METHOD AND APPARATUS FOR REDUCTI ON O F VOLTAGE POTENTI AL SPI KE DURI NG
DECHUCKI NG BACKGROUND [ 0001] El ectrostatic chucks are used to hold

sem conduwwoaniv@mbEss and ot her substrates during procesecmgBauehsias’ pl asm
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processi ng chanber. [0002] A diffrculty that arises with the use of an ESC
is the need for renoval of the residual electrostatic force between the
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process which contam nate the processed substrate. [0003] Despite the
develrepidual gectpostatie forcabebveen the suhstiaée andithegpackatnuerdentd rasmoiaithenni ch
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reduction in voltage potential spike during dechucking of the substrate.
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the electrode can be grounded or, alternatively, the polarity of the chucking voltage

applied to the electrode can be reversed in order to discharge the electrode. However,
these techniques are not completely effective at removing all the charge on the electrode
and the substrate. A mechanical force is often required to overcome the residual
attractive electrostatic force, which can damage the substrate or create difficulty in
retrieving the substrate from an unintended position. Further, undesired particles can be
generated during the substrate dechucking and removal process which contaminate the
processed substrate.

[0003] Despite the developments to date, there is an interest in apparatus and
methods which reduce any voltage potential spike during dechucking of processed
substrates.

SUMMARY

[0004] Provided is a substrate dechucking system of a plasma processing
chamber adapted to remove a substrate from an ESC with reduction in voltage potential
spike during dechucking of the substrate.

[0005] In a method of dechucking a substrate from an electrostatic chuck in a
plasma processing chamber, a process gas is supplied into the chamber and energized
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pl asma processi ng chanber, a process gas is supplied into the chanber and
energi zedinto a plasma state, the plasnma chanber is nmaintained at a vacuum
pressur e WoadolooMwRE power to produce a plasnma sheath aboce/aBraosubstrat e of
2 mmor greater thickness, the substrate is |ifted above a support surface
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md-lift position when'the pistons are in the md-lift position, and (3)
r ai s@istpes amd it dewe ppaltlaﬁSu&;)@rmwbI@‘t pogitiom@at whucththletlowahplséorr israasd by a
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substrate and etching an exposed | ayer on the per surface of
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ot her rga%rgtrei gAtofar sou sttrr.]a e %HBS&E{ athen the upper and lower pistons are in the lower
position, (2) raise the substrate to a mid-lift position when the pistons are in the mid-lift
position, and (3) raise the substrate to an upper position at which it can be removed by a
transfer arm when the upper piston is in the upper position.
[0007] In a preferred method, the process chamber is a plasma etch chamber and
the processing comprises generating a plasma adjacent the upper surface of the
substrate and etching an exposed layer on the upper surface of the substrate with the
plasma. Alternatively, the processing can comprise forming a layer on the upper surface
of the substrate (e.g., by chemical vapor deposition, thermal oxidation, sputtering or other
deposition processes). Still yet, the processing can comprise stripping photoresist or

other material from the substrate.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0008] Figure 1 is a side elevation view, in cross section, of a plasma reactor in
accordance with one embodiment.
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BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES [0008] Figure 1 is a side

el evation view, in cross section, of a plasma reactor in accordance with
one enbodwoento/{08¥89] Figure 2A is a depiction of a subeCraB®1PDFI437 ft
system wherein the systemis supported on an ESC. [0010] Figure 2B is a
depi {00@9] of t HeguyrerA isfa depitiemodh stibgtrate RA-lithgrséém wineresuthet syatem ims
been Iiftefd above 5&; ESC. [001 1] Figure 3Ais a depiction of exenplary
pneurfdPPEEE ON 41hFR@re in a down position. Figure 3B is a depiction of
exengbeqo] | i ft m@@r‘é"%% & QepichbAof tid ?iﬁq{ﬂ é){s%‘r-n d‘_f'Fl!;g{Er‘é BCwheréindsi ction of
exenplary lift hardware in an up position. T0012] Figure 4 is a schematic
of arsubgtsaisl kas/beemtifted a@?‘ﬁ@&TﬂESB-pneunﬁtic lift hardware. [0013] Figure 5
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[001 e substTate can conprise a sem conductor wafer uséd to manufacture
i nt egusintgzdarguscdedrsickingsuditegeat witfiaut edivitihiapplasmegradédnickinggdtess
substrate used to manufacture a flat panel display, or a silicon wafer
bondSBSRFIYCY ass carrier. [0019] Preferred enmbodi nents are practiced in
conj yoeispPn W tHig@ePt ahoRys' SarhéIRloontathimafion fe P BE slibtRltys aeemldedp! asma
reactor, ‘e.g., an Exelan(tm plasma etcher, which is available from Lam
Reseaistg @iqusy methedsonclpdisgortexcsling bekiira bacbpEsue pneaniditl pasmeasa
react0 rSt(éBrrpri ses a dual frequency capacitively

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0016] As used herein, the term "about"” when used in conjunction with a stated
numerical value or range denotes somewhat more or somewhat less than the stated
value or range, to within a range of £10% of that stated.

[0017] A method of dechucking that is capable of reducing voltage potential spikes
during dechucking from an ESC is described herein.

[0018] The substrate can comprise a semiconductor wafer used to manufacture
integrated circuits, a substrate for 3-D chip integration, a glass substrate used to
manufacture a flat panel display, or a silicon wafer bonded to a glass carrier.

[0019] Preferred embodiments are practiced in conjunction with a plasma reactor,
such as a capacitively coupled plasma reactor, e.g., an Exelan™ plasma etcher, which is
available from Lam Research Corporation of Fremont, California.

[0020] A preferred plasma reactor comprises a dual frequency capacitively
coupled plasma reactor including an upper showerhead electrode and a bottom
electrode, RF energy being supplied at two different frequencies (e.g., 27 MHz and 2
MHz) to the bottom electrode. See, for example, commonly-owned U.S. Patent No.
6,391,787, the disclosure of which is hereby incorporated by reference in its entirety. In
the case where the plasma reactor is a capacitively coupled plasma etch reactor, the
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coupl ed plasma reactor including an upper showerhead el ectrode and a bottom
el ectrode, RF energy being supplied at two different frequencies (e.g., 27
MHz and 2wbiejo/me378he bottom el ect rode. See, for exanpl ecTapmroniy3owned
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el ectrode 102 having a bottom surface 104. 1 n the enbodi nent, the bottom
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r ef engdrpotaied hergnbyreferendédl t he enmbodi nent, the upper electrode 102 is a
shower head el ectrode including gas passages 108 arr aqq%%d for distributing
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100 includes an upper electrode 102 having a bottom surface 104. In the embodiment,
the bottom surface 104 includes a step 106 adapted to control a localized density of the
plasma formed adjacent the exposed surface of the upper electrode 102, as described in
U.S. Pat. No. 6,391,787, which is incorporated herein by reference in its entirety. In the
embodiment, the upper electrode 102 is a showerhead electrode including gas passages
108 arranged for distributing process gas into the plasma processing chamber 100. The
upper electrode 102 can be comprised of silicon (e.g., single crystal silicon or
polycrystalline silicon) or silicon carbide.

[0024] In the embodiment, the upper electrode 102 is a single-piece electrode
(e.g., for 200 mm wafer processing). The upper electrode 102 is preferably mounted
(e.g., elastomer bonded) to a backing member 110 of a suitable material, such as
graphite or silicon carbide. The backing member includes gas passages 112 in fluid
communication with corresponding gas passages 108 in the upper electrode 102.
[0025] The upper electrode can be a planar electrode or a non-planar, stepped
upper electrode such as a showerhead electrode as disclosed in commonly-owned U.S.
Patent No. 6,391,787. The RF electrodes can be made from any suitable electrically
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[0024] In the enbodi nent, the upper electrode 102 is a single-piece

el ectrode (e.g., for 200 mm wafer processing). The upper electrode 102 is
pr ef er ablwormowntoesf3(e. g., el astonmer bonded) to a backi ngCwariao/ 018y of a
suitable material, such as graphite or silicon carbide. The backi ng nenber
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U. S. Patent Application |cat|on n the
enbodubdinatiari NDhéOﬁﬁ/@éBﬁ1ﬁ®oceSS| ng chamber 300 shovvn in FIG 1, a thernal
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comonl y- owned Pat ent Application Publication . 2005/ 01 331 60,
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chamber by the gas passages 108 in the upper electrode 102. The upper electrode 102
can be powered by an RF power source 116 via a matching network. In another
embodiment, the upper electrode 102 can be electrically grounded to provide a return
path for power supplied by a bottom electrode of the substrate support 120 of the plasma
processing chamber 100.
[0029] In the embodiment, process gas is supplied into the plasma processing
chamber 100 at the plasma generation region in the space between the upper electrode
102 and a semiconductor substrate 122, e.g., a semiconductor wafer, supported on a
substrate support 120.
[0030] In addition to a semiconductor wafer, the substrate 122 can comprise a
glass panel to be processed into a flat panel display, or a silicon wafer carried by a glass
substrate to be processed (e.g., for 3-D chip integration). The substrate 122 can
comprise one or more layers to be selectively removed (etched) during processing or,
alternatively, the processing can comprise forming one or more layers on the substrate or

other process such as photoresist stripping.



[0029] In the enbodi nent, process gas is supplied into the plasma

processi ng chanber 100 at the plasnma generation region in the space between
t he upperwel2zemimwesfe 102 and a sen conductor substrate 1P2T/1B2030/)51a37

sem conduct or wafer, supported on a substrate support 120. [0030] In
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(etched) during processing or, alternatively, the processing can conprise
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voltage proximte to The substrate surface, which is used to accelerate the
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waf erresttidh.an edge ring arranged above the | ower el ectrode and surroundi ng

the wafer. [0034] During plasma processi ng of the sem conductor substrate
122, [0033bl as nfréfﬁﬁﬁwea’@rﬁu’fﬁf REMRRe P the wver shestrrde isicesfiauied @ pl asma

cont I e b e FFatIELYEAB outer edge of the wafer with an edge ring arranged above the
lower electrode and surrounding the wafer.
[0034] During plasma processing of the semiconductor substrate 122, the plasma
confinement ring assembly 10 confines plasma in a plasma confinement zone between
the upper electrode 102 and the semiconductor substrate 122. Edge rings 126, 128 are
preferably arranged in surrounding relationship to the semiconductor substrate 122 to
focus the plasma so as to improve etch uniformity.
[0035] A vacuum pump (not shown), preferably a turbomolecular pump, is
adapted to maintain a desired vacuum pressure inside the plasma processing chamber
300.
[0036] An exemplary parallel-plate plasma reactor that can be used is a dual-
frequency plasma etch reactor (see, e.g., commonly-owned U.S. Pat. No. 6,090,304,
which is hereby incorporated by reference in its entirety). In such reactors, etching gas
can be supplied to a showerhead electrode from a gas supply and plasma can be
generated in the reactor by supplying RF energy at different frequencies from two RF

sources to the showerhead electrode and/or a bottom electrode. Alternatively, the



t he upper el ectrode 102 and the sem conductor substrate 122. Edge rings
126, 128 are preferably arranged in surrounding relationship to the

sem conduwwOaniswbsBrate 122 to focus the plasma so as t @Ciraprovesiescth
uniformty. [0035] A vacuum punp (not shown), preferably a turbonol ecul ar
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travel through holes in the |l ower electrode to raise and | ower a substrate.

A calsughdoatthedd-rips fravakibeaudhynales inia Iewes elanyodedpeaisg and/awenm chanber
' > d's%%%f?ﬁ?ed A RabRERLEIRR addemhblf HrhbviNg -a Subsind §Pa vhBEuRY GHanfisét € of

|s dlsclosed in commonly-owned U.S. Patent No. 5,796,066, the disclosure of which is
hereby incorporated by reference in its entirety. The number of lift pin holes generally
depends on the size of the substrate. In a preferred embodiment, the lift pins are
actuated by a gas, for example by using pneumatic lift hardware.

[0039] According to a preferred embodiment, a method of etching a substrate
includes supporting the substrate on the lower electrode, supplying process gas to the
chamber and energizing the process gas into a plasma and etching an exposed surface
of the substrate with the plasma. The process is applicable to etching of various silicon
and/or dielectric layers including low-k dielectric material such as doped silicon oxide
such as fluorinated silicon oxide (FSG), undoped silicon oxide such as silicon dioxide,
spin-on-glass (SOG), silicate glasses such as boron phosphate silicate glass (BPSG) and
phosphate silicate glass (PSG), doped or undoped thermally grown silicon oxide, doped
or undoped TEOS deposited silicon oxide, etc. Other materials that may be etched
include organic low-k material such as BLACK DIAMOND available from Applied
Materials, Inc. and the CORAL family of low-k films available from Novellus. The
dielectric dopants include boron, phosphorus, and/or arsenic. The dielectric can overlie a
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hereby incorporated by reference in its entirety. The nunber of lift pin
hol es general |y depends on the size of the substrate. In a preferred
enbodi merwQ 20tve10p37Bt pi ns are actuated by a gas, for exaopliB2tyousing
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backsi de cooling of wafers can be found in commonly-owned U.S. Patent No.

6, 140vafer.2, the disclosure of which is hereby incorporated by reference.

T oL e RE P e B LA 20
causevdiar tas beexposst b plaenfa ga, Masicries baliekiebae edieieiaiizé hehbhgeand
backsi de of the wafer to the Iasrra etched surface and cause devi ce damage

to i W@QV@E%‘CP'@QI%QQ"@WG'ﬂa'ﬂﬂgwlbéaqwttlﬁ@g elhesupstrate foneemarafromdoa1] “To
T SRR AR A he Ty oB\ SR RRSERE o Sy Rk ah oL 1 DRt
i n partially raise the wafer to a m|d lift position, thus positioning the wafer at least partially
within a plasma sheath.
[0042] Optionally, low helium backpressure (e.g., 5 Torr or less) can be applied to
slightly separate the wafer while the dechucking plasma is on, but turned off before the
plasma is extinguished. If the He remains applied while the plasma is extinguished,
backside particles can be transported to the front side of the wafer by helium flow.
[0043] In an embodiment, after voltage to the ESC is turned off and the supply of
He to the He interface is terminated, lift pins are raised to lift the substrate off of the ESC
while plasma is maintained in the chamber. The substrate is maintained in the plasma
sheath while preventing penetration of the plasma beneath the wafer and preventing
plasma instability.
[0044] Subsequently, the plasma is extinguished and the substrate is raised to an
upper position at which the substrate can be transferred out of the chamber.
[0045] Although described in embodiments, no force sensor or application of
dechucking voltage is required for dechucking. However, if desired, either or both may

be employed.



substrate voltage potential during subsequent lifting of the substrate for
renmoval fromthe plasna processing chanber. One nethod to acconplish this
uses nechaioiowl10pi’Bt pins to partially raise the wafer wPoTABmMIGeI11IT
position, thus positioning the wafer at |east partially within a plasm
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beneath the wafer and preventing plasma instability. [0044] Subsequent ly,
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el ectrode; fti nﬁ the substrate above the support surface to
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whi ch the substrate can be renoved fromthe plasma chanber. [0047] In

accoradéﬁftséO\Wﬁtmnyanlddﬁl§C'i5'}§tm@ﬁ¢£ﬂﬁ| features of the method, the process gas
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settoa predetermlned value relative to the bias expected to have been induced on the
wafer by the plasma, and a supply of He gas to the underside of the substrate is
terminated. The gap between the upper and lower electrodes can be any suitable
distance such as at least 20 mm and vacuum pressure in the chamber can be any
suitable value such as a value in the range of 15 to 500 mTorr, for example up to 25, 50,
100, 150, 200, 250, or 300 mTorr. When the substrate is lifted to the upper position, the
substrate is preferably lifted to at least 9 to 15 mm (e.g., 9.5 to 12.5 mm) above the
support surface.

[0049] FIG. 2A shows a cross sectional view of a semiconductor wafer lifting
device which can be used to carry out the wafer dechucking method described above.
Additional details regarding such a device may be found in commonly-assigned U.S.
Patent No. 6,646,857, the entirety of which is incorporated herein by reference. The
semiconductor wafer lifting device includes a number of lifting pins 228 which traverse
electrostatic chuck 204 through a suitable number of penetrations 226 depending on the
size of the substrate. Typically, there are either 3 or 4 lifting pins 228 which are
equidistant apart and connected to lifting yoke 230. The space between the lifting pins
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made of electrically insulating material (for exanple, sapphire) which lift
the substrate 0.5 to 3 nm(e.g., 1.5 to 2 mm above the support surface of
t he el ectwosbawiog37’ehuck in the md-l1ift position. The sebosuBzMI@0TIAY be a
waf er of silicon or other material and nmay have at | east one | ayer of
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| solation within the processing chanmber. A strain gauge 242 is positioned
bet weed apidy paewrigraeaeepecially2daringhtheamic=bid psates® Pardehfcpreventitneven by a
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SO | egctrsstaticall§ ciiphged  thal gruckra4. ower the pin lifter yoke 230. [0050]
The strain gauge 242 sends information signals to a controller such as

di gi 18052k gnal THedidag ypke BB Capse manee iNGramenialy e ddp dfdne wader rmt or
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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 is not 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 electrostatic 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 occurs when a threshold value
is reached. The threshold value is preferably a set value that 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.

[0053] The acceptable force limit under gravity can range between about 1 ounce
and about 5 pounds, depending on the size of the wafer. If the monitored force is within
an acceptable range, the DSP 250 and associated software will instruct the motor

controller 252 to continue incrementing the motor. During the incrementing, the encoder
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signals to the nmotor controller 252. The information provided by the
encoder 248 will contain current position data for the | ead screw 244,

[ 0051] Thwol2nforiopsy3pi ns 228 are configured to contact tireTORZRO/B8I1dEY of t he
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the notor. During the increnmenting, the encoder248 attached to the notor
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a sem conductor wafer lifting device as the liftin ins 228 lift the wafer
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posi tangna mid-lift position at which the substrate is held within the plasma sheath. Lifting can
be accomplished by the use of lift hardware as described below with reference to FIGS.
3A-C.
[0056] A pin-lift mechanism can be operated under the control of a controller which
monitors the position of the lift pins and directs the pin lift mechanism to raise or lower the
lift pins to at least upper (also referred to as "full up" or simply "up"), mid-lift, and lower
positions. Preferably, a lift mechanism includes one or more position sensors, more
preferably optical sensors to detect when the mechanism is in mid-lift and up positions.
Such optical sensors may detect movement of the yoke or of one or more flags affixed to
the yoke.
[0057] An exemplary lift mechanism for use in a plasma reactor is depicted in
FIGS. 3A, 3B, and 3C. Such a mechanism may replace the motor and associated
components in FIGS. 2A and 2B. An upper piston 301 and a lower piston 302 are
slidably mounted in an upper chamber 304 and a lower chamber 305, respectively, all in
a housing 303. The upper piston 301 includes a vertically extending upper shaft 311
which is preferably operably connected to a pin lifter yoke (not shown). The lower piston
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and then to the upper position as discussed above. At this point, the wafer
206 will be ready to be picked off of the lifting pins 228 by the bl ade of
a robot. Wowpicamei’Ber wafer 206 can be placed on the |iPCrng2mi/n1228 so
that it can be |owered onto the chuck 204 for processing. [0055] In an
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stop 310 has been pre- adjusted in order desirably determine the mid-lift position. The
lower shaft 312 of lower piston 302 in turn pushes upper piston 301 to a corresponding
partially raised position so that a wafer is raised to a mid-lift position above the ESC so
as to be within a plasma sheath without inducing plasma instability. A third inlet 308 may
vent the top of lower chamber 305 and, optionally in a lowering step, be pressurized to
lower the lower piston 302 prior to lowering the upper piston 301.

[0060] Actuation to a full up position (to facilitate removal of a wafer) , as shown in
schematic form in FIG. 3C, is accomplished by applying gas pressure (e.g., 60 to 120
psig, preferably 90 psig) through second inlet 307 to a lower portion of top chamber 304
while applying 50 psig (or optionally 65, 70, or 75 psig) through a first opening 306 to
pressurize an upper portion of a top chamber 304, thereby raising upper shaft 301.
[0061] The opposing pressure applied to the top of the upper chamber during mid-
lift and full-up actuation is used to limit max up force in the event that the wafer is not well
dechucked (for example, if the wafer exhibits an unexpectedly high attraction to the
chuck) and thus minimize risk of breaking a wafer. The opposing pressure also reduces
sudden forces on the wafer which could dislodge the wafer from a desired positional
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[ 0058] Actuation of the lift nmechanismto a down position, as shown in
schematic formin FIG 3A is acconplished by applying gas pressure (e.g.,
70 to 120wp=oy/1ops7ef erably 90 psig) through a first inl eCT3BB10/e51p3essuri ze
an upper portion of the upper chanber 304. This pressure exerts a downward
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appl Y0063 ghenn gasrepsresboimdotiBndht, th&lpreasdidd ustiddo seibefyethaliftym8ehasise) to
fourth inlet 309 to the bottom of | ower chanber 305. e | ower piston 302

i s t 1998"e HPBERHRP lRefetfer eiaterlediepasaiebagig douprlirnaly £5. dR. of 7aPBind st op

nas 6250 PO Tskrufy o<, ST of e gy 8 ) 25 AORCRR el SFELIRER, P 1

The letwetrorsdedlytcaditdliofl dnevievalpest Snef@ebly nsuohrvalyessaesactivated o gemoB01 to
acorrespondln artlall%ralsed position s wafer is raised to a

m d- 1995EdRRSIHTPB SPRUPIE . FESEXEHRIS atQP"E@?'W Q}ﬂtﬁ%’?ﬂ@%f’ﬁ}%ath wi t hout
mdugg@g@g%@ggw&@&%é {aiémaﬁe%'& dgrd inlet 308 may vent the top of |ower
an

chanb opti ona In a omerlng step, be pressurized to | ower the
| onerf0p64} on 30F2GpHishowtsoa Bohﬁ’nahgof ae exppptargicontnl Wetem POPBOYIMALC uat i on
to a

t onaraatiatof oA £ Aroneigna RS bRl 4 doRR R, sO%h IFain wurfalE7 o o

60 t (BOBZQnﬁ%O@ e%cﬁfrﬁé@léd #0a Pﬁégr)nahb'b@HQ'M@W@s firdk fletBDb Eohriedieer
portion of p chanber 304 wh pE ying 50 psig (or ogﬁéonally 65, 70, or
ok C

75 pé@@hutt|l$r\call‘g¢14@1f|ﬂ$& p@wmahgba peNHises sanirekatid va lfoeceives of a

or s S Srpr it 45 eRe 00 JPO R REePt S8 o e Mona FeBSBRAAD

act uaupply 420 € é@wtfdll@utbmehseparidw@rﬁrolmogube,omr@nér 440atro dupplyvgheasi s not
wel | dechucked (for exanaa if the wafer exhibits an unexpectedly high

at t r &6ired o dhe metdqqntskzj Tari96: ADG 309And toeshuttie vaive Bi0dakitSRUANANE The
oFr IS PRGTR § MRS FREBonE e AR A B,
pi ns.to @a(celwgta*s yr,onm hdower peesapr gwls@pply 480l (wlhucrppnwmmyﬁmpsigsend as an
| ndi %%ttlgaaﬁ h&% '7?10 5u;():sk|g)hafhe shuttlge\/aﬁverdrj&OI preferably operates to automatically
supply the higher of the received pressures to first inlet 306 (i.e., it supplies the lower
pressure gas by default, or the higher pressure gas when the pneumatic bank 410
supplies the higher pressure gas to the valve 401), or less preferably the valve 401 can
be controlled independently from bank 410. The sense and control logic controller 440
may receive inputs from optional sensors (not shown), for example to detect the position
of a yoke.
[0065] A lift mechanism for implementing a mid-lift step may be used with or
without a dechucking voltage to the ESC and wafer and with or without supplying He gas
to the underside of the wafer. If a dechucking voltage is used, the voltage is preferably
set to a value within 200V of the bias voltage induced on the wafer by the plasma prior to
lifting the wafer, e.g., -200 V to +200 V, including zero. For a 300mm EXELAN, the
preferred dechucking voltage is -50V for a 50W 27 MHz plasma at 50 mTorr, as is within
about 20V of the measured bias voltage on the wafer. The use of a dechucking voltage
alone (without a plasma-on substrate discharging step, for example as part of a mid-lift
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[0062] Preferably, the md-lift position raises the wafer about 0.5 to 3 mm
(e.g., 2 Mmto 3 mm above the ESC and the up position raises the wafer

about 9. 5wore0 (00083 i nches) to 12.5 nm (0. 433 i nches) alpovaBiheoHSD. [ 0063]
In a preferred enbodi ment, the pressures used to supply the lift mechani sm

cone sftepa)rma;appegerit difesylti€ésrin mmlaityapdrmagniwqﬁiagdednuci@lg vmitelglw 65, 70,
75 :
S06. 398 6 ewna BopPelaty bR o briarrs e ey i B RS e Sy brvee!

Pr ef %ruﬁbirﬁte t%H?déré(@'ré( efechiuek d6&iby adted sthQPGé‘te%lrﬁa'tl@ﬁQﬁ aRsdruicRing by a
control l'er, for exanple a controller that also controls other opérational

as pecypﬁage ophmqbtcaglmnaé%@umtratp@nge must ba rembgdaaa@bﬁmfeapt@f an

ot i Brdes e n s R, kot IR b B thln eS8 Yo Bliyedte BREHIES' €.
conneiugd|izéd &h@@@@ﬁ@éklﬁg beddessd rﬁ%@é@%e the \fcblfa‘gb cbrﬂih%t sulidfratonesiked to
shuttle valve 401 . The Pneumat I ¢ bank conprises controll able valves. It

r eceidkEEIHWVfRE Hft prBiSE ¢O8 %@'@CV@S@“CNB/(ﬁtiréc’flwt@@ﬂréfnt% fepdhens tp the psi g)
fromS% ‘g{éer pressure gas supply 420 and is controlled by sense and
controlb ogic controller 440 to supply gas as desired to the inlet ports

33(7j [6066] and 3OBelund Ua@kﬁt\fl\a}lssuteeoﬂ/’atc;/eozf@lrhon Muﬁdimtdegof\tﬁ.émféf)dal n béen
addition to recejving gas en. sent fromthe pneumatic ban is also

conn 15680 SUORBEl Y waE (6 Grinis Mhues ion et B 168 WALeIpSIA) st PPrkAI

pr ovi iR I ve 401
pr ef é’g Iy og%tsg}aeééﬁetagﬁalljt ongﬁ/ gaﬁpﬁ%uuprg S Eéﬁ@%}??ﬁg&@@{) ?é‘%]éyré Zsc%;%lved

pr essTmres)reierably§tT0m| Etovaner,(in aepreferreckambbdereemth@ Tarneeliym dsskpresgaee by

def | t h wh bank 4 10 |
CheC e b in nacadrBtE e BR3He BRS e it B R ates, f s bl ¥t oy val ve
401 9061’19 contmgl b%ﬂwdﬁ&%@?f&@ﬂéb}’mﬁaﬁm&)@ K d‘brﬁh@ decﬁh@klﬁgﬁﬁﬁn %HCESQN r ol

| ogic controller 440 may receive inputs f rom opti onal sensors (not shown),

for ebheninecot ajteseating douSeeqﬂo@ashe@rSWSawgwyolt@wwa plasnta degsiekrat Om f or

vort 238" by Baliog pibestE oo By HSF fhiatul cbaigfy brBCdsqER R’ ne
undernsé detted lihbshoriavafel f/olife fdnlacmgm\dadhagle with 31566 hélinen Batksige s
preferably set to a value within 200V of _the bias voltage induced on the

waf erpr%s%rﬁéO'b]Vé%QTﬁy grilasmadfi lift tlabgjed %T\vaﬁ dechuckg), and2be solid ine-sbowy,

|06 AR SEI oF o BB e hoRi s ek b b
plasma-on mid-lift dechucklng step wherein the wafer is lifted above a support surface of
the ESC to a mid-lift position within a plasma sheath (labeled "Middle Lift dechuck").
Note that "Pins Up" times are staggered in the chart for readability. The Tables below
provide additional details regarding the parameters under which these tests were
performed.
[0068] It can be seen that the use of a plasma-on mid-lift to a wafer position within
the plasma sheath minimized the voltage spike seen by the wafer during the lifting of the
wafer. In contrast, if the RF power is turned off before the lifting of the wafer, a large
voltage spike occurs. Using a helium 3T backpressure during the dechuck plasma
reduces the size of the voltage spike compared to no backpressure, when the wafer lift
occurs with no plasma.
[0069] Table 1 below shows plasma chamber operational parameters used in the
test of the plasma-on mid-lift step during dechucking. In this Table and the other tables,
"ME" represents "main etch," "DCProbe" refers to measured wafer bias voltage (which
can be used to set the voltage applied to the ESC), "DC1" represents "Dechuck 1" (an
initial reduced power setting at the start of the dechuck process, allowing the plasma
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about 20V of the neasured bias voltage on the wafer. The use of a
dechucki ng vol tage al one (w thout a plasnma-on substrate di schargi ng step,
for exanpweam/pos7 of a md-1iftstep) nmay present diffiPCuiIB2oae/)51i137 t hat
pol arity and magni tude of a dechucking voltage sufficient to elimnate

r esi deattoc kastgbiliar),tanel "Lt neatesents @echwicki2"t(Bkowingepmferssdisngsadering
SUbstielQ%e l’ge erature, dechuck recipe, etc., so that determ nation of a
dech H U ‘tage optimal to elimnate substrate charge nust be repeated
each 141 1r feglieddehaerss condi tions change, which is time-consum ng.

Unl ess the substrate charge |s neutralized, the dechucking process nmay
caus ¢tenResoiftionge on | hetaliiihst Btk | o Mpi ke BGHi nlg RB2er| Midlift [WRFH cloul d
el ectRresstramien) |y att t acf2dkaht A@0naht 98 q hdhBre |t o 3he |suthdtrate 0[ 0066] A
hel i (th WMEadavesdre of 1 90 10 Sbrr| 0d% hel under sl delof |t heOwafler Ban |pe
used RF¥7MHZ@QWP@KWD iftltheOwarerdq o Aol | i ff50|nn<i 1% wherd®in |t hpo\/\nf er i s
at | e Tvpartially withigeph [ IREath TiMe plel 78 Hack
usedﬁ%ﬁg:igﬂéﬁi@é?d—p% i5 255 Tory20 priofefablly 315Torl %9
pr ef dkeda0 0380801 et | 0 T+ | held unt-babkprlpssirefi-sBsed—inlt <
st ep [gH2A0056M ot ocrh 0R0%i H1i 83 of t8n waieD 10069 RHG-05 dhowlt
resg'@'(sz‘(jsq\?ﬂ? okt hae S -reddechuelirg it o Eec— Thellife—o
alte.Alr 1t0:,r ngpj" and jgs 00, “hoob‘. ') f\gbo‘v'gdt"ﬂ ‘orlzr 'pl asrrg‘od ch?Q(?( at O
Tor r |_3 ltlrn n“ﬂer% (-O”l = A &gﬁl .edg%‘, — £ L £ + 6.II | ] o O‘I’ l_le

|_ ‘ﬁ,m jld!‘egij ETOL)UAIJ: Ubﬁ)ul - Iéb | Y 3 | I | LI LI LO&I LI:UI u .
dEChuES'G Bias I\VI(,)H_'é aot LICU TG S[TOF $dva 5¢Prkﬂb’é ] . _ai‘f:quldlct.: O'Blél' th 3
Torr B B VSR EVAS P eamPT F 128h ' OfeU oty [ P “Okj [T tsd  goUel FU 3T He
deCh“Es'&: Full TMEBias Comp”| ! EnbbIe'F ERABIES| ¥sable [V Enhisid 'Eﬁ‘lé\blé?l PEAa0E [YERabie 1 at 0
Torr erf‘ePPlHﬁth%%KS' e pre H F 48 OYelow A GBS TTE- QT [Unliddle [OGRGSHEEK] Ng
step whererm the wafer 175 tTfted above a Support surface of the ESC 10 a
md-lift position within a plasma sheath (|l abeled "M ddle Lift dechuck").
Not e [oom1 " Pi nsTdiye 2tuetms showsgliagyge cbdniber operatiomat paameteegdaded intthe The
Tabl e bel o rovide additional details_regarding the paranmeters under
whi ci¥ tH@%CPBElee%W Y& BPRRE O OU6d(t S'€P-can be seen that the use of a
pl as m f waf er position within the plasnma sheath m nim zed

t he H%I tgczle f‘;f‘fﬁ%{@%ﬁbv the wafer during the lifting of the wafer. In

cont 1$ent Deseiptiothe RFE _ppwetebilits | t Strikeed| of ME beff oPE€1t hle PCRt i IndPaidy t{Hdiddiedfelr , a
| ar g¢Pressbiedmierrspi ke occuf?) Usitag a| hadPdunm 3TObackpr®ssure @urijng Ohe
dech(AeMifizRowmer fveduces the s| zeSGOf | ha00olftagé spi keOconparéd tlo nd
back Zdrow e waber|1i$¢ opcilfd withdho [pl S¥m 0 0

Step Type Stab Time Time Time Time Time Time

Process Time (sec) 20 5 25 4 16 2 2

C4F3s (50.0 sccm) 13 13 13 0 0 0 0

CO (5610.0 sccm) 65 65 65 0 0 0 0

0O, (562.0 sccm) 8 8 8 0 0 0 0

Ar (1010.0 sccm) 800 800 800 400 400 0 400

Helium Inner Zone (torr) 30 30 30 30 0 0 0

Helium Outer Zone (torr) 30 30 30 30 0 0 0

ESC Bias Mode Fixed Fixed DCProbe | DCProbe | DCProbe | DCProbe | DCProbe

ESC Bias Voltage (£ Vdc) 200 200 0 0 0 0 0

ESC Full Time Bias Comp Enable | Enable Disable Enable Enable Disable Enable

Lifter Pin Position down down down down down down middle

[0071]

Table 3 below shows plasma chamber operational parameters used in the

3T He dechuck test, without a plasma-on mid-lift step.
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[ 0069] Table 1 bel ow shows pl asnma chanber operati onal
the test of the plasnma-on md-lift step during dechucking.
represents
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runs

wher difiehin @esifionck vol { agewwab d@mV, | wiowsh | edannt €/d dawns
spi kes at dechuck as conpared to the other exanples.
t he dechuck voltage applied to the ESC

@l dogun  Volntidare
By proper choice of
the wafer voltage spike at pins up

can HB0RRhi ni zddG. PAewwsibips theowalasaoltagenpatentiehspike ek Sifs uh CaebBucki ng
t f f
oL o AUy oA G ok HOUESD, L0\ GEBLE SHhe 1 GOSN, Vo1 e

pl asr(a tkmnk tioe iamg aathim dﬁé)' $Hove treresutts oiitso casewherd ﬂfnerﬂaﬁlmak@/oltdge Wag pi ns

up, waf_er ot ent | | ke at |nsu re c |stentl | ow (<25V in
magni-b0eichdBRlal ards pAskie vkage sokedal de fehye!oalPladihon
Conbaihg %ﬁoothg'lﬁec%n flbﬁg BshEPERER dhé heduiR df‘t\% rlh$ whef@ trsdhoul d be
usefu i n reducing otages kes In a variety of situations which m ght

r equideghdck f/elrcag&gwde(ﬂ\bwmwrewed in [a}gém]egﬁtl(& valtageepikeaat dethkuck.
cont alrﬂe t%rr]éeso er?nése?coorrrllpos f0'301‘Sshorfgaschkecl dW{s and stars) show the results of
three runs where the dechuck voltage was -25V, which resulted in smaller voltage spikes
at dechuck as compared to the other examples. By proper choice of the dechuck
voltage applied to the ESC, the wafer voltage spike at pins up can be minimized. These
tests were performed with a plasma-on dechucking step followed by a plasma-off lift.
[0073]

voltages during dechuck with the plasma on during a mid-lift step.

In contrast, FIG. 6B shows wafer voltage potential at various dechuck

In this case, with
plasma on during pins up, the wafer potential spike at pins up is more consistently low
(<25V in magnitude) and relatively insensitive to the dechuck voltage value when
compared to FIG. 6A. Thus, it is expected that a mid-lift step should be useful in
reducing voltage spikes in a variety of situations which might require differing dechuck
voltages.
[0074]

and without 3T helium backpressure and a dechucking plasma on, but without a plasma-

FIG. 7 shows particle contaminants measured on wafers dechucked with

on midlift step (columns A and B, respectively), or when using a plasma-on mid-lift step in
the dechuck process (column C). Using the midlift plasma dechuck (with O Torr He
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and wi thout 3T helium backpressure and a dechucking plasma on, but w thout
a plasmaon mdlift step (colums A and B, respectively), or when using a
pl asma- orwoi2dt0/i0p373st ep i n t he dechuck process (col utm ECT/IREI1VgS13Te
mdlift plasma dechuck (with O Torr Heduring the plasma dechuck and

pl asmriog the @lasng deelcugleama plastrsa-on nidlifty repiet iesliés solomtes padighacedntso 3

Torr 7 ower particle counts with mdlift

pl asﬁgﬁa{%{ﬁé&f{cgr g'%ré]ia?méﬁg?aﬁ{flkdue to reduced particle transport by
el ectipopspt i ¢ aldwerPdrle b@uh@G\NWf’rﬁdl|fﬁéla§rrfaed5éﬂﬁuc12faréi p'aﬁ\%ﬁéxp{é’lhba%es pi ke,
and, in part, by the reduction of flow transport of backside particles

achi doeed tmpdmrhgledralrmnorw blact@staéc giteastiondodine weden aea desieka fveen i ft .

The JoRBeSPHBGHR0, e, B AhE Ry o o 76 BN R PR AR CRR GRS Gur T
t he ldchieviel BOgding VTR HY basKsRi prdbsi dariigiiheatbchLieR &éal Iift. tRsrukanie,

i nvention has been described with reference to particul ar enbodi nents and
exar‘rﬁletg@t'V‘PW %‘ﬁ&ﬁ%wﬁﬁerth@&@@?cﬂﬁﬂt'@ﬁ%?ndePﬁ”'dﬁi@S pBdhe pepceBhedgafing@remde

W th Iﬂ%rl*ﬁ arts of
t he glégssc I'0s ﬁc}eb;Q%Etfé érdgé]ﬁhe S{drugbgttﬁé’hmfﬁt’i\}@\gafghz)o}’é}{qag}é;r2 not to be
constmin@dized. limting the scope of the present invention, as their purpose
ist nabl e the a riate authoritie a, t he eneral ublic, to
qui c&p§ @let er mﬁ@oﬂgé tg%ﬁ?é@&‘l 'Oﬂélaérb@e@fgqer?é'%?}é\le\)’\é'm re(sg FTENCRA| %Q@ oMt er m _
TeaRtbddinBhR S b¥atipRe, |t”éP1'6%Id3f> LRBefsEa8d 1R vaFio6! RIBNCatbRS chfidener ei n

shoul d e construegxas means- unct| on qJ| mtations. ccor§| ngly,
i nvemhada witboui depaa’dn@rfrloyn the $met of taerisvantan. TI'BeGZBADN/EDartSofme A net hod of
dechugki n S rom an electrostatic, chuck in a processi ng
ChantiooliE vibg e AbParnEuT Bt g1 e fistAtcnot R fos e Hramber
ener gmurﬁ?tﬁé@cdyeo&ﬁﬁé p¥8Sertiberitionl as ikeif paipdse B tdERAHIENEe bBBrdprRse™

a vacuum pressure and | ow RF power to produce a plasma sheath
abov@utmrltwb@s welleasothegeneralrpuplisatoeguickly cletersdne the gemerat natusgbstheat e

i iR ORE e TGyl T E50rRoY Hesfl.AOHF Sckid RallGaor elephly’ ' "

mai ntrémfédllgerfehesﬁ(blh]dﬂfeaécﬁ]s@beﬁm% miednspfus-Restibn AmitaBend. NBUEsindy,tthe
plasma; and lifting the substrate above the md-lift position to an upper

pOSi HnaNtPN iGkmited only by the claims.
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the substrate can be renoved fromthe plasma chanber. 2 . The net hod of
Claiml, wherein: (a) the process gas is argon, nitrogen, or a m xture
t her eof ; Wb)oteozabstrate is held in the md-1ift posi PconBias/oA1so 30
seconds; and/or (c) the substrate is lifted 0.5 to 3 mm above the support
sur f AVELASF I$ KL AIMEDrISst ati ¢ chuck when in the md-lift position. 3 . The

thod of Caiml i he .subst is Lift i.ft pi d f
01 & BB S b AT BB 0
10 1 hfagthg préasEs| '&&ﬁw{hé’fmetﬂ_&?c@ﬁibhgiﬁppf Caim1l, wherein: (a) the

substrate is a silicon wafer bonded to a glass carrier, the nethod further
conpri sing pl aswRpMnthpiagesd gasintodba chamderal ; (b) the substrate is a

sem conduct or fer.,..t od furthe 0 i.si,ng etching a silicon |ayer
in the wafer; ¢ e?@}mgﬂﬁe?ﬁ%&%%aq% 'Pgoépiaeﬁqﬁ%(?%&%’ct or wafer having at |east
one |ayer of dirgiipedifihg th@pkfsngd chameerBt & 9dchunigressuremid IBWTRF Podsia
etching openings into the dielectric material. 5 . The nmethod of C aimb5,

wher P Rre@uGess Plasna pheath @boyetthe syhsteateiaf M phareai®siicnesshi | e pl asm
etching the opegi [ j [ ‘ .

conpri sing ter?ﬁﬁL [ ﬁgﬁgﬁggfa;é%#&%gbégggégﬁg%8!%@%'?@%%%%‘%%@%9?{50 Pai sed
t o t meidrifdpdsifién pithint therpl&sma Bheatrewhict dfesGlatiimduce plbsmeiinstaeiliggaand s
supplied to the undersi de of tae[\ substrate and, before the substrate is

r el ed0@BEINIBEH P eUBsERIEA e Mmig-IERASKIONs uppl yi ng of He gas to the underside

of the substratgiihsuikBingt ?P% 4- angfhe nmethod of Claim1, wherein He gas
is supplied to t Ieéﬂlnﬁgr@sﬁg omt’hezan substrate, and further conprising

appl yi ng a bacHiftingsthersabstratéealanvel theomBl-fifo position &manngees pdsitioh af idickaf er
whil e the process gas is ipn_a plas state. 8 . The nmethod of Claim1l,

wher % SUBRTEE K Tern Gy el roalh B RS TAGDRME set to & val ue prior Lo
lifting the subHgpkbthodf CrRient wiergigduce a spi ke in substrate voltage
potential to below 25V in magnitude. 9 . The nmethod of Claim1, wherein the

subst r at e (R5thei ProgeEss gaais argest Nrogenaboe enikhee Sigipefit surface of the
el ectrost %5 ﬁwecgﬁb%ﬁa‘iié’rs' H@dwﬁwel t'nfics-hf?%o%ﬁ’loh I?Sr YkPSh seconds; and/or

(c) the substrate is lifted 0.5 to 3 mm above the support surface of the electrostatic
chuck when in the mid-lift position.

3. The method of Claim 1, wherein the substrate is lifted by lift pins made of
electrically insulating material while dechucking and a voltage is applied to the
electrostatic chuck.

4. The method of Claim 1, wherein:

(a) the substrate is a silicon wafer bonded to a glass carrier, the method further
comprising plasma etching the silicon material;

(b) the substrate is a semiconductor wafer, the method further comprising etching
a silicon layer in the wafer; or

(c) the substrate is a semiconductor wafer having at least one layer of dielectric
material, the method further comprising plasma etching openings into the dielectric
material.

5. The method of Claim 5, wherein He gas is supplied to the underside of the
substrate while plasma etching the openings in the dielectric material, the method further
comprising terminating supply of the He gas before the substrate is raised to the mid-lift

position.
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position. 10 . The method of Claim 1, wherein: (a) the plasnma processing
chanber is a capacitively coupled plasnma processi ng chanber wherein an
upper showerhmadxBectrode is | ocated opposite a | ower eCa&aBroodesiasr whi ch
the substrate is supported, and the energizing conprises supplying radio
frequency aoowerTheomeﬁmd ovelaire|1e etheoele; H@gas I stpraiepl tasthe updersides ofite

chanbe S an ct| el pl as cessi er, co L.sSing a
cor | SobatrSierend, HelGrePR slesiafh SeeRedRRTorh fiamepbiels shire LoPNINaE The
met hogk ghs ¢ mé@ﬁ&rsi@@%ﬁh@ shb@tr&t@ngéﬁmhéteﬁhe capaci tively coupled plasna
processing chanber and a gap between the upper electrode and the | ower

el ectrode 4.s atTheeamsthagofftaimd , heseiortde gas isheuppligdijerthe sinderside obthe00

vor 1 8B eien i TR ChyTousind gPbhin H beRREre SR SR TR P 19 Sl o ™

wher eindetdige de tHuwkidrgvhiiel thagrotesssS@ds isdna pasme statehi n 50V or within 200V
of a plasnma-induced bias on the substrate. 14. The nethod of Claiml1,

further c&mr i SihegmetnceelsElagnhavheneiarvoliage e the elestrpsiatic s§UEk S seifem at e,

the. o PabIfFElRERRtc SoRRRl i BB Sl NECuRfd iRReg 1 hc®

met hcprd>te11'it|a®tcabe1low 25Wén aiagnitbde] | ftl ng to the md-lift position and the
lifting above e md-1jf p05|t bot rise lifting with_a pneunatic
actuat or, %nd \tf\ﬁ“@r@?ﬂ"%}a%ft(f\'lamﬂt’ SR tge§H tt“?t@ '§§ft%t‘%ghieraﬁbﬁ to a | ow
i ft'db%vfa%&%up&@rt ﬁ%@é‘%?‘ﬂ?éél@c rbét%tué‘%ﬁﬂé\@ﬂ EHe ftiRG 85 A (et or wherein

u
lift pins raise ang wer a substrate in at three positions with
r espgosition. an upper surface of an el ectrostatlc chuck the Iift mechani sm

conprisin si ng, havi an ,upper._chanber and a Iomer chanber; an upper
pi ston sli (9abl SHW% fn& %%8 down in the upper chanber; a | ower

pi ston sl '(Q?Mer@@M@tpﬁ‘Qcééénﬁ@\éﬁaMBeﬁ&da eamsifively esub@was}ﬁarﬁa@éessir{ge | ower

chanber conprising a hard stop defining an upper limt travel of "the
| owerchgniesiwharaie amupeepd¥iwerbagd etagiiods iadpgatad pp90$ltﬁ/\eﬂows¢lecfmd%1t

the Qrifiet 308 suBS 38R S8BbOMEE S rerdriosa e et b Vo RE odier "5 st on
is i ﬁreqmléh@yboWeﬂfb tH"ga|owr@|§dt|Qj@jeabd a shaft of the | ower piston raises the
upper piston, and (3) an up position at which the substrate can be

(b) the plasma’processing chamber is an inductively coupled plasma processing
chamber comprising a coil, and the energizing comprises supplying RF power to the coil.

11.  The method of Claim 10, wherein the chamber is the capacitively coupled
plasma processing chamber and a gap between the upper electrode and the lower
electrode is at least 20 mm and pressure in the chamber is at 15 to 500 mTorr.

12.  The method of Claim 1, further comprising applying a dechucking voltage
prior to extinguishing the plasma.

13.  The method of Claim 12, wherein the dechucking voltage is set to a value
within 50V or within 200V of a plasma-induced bias on the substrate.

14.  The method of Claim 1, further comprising processing the substrate prior to
lifting the substrate, wherein the processing comprises (a) forming a layer on an upper
surface of the substrate or (b) stripping photoresist from the substrate.

15.  The method of Claim 1, wherein the lifting to the mid-lift position and the
lifting above the mid-lift position both comprise lifting with a pneumatic actuator, and
wherein gas flow through a shuttle valve contributes to a low lifting force.

16. A pneumatic lift mechanism for a plasma reactor wherein lift pins raise and
lower a substrate in at least three positions with respect to an upper surface of an
electrostatic chuck, the lift mechanism comprising:
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renoved fromthe plasma chanber; and wherein the upper piston and the | ower
pi ston are independently pneumatically operated. 17 . The |ift mechani sm of
cl ai m 16,wbuntowe37gonpri sing a lift pin yoke operably ceomaBeeaoiie3za shaft
extending upward fromthe upper piston. 18 . The lift nmechanismof claim
16, wher eianhoudireg havisgran upedrudhesnlzggrsandnd eveeraghanatidry connected to
pressurized gas source the gas inlets including a fjrst gas inlet in
It a comto ronaTHaby SafiTen Tyl s ootanbr UopBC hefbstipper
pi ston, aSRARAGIHEES siday mMlrtbd el nfeRETIHNASRHbRA iMithd |GlvdtUHanikrofhet he
upper chanber bel ow the upper piston, a third gas inlet in fluid
conmievenehamber eemaripog a kardatop Hefiniogean et abisael ohéhe owear pistenon,

daf i nlet i i i catl i,th. ti t he |
chanber b BATERSG RS rivife EAT NG B BRarh En BN Rt Bhiahion 10"
i m tReitlysane Qﬂgmé PéloRN@BITIpe? SDIAsS uf thepslevirdgdti®¥hbeleg2)a ingigdifigas
supplied to the first inlet. 19 . The |lift mechanismof claim 18, wherein:
t he fAosgiongidvhiah éhe loyvarpistppiigincenmiact with fignhaidisior apdrasshafhef Wedpwer
Lvi . ; e, q
Four F1 88 sR35 Bhe BPEFFERT 2Ry (SDah SRS R h B S5REHe caRLAE, 2"

supplrgimogeddaonatheplsasschamioér; @ddt o 120 psig, and the |ift mechani sm
further conprises a controller operable to selectively suppl as fromthe
First and WeErBRANGAPPEs pSIR Dg the owRrePistandre indgpentieatly PreUmatiali sm of
cl ai ’Bp%?ateﬁwt her conprising a valve operating to place the first gas inlet
in fluid comunication with either the first gas source or the second gas
sour ce. 17.  The lift mechanism of claim 16, further comprising a lift pin yoke operably

connected to a shaft extending upward from the upper piston.

18.  The lift mechanism of claim 16, wherein:

the housing includes gas inlets operably connected to pressurized gas sources,
the gas inlets including a first gas inlet in fluid communication with a portion of the upper
chamber above the upper piston, a second gas inlet in fluid communication with a portion
of the upper chamber below the upper piston, a third gas inlet in fluid communication with
a portion of the lower chamber above the lower piston, and a fourth gas inlet in fluid
communication with a portion of the lower chamber below the lower piston; and

an up force on the upper piston is limited by an opposing pneumatic pressure
provided by pressurized gas supplied to the first inlet.

19.  The lift mechanism of claim 18, wherein:

the first gas inlet is in fluid communication with a first gas source supplying gas at
a pressure of 25 to 65 psig and the second, third, and fourth gas inlets are in fluid
communication with a second gas source supplying gas at a pressure of 70 to 120 psig,
and

the lift mechanism further comprises a controller operable to selectively supply gas
from the first and second gas sources to the gas inlets.

20.  The lift mechanism of claim 19, further comprising a valve operating to
place the first gas inlet in fluid communication with either the first gas source or the
second gas source.
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