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Solar cells: enhanced light absorption
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LED: light extraction by nanostructures

P-GaN

N-GaN

High efficiency light extraction by reflectiong
from the surface of the PSS

with non-PSS

Due to total reflection, some part of the
light cannot be extracted because of no
patterned surface.
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Imprint mold with 10nm diameter holes 10nm diameter metal
10nm diameter pillars imprinted in PMMA dots fabricated by NIL
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Holith

Simplest interference lithography:
Lloyd’s setup (wavefront-splitting)

Fringes generated through interference

Spatial
filter

Laser Beam Laser Beam

Wavelength (1) Disadvantages:

2 * sin (g) % Mirror quality is important for fine
high-quality gratings;

For 351 nm laser, achievable period ~ 190 nm % Difficult to achieve large area

For 405 nm laser, achievable period ~ 220 nm patterns due to limitation of mirror
size;

% Asymmetric paths of the two
interfering beams.

Periodicity (A) =
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Y ZI Laser Beam

A=351nm Variable
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Mirror

Pinhole Pinhole

Large Area Substrate  schematic adapted from: Keith Morton, PhD thesis,
~ 10 cm dia. ALY

200 nm Mold
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Simple laboratory two-beam setup Most advanced two-beam setup at MIT

h\ | » & Y . LN
© Ralf Heilmaliy, 20045y N S IR &

» Free-space optics: bulky, expensive, delicate, vibration-sensitive

» Highly skill-demanding for optical alignment (not practical for
most nanodevice researchers)

» Re-alignment required when patterning new nanostructures
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Single-Mode Fiber (SMF) ‘g-,@w

Beamsplitter*

(.

Fiber Beamsplitter

TR i A 5 T 5

» All-fiber-optic setup replacing free-
space optical components

» Special optical fiber delivers light from

laser

» Fiber-optic beam splitter splits the
laser beam into two coherent beams

» Output port of the fiber performs
spatial filtering

» Close-loop feedback control stabilizing
interference pattern

|~ Phase Detector ‘
LN

>R A . R

X H

REAE TR
> B R A T 6

B W BENH A AR

Holith confidential and proprietary information. Not for distribution.



Holith &K [ 24 554 N

266.9 nm

-199.4 nm

1.0 pm
681.8 nm

‘SRRRE
11110}
11110000
11011 L

2um | -218.4 nm




nlen

i 11 SNEEEERERRRERE

28 ...4
{ ¥ 3 ‘2 2R B : “A.,,,.v.‘,..,‘,
" b v y ,

] =5

—

WD= 6mm

= SE2

EHT = 5.00 kv

A -5 Jm AR AR

4

bd

Holithgk

Signal A

Date :11 May 2016

Photo No. = 3895

|

>
p p hV4
| &
[=)]
; ., : ) : o
i ‘AR e EEEEEREE 22888
=
| £
[¥s ]
n
[a]
=
0
5
&2
0T
n =
<
5 T
o &
w0
™~
= o
N < 0
s
n o
__N
8
T
T 2
w o
£
=
-

Mag = 33.43KX

Holith confidential and proprietary information. Not for distribution.



Holithgh K & 2 4b 45 7 — i B 45 1)

[ [
_ EHT = 5.00 kv Signal A = InLens 200nm EHT = 5.00 k¥ Signal A = InLens
Megi= BUSSk® Photo No. = 4276 Date :19 May 2016 Mag = 80.47KX | | Photo No. = 4279 Date :19 May 2016

WD = 5mm

200nm

Mag = 80.67KX

EHT = 5.00 kv
Photo No. = 4293

Signal A = InLens
Date :19 May 2016

WD= 5mm

U BEJEI250nm-Tum, [P0 &

T SE— R 2 Mg E A

5o TS5 Uy N 2 T 8 761 B =0 ) | /NS = Ry | TR 111
W 2 A

Holith confidential and proprietary information. Not for distribution.



Holith %rji%L%Jum/\ﬁ#$?W7K@2 %?%ljﬁztlgz& HETith

Resolution (half-pitch) EitsM;si 150 nm < 125 nm?

Demonstrated <100 nm 150 nm ?
minimum feature size

Mask or maskless Maskless Need a mask Maskless

Cost (list price) USD 230k EUR 250k ?

Easy and fast Fixed by the mask Difficult to change
adjustment

k. BREEPER]
AOKEREIE, Hok. . 4
R RE L5, 10 x
FRTREIEZE, 1 .

%%@E% i@ NIV
!

Holith confidential and proprietary information. Not for distribution.



