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Introduction

1 Introduction

The AS7341 EVK Aqua is a demo kit for inline measurement of liquids - with special sensor hardware
in a plastic housing that can be carefully immersed in a liquid probe. Three interconnected boards form
the light source, sensor, and signal electronics. The mainboard contains a NIR LED for indirect
illumination and serves as the mechanical base for the sensor and LED board. By default, the sensor
board contains the AS7341 spectral sensor chip. Alternative sensor options are available for customer
projects. The primary LED board is equipped with VIS LEDs and a temperature sensor to control the
LED temperature. The 3-board solution is arranged in a U-shape in a plastic housing that only allows
careful immersion from the front without allowing liquid to enter the shell to the electronics. For this, the
electronics in the shell would have to be sealed beforehand.

> Note that, (after delivery and without sealing), the electronics in the housing are not waterproof.
Please ensure that the electronic components do not come in contact with water or other liquids.
Otherwise, the sensor will be destroyed and a short circuit can cause damage.

Figure 1:
Assembled AS7341 AquaSensor

The sensor module is connected to the FTDI cable (I*)C to USB dongle) which enables the use of the
PC user interface. The LED driver and sensor functions are available by using the standard test software
and the GUI from the AS7341 EVK.

The sensor module was developed to measure liquids under alternative conditions in the visible and
near IR wavelengths, using the LED light sources in either direct or right-angle optical paths between
the ‘LED’ and the ‘sensor’ through the plastic carrier and the liquid.

All components of the module represent a demonstration and reference design to show typical results
for such measurements. It is recommended to use this reference as the first step in a feasibility project
to check the application and verify external effects. Optimal results will be achieved by adjusting control
parameters, to achieve the highest accuracy and dynamic range for each specific application and its
specific conditions. The key areas of optimization include LED choices, spectral filter selections (using
different ams multi-spectral sensors, conversion setup, and corrections for floating parameters. This
document describes some typical aspects to help illustrate these.
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2 Out of Box

The main components in the AquaSensor System part are:

1. Sensor solution with embedded LEDs

2 Plastic Carrier

3. FTDI-to-USB connecting cable

4 USB stick with software and documents

Please check if you have received all components before installation. Be careful by handling the blank

electronic boards and consider all relevant ESD conditions. Electrical charges can destroy the
electronics
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3 Test System

The AquaSensor test system is for the demonstration of spectral liquid measurements by using the
spectral sensor AS7341. The system includes all components that are necessary to directly measure
the optical properties of liquids in an open container. A plastic housing surrounds the front of the
AquaSensor assembly and is safe for use in most liquids.

Figure 2 shows a block diagram of the electronic components and their interfaces.

Figure 2:
Block Diagram Showing the Connection Interfaces in AS7341 AquaSensor
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For accurate measurements, the sensor housing, with the two horns on the left and right, should be
immersed in the liquid up to the end of each horn. Be careful not to dip the opened back of the housing
into the liquids or it will result in damage.

Figure 3 shows the main components of the AS7341 AquaSensor test system. The plastic housing
protects and fixes the hardware, and creates alternative optical paths from the LED to the sensor,
including the diffuser function in front of the sensor. The sensor hardware consists of three
interconnected boards, which need an FTDI adapter (I)C to PC via USB-connector and Com-Port
Driver).

Figure 4 shows the optical axes 0°/90° in the standard AquaSensor module, which has to be adjusted
by the application-specific requirements (limited/fixed optical axis from the LED to the sensor).
Depending on the activated LED, the sensor with 0° optical axis in transmission measures turbidity as
light decrease due to particle absorption or as light increase due to reflection of the light at the particle
with 90° optical axis.

For example, color and/or turbidity can be measured excellent with a high concentration in transmission,
whereas with a lower concentration, the 90° reflection achieves better results.

> NOTE: The AquaSensor GUI can control the LEDs separately because it is based on internal 12C
programming. In custom-specific designs, it is not possible to control the LED with the usual AT
commands, because the AS7341 pre-designed firmware was not prepared to address and control
any bus participants. In such a case, use also I12C programming for extended bus configurations,
beyond the network structure specified in the AS7341.
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Figure 3:
Concept and Main Electronically Components in AS7341 AquaSensor
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Figure 4:
Optical Axes 0° and 90°

Optical axe <> 180°, through 2x plastic carriers
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> NOTE: The plastic carrier was developed and manufactured as a demo tool for various alternative
applications in liquid. The optical axes represent a compromise between accuracy and flexibility as
well as the selected LED/sensor combination, which must be adapted to the requirements of the
application. The housing material is a prototype material chosen as a diffuser without accuracy
requirements for measurements. Therefore, the material, form, and all other conditions, which affect
the measurements, must be adopted by the application-specific requirements.

The I2C to USB communication interface on the board makes the system compactable with PC and
microcontroller applications. A special device Com Port driver on the PC is necessary, as well as the
GUI software, which was adapted. The details regarding the Sensor system, in software and its
functionalities, can be read from the datasheet and other documentation available on the USB sticks.

3.1 Base Board

The Baseboard is used to connect the LED/sensor board as well as the sensor unit in the housing.
Further, it contains a NIR LED SFH4776 IR broadband emitter on board which useable as the indirect
light source. Normally, the Baseboard is fixed in the plastic housing and must not be mounted by the
customer. The same applies to the other hardware LED and Sensor Board. All electronic design
documents and Gerber data, as well as the 3D printing data of the mechanical housing, can be found
on the USB stick.

Figure 5:

‘NIR LED SFH4776 IR broad band emitter’ [Source = Datasheet SFH4776]"
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3.2 LED Board

The LED board contains the LED VTC-2835 High CRI LED for VIS, plus an external temperature sensor
to control possible temperature shifts of the LEDs.

Figure 6:
‘TYPICAL SPECTRAL DISTRIBUTION GRAPHS VTC-2835 5600K’ [Source = Datasheet YUJI
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3.3 Sensor Board

The sensor board contains only the sensor and peripheral circuitry. The sensor, as well as the LED, is
placed in the center of the LED board.

Figure 7:
Spectral Sensitivities 11-Channel Spectral Sensor AS7341
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The GUI of the AS7341 EVK is used as test software. The software installation and the use of the GUI
are described in principle in the manual for the AS7341 EVK. The document is included on the USB

stick for the AS7341 AquaSensor.

Software and sensor data use different directories after installation. The executable file .exe is normally
located in “C:\Program Files (x86)\ams AG\AS7341 Demo Aqua\” (Figure 8). Do not change or delete
any files from this directory without a request to ams.

Figure 8:
.EXE Directory with Executable File

-
sl

This PC 5 Local Disk (C:) » Prograrmn Files (xB88) » ams AG » AS57341 Demo Agua

Name Date modified Type Size
U1 ams_icon_rgb_png_round.ico 28.01.2021 08:45 lcon 187 KB
|§| AS5T3ex_DemoGuilib.dil 03.02.20271 1742 Application exten... 4283 KB
|':| AST3xx_SpectrumLibrary.dil 03.02.2021 1742 Application exten,.. 113 KB
AST341_Demo_Aqua.exe 03.02.2021 1742 Apphcation 436 KB
ﬁ] AS57341_Demo_Aqua.exe.config 28.01.2021 09:45 CONFIG File 1KB
%] FTD2:x¢_NET.dN 28.01.2021 09:45 Application exten... T2KB
J| MathMet.Numerics.dll 11.11.2018 19:42 Application exten... 1581 KB
-| Readme_&857347.tet 03.02.2021 17:1 Text Document 16 KB
%] Systern Net.Http.dil 28.05.2014 04:35 Application exten... 22 KB
Initialization files and protocols are saved in a special data directory in the user area

C:\Users\xxx\AppData\Roaming\ams AG\AS7341 Demo Aqua. Figure 9 shows the directory with all

installed initialization files.

Figure 9:

Data’s Directory With Initialization Files

~
e MName

j AS57341_Demo.config

5] As7341 Scriptxt

ﬂ CM_L1_v1_0_O#spectral.csv
5] init_filetxt
Mask_ L v1_0 0.csv

2| Readme_ASTIA14xt

@5 TCv1.0 Ocsv

Date modified

08.02.2021 14:51
28.01.2021 09:45
28.01.2021 05:45
08.02,2021 14:10
28.01.2021 09:45
03.02.2021 17:41
28.01.2021 09:45

Type
CONFIG File

Text Document

This PC » Local Disk (C:) » Users » fkru » AppData » Roaming » ams AG » A57341 Demo Agua

Size

Microsoft Bxcel C...

Text Doecument

Microsoft Excel C..

Text Document

Microsoft Excel C..

1KB
2KB
67 KB
2KB
132 KB
16 KB
TKB

Figure 10 shows the meaning of the files in the initialization directory.
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Figure 10:
Meaning of Initialization Files®

File Comment

AS7341 Demo.confi Flag file for internal software control — do not change
- ’ 9 anything without request.

AS7341_Script.txt Example to control GUI via tracer (batch file).
init file.txt Specifigation of different application specific inputs and

- correction values.
Mask_L_v1_0_0O.csv Example with spectral masks for the MaskCompare function.
Readme_AS7341.ixt General information and about the GUI’s history.
TC_v1_0_0O.csv Example syntax for temperature compensation.

The Base functions for the GUI and its special functions for operating the AS7341 AquaSensor are
described below.

3 See the detailed description in the AS7341 EVK manual ©.
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AS7341 AquaSensor
Software Operation

Figure 11 shows the startup window after the software installation and the start of the AS7341
AquaSensor Demo. The status window and footer line confirm (see Figure 11) the successful sensor
connection. Check the AS7341 EVK manual in case of any issue and error message, or contact the
ams support team. Select the expert mode (see Figure 11) to start initial preparations with the sensor.

Figure 11:

Startup Window — Sensor Control - from Easy to Expert Mode
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Optimization
Auto Zern
Max AGAIN: Resuk AGAIN O Mever
MaxTINT[ms): (182 [3] Result IntTime fus} Wit Time (®) One time before measursment
Wait Tme fms]: [0 =) O Setfrequency of auto zem 255
Measurement and Resuits
Comment | v| [ Peadonce | | ReadContinuous | [ Siop Ater 1 5] Samples Measred Samples: 0
| Executes one measurement cycle |
Fi@15mm)  F2(4450m)  F3(480nm)  FATSTSmm] S (590nm}  F7(530nm) B (680nm) Clear NIR
Raw _
Basic |
o | \
[ Line Graph Temperature Sensors =
[ Spectnm LEDShdeg: [ | €
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Appiication Speciic Analyses Mode
[ Light / Display Detection [ Reflection (] Ficker Detection O Easy @ Expert
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@ FTDI: Connected FTDI Serial Number: FT31KCRF Auxiliary ID: 0x00 Revision: 0x00 Part Number: (x24

Demo Kit Manual « PUBLIC

Document Number ¢« v0-01 » 2022-Feb-25

23| 11




Document Feedback AS7341 AquaSensor
Software Operation

4.1 LED Test

Generally always applies. Do not measure noise and avoid saturation. In between is the dynamic range
of the sensor with the highest possible counts in the Full-Scale Range FSR of 16bit, in the case of the
highest accuracy. Exposure is a parameter to bring the Sensor/LED combination into an optimal working
range.

The luminous intensity of the LEDs can be influenced by the LED current parameter, within the limits of
the maximum flux intensity. Darker liquids require a higher luminous intensity, but a higher LED current
naturally generates more heat, drift in the LED, and leads to faster wear.

The LEDs can be tested by setting 'LED’ Enabled in Expert Mode in the GUI in the main window at LED
Settings, with 'Flash Mode' not active. With '0 deg LED' selected, the White LED (VTC-2835 High CRI
LED, 5600K, max. 40mA LED current) on the LED board should shine and with '90 deg', the NIR LED
(SFH4776 IR broadband emitter, max. 1A LED current) on the baseboard (see Figure 12).

> Operate the LEDs only in the parameters as specified in the data sheet. The GUI does not consider
the maxima of datasheets and always starts with the minimum, which must be adjusted. The user
is responsible for the optimal setting.

Figure 12:
Switched On LEDs (Left LED Board 0° — Right Base Board 90°)

LED Settings LED Settings

Enable LED [ Fash Mode Enable LED ] Flash Mode
LED_DRIVE: |4 {2 LED Curent [mA]: 12 LED_DRIVE: ;4 L|z|| LED Cumert [n&]: 12
LEDOdeg [ ] LED S0deg [J LEDDdeg  [~] LED 90 deg

P l:-\,T‘ransmitive Reflective

h

Before the first measurements, the LEDs should burn for hours. It should also be noted that LEDs are
subject to constant temperature drifts. Therefore, the following are recommended during operation for
measurements:
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1. Warm up the LEDs to operating temperature before measurements.
2. Use “FlashMode” to avoid large temperature drifts.

In any case, the temperature should be monitored with an external temperature sensor, and the values
corrected if necessary.

It should also be noted that the ambient temperature in the liquid could affect both the LED and the
measurements in the sensor.

However, the correction requires a temperature compensation file, which must be measured beforehand
with the system under real temperature changes. The file used after the software installation is only to
illustrate the syntax and does not contain any meaningful correction.

Figure 13:
Activated LED Flash Mode and Temperature Compensation

I AS7341 Software (Aqua) = v1.19.3 (Beta version!) - Expert Mode - O x
File Log Flickerlog Detectionlog Info
Main  Regster Map  Trecer
Gain LED Settings SMLIX Configuration
I 512 (4 Enable LED 0 Mode 0: F1, F2. F3.F4
LED_DANVE: 4 t2] LED Cumert AL ) Mode 1-F5, £, F7, F2
ki Mode 2 F1,F2,F3, F4, F5,FE, F7. F3
STME 3] imegration Teme sl 1820 I3 EDOdey (] LEDS0de o < ek b
() Mode 3: CLEAR, NIR
55466 I ADC Ful Scale Value: 65467
(®) Mode 4 Fi, F2, F3, F4. F5. F6. F7, 3, CLEAR, NIR
Optimization
Optimization measurements: 2 At T
[ MaxAGam:  [512c | ResitAGAN 512 O Never [
B MaxTNTjnsl (182 3] Rest itTime ms] 1820 Vot Tene @) One time before measurement
Wall Time jms]: [0 ] O Sethequencyof autozere 255 3
Meamzement and Results
Comment | -] Flead Once Fead Cortnuous | [] Stop Alter 1 %! Samples Measred Samples: |
[ Backaide Compensation
F1(4150m) F2 (4450m) F3 (480nm) F4 {5150m) | F5 (555nm}) | F& (550nm) F7 {530rem) | F8 {680nmj) | Clear | NIR
Raw: £ 45| 4480 | 6245 | a3 7455 | 65| 12 20983 | 12738
Basic 0.017868 | 0043087 | 0.048077 | 0067015 0078652 0.080004 | 0.097282 | 0:102079 | 0.309745 0.136699
Com 0.017037 | 0041163 0045961 | 0.064100 | 0.075323 0.076555 | 0.093183 osTely 0.296678 0130617
[] Lne Graph Temperatune Seﬂm_ Oaar
[ Spectnam LEDS0deg: 2184 | 'C
4] Temperaiure Compensation
Aophcation Specific Analyses Mode
[ Ught / Displey Detection. ] Reflection [ Ficker Delection O Essy @ Bxpent
Status
Connected to AST341 sansor
| The temperature compensation file was successiuly read.
Measurement of 1 sarple
! FTDk Connected FTDI Sevial Mumber FT31KCRF Auxiliany ID: 0x00 Rewision: 000 Part Number (24

Demo Kit Manual « PUBLIC
Document Number ¢« v0-01 » 2022-Feb-25 23 | 13



Document Feedback AS7341 AquaSensor
Software Operation

4.2 Sensor Settings

If the LED current is set optimally, for the time being, the optimal parameters gain and integration time
must be found for the required working range of the application. The darkest and the brightest sample
are used to test the minimum and maximum of the counts (=ADC outputs) when determining the sensor
dynamics. A change of the integration time and the gain leads linear to the change of the counts
considering the FSR Full-Scale Range. The following table shows the correlation between integration
time, maximum achievable counts before saturation, FSR, and LSB.

Figure 14:
Correlation FSR, LSB* and Counts from Integration

. q o A q A q FSR high

Resolution FSR high gain FSR low gain LSB high gain LSB low gain " FSR low

TINT (ms) f (kHz) (bit) Counts (MW /cm?) (MW/cm?) (nW/cm?2) (nW/cm?2) (gI:;:') gain (lux)
0,00556 180,00000 1,00 2,00 55,19001 56 514,57 27 595,00465 28 257 284,766 376,9478 385995
0,01111 90,00000 2,00 4,00 55,19001 56 514,57 13797,50233 14 128 642,383 376,9478 385995
0,02222 45,00000 3,00 8,00 55,19001 56 514,57 6 898,75116 7 064 321,192 376,9478 385995
0,04444 22,50000 4,00 16,00 55,19001 56 514,57 3449,37558 3532160,596 376,9478 385995
0,08889 11,25000 5,00 32,00 55,19001 56 514,57 1724,68779 1766 080,298 376,9478 385995
0,17778 5,62500 6,00 64,00 55,19001 56 514,57 862,34390 883 040,149 376,9478 385995
0,35556 2,81250 7,00 128,00 55,19001 56 514,57 431,17195 441 520,074 376,9478 385995
0,71111 1,40625 8,00 256,00 55,19001 56 514,57 215,58597 220 760,037 376,9478 385995
1,42222 0,70313 9,00 512,00 55,19001 56 514,57 107,79299 110 380,019 376,9478 385995
2,84444 0,35156 10,00 1 024,00 55,19001 56 514,57 53,89649 55190,009 376,9478 385995
5,68889 0,17578 11,00 2 048,00 55,19001 56 514,57 26,94825 27 595,005 376,9478 385995
11,37778 0,08789 12,00 4 096,00 55,19001 56 514,57 13,47412 13 797,502 376,9478 385995
22,75556 0,04395 13,00 8192,00 55,19001 56 514,57 6,73706 6 898,751 376,9478 385995
45,51111 0,02197 14,00 16 384,00 55,19001 56 514,57 3,36853 3 449,376 376,9478 385995
91,02222 0,01099 15,00 32 768,00 55,19001 56 514,57 1,68427 1724,688 376,9478 385995
182,04444 0,00549 16,00 65 536,00 55,19001 56 514,57 0,84213 862,344 376,9478 385995
364,08889 0,00275 16,00 65 536,00 27,59500 28 257,28 0,42107 431,172 188,4739 192997
728,17778 0,00137 16,00 65 536,00 13,79750 14 128,64 0,21053 215,586 94,2369 96 499
800,00000 0,00125 16,00 65 536,00 12,55879 12 860,20 0,19163 196,231 85,7766 87 835
1 456,35556 0,00069 16,00 65 536,00 6,89875 7 064,32 0,10527 107,793 47,1185 48 249
2912,71111 0,00034 16,00 65 536,00 3,44938 3532,16 0,05263 53,896 23,5592 24 125
5825,42222 0,00017 16,00 65 536,00 1,72469 1 766,08 0,02632 26,948 11,7796 12 062
11 650,84444 0,00009 16,00 65 536,00 0,86234 883,04 0,01316 13,474 5,8898 6031
23 301,68889 0,00004 16,00 65 536,00 0,43117 441,52 0,00658 6,737 2,9449 3016
46 603,37778 0,00002 16,00 65 536,00 0,21559 220,76 0,00329 3,369 1,4725 1508
93 206,75556 0,00001 16,00 65 536,00 0,10779 110,38 0,00164 1,684 0,7362 754

For example, 16 bits are reached as maximum with 65536 counts, with a minimum integration time of
182ms. Another example is that the sensor at TINT = 23ms would already be in saturation with counts
> 8192. Therefore, the integration time is not only to be selected according to a possible frequency of
the measuring intervals but also influences the number of possible bits, thus the resolution but also the
saturation.

The ADC responds linearly to changes in integration time, but the gain has some small linearity errors.
These can be corrected if the planned accuracy requires it. It is better to achieve the dynamics of the
application with one gain, if necessary because in this case the so-called gain error is omitted.

Select an optimal TINT based on the required timing and determine a gain, which results in ‘minimum’
and ‘maximum’ acceptable counts (not noise and not saturation). It should not go above or below about
90% saturation for the maximum and 10% to 20% for the minimum to cover the full dynamics of the
application with a gain. If this is not possible, then the dynamic gain is recommended, where the GUI

4 Least Significant Bit
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independently changes TINT and gain within defined limits (‘Max’ — see Figure 15 ) so that maximum
counts are always achieved.

Figure 15:
Define Maximum Sizes for Gain and TINT for Dynamic Conversion

Oiptimization
Optimization measurements: 2

Result AGAIN: 512

:182 "-_: . Result Int Time [ms]: 1820

Max AGAIN:
Max TINT [ms]:

[+

In case Gain or TINT are changed during the measurement series, the resultant count of the ADC ‘Gain
corrected’ should be used. Furthermore, it should be calculated in a form that is independent of the
setup quantities TINT and Gain. The GUI defines the so-called ‘Basic_Counts’, which are described in
the manual of the AS7341 EVK [8]. This also applies to the 'Corrected_Counts', which are the result of
the corrected ‘Basic_Counts’. Correction here means that the GUI can consider offset as well as
balancing of the ‘Basic_Counts’ according to the correction values in the INIT file (offset, gain correction,
balancing — see [8]), if these are agreed by the user. After the software installation, the correction values
contain a default ‘0’ for offset and ‘1’ as balance vector (=no change of the ‘Basic_Counts’). When
moving the mouse over the labels in the results table in the GUI, the user also gets the information about
the meaning (Figure 16).

Figure 16:
Result Table in AS7341 GUI with Help
Fl@16om)  F2(445m)  F3(480nm)  FA(516nm)  F5(S55m)  F6(590nm)  F7(630hm) B (680nm) Clear NIR
Raw: 15789 13201 | 8034 5781 | 7135 8022 | 7365 | 38233 18578
Bysic: 0028074 0212367  0.141667| 0086217  0062039|  0076570| 0086089 0079048  0.410300] 0199371
e ' ' 3 0059517  0.073457 0082589 0075835  0.39362 0.191266

calculated values without influences of integration time and gain G |
| Clear
basic_val = raw_val / (tint_ms * gain)
gain=[0.51,24 8, .. max]

First Test — from ADC Value to Corrected Sensor Counts

The measurements with hardware and parameter setup are application-specific. A simple fictitious
example shall show the next steps here.

Different colors in the water are to be measured with the demo, where the channel values should
correspond to the color (not the mix of illumination and color). Practically this means, the difference
between the LED spectrum and the color in the water per channel is the result.
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Figure 17:
Simple Example to Present Aqua Demo

Figure 18 shows the GUI configuration. The automatic conversion was selected and the maximum for
each parameter was specified. SMUX was determined to mode 4 to get all the channels as result. An
LED current of 12mA was enough to get stable results.

Figure 18:
Main Window with Parameter Setup
AS7341 Software (Aqua) ~ v1.19.3 (Beta version!) - Expert Mode - a X
File Log Flickerlog Detectionlog Info [N
Main  Register Map Tracer
Gain LED Settings SMUX Configuration
AGAIN: [3%x [ Enable LED [ Rash Mode O Mode 0: F1,F2,F3,F4
LEDDRVE: 4 [2] LEDCurentfmAl 12 Mode 1: F5, 6, F7. F8
St i " Omzf F2,F3,F4, F5, F6,F7, F8
(A .
ATIME Itegration Time fms}: 1820 (1 LEDOdeg [ LEDS0deg O : F1. F2. F3,F4, F5, F6.F7,
ASTEP: [65466 5| ADC Full Scale Value: 65467 e
o i @ Mode 4: F1. F2, F3, F4, F5, F6, F7, F8, CLEAR. NIR
Optimization
Optimization measurements: 2 Rk o
Max AGAIN: Result AGAIN: 3x O Nevr
M MaxTINTfms]: 182 ,54 Result IntTime [ms]: 1820 Wat Time (@ One time before measurement
Wt T O Sutmuncy dntorme (55 3]
Measurement and Results
Comment | v| | ReadOnce | | ReadC | O sop ater [1 [] samples Measured Samples: 4
[ Backside Compensation
F1(4150m)  F2(445om)  F3(480nm)  F4(5150m)  F5(555nm)  F6(590nm)  F7(630nm)  F8 (680nm) Clear NIR
Raw: 2897 5754 13390 13279 1219% 15038 12680 32568 2578
Basic: 0351137 0497429 0.987990 2299129 2280070 2094113 2582099 2177219 5592086 0442655
Com: 0354965 0502853 0.998764 2324199 2304932 2116948 2610255 2.200960 5653064 0447482
M Line Graph Temperature Sensors
[ Spectrum LED 90 deg: c
[ Temperature Compensation
Applcation Spectic Analyses Mode
[ Uight / Display Detection ~ [] Reflection [ Flicker Detection QO Easy @ Expet
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To exclude disruptions and drifts, the configuration was tested beforehand. Gain correction and
automatic gain control were activated with typical correction values from the AS7341 datasheet [1].
Figure 19 shows a table (Figure 20 as diagram) with the results of the '‘Basic_Counts' of the measured
targets as RAW spectrum® - colored water (blue, green, yellow, orange, and violet) plus the values for
the single LED (in pure water), and only for testing the value for the ambient light.

Figure 19:

Table - Measured Results as Basic_Counts for the Probes - Colored Water

0,230997
14,39883
0,208439
5,592086
6,147895
7,033893
6,185499
5,814616

Basic F1 (4 Basic F2 (£ Basic F3 (£ Basic F4 (5 Basic F5 (5 Basic F6 (5 Basic F7 (€ Basic F8 (€ Basic Clea Basic NIR

no LED off 0,014187 0,027044 0,035006 0,045545 0,052241 0,054946 0,067523 0,077997

no LEDon 0,905572 2,196793 2,673446 3,371255 3,598936 3,947153 5,065296 3,562534
green LED off 0,011054 0,01291 0,023964 0,059603 0,056148 0,047176 0,052885 0,06293
green LEDon 0,351137 0,497429 0,98799 2,299129 2,28007 2,094113 2,582099 2,177219
blue LEDon 0,475108 1,403516 1,754653 2,230104 2,116778 1,879826 2,374679 1,964648
yellow LEDon 0,454846 0,728887 1,237477 2,548445 2,691647 2,713625 3,440108 2,779903
orange LEDon 0,400759 0,611613 1,016665 1,613511 1,889956 3,033511 3,601168 2,753117
red LEDon 0,469441 1,165877 1,218247 0,851141 0,857666 2,507922 3,824556 2,865069

0,111662
0,751037
0,108668
0,442655
0,452443
0,557011
0,552718
0,519407

Figure 20:

Diagram - Measured Results as Basic_Counts for the Probes - Colored Water

Basic Counts

0,1

0,01

Comparison Tests - Colors plus LED

——

asic F3 Basic F4 Basic F5 Basic F6 Basic F7 Basic F8
(415n, (480nm) (515nm) (555nm) (590nm) (630nm) (680nm)

Channels

sesees o LED Off 0 LEDON  essese green LED Off e green LED on

e blue LED on yellow LED on orange LED On esviolet LED on

5 Do not correspondence with the real spectrum measured by a spectrometer because spectra are distorted based on filter
sensitivities and filter bandwidths. However, these distortions are taken into account during matching.
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The results in Figure 21 represents per channel the overlay and mixing from the LED spectrum
(wideband LED 5600K), as well as the transmission spectrum from the colored water. The next step is
to calculate the channel results by dividing the single spectra from each other to eliminate light and filter
effects. Figure 21 shows the results as a table, Figure 22 as a diagram. The Basic_Counts represent
the transmission spectra however, they are illuminated by the LED and acquired by the AS7341 filter
configuration.

Figure 21:
Table - LED Corrected_Counts from Colored Water

Basic F1 (£Basic F2 (£ Basic F3 (4 Basic F4 (5 Basic F5 (5 Basic F6 (5 Basic F7 (€ Basic F8 (¢

green transmissic 2,578971
blue transmissiot 1,906034
yellow transmiss 1,990942
organge transmis 2,259642
violet transmissic 1,929043

4,416295
1,565207
3,013901
3,591802
1,884241

2,705944
1,523632
2,160401
2,629623
2,194502

1,466318
1,511703
1,322867
2,089391
3,960865

1,578432
1,700195
1,337076
1,904243
4,196198

1,884881
2,099744
1,454568
1,301183
1,573874

1,961697
2,133045
1,472424

1,40657
1,324414

1,636277
1,813319
1,281532

1,294
1,243437

Figure 22:
Diagram - Corrected_Counts Transmission (Left) and 1/Transmission (Right)

Transmision - Results 1/Transmision - Results

5 :
03
15

Basic F1
(415nm)

Basic F2
(445nm)

Basic F3
(480nm)

Basic F4
(515nm)

Basic F5
(555nm)

Basic F6
(590nm)

Basic F7
(630nm)

Basic F8
(680nm)

Basic F1
(415nm)

Basic F2
(445nm)

Basic F3
(480nm)

Basic F4
(515nm)

Basic F5
(555nm)

Basic F6
(590nm)

Basic F7
(630nm)

Basic F8
(680nm)

trar r t tr i yellow transmission 1, blue 1 yellow 1/transmission

organge transmission essssyiolet transmission organge 1/transmission esmmmviolet 1/transmission

Thus, they do not have a high similarity with the real transmission and remission spectra, i.e. compared
when measured with a spectrometer. The reasons for this are:

° The light source and Sensor are not calibrated and standard devices like a spectrometer or
standard illumination like D65, D50, etc.
° The real filter curves of the sensor, which are too broadband and cover wavelength ranges, and

also have different sensitivities.

° The emission spectrum of the LED, which distorts the Transmission spectrum of the color in the
water.

° Other spectral disturbances, such as the transmission spectrum of the plastic housing, which has
already been approximately eliminated as an offset.
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° Tests were not done in a laboratory and were not free of disruptions (temperature, environmental
light, etc.).

The AquaDemo AS7341 uses the GUI and partly corrected data of the AS7341 EVK ALS Ambient Light
Sensing because hardware and application are similar. Therefore, using the correction matrix of AS7341
ALS can be useful to transform the spectral mix from ‘LED lighting’ + ‘color in water’ into a reconstructed
spectrum and/or CIE1931 based units like XYZ or color coordinates. The way from ‘counts’ to ‘spectrum
and CIE1931’ is described in [9].

Figure 23 shows the sensor results of the colored water as color dots in the CIE1931 xyY standard after
calibration with the AS7341 ALS Golden Device Matrix from the Ambient Light Measurement application,
where light spectra are measured and displayed as a reconstructed spectrum to measure their real CCT
and lux.

Figure 23:
ALS Window with Traced Sensor Results in XYZ Diagram

Light / Display Detection - o x

Wawelongih_Matched  ~| CIE1831XYZ CIE 1931 Yay v’ Detection

m) Values
{nm) ] X [10474425] v [79057 | L [40532855 | [ Emable o ono et
| Y [11575024 x [0280789 u  [0182273 Detected [ 11

381 0,0289406...

= afaTEe, z (15254088 | |y [0310293 | + [0453208 |  Detaluv' | | Detabyv | | DetaccT | |
383 0.0293936. Resuts CRI uPrime = ((4 * SumXNormVal] / (uvDeno))

334 00296242 — vPrime = ({9 * SumYNormVal) / (uvDeno)]

— e et gy e B3 where uvDeno = (SumXhormVal + (15 * SumYNormVal) + (3 * SumZNormVal))

: : cergg e ] Warme g

386 00300923, [ ] | ‘ i T T

S 0.0303280.. o s | Add Mask  Update Mask Delete Mask | | Save
388 00305721.. Biue Light Ratio (%) T . ‘

] Trace | ClearTrace | | ResetZoom
389 0.0308138.. e aces| |Hesesaon)
230 0,0210535.
= Measured Color

391 0,0313089.

392 0.0315597. —

393 0.0318148...

394 0,0320727. 07

335 0.0323415. e

396 0.0326250. s

397 0.0329225... % 0.5

3938 0,0332550.. =} -

2 A rY
EET) 0,0336214, 8 04 = — —
5 1405326, 4'~0.1843.

400 0,0340472. S a2 =

40 0.0345345.. -

402 0,0351171 0.2+ —
413 0.0358047. i

404 0.0366250. | | |

405 0.0376028.. o

406 0,0287515.. o 0.1 0.2 0.3 04 0.5 0.6 0.7

407 0.0400984.. Color Coordinate x

408 0,0416526.

408 00432415 || O Spectum @ Color Space

Now the coordinates, if they are compared with a spectrometer, are not very accurate. But, they are
logically correct.

The same picture emerges for the reconstructed spectra. Left in Figure 24 is the spectrum of the LED,
right with violet water. Here the spectra of the violet transmission are missing now.
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Figure 24:
Reconstructed Spectra — Left Only LED + Water — Right LED + Violet Water
~— Corrected Spectrum —— Corrected Spectrum
0. 02
0. / ::4553953, 5=0.2384 i /\
g / £ / um o the Normalized Corrected Spectrum |
E_ 0.15. / g 01 /
0.1
| —
"380 504 628 752 876 1000 380 504 628 752 876 1000
Correction Wavelength (nm) Correction Wavelength (nm)
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5 Additional Documents

The following list includes a selection of available documents with more technical details for the Sensor
and AS7341 Evaluation Kit. This list is not fixed and it is constantly changing. Ask us for new details.

@ For further information, please refer to the following documents:

ams AG, AS7341 11-Channel Spectral Sensor Frontend (DS000504),datasheet.

ams AG, AS7341 Details for Opto-Mechanical Design, application note.

ams AG, AS7341 Eval Kit Flicker Detection (AN0O00605), application note.

ams AG, SMUX configuration (ANO00666), application note.

ams AG, Schematic a0013a_CSS Evalboard AS7341.

ams AG, AS7341 Eval Kit — Spectral Balance and Calibration (QG000139), quick start guide.

ams AG, AS7341 Demo for Fast Measurement Using Unicom Board (AN000660), application
note.

ams AG, AS7341 EVK Manual (UG000400), user guide.

ams AG, Calibration of spectral sensors (AN000633), application note.

No o kw2

i
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6 Revision Information

Changes from previous version to current revision v0-01

Initial version all
° 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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7 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.

Demo Kits, Evaluation Kits and Reference Designs are provided to recipient on an “as is” basis for demonstration and
evaluation purposes only and are not considered to be finished end-products intended and fit for general consumer use,
commercial applications and applications with special requirements such as but not limited to medical equipment or automotive
applications. Demo Kits, Evaluation Kits and Reference Designs have not been tested for compliance with electromagnetic
compatibility (EMC) standards and directives, unless otherwise specified. Demo Kits, Evaluation Kits and Reference Designs
shall be used by qualified personnel only.

ams AG reserves the right to change functionality and price of Demo Kits, Evaluation Kits and Reference Designs at any time
and without notice.

Any express or implied warranties, including, but not limited to the implied warranties of merchantability and fitness for a
particular purpose are disclaimed. Any claims and demands and any direct, indirect, incidental, special, exemplary or
consequential damages arising from the inadequacy of the provided Demo Kits, Evaluation Kits and Reference Designs or
incurred losses of any kind (e.g. loss of use, data or profits or business interruption however caused) as a consequence of their
use are excluded.

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 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.

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 plus additional 4 substance categories (per
amendment EU 2015/863), including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where
designed to be soldered at high temperatures, RoHS compliant products are suitable for use in specified lead-free processes.

ams Green (RoHS compliant and no Sb/Br/Cl): 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)
and do not contain Chlorine (CI 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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