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Abstract. Although optical components in Fourier transfonfrared (FTIR) spectrometers are preferably wediegkactice,
infrared spectra typically suffer from the effeds optical resonances (“channeling”) affecting ttegrieval of weakly
absorbing gases. This study investigates the leyehanneling of each FTIR spectrometer within Metwork for the
Detection of Atmospheric Composition Change (NDACD#gdicated spectra were recorded by more thantywéDACC
FTIR spectrometers using a laboratory mid-infrasedrce and two detectors. In the InSh detector do(@800 — 5000 crh),
we find that the amplitude of the most pronoundeaneling frequency amounts to 0.1 to 2.0 %o ofsghectral background
level, with a mean of (0.68 + 0.48) %o and a medifif.60 %o. In the HgCdTe detector domain (700 —QL861%), we find
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even stronger effects, with the largest amplituateging from 0.3 to 21 %o with a mean of (2.45 + 4.%0and a median of
1.2 %o. For both detectors, the leading channeliegufencies are 0.9 and 0.11 or 0.23'dmmost spectrometers. These
observed spectral frequencies correspond to theabphickness of the air gap in between the beglitter and compensator
plate (0.9 crt) and the beam splitter substrate itself (0.11G&8 cm'). Since the air gap is a significant source ohcieding
and the corresponding amplitude differs stronglyveen spectrometers, we propose new beam splittdrshe wedge of the
air gap increased to at least 0.8°. We testednertion of spacers in a beam splitter’s air gagetmonstrate that increasing
the wedge of the air gap decreases the 0:9aranneling amplitude significantly. This study sische potential for reducing
channeling in the FTIR spectrometers operated ®YNMDACC, thereby increasing the quality of recordpdctra across the

network.

1 Introduction

Ground-based FTIR (Fourier transform infrared) smecopy is a widely used technique for measuriigron abundances
of a variety of trace gases in the atmosphere. iwithe Network for the Detection of Atmospheric Quosition Change
(NDACC), this technique is used at about twentyssitovering a wide range of geographical latitu@és. NDACC data are
used to study short and long-term variability &f #imosphere as well as for satellite data vabdgDe Maziére et al., 2018).
For both applications, high data quality and statio-station consistency are of utmost importar@@eund-based FTIR
spectroscopy provides data of high quality (e.dqr@eer and Hase, 2008). However, several keyumsintal characteristics
need to be addressed. These parameters such a®deten-linearity (Abrams et al., 1994), instrurtriine shape (ILS;
Hase et al., 1999), intensity fluctuations (Keppkdks et al., 2007), precise solar tracking (Gisak, 2011), and sampling
error (Messerschmidt et al., 2010; Dohe et al. 32®hve been studied in some detail and need takea into account.

In this paper, channeling — the presence of ingntrinduced periodic oscillations of spectral traission resulting from
internal optical resonances — will be investigaaad discussed. In the past, each site or each pestremeter was tested for
channeling individually. This paper describes avoek-wide exercise for characterizing channelindg-FIR spectrometers.
Channeling is caused by interference of reflectiminthe incoming light at parallel transmitting fages of optical elements.
In practice, the resulting channeling amplitudes lass than 1% in signal. Thus, the retrieved &atapecies with strong
absorption signatures, as for example ozone and mdners, are less critically affected. Howeveeg tbtrieved trace gas
amounts of weak absorbers can be substantiallyrisd. In such cases, channeling becomes an inpadanponent of the
total error budget.

Recently, time series of column abundances of fatefyde (HCHO) were retrieved from NDACC FTIR si{®gouroux
etal., 2018, 2020). The studies of Vigouroux @etudes an error characterisation of the HCHQIpob. Within the network,
two retrieval codes are in use: SFIT4 and PROF®file the retrieval codes were inter-compared dmvsconsistent results
(Hase et al., 2004), the assumed error budgetx diffjhtly. The stations using PROFFIT includesamr contribution due to
channeling while the stations using SFIT4 do nbe Tesult is a larger total error for HCHO dataiesed with PROFFIT as
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compared to SFIT4 (Vigouroux et al., 2018). In BiROFFIT error calculation, a set of typical chammefrequencies and
amplitudes is taken into account. More specificatlyanneling amplitudes of 0.5 %o for four frequesscare assumed: 0.005,
0.2, 1.0, and 3.0 ct The resulting error contribution doubles the ltetaor of HCHO columns amounts.

In order to make this assumption more robust amgiémtify more carefully the differences from spesteter to spectrometer,
an exercise was performed to measure channelingidreeies and amplitudes of NDACC FTIR spectromet8iace
atmospheric spectra are densely populated withrptisp signatures interfering with the signal gexted by channeling; the
test was designed using spectra collected in adamy setting. Section 2 briefly describes thigiorof channeling, Sect. 3
the setup of this exercise, and Sect. 4 showsethdts followed by a discussion. Finally, to redtle channeling amplitude,

the investigation of a modified beam splitter dasgpresented in Sect. 5, and lastly, Sect. 6sgive conclusions.

2 Spectral transmission of a Fabry-Perot cavity

In an FTIR spectrometer, the transmitted light pagirough several optical components such asabptiadows, optical

filters and a beam splitter, typically comprisedaobeam-splitting layer system deposited on a pamest substrate and a
compensator. At the transmitting surfaces of tlesaponents, the optical beam is partially reflectadhe case of parallel
surfaces, each pair of surfaces defines a cavity {8) in which multiple reflections occur. Dueitterference of the reflected

light, a standing wave is created (Fig. 1b). Thfeat is called the Fabry-Perot or etalon effecthanneling. The optical
length of the cavity defines the free spectral e@sr)as

V(FSR) = 1/(2ndcos8) (1)

with n refractive index and thickness of the optical component (Hecht, 2087} the angle between incoming light beam

and the normal of the optical surface (Fig. la)judpn (1) is used to assign the optical elemesparsible for a certain
channeling frequency. Table 1 gives a few exampi®&g-sr) for optical materials commonly used in FTIR spewateters. The

Fabry-Perot etalons generated by these undesiredipa effects naturally have rather low etendigethe resulting spectral
transmission is well described by assuming an harermascillation.

In order to reduce or avoid channeling, optical ponents need to be wedged or installed with a laitgé\ large tilt is not
feasible in many cases. Thus, components are nigrmetiged, which requires a special design andsicompatibility with
non-wedged devices. Furthermore, some components & detector elements are not available as wedgsibns (the
partially transparent detector element can alsasciptical cavity). Therefore, in practice it lalienging to design an FTIR

spectrometer that is completely free of channeling.
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Figure 1: (a) Multiple reflections at parallel surfaces in apptical component (taken from Wikimedia Commons:
105 https://commons.wikimedia.org/), (b) Channeling@mIR spectrum.

Table 1: Free spectral rangersr)of some components typically used in NDACC FTIRdpmeters.

Material used as n d [mm] V(esr) [onT]
Air Gap in between |1 5.5 0.91
beam splitter and
compensator plate
KBr Beam splitter 1.5 15 0.22
substrate
Cak Beam splitter 1.4 15 0.24
substrate
Cak Detector window | 1.4 1.0 3.57
Ge Detector window | 4.4 1.0 1.14
KRS-5 (TIBr-Tll) | Detector window | 2.37 1.0 2.11
Sapphire Detector window| 1.65 1.0 3.0
ZnSe Detector window| 2.2 1.0 2.27
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3 Channeling test exercise
3.1 Experimental setup

In atmospheric spectra, channeling can be diffimkee due to the presence of complex atmosps$ignatures. Therefore,
laboratory spectra are used for this exercise rdecbeither with a mid-infrared globar or with adk body of at least 100C
temperature. Since these types of sources do obhtd@ a window, no additional channeling is addedhie spectra. A
temperature of 100%C is required to record spectra with a sufficieghal-to-noise ratio in a reasonable amount of time
Within NDACC, two detectors and the NDACC filtertsae used. The NDACC filters have a wedge of XOmin and
therefore, if properly oriented, do not cause cleéing. Therefore, not all filters but both detestavere included in this
exercise. More specifically, NDACC filter #3 (24693000 crt spectral range) for the InSh detector and NDAGErfi#6
(700 to 1300 cm spectral range) for the HgCdTe detector were USethe sites use filter #7 (700 to 1000 spectral range)
and #8 (1000 to 1400 chspectral range) instead of filter #6. In this ¢dieer #7 was used for this exercise. Filter #8sw
selected since this filter range is used for tteeal of HCHO column abundances.

Multiple reflections within optical components suels optical windows or beam splitters typically whohanneling
frequencies of a few tenths of a wavenumber up fewawavenumbers. In general, higher frequency calmg with
wavenumbers below 0.1 chmight occur when different optical components fdh@ surfaces of the resulting cavity, e.g. in
the Bruker 120HR spectrometer the rim of the emedield stop is part of a resonator of about length. However, this is
seldom the case in an FTIR spectrometer and segotidé to the high frequency, easily detectablendmeatmospheric
spectra.

In order to focus on channeling due to multiplder&tfons inside optical components and to achieverg good signal-to-
noise ratio, a spectral resolution of 0.05%cwas chosen. This resolution allowed us to addshod interferograms within a
few hours, thereby achieving signal-to-noise r#tat allowed channeling amplitudes to be detectetlcuantified on a per

mille scale.

3.2 Analysis of channeling test spectra

To quantify channeling frequencies and their aragbts, an FFT (Fast Fourier Transform) analysishef dpectra was
conducted. First of all, a spectral interval wassemn with a nearly constant intensity: 950 to 1000 for HgCdTe and 2550
to 2600 crrt for InSb spectra. This step was carried out uSRJS™, a software package from Bruker Optics tdrobn
FTIR spectrometers (Fig. 2a). Then, the backgravesinormalized and a straight line was subtracde®yOrigin™ software
(Fig. 2b). Finally, an inverse FFT was conductesb atith Origin™ software (Fig. 2c).
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Figure 2: Analysis of a channeling test spectrum: (a) Céinafindow of 50 cm; (b) Normalize background and subtract
straight line; (c) Result of FFT analysis

150 4 Results and Discussion

In this section, the results are presented for rti@e twenty spectrometers. Table 2 provides gt@fispectrometers included

in this study. Please note that a few spectromel@rsot include an HgCdTe detector: Garmisch, Kahls, and Sodankyla.

6
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Site Acronym Type Beam splitter setup Team
Eureka EUR Bruker 125 HR KBr U Toronto
Ny-Alesund NY Bruker 120/5 HR KBr for HgCdTe, U Bremen

Cak; for InSb det.
Thule THU Bruker 125 HR KBr NCAR
Kiruna KIR Bruker 120/5 HR KBr KIT-ASF, IRF
Sodankyla SOD Bruker 125 HR CalRo HgCdTe det. FMI
Harestua HAR Bruker 120 M KBr U Gothenborg
St. Petersburg STP Bruker 120 HR KBr SPbU
Bremen BRE Bruker 125 HR KBr U Bremen
Karlsruhe KAR Bruker 125 HR CaFno HgCdTe det. KIT-ASF
Paris PAR Bruker 125 HR KBr for HgCdTe, Sorbonne U

Cak; for InSb det.
Garmisch GAR Bruker 125 HR Camo HgCdTe det. KIT-IFU
Zugspitze ZUG Bruker 120/5 HR KBr KIT-IFU
Jungfraujoch JJO Bruker 120 HR KBr U Liege
Toronto TOR BOMEM DAS8 KBr U Toronto
Rikubetsu RIK Bruker 120/5 HR KBr for HgCdTe, U Nagoya, NIES

Cak; for InSb det.
Boulder BOU Bruker 120/5 HR KBr NCAR
Tsukuba TSU Bruker 125 HR KBr for HgCdTe, NIES

Cak for InSb det.
Izafa 1z Bruker 120/5 HR KBr AEMet, KIT-ASH
Mauna Loa MLO Bruker 120/5 HR KBr NCAR
Altzomoni ALT Bruker 120/5 HR KBr UNAM
Wollongong WOL Bruker 125 HR KBr U Wollongong
Lauder LAU Bruker 120 HR & KBr NIWA

125 HR

Arrival Heights AH Bruker 125 HR KBr NIWA

155
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These sites primarily serve the TCCON (Total CarBofumn Observing Network; Wunch et al., 2010) arsd contribute

with InSb spectra to NDACC and to this exerciseeSehspectrometers use a £bEam splitter instead of KBr; the latter is

normally used in NDACC for enabling measurementshim HgCdTe spectral range. Ny-Alesund, Paris, Riksu and

Tsukuba sites use a Galfeam splitter for InSb and a KBr beam splitter iyCdTe measurements. Tables 3 and 4 list the
160 detected channeling frequencies and their ampltirdspectra recorded with InSb and HgCdTe detectespectively.

4.1 InSb detector domain

Figure 3 shows the detected channeling frequemgidstheir amplitudes in InSb spectra analysed auita®600 crtt. Most
spectrometers show the expected channeling fregegermbout 0.9 crhand 0.11 or 0.23 cth These frequencies are consistent
with (i) the gap between beam splitter and compengdate (0.9 cn), and (i) the beam splitter substrate (0.23'cfable 1).
165 A frequency of 0.11 crhcorresponds to a resonator due to both substthtebeam splitter and the compensator plate.
A few spectrometers show an additional channelimgé with a frequency of about 3 @nTrhis is due to the detector window
that is often made of sapphire or calcium fluorf@aF,). Also in Izafia, this channeling frequency wasdttd in 2018. In
December 2018, the detector was exchanged bechdsereasing sensitivity. The new detector (Iza@a%) shows much
less channeling. Detectors purchased in the 198@stimes had a detector window with insufficientigye.
170 Figure 4 shows the amplitude of the strongest cblamm frequency of each spectrometer. In most ¢cademneling caused
by the gap of the beam splitter is the most pronedrone. The amplitudes range from 0.1 to 2.0 % witmean of (0.68 +/-
0.48) %o and a median of 0.60 %.. These mean andamede consistent with the PROFFIT error estima&®%. as used
in Vigouroux et al. (2018). However, the channelargplitude differs strongly from spectrometer tecpometer and a few

spectrometers show an amplitude of up to 2 %o.
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Figure 3: Amplitude of channeling frequencies as observed$b test spectra using NDACC filter no. 3.
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Table 3: Leading channeling frequencies F and their ampdisudl in the InSb detector regime. Channeling annéis larger

180 than 0.6 %o are highlighted in bold.

FTIR site F1 [cn?] | Al [%] F2 [en] | A2 [%] F3lcnt] | A3 [%] F4lcnm? | A4 [%]
Eureka 0.93 0.14 0.23 0.05 0.11 0.004

Ny-Alesund 0.90 2.0 0.11 0.08

Thule 0.91 1.0 0.23 0.18 0.11 0.15 3.1 0.27
Kiruna 0.85 0.05 0.11 0.003 0.76 0.1

Sodankyla 0.93 0.3 0.12 0.03 0.11 0.024 0.25 0.01
Harestua 0.91 0.37 0.10 0.02 3.33 1.36

St. Petersburg 0.93 0.3 0.23 0.12 0.16 0.11 0.77 20 0.
Bremen 0.93 0.3 0.23 0.16 0.11 0.05

Karlsruhe 0.87 0.14 1.29 0.57

Paris 0.91 0.2 0.25 0.05

Garmisch 0.91 0.6 0.10 <0.1 31 0.24

Zugspitze 0.91 0.26 0.11 0.025 0.10 0.035

Jungfraujoch 0.91 1.24 0.23 0.08 0.12 0.02

Toronto 3.10 0.68 0.21 0.05 0.11 0.02

Rikubetsu 0.90 0.94 0.25 0.22 0.11 0.11 3.2 0.17
Boulder 0.93 0.81 0.23 0.75 0.11 0.11 3.6 0.83
Tsukuba 0.93 0.94 0.12 0.21 0.11 0.10

Izafia — 2018 0.76 0.42 0.10 0.09 0.11 0.06 3.6 1.27
Izafia — 2019 0.83 0.07 0.10 0.02 0.11 0.03 3.1 0.20
Mauna Loa 0.93 0.85 0.23 0.45 0.11 0.36

Altzomoni 0.64 0.11 1.82 0.04 0.74 0.03

Wollongong 0.93 0.40 0.23 0.20 0.11 0.03

Lauder HR120 0.91 0.32 0.23 0.08 0.11 0.02

Lauder HR125 0.91 1.0 0.23 0.14 0.11 0.37 0.10 0.06
Arrival Heights | 0.91 0.94 0.23 0.03 0.12 0.11 0.10 0.09
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Table 4: Leading channeling frequencies F and their amp#isud in the HgCdTe detector regime. Channeling éuogss

larger than 1.0 %0 are printed in bold.

FTIR site F1 [cnm?] | A1 [%] F2 [cnmY] | A2 [%o] F3[cny] | A3 [%] F4[cm?y | A4 [%]
Eureka 0.93 1.5 0.23 0.2 0.11 0.14
0.10 0.05
Ny-Alesund 0.91 1.6 0.23 0.89 0.11 0.60 2.17 21
0.21 1.85 0.10 0.62
Kiruna 0.77 0.32 0.59 0.12 0.11 0.07
Harestua 0.91 3.7 0.23 0.73 1.56 0.66 3.85 4.2
0.11 0.16 0.58 0.36
St. Petersburg 0.94 1.0 0.23 0.30 2.0 0.52
0.33 0.40 1.77 0.20
Bremen 0.93 1.43 0.23 0.34 0.11 0.22
0.83 0.52 0.10 0.08
Paris 0.83 0.56 0.26 0.23 0.21 0.13
0.23 0.37 0.12 0.23
Zugspitze 0.91 0.79 0.23 0.25 0.11 0.18 3.57 0.36
0.10 0.19
Jungfraujoch 0.91 0.53 0.23 0.60 0.11 0.17
0.21 0.12 0.10 0.06
Toronto 0.96 0.64 0.21 0.20 0.10 0.10
0.48 0.12
Rikubetsu 0.93 1.44 0.23 0.62 0.11 2.18 0.42 0.21
0.83 1.51 0.18 0.14 0.10 1.01
Tsukuba 0.93 3.46 0.23 0.67 0.11 0.38 1.19 0.27
0.10 0.33
Izafia — 2018 0.76 0.23 0.63 0.45 0.11 0.13
0.56 0.41 0.10 0.13
Izafia — 2019 0.75 0.48 0.63 0.54 0.11 0.17
Mauna Loa 0.93 2.60 0.23 1.35 0.11 0.56 0.61 0.14
0.10 0.10
Altzomoni 0.88 0.25 1.67 0.31 0.11 0.08 1.22 0.21
0.63 0.68 1.43 0.23
Wollongong 0.93 3.00 0.23 0.25 0.11 0.16
0.82 0.23 0.59 0.13
Lauder HR120 0.91 0.72 0.23 0.06 0.11 0.12
1.51 0.08 0.10 0.07
Lauder HR125 0.91 1.69 0.23 0.41 0.11 0.23
1.14 2.74 0.10 0.11
Arrival Heights 0.91 1.72 0.23 0.18 0.11 0.12
1.16 1.15 0.10 0.17

10
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Site

185 Figure 4: Amplitude of largest channeling fringe in test gp@m using InSb detector and NDACC filter number 3d Rars indicate
channeling due to beam splitter air gap and blus inalicate detector window as source of channeling

224

BNy

20 =

Amplitude [%o]

5 10 15 20
Site

Figure 5: Amplitude of largest channeling fringe in HgCdTet tggectrum. Red bars indicate channeling due to lsgitter air gap and
blue bars indicate detector window as source oficakng.
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190 4.2 HgCdTe detector domain

Table 4 lists major channeling frequencies andrtheiplitudes in spectra recorded with an HgCdTeaet at about
1000 cmt. As for the InSb detector, most spectrometers siandominant channeling frequencies: about 0.8 and 0.1 or
0.2 cm! caused by the beam splitter (Table 1). Two spewters show an additional channeling frequency.7 and
3.85 cmt, indicating that the wedge of the detector windswot sufficient in these cases.

195 Figure 5 shows the amplitude of the strongest chlamm frequency of each spectrometer. In most ¢casemneling caused
by the gap of the beam splitter is the most pronedrone. The amplitudes range from 0.3 to 21 %o withean of (2.45 +/-
4.50) %o and a median of 1.2 %.. The amplitude imdaeger as compared to the InSb domain. At sewited, a reduction of
channeling amplitudes would be desirable in ordémprove trace gas retrievals of species with wegRkatures, in particular
from HgCdTe spectra, e.g. of CIOM@ING; or Sk.

200 As for the InSb domain, channeling amplitudes digfeongly from spectrometer to spectrometer. Fdgushows spectra with
different levels of channeling of the same freqyegabout 0.9 cm) demonstrating the need of increasing the weddgheof

gap and for narrowing the tolerances of wedgelémtanufacturing of the beam splitters.
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Figure 6: HgCdTe spectra with low (0.32 Ysamedium (1.43 %) and high (3.46 %.) channeling dmgé at 0.9 cm frequency.
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205 5 Investigation of a modified beam splitter desigffor reducing channeling

This test exercise has found that the channelinglirde differs strongly from spectrometer to specteter. A few

spectrometers (at Altzomoni, Izafia, Karlsruhe aimdii@) use customer-specific beam splitters withneneased wedge of
1.75° for the air gap and 10 arc min for the Esiibstrate and 8 arc min for the KBr substrateirfdf@nneling amplitudes
are the lowest among all the spectrometers studi¢lais paper. Unfortunately, this type of beamittgal is not a standard

incompatibility with far-infrared pellicle beam s#pérs, the manufacturer Bruker adheres to thedst@hdesign with lower
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To avoid the need for strongly wedged substratelifferent approach is proposed here. We focushenntedge of the gap
between the beam splitter and the compensator. [Satee the largest channeling amplitude (at 0.9 fraquency) is caused
by the air gap, an increased wedge of this gagHeapotential to reduce channeling significantljeTypical air gap wedge
for the Bruker beam splitter is 0.5°. Different spes with wedges of 0.5°, 1.27° and 2.2° have me@nufactured by Bruker
and tested. Figure 7 (upper panels) shows thetimgehanneling test spectra recorded with an Hg&Cddtector. Similar to
most of the NDACC spectrometers, the spectrum efdt5° wedged beam splitter shows a pronouncednefiag with an
amplitude of 5.7 %.. In contrast, the 1.27° and 2v@tiged beam splitters are (nearly) free of chamgelith an amplitude of
0.46 and of 0.87 %o, respectively, that is clos¢ht noise level of these spectra . Analysed in8s to 900 cm spectral
range, the amplitude is 8.9, 3.3 and 0.6 %o for dgeeof 0.5°, 1.27° and 2.2°, respectively. For Isfbctra, the 0.9 cin
channeling generates amplitudes of 0.9, 0.45 at®i%. for beam splitters with wedges of 0.5°, 1.2f#l 2.2°, respectively.
To ensure compatibility between different beamtsg, the wedge should be limited to 0.8°. Tleisign will be implemented
in future Bruker HR spectrometers. Figure 7 (lopanels) presents test spectra with an air gap wed@&° and 0.8°. In the
850 to 900 cm spectral range, even the slightly increased weedeces the channeling by nearly 50 % (from 10 % %@).
In the 950 to 1000 crrange, however, the effect is smaller.

Moreover, this exercise demonstrates that a wedlgda@ut 2° on the air gap eliminates channelingnewéhout a larger
wedge of the beam splitter substrate. However, saucépectrometer completely free of channeling worddult in
incompatibility with beam splitters having a smaklér gap wedge and therefore, the need to reétigrspectrometer after a
beam splitter exchange.

6 Conclusions

Firstly, this paper documents the channeling anmmidis for nearly all of the FTIR spectrometers useNDACC. Such a
systematic performance analysis is needed for ivipgathe trace gas retrievals and for calculatiomplete error budgets.
Within NDACC, laboratory test spectra of about ttyespectrometers were recorded and analysed. Tiiedechanneling
amplitudes range from 0.1 to 2.0 %o and from 0.21®%o. in the InSb and HgCdTe domains, respectivEhese values are
not negligible when constructing the error buddemmor trace gases. A reduction of the channetimplitudes is highly
desirable for the analysis of gases like CIGNEENO;, HCHO, and S§

Secondly, this study shows the potential to redin@aneling in several spectrometers and to imptioewdnomogeneity within
the network. The channeling frequencies allow uddtermine the responsible optical component. A ifestruments show
channeling with a frequency of a few wavenumberns @uinsufficiently wedged detector windows. Switghthe detector
window or, more easily, the entire detector inahgddewar and detector window, will help reduce cleding in these cases.
Finally, we found that most spectrometers showdwminant channeling frequencies with about 0.1.2rc0n* and 0.9 cr
corresponding to beam splitter substrate and betittes air gap. In most cases, the channelingeaury the gap of the beam
splitter is the leading one. The option of redudimg channeling contribution was investigated djsting the wedge angles

on a test beam splitter. Increasing the wedgeisfgéip significantly reduces the channeling atod8 and therefore, such a

14
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beam splitter design offers the promise of furtteelucing channeling. Switching to this modified tmesplitter design would

contribute to further homogenization of the spatieters operated within NDACC.
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