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Abstract—The correlations between the internal and the process variables in plasma etching were derived
based on fundamental theories as well as experimental data from literatures. The rates of plasma etching
in SFs system were calculated based on these correlations, which agreed with the reported experimental
values within the same orders of magnitude. The etch rates calculated for various process conditions changed
in the same trend as the experimentally measured ones. Reactive ion etching(RIE) in Cl,/HBr/He system
was performed under different pressures and electrical powers. Parameters in the correlation equations de-
rived from literatures were replaced by three adjustable parameters, C;, C;, and Cs;, which were determined
by fitting the simulation profiles to the three experimental results. Trench contours simulated using these
parameters agreed well with those obtained from the experiments.
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Table 1. Two systems for deriving correlations between
process and internal variables

SFs*/SFs system

CF3*/CF, system

Mass ratio 127.066/146.066 69.011/88.011
=0.870 =0.784
Electrode gap 5 c¢m 3 cm
Cathode 156 cm ¢ 100 cm ¢
dimension
RF power 0.26 W/cm? 1.27 W/cm?
Electric field in typical plasma process,
100-1000 V/cm
Pressure range 10-40 mTorr 100-600 mTorr
Reference [6] [6]
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Table 2. Etch rates reported in references
Gas Etch rate Power Pressure Flow rate Reference
A7) (W/cm) (mTorr) (sccm)
Plasma etching CF, 83 0.38 600 30 [14]
SFs 291.7 0.36 200 50 [15]
Reactive ion etching CF, 15.0 1.30 20 [16]
6.7 0.30 30 25 [17]
SFs 40.0 1.67 50 43 (18]
86.7 0.16 200 20 [15]

Table 3. Etch rates calculated according to derived corre-
lations between process and internal variables for
SFs*/SFs system
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Table 4. Etch rates measured from experiments

unit: [&/s]

100 W 250 W

400 W

Pressure

Sample Etch Sample Etch Sample Etch
Power \

no. rate no.

rate

no. rate

etchant) 2 A7) 3lich. BOEE A2l d3e F7
deth A2 7|33 vpazstel AdEs 304 10
B2 Aol AZE Fot npaze Alzke Rajd
BE=2 2k

200 mTorr #1 (56) #6 833 #7 1513 i -
350 mTorr #2 69 #5 3125 #8 1402 iz'z%?f:} o xeto oot
500 mTorr #3 6.25 #4 8.3 #9 100.0 ‘é‘a}‘-—— }‘ L‘6‘7]-’] ‘_"45 100, 250, 400 Wi, J?ﬂ—a—
7} A& ol tfsted 200, 350, 500 mTorr2 27+ v 332 A
#1. 200mT/100W #6 200mT/250W

#2. 350mT/100W

_s{n;t e ;',_éiﬂ‘l?i!:_.

#3. 500mT/100W

crs Ty BN

#4. 500mT/250W

Fig. 1. Etch profiles obtained under various conditions(Flow rate[scem] : 200 He/120 Cl,/60 HBr, Etch time : 3 min,

Mask : TEOS 1000 A).
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Fig. 2. Correlations between process and internal varia-
bles.
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X coordinate(um) _z 5 #6 #7

42 #5 48

J

#3 #4 #9

Fig. 3. Simulation of etch profiles obtained under various
experimental conditions. The experimental condi-
tions are given in Table 4.
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ALEI |2
a : acceleration of ion [cm/s?]
ex» - Kkinetic energy of n-th ion
e, :€x, normalized by €.
€mer : Maximum ek, without any collision with neu-
trals
eun .sum of e, for n=1-N;,
E  :electric field [V/cm]
j tion flux on Si substrate [ # /cm?s]
] :energy flux on Si substrate [kcal/cm’s]
Ko :proportional constant relating Sh and P
m :ion mass [g]
M  :molecular weight
N.» :total number of ions generated in simulation
N :Fluorine concentration [ # /cm?®]
N, :gas concentration [ #/cm®]
P  :pressure [mTorr]
q  :electric charge [C]
Rix :etch rate by ions [A/s]
R.. :etch rate by neutrals [A/s)
Sh  :sheath thickness [cm]
T : temperature of gas pressure [K]
U, :average kinetic energy of an incident ion [kcal]
\% : electric potential difference of sheath [V]
W :electric power [Watt]
az|o|lA 2X}
€0 : dielectric constant of free space, 8.86X 1071
[farad/cm]
A :mean free path [cm]
G : collisional cross-section of ion in gas [cm?]



7.

of

ki

EAuEsH

. Antoniadis, D. A. and Dutton, R. W.: IEEE Trans.

Electron Devices, 26, 490(1979).

. Oldham, W. G., Neureuther, A.R., Sung, C, Rey-

nolds, J. L. and Nandgaonkar, S.N.: IEEE Trans.
Electron Devices, 27, 1455(1980).

. Pack, R. and Thurgate, T.: DEPICT and DEPICT-

2. Users Manual(Technology Modeling Assicates
Palo Alto, CA, 1988).

. Lorentz, ]., Pelka, J., Ryssel, H., Sachs, A., Seidel,

A. and Svoboda, A.: IEEE Trans. Computer Aided
Design, 4, 421(1985).

. Kushner, M. J.: J. Appl. Phys. 58, 4024(1985).
. Thompson, B.E., Sawin, H. H. and Fisher, D. A.:

J. Appl. Phys, 63, 2241(1988).
Y, 2, A3}, F4E s 3203),
431(1994).

. Mutsukura, N., Kobayashi, K. and Machi, Y.: [

g3t Eehze} Azciisl AALRAL

10.
11.

12.

13.

14.

15.
16.

17.
18.

613

Appl. Phys., 68, 2657(1990).

. Ulacia-Fresnedo, J.1. and McVitte, J.P.: | Appl.

Phys., 65, 1484(1989).

Flamm, D.L.: J Appl. Phys., 52, 3633(1981).
Ninomiya, K., Suzuki, K., Nishimatsuy, S. and Okada,
0.: ] Appl. Phys, 58, 1177(1985).

Chapman, B.: “Glow Discharge Process”, John Wi-
ley & Sons(1980).

Morgan, R. A.: “Plasma Etching in Semiconductor
Fabrication”, Elsevier(1985).

Mader, H.: “Plasma Processing”, Electrochem. Soc.,
Pennington, p. 125(1981).

Eisele, K. M.: J. Electrochem. Soc., 128, 123(1981).
Hosokawa, N., Mutsusaki, R. and Asawaki, T.: Jpn.
J. Appl. Phys. Suppl. 2 ptl, 435(1974).

Bondur, J. A.: J. Vac. Sci. Technol, 13, 1023(1976).
Mauer, J.L., Logan, J. S, Zielskin, L. B. and Sch-
warz, G.C.: J. Vac. Sci. Technol, 15, 1734(1978).

HWAHAK KONGHAK Vol. 32, No. 4, August, 1994



