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PATENT
Attorney Docket No. 016655-0001

PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING

BACKGROUND OF THE INVENTION

The present invention relates to integrated circujts
and their manufacture. The present invention is illustrated
in an example with regard to plasma etching, and more
particularly to plasma etching in resist strippers in
semiconductor processing. But it will be recognized that the
invention has a wider range of applicability in other
technologies such as flat panel displays, large area substrate
processing, and the like. Merely by way of example, the
invention may be applied in plasma etching of materials such
as silicon, silicon dioxide, silicon nitride, polysilicon,
photoresist, polyimide, tungsten, among others.

Industry utilizes or has proposed'several techniques
for plasma etching. One such method is conventional chemical
gas phase dry etching. Conventional chemical gas phase dry
etching ‘relies upon a reaction between a neutral gas phase
species and a surface material layer, typically for removal.

. The reaction generally forms volatile products with the

surface material layer for its removal. In such method, the
neutral gas phase species may be formed by way of a plasma
discharge.

A limitation with the conventional plasma etching
technique is obtaining and maintaining etching uniformity
within selected predetermined limits. 1In fact, the
conventional technique for obtaining and maintaining uniform
etching relies upon a "trial and error" process. The trial
and error process often cannot anticipate the effects of
parameter changes for actual wafer production. Accordingly,
the conventional technique for obtaining and maintaining
etching uniformity is often costly, laborious, and difficult
to achieve.

Another limitation with the conventional plasma
etching technique is reaction rates between the etching
species and the etched material are often not available.
Accordingly, it is often impossible to anticipate actual etch
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rates from reaction rate constants since no accurate reaction
rate constants are available. 1In fact, conventional
techniques require the actual construction and operation of an
etching apparatus to obtain accurate etch rates. Full scale
prototype equipment and the use of actual semiconductor wafers
are often required, thereby being an expensive and time
consuming process.

From the above it is seen that a method and
apparatus of etching semiconductor wafers that is easy,
reliébie, faster, predictable, and cost effective is often
desired.

SUMMARY OF THE INVENTION

According to the present invention, a plasma etching
method that includes determining a reaction rate coefficient
based upon etch profile data is provided. The present plasma
etching method provides for anbeasy and cost effective way to
select appropriate etching parameters such as reactor
dimensions, temperature, pressure, radio frequency (rf) power,
flow rate and the like by way of the etch .profile data.

In a specific embodiment, the present invention
provides an integrated circuit fabrication method. The
present method includes steps of providing a plasma etching
apparatus having a substrate therein. The substrate includes
a top surface and a film overlying the top surface. The film
includes a top film surface. The present method also includes
chemically etching the top film surface to define an etching
profile on the film, and defining etch rate data which
includes an etch rate and a spatial coordinate from the
etching profile. A step of extracting a reaction rate
constant from the etch rate data, and using the reaction rate
constant in adjusting a plasma etching apparatus is also
included.

In an alternative specific embodiment, the present
invention also provides a method of designing a reactor. The
present method includes providing a first plasma etching
apparatus having a substrate therein. The substrate has a top
surface and a film overlying the top surface. The film has a
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top film surface. The present method also includes chemically
etching. the top film surface to define an etching profile on
the film, and defining etch rate data which has an etch rate
and a spatial coordinate from the etching profile. A step of
extracting a reaction rate constant from the etch rate data,
and using the reaction rate constant in designing a second
plasma etching apparatus is also included.

A further alternative embodiment provides another
method of fabricating an integrated circuit device. The
present method includes steps of providing a uniformity value
for an etching reaction. The etching reaction includes a
substrate and etchant species. The present method also
includes defining etching parameterg ranges providing the
uniformity value. A step of adjusting at least one of the
etching parameters to produce a selected etching rate is also
included. The etching rate provides an etching condition for
fabrication of an integrated circuit device.

The present invention achieves these benefits in the
context of known process technology. However, a further
understanding of the nature and advantages of the present

invention may be realized by reference to the latter portions

of the specification and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1/51 a simplified diagram of a plasma etching
apparatus accordisy'to the present invention;

Fig. 1A/is a simplified cross-sectional view of a
wafer profile according, of the plasma etching apparatus of

Fig. 1;

Fig. 2[{; a simplified diagram of an alternative
embodiment of a plasma etching apparatus according to the
present invention;

Figs. 3¢éa;re simplified flow diagrams of plasma
etching methods acgording to the present invention;

Fig. 5% is a plot of uniformity, temperature,
pressure, and gap for an etching process according to the
present invention;
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Fig. 6 i€ a simplified plot of 1/ash rate vs. LCD
plate ﬁumber according to the present invention;

Figs. 742/111ustrat¢ an example with regard to
circular substrates according to the present invention; and

Figs. 16/1 illustrate an example with regard to

rectangular substrates according to the present invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENT

A4t

N o Fig. 1 is a simplified diagram of a plasma etching
apparatus 10 according to the present invention. The plasma
etching apparatus also known as a co-axial reactor includes at
least three processing zones. The three processing zones are
defined as a plasma generating zone (PG) 13, a transport zone
(TZ) 15, a plate stack zone (PS) 17, and others. Also shown
are a chemical feed F and exhaust E. The plasma generating
zone provides for reactant species in plasma form and others.
Excitation is often derived from a 13.56 MHz rf discharge 8
and may use either capacitor plates or a wrapped coil, but can

also be derived from othernipu ces. The co=-axial reactor 10
eorrtrel)ler

-also includes a chemicalhfiUW‘§6urce 14 and a temperature and

pressure control 12, among other features.

Chemical .effects are often enhanced over ion induced
effects and other effects by way of perforated metal shields
18 to confine the discharge to a region between an outer wall
16 and shields 18. The co-axial reactor relies substantially
upon diffusion to obtain the desired etching uniformity. The
co-axial reac%3£+2}so relies upon a chemical etch rate which
is diffusion,ii . In particular, the chemical etch rate
is generally defined as a chemical reaction rate of etchant
species plus at least a diffusion rate of etchant species.
When the diffusion rate of etchant species is much greater
than the chemical reaction rate, the chemical etch rate is
often determined by the diffusion rate. A more detailed
analysis of such chemical etch rate will be described by way
of the subsequent embodiments.

Etchant species from the plasma generating zone
diffuse through the transport zone 15 of the reaction chamber,




5

and enter the plate stack zone space over surfaces of
substrates 21. A concentration of etchant in the transport
zone, which is often annular, between the plasma generating
zone and the plate stack zone is defined as n,,. As etchant

5 diffuses radially from the transport zone into the plate stack
zone and over surfaces of the substrates, it is consumed by an
etching reaction. A reactant concentration above the
substrate can be defined as n,(r,z), where r is the distance
from the center of the substrate and z is the distance above

10 the substrate. A diffusive velocity v, of etchant species in

_the plate stack zone is characterized by Fick's law.

vTE}X Vn
, V,=-D

0

]

s

o In a specific embodiment, a gap qwm above the
substrate is much less than the lateral extent d,,,<<r and gas
phase mass transfer resistance across the small axial distance

15 is negligible so that the axial (z-direction) term of the
concentration gradient can be ignored. The embodiment can be
applied without this restriction; however, numerical mesh

. computer solutions are then required to evaluate the reaction
rate constant and uniformity. In the embodiment, the surface

20 etching reaction bears a first order form:

O+S = SO

where
S is a substrate atom (e.g., resist unit "mer"); and
0 is the gas-phase etchant (for example oxygen
atoms) with certain etching kinetics. The first order etching
gg__h“yeaction can be defined as follows:

Aol \{\ R‘,,:noAﬁe-xmlm

where
R,; defines a reaction rate;
n, defines a concentration;
A defines a reaction rate constant;
30 T defines a temperature;

Page 14 of 210
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E;cp defines an activation energy; and

R defines a gas constant.
An example of the first reaction is described in D.L. Flamm
and D.M. Manos "Plasma Etching," (1989), which is hereby
incorporated by reference for all purposes. Of course, other
order reactions, reaction relations, and models may be applied
depending upon the particuiar application. i

An example of an etched substrate 21 from the plate
stack zone is illustrated by Fig. 1A. The substrate 21 is
defined in spatial coordinates such as z and r. The substrate
includes a bottom surface 23, sides 25, and a top surface film
27. As can be seen, the top surface film includes a convex
region, or etching profile. The etching profile occurs by way
of different etch rates along the r-direction of the substrate
corresponding to different etchant species concentrations. A
concentration profile n,(r,z) is also shown where the greatest
concentration of reactant species exists at the outer
periphery of the top surface film. In the present invention,
an etch rate constant may be obtained by correlation to the
etching profile. By way of the etch rate constant, other
etching parameters such as certain reactor dimensions
including a distance between substrates, pressure,

" temperature, and the like are easily calculated.

Fig. 2 illustrates an alternative example of an
etching apparatus 50 according to the present invention. The
etching apparatus 50 is a single wafer etching apparatus with
elements such as a chamber 53, a top electrode 55, a bottom
electrode 57, a power source 59, a platen 64, and others. The
bottom electrode 57 is at a ground potential, and the top
electrode is operably coupled to the power source 59 at a high
voltage potential. A plasma exists in a region 54 between the
top electrode 55 and the bottom electrode 57, which is often a
grid configuration or the like. Reactant species are directed
via power source from a plasma source to a wafer substrate 61
by diffusion. A temperature and pressure controller 67 and a
flow controller 69 are also shown. The etching apparatus also
includes a chemical source feed F and a exhaust E. Of course,
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other elements may also be available based upon the particular
application.

By way of a plate 63 interposed between the wafer
substrate 61 and the bottom electrode 57, the reactant species
do not directly bombard the wafer substrate. The plate is
preferably made of an inert material appropriate for the
particular etching such as pyrex or glass for resist ashing,
alumina for fluorine atom etching of silicon, silicon nitride,
or silicon dioxide, and the like. 1In an ashing reaction, the
plate 4s placed at a distance ranging from about 5 mm to 50 mm
and less from the wafer substrate 61. Of course, other
diménsions may be used depending upon the particular
application. The reactant species are transported via
diffusion from the plasma source to the wafer substrate around
the periphery of the plate '‘63. Accordingly, the reaction rate
at the wafer substrate is controlled by a balance between
chemical reaction and diffusion effects, rather than
directional bombardment.

By way of the diffusion effects, an etching rate
constant may be obtained for the etching apparatus 50 of Fig.

2. In particular, the etching rate constant derives from a

etching profile 65, which can be measured by conventional
techniques. The present invention uses the etching rate
constant to select other etching rate parameters such as
reactor dimensions,such<as-spacing between the substrate and
its adjacent surface, temperatures, pressures, and the like.
But the present invention can be used with other reactor types
where etching may not be controlled by diffusion. For
example, the present invention provides a reaction rate which
can be used in the design of reactors where diffusion does not
control such as a directional etcher and the like. The
reaction rate constant may also be used in the directional
etcher to predict an extent of, for example, undercutting of
unprotected sidewalls while ion bombardment drives reaction in
a vertical direction. Of course, the invention may be applied
to other reactors such as large batch, high pressure,
chemical, single wafer, and others. The invention can also be
applied to different substrate materials, and the like.
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Plasma Etching Method
- Figs. 3-5 illustrate simplified flow diagrams of

plasma etching methods according to the present invention.
Thea?resent methods provide for improved etching conditions.by
way, a reaction rate constant derived from, for example, an
etching profilé. It should be noted that the present methods
as illustrated should not be construed as limiting the
invention as defined in the claims. One of ordinary ill in
the art would easily recognize other applications'%qb he
inventions described here. i

In a specific embodiment, a method of extracting a
rate constant 100 for a plasma etching step according to the
present invention is illustrated by the flow diagram of Fig.
3. A substrate with an overlying film is placed into a plasma
etching apparatus or the like. The overlying film is defined
as an etching film. In the present embodiment, the overlying
film is a photoresist film, but can also be other films such
as a silicon film, a polysilicon film, silicon nitride,
silicon oxide, polyimide, and the 1like.

A step of plasma etching the film is performed by

.step 101. The plasma etching step occurs at constant pressure

and preferably constant plasma source characteristics.« More
preferably, the plésma etching step occurs isothermally at
temperature T;, but can also be performed with changing
temperatures where temperature and time histories can be
monitored. Plasma etching of the film stops before the
endpoint (or etch stop). Alternatively, plasma etching stops
at a first sign of the endpoint (or etch stop). The plasma
etching step preferably stops before etching into an etch stop
layer underlying the film to define a "clean" etching profile.
The substrate including etched film is removed from
the chamber of the plasma etching apparatus. The etched film
includes an etching profile (step 103) made by way of plasma
etching (step 101). The etching profile converts into a
relative etch rate, relative concentration ratio, a relative
etch depth, and the like at selected spatial coordinates. The
relative etch rate is defined as an etch rate at a selected
spatial coordinate over an etch rate at the substrate edge.
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The relative concentration ratio is defined as a concentration
of etchant species at a selected spatial coordinate over a
concentration of etchant at the substrate edge.

In x-y-z coordinates, the relative etch rate in the
z-direction, and the spatial coordinates are defined in the x-
y coordinates. The etching profile is thereby characterized
as a relative etch rate u, a x-location, and a y-location:;u,
(k, y). In cylindrical coordinates, the relative etch rate s
also in the z-direction, and the spatial coordinates are
defined in the r and 6 coordinates. The etching profile is
éharacterized as a relative etch rate u, a r-location, and a
8-location (u, r, 6). An array of data points in either the
x-y coordinates or r-6 coordinates define the etching
profile. The array of data points can be defined as an n x 3
array, where n represents the number of points sampled and 3
represents the etch rate and two spatial dimensions. Of
course, the choice of coordinates depends upon the particular
application. _

Optionally, in a non-isothermal condition, an
average etch rate is measured. By approximate integration of
a time dependent etch rate, suitable starting point

" approximations for an etching rate constant pre-exponential

and activation energy can be selected. The etch rate is
integrated over time (and temperature) using measured
temperature-time data (or history). An etched depth profile
and the etching rate from the integration can then be compared
with actual data. A rate constant is appropriately readjusted
and the aforementioned method is repeated as necessary.

An etch constant (or a reaction rate constant) over
diffusivity (k,,/D) and an etch rate at an edge is calculated
at step 105. The etch constant over diffusivity correlates
with data points representing the etch rate profile. In x-y
coordinates, the r%lationship between k,,/D and the relative
etch rate u(x,y) 1§Adef1ned as follows:

where

a and b define substrate lengths in, respectively,
an x-direction and a y-direction.




10

cos ,/kvo7D+ (mm /B) ’x] cosimY
- cos «kw/D+(mu7b)i§ b
(&\ N u(x,y) =E isinﬂ h[ 2] +
| . —«V‘aigﬂ ae1 MM 2 | cos ,/kW/D+(m1t7a)2y] cosmX
Ve b a
\ cosh[‘/kvo/m- (mn/a) 5_2_]

e In ¢y1indrical coordinates, the relationship between
the etch constant over diffusivity k,./D and the relative etch
rate u(r) is defined as follows:

s

where -
QQM" 5 a is an outer radius (or edge) of the substrate \.:)’
i In step 106, a diffusivity is calculated for the

particular etchants. The binary diffusivity D,z may be
calculated based upon the well known Chapman-Enskog kinetic

~——_____theory equation:

. 1 1
T|— + —

M, M,
Dy = 2.2646 X 10'53 A 2
0,52 Qp, 25C

SR ¢ where

T is a temperature;
c is a total molar concentration;
M, and My are molecular weights;
Dpp is a binary diffusivity;
15 . 0ap is a collision diameter; and
collision .
B’ Qp, ap is ay integral.
The Chapman-Enskog kinetic theory equation is described in
detail in part III of R.B. Bird, W.E. Stewart, and E.N.
Lightfoot, "Transport Phenomena," Wiley (1960) which is hereby
20 incorporated by reference for all purposes. Of course, other
techniques for calculating a diffusivity may also be used.
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The equivalent volumetric reaction rate constant k,, is
ce———__derived from the diffusivity as follows.

-\ ')/‘

A2

k
ko= (4210,

———— :
Once the reaction rate constant k,, is extracted, the surface
reaction rate constant kg, may be isolated from the previous

5 equation as follows.

k= (Kyp) dygp

v Repeat steps 101-106 at different temperatures T,,
T;...T, to calculate additional reaction rate constants k(T,),
k(T3)...k(T,). The Steps are repeated at least two times and
more, and preferably at least three times and more. Each
10 temperature is at least 5 °C greater than the previous

temperature. Of course, the selection of temperatures and
trial numbers depend upon the particular application.
Extract an activation energy E,.. for a first order
reaction from the data k(T,), k(T3)...k(T,) at T,, T;...T,
15 collected via step 109 by way of tﬁﬁﬁ¥3¥fﬁu equation:

( { ’( \ b'v‘/‘ ~Bact
k, (T)=A/T e *T

———" " The activation energy is preferably calculated by a least
square fit of data collected at step 109 or any other suitable
statistical technique. By way of the same equation, the
present method calculates surface reaction rate constant kg at

20 any temperature.

In step 111, a concentration n, at the substrate
edge is calculated. The concentration n, deduces from the
following relationship: £

is

@’ n,= Ra/k'hé

where

Qﬁ}/ 25 R, is an etch rate.
From the concentration and the surface reaction rate, the
particular etching step can be improved by way of adjusting
selected etching parameters.

Page 20 of 210
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In an alternative specific embodiment, a method to
"tune" a plasma source using a loading effect relationship (or
equation). is illustrated by the simplified flow diagram 200 of
Fig. 4. The method includes a step 201 of measuring an etch
rate against an effective etchable area A,. The effective
etchable area changes by varying the number m of wafers in the
reactor, varying the size of the wafer, or the like. The
effective area can be changed 209 by altering a gap between a
wafer and its above surface 211, changing wafer quantity in
the reactor 213, and varying substrate support member
dimensions 215. The method preferably occurs at constant
temperature and pressure. However, the effective etchable
area may also be varied by way of changing a temperature
and/or a pressure.

The method calculates a uniformity value (step 217)
from the measured values of etch rate vs. effective area in
steps 211, 213, and 215. The uniformity is calculated by, for

EITR -R
uniformity=10ql—l%§—lgl

2;ﬂ
-1
where

Ryax is a maximum etch rate;

Ryry is a minimum etch rate;

m is a sample number;

R; is a general etch rate for an ith sample;

uniformity is a planarity measurement in

percentage. )
In a specific embodiment, a uniformity of about 90% and
greater or preferably 95% and greater indicates that the
effective area of the substrate is substantially equal to the
actual substrate area (step 221) via branch 216. Of course,
other methods of calculating a uniformity from etch rates and
effective areas may also be used depending upon the particular
application. Alternatively, an etching profile is measured
and the effective area A, s is calculated (step 219) by way
of, e.g., the-loading effect relationship.
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At least two and more different effective etchable
areas (step 223) are measured, or preferably at least three
and ﬁére different etchable areas are measured.

Alternatively, the flow diagram returns via branch 224 to step
209, and takes another etch rate measurement at a different
effective area. The flow diagram then turns to step 203. -

In step 203, a supply of etchant ST in the reactor
is calculated. Based upon the different etchable areas a
slope mA.rr deduces from the loading effect relationship as
_follows.

1 _ 1 _ szr"'F,,_ ma,re
Ro{m) ken, kST ST

Rus

where Ry(m) is the etching rate at the boundary between the
plate stack zone and transport zone when m substrates are
present in the reactor. The first term includes a
recombination term proportional to the total effective area A,
which acts to catalyze loss of etchant on reactor surfaces in
the reactor plus a convection term F. The second term is the
loading effect relation, where the reciprocal etch rate is
proportional to the amount of effective etchable substrate

" area A,z times the number of substrates m. When the etching

across a substrate is uniform, A, is the geometrical
substrate area Aw.) When etching is nonuniform, on the other
hand, A, is a function of k,,/D and geometrical reactor
dimensions. The supply of etchant sT may be calculated for a
different plasma source or plasma source parameters such as
temperature, pressure, or the like by repetition 207 of steps
201 and 203. By way of the supply of etchant to the reactor,
other plasma source parameters may be varied to obtain desired
etching rates and uniformity for the particular reactor.

Step 205 provides for the modification of chamber
materials and the like to reduce slope numerator (k,, A, + F)
in selecting the desired etching conditions. The chamber
materials can be modified to reduce, for example, the
recombination rate in the reactor. The recombination rate is
directly related to the effective reactor recombination area

A,. In step 205, the recombination rate can be adjusted by
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changing A, via changing chamber material, coating chamber
surfaces with, for example, a product sold under the trademark
TEFLON™ or KALREZ™ and the like, among others. Alternatively,
the slope numerator flow term F is reduced when F contributes
as a substantial loss term. Of course, the particular
materials used depend upon the application. i

In step 207, the method changes plasma source
parameters such as rf power, flow rate, and the like to select
desired etching conditions. Once one of the aforementioned
parameters is adjusted, the method returns to step 201 via
branch 208. At step 201, an etch rate vs. effective etchable
area is measured and the method continues through the steps
until desired etching condition are achieved. Of course,
other sequences of the aforementioned steps for tuning the
plasma source may also exist depending upon the particular
application.

Fig. 5 is a simplified flow diagram for a method of
selecting a desired uniformity and desired etching parameters
within selected ranges to provide a desired etch rate for a
particular etching proéess. The etching parameters include
process variables such as reactor dimensions, a pressure, a

'temperature, and the like for a particular substrate and

reactants. Other etching parameters may also be used
depending upon the'particular application. )

In step 301, select a uniformity for the selected
substrate and the reactants. The selected uniformity becomes
an upper operating limit for the reaction according to the
present method. The upper operating limit ensures a "worst
case" uniformity value for an etched substrate according this
method. Uniformity can be defiE?d by, for example:

1-

. . Ry~ R
unlfOImlty=lOQX;JE£—JE!:J
2 R
2;:._1 A
= m

where
Ryay is a maximum etch rate;
Ryry is a minimum etch rate;
m is a sample number;
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R; is a general etch rate for an ith sample;
uniformity is a planarity measurement in
percentage.
In certain embodiments, the selected uniformity ranges from
about 90 % and greater or more preferably 95 % and greater.-*
O0f course, other uniformity values may be selected based upon
the particular application.

Based upon the selected uniformity, use the selected
unifprmity as a stating point to extract a plurality of
teaction rate constants k.. The reaction rate constants nay
be also be obtained by an input activation energy for the
etching process, among other techniques (step 303).
Alternatively, calculate kg, at one or more temperatures, and
preferably two or more temperatures (step 303) from a
plurality of uniformity values. The uniformity values can be
Qithin the selected uniformity or outside the selected
uniformity.

In step 307, prepare an array of etching parameters
including a temperature T, a pressure P, a characteristic
reactor dimension, and a uniformity value. In an embodiment,

" the characteristic reactor dimension can be a gap dg,, between

the substrate and its adjacent surface. The array of etching
parameters can be illustrated by way of a three dimensional
plot.

An example of such array is illustrated by way of a
three dimensional plot 500 in Fig. 5A. It should be noted
that the illustration is merely an example of one application
of the specific embodiment, and other examples can readily be
determined by one of ordinary skill in the art. The plot
includes a temperature axis, a pressure axis, and a gap axis.
Each square region 501 represents a point defined by a
specific temperature, pressure, and gap. Each square region
501 also includes a gray scale. Each different gray scale
corresponds to a different uniformity value. 1In this example,
the darker gray scale values 505 represent lower uniformity
values than the lighter gray scale values 507. Versus

Based upon the array, compute locus of highest T,¥6vy,

. VR SUS
P and dg,,, and of highest P ve\ T and dg,, 511 where

gap
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uniformity meets the specification, e.g., the selected
uniformity from step 301. All points bounded within the
highest T_’,m"f‘; and dg,,, and the highest P vﬁ%‘(?uasnd dgap fall
within the uniformity specification. Points outside the
highest T, v;f;‘ B and dgap and the highest P,vgf:,#sand dgap fall
outside the uniformity specification. The points that fall °
within the uniformity specification defines the calculated
uniformity limit manifold having outer boundaries at P, and
Ty
. "< In the calculated uniformity limit manifold, select
a gap qﬂm, and adjust a locus of P and T below the calculated
uniformity limit manifold by a predetermined amount to allow
for statistical and experimental error and process drift.
This step defines a new uniformity limit manifold, and ensures
that points defined by a temperature, a pressure, and a gap,
selected during subsequent steps fall within the selected
uniformity (step 301) despite any error or process drift from
the calculation. The new uniformity limit manifold includes
outer boundaries at P; and T; which are respectively less than
P, and T,.
i In step 311, a maximum edge etch rate R,,and supply
of etchant from a plasma source (S) for a selected rf power, a
reactant flow, a pressure, a temperature, and a gap within the
new uniformity limit manifold is determined. The maximum edge
etch rate can be used in defining a desired flow rate of
source chemicals. Once the desired flow rate is determined,
it should be held constant during subsequent steps in the
embodiment.

A step (step 313) of locating an intersection space
of P < P;, T < T;, and a maximum etch rate (or an etchant
supply) at selected rf power values is included. The
intersection of space defines a maximum etch rate for the
selected pressure P, temperature T, and gap d. Of course,
other etching parameters may be adjusted depending upon the
particular application.

The method provides a resulting etch rate from the
etching reaction using the aforementioned parameters which is
compared with a desired etch rate. If the resulting etch rate
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is too low (or high), change power and/or reduce the effective
etchable area, e.g., increase qﬂm, decrease number of
substrates, use smaller substrates, and the like. Of course,
other sequences of steps may be used in selecting a desired
temperature, pressure, gap, and other parameters to provide
the desired etch rate. The embodiment provides for a desired
etch rate with a selected uniformity based upon a range of
temperatures, pressures, and gap values, all within the
selected uniformity specification.

Theoretical Model of Apparatus
' l. Plasma Generating Zone

In the specific embodiment, the plasma generating
zone can be modeled as a "black box" where etchant flow of
reactant species from the plasma generating source is
determined from an etching rate at the plate stack zone. 1In
particular, the etching rate is proportional to a product n kg
of etchant concentration n, above an etchable material film
surface and an etching reaction rate constant k;. The etching
reaction rate constant kg can be independently determined from
uniformity data previously noted. Since the relative change

. in nkg and the absolute value of k, (the surface

recombination rate per unit reactor area) can be determined,
n, is easily extracted and used to study the effects of
discharge and surface parameters on production of etchant
species in the plasma generating zone. Accordingly, the
efficiency of radical production by the plasma generating zone
(the source term in a mass the mass balance of n,) as a
function of various parameters (pressure, power, temperature,
etc.) can be extracted from indirect measurements.

2. Transport Zone

In the specific embodiment, etchant species
concentrations in the transport space zone are approximated as
"well-mixed". In the well-mixed embodiment, substantially all
etchant species in the transport space zone are supplied by
the plasma generating zone and are removed by at least:
1) etching reactions in the plate stack zone;
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2) recombination; or 3) convection by flow out of the reactor.
A supply ST of etchant from the plasma generating zone is
equated to the three aforementioned loss terms as follows:

§T= krArno +mAettksno + Fno -

where k,A, is an effective loss term with regard to
recombination effects, kg is an etching reaction rate
constant, A sr is an effective etchable area of a substrate,
n, is the etchant concentration, m is the number of substrates
and F is the gas flow rate out of the reactor. The equation

may be rewritten in the form of a canonical loading effect

_relationship:

1 _ 1

= = krAI+F+ mAaft
R,(m) kgn,

kST ST

‘'where R,(m) is the etching rate at the boundary between the

plate stack zone and transport zone when m substrates are
present in the reactor, and the first term includes a
recombination term proportional to the total effective area A,

which acts to catalyze loss of etchant on reactor surfaces

plus convection F. The second term is the loading relation,
wherein the reclprocal etch rate is proportional to the amount
of effective etchable substrate area Au‘éimes the number of
When the etching across a substrate is uniform,
When etching is

nonuniform, on the other hand, A. sy is a function of k,,/D and

substrates m.
Agosr is the geometrical substrate area A.
geometrical reactor dimensions. Accordingly, A..r becomes a
function of parameters such as temperature, pressure, reactor
configuration, and the like.

Fig. 6 shows etch rate data vs. the number of
substrates in a reactor along with a line corresponding to the

~eme—e___loading effect relationship in the form

Page 27 of 210
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— =, +C,mA
Ash Rate Co* CymA,

where
C, = 0.00030171936426 min/A;
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= 2.3003912550 x 10> are best fit
The equation gives an

and C;A,
constants for the conditions in Fig. 6.
etchihg rate at the edge of the plate stack zone as a function
of the number of substrates m and etchable exposed effective
surface of a substrate A .. Other variables such as the
temperature, etchant generation rate, flow rate, and reactor
size parameters were held constant. While R,(m) as written
str1ct1 applijes to the etch rate at the edge of a substrate,

when orm is high
etchlng rgtgg %t’é%y otﬁLr fixed relative position on the

Aéubsg;ates are related to R,(m) by a constant factor of
ﬁroportionality, and so they will also conform to the form of
these relations.

In the general case where etching is nonuniform
across a substrate, the equivalent area A, is smaller than the
geometrical substrate area by a constant factor as a function
of k,,/D. It turns out that kg can be independently deduced
from the profile of the etching rate in the stack zone, and in
turn permits the absolute value of n, to be computed from the
etching rate R,(m) at the edge of a substrate. If the slope

of the isothermal loading effect curve

is measured along with etching uniformity, the rate of etchant
supplied by the source ST can be found by for substituting
Agsel(kyo/D) evaluated on the basis of etching uniformity

measurements.

3. Stack Zone

For etchant mass transport from the transport zone
into the plate stack zone, the distance between stacked wafers
dgap is small compared to the lineal dimensions of a substrate
in the embodiment. Consequently, it will be assumed that the
concentration is substantially uniform in the axial z
direction and there is equi-molal, isothermal, and isobaric
counter-diffusion (e.g., no net flux, Zn; = 0) x and y

directions. Since the ashing reaction is proportional to n,,
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and O-atom consumption is proportional to the ashing rate, the
continuity equation for O-atoms in two dimensions becomes:

PN R on,
) T8 f . 3t +Von v=-k,n,

e ——

S where k., is the volume equivalent surface reaction rate _

constant, and v is the diffusive velocity of oxygen atoms.
5 Inserting Fick's law

é}/ n,v=DVn,

the, diffusion equation is obtained

IR Fe-pnyr o,

e i e s et

And at steady-state in two dimensions and where D is not a
function of spatial coordinate(s), it is rewritten as

ox? 9dy? D

where u(x,y)=n,(x,y)/n,, and n,, is the etchant concentration

10 at the outer edges of the substrates. The boundary conditions
are therefore u = 1. The equation is cast in dimensionless
form as

r—’—/
SUN * &u + Fu =k_"°u
\ [ .. y(x/Lx) aZ(Y/Ly) D

—...— where L, and Ly, are characteristic independent lengths and
widths of substrates. From this equation, it is clear that
15 u(x/Ly, y/L,) is a function solely of k,,/D and the boundary
conditions. Consequently, if experimental values of
é} ﬁ(x/Lx, y/L ) are measured at two positions on the substrate
(i.e., at the center and edge), two algebralcnzguatlons based
and solve for

ﬁgf on this measurement can be used to eliminate N
20 k,o/D. The diffusivity D can be calculated to good accuracy
with the Hirshfelder equation; hence, k,, is measured with
this procedure.
For circular substrates, there is only one

independent dimension (e.g., where r=a is the substrate
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radius). At steady state in one dimensional cylindrical
coordinates the equation can be written:

e e ————

pA

‘\_('l

10

15

du
l{~J(r§) Jou_K
r or oz D -

where u(r)=n,(r)/n,; and the boundary condition is u(a)=1 at
the substrate (wafer) edge.

In the subsequent sections, analytic solutions to
?hese,relationships are developed for rectangular and circular
substrates (e.g., for flat panel display substrates and
semiconductor wafers). The framework is used to derive
uniformity relationships for flat panel resist stripping
equipment.

Exa es

1. cCircular Substrate (Wafer) Stacked Etcher

To prove the principles of the aforementioned
embodiments, the present method and apparatus was applied to
etching of circular substrates in a stacked etcher. Of
course, the present method and apparatus can be applied to

" other geometries and etcher types. The present example is

20

25

30

Page 30 of 210

therefore not intended to be limiting in any way. The present
method and apparatﬁs is applied to the circular substrates as
illustrated by way of Fig. 7. The present method relies upon
etching of substrate material S by way of oxygen using a
reaction which is substantially chemical etching.

An illustration of a circular substrate according to
the present invention is shown in Fig. 8. Assume that the
distance dg,, between stacked wafers is relatively small
compared to the wafer radius a such that d

gap
the assumption, the oxygen concentration will be

<<a. Based upon

substantially uniform in the axial direction z. Accordingly,
only radial diffusion in the r-direction needs consideration.
Assuming an equi-molal counterdiffusion
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e e

m
- 4 n;v; =0
\ =1

—e————"3nd. an isobaric and isothermal stack zone, the problem reduces
to two dimensions and becomes

TLAf a(r8uln)
_1.._._______._.ar =&u(r)
r or D
- where u(r)=n,(r)/n,;. The boundary condition is u(a)=1 at a
) wafei‘édge,’and the solution of the eguation becomes
— LT

u(r) =c110(~ LDWI] + CZKO(,| -k—;’r)

~™——5  where I, and K, are modified Bessel functions of the first and
second kind, respectively, and ¢; and c, are constants. For a
finite, normalized oxygen concentration u(0) at the center of
the wafer, the equation requires c,=0. The remaining boundary
condition of u(a)=1, sets the solution:

N’\.,‘___.__-_.——-—
k
I\ —2r
. u(z) = °[\ D

T D

10 Note that the functional form u(r) describes both the relative
etch rate profile R,(r)/R,(a) and the relative oxygen atom
etchant concentration n,(r)/n,(a). The relative etch rate
profile can easily be obtained by measuring an etching rate
profile on a circular substrate made by way of the present

15 method.

Fig. 9 is a simplified plot of a normalized
stripping rate vs. radial distance from a wafer center for the
circular substrate example. The plot shows a profile of u(r)
for k,,/D=0.1, and an a=150 mm. As can be seen, the

20 normalized stripping rate is lower at a center region of the
wafer, and increases to 1 at the wafer edge. Based upon a
slope of the plot, a reaction rate coefficient can be
extracted by way of a diffusivity.
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2. Rectanqular Substrate Stack Asher

To further provide the principle and operation of
the present method and apparatus, the present method and
apparatus is applied to a rectangular substrate configuration
in a stack asher. Again, the present example should not be
taken as limiting the scope of the claims described herein,
but is merely an example. An analytical solution for etchiﬁg
profiles in the stack zone are derived for etching/ashi a
stack of rectangular substrates as illustrated in Fig.&ﬂ. The
rectangular substrate can be a flat panel display such as a
liquid-crystal display (LCD) plate and the like in the
coordinate system of Fig. 10. To solve an equation for the
present rectangular configuration where D is not dependent
upon spatial coordinates, write the solution as:

u=u +u
where u; is satisfied by the following equation

on,

3t =DVPn,=-k,n,

where u; = 0 at y = +b/2;
and u, is a solution that is 0 at x = za/2.
" The solution for u;(x,y) = X(x)Y(y) is obtained by a
separation of variables as follows.

+ = ?:Ai—kz-;

1] The sign of the sum decomposing A\? is chosen so that X(x) and

25
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Y(y) both have real values, as shown below. Since the
boundary conditions on Y(y) are:

Y(-b/2) = Y(b/2) =0

the solution is,

Y = c,cosd,y.

From the boundary conditions, ¢, = m/b where m = 1,3,5,...

Y
Similarly, the solution for X is

where )\, is-given—by:




24

X = c,coshi, x,

5 wW ‘XX 15 g;‘ven },y

~C

A, = JK,./ D+ (am /B,
21 M.A;h‘ general solution is the sum: ’ -

l

u, -E cacosh|y/k,,/ D+ (am / b) 2x|cos 2L by

T "< where ¢, = 0 form = 0,2,4,...to satisfy the
boundary conditions. Setting u,(a/2,y) = f(y), where f(y) is
the even-function square wave of magnitude 1, the Fourier

5 series is obtained,

o e &
{: £
cpcosh|/k,,/D+mm /b)? a] ff(y) cos ’""ydy

e

and after the integration

1 cqcoshl/k,./D+mn /1))5§]=%sin-"E

2

" “which is zero when m is even, as required. Thus, the u; part

__of the solution can be written

‘T 2 “‘ ul(XIY) E —Si cos k D+ (mm/b) X] os
m=1 cosh[,/k /D+ (mm/b) 22 a]

m=1,3,5,..
Note that u,(a/2,y) = 1 for (-b/2<y<b/2). The solution for u,
10 can be obtained in a similar way. The solution is then
4mM
TN

- cos ‘/kvo7D+(m1:7b)§x] mn
2] %" b
osh[,[k_w/"p' + (mm /b) 5—]
ulx,y) E—sin— 2 +
et cosh[ k,o/D+ (mm/a) y] mnx

cos}{\/ma—)’ B ] -

TTT——where m is odd. As b » ®, this approaches the solution for 1-

dimensional diffusion (corresponding to an infinitely long
strip):
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() = 2T D]
cosh[,/KvJD-g]
—Fwe - dimensional

The previougbequation is now applied to interpret
ashing uniformity data and predict uniformity and the atomic
oxygen concentration profile n, along the surface of a
substrate for selected operating conditions. To use the
relationship, values of k,, and D are required. For atomic
oxygen diffusing through 0,, diffusivity was computed as
D(ca?/s)=0.04473/? (T is in K)fffé‘ém.?.la.wﬁ’i‘r'sghfelder, C.F.
Curtiss, R.B. Byrd, "Molecular Theory of Gases and Liquids,"
pp- 538-541 and 578-582, John Wiley & Sons, 2nd Printing
(1963), which is hereby incorporated by reference for all
purposes. Of course, other techniques for calculating the
diffusivity also exist.

In general, k,o will be a function of at least gap,
resist composition, temperature, and other parameters. In an
example, k,, is unknown, although the activation energy for
resist ashing is conventionally reported to be in the 11-

12 kCal range from industry literature. However, the

" solutions for u(x,y) depend only on k,,/D and geometrical

chamber dimensions such as gap (as incorporated into k), a,
b, and the like. Accordingly, k,,/D is deduced from the
etching rate profile, as previously described.

In particular, k,,/D can be obtained from
measurements of the amount of resist removed at two
independent points (points where the theoretically predicted
etch depth ratios u(x;,y;), u(x,,y,) are unequal by solving
the appropriate equation for k,,/D andxfw s "afor D(T,P).
But the present example used a more robust procedure:
determine k,,/D from a least squares fit to the entire
experimental etch profile data set taken by a conventional
stylus profilometer. ‘

Fig. shows an experimental etching profile data
taken on a 30x30 cm resist-covered substrate spin-coated with
2.1 microns of MCPR 200 resist (Mitsubishi Chemical Corp.,
equivalent to Tokyo Ohka Kogyo Co. OFPR 800). A vertical axis
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1201 defines an ashing rate R, with respect to an x-direction
1203 and a y-direction 1205. A grid pattern 1207 represents a
"fitted" surface region via aforementioned equation
representing ashing rates. Actual data points for each ashing
rate are defined as the circular points 1211, and plots
representing the fitted surface region are defined as cross
points 1209. Ashing rate is greater around the periphery of
the substrate, than substrate center regions.

The reactor held 1.1 mm thick substrates with a 28.9
mm gap«(dg&p) above the wafer. A 4 kW rf power sourcejggﬁzépgd
plasma with pure oxygen gas flowing into the reactor at 3
liters/min. Thermocouple sensors and heaters kept the reactor
chamber and substrates at T=220 °C during the etch process,
and a throttle valve maintained pressure at P=1.2 Torr.
Etching occurred for 5 min. Resist thickness was measured
before and after etching using a Nanometrics Model 210
Nanospec Auto Film Thickness Monitor. The surface of Fig. ir,
represents a least squares fit,the aforementioned equation for
u(x,y) with k,,/D as the only adjustable parameter. The least
squares fit gives k,,/D=0.047. At P=1.27 Torr and T=493 K

into D(cm?/s)=0.044T3/2 yields D=400 cm’/s. By way of the

" relationship k,,/D=0.047, the etch rate constant is now

kyo=19.5 sec.”l. In the manner, e.g., by fitting profile data
to the solution for given substrate geometry, k,, can be
measured under various process conditions. By way of k..,
other parameters such as n,, X5, and the like may also be
calculated.

Oonce k,, is known as a function of temperature,
ashing rate and uniformity can be calculated as a function of
reactor size parameters (a,b) and process variables (p, T, and
n,). While the etching rate is proportional to n,,, n,, does
not affect the etch depth profile and need not be known to
compute k,,. However, after k,, is obtained, n,, can be
iﬁmputed from the experimentally measured etching rate per

LR;ksnoo. The procedure applies up to endpoint (endpoint is
the time at which resist has been "stripped" and is no longer
covering the region of the substrate where etching was
fastest). At endpoint, resist begins to be cleared from the
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substrate so that etchable area changes. Hence, n,, will
start to change (increase) after endpoint. The magnitude of
n,, dhring the steady-state period when resist is etching
controlled by the plasma source, the number of substrates

5 loaded into the reactor and (possibly) convective loss.

edi t
The effect of profile uniformity on loading can be
explicitly accounted for by defining a profile-~average

i% 10 substrate area Ameff

27
0@/ RoPote=[ [Buupseckvoo (%, ) dxdy=nookoof [ ulx,y) dxdy=nok,og oce

E;?‘"—‘_""so that n,pk,Ax err is the per substrate etchant consumption
with nonuniformity resulting from effects of diffusion and
reaction taken into account. Then for given plasma source
(etchant supply), the etch rate/loading effect equation

15 becomes: -

.-/I“f“./. , 1 __1 _KANF mA,
R,(m) kgn, kST sT

s
Sa—— .

All of the terms can be computed explicitly from etch rate
profile data, except for the rate of etchant production by the
source. The etchaht production rate can be computed from two
069’ measurements of etching rate when changing kKyoAy efr- Ay eff
20 can be changed either by changing the number of substrates or
changing the etch rate profile (with constant etchant supply).
The present invention provides a method of selecting
uniformity in chemical plasma etching as a function of
processing parameters. The present invention also provides
25 for a method of measuring absolute gas-surface reaction rates
in commercial processing equipment without the benefit of
sophisticated diagnostic equipment.
Gas-surface radical reaction rates are often needed
for the design of plasma processing equipment and for
30 selection of desired reaction conditions. Unfortunately, few
data are available on absolute reaction rates in systems of
practical interest in the prior art. Most experimental data

cmmmd
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have been taken in difficult flow tube experiments, or by
related techniques which require reactant concentrations to be
quantified using sophisticated methods such as gas-phase
titration, laser fluorescence or mass spectrometry. These
measurements require great care and specialized .
instrumentation. In contrast, the present invention describes
a technique for measuring etching rate constants. It can be
carried out in commercial processing equipment and the like,
and it does not require sophisticated instrumentation, direct
radical measurements, or the like. An isothermal reaction
rate. constant may be derived from a single measurement of
etching uniformity. From this information, the etching rate
uniformity as a function of substrate spacing and pressure can
be computed. If experimental data on uniformity are taken at
several temperatures, an intrinsic activation energy can be
derived and the effects of temperature can be expressed
analytically.

While the above is a full description of the
specific embodiments, various modifications, alternative
constructions and equivalents may be used. For example, while

_ the description above is in terms of a plasma etching method,

it would be possible to implement the present invention with
other etching methods or the like.

Therefore, the above description and illustrations
should not be taken as limiting the scope of the present
invention which is defined by the appended claims.




29

WHAT IS CLAIMED IS:

1. An in
comprising the step
providing
substrate therein, sa

egrated circuit device fabrication method
of:
plasma etching apparatus comprising a
substrate comprising a top surface and
a film overlying said tpp surface, said film comprising a top
film surface;
chemical etching said top film surface to define an
etchiqg profile on said film, and defining etch rate data
comprising an etch rate and\ a spatial coordinate from said
etching profile; and
extracting a reactipn rate constant from said etch

rate data, and using said reaction rate constant in adjusting

said plasma etching apparatus.

3. The

(}¢Jf;b coordinates include.

4. The method of claim 1 wherein said spatial

thod of claim 1 wherein said spatial
radius and an angle.

coordinates includé an %-direction and a y-direction.

- b 5. The method claim 1 wherein said extracting

/b&[ab step correlates said reactiqn rate constant over a diffusivity
with said an etching rate, said etching rate being defined by
said etching profile.

Page 38 of 210




30

method comprises reactants including an oxygen and a
photoresist.
9. A method of designing a reacf6r comprising the
' steps of: .
4/ 9 providing a first plasma etgling apparatus
ﬂﬁp comprising a substrate therein, said substrate comprising a
top surface and a film overlyipg said top surface, said film
COmp}iéing a top film surfa
chemical etching said top film surface to define an
etching.profile on saig/film, and defining etch rate data
comprising an etch rafe and a spatial coordinate from said
etching profile; apd
extracg¥ing a reaction rate constant from said etch
rate data, angfusing said reaction rate constant in designing
a second plasma étching apparatus.

10. The method of claim 9 wherein said chemical

with said an etching rate, said etching rate pe
said etching profile.

ng defined by

14. The method e
is defined by

claim 9 wherein said etching rate
ing profile at selected spatial

coordinates o a time.

The method of claim 9 wherein said chemical
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C7§Q 6 —FPhe—method—eofcltaim S—whereinm seaid—ashing
Ehrod . eants includi . .
%Q/‘ﬁ i .
‘ photoresisty
. inl§ vheretn sal
. The method of claim ' 9 wherein said second
plasma etching apparatus is a co-axial reactor. -
19 0
16. The method of claim 8 wherein said second
plasma etching apparatus is a plasma etching apparatus.

providing a substrate selected from a group

consisting of a semiconductor wafer, a plate, and a/flat panel

display, said substrate comprising a top surface;

forming a film overlying said top supface, said film

comprising a top film surface;

chemical etching said top film rface to define a

profile on said film, and defining etch/rate data comprising
an etch rate and a spatial coordinatg’ from said etching

profile; and

extracting a reaction fate constant from said etch

- rate data, and using said reagtion rate constant in adjusting

said method.

20. A methgd of fabricating an integrated circuit
device, said method Comprising:

providirg a uniformity value for an etching
reaction, said Atching reaction including a substrate and
etchant specjes;
defining etching parameters ranges providing said
uniformjfy value; and
adjusting at least one of said etching parameters to
ce a selected etching rate;

wherein said etching rate providing an etching
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21. The method of claimlzd wherein said etching
parameters can be selected from a group consisting of a
temperature, a pressure, a power,

a gap, and a flow rate.
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PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING

ABSTRACT OF THE DISCLOSURE

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 Edﬁ 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.

N:AWPA\WPS1\PAT\16655-1.RTO




Attorney Docket No. 16655-000100
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DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I declare that:

My residence, post office address and citizenship are as stated below next to my name; I believe I am the orig f
(if only one name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject matter which
is claimed and for which a patentis sought on the invention entitled: PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING

the specification of which __X__ is attached hereto or was filed on as Application Serial No. and was amended on _
_ (if applicable).
I have reviewed and understand the contents of the above identified specification, including the claims, as ded by any dment

referred to above. I acknowledge the duty to disclose information which is material to the examination of this application in accordance
with Title 37, Code of Federal Regulations, Section 1.56. I claim foreign priority benefits under Title 35, United States Code, Section
119 of any foreign applications(s) for patent or inventor’s certificate listed below and have also identified below any foreign application
for patent or inventor’s certificate having a filing date before that of the application on which priority is claimed.

B
-

Prior Foreign Application(s)

Country Application No. ) Date of Filing Priority Claimed
Under 35 USC 119

N/A Yes No
Yes No

I claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as the
subject matter of each of the claims of this applicationis not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose material information as defined in
Title 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prior application and the national or
PCT international filing date of this application:

Application Serial No. Date of Filing Status
N/A ' __ Patented ___ Pending ___ Abandoned
___Patented ___ Pending ___ Abandoned

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application
and transact all business in the Patent and Trademark Office connected therewith.

WILLIAM J. BOHLER, Reg. No. 31,487
RICHARD T. OGAWA, Reg. No. 37,692
KENNETH R. ALLEN, Reg. No. 27,301

Send Correspondence to: ' : Direct Telephone Calls to:
WILLIAM J. BOHLER (Name, Reg. No., Telephone No.)
TOWNSEND and TOWNSEND KHOURIE and CREW
Steuart Street Tower Name: WILLIAM J. BOHLER
One Market Plaza, 20th Floor Reg. No. 31,487
San Francisco, CA 94105 ) Telephone: 27,301
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Full Name Last Name First Name Middle Name or Initial

of Inventor 1 FLAMM DANIEL L.

Residence & City State/Foreign Country Country of Citizenship
Citizenship WALNUT CREEK CALIFORNIA U.S.A.

Post Office Post Office Address City State/Country Zip Code
Address 476 GREEN VIEW DRIVE WALNUT CREEK CALIFORNIA 94596
Full Name Last Name First Name Middle Name or Initial *

of Inventor2 | VERBONCOEUR JOHN

Residence & City State/Foreign Country Country of Citizenship
Citizenship HAYWARD CALIFORNIA U.S.A.

Post Office Post Office Address City State/Country Zip Code
Address 3350 OAKES DRIVE HAYWARD CALIFORNIA 94542

I further declare that all statements made herein of my own knowledge aré true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false
statements may jeopardize the validity of the application or any patent issuing thereon.

Signature of Inventor 1 Signature of Inventor 2
DANIEL L. FLAMM JOHN VERBONCOEUR
Date Date

C:YWORKIRTOA 16655, dec (Page 2 of 2)

Page 44 0210




Page 45 of 210

Ot } ' ﬂaCfﬂ) 2:’—

s

Nogo

v/ ////777/7//{4 o
7
| 73




16ECS -]

T ::__.\ 4‘ N9
S &

G Rt ——
W[/J/Z{/////[[/. ll

Page 46 of 210




INESS

Rate from the Etch Rate
Profile Data

Measure etch profile

Extract Rate Constant & Etch '
/\/ v

1
Etch film at constant pressure and preferably Vad 1ol
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 handie
complex case It measure temperature-time
history. '

A

2
Get etch rate profile data as (Etch rate.x,y) //\/\D?
or(Etch rate, r,0)triads, an n x 3 array
where n ls the number of points sampled. -
If temperature varies it will be average etch s
New temperatures
rate. .
in order to get
k(T2), k(T3)...
Fit to Model with kvo/D and
Etch Rate as Parameters ?

3 -
Run a least squares fit using ditferences between the \()5
data array and analytical modal tor etchrate(kvo/D, Edau('/
ER) to compute: kvo/D and the ER at edge of the

plate or wafer.

Calculate D and with < ! D%
b it kvo & ks
4
Calculate D from Chapman-Enskog kinetic thory ,/1’ ‘d’

formulas (¢ee R.B. Bird,W.E. Stewart, E.N. Lightfoot,
pp510-513, Transport Phenomena, Wiley (1960)
and manuscript ref. for O. Multiply kvo/D by D(T. P)
to obtain kvo(T,2). Note the z comes in because
kvo(Tx,2)= ks(Tx)"(Area/Volume)sks/z

(09

Separate pre-exp & Ea “\
6 Al
From ks(T1), ks(T2)... do least square fit to 4 ‘
oxtract Ea and preexponential where - Use ER(edge)=kvo no to
KI(T)=A(T*"0.5)Ae**(-Ea/RT) p{ deduce no, the alom
Or, If Ea known, just extract. tc::ce :tr':rtlon at the edge of
water.

6.3 -

Page 47 of 210

17




66551

Extract Plasma Source
Intensity and "tune” the
Plasma Source using Loading
Effect Relationship

1
Measure Etch rate ve. effective area of substrate.
Plasma source temperature, pressure (T,P)
power held constant. However substrate stack or
single substrate T,P may bae varied to aiter Aeff.

v . 729)

Page 48 of 210

» 13
Change Aeff
— : g4
M J et y - 5
7 ) B 7
6 ]
Alter gap (d) change number of Vary substrate (&
between waters and wafers in the simultaneously) support
surface above reactor member dimensions

I l

il

7
~Llb

9
Measure etching profile & {1 ’L\q
compute Aeff (loading eqn)

1
Aeff = A substr

Has data for n Aeff values
been measured? (n>3)

Fit to eqn. 5& from slope (m
Aeff) obtain 1/St, the supply

z v 100

L9221

798

3

of etchant from source to the
reactor.

y

»| Try new plasma sourco or
plasma source parameters.

5
Modify chamber materials otc to
reduce slope numerator, (kr Ar + F) |
or reduce flow if F term is major

vi

etchant loss




bpSo~

Optimize Etching Rate vs.
P, T, rf Power with qov
Uniformity Constraint // -

3 > 20
o Spacify required
| uniformity

2 203 ,

input predetermined ks or : v
determine ks from . . PR

uniformity measurements .

al 1 or more temperatures
4
Compute locus of highest T
vs. P and d; and highest P
vs T and d where
uniformity meets -
specification. 7)0? :

6
Specify: uniformity limit manifold:
Select d values and adjust locus of P and T
values below the calculated manifold by a
predetermined amount to allow for
statistical and experimental error and
process drift. (Po,To)

v

8
Determine max cdge etch rate & supply of '\/(;\ \
etchant from plasma source(St) for RF |
power flow values and [P, Til(d) Wwithin
uniformity limits manifold

P!

9
Locste Intersection space of P<PLT<Tl h.?|?
(uniformity manifold) and maximum etch

rate or etchant supply at selected RF
power(flow) values

(""zJUq

14 ¥
If resulting etch rates are too low, '
change power and/or reduce
effective etchable area (examplie:
increase d, decrease number of
substrates)
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Normalized Stripping Rate, Dimensioqless
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Extract Rate Constant & Etch

Rate from the Etch Rate
Profile Data

Measure etch profile

1
Etch film at constant pressura and preferably
constant plasma source characteristics and:

1. do not etch to endpoint _

nun UL rFro

08433623

T

o

4 01
/2/\ N

or 2. Etch exactly to first sign of endpoint
Best to do isothermaily, but can probably handle
complex case i measure temperature-time

shistory.

2
Get etch rate profile data as (Etch ratex.y)
or(Etch rate, r,0)triads, an n x 3 array
where n Is the number of points sampied.
If temperatiure varies it will be average etch

rate.

Fit to Model with kvo/D and
Etch Rate as Parameters

3
Run a least squares fit using differences between the
data array and analytlcal model for etchrate(kvo/D, Edge 1
ER) to compute: kvo/D and the ER at edge of the
plate or wafer,

Calculate D and with
it kvo & ks

4 2106

Calculate D from Chapman-Enskog kinetic thory A
formulas (see R.B. Bird W.E. Stewart, E.N. Lightfoot,
pp510-513, Transport Phenomena, Wiley (1860)

and manuscript ref. for O. Multiply kvo/D by D(T,P)

105

L~ 0% |(/¥

[3 [4
New temperatures
in order to get
k(T2), k(T3)...

[y

to obtain kvo(T,2). Note the z comes in because
kvo(Tx,2)= ks(Tx)"(Area/Volume)uks/z

Separate pre-exp & Ea -

3 é
From ks(T1), ks(T2)... do least square fit to
oxtract Ea and praexponential where
ki(T)=A(T""0.5)Ae**(-Ea/RT)

Or, If Ea known, just extract.

—

7 e
Use ER(edge)=kvo no to
deduce no, the atom
concantration at the adge of
the wafer.
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Extract Plasma Source , g
intensity and “tune” the . / L o
Plasma Source using Loading
Effect Relationship
1 PRI .
Measure Etch rate ve. 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 Aeff.
B * ZUG)
» 13
Change Aeff
/ - - ,7, l
7 g ,2‘\ J s v E% y /\/ §
6 8
Alter gap (d) change number of Vary substrate (&
between wafers and .watars in the simultaneously) support
surface above ’ " reactor mamber dimensions

l

|

9
Measurs etching profile & 11 1\0\
compute Aeff (loading eqn)

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

Y

el

2
Fit to eqn. 5& from slope (m
Aeff) obtain 1/5t, the supply
of etchant from source to the
reactor.

178

5
Modify chamber materials etc to

or'reduce flow if F term is major
etchant loss

reduce slope numerator, (kr Ar + F)

3

Try new plasma sourco or
plasma source parameters.
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Optimize Etching Rate vs.
P, T, rf Power with
Uniformity Constraint
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uniformity
2 PN S
Input predetermined ks or ’
determine ks from
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al 1 or more temperaturés \
4
Compute locus of highest T
vs. P and d; and highost P L

vs T and d where

speclfication.

5
Specify: uniformity limit manifold:
Seloct d values and adjust locus ofPand T
values below the caiculated manifold by a 2 q
predetermined amount to allowfor 47 W
statistical and experimental error and
process drift. (Po,To)

v
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Determine max odge étch rate & supply of 'V?H
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uniformity limits manifold

y

9 . i
Locate Intersection space of P<PT<Tl 4o 44
(uniformity manifold) and maximum etch ’
iate or etchant supply at selected RF
power(flow) values
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If resulting etch rates are too low,
change power and/or roduce
effective etchable area (example:
increase d, decrease number of
substrates)
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TOWNSEND AND TOWNSEND KHOURIE AND CREW
STEUART STREET TOWER
ONE MARKET PLAZA

SAN FRANCISCO CA 94105 DATE MAILED: aooo .
NOTICE TO FILE MISSING PARTS OF APPLICATION nsszz/
FILING DATE GRANTED

An Application Number and Filing Date have been assigned to this application. However, the items indicated
below are mi The required items and fees identified below must be Eixf submitted ALONG WITH
THE EYMEN‘%‘ OF A SURCHARGE for items 1 and 3-6 only of for large entities or
$ for small entities who have filed a verified statement claiming such status. The surcharge is set forth in
37 CFR 1.16(e).

If all required items on this form are filed within the pgriod set below, the total amount owed by applicant as a B@e
entity, [ small entity (verified statement filed), is ﬂ_&_

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a).

1. B/The statutory basic filing fee is lozéssmg [ insufficient. Applicant as a Bl(utge entity (J small
ﬁw’ must submit $_~ 7.3 O to complete the basic filing fee.
2

Additional claim fees of $ !‘_’t asa B’ﬁe entity, (] small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3. [0 The oath or declaration:
[J is missing.
O does not cover the newly submitted items.

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4. [ The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

5. e signature(s) to the oath or declaration is/are: #'missing; OJ by a person other than the inventor
or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

6. O The signature of the following joint inventor(s) is missing from the oath or declaration:

An oath or declaration listing the names of all inventors and signed by
the omitted inventor(s), identifying this application by the above Application Number and Filing

Date, is required.

7. O The application was filed in a language other than English. Applicant must file a verified English
translation of the application and a fee of $. under 37 CFR 1.17(k), unless this fee has
already been paid.

8.0AS$ processing fee is required since your check was returned without payment.
(37 CFR 1.21(m)). )

9. OJ Your filing receipt was mailed in error because your check was returned without payment.

10. O The application does not comply with the Sequence Rules. See attached Notice to Comply with
Sequence Rules 37 CFR 1.821-1.825.

11. 0O Other.

Direct the response to Box Missing Part and: refer any questions to the Customer Service Center
at (703) 308-1202.

A copy of this notice MUST be returned with the response.
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)

In re application of:

‘Daniel L. Flamm et al.

) Examiner: Unassigned
)
) Art Unit: Unassigned
Serial No.: 08/433,623 )
) IRANSMITTAL LETTER
Filed: May 3, 1995 )
)
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For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

Attn: Application Processing Division
Special Processing and Correspondence Branch
Assistant Commissioner for Patents
Washington, D.C. 20231
Sir:

Pursuant to the Notice to File Missing Parts of
Application - Filing Date Granted dated May 3, 1995, enclosed are
the following to be made of record in the above-identified
application:

) 1) Executed Declaration and Power of Attorney:

2) Verified Statement Claiming Small Entity Status;

3) Copy of Notice of Missing Parts;

4) Assignment; and

4) Recordation Form PTO-1595.

Please charge the statutory basic filing fee of $436.00
(total claims,.23 and 4 independent claims), $40.00 for
Recordation of the Assigﬁment, and the surcharge of $65.00 -
Total $541.00 to Deposit Account No. 20-1430 of the undersigned.
The Assistant Commissioner is hereby authorized to charge any
additional fees associated with this paper or during the pendency

of this application, or credit any overpayment to Deposit Account




Page 73 of 210

Daniel L. Fla..u ) PATENT
Serial No.: 08/433,623
Page 2

No. 20-1430 for this paper and during the prosecution of this
application. This Transmittal Letter is submitted in triplicate.
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Attorney Docket No. 16655-1

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I declare that:

My residence, post office address and citizenship are as stated below next to my name; I believe I am the original, first and sole inventor
(if only one name is listed below) or an original, first and joint inventor (if plural inventors are-named below) of the subject matter which
is claimed and for which a patent is sought on the invention entitled: PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING
the specification of which ____ is attached hereto or _X _ was filed on __May 3, 1995 _ as Application Serial No. 08/433,623 and was
amended on _____ (if applicable). .

1 have reviewed and understand the contents of the above identified specification, including the claims, as amended by any amendment
referred to above. I acknowledge the duty to disclose information which is material to the examination of this application in accordance
with Title 37, Code of Federal Regulations, Section 1.56. I claim foreign priority benefits under Title 35, United States Code, Section
119 of any foreign applications(s) for patent or inventor’s certificate listed below and have also identified below any foreign application

for patent or inventor’s certificate having a filing date before that of the application on which priority is claimed. ’

Prior Foreign Application(s)
Country Application No. Date of Filing * Priority Claimed
Under 35 USC 119
Yes No
Yes No

I claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as the
subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose material information as defined in
Title 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prior application and the national or
PCT international filing date of this application:

Application Serial No. Date of Filing " Status
_Patented ___ Pending ___ Abandoned
. Patented ___ Pending ____ Abandoned

POWER OF ATTORNEY: As a named iaventor, I hereby appoixt the following attorney(s) and/or agent(s) to prosecute this application
and transact all business in the Patent and Trademark Office connected therewith.

Richard T. Ogawa, Reg. No. 37,692
2 William J. Bohler, Reg. No.
Kenneth R. Allen, Reg. No. JJQL

Send Correspondence to: Direct Telephone Calls to:
Richard T. Ogawa (Name, Reg. No., Telephone No.)
TOWNSEND and TOWNSEND KHOURIE and CREW
Steuart Street Tower Name: Richard T. Ogawa
ne aza, 20th Floor Reg. No. 37,692
San Fran Telephone: 415 326-2400
(Page 1 of 2)
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Full Name Last Name )‘/@ First Name Middle Name or Initial

of Inventor 1 |_Flamm D L.

Residence & | City /D( State/Foreign Country Country of Citizenship
Citizenship _Walnut Creek Q California U.S.A.

Post Office Post Office Address City State/Country Zip Code
Address 476 Green View Drive Walnut Creek California 94596
Full Name Last Name & '(p First Name Middle Name or Initial

of Inventor 2 |_Verboncoeur a _J John _ 4P _

Residence & City ‘ State/Foreign Country Country of Citizenship
Citizenship ~ 4~Hayward C Ay California U.S.A.

Post Office 'i’o‘st Office Address City State/Country Zip Code
Address 3350 Oakes Drive Hayward California 94542
Full Name Last Name First Name Middle Name or Initial

of Inventor 3

Residence & City State/Foreign Country Country of Citizenship
Citizenship

Post Office Post Office Address City State/Country Zip Code
Address .

I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false
statements may jeopardize the validity of the application or any patent issuing thereon.

Daniel L. Flamm

Signature of In 2
m /.D%Wf@

ohn P. Verboncoeur

Signature of Inventor 3

Date 0b-12-95

v s 7, /995
174

DP.MRO 193

(Page 2 of 2)
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Attorney Docket No. 16655-1

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I declare that:

My residence, post office address and citizenship are as stated below next to my name; I believe [ am the original, first and sole inventor
(if only one name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject matter which
is claimed and for which a patent is soughton the invention entitled: PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING
the specification of which ___-_is attached hereto or _ X _ was filed on _ May 3, 1995 as Application Serial No. 08/433,623 and was
amended on ____ (if applicable)

1 have reviewed and understand the contents of the above identified specification, mclndmg the claims, nsamndedbynnyamendment
referred to above. I acknowledge the duty to disclose information which is material to the examination of this ap ion i

with Title 37, Code of Federal Regulations, Section 1.56. I claim foreign priority benefits under Title 35, Unilnd States Code, Section
119 of any foreign applications(s) for patent or inventor’s certificate listed below and have also identified below any foreign application
for patent or inventor's certificate having a filing date before that of the application on which priority is claimed.

Prior Foreign Application(s)

w,

Country Application No. Date of Filing Priority Claimed
. Under 35 USC 119

Yes No

Yes No

I claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as the
subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose material information as defined in
Title 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prior application and the national or
PCT international filing date of this application:

Application Serial No. Date of Filing Status
___Patented ____ Pending ___ Abandoned
—_Patented ___ Pending ___ Abandoned

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following momcy(s) and/or agent(s) to prosecute this application
and transact all business in the Patent and Trademark Office connécted therewith

Richard T. Ogawa, Reg. No. 37,692
William J. Bohler, Reg. No. 31,487
Kenneth R, Allen, Reg. No. 27,301

Send Correspondence to: Direct Telephone Calls to:
Richard T. Ogawa (Name, Reg. No., Telephone No.)
TOWNSEND and TOWNSEND KHOURIE and CREW :
Steuart Street Tower Name: Richard T. Ogawa
One Market Plaza, 20th Floor Reg. No. 37,692
San Francisco, CA 94105 Telephone: 415 326-2400

(Page 1 of 2)
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Full Name Last Name First Name Middle Name or Initial

of Inventor 1 Flamm Danlel L. .

Residence & City State/Foreign Country Country of Citizenship
Citizenship Walnut Creek California U.S.A.

Post Office Post Office Address City State/Country Zip Code
Address 476 Green View Drive Walnut Creek California 945%
Full Name Last Name First Name Middle Name or Initial

of Inventor 2 | Verboncoeur John P,

Residence & City State/Foreign Country Country of Citizenship
Citizenship Hayward California U.S.A.

Post Office. | Post Office Address City State/Country Zip Code
Address 3350 Oakes Drive Hayward California 94542
Full Name Last Name First Name Middle Name or Initial

of Inventor 3

Residence & City State/Foreign Country Country of Citizenship
Citizenship

Post Office Post Office Address City State/Country Zip Code
Address

1 further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false
statements may jeopardize the validity of the application or any patent issuing thereon.

Gl f.

Daniel L, Flamm

Signature of Inventor 2

John P. Verboncoeur

Signature of Inventor 3

Date

Date

DP.MRC 193
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) Atty. Docket No. 16655-1
VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY
STATUS (37 CFR 1.9(f) and 1.27(b)) - INDEPENDENT INVENTOR

John P. Vi

Serial or PE0 o 08/433 623
Filed or Issued: May 3; 1995
Title: PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING

As a below named inventor, I hereby declare that I qualify as an independent i as defined in 37 CFR 1.9(c) for purposes of paying reduced
fees 10 the Patent and Trademark Office regarding the invention entitied PROCESS QMIZATION IN GAS PHASE DRY !:'l‘CHING
described in:

[1] the specification herewith.

X1 application Serial No. 08/433,623 » filed _May 3, 1995

1] Patent No. , issued
I have not assigned d yed or | d and am under no obligation under contract or law to assign, grant, convey or license, any rights

in the invention to any pcrson who would not qualify as an independent inventor under 37 CFR 1.9(c) if that person had made the inveation, or to
any concern which would. not qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1.9(¢).

Each person, concern or organization to which I have assigned, granted, conveyed, or licensed or am under an obligation under contract or law to
assign, grant, convey or license any rights in the invention is listed below:*

X1 No such person, concern, or organization
[1 Persons, concerns or organizations listed below*

*NOTE: Sep verified ts are required from each named person; concern or organization having rights to the
invention averring to their status as small entities. (37 CFR 1.27)
NAME
ADDRESS
[ INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION
NAME
ADDRESS
[ 1 INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION
NAME
ADDRESS
[ JINDIVIDUAL “[ 1SMALL BUSINESS CONCERN [ 1 NONPROFIT ORGANIZATION

1 acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of entitlement to small entity status
prior to paying, or at the time of paying, the carliest of the issue fee or any maintenance fee due after the date on which status as a small cntity is
no longer appropriate. (37 CFR 1.28(b)).

1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed
to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine
or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity
of the application, any patent issuing thereon, or any patent-to which this verified statement is directed.

NAME OF INVENTOR: NAME OF INVENTOR: NAME OF INVENTOR:

DANIEL L. FLAMM 7

Signature of Inventor Signature of Inventor Signature of Inventor
- g

KAL6635\1 ami2.ent
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\ Atty. Dovicet No. 16655-1

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY
STATUS (37 CFR 1.%(f) and 1.27(b)) - INDEPENDENT INVENTOR

Applicant or Patentee:_Daniel L. Flamm and John P. Verboncoeur
Serial or Patent No.: 08/433,623

Filed or Issued: May 3, 1995 :
Title: PROCESS O]

As a below named inventor, I hereby declare that I qualify as an independent inventor as defined in 37 CFR 1.9(c) for purposes of paying reduced
fees to the Patent and Trademark Office regarding the invention entitied PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING

described in:
[] the specification herewith.
X1 application Serial No. 08/433,623 » filed _May 3, 1995
[1 Patent No. , issued

1 have not assigned, granted, conveyed or licensed and am under no obligation under contract or law to assign, grant, convey or license, any rights
in the invention to any person who would not qualify as an independent inventor under 37 CFR 1.9(c) if that person had made the invention, or to
any concern which n;gul:i,‘riot qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1.9(¢).

Each person, concern or organization to which I have assigned,-granted, conveyed, or licensed or am under an obligation under contract or law to
assign, grant, convey or license any rights in the invention is listed below:*

[] No such person, concern, or organization
X1 Persons, concerns or organizations listed below*

*NOTE: Scparate verified statements are required from cach named person, concern or organization having rights to the
invention averring to their status as small entitics. (37 CFR 1.27)

NAME DANIEL L. FLAMM

ADDRESS476 Green View Drive, Walnut Creek, California_94596
[X ] INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ 1 NONPROFIT ORGANIZATION
NAME
ADDRESS
[ 1 INDIVIDUAL [ ] SMALL BUSINESS CONCERN { 1 NONPROFIT ORGANIZATION
NAME
ADDRESS
[ 1 INDIVIDUAL “{ 1 SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of entitlement to small entity status
prior to paying, or at the time of paying, the carliest of the issue fee or any maintenance fee due after the date on which status as a small entity is
no longer appropriate. (37 CFR 1.28(b)).

1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed
to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine
or imprisonment, or both, under section 1001 of Title. 18 of the United States Code, and that such willful false statements may jeopardize the validity
of the application, any patent issuing thereon, or any patent to which this verified statement is directed.

NAME OF INVENTOR: NAME OF INVENTOR: NAME OF INVENTOR:

JOHN P. VERBONCOEUR

. //M/QJWM@

Signature of Inventor Signature of Inventor Signature of Inventor

Date 06°12-95 Date: Date:

KA16655\1-senl.ort.
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[’ y'\ UNITED STATE, «pmmwcom

Patent and Trademark
\ Address: COMMISSIONER OF PATENTS AND TRADEMARKS
- Washington, D.C. 20231

FILNGDATE | FIRST NAMED APPLICANT | ATTY. DOCKET NOJTITLE |

08/433,623 05/03/95 FLAMM ' ' D 16656000100

#* * .
0212/0522 ﬁ
TDWNSEND AND TOWNSEND KHOURIE AND CREW :

STEUART STREET TOWER
ONE MARKET PLAZA

SAN FRANCISCO CA 94105 DATEMAILED: 0000
' NOTICE TO FILE MISSING PARTS OF APPLICATION 06/22/95

FILING DATE GRANTED

An Apphcatwn Number and Filing Date have been assigned to this application. However, the itemsindicated
below are missing. The required items and fees identified below must be timgly submitted ALONG WITH
THE gYMENT OF A SURCHARGE for items 1 and 3-6 only of $ g Q for large entities or
$ for small entities who have filed a verified statement claiming such status. The surcharge is set forth in
37 CFR 1.16(e).

e
If all required items on this form are filed within the Bdsetbelow.thctotal amount owed by applicant as a B’ée
entity, [ small entity (verified statement filed), is &2_ -

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a).

1. W’ﬁe statutory basic filing fee is: !éssmg O insufficient. Applicant as a mge entity (] small

to complete the basic filing fee.

d}h&y must submit $

2. ”Additional claim fees of $ E ‘ 2 asa Eﬂ(ge entity, [J small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3. O The oath or declaration:
[J is missing.
D does not cover the newly submitted items.

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and I":]mg Date is required.

4. 0 'The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.683, identifying the application by the above Application Number and
Filing Date, is required.

5. e signature(s) to the oath or declaration is/are: Bmu(lmg; O by a person other than the inventor
or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

P Q]@ﬁhgm oDt thllzving joint mwtfm is msmi from the oat.h or declaration:
P 30126 07/24/95 08433423 An oath o names nwrs and signed by
P 30127 thepmijteskiny tifying 2P, bove Ap) umber and Filing
Date, is reqmm%m ghm % tlB

7. 0 The application was filed in a language other than English. Applicant must file a verified English

translation of the application and a fee of $. under 37 CFR 1.17(k), unless this fee has
already been paid.

8.0AS$ processing fee is required since your check was returned without payment.
(37 CFR 1.21(m)).

9. O Your filing receipt was mailed in error because your check was returned without payﬁént.

<
10. O The application does not comply with the Sequence Rules. See attached Notice to Comply with o

- uence Rules 37 CFR 1.821-1.825. 260 SC 20-1430 08/0B/95 0B453473
11. O Other. 26073 203 15.00CH

Direct the response to Box Missing Part and refer any questions to the Customer Service Center
at (703) 308-1202.

M}GW}G!&": R

A copy of this notice le T be returned with the résponse.
’ COPY TO BE REVURNN‘JII'I‘H, RESPONSE 4
e . B e e

m m1mmxv e Y

s sttt

Page 80 of 210



- (x 10-3©
imi pdment  Age] b
0 Breliminert Amendment - £77¢ Aw 1113

i
TOWNSEND and TOWNSEND a&CREW(Y Atty. Docket No. 16655-000100

Steuart Street Tower

“One Market Plaza Date November 9, 1995

San Francisco, CA 94105
(415) 543-9600

In re application of Daniel L. Flamm, et al. I hereby certify that this is being deposited with the United
. States Postal Service as first class mail in an envelope
Serial No: 08/433,623 addressed to:
Filed: May 3, 1995 pd Assistant Commissioner for Patents
e Washington, D. C. 20231.
Group Art Unit: , e "

Date: /\/ Wember 9 /795

AM/W

For: . PROCESS OPTIMIZATION I/N,GA‘S'
PHASE DRY ETCHING .-~ -

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231, . —

-

Y Sin Y

Transmitted herewith is a preliminary amendmient in the above-identified application. ’
[X]Amendment. . X
[X]Small entity status of this application under 37 CFR 1.9 and 1.27 has been established by a verified statement- -

previously submitted. . ' .
[X]Posteard. ) ) bt
The filing fee has been calculated as shown below:

OTHER THAN A
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST NO.
REMAINING PREVIOUSLY PRESENT RATE ADDIT. RATE ADDIT.
AFTER PAID FOR EXTRA FEE OR FEE
AMENDMENT
TOTAL *25 MINUS **23 =2 2 x11= | $22.00 x22= | §
INDEP. *5 MINUS haae =1 1 x39= | $39.00 x718= | §
[] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +125= | § +250= | §
OR
* If the entry in Col. 1 is less than the entry in Col. 2, TOTAL | $61.00 TOTAL | §

write "0" in Col. 3. ADDIT. FEE

*>* If'the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space.
i If the "Highest Number Previously Paid For™ IN THIS SPACE is less than 3, write "3" in this space.
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found from the equivalent
box in Col. 1 of a prior amendment or the number of claims originally filed.
[1 No fee is due.
Please charge Deposit Account No. 20-1430 as follows:

X1 Claims fee $61.00
x1 Any additional fees associated with this paper or during the pendency of this application.

2 extra copies of this sheet are enclosed. T SEND and TOWNSEND and CREW

Richard T. Ogawa
Reg. No.: 37,692
ro\work\ 16655\ 1-pam.tra Attorneys for Applicant
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| hereby certify that this correspondence is being deposited with
the United States Postal Service as first class mail in an envelope
addressed to:

Assistant Commissioner for Pate: :

Washington, D.C. 20231, on szméaf ?}, /978

Date: //,/7;/75 By: /,&4/1-(_ f,%-—rs;/\t.

PATENT
~ 16655-000100US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PRELIMINARY AMENDME&—T
GAS PHASE DRY ETCHING

In re application of: ) / W

. )

Daniel L, Elamm, et al. ) . Examiner: Unassigned
" )

Serial No. 08/433,623 ) Art Unit: Unassigned
/ )
Filed: May 3, 1995 )
)
For: PROCESS OPTIMIZATION IN )
).
)
)
)

g
¢

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231 '
Sir:

Before action on the merits, please amend the above-identified application as

follows:

IN THE CLAIMS:

Please amend claims 1 and 5 and add new claims 24 and 25 as follows. The
pending claims, including the presently amended claims, are presented in Appendix A for

ease of reference:
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e steps of:

substrate cerfiprising a top surface and a film ovgrlygg%mg_thgc,sq[f@e%saﬁ@imcomprising
00 B = : 39.0{:”“

providiaga plasma etching apparatus comprising a substrate therein, said

oD -SuEtace 306079 20?: -'va(J\Qf*H
. 35080 203 22




q ,24/ (New) The method of claim 1 further comprising a step of using said
reaction rate constant in adjusting said plasma etch apparatus.

5}“& 2 New) A process fo bricating-a-device~said-device-being fabricated b

use of a reaction rate constant, said reaction rate constant being derived from a meth6d
comprising: .

providing a plasma etching apparatus comprising a subsirate therein, said
substrate comprising a top surface and a film overlying sajd-fop surface, said film comprising
a top film surface;

etching said top surface at at€mperature to define an etching profile on said

film, and defining etch rate data ceffiprising an etch rate and a spatial coordinate from said
etching profile; and

R

Page 83 of 210

REMARKS

Applicant adds new claims 24 and 25 to the subject application for
examination. No new matter has been introduced thereby. '

If the Examiner believes a telephone conference would expedite prosecution of
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this application, please telephone the undersigned at (415) 326-2400. 2%

Respectfully submitted, ‘
TOWNSEND and TOWNSEND and CREW

oue: Y25 By%‘g@ /

Reg. No. 37,6

RTO:de

rmlwrh!wSll:prdn.amd
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APPENDIX A

1. (Amended) A device fabrication method comprising the steps of:

prov1d1ng a plasma etching apparatus comprising a substrate therein, said
substrate comprising a top surface and a film overlying said top surface, said film comprisSing
a top film surface;

chemical etching said top film surface to define an etching profile on said film,
and defining etch rate data comprising an etch rate and a spatial coordinate from said etching
profile; and

_ ,extractmg a reaction rate [constant] from said etch rate data[, and using said

reaction rate constant in adjusting said plasma etching apparatus]. .

2. The method of claim 1 wherein said chemical etching step is diffusion
limiting.

3. The method of claim 1 wherein said spatial coordinates include a radius

* and an angle.

4, The method of claim 1 wherein said spatial coordinates include an x-
direction and a y-direction.

5. (Amended) The method of claim 1 wherein said extracting step correlates
said reaction rate over a diffusivity with said etching rate, sald etching rate being defined by
sald etchmg profile.

6. The method of claim 1 wherein said etching rate is defined by said etching
profile at selected spatial coordinates over a time.

7. The method of claim 1 wherein said chemical etching is an ashing method.

8. The method of claim 1 wherein said ashing method comprises reactants
including an oxygen and a photoresist.

9. A method of designing a reactor comprising the steps of:

providing a first plasma etching apparatus comprising a substrate therein, said
substrate comprising a top surface and a film overlying said top surface, said film comprising
a top film surface;

chemical etching said top film surface to define an etching profile on said film,
and defining etch rate data comprising an etch rate and a spatial coordinate from said etching
profile; and

extracting a reaction rate constant from said etch rate data, and using said
reaction rate constant in designing a second plasma etching apparatus.

4
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10. The method of claim 9 wherein said chemical etching step is diffusion
limiting.

11. The method of claim 9 wherein said spatial coordinates include a radius
and an angle.

12. The method of claim 9 wherein said spatial coordinates include an x-
direction and a y-direction.

13. The method of claim 9 wherein said extracting step correlates said
reaction rate constant over a diffusivity with said an etching rate, said etching rate being
defined by said etching profile.

14, The method of claim 9 wherein said etching rate is defined by said etching

| profile at Selected spatial coordinates over a time.

15. The method of claim 9 wherein said chemical etching is an ashing
method.

16. The method of claim 9 wherein said ashing method comprises reactants
including an oxygen and a photoresist. ,
17. The method of claim 9 wherein said second plasma etching apparatus is a
co-axial reactor. '

18. The method of claim 9 wherein said second plasma etching apparatus is a
plasma etching apparatus.

19. A substrate fabrication method comprising:

providing a substrate selected from a group consisting of a semiconductor
wafer, a plate, and a flat panel display, said substrate comprising a top surface;

forming a film overlying said top surface, said film comprising a top film
surface;

chemical etching said top film surface to define a profile on said film, and
defining etch rate data comprising an etch rate and a spatial coordinate from said etching
profile; and

extracting a reaction rate constant from said etch rate data, and using said
reaction rate constant in adjusting said method. '

20. A method of fabricating an integrated circuit device, said method
comprising:

providing a uniformity value for an etching reaction, said etching reaction
including a substrate and etchant species;

defining etching parameters ranges providing said uniformity value; and

‘adjusting at least one of said etching parameters to produce a selected etching
rate;




Page 87 of 210

wherein said etching rate providing an etching condition for fabrication of an
integrated circuit device. :

21. The method of claim 20 wherein said etching parameters can be selected
from a group consisting of a temperature, a pressure, a power, a gap, and a flow rate.

22. The method of claim 20 wherein said uniformity ranges from 90% and
greater. -

23. The method of claim 20 wherein said uniformity ranges from 95% and
greater.

24. (New) The method of claim 1 further comprising a step of using said
reaction rdte<constant in adjusting said plasma etch apparatus.

25. (New) A process for fabricating a device, said device being fabricated by
use of a reaction rate constant, said reaction rate constant being derived from a method
comprising:

providing a plasma etching apparatus comprising a substrate therein, said
substrate comprising a top surface and a film overlying said top surface, said film comprising
a top film surface; .

etching said top surface at a temperature to define an etching profile on said
film, and defining etch rate data comprising an etch rate and a spatial coordinate from said
etching profile; and

extracting from said etching rate data a reaction rate for said temperature.




UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

| SERIAL NUMBER |  FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |
NS /03, FlL.AMM
1Ml /0308

| ARTUNIT |  PAPERNUMBER |

KHOURTE AND CREW

o’
FLOOR 1113 \6

DATE MAILED: O3/706/96

| FRANG IS

2R 94100

This is a communication from the examiner in charge of your application. -
COMMISSIONER OF PATENTS AND TRADEMARKS

This application has been examined Responsive to communication filed on Z 4. 3[ E J D This action is made final.

A shortened statunory'i)eﬁad for response to this action is set to expire 2—' month(s), " days from the date of this letter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

Part] THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

Notice of References Cited by Examiner, PTO-892. 2. D Notice of Draftsman's Patent Drawing Review, PTO-948.
3. Notice of Art Cited by Applicant, PTO-1449, 4, D Notice of Informal Patent Application, PTO-152.
5. D Information on How to Effect Drawing Changes, PTO-1474, 8.

Partll SUMMARY OF ACTION

1. [E Claims Vet s are pending in the application.
Of the above, claims are withdrawn from consideration.

2. claims, . have been cancelled.

3. D Claims are allowed.

4, E Claims /- 7/§ are rejected.

5. D Claims . are objected to.

6. D Claims are subject to restriction or election requirement.

7. D This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for exainination purposes.

8. D Formal drawings are required in response to this Office action.

9. D The corrected or substitute drawings have been recelved on . Under 37 C.F.R. 1.84 these drawings
are [Jacceptable; [J not acceptable (ses explanation: or Notice of Draftsman's Patent Drawing Review, PTO-948).

10. D The proposed additional or substitute sheet(s) of drawings, filed on . has (have) been [lapproved by the
examiner; [Jdisapproved by the examiner (see explanation).

1. D The proposed drawlng correction, filed has been [Japproved; [J disapproved (ses explanation).

12. D Acknowledgement is made of the claim for priority under 35 U.S.C. 119, Tha certified copy has [J been received [ not been received
[ been filed in parent application, serial no. ; filed on

13. D Since this application apppears to be in condition for allowance excapt for formal matters, prosecution as to the merits is closed in
dance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

14.[J other !

EXAMINER'S ACTION
PTOL-326 (Rev. 2/93)
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15 Claims 1-25 are rejected under 35 U.S.C. § 112, second paragraph, as being indefinite,
for failing to particularly point out and distinctly claim the subject matter which applicant
regards as the invention.

The clainis should clearly indicate that this is a localized etching rate constant, since it
combines the effects and rates of diffusion from the etching source to the surface of the thin
film, the diffusion of the resulting products away from the surface of the thin film, adsorption
and desorption as well as the rate of the actual etching process to make it clear what
parameter is being used to evaluate and optimize uniformity.

Also please note that the applicant optimizes the same parameters (ie "temperature
pressure, reactor configuration, and the like" (page 18 lines 21-24) and changing the chamber
material or coating the chamber surfaces ... rf power, flow rate and the like (page 14/lines 1-
16 and 2/14-20) which are commonly optimized as part of the process. Some of these
parameters are not disclosed as aﬁ'&ﬁng the rate constants.

16 The following is a quotation of the appropriate paragraphs of 35 U.S.C. § 102 that
form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless --

(b) the invention was patented or described in a printed publication in this or a foreign
country or in public use or on sale in this country, more than one year prior to the
date of application for patent in the United States.

(e) the invention was described in a patent granted on an application for patent by
another filed in the United States before the invention thereof by the applicant for
patent, or on an international application by another who has fulfilled the requirements
of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention
thereof by the applicant for patent.
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17 The following is a quotation of 35 U.S.C. § 103 which forms the basis for all
obviousness rejections set forth in this Office action:

A patent may not be obtained though the invention is not identically disclosed or
described-as set forth in section 102 of this title, if the differences between the subject
matter sought to be patented and the prior art are such that the subject matter as a
whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability
shall not be negatived by the manner in which the invention was made.

Subject matter developed by another person, which qualifies as prior art only under

subsection (f) or (g) of section 102 of this title, shall not preclude patentability under
this section where the subject matter and the claimed invention were, at the time the
invention was made, owned by the same person or subject to an obligation of
assignment to the same person.
18 Claims 1-6,9-14 and 18-25 are rejected under 35 U.S.C. § 102(b) as anticipated by or,
in the alternative, under 35 U.S.C. § 103 as obvious over Bobbio '520.

Bobbio '520 describes a prior art apparatus in which the barriers are placed parallel to
each other the inherent etch rates as a function of position are determined in figures 4a and
4b. These are corrected to produce an etch which is relatively uniform over the entire wafer.
Typically no more than three positioning steps are required to achieve uniformity deviations
of less than 2% (col 8/lines 43-50, hereinafter 8/43-50).

The examiner holds that the relative etch rates disclosed are equivalent to the
combined etch rate constant and that the observations and varying of the position of the
barriers results in a new etching apparatus. Alternatively, it would have been obvious to vary

known etch parameters including reactive gas composition, temperature, pressure, reactor

configuration, rf power, flow rate and the like as is known in the art to produce a more
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uniform etch in the course of routine optimization. Please note that one skilled in the art
would also be expected to either know or be able to find references teaching in general what
conditiqns ar suitable for etching the desired material.

19 Claims 1-25 are rejected under 35 U.S.C. § 102(b) as anticipated by or, in the
alternative, under 35 U.S.C. § 103 as obvious over Horiike '706.

The examiner holds that the relative etch rates as a function of distance disclosed are
equivalent to the combined etch rate constant and that the observations and varying of the
position of the etch target results in a new etching apparatus (see figures 9 and 10).
Alternatively, it would have been obvious to vary known etch parameters including reactive
gas qomposition, temperature, pressure, reactor configuration, tf power, flow rate and the like
as is known in the art to produce a more uniform etch in the course of routine optimization.
Please note that one skilled in th’e art would also be expected to either know or be able to
find references teaching in general what conditions are suitable for etching the desired
material.

20 Claims 1-6,9-14 and 18-25 are rejected under 35 U.S.C. § 102(b) as anticipated by or,
in the alternative, under 35 U.S.C. § 103 as obvious over Mogab '665.

Mogab '665 teaches that loading is known in the art to result in inter or intra wafer
non-uniformity. Reactor design is known to increase etch uniformity. (2/15-22) The routine
optimization to decrease the effects of loading on the system is disclosed. (2/63+) These

changes are disclosed as reducing non-uniformity of the etch. (3/11-17) The use of a radial
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flow apparatus to determine experimentally the optimum conditions for an etch process is -
disclosed (5/8-14).

The examiner holds that the relative etch rates as a function of loading disclosed are
equivalent to thie combined etch rate constant and that the observations and varying of the
etch conditions results in a new etching apparatus, since the composition of the etchant, which
makes it an etching apparatus is changed. Alternatively, it would have been obvious to vary
known etch parameters including reactive gas composition, temperature, pressure, reactor
configuration, rf power, flow rate and the like as is known in the art to produce a more
uniform etch in the course of routine optimization. Please note that one skilled in the art
would also be expected to either know or be able to find references teaching in general what
conditions are suitable for etching the desired material.

21 Claims 1-6,9-14 and 18-25 are rejected under 35 U.S.C. § 102(b) as anticipated by or,
in the alternative, under 35 U.S.C. § 103 as obvious over Mundt et al. '162.

Mundt et al. '162 teaches the relative etch rates as a function of position for both flat
and convex electrodes in figures 2 and 3.

The examiner holds that the relative etch rates disclosed are equivalent to the
combined etch rate constant and that the observations and changing the electrode results in a
new etching apparatus. Alternatively, it would bave been obvious to vary known etch
parameters including reactive gas composition, temperature, pressure, reactor configuration, rf

power, flow rate and the like as is known in the art to produce a more uniform etch in the
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course of routine optimization. Please note that one skilled in the art would also be expected-
to either know or be able to find references teaching in general what conditions are suitable
for etching the desired material.

22 Claim; i.-'6,9-14 and 18-25 are rejected under 35 U.S.C. § 102(b) as anticipated by or,
in the alternative, under 35 U.S.C. § 103 as obvious over Stefani et al. '229.

Stefani et al. '229 teaches the use of ellisometry to determine the localized etch rates
over the wafer surface and/or over a plurality of wafer surfaces in the same etch chamber.
(2/34-38) am model is developed to describe the relative non-uniformity of the etch. (4/49-56)
This data allows the operator to change parameters and evaluate the effects of doing so.
(6/39-60)

The examiner holds that the relative etch rates as a function of position as equivalent
to the combined etch rate constant recited and that the observations and varying of the etch
conditions results in a new etching apparatus, since the composition of the etchant, which
makes it an etching apparatus is changed. Alternatively, it would have been obvious to vary
known etch parameters including reactive gas composition, temperature, pressure, reactor
configuration, tf power, flow rate and the like as is known in the art to produce a more
uniform etch in the course of routine optimization. Please note that one skilled in the art
would also be expected to either know or be able to find references teaching in general what

conditions are suitable for etching the desired material.
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23 Claims 1-25 are rejected under 35 U.S.C. § 103 as obvious over Thompson
"Introduction to Microlithography".

Thompson "Introduction to Microlithography" teaches the relationship between the
loading\ effect and the etch rate, including the etching rate constant. (page 234) The use of
"large volume reactors" to reduce loading effects is disclosed. (page 234) The cases of
diffusion limited processes is disclosed. (page 234) The reduction of localized depletion
(non-uniformity of the etch) of the etchant may be pressure and flow rates. (page 235)
Several examples of etching chambers appear on page 230..

The examiner holds that it would have been obvious to vary known etch parameters
including reactive gas composition, temperature, pressure, reactor configuration, rf power,
ﬂow‘ rate and the like as is known in the art to produce a more uniform etch in the course of
routine optimization in known etching processes including ashing processes which are
commonly used to remove resists. Please note that one skilled in the art would also be
expected to either know or be able to find references teaching in general what conditions are
suitable for etching the desired material.

24 Claims 1-25 are rejected under 35 U.S.C. § 103 as obvious over Mogab '665 and
Thompson "Introduction to Microlithography".
It would have been obvious to one skilled in the art to preform the calculations

disclosed by Thompson "Introduction to Microlithography" in the process disclosed by Mogab
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1665 for the different etching apparatus/conditions to optimize the parameters for a particular-
etch process with a reasonable expectation of success.

25 Clain}s 1-25 are rejected under 35 U.S.C. § 103 as being unpatentable over either
Stefani‘ et al. 229, Mundt et al. '162, Horiike '706 or Bobbio '520, in view of Babanov et al.

Plasma Chemistry and Plasma Processing and Thompson "Introduction to Microlithography".

It would have been obvious to one skilled in the art to determine the parameters
including the etch rate constants in a manner similar to that disclosed by Babanov et al.
Plasma Chemistry and Plasma Processing and Thompson "Introduction to Microlithography
with each of the etch processes taught by either Stefani et al. '229, Mundt et al. '162, Horiike
706 or Bobbio '520 to further optimize known parameters including reactive gas
composition, temperature, pressure, reactor configuration, rf power, flow rate and the like as
is known in the art to produce a more uniform etch in the course of routine optimization in
known etching processes based upon the teachings of Thompson "Introduction to
Microlithography" to do so to improve the uniformity of the etch process.

This includes ashing processes which are commonly used to remove resists.
26 The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure.

Elliott "Integrated Circuit Fabrication Technology" teaches types of etching apparatus

and processes for their use.
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Giapis et al. Appl. Phys. Lett., Ha et al. Plasma Chemistry and Plasma Processing an(_i
Gregus et al. Plasma Chemistry and Plasma Processing teach the effects of temperature of
etch uniformity. |

Hendricks et al. '461 and Ikeda et al. '506 teach the use of a baffle plate to increase
etch uniformity. (see figure 6)

Kubota et al. '606 teaches the use of rf fields to control the movement of the
electrons in the plasma and increase etch uniformity. (see figures 7c and 8b)

Kojima et al. '709 teaches cooling the support and using a baffle plate to increase the
uniformity of the etch process across the wafer.

Ryan et al. Plasma Chemistry and Plasma Processing teach the process of determining
etch rates
27 ‘ The applicants are reminded of thier duty of disclosure..

28 Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Martin Angebranndt whose telephone number is (703) 308-
4397.

I am normally available between 7:30 AM and 5:00 PM, Monday through Thursday
and 7:30 AM and 4:00 PM on alternate Fridays.

If repeated attempts to reach me are unsuccessful, my supervisor may be reached at
(703) 308-2417.

Facsimile correspondence should be directed to (703) 305-3599.
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Any inquiry of a general nature or relating to the status of this application should be
directed to the Group receptionist whose telephone number is (703) 308-0661.

A Sl

Martin J. Angebfanndt
Patent Examinér, Group 1100
March 4, 1996
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Transmittal Letter
Atty. Docket No. 16655-000100

Date February 16, 1996
In re application of: DANIEL L. FLAMM et al. I hereby certify that this is being deposited with
‘ the United States Postal Service as first class
Serial No.: 08/433,623 . ' mail in an envelope addressed to: Assistant
Commissioner for Patents, Washington, D. C.
Filed: May 3, 1995 20231.
i For: PROCESS OPTIMIZATION IN A GAS - Date:_February 16, 1996
i PHASE DRY ETCHING . -
\ BOX IDS ' /2 ccKaed A, /71 e,

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

Sir:
Transmitted herewith are the following documents:
1) Information Disclosure Statement Under 37 CFR §1.97 and §1.98;

2) Form PTO-1449 (including 37 references);
3) Postcard.

Pleaﬁe charge Deposit Account No. 20-1430 as follows:

[X] Any additional fees associated with this paper or during the pendency of this application.

2 _ copies of this sheet are enclosed. =~ TOWNSEND and TOWNSEND and CREW

ol

Richard T. Ogawa
Reg. No.: 37,692
Attorneys for Applicant

HAHOME\MAM\16655\1\IDS. TRN
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1 hereby certify that . s correspondence is being
deposited with. the United States Postal Service as
first class mail in an envelope addressed to:

L ‘6. ¢ Attorney Docket No. 16655-000100
4 ' .
ISEND and TOWNSEND and CREW s

S ek WA A

shichned M S92 corote

DT dN0Y.

IN THE UNITED STATES PATENT‘AND TRADEMARK OFFICE
In re application of:

DANIEL L. FLAMM et al. Examiner: Z.

Application No.: 08/433,623 Art Unit:

Filed: May 3, 1995 INFORMATION DISCLOSURE

STATEMENT UNDER
7 .97

RECFn freep
Assistant Commissioner for Patents o e
Washington, D.C. 20231 MAR 4

mt

=R0UP 1100
The references cited on attached form PTO-1449 are
being called to the attention of the Examiner.

enclosed.

For: PROCESS OPTIMIZATION IN A
GAS PHASE DRY ETCHING

N s i N N N i o S i S

Sir:

A copy of each is

It is respectfully requested that the cited information
be expressly considered during the prosecution of this »
application, and the references be made of record therein and

appear among the "references cited" on any patent to issue
therefrom.

Applicant believes that no fee is required for
submission of this statement, since it is being submitted prior

to the first Office Action. However, if a fee is required, the

Commissioner is authorized to charge such fee to Deposit Account
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DANIEL L. FLAM. et al. P

Application No.: 08/433,623
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No. 20-1430. Please charge any additional fees or credit any
overpayment to the above-noted Deposit Account.

spectfully submitted,

1chard T. wa
Reg. No. 37,92

TOWNSEND and TOWNSEND and CREW
One Market Plaza

Stenart Street Tower, 20th Floor
san Francisco, California 94105

(415) 326-2400
Fax (415) 326-2422

RTO:mam

H:\HOME\MAM\16655\1.1DS
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LIST OF PATENTS AND PUBLICATIONS FOR
APPLICANT’S INFORMATION DISCLOSURE Applicant: DANIEL L. FLiMM et al.
STATEMENT » - —
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Examiner Initial | Document No. Date Name Class Sub-class | Filing Date
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) Amendment Transmittal
TOWNSEND and TOWNSEND and C._.W LLP Atty. Docket No. ...055-000100

Two Embarcadero Center, 8th Floor
San Francisco, CA 94111-3834

Date

(415) 325-2400
In re application of Daniet L. Fla I hereby certify that this is being deposited with the United
) States Postal Service as first class mail in an envelope

Serial No: 08/433,623 addressed to:

Filed: May 3, 1995 Assistant Commissioner for Patents

Washington, D. C. 20§31. -
Group Art Unit: 1113
Date:

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

Sir:

Transmitted herewith is an amendment in the above-identified application.

[X] Amendment. '

[X] Petition to Extend Time.

[X] Small entity status of this application under 37 CFR 1.9 and 1.27 has been established by a verified statement
previously submitted.

[X] Postcard.

The filing fee has been calculated as shown below:

OTHER THAN A
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST NO.
REMAINING PREVIOUSLY PRESENT RATE ADDIT. RATE ADDIT,
AFTER PAID FOR EXTRA FEE OR FEE
AMENDMENT
TOTAL *31 MINUS 25 =6 6 xl1= | $66.00 x22= | $
INDEP. *% MINUS han- ] =1 1 x39= | $39.00 x78= | $
[X] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM: See claim 28, +125= | $125.00 +250= | $
which is counted as three claims
OR
* If the entry in Col. 1 is less than the entry in Col. 2, TOTAL | $230.00 TOTAL | §

write "0" in Col. 3. ADDIT. FEE

- If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space.

ok If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3" in this space.
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found from the equivalent
box in Col. 1 of a prior amendment or the number of claims originally filed.

[]1 No fee is due.
Please charge Deposit Account No. 20-1430 as follows:

[X] Claims fee $230.00
[X] Any additional fees associated with this paper or dugmg l%lc pendency of this application.
0 1430 10/03/56 0843147
TOWNSEM)(M]I,C iLP

; 37, 000H
w.OOL,H

Richard T. Ogawa Bt

Reg. No.: 37,692

16655\1-cal tra Attorneys for Applicant

2 extra copies of this sheet are enclosed.
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«
I hereby certify that this co \ ing - %7/‘3(/
deposited with the United Stfftes“Postal Se 7}»
first class mail in an envefope add@ to gL
Assistant Commissioner for atents, , , 3”45 PATEN
-

sshington, D.C. 20251, a I &

ot \)* Attorney Docket No. 16655-000100
DRt S LT
s

ND. and TOWNSEND and CRE}‘E

IN THE UNITED STATES PATENT ANI#I‘RADEMARK OFFICE

REce,
Examiner: G ;\ng&b VEP [

in Uﬁﬁ@( VP % %

PETITION TO EXTENQQ‘IME UNDER
37 CFR §1.136(a) [/

In re application of:

Daniel L. Flamm, et al.
Application No.: 08/433,623
Filed: May 3, 1995

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

e N N N N N N N N N S N S

Assistant Commissioner for Patents
Washington, D.C. 20231
Sir:

Applicants petition the Assistant Commissioner of Patents to extend the time for
response to the Office Action, dated March 6, 1996 for three months, from June 6, 1996 to
September 6, 1996. An appropriate response to the Office Action in the form of an Amendment is
enclosed herewith. ’

Please charge $450.00, pursuant to 37 CFR §1.17, to the Deposit Account No. 20-
1430. Please charge any additional fees or credit overpayment to the above Deposit Account. This
Petition is submitted in triplicate.

Datm:%

Respectfully submitted,

Richard T. Ogawa

: Reg. No. 37,692
TOWNSEND and TOWNSEND and CREW LLP 623
Two Embarcadero Center, 8th Floor 360 Tt 20-1430 10/ Og/ggcgazzgs 5000100
San Francisco, California 94111-3834 36198 217 4
(415) 326-2400
RTO:de
rto\work\16655\1-ext.tme
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I hereby certify t}i'a't‘ this correspondence is being

deposited with the United States Postal Servi

first class mail in an envelope addressed-te:i! i3 ¥

Assistant Commissioner for Patents, @hm ATENT
Washington, D.C. 20231, SFP -‘-';,\?3

. (m ﬂ y % Attorney Docket No. 16655-000100

Ap /2ot 4

D and TOWNSEND and_CREW LLP a

By,

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ///7%
In re application of:
Daniel L. Flamm Examiner: M. Angebranndt
Application No.: 08/433,623 Art Unit: 1113

Filed: May 3, 1995 AMENDMENT UNDER 37 CFR §1.115

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

e N N N N N N N N N N N

Assistant Commissioner for Patents
Washington, D.C. 20231
Dear Sirs:
In response to the Office Action mailed March 6, 1996, the period for
response being extended as a result of the enclosed Petition for Extension of Time and

requisite fee, please amend the above-cited application as follows.

IN THE CLAIMS:
Please amend claims 1, 2, 5-10, 13-16, 19, 20, 22, 23, and 25; and add new
claims 27-29 as follows. For the convenience of the Examiner, all claims subject to

examination are shown, even if not being amended.

\
A

N

W
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\Twice Amended) A device fabrication method comprising the steps of:

providing a plasma etching apparafus 99’1}8% a /s}bb/gtgags 4?3%5?’1' said

substrate comprising a top surface and a film ovggﬁﬁlé’gs}ﬂd top suﬁaggggsaid film comprising
a top film surface;
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‘ [chemical] etching said top film surface to define [an] a relatively non-uniform
etching profile on said film, ahd defining etch rate data comprising an etch rate and a spatial
coordinate from said relatively Yon-uniform etching profile. said etching comprising a

2. (Amended) The method of claim 1 wherein said [chemical] etching step
is diffusion limiting.

¢
ale

3. The method of claim 1 wherein said spatial coordinates include a radius

and an angle.

4, The method of claim 1 wherein said spatial coordinates include an x-

direction and a y-direction.

e

5. (Amended) The method of claim 1 wherein said extracting step
correlates said surface reaction rate constant [reaction rate] over a diffusivity with said
etch[ing] rate, said etch[ing] rate being defined by said relatively non-uniform etching
profile.
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6. (Amended) The method of claim 1 wherein said etch[ing] rate is
defined by said relatively non-uniform etching profile at selected spatial coordinates over a

time.

7. (Amended) The method of claim 1 wherein said [chemical] etching is

an ashing method.

8. (Amended) The method of claim [1] 7 wherein said ashing method
comprises reactants including an oxygen and a photoresist.
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’ etchant and said film; and

Daniel L. Flamm PATENT
Application No.: 08/433,623
Page 3

9. (Amended) A method of designing a reactor comprising the steps of:
providing a first plasma etching apparatus comprising a substrate therein, said
substrate comprising a top surfacq and a film overlying said top surface, said film comprising
a top film surface;
[chemical] etching saiy top film surface to define [an] a relatively non-uniform
etching profile on said film, and definipg etch rate data comprising an etch rate and a spatial
coordinate from said etching profile, said etchin; isi i
extracting a surface reactionl rate constant [reaction rate constant] from said
etch rate data, and using said [reaction rate constant] surface reaction rate constant in

designing a second plasma etching apparatu

10.  (Amended) The method &f claim 9 wherein said [chemical] etching step

is diffusion limiting.

|

11.  The method of claim 9 wherein said spatial coordinates include a radius
and an angle.
12.  The method of claim 9 wherein said spatial coordinates include an x-

direction and a y-direction.
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!l}/ ,1/3/ (Amended) The method of claim 'S wherein said extracting step

correlates said surface reaction rate constant [reaction rate constant] over a diffusivity with

said [an] etch[ing] rate, said etch[ing] rate being defined by said relatively non-uniform
etching profile.

( 10
Z. (Amended) The method of claim/q wherein said etch[ing] rate is
defined by said relatively non-uniform etching profile at selected spatial coordinates over a

time.

0
Ug‘. (Amended) The method of claim 9 wherein said [chemical] etching is
an ashing method.
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'7 .
‘ ,!16 (Amended) The method of claim [9] 18 wherein said ashing method

comprises reactants including an oxygen and a photoresist.

-

17. - The method of claim 9 wherein said second plasma etching apparatus is

a co-axial reactor.

18.  The method of claim 9 wherein said second plasma etching apparatus is
a plasma etching apparatus.

ra

[ %mm

19.
providipg a substrate selected from a group consisting of a semiconductor

(Amended) A substrate fabrication method comprising:
wafer, a plate, and a flat panel display, said substrate comprising a top surface;

forming a\film overlying said top surface, said film comprising a top film
surface;

[chemical] atching said top film surface to define a relatively non-uniform
profile on said film, and defining etch rate data comprising an etch rate and a spatial
coordinate from said etching \profile, said etching comprising a reaction between a gas phase
etchant and said film; aqd

extracting a surface reaction rate constant [reaction rate constant] from said
etch rate data, and using said [reaction rate constant] surface reaction rate constant in

adjusting said method.

20. (Amended) A\method of fabricating an integrated circuit device, said
method comprising:

providing a uniformity\value and a surface reaction rate constant for an etching
reaction, said etching reaction including a substrate and etchant species;

defining etching parametgrs [ranges] providing said uniformity value; and

adjusting at least one of sid etching parameters using said eaction .
rate constant to produce a selected etching rate;

wherein said etching rate providing an etchiﬁg condition for fabrication of an

integrated circuit device.
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21.  The method of claim 20 wherein said etching parameters can be
selected from a group consisting of a temperature, a pressure, a power, a gap, and a flow

rate.

Oi‘fzzf (Amended) The method of claim%herein said uniformity value
ranges from 90% and greater.

aéa’ (Amended) The method of claim 20 wherein said uniformity value
ranges from 95% and greater. ' '

24.  The method of claim 1 further comprising a step of using said reaction

rate constant in adjusting said plasma etch apparatus.

C

- >

25.
fabricated by use of a surface reaction rate constant [reaction rate constant], said surface

ended) A process for fabricating a device, said device being

reaction rate constant [reaction rate constant] being derived from a method comprising:
providing a plasma etching apparatus comprising a substrate therein, said
substrate comprising a top surface and a film overlying said top surface, said film comprising
a top film surface;
etching said top ace at a temperature to define [an] a relatively non-

uniform etching profile on said filmy, and defining etch rate data comprising an etch rate and

a spatial coordinate from said etching profile, said etching comprising a reaction between a

gas phase etchant and said film; and
extracting from said etchihg rate data a surface reaction rate constant [reaction

rate] for said temperature.

)

AY
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26. (New) The process of claim 25 wherein said surface reaction rate

constant is derived from at Yeast a diffusivity.

9}@7 (New) The process of claim 35 wherein said etching is provided

whereupon chemical effects are enhanced over ion bombardment effects.
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2— (2( (New) The method of claims 1,8, or 1¥ wherein said etching is provided

whereupon chemical effects are enhanced over ion bombardment effects.

29. (New) A method of fabricating a device or designing a reactor using 2
surface reaction rate constant, said ‘\surface reaction rate constant is provided by at least a
diffusivity value.

T 4 R

REMARKS
Reconsideration of these claims, as amended, is respectfully requested.
Claims 1-29 are now pending in this application.

35 U.S.C. §112

Claims 1-25 were rejected under 35 U.S.C. §112, second paragraph, for
failing to particularly point out and distinctly claim the subject matter which Applicants
regard as the invention. In particular, the Examiner indicates that the "claims should clearly
indicate that this is a localized etching rate constant." Office Action mailed 3/6/96, page 2,
first paragraph. As described by the Examiner, the localized etching rate constant combines
the effects and rates of diffusion, adsorption and desorption, and the actual etching rate.

Applicants, however, intended the "reaction rate constant” as recited by the
claims to be a "surface reaction rate constant," which is described throughout the present
patent specification and notably at page 17, lines 15-20 as k;. This surface reaction rate
constant, commonly termed k,, is not the so-called localized etching rate constant according
to the Examiner’s description. As indicated by the Examiner, the localized etching rate
constant is believed to be what is commonly termed as a phenomenological or an overall
etching rate constant, which includes influences of substantially all the etching variables.

The surface reaction rate constant, however, depends predominantly upon
temperature, as defined throughout the present patent specification, but most notably by the
equation at page 11 line 16. The surface reaction rate constant is also generally for the
chemical reaction between a gas phase etchant and the film, which is not the overall etching
process. Unlike the phenomenological reaction rate constant, the surface reaction rate
constant can be used to derive process certain variables for device fabrication and reactor

design, for example. These variables include temperature, flow rate, gap, reactor

i e
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dimensi(;ns, and others. This allows a user of such surface reaction rate to adjust these
process orreactor variables without undue "trial and error" as disclosed by the patent
specification.

Based upon the above description of the varioﬁs types of reaction rate
constants, it is believed that any claim indefiniteness perceived by the Examiner has beer”
resolved. This should also clarify those variables which could be calculated by the use of the
surface reaction rate constant, which are clearly defined throughout the specification.
Accordingly, these rejections to claims 1-25 under 35 U.S.C. §112, second paragraph, are

now moot.

35 U.S.C. §8102/103

The Examiner has rejected claims 1-6, 9-14, and 18-25 under 35 U.S.C.
§102(b) as being anticipated by, or in alternative, under 35 U.S.C. §103 as being obvious
over Bobbio. In particular, it is asserted that Bobbio discloses an apparatus and relative etch
rates, which were believed similar to those in the claims.

Bobbio, however, fails to show or suggest the combination of etching and
extracting a surface reaction rate constant, as recited by claims 1, 9, 19, and 25. In
particular, Bobbio fails to show or suggest etching a top film surface to define a relatively
non-uniform etching profile on the film and defining etch rate data comprising an etch rate
and a spatial coordinate from the relatively non-uniform etching profile. Bobbio also fails to
show or suggest a further combination of extracting a surface reaction rate constant from the
etch rate data, which is provided by a non-uniform etching profile from etching using a gas
phase etchant and the film. This surface reaction rate constant can be used to derive other
etching parameters such as a temperature, a gap, a flow rate, reactor dimensions, and others,
as shown by the present specification.

In fact, Bobbio does not even suggest any surface reaction rate constant to
define these parameters, but merely uses the same "trial and error" process described in the
background of invention section of the present patent specification. Clearly, Bobbio "found
that typically no more than three positioning steps, including the initial positioning, are
required to achieve acceptable uniformity for the split cathode magnetron," which is simply
the conventional technique of ’trial and error.” [Emphasis added.] Bobbio, col. 8 lines 43-
50. Bobbio also fails to show or suggest a later step of using the surface reaction rate
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constant for the fabrication of a device such as those recited by claims 1, 19, or 25, or for
designing a reactor as recited by claim 9. Accordingly, claims 1-6, 9-14, and 18-25 are
patentable over Bobbio.

The Examiner also rejected claims 1-25 under 35 U.S.C. §102(b) as being
anticipated by or, in the alternative, under 35 U.S.C. §103 as being obvious over Horiike.

Horiike supposedly disclosed etch rates as a function of distance. Horiike, however, also
fails to show-or suggest the combination of etching and extracting a surface reaction rate
cons~tant, as claimed.

In particular, Horiike does not show or suggest a step of etching a top film
surface to define a relatively non-uniform etching profile on the film and defining etch rate
data comprising an etch rate and a spatial coordinate from the relatively non-uniform etching
profile. Horiike also fails to show or suggest any further step of extracting a surface
reaction rate constant from the etch rate data. As noted above, this surface reaction rate
constant can be used to derive other etching parameters such as a temperature, a gap, a flow
rate, reactor dimensions, and others, as shown by the present specification. At best, the etch
rate data of Fig. 9 in Horiike may provide a phenomenological etch rate constant, which
appears to vary with position. In contrast, the surface reaction rate constant is generally
independent of most variables including position, but is dependent predominantly on
temperature, as noted above and described throughout the present patent specification.
Furthermore, Horiike does not show or suggest using the surface reaction rate constant for
fabricating a device such as those in claims 1, 19, and 25, or for designing the reactor of
claim 9. Accordingly, claims 1-25 are patentable over Horiike.

Claims 1-6, 9-14, and 18-25 were rejected under 35 U.S.C. §102(b) as being
anticipated by or, in the alternative, under 35 U.S.C. §103 as being obvious over Mogab.
Mogab generally taught adjusting the reactor design to reduce the influences of loading.
Mogab, however, clearly fails to show or suggest the further combination of etching a top
film surface to define a relatively non-uniform etching profile on the film and defining etch
rate data comprising an etch rate and a spatial coordinate from the relatively non-uniform
etching profile, as claimed.

Furthermore, Mogab fails to show or suggest any further step of extracting a
surface reaction rate constant from the etch rate data, which can be used to derive other

etching parameters such as a temperature, a gap, a flow rate, reactor dimensions, and others.
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At best, the etching taught by Mogab is an overall etching rate, where a phenomenological
etch rate constant might be derived. As noted above and further emphasized herein, this
phenomenological etch rate constant is not a surface reaction rate constant, which is
predominately dependent upon temperature. Moreover, Mogab does not show or suggest
using the surface reaction rate constant for device fabrication or using the reaction rate i
constant for designing a reactor, as claimed. Accordingly, claims 1-6, 9-14, and 18-25 are
patentable over Mogab.

Claims 1-6, 9-14, and 18-25 were rejected under 35 U.S.C. §102(b) as being
anticipated )by"'or, in the alternative, under 35 U.S.C. §103 as being obvious over Mundt et
al. This references supposedly taught relative etch rates as a function of position for both
flat and convex electrodes in Figs. 2 and 3. Mundt et al., however, clearly fails to show or
suggest the further combination of etching a top film surface to define a relatively non-
uniform etching profile on the film and defining etch rate data comprising an etch rate and a
spatial coordinate from the relatively non-uniform etching profile, as claimed.

Mundt et al. also fails to show or suggest any further step of extracting a
surface reaction rate constant from the etch rate data, which can be used to derive other
etching pafameters such as a temperature, a gap, a flow rate, reactor dimensions, and others.
Similar to those previous references, Mundt et al. merely discloses relative etching rates,
whi;:h may produce a phenomenological rate constant. This phenomenological rate constant
is not the same as the present surface reaction rate constant. Thus, Mundt et al. is no more
relevant than any of the above references and clearly does not show or suggest using such
surface reaction rate constant in fabricating a device or designing a reactor, as claimed.
Accordingly, claims 1-6, 9-14, and 18-25 are patentable over Mundt et al.

Claims 1-6, 9-14, and 18-25 were rejected under 35 U.S.C. 102(b) as being
anticipated by or, in the alternative, under 35 U.S.C. §103 as being obvious over Stefani. In
particular, Stefani supposedly taught an ellipsometer to determine the localized etch rates
over the wafer surface, which generally has nothing to do with the invention recited by the
pending claims.

Clearly, Stefani did not show or suggest a combination of etching a top film
surface to define a relatively non-uniform etching profile on the film, which defines an etch
rate and a spatial coordinate, as recited by the claims. Stefani also fails to further show or
suggest a step of extracting a surface reaction rate constant from the etch rate data. This
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surface reaction rate constant can be used to derive other etching parameters such as those
noted above. Accordingly, claims 1-6, 9-14, and 18-25 are patentable over Stefani.

The Examiner rejected claims 1-25 under 35 U.S.C. §103 as being obvious
over Thompson, "Introduction to Microlithography." In particular, the Examiner indicated
that Thompson taught a relationship between the loading effect and the etch rate, including
the etching rate constant.

Thompson, however, fails to show or suggest the claimed combination of
etchipg a top-film surface to define a relatively non-uniform etching profile on the film,
which defines an etch rate and a spatial coordinate and extracting a surface reaction rate
constant from the etch rate data. At best, Thompson merely taught the same "trial and
error” technique of adjusting a reactor as disclosed by the present patént specification.
Accordingly, claims 1-25 are patentable over Thompson.

Claims 1-25 were also rejected under 35 U.S.C. §103 as obvious over Mogab
and Thompson, "Introduction to Microlithography". As shown above, neither of these
references show or suggest the combination of etching a film to provide etch rate data and
extracting a surface reaction rate constant. This surface reaction rate constant can be used in
adjusting variables for reactor design or fabriating a device, as claimed. Accordingly, these
claims should be patentable over the combination of these references.

Claims 1-25 were rejected under 35 U.S.C. §103 as being unpatentable over
either Stefani et al., Mundt et Q., Horiike, or Bobbio, in view of Babanov et al., Plasma
Chemistry and Plasma Processing and Thompson, "Introduction to Microlithography".
Neither of these references show or suggest the further combination of etching a film to
provide etch rate data and extracting a surface reaction rate constant from the data, as recited
by the above claims. Furthermore, these references, alone or in combination, further fail to
show or suggest the claimed step of using the surface reaction rate constant in fabricating a
device or designing a reactor. Clearly, claims 1-25 are patentable over these references
under 35 U.S.C. §102 and §103.

The above-cited references, alone or in combination, also fail to show or
suggest the method of fabricating an integrated circuit device of claim 20, as amended. In
particular, they fail to show or suggest steps of providing a uniformity value and a surface
reaction rate constant for an etching reaction, which was discussed in detail above. These

references also fail to show or suggest defining etching parameters, which provide the
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uniformity value, and adjusting at least one of the etching parameters using the surface
reaction rate constant to produce a selected etching rate. This etching rate provides an
etching condition for fabrication of an integrated circuit device. By way of the surface
reaction rate constant and the etching parameters, a user can adjust at least one of the etching
rateAparameters and determine its influence on the other parameters by way of this claim.
Otherwise, the user would need to resort to "trial and error" as disclosed in the background
of invention section of the present patent specification. Accordingly, claim 20 is patentable
over the cited references under 35 U.S.C. §102 and §103.

Dependent claims 2-8, 10-18, and 21-24 are also patentable over the cited
references for at least the same reasons noted above. In addition, these claims provide
further patentable features to their dependent claims. In fact, since the Examiner does not
appear to specifically point out the non-patentability of these claims directly, they must be
patentable. Accordingly, the dependent claims should be patentable under 35 U.S.C. §102
and §103.

Applicants have also added new claims 27-29. No new matter has been
introduced thereby. Accordingly, claims 27-28 should be entered by way of this amendment
for examination.

Applicants have reviewed the other art cited by the Examiner and believe that
they are no more relevant. In particular, Elliott, Giapis et al., Hendricks et al., Kubota et
al., Kojima et al., and Ryan ¢t al. appear to be no more relevant than any of the other
references cited above. These references seem to disclose the same concepts as disclosed in
the background of invention section of the present patent specification. Accordingly, claims

1-25 are clearly patentable over these references.
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CONCLUSION
Therefore, in view of the remarks above, Applicant respectfully requests that
the rejections be removed, that claims 1-29 be allowed, and the case passed to issue. The
issuance of a formal Notice of Allowance at an early date is respectfully requested. ’

If the Examiner believes a telephone conference would expedite prosecution of

this application, please telephone the undersigned at (415) 326-2400.
Respectfully submitted,

Date: !!EZ lfz
chard T. Ogawa

Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(415) 326-2400

Fax (415) 326-2422
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15 The reponses provided by the applicant has been read and given careful consideration.
The applicant generally argues that the surface reaction rate constant can be used to determine
or optimize a host of parameters of the etching conditions, including temperature, the gap
(betv;een the source and the surface), the flow rate, reactor dimensions, etc. Of these only the
plasma temperature could reasonably be expected to have a small impact on the transport rate
constants as it is related most closely with the energy of the etchant species. Additionally,
the applicant appears to neglect in the arguments that many of these parameters are not
disclosed as affecting the rate constants. Also please note that the applicant optimizes the
same parameters (le "temperature pressure, reactor configuration, and the like" (page 18 lines
21-24) and changing the chamber material or coating the chamber surfaces ... rf power, flow
rate and the like (page 14/1iﬁes 1-16 and 2/14-20) which are commonly optimized as part of
the process and represent the only parameters availible for optimization.

The examiner also notes that the applicant sent only a single page of the Bird et al.
reference and the table of contents of the Manos and Flamm reference and hopes that the
applicant recognizes that this means that only those portions of the references have been
considered in determining patentability and that this cannot in any way be interpreted in mean
that any other portion of these references has been considered.

16 Claims 26 and 29 are objected to under 37 CFR 1.75(c), as being of improper

dependent form for failing to further limit the subject matter of a previous claim. Applicant
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is required to cancel the claim(s), or amend the claim(s) to place the claim(s) in proper
dependent form, or rewrite the claim(s) in independent form. .

The applicant argues that the surface reaction rate constant is the etching rate constant
without contributions from transport phenomena. The claim seems to indicate otherwise. The
diffusivity measurement is used to isolate or determine the actual surface reaction rate
constant from the volumetric reaction rate constant which includes transport phenomena, but it
cannot be said that the surface reaction rate is derived from the diffusivity as the former
specifically excludes contributions from the latter.

17 Claim 29 is rejected under 35 U.S.C. 112, second paragraph, as failing to set forth the
subject matter which applicant(s) regard as their invention.

The preamble of the claim recites two disimilar processes renderig the scope
interminable. If the applicant intends to present separate new claims at this point in the
prosecution directed purely to reactor design, these will be restricted and withdrawn from
consideration.

18 Claim 19-23 and 29 are rejected under 35 U.S.C. § 112, first paragraph, as the
disclosure is enabling only for claims limited to plasma etching processes. See M.P.E.P.

§§ 706.03(n) and 706.03(z).

19 The following is a quotation of 35 U.S.C. § 103 which forms the basis for all
obviousness rejections set forth in this Office action:

A patent may not be obtained though the invention is not identically disclosed or
described as set forth in section 102 of this title, if the differences between the subject
matter sought to be patented and the prior art are such that the subject matter as a
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whole would have been obvious at the time the invention was made to a person having

ordinary skill in the art to which said subject matter pertains. Patentability shall not

be negatived by the manner in which the invention was made.

Subject matter developed by another person, which qualifies as prior art only under

subsection (f) or (g) of section 102 of this title, shall not preclude patentability under

this section where the subject matter and the claimed invention were, at the time the
invention was made, owned by the same person or subject to an obligation of
assignment to the same person.
20 Claims 1-29 are rejected under 35 U.S.C. § 103 as obvious over Thompson
"Introduction to Microlithography".

Thompson "Introduction to Microlithography" teaches the relationship between the
loading effect and the etch rate, including the etching rate constant. (page 234) The use of
"large volume reactors" to reduce loading effects is disclosed. (page 234) The cases of
diffusion limited processes is disclosed. (page 234) The reduction of localized depletion
(non-uniformity of the etch) of the etchant may be pressure and flow rates. (page 235)
Several examples of etching chambers appear on page 230..

The examiner holds that it would have been obvious to vary known etch parameters
including reactive gas composition, temperature, pressure, reactor configuration, rf power,
flow rate and the like as is known in the art to produce a more uniform etch in the course of
routine optimization in known etching processes including ashing processes which are
commonly used to remove resists. Please note that one skilled in the art would also be

expected to either know or be able to find references teaching in general what conditions are

suitable for etching the desired material.
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In response to the arguments raised by the applicant, the equations shown on page 234
of the reference would allow one skilled in the art to determine if the etching conditions were
affected by the loading effect, thereby presenting useful information for diagnostic purposes.
Nota that without accounting for the transport phenomena, no optimization of the
uniformity of the etch proecess can be performed. The rejection is maintained.

21 Claims 1-29 are rejected under 35 U.S.C. § 103 as obvious over Mogab '665 and
Thompson "Introduction to Microlithography".

Mogab '665 teaches that loading is known in the art to result in inter or intra wafer
non-uniformity. Reactor design is known to increase etch uniformity. (2/15-22) The routine
optimization to decrease the effects of loading on the system is disclosed. (2/63+) These
changes are disclosed as reducing non-uniformity of the etch. (3/11-17) The use of a radial
flow apparatus to determine experimentally the optimum conditions for an etch process is
disclosed (5/8-14). l

It would have been obvious to one skilled in the art to preform the calculations
disclosed by Thompson "Introduction to Microlithography" in the process disclosed by Mogab
'665 for the different etching apparatus/conditions to preform diagnistics which describe the
physical processes occuring within the plasma etching apparatus thereby allowing for
optimization of the parameters for a particular etch process with a reasonable expeétation of

Success.
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The response provided above is relied upon here without further comment. The
rejection is maintained.
22 Claims 1-29 are rejected under 35 U.S.C. § 103 as being unpatentable over either
Stefani et .a].‘ ‘229, Mundt et al. '162, Horiike '706 or Bobbio '520, in view of Babanov et al.
Plasma Chemistry and Plasma Processing and Thompson "Introduction to Microlithography".

Stefl'ani et al. 229 teaches the use of ellisometry to determine the localized etch rates
over the wafer surface and/or over a plurality of wafer surfaces in the same etch chamber.
(2/34-38) am model is developed to describe the relative non-uniformity of the etch. (4/49-56)
This data allows the operator to change parameters and evaluate the effects of doing so.
(6/39-60)

Mundt et al. '162 teaches the relative etch rates as a function of position for both flat
and convex electrodes in figures 2 and 3.

Horiike '706 teaches that the relative etch rates as a function of distance disclosed are
equivalent to the combined etch rate constant and that the observations and varying of the
position of the etch target results in a new etching apparatus (see figures 9 and 10).

Bobbio '520 describes a prior art apparatus in which the barriers are placed parallel to
each other the inherent etch rates as a function of position are determined in figures 4a and
4b. These are corrected to produce an etch which is relatively uniform over the entire wafer.
Typically no more than three positioning steps are required to achieve uniformity deviations

of less than 2% (col 8/lines 43-50, hereinafter 8/43-50).
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It would have been obvious to one skilled in the art to determine the parameters
including the etch rate constants in a manner similar to that disclosed by Babanov et al.
Plasma Chemistry and Plasma Processing and Thompson "Introduction to Microlithography
with each of the etch processes taught by either Stefani et al. '229, Mundt et al. '162, Horiike
706 or Bobbio '520 to further optimize known parameters including reactive gas
composition, temperature, pressure, reactor configuration, rf power, flow rate and the like as
is known in the art to produce a more uniform etch in the course of routine optimization in
known etching processes based upon the teachings of Thompson "Introduction to
Microlithography" to do so to improve the uniformity of the etch process.

This includes ashing processes which are commonly used to remove resists.

The examiner notes that all of the primary reference teach increasing unifomity and
th;arefore would be held to be optimizing the "uniformity value" irrespective of whether this is
actually calculated or not. The response provided above is relied upon here as well without
further comment.

23 Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for response to this final action is set to expire THREE

MONTHS from the date of this action. In the event a first response is filed within TWO

MONTHS of the mailing date of this final action and the advisory action is not mailed until
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after the end of the THREE-MONTH shortened statutory period, then the shortened statutory

period will expire on the date the advisory action is mailed, and any extension fee pursuant to

37 CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event

- will the statutory period for response expire later than SIX MONTHS from the date of this

ﬁna]\ action. New Cla, e

24 Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Martin Angebranndt whose telephone number is (703) 308-
4397.

I am normally available between 7:30 AM and 5:00 PM, Monday through Thursday
and 7:30 AM and 4:00 PM on alternate Fridays.

If repeated attempts to reach me are unsuccessful, my supervisor may be reached at
(703) 308-2303.

Facsimile correspondence should be directed to (703) 305-3599.

Any inquiry of a general nature or relating to the status of this application should be
directed to the Group receptionist whose telephone number is (703) 308-0661.

Martin J. Angebranndt
Primary EXaminer, Group 1100
January 21, 1997
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TOWNSEND and TOWNSEND and CREW LLP Atty. Docket No. 16655-000100

Two Embarcadero Center, 8th Floor

San Francisco, CA 94111-3834 Date May 13, 1997

(415) 326-2400

In re application of Daniel L. Flamm R I hereby certify that this is being deposited with the United
o States Postal Service as first class mail in an envelope

Serial No: 08/433,623 addressed to:

Assistant Commissioner for Patents
Washington, D. C.,20231. -

Date: j//3/47n

For:  PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING
Kristina Alvarez
BOX FEE AMENDMENT
ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231 BECE[VED

Sir: Uy ¢ 1997

Transmitted herewith are the following documents in response to the Final Office Action dated January 2@%3 D g ,.2 O
Qi

1) Amendment Under 37 CFR §1.116;

2) Petition for Extension of Time (1-mo); and

3) Postcard.

The filing fee has been calculated as shown below:

OTHER THAN A
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
HIGHEST NO.
PREVIOUSLY PRESENT RATE ADDIT. RATE ADDIT.
PAID FOR EXTRA FEE OR FEE
TOTAL *29 MINUS **31 . =0 xll= | § x22= | §
INDEP. .| *5 MINUS it ] =0 x39= | $ ‘ x78= | §
[X] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM: Se¢ claim 28, +125= | § +250= | §
which is counted as three claims
OR
TOTAL | $ TOTAL | §
ADDIT. FEE
. If the entry in Col. 1 is less than the entry in Col. 2,
write "0" in Col. 3.
ol If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space.
e If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3 in this space.

The "Highest Number Previously Paid For” (Total or Independent) is the highest number found from the equivalent
box in Col. 1 of a prior amendment or the number of claims originally filed.

Please charge Deposit Account No. 20-1430 as follows:
X] Petition to Extend Time (1-mo) $55.00

X] Any additional fees associated with this paper or during the pendency of this application.

2 extra copies of this sheet are enclosed. D and TOWNSEND and CREW LLP

stl, @/
Richard T. Ogawa
Reg. No.: 37,692
t

16655\1.. TR Attorneys for Applican
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PATENT
Attorney Dockey No. 16655-000100

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: )
)
Daniel L. Flamm, et al. )  Exa
)
Application No.: 08/433,623 ) Art
L )
Filed: May 3, 1995 ) PETITION TO EXTEND TIME UNDER
) 37 CFR §1.136(a) \
For: PROCESS OPTIMIZATION IN GAS )
PHASE DRY ETCHING )
)
R If =
BOX FEE AMENDMENT ECEIVED
Assistant Commissioner for Patents JUN 4 1997

Washington, D.C. 20231

GROUS 110D
Sir: |

Applicants petition the Assistant Commissioner of Patents to extend the time for
response to the Office Action, dated January 24, 1997 for one month, from April 24, 1997 to May
24, 1997. An appropriate response to the Office Action in the form of an Amendment Under 37 CFR
§1.116 is enclosed herewith.

Please charge $55.00, pursuant to 37 CFR §1.17, to the Deposit Account No. 20-
1430. Please charge any additional fees or credit overpayment to the above Deposit Account. This
Petition is submitted in triplicate.

Respectfully submitted, g
SRhd i, ;
ALY
Dated: |- / Sg
Richard T. Ogawa O TS
Reg. No. 37,692 i
TOWNSEND and TOWNSEND and CREW LLP S8=5=
Two Embarcadero Center, 8th Floor §§8
San Francisco, California 94111-3834 23
(415) 326-2400
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1 hereby certify that this correspondence is being

deposited with the United States Postal Service as

first class mail in an envelope addressed to:

Assistant Commissioner for Patents, M
Washington, D.C. 20231,

- /3197

TOWNSEND TOWNSEND REW LLP
’
By,

Attorney Docket No. 16655-000100

104,

In re application of: )
)
Daniel L. Flamm )  Examiner: M. Angebranndt
" : )
Application No.: 08/433,623 ) Art Unit: 1113
)
Filed: May 3, 1995 ) AMENDMENT UNDER 37 CFR §1.116
)
For: PROCESS OPTIMIZATION IN GAS )
PHASE DRY ETCHING )
)
) -
RECEIvED
Assistant Commissioner for Patents JUN 4 1997
Washington, D.C. 20231 : ‘
GROUP 1100

Dear Sirs:
In response to the Office Action mailed January 24, 1997, please amend the

above-cited application as follows.

IN THE CLAIMS:
Please amend claims 1-4, 9-12, 19, 20, 25, 26, and 29 as follows. For the

convenience of the Examiner, all claims subject to examination are shown, even if not being

amended.

A
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1. (Amended) A device fabrication method comprising the steps of:

providing a plasma etching apparatus comprising a substrate therein, said
substrate comprising a top surface and a film overlying said top surface, said film comprising
a top film surface;

etching said top film surface to define a relatively non-uniform etching profile

on said film, and defining etch rate data comprising an etch rate and a spatial coordinate




Daniel L. Flamm PATENT
Application No.: 08/433,623
Page 2

which- defines a position within [from] said relatively non-uniform etching profile on said
substrate, said etching comprising a reaction between a gas phase etchant and said film; and

extracting a surface reaction rate constant from said etch rate data, and using

-

said surface reaction rate constant in the fabrication of a device.

2. (Amended) The method of claim 1 wherein said etching step is
diffusion limited [limiting].

®

3. (Amended) The method of claim 1 wherein said spatial coordinate[s]

includes a radius and an angle.

4. (Amended) The method of claim 1 wherein said spatial coordinate[s]

includes an x-direction and a y-direction.

s TR,

Page 129 of 210

5. The method of claim 1 wherein said extracting step correlates said
surface reaction rate constant over a diffusivity with said etch rate, said etch rate being

defined by said relatively non-uniform etching profile.

6. The method of claim 1 wherein said etch rate is defined by said

relatively non-uniform etching profile at selected spatial coordinates over a time.

7. The method of claim 1 wherein said etching is an ashing method.

8. The method of claim 7 wherein said ashing method comprises reactants

including an oxygen and a photoresist.
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| ?9/ (Amended) A method of designing a reactor comprising the steps of:

providing a first plasma etching apparatus comprising a substrate therein, said
substrate comprising a top surface and a film overlying said top surface, said film comprising
a top film surface; .

etching said top film surface to define a relatively non-uniform etching profile
on said film, and defining etch rate data comprising an etch rate and a spatial coordinate
which defines a position within [from] said relatively non-uhiforin etching profile on said-
ﬁ‘]m of said substrate, said etching comprising a reaction between a gas phase etchant and

said film; and

extracting a surface reaction rate constant from said etch rate data, and using

said surface reaction rate constant in designing a second plasma etching appafatus.

| j0
)6./ (Amended) The method of claim 4 wherein said etching step at a
postion on said relatively non-uniform etching profile is diffusion limited [limiting].
{0

T

(Amended) The method of claim# wherein said spatial coordinate([s]
which defines said position along said relatively non-uniform etching profile includes a radius

-and an angle.

10

()/2/. (Amended) The method of claim.9 wherein said spatial coordinate[s]
which defines said position within said relatively non-uniform etching profile includes an x-

direction and a y-direction.
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13.  The method of claim 9 wherein said extracting step correlates said
surface reaction rate constant over a diffusivity with said etch rate, said etch rate being

defined by said relatively non-uniform etching profile.

14.  The method of claim 9 wherein said etch rate is defined by said

relatively non-uniform etching proﬁle at selected spatial coordinates over a time.

15.  The method of claim 9 wherein said etching is an ashing method.
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16.  The method of claim 15 wherein said ashing method comprises
reactants ihcludjng an oxygen and a photoresist.

17.  The method of claim 9 wherein said second plasma etching apparatus is

a co-axial reactor.

18.  The method of claim 9 wherein said second plasma etching apparatus is

a plasma etching apparatus.

Cb

20

/18’. (Amended) A substrate fabrication method, using a plasma etching
apparatus, said method comprising:

providing a substrate selected from a group consisting of a semiconductor
wafer, a plate, and a flat panel display, said substrate comprising a top surface;

forming a film overlying said top surface, said film comprising a top film
surface;

etching said top film surface to define a relatively non-uniform profile on said
film, and defining etch rate data comprising an etch rate and a spatial coordinate which
defines a position within [from] said relatively non-uniform etching profile of said film on
said substrate, said etching comprising a reaction between a gas phase etchant and said film;

and
extracting a surface reaction rate constant from said etch rate data, and using

said surface reaction rate constant [in adjusting said method].

apl ching apparatus, said method comprising:

(Amended) A method of fabricating an integrated circuit device, using

providing a uniformity value and a surface reaction rate constant for an etching
reaction, said etching reaction including a substrate and etchant species;

defining etching parameters providing said uniformity value; and

adjusting at least one of said etching parameters using said surface reaction
rate constant to produce a selected etching rate;

wherein said etching rate providing an etching condition for fabrication of an

integrated circuit device.
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21.  The method of claim 20 wherein said etching parameters can be
selected from a group consisting of a temperature, a pressure, a power, a gap, and a flow

rate.

22.  The method of claim 20 wherein said uniformity value ranges from
90% and greater.

25, The method of claim 20 wherein said uniformity value ranges from
95% and greater.

24,  The method of claim 1 further comprising a step of using said reaction
rate constant in adjusting said plasma etch apparatus.

2% (Amended) A process for fabricating a device using a plasma etching
apparatus, said device being fabricated by use of a surface reaction rate constant, said surface

reaction rate constant being derived from a method comprising:

providing a plasma etching apparatus comprising a substrate therein, said
substrate comprising a top surface and a film overlying said top surface, said film comprising
a top film surface;

etching said top surface at a temperature to define a relatively non-uniform
etching profile on said ﬁlm,l and defining etch rate data comprising an etch rate and a spatial
coordinate which defined a position from said relatively non-uniform etching profile on said
film of said substrate, said etching comprising a reaction between a gas phase etchant and
said film; and

extracting from said etching rate data a surface reaction rate constant for said

temperature.

} j{ (Amended) The process of claim 2( wherein said surface reaction rate

constant is derived [from] using at least a diffusivity value is determined by an equation.

Page 132 of 210

27. The process of claim 25 wherein said etching is provided whereupon

chemical effects are enhanced over ion bombardment effects.




|
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Application No.: 08/433,623

28.  The method of claims 1, 9, or 19 wherein said etching is provided

whereupon chemical effects are enhanced over ion bombardment effects.

29.  (Amended) The method of claim ‘g’fu@er comprising [A method of

fabricating a device or designing a reactor] using [a] said surface reaction rate constant in
a method selected from a consistin fabricati evice or of designing a

reactor, said surface reaction rate constant [is] being provided by at least a diffusivity value.

et

Ty Lo

IPPIREPREEES

REMARKS
Applicant would like to thank Examiner Angebranndt for his time and
cooperation in interviewing this subject patent application. Reconsideration of these claims,

as amended, is respectfully requested. Claims 1-29 are now pending in this application.

35 U.S.C. §112

Claim 29 was rejected under 35 U.S.C. §112, second paragraph as failing to

set forth the subject matter which applicants regard as their invention. As shown, claim 29
has been amended to be dependent upon independent claim 25. Accordingly, the rejection
should now be moot.

Claims 19-23 and 29 were rejected under 35 U.S.C. §112, first paragraph,
since the disclosure is indicated as enabling only for claims limited to plasma etching
processes. As shown above and explained to the Examiner, claims 19-23 and 29 generally
use, for example, directly or indirectly, an apparatus for plasma etching and have been

amended, as shown above. Accordingly, claims 19-23 and 29 are patentable under 35
U.S.C. §112, first paragraph.

35 U.S. 103

The Examiner has rejected claims 1-29 under 35 U.S.C. §103(b) as being
obvious over Thompson "Introduction to Microlithography”. In particular, the Examiner

indicated that Thompson taught a relationship between the loading effect and the etch rate,

including the etching rate constant. Thompson generally discloses an equation for loading
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effect. Thompson, however, fails to show or suggest the invention of claims 1-29, as
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amendment, which was suggested by the Examiner. These claims should be patentable over
Thompson' for the reasons discussed herein using claim 1 as merely an example.

In particular, claim 1 recites a device fabrication method which includes novel
aspects of extracting a chemical reaction rate constant from an etching profile. The method
includes providing a plasma etching apparatus having a substrate therein. The substrate has a
top surface and a film overlying the top surface. The top film surface is etched to define a
relatively non-uniform etching profile on the film, which defines etch rate data comprising an
etch rate and a spatial coordinate. The spatial coordinate defines a position within the
relatively nén—uniform etching profile on the substrate. A step of extracting a surface
reaction rate constant from the etch rate data is included. The surface reaction rate constant
is used in the fabrication of a device. Accordingly, claim 1 provides a sequence of steps for
extracting a chemical reaction rate constant from an etching profile in a relatively easy
manner. At best, Thompson suggested a loading effect equation, which cannot derive the
claimed surface reaction rate constant from an etching profile. Additionally, the loading
effect equation includes a term "G" defined as "the generation rate of the active species”
which is not available. Furthermore, the term k,, is generally not know, and is likely to be
difficult to obtain. Moreover, the etching rate constant K, is also not know. Accordingly,
the loading effect equation has at least three variables including K., K., and G, which are
not known and cannot easily be solved for.

Thompson also suggests away from the invention of claim 1, as amended.
Thompson taught a loading effect equation that requires a uniform reactant species density,
i.e., a uniform etching profile. The uniform etching profile is required or is an assumed
condition for applying the loading effect equation. Now, Thompson does not mention this
assumption with the loading effect equation, but accordingly to Applicant Dr. Daniel Flamm,
the loading effect equation uses the underlying assumption that the reactant species overlying
the film to be etched is uniform, which leads to a constant etching rate over all portions of
the film to be etched. This constant etching rate provides a uniform etching profile. In
contrast, the present invention takes advantage of a relatively non-uniform etching profile to
extract a surface reaction rate constant as recited by claim 1, for example. Accordingly,
Thompson clearly suggests away from these novel aspects of the present invention, which are

recited by claim 1.
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Claims 1-29 were also rejected under 35 U.S.C. §103 as obvious over Mogab
and Thompson, "Introduction to Microlithography". Mogab may have taught certain aspects
of the loading effect but still fails to show or suggest extracting a chemical reaction rate
constant from an etching profile. Accordingly, claims 1-29 are patentable over Mogab and
Thompson.

Claims 1-25 were rejected under 35 U.S.C. §103 as being unpatentable over
either Stefani et al., Mundt et al., Horiike or Bobbio, in view of Babanov et al., Plasma
Chemistry and Plasma Processing and Thompson, "Introduction to Microlithography”. As
noted above, it is clear that claim 1 is patentable and non-obvious over Thompson.
Accordingly, claims 1-29 are at least patentable under 35 U.S.C. §103 for the reasons noted
above. Additionally, any combination of Stefani et al., Mundt et al., Horiike or Bobbio, and
even Babanov et al., further fail to show or suggest the claimed combination including
extracting a chemical reaction rate constant from an etching profile. In particular, Stefani et
al. appeared to suggest a system for monitoring and evaluating uniformity of a semiconductor
wafer, which has nothing to do with extracting a chemical reaction rate constant from an
etching profile within a wafer surface. Mundt et al. seems to suggest using curved
electrodes for the manufacturing of semiconductor devices. Thus, Mundt et al. does not
show or suggest extracting a chemical reaction rate constant from an etching profile. Horiike
generally taught a reaction vessel for plasma etching, but fails to show or suggest the claimed
combination including extracting a chemical reaction rate constant from an etching profile
within a wafer surface. Bobbio seems to suggest a magnetron plasma processing apparatus
for producing "a uniform procesing rate over an entire substrate surface.”" Bobbio, Col. 2,
lines 54-58. In contrast, the present invention takes advantage of a non-uniform processing
rate or etching profile to extract a chemical reaction rate constant therefrom. As for
Babanov et al., it merely describes some etching mechanisms, which do not have a thing to
do with the present invention, which includes extracting a chemical reaction rate constant
from an etching profile. Accordingly, claims 1-29 are clearly non-obvious and patentable
over these references under 35 U.S.C. §103.

Numerous advantages are achieved by way of the invention of claim 1, for
example. In the semiconductor industry, the surface reaction rate constant can be used to
design a reactor such as a plasma etching reactor or even a chemical vapor deposition

reactor. Additionally, the invention of claim 1 can be used for designing other types of
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reactors which are generally know. Furthermore, the invention of_,C}éim 1 will generally
provide more uniform films from the selection of plasma etching ]:Stf;'almgtqrs :dij operating
conditions without undue experimentation or "trial and error," whrch is .gfien.mquimd using
pre-existing or conventional techniques, i.e., Stefani et al., Mundt e_t_a_l, Horiike, Bobbio,
Babanov et al., Thompson, and others. Applicant can provide further details and examples
of these advantages, and others, by way of a declaration by Dr. Daniel L. Flamm, as the

request of the Examiner.

CONCLUSION
Therefore, in view of the remarks above, Applicant respectfully requests that
the rejections be removed, that claims 1-29 be allowed, and the case passed to issue. The
issuance of a formal Notice of Allowance at an early date is respectfully requested.
If the Examiner believes a telephone conference would expedite prosecution of
this application, please telephone the undersigned at (415) 326-2400.
Respectfully submitted,

Date: g}/ B ,ﬂ, /’?’ Xm &

Richard T. Oga
Reg. No. 37,69

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(415) 326-2400

Fax (415) 326-2422
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SERIAL NUMBER T FILING DATE Ir FIRST NAMED APPLICANT

—[ ATTORNEY DOCKET NO.

08/ 432, 4232 NS/ 03795 FLAMM o 1eLSS-000100
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TOWNSEND AND' TOWNSEND KHOURIE AND CREW )
STEUART STREET TOWER L__artuwr | eaees Numser |
ONE MARKET PLAZA 20TH FLOOR 1113 /
SAN FRANCISCO CA 94105

06/10/37

DATE MAILED:

NOTICE OF ALLOWABILITY

PARTI .
This commumcalwﬂ is responsive.to - f// 9/7 ;

2. All tne claims being allowable, PROSECUTION ON.THE MER!TS 1S (@R-REMANTS) CLOSED in this application. If not included-
herewith (or previously mailed), a Notice Of Allowance And issue Fee Due or other appropriate communication will be sent-in due

course.
3. g The allowed claims are }=29
4. The dr. gs filet on are acceptable.

5. (0 Acknowledgment is made of the claim for priority under 35 U.S.C. 119, The certified copy has [} been received. (=] not been
received. || been filed in parent application Serial No. filed on
6. OJ Note the attached Examiner's Amendment.
7. [J Note the attached Examiner Interview Summary Record, PTOL-413.
8. m Note the attached Examiner’'s Statement of Reasons for Allowance.
9. [J Note the attached NOTICE OF REFERENCES CITED, PTO-892.
10. TJ Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449.

PART Ii.

A SHORTENEO STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE "DATE MAILED" indicated on this form. Failure to timely comply will result in the ABANDONMENT of this application
Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

1. O Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that the oath
or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
2. N APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDE
OF THIS PAPER. ’
a. O Drawing informalities are indicated on the NOTICE RE PATENT DRAWINGS, PT0-948, a(tachéd hereto or to Paper No.
. CORRECTION IS REQUIRED.
b. [ The proposed drawing correcticn filed on
REQUIRED.
c. O Approved drawing corrections are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION IS
REQUIRED.
d. p Formal drawings are now REQUIRED.

has been approved by the examiner. CORRECTION IS

Any response to this letter should include in the upper right hand corner, the following information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER.

Attachments:

- Examiner's Amendment

— Examiner Interview Summary Record, PTOL- 413
A Reasons for Allowance

.. Notice of References Cited, PTO-892

- Information Disclosure Gitation, PTO-1449

PTOL-37 (REV.4-89) *
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- Notice re Patent Drawings, PTO-948
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Serial Number: 08/433623 22-

Art Unit: 1113

3 The following is an Examiner's Statement of Reasons for Allowance: The arguments
forwarded by the applicant have been found persuasive when combined with the amendments
to the claims tying the data concerning the non-uniformity of the etch directly to an individual
substrate rather than merely a location within the reactor which was more addressable by the
loadir;g description of Thompson.

Any comments considered necessary by applicant must be submitted no later than the
payment of the Issue Fee and, to avoid processing delays, should preferably accompany the
Issue Fee. Such submissions should be clearly labeled "Comments on Statement of Reasons
for Allowance."

4 Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Martin Angebranndt whose telephone number is (703) 308-

4397.

I am normally available between 7:30 AM and 5:00 PM, Monday through Thursday
and 7:30 AM and 4:00 PM on alternate Fridays.

If repeated attempts to reach me are unsuccessful, my supervisor may be reached at
(703) 308-2303.

Facsimile correspondence should be directed to (703) 305-3599.

Any inquiry of a general nature or relating to the status of this application should be
directed to the Group receptionist whose telephone number is (703) 308-0661.

Wl

Martin J. Angébranndt
Primary Ex#miner, Group 1100
7

June 9, 1
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The drawings submitted with this application were declared
informal by the applicant. Accordingly they have not been
reviewed by a draftsperson at this time. When formal
drawings are submitted, the draftsperson will perform a
review. '

Direct any inquires concerning drawing review to the Drawing
Review Branch (703) 305-8404. -

SUBSTITUTE PTO-948
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The drawings submitted with this application were declared
informal by the applicant. Accordingly they have not been
reviewed by a draftsperson at this time. When formal
drawings are submitted, the draftsperson will perform a
review.

Direct any inquires concerning drawing review to the Drawing
Review Branch (703) 305-8404. -

SUBSTITUTE PTO-948
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THIS STATUTORY PERIOD CANNOT BE EXTENDED,

APPLICATION SHALL BE REGARDED AS ABANDONED.

HOW TO RESPOND TO THIS NOTICE:

|. Review the SMALL ENTITY status shown above.
If the SMALL ENTITY is shown as yes, verify your
current SMALL ENTITY status:

A. If the status is changed, pay twice the amount of the
FEE DUE shown and notify the Patent and
Trademark Office of the change in status, or

B. If the status is the same, pay the FEE DUE shown
above.

If the SMALL ENTITY is shown as NO:

A. Pay FEE DUE shown above, or

B. File verified statementof Small Entity Status before, or with,
payment of 1/2 the FEE DUE shown above.

Il Part B of this notice should be completed and returned to the Patent and Trademark Office (PTO) with your ISSUE FEE.
Even if the ISSUE FEE has already been paid by charge to deposit account, Part B should be completed and returned.
If you are charging the ISSUE FEE to your deposit account, section “6b” of Part B should be completed.

11I. All communications regarding this application must give application number and batch number.
Please direct all communication prior to issuance to Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Patents Issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance

fees when due.

3. PATENT AND TRADEMARK OFFICE COPY

PTOL-85 (REV. 05-9€)(0651-0033)
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TRANSMITTAL LETTER

TOWNSEND and TOWNSEND and CREW LLP Atty. Docket No. 16655-000100

Two Embarcadero Center, 8th Floor RECE\VED

San Francisco, CA 94105 publishing DVIEIO  Dace S},ﬂ fembtr 7/ /997

(650) 326-2400 -
SEP 09 1997

In re application of: Daniel L. Flamm, et al. 09 I hereby certify that this is being deposited with the United

Serial No.: 08/433,623 States Postal Service as first class mail in an envelope

Filed: May 3, 1995 addressed to: Box Issue Fee, Assistant Commissioner for

Group Art Unit: 1113 Patents, Washington, D. C. 20231.

For: PROCESS GPTIMIZATION IN GAS PHASE DRY

ETCHING Date: 7/ /927
BOX ISSUE FEE > .

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

Sir:

Transmitted herewith are the documents in response to the Notice of Allowance and Issue Fee Transmittal dated
June 10, 1997:

1) Transmittal Letter (in trip.);

2) Issue Fee Transmittal (Part B);
3) Letter to Official Draftsman;

4) . Formal Drawings (8 sheets); and
5) Postcard.

[X] A fee in the amount of $645.00 is due.
Please charge Deposit Account No. 20-1430 as follows:

[X] Issue Fee $645.00
[X] Any additional fees associated with this paper or during the pendency of this application.

2 copies of this sheet are enclosed.

TOWNSEND and TOWNSEND and CREW LLP

Tl O

Richard T. Ogawa
Reg. No.: 37,692
16655\1-issfee.tm _Attorneys for Applicant
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I hereby certify that t  correspondence is being L
deposited with the United States Postal Service as
first class mail in an envelope addressed to:

Box Issue Fee

Assistant Commissioner of Patenys and Trademarks,
Washington, D.C. 20231, on M_/?’7 PATENT

By A’(L“’-"" 6544;“

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:
Examiner: M. Angebranndt
Daniel L. Flamm, et al.
Art Unit: 1113 RECEIVED
Serial No.: 08/433,623 Puhliching Division
Batch No.: N95 SEP 09 1997

Filed: May 3, 1995
LETTER TO OFFICIAL 09
For: PROCESS OPTIMIZATION IN GAS DRAFTSPERSON

PHASE DRY ETCHING

Assistant Commissioner of Patents
Washington, D.C. 20231

Sir:
Pursuant to the Notice of Allowability dated June 10, 1997, applicants submit

eight sheets of formal drawings to be made of record in the above-identified case.

Respectfully submitted,

PlTO.

Reg. No. 37,692
TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor
San Francisco, California 94111-3834
(650) 326-2400

RTO:de

rto\work\16655\1frmdrw.ltr

Attorney Docket No. 16655-000100 |
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ETCH FILM AT CONSTANT PRESSURE AND PREFERABLY | ~101

CONSTANT PLASMA SOURCE CHARACTERISTICS AND:

\1 .DO NOT ETCH TO ENDPOINT OR 2. ETCH EXACTLY TO |, _

EIRST SIGN OF ENDPOINT BEST TO DO ISOTHERMALLY,
\\BUT CAN PROBABLY HANDLE COMPLEX CASE IF
MEASURE TEMPERATURE-TIME HISTORY.

T —103

RATE PROFILE DATA AS (ETCH RATE,x,y)
OR (ETGH RATE,r, 8) TRIADS, AN n x 3 ARRAY

CLASE {SUBCLASS

| APPROVED | 0 G FIG.
BY
DRAFTSMAN

|
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OF THE PLATE OR WAFER.‘\
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FORMULAS (SEE R.B. BIRD, W.E. STEWART, E.N. LIGHTFOOT, |__|

pp 510-513, TRANSPORT PHENOMENA, WILEY (1960) AND
MANUSCRIPT REF. FOR O. MULTIPLY kvo/D BY D(T,P) T®
OBTAIN kvo(T,z). NOTE THE z COMES IN BECAUSE
kvo(Tx,z) = ks(Tx)*(AREA/VOLUME) = ks/z

SEPARATE PRE-EXP & Ea
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TO EXTRACT Ea AND PREEXPONENTIAL WHERE
ki(T) = A(T **0.5) Ae**(-Ea/RT)
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FIG. 3
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. 201
.| MEASURE ETCH RATE VS. EFFECTIVE AREA OF SUBSTRATE. -
PLASMA SOURCE TEMPERATURE, PRESSURE (T.,P) -
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PART B—ISSUE FEE TRANSMITT/

MAILING INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE. Blocks 2 through 6 sholud be completed where appropriate. All futher correspondence
including the issue Fee Receipt, the Patent, advance orders and notification of maintenance fees will be mailed to addresses entered in Block 1 unless you direct otherwise.

by: (a) spe~tvinga new correspondence address in Block 3 below; or (b) providing the PTO with a separate “FEE ADDRESS" for maintenance fee notifications with the paymeni
of issue Fee or thereafter. See reverse for Certificate of Malling, below.

Under the Paperwork Reduction Act of 1895, no are required 1o respond to a jon of inf unless it displays a valid OMB control numbe.
Burden Hour Statement: This form is moulo!akoozhombounplm Tmowilvary 2. INVENTOR(S) ADDRESS CHANGE (Complete only if there is a change)
depending on the needs of the individual case. Any nts on the of time required to INVENTOR'S NAME

complete this form should be sent to the Chief Information Officer, Patent and Trademark Office,

Washington, D.C. 20231. Sooet Addess

DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Box Issue Fee,

Assistant Commissioner for Patents, Washington D.C. 20231

City, State and Zip Code

1. CORRESPONDENCE ADDRESS

1imMy 06T

CO-INVENTOR'S NAME

y MO IE m&éﬂﬁrﬁ:ﬁﬂi Swoet Addross .

o . o City, State and Zip Code
Publishing Divigion

SEP 09 19?7DMHMNWU|.M

APPLICATION NO. | FILING DATE { TOTAECLAIMS |09 EXAMINER AND GROUP ART UNIT | DATE MAILED
/433, G 029 ANGERRANNMDT, M 1113 QESIG/97
Rl FLAMM. DANIEL L.
TITLE OF Ff3i 3ODPTIMIZATION IN GAS PHASE DRY ETCHING

ATTY'SDOCKETNO. |  CLASS-SUBCLASS | BATCHNO. | APPLN.TYPE | SMALLENTITY |  FEEDUE DATE DUE
1 VAESS 000100 i A3, 160 N LTILETY i FEE45. 00 w7
3. Corresp dd change (Complete only if there is a change) 4.For printing on the patent front
page, list the names of not more than 1 Townsend and Townsend
Townsend and Townsend and Crew LLP Hy rombor o dpuiind ot and Crew LLP
Two Embarcadero Center, 8th Floor having as a member a registerad 2
- attomney or agent. If no name is listed,
San Francisco, CA 94111-3834 20 name wil be printed.
: 3
5, ASSIGNMENT DATA TO BE PRINTED ON THE PATENT (print or type)
(1) NAME OF ASSIGNEE: N ) 6a. The tofowing fees are enciosod:
a
L Fi Advance Order - # of Coples
12) ADORESS: (CITY & STATE OR COUNTRY) m_%m_ﬂdummu
Walnut Creek, California DEPOSITACCOUNTNUMBER  20—1430.
(ENCLOSE A COPY OF THIS FORM)
K] tesue Feo [X Advance Order-#ofCoples __ 100
A [JThis application s NOT assigned.

[ Any Deficiencies in Enclosed Fees
[RAssignment previously submiitted to the Patent and Trademark Office. 1
[ Assignment is being submitted under separate cover. Assignment should be
directed 1o Box ASSIGNMENTS.

PLEASE NOTE: UMMMhWhM&mmﬂﬂWQMM
Inclusion of assignee data is only app when an has been p

PTO or is being submitted under separate cover. Wmdﬂlmhmamh-u
an assignment.

registered attomey
hm.-mwnmmmmmm«nmmeou

Certificate of Mailing -
Note: If this certificate of mailing is used, it can be used to transmit the Issue Fee. This certificate cannot be used for any other aocompanyhg-papers =
Each additional paper, such as an assignment or formal drawing, must have its own certificate of mailing.

T & o
| hereby certify that this correspondence is being deposited with the United States Postal Service with sufficent postage as first class miilin == =
an envelope addressed to:  Box ISSUE FEE (O

Assistant Commissioner for Patents [RE o
Washington, D.C. 20231 :‘: -
307140199 (gepge m =
on: September 9, 1997 (Date) gz LLigee (20000177 Doy, B,
Diane Elzingre (Name of person making GFM) £ gg 'Qﬁf 30 34333
> v (Signature) w ju

1
3
3

A Z /992 (Date)
7 V4

1. TRANSMIT THIS FORM WITH FEE
PTOL-858 (REV. 05-06) Aporoved for use through 05/31/99, OMB 0651-0033

Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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PTO\I\'\U\'YGRANT
WNM_____LL{

The Commissioner of Patents
and Trademarks

Grants 10 the persan(s) having title 10 this
ent the right 10 exclude others from mak-
i ale, or selling the in-

this application was fil

ent or twenty years fro
tive U.S. filing date of the application, sub-

jectto any statutory extension-

1 was filed on or after June
of this patent is twenty years
m the U.S. filing date, subject to an statu-
tory extension. If the application contains @
specific reference 10 an earlier filed applica:
tionor applications under 35 U.S-
or 365(c); theterm of the patentis fwenty years
from the ‘date on which the earliest applica-

tion was, filed, subject to any statutory exten

sior. 3
Commissioner of Patents and Trademarks

If this applicatio
8, 1995, theterm

(RIGHT INSIDE)
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Amendment Transmittal 7569 Gl 1>

TOWNSEND and TOWNSEND and ( ¥ LLP : Atty. Docket No.  55-000100 : f{’
Two Embarcadero Center, 8th Floor '
San Francisco, CA 94111-3834

62400 Express Mail Label No.:_ EM140585555US

9 \P § I hereby certify that this is being deposited with the United
n re applicagiog of Daniel L. Flamm, et al. States Postal Service "Express Mail Post Office to Addressee,"
g service under 37 CFR 1.10 on the date indicated below and is

08k 2N obmed3 623 addressed to: Group 1100 Director - Theodore Morris

> é}' Assistant Commissioner for Patents
iled: May&y'1995 Washington, D. C.,20231
Date: / 9 b?/ 27
Group Art Unit: 1113 (T"' .
< For:\ZROCESS OPTIMIZATION IN GAS

el ¥ HASE DRY ETCHING and I also hereby certify that this correspondence is being sent

e

-

by facsimile transmission to:

Group Director - Theodore Morris

Fax No: 1-703-305-359

Assistant Commissioney for Patents, Washington, D.C.
202310 /b /27/97

,. " / -
L . By_/&&uuf_%fl_d.#
+ | ASSISTANT COMMISSIONER FOR PATENTS

# Washington, D.C. 20231

Sir:

Transmitted herewith is an amendment in the above-identified application.

[X] Amendment After Payment of Issue Fee Under 37 CFR 1.312(b).

[X] Petition for Amendment After Payment of Issue Fee Under 37 CFR 1.312(b).
[X] Postcard (in Express Mail copy).

The filing fee has been calculated as shown below:

OTHER THAN A
Col. 1 Col, 2) (Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST NO.
REMAINING PREVIOUSLY PRESENT RATE ADDIT. RATE ADDIT.
AFTER PAID FOR EXTRA FEE OR FEE
AMENDMENT
TOTAL *31 MINUS **31 . =0 6 xi1= | $0.00 x22= | §
INDEP. *6 MINUS *EAG =0 1 x4l= | $0.00 x78= | §
[X] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM: See claim 28, +125= | $0.00 +250= | $
which is counted as three claims OR
“ If the entry in Col. 1 is less than the entry in Col. 2, TOTAL | $0.00 TOTAL | §
write 0" in Col. 3. ADDIT. FEE

*%

If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space.

If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3" in this space.
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found from the equivalent
box in Col. 1 of a prior amendment or the number of claims originally filed.

[X] No fee is due.

Please charge Deposit Account No. 20-1430 as follows:
[ % Claims fee $0.00

[X] Any additional fees associated with this paper or during the pendency of this application.

2 extra copies of this sheet are enclosed. TOWNSEND and TOWNSEND and CREW LLP

Gary T. 252 ’
Reg. No(;/29,038

1665511-312.4m Attorneys for Applicant
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1 hereby certify that this correspondence is being
deposited with the United States Postal Service
"Express Mail Post Office to Addressee," service
under 37 C.F.R. 1.10 on the date indicated below
and is addressed to:

Assistant Commissioner fcr Patents,

Washington, D.C. 20231,

1l27/92

Express Mail Uabel fo.

TOWNSEND and TOWNSEND and (:RE‘CJ/L{;’>
. Y

. IS NS JICS W

and 1 also hereby certify that this correspondence
is being sent by facsimile transmission to:

Group Director - Theodore Morris

Fax No: 1-703-305-3599

Assistant Commissioner for Patents, Washington,
D.C. 20231, on /'b/ 27/22

“By

PATENT

Attorney Docket No. 16655-000100

/5//‘/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Daniel L. Flamm
Application No.: 08/433,623
Filed: May 3, 1995

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

e N N N N N N N N N N N

Assistant Commissioner for Patents
Washington, D.C. 20231

Dear Sirs:

Examiner: M. Angebranndt

Art Unit: 1113

PETITION FOR AMENDMENT AFTER
PAYMENT OF ISSUE FEE UNDER 37
CFR.§1.312(6)

Pursuant to 37 C.F.R. § 1.312(b), Applicant petitions for entry og.he changes in

the accompanying amendment. As indicated in the amendment, Applicant beli

es the changes

are necessary for the correction of various errors. In view of the many technicagahangcs, the
S

amendment was not earlier presented.

130,00 CH

12/04/1397 TSTOKES 00000120 DA#:

01 FC:122
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Daniel L. Flamm PATENT
Application No.: 08/433,623
Page 2

Please charge the petition fee of $130.00 to Deposit Account 20-1430. This

petition is submitted in triplicate. Please charge any other fees or credit any overpayment to

Deposit Account 20-1430.
Respectfully submitted,

Date: [0/27/77 %ﬁr"/%

Gary T,
Reg. N6729,038

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(650) 326-2400

Fax (650) 326-2422

GTARTORA:de
H:AWORK\1665510001001312V1.PET
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I hereby certify that this correspondence is being
deposited with the United States Postal Service
"Express Mail Post Office to Addressee," service
der 37 C.F.R. 1.10 on the date indicated below

d is addressed to:

skistant Commissioner for Patents,

Pagshington, D.C. 20231,

02
Express Mail Label No%
TOWNSEND and TOWNSEND and CREW LLP

By j \A 0)\9\\.14\.«)&/

and I also hereby certify that this correspondence
is being sent by facsimile transmission to:

Group Director - Theodore Morris

Fax No: 1-703-305-3599

Assistant Commissioner or P tents Washington,
D.C. 20231, on /D

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Daniel L. Flamm
Application No.: 08/433,623
Filed: May 3, 1995

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

e N e N N N e N s N N N

Assistant Commissioner for Patents
Washington, D.C. 20231

Dear Sirs:

Pursuant to 37 C.F.R. §1.312(b), please amend the above-identified application as

follows:

IN THE SPECIFICATION:

At page 3, line 137 please delete "parameters” and insert --parameter--.

At page 3, line j& p/lease deletc "according of" and insert --according to--.

At page 4, line

At page 4, line i9/p /ase delete "limiting" and insert --limited--.

At page 7, hne 25, please delete "such as" and insert --,--.

1, dele /"ﬂow source" and insert --controller--.

-

Attorney Docket No. 16655-000100

)

Examiner: M. Angebranndt

Art Unit: 1113

AMENDMENT AFTER PAYMENT OF
ISSUE FEE UNDER 37 C.F.R. §1.312(b)




Daniel L. Flamm ATE
Application No.: 08/433,623

Page 2

At page 8, line 5, please delete "way" and insert --way of--. /

At page 8, line 9, please delete "applications to" and insert --@tions of--.

At page 8, line 22, please delete "®". /S

At page 9, lines 7-8, please delete "(u,x,y)" and iéert -u(Xx,y)--. .

At page 9, line 8, please delete "relative etch rate" and insert --relative etch rate is-
- /

At page 9, line 34, please delete "is defined as follows" and insert --is often
defined as follows--. |

At page 10, in the first equation on the page, please insert --+-- after the term
cos MY,

b

At page 10, line 5, after substrate, please delete "." and insert |-; and I, is a

modified Bessel function of the first kind--.

Page 158 of 210

/.
At page 10, line 16, please delete "collyion" and insert --collision--.
At page 11, line 15, please delete "follow equation.” and insert --following
equation:--, /

At page 11, in the equation after line 23, please delete "R," and insert --R ,~-;

pleasé delete "k,," and insert --k,--. - i
' At page 11, line 25, please delete "R," and insert --R --. '
. ) . *Rwu_me
At page 12, in the equation after line 18, please delete " R, " and please
Am

Runx™Ruzy
insert - 1~ R, .
2 —_—
i=1 m
At page 13, in the equation after line 10 and at line 11, please delete "R," and
insert --R .

At page 13, line 11, please delete "R," and insert --R --.
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Daniel L. Flamm DPATENT
Application No.: 08/433,623
Page 3 /
. « Booax” Ry
At page 14," " line 30, please delete " ®. " and please insert --
2i .
i=1 m

[1- Rynx NIN | .

23 BT

i=1 m

~

At page 15, line 37, please insert --,-- after T.

At page 15, line 37, please delete "vs." and insert --yersus--.

At page 15, line 38, please insert --,-- after highest P. /

At page 15, line 38, please delete "vs." and insert --versuy

At page 16, line 3, please insert --,-- after highest T.

At page 16, line 3, after 7, please delete "vs." and insert --versus--.
At page 16, line 3, please insert --,-- after highest P. /

At page 16, line 3, after P, please delete "vs." and insert --versus--.
At page 16, line 5, please insert --,-- after highest T. /

At page 16, line 5, after T, please delete "vs." and insert --versus--.
At page 16, line 5, please insert --,-- after highest P./ /

At page 16, line 5, after P, please delete "vs." and insert --versus--.
At page 16, line 21, "R," and insert --Ro.--. /

At page 17, lines 22-23, please delete "surface recombination rate" and insert -

effective surface recombination rate--. /

high the--.

At page 18, line 18, please delete "4," and insert -A 4.

At page 19, line 9, before etching rates, please insert --when etching uniformity is

At page 19, line 18, please delete "k," and insert --k,--.

At page 19, in the eqﬁla/tion after line 20, please delete "k," and insert --k--.

At page 19, in the equation after line 20, please delete "4,," and insert --4,--.
At page 20, in the equation after line 5, please insert -- - -- before D.

At page 20, in the equation after line 6, please delete "*" and insert --(-- before

D Vi, and insert --)-- after D Vh,.
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At page 20, line 17, please delete "n(x/L,, y/L,)" and insert --u(x/L,, y/L,)--.
At page 20, line 19, please delete "n," and insert --n,/n --.

At page 23, line 9, please delete "9" and insert --10-( /

At page 23, line 26, please delete "where A, is given by". /

At page 24, between the first and second equation on the page, please insert -

where A, is given by--. /

my

cos £ .

with -4 gr-.

At page 24, line 1, please delete "the general" and insert --The generaj: /
At page 24, in the last equation on the page, please insert --+-- after the term/

At page 25, line 1, please insert --two-dimensional-- after previous. /

At page 25, line 7, please delete "from" and insert --using relations in--.

At page 25, line 26, please delete "substitute" and insert --substi tmg-.

At page 25, line 31, please delete "11" and insert --12--. /

At page 26, line 10, please delete "drove" and insert —-sustained--.

At page 26, line 17, please delete "11" and insert --12--

At page 26, line 18, please insert --to-- after fir.

At page 26, line 35, please delete "R" and insert --R -//

At page 27, line 10, please delete "4, .+ and insert -4, 4. /

At page 27, in the equation after line 10, please replace all occurrences of "4,, ;"
7

At page 27, in the equation after line 10, please replace "R," with --R .

At page 27, line 11, please delete "4,, " and insert --A .

At page 27, line 19, please replace both occurrences of "4,, ;" with --4, ;-

At page 28, line 6, please delete "describe" and insert --describes--.

IN THE DRAWINGS: -

Applicant submits new figures 1-12, consisting of eight sheets of formal

drawings. Newly submitted figures correct some inadvertent errors in the originally submitted

formal drawings. Amendments to the originally submitted informal figures have been
highlighted in red ink.
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In Fig. 1, chemical flow source 14 was detached from the chemical feed F. In the
new formal drawings chemical feed F is shown passing through the chemical flow source 14.
Also, the ground connections have been amended to more clearly show the complete circuit for
the rf discharge 8. Furthermore, the arrow indicating the exhaust E is moved to the chamber .
bottom.

In Fig. 1A, "Conc" on the y-axis is replaced by "Concentration” for clarity. Also
n,, has been aligned with the y-axis.

In Fig. 2, as discussed with respect to Fig. 1, the chemical flow source F is moved
to pass through the flow controller 69.

~ InFig. 3, as highlighted in red ink, some editorial changes are made in boxes 105,

106, 107, and 109. For example, in box 109 k(T) has been replaced with k(7). In box 106, “z”
has been replaced with “d,,,”. Similarly in box 107, “k” has been replaced with “k,”. In box 109,
k, has been replaced with k, and "preexponential" has been added at the end.

In Fig. 4, some editorial changes are made in boxes 203 and 205. In box 203, "S¢"
is replaced by "S™. In box 205, "of" is added after slope. '

In Fig. 5, some editorial changes are made in boxes 301, 303, and 309. In box
301, "1" is replace with "one". As discussed with respect to Fig. 4, in box 309, "St" is replaced
by "S™. Inbox 309, ":" is replaced with a period.

In Fig. 5A, scaling numbers 0, 2, 4, 6, 8, and 10 on both axis are replaced with
temperature and pressure values. Also, reference number 503 is deleted.

In Fig. 7, the two Cartesian axes at the bottom of the informal drawing are
deleted.

In Fig. 8, the label “S” has been added.

In Fig. 10, the x-y-z axes are added and new labels are added to show the relative
gap between d=0 and d=d,,,.

In Fig. 12, the units on the y-axis are changed. Also, the downward spikes at the

four corners of the informal drawing are deleted.

REMARKS

This amendment does not affect the merits and no new matter is involved.
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The Specification has been amended to make some editorial changes for
consistency. For example, the amendment made at page 10, line 5, is editorial for consistency
with J,'s definition at page 22, line 5. Similarly,. the amendments made to the equations at pages
12 and 14 are editorial to make the equations consistent with the text. See, e.g., the
Specification, at page 12, lines 26-29. Those with ordinary skill in the art would understand.that
the confirmaty equation would include the term "[1- ...]". Accordingly, this error has been
corrected in accordance with the text. Other amendments represent other minor typographical
corrections to the text.

' The newly submitted formal figures correct some inadvertent typographical errors
in the originally submitted formal figures. Amendments to the originally filed informal figures
have been highlighted in red ink.

With respect to Fig. 1, in the new formal drawings, chemical feed F is correctly
shown passing through the chemical flow source 14. See, e.g., Specification, page 4, lines 15-22.
Also, the ground connections now more clearly show the complete circuit for the rf discharge 8.
Furthermore, the arrow indicating the exhaust £ is moved to the chamber bottom for clarity
because no opening is shown on the chamber side.

With respect to Fig. 2, as discussed with respect to Fig. 1, the chemical flow
source F'is moved to more properly pass through the flow controller 69. See, e.g., Specification,
page 6, lines 35-37.

With respect to i?ig. 3, some editorial changes are made in boxes 105, 106, 107,
and 109 for consistency with the Specification or to correct some typographical errors. For
example, in box 109 k,(7) is replaced with k,(7) to maintain consistency wifh the text. See, e.g.,

@,
V4

Specification, page 11, the equation after line 15. In box 106, “z” is replaced with “d,,"” for
consistency with the Specification, for example, at page 11, the equation after line 5. Similarly
in box 107, “k” is replaced with “%,” for consistency with the Specification.

With respect to Figs. 4 and 5, some editorial changes are made. For example, in
box 203 of Fig. 4 and box 309 of Fig. 5, "St" is replaced by "S™ for consistency with the
Specification, for example, at page 13, line 7.

With respect to Fig. SA, scaling numbers on both axis are replaced with
temperature and pressure values. Also, reference number 503 is deleted because the text does not

refer to it.
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With respect to Fig. 7, the two Cartesian axes at the bottom of the informal
drawing are deleted because they are not referenced or used in the radial coordinate system of
this figure.

With respect to Fig. 8, the label “S” is added to conform to the reference to a
substrate as “S” in the Specification, at page 21, line 22. ;

In Fig. 10, all three x-y-z axes are show to more clearly demonstrate the relative
gap between d=0 and d=d,,,

In Fig. 12, the units shown on the y-axis of the newly submitted formal drawing
are twice as great as the units shown in the original informal drawing. This amendment corrects
a typographical error made when making the original drawing. While Applicant believes that
those skilled in the art would understand the invention and the error in Fig. 12, this correction is
made to avbid any possible confusion on the part of the reader. Also, the downward spikes at the
four corners of the informal drawing are absent in the formal drawing. These spikes were the
result of utilizing a limited number of mathematical terms to generate the plotted surface. The
gridded pattern shown in the formal drawing has no spikes, for example, in accordance with the
complete equation in the Specification at page 24, after line 10, and the text at page 26, lines 1-4.

This amendment is submitted in triplicate. Please charge any other fees or credit
any overpayment to Deposit Account 20-1430.

' If the Examiner believes a telephone conference would expedite issuance of this

application, please telephone the undersigned at (650) 326-2400.

Respectfully submitted,

Date: /0/2 7 / 77

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(650) 326-2400

Fax (650) 326-2422

GTA:RTO:RA:de
H:AWORK\1665510001000312V2.AMD
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Extract Rate Constant & Etch

Rate from the Etch Rate
Profile Data

Measure etch profile

| complex case it measure temperature-time

7
Etch 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

history.

\ 4

2
Get etch rate profile data as (Etch rate,x,y)
or(Etch rate, r,0)triads, an n x 3 array
where n (s the number of points sampled.
If temperature varies it will be average etch
rate.

/1

Fit to Model with kvo/D and
Etch Rate as Parameters

Run a least squares fit using differences between the
data array and analytleal model tor et mo(lwolD.-Edge/-*
| ER) to compute: kvo/D and the ER at edge of the

plate or wafer.

3

Calculate D and with
it kvo & ks

Calculate D from Chapman-Enskog kinetic thory
formulas (see R.B. Bird,W.E. Stewart, E.N. Lightfoot,
ppP510-513,

~
to obtain kvo(T|

kv

4
A

Transport Phenomena, Wiley (1960)
Multiply kvo/D by D(T,P)

/Z/\UB

2106

5 [
New temperatures
in order to get
k(T2), k(T3)...
S S

[y

. Note the z comes in because
o(Tx{®)= /ks(Tx)"(Area/Volume)s

AN VA —
Jgep

-

. Separate pre-exp & Ea

k(R

6
From ks(T1), ks(T2)... do least square fit to
oxtract Ea and preexponential where
A

e

A

7 4

Use ER(edge)=kvo no to
deduce no, the atom

(T)=A(T""0.5)Ae**(-Ea/RT
Or, If Ea known, just extract. f pre

"| concentration at the edge of

the wafer.

A

A\
-
o

NS

('

L7
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Extract Plasma 8ource

Intensity and "tune” the { /"" Pz
Plasma Source using Loading / .
Effect Relationship .

1

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 aiter Aeff.
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‘ )
> 13
Change Aeff
/ B /7, ',(
7 A GJ s e' L
Alter gap (d) change number of vary substrate (&

between wafers and
surface above

watfers in the

reactor

simultaneously) support
maember dimensions

l

l

| L 7%9

//'L"%

y

compute Aeff (loading eqn)

Measurs etching profile &‘ 1

Has data for n Aeff values
been measured? (n>3)

yes

2

Fit to eqn. 5& from slope (m

the supply

Aeff) obtal (@
\’/(-7( /| of etchant from source to the

reactor.

3

Try new plasma sourco or

y

5

reduce slope ,

Modify cha:ﬁ)er materials otc to k.
umerator, (kr Ar + F) V" -7

or reduce flow if F term is major

etchant loss

plasma source parameters.
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Optimize Etching Rate vs.
P, T, rf Power with
Uniformity Constraint

L RN
1 Y 44
Specify required ‘
uniformity

2
Input predetermined ks or’

- determine ks from

unifoowhy measurements
al@ or more temperatures

N

4
Compute locus of highest T
vs. P and d; and highost P
vs T and d where
uniformity meets
speclfication.

y

5
Speoclfy: uniformity limit manifold¢
Select d values and adjust focus of P and T
values below the calculated mantfoid by a
predetermined amount to allow for
statistical and experimental eror and
process drift. (Po,To)

'

8
Determine max cdge etch rate & supply of
etchant from plasma source! for RF
power flow values and [P, Ti[(d) %ilhln

L 209

uniformity limits manifold

v

9
Locate intersection space of P<Pi,T<Ti
(unttormity manifold) and maximum etch
rate or etchant supply at selected RF
power(flow) values

B

y
14
It resulting etch rates are too low,
change power and/or reduce
effective etchable area (example:
increase d, decrease number of
substrates)

\

S
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constant plasma source characteristics and:

but can probably handle complex case if
measure temperature-time history.

Etch film at constant pressure and preferably

1. do not etch to endpoint or 2. Etch exactly to
first sign of endpoint. Best to do isothermally,

Measure etch profile /— 100

A el

103

Get etch rate profile data as (Etch rate,x,y) or
(Etch rate, r, ) triads, an n x 3 array where
n is the number of points sampled.|f
temperature varies it will be average etch rate.

107

New temperatures

in order to get

105 . Fit to model with kyo/D and | kg(T2), ke(T3) ..

y etch rate as parameters

A

data array and analytical model for etch rate to

or wafer.

Run a least squares fit using differences between the

compute: kvg/D and the etch rate at edge of the plate

Calculate D and with ’ /

it kyo & kg

108

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)(Area/Vomme)=k5/dgap

/06

Separate
v bre-exp & Ea

111
109

From kg(T1), ks(T2)... do least square fit to
extract Eg and preexponential where

ks(T)=A(T1 l2)Ae'Ea/kT Or, if Eg is known,
just extract preexponential.

/

Use ER(edge)=kyp Np to
deduce ng, the atom

A 4

concentration at the edge
of the wafer.

FIG. 3
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e

697/

Measure etch rate vs. effective area of
substrate.Plasma source temperature, pressure (g
(T,P), power held constant. However substrate stack
or single substrate T,P may be varied to alter Agff.

200
/ 201 J

v

J 209

Measure etching profile
and compute Aeff
(loading eqgn)

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

Change Aeff
211 213 215
— /- -
Alter gap (d) between Change number of __Vary substrate
f ’ (& simultaneously) support
wa ersa?)rg/ gurfaoe wafers in the reactor Tamber dimensions
224 217
S 218 o

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

Aeff = A substr

202

Fit to eqn. 5, & from slope
(m Aeff) obtain 1/ST, the supply of
etchant from source to the reactor.

207

208

Try new plasma source or
" |plasma source parameters.

y

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

FIG.

4
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301
Specify required
[ uni ormlty lf

Input predetermlned kg or determine

one or more temperatures

y

d; and highest P vs. T and d where
uniformity meets specification.

Specify: uniformity limit manifold. Select
d values and adjust locus of Pand T
values below the calculated manifold

statistical and experimetnal error and
process drift. (Pg,To)

v

Determine max edge etch rate & supply

RF power, flow values and [P, Til(d)
within uniformity limits manifold.

v

Locate intersection space of P<Pj, T<Tj
(uniformity manifold) and maximum
etch rate or etchant supply at selected
RF power (flow) values.

/ 300

ks from uniformity measurements at /‘ 303

Compute locus of highest T vs. P and /' 307

by a predetermined amount to allow for /‘ 309

of etchant from plasma source (ST) for /-311

/‘313

v

If the resulting etch rates are too
low, change power and/or reduce

increase d, decrease number of
substrates).

FIG. 5

effective etchable area (example: /‘ 315
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Pages: 29 =0 | o Sender: 415 326 2422
Fax Number: 463 :Lgs\’ Subject:
Company: Type: Fax
OCT 27 797 ©@6:10PM TTC PALO ALTO 415 326 2422 P.1

Atty Docket No. 16655-000100

PTO FAX NO.: (703) 305-3599

ATTENTION: Group Director - Theodore Morris
Group Art Unit 1113 O V
-

o RES OFFICIAL COMMUNICATION - Oé/m/z

Py oz {508 RISV
HM( oD el '} V]

e FOR THE PERSONAL ATTENTION OF

e GROUP DIRECTOR - THEODORE MORRIS

CERTIFICATION OF FACSIMILE TRANSMISSION

I hereby certify that the following Communication and copies of
Amendment Transmittal; Amendment After Payment of Issue Fee Under
"37 CFR 1.312(b); Petition for Amendment After Payment of Igsue Fee
Under 37 CFR 1.312(b); Serial No{ 08/433,633, Filed: May 3, 1995
for PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING is being
facsimile transmitted to the Patent and Trademark Office on the
date shown below.

Number of pages being transmitted, including this page: 29
Dated: October 27, 1997 _&%
Diane Elzing

PLEASE CONFIRM RECEIPT OF THIS PAPER BY
RETURN FACSIMILE AT (650) 326-2422

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor
San Francisco, CA 94111-3834
Telephone: (650) 326-2400

Fax: (650) 326-2422

16655\1-pto. fax

Page 179 of 210




'Received Event (Event Succeede ~

Date: 10/27/97 Time: .u9 PM
Pages: 29 Sender: 415 326 2422
Fax Number: Subject:
Company: OCT 27 ’97 ©6:18PM TTC PALO ALTO 415 326 2422 Type: - Fax p.2
- . Amendment Trapsmirta]
TOWNSEND and TOWNSEND and CREW LLP Atty. Docket No. 16655-000100

Two Embarcadero Center, 8th Floor
San Francisco, CA 94111-3834

(650) 326-2400 Express Mail Label No.;__EM140585555US8
1 hereby certify that this is being deposited with the United
In re application of Daniel L. Flamm, et al. States Postal Service "Express Mail Post Office to Addressee,”
service under 37 CFR 1.10 on the date indicated below and is
Serial No: 08/433,623 addressed to: Greup 1100 Director - Theodore Motris -
: Assistant Commissioner for Patents
Filed: May 3, 1995 . Wuhlngmn, D C.
, 22 / 27
Group Art Unit: 1113 A’"
~
For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING and 1 also hereby certify that this correspondence is bemg sent

by facsimile transmission to:

Group Director - Theodore Morris

Fax No: 1-703-305-3599

Assistant Commissioneg for Patents, Washington, D.C.
20231,0n___ [ b J2 7/27

- 4 -

By

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

Sir:

Transmitted herevmh is an amendment in the above-identified application.

[X] Amendment After Payment of Issue Fee Under 37 CFR 1.312(b).

[X] Petition for Amendment After Payment of Issue Fee Under 37 CFR 1.312(b).
[X] Postcard (in Express Mail copy).

The filing fee has been calculated as shown below:

OTHER THAN A
Col. 1 (Col. 2) {Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST NO.
REMAINING PREVIOUSLY PRESENT RATE ADDIT. RATE ADDIT.
AFTER PAID FOR EXTRA FEE OR FEE

AMENDMENT
TOTAL | *31 MINUS | #+31 =0 6 xi1=_| $0.00 2= | §

6 MINUS hiva. =0 1 x41= | $0.00 x78= | §
[X1 FIRST PRESENTATION OF MULTIPLE DEP. CLAIM: Sce claim 28, +125= | $0.00 4+250= | §
which is counted as three claims OR
» If the entry in Col. 1 is less than the entry in Col. 2, TOTAL | $0.00 TOTAL { 8

write *0* in Col, 3. ADDIT. FEE '

If the "Highest Number Previously Paid For® IN THIS SPACE is less than 20, write "20" in this space.

If the "Highest Number Previously Paid For” IN THIS SPACE is less than 3, writc “3" in this space.

‘The "Highest Number Previously Paid For" (Total or Independent) is the high ber found from the equivalent
box in Col. 1 of a prior amendment or the number of claims originally filed.

[X ] No fee is due.

PJ e it Accom No. 20-1430 as follows:
lease chz.rﬁ Depos .00

X3 Any ldditlonal fees associated with this paper or during the pendency of this appli

2 extra copies of this sheet are enclosed. . and TOWNSEND and CREW LLP
4
Gary T.
Reg. No(:/29,038
16853120 Attorneys for Applicant
2
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Lo hereby certify that this correspondence is being

Eepcﬂted u:th the U;\lted States Postal Service

Express Mafl Post Office to Addressee," service

under 37 C.F.R. 1.10 on the date indicated below PATENT
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and is addressed to:
Assistant Commissioner for Patents,
washington, D.C. 20231,

on
___ola7fay
Express Mail Label Ro.EM1405855550S8

TOWNSEND and TOMNSEND and CREW LLP
By, E}—W)L«JL LLM,LU

and I also hereby certify that this correspondence
is being sent by facsimile transmission to:

Group Director - Theodore Morris

Fax No: 1-703-305-3599 .
Assistant Commissioner for Pgtents, Washington,
D.C. 20231, on /b/ 27/27

By.

Attorney Docket No. 16655-000100

Copy

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Daniel L. Flamm
Application No.: 08/433,623
Filed: May 3, 1995

PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

For:

N N N N N N N N N

Assistant Commissioner for Patents
Washington, D.C. 20231

Dear Sirs:

Examiner: M. Angebranndt

Art Unit: 1113

PETITION FOR AMENDMENT AFTER
PAYMENT OF ISSUE FEE UNDER 37
CFR.§ 1312(b)

Pursuant to 37 C.F.R. § 1.312(b), Applicant petitions for entry of the changes in

the accompanying amendment. As indicated in the amendment, Applicant believes the changes

are necessary for the correction of various errors. In view of the many technical changes, the

amendment was not earlier presented.
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Application No.: 08/433,623
Page 2

Please charge the petition fee of $130.00 to Deposit Account 20-1430. This-
petition is submitted in triplicate. Please charge any other fees or credit any overpé.yment to

Deposit Account 20-1430.
Respectfully submitted,

Date: /d/Z 7 A’ 7

Reg. N6729,038

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(650) 326-2400

Fax (650) 326-2422
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1 hereby certify that this correspondence is being
deposited with the United States Postal Service
“Express Mail Post Office to Addressee," service
under 37 C.F.R. 1.10 on the date indicated below
and is addressed to:

Assistant Commissioner for Patents,

Washington, D.C. 20231,

on
0/

Express Mafl Label Not

TOWNSEND and TOWNSEND and CREW LLP

By, 1— lx\x 9 \1—’/ 5\{)«@’&/-(

and I also hereby certify that this correspondence
is being sent by facsimile transmission to:

Group Director - Theodore Morris

Fax No: 1-703-305-3599 .

Assfstant Commissioner for Patents, Washington,
D.C. 20231, on /0/ L’[l 2

By

5.9 PM

415 326

Fax

2422

RATENT

Attorney Docket No. 16655-000100

Copy

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Daniel L. Flamm
Application No.: 08/433,623
Filed: May 3, 1995

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING
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Assistant Commissioner for Patents
Washington, D.C. 20231

Dear Sirs:

Art Unit: 1113

Examiner: M. Angebranndt

AMENDMENT AFTER PAYMENT OF
ISSUE FEE UNDER 37 C.F.R. §1.312(b)

Pursuant to 37 C.F.R. §1.312(b), please amend the above-identified application as

follows:

IN THE SPECIFICATION:

At page 3, line 13, please delete "parameters" and insert --parameter--.

At page 3, line 28, please delete "according of" and insert --according to--.

At page 4, line 21, delete "flow source” and insert --controller--,

At page 4, line 29, please delete "limiting" and insert --limited--.

At page 7, line 25, please delete "such as" and insert --,--.
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At page 8, line 5, please delete "way" and insert --way of--.

At page 8, line 9, please delete "applications to" and insert --applications ofs-.

At page 8, line 22, please delete "®". ‘ )

At page 9, lines 7-8, please delete "(u,x,y)" and insert --u(X,y)--.

At page 9, line 8, please delete "relative etch rate” and insert --relative etch rate is-

At page 9, line 34, please delete "is defined as follows" and insert --is often
defined as follows=-.

At page 10, in the first equation on the page, please insert --+-- after the term
cos MY,

At page 10, line 5, after substrate, please delete "." and insert --; and I, is a

modified Bessel function of the first kind--.

At page 10, line 16, please delete "collusion" and insert --collision--.

At page 11, line 15, please delete "follow eﬁuation.“ and insert --following
equation;--. '

At page 11, in the equation after line 23, please delete "R," and insert --R -~
please delete "k,," and insert --k,--.

. At page 11, line 25, please delete "R," and insert --R,~.

‘ - Ryny "Ry
At page 12, in the equation after line 18, please delete " R, " and please
. 2 :

i=1

Rypx™Ryern
insert - (1~ R ...
2y 4
i=1 m
At page 13, in the equation after line 10 and at line 11, please delete "R," and
insert --Ry,-=.

At page 13, line 11, please delete "R " and insert --R,~-.
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i=1 m

TR R

At page 15, line 37, please insert --,-- after T

At page 15, line 37, please delete "vs." and insert --versus--,

At page 15, line 38, please insert --,-- after highest P,

At page 15, line 38, please delete "vs." and insert --versus--,

At page 16, line 3, please insert --,-- after highest T.

At page 16, line 3, after 7, please delete "vs." and insert --versus—.
At page 16, line 3, please insert --,~ after highest P.

At page 16, line 3, after P, please delete "vs." and insert --versus--.
At page 16, line 5, please insert --,-- after highest T.

At page 16, line 5, after T, please delete "vs." and insert --versus--,
At page 16, line 5, please insert --,-- after highest P.

At page 1’6, line 5, after P, please delete "vs.” and insert --versus--.
At page 16, line 21, "R," and insert --R,—-.

At page 17, lines 22-23, please delete "surface recombination rate" and insert --

effective surface recombination rate—.

high the--.

At page 18, line 18, please delete "4,," and insert --4 .
At page 19, line 9, before etching rates, please insert --when etching uniformity is

At page 19, line 16, please delete "k," and insert --k,~-.

At page 19, in the equation after line 20, please delete "£," and insert --k,--.

At page 19, in the equation after line 20, please delete "4,," and insert --4 4.
At page 20, in the equation after line 5, please insert -- - -- before D.

At page 20, in the equation after line 6, please dclete "™*" and insert --(-- before

D Vh, and insert --)-- after D Vh,.




Received Event (Event Succeeder\

Date: 10/27/97 Time: b..9 PM

Pages: 29 Sender: 415 326 2422

Fax Number: Subject:

Company: OCT 27 “97 §6:12PM TTC PALO ALTO 415 326 2422 Type: Fax P.8
Daniel L. Flamm PATENT
Application No.: 08/433,623
Page 4

At page 20, line 17, please delete "n(x/L,, y/L)" and insert --u(x/L, y/L)--.
At page 20, line 19, please delete "n," and insert --n/n,g--. °
At page 23, line 9, please delete "9" and insert --10--.

At page 23, line 26, please delete "where A, is given by".

At page 24, between the first and second equation on the page, please insert --

where A, is given by-.

At page 24, line 1, please delete "the general" and insert --The general--,
At page 24, in the last equation on the page, please insert --+-- after the term

At page 25, line 1, please insert --two-dimensional-- after previous.

At page 25, line 7, please delete "from" and insert --using relations in--.
At page 25, line 26, please delete "substitute" and insert --substituting--.
At page 25, line 31, please delete "11" and insert --12--.

At page 26, line 10, please delete "drove" and insert --sustained--.

At page 26, line 17, please delete "11" and insert --12--.

At page 26, line 18, please insert —-to—- after fit.

At page 26, line 35, please delete "R" and insert ~~R -~

At page 17, line 10, please delete "4,, ;" and insert --4,,--.

At page 27, in the equation after line 10, please replace all occurrences of "4,, ;"'
i with -4, 4.

At page 27, in the equation after line 10, please replace "R," with --R -~
At page 27, line 11, please delete "4,, ;" and insert --4 ;.

At page 27, line 19, please replace both occurrences of "4,,,," with --4 .
At page 28, line 6, please delete "describe" and insert --describes--.

IN THE DRAWINGS: -

Applicant submits. new figures 1-12, consisting of eight sheets of formal
drawings. Newly submitted figures correct some inadvertent errors in the originally submitted
formal drawings. Amendments to the originally submitted informal figures have been
highlighted in red ink.

Page 186 of 210
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In Fig. 1, chemical flow source 14 was detached from the chemical feed F. In the
new formal drawings chemical feed F is shown passing through the chemical flow source 14.
Also, the ground connections have been amended to more clearly show the complete circuit for
the rf discharge 8. Furthermore, the arrow indicating the exhaust E is moved to the chamber
bottom.

In Fig. 1A, "Conc" on the y-axis is replaced by "Concentration" for clarity. Also
1, has been aligned with the y-axis.

In Fig. 2, as discussed with respect to Fig. 1, the chemical flow source F is moved
to pass through the flow controller 69.

In Fig. 3, as highlighted in red ink, some editorial changes are made in boxes 105,
106, 107, and 109. For example, in box 109 k(T) has been replaced with £,(7). In box 106, “z”
has been replaced with “dyq . Similarly in box 107, “¥” has been replaced with “%,”. In box 109,
k; has been replaced with k, and "preexponential” has been added at the end.

In Fig. 4, some editorial changes are made in boxes 203 and 205. In box 203, "St"
is replaced by "S™. In box 205, "of" is added after slope. '

In Fig. 5, some editorial changes are made in boxes 301, 303, and 309. In box
301, "1" is replace with "one". As discussed with respect to Fig. 4, in box 309, "St" is replaced
by "S™. Inbox 309, ":"is replaced with a period.

In Fig. 5A, scaling numbers 0, 2, 4, 6, 8, and 10 on both axis are replaced with
temperature and pressure values. Also, reference number 503 is deleted.

In Fig. 7, the two Cartesian axes at the bottom of the informal drawing are
deleted.

In Fig. 8, the label “S” has been added.

In Fig. 10, the x-y-z axes are added and new labels are added to show the relative
gap between d=0 and d=d,,,. )

In Fig. 12, the units on the y-axis are changed. Also, the downward spikes at the
four corners of the informal drawing are deleted.

REMARKS

This amendment does not affect the merits and no new matter is involved.
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The Specification has been amended to make some editorial changes for =
consistency. For example, the amendment made at page 10, line 5, is editorial for consistency
with Iy's definition at page 22, line 5. Similarly, the amendments made to the equations at pages
12 and 14 are editorial to make the equations consistent with the text. See, e.g., the
Spéciﬁcaﬁon, at page 12, lines 26-29. Those with ordinary skill in the art would understand that
the confirmaty equation would include the term "[1- ...]". Accordingly, this error has been
corrected in accordance with the text. Other amendments represent other minor typographical
corrections to the text.

The newly submitted formal figures correct some inadvertent typographical errors
in the originally submitted formal figures. Amendments to the originally filed informal figures
have been highlighted in red ink.

With respect to Fig. 1, in the new formal drawings, chemical feed F is correctly
shown passing through the chemical flow source 14. See, e.g., Specification, page 4, lines 15-22.
Also, the ground connections now more clearly show the complete circuit for the rf discharge 8.
Furthermore, the arrow indicating the exhaust £ is moved to the chamber bottom for clarity
because no opening is shown on the chamber side.

With respect to Fig. 2, as discussed with respect to Fig. 1, the chemical flow
source F is moved to mdre properly pass through the flow controller 69. See, e.g., Specification,
page 6, lines 35-37.

With respect to Fig. 3, some editorial changes are made in boxes 105, 106, 107,
and 109 for consistency with the Specification or to correct some typographical errors. For
example, in box 109 k(7)) is replaced with k,(T) to maintain consistency with the text. See, e.g.,
Specification, page 11, the equation after line 15. In box 106, “z” is replaced with “d,,,” for
consistency with the Specification, for example, at page 11, the equation after line 5. Similarly
in box 107, “k” is replaced vﬁth “k,” for consistency with the Specification.

With respect to Figs. 4 and 5, some editorial changes are made. For example, in
box 203 of Fig. 4 and box 309 of Fig. 5, "St" is replaced by "S™ for consistency with the
Specification, for example, at page 13, line 7.

With respect to Fig. 5A, scaling numbers on both axis are replaced with
temperature and pressure values. Also, reference number 503 is deleted because the text does not

refer to it.

10
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With respect to Fig. 7, the two Cartesian axes at the bottom of the informal
drawing are deleted because they are not referenced or used in the radial coordinate systen; of
this figure.

With respect to Fig. 8, the label “S” is added to conform to the reference to a
substrate as “S” in the Specification, at page 21, line 22.

In Fig. 10, all three x-y-z axes are show to more clearly demonstrate the relative
gap between d=0 and d=d,,,.

In Fig. 12, the units shown on the y-axis of the newly submitted formal drawing
are twice as great as the units shown in the original informal drawing. This amendment corrects
a typographical error made when making the original drawing. While Applicant believes that
those skilled in the art would understand the invention and the error in Fig. 12, this correction is
made to avoid any possible confusion on the part of the reader. Also, the downward spikes at the
four comers of the informal drawing are absent in the formal drawing. These spikes were the
result of utilizing a limited number of mathematical terms to generate the plotted surface. The
gridded pattern shown in the formal drawing has no spikes, for example, in accordance with the
complete equation in the Specification at page 24, after line 10, and the text at page 26, lines 1-4.

This amendment is submitted in triplicate. Please charge any other fees or credit
any overpayment to Deposit Account 20-1430.

If the Examiner believes a telephone conference would expedite issuance of this
application, please telephone the undersigned at (§50) 326-2400.

Respectfully submitted,

Date: /0/2 7/ 77 =

Gary
Reg. No?29,038

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(650) 326-2400

Fax (650) 326-2422
GTARTO:RA:de
HAWORK\16655\000100\312V2. AMD

11
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Measure etch rate vs. effective area of
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Application No. Applicant(s)
Response to Rule 312 08/433,623 Flamm
Communication Examiner Group Art Unit TR ITTION
Martin J. Angebranndt 1113 ‘ “ ‘, \\[ ’ { [" ’ “

Xl The petition filed on Oct 27, 1997 under 37 CFR 1.312(b) is granted. The paper has been forwarded ta-the

examiner for consideration on the merits.
Tt plwwn)
|

Theodore Morris
Director,
Patent Examining Group 1100

X The amendment filed on Oct 27, 1997 _ under 37 CFR 1.312 has been considered, and has been:
[ entered.
entered as directed to matters of form not affecting the scope of the invention (Order 3311).

X
[ disapproved. See explanation below,
O

entered in part. See explanation below.

The changes to the specification are minor and the drawing changes have been approved by both the examiner and the
Draftsman.

it

. ANGEBRANNDT
RY EXAMINER
ART UNIT 1113

U. S. Patent end Trademark Otfice

PTO-271 (Rev. 5-95) Response to Rule 312 Communication Part of Paper No. 16
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UNITED STATES . .?ARTMENT OF COMMERCE
Patent and Trademark Office

ASSISTANT SECRETARY AND COMMISSIONER
OF PATENTS AND TRADEMARKS

Washington, D.C. 20231 RECE'\\’ED

JUN 23 1999
CHANGE OF ADDRESS/POWER OF ATTORNEYG ROUP- 1700

LOCATION 7560 SERIAL NUMBER 08433623 PATENT NUMBER
THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 20350
ON 07/07/97 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 20350 IS:
TOWNSEND AND TOWNSEND AND CREW

TWO EMBARCADERO CENTER EIGHTH FLOOR
SAN FRANCISCO CA 94111

PTO-FMD
TALBOT-1/97
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The file was thoroughly reviewed by
our staff. Correspondence Address
Change/Power of Attorney dated
04/18/2001 is missing in this file.

This has been brought to your
attention so that you will know it has
not been overlooked.




% AO 120 (Rev. 2/99)

TO:  Mail Stop 8 REPORT ON THE
Director of the U.S, Patent & Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court __Northern District of California___on the following ¥ Patents or O Trademarks:
DOCKET NO. DATE FILED U.S. DISTRICT COURT
CV 15-01277 JSC 3/18/15 450 Golden Gate Avenue, Box 36060, San Francisco, CA 94102
PLAINTIFF DEFENDANT
LAM RESEARCH CORP DANIEL L FLAMM
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 see Complaint

25,711, 549

36,817, 33

REYO, A6y '

5

In the above—entitled case, the following patent(s) have been included:

DATE INCLUDED INCLUDED BY
[ Amendment ] Answer [J Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

|

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Richard W. Wicking Sheila Rash March 19, 2015

Copy 1—Upon initiation of action, mail this copy to Commissioner

¢ addi +

Copy 2—Upon filing d
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Copy 3—Upon termination of action, mail this copy to Commissioner
Copy 4—Case file copy
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= Jindependent &' Minus g % s oo X38= 4?@(,0':‘ X76=
< .
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +120= : oR | +240=
TOTAL 22 TOTAL
. OR
(Column 1) . (Coumn2)  (Coumng) APDIT-FEE ADDIT. FEE
L HIGHEST .
m e il REMAINING [&ss NUMBER PRESENT ADDI- ADDI-
- & &=l AFTER [ 1 PREVIOUSLY EXTRA RATE: | TIONAL RATE | TIONAL
& |EEEE | AVENDMENT | PAID FOR ' FEE FEE
E - - ! s b Ls 3 7
a Total 5 / Minus p? gﬁ 2 é x$11=_| Z4.® | OR | x$22=
-4 -
g Independent % & Minus b O ) = / x38= |49, 0D oR| x76=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +1 20=T OR\ +240=
_ : TOTAL "OR ... JOTAL
(Column 1) (Column'2) (Column'3) . ADDIT.FEE ADDIT. FEE
~ CLAIMS HIGHEST. g | B
($) REMAINING | " 'NUMBER " | PRESENT. .| .ADDI- | - : .| _ADDI-
| AFTER 'PREVIOUSLY EXTRA - RATE | TIONAL } - RATE | TIONAL
2 [ | AMENDMENT | . PAID FOR. : ; FEEL <] REE
2 [l . | mings [ et o x$11= OR | x$22=
z s - ; N " PR ¥
E Independent "‘ Minus SR e |- x38= OR | x76=
) FIRST PRESENTATION OF MULTIPLE DEPENPENT CLAIM +120= | OR | +240=
* |f the entry in column 1 is less than the in column 2, write 0" column 3, "TOTAL . ;
** If ih: “eltl‘lgmer;mt?trnnger Psreevsigusl;nPaid ?-‘rc‘:‘;'ylﬂ ﬁrsm gPAggi: Isssnlf?:nug;)r: enter 20." ‘AADDI.I';ogéé -OR TOTQé
***1f the Highast Number Previously Paid For" IN THIS SPACE s less than 3, enter "3." : . ADDIT.F
The Highest Number Previously Pald For" (Total or Independent) is'the highest number found in the appropriate box in column 1.
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SERIAL N FILING DATE
MULTIPLE DEPENDENT CLAIM | gy /%23 23 S/B3/75
FEE CALCULATION SHEET APPUICANTEY — ”
(FOR USE WITH FORM PT0-875) AN
LAIMS
ASFILED |, . AMENBMENT |2nd AMENBMENT * "
IND, DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP.

1] / [ 51
2 / ] / 52
3 ! / A 53

4 ! / | 54 -
5 ] ! ] 55
6 ] / | 56
d | ! / 57
8 | | | 58
9 ] ) / | 59
10 |- Ji | ) 60
11 ] / / 61
12 ] / / 62
13 / ! ) 63
14 | I N 64
15 ! / ] 85
16 ! | | 66
17 / ] n 67
18 l ] 1 68
19 | ) b | 69
20 | J ) 70
21 I | 1 71
22 i | ] 72
23 I / ] 73
2 - ! | 74
25 | ) 75
26 ] 76
27 1 71
28 78
29 [ 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 90
41 91
42 92
43 93
44 94
45 95
46 %
47 7
48 98
49 99
50 100
TOTAL

ot a0 6 O 0 | ) ]
N ol il il o
Dl o078 [ez [ | [he| [0 [ .
U.S. DEPARTMENT of COMMERCE

PTO-1360 (3-78)
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=> d his
(FILE 'USPAT' ENTERED AT 11:11:39 ON 01 MAR 96)

Ll 963 S ( (NONUNIFORM? OR UNIFORM?) (8A) (WAFER OR CHAMBER OR SUBST
RAT )
L2 12841 S (DRY OR PLASMA OR GAS?) (3A) (ETCH?)
L3 242 S L1(P)L2
L4 7 S ((NONUNIFORM? OR UNIFORM?) (8A) ( (POSITION OR LOCATION OR
SPA -
L5 25 S ( (NONUNIFORM? OR UNIFORM?) (8A) (ETCH?)) (15A) ( (POSITION OR
LO
L6 2 S (L FLAMM) (5A) (ED#)
L7 9 S (RATE CONSTANT) (5A) (ETCH?)
FILE 'JPOARS'. ENTERED AT 12:05:55 ON 01 MAR 96
L8 * 4 8 (RATE CONSTANT) (5A) (ETCH?)
L9 6 S L5
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=> d his
(FILE 'USPAT’ ENTERED AT 15:57:26 ON 17 JAN 97)

Ll 18 S (ETCH?) (P) (RATE CONSTANT#)
FILE ’'JPOABS’ ENTERED AT 16:01:24 ON 17 JAN 97
L2 8 S L1
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