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Revision History 

Revision Date Sections Description 

1.0 March 13, 2009 – Release 

1.1 April 24, 2009 3.3 and 3.4 Format version 3 has been added to the list. 

1.2 November 23, 2009 3.4 Error in the C-code has been removed. 

1.3 November 29, 2009 3.4 Error in the C-code has been removed. 
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GLOSSARY OF TERMS 

ADC – Analog-to-Digital Converter; 

EEPROM – Electrically Erasable Programmable Read-Only Memory; 

I/O – Input/Output; 

LSB – Least Significant Bit; 

MISO – Master In, Slave Out; 

MOSI – Master Out, Slave In; 

MSB – Most Significant Bit; 

NSS – Not Slave Select; 

TC – Temperature coefficient; 

SCK – Serial Clock; 

SF – Scale factor; 

SPI – Serial Peripheral Interface; 

µC – Microcontroller; 

ZRO – Zero Rate Output. 
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1. Introduction 

This Application Note describes the principle and the procedure of enhancing the performance of 
the MLX90609 angular rate sensor by additional temperature compensation based on a look-up 
table stored in the internal EEPROM. The suggested approach can be used to improve accuracy of 
both MLX90609 outputs: analog and digital. 

To ease the correct understanding the Application Note includes some programming code 
examples, written in C. All C-examples are compatible with the Keil Cx51TM compiler. Some details 
concerning the communication protocol can be found in the Application Note 1 “Using the Serial 
Peripheral Interface of the MLX90609”. 
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2. Enhancing the Angular Rate Output 

The MLX90609 is an angular rate sensor with analog and digital outputs that reflect the angular 
rate according to the linear law: 

OUTAR = ZRO + SF × Ω (1) 

Ω = (OUTAR – ZRO) / SF (2) 

where Ω is applied angular rate, OUTAR is the MLX90609 output, ZRO and SF are the actual Zero 
Rate Output (bias) and the actual Scale Factor (sensitivity). Word “actual” emphasizes a fact that 
both ZRO and SF have a limited accuracy and can drift. 

Usually the temperature drift is the main component of the total parameters drift. The first order 
temperature compensation of the MLX90609’s ZRO and SF is done at Melexis factory to keep their 
temperature drifts inside of the limits specified by the MLX90609 Data Sheet. Nevertheless, the 
further enhancing temperature compensation is still possible. 

The table below includes some possible ways of the ZRO and SF enhancing: 

  Method   Advantages   Disadvantages 

1. Use of nominal values 
for the ZRO and SF 

- Ease of implementation 

- Zero cost 

- Remaining error 

- All kinds of drift aren’t eliminated 

2. ZRO calibration during 
operation when zero 
angular rate is applied 

- Ease of implementation 

- Low cost 

- For some applications it’s impossible to distinguish or to 
provide zero rate condition for ZRO calibration 

- No improvement of SF 

- All kinds of drift aren’t eliminated 

3. Previous approach 
improved by a high-
pass filter used for ZRO 
(e.g. 0.01Hz) 

- Complete elimination of 
ZRO error at any 
temperature and at any time 

- Low cost 

- Additional SW or HW is needed 

- For some applications it’s impossible to distinguish or to 
provide zero rate condition for ZRO calibration 

- Can not distinguish a drift and a low rotation speed; low 
rotation speed distorts the bias (limited application 
area) 

- No improvement of SF 

4. Use of a MLX90609 
look-up table written 
into the EEPROM at 
Melexis factory 

- Temperature drift eliminated 
up to measurement accuracy 
and interpolation error 

- Low cost 

- Additional SW is needed 

- Time drift and supply drift are not eliminated 

5. Post mounting factory 
calibration 

- Elimination of both error 
terms 

- Calibration at mounting needs special setup and time 

- Cost 

- Time drift is not eliminated 

6. Dynamic filtering (e.g. 
Kalman), when other 
(sensor) information is 
available 

- Best dynamic elimination of 
both error terms in all 
conditions 

- Power for calculation is needed 

- Development time / NRE 

- Other sensors’ signals have to be available (e.g. GPS or 
acceleration sensors) 
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This Application Note explains the approach 4 marked by yellow in the table above. 

The look-up table, stored in the MLX90609 EEPROM, contains information relative to the 
temperature behavior of the zero rate output (ZRO) and the scale factor (SF). This information can 
be read out by the Serial Peripheral Interface (SPI) and used in a correction algorithm to enhance 
the angular rate output. This is depicted in the below figure. 

 

 

Figure 1: Signal flow chart of the enhanced temperature compensation 

 

The first step is to extract the necessary compensation information from the MLX90609 by means 
of the SPI. It’s explained in the section 3. 

The section 4 gives an example of an interpolation functions F1 and F2 based on the extracted 
information. The derived values of the SF and ZRO being used in the formula (2) improve the 
accuracy of the angular rate output. 

 



Application Note 
Temperature Compensation Improvement 

 

 

 

 

MLX90609 AN2 Page 6 of 16 November 2009 
Rev 1.3   

 

3. Readout and Reconstruction of the Correction Coefficients 

 

 

Figure 2: Signal flowchart. Indication of the blocks described in this section 
 

The MLX90609 EEPROM look-up table represents measured data acquired at three different 
temperatures T0, T1 and T2. For each temperature three calibration values are stored (a “Triplet”): 
Temperature Sensor Output (TC0, TC1, TC2), Zero Rate Output (ZRO0, ZRO1, ZRO2) and Scale 
Factor (SF0, SF1, SF2). The table hereafter illustrates this: 

Temperature Temperature sensor Bias Sensitivity “Triplet” 

T0 (-40°C) TC0 ZRO0 SF0 {TC0, ZRO0, SF0} 

T1 (25°C) TC1 ZRO1 SF1 {TC1, ZRO1, SF1} 

T2 (85°C) TC2 ZRO2 SF2 {TC2, ZRO2, SF2} 

The data in the EEPROM is encoded. The encoding format is determined by another EEPROM 
field with name “VERSION”. Thus, the VERSION field has to be read out and evaluated in order to 
determine the correct decoding of the triplets. 

The EEPROM map in the Figure 3 shows location of all relevant bits. The VERSION field is 
marked by orange color. The blue, green and lilac colors mark triplets’ components. 

The RANGE field marked by violet contains a value of sensor’s Full Scale Range divided by 5. 

User’s area of the EEPROM is not used for the enhanced temperature correction. Nevertheless, in 
the EEPROM map it’s marked by yellow and red colors. 
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Address 
(dec : hex) 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

127 : 0x7F C15 bit 7 C15 bit 6 C15 bit 5 C15 bit 4 C15 bit 3 C15 bit 2 C15 bit 1 C15 bit 0 

126 : 0x7E C14 bit 7 C14 bit 6 C14 bit 5 C14 bit 4 C14 bit 3 C14 bit 2 C14 bit 1 C14 bit 0 

Addr GAP --- --- --- --- --- --- --- --- 

114 : 0x72 C2 bit 7 C2 bit 6 C2 bit 5 C2 bit 4 C2 bit 3 C2 bit 2 C2 bit 1 C2 bit 0 

113 : 0x71 C1 bit 7 C1 bit 6 C1 bit 5 C1 bit 4 C1 bit 3 C1 bit 2 C1 bit 1 C1 bit 0 

112 : 0x70 C0 bit 7 C0 bit 6 C0 bit 5 C0 bit 4 C0 bit 3 MEMLOCK bit 
111 : 0x6F      RANGE bit 7 

Addr GAP --- --- --- --- --- --- 

104 : 0x68      RANGE bit 0 

103 : 0x67   VERSION bit 7 TC2 bit 15 

Addr GAP --- --- --- --- 

96 : 0x60   VERSION bit 0 TC2 bit 8 

95 : 0x5F      TC2 bit 7 

Addr GAP --- --- --- --- --- --- 

89 : 0x59       TC2 bit 1 

88 : 0x58       TC2 bit 0 

87 : 0x57       TC1 bit 15 

Addr GAP --- --- --- --- --- --- 

79 : 0x4F   EE_SF2 bit 7    TC1 bit 7 

78 : 0x4E  EE_SF2 bit 6    TC1 bit 6 

77 : 0x4D  EE_SF2 bit 5    TC1 bit 5 

Addr GAP --- --- --- --- --- --- 

73 : 0x49  EE_SF2 bit 1    TC1 bit 1 

72 : 0x48  EE_SF2 bit 0    TC1 bit 0 

71 : 0x47  EE_SF1 bit 7    TC0 bit 15 

Addr GAP --- --- --- --- --- --- 

65 : 0x41  EE_SF1 bit 1    TC0 bit 9 

64 : 0x40  EE_SF1 bit 0    TC0 bit 8 

63 : 0x3F  EE_SF0 bit 7    TC0 bit 7 

Addr GAP --- --- --- --- --- --- 

57 : 0x39  EE_SF0 bit 1    TC0 bit 1 

56 : 0x38  EE_SF0 bit 0    TC0 bit 0 

55 : 0x37  EE_ZRO2 bit 7       

Addr GAP --- --- --- --- --- --- --- --- 

49 : 0x31  EE_ZRO2 bit 1       

48 : 0x30  EE_ZRO2 bit 0        

47 : 0x2F  EE_ZRO1 bit 7       

Addr GAP --- --- --- --- --- --- --- --- 

41 : 0x29  EE_ZRO1 bit 1       

40 : 0x28   EE_ZRO1 bit 0        

39 : 0x27  EE_ZRO0 bit 7       

Addr GAP --- --- --- --- --- --- --- --- 

33 : 0x21  EE_ZRO0 bit 1       

32 : 0x20  EE_ZRO0 bit 0       

Addr GAP --- --- --- --- --- --- --- --- 

2 : 0x02         

1 : 0x01         

0 : 0x00         

Figure 3: EEPROM structure. 
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3.1 Reading out and Reconstruction of the Full Scale Range of the MLX90609 

A typical value of the Full Scale Range is fixed for any MLX90609 and normally is known because 
an option code of the ordering information defines it according to the table below: 

Part № Option code Typical Full Scale Range Additional marking 

MLX90609EEA-N2 N2 ±75 °/s No extra marking 

MLX90609EEA-E2 E2 ±150 °/s 2 gold dots at bottom corners 

MLX90609EEA-R2 R2 ±300 °/s 1 silver dot at right corner 

Nevertheless, one can reconstruct it by reading out the field RANGE. The 8-bit RANGE value is 
defined by three low bits of the bytes stored in the EEPROM between address 0x68 (LSB) and 
0x6F (MSB). Each RANGE bit is a result of the 3-bit majority voting according to the logic: 

 

Figure 4: Majority voting logic of the RANGE bits. 

The RANGE value, multiplied by 5, yields the typical Full Scale Range. An example of the RANGE 
reading and Full Scale Range reconstruction is given in the C-code below: 

 
 
/* The code assumes that function SPI_FULL is defined like it suggested */ 
/* in the Application Note 1 “Using the SPI of the MLX90609” */ 
 
unsigned int FullScaleRange(void) 
{ 
unsigned char addr, tmp, range; 
#define a0 (tmp & 0x01) 
#define a1 (tmp & 0x02) 
#define a2 (tmp & 0x04) 
 
 for(addr=0x68; addr<0x70; addr++) 
 { /* Read an EEPROM cell by EER-command with address “addr” */ 
  /* Result of reading is in low byte of the answer */ 
  tmp = (unsigned char)SPI_FULL(addr,0); 
  range >>= 1; 
  if((a0 && a1) || (a0 && a2) || (a1 && a2)) range |= 0x80; 
 } 
 return range*5; 
} 

Bit #0 

Bit #1 

Bit #2 

Majority voting RANGE bit 
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3.2 Reading out and Reconstruction of the VERSION Information 

The 8-bit VERSION value is defined by the tripled bits 5, 4 and 3 of the bytes stored in the 
EEPROM between address 0x60 (LSB) and 0x67 (MSB). Each VERSION bit is a result of the 3-bit 
majority voting according to the logic: 

 

Figure 5: Majority voting logic of the VERSION bits. 

The reading and reconstruction of the VERSION information is explained hereafter by means of C-
code: 

 

Note: Some first lots of the MLX90609 produced in 2006 had VERSION = 0. This value 
means empty look-up table of the enhanced temperature compensation.  

 
 
/* The code assumes that function SPI_FULL is defined like it suggested */ 
/* in the Application Note 1 “Using the SPI of the MLX90609” */ 
 
unsigned char VERSION(void) 
{ 
unsigned char addr, tmp, ver; 
#define a3 (tmp & 0x08) 
#define a4 (tmp & 0x10) 
#define a5 (tmp & 0x20) 
 
 for(addr=0x60; addr<0x68; addr++) 
 { /* Read an EEPROM cell by EER-command with address “addr” */ 
  /* Result of reading is in low byte of the answer */ 
  tmp = (unsigned char)SPI_FULL(addr,0);  
  ver >>= 1; 
  if((a3 && a4) || (a3 && a5) || (a4 && a5)) ver |= 0x80; 
 } 
 return ver; 
} 

Bit #3 

Bit #4 

Bit #5 

Majority voting VERSION bit 
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3.3 Reading out and Reconstruction of the Temperature Sensor Adjustment Information 

The 16-bit temperature sensor calibration coefficients TC0, TC1 and TC2 are stored in the EEPROM 
bytes with addresses from 0x38 till 0x67. Bits 0, 1 and 2 of the EEPROM bytes define each bit of 
the TC0, TC1 and TC2 according to the 3-bit majority voting logic: 

 

Figure 6: Majority voting logic of the TC0, TC1 and TC2 fields. 

The allocated EEPROM address range is equally divided among three coefficients: 

• TC0 : from 0x38 (LSB) till 0x47 (MSB) 

• TC1 : from 0x48 (LSB) till 0x57 (MSB) 

• TC2 : from 0x58 (LSB) till 0x67 (MSB) 

If VERSION = 1, 2, 3 or 0xFF the coefficients TC0, TC1 and TC2 directly reflect a voltage 
expressed in mV on the TEMPOUT pin for the correspondent temperatures: -40°C, +25°C 

and +85°C. One can use an example below to read the TC-coefficients. Input parameter 
num specifies the coefficient index: 

 
 
/* The code assumes that function SPI_FULL is defined like it suggested */ 
/* in the Application Note 1 “Using the SPI of the MLX90609” */ 
 
unsigned int TC(unsigned char num) 
{ 
unsigned int TCnum; 
unsigned char addr, tmp; 
#define a0 (tmp & 0x01) 
#define a1 (tmp & 0x02) 
#define a2 (tmp & 0x04) 
 
 for(addr=0x38+num*16; addr<0x48+num*16; addr++) 
 { /* Read an EEPROM cell by EER-command with address “addr” */ 
  /* Result of reading is in low byte of the answer */ 
  tmp = (unsigned char)SPI_FULL(addr,0); 
  TCnum >>= 1; 
  if((a0 && a1) || (a0 && a2) || (a1 && a2)) TCnum |= 0x8000; 
 } 
 return TCnum; 
} 

Bit #0 

Bit #1 

Bit #2 

Majority voting TCi bit 
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3.4 Reading out and Reconstruction of the Zero Rate Output and Scale Factor 
adjustments data  

The Zero Rate Output and Scale Factor are stored in the EEPROM in encoded format specified by 
the VERSION. Therefore one has to first read them out of the EEPROM by SPI bit by bit, assemble 
the bits together to form complete bytes and then apply a formula (depending on the VERSION - 
see sections 2.2) to reconstruct their physical meaning. This is sketched in the following chart: 

EEPROM bits :    EE_ZRO[2:0] bits   EE_SF[2:0] bits

VERSION

Read via SPI

Reconstruction
algorithm

EEPROM bytes :     EE_ZRO[2:0]   EE_SF[2:0]

Physical meaning :       ZRO[2:0]         SF[2:0]  

Figure 7: ZROi and SFi physical meaning reconstruction. 

The C-code below can be used to extract bytes EE_ZRO0, EE_ZRO1, EE_ZRO2, EE_SF0, EE_SF1 
and EE_SF2  from the EEPROM: 

 
 
/* Reading of the EE_ZRO and EE_SF * 
/* The code assumes that function SPI_FULL is defined like it suggested */ 
/* in the Application Note 1 “Using the SPI of the MLX90609” *// 
 
unsigned char EE_ZRO[3]; 
unsigned char EE_SF[3]; 
 
unsigned int EE_ZRO_SF(void) 
{ 
   unsigned char addr, ee_byte, tmp; 
   for(addr=0x20; addr<0x50; addr++) 
   {/* Read an EEPROM cell by EER-command with address “addr” */ 
      /* Result of reading is in low byte of the answer */ 
      ee_byte = (unsigned char)SPI_FULL(addr,0); 
      tmp >>= 1; 
      if(ee_byte & 0x40) tmp |= 0x80; 
      if      (addr == 0x27) EE_ZRO[0] = tmp; 
      else if (addr == 0x2f) EE_ZRO[1] = tmp; 
      else if (addr == 0x37) EE_ZRO[2] = tmp; 
      else if (addr == 0x3f) EE_SF[0]  = tmp; 
      else if (addr == 0x47) EE_SF[1]  = tmp; 
      else if (addr == 0x4f) EE_SF[2]  = tmp; 
   } 
} 
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The function assembles these bytes by grouping the 6th bits of the EEPROM bytes from the 
address range from 0x20 till 0x4F, which is divided according to the list (see Figure 3): 

• EE_ZRO0 : from 0x20 (LSB) till 0x27 (MSB) 

• EE_ZRO1 : from 0x28 (LSB) till 0x2F (MSB) 

• EE_ZRO2 : from 0x30 (LSB) till 0x37 (MSB) 

• EE_SF0 :  from 0x38 (LSB) till 0x3F (MSB) 

• EE_SF1 :  from 0x40 (LSB) till 0x47 (MSB) 

• EE_SF2 :  from 0x48 (LSB) till 0x4F (MSB) 

Depending on the VERSION field the different decoding formulas should be applied to 
derive a physical meaning of the ZRO[2:0] and SF[2:0] from the EEPROM bytes 
EE_ZRO[2:0] and EE_SF[2:0]: 

Version Formulas 

0 The EEPROM does not contain adjustment coefficients. 

1 

ZROi (mV) = 2400 + ZRO_EEi  (analog output) 

ZROi (LSB) = 960 + ZRO_EEi × 12 / 25 (digital  output) 

SFi = (0.95 + SF_EEi / 2560) × S0   (valid for both analog and digital outputs) 

where i = 0, 1, 2 and S0 is a typical Scale Factor (see MLX90609 Datasheet) 

2, 3 or 255 

ZROi (mV) = 2300 + 400 × ZRO_EEi / 255  (analog output) 

ZROi (LSB) = 912 + 192 × ZRO_EEi / 255  (digital  output) 

SFi = (0.95 + SF_EEi / 2560) × S0   (valid for both analog and digital outputs) 

where i = 0, 1, 2 and S0 is a typical Scale Factor (see MLX90609 Datasheet) 

Please contact Melexis if the VERSION number read from the MLX90609 does not match the 
above listed values. 
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4. Use of the adjustments data to derive ZRO and SF 

 

 

Figure 8: Signal flowchart. Indication of the blocks described in this section. 

The correction algorithm at the right box of the signal flowchart assumes that interpolation 
functions F1 and F2 are defined. They can be the step functions, linear or a piece wise linear 
interpolations or a second order polynomial interpolations. 

 

Figure 9: Interpolation functions for ZRO and SF. 
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The operation temperature can vary over its operation range. Together with temperature the actual 
TEMPOUT will vary somewhere between values TC0 and TC2. All possible TEMPOUT values 
define an abscissa for the target values of ZRO and SF that create ordinates. The three triplets 
from the EEPROM look-up table being projected onto these axes form a basis for an interpolation 
function (see Figure 9). 

A good result can be achieved by means of a second order polynomial interpolation. In this case 
the functions F1 and F2 can be written like shown below:  

SF  (TEMPOUT) = AS × TEMPOUT2 + BS × TEMPOUT + CS (3) 

ZRO (TEMPOUT) = AZ × TEMPOUT2 + BZ × TEMPOUT + CZ (4) 

The coefficients As, Bs, Cs depend on the SF[2:0] and TC[2:0]: 

AS= – ( SF0×T1 + SF1×T2 + SF2×T0 ) / ( T0×T1×T2 ) (5) 

BS= ( SF0×T1×(TC2+TC1) + SF1×T2×(TC0+TC2) + SF2×T0×(TC1+TC0) ) / ( T0×T1×T2 ) (6) 

CS= – ( SF0×T1×TC1×TC2 + SF1×T2×TC2×TC0 + SF2×T0×TC0×TC1 ) / ( T0×T1×T2 ) (7) 

The coefficients Az, Bz, Cz depend on the ZRO[2:0] and TC[2:0]: 

AZ= – ( ZRO0×T1 + ZRO1×T2 + ZRO2×T0 ) / ( T0×T1×T2 ) (8) 

BZ= ( ZRO0×T1×(TC2+TC1) + ZRO1×T2×(TC0+TC2) + ZRO2×T0×(TC1+TC0) ) / ( T0×T1×T2 ) (9) 

CZ= – ( ZRO0×T1×TC1×TC2 + ZRO1×T2×TC2×TC0 + ZRO2×T0×TC0×TC1 ) / ( T0×T1×T2 ) (10) 

Where: 

T0= TC1 – TC0 (11) 

T1= TC2 – TC1 (12) 

T2= TC0 – TC2 (13) 

Note: 
The calculated ZRO can be shifted because of a difference between the actual supply voltage and 
the supply voltage used in factory. It’s recommended calibrating the ZRO when zero angular rate is 
applied. After the calibration one can calculate the difference between the actual output and the 
calculated ZRO. Afterwards, this difference can be added to the formula (4) to remove the ZRO 
shift. 
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Figures 10 and 11 give a statistical estimation of the accuracy improvement that can be achieved 
by using the EEPROM look-up table of the MLX90609. 

  

Native ZRO distribution of MLX90609 over temperature 
Enhanced ZRO distribution of MLX90609 over 
temperature 

Figure 10: Zero Rate Output enhancement 

 

  

Native SF distribution of MLX90609 over temperature 
Enhanced SF distribution of MLX90609 over 
temperature 

Figure 11: Scale Factor enhancement 
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5. Disclaimer 

Devices sold by Melexis are covered by the warranty and patent indemnification provisions 
appearing in the Terms 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 
pricing 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, interruption of business 
or indirect, 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. 

 

Copyright © 2009 Melexis Microelectronic Systems. All Rights Reserved  

Certified ISO/TS 16949, ISO 14001 

 

 

For the latest version of this document, visit our website at: 

www.melexis.com 
For additional information contact Melexis Direct 

 


