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a dechuck sequence 15 performed in which the clamping voltage s tumn off. Even though the
ctamping voltage is set to zero, a residual electrostatic force remamns due to the electrostatic
charge between the substrate and the lower electrode. To discharge the electrostatic charge
between the substrate and the lower electrode, a low density plasma may be generated to
neutralize the attraction force between the substrate and the lower electrode. Once the
electrostatic charge has been removed, lifter pins disposed within the lower electrode may be
raised to it the substrate upward to separate the substrate from the swrface of the lower
electrode, thereby allowing a robot arm to remove the substrate from the plasma processing
chamber.

[Para 4] If the electrostatic charge has not been satisfactorily removed, partial sticking
may exist resulting i partial substrate hinging to the surface of the lower electrode, thereby
causing part of the substrate 1o break apart when the lifter pins is pushed upward from the

lower electrode. The partial sticking may not only damage the substrate but the debris caused
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{Para Bi In some cases, the electrostatic charge may be such that only a minimal
amount of time s required to discharge. However, the specified time peniod method does not
provide an earty~detection method for identifying when the substrate may be safely removed
from the lower electrade. As a result, throughput is negatively nmpacted as time is wasted
while the unhinged substrate remains in the processing chamber for the entire specified time
period before the unhinged substrate may be removed from the chamber. Also, the existence
of the dechuck plasma in the processing chamber for the additional (and unnecessary) time
may also contribute to the premature degradation of the chamber components andfor
unwanted etching of the substrate.

[Para 9] In other cases, the electrostatic charge may not have been sufficiently

discharged after the specified time period has elapsed. As a result, the attempt to remove the
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accur ati@bdkss module, and the like), a high degree of variability may exist. Given the high degree
of variability, monitoring based on mechamcal values {such as helinm flow, induced
pressure, and or force of lifter pins) is insufficient in optimizing the dechuck sequence since
the mechantcal values do not accurately and/or adequately characterize the actual electrostatic
charges between the substrate and the lower electrode. In an example, one of the mechanical
values (such as inert gas flow, inert gas indaced pressure, andfor lifter pin foree) indicates

that a predetermined threshold value {the value that has been designated at which the
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lPara .171The present, invention is. illustrated of  exanpl e, . and not
by way cix]aracteﬂsiﬁ)c 1 n‘esﬂoid anue% turning off inert gas. ¥1e mem{wiva\&,% mc}uges rggsn_\g the

lifter pins from the lower electrode to move the substrate in an upward direction, wherein the
lifler pins are not rassed to a maximum height. The method further inclodes performing a
mechanical and electrical analysis. The mechanical and electrical analysis includes analvzing
a first set of mechanical data, wherein the set of mechanical data includes an amount of force
exerted by the lifter pins. The mechanical and electrical analysis also includes analyzing a
second set of electrical characteristic data. The mechanical and electrical analysis further
includes comparing the first set of mechanical data to a set of mechanical threshold values
and the second set of electrical characteristic data to the set of electrical characteristic
threshold values. The mechanical and electrical analysis vet also includes, if the first set of

mechanical data traverses the set of mechanical threshold values and the second set of



limtation, in the figures of the acconpanying drawi ngs and in which |ike
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enbodi megbyvek dkd emkme%kmt 1 &1 IR BAP LRSI IRELAPR GsedRY O had Par & 211Fi g,
4 shows, in an enbodi nent of the invention: a plot illustrating the

rel atlowsmrtrﬂ between a substrate potentlal and a bias voltage/current of a
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following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[Para 17] The present invention is itlustrated by way of example, and not by way of
Limitation, in the figures of the accompanying drawings and in which like reference mumerals
refer to sinular elements and in which:
{Para 18] Fig. 1 shows, in an embodiment of the invention, g simple logical block
diagram of a processing environment with an optinizing dechuck control scheme.
[Para 19] Fig. 2 shows, in one embodiment of the invention, a simple flow chart for

optimizing the dechuck control sequence.

{Para 20| Fig. 3 shows, in an embodiment of the invention, a simple plasma impedance
plot.
{Para 21] Fig. 4 shows, in an embodiment of the invention, a plot illustrating the

relationship between a substrate potential and a bias voltage/current of a lower electrode
when lifter pins are at full height.

[Para 22} Figs. 5A and 5B show, in embodiments of the invention, comparison between
substrate potential and plasma impedance when the lifter pins are extended to full height.
{Para 23] Figs. 0A and 6B show, in embodiments of the invention, comparisons between
bias voltage and plasma impedance.

[Para 24| Fig. 7 shows, m an embodiment of the invention, simple resistance curves for

-

each bias voltage set point.

[Para 25] Fig. 8 shows, in an embodiment of the invention, a comparison between three
dechuck sequences,
[Para 26} Fig. 9 shows, in an embodiment of the invention, a plot llustrate the

relationship between substrate movement and electrical parameters.



each bias voltage set point. [Para 251Fig, 8 shows, in an enbodi ment of the
i nvention; a conparison between three dechuck sequences. [Para 261Fig. 9
shows; i nwanroamidedonent of the invention, a plot illustParaseee/047382

rel ati onshi p between substrate novenent and el ectrical parameters. WO
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cover es d conputer

readablxaOr&ﬂkwm:milmﬁlnxi\c@muﬁeahep@aﬁﬁﬁmem;mtructl ons for carrying Out
enbodi nents_of the inventive technique are stored. The conp uter readabl e

medi um Ay 2Hcl uderions prdedimsme, drsémt@bvm%m}mﬁhg%mr@ m@#}f} Hignet i c:
opt | Ca'reuﬁh'i%fék hg mf) awé k‘é’x?]t lﬁ%ﬁR&'BﬁEu{e%de%Hl TR0 5,08 &h&t’el&g conput er

readabl e co e invention nmay al so"cover apparatuses for
practi onmgn‘mmkmdhxmnﬂ\aie@h Lt\mqaulf,nmdnbienmi&mchn appdranystarayadahlel ude
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mvention. Such apparatus may include circuits, dedicated andfor programumable, to carry out
tasks pertaining to embodiments of the nvention. Examples of such apparatus include a
general-purpose conputer and/or a dedicated computing device when appropriately
programmed and may include a combination of a computer/computing device and
dedicated/programmmable circuits adapted for the various tasks pertaining to embodiments of
the invention.
[Para 29} In accordance with embodiments of the present invention, methods for
optimizing the dechuck sequence are provided. Embodiments of the invention include
monitoring electrical signals and mechanical forces to determine when the substrate may be
safely separated from the lower electrode. Embodiments of the mvention also incorporate
both electrical and mechanical forces to facilitate the dissipation of the electrostatic charges
between the substrate and the lower electrode. Embodiments of the invention further include
methods for identifying conditions for applying corrective actions to facilitate a successtul
substrate-release event,
[Para 30} In this document, various unplementations may be discussed using plasma
impedance as an example. This invention, however, is not limited to plasma impedance and

may nclude any electrical parameter that may exists during the dechuck event. Instead, the



optim zing the dechuck sequence are provided. Enbodi nents of the invention
i nclude nonitoring electrical signals and nmechanical forces to determ ne
when t he wokstvat®onay be safely separated fromthe | owmecTalSeaiooTse2

Enbodi msnt s of the invention also incorporate bot h el ectrical and

mechani forces to facilitate the.di sswgatl og %he el ectrostatic

char ge i&é‘f’\z\%‘é"*ﬁ“‘i RSB STATAPIES AUt ARy PHIR S 1ot E’t"Fé 8 MemHgBtitent s of the
i nvent I&&LB{:&HI her include nmethods for identifying conditions for applying
corrective actions to facilitate a successful substrate-rel ease event,

[ Par a 3@2in3tihi s ldeocembatimapapf dasnienpbemestbatsi msmwﬁyedl&@z idegdmgele usi ng
pl asma | npedance as, an exanp] e. . This . S .no ed to
bl 2o PHBEAES SHAR ARy FRAR I aHG SeLEE iy S aPa ey psePrae clray ek st s
during diheideahiielecBMant forlkbst@adidet hR sl 0104 0R 189 ORETHIS2AL0/184 7382

di scussions are neant as exanples and the .invention is not limted by the
exanpl esqpnes snivdted] Parde Jw mwar@rtem@@@mmhﬁemfenﬁm fiohp@fried fomet hods are
prov! dedecifOl b PR Rol ARIQRA TRl 1 1R L0380 PUV S SRR AL G Ryo DSt r at @

for ces. ium@eaﬁﬁeh%t%pu@humiv\b@iﬂemmmiremamllhemcﬁ td@ehmkh segugnce is
initiated. Unlike the prior art, the dechuck sequence is not perforrred for

a speci¥F da% meg ﬂeplteamAanééﬁnwwlmé@ltshelﬂptf%ﬁhﬁaciqahu%%tl@éﬁaﬁw%h %f the
substr gf &l -0y 'J%Pﬁﬂle@i@(‘ﬁ{wﬂ LG8 | }ﬁa&g{elge F'en(%‘?z%etgﬂl&(uiH&OxﬂeJhe\ﬁféQ!acﬁs

from mechani cal Torces suc as | ne I nert ressure
lifti ngnmcm&:ﬁloh 69!)ﬂml|§ﬁ$ﬁeﬂd!,ﬂctl‘mb g&emmlanéé@um@& immc}aelderdxuﬁwammtemrl ng
nd el ectrical paraneter ara ters, include

bot h nme
ocham B 6 e e e PRAGRET Folied ot oy auciosiede B EHARNET ¢ i ng
pin f 0rtﬁ@)1i»ox&ﬁéﬂché&éﬂmxﬂﬁeﬁnﬁk%&&alf@ﬁetgﬁia‘f em# e s%%%a@ﬁﬁwn% @&h‘idn%'

paraneters app I ed | ower | ectr ode. y noni t ori ng the aforenmenti oned
par anmetibe Bywar h@tsuﬁzwa:ab@amﬂ@ncd i detyohinshehguths sulstretepos by wufely ber el at i on

to the | ower Fl e%{]rﬁ}ge nfagb(% ascertained to determ ne when the substrate
may be SAPETYTHE DeiSTEEF ¥4 t he | ower el ectrode. [Para 321in an
enbodi neaa 3tjhe MBALLBHLATGE, thhRRBEMaNb Gk niohaRS] aRtethe 1 ashiritbgal
signals are perforned in a continuum Accordingly, ‘grobl ens (such as

B

Iocal i Zeghalydragerieymst 16 AeoBETY: abecordngiiepioblers (aictes Igabyed agingey ari se
during thé‘%‘lg%h% h@S\g‘e‘PQ@é‘r‘n'@%h Py, d%ﬂ ({) &4 t}?\n&ﬁﬁﬁgg g&"ﬂ%L g%r ective

actions ha correc ara atures and

advant ag@mmﬂ ahhapmngﬁﬁat:mum&emtmlsm hﬁ’lplpﬁf?(ﬁ ercaundeths paddend.t h ref erence
to the fi gures and dj scussi ?ni that follow [Para 341Fi gD 1 shows: in an
enbodi A2 831 t hel hedvBHics nd 28y agfagpt @f%grte%ﬂt ipyegEiRn may be better anderstood

with reference to the figures and discussions that follow.

[Para 34} Fig. 1 shows, in an embodiment of the invention, a simple logical block
diagram of a processing environment with an optimized dechuck control scheme. A plasma
processing system 102 includes a generator source 104, which is configured to provide power
to a processing chamber 108 via a matching network 110

[Para 35| Processing chamber 108 may mclude an electrostatic chuck 120 (ie., lower
electrode). During substrate processing, a substrate (not shownj) is typically clamped to
electrostatic chuck 120, Clamping may be performed by applying direct current (DC)
potential via a DC supply source 122 to create an electrostatic charge between the substrate
and electrostatic chuck 120, To improve the thermal conduction between the substrate and
electrostatic chuck 120, an inert gas (such as helium) is applied to the backside of the
substrate through various channels (not shown} in electrostatic chuck 120, Thus, clamping s

an important compeonent of substrate temperature control since proper clamping permits



di agram of a processing environment with an opti m zed dechuck contr ol
schene. A plasnma processing system 102 i ncludes a generator source 104,
whi ch i s wonbigst®d to provi de power to a processi ng chagipas201084788a a
mat chi ng network 110. [Para 351Processi ng chanber 108 may incl ude an

el ecuostatic chuck 120 (i.e.,. |lower electrode), During sybstrate
procesiieﬁ@m o8t s *é‘»‘%ﬁ@@%%ﬁﬁﬁﬁ%fq fﬁ)wea% v%&%@ Bveractigst at i ¢
chuck ]tggmdgﬁf‘ﬂ}l_QQrL%ﬁsm PRE LRHEBY Py1ARE M!:QQ»:I%PQ%M&ME&&{?:Frg(i k)
potential via a DC supply source 122 to createan electrostatic har ge
bet wee n‘:fﬂﬁ%’i smfbsxenét stramrhtehaonifost @teﬁweec Itimcw Uzt aﬂi‘belﬁmlsmme chingk t3%er mal
conduct,i. ﬁtmee the substrate. and 4 Gﬁgt an inert gas
(such d& fﬁa e BT TP IPE T 8 ‘Bé %‘f‘p ?“3 ﬁ‘é‘% SF%W&“‘? A8 dgh

vari OU%\@&@&?@J EschBfk (B@Wtrostalic € hRGE boskah tik wbutede dk0electRMBuic ch@mping i s
an |nportant conponent of substrate tenperature control since proper

cl anpi Ng- ;!;ésmhht ghe qyohpakENO8 TS 0GR USRTEe DRy 3Bed Yaltace ool Begrafaet he
backsi dlem%f l‘e%ec?@;%_ L8 xgeut{ hzbe m@%f%?ﬁ‘ w}’m L‘%’%Ewe‘{lm%z me‘{iﬁ‘hﬁé qubdige Lo the

i nduced p LU & PaUSed y ot tivel'y hig cﬁanp vol t age
isr eqqg’mds'ﬂo crigalieprgoriuf fﬁeen@ﬁtalrmusﬁafﬂsim*gmamxtiémihmmj;@éﬂﬁni@&i ween the
substrate and el ectrostatic chuck 120. [Para 361Once substrate processing

has bedlr iy éiush 25 Aelnes Hovi nseeribivesuimiorpecsrad by sbe ¥oeraiine Ret §€ t he

el ectr t. t 20.
Usual | Q?g&ﬁ%&dﬁﬁﬁﬁ@%t g% u ﬁ%é&x?ﬁfﬁ%’%ﬁ%ﬁ?%ﬁin@ggie?é %ﬁa{t{ggﬁ% a?nc)(% ﬁig&\%o <L')grage and
gener atthogeahdngod pmn&ch {plidsasehetiomnbut, riadliczé ptda awel@dtifes pat foaet Hange

wi t hout et chi the substrate. [Para 371In t rior art, the nD ring
et hod AR eGSRt THoE SRICHEH Cu oS ikt B ST Berna sk ah Shibb,

i nduced;-pressure, force exerted by the lifter pins, and the likes) that may
affect the separation of the substrate fromelectrostatic chuck 120,

Howev erfParhdBnecHanbealbogapaeteheds(aeptovikdHel nomidringwledtnad padmpres sur e,
and lifter accur .the electrostatic

f
o ces BEiBi DR ShalRiar b ARG Ut el R0 BhER SD%E TR 5l 1 an

enbodi MRfacteMBRRQGEHsBER RFQWIHERIARE 1TBREd QI REhelE 10 bldkofaiamaiers (in
addition to the nmechani cal parameters) that may provide |nS|ghts into one

or nor é‘i’@%’érﬁ@g@@\i‘i‘sﬁl‘é§1ﬂ(§§ﬁ‘1§§w@'ﬂé“%U@rﬁéﬁﬁmﬁféii%lth’\liﬁ tdlsel wdke dwrpntdrc chuck
tlﬁg eﬂa“c Clile S,f&?nﬁér&r« %R%Q%;é a&mllf*HL ﬂ‘é«%nﬁ%ﬂ‘i’. 0331{%{%@1&@ﬁ%&{%&!ﬁa' ) of
measur e:(ﬁa@a has b@ml"ﬁuﬁ‘ﬂmwm\tcbsdhdﬂaﬂﬁ iblytondntdn wxem/aamedtd%e ﬂﬂi(ﬁﬁ tarostyairddioc h ar ge
has been suffici entl |scharged but to identify when corrective actions
are redtifreict s e ‘é‘&p‘l‘i—éé‘hﬁ‘«’é PEBIt at e t he dechuck sequence. [Para 311ln
order tg,pf 3’%{}' de @n, @Rt Fﬁ‘%‘xu% ?Kxa?@é@iﬁxﬁ\ ﬁ}b?@ﬁxe& LRk t&ﬁﬂﬁfeP'ﬁﬁr 124
may be rece| ing processing data froma plurality of “50UT CES ., can

appr ecmaakxebb ret:d:‘xem@rmmsssmﬂdatg ficbat aphmajiithef sivkdver Asgaahe a;n;ate{cgtedrtha di g| taI
forma contro ei ving vol tage and
cur r ontPrSS TR AU BBE D25 anfpEi A bl e i LRGP daEh, bl sem

| pedanggu bRy 108 n‘il@t&’rr@ Hede Jﬁ@mmn@%ﬁﬁmtrﬂéﬁﬁ%ﬁ% seRsoME L QFiAtnS kARt he

pl asma i npedance réflects the electrical Characteristic of the plasma when
physi caindgerenirdstit phagaiinpediacsubs br deterrviand e Tosplirthairmpnignians nhaiipleds na.
The physi ca erturbati e bei ng
¢ emoved e BRYL R RSP 1S iy P oo B B EG R Sy or e
bet weenctiifhasulsiiid Qe theesuifiagssob tel Rahiostiatfhgsieiiyekodifote to
mechani cal forces (such as the lifter pins bei n? raised fromelectrostatic
chuck 10@)be dus taden }tfm@rﬁieqnﬁéﬁbwgi:@:%ﬁmépmmﬂéaﬁ 19 HBY Y PHETBRIES ®he fi nal

separ at‘ 1 he Jue tQ Gn %H?é écﬂ c%u;fn -e.leﬁ (ﬁge.r s?x%gt%é fnd ﬁ%%lﬁ faéezoc%'electrostatic

chuck 120 due to mechanical forces (such as the lifter pins being raised from electrostatic

chuck 120}, In addition, the physical perturbations may be due to the final separation of the

substrate from electrostatic chuck 120,



WO 2011/ 031590PCT/ US2010/ 047382 | Para 401in an enbodi ment, tool controller
124 may al so be receiving data about inert gas (e.a., helium flow between
t he substwetelizswgsdel ectrostati c chuck 120 from an i nert pgagiscanionsB er 126.
Tool controller 124 may al so be receiving data about the lifter pin height

fromthe pneumatic |if n assenbl 28. Additjionally tool controller
124 rral;ﬁ’ﬁé“‘ s‘gcm VI'RY <8 Qﬂ‘g@é‘&d?‘“bﬁ“&%“ ]1%3@&* g‘if‘r ?ee‘ﬁte”flf‘éhlf%@ SHPFY source
122. [Fage: élﬂﬁwm ﬁ&@b@tﬁnhﬁ BxléQaHﬁ«tﬁz‘tio\(}%cﬂflgg%lﬁt& ORidRY zlor}rJrﬁ Adhesvari ous

dat a SOUI‘CES t ool  control is able to nonitor the pararreters on a
cont | nuemrbieiIgs. Il.noia@nanﬁudmﬁmv alsthbe teatrlazt@dwtmdtlmytebgztléﬁamzed in

order to determ ne nth b edf £l ectrostatic
chuck 1900 SircPrRbRgyE IRFoHh SretBbsl i A filimdiyrbe! Sty LRARR, b

al t er ngbéarahy dathRBoglatia \Qﬂhlf@%hﬁﬁmr!ﬁynbﬁ applyzeeke n2order to det erm ne
when corrective actions may be required. in an exanple, the electrostatic
char ge [RerodH t heWsh thexmatisroustibovs obrsts sansingay finot thp satiesfdsksgroes.dogin
embodi neg {z %«5 994 18%5 I :}un%ﬁmjlﬁsf p&I‘?X\?Jﬁ&SM A’S&m@%ﬁ‘fﬂ&yhsé)%ﬁﬁnd“n%%mt %eapp' y

addi ti oha ta e

of el ealatostiaticd n@hﬂ@&migﬁed n wides déz@uﬁ@eml Heh @iﬁﬁesd}kl&}tﬂew bealiftZBtrdan of
el ectrostatic char ge in the localized region that 1\{ not have been

suf f i ci%ftiojtaf Seithrigdand FrneifdttePresems Sumber difdi tdSharativiert gas
pr eSSUfa?tehﬁm{cgguﬁaé ﬁﬁmt&gﬁ&quoﬂﬁ# B&Q‘ﬁﬁ&dhﬁ RQy ﬁp@ét%(ﬁﬁﬁie wﬁgﬂ& tRpal inert as

pressure na to un e su strate rom el ectrostati c chuck
120, ! F?ﬁriawkﬁz’besgrcqﬁns(’nom&m axnm@haetmmhﬁ:dmmm cmﬂmi freodsnbentrfsonpf Gesi npl e

fl ow cha{t f or ti m Zi ﬁEue dechuc contro enc,)e Par a 4 At a first

step 2 No) ng* * tf'on wherein
f A AT U re A P Nt R RN

for exae@plhme&ﬁl@z %&a&t @ddxﬁmﬁ?bﬂgx@ﬁ*@@%@n%ttxﬁ'ﬂﬁk wp%@@@iaa& x%*@ﬁ@'%@r 108.

Once the nain etch been conpl eted, ‘the substrate i's read

dechuckedregatt ¢ieame@la1ﬁ¢ dmcpridtes sudﬁgicvcﬂaahb@& the @!Sgltmmb@gmmlcmé)suec huck

Tod) 1 <P R RGPS R Rk PR B b b el B R rea o

neut r al @@l § ;@liRehiastalhCoefiarde r@f\n’é@ BazuRshha8fa bEiRARBIGABAL a next
step 204, the processing chanber is vacated (wafer backside inert gas). in

ot her g dionakinert EaghestiEsHay b tinflicdbourhing: Be stlptpt, from easouxiEmpine)
enpl oyed,during substrate processing is punped out of processing chamber
108. [Para 451At a next step 206, the clanp voltage is turned off. The
clanp @htadr i s R shows, in one erubodiment of the invention, a simple flow chart for

optimizing the dechuck control sequence.

[Para 43} At a first step 202, substrate processing is completed. Consider the situation
wherein for example, the substrate is being stched within processing chamber 108, Once the
main etch has been completed, the substrate is ready to be dechucked and removed from
processing chamber 108, To begm the dechuck sequence, the power (such as the power
being provided by generator source 104) 1 ramped down. Accordingly, a low-powered
plasma may be formed to neutralize the electrostatic charge on the substrate.

[Para 44] At a next step 204, the processing chamber is vacated {wafer backside nert
gas). lun other words, the high pressare {of about 20-30 torrs, in one example) employed
during substrate processing is pumped out of processing chamber 108,

[Para 45} At a next step 206, the clamp voltage is turned off. The clamp voltage is the
D(C potential that is applied by DC supply source 122 to electrostatic chuck 120 to create the
electrostatic charge on the substrate. By turning off the clamp voltage the DC potential 1s set

o zero.



DC potential that is applied by DC supply source 122 to el ectrostatic chuck
-120 to create the electrostatic charge on the substrate. By turning off
t he cl anpwoabtiagessdvhe DC potential is set to zero. WD PCT/US2010/047382
2011/ 031590PCT/ US2010/ 047382 [ Para 461At a next step 208, the backside
i nert s flowis, ap 0.t bstr at e. af orenmenti one inert. as
(such g?ﬂﬁbﬁﬂum g "gep‘)‘bF‘F’% %%, d’P e KBAE K e dRot R @PE ot B %fé A NS
subst r af6r-REACSRS! ﬂgn Qs %ﬂ@tbhx Ehdifigr Jﬁﬁépwﬁéfm fie %ﬂ&is%k PRhVEBR B SHbst rat e
and el ectrostatic chuc In order to hold the substrate steady during
substr amb%tmtw@swmg t() esphée ihatthyl haptthaosioe betwern ﬂ‘g&ﬁyhﬁtm\mbbelﬁgl capptied to
t he bac Sld e substrate), cla y may be : ,

S £ e S0 PRt e SRt irifeSn e SRS Rainet Bthsenthy 2o

el ectr

Thus, Vl’ﬂ@ﬂxehh%q ﬂbﬁﬂ’féuﬁ&hﬂ)ﬂg@td the S8R AMOuWAkd@gBlabdlyvoRb@PmdP6}, the
back5| de inert gas flow causes the substrate to separate fromel ectrostatic

chuck mpolisi w@eeﬁwaaaﬁw\m P agelaip thosthohgerno algairtsabicehuek fl ntidisn t he
[e'ng;r Q%%hgc ) .1ng% tg%;s\?%ﬂ?tz@&) Isngkt%gé 24 igp apﬁ) ﬁ{eﬁ%tis‘?%s ‘?‘%t“'% gastly HH\? .I%%S back

to its thatubshiesd @ctmmtér hﬁn&fdl@(ﬂo@@n@fﬁnwnel 29ubst Itlﬁa;ﬂ'uﬂ@)ﬂ)i@ﬁ*&&ﬁn@fbx&@ﬂ Il ation
in the plasma which may be reflected in the change tq the electrical

char act¥piladly @ ‘Bi“mﬁdﬁét%I‘«&§Ffﬁ“<“ﬁe$0éwlPLrﬁ‘gb‘%"&hFP‘é?b“S“? agd glegpdaty) durk 120,

i npeda [ a [ S

L s e

seen atsipai Hike 864ng af m)elsnmma:tmmnmu& smowrﬂatm;tumémm asnawvhinpedanee of the
pl asma ot en t to zero,  in other words n the danp

Vol tagé‘“ﬁ%ﬂ&tﬁwr{%ﬁca e i g Sk Fefiagnctraisie pbste 2L Rt AR 19 Bt nat urm

state. Jﬁsxefdugmanglp@&m@m vsb;%{ fars@ (TBY oAU AN O8Clihd A1) QBwkMO the

plasma that may translate as a change in the electrical characteristic, of

t he pl aémmgm@ﬁ'ﬂa:s 'tﬁbta@ﬁalannp‘eﬂfaa@ h)x baet@atnaemﬁﬁHémm bg sgep at smpoé@% Bl e

that the

For at | VETSHRTER s BR e O EAU P e S e PR et B B SRR Bt ace 10

el ect r agtAt Gk uehdsl 2o uid cﬂé&‘nﬁ YhBideat R OGRIBE Abstrhi endyammvalic of the

danp voltage may not cause perturbatl on in the plasma inpedance given

that a THivgHE tpesingivad! %@Iﬂécﬂ?fo%ﬂ\altd o thharyearayayr aned 3 ¢a8lashoWio B pl ot |ine
306), %‘i&%{&c\h&%%’ fmd?fgéﬂn?{lﬁd%“g 1 Mg‘i;ﬁ ?{%ﬂtl af m{iﬁ’#.&é’ 'ﬂfd& pfqﬁnu Q;Jix ts' ng and

anal ysi's 0 Ctfica ial for
fal se posinid mgedarfcPara 49] Referri ng back to Fig. 2, at a next step 210, one
or nore el ectrical paraneter is ah yzed. Exampl es of electrical paraneters
i ncl uddParadile i neuived! SpesBiias c@éﬁ%@@%@%ﬁﬁmL@%é}%t&w poNERERNd t he

|1 kes. Ihe dahae Cl%iaid’@x ﬁl&cetlédu%% (P@ﬁ fq%cﬁm@ﬁiﬁa glleiu@%é LSS az@(o Sensor

112 (such as a vol tage/current probe sent toto ontrol 124 for
anal ysigectipRatiackhokAROdunex tulstrese png%%mMehqareaﬁ:esmmge dialm uaﬁq@mﬂmpanetd

o R 1B St 55 P QT5E Lo SR 2. 058, Tk o2

may remain (as shown by plot line 306}, Accordingly, embodiments of the invention provide
for monitoring and analysis of more than one electrical parameter to remove the potential for
false positives.

[Para 49] Referving back to Fig. 2, at a next step 210, one or more electrical parameter is
analyzed. Examples of electrical parameters include plasma impedance, DC bias
voltage/current, generator power, and the likes, The data about the electrical parameters may
be captured by sensor 112 (such as a voltage/current probe) and sent to tool controller 124 for
analysis.

{Para 56} At anext step 212, the processing data is compared against a set of threshold

values. If the processing data does not traverse a set of threshold values, the electrostatic

10



WO 2011/ 031590PCT/ US2010/ 047382 charge is not considered to be sufficiently
di scharged. In an enbodi nent, a single electrical paraneter (such as plasm
i npedanceyormay/desseonpared to a predeterm ned t hreshol dpeaiuseotoion7sanot her
exanpl e: a conbination of electrical paranmeters may be conpared to a set of
threshol d val ues n be ted fromthe foregoing: ar.

crit er iCHATRYS B o a1 S ROGMNA BRI 80P RYTON S A BarFal ca

si gnat lﬁa%ghév(ﬁuitlﬂzat%ﬁ*lﬁx’(aq}&ﬂ§:ﬁfénpﬁ£\9 6&&&1&; 84 €4 g&a&@;ﬂhﬁe& BRAEBEId Rl

consi dered e successfully dlscharge Para 511As di scussed herein, the
t er m t riaveetber sraypiaelc ud@tx@kse@eﬂ¢ eftakil ptaeitmawm npgy hmcpmmmdang@ﬂ and t he

i ke. n word traverse he re U|renent of
the & hrBEABTH “DRPuels TGRS SHPFEe A LA 4o GO B8 P TSP he. i s
i npedang@blifiRl iS XA @rtafinQob®udkich€aSdle @i kiodhirdtdal€io B otLe hRfecessi ng
data is considered to have traversed the threshold value/range if the
pIasnathﬁﬁ@@aﬁﬁﬁKV$ﬁ%@ihg§mﬁbﬁddﬁbéﬁ@@é%ﬂﬂhéﬁﬁﬁméﬁﬁold val ue/range. In

anot her t Ci th exanpl e,
o be BERBTE va it e E R R BN s T AR, bR EF 2088 R eanol d

val ue/ rainge radgel el the Eeral ﬁm@ﬂﬁlﬂ@@f&akwﬁd haserfahkede et apod te threshol d
val ue/ range. I'rani 521At a next step 214, a. tine check is perfornmed.

Accor difRghiEnehat e fged kb kel rereEs o R ifrihe BICRS HRTES Ry a
reci pe ; [ngeczatnlhs ﬂﬁg%%g%;,i&gﬁgﬂ@% ageALf x@ﬁl%hﬁxéﬁﬁle%om indbifeh ?J e :Magechuck

t hresho each reci n an exa
sequende hivor trecicgehdthishalihohadn g 1§ émqﬁ:dssm ibipedartch erahxla rhes et o axabwe mMay

be set o 3 . However, .if the, dechuck sequence for recipe 2 is
or1 ot t ah 1o RO ol B BERUE. & Dby T Tab Dlap s S gt

t hr eshahdsNenfan, Q@ HARRN LG ﬁ%nftﬁ@ﬁ‘e%'t‘%‘mclﬁ@ﬁ%'s '&Qx etts&?thtz hreghel d val ues

may be theoretically or enpirically calculated, [Para 53If the time
remai nivatpeitsngr i degramhraimpduiore atirbes Fdled belatkuiés thihéwlxhtﬂas regt. step 216,

th t j ust i . nb di t,. | le, th
Gns pr Eert by R I s 28R < bE Shecki S PEe g AT i B GHERRSE; Lt oa,
the systfm @aNe {uﬁb\k&fi R GitheSlliBR ed 1Y alsBeigh &dr m&s&h@gw RGEMckY sl kaat @dipe

el ectrical paraneter processing data. In an enbodinment, if the inert gas

pr essureyafidkoihejiase 1t¥1rt:}woﬁds*~ Hes/OAE varypY Eiierchr mlmdlut'ﬂﬁreéglﬁﬁledii\ﬂw ue; then
the in e{& RS HQQIEL%% g k’gr é70 ¥V ] ﬁioﬂ% ) %QJ{H?%%Q&]&%V %Ls x%ﬂ{ gyg Q% "#St ment

in the 1nert res SUI’ resu I n an uncon UCk event

t hat n&yudmﬁagemkha'subsﬂaahe<aﬂd&aefmham@em1@@hn&ﬁﬁ@h&uwﬁ?ahax5@1The
aforerrentlon d steps are iterative steps that may be regeated until the
conpar i BEAhqla False 8RYIEITE ordi gl dyesioit t\heargféw@mm% It (PAP9EE. has

or oceodt TRl P S o1 T Rkaly S tdos0) 047502 [ Para SSiaL
step 2148ard BY i n&f theasné teowiiisg fsurraatef haan dntehkrepindd raiue ahéi ftta mechigni sm
216, the mert gas parameter 1s adjusted, in an embodiment. In an example, the gas pressure
may be increased. After the mert gas flow has been adjusted, the system may retuym o step
210 to analyze the recently collected electrical parameter processing data. In an embodiment,
if the ert gas pressure and/or gas flow 1s beyond a predeternuned threshold value, then the
inert gas pressuredflow is not adjusted given that too much adjustment in the inert gas
pressure/flow may result in an uncontrolied dechuck event that may damage the substrate
and/or chamber components.
[Para 54} The atorementioned steps are iterative steps that may be repeated until the
comparison (at step 212 mdicates that the set of threshold values has been traversed or time

has run out (at step 214). At that point, the system proceeds 1o a next step 218
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raises the lifter pins slightly (wherein the lifter pins are not raised to
its maxi mum heiaht), in other words, the lifter pins are no longer fully
enbedded wOt2hiwn3edvect rostati ¢ chuck 120. Instead, the slPChiS2aoxmar3e2
novenent of the lifter pins provides processing data about the force

exerted, to be captured sent to,tool lLer 124 for, an sis_ !Para
561At g*ﬁé‘kt fstep'“zé@Jt%hg?ef’B‘?‘&éa*é}é“é}* i“é&i“%‘ré}%ﬁ%‘ga%ﬁéamaﬂéf o ailé%ﬁ“égm nst a

threshql,devak @er O@H%’i (R8sl ﬂ}@@%‘tpﬁmwﬁr;ﬁk PaisciQb 1@%@&9{&@“ hUL\%t mgpi t or ed
force due to the Titler pins is below a threshold value. Unlike the prior

art, thehdrwods, |tlveehim®tm@om@m«e§m@tfu&lambdéqiec&\hehm@ie@aommﬁe&ck|i£@er pi ns
bei ng 0 t hreshol d,val ue a or t.hat ctrostatic charge
nas. bedi St ety i Eoargaop b Ll Fongsebenes gl dpa At par o

5711 nstigad exB@d ©MkXabsrdd@dreaRafid g abnfQree ez analnaigdsbut al so the

el ectrical paraneters are exam ned (step 222), in an enbodinent_ In an
exanpl dPagr 8¢Ingl e\ed waxt piep aR0.phe ’émwwert@é aﬁcrnezasreﬁmaé FEPRBe datisER may be
compar a3l D PChRIFRIRL Rl Sneldh FOOLAGHICHATRY G0y £RUPLAAY L, Of

el ectrical edance wer) is

conpar Gd’[e&g&i% ﬁ§beiﬁw sahregholl haias hokxﬂk&/ﬁieqe&l aftRaE eméa;u d methed abeslmﬁ h
paraneters (force and set of electric& paraneters) does not pass. the

conpar ipHdeale fqreg algho Dy piphbping felop ‘Tflhéfhh‘fb‘ﬂﬁéﬂuar“’é apHrdirdhfdie to t heir
full ee’i&tﬂrmtsig ﬁéahttf@ﬁ%gle%‘[?kﬁt‘ﬁﬁegﬁ{ 810,8%1{%95&&0 gffgkortenﬁﬁ@?} eds%agt &S

sufficientl ar ae nstead,” at a time c i s perforned.
| Par a 5944 *\‘Eluf f iloftent nbi erey rtahmms}mm@ﬁ h‘(ﬁ&t anedyzad bhosiso t’myzmenqaérfor med at

a next step 228. Corrective tions i ncl de |ncrea5| n I nert gas
B oo B RS HHETTC (D Pk ¢ et s e ety el Sk

pr edet efplAgd GiveshRlstha 1ﬁ$@54dc@ﬂﬁhv BE ESRPMEY kg'f*:m%‘?% tﬁ’@ﬁldl&gﬂiu@‘nﬁxt her

corrective action may | ncl ude 1 ncreasi ng h force on the lifter ins. Yet
anot herangter eowine aammmmmwawi r:hcﬂrwdlepaa:ppﬁttywigmé apiphsmaompedpetcud ent  of
reverse ? arit 601i n an enbodi nent, i nstead

o oo e e G G A T heee Tha serfage of 1 he

substr gipara 5418 CaFbhRCHI M ﬁﬁlh@{lrmn@@n@ﬂﬂkﬁ eRckREBldrymerkd) Ok yRsds, i1f
i sol ated regions of the substrate are still hinged to | ower el ectrode, t he

cor r ectthy eoraparison tavhiptapel dpphenaide difler pias alegwt axteedaddyithomsiulll W»’é}h‘ﬂé%arrpl e,
el ectrqpt Qltudr??»?dr?fécgmja%(?« H?cX,HH@dﬁt] h@%zPS{Lﬁctm%k éFJs §%%t G GAUgK, 1x(éo e, i

processi h a I'ndicates t n-around’

have tazma{eck&sgmmdneél ectrostatic charge. Thus a hi gher b| as
voltage/current in the opposite charge may be applied to pole 1 to

faci | i ti8pE2 fH t hd! pelicica ﬁ“‘i’aﬁ"@fﬁnbf*o‘t‘h@”éldé%‘f"rhd%%‘a‘i’ﬁ @,L‘I'E’ﬁ‘é’fb‘gét TP RSP area.

VO 2011/,93 %%EQE’Q@ #ﬁg??l%\?%]lﬁﬁi% h& @»{eﬂuﬁx%%%; CAR pP&ARPRGH BLEH ol t he

fore90|ng, e net ectively applying
gas pressure has already reached a predetermined threshold, additional pressure is not

applied. Another corrective action may include increasing the force on the lifter pins. Yet
another corrective action may mclude applying g bias voliage/current of reverse polanty to
lower electrode 108,

[Para 60} In an embodiment, instead of applyving the corrective action uniformly across
the surface of the substrate, the corvective action may be apphied locally. In other words, if
solated regions of the substrate are still hinged to Jower electrode, the corrective action may
be applied to that isolated regions. In an example, electrostatic chuck 120 mayv be g bipolar
electrostatic chuck. The processing data indicates that the substrate region around pole 1 still
have to much residual electrostatic charge. Thus, a higher bias voltage/current in the opposite
charge may be applied to pole 1 to facilitate in the nevtralization of the electrostatic charge in

that area.



corrective action substantially mnimzes the possibility of the substrate
bei ng exposed to unnecessary processing. in an exanple, if all but a snall
regi on ofwohelgsb®brate i s unhi nged, applying a higher pCRaSe@o&TP82 acr 0SS
the entire surfaced of the substrate may cause -danage" to the substrate.
However , if ﬁ y the region that. needs . to be ynhi n_gecg {éﬁei,v%s the.
correct!P9ER &bk | orf'\‘3 &%‘é“c“&”reéb‘f e s BFFgowiy ﬁ’ﬁl*ﬂ“é BT HE 2PPYEEss of
dechuc kioRgcdNie, BUR SR Gall N AL, Qhndglaeil apel ih‘é%és‘?:‘é\ﬁfﬂnﬁlp Rk QOCt i ve or
even damagi ng action. ! Para 621Steps 220 thtough 228 are it erLatl ve until

t he corrpmmm 95{&@15112224)1 ahpedropleeld atl hat a sthadl sgtonodf thhsubstiak ds maum has
been trav hat .t he substrate ma separated fromt

over - PBBITCHBEPET B olofS aRoR e Shie Shilirog of M b ED RSy oo BPRRS1
time hag ddkubede atofbtR, 1381y thheRid! hat HR¥d tolahhdded 1 QFBEY R REPEEUr es
may be inpl enented. Emergency procedures nay vary depending upon the

reci pe.actipn.ghecwiesipt ectioans @m}wgé«mydﬁw@m of geghuinog tesuberds mgteah al arm
ot 11 SR00 ARAUL L% RENLAGAREhUES] A, RAAPLE | 0 anot her exarp! e
human i‘MUervent i on na *r ed to re the " dechucki ng probl em

Al t hougirathezjpr esfaé;mamammth Bmﬁemlente&grwetuymm‘hekhﬁpsmdmt(ﬁta@ g24 sindiests abl e,
t he energency procedure may include exerti n% a h|& anount_ of force by the
pneumat'fe th fet Ofx@éﬁaﬁlds\mht&é haebrpndraacrspand Hat hasebstipisienee 284 r el ect r ode

in or d% a&;QteP FiRY ﬁxeti&%ﬁé&'&%&uﬁ@ 4%34‘ 3QIat g&e%%ﬁﬁi{t g s&@%ﬁf@?r The

requir or certaln emer enc procedures may al'so be an indication that

chanberzf’m Gtlenanc emedgs ben mequ:xtmeél"’ft ohanes em«s,sm;chﬁm.merm[vﬂapmcﬁﬁ&&s can

be apprematedfrom(g 2; the inpovative t hods provide an optim zation
h

dechucKPHg! CEHI BRI WENCW PEOHTET Y BT 8 EERat all‘} “é?ﬁa HERRRI EaP % al ues,
the optdiaRhied Hﬂr@nz@@'%n@ %9&&&@&@& Eiﬁ‘klﬁ'@%@ﬁiﬁxg B atafin ROGHOMOR abS@Nhd f i ed but

may al so be aided_ “Accordinuly, unlik he prior art, tine is not wasted

whi | e tmedmghireﬁgﬁ&mum@himat én metnhfnresmmnlet htem@r w&s&guwg npharpequifagirtoa

specified,tine r.t her ent i Ok o 1 e.positive is .

sObet arerodrd e P Riteaie Lo RS BR ot s Blivn Phus PR oF I suldle 5,

mechani @alratial e smaeh @l 964 dihifedhat hRnae ke&mab b GSetOfmd e o PFAGT®, thikn

addi tion, the dechuck sequence nday be aided énadjustlng certain nechani cal
L‘\§

and/ or REERBERG bﬁlmqshmaﬁ@ﬂ@mame vkt shfesst elepisodsde oplestreding in a
tinely HRADCh o g) rg.t@ﬁxgﬁﬁ) é:%lwsg hg ?gur eilll%tr{ LR R?Uﬁgq pwﬁ% 1
vol tagefcurrent (h SI Ca per ur bat'i on I’.) h&l \trate

an enpigr n@amemdﬁl alseise amnealwtdon matvmaﬁibe;amms&mmthaﬁ}r B &qmsd mm dreed
during dechuck sequence. Fig. 4 shows, in an enbodi nent of the invention,
a pl ot PO | ustrating the rel ationship between the substrate potenti al

and t hgul k) VO 200L/Q3SRRC HERMOLORLIAR AL AGRLAUDIETE 1 Lhe | over

el ectrod pins are at” f'u el ght ntlfylngthe
factor ssp@muthioasiedurkmtwnuoﬂ %hgee BY c:m)maﬁﬁeeler:miga’itfmd sechsticatelipat enti al |
t he sarn substrate_potenti al rod

ctLo
dot er me WHIRH 105 KBGO dretd e e e ottt e Pul st b e Ak and 53
show, i LeRredi B o/f pddiQrd INBH h@RyaskANPR 1RO QnBEMEEBstrate remains in

the processing chamber for a specified time pertod. Further, the potential for false positive s
substantially eliminated since the substrate-release event is based on mechanical values and
electrical characteristics of the plasma. In addition, the dechuck sequence may be aided by
adjusting certain mechanical andfor electrical parameters if the dechack sequence is not
proceeding in a timely manner,

[Para 65} To validate the relationship between bias voltage/current with the physical
perturbations exhibit by the substrate, an empirical model was created m which a test
substrate was monttored during a dechuck sequence. Fig. 4 shows, in an embodiment of the

mvention, a plot 402 ilustrating the relationship between the substrate potential and the bag

o
Tad



substrate potential and plasma i npedance when the lifter pins are extended
to full height. The plots show that the substrate with no i npedance si gnal
has a hi gheroswissignat e potential (plot 306 from Fi gure BCraseabaiss2to Fig.
5B) than the substrate with an inpedance signal (plot 302 fromFigure 3

correlates to Fig. 5A), In other rgs,,.the substrate in plot, 306 . has a
hi gher Y& §$*a€fafengP%@*@ﬁ@ﬁ%ﬁ?&&m@%a&%éﬂ%ﬁﬂ@‘%ﬁ PHE f%%ét*ﬁ EF-‘@HP néqmd&tﬁﬂg‘az% when
the sust gRlgs &?ﬁh ae&ﬂm%er%:%&é\ia@@mhra@m@tﬁmg 8&@&&&' Redhi0ehe Afeauhgwl t. the

< o

substrate with e higher potential (plo 6) nay not dechuck properly.

[ Par a @DimitigbmodA namdheGRpEhdW, privducioh dalilerempise shet herrdaiive ation arconpar i sons
bet ween bi.as, vol tageand pl asna i npedance. As aforenentioned, by applying a
bi as sJﬁqlﬁf_ “(either voltage or current) with a reverse polarity, the

el ectr gphad b6 f orGes bat MRIETR shost RSEMBIRNRAME oft tHeOWBF iRh E&ni; g0 Bethveeiticed.
Consi der the situation wherein, for exanple, the clanp vol tgﬂe applied to
cr eat e sabsteltepetesd apd plaghapgecdsatsusken thhdfisubes prteategder! hallholwdt.

el ectr Ieing substrate. pro i 1as, &, LiLyechagge,. lying a
o ot oS, PP bR SRS AR AR SRL PR e PR, L

t her ebyprnabd fiog FibereSulsicladsao foy. SBhithintthphysire@ wigeat sediiceRimallhe

physi cal perturbations cause oscillations in the plasma, The oscillations
are capPlr 68 bsnchigwgescarslasdofiasia. Ihplaanew's e pehsiasgt PISE082S Shows
an | anﬁQ%ﬁ résﬁhxﬁﬂ?le?d*&%ti\é(&hﬁ%g%}eﬁsql@sa{b‘éﬂ%'iﬁ)gio?f%{}i WiEy ?nf% DR h R tREQ- 6A).
Pl ot 604 shows the corresponding plasma | npedance as a function of tine
shown isapdited TionGBY lowareleache.l Asreasd, iba stixeraly @sh volltigge pornpildplc602, a
corresp,%ggji. n _pe_r;t‘ﬁrq‘ﬁtj on.is shown in the plasna inpedance on plot 604.
Thus, tt ) BRERGEISRUEHEOBTRS vol t age has a correspondi ng change in the

pl asma ipReEANCe. i L0 BTBNHAC $OBy B AR TRRARNG R o SURYis b RTeBEES:
substrate novenent, situations nmay arise when a change in the bias voltage
i s not maficdopedndplasneivargenden Avwophashenddapedemrviog albmsanpplrdoigics,  at
around 400 seconds .(segction 606a .and 606b). . bias vpltage is changed;
ovever M eE B RESBBNAT Ty Shanger S Hsceedpatt Bies B A8 ph defiA i Bdance

pl ot. Aswar fieatdt is felfeddnN\ ORIV EhERIRAN RARY A &% EQing®Akd GRinpoRbedtul tipl e
el ectrical paraneters to account for potential false positives. WD
2011/ 03P8 QGEW 01 0OnTEIBE hpae detreerile substsHonsd thedowsr adervods demng
simpl e resistance cunves fon. each. L1 gs. vel 1298 S8Li1Re M o L9k L% 3hows
the r ooy BRI BUEG B IFR RS ORRG B B S BBl s b 3L 754
shows tiheckasdssdtarioee duredecedf thareho whelirpahesubigae ameidbis pByridal om t he two
pl ots, each pole may require different potential to clanp_a substrate to
the | oSFUE) g@ﬂ%- obf® PHFRGE! PCHUFSHEB UEERURIEIRGOBY FFB? BREB Egﬁ PHIHHEES may
have tq.be, ApRkLES kL2361 fhshh g4 N order to facilitate the renoval
of theqé$§g?‘?oétét’?32}“%ﬁgr geeﬂa%“t ﬁg oc’:%l' area around each pole. As can be
appr ecij@eds8jr om RietRahegonngicreve m hhbiaglvofig. asa fshows ditas: wokliicage, t he
sanme result can _be extrapolated for bias current. [Para 711Fig. 8 shows, in
o8l et Tof KL AG FHOTF S e oRe AP GBI BREREGH § P tRaHIE RS
sequencaswnBOt: BEOt BorBAeh ARELS0H BHOWs FoRULCRSIH02SERARALLANS! the
substrate fromthe | ower el ectrode. However, plot 804 shows a nbre severe
osci | | gertorbaiinn iyrdowhen the daimasigrdince saghotad4 pThenahy ehpegancdy biads a

resul t, goge, fqorc}e_ ma(ﬁ _hq}vg _bﬂee:n _t,_’ Ae,q‘uiﬁred to facilitate the separation.
Thus, tHEPSTREA ST ERG TAH G B0 HRY PEYR“Shi fted away fromits,
procesgpagnt®r . BynikagWwiph@nihepi@aed tudey edild-hanngsaid hatdamht, GREH@SL 1 ve

action may be taken to correct potential msalignnment (for the substrate in
pl ot 80BYY arise when a change in the bias voltage is not reflected as a change in the plasma

mapedance. In an example, at around 400 seconds (section 6063 and 606b), bias voltage is
changed; however, a corresponding change s not reflected in the plasma impedance plot. As
a result, the mventive method provides for monitoring of multiple electrical parameters to

account for potential false positives.
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[ Para 721As aforenentioned, the application of nmechanical forces (such as
inert gas flow, raising the lifter pins, etc.) may aid in the separation of
t he substwet2eifiedyt he | ower el ectrode. However, the neehaniscab/ofiBsze nay
not be uniformy applied. As a result, the substrate nay bow upward as

i sol ategd regions of fhe substrate are hinged to the |ower electrode. Pl ot
806 sho@eﬂa bexaribe YPa Bow t‘éla}b)s‘v?faftgvm%@ TEHMORRE LB PSR Bl oBiss, “the
el ect r ogf @khC MAAIEEHAR;s G SUBKL QFR (ﬁ,smnm_ey§aiefdf%@weye@t,z%&{é%{na%zs' nce
the el ectrical signal (such as plasnma inpedance) does not show a

si gni f i ®drhoperteuebationuas Jasmua ppleotAssaR beseql homaDxnwvaylowosrch grleng

el ectrical signals (such as th | aspma i npedance), .correctjve,actions nmay
bt akdio 5K BE T EE BOPRET e BB BB A T RPRE C Ha oS Fspar a

731Fi g.deOmsihawsditibRnoMae thade MRRthaOt td Miagphive Bt d20R of BRWoRURTHEatE novenent
is reflected in the electrical parameters. In an exanple, as helium gas

f1 ow cHasnljsse hpropogd2) therclpstrestaie elaee atshylad apmuspnngseaph aakva Asmedance)
changes S..shown, i 0Ot.-904) . rexamplie, at. around /5 seconds. (906),
acker qeP AR Gat® RN S e R Ry Rlp A HEP SRR W

physi calxupgsihtat Batbignou@nd. he substrate as the heliumgas lifts the
substrate fromthe | ower el ectrode, At around the sanme time, an oscillation
occurs IFArE Al pl deied TiopsdarEe g gHEwh therdn neion gommpagisae bamesn thigfen t he
hel i um gas,, & i : < & ; 3 ;. C 13): : J dance
refl ect‘%@glﬁfkggécﬁféln?%% ﬂ%drllh gglgg'\’nt’ t"hzgltrjd%h%% ﬁé‘%é‘%@?ﬁg'\ét l %e ‘Qﬁéo'%g#rg%ggﬁt\?e y |l ess
sever e, rWWDiR0bTF 032 88QRCHSR0r] P10 47882 v Pamarc/4iAs vealale @plr dedtatdd from
one or mre enbodi ments of the ‘res‘e%%t i nvention, mnet ods_‘areAi)rovi ded for
opti m 2’ BHe! SRRk NUEEESE e S By SRt OHG TS IR VSRERRFRIEEFY For ces and
el ect riGali e @E 361 NIcR! 1189s, thO&H51rSE sASSRE AbEHMMEMNSRRAIRL NG vErbst rate
froma lower electrode is significantly mnimzed, thereby reducCing

subst r atseprogrss esntdrn Baddiopitanthe consttagy oftbhpiadildtng. enabliesagonnantbeve

[ b lied.to facilitat h huck ,se. . As | t:
i ghor EHPOGARRL el o g iR PR R AT S ng 1Sk Lo the

substr gparangl t head AlenkOIPRARE HeSiph BN TRERASSS FNgeCRaMDGNIn&OIPONENt S
and robot arm. EgPara 75)Wiile this invention has been described in terns

of sevdkuy. prerdhs bleiarodicnenisiid ihde ey alicl afdhatubomale fiver atawsons, and
equt val gt e WAL&D, &t n‘Mcg-ﬁ&‘ e > B9 8L udiBlsgd Q.%éﬁ{lﬁ' -4 LLENQHIN

vari ous’ exanpl es are’ provi ed Lher ern, "I IS 1 ntenae at t]hese exanpl es be
i |1 ust rsabstye: mad boetaphiand 44 isgawtl tépinesyeled subsiritbard Hivgnttibolre loleara 761Al so,
the title and summary are provided herein for conveni ence_and shoul d not be
used t GIEFREEr Lot PHeShorepe rmpket ey vt R A CEUPE HER FameloaBSt thict i s
Wri TEenydodialil Bl Ye @ga}g%@g&%m{ {DeA0Gu édi&?&ﬁﬁeﬁl‘%@l-m@ LU0 sfpaven, snee

and t hus shoul d not oyed to construe or t the overall "I nvention,
whi ch i{sudeppéssadmpadithe) dleainnmsshobfa sipafiten peitedbtion s eoployled?(tarei n,
such ter, m4é3§; iBntended, to have its comrﬁgla u?qer st ood mat hemat.i cal . neani ng
to covetoAo ?de%“‘HPmﬁ&l%“ﬂ‘ﬁéﬂg—Bﬂé_iSHE e PIEOEHERF SIS S 60BE B IEP Phat
there ahg FeANePolgéiNakd M@z‘&%&%i@ﬁtﬂe@@cﬁfﬂﬁ%d Agrdde methods and apparat uses

of the preesent invention. It is therefore intended that the follow ng
appendd@acdt s Hagi hthempr etaedndmdimatted g egitiog iehy albseratmiorsent is

R TR R IR R TI
the electrical signal (such as plasma impedance) changes (as shown in plot 904). For
example, at around 75 seconds (906), backside heliwm gas flow is applied to the substrate
resulting in a physical perturbation to the substrate as the helinm gas lifis the substrate from
the lower electrode. At around the same time, an oscillation occurs in the plasmia impedance
{as shown in plot 904). Similarly, when the helium gas flow is turn off at around 78 seconds
{908), plasma mmpedance reflects an oscillation even though the oscillation is comparatively

leys severe.

—
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CLAIMS What is clainmed is: . A nethod for optim zing a dechuck sequence,
sai d dechuck sequence includes nechanically renoving a substrate froma

| ower el ewOrodesisvoa processi ng chanber of a plasnma pro®ETAISAYOHYBBEM
conpri si ng: perforrri ng an initial analysis, wherein said initial analysis
i ncl ude% ana| %m a first, set of electri cayé chargﬁt eristic data of a
pl asma, PRI Hi n <3t ol a’%’ﬁﬁ‘:l‘@f“b@ﬂﬁae BUB PP aupEE LI PtIEPNg sai d
dechuck,sequs n:%@ihm;h are F&mrfbpgptﬁlzgx ofthé & 1%@& a&ifw. &€ H LG loring both
characteristic data a gl nst a set of é&lectrical charactéristic threshold
val ues,menhdnical fordes a q?id»tflpaiﬂmse@netf‘:»eﬂhewk ﬂﬁatﬂtﬁﬁa’riat%@ﬂﬂasw@Sdmmte
traverges sgq sgl. pt1 el eé:t{ charac &5 ti c1t ug& d val ue t urni ng
of f i nefd™ Galwer =IeeHOHa oY *ﬁ“F“é‘P“‘B’i“ﬁ% Bris'ar g *%‘Fé‘é’@% to move
sai d suRaioat @nsntiobRnelatbndble bk Qe WRRIME kM bS Ahiclid BRI AK are not
rai sed to a maxi num hei ght; and perform ng a mechani cal and el ectrical
anal ysidschugharatancs aite s nseHan hightr thingsbpwoteld oul bamahipyedwhe miedzing

anal yzi i _ . . d eln. e ni cal
R A A U T L T R e
second rgbét apf).el ectrical characteristic data, conparing said first set

of mechanical data to a set of nechanical threshold values and said second
set of IEREETTN cal WRamathapition s fagrpdaseribes in taa obpewrd preipued

char act il th&nid. rﬂﬁege? hel qute a% Heﬁ’g‘ﬁﬁ‘?ﬁﬁ“““ and quﬁ% e\g/i%f Whsdn isigi'm@un fRchani cal

data traverses sal thres ‘ues and sai d secdnd set
of el ecrifrtlmsa*hmhcar a;ttthmszﬁtmaock&tmnt;ﬂmm gr@s'z@aihds egett wintelded tha dakse
characteri s tlgr eshol d val VI ng sai.d substrate from said | ower

el ectr d’d‘é‘“& ‘h & isirgihig gugynot i ?‘811%%%3 é‘xﬁ@h‘ﬂ 95 BEiPPed.

{Para 76| Also, the title and summary are provided herein for convenience and should
not be used to construe the scope of the claims herein. Further, the abstract is written in a
highly abbreviated form and is provided herein for convenience and thus should not be
employed to construe or limit the overall invention, which is expressed in the claims. 1f the
term “set” is employed herein, such term is mtended to have its commonly undersioad
mathematical meaning to cover zero, one, or more than one member. It should also be noted
that there are many alternative ways of implementing the methods and apparatuses of the
present invention. It is therefore mtended that the following appended claims be mterpreted
as including all such alterations, permutations, and equivalents as fall within the true spirit

and scope of the present invention.
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2. The nethod of claiml further including performng, if said first set of
el ectrical characteristic data does not traverse said set of electrical

char act erwetoc/i3ig9eshol d val ues during said initial analPgsits2010/047382
conparing current time for perform ng said dechuck sequence against a first
time threshold val ue, if said €dryi¢f® tine for said performng of said
&chuck sequence is greater than said first time threshold val ue, adjusting
sai d i nepet gaksimehis™ Wo 2011/ 031590PCT/ US2010/ 047382 repeating said initial

anal ysis. o ndiho¥er @ﬁth}%{pj d&.lhﬁékr@elquéxﬁ'ééﬁtﬁg d%;hﬂ@l{ Sl OG- RETH % %c@ﬂ.zgﬁ%ﬁi ysaid

first set of electrical characteristic da oes not traverse sail et of
el ect r ireabvicharsabttend Stina lbbeeshatwievah peseshing dgnsdeal df 4 platimabroanalngsi s,

conmparing current .time for performng of said dechuck sequence agai nst a
first tsi"g‘@mt‘ RrBRfSTE val ue, if said current time for said perform ng

of said deghMEknREANBNAR dndlvERIwBLERLEN ihhaNasd & hEkads Ml e threshol d
value, turning off said ineft gas and raising said lifter pins fromsaid

| ower el ect r odendiyzingpy 8rs agtdbfsigppicnbthardctersti dataplamthsaiar ebtieorsaidvher ei n
said lifter ﬁl ns_gare not r ai {sgg ‘tt_.gaslai. d malgli m”h‘e:i_gbtw,) and performng said
mechani cal PARG ST SETFH QEF AMATYETAC P SeEICHIPHOF B % ai m | furt her

i ncl uding perf efihdtthy dafd @t deastic@NalChatdesifd da3d am@ist OkenBehanicenl data
does not traverse said set of nechanical threshold values and said second
set of el echipgtaristchhreabeldrplyes.@ndat a does not traverse said set of

el ect ri cal - charaglardshi 6 NSO doYElHE Sty naver GOURALLAG GULLENT ti e Tor
perform ng of sal d‘ec\nuc& Sequence agai nsc% a secon ime thréshol d val ue,
i f said curkheatictitivahfcohold shldepenh:opoimenfeasal d dechuck sequence is
greater than said second tine threshold val ue, applying. corrective action,
and raising lifter pins from said lower electrode to move said substrate m an upward
direction, wherem said lifter pins are not raised to a maximunt beight; and
performing a mechanical and electrical analysis, wherein said mechanical and electrical
analysis includes
analyzing a first set of mechanical data, wherein satd set of mechanical data
mcludes an amount of force exerted by said hifter pins,
analyring a second set of electrical characteristic data,
comparing said first set of mechanical data to a set of mechaunical threshold values
and said second set of electrical characteristic data to said set of electrical characteristic
threshold values, and
if said first set of mechanical data traverses said set of mechanical threshold values
and said second set of electrical characteristic data traverses said set of electrical
characteristic threshold values, removing said substrate from said lower electrode since a
substrate-released event has occurred.
2. The method of clamm 1 further includmg performing, if said first set of electrical
characteristic data does not traverse said set of electrical characteristic threshold vahues during
said mutial analysis,
comparing current tivae for performing said dechuck sequence against a fivst time
threshold value,
if said current time for said performing of said dechuck sequence is greater than

satd first time threshold value, adjusting said ert gas, and
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repeating said mechanical and electrical analysis. 5. The method of claim
4 wherein said corrective action includes increasing said inert gas

pr essur e.wo@niifizesonet hod of claim4 wherein said correcPCraSacioarsst ncl udes
increasing said force exerted by said lifter pins. 7. The method of claim
4 wherei n sai drgestirchid/@itad hmadvsid. ncl udes applying at | east one of bias

vol tage and bias current of a.reverse polarity to said | ower electrode. 8.
The. net hbee Bethed g el Wigiler ipcdubioe perrats. vesktlissbiet pEelggiicalppl i ed

uni for %}X&'&@fé?i%sdtﬁ@ﬂges%fﬁp FhE A Eaaft e BEQecirilyt ‘_ﬁ?l%ci@ﬁgtliloﬂr&fmlgl\% s h’mfir}g t her

i ncluding performng, i at least one of said first set of mechanical® data
does nahidnamemnseéyssal d set of nmechanical threshold val ues and said second
set of electrical characteristi.c data does nqt, traverse said.set .of

el ectrical chaFYRPHMESTET WP LY HeHOURRg & sa1d Wy huck sequence against a first time
2014 SSLeCHORAANY 708 | comnar ng s rant e ot perfor g of
sai d current t iHmeidforresaine peshorper ok daiid ddohkbckasegusnoegiestentnn
greater t h%'n;d ﬁutﬂ e }Q“Q;gatii»qﬁ.‘et ane;s]bofdsz\{ l}l"JIih‘ & H.l %j Y GIRASISK ¢ f’rngcedw €
Do remove SHaraisE Bk ahes Bt sem Gre ol Ho i BT RES BRTC) ai m
9 wherein salceked GHLRUOELAUIEsdilMedBLdeR 6 AdiuPgaatiRlcaan whelQh kil ¢idkt On,
pins are not raised to said maximum height, and
performing said mechanical and electrical analysis.
4. The method of clatm | farther wncluding performing, if at teast one of said first set of
mechanical data does not traverse said set of mechanical threshold values and said second set
of elecirical characteristic data does not traverse said set of elecirical characteristic threshold
values,
comparing current time for perforniing of said dechuck sequence against a second
time threshold valoe,
if said current time for said performing of said dechuck sequence is greater than
said second time threshold valtue, applying corrective action, and
repeating said mechanical and electrical analysis.
5. The method of claim 4 wherein said corrective action mchudes increasing said inert gas
pressure.
6. The method of claim 4 wherein said corrective action includes increasing said force exerted
by said Lifier pins.
7. The method of claim 4 wherein said corrective action includes applving at least one of bias
voltage and bigs current of a reverse polarity to sawd lower electrode.
8. The method of claim 4 wherein said corrective action is not applied uniformly across said
subsirate surface.
9. The method of claim 1 turther including performing, if at least one of said first set of
mechanical data does not traverse said set of mechanical threshold values and said second set
of electrical chavacteristic data does not traverse said set of electrical characteristic threshold

values,
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1.1 . The nmethod of claim9 wherein said energency procedure includes
exerting a high level of force to said lifter pins to separate said

subst r at ewbromvsaiod | ower el ectrode. 12, The nethod of eCaiusedlomBsB8Ei n sai d
set .of electrical characteristics includes plasma inpedance. 13. The

met hod of cl ai sadpwhererRns@hd fggkriofmek ekt dathiehasqehear i@iiscs sécoali udes
direct current. bjas voltage. 14. The nmethod of claim |l wherein said set
of el ectri &I Brabdv8lEsti%s i ncl udes current generator power. 15. The

met hod of clai @b \MOGLRI fins ?t;r\c,%ﬁ}?ﬁ;eri%f‘mﬁllggﬁ‘ts{xiﬂ%l‘hiﬁ: X %5(?&51@&! {s%xtd‘ E3aleP ifdn

single electrical paraneter, erein saird single electrical parameter has
been enpi r isgdlskyondetner thrasbdidtvahexipbyibe blrerggreaprestduch angsonh end auvliseste
substrate hi pi.% physi cal perturbations during said dechuck sequence 16.
The met hod "&f &t f%eﬂ e@%@?‘é‘?'n sai d set of electrical characteristics

i ncl ude NEEndih@Do B ishILBRILEES boalieRATATERIRE e inWhBESleRdReGRTRIMAt i on of
el ectrical paraneters is conpared against a plurality of threshold val ues

t o det eyomitingticgai d substrate-rel eased event. 1.7. The nethod of claim!l
wherein .anal ysi.s and conparison ate perfornmed by a tqol controller. .18.
The. et Hod 57 e rad Bl S SRRE MRl SRR SUTE Y Bl i o SN g love) &
nmanuf aghitk@o SAAPRLSHIAY 1P PHLAG AN ShOFA8GofEdidRavipgodoNpUt er readabl e
code enbodi ed therein., said conputer readable code being configured for
opt i ni Zi2ngih resbereheigiaglinhewin said ot plegtsicd C&@wg@mstwqwgwé@ plelaudes
rrechaniiﬁ%I_hE}gmgermvi ng a substrate froma |ower electrode in a processing
chamber” 6f & pl asma processing system conprising: code for performng an
i ni tialilandecyadbod whesial hwhadeth $aid $dt al clanak yisihgrak rekiidancludes dieodaunfear
anal yzing a first set of electrical characteristic data of a plasns,

wher ei P&t asma i s fornmed over said substrate during said dechuck

sequencg, THGGAILLLILRPPREL DRI, B &38%ical characteristics includes carrent

generator power,
15, The method of claim | wherein said set of electrical characteristics i3 a single electrical
parameter, wherein said single electrical parameter has been empirically determined to exhibit
the greatest change when a test substrate exhibits physical perturbations during said dechuck
Sequence
16. The method of claim | wherein said set of electrical characteristics includes more than a
single electrical parameter, wherein a combination of electrical parameters is compared against
a plurality of threshold values to determine said substrate-released event.
17. The method of claim 1 wherein analysis and comparison are performed by a tool
controlier.
18. The method of claim 1 wherein said inert gas is helium
19, An article of manufacture comprising a program storage mednan having computer
readable code embodied therein, said computer readable code bemg configured for optimizing
a dechuck sequence, i which satd dechuck sequence inclodes mechanically removing a
substrate from a lower electrode in a processing chamber of a plasma processing system,
COMPrISing:
code for performing an initial analysis, wherein said initial analysis inclodes
code for analvzing a first set of electrical characteristic data of a plasma, wherein

satd plasma s formed over said substrate during said dechuck sequence,
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code for conparing said first set of electrical characteristic data against
a set of electrical characteristic threshold val ues, and code for
turni ng ovo=aild3iivert gas if said first set of el ectrica&CTalsaraoysetstic
data traverses said set of electrical characteristic threshold val ues;

code for raisiogid tbf t@nppingsafd im sabfelbares cehecbriatalsdoagmsea saiod
substrate in an upward direction, wherein said |lifter pins are not raised
to a nmaxi mit ‘“Hé]“"‘bﬁ"ta‘“”féﬁﬂc fh‘eq“é’%’e’*hll%rmbierform ng a nechani cal and

el ectri cal anaw %‘@ o MRGE BF Buid et ¢ W??ﬂaxﬂiﬁw% a@??‘el@&ﬁ@‘il &9@&&%\‘?& ¥ty S

i ncl udes or analyzing atirst set o ani cal data, wherein
sai d set ofnam\sdmnuba:t oﬁéemzmi@:hmdﬂ:@nﬁhﬂh&ﬁhﬂdhakuf:sforce exerted by said
lifter pins, de f.or naI econd set of electr,i C%u characteristic

dat a, 86‘d TEgying§ ‘%ﬁ" ‘?1 i ’aﬂ‘1 s tlegidedp mpye saiisE AR VE Set of

mechani gakudd) r\ﬁ}%k’é?tlx Ghiy @ih’éﬁﬁm@@;@ 1@@& Ged86 ARchxSRhmeih.00hr 1 cal
characteristic data to said set of electrical characteristic threshold

val ues, andgode for pc@@l@nﬂ@a mashovid god aledu el hatsewherom wai wiedhewierl @idect r ode
i f sai d flnr]st] “‘2\ foc chanl cal data traverses said set of nechani cal
t hr eshdT g B "é%éi‘ Fd second set of electrical characteristic data

traverses sai desRtfoPhndlR8d § FtRketOTARBARE] ShlaCuwhdeRSAM @t ¥ah&Snicsl Nce
sai d substrate-rel eased event has occurred. 20. The article of

manuf act ur idA iefluggsghhmpout of foee oxpsted iy iiiddifter pdvuding i f at | east one of
sald first set of, Apchan.gal (dal Q%?@%e@t? altm{h%%%{e?ntxﬁargcsa of mechani cal

t hreshol d val ués and sal seconé@set teristic data does

not traverse sapdt etomparigaatd figaler Chacaehiel &tk o it eShotithnual tesshold
code for con@gri n{; current ti rre for performing said dechuck seguence
agai nst a SEEEhENTTHENCARCENSS 8 evareﬁéhﬂmmm%‘&w FORIGIHPYFREIEdr rect i ve

actions if .gald.Gulr tﬁﬂ%b&ll&%uﬂo ferformng said dechuck sequence is
greater than said second tine threshol d value, and code for repeating said

mechani cal andcaledot rangalinganal ydbsate from said lower electrode if said first set of
mechanical data traverses said set of mechamcal threshold values and said second set of
electrical characteristic data traverses said set of electrical characteristic threshold valhues,
since satd substrate-released event has ocourred.
20. The article of manufacturing of claum 19 hurther performing, inchuding if at least one of
said first set of mechanical data does not traverse said set of mechanical threshold values and
said second set of electrical characteristic data does not traverse said set of efectrical
characteristic threshold values,
code for comparing current time for performing said dechuck sequence against a
second time threshold value,
code for applving corrective actions if said current time for performing said
dechuck sequence s greater than said second tine threshold valoe, and

code for repeating said mechanical and electrical analysis.



