Z- mﬁ% (7]

198 H1s




MEMS and Actuators / 15:00 - 16:15
Session Chair : O8] 3 (BI=2 At D=8 W)

15:00 = 15:30

15:30 - 15:45

15:45 - 16:00

16:00 - 16:15

Seecial Symposium Topic @ &U ZJ& 22|7|

Session Invited Paper

Use of inkjet printing for interconnects in PCB

Yongsoo Oh, Jaewoo Joung, and Hwan-Soo Lee

Samsung EleCtro—MECRANICS e 137
LHe2t0IOE 0| S8 e & dA

2z’ A #20

TH%EH. 2%,&[11 ..................................................................................................... 141
Electrochemical etching system for the fabrication of stepped shape tip
Chang-Sin Park, Mi-Hyun Kang, Bo Young Choi, and Dong-Weon Lee
Chonnam Natioﬂa* UniV. ...................................................................................... 144
HIY2& a-Si 16x16 IRFPAS Jjgt

Hag' x4 924’ 255 ¢I18? e’ ey

WETRI. ziBSystem .................................................................................................... 146

e

Session Chair : QY= (M SAIRIIE W)

16:25 — 16:40

16:40

16:55

16:585 - 17:10

17:10

17:25

17:25 - 17:40

17:40 - 17:55

17:55 - 18:10

AUEI| & SLOEI0IE 242 A8t == AMAE A(SANE 0128 ==1)
0133, 013, Jax

A.'%}ﬂ g EH ................................................................................................................ 153
AUSJ12 2LIEIES 918 LaiSMOs(M = Fe, Mn, Co) ZELHISIS JAMA

&L, 238, e, ez, g2

ZIIZ HIOIQUOIZZS| AAIZH ZHS 93 DBIHY
OIEHE', BARE 2Ass'

1%_‘3'4[”' zEnH Technoiogy ......................................................................... 159
ATP 23 HISZ2 0|88t %LH —'?'—-:C-’r DME sl =3

2llg, wae, HyE’ gys'

1@}\-"[}' 2Sar‘nsung E|ectronrcs CO. Ltd .......................................................... 161

O=S3HEHES S8 PMV BiE09 Hatr T}

28F L2y’ Jad’ oug!

1}\.{5}\]%}[}" QQHIEH .......................... iesessrereresuusyabsrarasesarsnseaserssararasnnasasassnsnssssassren 163
ALY HAE st &3 uv %‘ﬂg FHEE ¥ 84 =29
s 54

EHY, &8s, 2 ME, 2EE

FISR LI snsiteeetitotvrstodsnssebsiasssishenisatinssnsnsnannsns sesspssns sovsssonsusssnorssanssessas s stsssnnetnsesesesssosssss 165
EEE HAFTNE LESE 9= Mock-up A8

G, AR, AT gy

1%%"[54. 2/\'1%A|%'CH ............................................................................................. 167



20084 THEMAUZ FUNHOR!

Electrochemical etching system for the fabrication of stepped

shape tip
Chang-Sin Park, Mi-Hyun Kang, Bo Young Choi and Dong-Weon Lee'

MVIEMS & Nanotechnology Laboratory, School of Mechanical Systems Engineering,

Chonnam National University

t
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Abstract

In this paper, we introduce a novel fabrication method of 41 tungsten tip for STM and FIM

applications. It use a self-modified meniscus phencmena cau >d by help of a Teflon structure

with the hydrophobicity. The fabricated tungsten tips have curvature radius less than 30nm,

(iood reproducibility is also demonstrated using the methed, And we al

the field emission behavior of the etched W-tps.

Have characterized

Key Words : tungsten tip, self-modified, meniscus, reproducibility

1.Introduction

Scanning tunneling microscopy (STM) is
based on the phencmenon that electrons can
tunnel across the potential barrier. The
unique sensitivity of STM stems from
exponential dependence of the measured
tunneling current on tip-sample separation.
The goal is to produce a sharp metal tp
with a low-aspect ratio to minimize flexural
vibrations. The mechanism and methods of
tungsten tip etching have been extensively
studied. Among the common methods used
for producing high-quality tips with atomic
resolution, electrochemical etching is a fast
and the most convenient method used foe
obtaining cheap and reliable tipsm.

In this article, we proposed a novel
electrochemical etching system with the aim
of fabricating the high reproducibility. Our,
especially, method has no need to control the
cut-off time for w-tip sharpness.

2. Fabrication and field emissicn
measurement

Our tip fabrication system is based cn the
basic drop-off etching procedures, while
modifying .some aspects to improve the tip
sharpness and to easy control. Fig. 1 shows
schematically the arrangement used for W-tip
fabrication svstem. The tungsten wire in etch
configuration was immersed to a depth of 3mm
in 2M KOH). The KOH depth was adjusted to
be level with the Teflon structure (30mmX
30mmX 10mm). Both cathode and ancde are
used same tungsten ond  held  through
micro-manipulators. The experimental set up
consisted of a DC(BV) power supply and a
Labview system to obtain cumrent change
according to etching time. When the etching
solution fill in the Teflon structure, the angle
and force of the meniscus at tungsten wire
surface are increased by the hydrophobicity of
Teflon. This meniscus height is about 1 mm
and it is to be etched W-tip length.
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Fig. 1. Schematic diagram of electrochemical
id FIM 5 etching system.

- Fig. 2. SEM images of a etched W-tip,
: (a-b), cleaned W-tip after field
emission (c-d).

*

o
’

>

log (IV?) (I=mA, V=V)

N

T
-
-
b
L
-
)
-
a

L
0.0 0.2 0.4 o8 0.8 1.0 12

Voltage(kV)

Fig. 3. voltage
characteristics of etched w-tip.

(Inset: Fowler-Nordheim plot.)

Emission current vs.

During electrochemical etching process,
the change in current according to bias
voltage is generated. We know that the
rapidly deéreased current signal is reforming

meniscus as to self-modified phenomenon,
Fig. 2 is SEM images of etched tungsten tip
using our proposed etching system and
cleaned w-tip after field emission process.
The fabricated tungsten tips have a
curvature radius less than 50nm. For the
field emission experiments, the w-tip is
connected to the phosphor screen through a
sourcemeter (Keithely, 2410). A positive dc
voltage on the phosphor screen is slowly
increased to measure emission behaviors.
The measured emission current that flows
from the w-tip to the phosphor screen in
vacuum (15 X 107 Pa) is plotted as a
function of applied voltage. Fig. 3 shows the
field mission characteristics of our w-tip.
The inset shows a Fowler - Nordheim plot of
the I-V curves. The turn-on voltage of the

w—tip for field emission is about 0.6 Vpe.

3. Results

In summary, we have found a simple and
reliable method to prepare w-tips for the
STM. The curvature radius of the tips has
a curvature radius less than 50nm and good
reproducibility. And we also have
characterized the field emission behavior of
the etched W-tips. The electron beams field
emitted from these tips
stability.

possesses high
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