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Dry etching of sacrificial oxide and residue removal using

supercritical carbon dioxide

Jae Mok Jung

Department of Image System Science & Engineering, The Graduate

School, Pukyong National University

Abstract

In this work, we used dry etching process using supercritical carbon
dioxide (scCOsz), which possesses zero surface tension, liquid like density,
gas like diffusibility and environmentally benign. As a result, this green
solvent is being considered for usepto advantage etching of sacrificial
layers (SiO,, TEOS) with high selectivity toward SiN structural layers.
Moreover, scCOsbased solutions in | wafer etching would eliminate the
water-based drying step and prevent structural damage to materials in
microelectronic devices. In our work, etching experiments were carried
out using HF-pyridine and various cosolvents (methanol, ethanol, butanol
and isopropyl alcohol) mixture in scCO.. The experimental parameters
were changed namely concentration of etchant, kind of cosolvents and
changing the experimental conditions. Also, we developed a two chamber
etching reactor (e.g. etching chamber and pre-chamber) that could provide
better efficiency. The pre-chamber is designed for pre-treating the etchant
as per demanded by the samples. We measured the etching rate,
selectivity and uniformity for BPSG and SiN under various experimental

parameters and found improved results. Finally, our developed etching

_iv_



method might have a great beneficiary in microelectronic industry in case
of silicon wafer and in surface micro-machining for the release of
component parts in micro-electromechanical system (MEMS) devices.
Further more, to meet the challenges posed by shrinking future sizes, a
novel cleaning technology for removing sacrificial oxide residue from
semiconductor wafer is introduced. In the key excitement in this paper is
we introduced specifically formulated surfactants (which must be
compatible with the acidic residues produced in the wafer) along with
polar solvent can be added in small amount into CO: to form water in COs2
(w/c) microemulsion in the circulated chamber system to perform
sacrificial oxide residue removal. In a typical experiment, we introduced a
specially designed surfactants into water in COgz microemulsion. The
surfactants create a nanometer scale heterogeneous system of discrete
polar microdomains dispersed in a continuous phase of non polar COs. The
surfactants added to CO, have a polar head group that points inward and
a COgphilic tail that forms micells, which remove process residue.
Cleaning with scCOz is a ‘dry in — dry out’ process technology, consisting
of a cleaning and a rinsing /drying step performed in the same chamber.
A novel approach to clean single wafer with supercritical carbon dioxide
process has been described. A major benefit of this process is from an
environmental perspective. It allows dramatic reductions in water and
chemical consumption while enabling achievement of the ITRS

(International Technology Roadmap for Semiconductors) goals.
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Table 1. physical property of SCCOs

Item Surface Tension D1ffuys1v1t Density Viscosity
(dynes/cm) (kg/m')  (g/cm sec)
(em/sec)
Water volR) | ~10- 6 N0~ [ =10
IPA 21.8 Al 785 2.4
SCCO2 0 ~10= 3 300 0.03
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i
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AFsFelA  CO2 in water(C/W)ell  AEE=  AASGAE2
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3.2 A

3.2.1 One chamber system®|* 2] etching

Fig. 3. Experimental setup of high-pressure COgo/HF etching equipment

(one chamber system), (1) CO. Tank, (2) 1/8" 2way valve, (3) ISCO

Pump, (4) Check valve, (5) 1/16” 2way valve, (6) 10cc Chamber, (7)
Magnetic bar, (8) Magnetic stirrer, (9) 1/16” 2way valve, (10)

Neutralization
oA Aekow $A4o] Qi HFE AH§a7] wRe] ofFol HEse

chamber system= 4 24 A2 (Hastelloy, Monel %)=ZA
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Fig. 4. Experimental setup of high-pressure CO./HF etching equipment
(Two chamber system) (1) COg Tank, (2) 1/8” 2way valve, (3) ISCO
Pump, (4) Check valve, (5) 1/16" 3way valve, (6) pre chamber, (7)
1/16” 3way valve, (8) sample chamber, (9) Magnetic bar, (10) Magnetic
stirrer, (11) Neutralization

Two chamber System o] AFE-¥® chamber(cel) = 2709 10cc

By E 7IX= 19t AZA AlHo] Eo]7l+= %9 sample chamber+s
Tk Alglolo] {E|7f FEEo g)ioA #Fo] HEF AX 549,

prechambert= A% ofFHAekS  F{lste]  CO29  mixing©]

N

Pestes  AREt. A8 pEe AT o FAGS

pre-chambertol]l wlola =z IS o]Lste] Fsk T 4000psi9
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deEoz COE FYst + 158 &< mixingd =% 7|ohdt}t. 156+
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AAe mAZA7IaL,  COE  2000psistg oz FYsth. 1 F
pre-chambertol]l oAl CO.7F 2 mixing¥® etchantE sample
chamberZ% 2 4000psi®] 4HE o]&3te] £=7HHO=2 FUA
etchant® FYF SAf A AFEHSOH, ARz

etchants® HE oAZFS FASIAE. dFAIZF HQF HSAI F

sample chamber &7 WHE o] COsetchantE NaOH F&o] 59
e ToE WNEFY HFSAWSSARE. L3 s Fste T80 =7

3toll 2] etch rate®} SiO.thH] SiNg AEIAL 1 o]y W2
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3.2.3 W/C emulsion®l &3t oFAAE A|A
AR AW FAA (surfactant-A) == DI water (CO, tiB] 0.2
Wt%) s MAl AFEE+&= AASE A]°F& microemulsion chamber®]

gl AgE 900l HW ISCO pumpslAl o445 wao) gEg
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Fig. 5. Experimental setup of highpressure CO./surfactant cleaning
equipment (Two chamber circulation system); (1) COs Tank, (2)
1/8” 2way valve, (3) ISCO Pump, (4) 1/16” 3way valve, (5)
microemulsion chamber, (6) Magnetic bar, (7) Magnetic stirrer, (8)
1/16” 3way valve, (9) MINI Pump, (10) 1/16” 2way valve, (11) sample
chamber, (12) filter

Fd3tth. FdE oAts e A AMEA A= AZF Aol ue} E3hE o]
ErekA vy oy, 1 Fok =53 o]atd ©A4E sample chamber
2 FddA HE=u olufe] dHEFAE microemulsion chamber 2

u
Ui gy sdst 202 {3ttt + chamber 9 8ol 53



A3, Y3 microemulsion chamber WH7F FHa| X ISCO pump2}t

fn

chamber = HAZAEE= valves Adsta F+ Aol £33 HAE B

_

valveE 7lW3sle] =t} valveZ} W& mini pump ¢ ZFrso
A3E ™ mini pumpE E35F% microemulsion chamber W&o U=
W/C emulsion £ A& A 7} F chamber AlolE =337 Hr},
A Alzbo] AW mini Pump?l 258 W33l ISCO pump$®} sample
chamber7} AZAE valveE At w4 valver EF Adsti

o]Atsl ®AE o] &35} ventdrtl A A7E ventingo] Eud

M
¥
ro

o
H

1y
o
ol

s viRe e ¥y wEe A M=

fo] mE

ok
o

surfactant-A7}F DI water®t &7 scCOstfellA W/C microemulsions
@7d8tal microemulsion®] flo]¥ Ao oF JoAzs AlAsk= WM,
ofd & A" FTAES DI waterd] =9 AAS ©S pattern
wafer’di-o &FE3sk= DI WatersS scCCO Ul &3ll¥ surfactant-A=
Trstste] AAsHE W, ZFoJ E& DI water® A A ThA|

A=tk
DI waterE IPAEZ X &3 t}L scCO,Uol IPAS &A1 A e v,

(A

To% AR o SEMS Eole] A|He WS AT

_23_



4.1 24 A7 wE FAFA
ZUA A AZAZPe okA F2Al AZtelA 1 A7t Aol ey
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s I —e—BPSG
s 609 —&—SiN
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£ 300 ¢
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0 A A 2 A
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Fig. 6. Effect of Time on etching with HF/H20(1:100) in aqueous
solution
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Fig. 7. Effect of Time on etching with HF/Py(7:3)/MeOH(1:5) dipping in

solution
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Figl. Effect of temperature on etching without and with co-solvent (IPA)
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Table2. Experimental condition and result of etching at pyridine dilution;
Etchant HF/Py: 0.2 cc, reaction pressure: 2000 psi, temperature: 40 T,
etching time: 10 min (one chamber system).

etch rate

i selectivity® Uniformity®
No condition (nm/min)*
BPSG SIN BPSG  SIN BPSG SIN
1 HF/Py 1:20 26 0 171 1 27 0
2 HF/Py 1:10 30 W 7 50 1 21 3
3 HF/Py 1:5 52 3.9 13 1 24 13

4 measured by ellipsometry analysis, b calculated from ellipsometry :
BPSG/SIN, € calculated from ellipsometry :

(thicknessmaxthicknessmin)/(average thickness of waferx2) x100
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TEUE AgANe A% Addow oF FE WA dehis

table 3%Hig.11¢] e QT

Table 3. Etch result of HF/Py/IPA (1:5:5) dilution at different reaction
time; Etchant HF/Py/IPA: 0.2 cc, reaction pressure: 2000 psi,
temperature: 40 C (One chamber system)

Etch rate . ‘ ‘
Time (min) (nm/min) selectivity uniformity
BPSG  SiIN  BPSG  SiN - BPSG  SiN
S 164 16 10 1 83 25
10 88 10 8 1 122 53

_32_



150

140

120

100

= g

Brchrate [nmimin]

o

4o

o0 -

Time min.]

Fig. 11. Etch rate of BPSG, SiN in HE/Py/IPA (1:5:5) dilution (table 3)

RHE SING AL o o] AEdEe] TAFCRE dF HUv o3

AeH] (BPSG/SIN) = 8 ~ 1027 UEFRETE

Table 4. Etch result of HF/Py/EtOH (1:5:5) dilution at different reaction
time; Etchant HF/Py/IPA: 0.2 cc, reaction pressure: 2000 psi,

temperature: 40 T (one chamber system)
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etch rate (nm/min)  selectivity uniformity

Time(min)  ppgg SIN  BPSG SiN BPSG SiN
5 105 14 8 1 8 10
10 86 10 9 1 22 8
1z0
E 20 4
E
E
= 60 -
£
8 )
0 SiM
T .
u} T T T T N !
a 5 & 7 5 g 10 11
Time [min.]

Fig. 12. Etch rate of BPSG, SiN in HF/Py/EtOH (1:5:5) dilution (table 4)

ftlo

table 4%} fig. 12 YE}Eo], Et-OHSA] IPASF B]5=3k Ak
Hoow Si0,9 oA IPA Hlste] ZFF "o X|wk 108 o

A o ofFo]l Hol WEgm, SINS 238 IPA AMHSEZ Kt Y
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Y, MeOHE AREEE o3 Al Ado|ASi0:9 oHAEE o=
AL Ads] dojfa, Tk SiNel ojst Adein] 9JA] IPASF EtOH +

T Hris o= Ax JAHEES KT} (table 5, fig.13)

Table 5. Etch result of HF/Py/MeOH (1:5:5) dilution at different reaction
time; Etchant HF/Py/IPA: 0.2 cc, reaction pressure: 2000 psi,

temperature: 40 T (one chamber system)

Tirme (i) etch rate (nm/min) selectivity uniformity
BPSG SN BRSG, SIN ' BPSG SiN
5) 105 9 12 Ii 20 14
10 88 8 11 1 200 12
120
= &0
E
=
= 6D -
[
-
i
] SiN
M L
0 . . : . . .
4 5 & 7 a . M o
Time [min.]

Fig. 13. Etch rate of BPSG SiN in HF/Py/MeOH (1:5:5) dilution (table 5)
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mixing¥ A &0 8 Qlato] AE HAo] f L3t ofFH o] FEEHA g

¥ ooly2} SiOy/SiNe AEH] Es A a3 4 F USIT wEbA

Etwo chamber system= A8} TF.

4
3

4.3 Two chamber System©]A 9] etching
4.3.1 HF/CosolventAl-&o] W& etching

table 62] A= table 59 Hlwdld & 4 A59], MeOHE 79

R=A

two chamber systems AME3F3S one chamber system=

AbgslSE S W Bt BPSGSF etchant?he] ®HEgAdo] 2] o)A Alol=
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Bt o= HFS o223yt ol & dojdel 7|l Zow,

pre-chambero| A4 2] F&3t &3 A7t 2]&}o] scCOWol w#d3tA Z

alle Zleol wE A3z Bl

Table 6. Etch result of HF/MeOH (1:5) dilution at different reaction time
; Etchant HF/MeOH :0.2 cc, reaction pressure: 2000 psi, temperature: 40
C(Two chamber system)

Timme (min) etch rate (nm/min) selectivity uniformity
BPSG SIN BPSG SIN BPSG SiN
3 293 4 73 1 0 15
6 293 6 78 1 0 1.2
9 293 8 73 1 0 48
12 203 9 73 1 0 14
350
Z00 4 - - - -
250 4 BRSG
E Z00 +
E
= 150 1
b=
ﬁ 100
7 SiM
o+ b v i »

T T
2 LS g 10 12 14

&
Fig. 14. Etch rate of BPSG SiNvigmd{faMjeOH (1:5) dilution (table 6)
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SiO2(s) + 2HFy (ads) + 2MH+ (ads)<> SiFy (ads) + 2H20 ads)
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o2 nlgoF MeOHUA ¥ FE&E AFE3e] Two chamber

system? AesS FH7ME| Btk WA Ha09 st o3 IS H7ls|
Bokth RE ZAAS DI Water?l AFES Patternilolo] EA#HE

TEetE R A gEoof sk, ol FHE 2 s} (500 nm/min etching) 2}
residue® o HAN FoF2]l 9% WHCeER DI water’t
scCOgUloll F&3] fal¥ = (0.2 wt%elste] =X += DI Wateri=
scCOzHel &3iE) & AF&slo] od Adds xdsto] I AIAE o}

table 73} fig. 15 YERUSIE. 23 Ay = BPSGS SiNe A#H] =

Fre Zlow wE Holn

Table 7. Etch result of HF/H.O (1:5) dilution at different reaction time
; Etchant HF/ H20: 0.2 cc, reaction pressure: 2000 psi, temperature : 40
T (Two chamber system)
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etch rate (nm/min) selectivity uniformity

Time (min) -~ prqq SIN  BPSG SiIN  BPSG  SiN
3 38 0.3 114 1 0.3 0.4
§) 49 0.6 74 1 0.5 1.4
9 39 0.7 51 1 1 1.9
12 73 0.8 88 1 100 0.5
a0
B0+ BRSG
£
E
&
— 20 -
=
w Sk
0o - - w - w
2 Y é s 10 12 14
Time [min.]

Fig. 15. Etch rate of BPSG SiN in HE/ H>O (1:5) dilution (table 7)
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4 Arto® Folil, v YNE Me-OHE 3Asto] oF AdE
Aeste] 1 AFE ol table 83 fig. 16 o YeERf ST
Table 8. Etch result of HF/H:O/MeOH (1:2.5:2.5) dilution at different

reaction time; Etchant HF/ H,O/ MeOH: 0.2 cc, reaction pressure: 2000

psi, temperature : 40 C(Two chamber system)

) etch rate (nm/min) selectivity uniformity
A1 ZF(min) ) . .
BPSG SiN BPSG SiN BPSG SiN
3 "2 ] A 108 1 0.5 1.8
6 118 1 118 1 1, 5 1.8
9 78 2.3 3B, 1 1.4 0.5
12 28 0.5 57 1 0.5 1.4
140
120 4
100 4
E " BRSG
= 60 -
=
R
0
SiM
0 w = w L
2 4 5 8 10 12 14

Time [min.]

Fig. 16. Etch rate of BPSG SiN in HF/H:0/MeOH (1:2.5:2.5) dilution
(table 8)
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ANRBozH  FaFol o HAE
pre-chamber®] <37+l ZFetol

Fe WSlN ABe Agsglon wa

o] 43e Hzas sl wy

93t etching AAA

Ak ol table 99 fig 17°] YeERSAL].

Table 9. Etch result of BPSG/SIN by controlled reduce etchant,
CO2 venting and system cleaning condition; etchant condition:
0.1cc, Venting condition: 20 ml for 40 sec, equipment cleaning: reactor,
line and valve using by acetone.(two chamber system)

A 7H(min) etch rate (nm/min) Selectivity uniformity
BPSG SIN BPSG SIiN BPSG SiN

1 53 1.3 39 1 1.1 14

2 51 0.7 77 1 0.9 0.4

3 54 2 25 1 0.9 1.4
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Fig. 17. Etch rate of BPSG SiN in HEF/MeOH (1:5) dilution (table 9)
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Fig 18. SEM image of residu on surfae of
(A) HF/Py (1:5) (one- chamber system), (B) HF/Py/IPA(1:5:7)
(one-chamber system), (C) HF/Py/IPA(1:5:7) (Two chamber system),

all experiment condition were carried at 2000psi, 40°C for 5 min
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Fig. 19. EDS picture of pure hydrated silica is treated with HF/Py in

scCOgz

Table 10. EDS data of pure hydrated silica is treated with HF/Py in

scCOy
ELEMENTS W% OF
EXPERIMENT PRESENT ELEMENT
C 48.40
. 0 19.14
u
| F 30.90
SiO2/HF/Py/scCO2 Si 1.31
Cl 0.26
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Table 1094 Lol olRE  F®  SiF/C/IOYEAER  FAF

BRERE

= s & o3d%leH, CF F AAgEo] SiF4¢

/%59 £82 A FAste] sauch
3IA gt Dl-waterv= o3 &5, A|Ago] ol 5 JHAT
DI-water?] ¥ capillary forceWlszoll fig. 20 ¥ o] x HH oA

pattern® &S oF7] AIZITh

(A)

Tpm Electron Image 1 ' pm Electron Image 1

(B)

Fig. 20. SEM images of pattern wafer (A) after etching, (B) after rinse
by DI-water
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Fig 22. cloud point profiles of surfactant-A according to temperature and

pressure
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Fig. 23. SEM images of surface of pattern wafer (A) after etching on
one chamber system, (B) after rinsing by W/C emulsion on two chamber

circulation system
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A -

Fig. 24. SEM images of surface of pattern wafer (A) full etched pattern
wafer (B) after rinsing by W/C emulsion on two chamber circulation
system (C) after pre-treating (etching with aqueous HF, rinsing with

DI-water) and then removing DI-water by surfactant-A on two chamber

circulation system
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