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Dip—Pen Nanolithography & H+

A Study on Dip—Pen Nanolithography Process to Fabricate Two—dimensional
Photonic Crystal for Planar-type Optical Biosensor
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Abstract

Optical waveguide based on symmetric and asymmetric Mach-Zehnder interferometer(MZI) type was
designed, fabricated and measured the optical characteristics for the application of biosensor. The

wavelength of the input optical signal for the device was 1550 nm. And the difference of refractive
index was 045 A% between core and cladding of the device. The TM(Transverse Magnetic) mode
optical properties of the biosensor were analyzed with the refractive index variation of gold thin film
deposited for overclad. Nowadays, nano-photonic crystal structures have been paied much attention for
its high optical sensitivity. There is a technique to realize the structure, which is called Dip-Pen

Nanolithography (DPN) process. The process requires a nano-scale process patterning resolution and

high reliability. In this paper, two dimensional nano-photonic crystal array on the surface was proposed

for improving the sensitivity of optical biosensor. And the Dip-Pen Nanolithogrphy process was

investigated to realize it.

Key Words : Optical biosensor, Mach-zehnder interferometer, Planar-type optical waveguide, Photonic crystal,

Dip-pen Nanolithography
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Table 1. Design and manufacturing condition for
ach-zehnder interferometer(MZI) PLC.

Structure Symmetric | Asymmetric
Input Light Source 1550 nm 1550 nm
Core (ncore) ~1.451 ~1.451
Clad (ngaq) ~1.444 ~1.444
Core Size 6 pm 6 m°
Sensor Arm Length 1200 ¢m 1000 s
Sensor Length 10 mm 175 mm

Input
) Signal
0.454%
n,, 1 ~1.451,
Ryt ~1.444

I 1. "ol 2 4AAE A AP MZI PLC.

Fig. 1. Symmetric MZI PLC for biosensor.

Array Block

sign rule - 1:1 coupling
@A=1550nm
1, I Coupling length

Path difference ~ 1,026pm

e -

o

O# 2 uel L AAE 9% B oA MZI PLC.
Fig. 2. Asymmetric MZI PLC for biosensor.
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Silica planar waveguides
are patterned by photo-
lithography process.
Channel waveguide for
PLCs are etched by using
b resctive ion etching and
inductively coupled
plasma etching

Pattemed cores are covered
with thick Si0,
claddings(Over-cladding)
using CVD/FHD to bury the
waveguides for high
efficiency and safekeeping .
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Fig. 3. Fabrication process of PLC.
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Fig. 5. TM polarization of asymmetric MZI PLC.

Symmetric M~Z PLC Test Data (IL, PDL)

i

—e—Insertion Loss

~-&—PDL
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g W
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S0t S~ S-08 S-04 S-05 S-06 S-07 S-08 S-09 S-10 S-11 S-12
Test Sample

O 6. WAY MZI PLCY #3Hd 54.

Fig. 6. Optical properties of symmetric MZI PLC.
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Insertion Loss Test Data (Asymmetric MZI PLC)
4.4
—&— Input_.ch1->Output_chi
. 4.15 ~&-- Input_ch1->Cutput_ch2
% - Input_ch2->Output_ch1
~ 39 3 Input.ch2->Output_Ch2
@ R
3 365 e et <8
é a’};/“/
o 3.4
2 ~
3.15 i
29 . L .
A-O1 A-02 A-03 A-04 A-05
Test Sanple
(a) Insertion loss test data
PDL Test Data (Asymmetric MZI PLC)
0.6
—e— input_ch1->Output_chi
0.5 & Input_ch1->Cutput_ch2
=g~ Input_ch2->Qutput_ch1
3= Input_ch2->Output_Ch2
@
=
-
o
a
0 . . . .
A-O01 A02 A03 A-04 A-05
Test Sample

(b) PDL test data

O 7. vgiAY MZI PLCe] #33 &4,
Fig. 7. Optical properties of asymmetric MZI
PLC.

3.2 Dip-Pen nanolithography

a9 82 DPN §4& ol843d MHA 222
2 Z"d "HA Au 71 o] HEALE 4, 6,
10, 1522 Hat F7HAZIWA dots HEY &
2] LFM(Lateral Force Microscope) 24 o]u] %]
olth, LFM &4 A#, Au E9 $lol MHA &3
9] dot Wi¥lo] HAHALS < 5 Uvd 2¥ 9=
% 82 DPN ¥4 ZA¥oA vjd-g9 H= /\l
r3 dotel A7) #AE VEIA D, e 2

A=mrt=C- at (2)

(A: Area, r: radius, C: diffusion coefficient,

At: dwell time)



a3 8. MHA dot ®l®¥le] LFM &4 o|H| X,
Fig. 8. Lateral force microscope(LFM) image of
MHA dots pattern.

Dot Area & Dwell Time

©® Measured Dot Area
08 — Linear fit

8§ 10 12 14 16 18
Dwell Time(s)

a8 9. Dotsl Z7ish [E AZHe] Bl
Fig. 9. Relationship between dwell time and dot
area.
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