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A Gap Sensor Design for Precision Stage

Il Hae Kim*, Jong Hyuk Kim', Dong Young Jang™

IL Abstract

|
l

A capacitive sensor is a proper device for measuring high small displacement. General design parameters and procedure

are discussed and a test sensor was built to have a measuring range of 100um and a sensitivity about 30nm. This sensor

has two opposing electrode of comparably large area and has nominal gap distance about 150jim. So as to achieve a nano

order displacement sensitivity, both sensor and target system have to be considered. This is important for the sensitivity

can be achieved by minimizing a system total noise level in electronic type sensor application. Typical performance of

the developed sensor is demonstrated in precision moving stage having 0.1um moving resolution.

Kev Words : capacitive, sensor, nano, large area

1.AME

1750l HUEIE S4) heitol Sgshs 24Y U
52tk ol% 7179) Bgol Z7eka e, ol of

& 170 Hua 93] Aol Ahal Wel WA 7] %ol

Sigr3lo] wojof k. R wRolxe BaAE WS Al

ST A4 L AS A4S 28T 00 9ad A
3,

Abgre] s ArmEcth

* (F)H Al A (charlie@charliekim net)
FA139-743 MEA RUF FF2F 172
A Abdd) AAbgEtE 0063
+ Megstn 7| Ageasts
++  AgAbdol A A B A A8 st

AR
AAgEe dely A4 UdEY Edsol e &
watol 24 Bopo thfstA S-GE T ok A&
Axe Balls BAE 2Fsts AL WHY F24 ko
2 B4 5 AAM 4 3 329 Y 4edl o e
Alagell e AnAQl dAol ojFojitd UxE
ZeolA ¢ a3t MM & 5 Qo

- 433 -




1—'

ox 12

aold 4o DR FUEF WS ANE A
S5 A2de] i Tejrt S8
AswRolE 489 Bg
9 e o2 o470 AU W MM Y B4
Joll dha) 4 s,

#E oo gt op
W o FTF o
X ol I'I'Ul

2. FMEZ & MM

=] P
Noz THRT ek §HE, AR WA, xE SHolt
A

C= 87 (])

Z, R E § 24 Ale]d) Agrt 713, W] &5
& w2 BAEF BE 7 e, gviEe g2 UH
=F FHRA E e MY wIlFe AAEF fe=
gibeto] WS ZAete Wals 9t A ‘_%"4‘% B4
St AFEI 24 A Aole] Wi SAAE 43R 7)
A ARGl TFHA Ho —‘Uﬁ 218317 %q Ll -
A ol=dt 714 BAEHE L] A AlA,
7tE, 2L E Aolof HEE éﬂ’ﬁl—‘-" T3 2isted A
FHEI|Z Ry ARy ARstgn Y A A
Bl dsat 22 322 aoHn|, i HAEF
o}

= — V.jR, @)

idse 34 A%, 25 S,
48719 ARat 5 HAs) Aysor st gol 2
2 URAAAE EAL B2 el BE ol sz 274

(o]
-
¢

o2 HuY $2 ARYoF dh
b Qutdel Agel AP AW MM A3 L A4
2% P9 AEjol|o] A 7 ANZLH R AN
A9 A9 3} A4 AT Yol, 7% B 5oz Al
Ao wefol i3t MY Y UHEE A4 & Aol
Table 1 Sensor parameter design
Parameter/Result case | case Il
Gap 100um 100pum
Sensor area $20mm 80x8mm’
Frequency 1MHz IMHz
R¢ 40kQ 50kQ
V/ipC 0.200 0.200
pC/um 0.5645 1.141
Resolution [V/um] 0.6773 1.369
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Fig.2 Amp output with displacement of case I
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Fig.3 Amp output with displacement of case II
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Fig.4 Sensor electrode size effect
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Fig.5 Capacitive sensor and linear table
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Fig.6 Sensor simulation for test system
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Fig.7 Sensor output signal in grounded and floating target
situation

27kl
o, o]2
=7 87

34

rir

Aol HA7E slo] QA e B9
2} o]

{o

A7l 35l w2k g+ o
%ol 2PHE Z = W7 U, & %
o .
Zo} vzt
BE HA S uReE A A4
% Aol A &Y ZojggF o of
Aeloh ZA4E e AnEgT

offt s

ol

=

%

=2
rir
fr do
k3
L
e
=
ox
i
1o
o2
o
fu

Aol Az WY A UL ololA vehligith 0.2, 2,
8om THE o} FT F A YHOTE hA] o]t &
BE BARE WA AU o= 7] gl yxof &
71E AT g2y, A4 FA U] v g A o
gt #of BASGE:

0.27
014
=
5 0.0+
f=1]
Bl
>0 -0.14
024
031 o 0.2ums(e§
L J T L 1
Time
(a)
1.04
= 0.54
e
g
5 0.04
Q
o
a
2
0o 054
1.0
T T + T T
Time
(b)

Fig.9 Step movement respense by 0.21m: (a) voltage output
(b) displacement output from capacitive sensor
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Fig.10 Step movement response by 2jpm: (a) voltage output,
(b) displacement output from capacitive sensor
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Fig.11 Step movement response by 8jtm: (a) voltage output,
{b) displacement output from capacitive sensor
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