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Modeling and Optimal Control Input Tracking Using Neural Network and
Genetic Algorithm in Plasma Etching Process

SERCEAE -RILEW-BEF AT E RS E TR R
(Taek-Beom Koh - Sang-Yeob Cha - Jung-Shik Yu - Kwang-Bang Woo + Dae-Sik Mun -
Kyuh-Wan Guak * Jeong-Gon Kim - Seung-Ho Chang)

Abstract - As integrity of semiconductor device is increased, accurate and efficient modeling and recipe generation of
semiconductor fabrication processes are necessary. Among the major semiconductor manufacturing processes, dry etching
process using gas plasma and accelerated ion is widely used. The process involves a variety of the chemical and physical
effects of gas and accelerated ions. Despite the increased popularity, the complex internal characteristics made efficient
modeling difficult. Because of difficulty to determine the control input for the desired output, the recipe generation depends
largely on experiences of the experts with several trial and error presently. In this paper, the optimal control of the etching is
carried out in the following two phases. First, the optimal neural network models for etching process are developed with
genetic algorithm utilizing the input and output data obtained by experiments. In the second phase, search for optimal control
inputs is performed by means of using the optimal neural network developed together with genetic algorithm. The results of
study indicate that the predictive capabilities of the neural network models are superior to that of the statistical models which
have been widely utilized in the semiconductor factory lines. Search for optimal control inputs using genetic algorithm is
proved to be efficient by experiments.

Key Words : Plasma etching, Neural network modeling, Genetic algorithm, Recipe generation
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Table 6 Comparison of target outputs and real outputs

[4248(A/mn] 4 @ & # A %

Y 243 Q@ 3500 0.60 2.0

Az &4 O 3687.8 057 1.8

2¥ &9 @ 3500 055 35

A4 29 @ 3490 053 i 48

6.2 E

B wRdA Agy TA doleE Eulz HH9 AR
o Relg ta)ha OA recipe® A&A 3 gBae s D
fFrotnEHl AZde dueEe] anyel Ao A
3 wvpe) Fx} 6}- J}a}ulw— FAske] H Aol N7 2t
g gaghe uoln, @ ARy mdg BdgE fd dx
25e ol g3 HAHAIYY ] wyukere A AEHT, Hor¥
S whe A Qake] o ©helEp S A Eel=u) A7

oA Ag, AA PPUE o8 YL Bah Ak e

40l AEUAt BAN A i AFH A3 At
el olsh AHSY NgNzge] mde AzEgel -
MR B4 2 Sgetn gy dFE 2He »ED QS

o

o] gtelxjqir}, =& HAH3ly AAz 2o _‘i’.ﬂ‘o B2 84
dag)FE olwd AHAAGY ] G A 4014 U

dlv BFshy feti AR AEH HHlol s,

-

Mo 4t QAT 4 ol vhehgu

¥ AFA Ay AN NAN2YL o gd may ¥
W% R GuelFe o8 ANTYL S Wpe vl B
Bavk 473 geln AR B3 FHFHCVD)Y L8

Al Aavel vk wel BACE Hed 4 Aok wheby eln
b g dA4Q BAS dEstt 8 dolEg A
v oRAsh A Aold] old ARTHe S4wss 4dg)
A melsti Aol aizisiol ot ale sk,

B A AEEATe UL FRAARA Ay
WHF) MeAGRel Aoz $ash

2 n g2 3

[1] Christopher D. Himmel and Gary S. May, “Advantage
of plasma Etch Modeting Using Neural Networks over
Statistical Techniques”. IEEE Trans. Semiconductor
Manufacturing. Vol 6, No. 2, May. 1993.

[2] Edward A. Rietman and Earl R. Lory, “Use of neural
networks in modeling semiconductor manufacturing  process:
an example for plasma etch modeling” IEEE Trans.
Semiconductor Manufacturing . Vol. 6, No. 4. Nov 1993,

[31 Y. L. Huang. T. F. Edgar, D. M. Himmelbrau, and L
Trachtenberg, “Constructing a Reliable Neural Network



Model for a Plasma Etching Process Using Limited
Experimental Data,” IEEE Trans. Semiconductor Manu-
facturing Vol. 7, No. 3, Aug., 1994

[ 4] Byunghwan Kim and Gray S. May, “An Optimal Neural
Network Process Model for Plasma Etching,” IEEE Trans.
Semiconductor Manufacturing vol. 7, No. 1, Feb, 1994,

[5] S. S. Rao, Optimization Theory and Applications : John
Wiley & sons, 1984.

[6]S. M. SZE, “VLSI Techonology”, 2nd edition, 1991.

[7] o]1=H, “AAHZY. FAH71€", 2nd edition, 1991.

[8] Lam Research, Rainbow 4420 Plasma Etching System
Operation and Maintenance Manual.

[9] Philip D. Wasserman, “Advanced Methods in Neural
Computing”, Van Nostrand Reinhold, 1993.

[10] Dana Z. Anderson, “Neural information processing syste
ms”. Denver, American Institute of Physics : 1987.

[11] ¥ri&, gfi—oc, “w= FAFE", dYgAl, 1991

(12} S. S. Han, M. Ceiler, S. A. Bidstrup, P. Kohl, 2nd G. May
“Modeling the properities of PECVD Silicon Dioxide films
Using Optimized Back-Propagatin Neural networks”, IEEE
Trans. Components, Packaging and Manufacturing Tec-
hnology, Vol. 17, No. 2, pp. 174-182. June, 1994.

{131 M. Guitierrez, J. Wang, and R. O. Grondin, “Estimating
hidden units for two-layer perceptrons,” in Proc. [EEE
Int. Conf. Artificial Neural Networks, 1989. pp. 120-124.

[14] D. B. Fogel, “An information criterion for optimal neural
network selection,” IEEE Trans. Neural Networks, Vol. 2,
No. 5, pp. 490-497, Sept, 1991.

[15] J. K. Kruschke and J. r. Movellan, “Benifits of gain:
Speeded learning and minimal hidden layers in back-
propagation networks,” IEEE Trans. Syst, Man, Cybern.,
Vol. 21, No. 1, pp. 273-280, Feb. 1991,

Trans. KIEE. Vol. 45, No. 1. JAN. 1996

[16] J. P. Cater, “Successfully using peak learning rates of
10 (and greater) in back-propagation networks with the
heursitc learning algorithm,”in proc. IEEE Int. conf, Art-
ificial Neural Netwroks, Vol. 2, 1987. pp. 645-651.

[17]1 P. C. Woodland, “Weight limiting, weight quantization
& generalization in multi-layer perceptrons,” in proc.
IEEE Int, Conf. Artificial Neural Networks, 19891, pp.
297-300.

[18] Y. Lee, S. Oh, and M. W. Kim, “The effect of initial
weights on premature saturation in back-pOropagation
learning,” in Proc, Int Joing Conf. Neural Networks, vol. 1,
1989, pp. 765-769.

[19] S. S. venkatesh, “The science of making EROS:What
error tolerance implies for capacity in nerual networks,”
[EEE Tmas. Knowledge Data Eng., Vol. 4, pp. 135-144,
apr. 1992.

(20} ol&4, “2HE £35& A% AL Ao)rzy A
A" AL =AM pp, 25-27, 1990 124,

[21] Y. Wada and M. Kawato, “Estimation of generalization
capability by compination of new information criterion
and cross validation”, in Proc. Intm, Joing Conf. Neural
Networks, Vol. 2, pp. 1-6, 1991.

[22] D. E, Goldbreg, “Genetic Algorithms in search, Optimiz-
ation and machine Learning”, Addison Wesley, 1989.

[23] Z. Michalewiczm, Genetic algorityms+Data Structures=
Evolution Programs. New York : springer-Verlag, 1992.

[24] G. E. P. Box, W. B. Hunter and J. S. Hunter, “Statistical
for Experiments”, Wiley, 1978.

[25] “wbeA] 4Fd7, 19939 1095, -

[26] “¥hE A 4137, 19939 1293

DYy (& E®

19551 109 284, 1981 A Fof A
Plgst &40 19839 g A73E
B} EFQAAD. @A § SR 47139

wpababy A

FEYTR|BY MZE2US 0|88 BaAx0t ALBHe| DR HEHIUIEN

| & (=48

1967 29 1304, 19019 A o W
et &9, 1934 § oty dlEe
B &I, WA 5 thekd A7) et
g A8

121



