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Using Etalons 

Eetalons are most commonly used 
as line-narrowing elements in 
na「rowband laser cavities, and as 
bandwidth limiting and coarse tuning 
elements in broadband and 
picosecond lasers. Furthe「 applications 
are laser line profile monito 「ing, 
diagnosis. 

Eta Ions desc「ibed in this section are 
all of the planar Fabry-Perot type and 
are classified as follows: 

Air-Spaced etalons - pairs of very flat 
piano-piano plates separated by 
optically contacted space「s. The inner 
surfaces of the plates are coated with 

Etalon plates need excellent surface 
flatness and plate parallelism. To avoid 
peak transmission losses due to scatter 
O『 abso「ption, the optical coatings also 
have to meet the highest standards. 

For a plane wave incident on the 
etalon, the t「ansmission of the etalon 
is given by: 

T － 旦榟－ －
I inc 4R 1 ＋ 一一丁sin2 (o/2) 

L ’ 二R)

Here R is the 「eflectance of each 
surface; 3 is the phase shift: 

o = � nd cos 0
λ 

pa叫ally reflecting coatings, the outer Whe「巴 ，

surfaces are coated with anti- n is the ref「active index 
reflection coatings. (i.e. 1 for air-spaced etalons) 

d is the etalon spacing o「 thickness 岂
Solid Etalons - parallel sides piano－ 。 is the angle of incidence 

piano plates with partially reflecting 
coatings on both sides. The cavity is The free spect「al range (FSR) is given 
formed by the plate thickness by: 
between the coatings. 

Deposited Solid Etalons - a special 
type of solid etalon in which the cavity 
is fo「med by a deposited layer of 
coating material. The thickness of this 
deposited layer depends on the free 
spectral range required and can 
range from a few nanometers up to 
15µm. The cavity is sandwiched 
between the etalon reflector coatings 
and the whole assembly is supp。此ed
on a fused silica base plate 

FSR = 
C 
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The reflectivity finesse is given by: 

F π'11τ ＝ 一

1 - R 

Figu「巳1 shows the 「eflectivity finesse 
as a function o f  the coating 
reflectivity. 

P011f�T"k

州阳LI .Ｚ 、I :-- ,· L 

100 

」－
0 

30 t,O 50 60 70 BO 90 100 
Re伺ectlvlty （%】

Figure I. Reflectivit吕 finesse vs. coating
reflectance of each su斤。ce.

The bandwidth (FWHM) is given by: 

FSR FWHM ＝一鰀

See Figure 2 for transmission 
cha「acteristics of Fabry-Perot type 
eta Ions. 
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Figure 2. Transmission characteristics 
of an etalon. 

However, the above applies to 
theoretical etalons which are assumed 
to be perfect. In reality, even the best 
etalon will show defects that Ii『nit
theoretically expected perfo「mance.
Therefore, in a real etalon, the actual 
finesse will usually be lower than the 
reflectivity finesse. 
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The defects that contribute to this 
reduction are as follows: 
(graphical represen国tions are exagerated for clarifiεation) 

Spherical Defects (Fdsl 

仁 立
Surface Irregularities (Fdgl 


广～一鲍꥖
Parallelism Defects (Fdpl 

All th「ee types of defects contribute 
to the total defect finesse Fd: 

1 1 1 1 －一＝ ．䴍
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�� 2 2 2 2 Fd Fds Fdg Fdp' 

The beam divergence also influences 
the actual finesse of an etalon. Taking 
into account all these contributions, 
the effective finesse of an etalon (with 
F, being the reflectivity finesse and Fdiv 
the divergence finesse) is: 

Fe ［古
＋

古
＋

中 l
The effective finesse a user sees when 
using the etalon depends not only on 
the absolute clear aperture, but also 
on the used aperture of the etalon, 
especially when a high finesse is 
「equired.

The examples below show how the 
effective finesse va 「ies with plate 
flatness and used ape「ture.

Air-spaced etalon, 
95%（土1 %JR @ 633nm plate reflectivity 
Plate clear aperture: 

25mm, used aperture: 20mm, 
1 mm spacer 

Spherical I parallelism defects: @• 
< lambda/20, 

Plate RMS: 0.80nm, 
Beam divergence: 0.1 mRad 
Reflectivity Finesse: 61 

Effective Finesse: 1 0 

Air-spaced etalo『1,
95%(± 1 %JR@ 633nm plate reflectivity 
Plate clear aperture: 

25mm, used aperture: 5mm, 
1 mm spacer 

Spherical I parallelism defects: 
< lambda/20, Plate RMS: 0.80nm, 

Beam dive「gence: 0. 1 mRad 
Reflectivity Finesse: 61 

Effective Finesse: 40 （土4)

Air-spaced etalon, 
95%（士1 %JR @ 633nm plate reflectivity 
Plate clear aperture: 

25『nm, used aperture: 20mm, 
1 mm spacer 

Sphe「 ical I parallelism defects: 
< lambda/100, Plate RMS: 0.40nm, 

Beam divergence: 0. 1 mRad 
Reflectivity Finesse: 61 

Effective Finesse: 40 ( ± 8) 

These examples illustrate that 
especially in applications whe「巳a la「ge
aperture of the etalon is used, it is 
important to use very high quality 
plates to ensu「e a high finesse and 
good transmission values. 

p口” 吧？户
f'\l'iυv、 1 ：… 、L

Using Etalons 

Etalons can be tuned over a limited 
「ange to alter their peak transmission 
wavelengths. These techniques a「e:

J. Angle tuning or tilting the etalo『1.
As the angle of incidence is
increased, the center wavelength
of the etalon can be tuned down 
the spectrum.

2. Temperature tuning.
This is mostly for solid etalons.
The tuning rest』It can be given by: 

需堕＝ － (FSRJ • [ 士告＋ 11丰 l
3. p「essure tuning. 

Tune the index of refraction with 
the appropriate gas pressure for 
ai「－spaced etalons. 

The above examples illustrate how 
C「itical the optical su「face flatness, 
plate parallelism and surface quality 
a「e to the overall performance of the 
etalon. We have developed 
sophisticated software that allows us 
to simulate all e仔ects that influence 
the perfo「mance of an etalon. To order 
an etalon, FSR, finesse and used 
aperture are required. 
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