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I nvention The present invention relates to sem conductor fabrication

equi pnent, and nore 10 particularly, the present invention relates to an

i mproved nechanisn1for de-chucking and lifting a seniconductor mafer froma
chuck that resi i nside a s condyct or cessin égf

bescr i ption of SRMHEPNDEETR W ARBR ISR ATEVIGE ARPIREIHIDS KOB ! at ed
circuit devices are fabricat edIMPDEME]}HIBIGﬂ‘HEr&:hMEor wafers that are

pl aced t hrough numerous processing operations. Many of the numerous
processi ng operations are commonly carried out in processing chanbers in
whi ch | ayers, such as, dielectric and netallization nmaterials are
succes8ively applied and patterned to formnulti-layered structures. For
exanpl e, sone of these layers (e.g., SiQ2) are comonly deposited in

chem cal vapor deposition (CVD) chanbers, and then 20 photoresist materials

are spin-coated and pl aceng@m;g@Uﬂb%erHtEwmppatterm ng. Wen a

photoresi st mask is defined over a particurar surtace, the sem conductor
wafer is placed into a plasma etching chanber in order to renove (i.e.,
et ch) por tli @Widdoef thdmventiaker | yi ng nmaterials that are not covered by the
phot oresi st mask. Figure | A shows a sem conductor processing system 100

including a chambegiestZinvéitionh@latdsSto be@iboh@iicter RBESHioREqRPMEBONMdChore
wafers through etching operations. In this exanple, the chanber 102

i ncl ud8s aadisulekly1ba pigseriinyentien mlatgw:e@ impreyaspseehanismstenile-shuskigsmdnaf er
106. Th nber, 102 | fi t Th
Lop el ect P05 somipandsBief vl SR o ARy 2ol fudis £ EAE QR Prosithe ™

di stri but edambdit 0 t he plasna region 112 durlng processi ng. The pl asnma
region 112 is defined between 30 the surface of the top electrode 114 and

the surface WisfiPRon'af file Rélfted Art

In semiconductor fabrication, integrated circuit devices are fabricated from

15  semiconductor wafers that are placed through numerous processing operations. Many of
the numerous processing operations are commonly carried out in processing chambers in
which layers, such as, dielectric and metallization materials are successively applied and
patterned to form multi-layered structures. For example, some of these layers (e.g., 510,)

are commonly deposited in chemical vapor deposition (CVD) chambers, and then

20  photoresist materials are spin-coated and placed through photolithography patterning.
When a photoresist mask is defined over a particular surface, the semiconductor wafer is
placed into a plasma etching chamber in order to remove (i.e., etch) portions of the

underlying materials that are not covered by the photoresist mask.

Figure 1A shows a semiconductor processing system 100 including a chamber 102

25  that is used for processing semiconductor wafers through etching operations. In this
example, the chamber 102 includes a chuck 104 which is configured to support a
semiconductor wafer 106. The chamber 102 is also configured to have a top electrode

114. The top electrode 114 is configured to receive processing gases which are distributed

into the plasma region 112 during processing. The plasma region 112 is defined between

30  the surface of the top electrode 114 and the surface of the wafer 106.



29 Septenber 2005 z The top electrode 114 is al so shown %og%l ed t mat ch
box 116a and an RF power source 118a. The chuck 104 is t l?fﬂ 50 a
mat ch box 116b and an RF power source 11 8b. The chanber 102 is provided
with outlets 120 which are configured to,punp out excess gases fromw thin
t he chanber 102 during processing. In operation, the RF 5 power supply 118a

[ fi d bi t he .t |l ectrode 114 t [ f
about 27 M. TS #E sitare 484 e 85 BaSpspRice A GeRbSubntlds B oy RE °
gener at i NgolRe Souréd 1 1ACTRE ARRR 108 RSA1EY coldplddith athifcPb&S MRt £ aﬁ’erliﬂagw%ﬂ"h' le

the RF power source 118b is primarily responsible for generating a bias
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pol arity. The chuck 104 shgwn in Figure, K 1Cis of the bipolar type in which
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fromthe chuck 104 upon conpletion of the processing operation. The process

of remgving theipaéenBle@ fIOMdiI® ahwele d04iled vidhe oF OB @utien0af of the
processing is 20 cormmonly referred to as a "de-chucki ng" process. Under

opti mal dec@ingafidier piogessingesystem he0.wBiieechuck Einphap i FéghroflB of of He chuck

104 using the pneunatic.controls, and can the be.rempved. fromt he .
processi nd“%'}?gﬁﬁérypfdb.w %g?ﬂ’l% oacbp%sp%\éeeﬂ?gmgﬁeg%&ﬂom d‘?ggﬁeﬁfﬂcd’@ggpflbi ng a
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sem conduct or waf er processing 140. 25 The wafer 106 nmust then be all owed

to fully diGehef the bindabpperia vehiele ipe ictegtrodes| namely; poditieneledtendehiidkartios.
he phds e PRBFAEEBGT A Rty BBl opr oxi mately 120 seconds
to As shown in Figures 1B and 1C, the chuck 104 contains a number of penetrations
126 through which lifting pins 128 are pneumatically actuated to lift the semiconductor
wafer 106 from the chuck 104 upon completion of the processing operation. The process
of removing the wafer 106 from the chuck 104 at the completion of processing is
20 commonly referred to as a "de-chucking" process. Under optimal de-chucking processes,

the wafer is simply lifted off of the chuck 104 using the pneumatic controls, and can then

be removed from the processing chamber 100.

Figure 1D presents a flowchart diagram describing a conventional de-chucking

operation. Figure 1D beings at the completion of semiconductor wafer processing 140.

25  The wafer 106 must then be allowed to fully discharge 142 before attempting to lift it
from the chuck 104. For monopolar chucks as shown in Figure 1B, wafer discharge occurs
through the plasma region, and in most systems requires approximately 120 seconds to
complete with minimal residual charge on the wafer 106. For bipolar chucks 104 as
shown in Figure 1C, normal wafer discharge through the plasma 112 is supplemented by

30  discharge through the chuck 104 which is facilitated with the bipolar electrodes. Wafer



conplete with mninmal residual charge on the wafer 106. g i pol hucks
104 as shown in Figure 1C, normal wafer discharge thro& %etpﬁeﬁtﬁrgé 112

i s suppl enented by 30 di scharge through the chuck 104 which is facilitated
wi th the bipolar electrodes. Wafer 29 Septenber 2005 3 106 di scharge
t hrough the bipolar chuck typically requires approximately 10 to 180
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renoval of the wafer 106 fromthe system Actuation of the |ifting pins
(typi cal | yehgrgewhgther unitasmetr up-unifons ivhe leed ta watsudemagies shersnsstomat i ¢ f or ce.
The lifting pins 128 travel upward to contact the bottom wafer surface and
lift the wafer U dommetipmedfevafer dindfaege, Fatuph 1D dOndeuatwith actadteom 14deofght |
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contact between the Iiftigq_f@i ns 128 and the wafer 106. |f the wafer 106
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fer 106 yi i t igal 1 th
wal er R B@@'Walf& & 1 i ngo'lﬁé frtn %@é ggﬁtﬂcﬁfﬂ ffoatna g{ég a\%?#?f[‘qﬁnlg“tg‘%}:ef‘ e

lifting pin are actuate r pneunat | y ac 0 pins

128, the lprbdessed, thenmexl 28fear1@6 ipphdedM 481 oA tiRONHBING Hin I8, Achversd db0 eo iy ce
and velocity. _Thus, when inpacting_an i movable wafer (e.g., attached),
the Iiftirfgueh H¥, apd theggocessindagire sDUREEPGRESr 106. If the wafer 106 is
lifted only on one side (as is know to occur), the wafer 106 wll slide
of f ofl5t he chudkftingdofathd wederoha$ Hammibe dhutkh 184 wecaswaally rashles inmérfeparahid |
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lifting pins 128 and the wafer 106. If the wafer 106 contains sufficient residual charge,
which is commonly non-uniform, the wafer 106 will remain electrostatically attached to
the chuck 104 when the lifting pins 128 are actuated. For pneumatically actuated lifting
20  pins 128, the lifting pins 128 are moved with a constant non-adjustable force and velocity.
Thus, when impacting an immovable wafer (e.g., attached), the lifting pins will do
damage to the wafer 106. If the wafer 106 is lifted only on one side (as is know to occur),
the wafer 106 will slide off of the chuck 104 and become damaged. In some cases, the
wafer will actually break or will cause irreversible damage to fabricated circuitry. Also, if
25  the pin lifting force is initially resisted by the wafer 106 through residual electrostatic
attraction with the chuck 104, the wafer 106 may suddenly be released from the chuck 104
as the wafer discharge process continues while the pin lifting force is applied. This sudden
release from the chuck 104 may result in projectile motion of the wafer 106 and associated
damage. In other cases, if the wafer 106 contains sufficient residual charge and the lifting

30  pins 128 are applied with sufficient force, the lifting pins may actually break through the

wafer.



25 the pin lifting force is initially resisted by the 06 t gh
residual electrostatic attraction with the chuck 104,m?ﬁ§%ﬁéwgpr?@g¥nay
suddenly be rel eased fromthe chuck 104 as the wafer discharge process

continues while the pin lifting force is applied. This sudden release from
the chuck 104 may result in projectile notion of the wafer 106 and
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charges between the wafer and chuck. SUMMARY OF THE | NVENTI ON Broadly
speaki ng, the present invention fills these needs by providing an apparat us
and nethod for controll ably SUMMARY erviieINvENTOONan el ectrostatic chuck

after a processing operation. It should be appreciated that the present
i nvention can Beoddipsnsakingecthe presand imvignderolills thasesneednby prgivisingan apppiabsess,

an appar at us syste vi.ce or hod. ever.al, i hventive .
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includes a.pin. lifter yoke.that s 15 ori.ented bel pw gn.electrostatic
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t he bottom surface of the wafer, the set _of_ﬁpi ns, are capable of lifting the
15  oriented below an electrostatic chuck. The pin lifter yoke has a set of pins connected

thereto, and the set of pins are configured to traverse through the electrostatic chuck and
contact a bottom surface of the wafer. A link is also provided and connected to the pin
lifter yoke. The link is moveable so as to cause the pin lifter yoke and the set of pins to
move within the electrostatic chuck and contact the bottom surface of the wafer, and once
20  in contact with the bottom surface of the watfer, the set of pins are capable of lifting the
wafer off of the electrostatic chuck. Further included is a motor for moving the link and a
force feedback system for limiting an application of force by the set of pins to the bottom

surface of the wafer during the lifting.

In another embodiment, a substrate lifting mechanism for controlling the lifting of

25  the substrate off of an electrostatic chuck at a completion of processing is disclosed. The
substrate lifting mechanism includes a pin lifter yoke having a set of pins connected
thereto, and the set of pins are configured to contact a bottom surface of the substrate. A

lead screw is connected to the pin lifter yoke, and a motor for moving the lead screw is
provided. A force feedback system is further included. The force feedback system

30  includes a strain gauge for determining a resistive force against the set of pins, a digital
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force by the set of pins to the bottom surface of the wafer during the
lifting. In another enbodi nent, a substrage |lifting nmechanismfor
controlling the lifting of 25 the substrate off of an electrostatic chuck
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force feedback system 30 includes a strain gauge for determining a
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present | nﬁ'ﬁg&td' t8 ri"ts\ffir(lpler 98 %831 fo RO éa%%eg 5 Qgcteshsgd L)? lalrgbvgt'g Und effector. Other
aspects and advantages of the present invention will become apparent from the following
detailed description, taken in conjunction with the accompanying drawings, illustrating by

way of example the principles of the present invention.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The invention together with further advantages thereof, may best be
understood by reference to the following description taken in conjunction with the

accompanying drawings.

Figure 1A shows a semiconductor processing system including a chamber that

25 is used for processing semiconductor wafers through etching operations.

Figure 1B provides a more detailed view of a monopolar type electrostatic

chuck of a semiconductor processing system.



detail ed description, taken in conjunction with the acc nyi i ngs,
illustrating by way of exanple the principles of the p%g%ﬁrenﬂ%\'}gh@mon. 20
BRI EF DESCRI PTI ON OF THE DRAW NGS The invention together with further

advant ages thereof, may best be understgod by reference to the follow ng
description taken in conjunction wth the acconpanying draw ngs. Figure | A
shows a sem conduct rocessin stem i ncludin ch er. that .25 1is
used for proce éguﬁ%?éé’ﬁ‘?vd‘g‘?‘?tﬁﬁ?%rf%@élf &Y ﬂ#%g’é’ﬁgé%@‘?i %”838?%&‘855. Fi gure
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of a sem conductor processing system 29 Septenber 2005 6 Figure 1C
provides a nore detailed view of a bipolar type electrostatic chuck of a
sem conduct or pigvcetRishgws ¢ Sloemdiagagunfdhe de-shishingaopetaban gprdpctehiof t he

de- chucki ngﬂo%(i a;i on conducted in a sem conductor processing system 5

Fi gure 2ASTRSRACUCTPLAESIEYFER view of a semi conductor wafer lifting
device as the lifting pins contact the wafer surface in accordance with one

enbodi pent of FRIrPLAS Sifws H\RsHk | RBtioral Gibve 0B Sdifivsndacer GefferSBftingonal vi ew
of a sem conductor wafer lifting device as the lifting pins |ift the wafer

i n accor ddadiee vist heohidingnipotsi semectothet wafer 1 urfce sianacdordeang i with degure 3

shows a flow di agramof the.de-chucking operation conducted using a
sem conduc?f"\(ﬁ’/f’g'\%?%?%f’f’ﬁsﬂgn&lveegﬁ?:ré i n accordance with one enbodi nent of the
present invention. 15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An

invention is d ¢ DBAsHoWs & 3@ Rohdt tvigw Wi faekenhicdridub@r deiferC Rftinlgat
assists in de-chucking and lifting a sem conductor wafer from a chuck that
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Figure 3 shows a flow diagram of the de-chucking operation conducted using
a semiconductor wafer lifting device in accordance with one embodiment of the

present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An invention is described for a semiconductor wafer lifting device that assists in

de-chucking and lifting a semiconductor wafer from a chuck that resides inside a
semiconductor processing chamber. In the following description, numerous specific

20  details are set forth to provide a thorough understanding of the present invention. It will be
obvious, however, to one skilled in the art, that the present invention may be practiced
without some or all of these specific details. In other instances, well known process steps

have not been described in detail in order not to unnecessarily obscure the present

invention.

25 The embodiments of the present invention disclose a semiconductor wafer lifting
device that enables wafers to be efficiently discharged and safely lifted from an

electrostatic chuck following chamber processing operations. Although the



20 details are set forth to provide a thorough understang' f th esent
invention. It wll be obviogs, however, to one skilled hggﬂénﬁﬁfgoﬁiat
the present invention may be practiced wthout sone or all of these
specific details. In other instances, wel4 known process steps have not
been described in detail in order not to unnecessarily obscure the present

i nventi on. L TR - L . jnventiagn disclose a.
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di schar gedtyaadofabedsying chanisbrd, baeeadinpl elyehhmP&tRAtivill Penst Fh ihRgichanmber
processi ng operg;ions. Al t hough the 29 Septenber 2005 7 sem conduct or wafer

lifting dedfsasn Ertwereoithesdisnlosed weafen bfiingadevise inseRainbowehig0NLS frecassing

t f [ - r egpl ar hanber that will nefit from
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Corporation of Frenpnt, California. In 5 sone chanber orientations, the

chuck may aseohe semispadustoroyafe bisingdevigpef therprejenhaventomsweill aés'tslt in wafer
em conduc fer, Lifti;ng device of .the prese i nyenti wll assist in
\jvaf er di s%’ﬁ%}}% aglrdl i E)’El%lﬂg%%eﬁ%}m&’ﬁé"% iOB?‘}gOWﬂglqhe Wéfeg&rﬂ%ﬂlﬂf’ R'HY 3Fr obl ens

of the prior art. Figure 2A shows a cross sectional view of a sem conductor

wafer 1ifting deigueeashowdeclobd $dclighabvivsy 828 samiBbRRitdr WafialBhg d08cnder
surface in accordance with one 10 enbodi nent of the present invention. In

thi s enbodihsehfting: pi@s s&h contgeicthsr waddre206 juntdem gurfapsy irc eceardinedewith onenber

f t] Jft | 28 which traverse the electrostatic .chuck 204
Chroug a. SfastiinbhydthEbiaRenf S 0 do' S KRB AinleRE o REV Gt Fafer Bk 2
lifting pdasce2iaBludton@ugber bhisndasiedifiBBipief 22N GhRhesAREsel tHY %fét:f_r@é?atizcg 8n0t

restricted to specific nunber of lifti ng%pi ns 228. The lifting pins
are connec‘t’hﬁ!’&l“tzg4 thyeugh 2 pumberyaflpsnetations 2. 15ynitaily, tleecareicthér Tondllifirance

is provide e between the liftin ins 228 and the . electrostatic
chuck oa bos 226, BRGSO ?’HQ"‘@E‘S‘&%"%‘@? BlktH A EReR HYoETieee iogreditd
seal ant i mgnbe 34 liftlkpepind 21%! TiIRWRiAS Bird b O Wee ddhBedtQk R RSBfky %R&%t?‘ﬂsﬁéﬁ
respect_to the chuck 204 without conprom sing the atnospheri’c isolation
wi t hi nl% hethpt eleeseal rgndwsianseris provivdsd| | The spgey bteve2Bthd bftmigauiny 228bhd the
connect ed élgctl%rs%HQ %hﬁél(r 209 Ps %oﬁygdtﬁgmqﬁg Islg:aece ?é?ou? r‘&?e aluck by bellows 232 and
sealant rings 234. Use of bellows 232 allows the yoke 230 to move with respect to the
chuck 204 without compromising the atmospheric isolation within the processing chamber,
The lifting yoke 230 is electrically connected to ground through a switch device 236 and a
20 variable resistor 238. Electrical conductivity through the lifting pins 228, yoke 230, switch
device 236, and variable resistor 238 is isolated from the remainder of the lifting device by
an insulating material 240 centered about the yoke 230. A strain gauge 242 is positioned
between the insulating material 240 and a lead screw 244 which is driven by a motor 246

to move the yoke 230. It should be noted that the lead screw 244 can be replaced with any
25 type oflink, so long as it is able to raise and lower the pin lifter yoke 230,

In one embodiment, the strain gauge 242 sends information signals to a digital
signal processor (DSP) 250, which in turn sends signals to a motor controller 246, which in
turn sends signals to the motor 246 for controlling the positioning of the lead screw 244.

An encoder 248 is interfaced with the motor 246 and is configured to send si gnals to the



20 variable resistor 238. Electrical conductivity throu pi ns
228, yoke 230, switch device 236, and variable resi stoggﬁ?‘?”&bqr?hﬁgt
fromthe remainder of the lifting device by an insulating material 240

centered about the yoke 230. A strain gagge 242 is positioned between the
i nsul ating materi al 240 and a | ead screw 244 which is driven by a notor 246

to m)vethe ke2 oul.d be noted,that .the | ea crew 244 can be
Fepl aced AL SyPISE246 LR RO B HG e hepd? 24F il Foptain, 69

| ower thepgglﬂoﬁugtg%rm@i@gdgg@wgua one errbodl ment, the strain gauge 242
sends information signals to a digital signal processor (DSP) 250, which

in turn sends signals to a notor controller 246, which in turn sends
signals to thelnot prefansl twbodioent of Ithegreshnt poshtigmpnthadifting thes 288 darecr ew

244, An enco der, 248 is interface 46 . an configured to
send 51 gnaPSiEed froconsitulth EkERTHG 6 hertiar Dubid STAIER To dorcqrmuct that

i nfor mat i RRecRIAVEFHActRityliD estaIGREE etwéh Mk WafG AR [JNiBHE HRRL THRASY bl dat a
for the | ead screw 244. "I n a preferred enbodi nent of the present invention,

the lifting dpslg@dzwepawent t@erﬁpipgcmred efohighreteestes tthe candbavesthef prdentinf of he

waf er 206 for.ce, r uct i vi ty

oot abl | shéaTaerR Fie M file B BeeFesaicn B bomdigd i fte e 2 FE\ netaon

desi gned @itk Qgé%lltﬂéeop%ﬂ% & i BRtrOedddthch bERREE thel Bhe AR :fB%Vzﬁldtth@
potential of danmaging the wafer while it is electrostatically bonded to
t he chuck vade. 206n bptusimaongr, thentrgliéd electpBEting d1$chbzgeo~p1élnn¢toocaull on‘ml the

contrql.l ed cont.act betvveenth [iftin ns 228.and th waf er In this
AL | 5 A R e L A AR T

appr opri ate@ta@lﬁé?l@@%@tukbﬁrﬁwhaﬁ'elbﬁﬁn c&ﬁﬁﬁfﬁ%@esu’ﬁ%‘i cﬁ&f%@ﬂh@ thedlttiRg g{rﬁ OHR] t‘E@'

conductivity is established between thé wafer cont al ni Ag resi dual
char ge, an#itth@3b willibeglgedso 228y cbmtealledvdlsohhrgﬁm thﬂ Whieb éhrohgisthd vagaldb | ow

controll ed disc e of hr ou the resi stor 238 to
round. | PIETRTRES rnend Aol che e ohapt b e st SnS B Ih ! i ze
the requi rtﬁ@re%lhﬁé‘dlﬁ&&%rée'tfﬁ?e Hind Gr‘?xfe\“@f)@ hgrr?t}é&idgewﬁéroih gh%g waf er

integrity. 15°0Tn a preferred embodi nent’, fti'rng yoke™2 wll be noved
increnentally wupward to lift the wafer 206 fromthe chuck 204. As the
liftidg pins 228 aemréfrr'redncteb(ﬁcbmms the éidiing anke 280 |willt beignofedt ineremzhiatly 206,

these for Cue%varvg to hfP %e wafer go%rfl;c?rg tlgehéh%lég BO& hﬁs tll{eflliﬁlnggpl%OESB experience forces
resistant to lifting of the wafer 206, these forces will be transferred through the lifting yoke

230 to the strain gauge 242. The strain measurement from the strain gauge 242 will in turn

be monitored by the DSP 250. If the monitored strain force (Fs = mass * gravity) is not

20  within an acceptable range, the DSP 250 (and associated software, if necessary) will
instruct the motor controller 252 to stop incrementing the motor and timeout to allow
discharge of the wafer 206, such that electrostatic attraction between the wafer 206 and
chuck 204 may be further reduced. The stopping of the incrementing, in one embodiment,
occurs when a threshold value is reached. The threshold value is preferably a set value that

25  identifies when the force applied by the lift pins has reached a level that might cause
damage to the wafer. Thus, the threshold value is just below that level that might cause
wafer damage, and in this manner, the wafer is protected from excessive forces when

sufficient discharge has not taken its course.

In one embodiment, the acceptable strain force Fg limit under gravity can range

30 between about 1 ounce and about 5 pounds, depending on the size of the wafer. If the



230 to the strain gauge 242. The strain neasurenent fro trai uge
242 will in turn be nonitored by the DSP 250. |f the r%sgSP%H‘b?f
force (Fs = mass * gravity) is not 20 within an acceptabl e range, the DSP

250 (and associated software, if necessary) will instruct the notor
controller 252 to stop increnenting the notor and tineout to all ow

di schar ge e t ectro a ction en t he
waf er 286 gﬁaﬁmﬁ%ﬁfﬁg%Wﬁﬁﬁ% a%{ﬁ{?tzﬁ) e%ﬁ%gg‘: bE?ﬁEﬁ @taB 6@? 135‘%

i ncr enent i wgl msr:ruc:tnﬂaeemblﬁdlcﬁi&fﬁll,er 262 QB IconMRNindrebhltngs @l'léjm\‘)?drueDhﬁné gached.
The threshold value is preferably a set value that 25 identifies when the

force appl insEmspting dhe pnqodes 248 stashedstocthe anaion Atetvilt maniter thtpositios ef tlkanage

f t val ue i.s j.ust be ow th t hat m ght
cause. var oo s B StASRERAE Sl s T mPlcP Sonrlon o8La The i
excessive famtroter mEmu théH inbtelc e HbtSENRY ﬁ%tdgamlﬂgkhe%ke B30 biek M dRGired N
one enbodi rent, the acceptable strain force Fs limt ‘under gravity can

range 30 Bingdeightislieingd.ounce and about 5 pounds, depending on the size
of the wafer. If the 29 Septerrber 2005 9 nonitored strain force is within
SSOci re wll instruct the

t abl WSk, ted .soft
ﬁgt g(r:cggn? r OF| :ﬁ t o con ?rﬁ%ese?tﬁ%qﬁgwgﬂ’t?ta 801%‘8\'%}? Wafﬁﬁlliﬂﬁ’bg fgydce as
i ncr enent i thg, lifting phRCIXRIA2A8 wdfbra2he g ta@cGrJI'ﬁwQQMﬂ{ afBerbthbodTRRAL OF t}fehe

position of the Ilead screw 244 and signal the | ead screw position to the
not or contPrefnkbinvestion. fike camponents shonmr ol Figere 25 ansi itlentichkto thnst shoemn atnlde

6 t n the desir Jift hei
Totar it deRaiedy Eiddd 08 FE SR IET i EmP B LARC HnEoie S30 RS e or
lifting dewaféewfsls lifted Jff bf the@EhREINS0L 28 1 ki bmhhefhé"@fafe"r 280 vill beFELRF HAACE.
wi th anot her. enbodi ment of the present invention. The conponents shown in

Figure 2B Rifkediodbeltthe hiftingpinsiSedysholade nfian endddtector Eﬂz@tlﬁoﬁ; gwrt]lmrwecr

Fi gure 2B enent ftln e 230 as .the wafer
boa 1o 11 A R R TRC RIS P st i BIONEHD Rl e apd Torbe
ready to hbeocagsiggged off of the lifting pins 228 by the blade of an end
ef fector robot. Now, another wafer 206 can be placed on the |ifting pins

228 so that it can be | owered onto the chuck 204 for processing.
15 Figure 3 shows a flow diagram of a de-chucking process conducted using a

semiconductor wafer lifting device, in accordance with one embodiment of the present
invention. Figure 3 enters the de-chucking operation at completion of semiconductor
wafer processing 300. The lifting pins are then moved 302 at low force to contact the
wafer such that electrical conductivity is established without damaging the wafer at or
20 around the lifting pin contact points. In one embodiment, the switch controlling
conductivity between the lifting yoke and ground is then closed 304 to allow controlled
wafer discharge to ground. A variable resistor 238, as shown in Figures 2A and 2B is
optional, and thus, the discharge can occur directly to ground. When used, the variable
resistance may be actively adjusted to control the current passing through the resistor, thus
25  minimizing the discharge time. Once the wafer is sufficiently discharged, the motor is
incremented 306 to move the lifting yoke and lift the wafer, During the lifting, the strain is

measured by the strain gauge and is monitored by a DSP.

If the measured strain is not within acceptable limits 310, the motor is stopped and
time is allowed for continued discharge of the wafer 312. At this point, one embodiment

30 of the present invention allows the variable resistor to be reduced 312 to accelerate the



15 Figure 3 shows a flow diagram of a de-chucki ng proce sing a
sem conduct or wafer |lifting device, in accordance with Z%eg%]”g“@%ﬁ&q#

the present invention. Figure 3 enters the de-chucking operation at
conpl eti on of sem conductor wafer procegging 300. The lifting pins are
then noved 302 at |low force to contact the wafer such that electrical

[TTting pi'seul Aot TRER LML (AR A E iRl Sin Cloke P R 1

conduct i vihyastemsaead henitoringicoginuek s0Smelil ghosteh isSvithie ccepapRdind 4 t 0
allow controll ed wafer discharge to ground. A vari abl e resistor 238, as

shown in Figur B is  optional, and t t he di scharge can occur

2A d
directly to gr 33 m%gﬁ? dem IStWiﬂl%?qea@b@ hmié%ﬁkq éh%é’afﬁéﬂﬂ%@lﬁétlii theny
dj ted t tan @l t
i hi o o1 g hepeBg o bABEHE [FIRE RS Ry adlh A BFseb BN, R W,

t he notSor Has not mc@ﬂﬂh& aebiida Gettiovalheight, lilge ﬂnbfo'fr llﬁ&a)‘rpkﬁreﬂfﬁﬁtddl 306 tbitertaf er .
During the |ifting, the strain is neasured the strain gauge and is
moni t or ed [Hyths o, Alterngtiwelyeti $he wefeshasgparhpd thecsieswdtmtrwvégmﬂgm,am moldrni t s

310, the t d.f cont |nued di scharge of
the wafer ’Tg%g'iorf&? ' &hl%%ﬁ gt}gn‘balgﬁén%‘o I %c??m% 8385 ﬁ'tOFPe Srpé%cgﬁﬁmg ﬁ‘?@’r‘i’?’
al l ows t hdfm&rthaMaferrleaj mmbcds@adpﬂlerreﬂwaér 8 plack@ 3@@6@&@1% Pﬁu@ 18&ered
Sept enber 2005 10 renoval of residual charges fromthe wafer through the

lifting piHs tafhf Rl andithe propess in Figueesisarmeatedafitherpidet theipepesoint figures 308
until jhhe siral mdt?s wthin acceptable limts. If the neasured strain is
Wi t hin acceptaa I'mts 310, the wafer lift height is then checked 314 to
determne if the wafer has reached the desired retrieval height. If the
waf er 5 has notThusatheedaftiheardasw redintedligenty ahodi@r@hfor fdiepiFBéseingi Bsiagai n
incremented 306 to further |ift the wafer. Alternatively, if tﬁe waf er has

reached t HOgESAE théﬂlﬁil@\ﬁeﬁthwa&mfrom nehuebt dys mendioned Plesvgethe ipreseraseit ed
and e 1e A6 I Y08, SHRNRE o e B WP BB ERGLMBLEBIRGn el eieneT

wafer is to be processe ext" war & i°s pi ns,

| overed  32dett and bieuokhwdich eild réshz& WATRC §fSemBntFvBEH Gctdd iupok BRERERE. pins.
CIhervvl se, the process in Figure 10 3 is termnated. Thus, the wafer can

now bd>3i ntféqcﬁlﬂsﬁefﬁﬁlﬂ‘}ai ER ehaserstan sompidly sereessidnifraughithe difting pins in one

embodiment, the resistance to wafer movement can be rapidly and efficiently overcome.

As an advantage, the lifting mechanism of the present invention is provided a
continuous feedback loop. The force feedback loop is configured to control the lifting pins
only when the electrostatic attraction has been minimized so as to reduce the force needed

20 to lift the wafer. Depending on the size of the wafer, the force feedback loop will know
when enough attractive forces have been eliminated, and thus made it safe to increment the
lead screw of the lifting mechanism. Without this feedback loop, a prior art system would
simply lift the pins based on blind timing algorithms. Unfortunately, since electrostatic
discharge is oftentimes not uniform or predictable, the prior art pneumatically controlled

25 lifi pins would crash through the wafer.

In addition, although the above described parameters are associated with a
semiconductor wafer lifting device that is compatible with a Lam Research Rainbow

4520XL processing chamber, the parameters may be modified for application to other



charges during the lifting of the wafer from a chuck. ntione ove,
the presence of too nmuch residual charges on the wafeﬁiﬁga&%?gﬁggsg

el ectrostatic attraction between the wafer and chuck, which will resist
waf er novement when acted upon by lifting pins. 15 Because residual wafer
charges can be rapidly renoved through the lifting pins in one enbodinent,

t he resist V. C e.rapid and efficiently overcone.
nan acvhiaged SphEhiche BHETHChs SRD.BF B 8F Yo 3Rk Fhe urdhagh RSB0 e
a conti nursse ehphabaekih anpufatiiee dDicafcdndeetbrddidesand s faaafdighayed to
control the lifting pins only when the electrostatic attraction has been

minim zed o agyhie M@AUGRdIEN | RECDRFCHRLBR A hidds e IREET prdRRANCI NG
on the size of the wafer, the force feedbac oop W Il know mhgn enough
attracti venfhoduemts) dhvere heealtapitions npdrmdtatiang ant wguivakbetsi whishffall tothim treement
t he Igad scrqgwﬁf the Jifti Hgﬁh nism Wthout this feedback |oop,_ a
prior 3rt SRS YniHRolyERtog; hpﬁrﬂgul i 430 P BotEd Aat e aromapy Remetiva weys of

al gorith : i S {-C [.SC i i nes not
ant or m or e aph e Moo AR R ARC e prend ek LG MRS

pi ns woul dntendeslh thahrthe gfollbWwengwapmmded rcldndi bé dnterpatted oasg inclideng fadlv euch
descri bed paraneters are associated with a sem conductor wafer lifting
devi ce t héﬁeﬁaEO%ﬁﬁﬁth@Sm%e%t shtRas Edl WHMIRAEhA B SPHY 24| sCEPHEE S ng
chanber, rs may be nodified for application to other 29
Septenberﬁgﬁﬁgﬁ%%ggﬁghbers and chucks, and can be used for wafers of
varyi ng sizes and shapes, such as those enployed in the manufacture of

sem conduct or devices and flat panel displays. Wiile this invention has
been described in ternms of several preferred enbodinents, there are
alterations, pernutations, and equivalents which fall within the 5 scope of
this invention. It should also be noted that there are many alternative
ways of inplenenting the nethods and apparatuses of the present invention.
It is therefore intended that the foll ow ng appended clains be interpreted
as including all such alterations, pernutations, and equivalents as fall
within the true spirit and scope of the present invention. 29 Septenber
2005



12 What is clained is: Cains 1. In a wafer processing er fer
lifting mechanismfor controlling the lifting of the maf%?g%g?mB?ﬁ%ﬁg

el ectrostatic chuck at a conpletion of processing, the 5 wafer lifting
mechani sm conprising: a pin lifter yoke oriented below an electrostatic
chuck, the pin lifter yoke having a set 1of pins connected thereto, the set
of pins being configured to traverse through the electrostatic chuck and
contact a : rf.ace of the wafer, the pin lifer yoke including the
set of piggﬁtgfﬁgﬁgﬁégtrically conductive; 10 a link being connected to the
pin lifter yoke, the Iink being noveab .50 as to cause the pinlifter
yoke and the set of pins to nove wthi el ectrostatic chuck and

contact the botit om syafage wbedskitg WBiBber, ARAFENEBnE meews%@tfor\/\éoht}oﬂimg _
bottom surface of the wafer, the set of pins being capable of both Tifting

t he waf er e fiftg afiibe ayaser: ot of anictectrestafid chuel a Musnimgicanofeprectssingathechar ge
away feom : . r.for noving the link; and a force feedback
syste m5 fo r&ﬁq%r%l}qﬁlggmg@g%p%céqsf% o]

f force by the set of pins to the

bot t om sur f ace aqfin liier ykk @tiefbed beigw! dheelddtdobiatig chutk, the giﬂl\ﬁft&fyokb hhviRga
mechanismas recited in claim1, wherein the force 20 feedback system
further cdfipph RiBg connestedtnpretoa thfesqt i ries belpg spafigured tayppyersathrenehothet or ce

by the Se%}e%froﬁbtﬂ?clﬁgﬁl%&%ontﬁé@% b%&%llﬁqﬁsg}f?%]e SR WAES! the Birt '1%# &@lce el?l&lggﬁiﬁo t or

processor tor recelving data regar e application o
cont r ol | erthd st ofging bahg elegrickley comtloctiveand 25 an encoder. 3. The wafer

lifti mechani sm recited iin cJaim wherein the encoder is configured
to corfuni cate o i Deibe oMK P :ﬁl? 8 ﬁgcrnﬂi@r theghitly Bringmeykablaisgiasdp
signal  prReREObirsRidMAlketdg (Hl st pigy ﬂr}ﬁbvé)ﬁvﬁﬁﬁsfﬁgrel&:ﬁ'EJ?ththSEHdéﬁtanPhe
notor to delay nmoving the 30 link until the application of torce falls
bel ow a t lepetetiche bpware|surface of the wafer, and once in contact with the bottom surface of

the wafer, the set of pins being capable of both lifting the wafer off of the electrostatic

chuck and shunting an electrical charge away from the wafer;

15 a motor for moving the link; and

a force feedback system for limiting an application of force by the set of pins to

the bottom surface of the wafer during the lifting.

2. The wafer lifting mechanism as recited in claim 1, wherein the force
20  feedback system further comprises:
a strain gauge for determining the application of force by the set of pins against
the bottom of the wafer;
a digital signal processor for receiving data regarding the application of force;
a motor controller for controlling the motor; and

25 an encoder.

3. The wafer lifting mechanism as recited in claim 2, wherein the encoder is
configured to communicate link position data to the motor controller and digital signal
processor so that the digital signal processor can instruct the motor to delay moving the

30  link until the application of force falls below a threshold level,

4. The wafer lifting mechanism as recited in claim 1, further comprising:



4. The wafer lifting mechanismas recited in claim1, f 5§1er com%r'gi ng:
29 Septenber 2005 13 a discharge switch, the discharge e[pé?{n%eé'i RB

coupl ed between the pin lifter yoke and ground. 5. The wafer lifting
mechanismas recited in claim4, wherein the switch is 5 configured to
close and provide a direct path fromtheipin lifter yoke to ground to

accel erate discharge of the electrostatic chuck. 6. The wafer lifting
mechani sm as r edistlkeatgé switdhaitre dischinge tstvétch being cowilebetwaen the ipi Iofter yoke

resi stor bejng coupled between the switch and ground. 10 7. The wafer
lifting nﬁ@%&%P@£1as recited in claim6, wherein the resistor is a
variable resistor. 8. The wafer |ifting mechanismas recited in claiml,
wherein the link is a 15 lead screw that is controlled by the notor. 9. A
substrate |iftpng nEbdanaieshifiog meomiso bs nggitehén Elafm i4ngrhefeint He swtebtis at e
off of an ectrostatic _chuck  at conpl.et.i on . of processing, the bstrate
Kt ng neeniErehf e ardiHgiaSs Sl wan odr ol REG FEoseuet ; ns
connect ed 3¢ RREAE Qisclhidie SBhe SlectRishiicRBIAY configured to contact a bottom
surface of the substrate; a |lead screw being connected to the pin lifter

yoke; a notor for noving the | ead screw, and a force feedback system the

force feedback, syst i ngl udi n 5 .a _straln,gauge eterm.ning a
o5t sti ve for 68 agar Mot et Htsinechay Bl &g PG L infiF' ShRUILED, % o,
recei ving dat aar&gtdr(ihe gesidier Hears @uphee bbaveer the swvitthtaad giomAllr ol | er for
controlling the notor; and an encoder, the encoder being configured to
commut? cate | ead screw position data to the notor controller and digital

signal processer. 3@ue wafer lifting mechanism as recited in claim 6, wherein the resistor is a

variable resistor.

8. The wafer lifting mechanism as recited in claim 1, wherein the link is a

15 lead screw that is controlled by the motor.

9. A substrate lifting mechanism for controlling the lifting of the substrate off
of an electrostatic chuck at a completion of processing, the substrate lifting mechanism
comprising;

20 a pin lifter yoke having a set of pins connected thereto, the set of pins being
configured to contact a bottom surface of the substrate;

a lead screw being connected to the pin lifter yoke;

a motor for moving the lead screw; and

a force feedback system, the force feedback system including,

25 a strain gauge for determining a resistive force against the set of pins;
a digital signal processor for receiving data regarding the resistive force;
a motor controller for controlling the motor; and
an encoder, the encoder being configured to communicate lead screw
position data to the motor controller and digital signal processor.
30

10.  The substrate lifting mechanism as recited in claim 9, wherein the digital

signal processor delays the motor from moving the lead screw until the resistive force

falls below a threshold level for the substrate,



10. The substrate lifting mechanismas recited in clai m%% wher ei goba/e
digital signal processor delays the notor from moving t47eSTRIEAOY unti |
the resistive force falls below a threshold |evel for the substrate. 29
Sept enber 2005 14 11. The substrate lifting mechanismas recited in claim
9, further conprising: a discharge switchg the di scharge swi tch being

coupl ed between the pin lifter yoke and ground. 5 12. The substrate
lifting mechanismas recited in claim1l, wherein the discharge switch is
configured to ¢lose_and provide a direct path fromthe pin lifter yoke to
ground to accelldr at dhgsukstratcddting mephanpmpes regtaddn claim fy &@hen@mmSl%e

substrate liftizng paptisin@Sqikasl ¥ [ - Ishhg: a
resistor, the raes?cgfg%r E]e?ﬁg c%u%ﬁ%%g'é%caggiﬁﬁtcﬁgﬁé%b%t(%&gﬁ{g pgrﬁ)gﬁ%ﬂd?d k%4. The
subst r at e ahd gtdund. nechani smas recited in claim 13, wherein the resistor

is a variable resistor. 15 15. A nmethod for lifting a wafer off of an

el ectrostatic chuck after the conpletion of a processing operation, the

met hod conpri siing: MakSiudsirde I8tin® m&hASisthN A0 Yethcl Ng alaﬁﬁtlrl(?s&ﬁéréiﬁ fauck
toward an underside of the wafer;” 20 achieving contact between the set of
pi ns and tdirshyadewiithiis configired imelese amapbyidag darebt path figns e pén titiert yoke

d id fer.: 10J8] ' he |jf.ti f ;i i nui h
i ng. o8 el R Rerore fR 8 M 0Pl RS 2 U ool d | evel | has

been reached; 25 operating a switch to enable an electrical charge present
on the wafer to_be _discharged to ground thrqu%h the set of pins; and
adj ustiPng a varlBabl &hesahsatlifting meehanism asrecitidse ki d 2 ofurthprecompsising; cal

charge a resistor, the resistor being coupled between the switch and ground.

14, The substrate lifting mechanism as recited in claim 13, wherein the resistor
is a variable resistor.
15
15. A method for lifting a wafer off of an electrostatic chuck after the
completion of a processing operation, the method comprising;
raising a set of pins through the electrostatic chuck toward an underside of the
wafer;
20 achieving contact between the set of pins and the underside of the wafer;
applying a lifting force to the underside of the wafer;
monitoring the lifting force;
discontinuing the lifting force when the monitoring indicates that a threshold level
has been reached,
25 operating a switch to enable an electrical charge present on the wafer to be
discharged to ground through the set of pins; and
adjusting a variable resistor to control the discharge of the electrical charge

present on the wafer to ground.

30 16. A method for lifting a wafer as recited in claim 15, further comprising:
resuming the applying of a lifting force to the underside of the wafer; and

terminating the lifting force when the wafer has been raised a lift height.



present on the wafer to ground. 30 16. A nethod for liftg S
recited in claim15, further conprising: resumng the QSE%}‘?‘?F@@%?OSQ
lifting force to the underside of the wafer; and termnating the lifting
force when the wafer has been raised a |ift height. 29 Septenber 2005 15
17. A nmethod for lifting a wafer as recitied in claim15, wherein the
nmonitoring includes processing a strain value. 18. A nethod for lifting a
waf er as recitéd inAchethad for lifishes wiafer aheccgtd i dainbl Sy athgeein theusadtoriog

determ ne.I\lA@e& her the threshold value is reached. 19. A nethod for lifting
a waf er adFHISF PEOFeSSIPEA SR YU wherein the threshold val ue signals a

lifting force maxinumthat is to be applied to the backside of the wafer.
10 20. A nmethod for lifting a wafer as recited in claim15, further
conmprising: ehBanciéngethodi fot hidlingea orafethes wasfted in elagm ol avhistein dhe sainng a

resi stancg, ok id {i&d 1/ fhtAREWhEREFh O liireshold value is reached.

19. A method for lifting a wafer as recited in claim 18, wherein the threshold

value signals a lifting force maximum that is to be applied to the backside of the wafer.

10 20. A method for lifting a wafer as recited in claim 15, further comprising:
enhancing a discharge of the wafer to ground by decreasing a resistance of the

variable resistor.



