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Abstract : A high-dose ion-implanted photoresist (HDIPR) was stripped off from the surface of a
semiconductor wafer by using a mixture of supercritical carbon dioxide and a co-solvent. The additional
ultrasonication improved the stripping efficiency remarkably and thus reduced the stripping time by supplying
physical force to the substrate. We investigated the effect of co-solvents, co-solvent concentration, and
stripping temperature and pressure on the stripping efficiency. The wafer surfaces before and after stripping
were analyzed by scanning electron microscopy and by an energy dispersive X-ray spectrometer. The HDIPR
could be stripped off completely in 3 min with 10%(w/w) acetone/scCO, mixture at 27.6 MPa and 343 K.
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2.1, HDIPR ¢jjojm X}

A el ol ) KF e 35
poly(hydroxy styrene) XEHAAEE 600 nm FAE A
TRt LEHAAE S Hele AR O, As o]

50 KeVe] 71 gl 10" atoms/em® doseZ 0] &72¢] 33—75,!%
FEA oz dHe] oF 100 nmo BFztd @35S
7 EE AlEiitt (Table 1).

Figure 19 Uebd 214 Y o] &Y 34 934 600 nm
g FEHALE Fof do]s XH o ZHE 2 100 nm 772
ghalzol A TEHAAEE scanning electron microscopy
(SEM, Hitachi $-2400) 538} o3 59 Apdlog @53t
Stk

2.2, °F%

olithtaE 99.99 % (NP AL F4h €52 A& A flo
AME3I o, F-81)E methanol, ethanol, isopropyl alcohol
(IPA), benzyl alcohol
amine, N-tert-butyldiethanolamine, triethylamine, N,N-dime-
X &sl= olvlR, tetrahydrofuran (THF),
chloroform, acetone, N-methylpyrrolidone (NMP), acetyl

& X3t &¢I LR, trilsopropanol

thyloctylamine 5

Table 1. Conditions for making ion-implanted photoresist on
silicon wafer

PR Type Source |{Power (KeV)| Dose |Thickness (nm)
KsF As 50 e’ 600

Figure 1. SEM image of the implant-damaged photoresist
on the wafer.
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A At

ISCO PUMP

Figure 2. Schematic diagram of the scCO; stripping
apparatus.
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o8] 712 Z4vle] & HDIPRE AAZI ] A3 AP S
ARt TL9E methanol, ethanol, IPA, benzyl
alcohol & E 3= 4787, wiisopropanol amine, N-tert-
butyldiethanolamine, triethylamine, N,N-dimethyloctylamine
& ¥3sh= opwlF, THF, chloroform, NMP, acetyl acetone,
dimethylacetamide, dimethylsurfoxide, propylene carbonate
2 Igsh= 34 £ AgEint dlolsE A iRl 1
A7)z A2l &= 313 K2 -FX 39t FE4E 10w/w%
g Ao 295t TYHTS AHEalo] 27.6 MPa 3
o olushad A URE FYU O, BWNE o183
weterash FUE Ul ERINA 58 F 20
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T AEsE LEHARE FHRES &5 oiseaE <
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B9 AAZEHE 10082 B S o] &3t SUor B
st} 7 AF}E Table 2 o Yehiich

AP Ay ¢IEFS olFolME Al ARSI
HDIPRS) A|A ax7F A2 Vel bR 923k31, acetone, THF,
NMP, acetyl acetone, dimethyl acetamide, dimethyl sulfoxide
5 24§78 AALIL & dehte 2e BT 5
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3.2. ZUAO|MBIEAL| SEx0| TE MAHz

Fge]l wE AEZF oA AAEHRIE Holdt
acetoned o] &3to] FEW FE, ¢, &%, A B&
FAZAL WA A HDIPRY AEEE 453 vlwssich

AA @] WE AALFAES dolrr] 3 2EE 313
K2 AN, 10 wwhe] 340 52 17 ~ 27.6 MPa
2 g=Eg WA 57 AEE PRSItk
a2ln 2xo wE AAEAE dohy] 8 e 276
MPa 2 TAA)7]T, 10 wwhs] FEZ 308 ~ 343 K2 2 =&
H3tA A 587 AE-E APsiqict A8 A 229 $Hol
Z7}e4= HDIPRY AALRE FolAs Ag & F AU
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Table 2. The effect of various cosolvents on HDIPR stripping

Extent of Extent of
Co-solvents stripping Co-solvents stripping
(%) (%)
Methanol 10% Acetone 30%
Ethanol 10% THF 20~25%
IPA 1~5% Chloroform no effect
Benzyl Alcohol  no effect Hexane no effect
TmSOPltOpaHOI no effect {Poly ethylene glycol no effect
amine
N-terbButyldnethan no effect NMP 1~5%
olamine
Triethylamine no effect | Acetyl acetone 1~5%
N,N—Dxm?thyloctyla no effect Dlmetl.lyl 15~20%
mine acetamide

Propylene carboante no effect |Dimethyl suifoxide  25%

Table 3. The extent of HDIPR stripping in scCO, at
various pressures

Pressure scCO;, density Extent of stripping
(MPa) (g/mL) (%)
17 0.81 25
20.7 0.84 30
27 0.87 30
27.6 0.89 40

Table 4. The extent of HDIPR stripping in scCO; at
various temperatures

scCO, density  Extent of stripping

Temperature (K)

(g/ml) (%)
308 0.92 30
313 0.90 30
323 0.86 30~40
333 0.81 40
343 0.77 50

AL &Lt EHFE FAlRA EFNUATE AR
EEYAAES] FA AWM &go] Frketa, ¢¥ol
TS §A9 YE7t ol wat fago] ke
Zio) 7]Ql8h= A o2 Belth Table 33 Table 40| =1 A7&
e

A LEt 2EFF AAEN EE AT, AA
FEE o 50% A adwt et detd AARHE
wo|7] A3l w5} ARk M AATHE APsich 2E
238 T3 27 27.6 MPa, 343 KE 73X 7], 25 &
~ 15 wwhE WIANA A& AP A¥FH 10
wiwPeol x| 2 o] AAELA7} vebta, 2HT B2 FRelA

Table 5. The extent of photoresist stripping in scCO; at
various reaction times

Time (min) Extent of stripping (%)

5 50
10 50
20 60
40 60

= 598 20]E B < 9191tk 27.6 MPa, 343 K, 10 ww%
FRZAANA 5 ~ 4087k ARk WSt dgE BYe
A3}, 408 A9 Fofl o 60 %] TEHAANAER AAY A&
w2 5 AU (Table 5).
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Tg) Bl AEAN AMAZIATT HolwtR acetone FEWE
AMgERom, WA ko I AALHAE AT FHoE
318 K, 10 ww%2] 52 ¢48& 17 ~ 27.6 MPag H3lA]
A 287k AL AWsAT} JAUE FFHo) 2252 AA
2T Fopzith 133 2x0 BE AAETHE 27.6 MPa,
10 ww%2] 270 L58 308 ~ 343 K & W3iAA 2827t
AL A3 A}, o] Al L7t BE5E AAZHI Fof
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EEYAXE AA R 57 F o] 9%FE F= AL
o 4 99tk 11 AEAIE Table 6 off Vellivl 28133
£ FHgslo] 48E AYsiey] 27.6 MPa, 343 K, 10 wwh
Z790M 28 7 TS APRE o F 80 % AAEAZ} e
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=

Table 6. The effect of temperature on the siripping rate of
HDIPR by ultrasonication in 10% w/w acetone/
s¢CO; mixture for 2 min

Temperature () Extent of stripping (%)

40 50
50 60
60 70
70 80




Table 7. The effect of reaction time on stripping rate of
HDIPR by ultrasonication in 10 w/w% acetone/
s¢CO; mixture at 343 K and 27.6 MPa

Time (sec) Extent of stripping (%)
120 80
150 95
180 100

Figure 3. SEM Images of wafer samples: (a) before
stripping and (b) after stripping.

Spectrum 2

1 2 3 4 5 6 7 8 9 10

Element Atomic%
C 77.85
o] 8.64
Si 13.52

Figure 4. EDS Images of wafer surfaces (before stripping).

©1 234 567 8810

Element Atomic%
C 0

0 0

Si 100

Figure 5. EDS Images of wafer surfaces (after stripping).

A APE AP Bokrt 2F oA 3F Tt AFE - |
3, 3&°]4 HDIPRO] &38| AAR A& &dd & Aok
(Table 7).

Figure 32 A/ 3% A52] HDIPRO] Qo gl dlo]= 9
WS 293% SEM o]u]|z|o|t}. Figure 3(a)x TEHAAE
£ AA] A9 <ol FH 2EE, Figure 3(b) #43]
EZEHAAE Fo] AAY EBEYE HojFrh Figure 4%
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