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Radially and azimuthally polarized beams 
generated by Liquid Crystal elements 
Arcopt ix worldwide unique polar izat ion converter is capable to 

convert  a linear polar ized light  beam into a beam  with a (axially 

sym m etr ic)  perfect ly radial or azim uthal polar izat ion dist r ibut ion. The 

generat ion of the axially sym m etr ic beam s is described. Our system  

has the advantage to useable for wavelength from  400 nm  up to 1700 

nm . I f the input  polar izat ion is linear, the system  presents losses of 

about  20% -30%  (due to reflect ions and sm all absorpt ion of the liquid 

crystal m aterial) . I t  is also com pact  and can be easily inserted in an 

opt ical set -up. 

 

 

 

 

Principle of the radial polarization converter 
The m ost  im portant  elem ent  is the radial polar izat ion converter 

described in Stalder et .al. Opt . Let t . 21 (1 9 9 6 )  1948. The ent rance 

and the exit  plates of the cell are linearly and circular ly rubbed, 

respect ively. The direct ion of the linear rubbing on the ent rance plate 

determ ines the cel l  ax is .  Each LC m olecule chain is character ized by a 

twist  angle ( i.e. the angle between the or ientat ion of the m olecules at  

the ent rance and at  the exit  plates)  that  is a funct ion of the angular 

posit ion with respect  to the cell axis. When the polar izat ion-guiding 

condit ions are m et , a linearly polar ized beam  incident  on the ent rance 

plate, propagat ing parallel to the polar izat ion converter norm al and 

with elect r ic field vector parallel or perpendicular to the cell axis 

experiences a rotat ion of its polar izat ion direct ion by the twist  angle. 

This phenom enon occurs for a broad range of wavelengths ( twisted 

nem at ic cell opt ics in the waveguide lim it ) . Having a closer look to the 

cell texture in their  stable configurat ion, as drawn in Fig.1, one realizes 

that  there are two parts with different  sense of rotat ion.  
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Figure 1. Liquid crystal alignm ent  in the polar izat ion converter for a stable 

configurat ion. The line in the center represents a defect  line present  because 

of different  twist  sense of the upper and lower part . The arrow represents the 

ent rance polar izat ion.  

 

While on the top half the rotat ion is clockwise, the lower part  is 

character ized by counterclockwise rotat ion. I n this case, a defect  line 

running along the diam eter parallel to the cell axis ar ises. A thin defect  

line is caused by different  rotat ion sense in the two parts of the cell 

and is for a non-chiral liquid crystal m ixture along the rubbing 

direct ion (cell axis) . The defect  line is drawn as black horizontal line in 

the Fig. 1. 

 

Next  the polar izat ion rotat ion propert ies are discussed. Linear 

polar ized light  is entered from  the side with linear rubbing. Two 

different  polar izat ion states are created when linear polar ized light  

enters parallel or perpendicular to the cell axis. Figure 2 visualizes the 

polar izat ion states. The sm all arrows are used to indicate the 

polar izat ion state of light .  

 

        
A B 

Figure 2. Azim uthally and radially polar izat ions. The double arrows indicate 

the phase of the beam s that  has a m ismatch at  the disclinat ion line. The big 

arrow represents the ent rance polar izat ion.  
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Azim uthally polar ized light  is achieved for light  incident  parallel to the 

cell axis ( rubbing direct ion) . Radially polar ized light  is achieved for 

light  incident  perpendicular to the cell axis.  

 

I n the following, the definit ions of azim uthally and radially polar ized 

beam s will be used to indicate the two configurat ions displayed in Fig. 

2 (A)  and (B) , respect ively.  
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System Options 
Option 1 
including an additional twisted nematic (TN) cell two switch 
between radially and azimuthally polarization distributions 

I f one  wants to work with incoherent  light  for exam ple and the system  

is insensit ive to any phase shift ,  it  m ay be preferable to use only the 

theta-cell or eventually the theta cell com bined with a switchable 

twisted nem at ic cell (without  any phase shifter in front  of the theta cell 

as it  is the case in opt ion 2) . 

This addit ional TN cell (dr iven with a sim ple square wave elect r ically 

signal with polar ity change that  can be switched between 0 and 5 V)  

perm its to switch rapidly between radially and azim uthally polar izat ion 

dist r ibut ions. 

This TN cell can be considered as an achrom at ic half-wave plate, it  

rotates every wavelength alm ost  equally by 90° . 

Note that  one can switch between radial and azim uthal polar izat ion 

dist r ibut ion by sim ply rotat ing m anually the polar izat ion converter or 

the polar izat ion of the incom ing light . 

Pay at tent ion that  the TN cell is absolutely necessary for switching 

between the two m odes if using opt ion 2 (see below) . 

 
Option 2 
including an additional liquid crystal phase retarder to 
compensate inhomogeneous phase distribution over the beam 

Although the elect r ic field vector lies along the azim uthal or radial 

direct ions, the polar izat ion converter produces a π phase step in the 

center of the beam . This is due to the opposite rotat ion of the LC 

m olecules on both sides of the defect  line of the theta cell.  

For som e applicat ions a hom ogenous phase dist r ibut ion is needed, the 

polar izat ion converter alone cannot  be used. Thanks to an integrated 

variable phase retarder this phase step can be com pensated. The 

variable phase retarder is a t ransparent  cell providing a tunable phase 

delay between the two halves of the beam  passing through it .  I t  is 

integrated in the housing in the front  of the polar izat ion rotator cell as 

seen in Fig. 6. The act ive area covers half the useful aperture as 

illust rated in Fig 3. With a thickness of 9µm  and filled with the liquid 

crystal with a birefr ingence of Δn= 0.14 the cell gives a m axim um  

retardat ion of 1260nm  at  room  tem perature. I f voltage is applied, the 

retardat ion can be reduced cont inuously. (see Annex) . 

Pay at tent ion that  the TN cell is here absolutely necessary if the user 

wants to switch between radial and azim uthal polar izat ion 

dist r ibut ion! !  
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Gen er a l  d escr ip t ion  o f  t h e sy st em  
 

The com plete system  ( if ordered with all the opt ions)  is shown in 

figure 3. I t  consist  of the polarizat ion converter ( theta-cell)  it self,  a 

phase shifter that  perm its to com pensate the λ/ 2 phase step between 

the upper and the lower half of the theta cell and a twisted nem at ic 

cell capable to rotate the ent rance polar izat ion by 90°  and perm its to 

switch between the azim uthal and radial polar izat ion dist r ibut ion. 

One half of the phase shifter (delim ited by the black line in figure 3)  is 

provided with an elect rode that  perm its to change the inclinat ion angle 

of the LC m olecules, which changes its ext raordinary refract ion index. 

By applying a bias on between the elect rodes the retardance is 

reduced com pared to the second half where the retardance stays 

constant  at  1580nm .  

 
Figure 3. Liquid crystal cell configurat ion in the converter elem ent . Linear 

polar ized light  enters from  the left  first  the phase shifter cell,  m ight  be 

rotated by the polar izat ion rotator and exits either radially or azim uthally 

polar ized from  the polar izat ion converter. 

Polarization
Rotator  

θ - cellVariable 
phase  
shifter  

Radial or azimuthal 
polarization  

Linear entrance 
 polarization  

Figure 3. I f the upper half is covered with a 

retarder elem ent  of π (green area) , the 

phase can be adapted to achieve the correct  

relat ive phase dist r ibut ions for any 

wavelength. 
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The com plete system  (polar izat ion converter +  TN cell+  variable phase 

retarder)  is integrated into alum inum housing as shown in figure 4.  

The polar izat ion converter can be rotated and t ranslated with respect  

to the TN cell and the phase shifter with the rotat ion lever and the x-y 

adjustm ent  screws. Two wires m ust  be connected to a convent ional 

labor AC power supply (or the Arcopt ix LC driver)  for stet t ing the 

adequate phase retardat ion depending of the used wavelength and to 

the two other wires m ust  be connected to a second power supply 

capable to switch between 0 and (at  least )  4V (see elect r ical 

connect ion sect ion)  AC square signal with a frequency of at  least  50 

Hz. 

 

 
Figure 4:  The liquid crystal polar izat ion converter in its final housing. The 

clear aperture is 10 m m . the upper half of the aperture is covered with the 

phase shifter ( retarder)  and the phase shift  can be applied.  

 

 

Not ice that  in figure 4 the polar izat ion converter (between polar izers)  

is illum inated with white diffuse light . I f the system  is illum inated with 

a collim ated coherent  laser beam  the defect  line (pi phase step)  of the 

theta cell produces a diffract ion pat tern ( low intensity line in the 

center)  that  disturb the intensity profile at  the output  of the system  

(see figures in the alignm ent  sect ion) . As shown in figure 5, this line 

disappears when an addit ional phase shifter is inserted in the system  

to com pensate the π phase shift  of the theta cell (opt ion 2) . A further 

spat ial filter after the polar izat ion converter m ay be used to clean up 

som e residual inhom ogenit ies in the intensity profile.  

 

Input  
Polarization 
 direction  

Adjustment screw of the theta cell

Rotation adjustement lever of the theta cell

Exit Aperture

Electrical control wires of the 
 phase shifter and the TN cell 
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 A 

 

 B  

 

 

I t  is also im portant  to m ent ioned that  r ight  is the center of the theta in 

a zone of about  100 μm  the alignm ent  of the LC m olecules is not  

com pletely  

 

Elect r ica l  d r iv in g :  

 
I f included in your system  (depending of the opt ions)  the twisted 

nem at ic cell ( responsible to rotate the ent rance polar izat ion by 0°  or 

90° )  and the phase shifter ( responsible to correct  the phase step 

between both sides of the radial polar izat ion converter)  needs to by 

connected to an alternat ive (AC)  power supply producing a square 

wave signal with change of polar ity (oscillat ing between posit ive and 

negat ive bias) . To dr ive the two cells there are essent ially two opt ions:  

 

1)  Use the Arcopt ix LC Driver that  has two independent  outputs 

that  are com puter cont rolled via USB and opt im ized for liquid 

crystal device dr iving (see figure 6) . 

2)  Use a standard labor generator with square wave signal. The 

should be som ewhere around 0.1-1 kHz and the am plitude 

should be variable between 0 and 10V (alm ost  no current ) .  

 

 

Figure 5: I ntensity dist r ibut ion at  the output  

of the polar izat ion converter system  when 

placed between two polar izers or iented at  

0° -90° . A:  Without  com pensat ion we see a 

diffract ion pat tern B:  When the π phase shift  

induced by the θ-cell is com pensated by the 

variable phase shifter the diffract ion pat tern 

alm ost  disappear.  
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Figure 6:  LC Driver with two independent  outputs that  are com puter 

cont rolled via USB.  

 

-  Supplying the TN cell:  When a bias of 5 V rm s is applied the cell is 

switched on and the ent rance polar izat ion is not  rotated. I n this case 

at  the output  of the system  presents a radial polar izat ion dist r ibut ion. 

When the TN cell is switched OFF, one obtains an azim uthal 

dist r ibut ion. 

 

-  Supplying the phase shifter:  When a bias is applied a phase shift  

between the upper and lower part  is produced. The dependency of the 

phase shift  versus the bias ( rm s)  is given in the graphic in the annex. 

 

 Bias ( rm s)  Frequency Funct ion 

TN cell 0V off 

Min.5V ON ~  1kHz 

Switch between 

radial and 

azim uthal 

polarizat ion 

Phase 

shifter 
0-10V  ~  1kHz 

Hom ogenize 

the phase  

 

 

 

Hou sin g  
 

The Housing is m ade of anodized alum inum . I t  has an M4 thread on 

the bot tom  side. The overall size is 6x4x1.5 cm . 
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Su m m ar y  o f  t h e ch ar act er ist i cs 
 

wavelength range 400-1700 nm  

act ive area 10 m m  diam eter  

t ransm ission  
bet ter than 70%  ( in 

the VI S)  

retarder m aterial Nem at ic Liquid-Crystal 

Subst rates m aterial Glass 

tem perature range 10° -50°  

Total size of the 

housing 
6 cm  x 4 cm  x 1.5 cm  

 

Cu st om  Desig n  
 

Design and quotes for custom  specificat ions such as switching t im e, 

act ive area, twist  angle, total size, and housing can direct ly be asked 

by sending us an em ail at  info@arcopt ix.com . 

 

p ay m en t  Ter m s 

Paym ent  term s are 30 days upon shipm ent  arr ival. Prepaym ent  m ay 

be occasionally required for internat ional orders (but  generally not  for 

universit ies, research inst itutes and other governm ental inst itut ions) . 

Please ask for a quotat ion. Arcopt ix do in pr inciple not  accept  credit  

cards (please ask if this m ay be a problem ) . 

 

Sp eci f i cat ion s 

Listed specificat ions are accurate as of the publicat ion date. Product  

im provem ents and design changes m ay alter product  specificat ions 

without  not ice. 

 

W ar r an t y  

All products in this catalog are warranted against  defects in m aterials 

and workm anship for a period of one year from  the date of shipm ent . 

Liabilit y of Arcopt ix is lim ited to the defect ive product  value only. 

polar izat ion solut ion. 

 

Sh ip p in g  

We will use our best  judgm ent  regarding shipping 

Method (m ost ly with DHL) , unless a specific carr ier is requested. 

Freight  charges are paid by the receiver. 
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Annex:  The Retardat ion (d(ne(V) -ne) )  between the two halves of the 

retarder cell m easured as a funct ion of Vamplitude  (1 kHz square wave)  

and for a wavelength of 633nm  ( retardat ion m ay have a slight  

wavelength dependency) . The retardat ion indicates the phase  
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