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Abstract—The reaction kinetics of silicon etching in HF-oxidizing agent-H,O solutions has been investigated ex-
perimentally. The etch rates were examined varying HF and oxidizing agent concentrations, agitation speed, and etching
temperature. The etch rates increased with increasing the concentration of oxidizing agent. In a KBrO,-12M HF-H,O solu-
tion, however, the rates increased to a maximum at 0.05M KBrO, and then decreased as the KBrO, concentration in-
creased. A K,SiF; layer was found to be deposited on the silicon surface at high KBrO, concentrations. HF played an im-
portant role for accelerating the formation rate of holes at the silicon surface and for the removal rate of K,SiF, formed on
the wafer surface during the reaction. At low HF concentrations, the etch rate increased slightly since the formation rate of
holes was very slow. Under the condition of sufficiently high HF concentrations, the higher was the energy difference
between the valence band of Si and the solution potential of etchant, the lower was the activation energy and thus faster
was the etch rate of Si. The rate limiting step of the silicon etching reaction was proved to be the formation of holes at the
surface. The rate law of the silicon etching reaction was determined experimentally.
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Fig. 1. (A) Etch rate vs. RPM and (B) Etch depth vs. reaction time
in 12M HF-0.05M oxidizing agent-H,O solutions at 293 K
and 800 RPM.
® : KBrO;(p-Si), O: KBrO;(n-Si), #: K,Cr,0,(p-Si), O K,Cr,0,
(n-Si), A: KIOs(p-Si), A: KIO,(n-Si).
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Table 1. The etch rates of Si in etching solutions at 293K and 800
RPM

Oxidizing Etch rate(um/min)
agent(0.05M)  Fe(l, L Br, KIO, K.Cr,0, KBrO,

n-type Si(100) 0.0000 0.0253 0.1011 01538 03141 04197
p-type Si(100) 0.0000 0.0515 0.1150 0.1356 03725 04381

a8 HI3sH A4z 1997 8@

Table 2. Standard redox potentials of etching solutions
E°(V). (NHE) E°(V). NHE) E,,

Reaction

at pH=0.0 at pH=23 (eV)
L(s)+2e =21 +0.535 +0400 —4.90
Fe*'+e =Fe”' +0.771 +0640 -5.14
Bry(ag)+2¢ =2Br +1.08 40950 -545
10, +6H'+5¢ " =1/2,+3H,0 +1.19 +1.056  -555
Cr,0," +14H'+6e " =2Cr’"+7H,0 +1.330 +1.190  -5.69
BrO® +6H'+5¢ " =1/2Br,+3H,0 +1.500 +1360 -5.386

*E°(V).(NHE): standard normal hydrogen electrode.
*E,: absolute electron scale= - 4.5 eV — eE °(NHE) at pH=2.3(ref. 23).

HE=A9] o o] £[26]¢] whE kA2 A7) 5}skd AL u)e)
Az ES el o)) A==, FR[27)0 whz2" 300Koll4] wie
ARl e A vbeA] vro g Wrusy Z83 Y24 Ao
== Si®] YH(work function, ¢y p-33} n-Fel] sl z+7+ 4.91
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Fig. 2. The effect of the solution potential on the etch rate of Si(100)
at 293K and 800 RPM.
®: p-Si, O: n-Si.
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Fig. 3. The effect of the concentration of oxidizing agents on the
etch rate of Si(100) in 12M HF-oxidizing agent-H,0O solu-
tions at 293 K and 800 RPM.

@®: KBrO;(p-Si), ©: KBrOs(n-Si), B: K,Cr,0,(p-Si), (I K,Cr,0,
(n-Si), A: KIO;(p-Si), A: KIO;(n-Si).
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Fig. 4. The SEM photographs of the cross-section of Si(100) etched in 12 M HF-KBrO;-H,0 solution with varying KBrO, concentration at 293

K and 800 RPM.
(a) 0.05M KBrO,, (b) 0.10M KBrO, and (c) 0.15 M KBrO,.
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Fig. 5. (A) Auger spectrums and (B) The XRD patterns of the sil-
icon surface etched in 12 M HF-oxidizing agent-H,O solution
at 293K and 800 RPM.

(a) 0.05 M, 0.15M K,Cr,0, and 0.05M KBrO,, (b) 0.15M KBrO,.
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Fig. 6. The effect of the concentration of HF on the etch rate of Si
(100) in HF-0.05M oxidizing agent-H,O solutions at 293K
and 800 RPM. i
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Fig. 7. The SEM photographs of the surface of Si(100) etched with
varying HF concentration at 293 K and 800 RPM.
(a) 25M, (b) 12M HF in HF-0.05M K,Cr,0,-H,0 solution, and
(c) 2.5 M HF, (d) 12M HF in HF-0.05 M KBrO,-H,0 solution.
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Fig. 8. The effect of the concentration of hydrogen ion on the etch
rate of Si(100) in 5M HF-0.05M oxidizing agent-H,O solu-
tion at 293K and 800 RPM.

@®: KBrO; and B: K,Cr,0,.
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Table 3. Kinetic parameter summary for silicon etching reaction

Reaction Activation energy
Oxidizing agents HF (kcal/gmol)
KIO, 0.10 0.50 9.00
K.Cr,0, 0.50 3.00 7.80
KBrO, 0.50 3.00 6.80

3-5-2-4. 9R3-2- 12 0] o 3

HEgE ol e AlZtE o] ok T} §)sle] 275-313K
2] 2% WA Sig 7} Azhg-dn} nkgA|A AE ArheniusE
#13to] Fig. 120 vtehigic}h. o Zal 28 AzukgAlellA 2444
o FAE volon, A9 7|7 2RE #4135 AU E 77 A
3} KIO;, K,Cr,0,, KBrO:¢] n-Si(100)2} p-Si(100)2] 2413} ofjL =]
£ 77 9.0, 7.80, 6.80 keal/gmol ©.2 KIO,>K,Cr,0,>KBr0,2] %4]
2 7hagre ¥git

3-5-2-5. K,SiF, 2345

Fig. 3¢l @2 % KBrO, FEellA & KSiFo} Si el &3
o] KSiFe] Fa4 5 KBrO2] 5o 9&3e & 4 9t
KBrO;2] %7} 0.05M o|Atellx] = Exiol] AAH K SiFe] 23
=7} 2718k} K SiFot Si Edel] A4 w2 Algdn e 24a
FEZ KSiF2] ZHEEE Cuo,=0.05 M4 ) Azt&rsl 7 o)
e Fxellre AZ&ze] Ao s} webA K SiFe] 2%
S5 o g3 2ol ZAY 4= 9l

Tpep =k(CK‘w3 -C

KBrO3 | M=0.05 )"

22

Fig- 3°"kl CKB:O3=O~05M o]/~°l—9,] E]]OIE']-%—' %8}‘04 rDepiq’ (CKBIO3_
Choos | wm00s)2l JAIE Z12]9 Fig. 135} 72o] HAr}. o] 23 ela] Q&
A9 71€71e 2] £EAkS kgho] HH, 203 Kell41 2] k=22.0
o]sich

uhgAte 0 F317] A3 (22)4)9) ool AlAd g sl o}
&3} 2ol EAH}.

@ O: KBrO,

05 W, : K2Cr207
— A AN KIO3
£
E -0}
£
3
o -15}
g
S
e 2o r"ﬁ/&A
£

_25 L A i I N 1 N

2.2 2.3 24 25 2.6

In HF concentration ( mol/L )

Fig. 11. Plot of In —r vs. In C,; in HF-0.05M oxidizing agent-H,0
solution.
@ : KBrO,(p-Si), ©: KBrOy(n-Si), B: K,Cr,0,(p-Si), (I: K,Cr,0,
(n-Si), A:KIO;(p-Si), A: KIO,(n-Si).

HWAHAK KONGHAK Vol. 35, No. 4, August, 1997



512 HedE - QAF - AR - LA - @14 - AT o8

1
0. 0O: KBrO3
m. K,Cr,0,

—~ 0OF A A :KIO

£ 3

£

£

3

— ‘1 o

]

g A

5

w2} O

[y

- A

30 3.2 3.4 36 3.8

1/T X 1000 (K1)

Fig. 12. The Arrhenius plots for Si(100) etching reactions in 12M
HF-0.05 M oxidizing agent-H,O solutions at 800 RPM and
30 min.
@ : KBrO;(p-Si), ©: KBrO,y(n-Si), B: K,Cr,O«p-Si), O K,Cr;0,
(n-Si), A: KIOy(p-Si), & KIO;(n-Si).

In 1, =In k+nln(Cgp. — Cogo, | yr=00s) (23)

Fig. 13¢] 5.4l KBrO,%] 559} Alzt4 % dlolel S tiqlse] E4)
TF A4 71 gr|2re SRS 77 AR n=2.001c}.
wa}A] 293K, 0.05M o]4ke] KBiO; =4 KSiFe] Z28& T
ke Ao g A% 4 9t

20
Iy, =220 (CKB»O3 = Cearos I0s) (24)

06}
<
£
£
3 04l
[
®
c @ : p-Si(100)
S O : n-Si(100)
2 02t :
(@]
o
[(})
&)] O

0.0 - s

0.04 0.08 0.12 0.16
[C -C 1

KBrO, ~ KBrO_1M=0.05
Fig. 13. Plot of ry,, vs. (Cia0, — Crawos | me0es) in 12M HF-KBrO;-H,0

solution.
®: p-Si, O n-Si.

2EZ8 H35AH H4& 1997d 8H

4. = 2

Sio} A17hukg-g- HF-ARSIA|-H,0 E£3-4-ell4 o] 712 AY @
S5 M3 EAM AR A ohe 2 FAES 28 5 UddE

HF-43HA)-H,02] E3H-8-904 Si(100)2] A)zhike-& Y
o] F3fof we} AL s} 34 DS o 4 ANdet Sig Az
W45 Al7hg-dle] AlstaIA 97T Al wet Sk e
o, Si Az7Ha 2] AR EY o] FlellM= 343 F71HE B
Z AlZHgoi 9] oux| &4 9} Siol AP oz &9 A, (B -
E,»} 29 242 Si 399 A5 57} 271819 Sie] Ahshule-g
ZANA ALEEE ZIAAS & 5 AT AEHA| Y] FEell o
£ AZbe4 58 AR 43 KIO;, KCr,08 39e 57t 5
7Vl wEla Al ert F7hskel o, KBrOso] A= w27t
71l @eiA] AEEr) F1sle) o= B oA EHE A
7+ 2ol KSiF7F st A&} aghs o4 5 dsdch
ol2i3t Al ZtEl Eel KSiF7F A== 2L Si el 4% A
o = A eS¢ F e, ol2HE ¥ 24
E(stain)®] FAPZAE IS¥ 5 Aok £ 2 HF FRdA=
A& E7) A QAE] FAH L, ¥ HF 54 e Ald&er)
A2 7V A€ & 71 Asde o= HF7F 43 sid Al
Ashed o]49 Bk ohle} #9 HF7} AbslAlol] H'E #3514
AtstAle] #UubEEE S ZYHAA Sio] GAsE 719 E F7]

AL o 5 ek old, Al 7hakg-o] GAIs o= 747 9.00,
7.80, 6.80 kcal/gmol © 2 KIO,>K,Cr,0,5KBr0,] #42 71A4gs
o 4= slgdeh

Si A7Mkg-9] g4l Si el AAEE AT LR
ovf, AZMESE T AL E, - E,, AFSHAIS} HFY] 5= 3 HhE2 5
o] g2 FAF 5 e, 7 AlZhgdel] 3 wbeAE Al
Aoz 73 4= gt

& A

2 A7 AEAER M EHATAHE T =D
FdFAlE 2 Lol 23 iy

EAnEs

1. Ghandhi, S.K.: “VLSI Fabrication Principles”, John Wiley & Sons,
Inc., N.Y., 475(1983).

2. Sze, S.M.: “VLSI Technology”, 2nd ed., McGraw-Hill, N.Y., 424
(1985).

3. Sawin, H. H.: Solid State Technol., April, 211(1985).

4. Downey, D.F., Bottoms, W.R. and Hanley, P.R.: Solid State
Technol., Feb., 121(1981).

5. Booinger, D., Liga, S. and Matsumoto, O.: Solid State Technol.,
May, 111(1984).

6..Chin, B.M. and Lee, K.L.: J. Electrochem. Soc., 137(2), 663
(1990). .

7. Vossen, J.L. and Kern, W.: “Thin Film Processes”, Academic
Press, 405(1978).

8. Vossen, J.L. and Kemn, W.: “Thin Film Processes’, Academic
Press, 434(1978).

9. Sangwal, K.: “Etching of Crystals”, North-Holland, 356(1987).

10. Dyment, J.C. and Rozgonyi, G.A.: J. Electrochem. Soc., 118,
1346(1971).



11.
12.

13.

14.

15.

16.
17.

18.

19.

20.
21.

22.

HFAESHA-H,0 $-8-<ljelld Si A]7hikg 513

Mori, Y. and Watanabe, N.: J. Electrochem. Soc., 125, 1510(1978).
O'Commor, J. M., Dvorsky, E.F., Hier, H.S. and Reif, W.P.: J.
Electrochem. Soc., 135(1), 190(1988).

Robbins, H. and Schwartz, B.: J. Electrochem. Soc., 106(6), 505
(1959); 107(2), 108(1960); 108(4), 365(1961); 123(12), 1903(1976).
Decker, H., Pettinger, B. and Gerischer, H.: J. Electrochem. Soc.,
130(6), 1336(1983).

Kelly, J.J. and Noyyen, P.H.L.: Electrochem. Acta, 29(5), 589
(1984).

Gerishu, H. and Mindt, W.: Electrochem. Acta, 13, 1329(1968).
van de Ven, J., van den Meerakker, J.E. A.M. and Kelly, J.J.: J.
Electrochem. Soc., 132(12), 3020(1985).

Kelly, J.J., van de ven, J. and van den Meerakker, J.E.A. M.: J.
Electrochem. Soc., 132(2), 3026(1985).

Seidel, H., Csepregi, L., Heuberger, A. and Baumgartel, H.: J.
Electrochem. Soc., 137(11), 3512(1990).

Eddowes, M. J.: J. Electroanal. Chem., 280, 297(1990).

Seo, Y.H,, Nahm, K. S. and Lee, K. B.: J. Electrochem. Soc.,
140, 1453(1993).

Seo, Y.H,, Nahm, K. S., Hahn, Y.B. and Kim, C.B.: Korean J.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

of Chem. Eng., 11, 89(1994).

Nahm, K.S. and Seo, Y.H.: Korean J. of Chem. Eng., 12, 162
(1995).

Dean, J. A.: “Lange's Handbook of Chemistry”, 13th ed, McGraw-
Hill Co., 6(1985).

Odenweller, T.: J. Electrochem. Soc., 137(8), 2457(1990).

Pierret, R.F. and Neudeck, G. W.: “Modular Series on Solid State
Devices: 1. Semiconductor Fundamental”, Addison-Wesley Publi-
shing Co., 1985.

Weast, R.C.: “Handbook of Chemistry and Physics”, 70th ed.,
93(1989).

Butter, M. A. and Ginley, D.S.: J. Electrochem. Soc., 125, 228
(1978).

Memming, R.: “Comprehensive Treaties of Electrochemistry”,
Vol. 7, Plenum Press, NY, 535(1983).

Zhang, X.G., Collins, S.D. and Smith, R.L.: J. Electrochem.
Soc., 136(5), 1561(1989).

Gerischer, H. and Lubke, M.: J. Electrochem. Soc., 135, 2782
(1988).

Kern, W.: J. Electrochem. Soc., 137(6), 1887(1990).

HWAHAK KONGHAK Vol. 35, No. 4, August, 1997



