United States Patent 9
Flamm et al.

US005711849A

(111 Patent Number:
1451 Date of Patent:

5,711,849
Jan. 27, 1998

[54] PROCESS OPTIMIZATION IN GAS PHASE
DRY ETCHING

[75] Inventors: Daniel L. Flamm, 476 Green View Dr.,
Walnut Creek, Calif. 94596; John P.
Verboncoeur, Hayward, Calif.

[73] Assignee: Daniel L. Flamm, Walnut Creek, Calif.

[21] Appl. No.: 433,623

[22] Filed: May 3, 1995
[51] Int. CLS HO1L 21/3065
[52] US.CL 156/643.1; 156/625.1;

156/346 P; 156/626.1; 156/659.11; 156/646.1;
204/298.31; 204/298.32; 216/58; 216/59

[58] Field of Search ...ovcereeeneenne 204/298.31, 298.32;
216/39, 58, 74, 79, 246 P, 625.1, 643.1,

626.1, 646.1, 659.1, 662.1, 659.11

[56] References Cited
U.S. PATENT DOCUMENTS

4,192,706 3/1980 Homiike ....wcoreemmsimmrsrsssannnes 156/643.1
4,226,665 10/1980 Mogab ... .. 156/643.1
4243506 1/1981 Ikedaetal. .. ... 156/345P
4,297,162 10/1981 Mundt et al. ..... .. 156/345 P

4340461 7/1982 Hendricks et al. ... 156/345 P
5,147,520  9/1992 Bobbio ......... . 204/298.32
5,330,606 7/1994 Kubota et al. .... ... 156/345 P
5399229 3/1995 Stefani et al. ... .. 156/626.1
5,445,709 8/1995 Kojima et al. wceeenreerncennnae 156/622.1

OTHER PUBLICATTIONS

Bird et al., Transport Phenomena, 1960, John Wiley & Sons,
p- 510.

Manos, D. M. and Flamm, D. L., Plasma Etchings, An
Introduction, 1989, Academic Press, (title page and table of
contents only).

Thompson et al. “Introduction to Microlithography” © 1983
ACS pp. 228-235.

Giapis et al. Appl. Phys Lett 57(10) 983-985 (Sep. 1990).

Gregus et al. Plasma Chem. Plasma Process. 13(3) 521-537
(1993).

Babanov et al. Plasma Chem. Plasma Process. 13(1) 37-59
(1993).

Ha et al. Plasma Chem. Plasma Process. 11(2) 311-321
(1991).

Rayn et al. Plasma Chem. Plasma Process. 10(2) 207-229
(1990).

Elliott “Integrated Circuit Fabrication Technology” © 1982
pp. 242-243 and 258-271.

Manos et al. “Plasma Etching, An Introduction”, © 1989,
Academic Press, pp. 91-183.

Primary Examiner—Martin Angebranndt
Attorney, Agent, or Firm—Townsend and Townsend and
Crew LLP

[571 ABSTRACT

A method of designing a reactor 10. The present reactor
design method includes steps of providing a first plasma
etching apparatus 10 having a substrate 21 therein. The
substrate includes a top surface and a film overlying the top
surface, and the film having a top film surface. The present
reactor design method also includes chemical etching the top
film surface to define a profile 27 on the film, and defining
etch rate data from the profile region. A step of extracting a
reaction rate constant from the etch rate data, and a step of
using the reaction rate constant in designing a second plasma
etching apparatus is also included.
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Measure etch profile /— 100

Etch film at constant pressure and preferably
constant plasma source characteristics and: 101
l. do not etch 1o endpoint or 2. Etch exactly to T

first sign of endpoint. Best to do isothermally, |«
but can probably handle complex case if
measure temperature-time history.

l /__1 03

Get etch rate profile data as (Etch rate,x,y) or
(Etch rate, 1, 8) triads, an n x 3 array where 107
n is the number of points sampled.|f

temperature varies it will be average efch rate.

New temperatures
in order to get
105 Fit to model with kyg/D and | kg(To), kg(T3) ...
etch rate as parameters vy

Run a least squares fit using differences between the
data array and analytical model for etch rate to
compute: kvg/D and the etch rate at edge of the plate

or wafer. »
108
Calculate D and with /
it kvo & ks /106
Calculate D from Chapman-Enskog kinetic theory
formulas (see R. B. Bird, W. E. Steward, E. N.
Lightfoot, pp. 510-513, Transport Phenomena, Wiley
(1960). Multiply kyo/D by D(T,P) to obtain
kvo(T.dgap) = ks(T)(AreaVolume)=ks/dgap
S . 111
eparate
l pre-exp & E5 / 109
From kg(T 1), Ks(T2)... do least square fit to
extract Ez and preexponential where é’:g EH(EdQﬁFkvo Ng to
. ) ) ! uce ng, the atom
ks(M=A(T"2)pe BT o Ea is known, concentration at the edge
just extract preexponential. of the wafer.
FIG. 3
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200
/ 201 /
Measure etch rate vs. effective area of -1

substrate.Plasma source temperature, pressure ¢
(T.P), power held constant. However substrate stack
or single substrate T,P may be varied 10 alter Agtf.

v /209

>
Change Agii
l 211 l(-213 215
Alter gap (d) between Change number of __Vary substrate
- (& simultaneously) support
wafersa%rz)(iilesurface wafers in the reactor Tnember dimensions
224 217
|/ 218 o — ; ves 208

Is uniformity very high
(>90-95%)7

Measure etching profile
and compute Aeff _/21 9
(loading eqn)

Aeff = A substr

223

Has data for n Aggf values
been measured? (n= 3)?

202

— 207

Fit to egn. 5, & from slope Try new plasma source or

etchant from source to the reactor. |/ 203

Modify chamber materiais etc. to J 205
reduce slope of the numerator,
(kr Ar + F) orreduce flow if F term is
major etchant loss.
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