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Design Method for Sublimation Drying System for Prevention of Stiction

Jongpal Kim, Sangwoo Lee. Kukjin Chun. Dongil Cho
School of Electrical Engineering. Seoul National University

Abstract - The stiction phenomena poses a
design constraint in surface micromachining by
reducing  the . releasable size  of the
microstructure. This problem occurs during the
fabrication process of surface micromachined
microstructures during the wet etch of sacrificial
layers. For the prevention of the sticking
problem, the microsctructure is released by
sublimation after the substitution of the
sacrificial layer etchant with a sublimation
material heated above its melting temperature.
In the sublimation drying method, the
sublimation materials such as p-dichlorobenzene,
t-butyl alcohol. and cyclohexane are used. In
this paper, a method for designing a sublimation
drying system is developed. and its performance
is experimentally evaluated.
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AZPHEEDGAN LT WrSEE AdHER o

23 vt} p-dichlorobenzene®l 4” wafersl 2mm ¥
Az nzglso Udd 3 AFL
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V=-”—%L x2 %10 3md=15.71ml

7} H3, 20CAM W=7 p=1.25¢/ml ol2=2, Y
Well &3+ p-dichlorobenzened A #ghe

m=pV=1.25¢/ml X 15.71mi="7.14g

olt}. M p-dichlorobenzened EA#& 147 g/mol
o]B 2 p-dichlorobenzene 2& 7.14g &

7.14 _ -3
147 =48.57x10" “moi

d dAgH RE 7Ae EELEHAAM 1 mol T 22.4)
o R9g 7IAERZ 0.5 TorrdM e o3 e 7
7HAA do.

_ v P 22,41 x 160Torr _ 3
Ve= ViXp, = 05Tory XY

metA s3AZxHolobd p-dichlorobenzenes] 714 %
e g3 2o, .

3
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8 M4 fFAe 5Fo] P EEF(viscous flow) A
A% &(molecular flow)}A& Knudsen numberg

ostel e gol FEGT.

X HE 2 ofN

Knudsen number K,,=%

D : internal diameter
viscous flow if K,<0.01 (i.e. D>10024)

molecular flow if K,1.0 (i.e. A)D)
transitional flow if 0.01( K,{1.0
A ! mean free path

FaAdzgu e WE2E HAF 20mmelde AE

2 AZL ¥, D~20mm 22 P~66.6 Pa (0. 5
Torr)el2& Dx20mm > 100A=10.0mm 22X HAPZ®
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9 A9E 2 C,e TR 2.

4
C,,,=1.5X10_9(—13L—)P,,,, J/ min

P+ P

Pav=_b_2_._’<l

D : diameter of the tube (mm)
L : length of the tube (m)

7 . gas viscosity

nzsoo(dﬁsi—*) =2.7 X 10‘26[———”321‘”]
for air M=29 g/mol, T=293K,
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Cy=291 I/mine°lt}.

w7 e wjr|@e HAYEAE
|12 08 2 & #2739

S,= 5 = Si—16e = 1 Jmin
9 @e e+
2.2.5 Bi7IAIZH
2% 3 % 22 W P9 WASEsL S, Bue
237} voln, 4ol PolA PR FelAled dele

A b2

it

_dm __d .
( dt )mm— dt(fc_v_pdv>+fc.sip(vr n)dA

=n =y - BV

0= P-’r ,OS P+__%§_ PV

m=pS

0=P+%P S=S(P)

—__ (4
S(P)P f

S(P)7t &4 7h st

S
Chamber W7ol 14cmol3 Eo|7} 10emol B2,

V= nd*h=6.21

p=L i fh 82,16
ni=ghp =T ngs

-

3_‘%'-3& ZE oj&d

21&% S=700 I/ming & 7
dojz=ged Ha

tg & W71l 0.5Torr 7§
At t=3.9sec?t AT}

o
T
e

hwy

— 2051 -



3.8 @8

AEAAE Fold HdzARv e A=A, F=E
F, ATHE 2JdAFHXAA L dojUE T HaF
8AEE Hrkstgen, ALHASE Tl £33z
9] Aoy vy & wirige HdHx 9 ¥
xol "Wg wrl&%E ALHIey 2 4 = AN ¢
AA27E I8 5 © $3¥12E ¥R E Bo &,

4.4 A

£ ege FANQYS BAERA AT AR SAEA
(EROAZE 1EAR) e 7w AL el S
A&yt

Fx &)

(1] R. L. Alley, G. J. Cuan, R. T. Howe, and XK.
Komvopoulous, "The Effect of Release-Etch Processing
on Surface Microstructure Stiction”, Solid-State
Sensors and actuator Workshop, Hilton Head, SC,
pp.202-207, 1992.

(2) John Y. Kim and Chang-Jin Kim. “Comparative
Study of Various Release Methods for Polysilicon
Surface Micromachining”, Proc. IEEE Micro Electro
Mechanical Systems Workshop, pp.442-447, 1997.

{8) D. Kobayashi, T. Hirano, T. Furuhata and H.
Fujita, “An integrated lateral tunneling unit”, Proc.
IEEE Micro Electro Mechanical Systems Workshop,
pp. 214-219, 1992

(4] N. Takeshima, K. J. Gabriel, M. Ozaki, J.
Takahashi, H. Horiguchi and H. Fujita. “Electrostatic
parallelogram actuators”., Tech. Dig. Int. Conf.
Solid-State Sensors and Actuators, pp. 63-66, 1991
{5) R. Legtenberg, H. A. C. Tilmans, "Electrostatically
driven vacuum-encapsulated polysilicon resonators
part 1. design and fabrication”, Sensors and Actuators
A-1, 41, pp. 57-66. 1994

(6} o1 4%, Tol&, 2FY, "P-dichlorobenzene 3 1z7)
g ol43 EHdAE FxEY H3 wx g
MEMS @73 482 =%, pp. 131-142, 1997

{7) Audrey M. Glauert, "Practical methods in electron
microscopy’, PORTLAND PRESS, 1994

Releasing System Concept Drawing

a8 1. sHdxgHe Ade

— 952 —

Chamber Q

Pumping line

=9
P—P,

i
Q

Pump

P,
5,2:7% i’

oy 2. e

W E&EE

-> S

7] 12

a¥ 4. AFE Az =

a8 5 sHdzd 2R (FA 3m. % 10m.

shetztel 244 2m

Zo] 1mm)



