
27 FEB 2006 5 RUN-TO RUN CONTROL OVER SEMICONDUCTOR  PROCESSING TOOL BASED
UPON MIRROR IMAGE TARGET BACKGROUND GF THE INVENTION As new generations of
integrated circuit (ICs) employ smaller feature  sizes than were
contemplated in previous generations, greater demands are placed on  the
precision of the toms utilized to fabricate these integrated circuits. In
particular,  minor variation in taxi results from run-to-run angst be
recognized and compensated for  by the user. 10 Figure 1 shows a schematic
diagram of the functioning of a generic  semiconductor fabrication system
100. Specifically, fabrication system 100 comprises  inputs in the form of
operational parameters 102a, 102b, and 102c supplied to  fabrication tool
104. Operational parameters 102a-c are settings governing function of
fabrication tool 104 for a particular ran. 15 Based upon the input of
operational parameters, tool 104 performs a  fabrication process upon a
semiconductor substrate. The character of this fabrication  process is
represented by process results 106a and 106b. Process results 106a and 106b
may be data measured directly from the changed semiconductor substrate, or
may be  derived from data measured from the changed semiconductor substrate.
23 Under ideal conditions, fabrication tool 204 functions on every run to
produce the same process result from given operational parameter settings.
In reality  however, operation of the fabrication tool is subject to a host
of complex variables, not  all of which can be reliably controlled by the
user. Therefore, the performance of the  fabrication tool will vary somewhat
over time, and the relationship between given 25 operational parameters and
process results will drift from run-lo-run. ,Given the small tolerances of
modern semiconductor devices, it is  therefore necessary to adjust he,
operational parameters of the fabrication tool from  run-to-run in order to
compensate for variation and bring drifting process results back  to a
desired goal. Conventionally, the user is required to manually determine
operating conditions at which the corresponding process results would move
back into line with a  



desired goal. However, the act of generating operating conditions is
frequently  performed non-systematically by trial and error utilizing
operator intuition. Because it  lacks a consistent methodology, however,
correction of process variation by l 27 FEB 2006 conventional methods is
time consuming, error prone, and inconsistent from run-to-run,
tool-to-tool, and user-to-user. Accordingly, new techniques for minimizing
run-to-run variation in  process results of semiconductor fabrication tools
are desirable. 5 SUMMARY OF THE INVENTION The present invention relates to a
method for minimizing run-to-run  variation in operation of a semiconductor
fabrication tool. In one embodiment, run-to- run variation in process
results are minimized by comparing an output from a most 10 recent
processing run to a desired fixed goal. A difference between the fixed goal
and  the output is then calculated. Addition of the difference to the fixed
goal creates a  mirror image of the output around the fixed goal. The mirror
image is used as a target  to predict tool behavior for a subsequent
processing run in order to bring process results  closer to the desired
goal. 15 The method in accordance with the present invention is particularly
suited for minimizing variation of a semiconductor fabrication process whose
behavior  is predicted utilizing a data-based modeling engine. However, the
present invention is  not limited to controlling this type of fabrication
process. One embodiment of the method in accordance with the present
invention  20 comprises the steps of determining a goal of a process result
sought to be produced by  the tool, and detecting an actual output of the
process result from a most recent run of  the tool according to an initial
recipe. A difference is calculated by subtracting the goal  from the actual
output, and a mirror image target is calculated by adding the difference  to
the goal. A suggested recipe is generated from the mirror image target; and
a 25 subsequent run of the tool is performed utilizing the suggested recipe
to produce a  second actual output of the process result that is similar to
the goal. 



These and other embodiments of the present invention, as well as its
advantages and features, are described in more detail in conjunction with
the text below  and attached figures. 30 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic representing operation of a generic semiconductor
fabrication tool. 2 27 FEB 2006 Fig. 2 shows a CMP tool suitable for
run-to-run control in accordance  with one embodiment of the present
invention. Fig. 3 is a schematic representing operation of a CMP fabrication
tool.  Fig. 4 is a schematic diagram representing a feed-forward data-based
5 model for the CMP tool shown in Fig. 2. Fig. 5 is plots a second process
result versus a first process result and  illustrates the general approach
of a run-to-run control method in accordance with one  embodiment of the
present invention. Fig. 6 is a flow chart illustrating the detailed steps of
one embodiment of  10 a method for run-to-run control over a CMP tool in
accordance with the present  invention. Fig. 7 plots material thickness
versus polish uniformity and illustrate  generation of the mirror image
vector from the target vector and the most recent output  vector. 15
DESCRIPTION OF THE SPECIFIC EMBODIMENTS The method of the present invention
can be employed to minimize run- to-run variation of a variety of
semiconductor processes, including but not limited to  deposition processes,
etch processes, and implantation processes. For purposes of 20 illustration
however, the following detailed description focuses upon a method relating
to minimizing run-to-run variation in operation of a chemical mechanical
polishing  (CMP) tool utilizing a data-based modeling engine. 



1. An Exemplary CMP System Configured to Practice the Present Invention
Figure 2 shows a simple schematic diagram of a chemical mechanical 25
polishing (CMP) tool 200. Tool 200 can be a Mirra(r) CMP tool manufactured
by  Applied Materials, Inc. of Santa Clara, California. A description of a
similar polisher  may be found in United States Patent No. 5,738,574, the
entire disclosure of which is  incorporated herein by reference. CMP tool
200 includes a series of polishing stations  202 and a transfer station 204.
Transfer station 204 serves multiple functions, 30 including receiving
individual substrates 206 from robot 208, washing substrates 206,  and
loading substrates 206 onto carrier heads 210. Typically, each polishing
station 202 includes a rotatable platen 212 that  supports a polishing pad
214, e.g. a standard or fixed-abrasive or polishing pad. 3 27 FEB 2006
Rotatable carousel 216 holds four carrier heads 218 supported above the
polishing  stations 202. Carousel 216 rotates to carry substrates 206
between polishing stations  202 and transfer station 204. In normal
operation of CMP tool 200, an unpolished substrate is S retrieved by robot
2319 and placed into transfer station 204. From transfer station 2.34,
carrier head 218 engages substrate 2036 by vacuum sec ion, and then places
substrate  206 Into contact with rotating platen 212 and polishing pad 224.
Slurry 220 is dispen from slurry reservoir 222 ante the surface of pad 214
and pad 214 is biased  against the s face o f sr strafe 206 and rotated. The
contact of )ad 214 against to 10 surface of substrate 206 results in the
removal of semiconductor material from substrate  216 by a combination of
chemical and mechanical action. Processor 224 controls operation of CMP tool
200 by executing  computer instructions stored in a memory 226. Processor
224 is in electrical  communication with, and exerts control over, operation
of platen 212 and slurry 15 reservoir 222. In this manner, processor 224
determines operational parameters of the  speed of rotation of platen 212
and the pressure applied by pad 214, and also the pH of  dispensed slurry
220 from reservoir 222. Tool 200 further includes sensors 228. Sensors 228
receive data from  



substrate 206. Sensors 228 can be part of an in-situ monitoring system at
the polishing  20 station, or can be part of an in-line or off-line
metrology station. Data from sensors 229 is communicated to processor 224,
which then determines process results of substrate  thickness and polish
uniformity based upon the operation of tool 200. Processor 224  also
contains circuitry for performing the method of run- to-run control whose
steps are  detailed below. 25 II, Minimizing Run-to-Run Variation in
Accordance With One Embodiment  at the Present Invention. Figure 3 shows .2
schematic diagram representing the functioning of the  CM? tool of Fig. 2.
CMP tool 200 receives inputs in the form of operational 30 parameters
230a-c. As shown in Figure 3, categories of operational parameters 230a-c
input to CMP tool 200 include platen rotation rate, pad pressure, and slurry
pH.  However, these categories of operational parameters are merely examples
and other  categories of CMP operational parameters could be utilized by the
present Invention. 4 a s!&IR" Based upon operaional parameters L3 a-c, t'
tool 2Vt' Iuriciions to  qanarrze a seriiiconductarsr~bs ate. The character
of this PLanarizatiau is represented ry cs. r~~13} f h _ As-shawn-in-Figqre
3., process results 232a-b for C' IP tool  J P ;. r tirr{~~ rhrr., ^.f e
~rirs rtrfr artai mate, r~.rnairir i ~ ~f nli<shiiig" rL ulitiumifty
3~'nit~Zrtr iut,'Gri'I3rc~c rdi 1%'rnuV~".. rrrl~f f{,3 ,~ r,3#(; . 44 n1,t
tt n c regores of process resiitrs are-merrsy wxani Tres ail itftier vt srin
-ff 7-srfcs ii-CM.,  CAP processing coalldbe uiiizeil'by the
present'inveiiiion. Ideally, CMP tool 200 will function on every run to
proiince the same ~ iiiru iiP is` o eratzorial.ilararrieters hi reality
however, CMP tool i Q I(1f wcrt trs ~r~ta n_ :s., v to 8. bast_ at-
variahies,only; some  #i u4irt. jz,a,kft i`dir ty z.ntz~zllr~~'try tlir~~r .
?FiP~ ~~r~.re, ,^ ~f(`.f: ir~tir.~ ~.fr.14f.A e J  IV D wT vary or htfr
uvtr`umie. Liiven The hriir`iii'toerEiaironJ.rriproeween-inpiiiriprr,6mrh
]traranieiir  and ou Tut process results From mn-to-run, the operator
musx'be the to preaict process  



L5 re=sults verLnzodified tool ooeratronal parameters. This prediction is
accomplished the niu,_ tfr . ~tss'~ uirxL.lin , :~~cci . sfiri~s c
~.srherrtafir. ~ ur aCa f  ~arsl model for gredictine  r ira~ rcn ~f a ~ r
rrtlz ~#irrri,*c-,rJ.. ~r ~.r:~tr.. .s.IEI ; Frrtsrir, thi fralrs dates c
dfie i from prrur`rtithTwm. ~~s ftrz lx%, rt u rfrs.~.~,~r~.adir~ 1?. h,
Sri=. ~fu rl1ii 'L  2U as an 'input t o r o b e i i n g e n g i n e . N f i
t U ng v4 VD4-hiOu&-s ihinrr 'ft,'tfi  process results obtained from prior
toci4 runs 4 VI unher a vaneiy Di opentikundi  garameters. Based upon pro
results 43.2a -b input to engine 4V.)4, engine 4U4 F~frr c ec. ills; 41lf
.v2d outquts modeled operational parameters 430a-c most Nicely  trL
gres{~tirrL 7r. ; rstdts,A h. z ~~~ rt ic~friri.^.>i .;rag" irri,P}fn Q<sT n
/24 Minot iawy  `by aenlar bra compfiir#i m-ni zrrutihrrqy',F,,. .
'iitnnteh to comparing The processTMrltSupp1ri(i`ct, -nm`hrt rurrt~V
^&,fir,, rar,  fabrication nine. Data-basa mob4mg engine 4$4 hoes nbr ml4g
urlirzt~`bn  relationship between prior process results and corresponding
operaiionai parameters ~i ilrzlr a~ athernatiral f riula or eutiatran.
Because data-based modeling engine 414  ~.rrF~r{eVl *rrilrrt ~~,riL;r~.rtvss
rdts rf}11nF~ a_ fixed desired eoal., ere dire 4d4 will  ep c ry rf~'
c~~dnt~ rr~s~~:~~ , mrvte~.,: :~~.Ir,~ ~t ~rtaral #nrrl .r_ft ar3 ._
Dara=rouse inoh~irng engine 4 'hirx zarnr ~ z..:iWht2tr, ~.rt
~~n,ftZP~~nrLru~~rrtrp~t.  relaticns ip of a complex labtcaiion toth. 3 2'T
FEB 1006 Accordingly, Figure 5 shows the general approach to run-to-run
control  in accordance with one embodiment of the present invention. Actual
output 500  comprising first and second process results of a fabrication
tool are compared with a  desired flexed goal 502 to create a mirror image
target 506 abort goat 502. its 5 explained in detail below, this mirror
image target is Mien fed to a data.-based modeling  engine to produce
operational parameters calculated to bring operation of the  fabrication
tool back toward the desired axed goat 502. Figure 6 shows the detailed
steps of method 500 for run-to-txn control  over CMP tool 601 to compensate
for variation and bring thr process results closer to a  



10 desired goal. CM? tact 601 receives an initial recipe 602 comprising
operational  parameters 602a -c of pad rotation rate, pad pressure., and
slurry pH. CM? tool 601 is  then operated according to initial recipe 602 to
perform a CMP process on a substrate,  such that output vector 604
comprising process results 604a -b of material thickness and  15 polish
uniformity is produced. As shown in Figure 6, operation of CM? tool 601 at
an initial recipe 602  of pad rotation rate of 5.2, pad pressure of 6.0 and
slurry pH of 1.3 produces output  vector 604 of material thickness of 10.0
and polish uniformity of 2.4. The values given  for the operational
parameters 602a-c and corresponding process results 604a h we for 20
illustration purposes only, and do not necessarily reflect operational
parameters or  sensed etch results of an actual plasma etching tool. Fig. 6
shows the next step of run-to-run control method 600, v' herein  output
vector 604 is compared with goal vector 606 to generate mirror image target
vector 608. Goal vector 606 comprises the same two components (material
thickness 25 and polish uniformity) comprising output vector 604. Values of
the process results for  goal vector 606 are those sought to be achieved by
operation of the tool. Mirror image target vector 608 represents changed
process results  providing a basis for prediction of operational parameters
giving rise to goal vector 606. Specifically, mirror image target vector 608
represents the sum of goal vector 606  30 and the difference between output
vector 604 and goal vector 606: (3 mirror image vector = target vector +
{output vector - target vector). 6 27 FEB 2006 Fig. 7 plots material
thickness versus polish uniformity and depicts  calculation of mirror image
target vector 608 from goal vector 606 and output vector  602. The first
step in generating mirror image target vector 608 is to plot the process
results of goal vector 606 and output vector 602. Difference vector 610
corresponds to 5 the difference between output vector 602 and goal vector
606. Here, difference vector  610 has a polish uniformity component of -0.1
(2.3 - 2.4 = -0.1) and material thickness  component of 1.0 (11 - 10 = 1.0).



Mirror image target vector 608 is then generated from the sum of  difference
vector 610 and goal vector 606. Here, mirror image target vector 608 has a
10 polish uniformity of 2.2 (-0.1 + 2.3 = 2.2) and a material thickness of
12.0 (1+ 11.0 12.0). Mirror image target vector 608 represents conditions
anticipated to bring  operation of tool 601 back to the desired goal on a
subsequent processing run. In the next step of the run-to-run control method
600, mirror image  target vector 608 is combined with operational parameters
602a-c of initial recipe 602  15 to produce reference vector 611. Reference
vector 611 is then compared to library data file 612. Library data file 612
is a compilation of individual vectors 614 reflecting  prior process results
corresponding to a variety of operational parameters.  Comparison of
reference vector 608 to library data file 612 generates similarity
coefficient 616 for each vector 614 of library data file 612. In method 600,
20 the value of similarity coefficient 616 is calculated utilizing the
K-nearest neighbor  approach, as would be understood by a person of ordinary
skill in the art. This ensures  that the least amount of change is made to
output vector 102 of the most recent run in  order to correct for variation.
In run-to-run control method 600, calculation of similarity coefficient  25
616 is based not only on process results but also upon operational
parameters. This  serves as a check on the similarity determination,
ensuring that vector 614 producing  similar process results from radically
different operational parameters is not considered  similar. Depending upon
the method chosen to calculate the value of the similarity  coefficient 616,
similarity coefficient 616 may discount or emphasize the effect of 30
similarity between operational parameters versus similarity between sensed
etch results,  for reference vector 611 and individual vectors 614 of
library 612. Based upon a cut-off value for similarity coefficient 616 (here
>_ 0.94),  subset 618 of individual vectors 620 closely resembling reference
vector 608 is 7 27 FEB 2006 compiled from library data file 612. Subset 618
reflects tool operating parameters most  likely to produce an output vector
corresponding to mirror image target vector 608. In the next step, weights
622 are assigned to each individual vector 620  



of subset 618. The method of assigning weights 622 can again vary depending
upon 5 characteristics of a particular etch process and/or operator
preference. In particular  embodiments, weights may be assigned to
individual vectors based upon a formula that  takes into account the
similarity coefficient described above. Weighted vectors of subset 618 are
then linearly added to produce  combined vector 623. The operational
parameter information of combined vector 623  10 represents suggested recipe
624 that is intended to bring CMP process back into  conformity with goal
vector 606. Based upon a comparison between initial recipe 602 and suggested
recipe 624, a decision is made whether or not to alter the operational
parameters of  CMP tool 601. Where suggested recipe 624 represents a
relatively minor change 15 reflecting some variation from initial recipe
602, CMP tool 601 may utilize suggested  recipe 624 in the subsequent run in
order to correct for variation. Where, however, suggested recipe 624 is
extremely similar to initial  recipe 602, a decision may be made not to
disturb existing tool conditions and  suggested recipe 624 may be not be
adopted by tool 601. The subsequent processing 20 run of tool 601 would
simply implement initial recipe 602. Where suggested recipe 624 represents a
radical departure from initial  recipe 602, a serious problem with tool 601
may be indicated. Under such  circumstances, the tool may also disregard
suggested recipe 624 and instead emit an  alarm alerting the operator to the
problem. Conditions governing an appropriate course 25 of action in a
specific case may be programmed according to preferences of the  operator or
to dictates of a particular application. If a decision is ultimately made to
provide suggested recipe 624 to etch  tool 601, the next run of etch tool
601 will conform to the operational parameters  provided by suggested recipe
624. These operational parameters would be expected to 30 bring operation of
tool 601 back toward goal vector 606. In this manner, run-to-run  control
over the etching process is accomplished. The method of run-to-run control
in accordance with one embodiment of  the present invention offers a number
of advantages over prior techniques. One  advantage is reduction in effort
required by the operator. Specifically, based upon 



8 27 FEB 2006 observed outputs of the tool, the mirror image target is
automatically calculated by the  processor controlling the tool. Apart from
possibly approving or disregarding the  recipe suggested by the method, no
manual intervention by the operator is required to  accomplish run-to-run
control, and the operator can focus on other tasks. 5 Another important
advantage of the method in accordance with one  embodiment of the present
invention is reduction in nonuniformity of run-to-run  control. Previously,
the tool operator was required to manually determine operating  parameters
at which the corresponding process results would move the tool back in line
with a desired goal. However, the act of generating such operating
conditions was 10 frequently performed by trial and error in a
non-systematic way. Because the  conventional technique lacked a consistent
methodology, correction of process  variation was inconsistent from
run-to-run, tool-to-tool, and user-to-user. With the present invention,
run-to-run control is automated and  performed according to objective
variables such as measured process results and a 15 predetermined goal. This
approach leads to consistent manipulation of the tool and to  readily
reproducible results. The method in accordance with one embodiment of the
present  invention also offers the advantage of increased responsiveness.
Rather than requiring  the operator to measure process results and perform
adjustments based upon manual 20 calculations, the present technique
performs these tasks automatically at the conclusion  of each fabrication
run. The operator is provided with a suggested recipe almost
instantaneously, and has plenty of time to consider other factors in
deciding whether or  not to implement the suggested recipe in the next tool
run . Having fully described at least one embodiment of the present
invention,  25 other equivalent or alternative methods for controlling a
semiconductor fabrication  process according to the present invention will
be apparent to those skilled in the art.  For example, while the present
invention was primarily described above in conjunction  with run-to-run
control over a CMP tool, the invention can be used to monitor and  control a
variety of other semiconductor fabrication processes. Thus, variation in 



30 results of a plasma etching process over a succession of runs could be
controlled in  accordance with one embodiment of the present invention. In
such an embodiment,  process results such as removal rate and etch
uniformity could form the components of  the output and goal vectors
employed to calculate the mirror image target vector, with 9 2'7 FEB 2006
operational parameters such as chamber pressure, temperature, and RF power
forming  components of the suggested recipe. Moreover, while the method is
described above in connection with a  process for controlling run-to-run
variation in a tool used to fabricate a semiconductor  5 device such as an
IC or flat panel display, the present invention is not limited to this type
of application. Generation of a minor image target from an output and a gnat
could be utilised to control variation of other types of processes, and the
method would  still remain within the scope of the present invention. In
addition, while the present invention. is described in connection with a  I4
process modeled utilizing a data base, modeling engine, the present
invention is not  limited to such a process. Run to-run control over a
process modeled by a varies of  other types of modeling entities could be
also be exercised in accordance with the present invention. Furthermore,
while the method is described showing generation of a  15 mirror image
target vector from the goal vector and output vector in two-dimensional
pace, this is also not required by the present invention. The mirror image
vector could - be generated from output and goal vectors reflecting three,
four, or even N different  process results, with the output, goal,
difference, and mirror image target vectors  correspondingly plotted in
N-dimensional space. 20 Moreover, where a data-based reference library is
used to generate the  suggested recipe from the mirror image target,
approaches other than (nearest  neighbor could be used to determine the
similarity coefficient from which the vector  subset is generated. In
addition, the method described above may cause oscillation of 25 operations?
parameters and sensed results between suggested recipes over consecutive  



tool runs. Such oscillation would likely occur around a desired goal that is
never  precisely met, and may be attribute to features of the modelling
engine rather than  actual run-to-run variation. In order to eliminate such
meaningless, repeated cycling  process parameters, the method may include
the use of an damping factor. 30 For examples in the method described above
in connection with Figure  6.. a damning factor could be utilized in
generating the mirror image target vector from  the goal vector according to
Equation (II) below: (ii) mirror image vector = target vector + A ((output
vector - target vector), where in 27 FEB 2006 A represents a damping factor
of between 0 and 1 and reflects any prior repeated  fluctuation of the
results of prior process runs. Given the above detailed description of the
present invention and the 5 variety of embodiments described therein, these
equivalents and alternatives along with  the understood obvious changes and
modifications are intended to be included within  the scope of the present
invention. I 11 27 FEB 2006 DESCRIPTION OF REFERENCE NUMERALS ON THE
DRAWINGS 100  ~generic semiconductor fabrication system 102a-c   generic
operational parameters 104     generic fabrication rod 106a-b generic
process results  200   CMP tool 202  polishing stations  204  transfer
station 206  substrate  208  robot 210  carrier head 212   plater ~  



214    polishing pad 216   carrier 220   slurry  222   slurry reservoir  224
processor 226   memory 228   sensors 230a-c CMP tool operational parameters
232a-b  CMP tool process results  400  CMP feed forward model 404 modelling
engine 406  data-based reference library 430a-c modeled operational
parameters 432a-b  desired process results 500  actual outpu      27 FEB
21191 RU =TO-RUN CONTROL OVER SEIMICONDUCTOR  PROCESSING TOOL BASED UPON
MIRROR IMAGE TARGET DESCRIPTION OF REFERENCE NUMERALS ON THE DRAWINGS
(CON'T)  502 desired fixed goal 506 mirror image target 600 run-to-run
control method  601 CMP tool 602 initial recipe 602a-c initial operational
parameters  544 output 'vector 604a -b process results  



606 goa) vector 609, mirror image target vector  610 difference vector  611
reference vector   612 library data file 614 vector of library data file
616 similarity coefficient  618 vector subset 620 vector of vector subset
622 weights  623 combined vector 624 suggested recipe  2 27 FEB 2006 WHAT IS
CLAIMED IS: 1. A method for minimizing run-to-run variation of a
semiconductor  processing tool, the method comprising: determining a goal of
a process result sought to be produced by the tool; detecting an actual
output of the process result from a most recent run of the tool  according
to an initial recipe; calculating a difference by subtracting the goal from
the actual output;  calculating a mirror image target by adding the
difference to the goal;  generating a suggested recipe from the mirror image
target by comparing the mirror image with a data library of prior process
results and  corresponding operational parameters, generating a subset of
process results and corresponding operational  parameters from the data
library based upon a similarity with the mirror image target, and  combining
the operational parameters of the subset to produce the  suggested recipe;
and 



performing a subsequent run of the tool utilizing the suggested recipe to
produce a  second actual output of the process result similar to the goal.
2. A method according to claim 1 wherein combining the operational
parameters of the subset comprises: assigning weights to the subset; and
linearly combining the weighted operational parameters. 3. A method
according to claim 1 wherein generating the subset includes  calculating the
similarity based upon a K-nearest neighbor approach. 4. A method according
to claim 1 wherein generating the subset comprises  determining similarity
utilizing the operational parameters and the process results of the  mirror
image target. 12 27 FEB 2006 5. A method according to claim 3 further
comprising comparing the  suggested recipe with the initial recipe to
determine whether or not to perform the  subsequent run of the tool
utilizing the suggested recipe. 6. A method according to claim 3 further
comprising employing a damping  factor to eliminate repeated fluctuation
between the same values of suggested recipes  from prior runs. 7. A method
according to claim 6 wherein employing a damping factor  comprises
multiplying the difference by a coefficient of between 0 and 1 before adding
the difference to the goal. 8. An apparatus for processing a substrate, said
apparatus comprising:  a substrate processing station; a sensor operatively
coupled to said substrate processing station to detect a sensed  result from
the substrate; a computer processor controlling an operational parameter for
the operation of  said apparatus; and a memory coupled to said computer
controller, said memory storing a computer  program in computer readable
format including computer instructions to control said  apparatus to, 



a) provide a goal of a process result sought to be produced by the tool, b)
detect an actual output of the process result from a most recent run of  the
tool according to an initial recipe, c) calculate a difference by
subtracting the goal from the actual output,  d) calculate a mirror image
target by adding the difference to the goal, e) generate a suggested recipe
from the mirror image target by generating  a subset of process results and
corresponding operational parameters from a data library  based upon a
K-nearest neighbor similarity with the mirror image target, by, comparing
the mirror image target with the data library of prior  process results and
corresponding operational parameters 13 27 FEB 2006 generating the subset of
process results and corresponding  operational parameters from the data
library based upon a K-nearest neighbor similarity  with the mirror image
target, and combining the operational parameters of the subset to produce
the suggested recipe; and f) perform a subsequent run of the tool utilizing
the suggested recipe to  produce a second actual output of the process
result that is similar to the goal. 9. The apparatus of claim 8 wherein said
substrate processing station is a  plasma etching chamber. 10. The apparatus
of claim 9 wherein the process result comprises at least one  of a removal
rate and an etch uniformity. 11. The apparatus of claim 8 wherein said
substrate processing station is a  chemical mechanical polishing station.
12. The apparatus of claim 11 wherein the process result comprises at least
one of a material thickness and a polish uniformity. 14 


