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Designing Extreme Mode Converters
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S. Kim et al. Light: Science & Applications 7, 1 (2018)
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Our framework: Deformation-based inverse design
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Setting Deformation-based optimization
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Ex.1: Wide collimated Gaussian beam at finite-angle
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Ex.2: Surface-normal collimated Gaussian beam
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Conclusions
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1. Developed deformation-based optimization framework for 

bridging the scale mismatch of 105 times in modal area, 

projecting 160 µm wide 2D free-space Gaussian beam; 

2. Design can be adapted for visible, telecom, and UV wavelengths;

3. Waveguide-to-free-space calculated coupling conversion is 70 %

4. Well controlled light intensity, phase, and polarization

5. Discovered new operational mode (resonant grating) -200 -100 0 100 200
0

2000

4000

6000

8000

P
o

w
e

r 
fl
o

w
, 

W
/m

2

Location (m)

-3

-2

-1

0

1

2

3

W
a

v
e

fr
o

n
t 

p
h

a
s
e

 e
rr

o
r,

 r
a
d

Power flow

Gaussian fit

Wavefront phase

±λ/40

100 µm

x

y

Grating lines

This work has been conducted at PML, NIST using CNST NanoFab facilities. Dr.
Alexander Yulaev acknowledge support under the Professional Research
Experience Program (PREP), administered through the Department of
Chemistry and Biochemistry, UMD.

Publications
A. Yulaev et al. ACS Photonics 6, 2902 (2019)
S. Kim et al. Light: Science & Applications 7, 1 (2018)
A. Yulaev et al. CLEO: Science and Innovations, OSA, (2020)

Deformation-based 
optimization

Uniform grating Optimized grating

Free-space Gaussian

Maximize 
S12

0 50 100 150 200

E
-f

ie
ld

Grating coordinate (µm)

437.5

437.6

437.7

437.8

437.9

438.0

P
e

ri
o

d
 (

n
m

)

782.9 nm 783.1 nm

783.2 nm 783.4 nm

100 µm



8


