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Analysis and Design of Highly Efficient
Polarization Independent Transmission Gratings



Abstract

Gratings, especially those with feature
size comparable to the wavelength, are
known to possess polarization-dependent
optical properties. That makes it difficult
to design gratings with high diffraction
efficiencies for arbitrary polarizations.
Following the concept reported In
literature [T. Clausnitzer, et al., Proc. SPIE
5252, 174-182 (2003)], we show how to
analyze the polarization-dependent
property of gratings rigorously, as well as
how to use parametric optimization to
design polarization-independent gratings
with high diffraction efficiency.
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Design Task

input plane wave e

- wavelength 1060nm
- unpolarized d
(averaging TE and TM)
- Littrow configuration fd -1st order
Ot order
air

reference: T. Clausnitzer, et al., ,Highly efficient polarization
independent transmission gratings for pulse stretching and
compression,“Proc. SPIE 5252, 174-182 (2003)

How to optimized the grating structure parameters
so to maximize the diffraction efficiency of -1st
transmission order, for unpolarized input light?

Parameter Value Range
grating depth h 0.1-10um
? grating period d 550-1350nm
u fill factor f 20-80%




Rigorous Analysis of Grating Property vs. Parameters



Diffraction Efficiency @ Different Grating Periods
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Considerations on Grating Period Choice

Large period leads to higher Similar analysis can be found in

diffraction orders in th_e_ T. Clausnitzer, et al., Proc. SPIE
substrate, and causes additional 5252, 174-182 (2003).
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Polarization-Dependent Diffraction Property

diffraction efficiency analysis for given period 1060nm
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Parameter Value
grating depth h 0.1-10pm
grating period d 1060nm
fill factor f 20-80%

diffraction efficiencies vs. grating depth
(grating period=1060nm, fill factor=50%)
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Polarization-Dependent Diffraction Property

diffraction efficiency analysis for given period 795nm
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Polarization-Dependent Diffraction Property

diffraction efficiencies vs. grating depth diffraction efficiencies vs. grating depth
(grating period=1060nm, fill factor=50%) (grating period=795nm, fill factor=50%)
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) _ depth, and fill factor.
When grating period changes from 1060nm to 795nm - y,

- the TE peak efficiency position shifts toward right i.e. larger grating depth;
- the TM peak efficiency position shifts toward left i.e. smaller grating depth.




Grating Design by Parametric Optimization



2D Parametric Optimization with Fixed Period

We use fixed period of 1060nm, with grating depth and fill factor
as variables, and try to optimize the averaged diffraction efficiency.
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The average diffraction efficiency can be

defined as

77avg _ 1 (’I]TE + nTM) :

2

and it is to be maximized within the
following parameter range

Parameter

Value Range

grating depth h
fill factor f

grating period d

0.5-3.5um
30-70%
1060nm (fixed)

To keep a relatively low aspect ratio, we
defined a reduced variation range of the
grating depth and fill factor for design.
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2D Parametric Optimization — Design #1
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parametric optimization — downhill simplex
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} Diffraction efficiency in each optimization step is
calculated using Fourier modal method

(FMM, also known as RCWA).
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optimized parameters

Parameter Value
grating depth h 2.22um
fill factor f 59%

grating period d 1060nm (fixed)
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2D Parametric Optimization — Design #2
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Diffraction efficiency in each optimization step is
calculated using Fourier modal method

(FMM, also known as RCWA).

optimized parameters

Parameter Value
grating depth h 2.56um
fill factor f 66%

grating period d 1060nm (fixed)

The same resulting parameters
can be found in T. Clausnitzer, et
al., Proc. SPIE 5252, 174-182
(2003).

13



Fabrication Tolerance Analysis — Design #2

optimized parameters
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3D Parametric Optimization with Varying Grating Period

Parameter Value Range Initial Value
grating depth h 0.5-3.5um {’B.Sum E
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Fabrication Tolerance Analysis

optimized parameters

Eﬂ 3: Tolerance Analysis of 30 Optimized Design E@
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grating depth h 2.58um

fill factor f 67%
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Peek into VirtualLab Fusion

intuitive grating parameters specification

Edit Rectangular Grating Interface d

Structure  Height Discontinuities  Scaling of Elementary Interface  Periodization
Special Rectangular Grating Values

|Relative Sit Width  ~| | 50%

Common Grating Values

e

fy the constraints which shall be considered during optimization.

special detector for polarization-
related quantity analysis

Edit Polarization Analyzer *

Extension
Grating Period Modulation Depth
Posttion
Lateral Shif Rotation Angle

Polarization
Analyzer #801

Constraint Name| Use | \Weight | Constraint Type | Value 1
Stack £2 | 1/ Range 200 nm
Stack #2 [+ 1|Range 500 nm
Stack £2 = 1| Range 0%
Efficiency Bx- ]

Efficiency Ey- |

Average 1 1| Target Value 100 %

Target Function Value

[ ] Wary \Wavelength gnd/or Incident Angles

Analyzed Channel
(® Transmission () Reflection

Analyzed Orders

Selection Strategy | Order Range v|

7 Y
Minimum Order | A | af:]
Maximum Order | A | 3l

Output
[+] Efficiency Ex-Direction [ Polarization Contrast

[+] Efficiency Ey-Direction Average Efficiency

Update

Next > || Show *

parametric optimization tools with friendly user interface
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Workflow Iin VirtualLab Fusion

Construct grating structure

— Configuration of Grating Structures by Using
Interfaces [Use Case]

« Analyze grating diffraction efficiency
— Grating Order Analyzer [Use Case]

Search for initial solutions with Parameter Run
— Usage of the Parameter Run Document [Use Case]

* Find final design with Parametric Optimization

72 Period=1060nm_2DEfficiencyScan.run [r= =]

------ Its

lteration Step

etector Combined Ouiput 1 2 3 4

ation Depth (Rectan... | Data Array ra 100 nm 100 nm 100 nm 100 nm 1

e St Width (Rectan.. | Data Array 7 0% 2428% 28571% 32857% 37
2= Efficiency Brmiven 7 0.32292%| 041235 %] 0.49063 % 055
-ncy Ex-Direction D /| 0070209% 011235% 016112% 021291% 026
-ncy Ey-Direction o /| 03916% 052349% 086352 % 076835% 083

Back Show
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VirtualLab Fusion Technologies

air

-1st order

Oth order

nonlinear free
crystals & components space prisms,
anisotropic plates,
components cubes, ...

lenses &
freeforms

apertures &
boundaries

@ gratings

Field

waveguides
& fibers ~
scatterer -
Solver
diffusers (
diffractive
beam

diffractive,
Fresnel, meta

splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive ¢ eaform DOE
components arrays
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