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The Fabry—Pérot (FP) resonant cavity is widely used in laser and spectroscopic measurements due to its unique
interference transfer function (ITF). In the ideal case of parallel incident light, the ITF of the FP resonant cavity can be
expressed by the Airy function. However, in reality, it is difficult to achieve perfect parallelism with collimated beams. In
this article, a theoretical model is established for non-parallel light incidence, which assumes that the non-parallel incident
light is a cone-shaped beam, and the cone angle is used to quantify the non-parallelism of the beam. The transmittance
function of the FP resonant cavity under non-parallel light incidence is derived. The accuracy of the model is experimentally
verified. Based on this model, the effects of divergence angle, tilt angle and FP cavity parameters (reflectivity, cavity length)
on the ITF are studied. The reasons for the decrease in peak value, broadening and asymmetry of the interference peak
under non-parallel light incidence are explained. It is suggested that a fine balance between the interference peak and the
collimation effect of the incident light should be considered in the design and application of FP resonant cavities, especially
for tilted applications such as angle-scanned spectroscopy. The research results of this article have certain significance for
the design and application of FP resonant cavities.

Keywords: Fabry—Pérot (FP) resonant cavity, interference transfer function, Airy function, non-parallel beam

incidence
PACS: 42.25.Hz, 42.79.—e, 42.15.Dp, 42.25.Bs

1. Introduction

A Fabry—Pérot (FP) cavity is typically composed of
two parallel mirror surfaces, allowing multiple beam reflec-
tions and generating multi-beam interference.!'?! FP cavity
is widely utilized in various fields, such as precise interfero-
metric measurements, ! high-resolution spectroscopy*~®! and
fiber sensing,!”~%! due to its ability to increase the optical path
length and its unique interference transfer function. Under
ideal conditions, when a parallel beam is incident on the FP
cavity, its interference transfer function can be accurately pre-

[10.11] However, in practical sit-

dicted by the Airy function.
uations, achieving an ideal parallel beam is challenging, and
the non-parallel incidence of the beam has a significant im-
pact on precise spectroscopic measurements using FP cavi-
ties, particularly in applications where tilted beam incidence
or spectral scanning through angle adjustment of the FP cavity
is required. Therefore, considering the divergence angle of the
beam is particularly important in understanding the influence
on the interference transfer function of the FP cavity.

In previous studies, we utilized the angular dependence
of the transmission spectrum structure of an FP etalon to

achieve selective measurement of SO, gas by changing the
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angle of incidence.[>®!?l However, further investigations re-
vealed that when using higher-precision FP cavities, the inter-
ference transfer function (ITF) of the FP cavity is significantly
affected by the beam divergence angle. Previous research by
Vargas-Rodriguez et al. considered the variations in the ITF
of the FP cavity when a focused beam is normally incident.[!3]
Marques et al. employed angular spectrum analysis to estab-
lish a model and studied the effects of mirror parallelism, pla-
narity and the ITF for Gaussian beam focusing.!'*~!"1 How-
ever, most of these studies focused on laser applications with
small divergence angles and normal incidence.!!®-21 There is
relatively limited research on the general case of non-parallel
beam incidence, particularly for large divergence angles and
tilted beam incidence. Furthermore, investigating the impact
of non-parallel beam incidence on the ITF for FP cavities with
different physical parameters would be valuable. This research
would contribute to better determining the appropriate FP cav-
ity parameters for practical applications.

To quantitatively evaluate the impact of non-parallel in-
cident beams on the ITF of FP cavities, this study established
a geometric model and derived a formula for the ITF of FP

resonant cavities when non-parallel beams are incident. In
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this study, it was assumed that non-parallel beams have a cer-
tain divergence angle, and the positive and negative values of
the divergence angle correspond to the convergence and diver-
gence of the beams, respectively. The accuracy of the model
was verified through experiments. Subsequently, the study
quantitatively investigated the effects of the divergence angle
and tilt angle on the interference transfer, and analyzed how
the parameters of the resonant cavity, such as mirror reflectiv-
ity and cavity length, affect the ITF when the incident beam is
non-parallel. The research in this study is significant for the

design and precise measurement of FP interferometers.

2. Theory

In general, an FP resonant cavity consists of two mirrors
placed parallel to each other, and the ITF of the resonant cav-
ity is described by the Airy function. The basic form of the
ITF is as follows:

(I-Ri)(1-Ry)

T 1
T (1= VRIR)? +4yR Ry sin(9) @

where R and R, are the reflectivities of the two mirrors that
form the FP resonant cavity. Without considering factors such
as absorption in the mirror coatings, the theoretical peak value
of the ITF of the FP cavity is given by

(1-=R))(1—Ry)
(l — \/R1R2)2 '

In most cases, the FP cavity is made up of two mirrors with the

2)

peak
TFP -

same reflectivity. When the reflectivities are the same, the in-
terference peak has a theoretical peak transmittance of 100%
(without considering absorption and scattering effects). Dif-
ferences in mirror reflectivities will directly lead to a reduction
in the peak transmittance of the ITF of the FP resonant cavity.
In this study, we assume that Ry = R, =R.

In Eq. (1), @ represents the phase difference between two
successive light beams emitted from the resonant cavity. For
the case of parallel light incidence, the phase difference be-
tween two successive light beams emitted from the resonant
cavity is ¢ = 2znd cos /A, where n represents the refractive
index of the medium inside the resonant cavity, d is the cavity
length, A is the wavelength of the incident light, and o rep-
resents the propagation direction of light inside the resonant
cavity, which is the inclined angle between the incident light
and the normal to the FP cavity. The FP resonant cavity with
a fixed refractive index n and cavity length d is called the FP
etalon sample. The Airy distribution function in Eq. (1) can be
rewritten as

1

4R . 2(277:ndcosoc>'
sin | ————

TFP(Rvnadal?a) = €)

The finesse coefficient F' is usually defined as F = 4R/(1 —
R)2. The finesse of an FP resonator is affected by the mirror
reflectivity R, with a higher reflectivity resulting in more inter-
fering light in the resonator and a sharper interference peak in
the resonator’s ITF.

2.1. Theoretical model

The theoretical ITF of the FP cavity in Eq. (3) can only be
directly used for parallel light incidence, as shown in Fig. 1(a).
However, in practical situations, it is difficult to achieve per-
fect parallel incidence of the beam passing through the FP cav-
ity, and the incident beam will always have some convergence
(Fig. 1(b)) or divergence (Fig. 1(c)). Here, we assume that
the beam enters the FP resonant cavity at a cone angle and
quantify the non-parallelism of the beam with the size of the
incident half-cone angle 6. When the beam converges, 0 is
positive, and when the beam diverges, 0 is negative. We as-
sume that the beam is entirely contained within a cone with a
maximum divergence angle of 6y,x. When the tilt angle be-
tween the cone axis and the normal of the FP cavity is «, as
shown in Fig. 1(d), the transmission function of the beam pass-
ing through the FP cavity can be calculated. The FP cavity ITF
in Eq. (3) still applies to beams at any angle. At this time, the
actual cone angle 0 of the beam in the cone and the rotation
angle ¢ along the incident cone axis can be calculated for the
actual incident angle y of any light ray in the incident cone,
using the geometric relationship shown in Fig. 1(d), with the

cone tilt angle o:
¥ = arccos(cos o cos 8 + sin et sin 6 cos Q). “

Therefore, for all incident beams within the entire cone angle
of the beam, it can be considered as any incident beam within
the cone angle of the beam, and its incident tilt angle within
the cone angle is y. The transfer function of the beam can
be obtained by integrating within the cone range (polar angle
0 € [0, 6max], azimuth angle ¢ € [0,2x]), which gives the FP
cavity ITF when the non-parallel beam is normally incident:

TFP(R,I’l,d, A’v ,Y7 Gmax)

sin O cos 6

| 4 Fsin <2ndn cosy
A

)dedw, )

where N = f02” foema‘ sin@cos0dOd e is a normalization fac-
tor. Here, we present the FP cavity ITF function when the
incident beam has a divergence angle. This formula includes
both cases of beam convergence and divergence. The formula
is an even function of the divergence angle 6, which means
that the same ITF is generated for converging and diverging
beams with the same divergence angle.

014210-2
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(d)

Fig. 1. (a) Parallel light incident on an FP cavity; (b) converging beam incident on an FP cavity, with a divergent angle 6 > 0 and a tilt angle ¢;
(c) diverging beam incident on an FP cavity, with a divergent angle 6 < 0 and a tilt angle o; (d) non-parallel beam obliquely incident model.
Omax is the maximum divergent half-cone angle, « is the tilt angle, 7y is the angle between any beam inside the cone and the normal of the FP

cavity, 0 is the polar angle and ¢ is the azimuthal angle.

2.2. Model verification

To validate the accuracy of the model for simulating FP
cavities with non-parallel beam incidence, we designed an ex-
perimental setup, as shown in Fig. 2(a). The setup includes
a custom FP etalon with a cavity length of 0.513 mm and an
inner surface reflectivity of 95% in the 1600-1700 nm wave-
length range. We used a tunable laser (Santec TSL-550) to per-

form continuous wavelength scanning in the 1598-1610 nm

1602 1610
0 a=
78] —_— =
% 0.4 =3
o 0.8
1.0
1598 1602 1606 1610
A (nm)

range to measure the ITF of the FP cavity. The laser output,
which had a maximum divergence angle of about 0.03° after
collimation, was used to simulate the theoretical calculation
results with a maximum divergence angle of 0.03°. A laser
power meter (VEGA PD300-IR) was used to receive the entire
laser spot behind the FP etalon. To change the incident angle
of the beam, we placed the FP etalon on a rotating stage and
adjusted the tilt angle of the FP etalon by rotating the stage.
The experimental results are shown in Figs. 2(b) and 2(c).

(6]

VEGA PD300-IR & 1

Santec TSL-550
i FP etalon (g

% 1.0
S Parallel light (6= 0°)
e —— Simulation (0= 0.03°)
Jl 0.8 [ —— Measured (0= 0.03°)
=g
]
ﬁ 0.6
~
g 04r
g
=]
S 027
Q
=
£ 0
& 0 1 2 3 4 5 6

Fig. 2. (a) Experimental setup; (b) test transmittance (upper graph) and model simulation results (lower graph) of FP cavity at tilt angles of 0°,
1°,2°,3° and 4°; (c) test and simulation results of the transmittance of the FP cavity at 1600 nm as the tilt angle increases.
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Figure 2(b) shows the measured and simulated results obtained
by scanning the wavelength continuously from 1600 nm to
1610 nm and changing the tilt angle of the FP etalon to 0°,

°,2° 3° and 4°.
sults, while the lower figure shows the simulated results. Both

The upper figure shows the measured re-

show good agreement with each other, with a system error of
about 17%, possibly due to the influence of membrane absorp-
tion and scattering. Figure 2(c) shows the measured results of
the transmittance, with the laser output wavelength fixed at
1600 nm and the tilt angle of the FP etalon changed continu-
ously. These results are consistent with the model calculation
results. The experiment demonstrates that the model we have
established can accurately simulate the case of non-parallel
beam incidence in FP cavities.

3. Results and discussion

This study, based on theoretical model calculations, dis-
cusses the influence of divergence angle, tilt angle and FP cav-
ity standard parameters (reflectance, cavity length) on the ITF
in an FP cavity system composed of two plane mirrors filled
with air media with a refractive index of 1. The FP etalon
has a fixed cavity length of 0.5 mm and the mirrors are coated
with a reflective film with a reflectivity of 0.95 in the range of
1600-1700 nm, without considering the effects of absorption
and scattering extinction of the film. We assume that the aper-
ture of the FP cavity is much larger than the cross-sectional
diameter of the beam passing through the FP cavity, and that
the detector completely receives the light intensity at the de-
tection end. We specifically focus on the case of non-parallel
beam incidence.

To compare the changes in the effective transmittance of
the FP cavity with parameter variations, we define visibility,

(a) Tirans(R=0.95, a =0°)

2.5 1.0
0.9
2.0 0.8
0.7
1.5 0.6
= 0.5
® 1.0 0.4
0.3
0.5 0.2
0.1
0 0
1600 1602 1604 1606 1608
A (nm)
1.0 = 15
> (c) 3 (d)
= ~ 1.0
3 0.5 b=
2 T 0.5
- 2
0 = 0
0 1 2 0 1 2
0(°) 0()

sensitivity and trueness as follows:

visibility = max (Tpeak ) 6)
ibilit

sensitivity = M7 @)
FWHM

trueness = Apeak — Ao- 8)

The visibility is defined as the maximum peak transmittance
of the interference fringe. The sensitivity is defined as the ra-
tio of visibility to the full width at half maximum (FWHM) of
the peak, with higher sensitivity indicating a sharper interfer-
ence fringe. The trueness is defined as the difference between
the wavelength of the interference fringe and the theoretical
peak position for parallel light incidence. A negative true-
ness indicates a shift of the interference fringe towards shorter
wavelengths, while a positive trueness indicates a shift towards
longer wavelengths.

3.1. The effect of divergence angle

To analyze the effect of non-parallelism of the incident
beam on the FP cavity’s ITF, we quantify the non-parallelism
of the incident beam with the cone angle 0. Assuming the in-
cident beam is normal to the FP cavity (o = 0°), simulation
results, as shown in Fig. 3, indicate that 8 = 0 corresponds to
the case of parallel light incidence, where the theoretical peak
transmittance of the ITF is 1 and the interference peak is the
narrowest. As the cone angle of the incident beam increases,
it can be observed from Figs. 3(a) and 3(b) that the transmit-
tance of the FP cavity shows three trends: (i) the peak trans-
mittance decreases, as shown in Fig. 3(c); (ii) the interference
peak widens, as shown in Fig. 3(d); and (iii) the interference
peak gradually shifts towards the short-wavelength direction.
Meanwhile, under normal incidence, the interference peak is
symmetrical in shape.

() 1.0 =0t
o 097 §=0.3°
< 08f —0=0.6
Lort —0=0.9°
- 0.6 —0=1.2°
0
2 0.5¢f —60=1.5°
s 0 0=1.8°
I 04 9510
£ 03}
£ 02°F
& 0.1k ﬂq
i7/\ sy ) sy, Vs b)),
600 1602 1604 1606 1608
A (nm)
g 0 o 25
E _o.2l(e) £ 207\ (£
8 —04 215
2 @ 10
=
v —0.6 o 5
= [}
£ —0.8 0
1 2 0 1 2

() ()

Fig. 3. (a), (b) Changes in FP transmittance with increasing divergent angle; (c) decrease in visibility with increasing divergent angle; (d) in-
crease in the full width at half maximum of the interference peak with increasing divergent angle; (e) shift of trueness towards shorter wave-
lengths with increasing divergent angle; (f) decrease in sensitivity with increasing divergent angle.
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The condition for the beam to resonate inside the FP cav-
ity is that the optical path of the beam circulating in the cavity
is an integer multiple of the wavelength,

2ndcos @ = mA, )

where m is an integer that represents the order of multiple-
beam interference. The resonance wavelengths corresponding
to the same interference order are associated with the prop-
agation direction of the beam inside the FP resonant cavity.
Therefore, the FP cavity is understood to be an angular spec-
tral filter.['>] When there is a divergence angle, the propagation
direction of the beam inside the FP cavity is no longer the same
6. For the case of parallel incidence with a cone angle Op,x,
the beams entering the FP cavity include all propagation direc-
tions within the angle range of 0 to Op.x. Interference of the
same order occurs at multiple resonance wavelengths, result-
ing in broadening of the interference peak. As the cone angle
increases, the proportion of beams with the same propagation
direction in the cone angle decreases, leading to a decrease
in the interference peak value. At the same time, with the
increase of the cone angle, the wavelength corresponding to
the same interference order decreases, causing the interference
peak to shift towards shorter wavelengths. Since the propaga-
tion direction of the incident beam is aligned with the normal
direction of the FP cavity when parallel incidence occurs, the
beams inside the cone angle are symmetrically distributed with

Ttraus(R = 0.957 o= 0.3°)

5 1.0
0.8
— 0.6
° 0.4
0.2
0 ' 0
1600 1602 1604 1606 1608
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1.0
— C e
3 (©) 0=0
| 0.8 0=0.1°
3 — 6=0.2°
2 0.6 — 6=0.3°
=] — 6=04"
I 0.4 0=0.5°
< 9=0.6°
é 0.2 6=0.7°
& D\
ol N\
1599.5 1600 1600.5
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1601

respect to the normal direction of the FP cavity, resulting in a

symmetric interference peak shape.

3.2. The effect of tilt angle

The effect of the tilt angle on the ITF of the FP cavity for
non-parallel, oblique incident beams has been demonstrated in
model validation experiments. The results show that with in-
creasing tilt angle and the presence of beam divergence, the
peak value of the FP interference fringes gradually decreases
while the fringes become wider. Here, we further simulate the
trend of the ITF as a function of the tilt angle at the same diver-
gence angle (6 = 0.3°), as shown in Fig. 4(a). With increasing
tilt angle, the FP interference peak value decreases, the fringes
become wider, and they shift towards shorter wavelengths.
Figure 4(b) shows the trend of the angular transmittance func-
tion of the FP cavity at the same wavelength (A @ 1600 nm)
with increasing divergence angle, revealing that the position
of the interference peak remains basically unchanged while
the angular range widens and the peak value decreases as the
divergence angle increases. Figure 4(c) shows the trend of a
single interference peak as a function of the divergence angle
at a tilt angle of @ = 1°. With increasing divergence angle, at
the same tilt angle, the peak value of the interference fringes
decreases, the width increases and the interference peak shape

is no longer symmetric.

Tirans(R=0.95, A@1600 nm)

0 (")

<o

Fig. 4. The influence of tilt angle on the ITF of the FP cavity when non-parallel beams are incident. (a) Changes in the ITF of the FP cavity
with increasing tilt angle at a divergent angle of 6 = 0.3°; (b) trend of angle-scanned transmittance at 1600 nm with increasing divergent angle;
(c) curve of a single interference peak with varying divergent angle at a tilt angle of & = 1°; (d) schematic diagram of a beam with a maximum
divergent cone angle of Onax obliquely incident with a tilt angle of &, where the yellow region represents the actual incident angle ¥ > «, the
green region represents the actual incident angle ¥ < « and the red region represents the area where the maximum tilt angle with the FP normal

as the axis is o.
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For oblique incidence, when a beam with a maximum di-
vergence angle of O, enters the FP cavity at an oblique angle
a, as shown in Fig. 4(d), the actual incident angle ¥ of any light
ray within the beam cone is within the angular range of

Y € [& — Omax, O + Omax]. (10)

The yellow region in Fig. 4(d) represents the area where the
incident angle ¥ > o, and the green region represents the area
where ¥ < a. The polar angle of the axis of the beam cone
is denoted by Om.x. According to Eq. (9), for the same in-
terference order, as the tilt angle o increases, the interference
peak wavelength position shifts towards shorter wavelengths.
When there is a divergence angle, the maximum width of the

interference peak for the same interference order is given by

2nd (COS Ymin — COS Ymax )
m

AL =

nd
— |(cos(0t — Bmax ) — cos( 0 + Omax))|

1)

m

Therefore, both an increase in the tilt angle o and an increase

1°)

ﬂrans (CM

> 1131000
+ Se o~
= 06 b
z :
w0
S04
0.2
0 1
0.6 0.7
(d) 0.10
~ 0.08
£ 0.06
12}

0.6 0.7 0.8 0.9
R

in the maximum divergence angle Oy, of the incident beam in
oblique incidence will lead to broadening of the interference
peak. The asymmetry of the interference peak broadening can
be attributed to the inconsistency between the regions where
the actual incidence angle 7 is greater than o and where it is
less than . Specifically, an actual incidence angle y greater
than o will cause the resonant wavelength position to shift
towards shorter wavelengths, while ¥ less than a will cause
the resonant wavelength to shift towards longer wavelengths.
When the energy of the beam is symmetrically distributed in
the cone section, the proportion of the region where the actual
incidence angle ¥ is greater than « is always larger than that
where 7 is less than ¢ in oblique incidence. This will result in
greater broadening towards shorter wavelengths than towards
longer wavelengths on the interference peak, leading to asym-
metry in the shape of the interference peak.

3.3. The effect of FP cavity reflectivity

Next, we further analyze the effect of the FP cavity’s mir-
ror reflectivity on ITF when non-parallel beams are incident
on the FP cavity. Figure 5(a) shows the ITF curves for a beam

0 ]
0.6 0.7 0.8 0.9

Fig. 5. The influence of FP cavity reflectivity on ITF. (a) The curve of FP interference fringe changing with divergent angle for different
reflectivity values of 0.6, 0.7, 0.8, 0.9, 0.95; (b) the change of visibility with FP cavity reflectivity for different divergent angles; (c) the change
of the full width at half maximum with FP cavity reflectivity for different divergent angles; (d) the change of trueness with FP cavity reflectivity
for different divergent angles; (e) the change of sensitivity with FP cavity reflectivity for different divergent angles.

014210-6



Chin. Phys. B 33, 014210 (2024)

with a tilt angle of o = 1° and with divergence angles of 0°,
0.1°, 0.2°, 0.3°, 0.4°, 0.5°, 0.6° and 0.7°, respectively, when
the mirror reflectivity R of the FP cavity is 0.6, 0.7, 0.8, 0.9
and 0.95. As shown in Fig. 5(b), as the mirror reflectivity R
increases, the visibility of the interference fringes of the FP
cavity decreases for the same divergence angle of the incident
beam. Figure 5(c) shows that for an FP cavity with low mir-
ror reflectivity, the interference fringe position is less affected
by the divergence angle compared to the high mirror reflectiv-
ity case. Figure 5(d) shows that the sensitivity first increases
and then decreases with increasing reflectivity when there is
a divergence angle. Moreover, for low mirror reflectivity, the
visibility, full width at half maximum, trueness and sensitiv-
ity are less affected by the divergence angle compared to high
mirror reflectivity.

The higher the mirror reflectivity of the FP cavity, the
more light beams undergo interference inside the resonant cav-
ity, resulting in higher finesse and narrower interference peak
width. However, when the incident light has a divergence an-
gle, the peak transmittance decreases more significantly, and
reducing the reflectivity can provide higher peak transmittance
for non-parallel incident beams at the cost of increased inter-
ference width. Therefore, for high-finesse FP resonant cavities
(high mirror reflectivity), the incident beam divergence angle
has a greater impact on the ITF. This suggests that if there
are certain requirements for the peak transmittance and inter-
ference peak position of the FP ITF under non-parallel beam
incidence, the mirror reflectivity of the FP cavity can be appro-
priately reduced to sacrifice some finesse and obtain greater

tolerance for non-parallel incident beams.

3.4. The effect of FP cavity length

Changes in the cavity length of the FP cavity directly af-
fect the resonant frequency of the cavity. In order to ensure
that the interference peak is at the same wavelength position,
we simulated the case where the cavity length is increased
by integer multiples. In this case, the interference order cor-
responding to the same interference wavelength position in-
creases by the same multiple. Figure 6 shows the ITF curve
as a function of the divergence angle for cavity lengths of
0.5 mm, 1 mm, 2 mm and 4 mm. In Figs. 6(c) and (d), more in-
terference peaks appear in the same wavelength range, which
is due to the decrease in the free spectral range (FSR) of the
FP cavity with increasing interference order,

2nd cos o N 2nd cos o

FSR = R
m(m+1) 2

12)
m
When the FP cavity length d increases by a factor of k, ac-
cording to Eq. (9), the interference order corresponding to the

same interference wavelength position increases by a factor of
k. Then, the FSR changes as follows:

2nkd cos N 2ndcos o

FSR' = ~
km(km+1) km?

13)

Therefore, we can conclude that when the FP cavity length in-
creases by an integer multiple, the FSR decreases at the same
rate for high-order interference.
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Fig. 6. The influence of FP cavity length on the ITF when non-parallel beams with a tilt angle of &t = 1° are obliquely incident. (a) The ITF
varies with the divergence angle for a cavity length of d = 0.5 mm; (b) the ITF varies with the divergence angle for a cavity length of d = 1 mm;
(c) the ITF varies with the divergence angle for a cavity length of d = 2 mm; (d) the ITF varies with the divergence angle for a cavity length of

d =4 mm.
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In this discussion, we focus on a single interference peak
at the same interference wavelength position. Figure 7(a)
shows that with the same tilt angle of & = 1°, the longer FP
cavity has a significantly lower ITF as the divergent cone an-
gle increases. The FWHM of the interference peak, shown
in Fig. 7(b), decreases with increasing cavity length at lower
divergent angles (6 < 0.2°), mainly due to the increase in in-
terference order. However, when the divergent angle is greater
than 0.2°, the trend of decreasing FWHM with increasing cav-
ity length is no longer obvious, and the FWHM increases with
increasing divergent angle. When the cavity length is 4 mm,
as shown in Fig. 6(d), when the divergent angle increases to
0.7°, the interference peak width is close to FSR, and the in-
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terference peak becomes flat. As shown in Fig. 7(c), the true-
ness of the interference peak wavelength position for shorter
FP cavities is less affected by the divergent angle of the beam.
Figure 7(d) shows that in the presence of a divergent angle, an
increase in cavity length reduces the sensitivity of the inter-
ference peak, except for parallel beam incidence. The change
in cavity length corresponds to a change in FP interference
order. The high spectral resolution of the FP cavity mainly
comes from high-order interference, which is more suscepti-
ble to the influence of non-parallel incident beams. Therefore,
in practical applications, a balance needs to be struck between
the precision of high-order interference and the non-parallel
incidence of the incident beam.
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Fig. 7. (a) The visibility changes with the FP cavity reflectivity for different cavity lengths; (b) the FWHM changes with the FP cavity
reflectivity for different cavity lengths; (c) the trueness changes with the FP cavity reflectivity for different cavity lengths; (d) the sensitivity

changes with the FP cavity reflectivity for different cavity lengths.

4. Conclusion and perspectives

This study investigates the behavior of non-parallel light
beams passing through an FP cavity ITF. The theoretical
model is constructed assuming that the incident non-parallel
light enters the FP cavity with a certain cone angle of di-
vergence, and the transmission function with a certain cone
angle of divergence is derived. An experiment is designed
to verify the accuracy of the theoretical model by measuring
the transmission function of a laser beam passing through an
FP etalon with a known divergence angle under various laser
wavelengths and FP tilt angles. The experimental results are
in good agreement with the simulated results of the theoretical
model. Based on the model, the effects of divergence angle, tilt
angle and FP parameters (reflectivity, cavity length) on the ITF
are analyzed. The results show that an increase in the diver-

gence angle leads to a decrease in the I'TF peak, broadening of

the interference peak, and a shift towards the short wavelength
direction. An increase in the tilt angle with a divergence an-
gle present also leads to broadening of the interference peak
and an asymmetric peak structure. Increasing the reflectivity
of the FP cavity mirror can produce finer interference peak
structures but is more susceptible to the non-parallel incident
light. On the other hand, an increase in cavity length corre-
sponds to an increase in interference orders, and the fine inter-
ference peak structures formed by high-order interference are
also more susceptible to non-parallel incident light. In conclu-
sion, when designing and using FP cavities (especially for FP
cavity tilt applications, such as angle scanning spectroscopy),
a balance between fine interference peaks and collimated inci-
dent light should be considered. Sacrificing some spectral res-
olution (such as reducing mirror reflectivity or cavity length,

and lowering interference orders) often leads to greater tol-
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erance to non-parallel incident light. This research on non-
parallelism has significant implications for the design of FP
cavities, such as MEMS-based FP micro spectrometers, and
the precise measurement of FP cavities for applications such
as spectral measurements based on FP angle scanning. Fur-
thermore, based on the findings of this study, it may be pos-
sible to calculate the laser divergence angle by measuring the
transmission of interference peaks using the FP cavity angle
scanning method.
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