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IIpennoskeH HH(pPaAKPACHBIN CTATHYECKHUH (Pyphe-CIIEKTPOMETP, UCIIOJb3YIOIINIl CTyIIeHYaThie 3epKaJjia ¢ Ma-
asiM marom. ITockoasky Takue 3epkajia ABIAIOTCSI 6a30BBIM KOMIIOHEHTOM CIIEKTPOMETPA, UX IapaMeTphI CyIlie-
CTBEHHO BJIMSIOT Ha padoTy yecTpoicTBa. [JIa N3roTOBIEHUS CTYIIEHYATOTO 3ePKAJIa C 00JIBIIONH anepTypoii u cyo-
MUKPOHHBIM HIATOM CTYIEHEK IIPeII0KeH CII0CO00 MHOTOKPATHOTO II0CJIeI0BATEeIFHOT0 HAHECEeHN I CJI0eB C YMEeHb-
menueM Ha 50% TOMUUHBI KAKIOTO MOCIEIYIOIEro CJIOd, YTO MO3BOJIET KOHTPOJIMPOBATH TOUHOCTD, 1[€JI0CT-
HOCTh U MIEHTHYHOCTH BBICOT CTyneHeK. M3roToBiieHbI 3epKaja, coaep:kamue 32 CTyIeHbKH BBICOTOH 625 HM.
Pe3yabTaThl TECTUPOBAHUSA IIOKA3a/IM HAJWYNeE KedopManuii CTyeHeK, BBI3BAHHBIX BO3IeHCTBHEM CIKUMAIOIINX
HanpsKeHuil. ITu JedopMaIuu MOTYT IPUBECTH K M3MEHEHUI0 PA3HOCTH JJIMHBI ONITHYECKOT0 ILyTH U MOBJIUATH
Ha BOCCTAHOBJIeHUE clieKTpa. MogeanpoBaHueM U PACYETHBHIM IIyTeM IOJIyYeHBI JaHHbIE O BINSHUH ILIOCKOCT-
HOCTH CTYIIEHEK Ha Pe3yJIbTaThl BOCCTAHOBJIEHH clIeKTpa. HanpsskeHUa mNagaioT ¢ yBeJInyeHueM TOJII[UHEI IO -
JIOJKKU 3epKaJl. BhIMoJHeHbI 9KCIIEPUMEHTHI, B IIPolecce KOTOPHIX C MOMOINBIO MPEIJIOKeHHOTr0 HH(PPAKPACHOTO
craTuyeckoro )ypbe-crneKTpoMerpa MOJyYeHbI CIIeKTPOrpaMMbl AlleTOHUTPUJIA IIyTeM COOTBETCTBYIONIei oopa-
00TKH MHTEp(eporpamMmm.

Knro4eBbie croBa: CrieKTpOCKOMNWS, NHGPaKpacHbI hypbe-CrieKTpoMeTp, aHains CriekTpa, CTyrneH4yaroe 3epkaso ¢ Ma-
JIbIM LLIAroMm.
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In this study, we propose a Fourier transform infrared spectrometer based on stepped mirrors, which realize
static. As the core component of the spectrometer, the low-stepped mirror’s structural parameters significantly
affect the instrument performance. In order to successfully fabricate a low-stepped mirror with large area
and sub-micron height, we propose a method involving multiple depositions accompanied by a 50% reduction
in thickness at every iteration, which can precisely control the accuracy, consistency, and uniformity of the
step height. After that, we fabricate a low-stepped mirror consisting of 32 stages and with a step height of
625 nm. Through theoretical calculation and simulation analysis, the influence of the step’s flatness error
on the recovery spectrum is obtained. By increasing the substrate thickness of the stepped mirror, we can
reduce the stress of the thin film. We perform experiments using the low-stepped mirror. The low-stepped
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mirror was incorporated into the Fourier transform infrared spectrometer, and we performed experiments
to obtain the spectrum of acetonitrile liquid. The spectrogram of the acetonitrile is obtained by processing

the interferogram.

Keywords: spectroscopy, Fourier transform infrared spectrometer, low-stepped mirror, spectrum analysis.
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1. INTRODUCTION

Spectrometers are widely used in medicine, physics,
aerospace, agriculture and other fields [1]. Com-
pared with other types of spectrometer, the Fouri-
er transform spectrometer (FTS) has good poten-
tial in spectral analysis with advantages including
having multi-channel, high radiation flux and pre-
cise wave number [2]. In addition to the ability to de-
tect solid, liquid, and gas samples, an FTS can also
analyse organic and inorganic matter, polymers and
coordination compounds, not only qualitatively but
also quantitatively [3]. With respect to its advantag-
es, it has been widely used in many fields. An FTS
based on a Michelson interferometer with the two
plane mirrors replaced by two stepped mirrors was
proposed by Moller [4, 5] and later studied by others
[6—9]. Such a static F'TS is able to obtain the static
configuration and microminiaturize the instrument,
as well as to realize real-time detection and online
monitoring. A Fourier transform infrared spectro-
meter based on stepped mirrors (SMFTIRS) was pro-
posed by Jingqgiu Liang et al., and the diffraction ef-
fect, design and fabrication of tall-stepped mirrors,
spectrum reconstruction, were studied [10-14]. The
optical path differences (OPDs) are discretized by
two vertical stepped mirrors with different heights.
As the key component of SMFTIRS, the low-stepped
mirror has the characteristics of large area and sub-
micron height. Height consistency, surface flatness,
and the height accuracy of the low-stepped mirror af-
fect the spectral sampling interval, resolution, and
noise directly. When the fabrication error is suffi-
ciently large, the interferogram is reversed and in-
correct spectral information is obtained. Therefore,
it is important for achieving high-precision fabrica-
tion and error analysis of the device.

In this paper, a method of ‘multiple depositions
accompanied by a 50% reduction in film thickness
at every iteration’ is proposed, which can precisely
control the accuracy, consistency, and uniformity of
the step height using coating technology. To solve
the problem of step-surface deformation caused
by the compressive stress produced in the process,
theoretical calculations and simulations were carried
out to analyse the influence of the step-flatness error
of the stepped mirror on the recovery spectrum. The
relationship between the substrate thickness and the
step-flatness error is obtained through experiments.
A low-stepped mirror with a thickness of 5 mm was

fabricated. Finally, an SMFTIRS is assembled and
an experiment is carried out to obtain the spectrum
curve of acetonitrile.

2. PRINCIPLE OF SMFTIRS

The simplified configuration of a static SMFTIRS
is shown in Fig. 1. It comprises a light source,
collimating system, sample compartment, beam
splitter, two stepped mirrors, expansion system, and
detector arrays. Light emitted from the light source
propagates through the sample cell and collimating
system, and then becomes a parallel beam to reach
the beam splitter. The parallel beam is split by the
beam splitter into two coherent lights, after which it
then reaches the tall- and low-stepped mirror, which
are vertical. They interfere when the beams return
to the beam splitter. The array of OPDs is imaged by
the detector. Then, the spectrum is obtained using
the Fourier transform of the interferogram.

The SMFTIRS uses two vertical stepped mirrors
instead of two classical plane mirrors, which are
used in a Michelson interferometer. A spatial array
of OPDs is obtained using vertical stepped mirrors.
We considered the highest step of the stepped mirror
as the first step, and the two mirrors have N steps.
d(m, n) is the OPD between the mth step of the low-
stepped mirror and the n' step of the tall-stepped

Fig. 1. Simplified configuration of a static SMFTIRS. 1 —
light source, 2 — collimating system, 3 — sample com-
partment, 4 — beam splitter, 5 — low-stepped mirror,
6 — tall- stepped mirror, 7 — expansion system, 8§ — de-
tector.
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Fig. 2. Array showing distribution of OPDs.

mirror. Therefore, the OPD arrays at the detector can
be set as it is shown in Fig. 2. Each row and column
correspond to all sampling points which belong to
the sub-mirror of the low- and tall-stepped mirror
respectively. The arrow indicates the direction
of the step height increase. The expression of the
interference intensity is

13)= [ B(v)cos(2mvd)dv, (1)

—00

where I(d) is the interference intensity, B(v) is the
spectrum, 4 is the OPD and v is the spatial frequency,
which is the reciprocal of the wavelength.

The two-dimensional interference image is ex-
panded into a one-dimensional (1D) interference
sequence, and the spectral information is obtained
by the Fourier transform as follows:

B(v)= 7 I(8)cos(2nvd)d3. 2)

—0o0

3. DESIGN AND FABRICATION
OF LOW-STEPPED MIRROR

3.1. Design of low-stepped mirror

The two mirrors are arranged into a stair-case
pattern, one with lower steps, and the other with
taller steps. Apart from reducing the size and mass
of the instrument, these two stepped mirrors are
also highly reliable and can be used repeatedly. As
shown in Fig. 3, the step height of the low-stepped
mirror is d. To verify the OPD’s continuity, one step
height of the tall-stepped mirror must be equal to
the total height of the steps of low-stepped mirror,
i.e. the height of the tall steps is Nd. This leads to a
sampling interval of A = 2d. Then, the OPD between
the m*™ step of the low-stepped mirror and the nth
step of the tall-stepped mirror can be expressed as

d(m,n)=2(nNd —md)=2d(Nn—m). ®3)

s

S

Fig. 3. Sketch of low-stepped mirror. 1 — silicon substrate,
2 — silica film.

According to the Nyquist—Shannon criterion,
the sampling frequency must be greater than or
equal to twice the maximum frequency of the signal
being measured; therefore, the sampling interval is
less than half of the minimum wavelength. For an
operational wavelength ranging from 3.2 to 5 um,
the sampling interval is less than 1.6 pm. Then,
one step height of the low-stepped mirror is smaller
than 0.8 pm. Considering the effects of the spectrum
resolution and diffraction, the width and height
of the low-stepped mirror are 1 mm and 0.625 pm
respectively. The maximum OPD, which is expressed
as OPD,,,x, should be greater than or equal to the
inverse of the spectral resolution according to the
discrete Fourier transform theory. To ensure that
the spectral resolution is 8 cm™, OPD,,,x should be
larger than 1250 pm. As OPD,,, = 2NZh, the
sampling points N? should be greater than 1000.
In our system, we chose the number of steps to be 32,
which can generate 1024 sample points with diffe-
rent OPDs.

3.2. Fabrication method of low-stepped mirror

Considering the structural characteristics and pre-
cision requirements of the low-stepped mirror, we
propose a method of multiple depositions to fabricate
the low-stepped mirror. Electron beam evaporation
coating technology was applied to the manufactur-
ing process. An ultraviolet positive-type photoresist
AZ P4620 (AZ Electronic Materials, Japan) was cho-
sen as the photoresist, and a double-sided polished
monocrystalline silicon wafer was chosen as the sub-
strate in the experiment. The process flow is shown
in Fig. 4, and the details are explained as follows.
(a) Cleaning the silicon wafer and spin-coating the
photoresist. The thickness of the photoresist should
be greater than that of the silica films to ensure that
it works as a mask during the coating process. Before
exposure, the sample was prebaked on a hotplate to
remove the solvent in the photoresist, increasing the
adhesion between the photoresist and the substrate.
(b) Patterning the photoresist using a mask aligner
and developing the sample using an AZ 400K solu-
tion. (c) Silica films with a thickness of 10 um were
deposited on silicon wafers with a mask via EBE.
(d) After evaporation, the residual photoresist was



removed by soaking in the acetone bath until there
was no trace of photoresist residue, and then, the
two-step structure was obtained. The low-stepped
mirror with 32 steps was fabricated by repeating
steps (a) to (d). It should be noted that the film thick-
ness and width is halved gradually as the coating
times increase.

Using the above method, we fabricated a low-
stepped mirror with 32 steps. The results show that
the film thickness accuracy and the uniformity of
each layer remain constant. However, the step is
deformed, which can cause a change in the OPDs and
affect the reconstruction of the spectrum during
the manufacture of the low-stepped mirror. Stress
is caused by several factors, such as imperfections
in the structure of the substrate, the existence of
surface morphology, lattice mismatches between the
film and substrate, and differences in the thermal-
expansion coefficients of the film and substrate.

Two kinds of stress exist during the coating pro-
cess, namely, compressive stress and tensile stress.
As shown in Fig. 5, stresses developed in films can

Si Substrate

_ _ “ o
Si0,, Film
I
_ _ “ Photoresist

Fig. 4. Manufacture process of low-stepped mirror.
Film

-»

Substraté

Fig. 5. (a) Compressive stress, (b) tensile stress.

Fig. 6. Low-stepped mirror with deformation.
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lead to film delamination and blistering in the case
of compression, while they can lead to cracking and
peeling in the case of tension [15]. The test results
show that the step surfaces are bearing compressive
stress during the process of making stepped mir-
rors, and a bend occurs along the direction of the
sub-mirror, as shown in Fig. 6. The influence of the
step surface’s flatness error on the recovery spec-
trum is analysed by making theoretical calculations
and simulations as follows.

4. FLATNESS ERROR ANALYSIS
OF LOW-STEPPED MIRROR

4.1. Theoretical calculation

of surface flatness error

When the surface of the stepped mirror is bent, the
OPD between the tall-stepped mirror and low-stepped
mirror is changed. Then, the OPD expression after
deformation is

&'(m,n)=2(Nn—m)d + o(m,n), 4)

where &(m, n) is the OPD between the mt step of
the low-stepped mirror and the nth step of the tall-
stepped mirror after deformation. o(m, n) is the
additional OPD between the m'™ low step and the

th tall step. The OPD array when the step mirror is
deformed is shown in Fig. 7.

‘We assume that the deformation of the 32 steps of
the low-stepped mirror is the same, so the additional
OPDs in each column in Fig. 7 are equal. Then,
a(m, n) can be expressed as a function of a(d). The
reconstructed spectrum is expressed as

f I'(8)cos(2nvd)dd =
o s ®)
f f B(t)cos 2nt(8+a(8)]cos(2nv5)drd8,

where I'(d) is the interference intensity when the step
is deformed, and B'(v) is the spectrum when the step
is deformed.

Tall-Stepped Mirror

Low-Stepped Mirror

Fig. 7. The OPDs sequence when the low-stepped mirror

(N, N) + a(N, N) 8(N, n) + a(N, n) 8(N, 1) + a(N, 1)

d(m, N) + a(Nm N) d(m, n) + o(m, n) d(m, 1) + a(m, 1)

8(1, N)+ (1, N) 8(1, n) + o1, n) 8(1,1) +a(1, 1)
v

deformed.
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When the bending radius of the step surface is
large, the additional OPDs between the adjacent
steps of the tall-stepped mirror can be approximately
considered as linear, and is represented by 4.

—2(N-1)h 0<38<2Nd—2d

5 —h N2d—2Nd—2d<85<N%d—2d
o = .
—h N2d—2d<5<N2%d+2Nd—24 " ()

—(N-1)h 2N%d—2Nd—-2d<8<2N2d—2d

Then, the recovery spectrum is

N/2—1 in[2nN _
By S fB(r)sm[ TNd(v—1)|
=0 _x
xexp[—i2n[v—T)(Nd —d +2pNd)+

+i2nt(—(N —1)Kd + 2pKd)|dt +

X
n(v—1)

N/2-1 . B (7)
N Z f B(T)sm[ZnNd(v ’c)]x
7=0 _

m(v—1)

xexp[—i2n[v—1l(Nd + N2d —d + 2qNd) +

+i2nt(—Kd —2qKd)| dt |,

where the value of K is equal to the ratio of & to the
step height d, which can describe the flatness error
of the stepped mirror.

When the light source is monochromatic light,

sin[2nNd(V—Vvp)] y
(v —Vg)
Sinln(v —vo)N 24— nvgNkd] .
sin[27(v — vo)Nd —2nvykd]
xexp[i(—n(v—vO)de—knvoNd)}+ (8)

B'(v)=

sin[m(v — vo)N2d+mvo Nkd] y
sin[2n(v —vy)Nd + 2nvykd]

xexp[i(—3n(v —vg)NZd - knvONd)m

by considering

2" 1
Z expli(pa+B)|=
=exp|i(B+ 2 -1 o) H 2cos(2l72 o).
=1

When K = 0, the ideal spectrum can be expressed as

sin(2n(v—vo)N2d
sifere )

B(v) (10)

(vV—Vvg)

From the above formula, we obtain the following
conclusions:

(1) When K = 0, the equation for B'(v) is equal to
the equation for B(v).

(2) When K # 0, the value of B/(v) at v= vy = 1/(2Nd)
is not equal to 0, so the spectrum curve is broadened
and the resolution is decreased.

(3) When K =0, the intensity of the recovery spec-
trum will change with the error. When the error is
serious, the shape of the main peak of the recovery
spectrum will become different, which will lead to
the peak position’s shift and cause a drift of the spec-
tral curve.

(4) When a5(8) = 01(8) + C, the function Bj(v) =
= Bj(v)exp(i2nvyC) is established, where |Bj(v)| is
equal to|B{(v)|. Thus, it will not affect the monochro-
matic light recovery spectrum when there is a tiny
displacement of the stepped mirror in the optical-
axis direction. This is an advantage of the static in-
strument which could not be realized by time-modu-
lated F'TS.

4.2. Simulation experiments

of surface flatness error

To further discuss the influence of the step-flatness
error on the spectrum, we simulate the static SMFTIRS
using the simulation software, and monochromatic
light is used as an example. The interferograms ob-
tained from the detector are expanded into 1D OPD
sequences in order. Then, the DC component is re-
moved (the default value is 0.5 in ASAP), and the
Fourier transform is performed. As shown in Fig. 8,
the recovery spectra at different K values when the
wavelength is 3.2, 4, and 5 pm is obtained. (a—c), (d—f),
(g—j) and (k—m) show the spectral curves when K
is 0.05, 0.1, 0.12, and 0.15 respectively. The curves
1 are obtained by the simulation software, and the
curves 2 are the ideal spectral curves. The results of
the calculation by Eq. (8) coincided with the result of
simulation software, indicating that Eq. (8) correctly
describes the spectrum of the step deformed.

When K = 0.05, there is no deviation in the peak
position for all wavelengths. When K = 0.1, the width
of the spectrum is broadened and the peak position
of the spectral curve is shifted with a wavelength
of 3.2 um, and there is no deviation in the peak posi-
tions of 4 and 5 pym. When K = 0.12, spectral curves
of 3.2 and 4 ym appear in the double peak, and the
peak position is shifted, while there is no devia-
tion in the peak position of 5 pm. When K = 0.15,
the spectrum line for the whole wavelength band
(3.2—5 pm) is distorted. With the increase of K, the
peak position of the spectrum is shifted. For the same
K, the degeneration of the spectrum curve for a short
wavelength is larger than that of a long wavelength.

The full width at half maximum (FWHM) can
describe the spectral resolution of SMFTIRS. Fig. 9
describes the FWHM for different values of K at
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Fig. 8. Spectral curves at different K values (a—¢c — K = 0.05, d-f — K = 0.1, g-j — K = 0.12, k-m — K = 0.15)
when the wavelength 3.2 (a, d, g, k), 4 (b, e, h, 1), and 5 (c, f, j, m) um. Curves 1 are obtained by the simulation software,
curves 2 are the ideal spectral curves (K = 0).

wavelengths of 3.2, 4, and 5 uym. As can be seen from tion of the spectral curve becomes more serious as K
the figure, when K # 0, the spectral curve is broad- increases.

ened, which means that the spectral resolution of From the above results, it can be seen that for the
the instrument is decreased. At the same time, the low-stepped mirror, the step surface’s flatness error

spectral broadening is increased, and the degrada- can cause the decrease in the instrument’s spectral
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Fig. 9. Variation of FWHM with K when the wavelength
is 3.2 (1), 4 (2), and 5 (3) pm.

resolution and the spectral line drift. Fig. 8 and
Fig. 9 show that when K is equal to or less than 0.05,
the peak position does not change and a high spectral
resolution is obtained in the 3.2—5 pm band.

5. FABRICATION AND MEASUREMENT
OF LOW-STEPPED MIRROR

5.1. Fabrication of low-stepped mirror

There has been much stress-related research, in-
cluding reducing the deformation by adjusting the
deposition temperature and rate [16—19]. The stair
structure with 32 steps is obtained by multi-depo-
sition, and each coating environment affects the fi-
nal stress. Therefore, the stress problem of the low-
stepped mirror cannot be completely solved by con-
trolling the deposition parameters.

From the Stoney equation (11), the radius of cur-
vature of the deformed step is proportional to the
thickness of the substrate as the values of film thick-
ness and stress remain constant

E
o

5
1)
1-Vg

6Rt;’

where oy is the film stress, Eg is Young’s modulus, Vg
is Poisson’s ratio, g is the thickness of the substrate,
ty is the thickness of the film and R is the radius
of curvature. The radius of curvature is inversely
proportional to &, so it is inversely proportional to K.
Therefore, the thickness of the substrate is negatively
correlated with K. In this study, the flatness error is
reduced by increasing the substrate thickness.
According to the previous method, three low-
stepped mirrors with 32 steps are fabricated
choosing SiOg as thin films with 1.5-, 3-, and 5-mm
substrate thickness. Meanwhile, the three mirrors
arerequired tohave the same and appropriate coating
environment, including coating temperature, pres-

sure, rate, and vacuum, to eliminate the influence of
other factors. Three stepped structures with 32 steps
are obtained by performing lithography and coating
five times.

The flatness of the low-stepped mirrors was mea-
sured using a KLA-Tencor P-16+, as shown in Fig. 10.
The maximum deviation height and K can be ob-
tained by measuring the flatness of the low-stepped
mirror. The details are shown in Table 1.

As can be seen from Table 1, the K value of the
low-stepped mirror with substrate thicknesses of 1.5
and 3 mm are 0.1188 and 0.4055 respectively. From
the previous section, it is discussed that the recovery
spectrum curve appears in double peaks and the peak
position shifted when K are 0.1188 and 0.4055 in the
3.2—5 um working band. There is no deviation in the
peak position of the recovered spectral curve with a
substrate thickness of 5 mm and K value of 0.049.

The low-stepped mirror with the 5-mm substrate
was deposited on a golden film as the reflective
coat, as shown in Fig. 11. The height values of the

N w -~
T T T
e
g 4

L

Deviation height, pm
L
Cad

0 4 8 12 16 20 24 28 32
Scan length, mm

Fig. 10. Flatness test with different substrate thicknesses
(I —5.0,2—3.0,3— 1.5 mm).

Fig. 11. Low-stepped mirror coated with gold reflector.

Table 1. Results of flatness test

Substrate thickness, mm 5 3 1.5
Max deviation height, um  0.49 1.188 4.055
K 0.049 0.1188 0.4055




Table 2. Details of step height
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Fig. 12. Height test of low-stepped mirror with 32 steps.

low-stepped mirror were measured by a KLA-Tencor
P-16+ surface profiler, as shown in Fig. 12. Details of
the step height are given in Table 2. The maximum,
minimum, average, and error values are included.
As can be seen from Table 2, the maximum positive
error is 15 nm, the maximum negative error is —7 nm
and the average error is 1.9 nm. Using the Monte-
Carlo method to analyse the height error [11] the re-
sults show that the height error of the low-stepped
mirror satisfy the system requirements.

5.2. Experiment to measure the sample

The low-stepped mirror was incorporated into the
Fourier transform infrared spectrometer, and we
performed experiments to obtain the spectrum of
acetonitrile liquid (CH3CN). The prototype of the
SMFTIRS is shown in Fig. 13. In this system, the step
height of the tall-stepped mirror and low-stepped

Fig. 13. Simplified configuration of the FTIRS. Light
source (1), collimating system (2), sample cell (3), beam
splitter system (4), tall-stepped mirror (5), low-stepped
mirror (6), expansion system (7), and infrared detector
array (8).

mirror is 20 and 0.625 um respectively. For both
cases, the step number is 32. In this experimental
setup, the camera is a cooled HgCdTe middle-wave
infrared detector array with 320x256 pixels, and the
size of a single pixel is 30x30 pm. We obtained the
interferogram recorded by the detector array.

According to the working principle of the instru-
ment, two interferograms are required, as shown
in Fig. 14. The sample’s absorption interferogram
can be obtained by using the difference between the
interferogram with and without the sample. The
sample’s absorption spectrum curve can be obtained
by performing the Fourier transform on sample’s
absorption interferogram [20], as shown in Fig. 15.
There is one spectral peak 2258 cm ™! in 3.7-4.8 pm
(2702-2083 cm™') wave band. Fig. 16 is the refer-
ence spectrum of liquid acetonitrile, which is from
the Coblentz Society’s evaluated infrared reference
spectra collection [21]. Except where noted, the spec-
trum data were measured on dispersive instruments,
whose spectral resolution is 4cm™, and hence may
differ in detail from measurements on FTIR instru-
ments.

Fig. 14. Interferograms obtained before adding the samp-
le (a) and after adding the sample (b).
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Fig. 15. Measured absorption spectrum of sample CH3CN.
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Fig. 16. Reference absorption spectrum of sample CH3CN.

Compared Fig. 15 with Fig. 16, it can be seen
that the main peak has no drift, but the spectra we
obtained can’t separate the main peak from the
secondary peak, which is caused by the low spectral
resolution. In order to obtain more accurate spectra,
a further study of the instrument is needed.

6. CONCLUSION

Ideally, the step surface is presumed to be the plane in
the stepped mirror, but the stress in films destroyed
this imaginary. Using the method of multiple
deposition to fabricate the low-stepped mirror, we
can achieve a step height with high consistency and

accuracy. We analysed the influence of the flatness
error on the recovery spectrum using both theory and
simulations. The analysis shows that the deformation
of the step surface of the low-stepped mirror will lead
to a degradation of the spectral curve, drift of the
peak position and a broadening of the spectral curve.
In this paper, we propose to increase the thickness of
the substrate in order to effectively reduce the flatness
error. When the substrate thickness of the low-stepped
mirror is 5 mm, the peak position of the spectrum does
notdriftinthe 3.2—5-umband. The low-stepped mirror,
which is gold-plated, was inserted in the FTIRS, and
the experiment was carried out. The spectral line of a
sample (CH3CN) was obtained with an accurate peak
position after processing and performing the Fourier
transform of the interferogram. In order to improve
the spectral resolution and reduce the noise, further
research into the fabrication and analysis of low-
stepped mirrors is needed.
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