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{Para 14] Figure 2A shows, in an embodiment, z flow chart iflustraiing 2 method for
determining a baseline based on a substrate~to-substrate basis.
{Para 15] Figore 2B shows, in an embodiment, a block diagram of the method described
in Figure 2A.
{Para 16] Figure 3A shows, in an embodiment, a flow chart ithustrating a method for

determining a baseline based on a batch of substrates basis.

{Para 17] Figure 3B shows, in an embodiment, a block diagram of the method described
in Figure 3A.

{Para 18] Figure 4 shows, in an embodiment, signal data for baich of substrates which
may be included in recalcudating a baseline.

{Para 19] Figure 3 shows, in an embodiment, a simple graph of a recalculated baseline

based on data collected.



in Figure 2A [Para 161Fi gure 3A shows, in an

enbodi nent, a flow chart illustrating a nethod for
deternmi ning a baseline based on a batch of substrates
basis. [Para 17JFigure 313 shows, in an enbodi nent, a
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description, numerous specific details are set forth in order 1o provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details, In
other instances, well known process steps and/or struciures have not been described in detail in

order to not unnecessarily obscure the preseat invention,

[Para 22] Various embodiments are described hereinbelow, including methods and
techniques. It should be kept in mind that the invention might also cover articles of

- manufacture that includes a computer readable medium on which computer-readable
instructions for carying out embodiments of the inventive technique are stored. The computer
readable medim may include, for example, semiconductor, magnetic, opto-magnetic, optical,
or other forms of computer readable medium for storing computer readable code. Further, the
invention may also cover apparatuses for practicing embodiments of the invention. Such
apparatus may include cireuits, dedicated and/or programmable, to carry out tasks pertaining to
embodiments of the invention. Examples of such apparatus taclude a general-purpose
computer and/or a dedicated computing device when appropriately programmed and may
include a combination of a computer/computing device and dedicated/programmable circuits

adapted for the various tasks pertaining to embodintents of the invention.

{Para 23] In accordance with embodiments of the present invention, methods for
dynamically establishing baselines are provided. Baselines may be established based on
scientific methods that do not rely on specific knowledge or skills of individuals.
Embodiments of the invention also enable conditions of a plasma processing chamber and
hardware to be incorporated into the creation of baselines. Further, soft and hard tolerance
levels may be dvnamically established and adjusted using statistical methods.

{Para 24] 1n this document, various scientific methods and statistical methods may be
discussed. This invention, however, is not limited to these scientific and statistical methods.
Instead, the discussions are meant as examples and the invention is not limited by the specific

scientific and statistical methods presented.



DETAI LED DESCRI PTI ON OF EMBODI MENTS [-Para 211The
present invention will now be described in detail wth
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{Para 34| in an embodiment, 2 change in the hard tolerance levels may also resultina

change in the soft {olerance levels. In an example, if the soft tolerance level 13 hard tolerance



each substrate is neasured and signal data is

dynam cally enployed in the recal cul ation of the

basel i nes. For each substrate that passes and \Whose

signal data is within the confidence | evel range, the
level neingnBbedatiathonys the hantiloldateiiove elnmges) iRt sofioldhgnce level may
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t he changi ng processing environment
accept@éﬂ srtgtz elgs whise agsd dalotidls \hralnumkmnaz donsdevel ea:q g¢ may be included

e confidence,
in recal GG et GR 15 R e g F Fint a8 Trcko SRR o8 Gugh yrbstrareos
all fali @sthablHeShetdd@se fevREfRBLNTRGR] <fzzﬁpdiﬁt{s he shasekdon thﬁbﬂz 1Qateds
recal cul ating the confi dence | evels as the basel T ne
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used td 1‘?(‘!&3{:&&%@( iﬂtsg {heD %&SQ(W%E HBAS whi {)g», ééi%@é}n? g?ntfa LSRG adition of

l'eve aseline ¥ per%e and bo
the corponfinced GIB3 plesrsd proagssing chambéid md/or Kardvenre enly be abcovated for in

the confidence | evels may either be
dﬁ“em‘%t%w%%gs e&%ﬁ? or synntetrical, depending upon the
{Para §(¢] at | 3hbgRl u’t‘x%&&ﬁﬁnﬁ@k i @t &menr 91‘@8&@&;:‘:%':%%& éi@z%hbhui based
| ected, [Para 32)In an enbodi nent, the Sof

on & mhetrade basciepm@e e bsionty. ctaseh @e@uheczatscnaetxe&zdbéQedbwate%

hen BB 408219 data col hected. |n ther e :
when 9 0 Gafh A BopPRtd bR by B RAPMITE rERAREL Fabaro
determﬁi&ml’@ﬁz aftsesbabeios hedpiabld RIS, gral sighast datk Sod tﬁé Suﬁ&t@t%s are
t he current hard tol erance level, In an exanp

plottedy Restaitibistlraethod sudess WotvepEssay he caplywad t%eéeﬂﬁathtﬁeseime
for the 85@111 Qy ﬁﬁ:s&%&??& QxQL 0? nw 19 %Wn a(%igit 52{1%1;? g%nﬁrﬁteL ?ﬁvx? aﬂ \Lﬂ![un the
an exanpl e,

conﬁdmiaﬁ Revelf rabgel fm;leti an tlwl’basbimes adwe ssnfidwmne ldvel augd mat« bla asiablished
. tol erance, | evel, then.the hard toler nce I

for the Pkt gpt Of SUBSIFRIS bt Apgpariie g@ﬁﬁ*@%? fevebiand aﬁ@ &qafév@fr lgvels
may al Mtf?a%e Qﬁrnﬁidda'tk?‘t?‘? the ;ﬁm&él@e@xugﬁ‘@éteadﬁ’é Qn{ﬁfv zeﬁi}?z%tt{e@t $idsline and

whi ch are acceptabl e fall certai n percentage
cont;dcotatohésla&sgtmm&d in an errbodl ment In an exanpl e, the
est val u

erance | ev he hi
tPara 347" ¢ a B Fiy i Suret B P e mebRnodl e B A
discussPRO e FolRXANRL e ZAhehdal fh dohSEaneend 8Vl dFaM il&trating 2
statistically recal cul af ed g)e g., average, nean,
methodg‘pmlmam nigav taesloe basdoon a s statedprhrratdlnsive i hithed words,

sl efe FP e Ve rentedod ple Gy RAREE- RO b B HER°
rmzmtebah gPiheDatdife S Ofi b firalsefparitea kedghe is bfhcdRe@X AP hext skdp 252,
the soft tolerance level is hard tol erance |evel

signal dafanp solbecut fe@n the prresssebsubhEatha iy ASK e, fopignal data is
compars&@@%‘?& e &?feﬁ&ﬁ ¥<t,1'5r94b%£za{‘&&z sl%ée’l\g m}-iyth rgﬁ 8%?5‘&%@1@%

confldence Ievels sol i tolerance | evel s, and hard
tol erance | evel s may be r;llned to account for the
changes in the processing environnment. [Para 35]1n an
enbodi nent, the baseline nay be recal cul ated based on
a sliding w ndow.



In an exanple, the calculation for the baseline my
require that only the nost recent 5 acceptable
substrates whose signal data falls within the
confidence | evel range may be included in

confideg@dbedl r@idene sh@abdhgehiap e chipldad exaRpkelaist gedasdimdea If at
from substrate0l through substrate05 all fall within

next siep a8 Jhe pigay data e pat w ;‘tgiﬁ@é,m}hpiﬁb,e ggxgeh gnsgdhen thegignal data may

gh bsiJ.at e05 may be enpl oyed in
nmbb% al” égFg?%ﬁkgfaﬁH a‘"?él‘ ?ﬁgs Next, if substrateO6 is
[Para 385 0 aﬁwamfﬁbk}ajwqen&ubaﬁiﬁmmemnﬁl bfoak ligagwart Hiustrh ey the method
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a metrbi0gy B ASABIMKO GBSHhRGs 6HRMRRIE AR REMARE sITRY) (ﬁﬁz for the
accounted for in determ ning the baseli ne. [ Para 3611 n
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range nmay be est abl |she e next set of substrate
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whereib Yo EORETe B BARATY P08 2P0 s LA St bR ST e

percenBdd@yv 6 el Hadgn l? evebsons endeRebaind col RRRE B¢ g 2 percent
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the 3ecﬂuddsm<|s;adsiéhte ba&hbstdrahbstmmas !nmncﬁnlﬂﬁfdlma’ftd&s at@nalasma
a1 of substr at es ich are consi dered as . acceptable
pw‘«e“wyc BEhehA Geamerded H’éﬁiwéeéweﬁfaﬁfﬁ?taﬁ DY Derdv P Er pHpercentage
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next ste Frdata is collected fromt
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oyed in recalculating the baseline. at next

enpl
volts) hey %beezr&&thembtms@hbm Bl windasaioe h Smua tiwmfw slemd data of 2.04
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included ROWE: reddlc @8 RIGTQRE BRBLRe. anxbl;m&ﬁx #H RELRMLI dhuSt fRbiA6k that fall
the method described in the flow chart of Fi gure 2A
within thy capfidovaerpivels, te bpreptiab imay hsinaigliserateesice Bixoaselfroa being
3, Al Q e 8207, . 3208, and Sn) are being
d@““hgﬁ%ééégégfﬁ%s%gg%%”§§§%¥§x‘ngs bei ng processed, a
pl ethora. of signal data is being collected. [Para
391After each substrate hgs been. processed, the
substrate may be neasured”Through a netrol ogy system
If the substrate is considered as acceptable, then the
signal data for the substrate collected during
processi ng may be conpared agai nst a. baseline.
Further, a top and bottom confidence | evels may be



wherein, for exanple, the baseline is set at 2.00
volts with the top confidence |evel being 3 percent
above the baseline (i.e., 2.06 volts) and the bottom
confi dence | evel being 2 percent bel ow the baseline
[Par 3(42] e., iadembaditseht, tHor ct:h&tﬂat&:xwrbhﬁebasbﬁ& Skgbabadlon a sliding
32 th h fid [, in
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e 1
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between 1.80 and 2.20 volts. To calculate the current
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detengéxggga gés%kagga%ég i § bag‘gldgl gg*gifﬁ’(j ta\%g: frg&%;egxz%%rd gel?sgiéne is based

on a plit@litsSof bad0ds bSsubsBa! Tife p82AR of EstahifingQl HaSel m%z iln&lude
2.01 volts, and 8207 is 2 01 volts. Since on
analyzigg@ Plenbityad @@tchewber?éesacé@pmbﬁép Ay adlatd erfaub<tmes is
pr oms%@ﬁtehg Eégt?fst%f 2)§4§ Sggrtc& bﬁ g‘é?daza ekt mteh?mxi &E%‘: o8l thh of
calculatlng t he basel i ne. V%en the next substrate
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basel i ne. Since the baseline is cal cul ated based on a
sliding wi ndow average of the nost recent five
accept abk"™ substrates that fail within the confidence
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[ Para 45] Figure 38 shows, in an enbodi nent a Nock
diagramillustrating the nethod described in the flow
chart of Figure 3A. Consider the situation wherein,
for exanple, a plurality of batches of substrates
substr&t&S 024 2 83Q41epB3386sacB 3Q8al &wfmz&?fﬂ@?ut 38 Qaénai Qﬁd& iD¥dmpared against
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[Para 50]1n an enbodi nent, the confidence |evels my

be recal cul ated based. on the baseline. In an exanpl e,

if the baseline noves from3 volts to 3.5 volts, then.

the confidence | evel may be recal cul ated. The new top
being csikicdene eohitdelce @yisbie 30 wilalahse RIS, aadper Redtolandce fovels
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conparing said first signal data against said
basel i ne, said baseline used for determ ning
acceptability of quality of processed substrates; and
recal cul ati ng sai d baseline using said first signa
data if said first signal data is within a confidence
| evel range, said confidencelPevel range is in between
a top level above said baseline and a bottom | evel
bel ow sai d baseline, said confidence |evel being
within a first tol erance range, wherein a processed

te associated with neasured signal data within
said first tolerance range is deemed acceptable. 2.
The nmethod of claiml| wherein said confidence |evel
f.anhe ai gasamy paoedssing adystemnf B methed tf@padiwsihg debselideg\égill method
:being.at a further distance away from said baseline
THHR™YSi d bottom confidence level. 3. The nethod of

cl ai nprocdssing first aubepdte;Si Ng: processi ng a second

substrate: collecting a_seco si gnal da for sajd
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first tolerance range, wherein a processed substrate associated with measured signal data

o

within said first tolerance range is deemed acceptable.

2. The method of claim 1 wherein said confidence level range is asymmetrical with said top

confidence level being at a further distance away from said baseline than said bottom

confidence level.

3. The method of claim 1 further comprising:
processing a second substrate;
collecting a second signal data for said second substrate;
comparing said second signal data against said baseline; and

including said second signal data in said recalculation of said baseline if said second

signal data is within said confidence level range.

4. The method of claim 3 wherein said recalculation of said baseline is based on statistical

calculations.

5. The method of claim 4 wherein said recalculation of said baseline is based on a sliding

window method, said sliding window method including performing said statistical



cal cul ations on a group of signal data belonging to a
set of substrates, said set of substrates changi ng as
substrates are being processed. 6. In a plasm

processing system a method for adjusting a baseline,

said nmet hod conpri sing: : processing a first batch
of substrates, said first bdftch of substrates
i ncl udi ng at | east one substrat e; coIIecting a

first set of signal data for said first batch
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7. The method of claim 6 wherein said confidence level range is asymmetrical with said top

confidence level being at a further distance away from said baseline than said bottom

confidence level.

8. The method of claim 6 further comprising:
processing a second batch of substrates, said second batch of substrates including at

least one substrate;
collecting a second set of signal data for said second batch of substrates;
comparing each signal data of said second set of signal data against said baseline;
including said each signal data of said second set of signal data in a second
statistical calculation if said signal data is within said confidence Iev.el range; and

recalculating said baseline based on said second statistical calculation.



statistical calculation if said signal data is within
said confidence | evel range; and recalculating said
basel i ne based on said second statistical calculation.

15 9. The nethod of claim8 wherein said baseline is
recal cul ated using a statistjcal approach. 10. The o
met hod of claim9 wherein sal°d baseline is

recal cul at ed based on a sliding wi ndow nmet hod, said
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bgﬁ%ggmgggg first statistical calculation. 13. The

od of claim6 further conprising re-establishing a
tol erance | evel boundary of said first tol erance range
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said first batch of substrates if said signal data

“%‘agﬁf’édf@t%{sg‘?a&%a%‘ﬁ?tﬂ’“fl rst tolerance range. 14. The
nmet hod of claim 13 further conpr|5|ng changlng a
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being within said second tol erance range, said second
tol erance range being within first tol erance range.
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15. The method of claim 6 further comprising issuing an alarm if a signal data value
associated with a substrate of said first batch of substrates is outside a second tolerance

range, said confidence level range being within said second tolerance range, said second

tolerance range being within said first tolerance range.

16. The method of claim 1 further comprising recalculating said confidence level range

using said first signal data.

17. The method of claim 1 further comprising recalculating said first tolerance range using

said first signal data.



16 18. The nethod of claim1 further conprising
re-establishing a tol erance | evel boundary of said

first tolerance range to be said first signal data if
said first signal data is outside said first tol erance
range. 19. The nethod of clgim218 further conprising °
changi ng a second tol erance range according to said
re-establishing said tolerance | evel boundary of said
first tolerance range, said confidence | evel range

being within said second tol erance range, said second

180 I Tk areetod lofiblgien D Girthgr vdntphising fré-emblismmga @lecance kme) eboundary of

S RS Sl Tt B LI gy s
fir@lt6leaneearigange, sai d confidence | evel range belng

W thin said second tol erance range, said second

tol erance range being within said first tol erance

19aNgRe method of claim 18 further comprising changing a second tolerance range

according to said re-establishing said tolerance level boundary of said first tolerance range,

said confidence level range being within said second tolerance range, said second tolerance

range being within first tolerance range.

20. The method of claim 1 further comprising issuing an alarm if said first signal data is

outside a second tolerance range, said confidence level range being within said second

tolerance range, said second tolerance range being within said first tolerance range.



