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Introduction

In this document you'll find
a description of:
e The Calibration Setup.
e How to proceed with the calibration
check.
What if the calibration check fails? p\
How does the calibration work? & : _
What do we calibrate? = e =

Calibration Setup

Requirements

Figure 1: PTC04-DB-Calib.
For the calibration test you need:
e A high accuracy voltmeter;
e A PTCO04 calibration board (PTC04-DB-Calib Supporting daughter board for calibration of PTC04
programmer).

The software has an automatic calibration feature. For this you need a Keithley 2000 or an Agilent (HP)
34401A multimeter. The Agilent 34401A multimeter is supported in the PTC04 User Interface revision
1.35 or higher.

If you use the automatic calibration feature, all
channels will be calibrated with the multimeter as
reference meter.

If a manual approach is used, only the first sensing
line is calibrated with the external reference meter.
For all the other channels the first sensing line will be
used as reference.

Connections

1. Replace the daughter board of the PTC04 with
the calibration board:
¢ Remove the cover of the PTC-04;
e Remove the PTC04 Daughter Board of the
MLX device;
e Plugin the PTC04 Calibration Board.

2. Connect the reference voltmeter to the BNC
connector or 4mm PCB Plugs (Both connections
are in parallel).

UoT394q1129-80-$0ILd

3. Connect the RS232 or USB cable to the PTC04
and the PC.

4. Connect the power supply of the PTC04.

Figure 2: Connections
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RS232 settings

The RS232 communication of the multimeter has to be configured as follows:

Keithley 2000 multimeter
BAUD: 19.2K
FLOW: NONE
TX TERM: CR

Calibration Software PTC04

User Manual
Agilent (HP) 34401A multimeter
BAUD: 9600 BAUD: 4800
PARITY: EVEN:7BITS OR  PARITY: NONE: 8BITS
LANGUAGE:  SCPI LANGUAGE:  SCPI

For configuration instructions, please consult the user's manual of your multimeter.
All other settings are set by the software via RS232 commands.

Check Calibration of the programmer

Now your PTC programmer is connected and you can start-up the MPT software.
When the software is started, double click on PTC-04 in the Ul modules list
or select from the menu “Tools - Search devices > All”

ﬁ Melexis Programmable Toolbox

=1

: File Wiew | Tools  Help
=FE X Search devices  »| €L all
workspace m Options Serial
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Figure 3: Melexis Programmable Toolbox.
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The software will search for all available devices. When a PTC programmer is found it will be initialized.
Otherwise the software will display a notification that no PTC devices have been found and will enter the
disconnected state.

P -~ If the connection failed, check the serial cable
®# User Interface PTC-04 E]@ and power connection or change the settings if
you have connected the programmer to a
different serial port.

[ Test programmer ] | Calibrate |

To open the Calibration test module, press the
button Calibrate on the PTCO04 User Interface.

’ Configuration ] l Firrmware commander ]

[ |Jpload firrmware ]

Figure 4: User Interface PTC-04.

Calibration check

This module of the PTC-04 User Interface is used to verify if the calibration parameters of the programmer
are within tolerance. The software will check the power drivers (DAC) and the voltmeter (ADC), and
compare its results with the calibration parameters. If the calibration parameters are out of tolerance, they
can be corrected.

Before starting the calibration check

e |t is advised to leave the programmer powered up for minimum 30 to 60 minutes before starting
the calibration. For the accuracy of the calibration, it is important that the programmer is at
operating temperature.

e Very important: do not connect any load on the connectors of the calibration board during the
calibration check. Any additional load will corrupt the calibration parameters and lead to an
unusable set-up. If this should happen, restart the calibrate check without a load connected to the

programmer.

e If you have a Keithley 2000 or an Agilent (HP) 34401A Multimeter, select the correct multimeter
from the selection box (1) before you start the calibration check. The multimeter has to be
connected to the PC used for the calibration check. The default COM-port for the multimeter is
COM2. One can change the selected COM-port in the “COM port #” Edit-box (2).
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B Calibration Check =[5

Measurement ADC or DAC Vs. reference Meter.

B5000 f - g e

5 |
55,000 4 ____________________________
BOA00 - J ............................
OBEED: bo==c=sescasscsossasaascssas J ----------------------------

40,000

WL
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[=R=
o o
o o

25,000 4

Internal Measurement

20,000 4
15,000 4
10,000 4

5,000 4

Reference Meter

0 Difference — Measured B l

M anwal input of measurements ™ COM port # |2 Werify Calibration

1 2

Figure 5: Calibration Check.

e Press Verify Calibration to start the calibration.

You are reminded to leave your PTC04 powered up for minimum 30 to 60 minutes before starting the

calibration.
7 T
Calibration Check o4
You are about to stark the calibration check of vour Melexis Programmer,
! For this calibration check, a high precision voltmeter is required.
The accuracy of the calibration check depends on the precision of the voltmeter,
For the automatic calibration check, a Keithley 2000
or Agilent 344014 Multimeter is required.
Important note:
It is advised to leave the programmer powered up For
rminirnum 30 to 60 minukes before starting the calibration,
Stark Check?
ves | [ o
Figure 6: Start Check?
e Press yes to continue.
User manual calibration software PTC04 Page 6 of 17 February 10

Ul_OPTCO04AAMLX Rev. 1.35

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5639137/PTC-04-DB-CALIB.html

Melexié Calibration Software PTC04

User Manual

Microelectronic Infegrated Systems

If you don’t use a Keithley 2000 or Agilent 34401A multi meter, you have to use a high accuracy
voltmeter. The accuracy of the calibration depends on the precision of the voltmeter and the number of
digits entered. With a manual voltmeter, the program will start with calibrating the internal voltmeter which
will be used to check the PTC04 programmer.

Calibration Check »

You chose a manual voltmeter,
! Remember, the accuracy of the calibration check
-

depends on the precision of the voltmeter,

Proceed Checkr

[ e J[ o

Figure 7: Proceed Check?

e Press yes to continue.

At this stage the software will check if the calibration board and, if selected, the Keithley 2000 or Agilent
34401A Multimeter are connected. If the calibration board is not detected, a message is shown.

-,

Calibration Check w

Please check if the Calibration board For the PTCO4 is inserted in the programmer
! and if the reference voltmerer is connected!

Are they connected?

Yes ] [ o

Figure 8: Check setup

e |f the setup is not complete, press No, switch of the programmer, check your setup and restart the
program.
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Manual voltmeter

If the Keithley 2000 or Agilent 34401A multimeter feature is not selected the program will ask you to put in
a few values from your voltmeter manually. These are used to calibrate the first sensing line of the PTC-
04. This sensing line will be used as reference meter for the calibration check.

Note: the accuracy of the calibration depends on the precision of the voltmeter and the number of digits
you enter.

~

Calibration Check

P | The calibration check will now start with measuring the internal reference channel,
\-"4/ Far this test, a few measurements will have ko be inserked manually.

| Ok, | [ Cancel

Figure 9: Manual calibration internal reference meter.

e Press OK to continue.

For the calibration of the internal reference meter, two series of 32 values are required. Once the internal
reference meter is calibrated the software will continue with the calibration check.

Note: the decimal separator of the software is “.” not “,”. If one uses a “,” as decimal separator, the
calculated parameters will be incorrect.

e -

Input Box Manual Yoltmeter

Give new value from voltmeter in WOLT

I OF. I [ Cancel

Figure 10: Input Box Manual Voltmeter.
¢ Insert the value from the voltmeter in volt [V] and press OK.

Note: If you entered a wrong value, press Cancel. Two error messages are shown.

- -~y ..

Calibration Check Calibration Check

@ Check Measuring Line 1 Failed @ The calibration check has been cancelled!

one of the A0C or DAC channels Failed
during the calibration check.

Figure 11: Check Measuring line 1 Failed

Figure 12: The calibration check has been cancelled.

e Press OK on both messages to continue.

Now the calibration check is terminated, you can restart the calibration check.
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Now the calibration software will perform a number of measurements on all the ADC and DAC channels of
the programmer. This can take several minutes. At the end of the calibration check the program verifies if

a correction of the calibration parameters is needed.

BH Calibration Check

BEX

Measurement ADC or DAC Vs,

reference Meter.

--p0.000s
- -fo.oo0
- -f0.0000s

o

|--0.00005

- -f-0.0002

- -|F-0.00025

Reference Meter

0 Difference — Measured B l

Keithley 2000 Multimeter: 19200,4.8.1

v COM part # |2

Check Measuring Line 1

aoualalg
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Gain= 0.052038,
Gain= 00012485,
Gain=0.001155,
Gain=0.001155,
Gain=0.001155,
Gain= 00011586,
Gain= 0.001156,
Gain= 00011586,
Gain=0.001156,
Gain= 0.000240,

Offset=-1705.302612
Offget=-40.782356
Offset=-37.847111
Offset=-37.847111
Offset=-37.847111
Offset=-37.875832
Offset= -37.876537
Offset=-37.876450
Dffget=-37.876514
Offset=-7.671399

Gain=-0.000521, Offset= 19.317142
Gain= 0000240, Offzet=-7.871408
Gain=-0.000520, Offset= 19.273140
Gain= 0000240, Offzet=-7.871329
Gain=-0.000519, Offset= 19.249542

Gain= 0.000240,
Gain= 0.000300,
Gain= 0.000240,
Gain= 0.000240,
Gain= 0.000240,
Gain= 0.000240,
Gain= 0.000521,
Gain= 0.000522,
Gain= 0.000523,
Gain=0.000147,

Offset=-7.871013
Offset=-0.069535
Offset=-7.875896
Offset=-7.675547
Dffget=-7.875929
Offset=-7.875911
Offset=0.009744
Offset=-0.016640
Offset= 0.003430
Offset= 0.019467

Gain=-0.008124, Offset= 535 874634
Gain=-0.008570. Offset= 546195303
Gain=-0.008520. Offset= 546 691223
Gain= 0.000215, Offset= -0.508300

~

Figure 13: Calibration Check

There are three possible outcomes

1. The program notifies you that the current calibration is out of tolerance and ask you if you want to
corrected the calibration parameters or not.

Calibration Check

4

Calibrate?

Yes

Mo

The current calibration of the Programmer is out of tolerance!
If wou would like to correct the calibration parameters (Calibrate), press ¥ES.

Figure 14: Calibrate?

e [f you press yes, the new calibration parameters are written into the PTCO04.

e If you press no, there are no modifications done.
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2. The program notifies you that the current calibration is within tolerance! No Correction of the
calibration parameters (Calibration) is needed.

L o

Calibration Check

] The current calibration of the Programmer is within tolerance!
““"q/ Mo correction of the calibration parameters (Calibration) is needed.

Would you like to correct the calibration parameters anyway?,

Yes ] [ o

Figure 15: Calibrate Anyway?

If no calibration is needed you can still choose to calibrate or not.
e If you press yes, the new calibration parameters are written into the PTC04.

e If you press no, there are no modifications done.

3. At the end of the calibration, the software verifies if the programmer was at temperature when the
calibration started. If the programmer was not at temperature, the following message is given.

Warning

'T The current calibration of the programmer is out of tolerance!
L

Important noke:
The programmer is not completely warmed up.
It is advised ta leave the programmer powered up For
mimirmum 30 minutes before starting the calibration,

If wou would like to correct
the calibration parameters {Calibrate), press YES.

Calibrate?

[ Yes ] [ Mo

Figure 16: Programmer is not at temperature.

It is advised not to calibrate (store the new calibration parameters in the programmer) when the
programmer is not at operating temperature. This is important for the accuracy of the PTC04 programmer.

e |f you press yes, the new calibration parameters are written into the PTCO04.

e If you press no, there are no modifications done.
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When you choose to calibrate (press yes), the new calibration parameters are written into the PTC04.
Afterwards the software verifies if the writing of the calibration data in the PTC04 was done correctly.

B Calibration Check

Measurement ADC or DAC Vs. reference Meter.

34§
324
30
284

ADC Measurements (V)
- - L) [ L) L)
o oo [=) %) = o
aouaJaglg

-

12

Reference Meter

0 Difference — Measured B l

Keithley 2000 Multimeter: 19200,4.8.1 v | COM pork i |2 “Werify Calibration

BE

Werifying written calibration parameters to FTC: ad
Channel= 00, Gain= 0.001155, Offset= -37.843731
Channel= 01, Gain= 0.077207, Offset= -2627 810547
Channel= 02, Gain= 0.001155, Offset= -37. 849266
Channel= 03, Gain= 0.077195, Offset= -2R27 424561
Channel= 04, Gain= 0.001155, Offset= -37.849270
Channel= 05, Gain= 0.07715E, Offsat= -2626.1 45264
Channel= 0B, Gain= 0.001155, Offset= -37. 846293
Channel= 07, Gain= 0.052048, Cffset= -1705.671509
Channel= 08, Gain= 0.001245, Offset= -40.735049
Channel= 08, Gain= 0.001155, Offset= -37.843731
Channel= 10, Gain= 0.001155, Offset= -37.843731
Channel= 11, Gain= 0.001155, Offset= -37.843731
Channel= 12, Gain= 0.00115E, Offset= -37. 873642
Channel= 13, Gain= 0.00115E, Offset= -37. 873635
Channel= 14, Gain= 0.00115E, Cffset= -37. 873547
Channel= 15, Gain= 0.00115E, Offset= -37.873814
Channel= 16, Gain= 0.000240, Cffset= -7 871121
Channel= 17, Gain=-0.00051E, Offset= 19.157436
Channel= 18, Gain= 0.000240, Offset= -7 871174
Channel= 18, Gain=-0.000515, Offset= 19.087780
Channel= 20, Gain= 0.000240, Offset= -7 871073
Channel= 21, Gain=-0.000515, Offset= 19110796
Channel= 22, Gain= 0.000240, Offset= -7 870821
Channel= 23, Gain= 0.000300, Cffset= -0.156248
Channel= 28, Gain= 0.000240, Cffset= -7 875515
Channel= 28, Gain= 0.000240, Cffsat= -7 875670
Channel= 30, Gain= 0.000240, Offset= -7 875609
Channel= 31, Gain= 0.000240, COffset= -7 875636
Source= 00, Gain= 0.000521, Offset= 0.009303
Source= 01, Gain= 0.000522, Offset=-0.014301
Source= 02, Gain= 0.000523, Offset= 0.002263
Source= 03, Gain= 0.000197, Offset= 0.019446
Source= 04, Gain=-0.008131, Offset= 536057678
Source= 05, Gain=-0.008575, Offset= 546.299985
Source= 0B, Gain=-0.008524, Offzet= 546902627
Source= 07, Gain= 0.000215, Offset=-0.508500

The Calibration check has been ended successfully. The Programmers calibration parameters are Corrected.

Figure 17: The Calibration check has been ended successfully.

Now the calibration check is completed.

The END status of the calibration check is shown in the status bar of the calibration window.
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What if the Calibration check failed

When the calibration fails, it is usually caused by a bad connection, measurement or incorrect input of
measured data. If this occurs, check the setup and redo the calibration check.

Very important:
e |f the calibration check is done with a manual voltmeter, you have to take extra care that the
measurements are done correctly. These measurements are used to calibrate the first sensing
line of the PTC-04. This sensing line will be used as reference meter for the calibration check.

e The accuracy of the calibration also depends on the precision of the voltmeter and the number of
digits you enter for each measurement.

e The connection of the calibration board and the voltmeter are very imported. A bad connection or
any additional load will corrupt the calibration parameters.

e The decimal separator of the software is “.” Not “,”. If one uses a “,” as decimal separator, the
calibration of the first sensing line will not be done correctly.

Measurement failed

The following error message is shown during the calibration procedure;
e If there is a bad connection in the setup. For example: between the PTC04 main board and the
calibration board.

e When using a Keithley 2000 multimeter for the calibration, the failure can also be caused by a
wrong measurement of the Keithley. For example: communication error.

e When you are using the manual calibration procedure. The software will perform a check on the
data you enter. If there is a large deviation from the expected data. The check will fail and the
calibration check is ended.

F- ~
Calibration Check . Calibration Check

The calibration check has been cancelled!
Check Measuring Line 1 Failed
one of the A0C or DAC channels Failed

during the calibration check.

Figure 18: Check Measuring line 1 Failed
Figure 19: The calibration check has been cancelled.

To determine this:
e Press OK on both messages to cancel the calibration check.

e Remove the calibration board, place it back and check the connections with the voltmeter. The
connection of the calibration board and the voltmeter are very imported. A bad connection or any
additional load will corrupt the calibration parameters.

e After checking the setup, restart the calibration check. If the same channel fails again it is possible
that there is hardware damaged on the PTCO04.
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Large deviation

When all the measurements are completed, the software calculates the new calibration parameter.

After the calculation of the calibration parameters, the software verifies if there is a large deviation with the
standard (expected) calibration parameters. If the deviation is too large the following warning message is
shown.

f = =1

Warning!

' The calculated Calibration parameters show a large deviation from the standard values.,
. It is advised to redo the Calibration Check,

Figure 20: Large deviation of the calibration parameters.

In the main window you get a list of the channels that have a large deviation from the default values.

B Calibration Check M|[=15<

Source= 01, Offset= -0.016640 should ke -0.015470 ; Fail [~
Measurement ADC or DAC Vs. refersnce Meter. Source= 01, Gain= 0000522 should be 0.000522 : Pass
Absolute Accuracy on CODE 1 for Source= 01 Pass
Absolute Accuracy on CODE 2 for Source= 01 Pass
Source= 02, Offset= 0.003430 should be 0.0025845 : Pass
Source= 02, Gain= 0000523 should be 0.000523 : Pass
Ahsolute Accuracy on CODE 1 for Source= 02 Pass
Absolute Accuracy on CODE 2 for Source= 02 Pass
Source= 03 Offset= 0.019467 should be 0.019423 : Pass
Source= 03 Gain= 00001597 should be 0.000197 : Pass
Ahsolute Accuracy on CODE 1 for Source= 03 : Pass
Absolute Accuracy on CODE 2 for Source= 03 Pass
Source= 04, Offset= 535874634 should be 536.156982 : Pass
Source= 04, Gain = -0.008124 should be -0.008131 : Pass
Absolute Accuracy on CODE 1 for Source=  04: Pass
Absolute Accuracy on CODE 2 for Source= 04 Pass
Source= 05, Offset= 546.198303 should be 546.264771 : Pass
Source= 05, Gain = -0.008570 should be -0.008573 : Pass
Absolute Accuracy on CODE 1 for Source=  05: Pass
Ahsolute Accuracy on CODE 2 for Source= 05 Pass
Source= 06, Offset= 546691223 should be 547.004089 : Pass
Source= 06, Gain = -0.0085%20 should ke -0.00852% : Pass
Absolute Accuracy on CODE 1 for Source= 06 Pass

Reference Meter Absolute Accuracy on CODE 2 for Source= 06 Pass
Source= 07, Offset=-0508800 should be -0.508500 : Pass
0 Difference — Measured B | Source= 07, Gain = 0000215 should be 0.000215 : Pass

Ahsolute Accuracy on CODE 1 for Source= 07 Pass
Absolute Accuracy on CODE 2 for Source= 07 : Pass

|Keith|e_l,l 2000 Mulimeter: 1920014 8.1 [v] COM part |2 ety Calibation |There is alarge devigtion from the defaultwvalues on ADC Channel 23
b

The Calibration check Failed. The Programmers calibration parameters have not been changed.

Figure 21: List of channels that have a large deviation.

The large deviation could be a result of incorrect reference measurements.
If it occurs:
e Remove the calibration board, place it back and check the connections with the voltmeter. The
connection of the calibration board and the voltmeter are very imported. A bad connection or any
additional load will corrupt the calibration parameters.

e After checking the setup, restart the calibration check. If the same channel(s) fail(s) again it is
possible that there is hardware damaged on the PTCO04.
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Loggings
Each time a calibration check is performed and the new correction parameters are saved in the PTC-04

programmer, the old and the new parameters are logged in a file called “Calibration Log.txt”. This file is for
information purpose only and is not used by the PTC-04 programmer.

Calibration details

How does the calibration work?
ADC

In the graph below, you have two curves: the measurements of the ADC (left Y-axis) and the reference
measurements of the external voltmeter (the right Y-axis). The internal voltage source is used as supply
(Set DAC X-axis). The purpose of the calibration check is to compare the ADC with the external high
precision voltmeter.

For the check, a number of voltage values are measured to calculate the difference between the ADC of
the PTC04 and the External Voltmeter which results in to correction parameters for offset and gain.

Calibration check ADC

30000 8
25000 - T’
—_ +6 O
Qo i o
% 20000 15 § S
w B
a 15000 4% 2
< < E
Q10000 //'.7 T3 ES
a g S
< 1+ 2 E
5000 14
O T T T O
0 500 1000 1500 2000
Set DAC
—e— ADC PTC-03 —=— Ext. VOLTMETER
Graph 1
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DAC

In the 2nd graph, you have agene two curves: the Set DAC (left Y-axis) and the reference measurements
of the external voltmeter (the right Y-axis). The purpose of the calibration check is to compare the DAC
with the external high precision voltmeter.

Also for this check, a number of values are measured to calculate the difference between the DAC of the
PTCO04 and the External Voltmeter which results in to correction parameters for offset and gain.

Calibration check DAC

1800 8
1600 - / I
1400 / 6
— T o
o ()
o 1000 . 25
las52
S 800 - g3
o 13 2=
< 600 §°¢
400 - T2 x
200 1
0 T T T 0
0 500 1000 1500 2000

Set Value

—o— DAC PTC-03 —e— Ext. VOLTMETER

Graph 2

At the end of the calibration check these values, of the ADC channels and the DAC, are compared with
the values stored in the PTC. If the parameters for offset and gain, that are currently stored in the PTC04,
are out of specifications in comparison with the new correction parameters, the software gives a warning
and asks if the new correction parameter may be saved.
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There are four sensing lines with independent ground connection.
The source and reference that are used to calibrate the sensing lines are PPS 1 and the external

voltmeter.

Sensing line 1
Sensing line 2
Sensing line 3
Sensing line 4

PPS1:

channel 12 and Channel 28
channel 13 and Channel 29
channel 14 and Channel 30
channel 15 and Channel 31

High sensitivity) of the ADC;
High sensitivity) of the ADC;
High sensitivity) of the ADC;
High sensitivity) of the ADC.

Py

For each PPS, the software checks the ADC first then the DAC and then the additional channels that are

connected to that source.

Voltmeter on the PPS1
PPS1

Current meter on the PPS1
PPS 5: IDD limiter PPS1

PPS2:

Voltmeter on the PPS2
PPS2

Current meter on the PPS2
PPS 6: IDD limiter PPS2

PPS3:

Voltmeter on the PPS3
PPS3

Current meter on the PPS3
PPS7: IDD limiter PPS3

PPS4:

Voltmeter on the PPS4
PPS4

Current meter on the PPS4
PPS8: IDD limiter PPS4
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channel 0 and Channel 16 (High sensitivity) of the ADC;
channel 0 of the DAC;
channel 1 of the ADC;
channel 4 of the DAC.

channel 2 and Channel 18 (High sensitivity) of the ADC;
channel 1 of the DAC;
channel 3 of the ADC;
channel 5 of the DAC.

channel 4 and Channel 20 (High sensitivity) of the ADC;
channel 2 of the DAC;
channel 5 of the ADC;
channel 6 of the DAC.

channel 6 and Channel 22 (High sensitivity) of the ADC;
channel 3 of the DAC;
channel 7 of the ADC;
channel 7 of the DAC.
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Disclaimer

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.

© 2010 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 13 670 495 Phone: +1 603 223 2362
E-mail: sales_europe @melexis.com E-mail: sales_usa@melexis.com

ISO/TS 16949 and 1SO14001 Certified
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