_7 JUN 2W 1 WAFER PROCESSI NG CHAMBER HAVI NG SEPARABLE UPPER AND LOVER
HALVES FI ELD OF THE | NVENTI ON The present invention relates generally to
sem conduct or processing systens, and nore specificall %é? Qbf?ﬁggnland
met hod for transferring a wafer or other planar type sufist e
processi ng appar atus. BACKGROUND OF THE]INVENTICN The fabrication of
i ntegrated circuits and ot her type devices typically enploys a series of
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sem conductor wafer is subjeURRERANDUOWER sfALAYESOt her fi l m deposi tions
and patterning steps, inplantation and diffusion type processing, etc. The
di verse processing steps are executed in a variety of different processing

systens, for exanple, photor dry etch systens, ion
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t he above procebs r;geseastlwmtlomorrehabés (germauwﬂbnaénmncﬁxctdm@r@ées\smg‘ or a
cost-effecti re of such devices. Furthernore, because
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r%fatlaming steps implantation and diffusion type processing, etc. The diverse.
processing steps are executed in a variety of different processing systems, for
example, photoresist ashing systems, dry etch systems, ion implantation systems,
chemical vapor deposition systems, etc. For each of the above processing
systems, control of contamination is imperative for a cost-effective, reliable
manufacture of such devices. Furthermore, because design rules for integrated
circuits require ever-decreasing critical dimension feature sizes, it is necessary to
provide improved control over particulate contamination within such systems.
Some of the primary sources of particulate contamination in integrated
circuit processing are personnel, equipment and chemicals. Particulates
generated or “given-off’ by personnel are transmitted through the processing
environment and may result undesirably in device defects. Particulates within the
equipment and chemicals associated therewith are often called process defects
and are caused by frictional contact between surfaces in the equipment and
impurities within the supply gases or chemicals. One significant source of such
process defects is contamination associated with the storage transportation of
wafers from one processing system to another. Various mechanisms have been

developed fo isolate the wafer from particles during the storage, transport and



devel oped to isolate the wafer fromparticles during the storage, transport
and 2 17 JUN 2004 processing of wafers in the processing equi pnent. For

exanpl e, the Standard Mechanical Interface (SMF) system hassb t ed
to reduce particle contamnations. in a,typical SMF systeﬁ?? J@&?@ﬁ}f
carrier is placed at the interface port 8f t he processi ng appar at us;

| at ches rel ease the box door and port door sinmultaneously. The doors on
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not contam nate.the processing chamber. Regardless of the various attenpts
made to ni HPHAZEN W@ess defects, contam nation problens still persist.

Anot h t hod [ QG| .1 h.
cg(r)\t aren'r ng;3 i O(I‘)l [ g%&%%ﬁﬁ@ﬁ%@%\ﬁcﬂgégﬁt&%&ﬁ r’gfdlgéegggmqezﬁng%—?%ep?ﬁ 8£ess
chanmber asthgafprosessieg t appafatus;edatches etreleass lﬂ‘ltdne![)ﬂ[dgmr Aarmeet pod dbt@FF' .
f [ h t ami nat i duction is i|l]ustrate in prior ar i g.
T and dosi GrFEASGEREY dMeioarS arBP SRSt inae With Jo¢ Go9fs eatney Miertace port t
I - waf ' I tds d en
mul ti - waf esf GRS pRIdeBsing LQGIPhRchts Ol ggézn éﬁﬁuﬁﬁﬁﬁéswa ISy 88 {Hag ?ﬁcl@é g@ﬂgﬁ

at nosphere, while a wafer wthin the ocess C I'S processe
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illitorr t f the processing is conplete, e wafer is
;nermi/egra%thg%é% 'T(% CI?%%B@@&%B"G PW&B?'&Q@? nber to allow transfer of the
processed waf erRbgaiiesst of the vaHOUSs- al@hpls ARRRLES SnintHReCPHRREs L @orbbe,
waf er renoval, the process chanber |srt§'=1qr;ﬁgg down to a pressure

si gni fi cartdRfamiaion:praRlente s peesisli method Of)I’Gwamg)[Pl@,ce_a&dafeﬁts X
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in prior art Fig. 1 and designated generally at reference numeral 10. Typically, a
multi-wafer cassette is located local to the processing chamber at ambient
atmosphere, while a wafer within the process chamber is processed at a
' substantially reduced pressure, for example, about 1 x 10™ Pa (1 millitorr) at step
12. After the processing is complete, the wafer is removed at step 14 by opening
the process chamber to allow transfer of the processed wafer back into the multi-
wafer cassetie.
Subsequent to the wafer removal, the process chamber is pumped down to
a pressure significantly lower than the processing pressure, for example, about 1
x 10* Pa (1 microtorr) at step 106 in order remove any contamination that may
have been introduced by opening the chamber door. A load lock valve is then
opened and a new wafer is then loaded into the process chamber at step 18.
The load lock valve is then closed and the chamber is again pressurized to the
desired process pressure at step 20. Although the above method 10 generally is
effective at minimizing contamination to a reasonable level, the method 10
involves “pump and vent” cycles between the loading of each wafer into the
chamber which negatively impacts processing throughput. As is well known to



desired process pressure at step 20. Although the above nethod 10 generally
iIs effective at mnim zing contam nation to a reasonable |evel, the nethod
10 involves "punp and vent" cycles between the | oading of each wafer into
the chanber which negatively inpacts processing throughput. At%‘ju%e%bh
known to 17 June 2004 3 those skilled in the art, because processing

equi pnent is a significant capital expenditure, |ow equipnent throughput
i's highly undesirable. Another problemassociated with certain types of

sem conductor processing equipnment is related to the doorway or access
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is provided, t

processi ngappar at us e apparatus conprisi“ng: a processi ng
chanber widhvinribe proegssc Bueh eron-wrifarmitie samey andgativelmn inipacbprogess tcoatrpl and
respecti Y)el Y and an annul ar ring val ve
the like.
There is a need in the art for a semiconductor processing system and method
which minimizes process chamber contamination, increases wafer throughput and

improves semiconductor process control.

SUMMARY OF THE INVENTION

The present invention is directed to a wafer processing system which

efficiently handles the transfer of wafers to and from a wafer processing chamber in a
manner which reduces chamber contamination, increases wafer throughput and
improves process control.

According to one aspect of the present invention, a wafer processingapparatus
is provided, the apparatus comprising: a processing chamber having a top chamber
portion and a bottom chamber portion, respectively; and an annular ring valve
associated with one of the top chamber portion and the bottom chamber portion, the
ring valve operable to open the processing chamber for access thereto in a first
position, and close the processing chamber for processing in a second position,

wherein the ring valve in the second position provides a substantially uniform surface



associated wth one of the top chanber portion and the bottom chanber
portion, the ring valve operable to open the processing chanber for access
thereto in a first position, and close the processing chanber for
processing in a second position, wherein the ring valve in t2$4ﬁﬁ82894
position provides a substantially uniformsurface 17 June 200 out an
I nner periphery of the cl osed processing chanber, thereby facilitating
uniformty in processing conditions thejein. In an enbodi ment, the
apparatus includes a |oad | ock chanber, a process chanber and a transfer
chanber abiarteartineen pefippent bbrthef clobed | radessing craamben, therelse &alkitating
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increasing wafer throughput.

According to another aspect of the present invention, a wafer processing
apparatus is provided, the apparatus comprising: a processing chamber having an
access port for transferring a wafer thereto or retrieving a wafer therefrom; and a ring
valve within the processing chamber, the ring valve operable to move between two
positions, wherein the ring valve in the first position opens the access port for access
to the processing chamber, and the ring valve in the second position closes the
access port. ‘

According to a further aspect of the present invention, a method of accessing
a wafer processing apparatus is provided, the method comprising the steps of:
moving an annular ring valve within a processing chamber from a first position where
the annular ring valve sealingly does not block an access port of the processing
chamber, thereby permitting access thereto, to a second position where the annular
ring valve blocks the access port, thereby prohibitting access to the processing

chamber, wherein the annular ring valve has a substantially uniform inner peripheral



nmovi ng an annul ar ring valve within a processing chanber froma first
position where the annular ring valve sealingly does not block an access
port of the processing chanber, thereby permtting access thereto, to a
second position where the annular ring valve blocks the accegi‘ﬂﬁéb

t hereby prohibitting access to the processing chanber, wherein 1 g%ﬁular
ring valve has a substantially uniforminner peripheral 17 June 2004 5
surface, thereby facilitating uniform pgocessing conditions within the
processi ng chanber when in the second position. According to yet a further
aspect of the present invention, a nethod of transferring a wafer to a

waf er processi apparat.us..contajning a | oad | ock, chanber. and a processing
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apparent fromthe | om ng det ai escription the 1'nvention when
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chamber underpgeapeaaccomplishment of the foregoing and related ends, the invention
comprises the features hereinafter fully described and particularly pointed out in the
claims. The following description and the annexed drawings set forth in detail certain
illustrative embodiments of the invention. These embodiments are indicative,
however, of but a few of the various ways in which the principles of the invention may
be employed. Other objects, advantages and novel features of the invention will
become apparent from the following detailed description of the invention when
considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a flow chart diagram illustrating a prior art method of transferring a

wafer to a wafer processing chamber, wherein the process chamber undergoes a
pump and vent ¢cycle for each wafer transferred thereto;

FIG. 2 is a cross sectional view of an exemplary plasma immersion ijon
implantation system;



punp and vent cycle for each wafer transferred thereto; FIG 2 is a cross
sectional view of an exenplary plasma imersion ion inplantation system L

7 JUN 2 ,00 6 Fig. 3 is a systemlevel cross sectional vi e\é\{j Zgaﬂ‘gm@ a

ring valve and nulti-chanber processing systemfor elin natf ( _
chanber punp and vent cycles according to the present invention;, Fig. 4ais
an expl oded, fragnentary cross sectional view of a portion of the process
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and 6 are PEiepaesardwgipdhs presantinventioy; a prior art nulti-axis, mlti-

| espectivel y. | Fiag a6 3 eighdd sEERONaS: REsIHISRIRRET & nlbtifthe o
posi ti ons proctse chamber af Fig. 3hathersim Dfingivaitse i8 iiirled @b lopes, Fetkfnegd,

retracted and.intermediate positions, respectively; Fig. 8a'is a top plan
view of a R@F¥RMprocessing system enploying a singie axis wafer novement

transfer armi ng; 4 | . f t, ] i0n;
o 8b o a tonOplai o coPhch AN g sBelSRiaR Bt polfbfid e
i | I ustrat i prgcess chamipee ohFig Jyabkeereimu aingnvalve do difustratedrin a dosebposition
posi tion accorﬂi} ng to thﬁ resent invention; Figs. 9a-9d are top plan
views of aORaLiNGPRCESS CRMOPSt em enpl oying a wafer transfer arm which

gr'averses a genegal 5Yarkl 6 iakd !p‘é?épé?ﬁfférvié\w'ilﬁfs%tiﬂgtahgh& &t rﬁlﬁ'lﬁpcﬁ[i%%ul_tk .

i fferent wafer transfer positions according to the present 1nvention; Fig

10a is a tiejiied ariowiated sebet ammat isrextendss and getsgsted mositiohsy iespentivelypl e

lbce)?ﬁgl ock chanb[_elbg_ ?Q—C}dté'}g tgé %nev%)ﬂssillt\fsqﬁa%{ngng\ffuq% ity c}frp%réﬁ{o%% oa*rtﬁre‘S ’pricc))pe
art robot arm of Figs. 5 and 6 depicting extended, retracted and intermediate
_positions, respectively;

Fig. 8a is a top plan view of a wafer processing system employing a single
axis wafer movement transfer arm in a transfer position according to the present
invention;

Fig. 8b is a top plan view of the wafer processing system of Fig. 8a
illustrating the single axis wafer movement transfer arm in a neutral position
according to the present invention;

Figs. 9a2-9d are top plan views of a wafer processing system employing a
wafer transfer arm which traverses a generally elliptical wafer transfer path in a
number of different wafer transfer positions according to the present invention;

Fig. 10a is a top plan view of a wafer processing system employing multiple
load lock chambers and two single axis wafer movement transfer arms, one being
in a transfer position and the other in a neutral position according to the present
invention;

Fig. 10b is a top plan view of the wafer processing system of Fig. 10a
illustrating the single axis wafer movement transfer arms of Fig. 10a in different

positions according to the present invention:;



in a transfer position and the other in a neutral position according to the
present invention; Fig. 10b is a top plan view of the wafgr, p ng
systemof Fig. 10a illustrating the single axis wafer novir?en‘[ﬁ&fgﬁg er
arms of Fig. 10a in different positions according to the present

I nvention; 17 JUN 2004 7 Figs. 1lla-11d ar e top plan views of a wafer
processi ng system having two | oad |ock chanbers and enpl oying two wafer
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transferring wafers to and froma process chanber wthout a process
chanber pugghesally eipticalcywefer transfengath@mina numisref diffecerdi wgferdramsfer
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via nul tiple | ddg. hadk a abanbiears diadraai llustrafify es methedtsdy PorRanstdrift
cycle for each wafer transfer according to the present invention. DETAILED
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chanber and is operable to nove between an open position and a cl osed
position, wherein in the open position an access port is revealed or

otherwi se defined whi DETAILEDDESORIPTION GFTHE NVENTIONhE process

chanmber. In the closed ] _ . _ .
- The present invention will now be described with reference to the drawings

wherein like reference numerals are used to.refer to like elements throughout.
The present invention includes a wafer process chamber, wafer handling system
and associated method which incorporates several inventive features that improve
the throughput of the wafer processing system, reduce contamination associated
with wafer handling and transfer, and improve process control therein.

The present invention includes a ring valve in conjunction with the process
chamber. The ring valve extends peripherally throughout a portion of the process
chamber and is operable to move between an open position and a closed
position, wherein in the open position an access port is revealed or otherwise
defined which allows a wafer to enter or exit the process chamber. In the closed
position, the ring valve effectively closes the access port and provides a
substantially uniform surface about an interior peripheral portion of the process
chamber, thereby facilitating uniform processing conditions within the process
chamber and improving process control.

In addition, the present invention provides for single axis wafer movement
between a load lock chamber and a process chamber via a non-jointed wafer

transfer arm. The transfer arm preferably includes an elongate transfer member



position, the ring valve effectively closes the access port and provides a
substantially uniformsurface about an interior peripheral rti of the
process chanber, thereby facilitating uniform processing Cgﬁ &stmﬁ-hl n
the process chanber and inproving process control. In addltlon t he
present invention provides for single ad s wafer novement between a | oad

| ock chanmber and a process chanber via a non jointed vvafer transfer arm
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under st ood, however, that the present I nvention may used I n

. conj-unct-i- &mﬂetqueotlyxeﬂaiey@mmbe ﬁanaiea:ltedrtocihecnrbeesst 9irmnbabmar’rheetransfer
arm without having to pump and vent the process chamber for each wafer
transfer, thereby reducing contamination associated therewith and increasing
system throughput.

The various features of the present invention will be described below in
conjunction with a plasma immersion ion implantation system as an exemplary
embodiment. It should be understood, however, that the present invention may
also be used in conjunction with other type semiconductor or other type substrate
processing systems (e.g., photoresist ashing systems, dry etch systems, ion
implantation systems, chemical vapor deposition systems, efc.) and such systems
are contemplated as falling within the scope of the present invention.

Referring now to the drawings, Fig. 2 discloses an exemplary conventional
plasma immersion ion implantation system, and is generally designated at
reference numeral 100. The system 100 includes an evacuated process chamber
105 that is defined by an electrically activatable wafer support platen 110
mounted on an insulator 115, an electrically grounded chamber housing 120
having walls 125 associated therewith, and a quartz window 130. Plasma which
is generated within the chamber 105 contains ions of a desired dopant species



processi ng systens (e.g., photoresist aching systens, dry etch systens, ion
I npl antati on systens, chem cal vapor deposition systens, etc.) and such
systens are contenplated as falling within the scope of f]h?: \pt}%@qalr
‘invention. Referring nowto the drawings, Fig. 2 discloses an exenplary
conventional plasma i mersion ion inplanhtation system and is generally
designated at reference nuneral 100. The system 100 i ncl udes an evacuated
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capaci t aneg Al hPe1RRAMH tRE Sodd Cintpedihct Chsies HlAQMRLONS power out of the
antenna 175 by minimizing reflection of the RF signal back into the generator.
One such type of matching network 165 is known as an “inverted L” network,
wherein the capacitance of the capacitors 170 is varied by servomotors,
depending upon operating conditions.

The RF current generated within the antenna 175 creates a magnetic field
that passes through the quartz window 130 into the process chamber 105. The
magnetic field lines are oriented in the direction shown by arrows B, based on the
direction of current through the antenna coils. The magnetic field penetrating the
process chamber 105 through the quartz window 130 induces an electric field in
the process chamber. This electric field accelerates electrons, which in turn ionize
the dopant gas, which is introduced into the chamber through the annular channel
159, to create a plasma. The plasma includes positively charged ions of the
desired dopant that are capable of being implanted into the wafer W when a
suitable opposing voltage is applied to the platen 110 by the modulator 190.
Because the implantation process occurs in a vacuum, the conventional process
chamber 105 is evacuated by pumps (not shown) via the pump manifold 195.



dependi ng upon operating conditions. The RF current generated within the
antenna 175 creates a magnetic field that passes through the quartz w ndow
130 into the process chanber 105. The nmagnetic field Iin oriented in
the direction shown by arrows B, based gn the direction i} r@ﬂ@ rough
the antenna coils. The magnetic field péﬁetrating t he process chanber 105
t hrough the quartz mﬁndom/130 induces an electric field in the process
chanmber. This
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whi ch i s- @arligwiar, Haei W@P%%I@Wér%ﬂ rr eseiving veafersp &ri prgcapsiog includes an
OEM siot valve, which is a valve having a generally rectangular opening which

mounts to the box-like access port opening 255 in the process chamber 105. The
opening in the slot valve disturbs the cylindrical shape in an interior peripheral
portion of the process chamber 105 which may cause non-uniformities in the
process conducted therein. For example, in the plasma immersion ion
implantation type chamber 105, the disturbance (non-uniformity) disrupts the
plasma density uniformity therein, thereby resulting in potentiai implantation
variations across the wafer.

The present invention overcomes the disadvantages associated with the
prior art slot valve discussed above by employing an annular ring valve within the
wafer process chamber. An exemplary ring valve and associated wafer
processing system is illustrated in Figures 3 and 4a-4b. In Figure 3, a wafer
processing system 200 includes a process chamber 202, a wafer transfer
chamber 204, and a load lock chamber 206, respectively. The process chamber
202 is similar to the chamber 105 of Fig. 2 in many respects, however, the

rectanguiar slot valve is replaced with an annular ring valve, designated at



nmounts to the box-like access port opening 255 in the process?%pigaer 105.
The opening in the slot valve disturbs the cylindrical shapefifn N 2004
interior peripheral portion of the process chanber 105 which may cause
non-uniformties in the process conducted therein. For exanple, in the
plasma i mMmersion ion inplantation typeléhanber 105, the disturbance
(non-uniformty) disrupts the plasma density uniformty therein, thereby

resulting j ntial i ntation . variations, across the wafer. ,The

present i n'{?g‘ﬁ%?%% @W?%%ﬁé’wfhipégaﬁaﬁ'é{g%%cl%%%@i Hf’@%re\ﬁl)/ tmtcﬁl,% INteripp
art slot .vpém@n@quﬁmsgl@ﬁgmﬂéygggpl oyi ng an annular ring valve within
the wafer process chanber. An exenplary ring valve and associ ated wafer

processi ng syst ERg irg valve 218t iscoperablegaffectiveiatal open4nd Closei ther prodess

' iLhcl ud ..chanb 02, a.waf
Uanster CTARACGYBY SN bfieet 8 i, R 5P RuA 18 pelp iyt By o
process chegdopid, cRiB2dipbsition (aarextendé® peBIHERET AS Mlushiatdd th Fig. 143, P8 first,

respects, however, the_ rectangular_slot valve is replaced wth an annul ar
ring val veOPREBP§tian &d2athe ring Vaiye 2004s1in asetretedepasitian and zesiden vgthin

Phanber 03! aifdlal edf §eSBREGES ohafuks 209, hBfabt ondiihd 1 Bndhwtl BgBkRE oo
the processiot 2hhahdpl@fidg bychamtberdniesionesgion Fioria tuid eemnastaticpnwit the

retracted positio nd secgnd, closed position (an extended posjition).
As ill ust rlg@'éﬂer ﬁﬂ%ﬂ@ef 3@4 i 0 e ppen posEigtng hosh WaIRT M3y, enkr ¢n eyt e ve

210 is in . btii [ \ i i e
O oceas CHOEESS 8RARMSP 0D th ShABHiniaRy Wi EoF ERamBll, NS plahReler bEC,
a chanber @Xit thei proceegjicbambes 202 dding @ moitivaxis catiltbjpinted fartidatad tasséfer

h It 21 f Lt th
e 2l rbRgeP RBP R bR i BrolBL b BRbeE b8! lfeskihie Hafer or
exit the FIFMISIT@WB@%&%@'@iu&%@a%ﬁsffelaérrﬁherﬁ]dioﬁdng ai dih§d é’ii&'zvg%fbﬁt ed

transfer armto transfer a wafer to and fromthe process chanber
Al t er nat i vBpyemgat k& and feam e pregessechamben 202,625 wil hg described fie greater

enpl oyi ng c?etéfl W}’a‘? axi s waf er

The second, closed ring valve position is illustrated in Fig. 4b, designated
at reference numeral 217 in which the ring valve 210 sealingly engages a top
interior portion 218 of the process chamber 202 about a periphery thereof.
Simultaneously, when in the closed position, a bottom portion of the ring valve 210
engages a portion 225 of the process chamber 202 to seal the process chamber
from the transfer chamber. Preferably, the ring valve 210 is actuated and thereby
moved between the open and closed positions via an actuation member 220
which selectively exerts a force upon a bottom portion 220 of the ring valve 210,
as may be desired. According to one exemplary embodiment of the present
invention, the actuation member 220 includes an internally threaded screw/bore
arrangement in which the rotation of an internal screw member within a threaded
bore results in a variation in the vertical position of the ring valve 210 within the
process chamber 202. Alternatively, for example, a bellow type fluid actuator may
be implemented. Any manner of actuating or otherwise manipulating the vertical
position of the ring valve 210 may be utilized and any such actuation device or
system is contemplated as falling within the scope of the present invention.



novenent to and fromthe process chanber 202, as will be described in
greater detail infra. The second, closed ring valve positidh?ig&%N %pﬂ#
illustrated in Fig. 4b, designated at reference nuneral 217 in ich the
ring valve 210 sealingly engages a top .interior portion 218 of the process
chanber 202 about a periphery thereof. 1%inultaneously, when in the cl osed
position, a bottomportion of the ring valve 210 engages a portion 225 of
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-valve 210 sealingly engages a top interior portion 218 of the chamber 202 in a

center portion thereof and thus defines a top portion and a bottom portion of the
process chamber, respectively. Preferably, the ring valve 210 is associated with
the bottom portion of the process chamber 202 as illustrated in Figs. 3-4b; that is,
the actuator member 220 which manipulates the ring valve 210 is associated with
the bottom portion of the process chamber 202. Alternatively, however, the
present invention contemplates the ring valve 210 being associated with the top
process cha_mber portion. For example, in such an embodiment the actuator
member 220 may be attached to the ring valve 210 and operate to effectively
lower a suspended ring valve 210 down from a first, open position to a second,
closed position which sealingly engages a bottom interior portion 225 of the
process chamber 202.

In addition, the ring valve 210 preferably is composed of a material which is
the same or similar to the process chamber composition. Thus, the ring valve 210
preferably exhibits a coefficient of thermal expansion which approximates that of
the process chamber 202, thus maintaining an effective sealing engagement for



to a plasma i mrersion ion inplantation apparatus, the subst ntlalkﬁ Uﬁlform
I nner peripheral surface 224 of the ring valve 210 facilit t B &rm
pl asma density throughout the process chanber 202, thereby providing a
nmore uniformion inplantation across t?g surface of the wafer W According
to a preferred enbodinent of the present~invention, the ring valve 210
sealingly engages a top interior portion 218 of the chanber 202 in a
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The contam nat i ovenment, is effectuated providing for a wafer

transport-to t epggg"%gszoo of Fig. 3 includes the load Iock chamber 806 having a load
lock cover 250 which is operable to move between two positions: a first, closed
position in which the load lock cover 250 is lowered within a shallow T-shaped
recess 252 and sealingly engages and thereby isolates a portion of the load lock
chamber 250 (corresponding to the recess 252) from the transport chamber 204,
and a second, open position (as illustrated in Fig. 3) wherein the load lock cover
250 is lifted or otherwise moved out of the recess 252 in order to bring the recess
portion 252 of the load lock chamber 206 into fluid communication with the
transfer chamber 204,

The load lock chamber 206 further includes a load lock cover actuator 254
which is operatively coupled to the load lock cover 250 and operable to move the
load lock cover 250 between the open and closed positions, respectively. Any
actuation mechanism may be utilized and is contemplated by the present
invention. In addition, the load lock chamber 206 includes a plurality of pins 256
operated by a pin assembly 258 to position the wafer W vertically into a wafer
transfer plane 260. Lastly, the load lock chamber 206 includes a pump (not

shown) associated therewith which is operable to pump down the recess portion



chanber which does not require a process chanber punp and vent cycle for
each wafer transport as in prior art systems. Therefore th??M@ﬂéNIZUU#
processi ng system 200 allows the process chanber 202 to be maintained at
the process environnent pressure at all tines throughout the wafer
transport process. Such feature al so a&@antageously al | ows waf er _
processi ng to conmence expediently since the process chanber pressure is
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t he cover BBFhewvafenirangiey plangadRl & wafer Hranstarassembly (et sbowndoddg. 362,
via the aghatflesthé-waBHey fbRPtHeA653 YodlOMidRBer236 and transfers the wafer W
to the process chamber 202 (after opening the ring valve 210 associated
therewith). Upon the wafer W entering the process chamber 202 and the wafer
transfer assembly exiting the process chamber 202, the ring valve 210 is moved
to the closed position, thereby fluidly isolating the process chamber interior from
the transfer chamber 204. Since the transfer chamber 202 has remained at its
process pressure throughout this entire process, processing can commence
therein immediately without a pump and vent cycle associated therewith, thereby
decreasing contamination within the process chamber 202 and improving
processing throughput.
The above feature has been described in conjunction with a single load
lock chamber 206, however, the present invention contemplates such operation
with multiple load lock chambers, preferably two such chambers 206. In such a
case, while a wafer is being transferred from one load lock chamber to the
processing chamber for processing, the second load lock chamber concurrently
contains a wafer and is pumping down to the processing pressure. Consequently,
as soon as a wafer is removed from the process chamber 202, another is



is fluidly isolated fromthe transfer chanber 204. A wafer Wis the input
into the recess 252 via a side access port 262. Upon closi? the port 262,
the punp (not shown) punps down the pressure in the recess gﬁ mgggng
evacuates the recess region) down to the desired process environnent
pressure. Upon reaching the desired pr dsure, the load | ock cover 250 is
lifted via the actuator 254, thereby placing the recess 252 in fluid
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extended position (Fig. 5) and a retracted position (Fig. 8). In addition, Figs. 7a-

7d illustrate a sequence of successive movements between the extended and
retracted positions, respectively. As illustrated in Figs. 5 and 6, the transfer arm
300 can rotate about an axis on a platform 302 to move an end effector 304 for
alignment with openings in the load lock chamber and process chambers,
respectively.

The prior art transfer arm 300 includes an elongated base arm 306 which is
rotatable in a level plane about a base axis 307a; a forearm 308 is rotatably
coupled to the base arm 306 at an opposite end about a forearm axis 307b. The
forearm 308 in turn is rotatably coupled to a wrist member 310 for rotation about a
wrist axis 307¢c. As seen in Figs. 5-7d, the prior art transfer arm 300 includes
multiple arm members which rotate about a plurality of axes 307a-307c. Although
such an arm 300 provides for compact movements, the plurality of joints and
rotational arm members provide the potential for particulate contamination due fo
the frictional engagement of such arm members against one another and their

movement about the multiple axes. In stark contrast, the wafer fransfer system of



contam nation since the punp and vent cycle associated with either |oad

| ock chanber does not adversely inpact a wafer processing d f&r
cycle tinme. Another aspect of the present invention relat esf?odgjﬁﬁé&‘

transfer apparatus for transferring a wafer Wfroma | oad | ock chanber to
a process chanber in an efficient, rel il&1 e manner. As will becone evident
I n the discussion below, the wafer transfer apparatus of the present

i nvention geduces the nuynber , of ing, frictionally engagabl e conponents
over pri ortrh r PrEsiPet dientiog ?HB?@B%’YW é%gl‘é"e%s PaFG ?a?@tgmﬂ%ﬁﬂ”md? Hees

associ at edccssh%{.—@Wﬁd?ovéé‘tt@'%étéﬁﬂvelibﬁﬁ%?i&}riqggi ;frldmirf ?%h%"’r'ﬁgy %tﬁtga:%-:@P?é y

reduces system cost and | nproves syste Ity.
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nmovenent between an extended position (Fig. a retracte
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rotatably coupl to the base arm an opposi
axi s 307b. addition, thechad BRR ¢marhben 408 inchualesbaly exterplatcctess port 410 nigyrber

310 for ratatjon abo a wrist axis 307 As seen in Figs. 5-7d, the prior
art transf‘@ﬁi[c rW%L\anma&fd’é“&ermﬂ pysieR %Qwrﬁmﬁer@dwiwaf%%%easdup a
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wafer transfer arm 414 includes an elongate transfer member 416 having
generally U-shaped end effectors 418 at each distal end thereof. The transfer arm
414 rotates about the axis 412 at least 180° and may rotate a full 360°, as may be
desired. In rotating 180°, the transfer arm 414 is operable to move between two
substantially identical transfer positions (as illustrated in Fig. 8a), wherein each of
the transfer positions correspond to an end effector 418 within the load lock
chamber 406 and the process chamber 402, respectively. As will be discussed in
greater detail below, the transfer positions correspond to method steps in which a
wafer W is transferred to or from the process chamber 402 and the load lock
chamber 406. In such an instance, the internal access port between the load lock
chamber 406 and the transfer chamber 404 is open as well as the access port
(e.g., the ring valve 210 of Figs. 3-4b) between the transfer chamber 404 and the
process chamber 402. Therefore in the instance illustrated in Fig. 8a, the load
lock chamber 406 and the process chamber 402 are in fluid communication with
one another via the fransfer chamber 404.



16 the present invention substantially reduces particul ate contam nat i on

reduces cost and inproves the systemreliability over thq ,? ELN%
utilizing one or nore elongate transfer arnms enploying a mJ vvafer

novenent between the | oad |ock chanber ,206 and t he process chanber 202,
respectively. Figure 8a is a plan view df a wafer processing system 400,
for exanple, a systemsimlar to the system 200 of Fig. 3. The system 400
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respectively. As will be discussed in greater d | ow, the transter
posi tions ttansf@rsgbambea 40t Besl agaispopienediansh the tmrséer v A4 anayf egaid t o

nst ance, ORRe AT aniecit e EAaEr BafRon. 06k i e forn T 3R Sheimbiie w028 e
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ring valve 21 g of Figs. 34b) between the transfer chanber 404 and the

- process cHE tWeSN. Therefore in the instance illustrated in Fig. 8a, the

load lock c harﬁ)&% #80tHRaAE A0952 D MR PREent PRefibn i sdibdthftially more

communi cati on
: simple than the multi-axis, multi-jointed articulated transfer arm 300 of the prior art

(Figs. 5-7d). Instead, the transfer arm 412 is a single, elongate member which
provides single axis wafer movement during wafer transfer about the axis 412.
Such single axis wafer movement reduces particulate contamination by avoiding
multi-axis movements and the frictional engagement of multiple moving members
inherent in such arrangements.

In the system 400 of Figs. 8a and 8b, the housing 401 is generally circular
to accommodate the generally circular transfer movements of the wafer transfer
arm 414. According to an alternative embodiment of the present invention, for
systems requiring a more compact housing footprint, a system 450 employing a
generally elliptical system housing 452 is provided, as illustrated in Figs. 9a-9d. In
Figs. 9a-9d, a wafer transfer arm 454 rotates about the axis 412. The transfer
arm 454 differs slightly from the transfer arm 414 of Figs. 8a and 8b in that the
arm 454 contains end effectors 456 at each distal end that rotate about an end
axis 458 in a controlled manner (i.e., as a function of the rotational position of the

arm 454 about the center axis 412). In the above manner, the length or space



one another via the transfer chanber 404. 17 JUN 2004 17 Tnf iﬂﬂ 2@ g
412 is al so operable to rotate 90 into a neutral position, 5% B ted
in Fig. 8b, wherein the transfer arm 412 resides within the transfer
chanber 404 entirely. In the neutral position, the internal access ports
for the load |ock chanber 406 and the 6gocess chanber 402 typically are

cl osed, for exanple, wherein a wafer Wis undergoing processing within the
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punped dovgxié #182 processing environment pressure. Afterwards, when
processing in the process chamber 402 is conplete and the punp and vent
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and rotate another 180 to switch the wafers therebetween. Note that the
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general |y gﬂnecallyd'ﬂorfmtac:tr@maim ¢ha brd gifecions H§6 are cotatad tortaeerfextended
novenent s e _waf r tr m,414. cordi to,an alterpative
enbodi rrento(?@%}[?e'sp 8rﬂ1 %ﬁt‘f’@ﬁ" the, frang taéms‘gg%dﬁr"r ArilEnerais ¥erdisabact
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housi ng 452 is provided, as illustrated in Fi

waf er tr andreselose.nas dlusirgtest ins Figso Se-9dhehaxe ﬂﬁfectomé%r(andftlaerefore the
wafers W) travel between the chambers 402 and 406 in a generally elliptical
transfer path.

The wafer transfer arm of Figs. 8a-9d illustrate wafer transfers between the
process chamber 402 and a single load lock chamber 406. According to another
embodiment of the present invention, the wafer transfer system may be employed
with multiple load lock chambers (preferably two such chambers) in order to
further improve processing throughput over prior art systems. In some processing
operations, the processing cycle time is less than the pump and vent cycle time
associated with establishing a process environment pressure within the load lock
chamber. In such an instance, although the processing of a wafer in the process
chamber is complete, the system must wait for the load lock pressure to equalize
the process chamber pressure, resulting in dead time in the process chamber
where no wafer processing is occurring. According to the alternative embodiment
of the present invention, the process chamber maximizes its processing efficiency
by maintaining processing of wafers therein substantially constantly, with
processing discontinuing only for the time necessary to swap the processed wafer
with a new, unprocessed wafer. Using the multiple load lock chambers generally



arm 454 differs slightly fromthe transfer arm 414 of Figs. Sfaa%&b bﬂ
that the arm 454 contains end effectors 456 at each distal e ¢ 2 &te
about an end axis 458 in a controlled manner (i.e., as a function of the
rotational position of the arm 454 aboyi the center axis 412). In the

above manner, the length or space 17 JUN2004 18 footprint which the
transfer armoccupies varies as the arm 454 rotates about the axis 412.
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l.oad | ock chanber 406. According to another enb Nt _
i nvent i on,406ke ajigif eperablen4e epumps aoth weyt lae veafpt dherbin wilown ntd ta pPrecéssad

| ock cha I such chanber In order tq _further inprove
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time assqciated with establishing a process environnent pressure within

the l-oad I'8cd pofgimapoul gepaate @rxepizt2mend &i2muigin the tanstarschamberf a
wafer in t4a PALGfRtrated in Fig. 10a, when one transfer arm 512b resides in a transfer
position (i.e.,swapping wafers between chambers 408b and 402), the other
transfer arm 512a (illustrated in phantom for clarity) resides in a neutral position,
thereby allowing the other load lock chamber 406a to pump down to the process
environment pressure. _
Both transfer arms 512a and 512b of Figs. 10a and 10b preferably swap
wafers W-between their respective load lock chamber and the process chamber
402 within a wafer fransfer plane. In order to avoid the transfer arms 512a and
512b from interfering with each other, each arm 414 is positioned generally within
the wafer transfer plane, however, each is positioned at a slightly different vertical
position, as may be appreciated.
Figs. 10a and 10b illustrate a system housing 501 which is generally
circular in shape to accommodate the generally circular transfer paths of the
transfer arms 414 about their respective axes 512a and 512b. Alternatively, if a
smaller system housing footprint is needed or desired, a system as illustrated in
Figs. 11a-11d, designated generally at reference numeral 550, is provided. The
system 530 has a generally rectangular system housing 552 including a generally



chamber is conplete, the systemnust wait for the | oad | ock pre S
equal i ze the process chanber pressure, resulting in dead t| nﬂﬁ\é 20911'
process chanber where no wafer processing is occurring. According to the
alternative enbodi mrent of the present iﬁ;ention, t he process chanber

maxi m zes its processing efficiency by I ntai ni ng processing of wafers
therein substantially constantly, wth processing discontinuing only for

d f | t h d
warer st SOO0ASTHRTEr B G o P Ao Ehe HaRpERs haRti 02 1570 YDA 3% n
paral | el VeHdimoere 2064 NRid alobeVSespecthveRd | TR s?Q@FWGJSG %ﬁ@kﬁtﬁs Sfamy
whi | e the other | oad | ock chanber is s@&pr ng wafers with the process

chanber . aema@tlow pgmmlee discusesst Bhgve sn conjuinetienl with th@d Oadirk

?Qﬁ”ﬁfe?etfu'iff?‘?%t e R S S G T

desi gnat ectratsferet:harertnee Bﬁﬂnﬁp@até(ﬂﬁ) cohfimclyR WAith 208 andtREHES naximisd e
housi ng 501 whj ch incorporates the process chanmber 402 and the transfer

chanber 4cdtilization effigiancys an’tfn%rpﬂtféﬁasmg chagmbgnd Igpadditien.sgacheirapsier arm t her
i ncl udes t I h orts
4108 and 410k 934 4596 br6 SR 0 e Handet I OSSR BB BS TR Bra s
ar e oper aba generatiymilipting] tvamdfepathf er t herein dOWg to a gr](c)cess ]

envi ronnent tenperatuyre a ers are transferred to and fromthe process
chamber 402 via gp ‘g&%t% R,EF @tﬁf&cﬂéﬁtgc{ Paydre pt "%%'M@LQP%@W
coupl e t\9|tl%dméthb@tcﬁ @P@H}F HBABRIANG w3 t0 BRI O DR ath o

transfer chanber 404. As i11lustrated in Fig. 10a, n one trans er arm
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transfer arnms 512a and 512b of Figs. 10a and 1Cb preferably swap wafers W

bet ween t HRSSPciaiaGbBith;the load lpakatharabrin®ls, 406distaniugieddatosa @hmﬂerrosrtron

and the ring valve 210 associated with the process chamber 202, 402 is closed. A

wafer W is then loaded into the recess portion 252 via the access port 262, 410 of
the load lock chamber 206, 406 at step 604 and the recess portion 252 is then
pumped or otherwise evacuated to equalize the pressure between the recess
portion 252 of the load lock chamber 206, 406 and the transfer chamber 204,
404/process chamber 202, 402 at step 606.

Once the pressure equalization has been obtained, the load lock cover 250
is lifted via the actuator 254 and the ring valve 210 is moved to an open or
retracted position 212 via the actuator 220 at step 608, thereby bringing the
recess portion 252 of the load lock chamber 206, 406 into fluid communication
with the process chamber 202, 402. The wafer W within the load lock chamber
206, 406 is then lifted into the wafer transfer plane 260 via the pin assembly 256
at step 610 and the transfer arm 414 is rotated from the neutral position of Fig. 8b
into the transfer position of Fig. 8a at step 612. The wafer W is then lowered onto
the end effector 418 of the transfer arm 414 at step 614 via the pin assembly 256
and the transfer arm 414 is rotated 180° to thereby transfer the wafer W from the



402 within a wafer transfer plane. In order to avoid the transfer arns 512a
and 512b frominterfering with each other, each arm414 is p-B? HL?@e QU&
generally within the wafer transfer plane, however, each is s t
a slightly different vertical position,_as may be appreciated. Figs. 10a
and 10b illustrate a system housing 501 2hhich is generally «circular in
shape to accommdate the generally circular transfer paths of the transfer
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The method 600 of Fig. 12 advantageously reduces particulate

contamination and increases throughput over prior art systems by maintaining the
process chamber at the process environment pressure throughout the load
process 600. Thus the process chamber 202, 402 avoids a pump and vent cycle
each time a wafer is transferred thereto. Although the method 600 provides
several advantages over prior art systems, process throughput may be further
improved using muitiple load lock chambers such as those illustrated in Figs. 10a-
11d. A method 700 of transferring and processing wafers in a processing system
is illustrated in Figs. 13a-13c.

At step 702 of Fig. 13a the system 500, 550 is initialized; that is both
transfer arms 414 are in neutral positions, both load lock covers 250 are closed
and the ring valve 210 is closed. Thus the recess regions 252 within the foad lock
chambers 406a and 406b are fluidly isolated from the rest of the system. An
unprocessed wafer W is then inserted into one of the load lock chambers 410a via
an external access port at step 704 and the recess portion 252 of the load lock
chamber 410a is then pumped down to the process chamber pressure at step



portion 252 of the |load | ock chanber 206, 406 and the transfgr chanber 204,
404/ process chanber 202, 402 at step 606. Once the pressure

has been obtained, the load | ock cover 250 is |lifted via the actuator 254
and the ring valve 210 is noved to an open or retracted position 212 via

the actuator 220 at step 608, thereby b ?nging the recess portion 252 of

the | oad | ock chanber 206, 406 into fluid conmunication wth the process
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614. Lastly, step 618 will include the off-loading of both wafers. The
“method 600 of Fi hf waferaW isndapesiesl i thedprosesp shamher 202, 402 (and later in

both chambers) via the pin assembly therein at step 730. The transfer arm 414
associated with the axis 512a is then rotated into the neutral position at step 732.
Once in the neutral position, the transfer arm 414 associated with the axis 512a
will not interfere with the load lock chamber 406a. The load lock cover 250 for the
load lock chamber 406a and the ring valve 210 of the process chamber 202, 402
are then closed at step 734. At this time no processed wafer was swapped so no
wafer removal occurs at the first load lock chamber 406a at step 736, however,
later in the process 700 such a swap will occur.

in parallel with the step set 712 is another set of steps 714 associated with
the second load lock chamber 406b. While the first load lock chamber 406a is
swapping its wafer with the process chamber 202, 402, another unprocessed
wafer W is inserted into the second load lock chamber 406b via the external
access port 410b at step 750. The external port 410b is closed and the chamber
406b is then pumped down at step 752. Once the pumping is complete at step
754 and the processing is complete at step 756 (corresponding to the wafer
transferred initially from the first load lock chamber 406a), the wafer W in the
second load lock chamber 406b is moved into the wafer transfer plane 280 at step



contam nation and increases throughput over prior art syst nzggwj@m
mai ntai ning the process chanber at the process environnent

t hroughout the | oad process 600. Thus the process chanber 202, 402 avoids
a punp and vent cycle each tinme a mafeé is transferred thereto. Al t hough
the nethod 600 provides several advant aes over prior art systems, process
t hroughput may be further inproved using nultiple |oad |ock chanbers such

: P A et hod 700  of ans
b ocossi ng Sardds T Wheh SH8 coP i 203¢ unpuiEn Y abRauicab) At s 7605 5.
At step 7QRedfarfsfer afkda 1uhgsscsdted wiflP seb&/Y iaxid H12b %Wa%a%dthet Lfﬁ%robésé?é&‘ h
transfer arm; 414 are in neutral positions, both |oad | ock covers 250 are

closed ar¥Aferfrom the saernd loadlack chagaher. 40ﬁl§lwiﬂﬂ Hﬁ pEressed @l@f@m;azfaps .
uj i s e
Fost of |t R enfon ERRER AT 302 B0 WER e ftcko #88 Fiaoi iR

the | oad Imoved tanher seditdlapusition aat Eewal tiRs CRTs bde at éitésp??_@"arféind
t he recess 8ort|on 252 of the load | oc chanber 410a is then punped down

to the prdeSSLHAAYOMYIESsure at step 1 7 JUN 20% 22 706. Once punping is

|
el bvant becaus Dto et EreUgRoS ikt dnHA0BSSE ilior 1 ertlBh B Hiiess
time), twshanties202, 46@t\dadhe sﬁlrﬂdead 1@claoldar?:bér l??ga rzsartdlothgcmtantisgell‘laltfhgrrtlfiﬂ(t)ﬂ]c el
I St et I hcl udes e s
lrjrg\(i?ﬁzet th\é%ﬁﬂﬁggeéJe Ed{%\ﬁaggf ﬁ?\ﬁgﬁ?’n ﬁ%f‘%@éﬂ’qr‘oEﬁ'neh@%ﬁﬁseﬁm%?“ﬁsnﬂ@ t he
waf er tr anpbesssotrbac80Y402 hhd petd ﬂﬁné@ﬁ%d ohk %éﬁaﬁé@r TS @@H H&t i ng

the pin assenmbly 256 via t'he act udtor 258 at step ve 210
i s then opf®fbaviatthe tegnsterzarand 1¢rassociated avithathe aacbnchamacﬁ‘léﬂbedThetdﬁonehe

br ocess cRSRaME B R elkudBFinethod 260 bofhe AiFeest FebloR: Gators saferaig

13b) . Not @xithedm diffdreat lordrockiehambers. lmhwetamfeomsm baer oﬁg??l%é&lafaﬁ%te o

_ \r;\g}/vg\r/gr(l sﬁ? 86&2\?\,&% ﬁgsf,ﬁg) V{/ﬁée{m'grgggggeedr v‘?a]:fe? t‘\Elpfrom Atfhg s8ecvc\3nnd load lock
chamber 406b will be processed and the processed wafer will be removed from
the second load lock chamber at step 774. The method 700 then continues at
step 750.

~ As can be seen from the above, the method 700 of the present invention

enhances the utilization efficiency of the process chamber 202, 402 by
immediately swapping a new unprocessed wafer therein as soon as wafer
processing is complete. Because both load lock chambers 406a, 406b work
generally in parallel, while one is swapping wafers with the process chamber 202,
402 the other is getting a new unprocessed wafer and initiating a pump and vent
cycle without impacting the process environment in the process chamber.

Although the invention has been shown and described with respect fo a
certain preferred embodiment or embodiments, it is obvious that equivalent
alterations and modifications will occur to others skilled in the art upon the reading
and understanding of this specification and the annexed drawings. In patticular
regard to the various functions performed by the above described components
(assemblies, devices, circuits, etc.), the terms (including a reference to a “means”)

used to describe such components are intended to correspond, unless otherwise



The wafer Wis deposited in the process chanber 202, 402 (and, later in
both chanbers) via the pin assenbly therein at step 730. The ﬂfkqﬁUéjZ@ﬂ#
414 associated with the axis 512a is then rotated into the neutral
position at step 732. Once in the neutral position, the transfer arm 414
associated with the axis 512a will not2fnterfere with the |oad | ock
chanber 406a. The | oad | ock cover 250 for the | oad | ock chanber 406a and

he ri h 1
734, " at oo IR 10 g, SoBUEERIE R BorRis o s s TieshrancicEngyafe °
occurs at dmnbeasmmpademo% chagbes f@@l@ﬂoﬁéliysbﬁﬂiv%t%he\?@ﬂeﬂhou gh2h8t I n

t he process 700 such a swap wll occur. In parall he step™set 712
i s anot herStaisturgily @g@wgleniho thesdistlased struicture michs pedering tedfunstian ihteber

406b. Wi | 0 waf ef.wi th
the pr oceslﬂgz"r{%ﬁ|I %%ﬁ%gz%@g%ﬁ%%eﬂé %Pg?smemﬁggegﬁ\ﬁ(#@t'ﬁ”ﬁs@ %C’F‘ i nto
the seconddrtiadat feturchaftier ind@htio ingay havé Weehndibclodéd &th Rél-‘f cti®bnff
step 750. The external port 410b is closed and the chanber 6b is then

punped doVi&P §9\é%’ab9mb@ment8hesu|§brfﬁaweumazd}ﬁpp@mlrmd wutbponerm ek t he
Pt oy bihér CRHRGE of 47 pfiek Bnfobitiphis £ ARG telfed i MiEhtagebRR 6P T o

second | oahyl gieén ohpatiieulatGpiplicatiooved into the wafer transfer plane 280 at
step 17 JUN 2004 23 758 (Fig. 13c) when the cover 250 is lifted via the
actuator 254 at step 760 and the transfer arm 414 associated with second
axi s 512b swaps the unprocessed wafer fromthe second | oad | ock chanber
406b with the processed wafer via steps 762-768. The transfer arm 414
associated with the second axis 512b is then noved to the neutral position
at step 770, the. doors close at step 772 and processing commences. Note
that al though the first unprocessed wafer Wentered the process chanber
202, 402 via the first load | ock chanber 406a and the transfer arm 414
associated with the first axis 512a, the wafer, upon being processed, exits
the process chanber 202, 402 and gets transferred to the second | oad | ock
chanber



406b via the transfer arm 414 associated with the second axis 512b.
Therefore according to the exenplary nethod 700 of the presddtjuna2eddi on,
wafers enter and exit fromdifferent |oad | ock chanbers. Thus, once the
ring valve 210 is closed at step 772 d Fig. 13c, the unprocessed wafer W
fromthe second | oad | ock chanber 406b w il be processed and the processed
wafer wll be renoved from the second | oad | ock chanber at step 774. The
met hod 700 tEiE continues at step 750. As can be seen fromthe above, the
met hod 70 € present invention enhances the utilization efficiency of
t he process chanber 202, 402 by inmmediately swapping a new unprocessed

waf er therein as soon as wafer processing is conplete. Because both | oad

| ock chantder s 40%afer46Cesgink appamratusyicomnprisingaral | el , while one is swapping

wafers with the process chanber 202,. 402 the other is getting a new

npr ocessed vwaPe/Praaing (e DaUED 2alRP VbR, E0ET @ELE HRGRER | ng
the proceghafibdr B respediVelyPaagess chanber. Al though the invention has
been shown and described wth respect to a certain preferred enbodi ment or

enbodi ment's, i tan anmbal oG valvet asspgiated avith one o the tapnshambienpditioncand ons
wi |l occur her Illed.in the art upon the readin nd under st andi ng
of 1 hi s o ek etlonf ey BRwol 8 fic vHRRNgRERRIE 36 Bt K PGS o

t he vari opahibes tfooascdeertherdt® th Ryfirchgosiion cante slosEtRE pFocEEINRNEBamber
(assenblies, devices, circuits, etc.), the ternms (including a reference to

a "means" Yor prosgssipg @ gcsaaead esitiore whereintthe ding Yalve inithe secansr pesitiaind,
unl ess ot ] . 2004 . | pai t L.C forns
the speci PTRJues ghostahty it 3685t SBout 8 dfhief BARAKH] e clodd
f unct i onalgrycesging adheimiber, ehereldyhdagihitating usiforuttyuiml procesgsing atemditidigs t he
di scl osed structure which perforns the function in the herein illustrated
exenpl aryﬂé‘ﬁ%ﬁhi ments of the invention. In addition, while a particular
feature of the invention may have been disclosed with respect to only one
of several enbodinments, such feature may be conbined with one or nore
ot her featur es Tofe waker prévassingbapbaratusofadaimay, Weembéstheaihgvalvadv the ageous
For first position extends from the one of the top chamber portion and the bottom

chamber portion associated therewith and abuts the other of the top chamber

portion and the bottom chamber portion, thereby coupling the top and bottom

chamber portions together and substantially sealing the processing chamber from

external conditions.

3. The wafer processing apparatus of claim 1 or 2, wherein the ring valve in
the first position is retracted with respect to the other of the top chamber portion
and the bottom chamber portion, thereby decoupling at least a portion of the top
and bottom chamber portions corresponding to an access port for transfer or

retrieval of a wafer to or from the processing chamber, respectively.

4, The wafer processing apparatus of any one of the preceding claims,
further comprising an actuation member operatively coupled to the ring valve,
wherein the actuation member is operable to selectively position the ring valve in
the first and second positions, respectively.



any given or particular application. 17 June 2004 25 CLAIMS: 1. A wafer
processi ng apparatus, conprising: a processing chanber havi ngl7alune@08Aanber
portion and a bottom chanber portion, respectively; and an annular ring
val ve associated with one of the top chdhber portion and the bottom
chanber portion, the ring val ve operable to open the processing chanber
for access thereto in a first position, and close the processing chanber

f i ng 4 d i tion, in the ri lve ip the . d
posi L1 on rovi e WAEC HGcting 14pharis, &t 2avi e oM Pifeddine @S pher y
of the cl agigsteirPiheCRss vale WoMiti®Ies 4 ReiteRYl Which!is sabsR@tidy R Shrh¥ 4da

processing conditions therein. 2. The wafer processing apparatus of claim
1, wherei aOP hand i beitaral Gamber ertion rreatasiadi therabyxpreniting ra rsubistardiady of

the top c : i h [ [tion associated, .
therewith ngﬁ@ﬁgb' ﬁggfotr %2' rf%? % e"’}lbra)gﬂt 9’?%@’?‘{’7%96%8%%?‘88@}’% 3%"%%’% 'Hént%iotr om
chanber pahantrer droessslinyg conditioms the top and bottom chanber portions

t oget her and substantially sealing the processing chanber from external

conditions. 3. The wafer processing apparatus of claim1l1l or 2, wherein the

Ched, pal Vi b THewbler Hrodiisild Sbdardeof A Stk bt s FRRBARR Gl S Of ner o

the top chanber portio oftomc er portion, ereby” decoupl i ng
at | east avhpoein the pbcedsing opaméedirotidesnare herdssr pgrbahd thes waésm espondi ng to

an access port for tran fe]{u?]r@ retrieval of a wafer to or fromthe
processi nﬁ@ﬂ%ﬁ%?W@?ﬁ& el GOMPriSeRe waf er processing apparatus of any

oper at i vely counl anuef biiabor opurANely SUIE] T Bk RROGREHHE CRImEBRE the o
oper abl e tascess pott @rdy position the ring valve in the first and second
positions, res %elg%\fgélychalnzbé]ru gger%%élly coupled to the transfer chamber, the load
lock chamber including a load lock cover operable to move between two
positions, wherein a first position isclates a portion of the load lock chamber from
the transfer chamber, thereby allowing a pressure in the portion of the load lock
chamber to differ from a pressure in the transfer chamber during a wafer transfer
from an ambient pressure environment external the load lock chamber to the
isolated portion of the load lock chamber, and wherein a second position of the
load lock cover brings the portion of the load lock chamber into fluid
communication with the transfer chamber for transfer of a wafer between the load

lock chamber and the processing chamber.

7. The wafer processing apparatus of any one of the preceding claims,
further comprising a pump associated with the portion of the load lock chamber,
wherein the pump is operable to reduce a pressure within the portion of the load
lock chamber when the load lock cover is in the first position, thereby
substantially matching a pressure in the portion of the load lock chamber with a

pressure in the transfer chamber and the processing chamber.

8. The wafer processing apparatus of any of the preceding claims, wherein

the processing chamber comprises an ion implantation processing chamber.



26 5. The wafer processing apparatus of any one of the preceding clains,
wherein the ring valve conprises a material which is substanttifaluhg 206k sane
as a top and bottom chanber portion material, thereby providing a
substantially uniforminterior surfaceé/about the processing chamber over
variations in interior chanber processing conditions. 6. The wafer
processi ng apparatus of any one of the preceding clainms, wherein the
processi ng chanber includes an access port and the wafer processing
apparatus further conprises: a transfer chanber operatively coupled to the
processi ng, chamtgy wifar totSceie SopRatus BN LIAin B wheedinC beessing
operatively coupled to the transfer chanber, the l'oad [Iock chanber

i ncl udi ng éanm coayKises ecplagimariamnersion inovmplkstaamprosessipgshambes,
wherein a first position isolates a portion of the |load | ock chanmber from
the transfer chanber, thereby allowing a pressure in the portion of the

| oad | ock 10¢hartbeafdrgrotddsi épmmg;mmagmd;n the transfer chanber during
a wafer transfer from an arﬂ)i ent pressure environnent external the |oad

| ock chanber t@& PHCESSEG shadmbsbrigviig ¢in BreesoRPT &k transiesdng avwaf@her ei n
a second PRSiatd BPréf?fie\Fiﬁga\th@ptHé?g offO%RK brings the portion of the |oad
ul c

| ock chanber 1 nto onmuni catiroh wth the transfer chanber for
transfer of a \wafing Vakevedthin Hie | pradesding ichahibdre thewnihgt halver os@rablent

chanber. 7. The wafer processing apparatus of an ne. of the preceding
claims, fURYSHRS Osﬁﬁt'%&‘pgm@r%@stgeiwe\@lw frhf?\erfar%a%lt' opensg e | oad
| ock cha | ' I d ; bl n the
portion g%%g:‘e_lsés }Mggg%rr%%d%%gﬁgg@gr ﬁvﬁr engﬁ‘ﬁee?%@géﬁoﬁﬁ@gﬁsgﬁﬁs?[\% mtém%i rst
posi ti on, sephendpgsitionicksestthalacgesmpertti ng a pressure in the portion of the

| oad | ock chanber with a pressure in the transfer chanber and the
processi ng chanber. 8. The wafer processing apparatus of any of the

precedi ng 19l ai Mhe wker pratesking ARESRS! STLIGHAIDSKhERIPHSEYy 28lveHas an
i mpl ant ati on processing chanber. 17 June 2004
annular shape with a substantially uniform inner peripheral surface.

12.  The wafer processing apparatus of claim 10 or 11, wherein the ring valve
in the second position is positioned within the processing chamber to sealingly
engage and thereby close the access port to prevent contamination of a wafer
chamber processing environment, and wherein the annular ring valve provides a
substantially uniform inner peripheral surface for the processing chamber thereat,
thereby facilitating uniform processing conditions therein.

13.  The wafer processing apparatus of any one of claims 10 to 12, wherein a
composition of the ring valve and the processing chamber is substantially the
same.

14.  The wafer processing apparatus of any one of claims 10 to 13, wherein the
processing chamber further comprises a top interior portion and a bottom interior
portion annularly separated, thereby defining an annular spacing therebetween,
and wherein the access port interfaces with a portion of the annular spacing to

allow access to the processing chamber, and wherein the ring valve in the



27 9. The wafer processing apparatus of claim@8, wherein the processing
chanber conprises a plasma i nmersion ion inplantation procesdi7niyneR88dher .
10. A wafer processing apparatus, conprising: a processing chanber having
an access port for transferring a wafer28 thereto or retrieving a wafer
therefrom and a ring valve wthin the processing chanber, the ring val ve
operable to nove between two positions, wherein the ring valve in the
first position,opens the access port for access tq the processing chanber,
and the riskgoU4 ’3%5"?9{1 tolff@um?@c@’ﬁdgﬁﬁgl?f i%cagos@?r%ecﬁegm%%rtf’g %’1‘? The
waf er proGRushi GoriRd BGhef by! séalinkfl enB8ERIGNtH %op |4HY YatYRM PBRIGHR
annul ar shape with a substantially uni'forminner peripheral surface. 12.
The waf er rp8RR@WEIYAg apparatus of claim 10 or 11, wherein the ring val ve
in the second position is positioned within the processing chanber to
sealingly engage and thereby close the access port to prevent

cont ani natfison dheaweafdregroceing eippaFatas tFi dGine N4 WMHRISIAt theamsttorgR@KiDr t he
annul ar ring, valve provides a substantially uniforminner peripheral
surface f&OTHHE Yy Hige PEPFRPSINGhAP@Mbaie inshides Eme papylar alip | ahauti ag nEf or m

processi ng, SRR § { ' : T r i us. 0 ny
one of cl ieﬁr:r@H%G; ﬂ(h%?%qu: gﬁgg{r’%rﬁﬂ'gthecon%\ggh%i %@a&f%%t 8%@8@&? E/neﬁ.'éen@s? he
processi ngosliiamber i s substantially the sane. 14. The wafer processing
apparatus of any one of clainms 10 to 13, wherein the processing chanber

further conprises a top interior portion and a bottominterior portion

annul arly 1s.epameﬂ,aférh&b%eysiﬁgfca'\e@aiv?mgttu%n%figgg'cﬂ{e BPgﬁisﬂﬁg jhesepLtyRpg, and

wherein the access port interf tion of the annul ar spacing to
al | ow acceemprisinchanpacivatosiopgeratinaiyp @oupladd tavtlee einy vaker iand opeérable to t he

17 June 2 28 secon sjtion,occupies the annul.ar spacing, ,thereby
coupl i ng ?‘ﬁé’e[ réﬂ%"éjl}sggﬁﬁ}‘ﬁedbm @’ﬁga?‘iaﬁ??fﬁpﬁ?hgﬁ%lrgﬁﬁ‘?é}ﬁ’@%agi ng the
top and bottom portions,
17. The wafer processing apparatus of claim 16, wherein the actuator
comprises one or more gear and screw assemblies, wherein the gear turns the
screw which engages a bottom portion of the ring valve, and a turning of the
screw adjusts a vertical position of the ring valve within the processing chamber.

18.  The wafer processing apparatus of any one of claims 10 to 17, further

comprising:

a transfer chamber coupled to the processing chamber via the access
port; and

a load lock chamber coupled to the transfer chamber, the load lock
chamber including:

an access port for receiving a wafer into the load lock chamber; and

a selectively positionable isolation member within the load lock chamber,
positionable between an isolation position and a non-isolation position, wherein in
the isolation position the isolation member sealingly engages a portion of the load
lock chamber associated with the load lock chamber access port, thereby
permitting the transfer of a wafer to or from the load lock chamber via the load

lock chamber access port without impacting processing conditions within the



respectively. 15. The wafer processing apparatus of claim 14, wherein the
bottominterior portion of the processing chanber includes dd Janedbed |ip:
about an inner periphery thereof, and wherein the ring val ve engages the
annular lip in the first position. 16.29The wafer processing apparatus of
any one of clainms 10 to 15, further conprising an actuator operatively
coupled to the ring valve, and operable to nove the ring val ve between the

first and d.position respectively. 17. The wafer processi

appar at us t%’?‘%&[}aq d %M‘E’Z%i%’ %?’%%FE%TB?H a@&ﬁﬁ‘??@@%‘_’"ﬁﬁ@%‘? 'ﬁ?@qg’rbear and
screw assefdinbesis iWRE pbR-isH18tiae pbsitioh e bBRIoNSSTRYIVMY Bk RREAMRS ifinbot t om
portion of the ring valve, and a turning of the screw adjusts a vertical

posi tion duid semmunicatisnwatintheniransfaechambessi ng chanber. 18. The wafer
processi ng apparatus of any one of clains 10 to 17, further conprising: a
transfer chanber coupled to the processing chanber via the access port;

and a | oad9l ocKhehaafee brecasgirgapparktiie dframysdres ofdlamiet o té he, fupmér| ock

chanmber includjng: an access port for receiving a wafer into the | oad | ock

chanber ; &RBRAISEY @R BClHAYr QRerAtivRly spvRledde the issfatiaspembsr whersimtha oad
| ock Cha”"é%fuatoﬂ%%dégﬁﬂ@%%e%ﬁi@?lﬁ%o%ﬂ@'nﬁﬁ%ﬁ%ﬁlgﬁbrpﬂﬁ‘érﬁléé}rln‘i‘ﬁ'% islation

non-i sol at1 on positi ereln 'on position the 1solation
menber segosilighyarehiffegen-isolabioni positioh, réspdctieely. | ock chanber associ at ed
with the | oad | ock chanber access port, thereby permtting the transfer of
a wafer to or fromthe |oad | ock chanber via the |load |ock chanber access

ransfer Shanbey anog B BEEERIRY < ALl socosiy dppaifus BRI T 21 on
menber issteps®fe non-isolation position the portion of the |oad |ock
chanber is in rrﬁcl:\}l'r’xg a%o%ﬂlia(r:ar}r{gogalv\\fét\mitrtlipneatprr%gg;s%g Cc%%nn?bet—:fr' from a first
position where the annular ring valve sealingly does not biock an access port of
the processing chamber, thereby permitting access thereto, to a second position
where the annular ring valve blocks the access port, thereby prohibitting access
to the processing chamber, wherein the annular ring valve has a substantially
uniform inner peripheral surface, thereby faciliftating uniform processing

conditions within the processing chamber when in the second position.

21.  The method of claim 20, wherein the step of moving an annular ring valve
comprises activating an actuator operatively coupled thereto, wherein the
activated actuator exerts a force on the annular ring valve to move the ring valve
from the first position to the second position.

22. The method of claim 21, wherein activating the actuator comprises turning
one or more gears coupled fo one or more screws, respectively, thereby rotating
the screw, wherein the screw is coupled to the ring valve and the screw rotation
alters a vertical position of the screw within the processing chamber, thereby
altering a vertical position of the ring valve within the processing chamber.



19. The wafer processing apparatus of any one of clains 10 to 18, further
conprising an actuator operatively coupled to the isolation riélvee 200ferein
the actuator is operable to selectively position the isolation nmenber in
the isolation position and the non-isottion position, respectively. 20. A
met hod of accessing a wafer processing apparatus, conprising the steps of:
nmovi ng an annular ring valve wthin a processing chanber froma first

posi tion re-the ' val ve seal.ingl oes_not. bl ock an access
port of \t,%’)lsg_ pr J%e@%ﬂﬂ)gi @‘{?A{?{)@?e OEFJQFB%?&&%%% Yl{rﬂ'!‘?é CRERSNG @?BP to a
second posidrisfatringlaenafr MR ANGhd locki MAMAEr\S the Eﬁdﬁ%sbii'@ cHRRSE tRRUgh

t hereby prohibitting access to the processing chanber, "wherei n the annul ar

ring val ve tiamrsfar ehwbential Iy uniforminner peripheral surface, thereby
facilitating uniform processing conditions within the processing chanber
when in the second position. 21. The nethod of claim 20, wherein the step

of novi ng 20 afthd methongf argl orte o dains 2010 23| furthidr ko] hatfeps of:
operatively cou'%lr%ge thereto, wherein the activated actuator exerts a force

on the annul ar %an _Wﬁg\?e‘”@t?rﬁ%\ﬂée 197! lerk ghambee. whetsin ehleast agorigispfi on
to the seqREdoPdN ERambér cORtiMRS RRY \Qéfe?lié'ﬂcooﬁ%iisédggt[%gefrn ! ffé‘ﬁég@p the

actuator conprises turning one or nore gears one or nor
screws, r&hpediaryely, thereby rotating the screw, wherein the screwis
coupled to the ring valve and the sgrew rotation_ alters a vertical
position of théz%éea’é\gl W tRERSY e Br s%‘?’ﬁancf‘? nther 08¢ e losky CF‘QN%@H By a
vertical posstdrfiBilpfedizé e \RbySul #HHrBInt RAP P GRESIME [ 3RD of June
2004 30 23. The nes'?ho% of any \(ﬁ% of claims 20 to ?2? furtmr cor';%?élféll. ng
the step #hamhesinsferring a wafer froma |load | ock chanber to the

processi ng cha el ugh.. a tr.an K, chamber 24 _The nethod af any one

of claims 20 t?‘?@‘g'"%\% ﬁ@?'oﬁo%ﬁiej%’% cha%cfgqrEBgrB}ﬂm t?%@l”@l’claﬁﬂﬁ ‘%fy%fer

to the | odle trankfetichabder; adierein at | east a portion of the |oad | ock

chanmber containing . the wafer is fluidly isolated fromthe transfer
transferring the wafer from the load lock chamber to the processing

chamber via the transfer chamber.

25.  The method of any one of claims 20 to 24, further comprising the step of
lowering a load lock cover over the portion of the load lock chamber containing
the wafer to fluidly isolate the portion from the transfer chamber.

26. The method of claim 24 or 25, wherein changing the pressure in the
portion of the load lock chamber comprises evacuating an ambient environment
from the load lock chamber portion using a pump until a pressure in the load lock

chamber portion substantially equalizes the pressure in the transfer chamber.

27. A method of transferring a wafer to a wafer processing apparatus
containing a load lock chamber and a processing chamber, comprising the steps
of:

fluidly isolating a portion of the load lock chamber from the processing
chamber;



chanber; changing a pressure in the portion of the | oad | ock chanber to
substantially equalize the pressure therein with a pressure ilf June 2094nsf er
chanber; bringing the portion of the load | ock chanber in fluid
comunication with the transfer chanbe?? and transferring the wafer from
the |l oad | ock chanber to the processing chanber via the transfer chanber.
25. The nethod of any one of clains 20 to 24, further conprising the step

fol [ . er.the.portion of the load |o chanber
cont ai ni ng_ ¢ ndh S A afEr St o Cob ALY BEefin e e APl iR deer -
chanber. _Q@Gka]ﬁmnba;t;hod of claim?24 or 25, y\,herei n chan_gi ng the pressure in
the portion of the |oad | ock chanber conprises evacuating an anbi ent

envi ronment  f reSIWAIHBY| B REEsSE® hebupsnr the portiaholifimipad leckchamber and

pressure i I%ﬁwh hanber portion substantially equalizes the
pressure itﬁeﬁ)ggcétsgg‘%s#er t():'gmber. 27. A nethod of transferring a wafer to a

waf er processi rfginginzathet patios ofitise akidoek thamhbep ko dlhrtehmamicaaioprwittessi ng
chanber, conprising the steps of: fluidly isolating a portion of the |oad
| ock chant%'ég%(?%sﬁ}%gmlé ssing chanber; 17 June 2004 31 inserting a
wafer from an %@&F&ﬁhg%ﬁm&f&c%‘nﬂ’r{h&ol?taﬁeIdflfkr Ehampel bMhd $fces:

ep oa ock chanber

chanber; equalizing a pressure between t ortion of the
and the mhaodwsjagd chanber; bringing the portion of the |oad | ock chanber
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annular ring valve.

28. The method of claim 27, wherein fluidly isolating the portion of the load
lock chamber from the processing chamber comprises moving a load lock
chamber cover from an open position to a closed position, wherein the load lock
chamber cover in the closed position sealingly engages the portion of the load
lock chamber.

29. The method of claim 27 or 28, wherein bringing the portion of the load lock
chamber into fluid communication with the processing chamber comprises
moving the load lock chamber cover from the closed position to the open
position.

30.  The method of claim 27, 28 or 29, wherein fluidly sealing the processing
chamber from the load lock chamber comprises moving the annular ring valve
within the processing chamber from a first position fo a second position, wherein
the first ring valve position defines an annular spacing between a top interior
portion and a bottom interior portion of the processing chamber and the second
ring valve position couples the top and bottom portions together.

31.  The method of claim 30, wherein the annular ring valve has a substantially



fluidly sealing the processing chanber fromthe | oad | ock chanber via an
annul ar ring valve. 28. The nethod of claim 27, wherein fluidfyunea@leding
the portion of the load |ock chanber fromthe processing chanber conprises
moving a | oad | ock chanber cover from%h open position to a cl osed
position, wherein the load | ock chanber cover in the closed position
sealingly engages the portion of the load |ock chanber. 29. The net hod of

claim 27 . .ein_bringi the portian of the.load.lock chanmber into
Flut o comnefin, MgHEH MRBiRta! Suleho ke clackiine’ diutoPi rigSHiad | ond

| ock chanmwendrionewithivthe p@ceksipgdhaasidri on to the open position. 30. The
nmet hod of claim 27, 28 or 29, wherein fluidly sealing the processing
chanber fromthe | oad | ock chanber conprises noving the annular ring val ve
wi thin the processing chanber froma first position to a second position,
wherein the first ring valve position defines an annul ar- spaci ng between a
top interior portion and a bottominterior portion of the processing
chanber and the second ring valve position couples the top and bottom
portions together. 31. The nethod of claim 30, wherein the annular ring

val ve has a substantially 17 June 2004 32 uniforminterior peripheral
surface, thereby facilitating uniform processing conditions within the
processi ng chanber. WAFER PROCESSI NG CHAMBER HAVI NG SEPARABLE UPPER AND
LOVER HALVES ABSTRACT A wafer processing apparatus includes a processing
chanber having a top chanber portion and a bottom chanber portion,
respectively. The apparatus further includes an annular ring val ve
associated with one of the top chanber



portion and the bottom chamber portion which is operable to close the
processing chanber for processing in a first position and dp IUMZD[_’M.
processing chanber for access thereto in a second position. The ring

val ve,

in the first position, provides

substantially uniform surface

about an inner periphery of the closed ﬁsocessi ng chanber, and thereby
facilitates uniform processing conditions. A nethod of accessing a wafer

processi ng appar at usy, ' M’éﬁ% ' nul ar
valve within a pr oceﬂéﬁsﬁgﬁgégw W%’ﬁgé}%ﬁﬁﬁé— i rst
position the annular ring valURPERANDILGWERHELWRSaccess port of the
processi ng chanber and thereby prohibits access thereto, and in the se

position the annular ring valve does not block the access port, and
pernmts access to the processing c @g? M&Ee annul ar ring valve has a
er

substantially uniforminner periph

and thereby facilitate

ring

cond

S

uni f orm pr ocessAnmferdeessslmg apgeratustinéludes @C@%&es‘@ngfahﬁhﬁfermemglé'téﬁ]e
first position,

chamber pgrtlon and a bottom chamber portion, respectively. The apparatus
further includes an annular ring valve associated with one of the top chamber
portion and the bottom chamber portion which is operable to close the processing
chamber for processing' in a first position and open the processing chamber for
access thereto in a second position. The ring valve, in the first position, provides
a substantially uniform surface about an inner periphery of the closed processing
chamber, and thereby facilitates uniform processing conditions. A method of
accessing a wafer processing apparatus is also disclosed and includes moving an

- annular ring valve within a processing chamber between two positions. In the first

position the annular ring valve sealingly blocks an access port of the processing
chamber and thereby prohibits access thereto, and in the second position the
annular ring valve does not block the access port, and permits access to the
processing chamber. The annular ring valve has a substantially uniform inner
peripheral surface, and thereby facilitates uniform processing conditions within the
processing chamber when in the first position.

Fig. 2



