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ABSTRACT

A Study on the AFM based Pulse Electrochemical

Silicon Oxide Nanopatterning

Lee, Jeong—Min

Advisor @ Prof. Park, Jeong—Woo, Ph. D.
Dept. of advanced Part & Materials
Engineering

Graduate School of Chosun University

This is a study of a pulse electrochemical nanopatterning (PECNP)
process on a (100) silicon (p—type) wafer surface using a modified
atomic force microscope(AFM). PECNP uses DC pulse rather than
continuous current—based electrochemical processes. This method uses
intermittent DC pulse power to prevent excessive electrolytic dissolution.
The pulses were utilized in conjunction with a AFM to confine the
oxidation of the silicon surface. The pulses generate an electrochemical
reaction, inducing nanoscale silicon oxide deposits on the wafer surface.
This research focused on variations in oxide dimensions according to
pulse conditions and tip-sample distance. We examined microgrooves
produced on the Si wafer surface via dilute hydrogen fluoride etching. The
nanoscale oxide deposits were removed by the chemical reaction of this
etching process. These results enable us to predict the effects of PECNP
machining on a wafer surface. This study could provide precise control

structures for creating new parameters.
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(b) Contact mode

Absorbed
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Si wafer

Si wafer

Fig. 5 Schematic diagram of substrate interface between the tip and the

Si

substrate (a)Electrochemical

Lithography,

(b) Voluntary

Meniscus, (c)the meniscus by applying the electric field
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Tip(Cathode) reaction
2nH,O+2ne — nH,+2nOH

Sample (Anode) reaction
Si + nH>O — Sio,+2nH*+2ne

Fig. 6 Schematic diagram of AFM anodization lithography between the tip

and the Si substrate
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Fig. 8 Graph diagram of continues voltage and pulse shape
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Photo. 2 Pulse generator (hp 8116A)

Table 1 Pulse generator (hp 8116A)

Specifications
Functions
Frequency

Pulse width
Sensitivity

Max input voltage

Size

502 load, 0" to 55°C

Sine, triangle, ramp, square, pulse, harversine
1m Hz to 50MHz

10ns to 999ms

500 mV p—p

+20V

212.3mm W X 89mm H X 450mm D




Photo. 3 Oscilloscope (DSO1024A)

Table 2 Oscilloscope (DSO1024A)

Bandwidth
Channel
Sampling speed

Memory

200 MHz
4 Analogue
2 GSa/s
20 kpts
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Photo. 5 NSC18 Ti—Pt coated cantilever

Table 3 NSC18 Ti—Pt coated cantilever

Full tip cone anglex 30°
Resulting tip curvature radius <40.0 nm
Total tip height 15~20 m
Resonant frequency 75kHz
Force constant 3.5N/m

Photo. 6 NSC36 Measurement cantilever

Table 4 NSC36 Measurement cantilever

Typical probe tip radius of uncoated tip 10 nm
Full tip cone angle* 40°

Tip aspect ratio more than 3:1
Total tip height 20~25 m
Probe material n—type silicon
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Fig. 14 AFM topography image of electrochemical oxidation using various

ultra—short pulses (8 V, 5 kHz, Tip - Sample distance : 0.2 um)

Table 5 Electrochemical oxide growth for various pulse duration

(Tip - Sample distance : 0.2 ym)

Pulse time (us) 2 50 100 190
Height (nm) 0.65 0.88 2.1 5.4
Width (nm) 100 137 165 187

Tip-sample

distance
0.1m

Fig. 15 AFM topography image of electrochemical oxidation using various

ultra—short pulses (8 V, 5 kHz, Tip - Sample distance : 0.1 um)

Table 6 Electrochemical oxide growth for various pulse duration

(Tip - Sample distance : 0.1 gm)

Pulse time (us) 2 50 100 190
Height (nm) 0.34 0.39 1.2 1.16
Width (nm) 170 183 199 201
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Fig. 18 AFM topography image of electrochemical oxidation using various

Tip - Sample distance (8 V, 5 kHz, pulse duration : 190 pus)

Table 7 Electrochemical oxide growth for various Tip - Sample distance

( pulse duration : 190 gs)

Tip - Sample distance 10 nm 50 nm 100 nm 200nm
Height (nm) 0.42 0.43 1 5.4
Width (nm) 219 202 200 187

Fig. 19 AFM topography image of electrochemical oxidation using various

Tip - Sample distance (8 V, 5 kHz, pulse duration : 100 pus)

Table 8 Electrochemical oxide growth for various Tip - Sample distance

( pulse duration : 100 gs)

Tip - Sample distance 10 nm 50 nm 100 nm 200nm
Height (nm) 0.35 0.47 1.16 2.1
Width (nm) 207 197 196 165




| ]
5 .
Applied
- Pulse (ps)
E A —e—190 ps
= —8—100 ps
=
o>
[
-
32T "
3
(o]
1 /
‘ '——
0 1 A 1 A 1 A 1
0.01 0.05 0.1 0.2

Tip — Sample Distance (ym)

Fig. 20 Variation in oxide height according to tip—sample distance

0.22 |-
0.21 |
o
E 020 | \ \.
s O
s
T 019
S Applied
Pulse (us
§ 0.18 | (is)
X ——190 ps
o —8—100 ps
017 |
®
016 1 " 1 A 1 1
0.01 0.05 0.1 0.2

Tip — Sample Distance (um)

Fig. 21 Variation in oxide width according to tip—sample distance
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Fig. 23 AFM images of electrochemical oxidation using various pulses
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Fig. 25 AFM images of electrochemical oxidation using various pulses

multi—layer oxides image
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