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Literatur:

Aim: Generation of radially polarized light (ë=633nm) with polarization elements made from Si3N4 sub-ë gratings

The form birefringence of a dielectric material is achieved by structuring the surface in the nano meter range.
Two different designs (phase retardation Ä of /2 respectively ) are presented.
The structure is a binary sub-ë grating, whose geometry parameters are calculated 
with the effective medium theory:
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Fabrication

Design
general grating vector of a space variant sub-wavelength structures :

→ ^^
   K  = K (r;è)(cosâ(r;è) r  + sinâ(r;è) è )     with â(r;è): angle between grating vector and x axisG 0

The continuity of the grating requires:             x K = 0G 

Space variant half wave plate [2]:Space variant quarter wave plate [1]:                   

Cr-RIE-process
(Cl2/O2)

e-beam-lithography 
SiN-RIE-process

(CF4/O2)
PECVD of SiN Thermal VD of Cr e-beam resist 

substrate

l/4 plate
(optional)

l/4 plate ö

Polarizer

Sample 
with unknown

phaseretardation Ä 
and orientation â‘

Analyzer á

633nm CCD

Characterization of polarization properties [3]:

6Shift-Measurement of phase-retardation and orientation of sub-wavelength grating

Polariser 90°, QWP 45°: = +1 bI I I [cosÄsin2(á-ö)-sinÄsin2(â‘-ö)cos2(ö-á)]m

Nr. ö á       Intensity

1 0 ð/4 = + I cosÄm

2 0 3ð/4 I = I - I cosÄ2 b m

3     ð 0/2 I = I - I sinÄsin2â‘3 b m

4 ð/4 ð/4 I = I + I sinÄcos2â‘4 b m

5 ð/2 ð/2 I = I + I sinÄsin2â‘5 b m

6 3ð/4 3ð/4 I = I - I sinÄcos2â‘6 b m

I I1 b

-12â‘=tan (       )
I -I5 3

I -I4 6

-1Ä=tan (                                     )
2(I -I )(sin2â‘-cos2â‘)5 4

(I -I )4 6

Orientation ‘ of 
a fast axis of the grating:

â Phase retardation 
of the grating:

Ä

Characterization :

QWP  is rotated by angle ö in N=16 steps => intensity measurement I(ö )2 n

of outgoing light [4]
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I(ö) =    [(S +    )+    cos4ö+    sin4ö-S sin2ö]0 3 Ellipse orientation ø:

tanø=S /S2 1

Ellipticity angle ÷:

sin÷=S /S3 0
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 K (r) =                     with P : local period in r0 00

â=ð/4                                                                                               

Period: p -pmin max

p :   limited by the fabricationmin

p :  limited throw the wood anomalymax

→ Segmentation of r

   K =     cos(è/2)          with P: constant period0

                                                     â=è/2

→ Segmentation of è

geometry parameters:
 - space variant quarter wave plate: P=290-300nm;  t=150nm;  d=490nm;
 - space variant half wave plate: P=300nm;         t=120nm;  d=1µm;

→?
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