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Stripping of High Dose Ion Implanted Photoresist Using Co—solvent

and Ultra—sonication in Supercritical Carbon Dioxide

Seung Ho Kim

Department of Image System Science & Engineering, The Graduate School.

Pukyong National University

Abstract

A novel technology for.removing high—dose ion—implanted photoresist (HDI PR)
from semiconductor wafer using supercritical carbon dioxide (scCO,;) and co—
solvent formulation was  described. A combination of “ultrasonic agitation with
scCOy/co—solvent stripping was found to be an effective method ‘for photoresist
removal. Ultrasonic agitation was an efficient technique for achieving higher
stripping rates. The effect of temperature, pressure, reaction time and the type of
organic co—solvents on the stripping rate of HDI PR was investigated. The
microstructure of sample wafers«after stripping was characterized by scanning

electron microscopy-and-energy dispersive X—ray spectrometer:
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2.2 A3

2.2.1 o)y Az 9 F&u)

MFE A AP E 9o]s Ao KrF Typed 318323 Poly Hydroxy
Styrene LEHAAES 2 im FAZ A% IH3Io] FEHYAAE & A
AL g, N, As, P o]&% 30 KeVe 7}&5E$ 1x10% ~ 1x10'°
atoms/cr Dose® ©]2F¢% IS FAF FIdFozH W AHstd
@3t 7RSS Azl
Figure 2.1. b)ell Yebd ZHH o] F FHe aix 2.1 m2
EIEHAAE Fof ol ¥WoRHE 0.3 mm T4 w©3Fo] FAH
TIEHAAES FAAAAN A (SEM) S 8 dol¥ =4S #2619t
olAbslet s 9999 % () £5L. RS HA Qo) AMgsior,

FE&WME HEE, oeE oAZEdHES . X EIEF, HEH

=
GEEol} EL 2%polde ERER ASHE oJF EES EF
Aergow Wzel Al glol A stgich,
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Table 2.1. Wafer condition

PR Power Dose Thickness
Source

Type (KeV) (atoms/cit) (¢m)

KrF N, As 30 1 x 107 1.6

KrF N, As 30 1 x 10 2

KrF P 30 1 x 10 2

Figure 21 SEM image of the implant damaged photoresist on the wafer
a) 1xX10%atoms/err b)-1 %10 atoms/crt

2.2.2 A% A 9 Ad v
Figure 2.2. o] 1ol FUF IXEHAAEE AAS 7] £33 w3 9

ECE ey e b

3 =
AR, Fq2 FFXE o]gstd HES2E(0~100 O)F x4 & +



X 1 cm =ZAZIE AFERe], 19F wEg7] diFel nd Az
TE&rel H7MAE wola® FME AESte] W& R E FYT v,
ISCO PUMPE &3dto] 44 <ol olistegas Fwshiint
Ui-e] 2AEES A wetede] g3 ME ddstA EFEH] HEE

Aol 25E TEHAAAS A, 4T A Ay 5 Rk

=
AN sgom, Wl el gEshs EERAAAE b £58
Fors FelFel AAGT E Avelar tad el Tavel
AAE Al ERAAAEY  AAT  dAFsgod, 297
ol tgteal ¥ ¥ LEWse] ME ZEAAAEY AA EYS AT

9
e
e

¢

15CO :
2 | ) PULIP =7 Filter

COR Tank

«—(7)

Figure 2.2. Schematic diagram of the scCO; stripping apparatus.
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N =N

Electron Image 1

400um

Figure 2.3. Optical microscope images of photoresist stripped by scCOs.

2.3.2. &9 & H7tA EFHel &7 AlA

o+7Zke] Tetra Methyl Ammonium HydroxideS Al-&3dlo] o)L FdH
FEHALEY Faid s AN

A9 2 o] 2 FYUEEEYREEI dof Sl dol#E 1 x 1
cm A7|E ARG 2Rk {78, dars] AL e s dUlow
Abgate] glols el 1--& 43ls At (figure 2.4.) 3% WX Fof, DI
waterg ARESto] flolH e okma ASHA AlAHeta, dx F 9ol

o
=
HRO LEUALE FHE Bt
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2. Chemicals

1. Wafer

Figure 2.4. Chemicals on Wafer.

S dAE ghdet oju A E eyl

Methyl alcohol, Ethyl alcohol, Isopropyl alcohol, Tetrahydrofuran o=
ol FYgHE YEHAAEV aH%la, Sulfuric acid, Tetra methyl
ammonium hydroxide %A XEHAAES fst &3S 53T,
o|Atsler o] ST A] A= A Fo] AT Tri ethanol amine, Hexane,
Ethanol amine®l+= €37} dojuyA] 9k3kt}. Methyl alcohol, Ethyl alcohol,
Isopropyl alcohol, Tetra hydro furang ©JAHslgka9} 7/ g2 AL
s, 949 ¥ 2EE WIANA qol2 FYE EEHASE AA ATS

Aaatsit.
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Table 2.2. Cosolvents solubility in scCOs.

Solubility Solubility Solubility Solubility
Chemical of in Chemical of in
Photoresist scCOy Photoresist scCOy
Sulfuric Acid (97%) ] Triethanolamine
Tetramethylammonium 0 : Hexane X A
Chloroform Ethanolamine
Tetrahydrofuran HF/Py (1:20)
Methyl alcohol 0] 0] Nitric Acid (60%)
Ethyl alcohol Acetic Acid (99%) - -
Isopropyl alcohol Hydroxide (1Msolution)

a) Sulfuric Acid,

2.3.3. 2 &4

Figure 2.5. Image of wafer surface

b) Ethanolamine c) Tetrahydrofuran, d) Ethyl alcohol

o % W] wE AA &

wole FUE TRAALES SaAE s B ol sl
g FEUE Argete] BE AR WE TmAAAE AA BN
Srobm gttt AFHE W7 o] 1Y AL wEUle] LR 40 T2
FAS T8 0.1 ~ 20 % B W3l FYHL NGBEE AHgstol
3000 psi ¢hHe oluBWAEZ WSy WFE FUT o, wE
olgstel olstisl FEWE wUA EFSEA 2 B B
EEAAAES AASRGY. WA FE T W3/ R EAse

-17 -



ottt agl FEWME Aol g WEATIL AEss EEHALE

AFES w5 olNRBLE =BAA ARG WIVRRE ABL

B4ste] 1 A3E Table 2.3. o YeERAT

THF 0.1 ~ 10 % oA+ 1ol FYd¥ ZEHAAES] BF& 2 5go]
dojyrom, 20 % oA <k 50 d = AAHTE. Chloroform 0.1 ~ 1.0 %
MM TEHAXES] AF 9 o] dojubal oF 5 ~ 20% = AAHAG
TMNOH 0.1 ~ 20 % oM+ EEAAXEZ}L AA =HA &3kt AlcoholiFi
THF S} A A 22 TEHAXES AAT 4 ATt

Figure 2.6. & ZtZto] FEwiE 10 %9 == AF doly 49
SEM olujxlo|tt. TdeA HZol F&uje] HFeol &gt XEHAAEZ)

3
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Table 2.3. The extent of photoresist stripping with scCO5 and different

cosolvent mixtures.

Chemical Contents (%) Extent of stripping (%)
THF 50
Chloroform 0.1 ~ 20 5~ 20
TMNOH 10
EtOH 50
MeOH 5~ 20 50
IPA 50

Figure 2.6. SEM images of wafer samples after treating with different

cosolvent in scCOs.

a) THF-10 %, b) Chloroform 10 %, c) TMNOH 10 %.

- 19 -



2.3. 4. &M}t HIHAY EF QNN AAEH

& o E s ol FRE TEHAAE AAYE ofH Y FE&H TR
sl W H7MA| s=e] Wste] wE YEYAAES AA@Ie st AdTE
A3tAT &&= THF, Acetone, Alcoholi+& A3l o719
Formic acid, TMNOHE H7MA| 2 AF&-3sle] A& 35Sl
Aol kA Z4zbe] gujel E9Foe] oliksivliel didh ey AdE
J&Ysrglon Table 2.4. o 7 A3E dehdilth. &8 THF, Acetone<-
20 %7tA FAE L, HIHA A7 3 ~ 4 w7kA EEESIT oA
HI7MA Y] =2 A dtell olAitsterie] s falwert AstEel Ao
Bl ¢S #Hal 18 %7k« &afi=drh. meb 15 %8 THF
Acetone¥} H7MAlZ4 TMNOH %3+ Formic acid & &% W3te] we}
ZEHAXES AA Ads At GAR =382 &5 40 T, vk
k8] 3000 psidl zielAl 2 & FH o= zAsGITh Table 2.5.9 A%4&
e ST
THF / TMNOH Z&9& ok 40 %9 A7=~7F vekset, TMNOH il
Formic acid® 7t 3= A-F AAEZH7E o Holwka, ¢F 60 %9
AA &7} JERE. THE 4l Acetone®ll Formic acidE #H7Fs &3t
ok 70 %7 AAEAY. Izl A Acetone / Formic sacid (15 / 2)
Foo@myrt veiwd, Fem L F S48 <ol

FHABE, A ol FRHEE WA EEol FPEE 4 5 A

flo
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Table 2.4. The solubility test of cosolvents and additives in scCOs.

Cosolvent & Additive % solubility
15 Soluble
THF
20 Soluble
15 Soluble
Acetone
20 soluble
2 soluble
TMNOH
3 insoluble
3 Soluble
Formic acid
4 insoluble
THF / TMNOH 15/2 Soluble
THF / TMNOH 15/ insoluble
THF / Formic acid 15/ 3 Soluble
THF /' Formic-acid 15 /.4 insoluble

Table 2.5. The effect of additives on photoresist stripping.

Cosolvent (%) + Aditive (%) Stripping rate (%)
THF./ TMNOH (15/ 1) 40
THF / TMNOH (15+#/.2) 40
THF / Formic acid(15/ 1) 50
THF / Formic acid(15 / 2) 60
THF / Formic acid(15 / 3) 60
Acetone / Formic acid(15 / 1) 60
Acetone / Formic acid(15 / 2) 70

=21 -



2. 3. 5. %, &9 wgel doly 1y WHd wE TEHALE
AAE

&l H7HAY] EFWoEE ZEHAAES 4Hds] AATE Gl
A

psidlAdl LEE 40 ~ 70 CT7HA WHIIAA
&= AAERRTE TS HoAWE olME
X 5 ~15 % s=5E dgste] T=ed wE AAadd gt Addx

A5},

Table 2.6. The extent of photoresist stripping with scCO; at different THF

concentration and temperatures.

THF Temperature (T)
Concentration Remark
40 C 50eC 60 C ZOF @
(%)
5 0% 0 % 5 % 5%
10 10 % 10 % 20 % 20 %
15 20 % 25 % 30 % 40 %
10 30 % 30 % 50 % 50 %
wafer rotation
15 50 % 50 % 70 % 80 %

0 4Y A%E Table 26, A dERiUTh 47 A¥AY s
wolAFE AALIY FAAYAL, LEA FAAEE AARFE FF
SFAAE, oF 40 %o XEHAAER AA= AT

golvlel 1y WHE AsAA wgth doluE wHY] wYAA

Folah W AHmwvtdel FAAA delHs ] mues TA

- 22 -



gy ow ARty F2e] A AAEA o Holk
Table 2.7. oA <& 5 QEo] dojAE AAmntatdiel 4 wyk AZ
A, &9 Tt weEt AAEAIE F43] dSstdlal THE 15 %,
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Table 2.7. The effect of various additives on photoresist stripping.

Cosolvent (%) .+ additive (%) Stripping rate (%)
THF : TMNOH(15 : 1) 85
THF : TMNOH(15 : 2) 80
THEF : Formic acid(15 : 1) 85
THEF Formicacid(15 : 2) 90
THF : Formic acid(15 :'3) 90
Acetone-: Formie aeid (15.:.1) 90
Acetone : Formic-acid(15:°2) 95

257} 453

oobr] grg

T XEYAAE AAGZY7 HAWA N ] AAEA =
stof] st A A AFS AR dEH -S> 3000 ~ 4000 psi
WA AFAQ O, Acetone / Formic acid (15 / 2)&Egdorw 2 Kyt

A2l sk3lth. Table 2.8.91 Ad A5 yehdsich. 49 A3 4000 psid
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Table 2.8. The extent of photoresists stripping by scCO; with 15% (w/w)

acetone and 2% (w/w) formic acid at different pressure.

Wafer conditions Extent of stripping (%)
Source Dose 3000 psi 4000 psi
N, As 1 x 10" 100 100
N, As 1 x 10% 95 100

P 1 x 10'° 95 100

TAAE WA AEE AP 2 An, 90 ~ 120 ZoA
TEHAAET SA43] AADES 4 5 99

=

|lo

W, Table 2.9.9] 71 A=

Table 2.9. The extent of photoresist stripping by scCO;z with Acetone

15 %, Formic acid 2 % at different stripping times.

Stripping time (sec) Extent of stripping(%)
90 100
60 95
30 90
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Figure 2.7. SEM Images of wafer samples.
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a) before stripping b) after stripping
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Figure 2.8 EDS Images of wafer surfaces (before stripping)
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Figure 2.9 EDS Images of wafer surfaces
a) Before stripping b) after 30sec ¢) after 120sec by scCO, with Acetone
15%, Formic acid 2% at 70 € and 4000 psi
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acetone, Dimethylacetamide, Dimethylsurfoxide, Propylene carbonate
59 24 8oE AHESTh ol kES BF AGFom Wxd 34
flol A&kt

Table 3.1. Wafer condition

PR Power Thickness
Source Dose
Type (KeV) (nm)
KrF As 50 3e!? 800

[ S
Tpm Etectron image 1

Figure 3.1. SEM image of the implant damaged photoresist on the wafer.
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Figure 3.2. Schematic diagram of the scCO; stripping apparatus.
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Table 3.2. The effect of various cosolvents on photoresist 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

Poly ethylene

Triisopropanol amine no effect no effect
glycol
N—tert—
no-effect NMP 1~5%
Butyldiethanolamine
Triethylamine no effect Acetyl acetone 1~5%
N,N— ; ;
no effect Dimethylacetamide 15~20%

Dimethyloctylamine

Propylene carboante no effect Dimethylsurfoxide 25~30%

3.3.2 A oA ¥ 3o BE AAEH

& -2-ujj o uh = &7 o A AA 77} Holt Acetone®}
DimethylsurfoxideE ©]&83}y 48, 2%, 5%, Alfte] wE FZZAES
H3lAl A A5 2 3skA

HA etege] WE AAGHE dolR7] Y EE 40°CE TAHA T L,
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10w/v%S %2 2500psi ~ 4000psiz &S WHIAA 583 A3S
APk g &l wE AAETNE dotrry] d 4EHe
4000psizZ GAI71aL, 10w/v%e %2 35~70CE =5 WA
5zE AFEES AT AP AT x99 9fHo] T/ E ol Y E
FIEHYAXRES AARZAE FoA = 2S¢ & AU Table 3.3.3 Table

3.4. o 1 A3E HERRSIT.

Table 3.3. The extent of photoresist stripping with scCO at different

pressure.

Pressure (psi)

Extent of stripping (%)

2500

3000

3500

4000

25

30

30

40

Table 3.4. The extent of photoresist stripping with scCO; at different

temperature.
Temperature Extent of stripping
C) (%)
35 30
40 30
50 30~40
60 40
70 50
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Table 3.5. The extent of photoresist stripping-with scCO, at different

time.
Time Extent of stripping
(min) (%)
5 50
10 50
20 60
40 60
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Table 3.6. The extent of photoresist stripping with scCO; at different

pressure.
Pressure Extent of stripping (%)
(psi) Acetone Dimethylsulfoxide
2500 30 30
3000 30 30
3500 40 40
4000 50 40

Table 3.7. The extent of photoresist stripping with scCO, at different

temperature.
Extent of stripping (%)
Temperature (C)

Acetone Dimethylsulfoxide
40 50 40
50 60 60
60 60 70
70 60 80
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Table 3.5. The extent of photoresist stripping with scCO; at different

time.
Time (min) Extent of stripping (%)
120 80
150 90
180 100

Figure 3.3. & AlA &4 A F9] o] F
dolH e HHE S SEM olu|Aojt}. a)d AF EEIHAAEE

AAST) A delsel  HwWe  =3sAx, bolmAdA @3

flo
R
[-‘O
ok
B
30
i)

IEAAAEZL AA"E A

Figure 3.3. SEM Images of wafer-samples.

a) before stripping b) after stripping

- 40 -



ul Scale 22684 ots Cursor: 0 UEUU
Element Atomic
< 77.85
o} 8.64
Si 13.52

' Electron image 1

0um

Figure 3.4. EDS Images of wafer surfaces. (before stripping)
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Figure 3.5. EDS Images of wafer surfaces. (after stripping)
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