ING II
Q3 2019

An open-source and frugal
SWIR dual-band spectrometer

Final-report, by Mejdi.
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Where there is a light, there is a way.
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v October 2019

Elec
PCB 1 Componants
PCB 2 Componants
PCB 3 Componants
PCB 4 Componants
PCB
Optomeca
Lens
Grating
Stepper motor
Sample holder
TOTAL

LED
PhD
Hub
Digital

Unit Cost Quantity
by 100

29 €
5€
7€
17 £
4 €

Oy = b P e

5E
10€
1€
2E€

B SRS

94 €

34 €

128 €

including 2x 12€ for LED SWIR

including 12<€ for ADC

3 lens? If no lens illumination or crossed cylindric
Manual duplication?
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Figure 2.4.3 Schéma du systéme optique et des trajets lumineux



QINGI1

spectrum scanning module

Moteur
Adapteur fixé sur la partie mobile du moteur

Glissiere

PCB
Avec grosse photodiode




2/ SPECTRO

3/ DIGITAL

4/ 1st SPECTRA
1/ LIGHT SOURCE

5/ NEXT STEPS
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I R L E D S M D by M arkte Ch https://marktechopto.com/marktech-emitters/swir-emitters/
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« SMD 1206
100 to 130nm bandwith o=
. ‘ Eazl zids
* Optional dome lens (no stocked) bt
olranee +-01
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4~ N
MTSMb015-199-IR| 1550 130 1485 1615 1410 ‘%Equﬁ 50 1 1.7 | https: / /www.digikev.ci 20 13| 117
f?;g:e MTSMb014-199-IR| 1450 90| 1405 1495 1320 1510 50 1 2 |https:/ /fwww.digikey.c 20 13 117
%Package
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PCB 1/4

LED PCB
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Manual pick & place of the componants Test with visible LEDs

Quad LED driver v2019/07,/07

by Mej, for Plastic-Qdyssey




Reference spectra of LEDs using NIRQuest spectrometer (v900-1700nm @ ~15k€) by Ocean Optics

LED3 | ' LED 2
«1200nm » Eﬁt «1600nm »
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Figure 2.4.3 Schéma du systéme optique et des trajets lumineux



IR PhD SMD

DESCRIPTION

The SD003-151-001 is a high sensitivity, low noise, 0.075 mm diameter active area
InGaAs photodiode (chip dimensions 0.3mm x 0.3mm) for detection at SWIR, NIR
wavelengths for imaging and sensing applications. The photodetector is assembled in

a 1206 package.

API

Advenced Fhotonix, Inc.
WWW.ADVANCEDPHOTONIX.COM

Surface-Mount InGaAs Photodetector
SD003-151-001

Precision — Control — Results

]
110 —t
48-0.50 T T
|
050

1206 PACKAGE DIMENSIONS,mm

160 BOYOmD  44p

FOLARITY

I ——
? camioee 2[0 d *

T
s00°

5
1C B0ARD

CHIP DIMENSIONS,.um

—_—

=CW

— 300 ——4

Responsivity [A/W]

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3 1
0.2
01

D !
500

800
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PhD PCB
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Mini stepper motor for spectrum scan

= AliExpress

'i"'__:"-"}l-l ‘t_

FFC plug: 4 contact
pitch 0.8mm
e=0.2mm

A+B+ 12 Moteur

A- B- 34

3412 nappe

A- B- A+ B+

B+ A+ PCB hub

B- A-

SMD SWIR photodiode Robust mechanical housing coming soon...



3D printing
+
Laser cutting

ONLY



Allignement en lumiere blanche:
les ordres secondaires sont bien visible

S E

Hub_PCB v0

Bandel

Bande2
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« GRAFCET PROPOSE POUR LA CONCEPTION
Aix--Marseille |
( universite . Allumage Led

Init cxcellence Attente ] —-

. Positionnement Mateur
Temps de = [
positiannement
POLYTECH Acquisition pour
MARSEILLE 1024 pts

Attente 2 =

Goertzel Cabeul
Amplitude

Temps de calcul =

. Affichage en sérlal

DUREE : 3 mois e —

Juin-Juillet-Aout 2019

STAGIAIRE : DIENG IBRAHIMA

Grafcet pour une led et un moteur

Qing_2 /Ibrahima/Rapport_Officiel_Stage_Capteur_Frugal_PO_2019_Dieng_Ib.pdf

Un code arduino fonctionne pour acquérir a 80kSa/s (via SPI) et extraire le signal a la volé (algo de Goertzel).

Pour valider le code on a utilisé un ADC simple d’utilisation: MCP3204, 12bit, no filtering, no pre-scaling

Il faudrait implémenter un ADC plus complexe: 16bit (24 bit?), 100ksps (1Msps?), with pre-scaling (and filtering?).
LADC ADS858x pourrait faire 1‘affaire. Sa dev-board a été achetée.

Pour les acquisitions on utilisera '’ADC de I'’Analog Discovery (14 bit, 100MSps)



Alim_PCB trop bruitée,
Malgré une double régulation :/

Pour les acquisitions on utilisera I'alim stabilisé +/-5V de '’Analog Discovery

Mame
C1 Average 0,183V
Ci PeakZPeak 0.01758V
1 AC RMS 33203 mV
------ cz Average 9.59830 V

g2 Peak2Peak 002518V

c2 ACRMS | 43985 mV¥

~ Bothom: -100 48V

MTU1D0512MC

112V £42mA, 1W Dual Output Isolation 1kVDC,
DC-DC Converter 4.5V-5.5V Input




QING v2.0 digital set-up 1st Analog Discovery

* PhDs power

* PhDs monitoring

* USB output via Python SDK

Arduino

e Stepper motor drive
e ADisco trig

e USB com via Pyserial

2nd Analog Discovery

* LEDs modulation

* LEDs monitoring

* USB com via Python SDK

=




QING v2.0 data stream, via PC

€9 double_step_motor_with_trigout | Arduino 1.8.5 - O x

& Spyder (Python 3.6) — =] X

File Edit Sketch Tools Help de

@ IP.@@III?G HI e = .;5»- P

Editeur - C:\UsersMej\Documents \Impact_Photonicsproje.. & X Explorateur de variables " X

double_step_motor_with_trigout

L b By Mes |3 PhO_PCE acquipy B Pho_PcE plotpy (] 112 & B OB x 23
z |77 2015/07/1€ : t ~ MNom Type Taille Valeur ™
4 P Direct drive of stepper motor. Trig out. Serial print arrays list > ['a.
: buffer_target int i 20 4
7 | //Pin definition & < >
import ctypes as ¢ Explorateur d... Explorateur... Aide Analyse de co...
.:1mport dwfconstants Corisole Bython g x
import serial 3 Console 1/a [E) H &
2 _ FItE TTon- ] ] =
3 import time 1Nput - 36 ch1fe@129=", line 1, in
<module= _
import numpy as np runfile('C:/Users/Me]/Documents/
Impact_Photonics/projects/Qing_2/Soft/
ADisco/PhD_PCB plot.py', wdir='C:/
Users/Mej/Documents/Impact Photonics/
projects/Qing 2/Soft/AD1isco’)
/ gives time since startup in ms. Overflow after 50 days. 21 data_namez”DataBi" File [ 1
v between sub-steps in pus HNE: step = 4 sub-steps ELE, rePEta = ?l.@@ slie-pac
23 ff5tart missing steps at B800us/sub-step without load -'Fl-_LEpa'EE_—__l'C:..-_"|_|S%.‘-'S.:-"|""|e]._r_ Documents E -UsSTOoml
24 int mecanical delay=50; // time to wait before aguisitiom, in [ms] prlntt -l.‘.—,’Jdtl'I,‘-.\ﬂ . fllepath' d UIT";L_— . =
s R P execfilel(filename, namespace)
as long loop count = O; 3
Sl e ’fffefj cfﬁz_fel%lfffwazéjijCkwéi?_f?Cle'_H%f?:_zrifh di:eit;in ; header='t_sys\tt[s]\tdir\tstep File "C:\ProgramData‘\Anaconda3\lib
=i ORI RS T R AR T SRS = - & header=header.split{’\t') \site-packages\spyder\utils\site
= £ = B » header="\t'.join(header) \sitecustomize.py", line 101, in
= ¥ ging_serial = serial.Seriall'coM execfile _ _
ging_serial.reset_input_buffer() exec (compile(f.read(), filename,
print{"\nSerial monitor activate ‘exec'), namespace)
7 : i File "C:/Users/Me]/Documents/
Impact_Photonics/projects/Qing_2/Soft/
X | motor v|itefz @ © £ Aa = P ADlSCO{_IPhE—ECBI-l—El?E;pr_‘::r'”lln? 77 ]
Arduino Leonardc : Droits d'acces: RW Fins defigne: CRLF ncodage: UTF-8 Ligne 21 Color 1 Mémoire: 57 %

Arduino IDE and serial monitor Spyder (Python) IDE + Digilent library SDK
For Arduino MCU for Analog Discovery



4

Spectral Acquisition




QING v2.0 Ultra-safe aquisition speed:

A frugal SWIR dual-band spectrometer .

Photodetection:

e 250ms per spectral point

11 points per spectra

e 22 points per aller-retour spectra
10 to 40 aller-retour per measure

gain=10M (10"7) « =>~3second per spectra

Trans-impedance gain only _ | => 30 to 120 second per measure
No gain before ADC = Emm g T

No filtering
No ADC scaling



Mode de branchement de la source:

Direct to fiber 20mm to fiber Avec le bloque porte échantillon
D=2mm D=22mm (ici, I'’échantillon est un miroir)
P_fiber ~10uW P _fiber ~100 nW P_fiber ~ 10 to 0.1 nW

Depending on sample

Pas assez de signal pour réaliser
une mesure (aujourd’hui)



Fibre sur le bloque porte échantillon, LEDs allumées @ 0-22mA square 8kHz

C:/Users/Mej/Documents/Impact_Photonics/projects/Qing 2/Soft/ADisco/mesures/

buffer #20
5000 - I e i i,
& 2 30000
[/, N0 p]
> A
=3 25000 -
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e e P e e e e e
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Faraday shield

Optical shield



Fibre sur le bloque porte échantillon, LEDs allumées @ 0-22mA square 8kHz

Shield életromagnetique + Shield optique => Bruit réduit x5 a x10

C:/Users/Mej/Documents/Impact Photonics/projects/Qing 2/Soft/ADisco/mesures/

buffer #20

3000 -
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1000 ~

[mV] vs Sa
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Direct to fiber, en face de LED 3 (aka 1200nm )

C:/Users/Mej/Documents/Impact Photonics/projects/Qing 2/Soft/ADisco/mesures/
Data31 ¥ e )

Afft [uV]
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Direct to fiber, en face de LED 2 (aka 1600nm )

C:/Users/Mej/Documents/Impact Photonics/projects/Qing 2/Soft/ADisco/mesures/

Afft [uV]

Data32 sy s
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20mm to fiber, en face de LED 2 (aka 1600nm )

C:/Users/Mej/Documents/Impact Photonics/projects/Qing 2/Soft/ADisco/mesures/

Afft [uV]
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20mm to fiber, en face de LED 3 (aka 1200nm )

C:/Users/Mej/Documents/Impact Photonics/projects/Qing 2/Soft/ADisco/mesures/
Data34

buffer #20 all buffers

Afft [uV]
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fft [mV]

C:/Users/Mej/Documents/Impact Photonics/projects/Qing 2/Soft/ADisco/mesures/
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+— Data21
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Data21: sample holder

Data30: with shields

Data31: LED 1200 direct to fiber

Data32: LED 1600 direct to fiber

Data33: LED 1600 20mm to fiber

Data34: LED 1200 20mm to fiber
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Next steps



Menu des prochaines étapes de développement:

Replace Analog Discovery

Finish Digital PCB [ PGB Design and fab
%I\Ir Software (arduino skeich)

!
\_ Bluetooth serial print?

Upgrade the light source
More signal J."/ Increase light collection.

Mesure complémentaire DC

[

MarkTech IR ¢ 3 ep ae

' rade the detector

NIR (Si PhD) | Other bands? \_Upg L
: ‘ Stray light

Vis (2nd and 3rd order) ’,f"r Less noise

i Mire d'étalons

“._EM noise

Fablabs compatibility Feedback

,f’ . s

; s Dedicated stepper motor driver ICs

More mechanical stability and/or speed }if Pp
% Alu CNC holder + oil for PCB sliding

1
\_ "Zero backlash" laser cut motor plug

Parametric fab file generation s

Multi PhD PCB (up to 87)
More speed and spectral range .
\_ Better stepper motor (2€)




More details
on GitLab




ie: tab «PCB_breakdown»

Full Bill Of Material in the online git repository Qing2/ BOM_Qing2.xlIsx

Module Description

PCB LED | MIRLED
S0ma 0C
100mA peak

WIS LED

‘w'hite LED [alligr)

Op Amp
B Thir film

Cuad SPOT
Guad DAC

Si Phatodiode

Op Amp

Ref

MTSMO0Z2-133-1R
"1200Rm"

MT3Ma0NG6-133-1R
"1650nm"”

Manufacturer Image

Marktech

Marktech

15612072000 "ellow” Swurth

BGT02%-TR "Green”
CIBLPEDT-l' "efhite”

Connector 2.5dmm 54202-50804LF

Lrw3a1

05412
MCP4725

PCB PhDO| InGafs Photodiod: SO003-151-001

VEMOBO0S0=01

ARTZ01ZPONC

MCPE431

Stanley
ErighTek
Amphenal

On Semi
Stackpole

Vishay
Microchip

Advanced Phatonis

Vishay

Kingbright

Micrachip

Specs

SMD 1206

TM0-1240rm

@ |_OC_max=50mA:
V=1, P=5mwl=r

SMD 1206

1450-1710nm

@ |_OC_max=50m#f:
V=T P=2mwisr

1206, 530nm, 25md OC, 100 peak
1206, S60nm, 30ma OC, 70 peak
SMO 0603

2.5dmm pitch, 2ad steight

idem, 300

A0 md output current
TMHz

0603, 200

125m'w, 100ppmi C
100Rs, 200 2hm

12C buffered DAC

SMO 1206 [3. 211, 6mm)
50-1700nRm
chip 300:300pm

SMO 1206 [d=Zmm]
380-1000Rm
chip 0.3=0. 3mm

SMO 0803 (241, 25mm]
420-1120nm
chip 0. 3=0. 3mm

SC-70

ol = o1 | P e e = o P 1

Unit Cost
by 1

Buy now

hittpe: e ww, digike: 151

hittpe i ww digiker 201

hitpe: www, digike: 0171
hittp twww . digiker 0,351
hittpe Meww digiker 0.351
hitpe twww, digiker 0.351
hitpe: Haw g, digiker 1.021

httpe www, digiker 0.401
hittpe Meww . digiler 0101

https iaww digike: 1.31
hitpe o w digiket 1.7

httpe: twwe, digiker 31

bt faww, digikees 1,301

hittpe: twww, digike 0.851

https e v, digike: 0.601

by 100 by 1000

121 101
131 121
0.141

071 0701
0171 0.051
0.231 0171
0731 0.561
0251 0151
0.0z 0.071
101 0.7l
131 131
21 151
0761 0451
0471 0.251
0.401 0.401

Quantity

foO ==

—_

TOTAL

by 100
261 ME: :=s
<

31

51




Technical files, fabrication files and software

€Icad ...

Impact Photonics » projects » Qing 2 » Elec

Mame

Alim_PCB
Datasheets
Hub_PCB
LED_PCB
PhD_PCB
fee Microchip_Apphotes PCE_layout_01258b.pdf
fi Microchip_AppMotes_Transimpedancel1494A. pdf

‘D_Phato
) Dl '\

+

o Kppamp Dual_Generlc 5
“U1A- i
GND

Impact_Photonics * projects » Qing_2d » Meca
Qing_2/Meca/ . A

fab

steps

SW_2016
R glissoir.step
# motor SLDPRT
|| motor.SLDPRT.Tx.t
ﬁmutnr.step

2
DS SOLIDWORKS

Qing_2 /Soft/

Impact_Photonics » projects » Qing_2 » Soft

e

Mame

ADisco
Arduino




For the making-of:

Qing_2 /pics_converted/

Qing_2/video/

Impact_Photonics » projects » Qing_2 » pics_converted
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Qing_2/Qing2 - Next.mm

Fnish Digiai PCB _|I
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SOURCEFORGE

Open Source Software Business Software

-

FreeMifnhd

Moo speed &

spoctral rnge —

A premier mind-mapping software written in Java

Brought to you by:

e Y Y e e nloads: Last Update:

Download GetUpdates Share This

Windows Mac Linux

Summary

Files Reviews Support Wiki Mailing Lists Tickets News Discussion Code

A mind mapper, and at the same time an easy-to-operate hierarchical editor with strong emphasis on folding. These two are not really two

different things, just two different descriptions of a single application. Often used for knowledge and content management.



