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Fabrication and characteristics of vibration sensor using conductive ball

Sung-Wook Jang, Yong-Soo Cho*, Seong-Ho Kong*, and Sie-Young Choi*"

Abstract

Vibration sensors have a wide scope of applications in the field of monitoring systems that needs to perceive an
undesirable physical vibration before a critical failure occurs in a system, and then costly unplanned repairs can be avoided.
The conventional vibration sensors developed so far have many disadvantages, such as complex manufacturing process,
bulkiness, high cost, less reliability and so on. This paper reports a simple-structured vibration sensor, which has been
developed using a commercialized conductive ball and silicon bulk-micromachining technology. The sensor consists of
a conductive ball placed in 600 pm-deep micromachined silicon groove, in which Au thin film has been patterned using
a shadow mask technique. Prior to the formation of the Au thin film, the sharp convex corner was rounded for smooth
meat] deposition on the non-planar surface at the edge of the groove. The measurement results of the fabricated vibration
sensor demonstrate a stable response characteristic to low-frequency vibration range (1~30 Hz).

Key Words : vibration sensor, side-wall patterning, KOH, micromachining

1M B o) g HEP (patteming)shir SAZE HelHoz

2 2}3le] FZES A st A A 7 (surface

AN T4 7lee ited A3 E 71&o] mAHZ7E micromachining) g o] QTH, Ty FAUA 7Y
71go] A7hHe] dejge ool BeE wrA 2 AR A& A JATRE BV gL,
o] & ol&3dte] AolH Aol 71, F(groove), W FAHO] EFis ©Alo] dth. o]} WA R o]
gt 22 el 7HA A4 ZAAAE 2HE ¢ A4EAL o] 88 gAML ©Ad deEl

AL = AcH,

A ] Azl delx] 7 4lo] Bz 7ee
A F v 7ARER g OEE v 71 71Ee
A 7}E 714 2= KOH 44 9 (potassium hydroxide
plus water), NoH, -8 <8 (hydrazine)®} TMAH(ammo-
nium hydroxide, (CH;),NOH) 5-¢] o]"}Ad 2|z+-g-9&

mlA 71 Al2E e 5 A, FRAvA7REE e Hl)
2 Az FAol 7idsitt,

AFAA 7het] 718 Fol 2ole FHE 22
mass-springAl & Z5-A o] F2F6}aL masse] AE]-&F
S A3k 71A12 REAA ol Zievt o] g 717
2] R1FAA e vs] MEMS 7163 Jied] 3371es

o] 83 AT = 7L 33YA 07 A5t ©EA
AYE v FERE AZRsE A1) A 7 (bulk
micromachiningyH = A2 EZ 7|3 9o 3]AZ(sacrifi-
cial layen)h u}eHthin filmyS 2482 & ok, upet

ZAEHEE AA & t]2Fy o) Fstel(Department of Sensor and Display
Engineering, Kyungpook National University)

R0 WA} (Department of Electronics, Kyungpook National
University)

Corresponding author: sychoi@ee.knu.ac ke

(Received : July 4, 2005, Accepted : July 29, 2005)

o1ge AFANE 7129 AN AFAA M3 7
Aol Agsta, Aol Eonl, A%, Y 2 G
o] 5% 3HE AT ek E ATAAE o]
et BeA 71 2 247142 olgstel AFAAe]
Aol B3 Ao 7] 1A DEANS) GHE
& RS EAlY AFAN R D) 47 2
ARG 5 e ARy 2L ol§d AFANE A

£ AFollM e ofed vixA sHgr]ES o8-t

~374-



B conductive ball top cover
input Y o output

clectrode N

) conductive ball top cover
input \ o 0P output

4.

vibration '

(b)
a8 1. X%I:/H 28 o] 23l 2 FAA L U/;]_‘,Z_ (a) A A=
= 7H1 A, () AEE H
Fig. 1. Schematlc dlagram of vibration sensor using
conductive ball; (a) before the giving vibration, and
(b) after the giving vibration.

AFAXE Azt A5 02 MEMS 748 0] 88}
o JAFMAE AZ39 2, T2 EE23 F1(convex
comers)ol| A H=2] LA (uniformity)S 74437 9
A BE=3k T A 7#(convex corner etching) &8-S
ES9)E g A=sew (gold AuyE AL&3Ebd A,
AEA E(conductive ball)4_ < ARSI T A=Al
A= 215 7] (vibration exciter)E AME-8le] A% Z=ulge
of W AFAAe e 2Ysteg ABAR
A 28E F A AEEn

B A}ol o A
F7} ol Baleht Ak
Asirt 524 97 9
HAEA BHE A0 ojgEo] =

m{n
)
o)
32
lo
iz
K
e
)
o
of
%
2

2. Ts HM

2.1. S&2lal
oY 12 AR BE olgd A AN £
4 925 vehd Holek, AEy 8L ol gd UEA
Nl 5% et gER A3 970} B8 4
Rk el ekl A3 Aol AR Bl 913
2% A5 UYL Wil Ay 24 g
=R AFow s2 9o N2 ge T
A
=

_ﬂ‘ o9}
o
£
o
0

252 AL A (1)2] £2) WA (Ohm law)o.2
ek 4 Qok @714, 1 54 <l

~375-

+ +i+ ++ +
@) (b) (c)

38 2 AEA 2 ol&d AFAN nlaz A
@ F DA 9% A WA wam, (o) 6T B
S 3k T WA vk, (o) B BAE 918 A
WA v~
Fig. 2. Mask layout of vibration sensor using conductive
ball; (a) 1st mask to form a groove, (b) 2nd mask
to form the electrode, and (c) 3rd mask to form a
top cover.
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Fig. 3. Fabrication flow of the vibration sensor using
conductive ball. (a) 4-inch p-type, 600+ 25 pum
tick wafer, (b) wafer with deposited protection
layers, (c) photolithography, and protection layers
etching, (d) anisotropic etching using KOH, (e)
convex comers etching, (f) silicon dioxide deposited
on the silicon wafer, (g) NiCr and Au deposition
using shadow mask, and (h) conductive ball
injected into the groove and the top-cover was
bonded to silicon.
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Fig. 4. photograph of fabricated sensor.

71(signal generator)oll A YA & ol E WA A7)
2 FAE ZZ7 ) (amplifienS XUpA
Z712 15719 A5 AE7E dE5A 7]71]
ojmf AHE-ElE Agte] Fr)E | kQe
ok AR AEAAE 157 Y 2
= B AN FHe =R 6}73 $eiA
w(power supply) “FA| oA L8 MY A
RI7FsHA Sk REol gl ?é% ZEA Ao
=5 2 0lA A FHol HY

o] MFAAME A 3= 1?—5’:% Ao
Bz 9L 4 R e ANE7E %A
ML Axy B AFstA go] o
shalA B, 39 5= A5 A%
ARe] ZAEE vehd Aot

X

ol

4

i\
o

ofN

-

_>s:
ot ©
fifo
%
ol
-
e <24

ol
o
M2 1% ot

ot fo

40 o r& ot rir
R N M 2 ox b of

flo 2 N

2 Y3 B2 W Qe HUe BAs
=AY ol 507 & gt

B A1E

. h R

B %’9} 0}931 7} PXM ”7‘6}71 sl
2]

A)

o}

Signal generator

2 L
2

Power amplificr

Sample

Pasur supply

Digital nudtimeter

Vibratian exciter

:EEI 5 1_0 'lx(‘)]% ””]6} ZFXI } U}':JE
Fig. 5. Schematic diagram of the vibration measurement
system.
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Fig. 7. SEM photographs After convex corners rounding
using KOH; (a) 25 min etching, and (b) surface of
5 min etching.
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Fig. 8. After electrode deposition; (a) cross section, and
(b) convex corners rounded section.
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