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AHHoTanus. B HacTosmee Bpems, mepecTpanBaeMble ONTHYECKUE (PUITBTPBI ITUPOKO HCIIONIB3YIOTCS
B ONITHYECKUX M ONITUKO-3JIEKTPOHHBIX CHCTEMaxX M KoMIuiekcax. Hanmpumep, OHM UCTIONB3YIOTCS ISt
NEPECTPOUKH JJTUHBI BOJHBI B JIa3epax, KOTOPbIE IPUMEHSIOTCS B BOJJOKOHHO-ONTHYECKUX JIMHHUIX
cBsi3u. Paspabotanslii nepectpanBaemsiii uHTEpPepomerp adbpu-Ilepo, npencraBneHHbIN B JTaHHON
CTaThe, MOXKET HAWTHU MPUMEHEHHUE B PA3JIMYHBIX 00JIACTSIX ONTOTeXHUKU. KOHCTpyKIus npeasarae-
MOT0 MEPECTPANBAEMOT0 ONTUYECKOTO (DPMIIBTPA, MPEACTABISIET COOOM MepecTpanBaeMblii HHTEpde-
pometp Pabpu-Ilepo Ha ocHOBE 0OpPaTHOrO Mbe303IEKTpUYECcKOro s dekra. OnTuyeckue xapakre-
pUCTUKU (UIBTPa OyAyT 3aBUCUTH OT ONTHYECKUX, HIEKTPUUECKUX U (PU3UUECKUX XAPAKTEPUCTUK
KOMIIOHEHTOB, BXOJISIIIIMX B €0 KOHCTPYKIIHIO.

KawueBble cioBa: nepectpauBaeMblii uatepdepomerp Pabpu-lIlepo, monmuBuHmnIMaeHpTOPUA,
be303¢h heKT
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Annotation. Presently, tunable optical filters are widely used in optical and optoelectronic systems
and complexes. Tunable optical filters are essential components in a wide range of optical systems.
The developed tunable Fabry-Perot interferometer presented the article can be used in various fields
of optotechnics. The design of the proposed tunable optical filter is a tunable Fabry-Perot interferom-
eter based on the inverse piezoelectric effect. The optical characteristics of the filter will depend on
the optical, electrical and physical characteristics of the components included in its design.
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Introduction

The interferometer, or Fabry-Perot etalon, is currently the basic instrument in
high-resolution spectroscopy. Its operation is based on the interference of a large num-
ber of rays obtained by multiple reflection of a light wave between two parallel flat
mirrors (silver and aluminum films) with partial transmittance. Modern interferometers
usually use multi-layer dielectric mirror coatings, which are deposited on optical glass
or quartz substrates in vacuum. They provide high light reflection coefficients at low
absorption losses. This paper proposes a study of tunable Fabry-Perot interferometer
as a function of the electrical characteristics of polyvinylidene difluoride (PVDF) films
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of different thicknesses. The tunable Fabry-Perot interferometer can be used as a dis-
persing element in spectrometry, fiber optic sensors, spectroscopic gas analysis sys-
tems, biological, chemical, and vibration sensors, etc [1-4].

Problem

In this paper, the expected characteristics of a tunable Fabry-Perot interferometer
with different thicknesses are considered. Two highly reflective mirrors are employed
as bandpass filters.

Theory

Spectral devices mainly use a diffraction grating or prism as a dispersing element.
The spectrum is scanned by rotating the dispersing element [5]. The use of tunable
Fabry-Perot interferometer is complicated by the complexity of their designs. Fig. 1
shows the design of a known tunable Fabry-Perot interferometer.

Fig. 1. Cross-sectional view of tunable Fabry-Perot interferometer

1 - incident radiation, 2 - upper mirror, 3 - lower mirror, 4 - substrate, 5 - air gap,
6 - membrane (thin-film) structure of the upper mirror

The tunable Fabry-Perot interferometer has an upper and lower mirror opposite
each other with an air gap between them. When voltage is applied to the mirrors, an
electrostatic force arises, which causes the air gap to change. To facilitate this action,
the upper mirror has a membrane (thin-film) structure. If the air gap is mA/2 (m is an
integer), it functions as a filter transmitting a larger wavelength A.

As the voltage between the mirrors increases, the air gap decreases under the ac-
tion of the electrostatic force, causing the peak wavelength of transmission to shift
toward the shorter wavelength.

In this paper, we propose the design of the dispersing element in the form of
a tunable Fabry-Perot interferometer, Fig. 2.

The Fabry-Perot interferometer consists of two glass disks - 3, with applied mirror
coatings - 2, having a reflection coefficient R. The two glass disks are separated by
a film of polyvinylidene fluoride (PVDF) - 1, with a thickness d, which has an inverse
piezoelectric effect. All elements of this design must be transparent in a certain range
of the spectrum AA. Depending on the characteristics of the Fabry-Perot interferometer
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elements and the range of incident radiation AA, it works as a selective filter, the trans-
mittance of which will be maximum for certain wavelengths: A;, A, A3, etc. and is cal-
culated by the formula [6]:

2
T= dn :

(1- R)2 + 4Rsin22

, (1)

where % - angle (% = 2nnd/\); T, - transmittance of the mirrors; R - reflectance of

the mirrors; » - refractive index of the PVDF film; 4 - wavelength of the incident radi-
ation; d - thickness of the PVDF film.
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Fig. 2. Fabry-Perot interferometer

1 - PVDF film; 2 - mirror coatings; 3 - glass substrate; A\ - incident radiation on the FPI;
A1, A2, A3 - wavelengths of the passed radiation; d - PVDF thicknes

The Fabry Perot interferometer is reconfigured along the spectrum by changing
the film thickness d by Ad by applying a voltage U to the PVDF film, which has an
inverse piezoelectric effect [7], for example, to the metal mirrors of the Fabry-Perot
interferometer. When the film thickness is changed by Ad, the maximum transmittance
of the Fabry-Perot interferometer, in accordance with formula 1, will change for the
initial wavelengths by AL, A, AAs, etc., Fig. 3.

The change in the thickness Ad of a PVDF film under the inverse piezoelectric
effect can be calculated using the formula [8]:

Ad
7:—0'31 Ey, (2)

where Exis the electric field strength in the PVDF film; d3; 1s the piezoelectric modulus
of the PVDF film.
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Fig. 4 shows the graph of transmission coefficient dependence in visible range on
the incident radiation wavelength calculated by the formula 1: PVDF film thickness
d=5 pm [9], mirror reflection coefficient R=0,9, mirror transmittance 7,,=0,1, PVDF
film refractive index n =1,55.
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Fig. 3. Interferometer with modified thickness PVDF film

Al - incident radiation on the Fabry-Perot interferometer; A1+AA1, Ao+Ak2, A3+AA3 - wave-
lengths of the passed radiation after the conversion of the Fabry-Perot interferometer;
d+Ad - PVDF thickness after applying voltage U to it
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Fig. 4. Fabry-Perot interferometer transmission from the wavelength
of the incident radiation

It should be assumed that the graph was plotted for an ideal Fabry-Perot interfer-
ometer: light absorption was not taken into account, the parallelism of the mirrors was
ideal, and the refractive index of the PVDF film over the entire range of radiation was
constant.

For a PVDF film having a piezoelectric modulus d3; = 33-10"'2 m/V and a maxi-
mum intensity at which breakdown occurs Ex= 80 V/um [9], from formula 2, the max-
imum change in thickness will be Ad = £13 nm.

By changing the thickness of the PVDF film from its minimum (4,987 pum) to
maximum (5,013 um), the tuning range of the Fabry-Perot interferometer for the wave-
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length of the maximum transmission of the right peak will be 4 nm (from 772,6 to
776,6 nm). For the same peak we can calculate free dispersion area G - distance from
transmission maxima of neighboring peaks (37 nm) and resolution 6A - peak width at
half-height (1,3 nm).

To increase the tuning range of the Fabry-Perot interferometer, it is necessary to
use a PVDF film with a larger piezoelectric modulus value. Increasing the film thick-
ness will increase the resolution of the Fabry-Perot interferometer, but decrease the
free dispersion area, Fig. 5.
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Fig. 5. Transmittance of Fabry-Perot interferometer from the incident radiation
wavelength (d=10 pm)

Table 1 shows the optical characteristics of the tunable Fabry-Perot interferometer
having different thicknesses of PVDF films.

Table 1
Optical characteristics of the tunable Fabry-Perot interferometer
for incident radiation AA=400-+800 nm.
PVDF film thickness, um OA, nm G, nm
5 1,30 37,0
10 0,70 19,9
15 0,45 13,1
20 0,34 8,2
25 0,26 6,8
30 0,22 6,8

Conclusion

The presented interferometer is needed for the building of compact, inexpensive
and efficient multispectral systems with tuning in the entire visible spectral range and
high spectral resolution.
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As a high-resolution spectral analyzer, the tunable Fabry-Perot interferometer is
a useful tool for monitoring laser performance. Fabry-Perot interferometers can also be
used in an educational setting, particularly as a method for observing HeNe resonator
modes during HeNe laser warm-up, as well as for determining properties such as free
spectral range.
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