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Scope 
The goal of this application note is to provide to the MLX90129 users more information on how to set-up its 
embedded analog acquisition chain. The document will provide detailed information concerning the 
implementation of the MLX90129 acquisition chain, as well as some calculations to better understand how to set it 
up. Finally, the document will also provide information related to the embedded temperature sensor of the 
MLX90129 and an example of calibration.  

Applications 
 Temperature sensor tag 
 Asset management and monitoring (security and integrity) 
 Industrial, medical and residential control and monitoring 

 

Related Melexis Products 
Part No. Temperature suffix  Package Code Option code 

MLX90129RGO R (-40°C to 105°C) GO [TSSOP 20] - 
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Introduction 
The MLX90129 is an RFID sensor tag. It embeds a 
fully configurable acquisition chain used to convert 
differential voltage information coming from an 
external resistive sensor, to a digital value. This value 
could be stored in the internal EEPROM memory of 
the MLX90129 for further processing (e.g. data-
logger application) or directly transmitted through 
RFID like in the case of a full passive sensor TAG. The 
acquisition chain is composed of two gain stages 
PGA1 and PGA2, an offset compensation DAC and a 
16bits analog to digital converter ADC. Each 
component is parameterized by the user depending 
on the resistive sensor used. Moreover, the 
MLX90129 is embedding an internal temperature 
sensor which can be used to sense ambient 
temperature.  
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1.Acquisition chain   

1.1. Block diagram  

The MLX90129 is embedding a fully configurable differential acquisition chain for the conversion of the sensor 
voltage to digital information, the acquisition chain of the MLX90129 is illustrated in the following block diagram. 
 

PGA1 PGA2
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MLX90129 acquisition chain 
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1.2. First amplifier PGA1 

The first amplifier PGA1 is used to amplify the differential input voltage ΔVSENSOR according to the Equation 1 below. 
 

Equation 1:    sensorPGA1OUT ΔVGAINΔPGA1   

 
With: 
 

 ΔPGA1OUT  = Differential output voltage of the PGA1 amplifier 

 ΔVsensor  = Differential voltage from the sensor 
 
The gain of the PGA1 amplifier could be adjusted from 8 up to 75 [V/V] by configuring the bytes 
“SensorN_Pga1Gain” defined in the “Sensor N: Signal Conditioner configuration words” at the EEPROM addresses 
#18, #1E and #24 bits [11:8]. For more information please refer to the datasheet on page 45. 
 

#18 [11:8] or #1E [11:8] or #24 [11:8] Gain of PGA1 (+/-5%) 
0x0000 (0x00) 8 

0x0001 (0x01) 10 

0x0010 (0x02) 12.6 

0x0011 (0x03) 15.5 

0x0100 (0x04) 19.6 

0x0101 (0x05) 24.5 

0x0110 (0x06)  30.8 

0x0111 (0x07) 38.1 

0x1000 (0x08) 47.6 

0x1001 (0x09) 59.4 

0x1010 0x0A) 75 

Table 1: Gain of PGA1 amplifier 

1.3. DAC compensation 

The acquisition chain of the MLX90129 is featuring a DAC used to compensate for any differential offset voltage of 
the sensor and the first amplification stage PGA1. The differential offset voltage is measured during calibration 
process.  
 

Equation 2:        DACsensorPGA1IN ΔVΔVGAINΔPGA2   

 
The DAC is an 8-bit converter with one bit of sign with a compensation step of +/-VREF/128. The maximum 
compensation range is therefore equal to +/-½*VREF.  The Equation 2 above could be modified as shown below: 

Equation 3:       
128

V
NΔVGAINΔPGA2 REF

10sensorPGA1IN   

With: 

 ΔPGA2IN  = Differential input of the PGA2 amplifier 

 ΔVsensor  = Differential voltage from the sensor 

 N10   = decimal number programmed into the DAC, defined in EEPROM #18, #1E and #24 bit 
                             [7:0] (for more information please refer to the datasheet page 45): 

 VREF  = Reference voltage of the MLX90129  
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1.4. Second amplifier PGA2 

The second amplifier PGA2 will amplify the signal provided by the first amplification gain already compensated with 
the DAC compensation value. Using the Equation 3 above, it is possible to calculate the output voltage of PGA2: 

Equation 4:      PGA2
REF

10sensorPGA1OUT GAIN
128

V
NΔVGAINΔPGA2 








   

 
With: 

 ΔPGA2OUT  = Differential output of the PGA2 amplifier 

 ΔVsensor  = Differential voltage from the sensor 

 N10   = decimal number programmed into the DAC 

 VREF  = Reference voltage of the MLX90129  
 
The gain of the PGA2 amplifier could be adjusted from 1 to 8 [V/V] by configuring the bytes “SensorN_Pga2Gain” 
defined in the “Sensor N: Signal Conditioner configuration words” at the EEPROM addresses #18, #1E and #24 bits 
[14:12] (for more information please refer to the datasheet on page 45). 
 

#18 [11:8] or #1E [11:8] or #24 [14:12] Gain of PGA2 (+/-5%) 
0x000 (0x00) 1 

0x001 (0x01) 2 

0x010 (0x02) 3 

0x011 (0x03) 4 

0x100 (0x04) 5 

0x101 (0x05) 6 

0x110 (0x06)  7 

0x111 (0x07) 8 

Table 2: Gain of PGA2 amplifier 

1.5. Analog to Digital Converter (ADC) 

The MLX90129 is featuring a 16bits ADC converting the analog sensor conditioned signal to digital information. This 
digital information could then be stored into the EEPROM memory of the MLX90129 or directly downloaded 
through the RFID interface. The information provided by the ADC is always on 16bits but, the effective number of 
bits (ENOB) is limited to maximum 11-bits. Moreover, if the resolution could be sacrificed to acquisition time by 
reducing the ENOB down to 8-bits, for more information, please refer to the datasheet on page 8. 
 

ADC parameters #15 [15:14] Mode 00 Mode 01 Mode 10 Mode 11 Units 
ENOB : effective number of bits 8 9 10 11 Bit 

Conversion time in normal operation mode 3.2 5.8 11.3 21 
ms 

Conversion time in low power mode 6.4 11.6 22.6 42 

Table 3: ADC ENOB & Conversion time 

Each single input of the ADC is limited to a maximum voltage of ¾*VREF and a minimum voltage of ¼*VREF, leading 
to a full differential voltage of ±½*VREF (e.g. ADCinput+ = ¾*VREF and ADCinput- = ¼*VREF).  
 

Parameter Δ_ADCInput 
Differential ADC input ±½*VREF 

Table 4: ADC differential input range 

Taking into consideration that a differential value of -½*VREF correspond an ADC code of 0x0000 and a differential 
value of ½* VREF correspond to an ADC code of 0xFFFF, the conversion formula of the ADC could be expressed as 
following: 
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Equation 5:    
2

REFV









 10ENOB

REF
IN D

2

V
ΔVADC        

The Equation 6 below represents the formula of the full acquisition chain of the MLX90129: 
 

Equation 6:      


























 PGA2

REF
10sensorPGA110ENOB

REF GAIN
128

V
NΔVGAIND

2

V

2

REFV
  

 
With:  
 

 ENOB   = Effective Number Of Bits  

 D10   = ADC output code  

 VREF  = Reference voltage of the MLX90129 (depends on the Low-voltage option) 

 ΔVsensor  = Differential voltage from the sensor 

1.6. Common mode (CM) consideration 

The common mode (CM) is the offset value generated by the external sensor. The CM is not amplified by the 
acquisition chain which is fully differential but has to be properly set to ½*VREF to allow the maximum dynamic for 
the acquisition. The Equation 7 below expressed this statement. 

Equation 7:    
2

VREF
VCM   

 
As a consequence, to allow the maximum dynamic of the acquisition chain, the user will have to take care that the 
CM value of the external sensor is equal to ½*VREF. This is normally the case for a classical symmetric 
Wheatstone bridge sensor. In case of a simple resistor would be used as a sensor (e.g.PTC1000), the internal 
adjustable resistors Rv1, Rv2 (adjusted between 500Ω and 32kΩ with a step of 1kΩ) could be used to create a 
resistive divider. In order to satisfy the Equation 7 above, the internal resistance the MLX90129 has to be equal to 
the resistor of the sensor. 
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2.Example of calibration procedure 
This chapter provides an example how to perform a two points calibration with the MLX90129. More complex 
procedure could be implemented which are out of the scope of this application note. 
 
A good understanding of each parameter is needed to be sure that the correct physical value is sensed. 
The following parameters will be used later in this document: 
 

 Full scale (FS): The total range of the physical value to be sensed (FS = ∆Sensmax – ∆Sensmin) 

 Sensor Sensitivity (SS): Sensitivity of the sensor to be used (e.g. expressed in [mV/°C]) 

 Output scale (OS): Full dynamic output of the acquisition chain (= ΔADCInput=½*VREF)  

 Offset (OF): Residual value at minimum sensed voltage ΔVMIN 

 Gain (G): amplification needed to reach the desired output span (Gain=GainPGA1*GainPGA2) 
 

The following chart illustrates the different definition values defined just above: 
 

G
ain

V
CM

OF

saturation

saturation

ΔSens
min

ΔSens
max

O
S

FS

-½*V
REF

(0x0000)

0*V
REF

(0x8000)

+½*V
REF

(0xFFFF)

  
The chapters below provide an example of a calibration procedure in five steps, performed at the temperature of 
the application (most of the time ambient temperature). 

2.7. Common mode definition 

The first step is to insure that the sensor is generating a common mode voltage as close as possible to ½*VREF, 
allowing the maximum dynamic range for the acquisition chain. This is normally the case of all Wheatstone  bridges 
like the internal temperature sensor included in the MLX90129. 
 
Of course it is possible to use a CM voltage different from ½*VREF but in this case you will loose in dynamic range 
affecting the final precision of your measurements. This is why it is recommend to center the common mode 
voltage on ½*VREF using additional resistors (internal Rv1 or Rv2 or external ones). 
 
There is no specific measurements to be performed for this step but simply verifying that your sensor is providing a 
CM of ½*VREF. 
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2.8. Offset & Gain calculation 

The second step would be to calculate the approximate value of Gain and DAC compensation offset to be 
programmed into the MLX90129 to get the maximum dynamic over the range of the physical value to be sensed. 
 
The following formulas could be used to calculate the gain (Gain) of the acquisition chain equal to the 
multiplication of the Gain of both PGA1 and PGA2 amplifiers. 
 

Equation 8:     REFVGainFSSS   

 
With: 
 

 SS   = Sensitivity of the Sensor (e.g. 1.06[mV/°C]) 

 FS   = Full Scale of physical value to be sensed 

 Gain  = Gain of the analog chain (PGA1*PGA2) 

 VREF  = Reference voltage of the MLX90129 
 
Then the formula expressed in Equation 6 above could be used to determine the required DAC compensation 
value:  
 

Equation 9:     
2

V
PGA2

128

V
NGAINOffsetVSS REF

Gain
REF

10PGA1Sensor 







  

    
With: 
 

 SS   = Sensitivity of the Sensor (e.g. 1.06[mV/°C]) 

 ∆VSensor  = Differential voltage provided by the sensor   

 Offset  = Differential offset of the sensor (e.g. 45mV) 

 N10   = decimal number programmed into the DAC 

 VREF  = Reference voltage of the MLX90129 

2.9. Calibration 

Once the parameters of the analog chain are defined, the real calibration process could be performed. This could 
be done with only three steps: 
 
Offset verification: This will be used to fine adjust the DAC offset compensation value which may vary from device 
to device. This could be done by measuring the ADC code at the minimum sensing value (or any other suitable 
value) and fine adjust to DAC to reach as close as possible the theoretical ADC code value. The value obtained will 
be stored as SENS1 and use to calculate the parameters of the linear calibration curve. 
 
Second value acquisition: A second value is required to get the linear parameters; this could be done at the most 
optimized value according to the sensor characteristics. This value has to be stored as SENS2 and will be used to 
calculate the parameters of the linear calibration curve. 
 
Linear approximation: The two points measured above will be used to determine the linear parameters. It has to 
be noted that the MLX90129 does not embed any microcontroller and digital state machine. Consequently, this 
operation has to be implemented in the RFID reader by downloading the two values SENS1 & SENS2 previously 
stored into the EEPROM of the MLX90129.  The following formulas will be used to calculate the linear parameters: 
 

Equation 10:   
21

21

SS

SENSSENS
Slope
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With: 

 S1 = Physical sensing value at which SENS1 is measured 

 S2 = Physical sensing value at which SENS2 is measured 

 SENS1 = ADC code obtained under S1 condition 

 SENS2 = ADC code obtained under S2 condition 
 

Equation 11:  
Slope

S
ADCOffset MAX

MAX   

  
Note: Some sensors may present a certain error of linearity reducing the accuracy of the measured value. In this 
case, another point could be measured after the step four above (e.g. middle of the range) to be able to define a 
second order polynomial formula instead of linear approach. Of course this would increase the time of calibration 
due to the additional measurement point. 

2.10. Temperature compensation 

The measurements above have been performed at fix temperature e.g. room temperature). The variation of the 
temperature may have an effect on the sensor and on the acquisition chain of the MLX90129. Therefore, to 
optimize the calibration, a temperature compensation process can be implemented to identify the possible 
variation of the slope and of the offset over the temperature.  
 
One simple solution will be to perform the same measurements as above without changing the settings of the 
acquisition chain (gain and offset compensation) at high temperature. Based on the new points measured, it is 
possible to perform a linear approximation of the variation of the slope and offset over the temperature: 
 
If the sensor shows a too strong variation at low temperature, it is possible to make one more measurement at low 
temperature and perform the same linear regression as above. Then the application will have to change from one 
curve to the other according if the temperature is above of below the temperature used for the calibration (most 
of the time 25 degrees).   
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3.Calibration examples 

3.11. Internal temperature sensor 

This shows an example of calibration performed with the MLX90129 and its internal temperature sensor. The 
objective is to measure the temperature from -30°C up to 30°C with an accuracy of at least +/-1°C. 
 
Applicative information 

 Value to be sensed = Temperature 

 Full Scale FS (TMAX – TMIN) = 60°C 

 Normal voltage operation (low-volt option deactivated) 
 
Sensor information (internal temperature sensor, refer to datasheet page 7) 

 Sensor Sensitivity = 1.06mV/°C () 

 Offset = 45mV 

 None-linearity = +/-2.65mV 
 
Type of calibration & expected accuracy 

 Two points TMIN and TMAX 

 Expected accuracy = +/-1°C 
 
The internal temperature sensor is built as Wheatstone  bridge and features a common mode (CM) of ½*VREF 
allowing the maximum dynamic of the acquisition chain. Consequently, the first condition is obtained. 
 
The second step would be to calculate the Offset and Gain using the sensor parameters as defined above (typical 
values). The calculation is performed using Equation 8 and Equation 9 above. 
 

   
47.2[V/V]

C]60[C]1.06[mV/

3[Volt]

FSSS

V
Gain

internalT

REF 





  

 
This leads to the following settings of the two stage amplifier gain, GainPGA1=19.6 and GainPGA2=2, giving an overall 
gain of 38.4 with a margin from the calculated gain of about 23%. Knowing the overall gain of the acquisition chain, 
the DAC compensation value could be calculated as follow: 
 

    0xAB-43
V

128

Gain2

V
GAINOffsetSensSSDAC

REFPGA2

REF
PGA1internalTMINinternalT10 










  

 
Here again, enough margin should be taken to avoid saturation, a reduction of the offset of 10% would be taken 
leading to a value of 0xA7 (-3910). 
 
As a resume, the following parameters will be used for the calibration. 
 

 PGA1Gain = 19.6 

 PGA2Gain = 2 

 DACOffset = 0xA7 
 
Note: The third step would be to fine adjust the offset at the minimum temperature value (or other suitable 
temperature). The internal temperature sensor of the MLX90129 shows some none linearity and to reduce as 
much as possible to accuracy, some specific points have to be chosen. The following table is an example of some 
specific points based on simulation and the accuracy which could be obtained: 
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Tmin [°C] Tmax [°C] Full Scale [°C] T1 [°C] T2 [°C] Accuracy [°C] 
+5 +40 45 +10 +35 +/- 0.5 

-30 +65 95 -20 +55 +/-2.5 

-30 +30 60 -20 +20 +/- 1 

Table 5: Recommended calibration temperature vs Full scale 

Note: The accuracy could be strongly improved by using a third calibration point. 
 
Consequently, the adjustment of the DAC compensation offset will be made at -20°C, using the Equation 6 above to 
calculate the ADC code to obtain.  
 

  13213
2




































REF

16

PGA2
REF

10sensorPGA110
V

2
GAIN

128

V
NΔVGAIND REFV

 

 
The DAC code giving the value as close as possible to the ADC code calculated above, will be stored and used for 
the linearization (ADC-20deg). A second point would be used for the linearization at +20°C (ADC+20deg). In the samples 
measured for this example, the following values have been found: 
 

 DAC code N10   = 0x009716 (fine adjust at @ -20deg) 

 ADC-20deg    = 0x341C16 

 ADC+20deg    = 0xB7F216 

 
Providing the following linear parameters using Equation 10 and Equation 11 defined above: 
 

 Slope  = 0x034B16 

 Offset  = 0x760716 
 
The chart below shows the error obtained between the real temperature set and the measured ones using the 
MLX90129 device and its internal temperature sensor. It could be observed that accuracy of ±1°C could be 
obtained. 
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4.Conclusion 
In this application note, the full acquisition chain has been described in detail and the required calculation formula 
provided. An example of simple calibration has also been discussed with an example using the internal 
temperature sensor of the MLX90129.  
 
 
For additional information, please contact our Direct Sales team and get help for your specific needs: 

Europe, Africa Telephone: +32 13 67 04 95 

 Email : sales_europe@melexis.com 

Americas Telephone: +1 603 223 2362 

 Email : sales_usa@melexis.com 

Asia Email : sales_asia@melexis.com 
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5.Disclaimer 
 

The content of this document is believed to be correct and accurate. However, the content of this document is furnished "as is" 
for informational use only and no representation, nor warranty is provided by Melexis about its accuracy, nor about the results 
of its implementation. Melexis assumes no responsibility or liability for any errors or inaccuracies that may appear in this 
document. Customer will follow the practices contained in this document under its sole responsibility. This documentation is in 
fact provided without warranty, term, or condition of any kind, either implied or expressed, including but not limited to 
warranties of merchantability, satisfactory quality, non-infringement, and fitness for purpose. Melexis, its employees and agents 
and its affiliates' and their employees and agents will not be responsible for any loss, however arising, from the use of, or 
reliance on this document. Notwithstanding the foregoing, contractual obligations expressly undertaken in writing by Melexis 
prevail over this disclaimer. 
 
This document is subject to change without notice, and should not be construed as a commitment by Melexis. Therefore, before 
placing orders or prior to designing the product into a system, users or any third party should obtain the latest version of the 
relevant information.  
Users or any third party must determine the suitability of the product described in this document for its application, including the 
level of reliability required and determine whether it is fit for a particular purpose.  
 
This document as well as the product here described may be subject to export control regulations. Be aware that export might 
require a prior authorization from competent authorities. The product is not designed, authorized or warranted to be suitable in 
applications requiring extended temperature range and/or unusual environmental requirements. High reliability applications, 
such as medical life-support or life-sustaining equipment or avionics application are specifically excluded by Melexis. The product 
may not be used for the following applications subject to export control regulations: the development, production, processing, 
operation, maintenance, storage, recognition or proliferation of: 
1. chemical, biological or nuclear weapons, or for the development, production, maintenance or storage of missiles for such 
weapons; 
2. civil firearms, including spare parts or ammunition for such arms; 
3. defense related products, or other material for military use or for law enforcement; 
4. any applications that, alone or in combination with other goods, substances or organisms could cause serious harm to persons 
or goods and that can be used as a means of violence in an armed conflict or any similar violent situation. 
 
No license nor any other right or interest is granted to any of Melexis' or third party's intellectual property rights. 
 
If this document is marked “restricted” or with similar words, or if in any case the content of this document is to be reasonably 
understood as being confidential, the recipient of this document shall not communicate, nor disclose to any third party, any part 
of the document without Melexis’ express written consent. The recipient shall take all necessary measures to apply and preserve 
the confidential character of the document. In particular, the recipient shall (i) hold document in confidence with at least the 
same degree of care by which it maintains the confidentiality of its own proprietary and confidential information, but no less 
than reasonable care; (ii) restrict the disclosure of the document solely to its employees for the purpose for which this document 
was received, on a strictly need to know basis and providing that such persons to whom the document is disclosed are bound by 
confidentiality terms substantially similar to those in this disclaimer; (iii) use the document only in connection with the purpose 
for which this document was received, and reproduce document only to the extent necessary for such purposes; (iv) not use the 
document for commercial purposes or to the detriment of Melexis or its customers. The confidentiality obligations set forth in 
this disclaimer will have indefinite duration and in any case they will be effective for no less than 10 years from the receipt of this 
document.  
 
This disclaimer will be governed by and construed in accordance with Belgian law and any disputes relating to this disclaimer will 
be subject to the exclusive jurisdiction of the courts of Brussels, Belgium. 
 
The invalidity or ineffectiveness of any of the provisions of this disclaimer does not affect the validity or effectiveness of the other 
provisions. 
The previous versions of this document are repealed.   
 
Melexis © - No part of this document may be reproduced without the prior written consent of Melexis.  (2020) 
 
IATF 16949 and ISO 14001 Certified 
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