.10"* decimal value

256l*l‘)“’I-IJ'O‘OL ; i“(z,s) 256+78+174 205 20142 205

0 Y7 t t

__ _2 “scale 28%scale __ 238 231 _ 38 331 —7

®(2,8) = ~,G-configReglsah) 2(3-3) - T Lo6-3 1.68736733031.10
256xacpytacpy __ 256%15+168 _ 4008

~ 1.45810190588.1078

%P = 3 oscalep3-ConfigReglsal  230:26-%) | 238
Acomp(zs) = (1+4.9972534.107% » (36.18 — 25)) * (1.68736733031.1077 — 0.75 * 1.45810190588.107%)

Qomp(zs) = 1.58682591595.107

K, = 158 decimal value
Sign check 158 > 127 - K, = 158 — 256 = —98
_ Ksa -9 _ =
Kss = S®sscater® = 509 = —7.476806640625.10

Taps = (T, +273.15)* = (36.18 + 273.15)* = 9155628583

4
— 3 4
Sx = Kgy \/acomP(Z.S) * VIR(Z.S)COMPENSATED * Xcomp(2,8)” * TaK4

S, = —7.476806640625.107* x 1/(1.58682591595.10~7)3 * 476.531640625 + (1.58682591595.10-7)* x 9155628583

S, = —3.93973510355.1078

4 VIR(2,8)coMPENSATED _ °
Toae = \/ Ceomp(am (—Ksgr27315)75, T TaK? 273.15°¢

4 476.531640625 o
Toe) = \/1.58682591595.10‘7*(1—(—7.476806640625.10‘4)*273.15)+(—3.93973510355.10‘8) +9155628583 — 273.15°C

Toe = 59.8546263694257 =~ 59.85 °C
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The calculated values for the different resolution settings are given in the table below:
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00 0x0036 OxFFFB 59.066455078125 1.98353239494464E-08 -4.9221144181793E-09 59.67
01 0x006D OxFFF7 118.38291015625 3.96706478988929E-08 -9.8455068127298E-09 59.72
10 0x00DB OxFFEE 237.7658203125 7.93412957977857E-08 -1.9696122547076E-08 59.81
11 0x01B7 OxFFDC 476.531640625 1.58682591595571E-07 -3.9397351035512E-08 59.85

Table 10 Calculated values at different resolution settings

8. Detailed description, Block description

8.1. Pixel position

The array consists of 64 IR sensors (also called pixels). Each pixel is identified with its row and column position as
Pix(i,j) where i is its row number (from 0 to 3) andjis its column number (from 0 to 15)

Row 0

Row 1

Row 2

Row 3

39001090621
Rev 3.0

Reference pin

~

-

-
-

Col 0

Col1l
Col 2

Col 3
Col 4

Figure 15 Pixel

Col 5

Col 6
Col 7
Col 8

o
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8.2. MLX90621 address map

The MLX90621 address map is shown below:

0x00
RAM

0x41
0x42

Not used
0x91
0x9§ Configuration registers
0x93

Not used
OXFF

8.2.1. RAM

The on chip 146x16 RAM is accessible for reading via I°C. The RAM is used for storing the results of measurements of
pixels and Ta sensor and is distributes as follows:

e 64 words for IR sensors. The data is in 2’s complement format (see 7.2.2)

¢ 1 word for measurement result of PTAT sensor. The data is 16 bit without sign. (see 7.2.1)

The memory map of the RAM is shown below:

0x00 IR sensor (0,0) result
0x01 IR sensor (1,0) result
0x02 IR sensor (2,0) result
0x03 IR sensor (3,0) result
0x04 IR sensor (0,1) result
0x05 IR sensor (1,1) result
0x3B IR sensor (3,14) result
0x3C IR sensor (0,15) result
0x3D IR sensor (1,15) result
0x3E IR sensor (2,15) result
Ox3F IR sensor (3,15) result
0X40 PTAT sensor result
0x41 Compensation pixel result

For IR sensors results, the addressing can be summarized:
IR(x,y) is on address:

IR(X, y)address= x+4.y
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8.2.2. Internal registers

8.2.2.1 Configuration register (0x92)

The configuration register defines the chip operating modes.
It can be read and written by the 1°C MD.

Melexis

INSPIRED ENGINEERING

0 0 ADCsetto 15 bit resolution™
0 1 ADCsetto 16 bit resolution™
1 0 ADCsetto 17 bit resolution™
1 1 ADCsetto 18 bit resolution™
0 - Continuous measurement mode (default)
- Step mode
0 - Normal operation mode (default)
1 -Sleep mode
x -NA
0 - No IR measurement running (flag only cannot be written)
1 - IR measurement running (flag only cannot be written)
0 - POR or Brown-out occurred - Need to reload Configuration register

1 - MD must write "1" during uploading Configuration register (default)
0 - I°C FM+ mode enabled (max bit transfer rates up to 1000 kbit/s) (default)
1 - 1’C FM+ mode disabled (max bit transfer rates up to 400 kbit/s)
0 - EEPROM enabled
1 - EEPROM disabled

0 - Melexis reserved
0 - ADC high reference enabled™
1 - ADC low reference enabled (default)
0 - Melexis reserved

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O Configuration register bit meaning (0x92)
0 O 0 O -IRRefreshrate=512Hz
0 O O 1 -IRRefreshrate=512Hz
0 O 1 0 -IRRefreshrate=512Hz
0 O 1 1 -IRRefreshrate=512Hz
0 1 0 O -IRRefreshrate=512Hz
0 1 0 1 -IRRefreshrate=512Hz
0 1 1 0 -IRRefreshrate=256Hz
0 1 1 1 -IRRefreshrate=128Hz
1 0 O O -IRRefreshrate=64Hz
1 0 O 1 -IRRefreshrate=32Hz
1 0 1 0 -IRRefreshrate=16Hz
1 0 1 1 -IRRefreshrate=28Hz
1 1 0 0 -IRRefreshrate=4Hz
1 1 0 1 -IRRefreshrate=2Hz
1 1 1 0 -IRRefreshrate=1Hz (default)
1 1 1 1 -IRRefreshrate=0.5Hz

*1 — does not impacting the calibration of the device (may be changed and the calibration remain valid)

*2 — does impact the calibration of the device (if changed the calibration is no longer valid)
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8.2.2.2 Trimming register (0x93)

It can be read and written by the 1°C MD.

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
7 bit value

Trimming register bit meaning (0x93)

- Oscillator trim value

8.2.3. EEPROM

A 2kbit, organized as 256x8 EEPROM is built in the MIx90621. The EEPROM has a separate I°C address SA=0x50 and is
used to store the calibration constants and the configuration of the device.

Address 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7

00 AAI (0,00  AAI(1,0)  AAI(2,0)  DAI(3,00  AAI(0,1)  AAI(1,1)  DAI(2,1)  DAI(3,1)
08
10
18
20
28
30
38

AAi - IR pixels individual offset coefficients

AAi (0,14)  AAi(1,14)  AAi(2,14) DA (3,14) AAi(0,15)  AAi(1,15)  AAi(2,15) AAi (3,15)

40
48
50
58
60
68
70
78

Bi (0,0) Bi (1,0) Bi (2,0) Bi (3,0) Bi (0,1) Bi (1,1) Bi (2,1) Bi (3,1)

Bi - Individual Ta dependence (slope) of IR pixels offset

Bi (0,14) Bi (1,14) Bi (2,14) Bi (3,14) Bi (0,15) Bi (1,15) Bi (2,15) Bi (3,15)

80
88
90
98
AO
A8
BO

Ao (0,0) Aa (1,0) Aa (2,0) Ao (3,0) Ao (0,1) Ao (1,1) Ao (2,1) Ao (3,1)

Individual sensitivity coefficients

B8

Ao (0,14)

Ao (1,14)

Ao (2,14)

Ao (3,14)  Aa(0,15)

Aa (1,15)

Aa (2,15)

Aa (3,15)

C0

K,_scales

reserved

reserved

reserved

Ks4

reserved

reserved | reserved

C8

reserved

reserved

reserved

reserved

reserved

reserved

reserved

DO

A common

KT scale

Compensation pixel coefficients

D8

TGC

Scale offset

PTAT

EO

Common sensitivity coefficients

Emissivity

KsTa,

| KsTay

E8

MELEXIS reserved

FO

MELEXIS reserved

Configuration register | OSC trim

F8

Chip ID
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Detailed descriptions of some of the EEPROM addresses are described here after:
Cc7 C6 C5 c4 Cc3 Cc2 C1l Cco EEPROM cell meaning
Ks_scale [7:4] - reserved

[3:0] - Ks_scale - 8
- MLX reserved

D7 D6 D5 D4 D3 D2 D1 DO EEPROM cell meaning
AcommonH AcommonL - common offset
KT scale [7:4] - KT1 scale
[3:0] - KT2 scale -10

Acph AcpL - Compensation pixel individial offset
Bep - Individual Ta dependence (slope) of the compensation pixel offset
Aocp_H Adep_L - Sensitivity coefficient of the compensation pixel
DF DE DD DC DB DA D9 D8 EEPROM cell meaning
TGC - Thermal Gradien Coefficient
Offset scale [7:4] - Aiscale
[3:0] - Biscale
Vin_H Vin_L - VthO of absolute temperatire sensor
Kri_H Kri_L - K71 of absolute temperature sensor
Ko H Kro_L - Kt2 of absolute temperatire sensor
E7 E6 E5 E4 E3 E2 El EO EEPROM cell meaning
ag_H ag_L - Common sensitivity coefficient
0l scale - Common sensitivity scaling coefficient
AOlscate - Individual sensitivity scaling coefficient
e H e_L - Emissivity coefficient
MELEXIS reserved - MELEXIS reserved
F7 F6 F5 FA F3 F2 F1 FO EEPROM cell meaning
MELEXIS reserved - MELEXIS reserved
CFG_H CFG_L - Config register value
OSC_trim - Oscillator trimming value
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8.3. POR

The Power On Reset (POR) is connected to the Vdd supply. The on-chip POR circuit provides an active level of the
POR signal when the Vdd voltage rises above approximately 0.5V and holds the entire MIx90621 in reset until the
Vdd is higher than 2.4V. The device will start approximately 5ms after the POR release.

8.4. ESD

ESD, 4KV Human Body Model (please check with electrical specification)

The device supports Fast Mode Plus I°C FM+ (IR array only up to 1MHz while the EEPROM can handle only up to 400
kHz) and will work in slave mode only.

The master device must provide the clock signal (SCL) for the communication. The data line SDA is bidirectional and
is driven by the master or the slave depending on the command. The selection of the SDA occupant is done
according to the I°C specification. As the SDA is an open-drain 10, ‘0’ is transmitted by forcing the line ‘LOW’ and a
‘1’ just by releasing it. During data transfer, the data line could be changed only while SCL is low. Otherwise, it would
be interpreted as a start/stop condition

9.1. Communication pins

There are two communication pins SCL and SDA. SCL is an input only for the MLX90621 while the SDA pin is a
bidirectional one. The SDA line should be wired in an open-drain configuration.

90621
90670
scl_in
sda_out i
90670
+VDD Digital p—
external Block -
sda_in
Rp Rp
SCL . SCL
SCL (Serial Clock Line )
SDA SDA
SDA (Serial data Line )
24AA02
Externa 12C
Master
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9.2. Low level communication protocol

9.2.1. Start / Stop condition

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

SCL

SDA \ @4‘4‘*

START STOP

9.2.2. Device addressing

The master is addressing the slave device by sending a 7-bit slave address after the START condition. The first seven
bits are dedicated for the address and the 8" is Read/Write (R/W) bit. This bit indicates the direction of the transfer:
¢ Read (HIGH) means that the master will read the data from the slave
e Write (LOW) means that the master will send data to the slave
MIx90621 is responding to 2 different slave addresses:

for access to internal EEPROM

For access to IR array data

9.2.3. Acknowledge

During the 9™ clock following every byte transfer the transmitter releases the SDA line. The receiver acknowledges
(ACK) receiving the byte by pulling SDA line to low or does not acknowledge (NoACK) by letting the SDA ‘HIGH’.

9.2.4. Low level communication operation

The low level operation communication is based on 8bits (1byte) transmissions. This includes start/stop event,

acknowledgement and errors detection.

12C
transmission

—H20>-H®n
TO-H®”

8 Bits

0>
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9.3. Device modes

The device can operate in following modes:
*  Normal mode
e Step mode
e Power saving mode

9.3.1. Normal mode

In this mode the measurements are constantly running. Depending on the selected frame rate Fps in the
configuration register, the data for IR pixels and Ta will be updated in the RAM each 1/Fps seconds. In this mode the
external microcontroller has full access to the internal registers and memories of the device (both for 90670 and the
EEPROM chip).

9.3.2. Step mode

This mode is foreseen for single measurements triggered by an external device (microcontroller). Entering this mode
is possible by writing the appropriate code in the configuration register. A measurement is triggered by sending the
command StartMeas (see 9.4.1). On detecting the command, the MIx90621 will start the measurements
immediately after the I°C session is finished (STOP condition detected).

. o1
The measurement time is —
ps

While the Step mode measurement is ongoing all ‘start new measurement in step mode’ commands will be
acknowledged but not executed. All other valid commands are executed accordingly.

A flag bit in Configuration register (bit 0x09) is dedicated in order to be able to check whenever the measurement is
done.

Slave address Comﬂwand

/—)%
Start Meas SDA H H {

S1100000WAO0OOOOO O OOTILAOO OO O1O00O0AP

SCL

9.3.3. Power saving mode

In this mode the device will be completely shut down and the current consumption will be minimized to less than
6UA. Entering this mode is initiated by writing ‘1’ in the configuration register bit 7. Upon receiving it the device will
shut down all electronics, including the internal oscillator. The chip will monitor the I°C line. Each START condition
will wake up the oscillator and the chip will receive and evaluate the slave address. If the address is 0x60 (address
programmed in MIx90621) the device will evaluate the whole command and will execute it. If not, the oscillator will
be switched off again.
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9.4. Communication to IR array

9.4.1. Start measurement command

Opcode — 0x01 (LSByte), 0x08 (MSByte).
This command is used to start measurement cycle in step mode.

Start Meas Start Meas

Slave address LSByte Opcode  MSByte Opcode

S S
T
T
A
(0]
R 0 P
T A A A
C c Cc
K K K

9.4.2. Read command

Opcode — 0x02.
The read command is used to read measurement, configuration and other data from the chip to the external master.
The read command has the following parameters:
- Start address — 8bits. Address in the chip address space (0 to 255). It is the address of the first word read.
- Address step — 8bits. On every read word the next address is formed by adding the address step to the current
address.
- Number of reads — 8bits. Number of the words to be read.

Different combinations are possible in order to read all, one line, one column, one exact pixel of the IR or Ta sensors.
They are summarized in the table below:

All IR 0x00 0x01 0x40
One line IR(i) i 0x04 0x10
One column IR(j) j*0x04 0x01 0x04
One pixel IR(i,j) | +j*0x04 0x00 0x01
Start address Address step Number reads — Slave address Read Word0 Read Word0 Read WordN Read WordN
o |stave adaress Read Opcode parameter parameter parameter R LSByte MSByte LSByte MSByte
Z /‘7\\ /_)\\ /‘A\ /_/\ /‘A\ Z
$ oA A A A A $
c c c c c
K K K K K
Read N 16bit words
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9.4.3. Write configuration register command

Opcode — 0x03.

This command is used to set the configuration register (16bits) value — all configuration settings.
Each data byte is transmitted in two stages:

- First stage - Data byte - 0x55

- Second stage = Data byte

This way of transmitting the data is done in order to have a simple error check.
The chip adds 0x55 to the first byte and compares the result with the second one. If both match the configuration
register is updated.

Write configuration Confuguration data Confuguration data Confuguration data Confuguration data

Slave address register opcode check LSByte LSByte check MSByte MSByte
S s
T
T
A
0]
R 0 P
T A A A A A A
C C C C C C
K K K K K K

9.4.4. Write trimming command

Opcode — 0x04.
This command is used to set the oscillator trimming oscillator trimming value.

This command is used to set the oscillator trimming register (16bits) value.
Each data byte is transmitted in two stages:

- First stage = Data byte - OxAA

- Second stage - Data byte

This way of transmitting the data is done in order to have a simple error check.
The chip adds OxAA to the first byte and compares the result with the second one. If both match the oscillator
trimming register is updated.

Write trimming  Trimming data check Trimming data Trimming data check Trimming data

Slave address opcode LSByte LSByte MSByte MSByte
s i S A W VA W
T
T
A
R 0
T 0 A A A A A AlP
C C C C C C
K K K K K K
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9.5. Communication to EEPROM

See datasheet of 24AA02. This can be found at
https://www.melexis.com/en/product/mix90621/far-infrared-sensor-array-high-speed-low-noise
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10.1. Temperature accuracy of the MLX90621
All accuracy specifications apply under settled isothermal conditions only.
Furthermore, the accuracy is only valid if the object fills the FOV of the sensor completely.
A 1o oC
300°C
= 1
H 1
o
=
200°C :\o T
Lo
© T
—
é O + +1°C £3% * |To-Ta| 1+2.5°C £3%* |To-Ta|
W | (Uniformity £1°C +1.5%*|To-Tal) (Uniformity +1°C
< > +1.5%* |To-Tal|)
100°C| @ E +
o8 |
%3
1 Ta, °C
0°C . |
15.5°C +3°C 5% * |To-Ta| +4°C 5% * |To-Ta|
'ZOOC T ‘ T T ‘ T ‘ T ‘ T T ‘ I ‘ T ‘
-20°C 0°C 50°C 85°C

All accuracy specifications apply under settled isothermal conditions only.

NOTE:
1) The accuracy is specified for the four central pixels. The accuracy of the rest of the pixels is according to the
uniformity statement
2) As aresult of long term (years) drift there can be an additional measurement deviation of + 3°C for object
temperatures around room temperature.
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10.2. Noise performance and resolution

There are two bits in the configuration register that allow changing the resolution of the MLX90621 measurements.
Increasing the resolution decreases the quantization noise and improves the overall noise performance.
Measurement conditions for the noise are: To=Ta=25°C

NOTE: It is normal that the noise will decrease for high temperature and increase for lower temperatures

Central pixels RMS noise at different refresh rates and
maximum resolution (Configuration register[5:4] = 11b)

=¢—MLX90621BAA (120°X25°)
== MLX90621BAB (60°X15°)
MLX90621BAD (40°X10°) /

1.00
0.50
0.00 | et

0.5 1 2 4 8 16 32 64 128 256 512

Refresh rate, Hz
Corner pixels RMS noise at different refresh rates and
maximum resolution (Configuration register[5:4] =
6.00
11b)
5.00 A
== MLX90621BAA (120°X25°)

4.00

== MLX90621BAB (60°X15°) /

MLX90621BAD (40°X10°) |

2.00
1.00 >
0.00 | ety
0.5 1 2 4 8 16 32 64 128 256 512
Refresh rate, Hz
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The higher resolution limits the maximum object temperature range of the MLX90621.

Maximum object temperature,

Conflguratlonbirr?glster[5.4], Resolution °C
BAA BAB BAD

00 15 bits ~750 ~950 ~1100

01 16 bits ~550 ~750 ~900

10 17 bits ~450 ~600 ~700

11 18 bits ~320 ~450 ~500

Table 21 Maximum object temperature at different resolution settings

NOTE: If object temperature exceeds the maximum object temperature specified for the corresponding resolution,
the MLX90621 may return invalid data due to measurements overflow.

10.3. Field Of View (FOV)

Point heat source Sensitivity
/

i 100%

0\

[

[}

I

o

[

[

[

[

Lo 50% < >
: lul Field Qf View

/ﬂl\

I 1

N

Rotated sensor Angle of incidence

Figure 29: Field Of View measurement

The specified FOV is calculated for the wider direction, in this case for the 16 pixels.
Angular alignment must be 5% of specified FOV and will be valid for both directions. For example for the 60° FOV in

the wider direction will come with 16° in the shorter direction.

X direction Y direction

o Typ Typ
MLX90621-ESF-BAA 120 25
MLX90621-ESF-BAB 60 16
MLX90621-ESF-BAD 40 10

Table 22 Available FOV options
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11.1. Use of the MLX90621 thermometer in I°C configuration

MCU VDD = 2.5...5V

b

SENSOR VDD = 2.6V

b))

MCuU

»

»
LT <

As the MLX90621xxx is fully I°’c compatible it allows to have a system in which the MCU may be supplied with
VDD=2.5...5V while the sensor it’s self is supplied from separate supply VDD1=2.6V (or even left with no supply i.e.
VDD=0V), with the I°C connection running at supply voltage of the MCU.

Significant contamination at the optical input side (sensor filter) might cause unknown additional filtering/distortion
of the optical signal and therefore result in unspecified errors.

IR sensors are inherently susceptible to errors caused by thermal gradients . There are physical reasons
for these phenomena and, in spite of the careful design of the MLX90621xxx, it is recommended not to
subject the MLX90621 to heat transfer and especially transient conditions.

The MLX90621 is designed and calibrated to operate as a non-contact thermometer in settled conditions
Using the thermometer in a very different way will result in unknown results.

Capacitive loading on an I°C can degrade the communication. Some improvement is possible with use of current
sources compared to resistors in pull-up circuitry. Further improvement is possible with specialized commercially
available bus accelerators. With the MLX90621 additional improvement is possible by increasing the pull-up current
(decreasing the pull-up resistor values). Input levels for I°C compatible mode have higher overall tolerance than the
I°C specification, but the output low level is rather low even with the high-power I°’C specification for pull-up
currents. Another option might be to go for a slower communication (clock speed), as the MLX90621 implements
Schmidt triggers on its inputs in I°’C compatible mode and is therefore not really sensitive to rise time of the bus (it is
more likely the rise time to be an issue than the fall time, as far as the I’c systems are open drain with pull-up).
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Power dissipation within the package may affect performance in two ways: by heating the “ambient” sensitive
element significantly beyond the actual ambient temperature, as well as by causing gradients over the package that
will inherently cause thermal gradient over the cap

Power supply decoupling capacitor is needed as with most integrated circuits. MLX90621 is a mixed-signal device
with sensors, small signal analog part, digital part and I/O circuitry. In order to keep the noise low power supply
switching noise needs to be decoupled. High noise from external circuitry can also affect noise performance of the
device. In many applications a 100nF SMD ceramic capacitor close to the Vdd and Vss pins would be a good choice. It
should be noted that not only the trace to the Vdd pin needs to be short, but also the one to the Vss pin. Using
MLX90621 with short pins improves the effect of the power supply decoupling.

Check www.melexis.com for most recent application notes about MLX90621.
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Our products are classified and qualified regarding soldering technology, solderability and moisture sensitivity level
according to following test methods:

Wave Soldering THD’s (Through Hole Devices)
e EIA/JEDEC JESD22-B106 and EN60749-15
Resistance to soldering temperature for through-hole mounted devices

Iron Soldering THD’s (Through Hole Devices)
* EN60749-15
Resistance to soldering temperature for through-hole mounted devices

Solderability THD’s (Through Hole Devices)
e EIA/JEDECJESD22-B102 and EN60749-21
Solderability

For all soldering technologies deviating from above mentioned standard conditions (regarding peak temperature,
temperature gradient, temperature profile etc) additional classification and qualification tests have to be agreed
upon with Melexis.

Melexis is contributing to global environmental conservation by promoting lead free solutions. For more information
on qualifications of RoHS compliant products (RoHS = European directive on the Restriction Of the use of certain
Hazardous Substances) please visit the quality page on our website: http://www.melexis.com/quality.aspx

The MLX90621 is RoHS compliant

Electronic semiconductor products are sensitive to Electro Static Discharge (ESD).
Always observe Electro Static Discharge control procedures whenever handling semiconductor products.
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When | measure aluminum and plastic parts settled at the same conditions | get significant errors on aluminum.
Why?

Different materials have different emissivity. A typical value for aluminum (roughly polished) is 0.18 and for plastics
values of 0.84...0.95 are typical. IR thermometers use the radiation flux between the sensitive element in the sensor
and the object of interest, given by the equation

q=¢e xay*Tix0x A xFoy—gxTyx0% A,

Where:
& and &, are the emissivity of the two objects

o is the absorptivity of the sensor (in this case),

o is the the Stefan-Boltzmann constant,

A, and A, are the surface areas involved in the radiation heat transfer,
F,_g is the shape factor,

T, and T, are known temperature of the sensor die (measured with specially integrated and calibrated element)
and the object temperature that we need.

Note that the temperatures are all in Kelvin, heat exchange knows only physics.

When a body with low emissivity (such as aluminum) is involved in this heat transfer, the portion of the radiation
incident to the sensor element that really comes from the object of interest decreases — and the reflected
environmental IR emissions take place. (This is all for bodies with zero transparency in the IR band.) The IR
thermometer is calibrated to stay within specified accuracy — but it has no way to separate the incoming IR radiation
into real object and reflected environmental part. Therefore, measuring objects with low emissivity is a very
sophisticated issue and infra-red measurements of such materials are a specialized field.

What can be done to solve that problem? Look at paintings — for example, oil paints are likely to have emissivity of
0.85...0.95 — but keep in mind that the stability of the paint emissivity has inevitable impact on measurements.

It is also a good point to keep in mind that not everything that looks black is “black” also for IR. For example, even
heavily oxidized aluminum has still emissivity as low as 0.30.

How high is enough? Not an easy question —but, in all cases the closer you need to get to the real object
temperature the higher the needed emissivity will be, of course.

With the real life emissivity values the environmental IR comes into play via the reflectivity of the object (the sum of
Emissivity, Reflectivity and Absorptivity gives 1.00 for any material). The larger the difference between
environmental and object temperature is at given reflectivity (with an opaque for IR material reflectivity equals 1.00
minus emissivity) the bigger errors it produces.

After | put the MLX90621 in the dashboard | start getting errors larger than specified in spite that the module was
working properly before that. Why?

Any object present in the FOV of the module provides IR signal. It is actually possible to introduce error in the
measurements if the module is attached to the dashboard with an opening that enters the FOV. In that case portion
of the dashboard opening will introduce IR signal in conjunction with constraining the effective FOV and thus
compromising specified accuracy. Relevant opening that takes in account the FOV is a must for accurate
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measurements. Note that the basic FOV specification takes 50% of IR signal as threshold (in order to define the area,
where the measurements are relevant), while the entire FOV at lower level is capable of introducing lateral IR signal
under many conditions.

When a hot (cold) air stream hits my MLX90621 some error adds to the measured temperature | read. What is it?
IR sensors are inherently sensitive to difference in temperatures between the sensitive element and everything
incident to that element. As a matter of fact, this element is not the sensor package, but the sensor die inside.
Therefore, a thermal gradient over the sensor package will inevitably result in additional IR flux between the sensor
package and the sensor die. This is real optical signal that cannot be segregated from the target IR signal and will add
errors to the measured temperature.

Thermal gradients with impact of that kind are likely to appear during transient conditions. The sensor used is
developed with care about sensitivity to this kind of lateral phenomena, but their nature demands some care when
choosing place to use the MLX90621 in order to make them negligible.

| measure human body temperature and | often get measurements that significantly differ from the +37°C|
expect.

IR measurements are true surface temperature measurements. In many applications this means that the actual
temperature measured by an IR thermometer will be temperature of the clothing and not the skin temperature.
Emissivity (explained first in this section) is another issue with clothes that has to be considered.

There is also the simple chance that the measured temperature is adequate — for example, in a cold winter human
hand can appear at temperatures not too close to the well-known +37°C.
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16.1. Package outline

The height of the can depends on the selected FOV of the array
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16.2. Part marking

The MLX90621 is laser marked with 10 symbols. The first is a 1, the next 3 letters indicate the version (BAA, BAB or
BAD) and the remaining 7 indicate the lot number.
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[1] 1°C-bus specification and user manual Rev. 03 — 19 June 2007

http://www.nxp.com/documents/user _manual/UM10204.pdf

Devices sold by Melexis are covered by the warranty and patent indemnification provisions appearing in its Term of
Sale. Melexis makes no warranty, express, statutory, implied, or by description regarding the information set forth
herein or regarding the freedom of the described devices from patent infringement. Melexis reserves the right to
change specifications and prices at any time and without notice. Therefore, prior to designing this product into a
system, it is necessary to check with Melexis for current information. This product is intended for use in normal
commercial applications. Applications requiring extended temperature range, unusual environmental requirements,
or high reliability applications, such as military, medical life-support or life-sustaining equipment are specifically not
recommended without additional processing by Melexis for each application.

The information furnished by Melexis is believed to be correct and accurate. However, Melexis shall not be liable to
recipient or any third party for any damages, including but not limited to personal injury, property damage, loss of
profits, loss of use, interrupt of business or indirect, special incidental or consequential damages, of any kind, in
connection with or arising out of the furnishing, performance or use of the technical data herein. No obligation or
liability to recipient or any third party shall arise or flow out of Melexis’ rendering of technical or other services.

© 2015 Melexis NV. All rights reserved.

For the latest version of this document, go to our website at
www.melexis.com

Or for additional information contact Melexis Direct:

Europe, Africa, Asia: America:
Phone: +32 1367 0495 Phone: +1 248 306 5400
E-mail: sales_europe@melexis.com E-mail: sales_usa@melexis.com

ISO/TS 16949 and 15014001 Certified
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