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Fa b r y - P e r o t  o p e n  r e s o n a t o r

Fabry-Perot open resonator (FPOR) is a high-Q resonant structure
applicable to electromagnetic characterization of materials in a broad
frequency range. The FPOR operates in such applications
at fundamental Gaussian modes, denoted as 𝑻𝑬𝑴𝟎,𝟎,𝒒 modes,

where 𝑞 represents a longitudinal mode order along the resonator’s
revolution axis.
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The study concerns the impact of the distance between the mirrors,
𝐷, and the curvature radius of a spherical mirror, 𝑅, on the beam
waist in the PC-FPOR (𝐷𝑎𝑝 = 200 𝑚𝑚 ). Numerical tests were

performed for 0.5 < D/R < 0.9 and for two mirrors distances: 𝐷1 =
100 𝑚𝑚 and 𝐷2 = 128 𝑚𝑚. Modes taken for investigation were
chosen in such a way to obtain similar resonance frequencies for both
𝐷1and 𝐷2.

The results obtained with GFM and FES are consistent and indicate
that the beam waist decreases with the increase of the D/R ratio.
Moreover, it can be noticed that the beam waist increases with the
distance between the mirrors.
Thus, it can be concluded that in order to minimize the beam waist,
the distance between the mirrors should be minimized for a given
D/R ratio. However, the quality factor of the resonator decreases
with the decreasing D and the spectral distance between consecutive
modes is increasing.

The FPOR can be applied as a double-concave (DC) or plano-concave
(PC) geometry. The latter one has a lower quality factor (𝑄) and
the position of the electric field maximum is not known a priori,
however, in this geometry there is no detrimental coupling of odd
𝑇𝐸𝑀0,0,𝑞 with even Laguerre-Gaussian mode of higher order,

which limits electric thickness of the sample in the DC FPOR.
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Scattering Matrix Method

PC-FPOR can be divided into three non-resonant sections consisting
of a flat mirror, sample and a spherical mirror. Each section can be
described by the scattering matrix calculated at given reference
planes 𝑧𝑟,1 and 𝑧𝑟,2. Resonance frequencies of the PC-FPOR can be
found by finding zeros of characteristic equation in the form:

𝒅𝒆𝒕 ധ𝑰 − ന𝚪𝟏 ന𝚪𝟐 + 𝑻𝟐 ധ𝑰 − ന𝚪𝟑 ന𝚪𝟐
−𝟏

ന𝚪𝟑 𝑻𝟐 = 𝟎

where:
• ധ𝑰 is a unit matrix 

• ന𝚪𝒊, ന𝑻𝒊 are a frequency dependent multi-mode reflection/transmission
matrices describing the 𝑖𝑡ℎ layer along the 𝑧 axis, 𝑖 ∈ 1,2,3 .

• ന𝚪𝟏 is a diagonal matrix with i𝑡ℎ diagonal component given as follow

𝜞𝟏 𝒊, 𝒊 = −𝒆−𝒋𝟐𝒌𝒛,𝒊∗𝒛𝒓,𝜞 where 𝒌𝒛,𝒊 denotes a forward wavenumber of

an i𝑡ℎ circular waveguide mode.

• ന𝚪𝟑 has to be computed numerically for instance using Green’s function
method (GFM) or finite element method (FEM).

• ന𝚪𝟐 and 𝑻𝟐 may be computed analytically only if sample’s transverse
dimension is significantly greater than beam waist!

Beam width at the plane
𝑧 = 𝑧0, labelled as 𝒘 𝒛𝟎 , is
defined as a radius at which
the amplitude decreases by
1/𝑒 times.
Beam width calculated at the
beam focus is called beam
waist and labelled as 𝒘𝟎.
In the PC-FPOR, beam is
focused at the planar mirror’s
surface.
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