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Abstract—In this paper,by using the matrix optics, the 

transmission of quratz crystal berifringent filter with any 
direction of incidence angle,azmuth,mechanical rotation angle was 
derived .Through theoretical simulation obtained the laws of 
center wavelength and free spectral range of quratz srystal 
berifringent filter changing with the mechanical-angle .The results 
show that rotated around the z-axis of the filter mostly influence of 
the features of the filter and the transmission spectrum of the 
designed filter is tested and investigated by using Ultra-6600 
spectrophotometer. The experimental results are in good 
agreement with theoretical results and it is helpful for 
manufacturing, adjusting and correcet design of the quartz 
birefringence filter.  

Index Terms—optical devices,crystal optics, mechanical-angle, 
quratz crystal birefringent filters 

 
1. Introduction 
 
Briefringence filter is one of the important passive components, 
including two classic types:Lyot filter[1,2] and Solc 
filter[3,4],which is widely used in the field of spectral images 
[5,6],lasertuning[7,8],retomesening[9],astronomy[10,11],dense 
wavelength division multiplexing[12]. For a optical ,working in 
fixed transmission wavelength spectra is very important.For 
example,in the sunlight observation instrument application, 
output central wavelength is sensitive to incident angle 
[13-15] ,in the birefringent filter system ,mechanical stress is 
inevitable,due to the mechanical stress ,the filter will produce a 
tiny rotation angle ,thus the accuracy of birefringent filter 
system decreased,therefore study the function of tiny rotation 
mechanical-angle and the transmission of the filter is useful for 
manufacturing, designing and adjusting quartz birefringence 
filter. 

In this paper, the quartz crystal wave plate rotated around the 
optical axis (x-axis) or y-axis or z-axis ,the spectral output of the 
filter is studied by the way of numerical simulation and 
experiment researchs in detail,through numerical analysis and 
experiments research,the change of the center wavelength and 
the free spectral range of  the filter are  investigated   by   using     
Ultra-6600   series  spectrophotometer  in  detail, and the results 
of theory are agreed to the results of experiment very well. 

The structure of this paper is that, firstly theoretically 
analyzed the principle of quartz filter. Secondly, the additional 
phase of the filter under tiny mechanical-angle is discussed 
Thirdly,the spectral outputs of the filter with any direction of 
incidence angle,azmuth,mechanical rotation angle are studied 
through numerical simulation and experiment researchs and 

 
 

analysis the experimental results  ,then  make a conclusion in the 
end. 
 
2. Numerical simulation and theory anlysis 

A. Basic principle of quartz filter 

A typical type optical filter is usually composed of several 
birefringence polarization devices and several polarizing 
devices[16-17].Schematic diagram of the unipolar filter is 
shown in Fig1 consist of polaroids P1,P2 and the quartz plate 
L,the optical axis of the plate is parallel to its surface. 

    
Fig.1  Schematic diagram of the unipolar birefringence filter 

Where α is the angle between crystal surface and the 
incident light,θ is the azimuth angle,L is the quartz plate.Base 
on the matrix optics,the Jones matrix of the quartz crystal given 
by: 
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 ,
iα  is  

the incidence angle（
2i

πα α= − ）, 
en ,

on are the refractive 

indices   of    the   extraordinary   and   ordinary   of   the   quartz 
plate.  Based  on  matrix  optics,   the  transmittance  of  the  filter 
given by: 
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, 'δ  is the 

total phase delay of the quartz crystal plate under tiny 
mechanical-angleθ∆ ,δ is the phase delay of the quartz crystal 
plate without mechanical-angle, δ∆ is the additional phase 
under tiny mechanical-angleθ∆ ,the function of the three given 
by : 

'δ δ δ= + ∆                            (6) 
Where                                                                                                                                                                                                                                  
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λ is the wavelength of  incident light, d is the thickness of 
the quartz wafer,below the additional phase δ∆ of the filter 
under tiny mechanical-angle is discussed. 

1).The quartz crystal rotated around the x-axis with tiny 
mechanical-angle 

When the quartz crystal rotated around the x-axis of angle 
θ∆ , in the

1 1xy z oordinate system ,the direction of x-axis did 

not change,the incidence angle was still iα , rotation angle 

changed fromθ toθ θ+ ∆ ,the phase delay of the quartz crystal 
plate given by: 
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and the additional phase give by: 
 '

x xδ δ δ∆ ＝ －                             (9) 

 
Fig.2 The additional phase 

xδ∆ of the quartz plate as a function α and 

θ∆  when plate rotate around x-axis 

2).The quartz crystal rotated around the y-axis with tiny 
mechanical-angle 

When the quartz crystal rotated around the y-axis of 
angle θ∆ ,in the

2 2x yz coordinate system ,the direction of y-axis 

did not change,the incidence angle was stilliα  rotation angle 

changed fromθ toθ θ+ ∆ ,the phase delay of the quartz crystal 
plate given by: 
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and the additional phase give by: 
'

y yδ δ δ∆ ＝ －                             (11) 

 
Fig.3 The additional phase 

yδ∆ of the quartz plate as a function α and 

θ∆  when plate rotate around y-axis 

3).The quartz crystal rotated around the y-axis with tiny 
mechanical-angle 

When the quartz crystal rotated around the y-axis of 
angle θ∆ ,in the

3 3x y z coordinate system ,the direction of y-axis 

did not change,the incidence angle was stilliα  rotation angle 

changed fromθ toθ θ+ ∆ ,the phase delay of the quartz crystal 
plate given by: 
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and the additional phase give by: 
'

z zδ δ δ∆ ＝ －                           (13) 

 
Fig.4 The additional phase 

zδ∆ of the quartz plate as a function α and 

θ∆  when plate rotate around z-axis. 

Thus the transmittance of the emergent ligh given by: 

21 sin
2

T A
δ δ+ ∆= −                     (14) 

From formula(14)we can see that a certain wavelengthλ of 
incident light, corresponding to a certain phase delayδ , we take 
a corresponding value δ ,can maximum value T ,for different 
wavelength value λ of incident light ,we need to change the 

δ∆  ,in order to maximum valueT ,and the output of quartz 
plate changed. 

B. Numerical simulation analysis 

Fig 3 show the theoretical transmission versus wavelength 
with different directions tiny mechanical angle with the 
wavelength range of 580~600nm.The thickness of quartz is 
7mm the parameter of quartz used as follows: 

en ,
on are 

1.55335 and 1.54424 [11] ,iα is4 o ,θ  is45o rotation angle θ∆  

is 3o ,curve1 ,curve2, curve3, curve4 are the theoretical 
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transmission curves with the same rotation angle 3oθ∆ =  that 
rotated around the z-axis , rotated around the y-axis, rotated 
around the x-axis, and without rotation angle. 
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Fig.5 The simutation resules with tiny mechanical-angle at 

different axial directions 
Form Figure 2 ,we can see that when the incidence 

angle 4oα = ,the azimuth angle 45oθ =  The quartz crystal 
rotated around the x-axis with tiny mechanical-angle 

3oθ∆ = ,the central wavelength will change to shorter 
wavelength for about 0.1nm, the quartz crystal rotated around 
the y-axis with tiny mechanical-angle 3oθ∆ = ,the central 
wavelength will change to a shorter wavelength for about 
0.3nm，the quartz crystal rotated around the z-axis with tiny 
mechanical-angle 3 oθ∆ = ,the central wavelength will change 
to a longer wavelength for about 0.9nm.  

Figure 3 show the curve between the mechanical-angle and 
FSR of the filter. The thickness of quartz is 7mm, 

iα  is 4 o ,θ  

is 45o , rotation angle 0 3o oθ∆ = +: .From figure 3 we can see 
that the quartz crystal rotated around the x-axis, 
y-axis,z-axis ,the maximum offsets of the free spectral 
range(FSR) are -0.001nm,0.003nm,0.009nm,the deviations are 
-0.02%, 0.05% 0.16%, we can know that when 

0 3o oθ∆ = +: ,rotated around the z-axis mostly influence the 
FSR of the filter. 
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Fig.6 A The FSR of the filter as a function θ∆  when 

4 oα = , 4 5 oθ =  

Figure 4 show the curve between the mechanical-angle and 
the center wavelength of the filter The thickness of quartz is 
7mm, 

iα  is 4 o ,θ  is 45o , rotation angle 0 3o oθ∆ = +: .From 

figure 4 we can see that the quartz crystal rotated around the 
x-axis, y-axis,z-axis the maximum offsets of the center 
wavelength are 0.1 nm,-0.3nm,-0.9nm,the deviations are 0.02% , 
-0.05% ,-0.15%,we can know that when 0 3o oθ∆ = +: ,rotated 
around the z-axis mostly influence the center wavelength of the 
filter. Therefore, by changing crystal obliquity angle can tune 
the center wavelength of the  birefringent filter. 
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Fig. 7 The center wavelength of the filter as a function θ∆  when 

4 oα = , 4 5 oθ =  
 

3. Experimental results and discussion 
 

In order to verify the correctness of the above  theory,  the 
experimental   system  is  set up  by   using   Ultra-6600   spectro 
photometer with 0.1nm  sweeping step  and   190nm   to   900nm 
sweeping  range ,  receive  the transmission  spectrum  of   quartz 
birefringence  filter .The  transmission  spectrum  measurement 
system framework shown in figure.5. 

P1 L1 P2
Photoelectric 

detector
P1,P2—Polarizer    L1—quartz wafer 

PC
Optical source

 
Fig.8  The structure of the mearsure system 

The thickness of quartz wafer used in the test is 7mm, the 
incidence angle is about 4oα = ,the azimuth angle is 
about 45oθ = ,the transmission curve obtained of quartz 
birefringent filter is shown in Figure 6, the spectral range is 
580~600nm,the spectral resolution is 0.1nm,curve1, curve2, 
curve3,curve4 are the transmission curves with the same 
rotation angle 3oθ∆ =  that rotated around the z-axis , rotated 
around the y-axis, rotated around the x-axis,and without rotation 
angle. 

 

Fig.9  The results of the experiment 

We can find the results of experiment are very similar to  
the results of Fig. 5 botained by numerical simulation.The   
experimental    results   show  that :   a). the    central of quartz 
filter will change to a shorter wavelength for about 
0.2nm,0.4nm,0.9nm with the same rotation angle of 3oθ∆ =  
rotated around x-axis,y-axis,z-axis (theoretical values are 0.1 
nm, 0.3nm, 1nm),the experiment results are in good agreement 
with the theoretical simulations,we believe that the presence of 
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small differences are due to the thickness error of the 
measurement and the mechanical angle error. b).The maximum 
transmittance value of the filter is about 92%, we believe that 
this is due to the scattering of  quartz  wafer and the absorption 
of polarizer. c).The minimum transmittance value of the filter is 
about 10%, we believe that this is due to the extinction ratio of 
the polarizers is not high and the angle between the polarizer 
and the crystal is not strictly 45. 

 
4. Conclusion 
 

By using the matrix optics, the transmission of quartz       
birefringence  filter   with    any    direction    of    incidence  
angle,azmuth,mechanical rotation angle,through computer 
programming simulation.the transmission spectrum of quartz 
birefringence filter under tiny mechanical-angle is investigated 
in detail, the experimental results verify the correctness of the 
above theories, the results show that rotate around different axis 
the outputs of the quartz filter are different, the offset is related 
to the direction of rotation,and rotated around z-aixs mostly 
influence the the quartz filter features.It will has a certain 
application in stability output of optical filter when tiny 
mechanical-angle acts on filter .As a result ,by changing crystal 
obliquity angle can tune the center wavelength of the  
birefringent filter.The result may be useful for constructing 
high-performance birefrigent filter. 

 
References 

 
[1] B. Lyot. Un monochromateur a grand champ utilisantles interference en 

lumiere polarisee.Compt.Rent Acad. Sci.,1933,197:1593-1595. 
[2] Yngve Ohman,A new monochromator[J].Nature,1938,3560:157-158. 
[3] J.W.Evans.Solc birefrigent filter[J].Opt.Soe.Am.,1958,48:142-145. 
[4] Ivan Solc.Birefrigent Chain filters.J.Opt.Soc.Am.1965,55(6):621-625. 
[5] FRANCON M. Optical filter for radiations eparation[M].Beijing:Science 

Press,1984:37-42 
[6] WANG X,Yao J.Transmitted and tuning characteristics of birefringent 

filters[J].Applied Optics 1992:31(22):4505-4508. 
[7] HARRIS S E,AMMANN E O,CHANY I C.Optical network synthesis 

using birefringent stals[J].J .Opt .Soc .Am ,1964 ,54(10):1267- 1279. 
[8] Simon S M Rees ,J Staromlynska,M P Gillyon.Final design and testing of 

the laser airborne depth sounder filter[J].Opt Eng,1997,36(4):1204-1213. 
[9] KONG YONG,WANG YU MING,ZHANG LI PING ,FANG YI 

YUAN.A quartz birefringent fiter insensitive to incident angle[J].Opics 
and Laser Technology,2012,44(5) :1497-1500 

[10] Li,Ting.The construction of a 0.15
o

A birefrigent filter for solar 
observation[J].Chinese Journal of Scientific Instrument, 1986,7(2):142- 
148 

[11] KOPP   G.  Tunable  birefringent  filters  using     liquid     crystal    variable 
retarders[C]//Proceeding of SPIE. USA:SPIE,1995: 193-201. 

[12] Bu Qinlian,Luo Yong,Fu Yong’an, Xu  Yuanzhong. Study  on  Improving 
the Performance of  Thin  Film  Filter  DWDM  Components [J].   ACTA 
OPTICA SINICA,2004,24(5):651-654. 

[13] ZHANG JIAN,Li GUO HUA.The theory of correcting the devation of 
retardation wave-plate [J].Laser Technology,2005,29(6): 639-640+648 

[14] Zhou Yu,Liu Liren,Zhang Juan,De’an,Liu Luan Zhu.Nearly-off-axis 
transmissivity of Sloc birefrigent filters.Journal of the Optical Society of 
America A 2003;20(4):733-740. 

[15] Yong Kong,Yuming Wang,Liping Zhang,Yiyuan Fang.A quartz 
birefingent filter insensitive to incident angle[J].Optics and Laser 
Technology,2012,44:1497-1500. 

[16] ZHANG SHAN,WU FU QUAN,WU WEN DI. Characteristics of 
multistage quartz optical filter based on the optical rotatory dispersion 
effect[J].Acta PhysicSinica,2008,57(8):5020-5026. 

[17]  JIA Yaqing,ZHU Xiaonong.Study of characteristics of a titled uniaxial 
birefringent filter[J].LASER JOURNAL,27(1):18-19. 

[18] X. Zhu,Explicit Jones.Transformation matrix for a titled birefrigent plate 
with its optic aixs parallel to the plate surface[J]Appl.Opt.,1994,33(16): 
3502-3506 
 

 
 
 
 


