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between the substrate and the lower electrode. Consequently, due to the helium pressure on
the substrate, a relatively high electrostatic charge is required to clamp the substrate to the
lower electrode.

{Para 3] Once substrate processing has been completed within the processing chamber,
the clamp voltage 1s turned off and the substrate is ifted from the lower electrode and
removed from the processing chamber. In order to {ift the substrate from the lower electrode
without damaging the substrate, a dechucking event occurs in which the electrostatic charge
on the substrate 13 discharged in order to remove the attraction force between the substrate
and the lower electrode.

[Para 4 In most cases, discharging the electrostatic charge from the substrate is
performed by generating a plasma to neutralize the electrostatic charge on the substrate.
Once the electrostatic charge has been removed, the lifter ping disposed in the lower electrode
may be employed to lift the substrate upward to separate the substrate from the electrostatic
chuck surface, thereby allowing a robot arm to remove the substrate from the plasma
processing chamber.

[Para §j If the electrostatic charges are not satisfactorily removed from the substrate,
part of the substrate may still be clamped to the lower electrode when the hifter pins try to fift

the substrate up from the lower electrode. In this case, the substrate may break. Further,
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period even if the electrostatic charge has not been sufficiently removed from the substrate,
Consequently, lifting the substrate when the electrostatic charge has not been satisfactory
discharged may result in substrate breakage.
[Para 9} In view of the foregoing, there are desired improved techniques for detecting
when the dechuck event 13 successtul and for mmimizing the time duration required to
perform the dechucking step.
BRIEF SUMMARY OF THE INVENTION

[Para 10} The invention relates, in an embodiment, to a method for identifying an
optimal time for mechanically removing a substrate from a lower electrode in a processing

chamber of a plasma processing systemy. The method includes employing a set of sensors to
monitor @ set of electrical characteristics of a plasma, wherein the plasma is formed over the
substrate during a dechuck event. The method also includes sending processing data about
the set of electrical characteristics to a data collection device. The method further includes

comparing the processing data against a set of threshold values. The method vet also
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[Para 9]in view of the foregoing: there are desired inproved techni ques for
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{Para 14] Fig. 2 shows, in an embodiment of the invention, an enlarged view of a plot of
a plasma impedance (impedance magnitude per unit of time) versus time,
[Para 15] Fig. 3 shows, in an embodiment of the invention, a FFT [frequency spectrum
plot] plot of a voltage signal at a higher sampling rate (at about 10 kilohertz}.
{Para 16] Fig. 4 shows, in an embodiment of the invention, a plot of multiple electrical
signals versus time.
[Para 17} Fig. S shows, in an embodiment of the inveation, a stimple flow chart
ittustrating the method for detecting the optimal time for safely separating the substrate from
the lower slectrode.
{Para 18] Fig. 6 shows, in an embodiment of the invention, a stmple flow chart
iustrating a theoretical method for detecting a substrate-release event,
DETAILED DESCRIPTION OF EMBODIMENTS
[Para 19} The present invention will now be described in detait with reference to a few
embodiments thereof as ustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, 1o 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 structures have not been described in detail

in order to not unnecessarily obscure the present invention.
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the invention.

{Para 21} As aforementioned, the dechuck event based on a specified time period may
not always provide the desired result. In some situations, the electrostatic charge may be
safficiently discharged before the end of the specitied time pertod; thus, the remaining
dechuck time is wasted since no beneficial etching is being performed on the substrate during
this time. Further, the additional plasma-present time usually contributes to the premature
degradation of the chamber component. In other situations, the electrostatic charge may not
have been sufficiently discharged even after the entire specified time period has elapsed. As
a resuit, partial sticking may occur causing the substrate to break when the lifter pins attempt
to remove the substrate from the lower electrode.

{Para 22 Instead of relving on the specified time period for determining when a
substrate may be removed from the processing chamber, a prior art method includes
momitoring heliwn pressure andfor volume of helium gas. In an example, when a
predetermined level of pressure is observed, the substrate is asswmed to have been properly
released. In another example, if a higher volume of helnom gas has to be apphied to mantain
the same pressure, then the substrate is assumed to have been released.

{Para 23] However, since neither the helium flow nor the induced pressure accurately
characterizes the actual electrostatic charges between the substrate and the lower electrode,
the monitoring method based on mechanical values {such as helium flow) is isufficient in
accurately wdentifying the optimal time for removing the substrate from the lower electrode.

In an example, even though the pressure and/or flow mdicate that a predetermined threshold
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characteristics {e.g., plasma impedance, generator power, current, DC bias voltage, and the
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be conssflgﬂ@f‘“e ay 9“‘é‘b‘ﬁl“§7‘ieﬁ65 s Sﬁh‘éﬁ‘i‘)’t‘zﬁﬁl‘ﬁfl "'n](??”t-ware, such as MATLA. B (of The

Mat hVOripgea 511C.  Afindaditiedent Mbions D8l s@sREEHRAT bd RRBsdd ihRrSulBimde! of the
substrate, an oscillation frequency graph that characterizes the entire
subst r drreadbayd FequamentwdysiTiiay bs epplicdtty gre donagasnpsrtigbaishs grepr ovedd t he
set of thre gqj d values fr m‘glm t‘TE conpari sqn, ma ﬁge perfornmed,.during
R i R R v
set of ddeeshohidnaleesuiBYpdemeter may be employed to characterize the dechuck

plasma, a library of electrical signatures may be employed as potential sets of threshold

values. In an example, besides plasma impedance, electrical signatures may also be based off

of DC bias, plasma voltage, current, and the likes. To minimize false positives during

production, comparison may be made against more than one electrical signature.

[Para 32} The features and advantages of the present invention may be better understood

with reference to the figures and discussions that follow.



determ ned enpirically. To determ ne the set of threshold values, a test
substrate nay be processed during a dechuck event. Physical perturbations
exhi bit byotha/suisstrate nay be observed vi sual |y throughTarssen/ oaf3so
viewports by a process engineer. [Para 30]At the sanme time, nonitoring
devi ces are, capt yrin rocessm ata ahout. the electrical p ters.
Enpi ri dART ‘3/3§ft he |‘hv'gﬁ{‘)b‘r? ‘“h“é\Fé" CEHREL ‘é‘? gt? ‘PF%Wi’f‘h%*’wié’cﬁf‘F‘&’lﬂegg

char actgfdrghi o@infMitf@&“@hasmdahwg%ﬁaﬁa@a&%%&uw o QRALGHS fwo s a
result, a set of threshol'd val ues may be detefm ned by extracting the
MBasUr eIveetr oburttne ‘épamewx@aﬁvst@hartﬁonelud@tm@s,e(@%gn sopkesitd andpgédance,
gener at and t J me of
dach D urBa BRPEES E o o B oea B v Fe U PiSER By h TR

noni t oregda@Res detv@irRRN0 OAIhhG Y &fBelimedafsRiMaluesipisatl ﬁmmgnb&amhh me of

t he physical perturbations of the substrate may be constructed as -the set
of t hr esHemds skwibshe PPanmpndy 1@ lieedonhie tartofpeyieonss dlandes ubsierdttee may be

rel easofl ARl LTS Bl AARAOR L HETHENRALRLYR IS IRY be appl | ed

to -the esh val ues t hat

accou ntgi’hw 34:he d“{;ataemeéik, coliplgll & eing HAansdb sty @b e inchiicaroeabaditreiat |
si nce m)re than one el ectrical paraneter may be enployed to characterl ze

the dec h&ékmadaslﬁaimamﬁiﬂﬁrﬁéwy&bfﬁ*émowﬁmm BTN é‘ébbﬁﬁ‘y 15e 'ehpIeled as
t ent { t o o
poten 'c%;%a] B iatex L%%Bé?hdo vVl Uftne Jng g&;pﬁg&ggggﬁuﬁ%@gﬂg&@ @?@Em %) asm

i mpedance, ectrica gnatures
- vol t agehicle unobnet ;_:Lanmg ;trhéf,ctndsema LWﬂmetd’mi autfahied 2pos bt amasied ur lomgr
product i on, dgwggal nst nore than one el ectrical

r| son
si gnat th‘é“of‘?’zgg 9 § é&i’c%}aélé‘* advant ages of the present invention

may be |pgid %{ U”ﬁ%&l&?ﬁw"é&t{zﬁl&ﬁ(1‘?&&801%; bQarhhie, Sfub@lyﬁ@&o@&qm@'iﬁg sl ons that
fol | ow 011/ 031589PCT/ US2010/ 047380 [ Para 331Fi g. shows, in an

enmbodi memplatd ahks devhast ¢ont saxsiugpl o rbuaet ih@rsrhiicnbmt@khm@ﬁ\amnof a dual

Sour oosntr gt putd Ryteg R BiR 108 PRiRubas TR BB BeER st g ang

106, WhiGh s&fsﬁix&oi@lelggér&%&@ bRIQMEEAEn POPREmE TordhcGBRREAE IRl HEaMR ed
processi ng chanber via a matching network 110. Al t“hough a dual

frequenéliﬂ‘n’@awé@h%ﬁ%l%f- coupl ed pl asna pr ocessing systemis shown, the
I nventi ?‘Q al§ not Ldrﬂimf: tﬁ %;a& }nh Iﬂ“?t.‘ c\(gﬁkbu;g{ 19?}%&%&{:{9&& ?&r%%dm;rgﬁ&ﬁ@d the

|nvent|ve hod SCuss herein can processi ng

syst emspécﬂaé;an&a&@apa@l Inisteqdt yth@d&uhheldemwfses,&tmg} @hﬁﬁh@{oﬂe&ﬁ:tnmy i nclude a
| ower el ectrode 120 uch ,as an electrostatic chuce) During subgtrate
process&ﬂlﬁ@ms}*%&mgtsr AEOIPIPPEINEGECRSRIY PEV a0 diisr v odpgb rrd di 120.

G anpi ng..oRy nl{?\ﬁ tﬂ?}gi{@és@ﬁg H3LBG 18k Bt RQétcﬁtﬁkr@sh‘EﬁMh&g Jn%'e@}[\u&zn%?t | ves
creating an el ectrostati ¢ charge to cause substrate e attracted to
| oner ehectnpdsot 20pe8uobd s aanlgetidot thas t@t&pmeqhucée)sm g data of one or more
electrical parameters against a set of electrical signatures to determuine the optimal time for
removing substrate 122 from lower electrode 120,
[Para 37} In order to have sefficient data to analyze the plasma, sensors may be
emploved to collect processing data about each substrate. In an example, a voltage current
sensor |12 may be employed to captwre processing data relating to the dechuck event {such
as DC bias, plasma impedance, current, plasma voltage, and the likes). The processing data
may be converted from its analog format into a digital format by a receiver 114, Once the
data has been converted, the digital data may be forwarded to a data collection device 116 for
analysis. In an embodiment, the data coliection device 116 may be configured not only to

receive the digital data but also to perform the companison algorithm to determine the optimal



[ Para 351Consider the situation wherein, for exanple, substrate processing
has been conpl eted and a dechuck event is executed to renove the

el ect r ostwDi201f03158¢ bet ween substrate 122 and | ower el eeCrase012d@7380 n nost
cases, dischargi ng the electrostatic charge fromsubstrate 122 is perforned
by generatin asma for neutrali zj t he el ectrostatic charye on

SUbst r dE LI v@e% g sURr It e %ﬂ?\ﬁ%ﬂ ghordpia deieRitIe rgbe Fubshe

execut edy 1,ohifRg RLBOGE %fﬂr@@‘i‘msff?ﬁsgk @ﬂ*lﬁd\@@rcﬁ@ feQfocekfIng @l@gmb&' he dechuck
event is executed until a set of electrical characteristics (e.g., plasm

i npedari®ara d&ner a@m tbm;enmicmiueaentme mmmmmntw&hg@an amhadxhem rkes) within
t he process(! nﬁ Q et agiﬁf g b hres Egn f: an_enbodi nent
t he coPariedh®y '?fzél T’Oo}Wé’aquy“ 4og8¢ ?rhlr'}] 0"5‘5?%‘6{?%?%}]?)90%& ng data
of one PhcRPHRIBLLEhTHIGR!! | PARTRILLE pAAINNSTL 1F SeimEt 1&L86tht Gabr shgnat ures
to determ ne the optinmal time fbr renmoving substrate 122 from | ower

el ect r odleich 2@ dijppagdindaverelentde 126, thaveesubfist BRtuigarditspand yze the

D B BSAROTS: B 1RCTRLAYET, Qabt S5k RE 35855 FL & ARRNL fach
substrate. in F ol't age "cur nt lé oedto

capt ur & ”Qrimﬁﬁﬁbl m@ndqﬁxacéqekaatizmgbéro i:ixhﬁm@lﬁ;ﬁhmctke w&ﬁ@ie(ﬁu@hpza&na%bl as,
pl asma i npedance, current, E)I asma voltage, and the likes). The I’OCGSSI ng
dat a mEySEEbNUbfisgthoisaycaparsy ‘?‘F*o?!?fﬁ“ﬂai|‘¥ﬁ‘ofﬂ‘éf‘d‘i’%l‘"’t‘-a’r~‘bfftb¥ eyv

recei var, dld; @366 LSRN 2oNs, BEER. EAMNARED:oiddiadh 8 Lahofal ARy,

f or war at a co ['ection “devi ce analysis. In an e [ rrent
t he datsabgaitd EZXi on device 116 nmay be configured not only to release tine.

The date col) ecte be analy in orde to determ ne en the substrate
can be PAFLSHT 1 ot CECBr UL RSSOt FEMEt e e SHTE RS LTS pr ocesst ng

Cha”berwbi:?@é P?”Baﬁx%@@ﬁ% él@&r&ﬁ@tihm refBLEARE &Rs@%%ae‘&%%ubﬁ&%éufa&t% in an
enbodi nent: a r]{,essag be sent to a process nodule controller 118. Upon

recei vilag. taeh e»;mp‘ ws;:eumdaltetammmelthfe@ecmm& paynd.ngy compang

Poeor ahEateililiet 3500 drduiteltcb i is g Bt ied Byl et SRR at £ 122

from| auebed SR 1§20 indibRReRY iRl Jpomangmd fHORGHy BRI DoibeRRY Bosdst rat e
122 from t he plasma processing chamber. By nonitoring the actual electrical

par ametlewer elssteieat dlenmibaiicariagiba gadhef ae@%aékiimeaémmuﬁwéelsptm%uc time for
rel eas'a’ﬂ@m%g?%tr%gesé«%ﬁ%m Reuﬁ%g@m ned and, s wgstﬁu%ég }#2 may be lifted

froml| ower anmagi ng su strate ara 391As

af or enghizomgd, therdpschaigehobsdihgionliedterdeshatd ;ﬂaq@ﬁ&ffgaetshﬁé waenasubstrate
122 and . | ower eI ectrode 120 | s reflected by the physical perturbations of
subst r #t&W1 Charde Iy 6 & ablapes t‘%ﬂé’@%oﬁ%&ﬁ%‘é?"&ﬁ FeEn Lt Pign vilrehe
dechuc I ot ti 22
e R S G T S R e e
be i ndlc:ieahunke'»inhmtiheife@td hathetaso@laar, tlseaa‘iaityudilcﬁﬁmﬂgrmzcs wbstalatte from t he

| ower el r ode, r,m nat a, suff lalCi e[;t anount of

PO LA Gy R R o S B R L R AT A S

| oner ehgelpode 120. 1Para 401Correspondingly, the oscillation in the

dechuck plasna affects the plasma , N ,
[Para 41} As aforementioned, the physical perturbations exhibit by the substrate daring

the dechuck event may be visually monitored in a test envivonment. At the moment a
physical perturbation is exhibited by the substrate, a corresponding perturbation may be seen
in the electrical parameters of the plasma. Fig. 2 shows, in an embodiment of the invention,
an enlarged view of a plot of g plasima impedance (impedance magnitude per unit of time}
versus time. In Fig 2, the plasma impedance signal shows a perturbation in the plasma
impedance signal corresponding to the moment in time when a physical perturbation of a test
substrate causes an osciflation in the plasma. As can be seen at point 202, a strong change 1n

the umpedance signal occurs as the substrate moves. In this example, even though the plot is



el ectrical characteristics (e.g., plasnma inpedance, generator power,
current, DC bias voltage, and the likes), which is detectable by the
sensor ( s)wWolnngsi1ishe el ectrical characteristics of the #ethisekophmsma is
affected by the oscillation, the electrical characteristics nmay also be

i ncl ude s part _.of the en |nt detection sche r sepa g t he
subst ragélafwéﬁwh%g TRgRndPo dle gk @ SRt SR N8 B%l@ﬁ@ﬂ@?ﬂdhea* CHEs

physi calc.pefbhed 08 Le&hba{dmbm@b&&u@&im&eﬁwrI ng the dechuck event
may be visual |y nonit In atest environment. At the nonent a physical
pert ur HRaios2]i s éxtalmimd byantdmboglirbett chthe, m@f’@i@nriegbbnida%hb«bme&rt ur bation

N |
erbod TRE TRy did 3 TG FSh o SAr gLt 1T dns Sro i e e

'”pedarh%@m(lmmﬂﬁﬁnﬁaﬁﬁihﬁﬂﬁ%@ﬁf 2Uiditis thdammd YRSMS, dobiRsitd N Fi g, 2,
the plasma inpedance signal shows a perturbation in thé plasma inpedance

si gnal fespersipotidiing qf@ub%etm@m“@emﬁaw e Gliven valtpieys isasihperedobativon of
a test . t i that R S he.seen at

poi Nt 2@%%‘51@% gqc?x A ?iﬁe ape?ﬂd?ﬁz% Qaﬁsh @a\aﬁ)é%e isz %h% g%%“ﬁ?‘% Q?}p’z t% sz %glﬁbs trate
nmoves. dofretRings amm;lcaiausx\y anihk ?msgﬂa ak e bataté ﬁm\l‘& after the g,hmpmo voltage

2011/ 031589PCT/ US2010/ 047380 of a | ow sanpling rate (about 175 hertz), a
st r ong ‘e HEWYY WsHhoH ohns to | ess than 5.4 ohns occur during the tine

peri od n 74 Pa an
e R R L e
megaherthay aftdct a@ec dingoat elediealpliotlsl Fig Mmlmwat inanhkbgledmsanplhengamate, (at

about 10 kI|Oh ) ,in.conparison to Fi is a Qroadb d frequency
conpos AOF 3 GHEHE S REN S VGRS Bet P HOVHAY SEoraaE e Sinp

vol t ag%é @iebt&k%l' s?m!alé slh%e%eﬁinfbauw mbe%@é@ahmoe@me%%hﬂqs &%Ez‘éﬂl%%' ons
(poi nt 302, c.) he voltage signal's corresponds'to an
osci | | dtmmmp nhetime Up)f&@lé?mi t%eiﬁﬁeﬁub@m ablhangh esclaflearicat henekam‘hn@ vol t age
is initi renmentioned the ion into

the. pl BT EPTITES PHEM bite ) R uren Ry S Roat HorS PHE e G BB cal

si gnal SladhtGmfdsROBre 40%) ARs £ERATCIRNL r@ftct B iNMEMdraR: ofe PO O]
mul tiple electrical si gnal s versus time. At point 402 (around 56 seconds),

each ofsigneé. dn e erbedimest, ghtaiﬂ@eigrnmn@i@émpuﬁlgwa@ﬁw STRUBLNGhSBSERE] at i on
ISP gﬁ]gﬁ Rﬁ?%\u e u?xfoﬂg Cx]taggwtt ?%ﬁéegilgﬁaﬁiy?ﬂ t%e,gi f,}%@“l“ﬂ tﬁ@ﬁgﬁg% ttgehb igtﬁg ri cal

magni t q@arsoﬂ«;}eac Hnpertibobabdne nha/mimezam eleﬁd tpbms de%artml ®herhd ﬁxa2 Zaihmegaher tz
pl asma i npedance (Ii ni 404) has a,_ Si gnl ficant]y. gr eater magni tude than the
P

ot her EPWETE & PATHR %“L‘bﬁfﬁ“hﬁf‘éhﬁbd YRR PRI CHOEY T RERTBWYof  an opt i mal
time f%nﬁﬁ(ﬁﬁ{g‘%&ﬁq@go@ﬁé{b% AL S SIO R BrduRURH q&zﬁﬁ%rg %o@‘% é?&zr@aﬁed on the
el ectrical sigha he greatest perturbation ara 441in an

enbodi ment|s shhe permdm&bnweﬂm cpai¥ ttar detrent uunnsmemtexerguym@mm subeirare ze t he
potential of subs te breg arﬂe due to parti aI ‘Ztl cki tgg y .,substantially

el i mi ndty 8@%@@9 RS S 41F S0RAR0 Algpridinh Ay b Ba%eéé’élﬁﬁ%“” ’ma of
the el qg}grgq&gkka§gigﬁrgll§&nggoggﬁ&wbat| ons. However: at that noment in tinme,
not all regions of the ‘substrate have been conpletely rel eased. Thus, the
conpar i [fara &ﬂgor i Nq:mnrthyipbexl@asieimortihmrt@ﬂmaﬁmmemilemtcr goahondounal , in an
enbodi e fore

conpar 1EBIaF J6r Fefme op aey Bee Rt bErual BT Le R RS P B Piur ea to
accountejdc@ficat hl@mhehﬁychﬂﬁfxaﬁ‘fplé e G Jidcan@ntigahiebiimh 8 e SEONalsly diRRc@d by
exanple, for an electrical signal thin may be si ificantly affected by an
osci | | aeiasalipton ebp plena, th@ ﬁ@nee‘rﬁﬁa@i@ejﬁner% r“il‘gﬁrﬁ mﬂmwn ahat if the

det er td o s the
thr osnott g iAol P lesh oL AEEA HARBEm Aok A oM AR RIS e
may be c&&xfu@é@’nfdﬁﬁ@Mﬁﬁﬁﬁﬂd@%%&ﬁaitﬂ@rena‘hedt Hooahes mgra@émmham‘rmymnma» exhi bi t

a large ch e due to an oscillatjon into the plasma, the conparijson
al gor | twﬁﬁgﬂaﬂeee FEgr AE° Ko e girgrn Bre Bemisale. SiegiRanarisal WMt si il ar

behavi gf ﬁiﬂeﬁu&@?d&@&?@%!é}.%a@&?t HRIIRY% sh A Yeh Vol BigoRERL Ur Dation as a

rel eased ‘even
comparison algorithm may identify the perturbation as a released event.



WO 2011/ 031589PCT/ US2010/ 047380 [ Para 461Fig, 5 shows, in an enbodi nent of
the invention, a sinple flow chart illustrating the nethod for detecting
the opti msib20ivms1§89r safely separating the substrate fr@oriuseoloowsso
el ectrode. [Para 471At a first step 502, a substrate is placed onto a | ower
eIectrog ﬁ@ | e, substrate 122 Posttioneq Eg top, of | ower
el ect r dHara: (sJeh wé\ﬁem*d%t%tifleﬂéﬁté}@)! WeRGORa APREEY bt 122 i n
pl ace, tauahams tﬁéﬂh&tﬁ%tdr%ﬁ%ﬁ%ﬁ‘é% E:Hm?ﬁt%@tt& Q¢ K%F ﬁ:‘%ﬁttﬁi &b ARG
bet ween substfate 122 and | ower 2ct rode 120, ‘%ara At a next step 504,
substrahehnwmeéﬁgvﬁg is executed in an exanple., substrate 122 is
proces i n.process subst r at rocessin |nert
ae” (salhrbdTiher Ay Ry Sn ensr by ate PTsdemPraon At ReRaBkors ML giiay
[ Para 498Afatd1 MeXtpositiBRec V\ﬁ%@hﬁiéf%&%ﬂﬁﬁ@@ﬁﬁ@h@ﬁ&d ae&@%ttetmmn@et he
dechuck event is executed. en substrate processing has conpleted, the
power ft@éﬁmé?éﬁet?at»ém glotr eadnipyolmgd isloeplayel wanpédaasirslemch#ge nai n et ch
| evel '%ﬂ%ﬂﬁ%&@tﬁﬁ@ t?1§“§u j&g £0L 58 mai ntain a | ow powered plasma. The
plasma 1S str 176 the el ectrostatic charge on substrate
122 butj{Pasa ttqo weaﬂa ﬂmt sxep t%cu; rmett@tw MYcesAing s e 0es $i fgechandenbsti i s
vacat ed by #ﬁg out the Fblluntﬁmafer backsi de i nert gas) pressure.
Gener al 12¢,1s Pme URTPESheine £ 1B SVd e urge ulgdae ipesssng e ifeTpydesdi ng i s
about FfubPld be BRKEA 1o LOR BMRLIAOL: eliiin (vl er backsi de Tnert gas)
pressure after proces in a chanber 1s a |owlevel pressure of about 2-3
torrs. [Rdek #‘)Ionalfktw, nd,\lnacp Fafpubatdagecthal i§ &nnﬁuetiamhﬂmgktlm&k event s
el ectrostati ¢ ?rce bet ween subs rate over el ectrode 120, i s turn
of f. [ PAFESH1DGFR AYSIAK RiSERTR% ‘%WHH’ u%a@{ PO TH SRR ADRARICSS {04
exanpl €udWhe Qiet thtelp@h aaten\fatlt Qig‘%n'{tﬁ etﬁna%timot lfex ezstytﬁt mﬁ BiekAd nfiafdl £ back
to its natural state. In another exanple, the backside inert gas flow may
cause dapystavaral plostpe The mleﬂncm@ sgingengh t@hartmhmglhe\ﬁéﬂma@tem shange dtonger on
mai nt ain t ti ce that .Subs te 122
to | owaBurut o S ey et Seriut bt navenitesily wanbe B8 RSk Ene 11
the pl agnBuiiat ot beinaf et a&keﬁttqttanam stk eGehe ety eactium
charact éristics of the parameter. [Para Si 1At a next step 508, sensors are
enpl oydwvafas bagisidecpert hes) prasewre tit:@tlouuamanetﬂe‘n% ?@s*ﬁgmt shioweverHbe pmagia. | n
an exa y Cleli:C ar amne: . i . Bl a
vol t agerg%llﬁlifluﬂ (Sﬁatt Y ba@ilﬁst(?&t m%aéﬁt@&%dn‘t%ﬁ%r% i 1}1 %ﬁ%ﬁggq% a?&‘r l& LEI nce

t hese qhexstureuﬁatmtmrr anﬁtﬂen‘&icﬁﬂ(&}aaiftﬁetﬁdltwmthee thlamaeﬂremtmmsita&l c charge is
bei ng di schar in an ex | tage and, current sensor may be

enpl oyé%"‘t“@“ég fq}%‘eb‘ﬁ’l‘*é)t’ E‘P?ﬁ{:}‘*d%@ 4ne ?W" prestelsi Ngisdutatf such as pl asma
| npedangg), SRy b%&%&tthé Qed éﬂ@t dak@ q%ﬁstttﬁr t*”ﬁﬁzgﬁ%‘t%etﬁ A ?haiﬁﬁ'ké/ SR e

processing data i's conpared agai nst a threshold va € 'processi ng
dat a t ridarep selsagk hetumed off, substrate 122 may flex back to its natural state. In another

example, the backside mert gas flow may cause substrate to be litfied up since the clamping
voltage 1s no longer on to maintain the electrostatic force {the force that clamped substrate
122 to lower electrode 120). The substrate movement may cause oscillations m the plasma
that may be reflected as changes i the electrical charactenstics of the parameter.

[Para 51} At a next step 508, sensors are employed to monitor the electrical parameters
{signals) of the plasma. In an example, electrical parameters such as plasma impedance, DC
bias voltage, current, generator power, and the likes may be monitored since these electrical
parameters are affected while the electrostatic charge is being discharged. b an example, a
voltage and current sensor may be emploved to capture processing data. The processing data
{such as plasma mnpedance) may be sent to the data collection device for analysis. The

processing data is compared agamst a threshold value. If the processing data traverses the

10



WO 2011/ 031589PCT/ US2010/ 047380 t hreshol d value, then the electrostatic
charge is considered to be sufficiently charged.. However, if the threshold
val ue i s wotzomm3158Phen t he substrate-rel eased event hasPaootUush@ppersed and

t he dechuck event continues [ Para 52As di scussed herein, the termtraverse

may inc xceed bel | ow, be within ra and t he I i ke., The neani ng
of the'l Mdlefﬂﬁ valpeythen ﬁ*&;?ieerga%ﬁl& B B ﬁew%‘ffr %3}% fhicignthyirbatsiteshol d

val ue/ rl‘%\g@nu m@@m@w@km ffnck BRES BE axxtﬁ@lﬂfeﬁ@ﬁa&h%E’Jn%x%oi 1%%91%0_9’
for exarrp e, to be at least a certain value, then the processing data is

consi demddhe d:chaskeeenasetisads. the t hreshol d value/range if the plasnma

[ rrpeda the threshol.d val ue/r not her
examr AP Sthe reutHar e BaRt Kenrhe bt i terd Ml 2%t o he
bel ow agivih Whee! IRNLE NRe. PTRCASSIAY0 ORE & R@atdr ek s 8shchbapbhieshol d

val ue/ range i f the pl asna i npedance val ue has fall'en bel ow t he threshold

val ue/ riaggeemanpal de I3etheldrnlentiods nin cxenipe. dnbe slcaptrqus tyaplasmt er is
moni tor;ﬁxg adilee 90 g(m%ﬂ‘? Ei{w GELT 153k ;B%gflﬁh%r m? ul% @&gwusa @(%nﬂdei%ld
FOPaFanet er 1 b e et ly

electric S nonito

exhi bi trothhe: gaealedshe mkmh@le vehenaggesitl b&gﬁ@m zmplatiémctss ambym fna{ or exceed
perturbations. [Para 541li n anot her” enbo iment, nultiple electrical signals

may be thoRreHplidalmyangni Ponpiigt worwls. hble éﬁﬁémsrt*gwaqb the plREvpHBPIRIE. may be
signifi I GG i n which a
conbi ngtgﬁgénalngtjg té‘%Bﬁbﬁ%‘diﬁaégnﬁfé@@k&mn gggi oaf&? Eegﬁﬂ@?};\%ﬁ udes bef ore
subst r atabiekB2gd ¢ tlcaisindengedtochehsuiif tﬁkemstrloyx theltloagel! tduensure a safe
reIeasSfron}Hlower eIetrode 12&: ;P 1At a next step L{ the lifter
pins raf e sdBﬁ"‘i‘r‘*gi’@‘hlﬂl’%‘Fth“ eI ovE ”%ﬂ QEPPHHE 15 i“ﬁ“’é‘ﬁ“éx ABFEONS he
condi t'&@éb’%am@bm%néfé?% ﬁe@ﬁﬁnﬁﬁk&@@ §hk @i‘é&ﬁ%ﬂ%ﬁu@?&ﬂh&f@% aloBHGRIA]s Qg or nore
el ectrical signals has net the set hreshol d val ues), a nessage is sent
t o t he @t@m@m enpaidadly cenﬂmbitIlles'rgri*m&lmbztimstlmcnsubﬁetttpﬁéumm‘ewcﬂirt

?/tq ralqse the lifter pins in order to separate substrate 122 from
Iower dIFECIRBA% 120, thereby all owing substrate 122 to be available for

r enovaljphEPRIPr 0G8SfbiRer GHRRSEM1RAAIRY: 8cf1Bbats@aMmd R dobkEd 93v6 shows,
in an embodi nent of the invention, a sinple flow chart illustrating a

t heor ethemioTwemhGE trorongstusat e pessisseayaices g fiemmsly Eévemted [IPawa 571At a
first S gr‘?&ppco ﬁna‘?mmz%?l &s& !}16\3 i’?:%)% £3)%E)g1a tidn SPQ% fi» /Y ﬂawﬂ p%;,\ z?m? 89“ ment,

threshold values before substrate 122 is considered to be sufficiently released to ensure a safe
release front lower electrode 120,

[Para 5§} At a next step 514, the lifter pins raise the substrate from the lower electrode.
In an example, the conditions for a substrate-released event has been met (such as one or
more electrical signals has met the set of threshold values), a message is sent to the process
module controller 118 to instruct the preumatic lift assembly to raise the hifter pias m order to
separate substrate 122 from lower electrode 120, thereby allowing substrate 122 to be
available for removal from processing chamber 102 by a robot arm.

[Para 56} Fig. 6 shows, in an embodiment of the invention, a simple flow chart
itlustrating a theoretical method for detecting a substrate-release event.

[Para 57} At g first step 602, a model of the substrate is constructed. In an embodiment,
the model is a 3-1 model that captures the physical characteristics (such as thickness, size,
and material composition) of the substrate, including the differences that mav exist between

the different regions of the substrate.
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the nodel is a 3-D nodel that captures the physical characteristics (such
as thickness, size, and material conposition) of the substrate, including
t he diffewenoas3iisat nay exi st between the different re@Cons2ab/ oy1380
substrate. WD 2011/031589PCT/ US2010/ 047380 1Para 581At a next step 604, a
physi c |1 at]on frequ y plot is deterpined fo substrat e nodel
Bhen ¢ HEELERE r araes g?@%m@*%ﬁ%r Gtion ] caeeh ol i BBy BALat e vent
In an %ﬂ@&ﬁir@%@w mnam@hwra@lh ;ﬂ{xqgaﬁ{rgm%%m %S&%%«M% ke RR Lk \thqn Mat h
Wrks. Inc. Nat | MA), In conjuction wth a perfect tone may b

appl i edxntezmttddewndm ﬂml}ttpalq:tmmux asvdmzﬂ»hat\i«bhmﬁaqt@hwia@ﬂ\ axiqseﬂnea@ed event _

of 1 ho "WHks Bl o e S BeGErey” BoP AbP R TP &t P Bt ur o 1o

conpar Q}qaﬁ@h@sgedjtmcagty,sﬁ;eg@@édehﬁt| on frequency of a substrate during a
dechuck event in production, [Para 601At a next stetp 608, the lifter pins

rai se tifersdfst r atles #axopep K86, |agvadgorshmgrpoienioy anapl 1R Anlaicsoidee one or
more el getrical :iﬁ Pﬁl:c?]\ ehé\Sp{KFSq{ ?eieﬁam(itqfu'n(it% eﬁ'«%ﬂ@%&rﬁéimf\h{: actugl
e process

substraﬂe rel ease eve nessa

nmodul e i@l frequebdBof OsubRhe dating Beeginek gadrt ¢n bxlc»ﬁtz..ta;s;senbl y to raise the
lifter %I ns in order to renpbve substrate 122 from | ower el ectrode 120,

[Para dfamss¥an bt i sep aPodhe HBem Mngaiseshagidsigate fige1 s hovatdlsrgodnd poi nt
det ect iy g%%&t&ﬁﬂi@ag Je%wg oﬁ @P@éle@lﬁm%‘ﬁ abrL et 1€ eﬁéﬁg%af AbFatlifeOM ”Qe | ower

el ectro inas icient narner. e net subst ant i al

el i m natibsrdaihe:! mt‘{émmaib iloniffedlséa msmtgnweam tohbe phyersenmddlangprtdoder

potenti ﬂl for }é | al sti Cgl thlalt' can r?skl i.n danmgge to the substrate.
The metH&do 4s¥ ‘L“]d“ci?i“d’é%’*“rC Ht BrgRt ProLREsy EBPPIgH Y LY T@r‘rﬁ-‘i‘ﬂ‘r‘oﬁ&%ﬁ‘b‘ﬁ? si nce
t he subsbraheidwerc@R¥&d;dg om t he processi ng chanber once the optimal tine
for renoval has been identified. In other words, once one or nore

el ect ri{€ara slignal 4s pmdvi agpeeceiidderrs &igshapnd kethelmovrost alipoid hlateg@mhas been

sufficientl schar ge , tr separated.fro

ol eot 1 onmend AR RO B gt 106 e PR BRI S5 L0 LT s R ¢ e
ti me waifficip@rhfehehashd@kihel apsethiaiPaldifl A% sathe iarpiessated from one
or nore enbodi ments of the present |nvent| on, an innovative end point

det ect ithereky ey iUie ngteaseiHotririe Siskipe St detiteswl tohdapmes |t¢1ﬁwabit\aée end
oi nt t ntifying a
Pobet r ap T BTaBE PETucs TN BLS RIRHS SR P L ARBLA Rt HEREAALOD, 5

I's wastieshodttefrba thaplobakingtchakbagnaathd @sisnal tine fbswnequi iffed»ea‘elordeﬁhﬁ&tber
cl eani ng, thereby reducing the cost, of ownership since the substrate
is rendVOPA PEwtt H%CLpC?‘?S@é§§ifﬁ§ii’&‘lﬁ‘éﬁlﬁéq‘“~@m¥ﬁ‘ fé&%@ﬁé@ﬁaﬂ@ff@ "éé‘é‘élmﬁ%/ent has

been pc&%‘a de R YedrAGREL; hﬁddz Ezﬂ»@grthé Q&QHgQQEEe Mﬁi_pﬁt A %\Q%Feie[:z’?

63Wi | fi's 1 nventi on ‘escri be terns of severa preferred
enbodi rtémiﬂ& the hermearatiecab t}WMmMammmbatze©nm§ vacheeigd ihwahendsedvhi ch
fall w thinfhe scope of this inventio vari ?ﬁs exanpl es are

provi defi*rkfdi n, ‘“Ei“é’elfﬁﬁ’f’{fﬁﬁ‘g'dl f’f‘ﬁﬁf’”? HE@@‘%@&& e 8 IEIREEP L i ve and not
Lim ti ngyadibh, J]ﬁ%ﬁ@x%w@: Oud P&int MER L Wheme during dechucking is provided. With the

mnovative end point detection scheme, methods are provided for accurately identifying a
substrate~-released event m a safe and timely manner. Thus, less substrate is wasted due to
partial sticking and less time is required for chamber cleaning, thereby reducing the cost of
ownership. Also, since the substrate is removed from the processing chamber when a
substrate-released event has been positively identified, higher throughput may be achieved.
[Para 63} While this invention has been deseribed in terms of several preferred
embodiments, there are alterations, permutations, and equivalents, which fall within the scope
of this invention. Although various examples are provided herein, it i3 intended that these

examples be illustrative and not Limiting with respect to the mvention.
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WO 2011/ 031589PCT/ US2010/ 047380 [ Para 641Al so, the title and sunmary are
provi ded hereM for conveni ence and should not be used to construe the scope
of the clwDmeilBI®Pn Further, the abstract is witten i RCa/us2glloy73so
abbreviated formand is provided herein for convenience and t hus shoul d not
be errpl ed to co stry ﬁr _I'tm't the.oy‘er% i nvention: whi Chﬁsﬁ {ﬁgressed
in the [EPE L | rVBRdbe BlpRrdurmimiy aspiosiiet BREPRIO CORFEIFIELFIA 19641t ended
to havehdt bS u@&lm%% i M%%QQ%H%%E%{ &alp AN 't}{!zg:bto{?a& AFHu&PhQy One, or
nore than one nmenber, it should also be noted that there are many

al t er ndtighle 'xiﬁaysmmﬁ fvmpamhenw\nged lmeezné@mmseram@t:eatpé@nataﬁeéé nof bt he present
i nventi on that the following.a i s be
|t or predlay g0 FptstHRon gt hE TEAT ARERR N R SSPHAEaeS DRSS Eaq T (e

equi valigmi Sse@Sis femtiployot hibteih, kh@h ffii @& SRhEED 10aRde $6 0PRnREhL BiRlcpiRRENt

i nvention. WO 2011/031589PCT/ US2010/ 047380 CLAIMS Wiat is clainmed is: 1.
A et hotathepaticgbmer g Hgcans @pm argl ot g thoy onpeBtabite 4l hpukleisviopred

e b LT ARl RELOU8r I BRI RESRE LU GOARP o Bl B B AR
a set qfreehemt giteal m;hatﬁea@ﬁw&rm&mti@csth@f tha f@lasingappindeetininstbdopbpend | s

f or med over sai d _substrate during a &huck event; sending processing data
about  SRIEFILEEE o Seledierilons. REHERARe St uav A sasdal &7/ 00) echr R devi ce;
corrparqugS @le%ﬁfiepﬁrg%ﬁﬂﬁe%%ﬁ agai nst a set of threshold val ues; and

if said processi ng data traverses said threshold values, renoving said
substrate fromsaid | ower el ectrode since a substrate- reI eased event has
occurred.

o
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2. The nmethod of claiml| wherein if said processing data does not traverse
said set of threshold values, said substrate-rel eased event is deened to
have not wocorwmdassand sai d substrate is not renoved fr oRCTAISAOWESE0
electrode. 3. The nethod of claim?2 wherein said set of electrical
characteristics includes plasma inp€dagiges 4. The nethod of claim?2
mhereln sald set of electrical characteristics includes direct current bias
vol t ageWhatgs cigHgedyst hod of claim 2 wherein said set of electrical

char actzermum foPg bsﬁﬁ%mcwa; wh%\?:%%ﬂhd?&%( um@xm‘-‘r h%utsg% ok, pf, claim2

wherein said set o ectrlc aracteristics is a si geeectrlcal
par anetiewer sibercelk i s ardtesimgthamdkeci 1 pleaha pacayetey sﬂamscdne]amsng;rpl rically

determned to exhibit the %ﬁeat est ,chaQ e an‘n a test substr }g exhi bits
physi cal pertHBADE 838 UrTHE & BRERUERS ElfCTCAlPORITRER IR R ai m 2

wher ei nygRkid s8i@tpRlnaak @Fhlclioobs GRBLASLAE USLAES dbdgtbegs,more than a single
electrical paraneter, wherein a conbination of electrical paraneters is

conpar ed agakendng aiq@Ewr&! dayatohut sl eghdkgcwrahideracerdecsee midat @dliedion
subst rafe rel eased event. 8. The nethod of claiml wherein said plasm
pr ocessl Fﬁd systemis a dual frequency capacitively-coupled plasma

processi Ng sysi@fhy s8d phcaBlioghd Sfaisd @& drylhachodvaRdst Bl tine during a
dechuck event for mechanl call'y renbving a substrate froma | ower el ectrode

in a processi Hud BRERBER do1a EasTEs Mid Sroteddyaeess rarems wohpbpgihgiomn wo
2011/ O5ROPCTLLIAOMLY 04 1300 cue.rclcas QENRR AN oS ! | 1 at T on fr equency

pl ot of stics for saird substrate during said
dec huck. eUientigthod of ¢laing ORI@rdim Y sailjdoasdhf Hakidoss far mua'@@ yaigpb@tofof said
substrate aqal nst a set of electrjcal signatures, if said
osci | | dbiesilf eyt Ay sphdite %éwlews‘ésmtsfaﬁlaugsé% toggav éF‘é‘c‘t‘M“d&i angj §¥rht ur es,

eV SR SUPRALE onemieRhdd LRNREE! ect rode since a

substrate-rel eased event as occurred
3. The method of claim 2 wherein said set of electrical characteristics includes plasma

mpedance.

4. The method of claim 2 wherein said set of electrical charactersstics includes direct cugrent
bias voltage.

5. The method of claim 2 wherem satd set of electrical characteristics includes current
generator power.

6. The method of clatm 2 wherein said set of electrical characteristics is @ single electrical
parameter, wherein said single electrical parameter has been empirically detenmined to exhibit
the greatest change when a test substrate exhibits physical perturbations during a dechuck
event.

7. The method of claim 2 wherein said set of electrical characteristics includes more than a
single electrical pavameter, wherein a combination of electrical parameters i1s compared against
a plurality of threshold values to determine said substrate-released event.

8. The method of claim 1 wherein said plasma processig system 1s a dual frequency
capaciively-coupled plasma processing system.

¢ A method for identifying an optimal time during a dechuck event for mechanically
removing a sebstrate from a lower electrode in a processing chamber of a plasma processing

system, comprising:
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10. The method of claim9 wherein if said oscillation frequency plot does
not traverse said set of electrical signhatures, said substrate-rel eased
event is weenad3issohave not occurred and sai d substrat ePcs/useatonerssved from
said | ower electrode_ 11 The method of claim 10 wherein said set of

el ectrical qRatadhght siditsiontehudes phbagaBed sipbaaincechard@eristibeforsiiiod of
claim 10 wherein said set of electrical characteristics includes direct

cur r entSupyiEde Gyrtzagt dechack emgat et hod of cl ai m 10 wherein said set of

el ectrical char )%ﬁkg\%\%ﬁ to!%cﬁﬁﬂthﬁ?ﬁ‘éﬂ@@écy b( f%ﬁid%ﬁ@ﬁfaﬁ a1 ROWeE-of eldiricipe

met hod of clai i 10 erein said Iset electrical characteristics Is a

si gnl e sebrectred;ead paraneter, wherein said single electrical paraneter has
been enpiri Cﬁ!‘l' determned to e[\xhi‘b__i, t the gr egt est. change when a.test
substrate ex ?%'-P%“‘éfﬁ&?élif&:é]mbé’rﬁ Wr‘B‘éiFbeh%*“‘H%?P BlearigRICRRIBR By EHROVING 5. The
met hod Qfq GhatR &m & R BlRr SREEhRGINR B8Rt I dake CARMARLRILSLdLS 1 ncl udes

nore than a single electrical paraneter, wherein a conbination of

el ect rildal Thpanehed ef daihs? pbmpar ddrid gadiHstomfiplugnelt ploydes nohreshws|sdidsat ues
to det erﬁlngsi'ﬂg' Substr ates fle,kq.eaﬁ@e,d,,?\!?,”;u A6, The .,qet\[god‘ vaqQ' ?' y 9

wher ei rPISHH 0] ASHATr e TPHE SPITRRT T b iseliarey FeTeamatrve et rLuibi eq

pl asnme RHAERS SiRPreanste Mom kid lolhe cietb@d of claim9 wherein said set of

el ectrical signatures is a set of physical oscillation frequency plots of a

subst r dtle Thsdethodwieriainn! Superedetaicfet phyletasd! chgerierigios drclgdes glismgy pl ot s
IS genq{llgggﬂll‘:@hen said substrate nodel is physically perturbed by a
substraté-rel'eased event. 18. The nethod of claim 17 wherein said

osci | | atdi. drhefratokatylaipl 01 whereGoapbsce df dlgatadtcharsberigininesudt dratidusent of
physi cal oscillation frequency plots. 9. An article of manufacture

conpr i STy a8t ogr am st or age nmedi um havi ng conputer readabl e code enmbodi ed

therei ng Sgie .&B&Pwﬁéig{e gﬁﬂg Yofn &QP'%‘; Qﬁéiﬁ%ﬁ ﬁ’%h&&ﬁzeﬁﬁic@%cﬂx&% Qhkbdi N9 an

optimal tinme during a event for chanically renoving a substrate
from a deowarorgbeet.rode in a processing chanber of a plasnma processing
system, c of

Lcagprising: ., . . code. for. e ,}ciyiﬁrrj a,sensar.to nmonitor a.set
of ect r1/dall TR acd oFqiap KLV Brel it Rpard ATEPE e dsha e deshigl over
sai d suhsihabewlbiclNid@sideeRueki@VaRhcter has been empirically determined to exhibit

the greatest change when a test substrate exhibits physical perturbations during a dechuck
event.

15, The method of claim 10 wherein said set of electrical characteristics includes more than 8
single electrical parameter, wherein a combination of electrical parameters is compared against
a plurality of threshold values to determine said substrate-released event.

16. The method of claim 9 wherein said plasma processing system is a dual frequency
capacitively-coupled plasma processing svstem.

17. The method of claim 9 wherein said set of electrical signatures is a set of physical
oscitlation frequency plots of a substrate model, wherein said set of physical oscillation
frequency plots is generated when saud substrate model s physically perturbed by a substrate-
released event.

18. The method of clamm 17 wherein said oscillation frequency plot is compared against a
harmonics of said set of physical oscitlation frequency plots.

19, An article of manufacture comprising a program storage medign having computer

readable code embodied therein, said computer readable code bemg configured for identifying

—
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code for sending processing data about said set of electrical
characteristics to a data coll ection device; code for conparing said
processi yodatiz3aggai nst a set of threshold val ues; and PCT/US2€10de73B@r
removi ng said substrate fromsaid |lower electrode if said processing data

t saver sesopsiaiadl titeriasihgh dievialchesentgbinoecankulis tanaheéng eheassd feventodhas
occurred. 20 The article of manufacture of claim 19 wherein said set of
el ectr |eé"éﬂ‘mé%ﬁ&Eﬁ"éﬁ%‘&l‘@%‘“P?fe‘?@d@%‘*“&%@“bﬁ‘wﬂba‘sﬁﬁ“i SRYEYEHYe, direct current

bi as vol t ag&y,qaad S ERE 2 9GREF RLASNIRPWEE: of electrical characteristics of a plasma,

wherein said plasma s formed over said substrate during a dechuck event;

code for sending processing data about said set of electrical characteristics to a data
collection device;

code for comparing said processing data against a set of threshold values; and

code for removing said substrate from said lower electrode if said processing data
traverses said threshold values, since a substrate-released event has ocourred.
20. The article of manafacture of claim 19 wherein said set of electrical characteristics

mchudes one of plasma tmpedance, direct current bias voltage, and current generator power.
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