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[57] 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.

29 Claims, 8 Drawing Sheets
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Measure etchprofile Y 100
 Eich film at constant pressure and preferably

constant plasma source characteristics and:
|. do not etch to endpoint or 2. Etch exactly to

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

101

Get etch rate profile data as (Etch rate,x,y) or
(Etch rate, r, 6) triads, ann x 3 array where
n is the numberof points sampled. lf
temperature variesit will be average etch rate.

107

   

New temperatures
in orderto get
ks{T2), kg(T3)...  
 

 

 

105 Fit to model with kyo/D and
etch rate as parameters
 

  
  

Run a least squaresfit using differences between the
data array and analytical modelfor etch rate to
compute: kv)/D and the etch rate at edge of the plate
or wafer.

 
  
 

 

  
 

  
 

 

108

Calculate D and with

it kvo & Ks

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
Kyo(T.dgap) = kg(T)(Area/Volume)=Ks/dgap

5 t 111eparatepre-exp & Eg 109
 From Kg(T4), Kg(T9)... do least squarefit to

extract Eg and preexponential where

kg(T)=A(T! i2)nebakT Or, if Eg is known,
just extract preexponential.

Use ER(edge)=kyo No to
deduce no, the atom
concentration at the edge
of the wafer.
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Measure etch rate vs. effective area of

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

 
 
 
 

 
 

  
 

 

Attegap(cd) between] Change number of||g, simultaneously)suppor
‘above watersin the reactor member dimensions

: . 208
Is uniformity very high

(>90-95%)?

Aeff =A substr

 
 
 
 

Measureetching profile
and compute Aeff

(loading eqn)  
 
  
 
 

 
 
  

 Has data forn Aggf values
been measured? (n> 3)?

 
 
 

Fit to eqn. 5, & from slope

(m Aes) obtain 1/ST, the supply of
etchant from source to the reactor.

 
 
 

Try new plasma source or
plasma source parameters. 

JS 203

Modify chamber materials etc. to 205
reduceslope of the numerator,

(kr Ar + F) or reduce flow if F term is
major etchantloss.

FIG. 4
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