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Goals of the presentation

 Understand the motivation behind the research

* Roughly understand the presentation title

— “Wavelength modulation spectroscopy on traces of carbon
monoxide using quantum cascade lasers”

« See what I've done
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Why look at carbon monoxide

Conversion of CO,
eCO as biomarker into value-added chemicals

2.0 ppmv healthy 0.1 -5% [2]
> 2.7 ppmv cystic fibrosis [1]

[1] https://link.springer.com/article/10.1007/s00340-018-7030-x Institute for

[2] https://pubs.rsc.org/en/content/articlelanding/2017/cs/c6cs00066e Molecules and Materials



Why normal methods fail

Normal absorption Trace gas absorption
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Idea

» Separate the absorption signal from the noisy signal

* How?
— Introduce periodic time variation to the signal strength
— Make use of light color dependent absorption
— Extract signal with lock-in amplifier
— Relate the extracted quantity to the concentration
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Wavelength dependent absorption
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[1]

[1] The HITRAN2016 molecular spectroscopic database Institute for

[2] https://webdoc.ubn.ru.nl/mono/m/moeskops_b/specdeoft.pdf Molecules and Materials




Wavelength modulation p o)

* Modulate the wavelength A
- Extract the harmonics via lock-in amplification e NZ
* Benefits: .
— Reduction of noise i (L
Ao N
Noise A\\ >
density ' Random walk -
\ noise 1/£ L
Flicker
noise 1/f
_____________ \_\_\_\_‘_\_\:______ Shot noise 1/f;,
— Zero baseline Frequency [1]

[1] Lecture slide Spectroscopy course, Frans Harren 2016
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Quantum cascade laser
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Scanning the wavelength
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Extract the 1f and 2f signals
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11 [1] Lecture slide Spectroscopy course, Frans Harren 2016
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And what is the concentration, then?

Xif = GIO G = gain factor of the system
X, = Io tn(Aw)? ‘d 02 Iy = ini‘Fial laser intensity
dwly=w; ¢ = optical path length

n = CO concentration

‘o Aw = modulation amplitude

22t —#n(Aa))2 —

wW=wj,

Institute for

Molecules and Materials




Experiment
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Schematic setup
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Experiment

Photos found in my own archive by searching for "oscilloscope™ in Google Photos, which somehow works. .
! ! J . J Institute for
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Averaged scan of the absorption line

dataset wms_co_100mbar_controlled_2021-06-09T150423
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Data recording and processing

# Recorded with “gcl wms co v3 plaintxt’ on computer 'MLF-PC- + | ab\’ |EW
KEES® at starttime "2020-12-14T14:40:00°

# Settings: sample rate = 16000, actual_ sample rate = 16000,
buffersize = 1600

# volt wvolt volt o
reference voltage sample voltage scanning voltage

0.000984 6.944711 0.011684

-0.002839 7.079801 0.019580

-0.000290 7.218714 0.020472

0.000984 7.335962 0.012958

0.003533 7.440466 0.005317

0.003533 7.529676 0.007991

A Faue s — o x|

| a¢rwQa=mm F

non-overlapping Alla deviation o
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Fysica 2022: connection to the theme
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Results
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Applications

700 ppbv @ 100 ms 100 ppbv @ 1 s 10 ppbv @ 100 s

Non-invasive medical diagnostics Plasma-catalytic conversion of CO,

0.1 — 5% [2]

> 2.7 ppmv cystic fibrosis [1]
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Outlook

* Reduce drift in the system

« Simplify and shrink setup [1]

* More applications:

— Different gases (CO with "#C, or with another laser CO,, ethylene [2], ...)
— Investigate other organisms

[1] A Raspberry Pi-based field-deployable tunable diode laser spectroscopy system for the detection of CO2 at 2003.5 nm Institute for

(https://ieeexplore.ieee.org/document/7408713) Molecules and Materials
[2] Ethylene, an early marker of systemic inflammation in humans (https://www.nature.com/articles/s41598-017-05930-9)
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Summary

* Prior goals reached (I hope)
v" Understand the motivation behind the research

v" Roughly understand the presentation title

=  “Wavelength modulation spectroscopy on traces of carbon monoxide using quantum
cascade lasers”

v" See what I've done

» Trace gas detection (of CO) has important applications

« WMS is a good detection method
— Sensitivity, specificity, fast in time

* Want to read more or look a little slower to the slides?
hits:/keesvankampan.ni/physicsifisica-2022/
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Carbon monoxide concentrations

7 000 - 100 000 ppmv Car exhaust (without catalytic converter) [1, 2]

30 000 ppmv (3%) Undiluted cigarette smoke without filter [2]

5 000 ppmv Household wood fire chimney [2]

3 200 ppmv Immediate death [5]

800 ppmv (0.08%) Headache, dizziness, nausea, convulsions; insensibility in two hours [5]
700 ppmv Atmosphere of Mars [1]

N
7/

-

25 —-100 ppm (0.0025 - 0.01%) Dangerous levels for prolonged exposure [2, 4, 5]
(will trigger CO alarms)

)

v

5—-15 ppmv Car exhaust (with modern catalytic converter) [1]
10 ppmv Air in urban areas [3]
<1 ppmv Trace gases
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Why look at carbon monoxide?

« eCO as biomarker [1]
» Conversion of CO, into value-added chemicals [2]

CO concentration

2.7 — 4.8 ppmv Inflammation patients with cystic fibrosis [3]
2.0 ppmv Exhaled breath healthy person [3, 4]
*
0.5 ppmv Troposphere of Earth [5] Y *_ * -
- 0 f |'. I !"! o
*‘ I_I [t |.||’.
7 ppbv Detection limit of previous WMS setup Trace Gas Facility [4] * kT
* & *
Life Science Trace Gas
0.1-5% Plasma reactor/combustion engine [6, 7] Rhcsartn Grog
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Harmonic analysis

z[t] = z1[t] + z2[t] + x3[t

W“%%MMW

= by sinwqt

/ Fourier transform |Z(w)|

xa[t] = ba sinwsat

UATATAVATATATAVAAY.

T3 [t] = b3 sin (J.)3t

A

w1 W2 ws

[1]
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Lock-in amplification
Upsa = Usigsin(a)t + <psig) ULsin(wt + goref)
= %Usig Uy, [COS((psig - Qoref) - COS(Z(‘)t + Psig — Qoref)]

Set @sig= Qref and average over time T:

X(t) = 2 J,_ Upsa(s)ds

1 ot
= Z_Tft—l' UsigUL[1 — cosQws)]ds
1

= 5 Usig U,
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LabVIEW front panel

DAQ settings | Data file settings |

error out file

status  code
Reference detector Min Valtage 1(¥) ~ Max Voltage 1 (V) 2| £
(Eramp e oem =
Sample detector (from lock-in) ~ Min Voltage 2 (v)  Max Voltage 2 (v)
- Min Voltage 3 (v)  Max Voltage 3 (V)
2 J error out DAQ
v o
Buffersize  sample Rate per channel Actual Sample Rate LEEE
Settings
stop.
STOP!
Size of data buffer rioto IR%G

1800-,
1750,
1700

& 1650
1600

£ 10
1500
1450
1400-1

0

Institute for
Molecules and Materials




LabVIEW block

diagram

DAQ channel setup
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Data file

# Recorded with "gcl wms co v3 plaintxt® on computer "MLF-PC-KEES' at starttime "2020-12-14T14:40:00°
# Settings: sample rate = 16000, actual sample rate = 16000, buffersize = 1600

# volt wvolt volt

reference voltage sample voltage scanning voltage
0.000984 6.944711 0.011684

-0.002839 7.079801 0.019580

-0.000290 7.218714 0.020472

0.000984 7.335962 0.012958

0.003533 7.440466 0.005317

0.003533 7.529676 0.007991
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Processing

File Edit View Settings Shell Run Tools Help

[ 5 «qcl_wms_co_data_processing_pandas_kvkempen.py
144

_figure()
figtext(.92, 6.5, 'dataset '
fontsize=6, ha

locIm.dfl'true group'] 1000, 'sample voltage'l)) / 16660,
ue_group'] = 1000, 'sample voltage'l

plt.legend([harmonic + ' sample voltage from lock-in‘])
plt.xlabel( ‘s )
plt 1

tname + '_group_l080_sam

voltage.pdf',

plt.shoul)

# 4%

group_max true group').max()
true p').min()
roup’).id

el

# %% ALLAN!

Shells
Cleython . @ EE E @ @ ° = %
, May 27 2621, 13:39:53) on lin

z0 interpr rated event log
r help, type '?' ist of
file "gecl processing
ted 81913 r than our peak
licat

The GUI event loop is already running in the pyzo kernel,
does nat block. In most cases your app should run fine
for modifications cl. s is what the pyzo k
- Prevent dele e local scope of fun
- Prevent system exit right after the exec () call

>3

@

inport allantools

170 taus = np.logspace(d, 4, 16008)
1.6

(t2, ad, ade, adn) =

plt.figure()

1t.loglog(t2, ad)

, ad, ade, adn) = allantools.oadev(group min[sample voltage'l.te numpy(), rate=r, data type="freq", taus=taus)
ad)

antools.oadev(group_max['sample voltage'l.to_numpy(), rate=r, data

plot for $\\approx 8.1\%$ €0, re
* sample voltage maximum per snapshot
gtext(.92, 0.5, 'dataset ' + datasetname,

ontsiz, a='center', va='cemter', rotation='vertical')
('averaging time §\\taus (s}')
plt.ylabel( 'overlapping Allan deviation $\\sigma \\tau$ (V)')
plt.gcf (). subplots adjust(left=0.

24 at 100 mbar')
, harmonic + ' sample voltage minimum per snapshot'l)

ts/Bachelorstage + datasetname + '

overlapping allan dev_groups samp

le_voltage.pdf’,

.adev{group_maxl'sanple valtage'l.to numpy(), rate=r, data type="freq", taus=taus)

.adev(group_min'sanple voltage']l.to nunpy(), ratesr, data type='freg", taus=taus)

es $_ 2% at 100 mb;
apshot', harmenic +

sample voltage minimum per snapshot'1)

+ datasetname,
center', rotation='vertical')

ing time $\\t
non-overlapping Allan
£().subplots_adjust(left=0.15)

le_voltage.pdf*,

1t showl)

non-overlapping Allan deviation ar (V)

. Figure 4@lilT - O X
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Results
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Results

—— 1f sample voltage maximum per snapshot —— 2f sample voltage maximum per snapshot
101 - 1f sample voltage minimum per snapshot ~—— 2f sample voltage minimum per snapshot
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LabVIEW

1) gu—|
ﬁ & %‘mﬂ
et BAG V‘
=
. i
R -
B [
‘5@ sl ]
5
]

Institute for

Molecules and Materials




