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Calibration Overview

No calibration/ Frontend (sensor-level) Calibration Backend (MCU-level)

Blind Calibration PTC mode MUST mode Calibration
Hardware None/PTC04+DB PTC-04, sensor-specific DB MCU
Accuracy =5% 0.1% ADC resolution
= plug & play = accurate = accurate analog

no specific HW

= factory TC | -
Pros actory analog output output = factory TC calibration

calibration = only 3 wires = VDD=5V

. . = VDD increases ® 4-wires
= magnetic design

to 8V = change from = magnetic design should
Cons = |ow absolute _ o
= change from factory calib match sensor sensitivity
accuracy :
factory calib
91208/09
ALL ALL ALL
Sensors 91216/17
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Blind Calibration



Concept

The sensitivity of each sensor is individually factory calibrated, using 2 EEPROM parameters RG
and FG (Rough Gain, Fine Gain), to reach the target sensitivity, as defined in the datasheet.

Blind calibration consists in recalibrating the sensitivity of the part without performing
measurements.

* The operation is accomplished by reading and manually changing the RG and FG values
stored in the in the EEPROM.

e These 2 parameters, codes the amplification chain that amplify the signal from the Hall
plates.

 Modifying RG, FG allows to change the output sensitivity of a sensor.

Note: Blind calibration is not available for 91206/07 because the TC parameters need to be re-trimmed
when RG/FG are changed. See slide 24 for more details.
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RG controls a non-linear amplification block
FG controls a linear attenuation block going from 0.5to 1

Since all sensors are intrinsically different, the RG and FG values needed
to reach the target sensitivity are different from one sensor to the other
It’s possible to relate RG/FG combination to typical sensitivities:

Sensitivity [mV/mT]

I I
1 0 7 11 18 29
1 1023 14 22 35 59
3 0 17.5 28 44 73
3 1023 35 55 88 147
5 0 40.5 63 101 169
5 1023 81 127 203 338
7 0 95 150 240 400
7 1023 190 300 480 800

2
3.6
6.25

12.4
20.7
30

49

Table 1: Gain Factor VS RG Code
(non linear amplifier)

N o o AW N -, O

0 0.5
512 0.75
1023 1

Table 2: Gain Factor VS FG Code
(linear attenuator)

Gain Factor = 0.5 + (FG Code). 1023
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0 2
Recalibrate MLX 91208CAH from S= 100 [mV/mT] to 120 [mV/mT] ! 3.6
(i.e. 120% of the actual sensitivity) 2 6.25
3 9
1. Extraction of RG, FG values from the EEPROM 4 12.4
* Results for this specific sensor: RG=3, FG=768 5 20.7
* The actual amplification gain is: = -
© G =Grg*Grg= 9% (0.5 + =25 (768 - 0)) = 7.88 ; e

Table 1: Gain Factor VS RG Code

2. RG/FG have to be redefined to get a gain of G =120%*7.88 = 9.46 : .
(non linear amplifier)
* We choose:

©R6=4 > Gy =124 Fecodellse] | GanFactor

G 9.46 0.763—-0.5
Grg =5~ =134 = 0763 > FG = 1023 = 538 0 0.5
512 0.75
 RG=4,FG=538 1093 )

Table 2: Gain Factor VS FG Code
(linear attenuator)
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Front-end (sensor level)
Calibration



Hardware Structure

& Melexis PTCO4: Universal Programmer for Melexis sensors calibration

&  Sensor-specific Daughter-Board (DB): Interface between PTCO4 and application connector

Daughter Board Compatible Current Sensors 8 :

I I
PTCO4-DB-HALLO?2 MLX91205
PTCO4-DB-HALLOS MLX91210 | |

MLX91208/09
MLX91216/17 15 9
PTC0O4-DB-34103 MLX91220 Daughterboard Connector Pinout
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Software structure

User Interface

ication L
Melexis Programming Customer Application Labview Demo Application Level

Toolbox (High Level)
DLL Layer
PSF PTCO4 PSF MLX Sensor rdvanced
(general) PSF 912xx
Solver
FIR MLX Sensor Hardware Level
FIREICOS (FIR MLX912xx) (Low Level)
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Setup

PC PTCO04 + DB* Sensor

USB/RS232

PTC/MUST
mode**

3/4-wire

SW implemented in:
* Labview, Python
 C++,VB

* —
- DB = Daughter Board

**Protocol to be selected in PSF/UI settings



PTC Communication Mode (3-wire)

* Supply during communication: C1:100nF
C2: 10nF
e Vdd =8 [V] C3: 47:F
e Communication : MiLx1208
« Bi-directional on OUT line -—)

VSS ouT . O Analog Output

* Available on all current sensor family

TEST VDD l J\ O Supply voltage

- - { GND

Connector Connector
VDD
S o8 ouT MLX912xx Sensor
@)
N GND Module

All unused pins (e.g.: TEST/MUST pin) can be connected to GND for better noise and EMC/ESD performance
GND connection of unused pins avoids coupling with the supply and ground loops



MUST Communication Mode (4-wire)

e Vdd=5[V]

PTCO4

DB

Supply during communication:

PTC-04 to sensor communication: on MUST line
Sensors to PTC-04 communication: on OUT line
Available on MLX91208/09/16/17

Connector

<)

c3T—

MLX91208

C1: 100nF
C2: 10nF
C3:47nF
C4:2nF

’ (O Analog Output
l j ‘ ‘ () Supply voltage
1 2

I I O GND
Connector
VDD
MUST
MLX912xx Sensor
ouT
oND Module

All unused pins (e.g.: TEST/MUST pin) can be connected to GND for better noise and EMC/ESD performance
GND connection of unused pins (except TEST pin) avoids coupling with the supply and ground loops

Do not ground TEST pin.




Calibration Log

Before starting the Calibration Flow

? Melexis Programmable Toolbox I

i File Viewl Tools IHeIp
EEX|(a - |[FE e

rm Options ) ILJ
= 8 Logaing _ & Data logging Optional:

[= oeta ousing ] Keep a copy of Calibration measures, steps,
[¥] Output to Diata Log window Calculations

Log To File

Data logging priority: 1

A

() Do notlog 1o file
() Log to file used for systerm Iogging

-iﬁé:- Log to this file: ChlsershapalDesktoph Calibration_Log b=t

) cumutetve og ! By default, the option“Do not log to file” is
ticked

OK ] [ Cancel ] [ Apply
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i User Interface MLX91Z08,9

File Solver ©Options Abouk
—Salver Step —Lalibration Setup —Default EEFROR zstting
0 - Max Solver Salvers etting alue
1 Mew Dovics | T arget Res=ult R ougGiain
.. CuztT C2ndHot -
50.00 =
| Positon 1 | [XIN ~voo CustTC2ndCold -
2 Evalirate Fasttam | Applied Field = OmT Tt T O =t B
Postion2  [30.00 | [N =voD CustOFADriftH ot - _
= Ewaluate Bosition 2 | CustOffDriftCold T
FineliE ain 511
4 Check Position 1 | Applied Figld = OmT x& 500
CLISTIDO
i Thiz Step can CUSTIC .
b eheck Easitan £ b SiEmes CUSTIDZ _
B Erogrann amd Seriti |
Device Selector O phion
W Enable Device m - EEFROM cnntentl teazurements I EEFROM anal_l..lzerl Settings |
7 T AN ~—

AN

\

|L-33t perf}(med Functian |

/
i

/
Status ...

AN

TN S

[ Solver

/

multiple device
selector

/

show/edit memory

content

/

monitor sensor
output

N

check binary memory
content

T~

edit general

settings
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Multiple Devices

The software can store EEPROM information for up to 16 devices simultaneously. Each
revice Selector device can be selected/enabled with the device selector. However, only 1 device can be

[ Enable Deviee [LEE] |~] physically connected to the OUT1 line of the PTCO4. An external hardware switch is

required for this purpose. The solver will ask the user to switch between the devices at
each step of the calibration process.

Iclel limit 100000  [maA] During communication, the current consumption increases significantly (short
Prog mode [PicModeSupply ~ | spikes/bursts). The default Idd limit of 100mA is sufficient for 2-3 devices only. For
] Use Doubls D instance, a limit of 300mA is required for 8 devices (multi-socket).
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Multiple Devices

Dual Die Configuration

Idd limit 100.000 [rmas]

Frog mode [F"tn:MDdeSupply - ]

[ Use Doubkle Dies

PTC-04

The “Use Double Dies” option in the “Settings” window allows to connect 2 devices to the
PTCO4 simultaneously. When this option is selected, “Device 1” is on OUT1 and “Device 2”

is on OUT2.

Connector

VDD

Connector

Sensor module

DB HALLOS

ouT1

ouT2

MUST1*

MUST2*

GND

MLX91216/7

MLX91216/7

*The MUST pins are only required for MUST mode communication.
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Some of the most important settings are described here.

ﬂ Device Specific Settings

e[S S

Timings “oltages
Tpor [u=sec] DD Gnd
Treset 1000 [u sec] DD Nom
Thold 50 [u=sec] oo PTC
TEEErase\'rite gooo [u sec] kAust Wmid
hust delasy1 a0 [u=sec] hAust Whigh
bust delanw? 5 [u sec] kAust Wower
Baud rate 20000 [bps]

Icdd lirnit
FMeasure Setup it
Measure Filter  q0Q [times] Prog mode
kMeasure Delaw 1000 [u sec]

[
Al | | Close |

'L nominal chip supply (Vdd)

voltage level for «PtcMode»

0.000 /
£.000 1]
g.000 <—kd
1.140 1]
2160 1]
3.200 1] "

100.000 [rma]

[F’thDdeSupply - ](

programming

limit for PTC supply current (increase to
supply several devices in parallel)
/

select programming mode:

Llse Doukle Dies

| Set Default |

PtcModeSupply: use Vdd=8V to put chip in
communication mode

MUSTMode: use MUST/test pin to communicate (at
nominal Vdd)

\ program two devices in parallel on OUT1 and
OuUT2
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0-Max Solver

Sensor Output
[mv] § [vDD]
5000 - 100
T anget Ryl
a1 0,00 : 4500 + S0
000 _-.'-'-:-::: 4000 | 20 / ‘o"' —
@ | Position 2
3500 4 7O . -~
a000 | €0 e
Position 1 e
—1l=)3 —?=5 -E:O 25 ',"' 255 EIO ?IE |C=|C| Full seale current bed
,-'5;00 40
Concept: The solver starts from the preset gain and, if 1500 - 20
required, it sweeps through all allowed RG settings (max. +/- 1000 | 20
1 for 91206/07) o so0 | 10
Two reference positions are needed for offset and gain .

parameters calibration
1) Zero field/current
2) Positive reference field/current

== High accuracy for offset trimming

o More sensitive to hysteresis and saturation

Melexis
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Min-Max Solver

Sensor Output
[mv] § [vDD)

Position 2

5000 - 100
4500 o0
Target  Fesul
-
-
m 000 -=-._-_.::| 4000 | 80 / o
S0 TR =D ’
(0.00 w500 | 70 ,.o.
"
.'
"
3000 &0

I I I I
+ t + + y t 1
=100 =75 =50 =25 -’ 25 50 75

Concept: The solver starts from the preset gain and /,‘ 1000 1 20
decreases RG only if the output is clamped at Position s00 4 10
1. No RG adjustment is possible at position 2. Position 1 ol

Two reference positions are needed for offset and gain
parameters calibration
1) Negative reference field/current

" . == Low hysteresis, accurate fit
2) Positive reference field/current

o Offset is adjusted by interpolation

1 Full scale current [3:]
100

Melexis
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Measurements window

This window allows to monitor sensor supply and output. It is good practice to check that VDD and IDD are in the

expected range before starting to program the sensor.

Output

L e -100

e e e e e e R E R e 90

)5 peosseEos00000059500 0550505050050 505005 000500 0E00S050S PS5 CODEoEo0E0E50008550085000050000550000850008500005 5 50
[ oo e oE00E0e050500 005050500005 0505005500500050550505 T e EE e S EE e NN e N EEE NNEan NNEa S EE S NeE e SaE e S ;—?U =
e b b et 60 =
e I e e L L L e L L LEE L L 50 =
= H [ =
B I e 40 =
Zdp=======sssssccccssssssssssssssccssssssssssssssssssssspossossssssossssssssssoossosssssssssossssssssssssoooos 30 o=

R e e R L L S ha L Fe=====s====s===scc=ssssssssssssssssssssssssssssssssssas 20

I R L e P PP -10

oo oo oo o

0
. . DD 10D ouUT BAkd——— QUT f OUT ROk—
I Fixed scale I 100 Faints on x-axis S S
— A% — R - A"
“ ot - _ _ < _ <
[ Cloar Chart ] [ [v1 m 220D 2\DD
Fepeat kMMeas. Func.

keasure By Bk | [ kMeasure By ROk ]
[ Gloss ] [ tMeasure OLIT ]

measure by RAM
program RAM with values from the
TEMP register, then measure output

measure by ROM
reset device to program RAM with
EEPROM values, then measure output

measure OUT
perform single measurement

Melexis
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B8 EEPROM Content MLX91216/7

W00 [12]
FoughGain [3]
FineGain [10]
Moise filt [2]

Clamp lewel [2]
Ratiometry [1]
Cutmode [1]

Custamer 1D
Id 0 [16]
Id 1 [16]
Id 2 [16]

Hpos [8]
“pos [8]
‘Whiafer [5]
Lot [17]
Fab [4]
l Seq [5]

Par D [1]

Temp

Cutput function parameters

o o

o

Identification parameters

AL (A (A A A

Image

Temp
Temperature parametars
TC1 [7] o
TC2Hot [6] o

TCZndCald([5] 0
oforitiHat (6] LR
ottt Colc (5] [CHEEN

OfDriftzHot [B] 32

OHDrift2Cald (6] O

Diagnostic parameters

CRC[16]

Electrical parameters
IPlate [4]
CTAT [5]
DsC[5]

Offset [5]

IBias [3]
Feservad [10]

Diff mode [1]
Z mode [1]

Diag lewvel [1]

Clamp trim [B]

Ak (]H |

AlM e

Image

3]
M

| Read EEPROM to Image |

| Copy Image -> Temp |

| Frogram EEFRORM wi Tmp |

| Fead EEFROR + “erify |

| Close |

To change the value of one or several EEPROM
parameter(s), always perform the following steps:

— read EEPROM to Image

— copy Image to Temp

- edit the Temp value(s)

— program EEPROM with Temp
— read EEPROM and verify

The final verification step is required to readback the
updated CRC code.
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MLX91206 TC Particularity

u For MLX91206 only, the temperature compensation parameters TC1, TC2COLD, TC2HOT, OFFDRIFT COLD &
HOT are re-trimmed when the gain (RG, FG) is changed in the application.

1) During Final Test 2) During EOL Front-End Calibration

= Find optimal TC parameters for RG nominal, = Find optimal gain settings based on applied
RG+1 and RG-1 field/current

= Store optimal TC parameters for nominal RG = |If RG and/or FG has changed: correct TC parameters
in EEPROM for new gain settings based on “delta TC”

= Store “delta TC” parameters for RG+1 and parameters and look-up tables built based on the
RG-1 in unused EEPROM bits Final Test results

Note: the algorithm is based on relative gain/TC changes, therefore it will not work correctly if someone

manually changes gain or TC between steps 1 and 2. If a setting is manually changed at any stage, the
complete calibration is lost.




Back-end (MCU level) Calibration



MCU Correction Concept

= Best Suited for: multi-sensors applications, i.e. on power distribution units, where typically 12 to 24
sensors are on the same PCB in order to monitor the current of each channel.

@ All Melexis current sensors are factory-calibrated over temperature!

" The concept:

» assemble the factory-calibrated sensors on each channel

» apply a reference current (for which a precise output is targeted) on each channel and store the
output of each sensor

» compare the obtained output to the reference one and calculate the required corrective factor

» store and apply the corrective factor in the MCU
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