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Drying process for high aspect ratio pattern wafer

using supercritical carbon dioxide

Kim Do Hoon

Department of Image System Science & Engineering, The Graduate

School, Pukyong National University

Abstract

An effective drying technique was developed using supercritical carbon
dioxide (scCOj;) to  prevent pattern' collapse that. may ‘arise during
semiconductor fabrication by cleaning process. Efforts were undertaken
to mitigate the limitaion of conventional wet drying solvent (like IPA) by
scCO,. The possibility of the substitution of IPA 'by scCO: were
evaluated. It was observed that the solubility of TPA was 30 wt% at 40
C and 140 bar, though without stirring it took long time' to dissolve.
However, it was observed that IPA could be quickly mixed with scCOsq
within 30 second by .controlling flow of scCOs.. The residual amount of
IPA was quantified by=VOC “(Volatile Organic' Compounds) method. The
effect of flow time, temperature, and pressure on the removal of IPA
was also examined.

Based on the above results, the stiction phenomenon can be detected
by using a high aspect ratio MEMS cantilever beam. The aspect ratio
increased if flow time was longer. A cantilever beam having aspect ratio
of 65 can be fabricated within 12 minute. The drying efficiency of MeOH
and EtOH were compared with IPA, but the performance was not
encouraging. Applying repetitive pulse processing system with scCOg
drying technique was found to be superior.

Finally, micro—sized poly—Si cantilevers with high aspect ratios 75 were
fabricated successfully without any stiction using this scCOs protocol. It
is highly expected that this improved method would find versatile

applications in the next generation MEMS.
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Fig.1. Capillary force generation during solvent drying and Stiction of features caused

by the capillary force.
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Fig.2. SEM images (top view) of cylindrical structures (A) after etching and drying
without stiction (B) stiction problem after drying with IPA
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Table 1. Physical properties of water, isopropyl alcohol and scCO;

. Surface Tension Diffusivity Density Viscosity
em
(dynes/cm) (crmi/sec) (kg/mr’) (g/ecm sec)
Water 72.0 10° 1 1.0
Isopropyl alcohol 21.8 10° 0.785 2.4
scCO» 0 107 0.15~1.05 0.02~0.15
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Fig. 4. Images of Poly-Si cantilever beams before removal of sacrificial layer
(P-TEOS).
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Fig. 5. Fabricated cantilever beam structure

Table 2. Fabricated cantilever beam size

L h Aspect
Sample  Length -enet width height P
increments Ratio
1 1.25~18.75 1.25 1.25 0.5 2.5~37.5
2 2.5~37.5 2.5 2.5 0.5 5~75
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Fig. 6. The apparatus for solubility test in supercritical CO,. (1) Pressuregauge;
(2) Piston-screw; (3) Variable-volumecell; (4) Sapphire window; (5) ISCO pump;
(6) CO; reservoir; (7) Separator
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Fig. 6. scCO; drying system. (1) CO, reservoir; (2) ISCO pump; (3) Pressure gauge; (4)
57mL Chamber; (5) Saphire window; (6) Heating plate; (7) Temperature Indicator; (8)
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Fig. 8. Photographic images of the view cell containing 30 wt% IPA mL (A)before
scCO; injection (B)during scCO, injection (C)after scCO, injection (D) during stirring
IPA and scCO; (E) one phase formation after stirring
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Fig. 9. The result of IPA solubility test in scCO;
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Table 3. Mixing time for one phase of IPA in scCO, without physical agitation

Chamber condition

IPA(Wt%) i i)
Temp(C) Pressure(bar)
1 40 140 8
2.5 40 140 30
5 40 140 60
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Fig. 10. Photographic images of the 57 mL view cell (A) 1 wt% IPA |in the cell; (B)

after scCO; injection; (C) during scCO, flowing from up to down; (D) after 30 sec of
scCO; flowing
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Fig. 11. Photographic images /of the view 57 mL cell containing 1 wt% IPA (A)
after scCOzinjection; (B)start scCO, flow; (C)after 7min flow; (D)after 15min flow
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Fig. 12. Flow time for complete removal of IPA as the function of different scCO,

flow rate
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Fig.14. Residual IPA in scCO; drying with 13 mL/min at 40 C and 140 bar.
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Cantilever beam

Fig. 16. Concept for the critical length of cantilever beam without stiction: Lcrit ; A
restoring force of the beam counteracts adhesion forces, E; 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), Oc ; the contact angle of the rinse liquid

ol g oA = 7—}4} W= ratio® A Wo| stiction® = FEE wobatglh.
b a5,

A2 T2 A=A 2 sample?2 ME YW 2] aspect ratio & ofd E9 19

=

Table 4. Fabricared cantileve
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Beam <\ ([ e

number L .\ ]\e 1°J.-'_' ;

Beam ratio 5 0 | 15 50 65 | 70 | 75
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Det: 5E ¥
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F:KHU:‘

Fig. 17. SEM images of cantilever beams and indicated Aspect ratio
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Fig. 18. SEM images of cantilever beams (A) after wet IPA drying and (B) after
scCO; drying

scCOy drying? @¥= Hu Z3u)7F 37.59 samplel 2% #9sl7] o] H7)
o] Hul 387} 752 sample22 AbEsto] Alzbd, gl vl FuE

wEselt

WA flowAlZkel] W& A W stiction IS Hetstr] &) flowAlHS 6

o

52
n

ol

, 8%, 104, 12802

e

2ol Age A

}.

M

_27_



SEM WV 500K SEMMAG SOk | 1.0 ]
Cat 35 b2

0
“ﬂl-l‘

/
different flow time ,@/f scCO; drying at

Fig. 19. SEM images of cantileve
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Table 5. The result of the scCO, drying with different temperature, pressure, and

flow rate

Condition Result

No Temperature  Pressure  Flow rate

(C) (bar) (mL/min) Flow time Aspect ratio
1 40 140 7 11min 6sec 35
2 40 140 10 7min 48sec 40
3 40 140 13 6min 40
4 40 140 13 6min 40
5) 60 140 2 6min 35
6 40 100 13 12min 30
7 40 140 5 12min 65

WA flow rated] wWE IPAAA AE+ flow rate’} 10, 13 mL/min¥ w+=

F3v7h BASUN W 7 mL/min® FHHF 352 v) 2 =hel oh A% flow

rfo

kr

<ot °f

=

rateo] U5 Stom IPARIZ ] glojA matd oA et A& B

2

32

al

N

& scCOy dryingd s 40 C7F 60 CHT o ¢ &2 F3H|E Ko
tHFAS dyste] H7HES Wl 100 bar®t} 140 barolA stictionHAyo]
e oAl zAFSE AY Aol FASHS HoFQlT)

FeA o g AZS Ugd ZAA o]A3terA dryingAl E2 flow rate} e

2, 291 £ ol U PAAAC &RAAL ¢ 4 9T
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3.4. 34 WH3IE o] &3 A5 FHU)

3.4.1. MeOH, EtOH, IPA 9] vjw

scCOz dryings ol o] [PAc]Le th& tiA] Ewi=X4 w3 o g9
AE7FSA S ket were ) oS Rt [PARTE EAEO] 27wt
adelgd el W& (Graham’ s law)ell g8l 7 #FAF S5 FolxA HAu. =

gAgo] e BAASE gulo Sk £E7b HobdA IPART H4 T e
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el AA s &Rl

1600

R & McOH < EtOH_A IPA
1400 \
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Fig. 21. The residual alcohol after scCO, flowing from VOC analysis of MeOH, EtOH
and IPA
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Fig. 22. SEM image of cantilever beam (A) MeOH, (B) EtOH
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3.4.2. Pulse o] €% AZx av
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Fig. 23. SEM images of cantilever beams (A) with 20 bar pulse (B) with 40 bar pulse
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