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ANGULAR DEPENDENCES OF PRISM LIQUID CRYSTAL 
POLARIZER 
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*S.LVavilov Statc Optical Institute, Binhevaya Line 12, St.Petembug, 
199034, R W ,  
Institute of Physics of St.Petersburg Univemity, Ulianovskaya 1, 
Petrodvorets, StPetersburg 198904, Russia 

Abstract The angular dependences of extinction ratio and polarization plane 
orientation for prism liquid crystal polarizers have been measured 
fix 6 3 2 . 8 ~  vawelength in the h i t s  of angular m e .  The 
planar and homeotrOpic orientations of nematic liquid crystal layer 
were used. 

INTRODUCTION 

The knowledge of angular characteridca of linear polaainm is important fix 
different applications that invoh n o n c o W  or off-axis collimated beams. 
Fore~cample, precize measurements for muhilayer polarking beam-sptitten 
cubcs(PBSs) were performed by P e d t y  aad Chipman.' However, the 
angular dependences of broadband liquid crystd polarizcrs (PLCF'S)~~ 
are not m v d g a t d l n  ' this paper we report thendtsofdekmmah * 'onof 
polarization plane orientation m the exi! beam of P U P  and measurementa of 
cxtjnction ratio as the hction of incidence angles onto the entrance face of 
polariztr. 

Fv 1 shows a general scheme of our experimental setup. The hearty 
polarizedl-mm dhmeter beam fiom single-mode HeNe laser (632,8nm) 

quarter-waw plate that tranafonned the linear polarization intocircularone, 
i.e. imitated the natural nonpolariztd beam. Then laser beam passed the 
compcneator of beam hifling (that arise from thePLCP rotation), and the 
PLCP under kmstigation. ARer leaving the pokbm, the laser beam paesed 
through Bccond Glan-Thornpson prism and directed by the collecting lens to 
the ecattcring element, placed before the photomuhiptier tubes. 

~ 1 1 8  additi~&"clearcd" by Glan-Thompa~n prismad ~l~inc identtothe  
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C G Q  co PLCP G L Sc PM 

-u- 

FIGURE 1 The exptrimental sctup: S-shutter, G-Glan-Thompon Prism, 
Qqwlter-wave platc, co-c-, Glcns, sc-scattrriog 
plate, PM-ph~t~mdtipli~ tube. 

The PLCP could rotate m two orthogonal planes with 0. ldegree accuracy. The 
anglesof lumingaredepictedmFigure2 

FIGURE2 Theangularcoonhksueedmexperiments: 
+w , -w -the ang&s of sample rotationin horizontal plane and 
+cp, -q - m vcrtical plane fimn normal to entrance face, 
Nef -normal to entrance face, NLc -normal to NLC layer. 

The &&mination of polaimion plane orientalioa m exit beamofPLCP 
perfonned by the rotation of second Glan-Thompson prism. The angular 
accuracy of this measments was 0.2 degree. For the measurement of 
angular dcpendcnce of contrast ratio, the quarter-wave plate and second Glan- 
Thonpon prism were r e m d  and tcstcd PLCP was placed incrossed 
position with first Gian-Thompson prim. The compensator of beam shifting 
was the planepadel glass plate, such that its length dong the beam direction 
was equal to PUP length. 

The compensator holder was mechanically connected with sample holder 
and rotated in opposittdirections in the two planes. The scattering plate 
mttgratedthe m d  SiSnrJ through the surfnce ofPM photocathode in 
order to finiher reducing the errors connected with posslwe displacement of 
focal spot acrm the photocathode of PM tube. F-, to verify the absence 
of abovementioned sy&matic angular m, the second compensator mounted 
m q l e  holderand bothcompcnaPtorsrotatedin opposite directions in the 
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lintits of considered angular ranges. 
For this mcilsllTcmcnts two sunplea with homcotrojic and planar orientation 

ofNLCwerefabricatcd. Bothsarnplcs weremade from identicalheavygbm 
*with 15*15mmaperh~e. F o r d  mcidenceof laserbeamontothe 

waa 68 degreea (see Fw 2). The NLC mixture for each type of Oricntntion 
WM chown firm condition of tuinitnum &tion of t r m  laser beam on 
two glaes-NLc mterfke. It means that glass refraction index and NLC 
cxtnordinary rcftaction index for this beam dimtion should be approximately 
equal. 

Themain parameten of PEPS prepmd for invdgationare tiated in 
Table 1. The angular aperturee for both samples are nonsymmetrical (are not 
restricted in -tp direction) due to given condition of magnitudes equality of glass 
rebtion index and NLC extraordinary refiactionmdex. Angular aperture 

values in Table1 ate intro&ced asdoubIedmagnitudcofangularapemVem 

entrance h o f  PLCP theinc~anglemotheglaea-NLclayerinterface 

+cp direction. 

TABLE I 

TypeofNLC Angle 6 No N, ne@) An&arapert.inah 
orientation (degrees) (wrt.pIane, degrees) 

1.Homeotropic 68 1.506 1.674 1.636 4.6 

2.Planar 90 1.488 1.642 1.642 10.6 

R&action index 1.644 
of* 

Here Na No - is the m i  o r d b y  and extmorioary refkction i n h ;  8 is 
the anglebetween the optid axis and beam direction in glaes for n d  
hCidUICC. 

RESULTS AND DISCUSSION 

We have measured the angular dcpendenccs for both samples over the 4 
of +/-7 degrces h n  the normal to entrrrnce faces m horizontal plane and in 
vertical planeovertherangesof: 

+2/-5 degrees fop sample 1 
+5/-5 degrees for sample 2 

The stepofanglevariation in this rncaeUremenaS wasldcgrecforcpandO.5 
dcgrce fop v. 

wehavediecavered that for the homeotropic oientation of NLC layer the 
polarizstion of transmdt ’ ed bcam remained hear for all considered y and cp 
angka. The angular dcpendcnc~ of the polatization plane orientation and 
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extinction ratio for homeotropic NLC layer are shown in Fkures 3(a) and 3(b) 
WtivelY. 

C r  

- 8 4  4 - 2 0  2 4 !J 8 

F I G m  3 p - dentation of polarization plane in exit beam with respect 
to orientation in entrance beam (a) and R - extinction ratio 
(b) as a functions of y~ and (p angles for homeotropic 
orientafim of NLC layer. 

Figure 3(a) demmtratw turning of polarizarion plane orientation of exit beam 
with changing of w angle born initial I@ v*e. This turning is caused by the 
fact that exit beam polarization direction follows after the optical axis 
orientation. In our case the change of visual inclination of optical axis with 
respect to horizontal plane and given beam direction takes placewhenthe 
sample rota- in this plane. We have o h e d  no dependence of polarization 
plane position on (p angie over the range of our measurement accuracy. 

The angular dependences of extinction ratio (when the P E P  is ihmhated 
by the beam with the prohibited polarization direction) is illustrated in 
Figure 3(b). The allowed polarization m the exit beam direction appears because 
of the appeating of non-zero projection of electric-field vector, that characterize 
the direction of beam polnrizarion, onto theoptical axis ofthe NLC layer. 
F q  this type of Nu= layer orientation we observed weak dependenceof 
ehct ion ratio on the cp +e. 

For the PLCP with planar orientation we have obtained more complicated 
situation. Here initially plane-polarized beam after passing through NLC 
transforms into slight elliptical polarized beam for all incidence directions that 
W e r  from direction of M)Tmal incidence ontoopticalaxhofNLClayer(i.e. 
for the incidence out of the plane characterized by =O). In fact, Fig.4a shows 
the angular difference between 
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FIGURE 4 p - orientation of polarization plane in exit beam with respect to 
onentation in entrance beam (a) and R - extinction ratio (b) as a 
function of y~ and cp angles for planar orientation of NLC layer. 

polarization plane orientation in entrance beam and orientalion of polarization 
ellipse long axis in exit beam. The power of elhpticity is determined 
approximately by the extinction ratio shown m Figure 4(b). It can be seen fiom 
this figure that extinction ratio for planar orientation have no dependence on cp 
angle over the range of measurement accyacy. More detailed analyw of 
polarization state of transmitted beam for this orientation type will be 
reported later. 

To compare the angular parametersof PLCPswiththoseofPBSs, it is 
necessary to determine the accordance between measured parametem. A q u h  
dependence of extinction ratio and angular dependence of polarization 
plane position in our measurements correspond to transmission leakageand 
tmmmbsion coupling m Peuarriti-Chipman experimenb. 

The main con&sions fhnn comparision of our measurements andthe 
measurement of these authors, am the following. 

1. Both considered parameters for PLCPs and PBSs strongly depend on q~ angle 

2. Over the hetigated ranges of angles the turning of polarization plane in 

3. The extinction ratio for PLCPs m averidge is some times lower than for 

and possess weak dependence (or haw no dependence) on cp anglc. 

exit beam of PLCPs approximately is equal to one of PBSs. 

PBSs owr the same angular ranges. 
The comparision shows the advantageof PLCPs under the PBSs in 

extinction ratio value, especially in the angular region near normal incidence. 
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CONCLUSION 

We have demonstrated the angular dependences of prism liquid crystal 
pohizers: the direction of polarization plane orientation in exit beam and the 
eactjmratio as the functions of angles that characterize the direction of 
incidence. The simple explanation of such angular behavior is given for 
homeotropic orientation and ispointedout tothenecessity of more detailed 
consideration for planar Nu= orientation. The comparison with angular 
parametersof PBSe shows the attractionof PLCPs applications indifferent 
optical devices. 
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