creative
common

C O M O N § E E D
& X EAI-HI el Xl 2.0 igel=
Ol OtcHe =2 E 2= F R0l 86tH AFSA
o Ol MHZE= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok §LICH

MNETEAl Fots BHEHNE HEAIGHAHOF SLICH

Higel. Adt= 0 &

o 7lot=, 0l M= MOISOILEBHES B2, 0l H&E=0 HE= 0
S Tt LIEHLHO10F S LICH
o HEZXNZRH EE2 oltE O 0leiet 2AE=2 HEBX E&LICHL

AEAH OHE 0lSXAt2 Aeles 212 LSS0l 26t g&

712 (Legal Code)E Ololiotl| & £

olx2 0S5t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

T AT R

24

20143

4o g o s



3 9

4 A

.
3 St

24

20143



21

24

20143



2
List of Figures
List of Scheme

Abstract

Al 2 Z HF 895 o8 i 38 MEMS 725 34 <%

wW
—
P
uies
)
o
o>

3.2. Blanket wafer ©|%

3.3. MEMS +% &2 9F

3.4. MEMS +% 2] oA

4.4 £

slet 2o sk HF/H,09 &3%

i

v

10
10
11
13
13
13
15
16
17
17
18
22
25

27



Al 3 B ZUA oJAFGRAE o]&F i T4 HEo|HY FEAA A=x

2.1. Qg 9 Ajek
2.2. A% ¥
2.2.1. scCOs solubility test

2.2.2. 2974 o]AsletA drying system

3. 4% W B2
3.1. %297 o]Atslet 2o st IPAS] L%
3.2. IPA A|AE A

3.2.1. Aol m IPA U3 A B4

4. 4 £
Reference

28

30

30

31

31

32

34

35

35

38

38

39

41

45

47

49



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2.10.

2.11.

List of Figures

Schematic pressure temperature dlagrarn show the supercrmcal(sc)
reglon e e e e .

(A) Desired free-standing features. (B) Collapse of features is
caused by capillary forces and is a function of aspect ratio
(height/width), spacing between features and surface tension. - -

Application of supercritical carbon dioxide process in micro
electronic deViceS. ........................................

Images of Poly-Si cantilever beams before removal of sacrificial
layer (P-TEOS). «+ vt v rrtrssmnee et et

(A) Deposition of sacrificial layer(P-TEOS), (B)Deposition of
Poly-Si, (C)Removal of sacrificial oxide. = -« --ccvvverr e

Fabricated cantilever beam structure. ««:«-c-ccseor e

Schematic representation of the one chamber etching system.
(A)COxcylinder (B)ISCO syringe pump (C)10cc chamber (D)
Magnetic bar (E)Wafer(sample) (F)Sapphlre glass (G)Electro
magnetic (H)Concentrated NaOH solution- -

Schematic representation of the two chamber etching system.
(A)CO; cylinder (B)ISCO | syringe pump (C)Mixing chamber(10cc)
(D)Magnetic._bar (E)Wafer (F)Sapphire .glass (G)Electro magnetic
(H)Sample ‘chamber(10cc) (I)Concentrated NaOH solution - ---

Solubility of H,O._in CO, as-afunction of temperature and
PIESSUTE. * ++ v = v s s st s e e e e et e e

Etched thickness as a function of reaction temperature and
concentrate Of HFE - e

Comparison of H,O concentrate variable at same HF
Concentration ([HF]:O 125mM) ............................

Etching effect of pressure increment ([HF]=0.08334mM) ----

Etched thickness as a function of reaction temperature at
same SCC02 density

SEM Images of cantilever beams designed (A)1.25 to 18.75 um,

(B)2.5 to 37.5 m, (C)5 to 75 pm (D)enlarged image of (C).
(HF/Water(l : 1 )’ 50 OC’20min) ............................

10

11

13

14

15

17

18

19

20

21



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2.12.

2.13.

3.10.

3.11.

Lerit : A restoring force of the beam counteracts adhesion
forces, £ ; the elastic modulus of the beam material, ¢ ; the
thickness of the beam, g ; the gap height or thickness of the
sacrificial layer, yla ; the liquid surface tension of the rinse
liquid (water; 72 dynes/cm), fc ; the contact angle of the
(A)pattern wafer image of after scCO, in HF/H,O dry

etching, (B)cross section image of pattern wafer after scCO,
in HF/HQO dry etching. ..................................

EM images (top view) of cylindrical structures (A)after
etching and drying without stiction (B)stiction problem after
drying Wlth JPA - o ccr e e e

The apparatus for solubility test ~in supercritical CO,.
(A)Pressure  gauge  (B)Piston-screw = (C)Variable-volume cell
(D)Sapphire window (E)ISCO pump (F)CO, reservoir
(7)Separat0r ............................................

scCO; drying system. (A)CO, reservoir (B)ISCO pump
(C)Pressure gauge (D)S7mL Chamber (E)Sapphire window
(F)Heating plate (G)Temperature Indicator (H)Separator ---- - -

The result of IPA solubility test in scCO, - - -+ = v v onvn -

Photographic images of the view cell. containing 30 w/w%
IPA-. (A)before -scCO, 'injection (B)during scCO, injection
(C)after~scCOszzinjection (D)one phase -formation after stirring

Residual IPA in scCO, drying with 13 mL/min at 40 C and
140 bar. ................................................

Residual IPA in scCO, as a function of (A)temperature
(B)pressure ............................................

SEM images of cantilever beams (A)after wet IPA drying
and (B)after SCCOQ dry1ng ..............................

SEM images of cantilever beams with different flow time of
scCO, drying at 40 °C. (A)6min, (B)8min, (C)10min,
(D)lzmln ..............................................

Comparison between cantilever beams aspect ratio and
reSidual IPA in SCC02 dry1ng ............................

SEM image of cantilever beams (A)with 20 bar pulse (B)with
40 bar pulse ............................................

_iv_

24

26

29

31

33

35

36

38

40

42

43

44



List of Table

Table 1. Fabricated cantilever beam size. -« - oorvoer oo 12

Table 2. Mixing time for one phase of IPA in scCO, with out

Table 3. The result of the scCO, drying with different temperature,
pressure, and ﬂOW TALE. * et 45



A high aspect ratio structure in MEMS dry etching
and effective wafer drying processing using

supercritical carbon dioxide

Yong Hun Kim

Department of Image-System Science & Engineering,

The Graduate School, Pukyoung National University

Abstract

In this study, an effective dry etching method with high ratio micro electro
mechanical systems (MEMS) structure using supercritical carbon dioxide was
shown. The temperature, pressure, etching time, and hydrofluoric acid (HF)
concentration of “dry etching processing were investigated to< sacrificial oxide
in MEMS structure.. The . results indicated ' that ' cantilever beam was
successfully etched to pattern wafer of 1:150.ratio without stiction.

Drying processing optimum conditions were also investigated by changing
temperature, pressure, drying time, CO, flow rate and pulse. The concentration
of isopropyl alcohol(IPA) at different temperature and pressure in drying
process was obtained by volatile organic compounds (VOCs) analysis. The
experiment data demonstrated the stiction phenomenon could be detected by
using a high aspect ratio MEMS cantilever beam, and the aspect ratio
increased to flow time. Additionally, the cantilever beam of the supercritical
drying has 4 times longer than one of general wet-drying method.
Furthermore, by adding the repetitive pulse in drying systems, a very well

ratio (1:75) of MEMS structure could be obtained without stiction.
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Figure 1.2. (A) Desired free-standing features. (B) Collapse of features is caused by

capillary forces and is a function of aspect ration (height/width), spacing between

features and surface tention.
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Figwe 2. 1. Inmages of Poly-Si cantilever beams before removal of sacrificial layer (P-TEOS).
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Figure 2. 2. (A) Deposition of sacrificial layer(P-TEOS), (B)Deposition of Poly-Si,

(O)Removal of sacrificial oxide.
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anchorg THC%E 2 dAsHA dol7F T7kete 165718 RIEE o] Fo(A 3l
o aElar 2717 g2 S5/ AW We A& Table 1.0 AEshsith
Figure 2.3 °l|A Table 19 length increments, width, space Z18]3 anchor

width & XA|8}9t},

Table 1. Fabricated cantilever beam size.

Length | in S space JI Av:,liill:ﬁr
1.25~18.75 1.25 1125 2.5 6
2.5~37.5 2.5 2.5 3 12
5~75 5 > 10 24
10~150 10 10 20 48
15~225 15 15 30 72
=4 um
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(F)Sapphire glass (G)Electro magnetic (H)Sample chamber(10cc) (I)Concentrated NaOH
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Figure 2. 6. Solubility of H;O in CO, as a function of temperature and pressure.
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3.2. Blanket wafer ©|3
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Figure 2. 7. Etched thickness as a function of reaction temperature and concentration of
HF

-

A3E PRI, L7 FABSEE AAOE AR YFFE AL FUT

_18_



990nm7t B AAEE AL BAL 4 Q) o] g tx HAO% HF 8ol

)%
o

2o He] A9 65 C oA 9.6 nm/min &2 AZHEo] =3 A X3 AL

T 9t NH,FE o] €3 HFSE 8N % F 19nm/ming] ol

o
Iy
bt
il
-
o
k3

22
e

o
il
o[\
A\
s
>
Y
A\
s
=
1
N
>
fuieu)
il
™
o
ol
ol
2
£
=
i)
o
=
D
N
o
[
RN
B
rlo
kit
=
R=}
i
1

rasteE Ay Jebgtk o]zl e AL pristine “solution (HF /water 50:50

w/w%) ol °ln] H,02] oFo] E 3}y

32

7) wEe A7 Aol HO%el wer Ww

—

o7t e ol @ S Agleh

BT ——45C SES5C A 75°C
GO0 -
E = e .
£ 500 -
@
2 400 -
-
= 300
E 200 -
= —
el
100+
|:| 1 1 1 1
Fristine solution (0.005) 10 05 (0.0075) 11 (001 12 (0015
H: O variable{%)

Figure 2. 8. Comparison of H,O concentrate variable at same HF concentration

([HF]=0.125mM)

_19_



g
ojy

0.716,

o Wt 77}

s}
UElY a7, Figure 2.6.9] YeERG

F = Qluh (Figure 2.9) 183l

A

R

[e)

=

o] etchant’} ©]

LN

| %71 wE

°©

)

Faitk. 7 A3, 138 bar9
Roz k¥, 138 bard

0. 7796, 0.8206, 0.8762, 0.91054% =& #t

UE7F 0.1781% =

ZE R

°©

0
i

o
=) =)
ol

(i} ssawrgy payxa

345
0.08334mM)

207
Pressure{bar)

_20_

38

Figure 2. 9. Etching effect of pressure increment ([HF]

0




H et} (Figure 2. 10.)

=—#—Fristine aolution

0.5 =kl

1

1200

= [} [} =

= [} = =

m o0 w0 =T
(unossawyong payny

200

35 15

Temperature('C)

35

Figure 2. 10. Etched thickness as a function of reaction temperature at same scCO,
density

Zell w

=
[e)

A4y, 259

ojy
~

o] wet

H

= 257} ko

g, °]

= =
—

—_
0
HA

F3RY =34 JehdS

Eis

o ¢

upeba ojabstEk A o] 2o

3R
o

A=

B

o
o\

_21_
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Fig. 2. 11. SEM Images._of cantilever beams designed; (A) 1.25 to 18.75 m, (B) 2.5
to 37.5 tm, (C) 5 to 75 (m (D) enlarged image of (C). (HF/water(1:1), 50 °C,20min)
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the elastic modulus of the beam material, # ; the thickness of the beam, g ; the gap

height or thickness. of the sacrificial-layer, pla ; the liquid surface tension of the rinse
liquid (water;.72 dynes/cm), Oc ; the contact angle of the rinse liquid
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2.1. Alg 2 Ak
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2.2. A% ¥
2.2.1. scCO;z solubility test
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Figure 3.2. The apparatus for solubility test in supercritical CO,. (A)Pressure gauge
(B)Piston-screw (C)Variable-volume cell (D)Sapphire window (E) ISCO pump
(F)COzreservoir (G)Separator
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(B)

(F)

Figure 3.3. scCO; drying system. (A)CO;,reservoir (B)ISCO pump (C)Pressure gauge
(D)S7mL Chamber (E)Sapphire window (F)Heating plate (G)Temperature Indicator
(H)Separator
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Figure 3.4. The result of IPA solubility test in scCO,
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Table 2. Mixing time for one phase of IPA in scCO, with out physical agitation

Chamber condition

IPA(W/W%) Time(min)
Temp(C) Pressure(bar)
1 40 140 8
2.5 40 140 30
5 40 140 60
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3.2. IPA AAE 4
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Figure 3.6. Residual IPA in scCO, drying with 13 mL/min at 40 'C and 140 bar.
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Figure 3.7. Residual IPA in scCO2 as a function of (A) temperature (B) pressure
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Figure 3.8. SEM imag_'e;s of cantilever beams (A) after wet IPA drying
' and. (B) after s¢cCO, drying

F

ol ezl 137573 stietionslel AZEI WE

o}-}l-

A7) e W)

o, Aee] Aed AYeM Wows ZolA olastdas Axave HUAE B

=

Tat7] of ok webA Hol F3u[7E 75:19 thE WS AREste] flow AlRbel wh

6, 8

—
o
e
—
N}
M
|o
i
it
)
ol
ol
2
>
juid)
o

rlo

2t

32

ok A9

J {

stiction I E &

i

’

XM= 1055, 127X 1:667H4] ZAE#EY wlo] ZX] &1 A3le AS & 5 3
o} o] AL flowAlto] A= [PAS AAZe] Wold FXRES FUFo] o=

= Aot

_42_



Figure 3.9. S_]iM images of nti ms with different flow .'time of scCO,
min, (C)10min, (D)12min
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Figure 3. 10. Comparison between cantilever beams aspect ratio and
residual IPA in scCO, drying
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Table 3. The result of the scCO, drying with different temperature, pressure, and flow rate

Condition Result
o Tem(g(e:r;lture Pr(%s:rl;re I(Tmnﬁ)e Flow time Aspect ratio

1 40 140 7 11min 6sec 1:35
2 40 140 10 7min 48sec 1:40
3 40 140 13 6min 1:40
4 40 140 13 6min 1:40
5 60 140 13 6min 1:35
6 40 100 13 12min 1:30
7 40 140 13 12min 1:65
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SEM HV. 15,00 kV SEM MAG: 5.00 kx VEGAW TESCAI"ISEM HV: 5.00 kV SEM MAG: 5.00 kx VEGAW TESCAI"I
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Figure 3. 11. SEM image of cantilever-beams (A) with 20 bar pulse (B) with 40 bar pulse
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