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ABSTRACT 

Oblique angle metal deposition has been combined with high aspect ratio imprinted structures to create wire grid 

polarizers (WGPôs) for use as polarization recyclers in liquid crystal displays.  The process of oblique deposition 

was simulated to determine optimal feature profile and deposition geometry. The optical results for the oblique 

deposition WGP show contrast comparable to a conventionally etched WGP. The next steps to the fabrication of 

meter sized WGP are proposed. 

 

1.0 INTRODUCTION  

 

Oblique angle metal deposition has been combined with high aspect ratio imprinted structures to create wire grid 

polarizers (WGPôs) for use as polarization recyclers in liquid crystal displays
1
.  Polarization recycling is utilized 

today in many LCD designs to achieve power savings of 30% ; 3Môs DBEF film is the most commonly used 

reflective polarizer for this application.   3Môs reflective polarizer is a multilayer stack of birefringent and isotropic 

films that reflect one plane of polarization while transmitting the orthogonal plane of polarization ; typically with a 

contrast ratio of around 100:1, which is not sufficient to replace the rear polarizer and is therefore an additional film, 

usually sandwiched with the other  backlight components. 

 

WGPôs offer a way to create a much higher contrast reflective polarizer and the challenge is to make low cost WGP 

over large areas thereby obviating the need to add 3M's DBEF film. The design rules for a 4,000:1 contrast 

polarizers are a pitch of 130 nm and metal thickness of  > 30 nm, and for a  20,000:1 contrast a pitch of 100 nm and 

metal thickness of >50 nm i.e. a 1:1 aspect ratio metal line .  A method to make a very small area WGP is to deposit 

metal, pattern resist and then etch the metal layer. Oblique deposition on the sidewall of permanent features (self-

shadowing) has been proposed as a way to fabricate these structures using a simpler process so that much larger area 

WGPôs can be realized using roll-to-roll processes. 

 

Agoura Technology has used a deposition simulation to determine the optimal feature shape and deposition 

geometry to create a WGP using oblique deposition in a roll-to-roll process. We fabricated a 130 nm pitch master 

pattern using seamless step and repeat optical lithography. The process is illustrated in Figure 1. The pattern was 

replicated onto a plastic film using imprint lithography, and simple ñbell jarò aluminum evaporator was modified to 

support different deposition configurations.  Low angle deposition has been extensively used in the disk drive 

industry.  

 

In this paper we report the process results for the oblique deposition WGP. We will also propose the next steps to 

the fabrication of meter sized WGP. 
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Figure 1 Two step process for manufacturing a wire grid polarizer. a schematic and potential implementation using roll to roll 

embossing and oblique angle deposition. 

 

 

2.0 EXPERIMENTAL  

2.1 Masters 

 

A commercial 140 nm polarizers was used as an imprint mold for early experiments. A commercial foundry 

resource was used to create the 130 nm pitch master pattern. A 0.85 NA immersion stepper was used with a simple 

binary mask The patterns were etched into a layer of silicon dioxide using varying conditions to customize the 

feature profile.  

 

2.2 Imprint  

Polymer working plates were created from the masters, and further etching was used to adjust feature profiles. The 

imprinted films were created on a Nanonex imprinter. In addition some roll to roll imprint samples were created 

with the help of Wavefront Inc.  

  

2.3 Metallization  

 

A laboratory bell jar e-beam evaporator was used to deposit the aluminum films. The angular range of the 

evaporation was controlled using baffles, and the deposition angle was set by varying the angle of the film relative 

the deposition axis.  

 

 

 

 



2.4 Simulation  

 

The Agoura has developed a 2-D ballistic Monte Carlo deposition simulator for modeling film growth on structured 

surfaces (e.g., ridges) in collaboration with Prof. Dan Coronell, at the Rose-Hulman Institute of Technology.  

  

3.0 RESULTS 

 

The process of self-shadowing is illustrated in Figure 2. Normal incidence deposition coats the surface uniformly. A 

45 degree angled deposition creates a pile up on one edge but there is still metal over the entire surface. Adding 

collimation to the deposition source shadows the bottom of the feature creating isolated metal lines and spaces.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Simulation of showing that oblique angle deposition with restricted spread produces clear lines . 

The simulation was used to determine both the optimal line shape and the tolerance on the deposition conditions. 

Two different profiles are shown in Figure 3, both created satisfactory metal shapes. This suggests that significant 

natural variation in line shapes can be tolerated.   

 

 

 
Figure  3 Simulation showing that variations line shape  do not impact line clearance. 

 



 

 

 

 

 

 

The deposition geometry is more important that line shape as shown in Figure 4.  The spread of the deposition must 

be matched to the shading window created by angle of deposition and the height and spacing of the features.  We 

found that an aperture ratio of 2 or beam spread of 45 degree and an angle of 45 degrees was needed for a line pitch 

of 130nm and feature height of 200 nm.   If the match is wrong then metal is either deposited in the base of the 

space, or there are wings at the top of the line. The tolerance of deposition angle and spread are key inputs to the 

setup of the deposition system. The analysis suggests that either evaporation or sputtering can be used, however the 

system designs are different. In order to create a oriented deposition, the metal atoms must make it to the substrate 

without being scattered which is determined by the mean free path between collisions. Mean free path is a function 

of flux, working distance between source and target, and vacuum level. A sputtering system for oriented deposition 

must be designed with a much shorter working distance.  

 

 

 

 

Figure 4 Effect of baffle aperture ratio on line profiles, showing that an aperture ratio of greater than 2.0 in needed to clear lines for a 

line with aspect ratio (height/pitch) of 2:1.  

 

 



 

 

 

 

 

 

 

 

The master patterns at 130 nm over a 200x200 mm area were created by optical step and repeat. . The stepper 

pattern was chosen so as to minimize the seam between patterns. A set of wafers was fabricated with varying seam 

from 1 um to <0.1 um so to determine the minimum seam that can be seen by the naked eye. The seams between 

optical fields needed to be less than 0.5 um in order to be undetectable to the naked eye. Pictures of the silicon 

masters highlighted by low angle illumination are shown in Figure 5.  

 

 

 

Figure 5 Visibility of field stitching errors in optical step and repeat masters 

 

 

The masters were replicated in to PMMA films on a Nanonex using thermal imprint. and then deposition in a 

modified bell jar Aluminum evaporator. AFM was used to visualize the patterns after deposition as shown in Figure 

6. The AFM shows a smooth edged pattern consistent with simulations.  

 

 

 

 



 

Figure 6 Profiles of imprint, simulated, and metallized features. 

 

 

 

The definitions of the optical terms are shown in Figure 7. 

 

 

Figure 7 Definitions of optical terms. 

 



The contrast results are shown in Figure 8. The contrast observed in the oblique deposited samples were comparable 

to a conventionally etched WGP showing no loss in performance from the simpler process. Both sets of 

experimental data showed a 3x lower contrast than theoretical predictions
2
. The shortfall in the optical contrast, 

measured by both Moxtek and Agoura, relative to the simulated performance is a systematic offset due to actual 

metal lines being rougher than the perfect lines assumed in the simulation. Nevertheless, the trend of exponential 

rise in contrast with decreasing pitch holds for oblique deposition polarizers. 

 

 

Figure 8 Optical contrast results 

The amount of metal deposited also affects optical performance. As the metal deposited increases, the metal lines 

become wider and the transmission decreases and at the same time the contrast increases as shown in Figure 9. The 

point marked ñAgoura  3/07 ñ indicates a thinner Al deposition, the point marked 10/06 indicates a thicker Al 

deposition. The thicker Al deposition produces a higher contrast and lower transmission.  

 

Ahn, S.W., et al, Nanotechnology 16, pp1874-1877 (2005)

Grating Pitch, nm

101

102

103

104

105

106

107

C
o
n
tr

a
s
t 

R
a
ti
o

40 80 120 160 200 240

Agoura

Measurements

Simulation

Wavelength = 550 nm

Fill Factor = 50%

Moxtek

Measurement

Ahn, S.W., et al, Nanotechnology 16, pp1874-1877 (2005)

Grating Pitch, nm

101

102

103

104

105

106

107

101

102

103

104

105

106

107

C
o
n
tr

a
s
t 

R
a
ti
o

40 80 120 160 200 24040 80 120 160 200 24040 80 120 160 200 240

Agoura

Measurements

Agoura

Measurements

SimulationSimulation

Wavelength = 550 nm

Fill Factor = 50%

Moxtek

Measurement

Moxtek

Measurement



 

Figure 9 A Contrast vs. Optical gain and LCD power map. The two dated Agoura point are the same 130 nm period grating with 

different Al deposition times. As the metal thickness increases, the contrast goes up and the transmission goes down The ñAgoura 

Targetò shows the performance needed for a reflective rear polarizer. 

The WGP has improved color uniformity of the transmission and reflection in comparison to a multilayer 

birefringent stack polarizer as shown in Figure 10. The multilayer stack produces periodic variations in optical 

properties as a function of wavelength. 

 

Figure 10 Comparison of transmission and reflection of a Wire Grid Polarizer (Agoura) and a multilayer film polarizer (3M DBEF) 

showing the improved color uniformity of the WGP. 

 



 

The WGP also has improved viewing angle from having more uniform optical performance as a function of 

measurement angle, as shown in the conoscopic data (Figure 11). Again thin film interference in the multilayer stack 

polarizer produces periodic variations in optical properties as a function of angle. The crossed polar measurements 

show low transmission over a much larger range of angles, which directly relates to viewing angle.  

 

 3M's DBEF multilayer film     Agoura Wire Grid Polarizer 

Figure 11 Multi -angle intensity measurements, showing the improved viewing angle for the Wire Grid Polarizer. Top - parallel 

polarizer, Bottom ï crossed polarizer. 

The advantage of replacing a combined DBEF and absorptive polarizer with a single high contrast WGP is 

illustrated in the calculations in Figure 12.  The WGP provides a 5% increase in light output at significantly lower 

cost from a single film component. 

 



 

Figure 12 Increased efficiency from a single reflective WGP polarizer compared to a DBEF absorber polarizer combination 

4.0 NEXT STEPS 

 

The 130 nm results are sufficient to create a 10:1 contrast ratio replacement for the 3M DBEF film. There are 

several possible strategies for creating masters larger than 200x200 mm. Plymouth Grating Inc. can create 200 nm 

pitch patterns over 900x600 mm area using their scanned interference lithography system. They have shown 

frequency doubling of these patterns
3
. Stitching of imprint patterns to better than 200 nm has been demonstrated by 

a team from VTT in Finland
4
. Both these solutions are limited by the stage travel on the lithography system. 

Alternatively the masters created on 300 mm wafers could be cut into hexagons and tiled together to cover an 

unlimited area. If the lines and spaces on the masters have contrasting hydrophobicity, then they can cause a block 

copolymer to self-align to the master pattern, and ñfill in the gapsò between the master tiles, as illustrated in Figure 

13.  Creating a 100 nm pitch pattern is well within the capability of state of the art immersion lithography systems.  

 

 



 

Figure 13 Large area masters by tiling 

The large area imprinting is available commercially and we contracted Wavefront Technology, Inc. to demonstrate 

patterning as shown in Figure 14.  

  

 

Figure 14 Large area imprint patterns from Wavefront Inc. 

 

Finally we have developed system designs for a roll to roll metallization system capable of matching throughput, as 

shown in Figure 15.  

 


