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1 Introduction

Most types of capacitive sensors show a non-linear behavior. This means that the physical unit Z and
the sensor’s capacitance are not simply linearly proportional. Furthermore, the relation will include a
temperature dependent term. The physical unit itself may be pressure, humidity, position or anything
else. This application note describes the linearization firmware “PCap04 Linearize Firmware”. This
firmware is provided by ams for free and can be used to linearize sensors and to compensate them
over temperature as measured inside the chip. The 32-bit DSP uses the resistance ratio to calculate
the temperature and, based on this, takes a capacitance ratio to do all the further calculations. The
final results Z for the sensor and the temperature 9 are provided in PCap04 Results Registers 0 and 1.

The linearization coefficients can be determined and stored individually in the EEPROM. For a
simplified process, the firmware offers the option of a simple 2-point calibration where the same initial
linearization coefficients are used across a complete batch of sensors. Individual sensors are then
finely calibrated only at two points.

Chapter 3 will cover how this can be done with the evaluation Kit.

1.1 Non-Linearity and Temperature Dependence

The characteristics of the non-linearity as well as the behavior over temperature are defined by the
mechanical, electrical and chemical properties of the sensor itself.

Application Note « PUBLIC
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Figure 1:
Non-Linearity and Temperature Dependence

Non-linearity and Temperature Depndence

Measured Capacitance

Physical Unit Z

In any case it is necessary to characterize a sensor by collecting data at different temperatures for
various reference values of the unit of interest. On the basis of those data, the measured values can
be corrected by means of a correction table or a complex mathematical calculation for linearization.

Polynomial Approximation

An elegant way to approximate a non-linear function is the polynomial approach. The higher the order
of the polynomial the better it will match the function. Of course, the mathematical effort will also
increase with this method. The following graph illustrates the “best-fit” — curves ranging from a straight

line to a 3 order polynomial:

24| 4
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Figure 2 :
Polynomial Approximation

¢ Non - Linear Data Points

f Polynomial 3" Order

/

Linear Approximation

e

/

<

The blue dots indicate a non-linear response of a sensor. The red line shows the linear approximation,
the yellow line an approximation by a polynomial of 2" order and the green line an approximation by a
polynomial of 3 order. Obviously, the quality of approximation gets better the higher the order of the
polynomial — especially if the non-linear curve bends several times and/or has an inflection point.

The PCap04 linearization firmware implements a 3-order polynomial approach for the linearization of
the capacitance as well as for the resistance-to-temperature conversion.

Equation 1:
Z = k3C3 + szZ + k1C + ko
Equation 2:

9 = tcgR3 + te,R? + tey R + teg

Ky Coefficients of the capacitance polynomial
tex Coefficients of the temperature polynomial
C Capacitance ratio

R Resistance ratio

Z Output quantity

9 Temperature

Application Note « PUBLIC
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Additionally, the temperature information is used to correct the capacitance information. This
correction is done by replacing the linearization coefficients by polynomials of second degree with
temperature.

Equation 3:

ks = cc39% + cc39 + cesg

Equation 4:

ky = ccyp9? + ey + ciyy

Equation 5:

ky = ccip9% + ccq19 + ccq

Equation 6:

ko = CC02192 + CC0119 + CCopo

Ky Coefficients of linearization polynomial
CCx Coefficients of temperature compensated polynomial
9 Temperature

The 12 coefficients ccx fully describe the characteristics of the sensor. The key point is to determine
the coefficients accurately to describe the non-linear characteristic of the sensor in the best possible
way. The choice of the right calibrations points is therefore important.

Note that in the firmware the function is expressed as a function of the temperature and capacitance.
Replacing kx with a, with the substitution from (1), (3), (4), (5) and (6) and regrouping the formula
gives (7) with output quantity of Z.:

Equation 7:

Z = a2192 +a119+a0

1.3 Determination of Coefficients

The ccx coefficients for linearization are determined by means of least squares method. A set of
measurement data needs to be collected to characterize the sensor. The physical parameter should
be measured at minimum four values and three temperatures, in total minimum 12 points, to have
enough data for a polynomial of third degree. Having more points will give better approximation.
Critical points might be weighted by adding them twice.

Application Note « PUBLIC
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Figure 3:
Coefficients Example

2] Y4 Cr/Cs
20°C 10% 0.85123
20°C 20% 0.86443
20°C 30% 0.87743
40 °C 10% 0.8411

Having such a data set, it is possible to determine the linearization coefficients by means of e.g. the
“least squares" method, LINEST or RGP function in Excel.

Figure 4 shows the major action items during a calibration run:

Al Collect raw data of capacitance ratio (ci_ratio) at various measure points by means of the

linearization firmware.

A2 Transfer these data to the DLL, which can be found in the default installation folder:
c:\Program Files (x86)\ams\PCap04\data\linearize_r01.dll.

A.3 In the DLL the coefficients will be calculated.
Follow chapter 3 to accomplish these tasks with the evaluation software

A4 Get back the coefficients ccx and write the coefficients into the EEPROM.

B Make again measurements at various points and read back the Z output for verification.

Figure 4:
Calibration Run

executed by PC

/" Manual Inputof | Output: IE' Dynamie Link e | [ Manual Input
\ the coefficients W Coefficients (DLL? of the ratios

—
izc/sel ¥ @ 12€ / SPI
k.
4 I Pcap04
i’"" T T [}
L 1 I: Result Registers:
EEprom —®  RES6 > ci_ratio

] RES7 = r_ratio

2y

_ CDC- / RDC-Unit: B Firmware: N Result Registers: 12¢/ Output: Z result
Measurement Measurement of LINEARIZE RESO > Z: e.g. RH% —"cp, values (e.g. RH%)
the ratios > RES1 = theta [°C] -
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1.4 Sensor Characterization

This procedure can be used for a full calibration of each single transducer to achieve the best
precision.

1.4.1 1-2 Point Calibration

In many applications, a full calibration of every single sensor will be too expensive. In case the
sensors show more or less the same characteristics over a production lot, there is a chance that 2-
point calibration or even 1-point calibration is sufficient to achieve a good level of precision. In such
case, the full measurement data set is collected only for a small number of samples. The coefficients
from this sample lot are then used for all other sensors of the lot. The individual sensor itself is
calibrated only at two points, ideally taken at two different temperatures. From those two calibration
points, the offset and slope are calculated and used to correct the initial capacitance ratio. For
convenience, the firmware is programmed in a way that the user enters the theoretical ratios at the
two calibration points and then the really measured ratios.

Figure 5:
2-Point Calibrated Intermediate Result

A
Xi@ccp2 A
Xi
Xi@ccp1
)
Cimccp1 Ci Ci@ccr2

The 2-point calibrated intermediate result xi is calculated as:
Equation 8:

_ Xi@ccr2 ~ Xi@ccp1
i = — * (¢; — Ciocep1) + Xiaccr1
Cieccr2 ~ Ci@ccp1

Application Note « PUBLIC
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Xiacce  Theoretical capacitance ratios at calibration points
ciecce Measured capacitance ratios at calibration points
Ci Actual capacitance ratio

Xi 2-point corrected capacitance ratio

This intermediate xi result is then fed into the linearization polynomial for calculation of the final Z
result. In case of a 1-point calibration the coefficients Xieccpr and Cieccpr Simply need to be set to 0.

Application Note « PUBLIC
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2.1 Functionality

The Firmware is capable of performing these tasks:

° Capacitance

Output of original inverted capacitance ratio ci_ratio (c_ref/c_sense)
Output of xi: 2-point corrected capacitance ratio

Output of Z: Linearized and temperature corrected result
Selectable sensor port

Single result, no support for combo sensors at the moment
Polynomial of 3 order for the capacitance linearization

Coefficients are temperature corrected by a polynomial of 2" order
=> Total 12 coefficients

2-point calibration => another 4 calibration values

Programmable limits for minimum/maximum of Z

° Temperature

Output of original inverted resistance ratio ri_ratio (r_ref/r_sense)
Output of 2-point corrected resistance ratio yi

Output of final temperature 9 in °C

Selectable temperature sensor input (R0..R2 in PARAS)

Single result

Linearization by polynomial 3 order

=> 4 coefficients + 4 calibration values from 2-point calibration
Programmable limits for minimum/maximum of 9

° Alarm Outputs

° PDM

° Filter

Application Note « PUBLIC

2 Alarm Outputs

Selectable alarm source (Z-result/theta, 1 bit in PARAS8)
On/off threshold each

Selectable polarity

Pulse0:= Capacitance is fixed

Pulsel:= Temperature is fixed

Each output is scalable via “scale” and “offset”
Limits can be set in LSB

Selectable median 5 filter for capacitance
Selectable median 5 filter for temperature
Both to be activated in PARAS8

ANO000615 » v1-00 « 2019-May-15

PCap04
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2.2 Implemented Functions
2.2.1 Variables and Coefficients

C = C:—:e Inverse capacitance ratio

= m:;ﬁ Inverse resistance ratio

VA Linearized and temperature compensated final result

CCry Coefficients for the capacitance polynomial, non-inverse

tcy Coefficients for the temperature polynomial, non-inverse

Xi@ccpn Expected values for capacitance ratios with 2-point calibration

X; Inverse 2-point corrected capacitance ratio

Vi Inverse 2-point corrected resistance ratio

) Linearized temperature result

CCiy, Coefficients for the inverse capacitance polynomial

tci Coefficients for the inverse temperature polynomial

YieTcrn Expected values for resistance ratios with 2-point calibration
2.2.2 Temperature Linearization

y; = LeICP2_IOTCPL o (1 — 1 0rcp1) + YViorcp Inverse Linearized Resistance Ratio (2-Point

Ti@TCP2-Ti@TCP1
Calibration)
y; = TQW) = Y3 _, tci 9k Inverse Temperature Polynomial
9=TP(y) =TQ ' =3Y3_,tcy *y—ik Temperature Polynomial
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2.2.3 Sensor Linearization

x; = @ICP2=TIOTCRL y (o) — ¢0mepy) + Xi@rept Inverse Linearized Capacitance Ratio (2-Point

Ci@TCP2-ci@TCcp1
Calibration)

x; = CQ(2,9) = Yi—o iy CCp, 2*0" Inverse Capacitance Polynomial

Z=CP(x;,9)=CQ =332, cck,lﬁﬁl Capacitance Polynomial
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3 Linearization with Evaluation Kit Software

3.1 Introduction

The following exercise should give you an understanding how to use the PCap04 Evaluation Kit to
linearize a sensor. The goal in this approach is to linearize a simple capacitive potentiometer. After
linearization, the sensor and PCap04 together should build up an absolute position sensor. The
linearized output will represent the absolute angle position in degree. How to set up the Eval Kit and
evaluation software is not part of this document. This topic is covered in the user guide manual
“PCap04_UG000358_1-00". Be sure you are familiar with this user guide before continuing the
exercise.

3.2 Hardware Test Setup

Be sure your eval kit is set up correctly and ready to run. Replace the discrete capacitance between
PCO0 and PC1 with a capacitive potentiometer. The proposed value for this exercise would be in the
range of 1 pF to 31 pF. Keep the wires to the sensor short and thin to reduce the influence of noise.

Figure 6:
Sensor Setup

Single Floating

—_—
pis
q
o S
— S
T3
F a
pL2

Sensor ;
rCO

N
H-E

|

Figure 6 shows how to connect the capacitive potentiometer.
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3.3 Software Linearization Tool

3.3.1 Linearized Firmware

Your hardware setup should now be ready. Power up your kit and start PCap04 evaluation software.
The PCap04 evaluation software includes tools to linearize your sensor. In order to do this you have to
load a firmware with linearized functionally on PCap04. The fastest way to do so, is to use one of the
quick load buttons “Humidity” or “Pressure” on the main screen.

Figure 7 :
Setup Screen

Verify Interface

[l ams PCap04 — X
File Memory Tools Intefface Help
Setup  CDCFrontend CDC RDC PDM/PWM DSP/GPIO  Misc Expert a ' ' ‘ ig“"ﬁ
i
Select Device
; ) Read Device
|PCap04vl v | Version from Chip Open Graph ‘
Configurations ready to use with Evaluation System Start Measurement |
— T ~ writeConfig |
Standard Humidity Pressure Write Complete }
r 5 ; == - Power On Reset |
- Pure capacitance ratios - Humidity in rh% at RESO - Pressure in % at RESO = |
- Pure resistance ratios - Temperature in *C at RES1 |- Temperature in °C at RES1 Init Reset |
- Considers configured -C Sense: PCO & PC1: - C Sense: PCO & PC1:
compensation mode - Floating single - Floating single
- Internal reference - Internal reference
- Internal temperature - Internal temperature
sensor and reference sensor and reference
- PDM PULSEQ rh% - PDM PULSEQ pressure in %
- PDM PULSEL temperature - PDM PULSE1 temperature
- Update rate: 5 Hz - Update rate 500Hz
runbit @)

Combined Error ’j

FPICOCAP

#  Name Results Filter fpp | Factor| Offset Span Final Result‘MeangW Std Dev | SNR [bit]
[0 | FRO ) rore | l8%0 |1 0 o |e le e e
1/ FR1 C rone [ Jf450 (1 [0 o e e I
2 FR2 e none [ fS140 |1 |0 o |o e |e e
3 FR3 ") none 0% ;J‘o 1 [0 o o e i) e
4| FRe [ rore (V%0 1 |0 o |e I’ I o
5 FRS e rone [ IS0 1 |0 0o e e e K
6 | FR6 ) none [ fS450 |1 0 o e e i e
7 | FR7 e none 3 3110 [1 0 o e e e -]

In this case, we have selected the Humidity button. You may notice that immediately some namings

and settings have changed.
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Figure 8 shows the name and final result of the current measurement. Here it is configured for
humidity sensors.

Figure 8 :
Setup Screen (Name and Final Result Columns)

Name Filter

Factor | Offset Final Result ean g 100 | Std Dewv | SNR [bit]
Humidity f %rH none

1 0 16,332 18,4917k | 73,77k | -9,527
theta [ °C none 1 0 57,375 18,6261k | 74,61k -8,821
ci_out none 1 0 1 2,18444 2,987 | -1,539
= none 1 0 1 JU/584 | 488,747m | 524,7m | 93@,3m

4 | xi_out 187D6C@3 |none 1 0 1 6,12248  2,17413 |2,914 -1,543
5 | yi_out 8226D4AC | none 1 0 1 1,87584 | 387,299m | 519m | 946,2m
6 Pulse_? BBBBAATS | none 1 0 1 2,675k 976,41 | 1,389 -1@,35
7 | Pulse_theta | @@8825C4 |none 1 0 1 | 9,668k 627,743k | 4,391M| -22,67

#0 “Humidity / %rH” is the name for the linearized final result of the sensor.

#1 “theta/ °C” is the name for final result of the temperature.

#2 “ci_out” is the ratio between sensor and reference capacitance.

Our goal is to have a final linearized result in degree. Therefore, we change the name in column #0 to
“Angle [°]".Click the cell to modify it. For now leave the others as is.

3.3.2 Sensor Configuration

Now we have to bring sensor and reference into a proper ratio. Therefore, select the “CDC Frontend”
tab.

Application Note « PUBLIC
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Figure 9:
CDC Frontend Tab

PCap04

Linearization with Evaluation Kit Software

[l ams PCap04
File

CDC Frontend

Capacitance Measurement Scheme Cap. Port Select

012345
Peeeee

Port Error

erface Help

Setup CDC RDC PDM/PWM  DSP/GPIO  Misc  Expert

e to Digital Conversion Frontend

Stray Compensation

Floating | Single \v}i(i'i |Both [~z

Discharge Resistance Port 0.3 Discharge Resistance Port4.5 Charge Resistance
90k ~a [0k , |10k ~o

[

C Reference Select

Internal Cap.

= pF

internal v/ 31

ami

Open Graph

e
|
sl

Start Measurement ‘

Write Config

L Power On Reset

|
Write Complete ‘
|

Init Reset \

Runbit Q/\'

Combined Error Q.’

FICOCAP

2 | Name Resuits Filter fpp | Factor | Offset Span | Final Result | Meang@ Std Dev

[0 | Humidity / %rH @@@860FC | [ o o] 100 | 96,9844 | 96,9838 | 7,204m
1/theta/°c | 00003804 | [T o kol 165 | 56,0156 | 56,8425  19,49m
2 | ci_out | 883F9B49 [T o ho|1 | 1,03106 | 1,03108  77,55u
3 rout | 84524605 | 1 [o ho|1 | 1,08035 | 1,08025  64,79u
4 | xi_out | @a1rcoas | 1 o hol1  |1,03106 | 1,03108  77,55u
5 | yi_out | 9229236A | 1 o ho| 1 | 1,08035 | 1,08025 | 64,79u
6 | Pulse_Z | 80@03E10 | [T o ol 1 15,888k | 15,8882k 1,156

7 | Pulse_theta | 0000253D [ o o1 9,533k | 9,53554k 1,93 |

SNR [bit)
13,76
13,05
13,65
13,91
13,65

113,91

-208, 8n

| -948,7n

The settings in this window should be as shown in picture above. Adjust the internal reference

capacitor “Internal Cap.” to the nominal value of the sensor. In this case 31 pF. After this, you are
ready to start measurements by pushing the “Start Measurements” button.

Try now to make a 360° turn on the potentiometer. On column 3 under “Final Result” values should
now be changing during the rotation. At the end of the turn, the value should be nearly the same as at
the beginning. This is due to the typical design of the capacitive potentiometer.
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Figure 10: Figure 11:
Capacitive Potentiometer Non-Linear Output
100 %
50 %
0
0° 20° 180° 270° 360°

The sensor shows a non-linear output over the complete turn. After linearization, we expect to see a
linear output. However, it makes sense only to linearize a turn from 0° to 180° as the values from 180°
to 360° are just inverted.

3.3.3 Linearization Tool

Now we can use the linearization tool. Go to “Linearize” under “Tools”.

Figure 12:
Tools Menu

IGIER [nterface  Help

4 Run Measurement Ctrl+R
Graph Ctrl+ G
Registers Ctrl+F
Assembler Ctri+4&
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The linearized window should appear as can be seen below.

Figure 13:
Linearize Screen

Linearize - s
Calculating the Coefficients for Linearization-Polynomial Load from File Save to File
Sensor Characterization Temp. Sensor Characterization  One/Two Point Calibration  Pulse  Expert

Calibration Points # | Z_Result Temp. [*C] C_ratio ~

2 v "1 | 1,010000 15,600000 1,000000
2 | 0,510000 15,600000 2,000000

Coefficients of polynomial
€32 0,00000 cc22 0,00000 <12 0,00000 02 0,00000
€31 0,00000 cc21 0,00000 ccll 0,00000 ccOl 0,00000

Acquire data in selected row from PCap

selectRatio €30 000000 cc20 0,00000 <cl0 1,00000 €cO0 0,0100000
ci_out |v Acquire
Measured Points Error vs Temperature

17,5-]

17

(9] =
L 165-] A

i
o 3
2 |
@ ©
o =
g ]
o
1]

0 0 o
: 15 16 17
0,75 1 1; Temperature [*C]

Z_Result

Max. Error| 0

at Temp. [°C] | 15,6

First, we need to know how many points we would like to calibrate. This is a question of precision and
time. More points can give you a more linear result in the end, but it will take longer to acquire.
Therefore, it depends on the requirements of the application. For our position sensor application, we
chose 5 calibration points. We have to set this number in “Calibration Points”.

If done so, you will recognize that the table has grown to five rows:

Figure 14:
Calibration Points

Z_Result Temp. [*C) C_ratio
1,010000 15,600000 1,000000
0,510000 15,500000 2,000000

Application Note « PUBLIC
ANO000615 ¢ v1-00 » 2019-May-15 24 | 18


http://www.ams.com/Document-Feedback
http://ams.com

Document Feedback PCap04
Linearization with Evaluation Kit Software

am

Z_Result Linearized absolute value
Temp.[°C] Actual temperature during measurements
C_ratio Measured ratio between sensor and reference capacitance

Now you can start the linearization process by turning your potentiometer to the lowest value. This
position will be our start position for 0° angle. Write this value in the first row under “Z_Result”. Next
will be the actual ambient temperature value. This value comes under “Temp[°C]". After this, you have
to push the “Acquire” button. This will add the measured ratio to the first calibration point of the table.
Repeat this procedure for all five calibration points. Here we have acquired 0, 45, 90, 135 and 180°.
You can select any prefered angel. Just make sure the potentiometer is in the same position as you
enter in Z_Result. Do not forget to push “Acquire” for each!

Figure 15:
Linearization Data

# | Z_Result Temp. [*C] C_ratio

1 | 0,000000 24000000 1,078350
2 | 45,000000 24000000 1,309955
3 | 90,000000 24,000000 1971716
4 | 135,000000 24,000000 4 182966
5 | 180,000000 24000000 8064481

Now go to “Calibration” under “Memory”

Figure 16:
Memory Menu

Tools Interface Help

Firrmware Ctrl+M

Calibration

Read Config from NVEAM

Here you have to import and write the linearization data in the memory. Therefore, push the “import
Linearization Data” button to import values in the calibration table. The next step is to write those
values into the memory of the PCap04 by pushing the “Write” button.
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Calibration Menu

B Memory

Firmware Calibration | Misc Calibration  Complete Memory

Calibration Mo. of Calibration Values | 352 lﬁ Etart Address | d 200

X

o

LT=J = L = 'RV, R - RTINS~ R 5

L S T I I = T I I
B o= @ W 00 s h W b W R = ®

[
LI

Name Value fpp sfu  Length Address Value (hex)
pi0_resultd @ i s 4 ee Beaeeeee
pi0_resultl 166 8 s 4 864 ' 0DOO64GO
pi0_pulsed ] <] u 2 ges e
pi0_pulsel 16,383k 5] u 2 3le 3FFF
pil_resultd -48 3 5 4 212 FFFFD388@
pil_resultrl 125 3 5 4 216 ea0a87D08
pil_pulsed 5} ] u 2 828 eeee
pil_pulsel 16,383k 2] u 2 822 3FFF
xi_at_ccpl =} 26 = 4 824 eeae8808
Xi_at_ccp2 1 26 s 4 823 adaaae0s
Ci_at_ccpl a 26 u 4 832 2aaaae08
ci_at_ccp? 1 26 u 4 836 e4ee0008
cc32 =} 2] 5 4 848 slsislslslsls s
cn_div32 =} e u 1 344 ee
cc2? 8 a 5 4 345 eaaeRR08
cn_div22 a a8 u 1 349 {5 15]
ccl2 <] 2] 5 4 858 BeEREE0S
cn_divl2 ] 5] u 1 854 aa
cc02 @ 2] s 4 855 oisislslslol s ]
cn_shift2 =] 2] 5 1 859 =1e]
o3l =} a 5 4 368 eaapoa0e
cn_div3l a a u 1 S04 2a
cc2l <} ] £ 4 865 slsislslslo o]
cn_dival =} 2] u 1 869 e W
| Import Linearization Data_ | Write | Read

With this, you have finished the linearization and you will have the absolute and linearized result.
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Figure 18:
Absolute and Linearized Result

PCap04

Linearization with Evaluation Kit Software
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The chart in Figure 19 shows a comparison between the raw value (ci_out) vs the linearized value.

Figure 19:
Raw Value vs. Linearized Value
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If you compare now to the yellow raw plot with the blue linearized plot, you can see that it clearly
shows a linear behavior. In addition, the values directly converted to their reference unit.

Application Note « PUBLIC
ANO000615 « v1-00 * 2019-May-15

24 | 21



http://www.ams.com/Document-Feedback
http://ams.com

Document Feedback PCap04
Summary / Results

4 Summary / Results

As shown in the position sensor example, that linearization is mandatory in situations where you
require corrected absolute values. PCap04 linearized firmware and evaluation software together offer
a complete solution for accomplishing this. No additional micro controller is required for these kind of
calculations.
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5 Revision Information

Changes from previous version to current revision v1-00

Initial Version
° Page and figure numbers for the previous version may differ from page and figure numbers in the current revision.
° Correction of typographical errors is not explicitly mentioned.
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6 Legal Information

Copyrights & Disclaimer

Copyright ams AG, Tobelbader Strasse 30, 8141 Premstaetten, Austria-Europe. Trademarks Registered. All rights reserved.
The material herein may not be reproduced, adapted, merged, translated, stored, or used without the prior written consent of the
copyright owner.

Information in this document is believed to be accurate and reliable. However, ams AG does not give any representations or
warranties, expressed or implied, as to the accuracy or completeness of such information and shall have no liability for the
consequences of use of such information.

Applications that are described herein are for illustrative purposes only. ams AG makes no representation or warranty that such
applications will be appropriate for the specified use without further testing or modification. ams AG takes no responsibility for
the design, operation and testing of the applications and end-products as well as assistance with the applications or end-product
designs when using ams AG products. ams AG is not liable for the suitability and fit of ams AG products in applications and
end-products planned.

ams AG 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, special, incidental or consequential damages, of any
kind, in connection with or arising out of the furnishing, performance or use of the technical data or applications described
herein. No obligation or liability to recipient or any third party shall arise or flow out of ams AG rendering of technical or other
services.

ams AG reserves the right to change information in this document at any time and without notice.

RoHS Compliant & ams Green Statement

RoHS Compliant: The term RoHS compliant means that ams AG products fully comply with current RoHS directives. Our
semiconductor products do not contain any chemicals for all 6 substance categories, including the requirement that lead not
exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, RoOHS compliant
products are suitable for use in specified lead-free processes.

ams Green (RoHS compliant and no Sh/Br): ams Green defines that in addition to RoHS compliance, our products are free of
Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material).

Important Information: The information provided in this statement represents ams AG knowledge and belief as of the date that
it is provided. ams AG bases its knowledge and belief on information provided by third parties, and makes no representation or
warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. ams AG
has taken and continues to take reasonable steps to provide representative and accurate information but may not have
conducted destructive testing or chemical analysis on incoming materials and chemicals. ams AG and ams AG suppliers
consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for

release.

Headquarters Please visit our website at www.ams.com

ams AG Buy our products or get free samples online at www.ams.com/Products
Tobelbader Strasse 30 Technical Support is available at www.ams.com/Technical-Support

8141 Premstaetten Provide feedback about this document at www.ams.com/Document-Feedback
Austria, Europe For sales offices, distributors and representatives go to www.ams.com/Contact
Tel: +43 (0) 3136 500 0 For further information and requests, e-mail us at ams_sales@ams.com
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