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This paper presents a silicon nanostructure array embedded in a polymer film.
The silicon nanostructure array was fabricated by using basic microelectro-
mechanical systems (MEMS) processes such as photolithography, reactive ion
etching, and anisotropic KOH wet etching. The fabricated silicon nanostructure
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array was transferred into polymer substrates such as polymethyl methacrylate
(PMMA), polyethylene terephthalate (PET), and polycarbonate (PC) through the
hot-embossing process. In order to determine the transfer conditions under which
the silicon nanostructures do not fracture, hot-embossing experiments were
performed at various temperatures, pressures, and pressing times. Transfer was
successfully achieved with a pressure of | MPa and a temperature higher than the
transition temperature for the three types of polymer substrates. The transferred
silicon nanostructure array was electrically evaluated through measurements
with a semiconductor parameter analyzer (SPA).
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Fig. 1 Schematic view of silicon nanostructure array (a: width
of silicon nanostructure, b: height of silicon nanostructure)
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Table 1 Success rate of transfer in accordance with the aspect
ratio of the silicon nanostructures

Aspect ratio 1:5 1:6 1:7 1:8
PMMA 90% 100% 100% 100%
PET 5% 10% 50% 100%
PC 5% 10% 40% 80%

Silicon == Si3N4

(a) (b) 1 (¢ ) S8,

Si3N4 deposition Photolithography Anisotropic etching
using LPCVD & SisN4 etching  using 30 % KOH
using ICP solutions

SisN4 removal

Fig. 2 Schematic view of fabrication process for silicon nano-
structure array
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SEM HV: 25.0 kV

WD: 38.81 mm
SEM MAG: 9.99 kx

Det: SE

SEM HV: 20.0 kV.

SEM MAG: 10.0kx |

WD: 4.76 mm
Det: SE

5pm

Fig. 3 SEM images of silicon nanostructure aray: (a) tilted view,
(b) width and height of the silicon nanostructure are 300
nm and 2.4 pm

Silicon

Polymer

@

Embedded Si
nanostructures in
polymer substrate

Hot-embossing Release of Si
process for Si nano- nanostructures
structures transfer from Si substrate

Fabricated Si
nanostructures

Fig. 4 Schematic view of hot-embossing process for silicon nano-
structure transfer

Table 2 Transfer conditions of silicon nanostructures into PMMA

Temperature | 100 | 110 | 120 | 130 | 140 | 150 | 160
(0 fail | fail | fail
Pressure 051015203040/ 50
(MPa) fail fail | fail | fail
Pressing time 30 60 90 120 | 150 | 180 | 210 | 240
(sec) fail | fail | fail | fail | fail | fail
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Table 3 Transfer conditions of silicon nanostructures into PET

Temperature | 80 | 90 | 100 | 110 | 120 | 130 | 140
(°O fail | fail fail | fail | fail
Pressure 05| 10| 15|20|30 40|50
(MPa) fail fail | fail | fail

Pressing time | 30 | 60 | 90 | 120 | 150 | 180 | 210 | 240
(sec) fail | fail | fail fail | fail | fail

Table 4 Transfer conditions of silicon nanostructures into PC

Temperature | 150 | 160 | 170 | 180 | 190 | 200
(°O fail | fail | fail | fail | fail

Pressure 05|10 15|20|30 40|50
(MPa) fail fail | fail | fail

Pressing time | 30 | 60 | 90 | 120 | 150 | 180 | 210 | 240
(sec) fail | fail | fail | fail | fail | fail
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" Success |
f rate |
Tefpemaan T |
1 l
1 l
| l
1 l
1 MPa 3 MPa Pressure
Successful range of transfer method of the silicon nano-
structures.

Range of failure due to the occurrence of bubblesin the
polymer substrate.

Range of failure due to the omission of silicon nano-
structures.

Range of failure due to the fracture of the silicon nano-
structures.

Fig. 5 Schematic view of transfer condition for silicon nano-

240 sec

30 sec

(a) 120 sec

90 °C
2 MPa

(b)

90 °C
120
sec

©

1 MPa
120
sec

Fig. 7 Microscopic images of the transferred silicon nanostruc-
tures into PET according to (a) pressing time, (b) pressure,
(¢) temperature

structure
(a) 30 sec 120 sec 240 sec
(a) 30 sec 120 sec 240 sec
170 °C
2 MPa
: $ o)

1 MPa 3 MPa

170 °C
30 sec

(©)

Fig. 6 Microscopic images of the transferred silicon nanostruc-

tures into PMMA according to (a) pressing time, (b) pressure,
(c) temperature
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Fig. 8 Microscopic images of the transferred silicon nanostruc-
tures into PC according to (a) pressing time, (b) pressure,
(c) temperature
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Fig. 9 I-V curves of polymer films that silicon nanostructures
transferred into (a) PMMA, (b) PET, (¢) PC
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