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EAIEHI
Attorney Docket No. 016655-0001

PROCESS OPTIMIZATION IN GAS PHASE DRY ETCHING

BACKGROUND OF THE INVENTION

The present invention relates to integrated circuits

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 recagnized 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. In 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. In 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,

reliable, 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 an easy 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 parameters 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.

BRI F DESCRIPTION OF THE DRAWINGS

Fig. 1/?

apparatus accordingrto the present invention;
Fig. 1A is a simplified cross-sectional view of a

wafer profile according;3% the plasma etching apparatus of

s a simplified diagram of a plasma etching

Fig. 1;

Fig. 2,é; a simplified diagram of an alternative
embodiment of a plasma etching apparatus according to the

present invention:

Figs. 3Jgagre simplified flow diagrams of plasma
etching methods ac rding to the present invention;

Fig. SA/i: a plot of uniformity, temperature,
pressure, and gap for an etching process according to the

present invention;
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Fig. 6_is'a simplified plot of 1/ash rate vs. LCD

plate number accor ing to the present invention;
Figs. 74g/illustrate an example with regard to

circular substrates zgcording to the present invention; andFigs. 1dél
rectangular substrates according to the present invention.

illustrate an example with regard to

DESCRIPTION OF THE SPECIFIC EMBODIMENT

u
 

‘ ~' 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

(T2) 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 otherniou ces. The co-axial reactor 10a; r?) er

crow—source l4 and a temperature and

pressure control 12, amogg 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 1a. The co-axial reactor relies substantially

upon diffusion to obtain the desired etching uniformity. The

co-axial reactgr%3}so relies upon a chemical etch rate which
is diffusion,L ' . 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,
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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 non. 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 no(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 Vb of etchant species in

“the plate stack zone is characterized by Fick's law.

"$31X Vbv=-D °
° n

 

O

In a specific embbdiment, a gap qu above the

substrate is much less than the lateral extent dbap<<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:

0+5 - SO

where

S is a substrate atom (e.g., resist unit "mer"); and

O is the gas-phase etchant (for example oxygen

atoms) with certain etching kinetics. The first order etching
25 reaction can be defined as follows:a W”‘\

3'31 -
’1.) . £g,=n,AJTe qmgnr
“MN" ~

where

Ros defines a reaction rate;

no defines a concentration;
A defines a reaction rate constant;

30 T defines a temperature:

Page 14 0f210
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Ehcr 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. Manes "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 particular application. '

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 2 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 redirection of the substrate

corresponding to different etchant species concentrations. A

concentration profile n°(rhz) 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. In an ashing reaction, the

plate is placed at a distance ranging from about 5 mm to 50 mm

and less from the wafer substrate 61. of course, other

dimensions 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,sachets-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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'Figs. 3-5 illustrate simplified flow diagrams of

plasma etching methods according to the present invention.

Theapresent methods provide for improved etching conditions.by
wayta reaction rate constant derived from, for example, an

etching profile. 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 ego he
inventions described here. ’

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 like.

A step of plasma etching the film is performed by

lstep 101. The plasma etching step occurs at constant pressure

and preferably constant plasma source characteristicsgm' More

preferably, the plasma etching step occurs isothermally at

temperature 13, 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-locationigu.
@g y). In cylindrical coordinates, the relative etch rate13
also in the z—direction, and the spatial coordinates are

defined in the r and e coordinates. The etching profile is

characterized as a relative etch rate u, a r-location, and a

e-location (u, r, 9). An array of data points in either the

x-y coordinates or r-e 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 (kvo/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 rilationship between kvo/D and the relative
etch rate u(x,y) {sisgfined as follows:

where

a and b define substrate lengths in, respectively,

an x-direction and a y-direction.
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V“ In cylindrical coordinates, the relationship between

the etch constant over diffusivity kvo/D and the relative etch

rate u(r) is defined as follows:

. k

‘1‘ ¢ ‘ 13 —i§r
\‘z / u(r)-

k
1’ __."°‘N D3]

1 ” ' '"-‘—’ where. rx

JL’ 5 a is an outer radius (or edge) of the substrate“}'
3| In step 106, a diffusivity is calculated for the

particular etchants. The binary diffusivity DAB may be

calculated based upon the well known Chapman-Enskog kinetic

'“‘-‘~1~\theory equation:

’Yflisi
Ti+.1_M M

D” - 2.2646 x 10-5 A 3
“Maxine

.__.;Ul.. where

T is a temperature;

 
c is a total molar concentration;

MA and Mb are molecular weights;

DAB is a binary diffusivity;

15 , 0A8 is a ceijisagn diameter; and
& 9D, AB is abco-i-l-usi-on integral.

The Chapman-Enskog kinetic theory equation is described in

detail in part III of R.B. Bird, W.B. 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.

Page 19 of210
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The equivalent volumetric reaction rate constant kvo is

p-—A\derived from the diffusivity as follows.  
.— '. 13/» 4

~ Hz ' kw
km" (7%!

_*~__—__‘*once the reaction rate constant kvo is extracted, the surface
reaction rate constant ks may be isolated from the previous

5 equation as follows.

k,= (kw) aw

" Repeat steps 101-106 at different temperatures T2,

T3. . .Tn to calculate additional reaction rate constants k(T2),

k(T3) . . .k(Tn). 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 Eacc for a first order

reaction from the data k(T2), k(T3):¢'lik(T ) at T2, T3. . .TI]0

Q: 15 collected via step 109 by way of theorfgfliou equation:.-. 1 1‘

"Y” " -" -B_«
k,(T) =Av/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 ks at

20 any temperature.

In step 111, a concentration :10 at the substrate

edge is calculated. The concentration no deduces from the

following relationship: Kn

6/ no 'Re/kfis
where

3/ 25 Res 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 of210
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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 Aw. The effective

etchable area changes by varying the number m of waters 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

D"

uniformi ty=100Ala—“5%"
2; —1.1 m

where

RMAg is a maximum etch rate;

RMIN is a minimum etch rate;

m is a sample number;

R1 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 Aerf 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 more different etchable areas are measured.

Alternatively, the flow diagram returns via branch 224 to step

5 209, 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 mAeff deduces from the loading effect relationship as

10 ‘follpws.-.

ngm) k,n,, k,sT ST

fig 2..
wherefihuan) 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 Ar

15 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 Aeff times the number of substrates m. When the etching

20 across a substrate is uniform, Aeff is the geometrical

substrate area Aw.l When etching is nonuniform, on the other

hand, Aeff is a function of kvo/D and geometrical reactor

dimensions. The supply of etchant ST may be calculated for a

different plasma source or plasma source parameters such as

25 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

30 materials and the like to reduce slope numerator (kt, Ar + 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

35 Ar. In step 205, the recombination rate can be adjusted by

/:

Page 22 0f210
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changing Ar 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. '
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 process. 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 defiEed by, for example:1-
R ‘R

uniformity=10%—m_“:”j
212%

where

RMAX is a maximum etch rate;

RMIN is a minimum etCh rate;

m is a sample number;
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R1 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.‘

of course, other uniformity values may be selected based upon

the particular application.

Based upon the selected uniformity, use the selected

uniformity as a stating point to extract a plurality of

reaction rate constants k . The reaction rate constants may

be also be obtained by an input activation energy for the

etching process, among other techniques (step 303).

Alternatively, calculate‘ks at one or more temperatures, and

preferably two or more temperatures (step 303) from a
plurality of uniformity values. The uniformity values can be

within 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 dgap 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. In this example,

the darker gray scale values 505 represent lower uniformity

values than the lighter gray scale values 507. Mbrsus
Based upon the array, compute locus of highest Ibflifibsu:

P and d9 , and of highest %&T and dg‘,lp 511 where8P
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uniformity meets the specification, e.g., the selected

uniformity from step 301. All points bounded within the
vases arses

highest 73m? and dgap, and the highest P, NT and clgap fall
within the uniformity specification. Points outside the

highest T) ‘7ngI? and dgap'and the highest gvgfr’%band dgap fall
outside the uniformity specification. The points that fall '

within the uniformity specification defines the calculated

uniformity limit manifold having outer boundaries at Pb and

lb.

. ‘ V In the calculated uniformity limit manifold, select

a gap gym, 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 £3 and I} which are respectively less than

Po and T.

In step 311, a maximum edge etch rate Raland 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 < Pi, T < I}, 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 d decrease number ofa,

substrates, use smaller substraieL, 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.

n»

W

' W

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. In

particular, the etching rate is proportional to a product noks

of etchant concentration no above an etchable material film

surface and an etching reaction rate constant ks‘ The etching

reaction rate constant ks can be independently determined from

uniformity data previously noted. Since the‘relative change
Jgaubwo

, in noks and the absolute value of kr (the surfaceA

recombination rate per unit reactor area) can be determined,

no 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 no) as a

function of various parameters (pressure, power, temperature,

etc.) can be extracted from indirect measurements.

24..II§D§EQI§.ZQD§

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:

S T: krArno +mAaftksna + mo .

where krAr is an effective loss term with regard to

recombination effects, k8 is an etching reaction rate

constant, Aeff is an effective etchable area of a substrate,

no 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:

  

'where Roan) 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 Ar

which acts to catalyze loss of etchant on reactor surfaces

plus convection F. The second term is the loading relation,

wherein the reciprocal etch rate is proportional to the amount
of effective etchable substrate area Anitimes the number of
substrates m. When the etching across a substrate is uniform,

Aeff is the geometrical substrate area Aw. When etching is

nonuniform, on the other hand, Aeff is a function of kVO/D and

geometrical reactor dimensions. Accordingly, Aeff 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

~—.___.‘_~loading effect relationship in the form

Page 27 of210

1———= +CmA
Ash Rate C; 1 '

where

Co = 0.00030171936426 min/A;
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and ClAw = 2.3003912550 x 10‘5 are best fit

constants for the conditions in Fig. 6. The equation gives an

etching rate at the edge of the plate stack zone as a function

of the number of substrates m and etchable exposed effective

5 surface of a substrate Aeff. other variables such as the

temperature, etchant generation rate, flow rate, and reactor

size parameters were held constant. While Roan) as written

strictl .appl es_ 0 the.etc rate at the edge of a substrate,
when .5- m uni mm Y is he}. J23»

&; Aetching r tes at any other f xed relative position on the
10 substrates are related to Ro(m) by a constant factor of

proportionality, 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 Aw is smaller than the

15 geometrical substrate area by a constant factor as a function

39L of kvo/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 no to be computed from the

etching rate Ro(m) at the edge of a substrate. If the slope
 

 

,,~_m20 of the isothermal loading effect curve

740” . a 1
one .11!“

923“ am 5,
W

is measured along with etching uniformity, the rate of etchant

supplied by the source ST can be found by for substituting

Aeff(kvo/D) evaluated on the basis of etching uniformity
measurements.

25

§l_.§&§£k_ZQn§

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
30 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 (6.9., no net flux, an - 0) x and y

directions. since the ashing reaction is proportional to no,

‘3 :3
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and o-atom consumption is proportional to the ashing rate, the

continuity equation for O-atoms in two dimensions becomes:

ano
at +V-nova—kmn°

 

where kvo is the volume equivalent surface reaction rate

constant, and v is the diffusive velocity of oxygen atoms.

Inserting Fick's law

novipVho

thehdiffusion equation is obtaineds

33% - VAFDVné= —kvon°
~~And at steady-state in two dimensions and where D is not a

_”l_-~‘___function of spatial coordinate(s), it is rewritten as

aflx+i¥u__kw-———u

6x2 By2 D

  

where u(x,y0=no(x,yv/hoo and non 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—/

,x" 1 ’ ——azu + -——-—azu = k—vo u
‘ ‘ ' 6* (x/Lx) a2 (y/Ly) D

,laz”'””’where Ly and Ly are characteristic independent lengths and

15

x9

46“ 20

Page 29 of210

widths of substrates. From this equation, it is clear that

uLx/Lx, y/Ly) is a function solely of kVO/D and the boundary
conditions. Consequently, if experimental values of

‘fi(x/Lx, y/Ly) are measured at two positions on the substrate

(i.e., at the center and edge), two algebraicfizguations basedn .0

on this measurement can be used to eliminate Land solve for
kVO/D. The diffusivity D can be calculated to good accuracy

with the Hirshfelder equation; hence, kvo is measured with

this procedure.

For circular substrates, there is only one

independent dimension (e.g., where rsa is the substrate
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radius). At steady state in one dimensional cylindrical

coordinates the equation can be written:

Bu

3% au=ufi
r r 52 D .

where u(r)-no(r)/noo and the boundary condition is u(a)=1 at

the substrate (wafer) edge.

In the subsequent sections, analytic solutions to

these 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 e

1. S

To prove the principles of the aforementioned

a Wa e e

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

The present example is

therefore not intended to be limiting in any way. The present

method and apparatus is applied to the circular substrates as

illustrated by way of Fig. 7.

etching of substrate material 3 by way of oxygen using a

reaction which is substantially chemical etching.

The present method relies upon

An illustration of a circular substrate according to

the present invention is shown in Fig. 8. Assume that the

distance qu between stacked wafers is relatively small

compared to the wafer radius a such that dgap<<a. Based upon
the assumption, the oxygen concentration will be

substantially uniform in the axial direction 2. Accordingly,

only radial diffusion in the r-direction needs consideration.

Assuming an equi—molal counterdiffusion
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___’«-——'and an isobaric and isothermal stack zone, the problem reduces
to two dimensions and becomes a

 
”2/15.?“ 6u(r)

k ‘ l 6(I a: ) =flu(r)
r 6r D

 
where u(r)=n°(r)/noo. The boundary condition is u(a)=1 at a

wafer‘edge, and the solution of the equation becomes

u(r) -CII°[,’ £31} + c2KO[ -k3"°r]
4 i, '11

““'5"_—where Io and Kb are modified Bessel functions of the first and

second kind, respectively, and c1 and c2 are constants. For a

finite, normalized oxygen concentration u(0) at the center of

the wafer, the equation requires c2=0. The remaining boundary

condition of u(a)=l, sets the solution:-_.‘___‘_fl_fl

xfiflif
I 352:

u(r)= D

kW11 Ta]
_.__‘_______

10 Note that the functional form u(r) describes both the relative

etch rate profile R°(r)/Ro(a) and the relative oxygen atom

etchant concentration no(r)/no(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 kvo/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.

Page 31 of210
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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 etching

profiles in the stack zone are derived for etching/ashiflp 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 = :11 + u2

where ul is satisfied by the following equation

ano _
3? szno - kvulio

where ”1 = 0 at y = 1b/2:

and u2 is a solution that is 0 at x = ia/Z.

' The solution for u1(x,y) = X(x)Y(y) is obtained by a

separation of variables as follows. 

( a aa... a...
'6 I a k

x + =1?=Ai—A§=_

70 The sign of the sum decomposing k2 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 = cycoslyy.

From the boundary conditions, Cy = m/b where m = 1,3,5,...
Similarly, the solution for X is

.uhere_lx_is_giuen-by:
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X = cxcosh xxx,

S WW 1X 15 ghen by
’V- Ax=‘W—5kwD+(m1r/b) .

”1"”

2! J6 general solution is the sum:

u1=2 cWooshL/k 7D+ (1m: 7b) Ix]cos—z

“""—'—— '- X where cm a 0 for m - 0,2,4,...t0 satisfy the
s

boundary conditions. Setting u1(a/2,y) = f(y), where f(y) is

the even-function square wave of magnitude 1, the Fourier

5 series is obtained,

\_ ' »

cm cosh ‘lkvo7Dm7b)’a]——ff(y) cos E—ydy

""""“""'::‘and after the integration
A a

V cmcosh ‘lkvo/Dwm/bflgkfisin?

“""m‘wfiwhich is zero when m is even, as required. Thus, the “1 part
of the solution can be written

4,,” mm _1 ‘L -' ‘ U1(XIY)-=2: —Sin-—2— COS k DHM b) x cos my
"1'1 m1: zvocoshb/k7D+(m7b)5—a]

m=1,3,5,...
 

Note that ul (a/2,y) = 1 for (—b/2<y<b/2). The solution for U2

10 can be obtained in a similar way. The solution is theni...._-.—._._/

r \L.

’1 coshhlkvoZD+(m1er)fx[ cosmy

cosh[‘/k,,°/D+ (m/b) 5— b
u(x,y) =2 —sin—2- 2 '4’. + a

.1 cos kw, D(m )Ycosmx

cost-[Wb]

there m is odd. As b a on, this approaches the solution for 1-

dimensional diffusion (corresponding to an infinitely long

strip) :

Page 33 0f210
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cosh W x

coshb/I‘,o 7 Dg]
“hue — oli men510m\

The previousbequation is now applied to interpret
ashing uniformity data and predict uniformity and the atomic

u(x)=

oxygen concentration profile no along the surface of a

substrate for selected operating conditions. To use the

relationship, values of kvo and D are required. For atomic

oxygen diffusing through Cb, diffusivit. was computed as~ Man nah mneun

D(cmZ/s)=o.044T3/2 (T is in 10" J.O. Hirschfelder, C.F.
Curtiss, R.B. Byrd, "Molecular Theory of Gases and Liquids,"

pp. 538-541 and 578-582, John Wiley 5 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, kvo will be a function of at least gap,

resist composition, temperature, and other parameters. In an

example, kvo is unknown, although the activation energy for

resist ashing is conventionally reported to be in the 11-

12 Real range from industry literature. However, the

' solutions for u(x,y) depend only on kvo/D and geometrical

chamber dimensions such as gap (as incorporated into kvo), a,

b, and the like. Accordingly, kVO/D is deduced from the

etching rate prOfile, as previously described.

In particular, kvo/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(x1,y3), u(xb,y}) are unequa1,by solving

the appropriate equation for kvo/D andxf ‘ 4fin’for D(T,P).
But the present example used a more robust procedure:

determine kvo/D from a least squares fit to the entire

experimental etch profile data set taken by a conventional

stylus profilometer.

Fig.1;gbshows 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 R0 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 witha 2?. 9

mm gap (dgap) above the wafer. A 4 kW rf power sourceiggfigépgd
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 ,2)
Nanospec Auto Film Thickness Monitor. The surface of Fig. 11;
represents a least squares fitjghe aforementioned equation for
u(x,yv with kVO/D as the only adjustable parameter. The least

squares fit gives kvo/D=0.047. At P=1.2? Torr and Ts493 K

into D(cm2/s)-0.044IJ/2 yields D-400 cmz/s. By way of the

I relationship kVO/D=0.047, the etch rate constant is now

kvo=19.5 sec.'1. In the manner, e.g., by fitting profile data

to the solution for given substrate geometry, kvo can be

measured under various process conditions. By way of kvo,

other parameters such as no, ks, and the like may also be
calculated.

Once kvo 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

no). While the etching rate is proportional to n00, n00 does

not affect the etch depth profile and need not be known to

compute kvo. However, after kvo is obtained, n00 can be

gpmputed from the experimentally measured etching rate per
A84:51:00. 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, n00 will

start to change (increase) after endpoint. The magnitude of

n00 during 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.

W

The effect of profile uniformity on loading can be

explicitly accounted for by defining a profile—average

£9: 10 substrate area Augeff
~-;=r 4

05L" ' Rag-A...u=ffa......k..n.<x,y>dxdy=n..k..f u<xly>dxdy=nwkwawfemu”

E;3 'so that nookvdbnetf 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:

.. . ._..'_4""’" '

1 ‘i ff . 1 1 'szt+F+ontf
Rom) k,n° 195’ s”

    

...._.. ._.—~.. flu .
All of the terms can be computed explicitly from etch rate

profile data, except for the rate of etchant production by the

source. The etchant production rate can be computed from two

¢§> measurements of etching rate when changing kvoA“eff. A“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

«‘5‘“
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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.
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EHAI IS CLAIMED IS:

 
 

 

 

 

 

1. An in egrated circuit device fabrication method

comprising the step of:

providing

substrate therein, sa

plasma etching apparatus comprising a

substrate comprising a top surface And

a film overlying said p surface, said film comprising a top

film surface;

chemical etchin

etching profile on said fi m, and defining etch rate data

said top film surface to define an

comprising an etch rate an a spatial coordinate from said

etching profile; and

extracting a react n rate constant from said etch

rate data, and using said rea ion rate constant in adjusting

 
said plasma etching apparatus.

 
3. The thod of claim 1 wherein said spatial

Cfi%bt5 coordinates include radius and an angle.
4. The met ad of claim 1 wherein said spatial

coordinates include an -direction and a y—direction.

- ‘9 5. The method claim 1 wherein said extracting
qfiQfdfi step correlates said reacti n rate constant over a diffusivity

with said an etching rate, 3 id etching rate being defined by

said etching profile.

 

 

 

 

 

   15 defined by said etching profil
coordinates over a time.

selected spatial

The method of claim 1 wherein said chemical
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method comprises reactants including an oxygen and a

photoresist.

9. A method of designing a reac -r comprising the

steps of:

providing a first plasma et ing apparatus

comprising a substrate therein, sa 5 substrate comprising a

top surface and a film overlyi I
Comprising a top film surfa -°

said top surface, said film

11. The ethod of claim 9 wherein said spatial

coordinates include radius and an angle.

12. The math of claim 9 wherein said spatial

with said an etching rate, said etching rate -: ng defined by

said etching profile.

14. The method =

ing profile at selected spatial

claim 9 wherein said etching rate

is defined by said r
coordinates o : a time.

 15. The method of claim 9 wherein said chemical
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(24” I”. The method of c1aim,9 wherein said second

plasma etching apparatus is a co-axial reactor. '

I 10fig: The method of claim B’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 . flat panel

display, said substrate comprising a top surface°

forming a film overlying said top su- ace, said film

comprising a top film surface;

chemical etching said top film rface to define a

profile on said film, and defining etc rate data comprising

an etch rate and a spatial coordinatr from said etching

profile; and

extracting a reaction ate constant from said etch

- rate data, and using said re; tion rate constant in adjusting
said method.

20. A meth-o of fabricating an integrated circuit

device, said method omprising:

provid' g a uniformity value for an etching

reaction, said tching reaction including a substrate and

etchant spec‘es;

oefining etching parameters ranges providing said

uniform y 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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1

SL3 ”22
)1: 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

5 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

10 the top film surface to define a profile 27 on the film, and

defining etch rate data from the profile region. A step of

extracting a reaction rate constant from the etch rate data,

and a step of using the reaction rate constant in designing a

second plasma etching apparatus is also included.
15

N:\W'P\WP51\PA'I'\16655-I .RTO

}

Page 42 0f210



Page 43 of 210

Attorney Docket 1:10. l6655_—00_0100

DECLARATION AND mm OF ATTORNEY .-

 As at 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 ori
(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 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 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.»

a

Prior Foreign Application(s)

 
  

 
Country Application No. Date of Filing Priority Claimed

Under 35 USC 119

I claim the benefit under Title 35, United States Code, Section 120 of any United States application(a) 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 l.56 which occurred between the filing date of the prior application and the national or
PCT international filing date of this application:

ApplicaaonSerm N... Mamas

_Patented _ Pending _Abandoned——
—_ Jaunted _ M...

  

   _ 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. AILEN, Reg. No. 27,301

Send Correspondence to: ' . Direct Telephone Calls to:
WILLIAM J. BOTTLER (Name, Reg. No., Telephone No.)
TOWNSEND and TOWNSEND KHOURIE and CREW
Steunrt Street Tower Name: WILLIAM J. BOBLER
One Market Plaza, 20th Floor Reg. No. 31,487
San Francisco, CA 94105 . Telephone: 27,301
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Full Name
of Inventor 1

Last Name
FLAMM

First Name Middle Name or Initial
DANIEL 5"

Residence &
Citizenship

City
WALNUT CREEK

State/Foreign Country Country of Citizenship
CALIFORNIA U.S.A.

Post Office
Address

Post Office Address
476 GREEN VIEW DRIVE

Last Name
VERBONCOEUR

  

 
  

Suite/Country Zip Code
CALIFORNIA 94596

Middle Name or Initial '

WALNUT CREEK

Full Name
of Inventor 2

First Name
JOHN

  
  

Residence &

Citizenship
City
HAYWARD

State/Foreign Country Country of Citizenship
CALIFORNIA U.S.A.

  
  

.0.9.QQ
  

Post Office Post Office Address State/Country Zip Code
Address 3350. CAKES DRIVE HAYWARD CALIFORNIA 94542

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.

Signature of Inventor 1 Signature of Inventor 2

DANIEL L. FLAMM JOHN VERBONCOEJR 
cuwonmnmnew.u (Page 2 of 2)
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Extract Reta Constant at Etch
Rate from the Etch Rate
Profile Data

Measure etch prollle 
  
  
  
  
  
  

 
 

 

1

Etch tilm at constant pressure and pretenbly
constant plasma eourcs charscterletlcs end:
I. do not etch to endpoint
or 2.. Etch exactly to tlret sign oi endpoint
Beet to do isothermaliy. but can probably handle
complex one it measure temperature-time
history.

 

  
 
 

 

 

2

Get etch rate profile data ea (Etch rate.x.y)
or(Etch rate, r.0)trlade. an n x 3 array

where n ie the number at points sampled.
It temperature variee it wlll be average etch
I'MO.

    
 
 

   

 

6

New temperatures
in order to get

k(T2). k(T3)...

 
 

 
 

 
  
 

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

 

  
  
  
  
 

 
  

3

Run a least squsrss lit using ditterencse between the
data array and snelytlcel modal tor etchrateatvolD. Edge
ER) to compute: two/D end the an at edge of the
plate or water.

 Calculate D and with
it kvo a ks

  
  

  
 
  
 

4

Calculate D lrorn Chapman-Enema kinetic thory
lormulae (see 3.8. Blrd,W.E. Stewart, EN. Llahtioot.
pp510-513. Transport Phenomens, Wiley (1960)
end manuacrlpt rel. lor 0. Multiply kvo/D by D(T.P)
to obtain kvo(T.z). Note the 2 comes in because

kvo(Tx.z)= ks(Tx)'(AresNolume)-ks/z
 

    
 

 
 
 

 
loll

Separate pro-exp a Ea l/x/I 

 
 
 
 
 

 
s

From ks(T1). ”(1’2)". do least square in to
extract Ea and preexponentiel where
kl(T)=A(T"0.5)Ae“(-Ea/RT)
Or. ll Ea known. Just extract.

 

 
 

  
7

Uee ER(edge)-kve no to
deduce no, the atom
concentration at the edge of
the water. 
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Extract Plasma Source

intensity and 'tune' the /7/ 270
Plasma Source using Loading '
Effect Relationship

1

Measure Etch rate vs. ellectlve area or substrate. -
Plasma source temperature, pressure (T.P)

power held constant. However substrate stack or
single substrate T.P may be varied to alter Aefl.

 
  

   

 
 

 
 
 

7

Alter gap (d)
between walers and

surface above '

 

 
 
 

 

  
 

 

Vary substrate (a
simultaneously) support
member dimensions

change number of
waters in the

reactor
 
 

Ia unllon'nity very high

 
 
 

Measure etching proliie a
compute Aefl (loading eon)  

11

Aefl = A eubetr

  
  

 
Has date for n Aell values
been measured? (n33)

 
 
 

  
  

2

Fit to eqn. 5:. from slope (m
Aetl) obtain 1/St, the supply
ol etchant from source to the
reactor.

  3
 

   
 

 
 
  
 

 
  

Try new plasma source or
plasma source parameters.

 

 
  

 
s

Medily chamber materials etc to
reduce slope numerator. (kr Ar + F)

or reduce llow If F term is major
etchant lees
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“:58“ i  
Optimize Etching Rate ve.
P. T, rt Power with
Uniformity Conatralnt // -

2m
 
  

  
1

Specify required
unilormity

  
  
 

2

Input predetermined its or
determine ke lrom

uniiormity measurements
at 1 or more temperatures

wt

 

    
  
  

  
 

 

4

Compute locus at highest T
vs.Pandd; andhighoetP

vs T and d where
uniformity meete

specification.

 

  
  
  
  

 

  
  
 

  

 
   

  
 

5

Speolly: uniformity limit manilold:
SeleetdvaiueeandadiueilocuaolPandT
values below the calculated manilotd by a

predetermined amount to allow tor
statistical and expervnentai error and

process drift. (Po.To)

6

Determine max edge etch rate I euppiy oi
etchent from plasma eouroe(St) lot RF

power.iiow values and [PI.Til(d) ‘withln
unllormlty Iimlta manifold

 

9

Locate intersection epaee oi P<Pi,T<Tl
(unitormity meniiold) and maximum etch

rate or etohant euppiy at eelected FiF
powerwow) vaiuee

 
 

 
 14

ll resulting etch rates are too low. '
change power and/or reduce

ellective etchabie erea (example:
increase d. decreaee number oi

substrates) 
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loading effect data

  

‘,

’!3' A
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M584 _. _ _.

0.9

0.8

9999.099d109¢onco~|NormalizedStrippingRate.Dimensioqloss
O

0 so ‘ 100 15a

Radial dlstanco from water cantor. mlllimolors
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"I" In m
mum or mum uses ..

AS omen-m ’A‘nuzn ’ 08433623

Extrsct Rate Constant a. Etch

Rate from the Etch Rete /‘l/ 101)Promo Data

Meeeure etch protlls 

  

 

1

Etch turn st conetent preseure snd preterebly
constant plasma source chersctertctlcs and:
I. do not etch to endpoint
or 2. Eton exactly to first elgn ct endpoint
Best to do isothermstly. but can probably handle
complex once It measure temperatureotlme
‘hlatory.

\OI

   
  

  
 
 
 

  
 

 
 

 

 
 

2

Get etch rate profile dste u (Etch rete.x,y)
or(Etch rate, r.0)trlsde. an n x 3 array

where n I; the number of points sampled.
It temperature varies it wlll be average etch
['8‘0.

 
 

  

5

New temperatures
in order to get
k(T2). k(T3)...

   

 
 

  
Fit to Model with W0 and
Etch Rate as Persmetets

 
a

Run s leest squeree In using dlttcrencse between the
date srrsy and snslytlcal model tor etchrste(kvo/D. Edge
E8) to compute: two/D and the an at edge ol the
plate or water.

  
  
  

 
 

 

 Calculete D and with
it kvo a ks
   4

Calculate D from Chapmsn-Enekog klnetlc thory
tonnules (see 3.8. Bird,w.E. Stewart. E.N. nghtloot.
pp510-513. Transport Phenomens, Wlley (1960)
and manuscript ref. for O. Multlply kvo/D by D(T.P)
to obtain kvo(T,z). Note the z oomee In becsuse

kvo(Tx.z)= ks(Tx)'(AresNolume)-kslz

  

 
 
 

 
  

[09,
 Sepsrstc pro-exp & Ee ,v

 
 
 

  

 
8

From ks(T1), ks(‘l'2)... do leest square llt to
extract Ea and preexponentlal where
k|(T)=A(T"o.5)Ae"(-Ee/RT)
Or. I! Ee known. Just extract.

 
 
  

7

Uee EHtedge)-kvo no to
deduce no. the atom
concentration at the edge at
the water.

  
  
  

 

 
 

    

    
 

 

~. MSSH - L J Iluwll
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PRINT OF DRAVLLNGS arm II. M

ASORIGENAL' "11.21) ' X 08‘3ng

MSW , v. -. [mum

Extract Piaame Source . 1

inteneity and 'tune' the '/L/ WU
Piaama Source uelnp Loading
Effect Relationehip  
 

  

  

 
  

  

1 ,

Measure Etch rate ve. emotive area of substrate: A
Plasma eeurce temperature. pressure (T.P)

power held constant. However aubatrate stack or
single eubetrate T.P may be varied to alter Aeti.

 
 
 
 

Alter gap (d)
between waters and

surface above '

Vary aubetrate (3.
simultaneously) support
member dimenaione

change number of

iwatora in thereactor

 
 

 

 

1’8

a uniformity very high (”O-95%

 

 
 

9

Manama etching profile a
compute Aefl (loadlnp eon)
 
 

1 1

Aeit :: A eubetr
 

  
  

 
Hae data for n Aeft valuee
been meaeured? (n33)

 

 
  

  
  

2

Fit to eqn. 55 tram slope (m
Aeti) obtain 1/St. the eupply
of etohant from source to the
reactor.

 
3

Try new plaarna source or
plasma source parameters.

 

  
  

 

 
 

  

   
 

5

Modify chamber materials etc to
reduce elope numerator. (kt Ar + F)

or‘reduce ilow if F term is major
etchant lose
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PRINT or Damp mos
AS ORIGINAL' 1m,
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Optimize Etching Reta vs.
P. T, ri' Power with
Uniformity Constraint

l. 2.54 

  

  
 

  
  
   

  
  

  

  
  
  

  
 

 

  

 
  
  

  
 

1

Specify required
uniformity

 

 

2

Input predetermined ks or/
determine ire from

,unifo'rmily meaeuremente
el 1 or more temperatures 

Compute iooue of highest T
vs. P and d: and highest P

vs T and d where
uniformity meet:

specification.

 
 s

Specify: uniformity limit manifold:
Selectd values and ddiust locus of P and 'i'
values below the calculated manifold by s

predetermined amount to allow for
statistical and experimental error and

means drift. (Po.‘i’o)

 e

Determhe mm: 0690 etch rate a supply of
stehsnt from plume souroe(St) for RF

power.fiow values and [Pl.TI](d) within
uniformity limits manifold

9

Locefe Interaction space of P<Pl,T<Tl
(uniformity manifold) and maximum etch

rate or etohant supply at selected RF
power(flow) valuea

 

 

 
 14

if resulting etch rates are too low.
change power end/or reduce

effective etcheble area (example:
increase d. decrease number of

substrates)
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f \ UNITED STATE DEPARTMENT OF COMMERCE. . Patent and Trademark Office

\ Address: mMMlSSKJhER 0F PATENTS AND TRADEMARng: 2
a Wumuunflflaflm1

 —-mam. wwm

08/433, 623 05/03/95 FLAMM D 16655000100

0212/0522

TOWNSEND 9ND TOWNSEND KHOURIE AND CREW
STEUART STREET TOWER
ONE MARKET PLAZA

SAN FRANCISCO CA 94105 DATEMAILED: noon ~

NOTICE TO FILE MISSING PARTS OF APPLICATION 05/22/ 95
FILING DATE GRANTED

AnApplication Number and Filing Date have been assigned to this application. However, the items indicated

below arem The required items and fees identified below must be Effigy submitted ALONG WITHOF A SURCEARGE for items 1 and 3-6 only of for large entities orTHE

Sifor 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 thewset below, the total amount owed by applicant as a Béeentity. [3 small entity (verified statement filed), is ’ .

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

 
 
  

  
   

 

  . Z The statutory basic filing fee is: '1 missing El insufficient. Applicant as a "

ft»must submit S . to complete the basic fihng' fee.2. Additional claim fees of 3 M l as a was entity, [:1 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. II] The oath or declaration:

D is missing.
C! does not cover the newly submitted items.

large entity Cl small

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. E] The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 cm 1.68, identifying the application by the above Application Number and
Filing Date, is requimd.

5. e signature(s) to the oath or declaration is/are: missing; El by a person other than the inventor
or a person qualified under 37 CPR 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 nquired.

6. III The signature of the following joint inventions) 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. El Tim application was filed in a language other than English. Applicant must file a verified English
translation of the application and a fee of S under 37 CFR 1.1700, unless this fee has
already been paid.

8. CI A 3 processing fee is required since your check was returned without payment.
(37 CF'R 1.21(m)). '

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

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

Sequence Rules 37 CFR 1.8211825.

11. C] Other.

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

A copy ofthis notice MUST be returned with the response.Aer-hr nnav
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Attorney Docket No. 16655-1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:
n 1"

'Daniel L. Flamm et a1.

Serial No.: 08/433,623

Filed: May 3, 1995

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

Examiner: Unassigned

Art Unit: Unassigned

IBERfiMIIEALLLEIIEBvvvvvvvvvvv
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)
2)
3)
4)
4)

Executed Declaration and Power of Attorney;
Verified Statement Claiming Small Entity Status;
Copy of Notice of Missing Parts:
Assignment; and
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 Assignment, 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
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Daniel L. Flamn . PATEflI
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.

Re ectfully submitted,

AWL
= A Richard T. Ogaw

‘ Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW
One Market Plaza

Steuart Street Tower, 20th Floor
San Francisco, California 94105
(415) 326-2400

RTO/ka

K:\16655\1-MIS.PTS
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DECLARATION AND POWER OF ATTORNEY  
Aslbelownamedinvenun. idechteiint:
My midence.pouoflicenddreulndcitimhiprmumtedbelow nexttomy name: [believe Imtiieorigiml. fimendwle inventor
(ifonlyonommeisiittedbelm)orenofigiml. funnndjoiminvemor (ifpiuniinvemonue-nnmedbeiow)ofthembjectmmerwhich
isclaimedandforwhichepatemiemghtontheinwntion entitled: PROCESSOFI'WATIONINGASPHASEDRYETCHING
thawedficationofwhich_ ienmchedheretoor K mfiledonMuAppfiuflonSefialNo.Wmdwu
mandodon_(if|ppiicahlo).

Ihavemviewedandnndcrsund mommofthenboveidenflfiedrpecificafion. including theehimn.uunendedbymyamendment
refenedloubove. lecimmwledgemedutywdindoumfmmfimwhichhmmfidwihoenmimdmofthhqpfimdminm
with Title 37, Code of Federal Regulntiom. Max:156. lclnim foreign priority bemfitr under Title 35. United Stale: Code. Section
119 of my foreign applicationso) forpaientorinvemor'r oerfificuelinedbelow mdlnve Ileoidcnfified below my foreign Ippliution
forpmmorinwntm'scertificateinvingnfiiingdnebeforethnoftheepplieuiononwhichpriorityiscinimed. '

~

Prior Foreign Applicationa)

Application No. Date of Filing Priority Clumsd
Utlier 35 USC 119

lchimthebennfitunder Title 35. United States Code. Section 120 ofany United States applicationfl) listed below and. insofaruthe
mbjeamuerofeechoftheclaimofthiuppiiuflonisnotdhclosedinthepriorUnited Smapplicafioninthemannerprovidedby
thefintpmgnphof‘l‘itle35. United SmuCode. Section 112. lecknowiedge theduty wdiecloeemterialinfonnationndefined in
Tide37.CodeofFedeanegulniom. Secdmljéndfichoecnnedbemunlhefinngdnmofmpfimappfludmandtbemflmflm
PCT internatioml filing dale of this Ippiication:

_—_
———

POWER OF ATTORNEYzAnnAmedinventor. [hereby appoint ibefoilowing attorney“) Ind/or 180nm) topmeecute thinpplicetion
andmnsaclallbusineuinlhehtentandTndemarkOfiiceoonnected therewith.

 

 

Richlrd ‘l‘. Opwn. Reg. No. 37 692

2 William J. Bolder. Reg. No.
Kenneth R. Allen. Reg. No. %

Direct Telephone Calls to:
(Name, Reg. No.. Telephone No.)

Name: Richard T. Opwa
Reg. No. 31.692
Telephone: 415 326-2400
 

(Pinion)
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mu Name Last Name )“fi First Name ' Middle New or 1mmof Inventor 1

Residence & City Pr SMoteignCounu-y Camry of CitizenshipCitizenship Wnlnut Creek C Clflfomh U.S.A.
pm Office pm Office Address City Sub/C
Address 476 Green View Drive Wllnut Creek California 94596

Full Name Last Nuns a_@ First Name Middle Nune or Initialof Inventor 2 Verboncoeur '1 L

Residence & City C R‘- sme/Fonign Camry Camry of Citizenshipm: I.

BE=3?
 

9E
PoaOffico PostOffioedeeu

335001kesbflve

unNun'e

Ifimhetdeclanthulllmnumndoheteinofmyownkmwlodgommmdthuflmmmfioninfotmnfionmdbofiof
mbellmdwbemundfimhenhnmeummmmwmmndefimdwkmwledgemnwinfinfnlummmmdthelikeaomnde
mptmishnblebyfineorimpriaonment.crboth.under8ecfion lwlofTitle lsoftheUnitedStateaCode.mdthnmchwillfulfnlu
Mmenlgmxyjoopudiuthovdidityofthenppfiudmumypaumimfingmm.

SW of

/7/7 Elam»
ohn P. Vetboncoeur 

mm m: (PIgBZOfZ)
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Attorney Docket No. 16655-1

DECLARATION AND POWER OF ATTORNEY

Asabelowmmedinventhdeclantlm:
Myreeidenoe.pouoffioenddiunandcifimnhipmumtedbelownexttomymmezlbefieve[anthem-131ml.fimandeoleinvenwr
(ifonlyomnameielietedbelow)onnofigiml.fimnndjointinventorafplnnlinvenmmmmedhelaw)oftheeubjectmnerwhich
ischimedandfwwhifihapateminousht'ontheinvemionenfitled: PROCESSOPTMIZATIONINGASPEASEDRYETCHING
thelpecificefionofwhich'_isnmchedhemou __X__ wfiledon My}, 125 uApplicationSerinlNo. Mention:
amendedon __(ifappiiceble).

Ihavereviewednndundmnd thecomenmofthenbaveidemifiedepecificafion. imlndingthecleims,unmendedbynnynmendment
refenedtoabove. lecknowledgedudutymdiecloeeinfmflmwmchilmidtotheemimfimofthieappliufion inaccofllanoe
with Title 37, CodeofFedenl Regulations. Section 1.56. lclnimfcnignpm'ityhenefitsundu‘l'itle 35. United States Code. Section
119 ofany fmeign IppllelfiOhKl) fat-patent orinvenm'l certificate listed belwundhnve nleoidentified below any foreign application
forpatemorinmtor‘seexfificatehnvinsefilinsdatebefmethuofdnappiicafiononwhichpdorityisolaimed.

Prior Foreign Amalie-limb)
Application No Date of Filing Priority Claimed

Under 35 USC 119

———fi
Iclaimthebenefitunder Title 35. United Staten Code. Section 1200! my United Smapplicedofit) listedhelow and. insofar u the
subjectmatterofeachofthechimsofthielpplicuionienotdiscloeedinfliepdorUnitedStateeepplie-tioninthemmnerpmvidedby
thefintparagnphof’l‘ide”. UnitedStatesCode. Section llzlxknowledge fliedmytodincloeemnterialinfomtion udefined in
Title 37. Code ofFedenl Regulations, Section 1.56 whichoeclmed betweenthefilingdnteofthepfior lpplicationnnd thenationnl or
PCT international filing date of this application:

—_ _m _m _ma -
_— _W _m __Am

POWER or ATI‘ORNEY: A. a muted inventor. lhexeby Ippoint a» following Wm end/or mm.) toM um application
andmnmtallbusineuinthernnddeemkatficecmnectedthemwith. .

 

 

 

  

 

 

Richard ’1‘. 0pm. Reg. No. 37,692
William J. Bolder. Reg. No. 31,487
Kenneth R. Allen. Reg. No. 27,301

Send Correspondence to: Direct Telephone Calls to:
Richard 1‘. 0pm (Name. Reg. No.. Telephone No.)
TOWNSEND and TOWNSEND KHOURIE and CREW -

Steuert Street Tower Name: Richard '1'. Own
One Market Plea, 20th Floor Reg. No. 37,692
San Francisco, CA 94105 Telephone: 415 326-2400
 

Gisela”)
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Full Name Last Name First Nune Middle Name or Initial
of Inventor I Flinn: Dnnlel L. .

Residence & City - State/Mp Country Canny of Citizenship
Citizenship Walnut Creek California U.S.A.

Post Office Post Office Address City Sum/Cam Zip Code
Addreu 476 Green View Drive deut Creek Cnllfornin 9459's

Full Name ‘ Last Name Fin! Name Middle Nuns or Initial
of Inventor 2 Verboneoenr John P.

Residencepa City Slate/Foreign Country Country of CitizenshipCitinnshl Cnlll'omln U.S.A.

#0:: Office: #3::office Adam City State/Country Zip Code
Addiess 3350 Onkee Drive Haywnrd Cniifornll 94542

M Name Last Nnme First Name ’ Middle Name or lnltinl
of Inventor 3

Residence a: City State/Foreign Country Country of Citiunnhip
Citizenship

City Country
Address

lfimherdecluethntnlluatememmndeheteinofmyawnknavledgemm-ndthndlmtemennmndeoninformntlonmdbelief
mbefievedwbeuueundfunhertbntheummennmmadewiththehmledgethntwillfulfalseswementsandthelikesomade
nrepunislnble byflneorlmprleonment. orbofll. underSeotion 1001 ofTitle 18 «fine United Sate: Code. andtlm alchwillfiil'falea
statement: mnyjeopudiu the vnlidity ofthe npplieeu'on or my patent iuuing thereon.

 
nomo ms (Plge 2_ of 2)
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I Atty. Docket No. ims—I

VERIFIED STATEMENT (DECLARATION) CLAlMlNG SMALL ENTITY
s'm-us (37 cm 1.9m end 1.2m,» - INDEPENDENT MENTOR  JnV

Filed or lulled: Me 3 I995 .
Title: PROCBS OPTIMIZA’HON IN GAS PHASE DRY E’l‘cfllNG

 
 

A: e below mined inventor. I hereby decline thnt I quelily as In independent inventor I: defined in 37 CFR 1.9(c) for purponee ofpayin; reduced
teen to the Petent and Tndeinerk Office regerding the invention entitled EELS Mln'flON [N GAS PHASE DRY EI‘CHINO
described in:

I i the specification herewith.
[X ] Applicntion Serial No. gang . filed May 3, i995 .
( ] Potent No. . issued .
 

I have not aligned, gated. conveyed or licenced end an under no obligation Inidcr eontnct or luv to assign. grunt, convey or license. any rights
in theinventiontoenypenonwhowould mtquclilyunnindqaendentinventorundch‘ICFR l.9(e)i!tintper|onhednndetheinvention,orto
my concern which w’ouldnot qunlity u e mull business concern under 37 CFR 1.9(d) or e nonprofit orpniution under 37 CFR 1.9(e).\

Ench person. concern or orgnnizetion to which I have “signed. muted. conveyed. or licensed or am under an obligation under connector law to
assign, grent, convey or license my right: in the invention in listed below:‘

[X ] No each person. concern, or organization
[ ] Persons. concerns or orgnniutionl limd below‘

'NOTE: Sepente verified statements are required from eech named person. concern or org-nintion having rights to the
invention evening to their mm In mall entities. (37 CFR 1.27)
 

 

 

 

 

NAME
ADDRESS

II INDIVIDUAL [ ] SMALL 3mm CONCERN [ ] NONPROFIT ORGANIZATION

NAME
ADDRBS

I ] INDIVIDUAL [ 1 SMALL BUSINBS CONCERN [ ] NONPROFIT ORGANIZATION

NAME
ADDRESS

[ ] INDIVIDUAL , ’ [ I SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION

lcclrnowlcdge the duty to tile. in this cpplicetion or pewnt. notification oi'eny change in status resulting in loss of entitlement to mull entity emu:
priortopeying. out thetimeofpaylng.theeertleetottheiuuefecoreny minmnenccteedueenermcdnteonwliichmuumall entity is
no longer cppropricte. (37 CFR 1.280»).

lherebydecluethuellmmentsMeherehotnyownknoudedmmmenddmafln-Imenunedeonini‘ormntionendbeliefurebelieved
mbeuueundflmherthnthuem-enumnndewithtbeknoMedsethufiflMhuemtenientnndthelikclomndeurepuninheblebyflne
or inprlsonment. or both. under action 1001 of Title 18 or the United Sm Code. and diet Inch willthl wee mtemenu my jeopardize the vnlidlty
or the application. any patent issuing thereon. or any plant» which this verified comment is directed.

NAME OF INVBTI‘OR: NAME OF INVENTOR:

Sim of Inventor

  
 

 
NAME OF INVENTOR:

Evil!!!“-
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Atty. we. no! l6655-l

VERIFIED sum (DECLARATION) cums mu. ram-m!
STATUS (31 cm 1.9m and 1.210») - INDEPENDENT INVENTOR 

Applicant or Patentee: Daniel L. Flamm and John 2. VM
Serial or Patent No.: 08/433 623 

As a below named inventor. I hereby declare tint I quality as an independent inventor as defined In 37 CFR 1.9(c) for put-poles ofpaying reduced
fees to the Patent and Trademark Office reading the invention entitled EOCESS OPTIMIZATION IN GAS PHASE DRY E‘I‘Cflmo
deacribcd in:

[ ] the meciflcation herewith
[X] application Serial No. finflax: .filed Mu :. 122: .
[ ] Patent No. .

I have not assigned. granted. conveyed or licenaed and am under no obligation under contract or law to resign. grant. convey or licenae. any right:
in the invention toanyperacnmwouldnotquallfyuan Independentinventorunder 31CFR1.9(c)i!lhatperaonhad madethe invention. orto

any concern which w‘oulrljot quality a a small busineu concern under 37 CPR 1.9(d) or a nonprofit organization under 37 CFR 1.9(e).

bah 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 right: in the invention is liawd below:'

[ ] No such peraon, concern, or organization
[X] Peraona. concerna or organiutiona listed below'

‘NO‘I'E' Separate verified statements are required from each named person. concern or organization having rights to the
invention aver-ring to their mm as annll entitiea. (37 CFR 1.27)

NAME LAmM—________

 

 

ADDRESS476 gm View RIM. Walnut M, Qgifgmia 94396

[X ] INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION

NAME
ADDRFSS

[ ] INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION

NAME
ADDRESS

[ ] INDIVIDUAL ' [ ] SMALL BUSINBS CONCERN [ ] NONPROFIT ORGANIZATION

I acknowledge the duty to file. in this application or patent, notification of any change in status reuniting in ion: of entitlement to small entity status
priortopayiagmrattherirneotpaying. rheearlieatottbe lmefeeorany mintenance feedueanerthedateonwhichmuaasamuentityia
no longer appropriate. (37 CFR 1.2803».

Iherebydeclaretlutail stalemtstnadeherein ofmywnknoMcdgeareu'ueandthatail atatementarnadeon informationandbeliefarebelieved
wheweundflrrdrerthutheaeaaternenuwaemdewhtheknofledgemuwillml Nummentaandthelireaomadearepuniahablebyflne
or imprisonment. or both. under section [001 of Title 18 of the United States Code. and that such willM lilac uatementa my jeopardize the validity
of the application. any patent isruing thereon. or any patent to which this verified statement is directed.

NAME OF INVENTOR: NAME OF INVWI'OR: NAME OF INVENTOR:

JOHN P. VERBONCOEUR

Signature of Inventor Signature of Inventor 
IMMI‘.‘
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/.\ uurrsn erATs. phimnsmorcomflf/ fig“
. Patent IndTI-ademsrkoffica

\ j Address: WMBSMCFPATBWSANDTRAEEMARGMn!
 
  

 

Wasthgton. 0.0. 20231

{la/433.623 05/03/95 FLAMM , ‘ D 16655000100
' ‘L

0212/0522 “7%
memo AND TOWNSEND mourns AND CREW
STEUART STREET rowan
one MARKET PLAZA

SAN FRANCISCO ca 94105 NEW 0000

NOTICE To FILE MISSING PARTS OF APPLICATION 05,22,95
FILING DATE GRANTED .

An Application Number andFiling Date have been assigned to this application. However, the items indicated
below are missing. The required itemaand fees identified below must be trim submitted ALONG WITH

THE gm 0]" A SURGEARGE for items 1 and 3-6 only of Q E (2 for large entities orS for small entities who have filed a verified statement claiming such stems. The surcharge is set forth in
37 CFR l.16(e).

Ifsllreduireditemsonthist‘onnarefiledwithintlw Bdsstbclowdhctotalamcuntowedbyapplicamasa lz‘éeentity, Cl small entity (verified statement filed), isdbl. -
   
  

    
  

 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 oftime may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a).

  1. VI. estatutorybasicfilingfeeis: I '-ssing Dinsuflicient. Applicantasar
to complete the basic filing fee.

2?,must submit 3 .Additional claim fees of 8 “l as a me entity, El small entity, including any
mquired multiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3.Cl The oathordeclaration:

Dismissing.

. Ddoesnotcoverthsnewlysubmitteditems.

: entity [Ismail

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

4. CI The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.68, identifying the application by the above Application Number and
Filing Date, is required.

5. Ms1gnature(a) to the oath or declaration idare: ' ' , U 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 Hléfihem006(3ngthinwtpm;Is mien!“from the oath or declaration:365.0061!

P 30126 9235425 03533523 An oath o ahenames ' More and signed by
p 30127 thng‘an tifying ve Ap umber and FilingDate, ismm?“ W3? '

7. CI 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. Cl A $________processing fee is required since your check was returned without payment.
(37 CFR 1.21(m)).

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

10. U The application does not comply with the Sequence Rules. See attached Notice to Comply with 7. L4
sewn” Rm” 37 cm 1'821'1'825' 260 5c 90-11230 08/08/95 03433673 '

11.U Other. 26073 203 15.006H a?»;.-
Direct the response to Box Missing Part and refer any questions to the Customer Service Center
at (703) 308-1202.

hifiszwu
Acopy ofthis notice MUST be returned with the response.

can To as 115‘:anResponse.32“.liflaasvm-OL r. '3 1113-434 .' 9%..
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- ux io-w
231mm 635mm; x! I +100 AW W! M m3

TOWNSEND and Towrvsm ashamv Atty. Docket No. Iggss-ooomoSteuart Street Tower
'One Market Plaza
San Framisco. CA 94105

Date November 9 1995  
(415) 543-9600

In re application of Daniel L. I-‘lamm. et al. Ihereby certify that this is being deposited with the United
States Postal Service as first class mail in an envelope

Serial No: 08/433,623 addrenzed to:

Filed: May 3. 1995 I. I : Aaslmnt Commissioner for Patents
.. Washington. D. C. 2023!.

Group Art Unit: , i —« '4 ‘
' Date: thmézr ? /7?$

For: . PROCESS OPTIMIZATION INGA‘S' . .

PHASEDRYEI‘CHING'.’ -__, p . WM
ASSISTANT COMMISSIONER FOR PATHWTS

Washington, DC. 20731. . ,-..,

‘ Sir: 1 ’

Transmitted herewith is a preliminary amendment in the above-identified application. '
[X]Amendment. ‘

[XISmall entity status of this application under 37 CFR 1.9 and 1.27 has been established by a verified statement 1-;
previously submitted. _

[X]Postcard. _ ' U
The filing fee has been calculated as shown below:

(Col. 1) (Col. 2) (Col. 3)

HIGHEST NO.
REVIOUSLY

PAID FOR

[ ] rum- PRESENTATION OF MULTIPLE DEP. CLAIM 
If the entry in C01. 1 is less than the entry in Col. 2.
write "0" in Col. 3.

" Ifthe “Highest Number Previome Paid For" IN THIS SPACE is less than 20. write "20' in this space.

”' If the 'I-Iighest 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.

 ADDIT. FE]?

[] Nofeeisdue.

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

[X] Claims fee SQLOO
[X] 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

 
  

 
d T. 05a

Reg. No.: 37.692
ne\leW5\l-mul Attorneys for Applicant
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"kw/7 '
I hereby certify that this correspondence is being deposited with
the United States Postal Service ee flret cleee mall in an envelopeeddreeeed to:
Assistant Commissioner tor Pete

WeeNnaton,D.C. 20231, on 2; ave/27hr 2 ”775'

one: _4Z;ZLL/' 8v:m

PATENT

- 16655—000190US

   
   
   

 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE  

  
In re application of: )

Daniel L. lf‘lamm, et al. I » Examiner: Unassigned
Serial No. 08/433,623 I Art Unit: Unassigned
Filed: May 3, 1995 / I

For: PROCESS OPTIMIZATION IN 3 PRELIMINARY AMENDMENET
GAS PHASE DRY EI‘CHING ) ff 1-::

3
________.__)

ASSISTANT COMMISSIONER FOR PATENTS

Washington, DC. 20231

 
Sir:

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

follows:
 

 
 
 

IN THE QLAIMS:

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:

 ' - a plasma etching apparatus comprising a substrate therein, said

substrate -. prising a top surface and a film overlgrig%§aig,§qggslim9$ammcomprising7» “ ‘ 39 on‘A  ' n n '. ‘ :..:’ 30-379 '20?-.. nnfOCH
. 3-0080 20:: ’
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 q )4? (New) The method of claim 1 further comprising a step of using said
i reaction rate constant in adjusting said plasma etch apparatus.

%. SJ . x~. ; ”my, I 5-...-;::;' i.,--~ ‘22-; V:.:.'.:,
3 se of a reaction rate constant, said reaction rate constant being derived from a m x . .

comprising: .

providing a plasma etching apparatus comprising a -. trate therein, said

substrate comprising a top surface and a film overlying p surface, said film comprising

a top film surface;

etching said top surface at - rmperature to define an etching profile on said

film, and defining etch rate data -. prising an etch rate and a spatial coordinate from said

etching profile; and

, REMARKS

Applicant adds new claims 24 and 25 to the subject application for

examination. No new matter has been introduced thereby. V....A..-~am4
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. '29

Respectfully submitted,

TOWNSEND and TOWNSEND and CREW

Date: W91 33

RTO:de _ ,
mlwrMIWll-pnin.md
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WM

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;

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 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, said etching rate being defined by
said etching profile. '

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

profile at selected spatial coordimtes 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 carrelates 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;
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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 ratei’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.
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UNITED STATES DEPARTMENT OF COMMERCE
Pimentend1medemmrktflfice
Address: GIMMiSSU‘IER U: PAWS AND TRADEMARKS

Washinmon. D.C. 20231

 
 

  

SERIAL NUMBERm FIRST mac "warren ATTORNEY oocxsr no.

r: t .=:: :55 / n :3 .- 5 it? mam-v:

ttMl/oaflc

 
 
  

\ill‘ KHDURIEE AND CHEN

F‘m‘T STREET TUNE '\‘ -/
'. " 'T P' "1TH FLDUR ii. {1.3

i Fry-mu: I r "
    
  

DATE MAILED: l‘i.3 ,2 33(5- / 9;;

This Is a cornmmication irom the examiner in charge at your application. -
COMMISSIONER OF PATENTS AND TRADEMARKS

This application has been examined Responsive to communication tiled on [’1’31 E f D This action is made final.

A shortened etatutory‘period tor response to this action Is set to expire - 2" montMs). I days from the date 01 this letter.
Failure to respond within the'perlod tor response will cause the application to become abandoned. 35 U.S.C. 133

Part I THE FOLLOWING A'lTAOi'IJEN'flS) ARE PART OF THiS ACTION:

1. Notice of References Cited by Examiner. PTO-892. 2. D Notice 01 Draitaman'e Patent Drawing Review. PTO-948.
3. Notice at Art Cited by Applicant. PTCHMQ. 4. '3 Notice of informal Patent Application. PTO-152.
s. D information on How to Eiiect Drawing Changes. PTO-1474. s. E]

Pm ll SWMARY OF ACTION

1. m Ciaims_—_L’.2_/_§____________— are pending in the application.
Of the above. claims are withdrawn irom consideration.

2. Cl crem__—-__________________have been cancelled.

3. U claims are allowed.

4. E Claims 2 " 7/; are rejected.

5. El Claims ' are objected to.

6. I] Claims are subiect to restriction or election requirement.

7. D This application has been tiled with intormai drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. D Forrnai drawings are required in response to title Oiiice action.

9. U The corrected or substitute drawings have been received on . Under 37 CPR. 1.34 these drawings
are I: mptabie; D not mceptable (see explanation or Notice ol‘ Draftsman's Patent Drawing Review. PTO-948).

10. D The proposed additional or eubstitme sheet(e) oi drawings. filed on . has (have) been Dapproved by the
examiner; El dsapproved by the examiner (see explanation).

has been Dapproved: U disapproved (see explanation).
 

11. Dmepropoeeddrawlm correctlon,liied

12. U Acknowledgement is made of the claim for priority under 35 use. lie. The certified copy has CI been received I] not been received
[3 been filed in parent application. serial no. __ ; filed on __ __ .

13. G Since this application apppears to be in condition tor allowance except tor lonnat matters, prosecution as to the merits is closed in
awordance with the practice under Ex pane Quayle. 1935 CD. 11; 453 0.6. 213.

14. El Other ‘

EXAMINER'S ACTION
PTOL-m (M. 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 claims 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'ecting 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 baniers 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, hereinafier 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

conditions are 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 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.

20 Claims 1-6,9-l4 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‘ the 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 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
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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 Claims lI-‘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, 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.
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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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'665 for the different etching apparatus/conditions to optimize the parameters for a particular

etch process with a reasonable expectation of success.

25 Claims 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 a1.

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 and

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.

1 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.

 
 Martin J. Ange anndt

Patent Exami r, Group 1100
March 4, 1996
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Atty. Docket No. lfififi-Mlm

Date thflm 1g, 12%
  
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.

For: PROCESS OPTIMIZATION IN A GAS ' ~ Date: Fauna 1§. 12%
PHASE DRY ETCHING - ' L.

Mao-.14—
ASSIS'I‘ANT COMMISSIONER FOR PATENTS

Washington, DC. 20231

l

l .
1 BOX IDS . ”I'M”. ”Viagra

l

‘ Sir:

Transmitted herewith are the following documents:

1) Information Disclosure Statement Under 37 CFR §l.97 and §l.98;

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

Please 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

 
  T. Ogawa
Reg. No.: 37,692

Attorneys for ApplicantH:\HOME\MAM\16655\I\HJS.TRN 
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I hereby cortify that I... J correspondence is being ‘

deposited with the United States Postal Service as \ \ \first class nil In an envelope addressed to:  

 
Attorney Docket NO. 16655-000100

’ :5 -''— O

L4». . 4 C: ‘-o. .37
w '.yJ . ,
C

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE:

In re application of:

DANIEL L. FLAME et a1. Examiner:

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

Filed: May 3, 1995 INFORMATION DISCLOSURE
STATEMENT UNDER

32 9E3 5;,27 gag §1,2§

RECFE fr-w-
Assistant Commissioner for Patents ‘. “f=F:n)
Washington, D.C. 20231 MR 1.: ' '

sir: flnoup 110°
The references cited on attached form PTO-1449 are

being called to the attention of the Examiner. A copy of each is

enclosed.

For: PROCESS OPTIMIZATION IN A
GAS PHASE DRY ETCHING

vvvvvvvvvvv

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 ng_£gg_i§_zgguirgg 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. FLAhn et a1. ELIENI
Application No.: 08/433,623
Page 2

No. 20-1430. Please charge any additional fees or credit any

overpayment to the above—noted Deposit Account.

mctfully submitted,

ichard T. wa

Reg. No. 37, 2

TOWNSEND and TOWNSEND and CREW
One Market Plaza
Steuart Street Tower, 20th Floor
San Francisco, California 94105

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

RTO : mam

H:\HOME\MAM\16655\1.ID8
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[;0RMPTO-1449 (Modified) Attorney Docket No .' -Serial No.:‘_ 16655—000100 ‘ 08/433,623LIST OF PATENTS AND PUBLICATIONS FOR
APPLICANT" S INFORMATION DISCLOSURE
STATEMENT

‘ (Ute ml sheets I! my)

‘ Reference Designation

Manes, D. M. and Flamm. D. L.. 2lQEma_ESShin3§‘_££_l_£ixgfiugtlgn 1989, AcademicPress, (title e and table of contents

_.

 
BKAMINER: lnifill ”lemme mined. whelhcrormlc‘lm'n inconl’onmneewhh MPEPM: Draw lim my dilation ifnot inconbmnmc and not
confined. Include copy of IN: form with nan emulation to applicant

1449.“)? 4/95
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Ame entTr mi 1

TOWNSEND and TOWNSEND and ( .dW LLP Atty. Docket No.
Two Embarcadero Center. 8th Floor . ‘ _
San Francisco. CA 94111-3834 ' '- ‘ Date

.5» '(415) 325-2400

 

  

In re application of Daniel 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

Group Art Unit: 1113

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCI-IING

ASSISTANT COMMISSIONER FOR PATENTS

Washington. DC}. 20231 ,

Sir:
 

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

 (Col. 1) (Col. 2) (Col. 3)

CLAIMS HIGHEST N0.
REMAINING PREVIOUSLY

AFTER
AMENDMENT

[X] FIRSI‘ PRESENTATION OF MULTIPLE DEP. CLAIM: c ' , + I25- $125.00
which is counted as three claim:

If the entry in Col. 1 is less than the entry in Col. 2,
write "0" in Col. 3.

” 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.

ADDIT FEE

[ ] 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 during thependency of this application.
201430 10/03/96 0843367iLP
 
 
  

 

2 extra copies of this sheet are enclosed. grid TOWNSENDm CRE

CH

Richard'l‘. Ogawa
Reg. No.: 37,692

léfifll-a-Ltn Attorneys for Applicant
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Assistant Comisstoner for \zpetents,ifHashinston, D. C. 20231,

I hereby certify that this co A\ lng
deposited with the United S es- ostal Sofirst class mail in an em to

,, .

on gig; vii:
r and TMSEND nd cneu “WW“b.
By  
In re application of: )

)
Daniel L. Flamm, et al. )

)
Application No. : 08/433,623 )

)

Filed: May 3, 1995 ) PETITION TO EXTE E UNDER
) 37 CFR §1.136(a) :1

For: PROCESS OPTIMIZATION IN GAS ) ".-
PHASE DRY ETCHING )

)
) .

“—J

Assistant Commissioner for Patents

Washington, DC. 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.l7, 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.

Datodzw
TOWNSEND and TOWNSEND and CREW LLP

Respectfully submitted,

  Ri hard T. Ogawa
Reg. No. 37,692

L 20-1430 10/03/9e 08433623Two Embarcadero Center, 8th Floor 360 T x 1m
San Francisco, California 94111-3834 36198 217 450. OOCH 16655--0L0
(415) 326-2400
RTO:de
rto\work\16655\l-ext.une
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deposited uith the United States Postal Servi
first class mail in an envelope addressed4"7 I “1;. *

Assistant Cuminioner for Patents, /&m BA'IENIWashington, .12. 20231, SF "3"“:0.. gig. jg "xx Attorney Docket No. 16655-000100. 1.9

r n nd rowsenn and cnev LLP , 1380 ‘8 %f M 
f’ktnmsfi‘é‘. fl/ J

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 M NT UNDER 37 CFR 1.115 

For: PROCESS OPTIMIZATION IN GAS

I hereby certify that this correspondence is being

1 PHASE DRY ETCHING
vvvvvvvvvvv

1

Assistant Commissioner for Patents

Washington, DC. 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.

N 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.

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

providin a plasma etching apparatus ggrggrisipg a W/gg’agsélggfiin, said

substrate comprising a to surface and a film ovgmgaid top nfiagg‘ggsaid film comprising ‘
a top film surface;
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. [chemical] e ‘- ' g said top film surface to define [an]m

etching profile on said film, : u defining etch rate data comprising an etch rate and a spatial

coordinate from said relativel nn- ‘ rm etching pmfileWm

-.. tweena as uhaseetc antand saidfilm; and

extracting a a .- eactin rate c- a; [reaction rate] from said etch rate

data .i- _q' -l' 1: ' u. .H. r.“ '!r.-_rl J .i' LII-'1Lr .- '.

2. (Ame ed) 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 surface reagjgn rate constant [reaction rate] over a diffusivity with said

etchfing] rate, said etch[ing] rate being defined by said Elatively n9n—unifgrr_n etching

mine.

6. (Amended) The method of claim 1 wherein said etchflng] rate is

defined by saidWetching 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] 1 wherein said ashing method

comprises reactants including an oxygen and a photoresist.
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9. (Amend-u) A method of designing a reactor comprising the steps of:

providing a first lasma etching apparatus comprising a substrate therein, said .

substrate comprising a top surfa '- and a film overlying said top surface, said film comprising 1

a top film surface; f

[chemical] etching sai top film surface to def‘me [an] a relatively non-uniform !

etching profile on said film, and defi g etch rate data comprising an etch rate and a spatial

coordinate from said etching profile . . etc in .c u i 1 a reaction between a _as nhase

‘ etchant and aid film; and

extracting a _1a- 1- . ti 6 ' .u u. .Ll [reaction rate constant] from said

etch rate data, and using said [reaction rat constant] surface reaction rate cggtan; in

designing a second plasma etching apparatu

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

is diffusion limitin.

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.

 
’ . (Amended) The method of claim " wherein said extracting step

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

said [an] etch[ing] rate, said etch[ing] rate being defined by saidW

etching profile.

 

( IO2%. (Amended) The method of claimfl wherein said etch[ing] rate is
defined by said [elatjvgly ngn-unifgrm etching profile at selected spatial coordinates over a

time.

Ug’. (Amended) The method of claim 9’wherein said [chemical] etching is
l 0 '

an ashing method.
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‘ 116 (Amended) The method of claim [9] g wherein said ashing method
comprises reactants including an oxygen and a photoresist.

v

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. (Amended) A substrate fabrication method comprising:

provid w; a substrate selected from a group consisting of a semiconductor

wafer, a plate, and a .2! panel display, said substrate comprising a top surface;

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

surface;

1

|
I

[chemical] -tching said top film surface to define a relatively non-uniform

 
 
 

 
 

 
 
   
  
  

 

profile on said film, and de ‘ g etch rate data comprising an etch rate and a spatial

coordinate from said etching -rofile a}

etchant and said film; and

extracting a surfce reaction rate constant [reaction rate constant] from said

etch rate data, and using said It ction rate constant]Win

adjusting said method.

 

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

method comprising:

providing a uniformi value and a surface reaction rate comm; for an etching

reaction, said etching reaction includ' ; a substrate and etchant species; i

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

adjusting at least one of 5 id etching parametersW.

mm to produce a selected etchin rate;

wherein said etching rate p viding 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.(“and
31 rate.

W (Amended) The method of claim%herein said uniformity value

g7 ranges from 90% and greater.
fig? (Amended) The method of claim)0’wherein said uniformity value

ranges from 95% and greater. I

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

rate constant in adjusting said plasma etch apparatus.

 
 
 

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

fabricated by use of a su ace reaction rate constant [reaction rate constant], said mag

reaction rate constant [rea 'on rate constant] being derived from a method comprising: 

 

  
 
 

providing a pl sma etching apparatus comprising a substrate therein, said

substrate comprising a top su cc and a film overlying said top surface, said film comprising

a top fihn surface;

etching said top ace at a temperature to define [an] a relatively non-

 
 
 

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

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

gas 91mg eggmt and said film; and

extracting from said etch" ~ g rate data a surface reaction rate constant [reaction

  
 
 rate] for said temperature.

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

constant is derived from at - st a diffusivity.
 

9?; (New) The process of clamécfvhemin said etching is provided
whereupon chemical effects are enhanced over ion bombardment effects.
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. (26/. (New) The method of claims 1,3, or is wherein said etching is provided

whereupon chemical effects are enhanced over ion bombardment effects.

29. (New) A me 0d of fabricating a device or designing a reactor using a

surface reaction rate constant, said ~ ace reaction rate constant is provided by at least a

diffusivity value.

REMARKS

Reconsideration of these claims, as amended, is respectfully requested.

Claims 1-29 are now pending in this application.

35 U .C.

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 11th 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
J “r!

 

Ill
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dimensirins, and others. This allows a user of such surface reaction rate to adjust these

process or reactor variables without undue "trial and error“ as disclosed by the patent

specification.

Based upon the above description of the various types of reaction rate

constants, it is believed that any claim indefiniteness perceived by the Examiner has been'

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 . .C. 1 l

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 fromthe relatively non-uniform etching profile. Bobbio also fails to

show or suggest a further combination of extracting a sufiace reaction rate ngnt 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

mto 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 showor suggest the combination of etching and extracting a surface reaction rate

constant, as claimed.

In particular, Horiike does not show or suggest a step of etching a top fihn

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 m

Wfrom the etch rate data. As noted above, this surface reaction rate

5 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, l9, and 25, or for designing the reactor of  
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

swig; mggtjgn rate constant from the etch rate data, which can be used to derive other

l
i
l

i
l

claim 9. Accordingly, claims 1-25 are patentable over Horiike.

etching parameters such as a temperature. a gap, a flow rate, reactor dimensions. and others, 
Page 112 0f210
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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 .

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 gt

a_1. This references supposedly taught relative etch rates as a function of position for both

flat and convex electrodes in Figs. 2 and 3. Mundt g 111., 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 e_t a_l. also fails to show or suggest any further step of extracting a

Wfrom 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.

Similar to those previous references, Mundt e_t a1. merely discloses relative etching rates,

which may produce a phenomenological rate constant. This phenomenological rate constant

is not the same as the present surface reaction rate constant. Thus, Mundt e1 a_l. 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 e_t a_l.

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 mgcg'gn rate ggnstan; 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

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 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 patent 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 31., Mundt 91 fl" Horiike, or Bobbio, in view of Babanov gt a1., 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

rate‘parameters 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-patentabih'ty 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 e]; 31., Hendricks et 51., Kubota et

a1., Kojima gt a_l., and Ryan 91 a_l. 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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QQNCLUSIQN

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: ”bl ifz

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

San Francisco, California 94111-3834

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

chard T. g wa

Reg. No. 37,692

RTO:de

rto\work\l6655\1.loa

Page 116 0f210



Page 117 of 210

Patient and Trademark Office
v Address: corvtMissroMEn 0F PATENTS AND THAIEMARKS .

Weehngtm. no 20231

———-ztm_

-. : ' , '4 {fit}?- fiNI‘l’ED STATES *PAHTMENTOFOOMMERCE

US/433.623 05/03/95 FLAMM c teEES—DUotno

tint/0124

RICHARD T DEAWA AN:FERANNDT.M
TOWNSEND {—iNL'I TOWNSEND Kit-ICIURIE ,ANiz- ant—1w h”Paw-wt
STEUART STREET TUNER
ONE MARKET PLAZA 20TH FLOUR 1113
SAN FRANCI$CD to 94105 mnEuAuEm

01/24/97

This is a communication from the exam'ner In charge at your application.
COMMISSIONER OF PATENTS AND TRADEMARKS .

OFFICE ACTION SUMMARY

'3 Responsive to communication(s) filed on 4142‘ f illolf‘ .
9 This action is FINAL. ‘-

[:1 Since this application is in condition tor allowance except for formal matters. prosecution as to the merits Is closed In
accordance with the practice under Ex parte Ouayie. 1935 0.0. 11'. 453 0.6. 213. ‘

A shortened statutory period tor response to this action is set to expire__4___ month(s), may-days.
Wis-longer. from the mailing date of this communication. Failure to respond within the period tor response will cause
the application to become abandoned (35 U .S .C. 5 133). Extensions oi time may be obtained under the provisions of 37 CFR
1.136(a).

Disposition of Claims

fl Claim(s) ___—____i________________flglare pending'in the application.
Of the above, claim(s) ___________________ islare withdrawn trorn consideration.

I: Claim(s)—_________________ islare allowed.

9 CIaim(s) 2-2 islare rejected
E Claim(s)Wis/are objected to.

l: Claims____________—__are subject to restriction or election requirement.

Application Papers ‘

. C See the attached Notice of Draftsperson's Patent Drawing Review, PTO-948

I The drawing(s) filed on is/are objected to by the Examiner.

i: The proposed drawing correction. filed on_______—___is C] approved [:1 disapproved.

C The specification is objected to by the Examiner.

 
l: The oattt or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119

Ci Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d).

i: All [:1 Some' CI None of the CERTIFIED copies of the priority documents have been '

1:} received.

Cl received In Application No. (Series Code/Serial Number)

Ci received In this national stage application from the lntemational Bureau (PCT Rule 17.2(a)).

‘Certitied copies not received:

D Acknowiedgement is made of a claim for domestic priority under 35 U.S.C. 5 119(9).

Attachment“)

5] Notice of Reterence Cited. ”0392

m Information Disclosure Statement(s), PTO-1449. Paper Noje'). Q

C] Interview Summary. PTO-413

Ci Notice of Draitsperson's Patent Drawing Review. PTO-948

D Notice of Informal Patent Application, PTO-152
- SEE OFFICE ACTION ON THE FOLLOWING PAGES -

PTOLMO (Rev. 1005) o as one: menozeeraooeo

Page 117 0f210



Page 118 of 210Page 118 0f210

Serial Number: 08/433623 -2-

Art Unit: 1113

o

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 athost of parameters of the etching conditions, including temperature, the gap

(between 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 (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 l4/lines l-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 a].

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 l.75(c), as being of improper

dependent form for failing to further limit the subject matter of a previous claim. Applicant



Page 119 of 210Page 119 0f210

 

Serial Number: 08/433623

Art Unit: 1113
 

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.

l7 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.

1% 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 an only under
subsection (t) 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. Pleue 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.

Note 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).

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 expectation 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 etial: '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".

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)

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 43 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 8/1ines 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 a].

Plasma Chemistry and Plasma Processing and Thompson "Introduction to Microlithography

with‘each-ofithe 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

Mcrolithography" 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

therefore 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

finals action. NW CLNL.

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 iner, Group 1100
Janu 21, 1997
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Manos et al. "Plasma Etching, An Introduction", © 1989, Academic Press, pp 91-183.

 
 
 
 

 
 

 
 

-- Gunfi-
 
 EINER DA

%W 1119197 SHEET 1 OF 1
' A copy of this reference is not being furnished with this office action.

(See Manual of Patent Examining Procedure. section 707.05(a).)
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Amendment Tgansmjggl

TOWNSEND and TOWNSEND and CREW LLP Atty. Docket No. 16655fl91m
Two Embarcadero Center, 8th Floor
San Francisco, CA 94111-3834 Date May l3I 1m
(415) 326-2400

In re application of Daniel L. z _ . 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:

Assistant Commissioner for Patents

Washington, D. C. 20231. ' 
For: PROCESS OP'I'IMIZA U ‘ IN GAS

PHASE DRY ETCHING
Kristina Alvarez 

BOX FEE AMENDMENT
ASSISTANT COMMISSIONER FOR PATENTS

Washington. Dc. 20231 RECEIVED
Sir: .JUIV q. 199/

Transmitted herewith are the following documents in response to the Final Office Action dated January Item-l MD 1 .4 ,20.7 '4

1) Amendment Under 37 CFR §1.116;
2) Petition for Extension of Time (l-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 N0.
PREVIOUSLY

PAID FOR

[X] FIRST PRESENTA'HON OF MULTIPLE DEP. CLAIM: 34 claim 28.which is counted as three claims 
‘ lftheentryinCol.lislessthmtheemryinCol.2.

write '0' in Col. 3.
” 1f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, write "20' in this space.
”‘ 1f the "Highest Number Previously Paid For” IN THIS SPACE is less than 3, write '3' in this space.

The "Highcst Number Previously Paid For' (Total or Independem) 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 (l-mo) SEEM
[X] Any additional fees associated with this paper or during the pendency of this application.

2 extra copies of this sheet are enclosed.

 NSTIIM TOWNSEND and CREW LLP 
  

Richard T. Ogaws
Reg. No.: 37,692

ream-m Attorneys for Applicant
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l heuby certify that this correspondence it be"
deposited with the United States Postal Servl

first class nail in an envelope addressed 10: .Assistant Commissioner for Pamm,
Washington, D.C 202 I  

 
PATENT

Attorney Docke No. 16655-000100

IN THE UNITED STATES PATENT AND TRADEMARK O' FICE

In re application of:

Daniel L. Flamm, et al.

 
Application No.: 08/433,623

Filed: May 3, 1995
37 CFR §l.136(a)

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

—.—__)

H I:BOX FEE AMENDMENT EOE” l—D
Assistant Commissioner for Patents JUN a, 1997

Washington, D.C. 20231 ,

vvvvvvvvvv 
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

§l.116 is enclosed herewith.

Please charge $55.00. pursuant to 37 CFR §l.17, to the Deposit Account No. 20-

1430. Please charge any additional fees or credit overpayment to the above Deposit Account. This

Respectfully submitted,

 
 

i Petition is submitted in triplicate.

Richard T. Ogawa
Dated: )MHE’ l

Reg. No. 37,692 g _
TOWNSEND and TOWNSEND and CREW LLP :5
Two Embarcadero Center, 8th Floor fig
San Francisco, California 94111-3834 'g
(415) 326-2400

RTO:ka gnolwrklIWSU-mJMZ
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I hereby certify that this correspondence is being
deposited with the United States Postal Service as
first class nil in an envelope addressed to:
Assistant Comissioner for Patents,
Hashington, o.c. 20231,

I TMSEND TMSEND EH LLP
.

{ By
5l
il
t

I

 
PATENT

 
Attomey Docket No. 1665 -000100

 
‘ In re application of: )

, )

; DanielL. Flamm ) Examiner: M. Angebranndt
z ‘ ‘ )
l Application No.2 08/433,623 ) Art Unit: 1113I

I )

; Filed: May 3, 1995 ) A E T UNDER 37 FR 1.116
i ) 3

For: PROCESS OPTIMIZATION IN GAS ) g

;_ PHASE DRY E'I‘CHING )

§ )
‘ _——) ...
f: RECEiVl:D
! Assistant Commissioner for Patents JUN 4 1997
5. Washington, DC. 20231 ' ‘

GPO: ll: 14,00
Dear Sirs:

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

above-cited application as follows.

0‘5", IN THE CLAIMS:

5 ' Please amend claims 14, 9-12, 19, 20, 25, 26, and 29 as follows. For the

5/? convenience of the Examiner, all claims subject to examination are shown, even if not being5 ¥ amended.

 

providing a plasma etching apparatus comprising a substrate therein, said

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

substrate comprising a top surface and a film overlying said top surface, said film comprising

\j 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

Page 128 0f210
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Page 2

W[from] said relatively non-uniform etching profile on said

M, 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

 
 
  

  
  
  
 

  
  
  

  

a

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

2. (Amended) The method of claim 1 wherein said etching step is

diffusion limigd [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.

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.

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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l LEV (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

v

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

Wm[from] said Emmy non-uniform etching profile mm

W,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 apparatus.

M I0
)6? (Amended) The method of claim3’ wherein said etching step M

Wis diffusion 1m [limitingl

(0
(Amended) The method of claim!wherein said spatial coordinate[s]

which defines said position algng said relatively ngflnjform etching prg’file includes a radius

'9?

and an angle.

(3 10
)4. (Amended) The method of claim/9Kwherein said spatial coordinate[s]

whic efine aid " n within id r lativel on-unif ec in rofile includes an x-

direction and a y-direction.

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 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 plasmahetching apparatus.

6/1/91 (Amended) A substrate fabrication methm, using a plasma etching
mag-nus, 'gid 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 M1

i ' n w' in [from] said relativgly ngg-Ligjfgrm etching profile mm

W, 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].

(/26 (Amended) A method of fabricating an integrated circuit deviceflng
a , 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 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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If. The method of claim 26 wherein said etching parameters can be

selected from a group consisting of a temperature, a pressure, a power, a gap, and a flow

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

 
I

rate.

953% and greater. ’

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

A /\ 2% (Amended) A process for fabricating a device using a plasma etchigg
gym, 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,1 and defining etch rate data comprising an etch rate and a spatial

coordinate which defined a msig'gn from said relatively non—unifggn; etching profile M

W,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.

  Zia
imKwherein said surface reaction rate 
 

23‘ (Amended) The process of cla
constant is derived [from] yi_ng at least a diffusivity value that is determipfl by an mafion.

 

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

up chemical effects are enhanced over ion bombardment effects.
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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)mm[A method’of
fabricating a device or designing a reactor] using [a] §an surface reaction rate constant in 
 

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

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.

3 2

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

U.S.C

 
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.C. §ng

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

effect. Thompson, however, fails to show or suggest the invention of claims 1—29, as
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E

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 coordinateWthe

relaiively non-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 km is generally not know, and is likely to be

difficult to obtain. Moreover, the etching rate constant Kw, is also not know. Accordingly,

the loading effect equation has at least three variables including km, km, 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 rgui_re§ 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 am etching profile. In

contrast, the present invention takes advantage of a relatively mn—unifgrm etching prgfile to

extract a surface reaction rate constant as recited by claim 1, for example. Accordingly,

Thompson clearly suggests away fr 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

Thompum.

Claims 1-25 were rejected under 35 U.S.C. §103 as being unpatentable over

either Stefani e_t a_l., Mundt e_t a_l., Horiike or Bobbio, in view of Babanov e_t 31., 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 e_t a1” Mundt Q a_l.. Horiike or Bobbio, and

even Babanov e_t a_l., further fail to show or suggest the claimed combination including

extracting a chemical reaction rate constant from an etching profile. In particular. Stefani gt

a_l. 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 e_t fl. seems to suggest using curved

electrodes for the manufacturing of semiconductor devices. Thus, Mundt gt g. 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 e_t 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 ofclaim 1 will generally

provide more uniform films from the selection of plasma etching parameters or operating
conditions without undue experimentation or "trial and error," whichis often required using
prc-cxisting or conventional techniques, i.e., Stefaniega_1., Mundt e;3., Horiike, Bobbio,

Babanov _e_t a_l., Thompson, and others. Applicant can provide further details and examplés

of these advantages, and others, by way of a declaration by Dr. Daniel L. Flamm, as the

request of the Examiner.

C N LUSION

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: Sling El

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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UNITED STATES DEPARTMENT OF COMMERCE:5 Patent and Trademarx Office

”If“ Hf

 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington. DC. 20231

SERIAL NUMBER I FILING DATE FIRST NAMED APPUCANT l ATTORNEY DOCKET RIO—j

 

 

rte/4:33.622: 05/03/95 FLAMM 1:- mess-000100

I; _______1 1M1 / 06.112! “mafia""""*—1
RICHARD T 013mm RNEEBRANND’I“.M
TOWNSEND AND mutual-inn mounts AND mew

STEIJART STREET TOWER w—Lil-“E“ “UMBER

LINE MARKET PLAZA 20TH noon 111:3 / ?‘1SAN FRANCISCO CA 94105
06/10/97

DATE MAILED:

NOTICE or ALLOWABILITY.

PART 1 - -

This comm unicatior'rIs responsiveto 7
2. All the claims being allowable. PROSECUTION ON THE MERITS IS WIS) CLOSED In this application it not included-

herewith (or previously mailed). a Notice 01 Allowance And Issue Fee Due or other appropriate communication will be sent In due

 

course.

3. g The allowed claims are 1“4. The drawings tiled on —______..._. are acceptable.
5. D Acknowledgment is made of the claim for priority under 35 use. 1l9.' The certified copy has [..I been received. I.) not been

received. | .1 been tiled in parent application Serial No. _______—. tiled on
6. CI Note the attached Examiner's Amendment.
7. CI Note the attached Examiner Interview Summary Record. PTOL-Ata.
8. 3 Note the attached Examiner‘s Statement 01 Reasons for Allowance.
9. D Note the attached NOTICE OF REFERENCES CITED. PTO-892.

10. C] 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 01 time may be obtained under the provisions 0137 CFR 1.136(3).

1. CI Note'the attached EXAMINER‘S AMENDMENT or NoTlCE OF INFORMAL APPLICATION. PTO-152. which discloses that the oath
or declaration is deticient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED

2. M APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDEOF THIS PAPER.

a. U Drawmg inlormalities are indicated on the NOTICE RE PATENT DRAWINGS. PTO~948. attached hereto or to Paper No.. CORRECTION IS REQUIRED.

b. D The proposed drawing correction filed on __—__ has been approved by the manner. CORRECTION ISREQUIRED.

c. D Approved drawing corrections are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION is
REQUIRED.

d. p Formal drawings are now REQUIRED.

Any response to this letter should include in the upper right hand corner. the 1011on iniormation Irom the NOTtCE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER. DATE OF THE NOTICE OF ALLOWANCE. AND SERIAL NUMBER.

Attachments:
_ Euammer 3 Amendment _ Notice 01 Intormal Application. PTQ- 152
_ Examiner Interview Summary Record. PTOL- I13 _ Notice re Patent Draw-n95, PTO-948
/ Reasons tor Allowance _ Listing oi Bonded Draitsrnen
.. Notice 01 Relerences Cited PTO-892 _ Other
_ Intormelron Discloswe Cilation. PTO-1449
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Serial Number: 08/433623 -2.

Art Unit: ll~13

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

loading 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) 308-2301

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.

 

 



Page 139 of 210

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.

1 SUBSTITUTE 910.948
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-A!.'-..1~.L...m‘«—-i.v-_.. . .,_.‘L......_ H _. .-.. . ._ . .  
. " UNflEDSIMEBDEHUHHENTOFCOMMERCE»Mann-mom:-

‘5‘ j; Address: Box Issue FEE . im,“ , ASSISTANT counsercuen FOR PamWASHINGTON. cc. m1

NOflCE OF ALLOWANCE AND ISSUE FEE DUE
11M1/I‘JE-IU '

R II'IJ'iFtI—x‘l'.‘ I L'IISAIIIQ

 
 

'I‘IIINNEB'E;ND AND 'I‘IZ'INNSENIJ Iii-IIIIUR l E AND DRE: N
-":.1 TEUQRT TREE T TUNER
LINE. I‘ll-3 T PLA 2 Fl EU TH F'LLILIR
Eli-EN FRGNLElE-Lvllllil ILA 94105

APPUW'ONNO-‘ mam- mTALcums mmmoeaoupmum m

IZHEEI/ 4'31} ., {32:3 [IE-f 033/ 95 U L39 RNGEBRANNDT , M 1 II 'I .3 Lit-.-I 1 III/1??  
 WNW FLQMM . DAN I EL L. .W

TITLEOF F'RIL'IIITESS l:IF‘TIMI YATIIZII‘J IN 695 PHI‘a-‘EFE DRY ETIILIHINIEINVENTION

16555 r [I Cl III 1 ll?! U 1.27-5-69413 . 1. Ill Ill N975 U I I L I I' "i’ ‘1’ E5" $53: «153 . III LI III ‘:' / 1 LI / '27 
THEAPPLICATION IDENTIFIED ABOVE HAS BEEN B‘AMINED AND IS ALLOWED FOR ISSUANCEA5 A PATENT
W

THE ISSUE FEE MUST BE PAID WITHIN11-13mm: FROM THE MAIUNG DATE OF THIS NOTICE OR THIS
APPLICATION SHALL BE REGARDED AS ABANDONED.W

HOW TO RESPOND TO THIS NOTICE:
l. Review the SMALL ENTITY status shown above. If the SMALL ENTITY Is shown as NO:

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

II. Part B of this notice should be completed and retumed to the Patent and Trademark Office (PTO) with your ISSUE FEE.
Even lithe iSSUE FEE has already been paid by charge to deposit account. Pan B should be completed and retumed.
If you are charging the iSSUE FEE to your deposit amount. section '6b' of Part B should be completed.

III. 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: Petente ieeulng on applications filed on or utter Dec. 12, 1980 may require payment of
maintenance lea. it I: petentee'e responsibility to ensure timelypayment of melntenance
fees when due.

3. PATENT ’AND TRADEMARK OFFICE COPY

I’m-H (FEV. magnum ‘U.8. GPO 1M4M4W40611
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TOWNSEND and TOWNSEND and CREW LLP

W

Atty. Docket No. 1&55-Qm1m

Two Embarcadero Center, 8th Floor RECEIVED
San Francisco, CA 94105 puhIhNflO W‘s“ Date 5; afiéh’ ‘7 422
(650) 326-2400 -SEP 0 9 1997

In re application of: Daniel L. Flamm, et a1. 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 An Unit: 1113 Patents. Washington, D. C. 20231.
For: PROCESS OPTIMIZATION IN GAS PHASE DRY
ETCHING Date: 7 ?

BOX ISSUE FEE ‘ ‘
ASSISTANT COMMISSIONER FOR PATENTS
Washington. DC. 2023]

Sir:

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

1)
2)

3)
4)
5)

Transmittal Letter (in trip.);
Issue Fee Transmittal (Part B);
Letter to Official Drafisman;

. Formal Drawings (8 sheets); and
Postcard.

[X] A fee in the amount of $645.00 is due.

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

[X] Issue Fee $§4im
[X] Any additional fees associated with this paper or during the pendency of this application.

2 copies of this sheet are enclosed.

l6655\l-issfec.tm
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  Richard T. Ogawa

Reg. No.2 37,692
Attorneys for Applicant
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I hereby certify that t ; correspondence is being
deposited with the United states Postal Service as
first class mil in an envelope addressed to:

Box Issue Fee
Assistant Comissioner of Peten s and Tredemrks,

Hashington, o.c. 20231, on W777

Attorney Docket No. 16655-000100

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

_In re application of:
Examiner: M. Angebranndt

Daniel L. Flamm, et a].

An Unit: 1113 RECEIVED
Serial No.: 08/433,623 Puhllehtna Divislm

Batch No.1 N95 SEP 0 9 1997

LETTER TO OFFICIAL 09DMFTSEERSON

Filed: May 3, 1995

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

Assistant Commissioner of Patents

Washington, DC, 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,

Maggy
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
no\wr*ll6655\I-flmdrw.hr
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3/8 100

 101

  
ETCH FILM AT CONSTANT PRESSURE AND PREFERABLY
CONSTANT PLASMA SOURCE CHARACTERISTICS AND:

\1. DO NOT ETCH TO ENDPOINT OR 2. ETCH EXACTLY TO
FIRST SIGN OF ENDPOINT BEST TO DO ISOTHERMALLY,

'\BUT CAN PROBABLY HANDLE COMPLEX CASE IFMEASURE TEMPERATURE-TIME HISTORY.

  
  

 
 GET ET ‘ RATE PROFILE DATA AS (ETCH RATE,x.y)

OR ( x RATE,r, 6) TRIADS, AN 11 X 3 ARRAY
WHERE n | THE NUMBER OF POINTS SAMPLED.

IF TEMPERATURE '
    

 
 

107
 

 
 NEw TEMPERATURES

IN ORDER TO GET

k(T2), k(T3)...

 

  
 

 

 

‘06FIG. g
 (kvo/D, EDGE ER) TO COMPUTE1kvo/D AN THE ER AT EDGE ‘03

OF THE PLATE OR WAFER.‘ 

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,
pp 510-513, TRANSPORT PHENOMENA, WILEY (1960) AND

MANUSCRIPT REF. FOR 0. MULTIPLY kvo/D BY D(T,P) TO
OBTAIN kvo(T,z). NOTE THE 2 COMES IN BECAUSE

kvo(Tx,z) = ks(Tx)'(AREA/VOLUME) = ks/z

  
  

 

SEPARATE PRE-EXP & Ea

109
FROM ks T1). ks(T2)... DO LEAST SQUARE FIT

TO EXTRA T Ea AND PREEXPONENTIAL WHERE

ki(T) = A(T "0.5) Ae"(—Ea/RT)
OR, IF Ea KNOWN. JUST EXTRACT. 

111

USE ER (edge) = kvo no TO
DEDUCE no, THE ATOM

CONCENTRATION AT THE
EDGE OF THE WAFER 

FIG. 3
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4/8

  

  
 

‘ MEASURE ETCH RATE VS. EFFECTIVE AREA OF SUBSTRATE.
PLASMA SOURCE TEMPERATURE, PRESSURE (T,P)

POWER HELD CONSTANT". HOWEVER SUBSTRATE STACK 0R

\S\INGLE SUBSTRATE T.P MAY BE VARIED TO ALTER Aefl.

  
 

 

 
 

  
  

 
 
 

  
  
 
 
 

ALTER GAP (d) CHANGE NUMBER VARY SUBSTRATE
BETWEEN WAFERS OF WAFERS IN THE (8‘33'3‘p‘3LS4‘TA'EfififiLJ)

AND SURFACE ABOVE v. DIMENSIONS

 
 

 

:‘ ' IS\
' .UNIFORMITY VERY HIGH

99039595

I

218

 

  
  

 
 

 

HAS DATA
FOR n Aeff VALUES BEEN

MEASUR’ED (n23
  

  
 

 
 
 
 

FIT TO EQN. 5& FROM SLOPE TRY NEM pLASMA
203 (m Aeff) OBTAIN 1/St. THE

SUPPLY OF ETCHANT FROM sagg‘gfiggfggggs
SOURCE TO THE REACTOR

MODIFY CHAMBER MATERIALS ETC TO
REDUCE SLOPE NUMERATOR, (kr Ar + F) 205

OR REDUCE FLOW IF FTERM IS
MAJOR ETCHANT LOSS 

FIG. 4
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5/8
300

SPECIFY REQUIRED 301 j
UNIFORMITY

303

  
  

INPUT P DETERMINED ks
OR DET MINE ks FROM

UNIFORMITY EASUREMENTS

AT 1 OR MORE TEMPERATURES

COMPUTE LOCUS OF HIGHEST

TVS. P AND d; AND HIGHEST 307
, P vs. T AND G WHERE

UNIFORMITY MEETS
SPECIFICATION. 

\ f‘x

SPECIFY: UNIFORMITY LIMITI’MANIFOLD:
SELECT d VALUES D ADJ ST Lo S OF P AND T
VALUES BELOW TH CALCU TED , ANIFOLD BY A 309

PREDETERMINEENIMO TT ALLOW FOR

STATISTICAL - ND EXRERI Ii} L ERROR AND- "OCESS IR} , . .To)

 
DETERMI I MAX EDGE RATE & SUPPLY OF 311

ETCHANT FROM PLASMA SOURCEISt) FOR RF
POWER. FLOW VALUES AND [PiJ'I](d) WITHIN

UNIFORMITY LIMITS MANIFOLD

 
 

  

 

 LOCATE INTERSECTION SPACE OF P<Pi,T<Ti
(UNIFORMITY MANIFOLD) AND MAXIMUM ETCH
RATE OR ETCHANT SUPPLY AT SELECTED-RF

POWER(FLOW) VALUES

313

IF RESULTING ETCH RATES ARE TOO LOW,
CHANGE POWER AND/OR REDUCE 315

EFFECTIVE ETCHABLE AREA (EXAMPLE: *
INCREASE d. DECREASE NUMBER OF

SUBSTRATES) 
FIG. 5
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LOADING EFFECT DATA

1/ASHRATE 
\QD PLATES

  
 

FIG. 8
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.\

150100

RADIAL DISTANCE FROM WAFEQ CENTER, MILLIMETERS

500

1987.6.54.3.2.1.0000000000www._20_mzm2_o.mbxmwzimihmDMN3<SEOZ

 

.GE0.0,0&8;

 FIG. 10

2b

 

-b/2
-a/2

FIG. 11
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PART B—ISSUE FEE THANSMITTI

MAILINGWSWUCNONS:Tnislon-nmmMummummmeISSUEFEE.mzwsmmmmmm.AlmwrW
WagmmFooMpLhPmadvanceowouandMdmmmbuwflbommbwrummewdlnBloc“ unleayoudlroetomarwlu.
by(a)Wm-neweorrupommadtmInmaladamvwwmvflmummaupUIu'FEEADDRESS'bImdmw-IunoMnemhmplymem
dumFeaovMeafluJoomIorOuflfle-hdlumhdu.
Under"hummus:1m.mpammmmmnmmnummmmmmmm-wwwamm.
mmmnrnbrmlambhkoOZhombmphnmwflwy zmmmmssmewmlmmw
mmmmmodsdfielmmm.mwmmhmmofmmdredb Wampum
mmqommmmmmmmlmmnm.wwmmmm.
Waangion,D.c.20231. 9mm
DONOTSWDFEESOROOWLETEDFOHMSTDMSADORMSEJDTQBOXMFM.

mmmmmbrmmwwmucm1 Winn-ducal-

1.oomsswouneucswop£ss "1.“ ,, WM
Scum-u

 
 

Sbl IN Co“

Putiishinc Dk- mm a

SEP 0 919‘7Dmnmmnm

memom mam-M. mummoanoumwn m

 
 

n'9 LENSIJJMPNNLH 1.1 1'~‘

:32? FLAP-11“}: IIHNIEL L.

33.32%?12Nm-an; 5.1+ [JP-‘1 ”1129111314 1N DIAS F'I-iFi‘EiE DRY E’TrtHINAIi

 
   

  

._,.)hl' !\i'-I.':'} IHIL 'IY" ELH'U1: ”iii

  
 

  
 

leanwwdrmmmmaeonfyflm-laamm «FMWMIMMM
moJlsthmnmdmrmr-hm IIgmsend and [Wind

gamma-«3mm and em upmuamamaod 2
mamflmmlliuod.
mmvdllbnpvhtod.

Townsend and Townsend and Crew LLP
Two Embarcadero Center, 8th Floor
San Francisco, CA 94111-3834

5.MWMATOBEPHINTEDONTHEPKIW (manna)
")me «numb-mm

P<1 - gun ’ NF mow—Idem
mADOPESBJO'TVlS'WEORWM a.Eln-um:-nEMMm-wn

  

 

 

"31“ ' ' ~ ‘ ' ' WWW 20—1430MAWYOFTRSFOM
Kl who BMW-IGWJ—

A UmbWbNOT-flmd mmwmhmm

mem-vymuummrmmm ._:v _ r
awhmmmmmmmu E”an? m.‘[‘,fi‘
Mummm ....,yvuv.
mmmmmumnflMAmma-mmmum Bk!“Wfimg)mama-mum, Mummmmmmuu ‘
Muhmwmmm‘mdfllthlmh-q NOTE‘mfl-qu-I not '1',- . .' , mint-1N
“m W-Wm- ummummhmumwnmmumwmma

Ila-too! Ilng 1:
Note: "mlscsrflfleateofmalhgisueod. Imbausodtctmlhehwafie. Thbmflmmnmbausodhmyomumnyhmels. .‘j
Eadraddifionalpapetmuduasmaswmufumdmwingmwhmhmmfimdmallng. 3:; EIherebyoetfiythatthlscorrespondencebbehgdeposledwflhmeUnhedSmesPosHSuvmwmwffiomtposhaeuflmmman) z
anenvelopeaddreuodto: BoxlSSUEFEE O "‘

AulmmConwnlnlonuhrPnl-nu [1". N
Wuhhg‘mD.C.m1 "‘ p,

(1)0/“/1997'L1¢ER5 - r? 3
on: Sentember 2, [222 (Duh) 1 "'34? ER 00000177 My? 5

. . , 05m) 645.00 CH ' N30 "5343/:
- 30.00 n. B ‘ r3 

1. TRANSMIT THIS FORM WITH FEE
mummwummmumouaomm mammalmwm
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,uh};

   
          

 

    

the person(s) haVinglude others from mak-
sale, or selling the in-

vention throughout the United States of
America or httpo "us the Invention into the
United States ofAmericafor the term setforth
belaw. subject to the men! ofmaintenance
fees as provided by law.

Grants to

patent the right to at:
ing. using. afiering for

1995. the term of this patent l eseventeen years front rant of this
patent or twenty yearsthe U.S. filing date of the application, sub-enension. 

     
              

 
 

8. 1995, the term afthtspatent ism the us. 1' ‘ ' an statw
tory extension. If the ap '
specific reference to an e U.S.C. 120. 121
tion orapplications under 35
or365(c), the term ofthepatent is Menty yearswhich the earliest applica-
fmm the date ontt'an wasflled. subject to any statutory exten-

CamtnB’t‘oMr afPatents and

arlierflled applica-  
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TOWNSEND and TOWNSEND and ( wV LLP Atty. Docket No. 5.3me , Y ‘ 1:;Two Fmbarcadero Center. 8th Floor
San Francisco. CA 94111-3834

2400 Express Mail Label N0.: EM140585555US

  

 

a ' i of Daniel L. Flamm. et all. States Postal Service 'Express Mail Post Office to Addressee,”
a service under 37 CFR 1.10 on the date indicated below and is

Mammalian 3.623 addressed to: Group 1100 Director - Theodore Morris
‘° "’ Assistant Commissioner for Patents

. ‘1 1995 Washington. D. C. 0231

Group An Unit: 1113  
w ForNZROCESS OPTIMIZATION IN GAS\ 3 ‘\ HASE DRY ETCHING and I also hereby certify that this correspondence is being sent

t . \x by facsimile transmission to:
‘ . Group Director - Theodore Morris

:25» : '3‘ Fax No: 1-703-305-359
"wax Assistant Commissione for Patents, Washington, D.C.

M , 20231. on (Q £1122
MN. -. 7 ..
'1 By

L ‘1 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 Alter 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

AFTER PAID FOR
AMENDMENT

[X] FIRST PRESENTATlON 0F MULTIPLE DEP. CLAIM: See claim 28.
which is counted as three claims

If the entry in Col. 1 is less than the entry in Col. 2,
write ‘0" in Col. 3.

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20. write '20" in this space.
“"l' I! 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 Co]. I of a prior amendment or the number of claims originally filed.

 

[X] No fee is due.

Pl char e Deposit Account No. 20-1430 as follows:
case [ fi Claims fee 99,512

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

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

 
   
Gary T. ‘ :
Reg. No 9,038

16655\l-3l2,trl Attorneys for Applicant
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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 ,
under 37 c.r.a. 1.10 on the date indicated below EAIEMand is addressed to:
Assistant Commissioner for Patents,
Hashington, o.c. 20231, Attorney Docket No. 16655-0 100on

7
Express Na 1 bal o. /

TOWNSEDD and TMSEND and CREH L P /\b IMw—a; / /
and i also hereby certify that this correspondence
is being sent by facsimile tranmission to:
Grotp Director - Theodore Morris
Fax No: 1-703-305-3599
Assistant Cowmissioner or P tents, Hashington,
o.c. 20231, on '

may ,

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

 

In re application of:

 
Daniel L. Flamm Examiner: M. Angebranndt

Application No.: 08/433,623 Art Unit: 11 13

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

PETITION FOR AMENDMENT AFTER
PAYMENT OF ISSUE FEE UNDER 37

CPR. § 1.312(b),

vvvvvvvvvvv  
l

I
I

| Filed: May 3, 1995
Assistant Commissioner for Patents

Washington, DC. 20231

6/5 : Dear Sirs:
W Pursuant to 37 C.F.R. § 1.312(b), Applicant petitions for entry ogre changes in

/5/9’/f Z 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 technicagahanges, the

amendment was not earlier presented.

12/04/1997ISIMES00000120“:20 130.00CH

01FINE?
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Daniel L . Flamm mm

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  
Reg. N . 29,038

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 81h Floor
San Francisco, California 941 11-3834
(650)326-2400
Fax (650) 326-2422GTA‘RTO RA d:
H:\WORX\16655\000|00\312VI.PET  
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I hereby certify that this correspondence is being
deposited with the Unith States Postal Service
"Express Mail Post office to Addressee " service .-

37 c.r.n. 1.10 on the date indicetod below W I- is addressed to:
istsnt Commissioner for Patents,
.mmtm, D_c. 20231, Attorney Docket No. 16655-000100

{o it 7 [3 EExpress Mail La l No.

YMSEND and TOWNSEND and DE:. \ &BY -\ . I a /
and I also hereby certify that this correspondence
is being sent by facsimile transmission to:
Grow Director - Theodore Morris
Fax No: 1-703-305-3599
Assistant Commissioner or P tents, Washington, I
D.C. 20231, on , E

. ’l . ' ._ i

3Y__ (M 2W

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

 

 
 

In re application of:

Daniel L. Flamm Examiner: M. Angebranndt

Application No.: 08/433,623 Art Unit: 1 l 13

Filed: May 3, 1995

For: PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCHING

AMENDMENT AFTER PAYMENT OF

ISSUE FEE UNDER 37 C.F.R. §1.312(b)Vvvvvvvvvvvv
Assistant Commissioner for Patents

Washington, DC. 20231  Dear Sirs:

Pursuant to 37 CPR. §l.312(b), please amend the above-identified application as

follows:

IN THE SEEQIEIQA l IQN;

At page 3, line 13‘; pyase delete "parameters" and insert —-parameter--.
At page 3, line , p/lease delete “according of" and insert "according to--.. / .

At page 4, line 1% "flow source" and msert -controller--.
At page 4, line [9,13% delete "limiting" and insert -limited—.
At page 7, line 25, please delete "such as“ and insert --,-.
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Application No.: 08/433,623

  

  
  
  

 

Daniel L . Flamm 2mm; I
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 nagations of--.
At page 8, line 22, please delete "to". /

. At page 9, lines 7-8, please delete "(u,x,y)" and insert --u(x,y)--. .

l At page 9, line 8, please delete "relative etch rate" andinsert --relative etch rate is-
l —. /

At page 9, line 34, please delete "is fined as follows" and insert --is often

defined as follows--.

At page 10, in the first equation on the page, please insert --+-- afier the term

5. cos fl, .
t .t b ,

 
 

At page 10, line 5, afier substrate, please delete "." and insert ; and In is a

modified Bessel function ofthe first kind--.

At page 10, line 16, please delete "collyion" and insert -collision--.

  
At page 11, line 15, please delete "follow equation." and insert --following

cquation:-. /

At page 11, in the equation after line 23, please delete "R0" and insert "Rm“;

please delete km and insert --k,--. /
At page 11, line 25, please delete "R0" and insert «Rm-a l

/ .
Rwu_me

At page 12, in the equation after line 18, please delete " * g: R: " and please2 _
1-1 m

At page 13, in the equation afier line 10 and at line ll, please delete "RD" and

insert "Ros". /
At page 13, line 11, please delete "R0" and insert --Ro,--.

 
Page 158 of210



Page 159 of 210

 

Daniel L. Flamm 2mm

Application No.: 08/433,623
Page 3

/ R
At page 14," " line 30, please delete " * R " and please insert --

At page 15, line 37, please insert --,- afier T. /
At page 15, line 37, please delete "vs." and insert --v us--.

At page 15, line 38, please insert --,-- alter highest P. /

At page 15, line 38, please delete "vs." and insert --versuy

 
At page 16, line 3, please inse -,-- afier highest T. /
At page 16, line 3, after T, please delete "vs." and insert --v rsus-.

At page 16, line 3, please insert --,-- afier highest P. /
At page 16, line 3, afier P, please delete "vs." and insert -versus--.

At page 16, line 5, please insert —,-- afier highest T. /

At page 16, line 5, alter T, please delete "vs." and insert --versus--.

At page 16, line 5, please insert —,-— afier highest P./ /
At page 16, line 5, after P, please delete "vs." and insert -versus-—.

At page 16, line 21, "R," and insert "Ros"- /
At page 17, lines 22-23, please delete "surface recombination rate" and insert -—

effective surface recombination rate--. /

At page 18, line 18, please delete "A,“ and insert "Aw“. /

At page 19, line 9, before etching rates, please insert --when etching uniformity is

 
high the--.

At page 19, line 1 , please delete "k," and insert —-k,--.

At page 19, in the eqpa/tion after line 20, please delete "k," and insert --k,--.
At page 19, in the equation after line 20, please delete "A," and insert --A,,,--.

At page 20, in the eguation after line 5, please insert -- - -- before D.
At page 20, in the equation afier line 6, please delete "*" and insert —(—- before

D W, and insert —)-- after D 131,.
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Page 4 /
At page 20, line 17, please delete "n(x/L,, y/Lyl ” and insert --u(x/L,, y/L,)--.

At page 20, line [9, please delete "no" and insert "II/noon.

At page 23, line 9, please delete "9" and insert --10-( /

At page 23, line 26, please delete "where A, is given by". / a

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/
c05 M.

b At page 25, line 1, please insert --two-dimensional— afterprevious.//
At page 25, line 7, please delete "from" and insert --using relations in--./
At page 25, line 26, please delete "substitute" and insert --substi ting—.

At page 25, line 31, please delete "11" and insert --12-. /
At page 26, line 10, please delete "drove" and insert «sustained-If

At page 26, line 17, please delete "l 1" and insert --1.’2/—/
At page 26, line 18, please insert —to—- afierfit.

At page 26, line 35, please delete "R" and insert -R.,,-.//
At page 27, line 10, please delete "A w," and insert —A,f-. /
At page 27, in the equation afier line 10, please replace all occurrences of "/1 my"

with "Am"- /
At page 27, in the equation afier line 10, please replace "R," with --R,,—-.

At page 27, line 11, please delete "Amy" and insert ".450”. /

At page 27, line 19, please replace both occurrences of "A ”I" with "Am”.

At page 28, line 6, please delete "describe" and insert --describes--./

W

Applicant submits new figures 1-12, consisting ofeight 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

n00 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 kfl) has been replaced with k,(7). In box 106, “2”

has been replaced with “dw”. 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 afler slope.

In Fig. 5, some editorial changes are made in boxes 301, 303, and 309. In box

301, " I " is replace with "one". As discussed with respect to Fig. 4, in box 309, "St" is replaced

by "S”. In box 309, "2" 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=dW.

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.

“MKS

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 10'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. l, 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 E 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. l, the chemical flow

so‘urce F is moved to more 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,(7) to maintain consistency with the text. See, e.g.,

Specification, page 1 1, the equation after line 15. In box 106, “z” is replaced with “dwmfor

consistency with the Specification, for example, at page 11, the equation after line 5. Similarly

in box 107, “16’ is replaced with “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 "S7" 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.

 

! 
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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 “.5” 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 #0 and d=dw.

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 ofutilizing 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: {0/27/77   
Reg. . 29,038

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadcro Center, 8th Floor
San Francisco, California 94111-3834
(650) 326-2400
Fax (650) 326-2422UTA-RTO:RA:da
H:\WORK\16655\000100\312V2.AW
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Received Event (Event Succeede ._ J  

Date; 10/27/97 ' “‘r E Time: 9.09 PM

 

a '.‘r\'

Pages: 29 _ 0 \ J"\ " Sender: 415 326 2422, .4, .

Fax Number: 453 359’ Subject:
Company: Type: Fax

; ocr 27 '97 asuam TTC mo cue 415 325 2422 P.1
{\ '

k‘“"\! ‘..\‘

\ g; -.IK-‘ \ 3‘ ,

\ r1“ =7. _ Atty Docket No. 16655—000100

§ PTO FAX NO.: (703) 305-3599

.-I f» ATTENTION: Group Director - Theodore Morris CO\\ Group Art Unit 1113 O pv
“in r; C )1: _ZéZE/Z‘ ‘ ‘ - OFFICIAL COMMUNICATION ‘ , /

("W s FOR THE PERSONAL ATTENTION'OF

GROUP DIRECTOR - THEODORE MORRIS

CERTIFICATION OF PACSIHILE TRANSMISSION

I hereby certify that the following Communication and copies of
Amendment Transmittal; Amendment After Payment of Issue Fee Under

' 37 CPR 1.312 (13); Petition for Amendment After Payment of Issue Fee

Under 37 CPR 1.312(b); Serial No 08/433,6 3, iled: 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: 22

Dated: October 27, 1997 MWDiane 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\l-pto.tax
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- Received Event (Event Succeed: '  
Date: 10/27/97 Time: 9.09 PM

Pages: 29 Sender: 415 326 2422
Fax Number: Subject:

Company: OCT 27 '9? Baum T‘rc PFLO RLTO 415 326 2422 Type; - Fax p_2- . Antsndmsntl‘nnsmittsi
TOWNSEND sud TOWNSEND Ind CREW LLP Atty. Docket No. lfifim1mTwo Embsrcsdero Center. 8th Floor
San Francisco, CA 94111-3834

(650) 326-2400 Express Mail labelMaw—
Iberebycertiiytlmtltisisbeingdeposited withtheUnited

lnre application ot‘Daniel L. Plummets]. SutesPostsISet-vice 'BxpreesMsilPostOffleemAddrmee.‘
servieeunder37CFR 1.1000thedste indie-tedbelowsnd is

Setisl No: 08/433,623 addressed to: Group 1100 Director - Theodore Morris .
Assistant Commissioner for Pstems

Filed: My 3. 1995

Group Art Unit: 1113  For: PROCESS OPTIMIZATION IN GAS

PHASE DRY ETCHING and 1 also hereby certify that this correspondencets being sentby facsimile transmission to:
Group Director Theodore Morris
Fax No: 1-703-305-3599
Assistant Commission: for stems. Washington, DC.
20231. on 9

By \ ’ ‘ASSISTANT COMMISSIONER FOR PATENTS
Washington. DC. 20731

Sir:

Transmitted herewith'u an smendment'tn the sbove-identified application.
[X] Amendment [mes Payment oflssne Fee Under 37 CFR1312(b)
[X] Petition for Amendment After Payment of Issue Fee Untkr 37 CPR 1.312(b).
[X] Postssrd (in Express Mail copy).
The filing fee has been csleulsted as shown below:

[XI FIRST PRESENTATION OF MUL‘I'lPLE DEF. CLAIM: 3;; claim 23.which is muted n three elsitnr 
iftheentry‘tnCol. 1islessthantheentryinCol.2,
write “0“ in Col. 3.

“ 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 etpivuent
box in Col. 1 of s prior amendment or the number of claims originally filed.

 

[X] No fee is due.

Please cltfzeDepos1:19:006:11 No. 20-1430 as follows:
$Q.$D_______.

Anysddltlotnl fee-associated with thispsperorduringtltependemyofdm application.

___2_ extrs copies of this sheet are enclosed. _ and TOWNSEND and CREW LLP

 
team-stu- Attorneys for Appllcmt
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Date: 10/27/97 Tlme: b209 PM

Pages: 29 Sender: 415 326 2422
Fax Number: Subject:

Company: OCT 27 '9? 86:16:” TTC Pf-LO FLTO 415 326 24a Type: Fax P.3

l' i hereby certify that this correspondent in being
dope-hoe with the United State: Foetal Service
“Express Mail Pout Ottiee to Addreuee,‘ service
lander 37 c.r.n. 1.10 on the em Indicated below EAIENI
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and i I adores-ed to:
Auietent Conviction» for "mu,
HuMnuton, 0.6. 20231,on

I

Expreu Hall I o.
TMSEID ltd mum!) Ind CREE LLP

,, afmtaucwu
and l alto hereby certify that this corretpondmee
is being sent by focainllc "Minion to:
Grow Director - Theodore Norris
Fax no: 1-703-305-3599
Ant-tent con-icoimr or P tents, thington.
me. 2031, on

By ' -

Attorney Docket No. 16655-000100

C©Pv

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Daniel L. Flamrn

Application No.: 08/433,623

Filed: May 3, 1995

PROCESS OPTIMIZATION IN GAS
PHASE DRY ETCI-IING

For: VVVVVVVVVVV
l

Asaistant Commissioner for Patents
Washington, 11c. 20231

Dear Sirs:

Examiner: M. Angebranndt

ArtUnit:1113

PETITION FOR AMENDMENT AFTER
PAYMENT OF ISSUE FEE UNDER 37

C.F.R. § 13120»,

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 ofthe many technical changes, the

amendment was not earlier presented.
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Date: 10/27/97 Time: 0:09 PM

Pages: 29 Sender: 415 326 2422
Fax Number: Subject:

Company: OCT 27 '97 66:11PM TTC PQLO RLTO 415 326 2422 Type; Fax P.4

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

Please charge the petition fee of 3 130.00 to Deposit Account 20-1430. This

petition is submitted in triplicate. Please charge any other fees or credit any overpztyment to

Deposit Account 20-1430.
Respectfufly submitted,

Date: (d/Z'7/77  
Reg. N . 29.038

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcldero Center, 8111 Floor
San Francisco, California 94111-3 834
(650) 326-2400
Fax (650) 326-24220111170:an
H:\WORK\16655WOIW\311V1m
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Received Event (Event Succeede "\  

Date: 10/27/97 Tlme: 21.09 PM

Pages: 29 Sender: 415 326 2422
Fax Number: Subject:

Company: OCT 2? '97 86:11PM TTC PPLO nLTo 415 326 2422 Type: Fax P.5

Page 183 onIO

I hereby certify the: thie cormpardenee is being
depouted with the United State: Poet-t Service
IExpreee Hell Poet office to Manatee,“ eerviee
under 37 mm. 1.10 on me am Indtceted helm: EAMIand Is eddressed to:
Assistant Caminiener for Petente,
Ulehlngton, 0.1:. 20211, Attorney Docket No. 16655-000100on

wgfim 'Express Neil Le 1 no.TOWSEKD end IMSEIH end CREH LLP

5,. ’1 l 1‘: .3 .53 5:1 L ”[1:1ka
end I also hereby certify that this carroependence
le being sent by teeeinile trermduion to:
first]; Director - Theodore Harris

in lo: 1-703-3115-3599 . C©Aeeietent cmiulmr or P tents, Meshingten,

9.1:. 211231, or: _#27Z;_1’£‘L7___ PV

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Daniel L. Flamm Examiner: M. Angebranndt

Application No.: 08/433,623 Art Unit: 1113

Filed: May 3, 1995

AMENDMENT AFTER PAYMENT OF

ISSUE FEE UNDER 37 cm. §1 312(1))
For: PROCESS OPTIMIZATION IN GAS

PHASE DRY ETCHING
vvvvvvvvvvv

l

Assistant Commissioner for Patents

Washington, DC 20231

Dear Sirs:

Pursuant to 37 C.F.R. §l.312(b), please amend the above-identified application as

follows:

W

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 ~applieations ofr.

At page 8, line 22, please delete "fit". ‘ ‘
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 EX .

At page 10, line 5, after substrate, please dele "." and insert --; and L, 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 etpletion." and insett -following

equation».

At page ll, in the equation afier line 23, please delete "R," and insert "Roe“;

please delete "lg," and insert --k,-«.

' At page 11, line 25, please delete “R," and insert --R,,--.

' ‘ MAX um

At page 12, in the equation alter line 18, please delete " R1 " and please
. 2 z; _m_

lam—Rim:

insert— [1‘ 22 R1 ]-.
id 3

At page 13, in the equation utter line 10 and at line ll, please delete "Ru" and

insert —R“--.

A! page 13, line 11, please delete "R,” and insert —R..--.
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Ram:

_ * Run—Rim:

At page 14," " line 30, please delete " E R: " and please insert —2 _
1']. 1n

_ um] .._[1-—-——

22:331-1. m

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 --,-- alter highest P.

At page 15, line 38, please delete "vs." and insert «versus».

At page 16, line 3, please insert --,-- alter highest T.

At page 16, line 3, afier T, please delete "vs." and insert --versus—.

At page 16, line 3, please insert --,— after highest P.

At page 16, line 3, am: 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 uversus».

At page 16, line 5, please insert -—,-- after highest P.

At page 16, line 5, afier 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 --

efl‘ective surface recombination rate—l

high the—.

At page 18, line 18, please delete "A,” and insert -A,,—.

At page 19, line 9, before etching rates, please insert —when etching uniformin is

At page 19, line 16, please delete "k," and insert --k,-.

At page 19, in the equation afier line 20, please delete "k," and insert ~k,—.

At page 19', in the equation alter line 20, please delete "A," and insert -A,,—-.

At page 20, in the equation afier line 5, please insert — - — before D.

At page 20, in the equation after line 6, please delete ""' and insert —-(— before

D w, and insert -)-- afier D 17hr
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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 "no" and insert "rt/nay. '

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 1,, 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 --+- afier the term
 

At page 25, line 1, please insert «two—dimensional-o alterprevious.

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 “l 1" and insert --12-.

At page 26, line 18, please insert —to— afierfit.

At page 26, line 35, please delete "R" and insert -—R,,,-~.

At page 27, line IO, please delete "Au," and insert "Aw”.

At page 27, in the equation alter line 10, please replace all occurrences of "Am,"

' with --A,,—-.

At page 27, in the equation afier line 10, please replace "R," with —R,,--.

At page 27, line 1 1, please delete "Au," and insert -A,,-.

At page 27, line l9, please replace both occurrences of “Am," with “214—.

At page 28, line 6, please delete ”describe" and insert "describes".

Applicant submits. new figures 1-12, consisting ofeight 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 0f210
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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, "Cone" 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 tlnough 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 km has been replaced with 19(7). In box 106, “2”

has been replaced with “dw”. Similarly in box 107, “1:” has been replaced with “k,”. In box 109,

1:, 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, ”01" is added afier slope. '

In Fig. 5, some editorial changes are made in boxes 301, 303, and 309. In box

301, "I" is replace with "one". As discussed with respect to Fig. 4, in box 309, "S!" is replaced

by "S”. In box 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 ofthe informal drawing are

deleted.

In Fig. 8, the label “5" has been added.

In Fig. 10, the x-y—z axes are added and new labels are added to show the relative

gap between all-0 and d=dw ,

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 10'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. l, in the new formal drawings, chemical fwd 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 rfdischarge 8.

Furthermore, the arrow indicating the exhaust E 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. l, 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 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 kfl) is replaced with km to maintain consistency with the text. See. e.g.,

Specification, page ll, the equation afier line 15. In box 106, “z" is replaced with “dn” for

consistency with the Specification, for example, at page 1 1, the equation after line 5. Similarly

in box 107, “It” is replaced with “k,” for consistency with the Specification.

With respect to Figs. 4 and 5, some editorial changes are made. For example, in

box 203 ofFig. 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 ofthe 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 M and d-dn,

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 corners of the informal drawing are absent in the formal drawing. These spikes were the

result ofutilizing a limited number ofmathematical 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: ”/2 7 /7 7 ‘ 4
Gay

Reg. ._ 29,038

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center. 8th Floor
San Francisco, California 941 l [-3834
(650) 326-2400
Fax (650) 326-2422«muons.
unwommsnouotoomzvzm

11
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   Etch film at constant pressure and preterabiy
constant plasma source characteristics and:
I. do not etch to endpoint or a Etch exactly to

first sign of endpoint. Best to do lsothermaiiy,
but can probably handle complex case It
measure temperature-time history.

 
  

  

 
 

 

 
 

Get etch rate profile data as (Etch rate,x.y) or
(Etch rate. r. e) triads, an n x 3 array where
n is the number at points sampled."
temperature varies it will be average etch rate.

107
 
 

 

 
 

New temperatures
In order to get
ksUZ).ks(T3) 
 

 

 
 
 

Fit to rnodei with kvo/D and
etch rate as - rameters 

 Run a least squares tit using differences between the
data array and analytical model for etch rate to
compute: kvo/D and the etch rate at edge of the plate
or water.

 

    
 
 
 

108

 
 

Calculate D and with
it kvo & ks

   Calculate D from Chapman-Enskog kinetic theory
tormulas (see R. B. Bird. W. E. Steward. E. N.
LIghttoot, pp. 510-513. Transport Phenomena. Wiley
(1960). Multiply kvo/D by D(T,P) to obtain

kvomdgap) - l<s('i')(AreaNoiume)=k$l¢:lgap

 
  
  

 

 

 
 

 
   
  

 
 

Separate
pre-exp & Ea

From ksfl’fi. ksflz)... do least square lit to
extract Ea and preexponential where

ksm=A(T1’2)Ae'Ea/kT Or, it EE is known.
just extract preexponentlal.

 

 
 

 

Use EFl(edge)=kvo no to
deduce no. the atom
concentration at the edge
of the water.
  

FIG. 3

l4

 



Page 193 of 210

 

Received Event (Event Succeeded) 

Date: 10/27/97 Time: 0:09 PM

Pages: 29 Sender: 415 326 2422
Fax Number: Subject:

Company: OCT 27 '97 06:14PM TTC PRLO RLTO 415 326 2422 Type: Fax p.15

4/8

Page 193 0f210

 

  
 

 

Measure etch rate vs. eflective 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 A611.

 
 

 
 
 

 
  

 
 

substrate
Change numberot - Mm“,
waters In the reactor (& :21,”dfimgyrt

  
is unitormlty very high

(>90-95%)?  
 

 

Measure etching profile
and compute Aett

(loading eqn)

 

 
 

  

 
 

 
 

 Has data for n A9“ values
been measured? (n2 3)?
 

 
  

 
Fit to eqn. 5, & from slope

(m Aeff) obtain 118T. the supply of
etchant from source to the reactor.

 

  
Try new plasma source or
plasma sauce parameters.

 
  Modify chamber materials etc. to

reduce slope of the numerator.
(kr Ar + F) or reduce flow if F term is

major etchant loss.

  
   
  

FIG. 4

15
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  Speci r uired
uni orm ty 301 f300

Input predetermined kg or determine
ks from uniformity measurements at

one or more temperatures
   303

  
 
 

 Compute locus of highest T vs. P and
d; and highest P vs. T and d where

uniformity meets specification.
  /307
  

 
 

 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 experimetnal error and

process drift. (P°,To)

  

  
309

 
   
  

    
 
  
Determine max edge etch rate & supplyof etchant from plasma source (S )for

RF power. flow values and [P|.T[](d)
within uniformity limits manifold.

311
 

  
 

 Locate intersection space of P<Pi .T<Ti
(uniiormlty manliold) and maximum

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

 
 313

  
  

 

  
it the resulting etch rates are too
low, change power and/or reduce
effective etchabte area (example:
Increase d. decrease number of

substrates).

 
 

315
 
 

  

FIG. 5
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Please find below and/or attached an Office communication concerning thls application or
proceeding.

Commissioner of Paints and Trad-marks

PTO-90C (RN. 2195) l- Filo Copy
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Response to Rule 312
Communication   

 

Application No. Applicant“)
08/433,823 Flamm

Examiner Group An Unit “IMartin J. Angebranndt 1113 ‘i"
If?

 lli‘liel‘ iw'i'lfl‘ii
 

  
 

 
 

 
 
 
 

 
 

 
 

 

XI The petition filed on Oct 27l 1997 under 37 CFR 1.312(1)) is granted. The paper has been forwarded tothe
examiner for consideration on the merits.  

(U

Theodore Morris
Director,
Patent Examining Group 1100

X The amendment filed on Oct 27: 7997 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).WNLI disapproved. See explanation below.

 fl 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.

din
MARTIN . ANIEEBRANNDT

PRI RY EXAMINER
ART UNIT 1113

  
 
 
  

 U. 5. Patent ma Trad-mm: Ollie.

PTO-271 (Rev. 5-95) Response to Rule 312 Communication Part of Paper No. 15
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UNITED STATES . ,PARTMENT OF COMMERCE
Patent and Trademark Office

ASSISTANT SECRETARY AND COMMISSIONER
OF PATENTS AND TRADEMARKS

Washington, o.c. 20231 RECEIVED
JUN 23 I999

CHANGE OF ADDRESS/POWER OF ATTORNEY ROUR1700

 

 

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.
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\ A0 I20 Rev. 2199

T0: Mail Stop 8 REPORT ON THE
Director of the US. Patent & Trademark Office FILING OR DETERMINATION OF AN

P.0. Box 1450 ACTION REGARDING A PATENT 0R
Alexandria. VA 22313-1450 TRADEMARK

 

in Compliance with 35 § 290 and/or l5 U.S‘C. § 1 1 l6 you are hereby advised that a court acIion has been

filed in the US. District Court Nonhcm District of California on the following V Patents or 1:1 Trademarks:
DATE FiLED us. DISTRICT COURT

CV 15-01277 JSC 3/18/15 4 OGoid I ale.v nuc :ox 6060 San Francisco CA 94102
PLAINTIFF DEFENDANT

LAM RESEARCH CORP DANIEL L FLAMM

  
   

  

 

   
 

 
  
  

  

2mm

-——
-——_
”——
_——

in the above—entitled cue, the following patenl(s) have been included:
DATE lNCLUDED INCLUDED BY

Ci Amendment [:1 Answer Cl Cross Bill C] Other Pieadin
PATENT OR DATE OF PATENT '

TRADEMARK NO. OR TRADEMARK HOLDER OT PATENT OR TRADEMARK

 

  
 

 

  

in the above—entitled case. the following decision has been rendered orjudgement issued:
DECISION/JUDGEMENT

 
CLERK (BY) DEPUTY CLERK DATE

Richard W: Wieking Sheila Rash March 19, 2015

Copy l—Upon Initiation of action. mail this copy to Commissioner Copy 3—Upon termination of action. mail this copy to Commissioner
Copy 2—Upon filing document adding patent“). mail this copy to Commissioner Copy 4—Case file copy
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CLAIMS AS FILED - PARTI . ‘ , . , OTHER THAN
Column 1 ' " Column 2 SMALL ENTITY . SMALL ENTITY

_AS|CFEE '

m— -3),mg-
MULTIPLE DEPENDENT CLAIM PRESENT _

II the dIIICIenCC In column I I3 I93: than zero. onlor '0' In column 2

 
0R TOTAL

CLAIMS As AMENDED - PART II . ‘ 4 OTHER THAN(Column 2) (Column 3) SMALL ENTrrv ’ OR SMALL ENTrrv

'g CLAIMS ’ ' HIGHEST .
< 5 I REMAINING NUMBER PRESENT ADDI- ADDI-
I— 5' ' . I _ AFTER . - PREVIOUSLY EXTRA »- TIONAL TIONAL

E v ‘. AMENDMENT _ _. _ _ PAID FOR I
2 .

gME’1

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

OR TOTAL-(Cqumn I) . (Cqumn 2) (Column 3) ADDIT‘ FEE-
": " " f f HIGHEST ._

In '1 REMAINING I ' ‘ ' 3 NUMBER PRESENT ADDI-
I— AFrER : I PREVIOUSLY EXTRA RATE TIONAL

E AMENDMENT , . " 7 ;“ PAID FOR - FEE
E 5”- 0 M-
E I
s _ «an--<

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM V on0--' . TOTAL I TOTAL-(Column 1) ' (Column 2) (Column 3) ADD”- FFE RM” ”'35-
‘ . CLAIMS "' ' " HIGHEST .. - - , , . ,

o REMAINING I ' NUMBER PRESENT _ V ADDI- AUDI.
I-' AFTER , PREVIOUSLY EXTRA ' .- “0”“ RATE T'ONAL
E AMENDMENT -:- PAID FoR . FEE FEE

E m-z . . I
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FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM . ‘ -= 0R--:lIlI'I I In I H I In Ihe I 2, I "o”InooI 3. '
.2" I11: 333.93.333.91 :movsgugznpqmggy'fi $31"?gPAgEI I:less Ihanugg‘ mm '20" \IIDDITroEl-QE- .QR TOTAL-“II the Highest Number Previously Pnl'd For“ IN THIS SPACE Is Im Ihan 3. enter '3' “Don'- FEE-

Tho HigheSI Number PIDvIouSIy PaId For (ToIaI or Independent) Ia ma hlghesl number found In the appropdalo box In column 1.
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=> d his

(FILE 'USPAT' ENTERED AT 11:11:39 ON 01 MAR 96)
L1 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

L0

L6 2 s (L FLAMM)(5A)(ED#)
L7 9 8 (RATE CONSTANT)(5A)(ETCH?)

FILE 'JPOABS'.ENTERED AT 12 05 55 ON 01 MAR 96
L8 ‘ 4 5 (RATE CONSTANT)(5A)(ETCH?)
L9 6 5 L5
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=> d his

(FILE 'USPAT' ENTERED AT 15:57:26 ON 17 JAN 97)
2:3. 18 S (ETCH?) (P) (RATE CONSTANT#)

FILE ’JPOABS’ ENTERED AT 16:01:24 ON 17 JAN 97
L2 BSLl
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