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The Influence of Mechanical-angle on the Quartz
Filter Features

Abgtract—In this paper,by using the matrix optics, the
transmission of quratz crystal berifringent filter with any
direction of incidence angle,azmuth,mechanical rotéon angle was
derived .Through theoretical simulation obtained the laws of
center wavelength and free spectral range of quratzrystal
berifringent filter changing with the mechanical-argle .The results
show that rotated around the z-axis of the filter nostly influence of
the features of the filter and the transmission sperum of the
designed filter is tested and investigated by usindJltra-6600
spectrophotometer. The experimental results are ingood
agreement with theoretical results and it is helpfl for
manufacturing, adjusting and correcet design of thequartz
birefringence filter.

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

1. Introduction

Briefringencfilter is one of the important passive components,

including two classic types:Lyot filter[1,2] and IS0
filter[3,4],which is widely used in the field of eptral images
[5,6],lasertuning[7,8],retomesening[9],astronomy[ll],dense
wavelength division multiplexing[12]. For a opticalorking in
fixed transmission wavelength spectra is very ingurFor
example,in the sunlight observation instrument igptbn,
output central wavelength is sensitive to incidearigle
[13-15] ,in the birefringent filter system ,mechanical sérés
inevitable,due to the mechanical stress ,the filiirproduce a
tiny rotation angle ,thus the accuracy of birefany filter
system decreased,therefore study the functionngfrbtation
mechanical-angle and the transmission of the fiterseful for
manufacturing, designing and adjusting quartz Litrgénce
filter.

In this paper, the quartz crystal wave plate rotat®und the
optical axis (x-axis) or y-axis or z-axis ,the spaloutput of the

filter is studied bythe way of numerical simulation and

experiment researchs in detail,through numericalyasis and
experiments research,the change of the center araythl and
the free spectral range of the filter are ingttd by using
Ultra-6600 series spectrophotometer in dedaidl the results
of theory are agreed to the results of experimenyt well.

The structure of this paper is that, firstly theimaly
analyzed the principle of quartz filter. Secondhg additional
phase of the filter under tiny mechanical-angladiscussed
Thirdly,the spectral outputs of the filter with adyrection of
incidence angle,azmuth,mechanical rotation angtestudied
through numerical simulation and experiment redear@nd

analysis the experimental results ,then makenalasion in the
end.

2.Numerical simulation and theory anlysis

A. Basic principle of quartzfilter

A typical type optical filter is usually composef several
birefringence polarization devices and several nmityg
devices[16-17].Schematic diagram of the unipoldterfiis
shown in Figl consist of polaroids P1,P2 and thartguplate
L,the optical axis of the plate is parallel tostgface.
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Fig.1 Schematic diagram of the unipolar birefrimge filter
Where a is the angle between crystal surface and the
incident lightp is the azimuth angle,L is the quartz plate.Base
on the matrix optics,the Jones matrix of the quenystal given

by:
M 5 - |:m11 m12j|
m21 m22

Where each element given by:
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the incidence angle, - A_ a 7 Nn,,n, arethe refractive

indices of the extraordinary and ordynasf the quartz

plate. Based on matrix optics, the transmie of the filter
given by:
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total phase delay of the quartz crystal plate untiey
mechanical-anglgg, J is the phase delay of the quartz crystal 3 \}
plate without mechanical-angléd is the additional phase - -
under tiny mechanical-angl® ,the function of the three given
by :
0 =0+NA0 (6) .
Where

— 2 — : Fig.3 The additional phasggyof the quartz plate as a functi@i and

5:@ \/neno —(nfcos’+n;’ sin'g )sirfa; _ [ —sinzai} (7) A8 when plate rotate around y-axis

A N 3).The quartz crystal rotated around the y-axishwihy

A is the wavelength of incident lighg, is the thickness of mechanical-angle
the quartz wafer,below the additional phasé of the filter When the quartz crystal rotated around the y-aXis o
under tiny mechanical-angle is discussed. angleng in thex, y,z coordinate system ,the direction of y-axis

1).The quartz crystal rotated around the x-axis witly tingid not change,the incidence angle was gtiltotation angle
mechanical-angle

When the quartz crystal rotated around the x-akiangle
Ag, in thexy, z, oordinate system ,the direction of x-axis di

changed frorg tog+as,the phase delay of the quartz crystal
0.olate given by:

an{\/rfrf_rf(msimﬁ+ Siir ca8 CMZ-)-rf (@n an )

- (12)
A n,
changed frorg tog+ag,the phase delay of the quartz crystal
plate given by: JrE ~l(cosar M- simr sif o2y (sin cﬁ§})]

not change,the incidence angle was still, rotation angle g =

5=2d Jrfrg -[récos’ @+A0)+ 1y sirt §+A6) sirfa _[Fsrta (8) and the additional phase give by:
A n AS,=0,— 0O (13)
and the additional phase give by:
AO=0,—0 9)
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Fig.4 The additional phas@d of the quartz plate as a functia@ and

Putnt i A @ when plate rotate around z-axis.
Fig.2 The additional phas@q of the quartz plate as a functiaif and Thus the transmittance of the emergent ligh giwen b
A @ when plate rotate around x-axis - _ T =1- Asin? o0+Ad (14)
2).The quartz crystal rotated around the y-axishwihy
mechanical-angle From formula(14)we can see that a certain wavelehgif

When the quartz crystal rotated around the y-axis dncidentlight, corresponding to a certain phadayd®, we take
angleag in thex, yz, coordinate system ,the direction of y-axisa corresponding valug ,can maximum valug ,for different
wavelength valuer of incident light ,we need to change the

Ad ,in order to maximum value,and the output of quartz
changed frorg tog+ag,the phase delay of the quartz CryStablate changed

plate given by:
:M{\/rﬁrf—rﬁ(cxﬁesir‘?aﬂf (5 sSh6- sm 9h &6 )

did not change,the incidence angle was @tilfotation angle

B. Numerical simulation analysis

g 1 n ~ (10) Fig 3 show the theoretical transmission versus \eagth
with different directions tiny mechanical angle withe
\/rﬁ—[(oosasime— sir sif cB9%¥ (ain (ﬂé])] wavelength range of 580~600nm.The thickness of tguar

» . 7mm the parameter of quartz used as follows; n are
and the additional phase give by: e

AS =0 —0& (11) 1.55335 and 1.54424 [114,is4° , 6 is45 rotation angle ¢
’ ’ is 3° ,curvel ,curve2, curve3, curved4 are the theoretical



transmission curves with the same rotation apgje- 3° that
rotated around the z-axis , rotated around theig-amtated
around the x-axis, and without rotation angle.
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Fig.5 The simutation resules with tiny mechanical-angle a
different axial directions

Form Figure 2 ,we can see that when the incidence
angleg = 4° ,the azimuth anglé = 45° The quartz crystal
tiny mechanical-angl
change to shorte

rotated around the x-axis with
A9=3 ,ithe central wavelength will
wavelength for about 0.1nm, the quartz crystaltestaaround
the y-axis with tiny mechanical-angkeg = 3° ,the central
wavelength will change to a shorter wavelength dbout
0.3nm the quartz crystal rotated around the z-axis with t

mechanical-angle ¢ = 3° ,the central wavelength will change

to a longer wavelength for about 0.9nm.
Figure 3 show the curve between the mechanicakaruyl
FSR of the filter. The thickness of quartz is 7mm,is 4° ,0

is 45, rotation angleag = 0°: +3°.From figure 3 we can see
the x-axis,

that the quartz crystal rotated around
y-axis,z-axis ,the maximum offsets of the free sg@éc
range(FSR) are -0.001nm,0.003nm,0.009nm,the demitire
-0.02%, 0.05% 0.16%, we can know that
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Fig. 7 The center wavelength of the filter as a functi@@ when
a = 4°,0 = 45°

3. Experimental results and discussion

In order to verify the correctness of the aboveotly, the
éxperimental system is setup by usingraB600 spectro
photometer with 0.1nm sweeping step and 19Gom900nm
sweeping range, receive the transmission spacof quartz
Birefringence filter .The transmission spectromeasurement

system framework shown in figure.5.
™
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Fig.8 The structure of the mearsure system
The thickness of quartz wafer used in the testrim/the
incidence angle is about = 4° ,the azimuth angle is

wheboutg = 45° ,the transmission curve obtained of quartz

Ag=0°: +3rotated around the z-axis mostly influence th@jrefringent filter is shown in Figure 6, the spattrange is

FSR of the filter.
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Fig.6 A The FSR of the filter as a functioghg@ when
a = 4°,0 = 45°
Figure 4 show the curve between the mechanicakaryl
the center wavelength of the filter The thicknefsjaartz is
7mm, g, is 4°,6 is 45, rotation angleag=0°: +3°.From

figure 4 we can see that the quartz crystal rotaredind the
x-axis, y-axis,z-axis the maximum offsets of thentee

wavelength are 0.1 nm,-0.3nm,-0.9nm,the deviatiwa®.02% ,
-0.05% ,-0.15%,we can know that whag=0°: +3,rotated

around the z-axis mostly influence the center wevgth of the

filter. Therefore, by changing crystal obliquityghé can tune
the center wavelength of the birefringent filter.

580~600nm,the spectral resolution is 0.1nm,cunaftye2,
curve3,curved4 are the transmission curves with shene
rotation angleang = 3° that rotated around the z-axis , rotated

around the y-axis, rotated around the x-axis,arllout rotation
angle.

Fig.9 The results of the experiment
We can find the results of experiment are veryIgsind

the results of Fig. 5 botained by numerical sinialafhe
experimental results show that: a). tleentral of quartz
fiter will change to a shorter wavelength for abou
0.2nm,0.4nm,0.9nm with the same rotation angla @t 3°
rotated around x-axis,y-axis,z-axis (theoreticduga are 0.1
nm, 0.3nm, 1nm),the experiment results are in gapdement
with the theoretical simulations,we believe that pinesence of



small differences are due to the thickness errorthef
measurement and the mechanical angle error. bjrilxénum
transmittance value of the filter is about 92%, lvedieve that
this is due to the scattering of quartz wafer thiedabsorption
of polarizer. c).The minimum transmittance valu¢heffilter is
about 10%, we believe that this is due to the etitin ratio of
the polarizers is not high and the angle betweerptilarizer
and the crystal is not strictly 45.

4. Conclusion

By using the matrix optics, the transmission of rtgia
birefringence filter with any directionof incidence
angle,azmuth,mechanical rotation angle,through ctenp
programming simulation.the transmission spectrunqudrtz
birefringence filter under tiny mechanical-anglengestigated
in detail, the experimental results verify the estness of the
above theories, the results show that rotate ardiffetent axis
the outputs of the quartz filter are different, ditset is related
to the direction of rotation,and rotated aroundixz-anostly
influence the the quartz filter features.lt willsha certain
application in stability output of optical filter hen tiny
mechanical-angle acts on filter .As a result ,bgnding crystal
obliquity angle can tune the center wavelength bé t
birefringent filter.The result may be useful fornstructing
high-performance birefrigent filter.
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