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NVETHOD FOR LOADI NG AND UNLOADI NG WAFERS USING A H GH
" VACUUM DUAL STAGE LOAD LOCK BACKGROUND OF THE | NVENTI ON
The present invention relates to a load lock unit for transferring
" a cassette of sem conductor wafers between regions havi ng different
pressures or environnments and a nethod for 5 transferring the wafer
cassette through the load lock unit. More particularly, the
i nvention relates to a dual stage wafer |oad |ock unit wherein first
and second chanbers of the |oad | ock art- selectively separated by a

platformcarrying the wafer cassette,

HIGH VACUUM DUAL STAGE LOAD LOCK AND
METHOD FOR LOADING AND UNLOADING WAFERS
USING A HIGH VACUUM DUAL STAGE LOAD LOCK

BACKGROUND OF THE INVENTION

The present invention relates to a load lock unit for
trahsferfing a cassette of semiconductor wafers between regions
having different pressures or environments and a method for

5 transferring the wafer cassette through the load lock unit. More
particularly, the invention re%ates to a dual stage wafer load lock
unit wherein first and second chambers of the load lock are
selectively separated by a platform carrying the wafer ‘cassette,
and a method of transferring wafers in a cassette through the dual

10 stage load lock.

Semiconductor wafer processing typicélly occurs within high
vacuum process chambers which are separated from adjacent chambers
and/or external conditions (ambient or atmospheric pressure) by
valved openings. Typically, a central transfer chamber.is provided

15 with a transfer robot located therein for transferring wafers
between a load lock chamber and one or more process chambers
located about the periphery of the transfer chamber. The load lock
chamber is also provided for’ transferriqg wafers between the
transfer chamber, which is typically at high wvacuum, and the

20 outside, typically a clean room at atmospheric pressure.

One well known prior art system for loading wafers into a
process system employs a wafer céssette, having a plurality of
individual slots therein, within which individual wafers may be

placed or removed. This cassette is placed onto a moveable floor



and a,nmethod of transferring wafers in a cassette through the dual 10
.stage | oad | ock. Sem conduct or wafer processing typically occurs
wi t hin high vacuum process chanbers which are separated from adj acent
chanbers and/ or external conditions (ambient or atnospheric pressure)
by val ved openings. Typically, a central transfer chanber is provided
15 with a transfer robot |ocated therein for transferring wafers

between a | oad | ock chanber and one or nore process chanbers | ocat ed
about the periphery of the transfer chanber. The | oad | ock chanber is
al so provided for transferring wafers bet-ween the transfer chanber,
which is typically at high vacuum and the 20 outside, typically a clean
room at atnospheric pressure. One well known prior art system
for | oadonghefferm i:'m othe load pocokeschampeiremaewplaoy sekevaiar waclsatisn

having a plurality I ndi vidual slots therejn, w.thin which
i ndi vi dfQVeRafetes ﬂ%?oﬁeln increpentsy &P ?8ﬁ59§51a#ﬂYsp@3§§etﬁﬁf|§n%?§ced

onto a Tﬂﬁ%#ﬁd%éﬂ‘%& ts of the cassette into registration with a robot
blade which is used to selectively remove wafers from the cassette
5 or place wafers therein. 2Asslit valve, located in alignment with
the zrobot blade, isolates the 1load 1lock chamber from the
robot /transfer chamber. - To enable access of the robot to all of
the slots in the cassette, the cassette must be moveable, within
the load lock, to align the wafer slots at each end of the cassette
10 with the robot blade. As a result, the volume of the load lock
chamber must be approximately at least twice the volume of the
cassette, to create the clearance needed to move the cassette the
entire travel length required to access each wafer slot in the
cassette with the robot while maintaining the cassette within the
15 controlled environment of the load lock.

To avoid a backflow of ambient air into the transfer chamber,
when the valve between the two chambers is opened to transfer a
wafer, it is essential that the load lock chamber be maintainable
at a pressure substanﬁially' equal to the high wvacuum of the

20 transfer chamber. Thus, because of the need to have a load lock
volume significantly exceeding that of the cassette to enable
cassette movement, and thereby robot blade access to each wafer
slot in the cassette, a large dead space equal to the required_
cassette clearance space must be pumped down to vacuum each time a
25 cassette is replaced in the load lock or the load lock dooxr is
opened. Additionally, exposing the interior surfaces of the load

lock chamber to atmosphere by opening of the load lock door for



- 2- or platformin the |load | ock chanber, and an el evator mechani sm
nmoves the floor in increnents to sequentially place, or index,

‘individual slots of the cassette into registration with a robot bl ade
which is used to selectively renove wafers fromthe cassette 5 or place
wafers therein. A slit valve, located in alignment wth t he robot

bl ade, isolates the |oad | ock chanber fromthe robot/transfer chanber.
To enabl e access of the robot to all of the slots in the cassette,

t he cassette nust be noveable, within the |l oad lock, to align the

waf er slots at each end of the cassette-3-10 wth the robot blade. As a
result, the volunme of the | oad |ock chanber nust be approxi mately at

| cast {wce Lhe VOLUIR O LM%t 0aaiHy STERs b2e8LoBLEoNEnS SR NC, e00e
to enter the load lock chamber and adhere thereto.
Accordingly, there is a need in the art for a load lock
chamber which provides cassette to wafer indexing while minimizing
5 the volume and space of the load lock'which is exposed to ambient

conditions.

SUMMARY OF THE INVENTION
According to a first aspect of the present invention, there is
10 provided a load lock apparatus for transferring an article between
a first environment at substantially atmospheric pressure and a
high vacuum processing system. The apparatus includes a first
chamber having an environment which is adjustable between
substantially atmospheric pressure and high vacuum and a second
15 chamber having an environment which is maintained in high vacuum.
. In one aspect of the invention, the second chamber is in selective
communication with the vacuum processing system and the first
chamber. In another embodiment the first chamber is in selective
communication with the vacuum processing system. In another aspect
20 of the invention, the second chawber is used as clearance volume or
space maintained at vacuum, and the access to the high wvacuum
pracessing system is provided through the first chamber. Also
provided is a means for selectively separating the first chamber
environment f£from the second chamber environment. Thus, as a
25 cassette is loaded into the load lock, only the first chamber need
be exposed to atmosphere, thereby reducing the surface area of the

load lock exposed to water vapor and contaminants, and reducing the



entire travel length required to access each wafer slot in the

cassette with the robot while maintaining the cassette within the 15
controll ed environment of the |oad | ock. To avoid a backfl ow of
anbient air into the transfer chanber, when the val ve between the two
chanbers is opened to transfer a wafer, it is essential that the | oad
| ock chanber be mai nt-ai nabl e at a pressure substantially equal to the
hi gh vacuum of the 20 transfer chanber. Thus, because of the need to
have a | oad | ock vol une significant]y exceeding that of the cassette
to enable cassette novenent, and fHEreby robot bl ade access to each
waf er slot in the cassette, a |large dead space equal to the required
cassette clearance space nust be punped down to vacuum each tine a 25
cassett o sifadde Leaghéorbauhi ok knust bigerrpRAEd| bR KVRIBHIM{ s The second

opened, ABMAET i BRI A LEACL ACSRof” AR of che
cassette to enable robot access to each wafer slot in the cassette,
need only be exposed to the first chamber after the first chamber
5 has been evacuated, and then only when the cassette needs to be
positioned to enable. access of a robot blade thereto. The
environment within the second load lock chamber 1is preferably
maintained at a pressure equal or substantially equal to that
maintained in the process chamber environment, such as that in the
10 -transfer chamber, and may -be configured without an isolation valve
between the second chamber and the wvacuum processing system.
In one aspect, the selective separating means preferably
includes a movable pedestal upon which the article is carried, a
dividing ledge extending a distance inwardly from an inner wall of
15 the apparatus and located between the first and second chambers,
and means for sealing the movable pedestal against the dividing
ledge when the apparatus is in a loading position. Preferably, an
O-ring seal is provided on an upper surface of the pedestal to
sealingly engage a lower surface of the dividing ledge when the
20 pedestal is raised to the loading position. The apparatus may _
further include means for removably connecting together the first
chamber, dividing ledge and second chamber.
An article conditioning means may also be provided within the
load 1lock for performing pre-processing and post-processing
25 operations, and preferably includes a movable sub-chamber located
within the first load lock chamber. The sub-chamber may exhibit an

opening at the side facing the selective separating means between



- 3 cassette | oading or unloading allows water vapor and contam nants

to enter the load | ock chanber and adhere thereto. Accordingly,
there is a need in the art for a |load | ock chanber whi ch provides
cassette to wafer indexing while mpimzing 5 the volunme and space of the
| oad | ock which is exposed to anbient condi ti ons. SUMVARY OF
THE | NVENTI ON According to a first aspect of the present

i nvention, there is 10 provided a | oad | ock apparatus for transferring an
article between a first environnent at substantially atnospheric
pressure and a hi gh vacuum process®ng system  The apparat us

I ncl udes a first chanber having an environnent which is adjustable

SR T NR A R - T ORI L L
Larhur ygens k) SHEISERSLls 05, WNANA I e TS hiviie
first sub-chainbaber thien headtimeg rersnedi imriuding frieasts drranbartreduaing a
sel ective communi cation with the vacuum processing system |n apother
aspect heated gas into the movable sub-chamber and/or a reésistance heating
5 element thermally coupled to the movable sub-chamber. The article
conditioning means may also include means for post-process wafer
cooling, preferably by .introduction of a cooled gas into the
movable sub-chamber.

Drive mwmeans, may be provided for moving the sub-chamber

10 between an open position and a closed position. Sealing means may
also be included to seal the lower surface of the sub-chamber
against the dividing ledge when the sub-chamber is in the closed
position. The sealing means may include an O-ring seal located on
a lower surface of the sub-chamber, to sealingly engage an upper

15 surface of the dividing ledge when the sub-chamber is in the closed
position.

A further aspect of the invention is a method for transferring
an article between a first environment at substantially atmospheric
pressure and a second environment at high vacuum. The article is

20 transferred through a 1load lock chamber having selectively
separable first and second chambers, wherein the second load lock
chamber is maintained at high vacuum substantially equal to the
high vacuum of the second environment.

According to one preferred embodiment, a method for loading an

25 article, such as a semiconductor wafer cassette carrying one or

more semiconductor wafer substrates, into a processing system is

provided. First the article is transferred from the atmospheric



20 - of the invention, the second chanber is used as clearance vol une or

Space maintained at vacuum and the access to the high vacuum

processi ng systemis provided through the first chanber. Al so

provided is a neans for selectively separating the first chanber

environment fromthe second chanber environnent. Thus, as a 25

cassette is |oaded into the load lock, only the first chanber need be

exposed to atnosphere, thereby reducing the surface area of the | oad

| ock exposed to water vapor and contam nants, and reducing the

-4- vol une of the load | ock which nmest be punped to vacuum The

second chanber., which provides cl earance space for novenent of the

cassette to enable robot access to each wafer slot in the cassette,

need only bavexpnmedttontbeahp&ﬂtﬁdnmﬂxn tife diinste Yoadtletianthanser vasle

n ev n n only n 0

been e acuahed ff&ékt % cf loc hgmge%asfgtgﬁ: %ﬁggtgntlally atmospheric
pressure and an opening between said first and second load lock
chambers is sealed. The first load lock chamber is then evacuated

5 to a pressure substantially,equal to the high vacuum in the second

load lock chamber. The seal between the first and second load lock
chambers is then broken and the article carried on the platform is
transferred from the first chamber to the second chamber. The
article is then transferred from the second chamber to the vacuum

10 environment. Alternatively, the access between the .cassette and
the vacuum environment may be provided in the first chamber, and
the second chamber is provided to allow clearance space for the
cassette as it is moved to align each cassette wafer slot with a
robot or other wafer handling device in the vacuum enclosure.

15 According to this aspect of the method, wafers may be
conditioned or treated subsequent to or during the step of
evacuating the first load lock chamber to remove any gas or water
vapor which may be present in the pores or on the surface of the
wafers. The wafers are preferably conditioned by lowering a sub-

20 chamber to sealingly surround the wafer cassette and then heating
the area within the sub-chamber to degas the wafers. The area
within the sub-chamber may be heated by introducing a heated gas
into the sub-chamber and/or activating a resistive heating element
which is in thermal communication with the sub-chamber wall. After

25 degas of the wafers by heating, the wafers may be cooled by

introduction of a cool gas into the sub-chamber.



positioned to enable access of a robot blade thereto. The

environment within the second | oad | ock chanber is preferably

mai nt ai ned at a pressure equal or substantially equal to that

mai ntai ned in the process chanber environnment, such as that in the 10
transfer chanber, and may be configured w thout an isolation valve

bet ween the second chanber and the vacuum processi ng system I n
one aspect, the selective separating nmeans preferably i ncludes a
novabl e pedestal upon which the article is carried, a di vi di ng | edge
extending a distance inwardly froman inngr wall of 15 the apparatus and
| ocat ed between the first and second chanbers, and neans for sealing

t he novabl e pedestal against the dividing | edge. when the apparatus is
in a loading p@siibirorto Plekdiall ythanwafer @assa;:tﬁeafr@s Ml@vi@l@nb@hmic

er surface of th eal i age S rface of
RO vl aFRy LrBe e SRt on ko P sradcnl TP sheBRORS che PhEEs AR
posi tion. »55Lhg eepaéaﬁ.uagaﬁﬁst a 10&&%1%&&0Idfiech@eam%la%grfg@g@bl YThe

connecting together the first chanmber, dividing | edge and second
chanmber. £first loadArlack i cdhambenrdi mapnlhtgzrrrebas paged sticbesybsvaniedally
within the | gad | ock for perform ng pre-process

d
post Spr oc&&HOFPhe I C RIRFITIneNda HPSr ?%Q%RﬂydPﬂElbggggg F& abReilitate
h |
sub-c anbg ad&%@lgg %P? %?#%frﬁégéégié'rﬁﬁe 9?§%£§§§kﬁpg§?ﬁgtpéhebe cl sed

sub- chanber ivay ~ex openi ng at & sel ectrve
separatlngmmemmblh@dwimg therein sealed prior to evacuation of the first

load lock chamber.
According to another aspect of the method, a wmethod for
10 unloading an article, such a wafer caésette carrying one or more
processed semiconductor wafers, from the processing system is
provided. First the article is transferred from the wvacuum
environment onto a platform in the second load lock chamber while
the first and second load lock chambers are both at high vacuum and
15 an opening between the chambers is open. The platform is then
raised to sealingly close the opening between the load lock
chambers. Next, the first load lock chamber is purged to
substantially atmospheric pressure, and the loading door is opened
for removal of the wafer cassette and processed wafers to the
20 external atmospheric environment. Once the pedestal has been
raised and the first load lock chamber sealed from the second load
lock chamber, the wafers may be conditioned before the loading door
is opened. A sub-chamber located within the first chamber may by
lowered to sealingly surround the wafer cassette, and a cool gas

25 can be introduced into the sub-chamber to cool the processed

wafers.



the first chanber and the second chanber. The article conditioning
“means’ may include neans for heating the area within said novable

" sub-chanber, the heating neans including nmeans for introducing a
heated gas into the novabl e sub-chanber and/or a resistance heating 5
el ement thermally coupled to the novabl e sub-chanber. The article
condi ti oning neans may al so. i ncl ude neans for post-process wafer

cooling, preferably by introduction of a cooled gas into the novabl e
sub- chamber . Drive nmeans, may be provided for noving the

sub- chamber 10 bet ween an open positiag-and a cl osed position. Sealing
nmeans nmay al so be included to seal the | ower surface of the

sub- chanber agai nst the dividing | edge when the sub-chanber is in the
cl osed poheseorsnd hetdeal | igaternas, maspantisudandn advantggaesal of oczhied
on

present invention will become better understood by referring to the
following detailed description, drawings and claims, wherein
examples of the presently preferred embodiments are given for

5 purposes of illustration amd disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a cross-sectional side view of a dual stage load
lock according to one embodiment of the present invention, shown in

10 a loading/unloading position;

FIGURE 2 1is a cross-gsectional side view of the load lock shown
in FIGURE 1, shown in a pre/post process conditioning position;

FIGURE 3 is a cross-sectional side view of the load lock shown
in FIGURE 1, shown in a transfer position;

15 FIGURE 4 is a cross-sectional side view of a dual stage load
lock according to an alternative embodiment of the present
invention; '

FIGURE 5 is a cross-sectional side view of a modular dual
stage load lock according to a further alternative embodiment of

20 the pfesent invention;

FIGURE 6 1is an exploded cross-sectional side view of the
modular dual stage load lock of FIGURE 5, with selected components
removed for clarity;

FIGURE 7 is a cross-sectional side view of a modular dual

25 stage load lock according to a still further embodiment of the

present invention; and



a lower surface of the sub-chanber, to sealingly engage an upper 15
.surface of the dividing | edge when the sub-chanber is in the cl osed

posi tion. A further aspect of the invention is a nethod for
transferring an article between a first environnent at substanti al
at nospheri c pressure and a second environnent at high vacuum The
article is 20 transferred through a load I|ock chanber having

sel ectively separable first and second chanbers, wherein the second
| oad | ock chanber is maintained at high vacuum substantially equal

t he hi gh vacuum of the second env#%-onnent. According to

one preferred enbodinent, a nethod for loading an 25 “article, such as a
sem conduct or wafer cassette carrying one or nore sem conduct or
waf er substr aFESURENt® asprocesessgssysiamal sside vipwovofledn RAdditidweal

-6-
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article is transferrgdt£r0n1the atnnsghecic

embodiment o ntion.

e present inv
DETAILED DESCRIPTION

The present invention is best understood by referring to the
Drawings in connection with review of this Description. The

present invention is a method and apparatus for transferring an

article between a first environment and a second environment. The

apparatus includes a first chamber stage having an environment in
selective communication with the first environment, and a second
chamber stage having an environment in selective communication with
the second environment. Also provided is a means for selectively
separating the first chamber environment from the second chamber
environment. The apparatus may Ee a modular unit including several
parts that can be assembled in different configurations. One
aspect of the method includes transfer of the article from an
atmospheric environment onto a platform in the first chamber while
the first chamber is at substantially atmospheric pressure and an
opening between the first and second chambers is sealed, evacuation
of the first chamber to a pressure substantially equal to the high
vacuum in the second chamber, and communication of the two
chambers. The article may then be transferred from the first to
second chambers, and thence to the vacuum environment communicable
with the second chamber. Another aspect of the ﬁethod includes
transfer of the article from the vacuum environment onto a platform
in the second chamber while the first and second chambers are both

at high vacuum and an opening between the chambers is open. The

Iy

to



environment onto a platformin the first |load | ock chanber while t he

first' load | ock chanber is at substantially atnospheric pressure and
“an openi ng between said first and second | oad | ock chanbers is seal ed.
The first load | ock chanber is .then evacuated 5 to a pressure
substantial l yequal to the high vacuumin the second | oad | ock
chanber. The seal between the first and second | oad | ock chanbers is
t hen broken and the article carried on the platformis transferred
fromthe first chanber to the second chanber. The article is then
transferred fromthe second chanber to tHi®-vacuum 10 envi ronnent .
Alternatively, the access between the cassette and " the vacuum

envi ronnment nmay be provided in the first chanber, and t he second
chamber i3 fUfAthilag thedl hawseleabapealsnagle ¢Dssd hthe opendagSBkt@eds thei S
noved to align each cassette wafer slot wmth a robot or other wafer

handl i ng innhﬁ;-‘s.n t%@a@am‘mten%hmle isjsthen venfiegort? ngubsbanthpdly

f_the d d
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chanber {ihd QEMEIAY 988 aprsa/mlerfurtheﬂ%edmldﬁl thaY me@hBHeSeRk bBcbha
pores or on the surface of the waf ers. The wafers are preferably

conds t i ondunthert pwovidgsaeyvabualed chérwdnse tspaseal Lngoywisigh died cabeentker

cassette and then heat he ar thin the b- chanber to de
Che vat o “extgRaddS bller the #iht SRathdd Bt 08 uRe ot "AlR Eohge Rt 12

I ntroducig, & Hed 66 32 he second chamber, and the valve between the load
lock and wvacuum processing system may extend into the £first
chamber. .

10 FIGURES 1-3 show a first preferred embodiment of a dual stage
locad lock 10 for housing wafers W during transfer between an
external environment, such as a clean room, at atmospheric
pressure, and a processing system at high vacuum. The dual stage
load lock 10 includes a first or upper chamber 12 and a second or

15 lower chamber 14. A loading door 16 is provided in a wall of the
first chamber 12 to facilitate loading and unloading of wafer
cassettes 11 into ana from the first chamber 12. A valve 18, such
as a slit valve, is provided in a wall of the second chamber 14
separating the load lock chamber 10 from a central transfer chamber

20 100 of the wafer processing system. The valve 18 may be opened to
permit a wafer handling robot 102 to extend into the lower chamber
14 'to pick up or drop off a wafer W in the wafer cassette 11
maintainable in the load lock 10.

A dividing ledge 20 is located between the upper chamber 12

25 and the lower chamber 14, and extends a distance inwardly from the
inner wall of the load lock 10. When the load lock 10 is in the

wafer cassette loading/unloading position, as shown in FIGURE 1,



I nto the sub-chanber and/or activating a resistive heating el enent

which is in thermal comunication with the sub-chanber wall. After 25
‘degas of the wafers by heating, the wafers nay be cool ed by

i ntroduction of a cool gas into the sub-chanber

-7- Prior to |l oading the wafer cassette fromthe atnospheric
environnent into the first load | ock chanber, the platformmy be

rai sed to seal against a |lower surface of the dividing | edge. The

first load | ock chanber may then be purged to substantially 5 at nospheri c

pressure and the | oadi'ng door opened to tapilitate ~ loading of the
waf er cassette. The |oading door nmay then be cl osed and t he opening
therein sealed prior to evacuation of the_first | oad | ock chanber

the lower chamber 14 is separated from the upper chamber 12 by a

wafer transport pedestal 22. An O-ring seal 24, whiéh is

preferably located on an upper surface of the pedestal 22 along the

periphery thereof, engages a lower surface of the dividing ledge 20

5 to provide an air-tight seal between.the first chamber 12 and

second chamber 14, when the apparatus is in the loading position.

The pedestal 22 is connected to the upper end of a drive shaft

26, which extends downwardly therefrom through a sealed opening in

the floor of the lower chamber 14. A bellows assembly 23 may be

10 used to seal the opening in the chamber £floor. Although the

bellows assembly shown in FIGURE 1 is external to the load lock

chamber 1.0, it is also contemplated to have the bellows assembly

located within the chamber 10. The pedestal 22 may be raised or

lowered by actuation of an external drive mechanism. Currently,

15 two types of external drive systems are used: servo-motor drive

systems and pneumatic drive systems. As shown in FIGURE 1, the

presently preferred drive mechanism is a servo-type motor 28, which

permits incremental adjustment and positioning of the pedestal 22

within the chamber. The drive motor 28 is preferably a standard

20 AC, DC or step servo-motor. Alternatively, wagnetic or

electromagnetic motors may be used depending upon the system
requirements.

The drive motor 28 surrounds the drive shaft 26, and upon

actuation, rotates about a lead screw portion 27 of the drive shaft

25 26. The drive motor 28 is connected to a threaded drive flange 29.

The threads of the threaded drive flange 29 engage threads of the

lead screw 27 portion of the drive shaft 26. As the motor 28 is



Accordi ng to anot her aspect of the nethod, a nmethod for 10 unl oadi ng an

article, such a wafer cassette carrying one or nore processed
" sem conductor wafers, fromthe processing systemis provi ded. First
the article is transferred fromthe vacuum environment onto a
platformin the second | oad | ock chanber while the first and second
| oad | ock chanbers are both at high vacuum and 15 an openi ng between the
chanbers is open. The platformis then rai sed to sealingly close the
openi ng between the | oad | ock chanbers. Next, the first ||oad |ock
chanber is purged to substanti al | yyzat mospheric pressure, and the
| oadi ng door is opened for renoval of the wafer cassette and processed

wafers to the 20 ext ernal atnospherjc enyirogggnt. Once t he pedestal
has beenactivagedsdehe ke aud fhinesded daivendipiee s2d| Eotdte bRt sekond

load  gpLpek CRAEDERartNEMALAL S IBL,DE, cORCLL] ofed. Dl e Jaad] 0g

I'S “opehe sub-cC r-Tocat ih the fir er may by
| ower ed wadseabi nghy sdFiwsinGhddianiahner @astelst,e, thed drivel gRsft 2Gmovedn
be introduced into the sub-chanmber to cool the processed waf ers.

vertically along its longitudinal axis due to the threaded
5 connection between the lead screw 27.and drive flange 289. The
shaft may be fixed against rotation by a variety of mechanisms.
For example, a longitudinal groove may be formed in the shaft with
a projection from a‘surfounding fixed surface extending into the
groove to prevent rotation of the shaft. Rotation of the drive

10 motor 28 in one direction, for example clockwise, results in
vertical movement in one direction of the drive shaft, i.e. upward,
while rotation of the drive motor in the opposite direction, i.e.
counterclockwise, results in vertical movement of the drive shaft
"in the opposite, or downward, direction.

15 The drive mechanism, including the drive shaft 26, drive motor
28, and threaded drive flange 29 has a holding force sufficient to
withstand the tremendous downward pressure (2500 PSI +) exerted on
the pedestal when the first chamber 12 is at atmospheric pressure
and the second chamber is at high vacuum. To wmeet the

20 requirements, the drive motor 28 is provided with a large amount of
holding torque, the drive shaft 26 exhibits a larger than normal
diameter, and the lead screw threads are finely pitched.

A bell-housing sub-chamber 30 may be located in the upper
chamber 12, movable between a first, retracted, position as shown

25 . in FIGURE 1, and second, engaged, position as shown in FIGURES 2
and 3. An O-ring seal 32 surrounds a lower edge of the sub-chamber

30 such that the sub-chamber 30 will be sealed against the upper



- 8- These and ot her features, aspects and advantages of the

present invention will beconme better understood by referring to the
"following detail ed description, drawi ngs and cl ai ns, wherein exanpl es
of the presently preferred enbodi nents are given for 5 pur poses of
illustration and di scl osure. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIGURE 1. is a cross-sectional side view of a dual stage |oad | ock
according to one enbodi nent of the present invention, shown in 10 a

| oadi ng/ unl oadi ngposi ti on; FIGURE 2 is across-sectional side
view of the |oad | ock shown in FI QURE34, shown in a pre/post process
condi ti oni ng position; FIGURE 3 is a cross-sectional side view
of the | oad | ock shown in FIGURE 1, shown:in a_transfer g05|t|on 15
FI GURE 4SUQ-‘f&C§r eésthecdivhdingi Yedge o3P ofhen die sybagbambgy 30 is +J@ckhe
accordin ' ve 0 n r n |

FI GURE 5 <§sselse rlionaﬁ'g:% ﬁl%hw%t?eg;%n(gdﬁ%g Bgug}ovedmi?&v{ age oad

| ock aCC(Hr@‘aI&& e ftidhesndl tBeNndeitvaceeBodiosaiodl b0 an tdEe@es Ll or
Inventlor;pneumatic drive mechanism. As shown in the presently preferred
5 embodiment, a drive shaft 34 has.a firét end connected to the sub-
chamber 30 and a second end connected to a piston 36, which is
movably located in a. pneumatic drive cylinder 38, which is
connected to a pneumatic source which drives the piston 36. The
sub-chamber 30 is used to provide a second environment about the
10 wafer cassette when the cassette is in the first chamber 12 and the
first chamber 12 is isolated from the second chamber 14. This is
accompl%shed by extending the sub-chamber 30 body downwardly (in

this embodiment) against the pedestal 22, over the cassette.
The wafers W in the wafer cassette 11l may be subjected to a
15 pre-processing or post-processing operation when the sub-chamber 30
is in the engaged position and the pedestal 22 is in the loading
position, as shown in FIGURE 2. A pre-processing operation, such
as degas to remove water vapor on the.surface and in pores of the
wafers is performed, by heating the region within the sub-chamber,
20 by electrical, optical or infra-red heating means and/or by
introducing hot gas into the sub-chamber. The sub-chamber 30 is
preferably formed of a material having a high resistance to heat,

such as stainless steel.

According to one preferred embodiment, a heated gas, such as
25 argon or nitrogen, from a gas source 44, may be introduced into the
sub-chamber 30 through valve 45 and conduit 46. An electrical

radiant heater 47 may also be used in conjunction with the hot gas



FIGURE 6 is an expl oded cross-sectional side view of the nmodul ar dual
stage load lock of FIGURE 5, with sel ected conponents renmoved for

“clarity;
dual 25
pr esent

FIGURE 7 is a cross-sectional side view of a nodul ar
stage load | ock according to a still further enbodi ment of the
i nvention; and -9

FIGJRE 8 is a cross-sectional side view of an additional

enbodi ment of the present invention. DETAI LED DESCRI PTION 5
The present invention is best understood by referring to the
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15

20

25

-14-

to heat the region within the sub-chamber to a temperature of about
350°C. Once the degas process is complete, the wafers may be
cooled by introducing a cool gas, such as argon or nitrogen, into
the sub-chamber through wvalve 45 and hose 46. The wafers are
preferably cooled to about .70°C.

After pre-processing, with the sub-chamber 30 still in the
engaged position and the pedestal 22 is in the loading position, as
shown in FIGURE 2, the sub-chamber may be evacuated to high vacuum
substantially equal to the high vacuum environment in the lower
chamber 14. A vacuum puap 40 is connected to the sub-chamber via
valve 42 and vacuum line 43. With the sub-chamber 30 sealed
against the upper surface of the dividing ledge, the vacuum pump is
activated until the pressure within the sub-chamber is
substantially the same as the pressure in the lower chamber. For
example, where the pressure in the lower chamber is maintained at
between 107 Torr and 10 Torr, the sub-chamber must be evacuated
to a pressure of at least 105 Torr prior to lowering the pedestal
22 and breaking the seal between the first and second chambers.
Thus, the sub-chamber 30, where used, reduces the volume of the
first chamber 12 which must be pumped down for each cassette load
operation.

- Alternatively, the pre-processing step can be omitted and the
upper chamber 12 evacuated to high wvacuum by a vacuum pump 48
connected directly to the upper chamber 12 by a valve 50 and vacuum
line 51. The degas step may also be omitted ﬁhgre the sub-chamber
has been placed in the closed position, as shown in FIGURE 2, and

the sub-chamber 12 is only evacuated to high vacuum as described



Drawi.ngs in connection with review of this Description. The pr esent
‘invention is a nethod and apparatus for transferring an article
between a first environnent and a second environnment. The appar at us
includes a first chanber stage having an environment in 10 selective
comuni cation with the first. environnent, and a second chanber stage
havi ng an environnment in sel ective conmmunication with t he second
environnment. Al so provided is a neans for selectively separating the
first chanmber environment fromthe second chanber environment. The
apparatus may be a nodular unit includingl®everal 15 parts that can be
assenbled in different configurations. One aspect of the nethod

i ncludes transfer of the article froman at nospheri c environnent onto
a pIaIfcnahdvtttm%iprimarham@eanumgéeof usinghthéi sgsb-chamber is that its

substanti al | her| sur nd a openi ng_be epn the first
and_ secorfi W iR rotuoes tof ENS Fresatitnoararyate
pressuretﬁﬂygﬁﬂgﬁﬂéy Iy equal to the high vacuumin the second
chanber, and comuni cation of the two

Prior to opening the loading door 16, exposing the load lock
5 10 to the external atmosphdre, the first chamber 12 is purged to
atmospheric pressure via purge valve 52. While the pressure in the
first chamber 12 is permitted to fluctuate between atmosphere and
high vacuum, the second chamber 14 is maintained at a high wvacuum,
typically between 107 Torr and 10° Torrx, by a vacuum pump 54 and

10 valve 56. ’

The method of transferring a wafer cassette from the external
clean room through the load lock and into the transfer chamber 100
is sequentially shown in FIGURES 1-3. The method of unloading
wafers from the system through the load lock to the external

15 environment occurs.in reverse sequence.

Prior to loéding a wafer cassette 11 carrying a plurality of
wafers W into the load lock 10, the platform 22 must be raised to
seal against the dividing ledge 20, thus preventin§ exposure of the
second chamber 14 to atmosphere. The first chamber 12 (and the

20 sub-chamber 30 when used) is then purged, via purge valve 52, to a
pressure substantially equal to the external air pressure,
typically atmospheric pressure. Purging is accomplished by venting
the first chamber 12 to atmosphere. The loading door 16 is then
opened, and a cassette 11 is placed on the platform 22. The

25 ioading door is then dlosed to seal the first chamber 12 from the

outside atmosphere.



chanmbers. The article may then be transferred fromthe first to
Second chanbers, and thence to the vacuum environnment conmuni cabl e
‘with the second chanber. Another aspect of the nethod includes 25
transfer of the article fromthe vacuum environnent onto a platform
in the second chanber while the first and second chanbers are both
at high vacuum and an openi ng between the chanbers is open. The

-10- platformis then raised to sealingly close the opening between
t he chanbers. The first chanber is then vented to substantially

at nospheric pressure, and the |oading doaygls opened for renoval of

the article. In a still further aspect of the nethod, the second 5

space, |nt mhlc the cassette
L prOVIqES evaﬁyate Qh?ariﬂg%o P %en use Towere such that the

O-ring seal 32 seats on the upper surface of the dividing ledge 20
and seals the inner region of the sub-chamber. A pre-processing
operation, such as degas, may then be performed. Once a sufficient
5 amount of time has elapsed to remove wéter vapor from the wafers,
a cool gas may be introduced into the sub-chamber to cool the
wafers to a temperature of about 70°C. The volume within the sub-
chamber 30 is then evacuated to a pressure approximately equal to
the high vacuum in the second chamber 14. For example, where the
10 second chamber is maintained at a high vacuum ketween about 10-7
Torr and 10"* Torr, the sub-chamber 30 must be pumped down to
approximately 10°° Torr prior to breaking the seal between the first
and second chambers by lowering the platform 22.

Once the pressure between the sub-chamber 30 and lower chamber
15 14 is substantially equalized, the platform 22, carrying the wafer
cassette 11, is lowered into the second chamber 14 by actuating the
drive motor 28. The platform 22 is lowered to a position where an
end effector of the robot 102 may pass through the slit valve 18
and retrieve a wafer W from the cassette 11l. The position of the
20 platform may be further adjusted vertically to allow the robot to
select another stacked wafer from the cassette. This process is

repeated for all wafers in the cassette. .
Processed wafers are unloaded from the system, ie, re-loaded
into the cassette, in substantially the reverse manner. Individual
25 processed wafers are transferred by the robot 102 from the transfer
chamber 100 to the wafer cassette 11 which is positioned in the

lower chamber 14 while the opening between the upper and lower



I s extended, after the first chanmber pressure or environnent is

_equalized with the second chanber, and the val ve between the | oad | ock
and vacuum processing system may extend into the first chanber. 10
FI GURES 1-3 show a first preferred enbodi nent of a dual stage | oad
| ock 10 for housing wafers Wduring transfer between an ext er nal
envi ronnment, such as a clean room at atnospheric pressure, and a
processi ng system at high vacuum The dual stage | oad | ock 10
i ncludes a first or upper chanber 12 and a second or 15 | ower chanber
14. A loading door 16 is provided in a-\¥l | of the first chanmber 12
to facilitate | oading and unl oadi ng of wafer cassettes 11 into and
fromthe first chanmber 12. A valve 18, such as a slit valve, is

pr ovi dectHdinkse vl denefirdhemar el ughethaldbers arsepdr dtiighg viakkaumad Oneek
chanmber 10 froma central transfer chanber 20 100 of the wafer .
processitf ssRsegkte The 8 FaligdnuitBerspeaggetiowatersyothp; motexs &8 is

handl i ' | ; i InGK
andliing, £ ed thf%éeeﬂ?gﬁigggggytgﬂﬁ?nﬁmﬁngﬁé.O-rlnébfgglphq S+

drop of f a wafer in the wa mai nt al n I'n the 1Toad

| ock 10.against the Adiied duigakedgE EhHei dilddimegdldddaeann. t hE tippde charber
12 25 and the_ | ower chanmber 14, and extends a distance inwardly fromthe
i nrier weshampex hd0| dad theciclrpedirasition ol Feek 98| Baynbendntroduags er

cassett e:i.rlltooa q:ihneg/s%?)l_—%?igimg%rpggi 3682{] tRe m?ahfoe% ii'% ﬁggfgg 1“I‘he sub-~-chamber
30 may then be raised to the open position and the environment
- within the first chamber purged, via purge valve 52, to atmospheric
pressure. The loading door 16 may then be opened to remove the

10 wafer cassette from the load lock.

An alternative preferred embodiment of the invention is shown
in FIGURE 4. The load lock according to this embodiment is similar
to the load lock shown in FIGURES 1-3, wherein like reference
numerals indicate like components, except that no sub-chamber is

15 provided for pre-processing and post-processing operations.
Consequently, the volume of the first chamber 12 may be smaller
than that of the load lock of FIGURES 1-3, which is required to
accommodate the sub-chamber therein. .

FIGURES 5-7 show a modular load lock assembly 10' according to

20 another embodiment of the present invention. The modular load lock
assembly 10' includes a first chamber segment 10a for housing a
substantially horizontal pedestal 22 upon which a wafer cassette is
carried, and a second chamber segment 10b positioned above the
first chamber segment 10a. A dividing ledge 20! is positioned

25 between the first and second chamber segments and extends inwardly
from the inner wall of the modular load lock assembly. The first

chamber segment 1l0a, dividing ledge 20*' and second chamber segment



the | ower chanber 14 is separated fromthe upper chanber 12 by a waf er

transport pedestal 22. An Oring seal 24, which is preferably
located on an upper surface of the pedestal 22 along the peri phery

t hereof, engages a | ower surface of the dividing | edge 20 5 to provide an
air-tight seal between the first chanber 12 and second chanber 14,
when the apparatus is in the | oading position. The pedestal 22 is
connected to the upper end of a drive shaft 26, which extends
downwardly therefromthrough a seal ed opening in the floor of the

| oner chanber 14. A bellows assenbly 2318y be 10 used to seal the
opening in the chanber fl oor. Al t hough the bel | ows assenbly shown in
FIGURE 1 is external to the |oad | ock chanmber 10, it is also

cont enpl aokdare hawevabky bebrimevet b texjether by a plurality of fasteners 60
located about the periphery thereof. Each fastener may preferably
include a threaded bolt 62 and a corresponding nut 64. The first
chamber segment 1l0a, dividing ledge 20' and pedestal 22 define the

5 seéond or lower load lock chamber 14. | '

According to one preferred configuration of the modular load
lock assembly, as shown in FIGURES 5 & 6, a third chamber segment
10c is positioned above the second chamber segment 10b, and is
removably connected thereto by a plurality of fasteners 60, wherein

-10 each fastener preferably includes a bolt 62 and nut 64. A movable
sub-chamber 30, having an opening corresponding with the opening in
the third chamber segment, may be located within the third chamber
segment 10c, for performing pre-process and post-process
operations. The dividing ledge, pedestal and second and third

15 chamber segments combine to define the first or upper load lock
chamber 12.

According to an alternative configuration of the modular load
lock assembly, as shown in FIGURE 7, a plate 66 is positioned over
the upper opening of the second chamber segment 10b, and is

20 removably connected thereto by a plurality of fasteners 60, wherein
each fastener preferably includes a bolt 62 and nut 64. The first
or upper load lock chamber 12 in this configuration is defined by
the plate 66, second chamber segment 10b, dividing ledge 20' and
pedestal 22. The volume of the first chamber 12 in this

25 configuration is smaller than the volume of the first chamber in

the configuration shown in FIGURES 5 & 6 because the chamber need



| ocated within the chanber 10. The pedestal 22 may be rai sed or-

lowered by actuation of an external drive nechanism %
types of external drive systens are used: servo-notor JJ’T’M asBeenS&gﬁ@gTB

and pneumatic drive systens. As shown in FIGURE 1, the ”

preferred drive nechanismis a servo-type notor 28 whi ﬂ

i ncremental adj ustment and positioning of the pedestal t he
chanber. The drive notor 28 is preferably a standard 20 C, DC or step
servo- not or. Al ternatively, magnetic or el ect romagnet ic notors
may be used dependi ng upon the system -19-requi renents. The
drive nmotor 28 surrounds the drive shaft 26, and upon actuati on,

rotates about a | ead screw portlog 27 of the drive shaft 25 26. The
drive. rmtIH?t 28@9‘“&‘8?7&@&&1 gyPsCcPArRgHe £ i RES THERRfPS 9and postrpzocess

t hr eads faded drive flange 29 engage threads of the | ead
screw 27 rﬁ)rtlon of the drive shaft 26. As the notor 28 is

Other than the modularity of components, the modular load lock

shown in FIGURES 5-7 includes the same or similar components as the

5 load lock shown in FIGURES 1-4. The environment of the second
chamber 14 is preferably in selective communication with an
adjacent high wvacuum transfer chamber 100 and is maintained as a
high vacuum system, while the environment of the first chamber 12
is in selective communication with the outside environment at

10 substantially atmospheric pressure. The first chamber 12 way
include means for adjusting the environment therein between
substantially atmospheric pressure and high vacuum as described
above.

The present invention, therefore, is well adapted to carry out

15 the objects and attain the ends and advantages mentioned as well as
others inherent therein. While presently preferred embodiments of
the invention are given for the purpose of disclosure, numerous
changes in the details will readily suggest themselves to those
skilled in the art and which are encompassed within the spirit of

20 the invention and the scope of the appended claims.

Additionally, as shown in FIGURE 8 the load lock 10 may be
configured such that the first chamber 812 is accessed to
atmosphere 816 through a sealable door 818 for cassette access, and
also valved via a slit valve 820 to the adjacent processing system

25 822. In this configuration the second chamber 814, which is
selectively, and sealingly, isolatable from the first chamber 816

via a plate 824 sealable to a flange 826 between the first chamber

THIS SHEET HAS BEEN
REPLACED




activated, the notor and threaded drive flange 29 rotate about the

shaft. The shaft remains fixed in theta, i.e., against rotation, and
"as the drive mechanismrotates, the drive shaft noves vertically al ong
its longitudinal axis due to the threaded 5 connection between the |ead
screw 27 and drive flange 29. . The shaft may be fixed agai nst
rotation by a variety of nechani sns. For exanple, a |ongitudina
groove may be formed in the shaft with a projection froma surroundi ng
fixed surface extending into the groove to prevent rotation of the
shaft. Rotation of the drive 10 notor,28 in one direction, for exanple
cl ockwi se, results in vertical noVenent in one direction of the
drive shaft, i.e. upward, while rotation of the drive notor in the

opposi t e8H2 rard j grpcond chamber &t aravided sevorusal veich peevrides space

novenment _of t drive shaft in the site r. do d,.directiqn
15" e e8 endind WOVE of = wafeB FHESERES T i Tack YIEPLG, 1005 oeas
28, and {hrepderbtlrinerdirdige 2 8hBagoBobobTadd. f AdRntabbbake, tRe space
wi t hstand the trenendous downward pressure (2500 PSI +) exerted on

t he pedepravidkdnbyhshei seiconidambambex |&ldatistns Erpdsedrs satrosphere,
and _ the aegﬁn To, neet
S,

d chanbe{:’D is at h'gh vacua€1 the 20 e

r eqdi r enf PRe"EPFvE° Pﬁrpﬁgpﬁg»b p@Fﬂ@ﬁp Ff 2FRr g rRedftte is

hol di ng §QR4uE, iAS tHd il whi e PeBlLl B52ih FdRicdd PurPEBRh time for
di anmeter, and the |ead screw threads are finely pitched:

the load lock chamber 10.

To selectively seal the second chamber 814 from the first

chamber 812, the plate 824 is positioned within the second chamber

10 814, and extends radially outwardly over the flange 826.

Additionally, the plate 824 is rigidly connected to stage 828 (on

which the wafer cassette is positioned), via a plurality of risers

830 which are affixed to the stage 828 about its periphery to

provide clearance to place a cassette on the stage 828. Stage 828

15 is moveable within first chamber 812 to index different wafer

support positions in the cassette in alignment with a robot blade

832.



A bel | -housi ng sub-chanber 30 nay be | ocated in the upper chanber 12,

~novabl e between a first, retracted, position as shown 25 in FIGJURE 1, and
second, engaged, position as shown in Fl GURES 2 and 3. An Oring seal
32 surrounds a | ower edge of the sub-chanber 30 such that the
sub-chanber 30 will be seal ed agai nst the upper

- 13- surface of the dividing | edge 20 when the sub-chanber 30 is in
t he engaged position. The sub-chanber 30 nmay be noved between the

engaged position and the retracted position by an electrical or
pneumatic drive nmechanism As shown in thg_presently preferred 5
enbodi nent, a drive shaft 34 has a first end connected to the sub-

chanber 30 and a second end connected to a piston 36, which is novabl y
| ocated in a pneumatic drive cylinder 38atmhich is connected to a
pneumatic source which drives the piston 36. The sub-chanmber 30 is

used to pkovi R koadcdagkenapprsatuft footrangéerring an article between a

first environment at substantial atmospheric pressure and a vacuum
processing system comprising:

a first chamber havimng an environment adjustable between
substantially atmospheric pressure and vacuum and in selective
communication with said first environment; -

a second chamber maintained in high vacuum and in selective
communication with said first chamber; ' .

one of said first chamber and said second chamber in selective
communication with said processing system;

a cover for selectively separating said first chamber

environment from said second chamber environment.

2. The apparatus for transferring an article according to claim
1, wherein said coVer comprises:

a movable pedestal upon which said article is carried;

a dividing ledge located between said first chamber and said
second chamber and extending a distance inwardly from an inner wall
of said apparatus; and

a sealing element for means for sealing said movable pédestal
against said dividing ledge when said first chamber is at a

pressure substantially exceeding that of the second chamber.

3. The apparatus for transferring an article according to claim

1, wherein said article comprises a wafer cassette carrying one or

more semiconductor wafer substrates.

L



100 wafer cassette when the cassette is in the first chanber 12 and the
first chanber 12 is isolated fromthe second chanber 14. This is

acconpl i shed by extendi ng the sub-chanber 30 body downwardly (in this
enbodi nent) agai nst the pedestal 22, over the cassette. The
wafers Win the wafer cassette 11 nmay be subjected to a 15 pr e- processi ng
or post-processing operation when the sub-chanber 30 Is in the
engaged position and the pedestal 22 is in the | oading position, as
shown in FIGURE 2. A pre-processing operation, such as degas to
renove water vapor on the surface and i r2peres of the wafers is
performed, by heating the region within the sub-chanber, 20 by

el ectrical, optical or infra-red heating nmeans and/or by i nt roduci ng

hot gas int 0 The spparhtmbeforThrapaberhangean 3@rticle accqrding ot yeIaimed

of a materi V|n a _hi, resi sf ance to heat uch as stainless
oteal 8. Burther eltitia s @ S e G CRRRASATE B At digasLe
such as p%éestaw@ar%o%hgogamd {oéaahaagaﬁeéwéﬁea%sf@yoxb%é%éwugsﬂd
into th sub- chanber “30 t hrough val ve 45 and conduit 46

el ectri ca:bver and adeabtingeatlametit nhgodate Beldsefd.zrst cohtherl @md/vl saidhe
hot gas second chamber and a position wherein sald first chamber and said

second chamber are in.fluid communication.

5. The apparatus for transferring an article according to claim
1, further comprising article conditioning means located within
said apparatus for performing pre-processing and post-processing

operations on said article.

6. The apparatus for transferring an article according to claim
5, wherein said article conditioning means comprises a movable sub-
chamber located within said first chamber, said sub-chamber having
an opening at the side facing the selective separating means

between the first chamber and the second chamber.

7. The apparatus for transferring an article according to claim
6, wherein said apparatus is a load lock and said article comprises

a wafer cassette carrying one or more semiconductor wafer

substrates.

R O A



-14- to heat the region within the sub-chanber to a tenperature of
“dbout 350[err] C Once the degas process is conplete, the wafers may
be cool ed by introducing a cool gas, such as argon or nitrogen, into
t he sub-chanber through valve 45 and hose 46. The wafers are 5
preferably cooled to about 70[err]C After pre-processing, wth
t he sub-chanber 30 still in the engaged position and the pedestal 22
is in the | oading position, as shown in FIGURE 2, the sub-chanber may
be evacuated to high vacuum substantially equal to the high vacuum
environment in the lower 10 chamber 1#£3- A vacuum punp 40 is connected
to the sub-chanber via val ve 42 and vacuum line 43. Wth the

sub- chanber 30 seal ed agai nst the upper surface of the dividing | edge,
t he vacuuim purfhe sapparatard ificat dikansgfisdrinchen prédcdecacaprding theclaim
sub-chanmber .is . substantially the sane as the pressure in the | ower

chanber. forvhepgin IR L6GE 1IRPIHASNG DGR FEUPERERSchanber i s

mai ntained at 5 povable pedestal upon which said article is carried;

a dividing ledge located between said first chamber and said
second chamber and extending a distance.inwardly from an inner wall
of said apparatus; and _

means for sealing said movable pedestal against said dividing
ledge when said apparatus is in a loading position.

9. The apparatus for transferring an article according to claim
6, further comprising drive means attached to said sub-chamber for

moving said sub-chamber between an open position and a closed

position.

10. The apparatus for transferring an article according to claim
9, further comprising means for sealing the periphery of said

opening in said sub-chamber against an upper surface of said

dividing ledge.

11. The apparatus of claim 1, wherein a valve provides selective

communication between said first chamber and said vacuum processing

system.

12. The apparatus of claimlll, further including an aperture
between said first chamber and said second chamber, and an aperture

cover selectively sealingly blocking communication of said first

chamber and said second chamber via said aperture.

L



between 10[err] Torr and 10[err] Torr, the sub-chanber nust be evacuated
to a pressure of at least 10[err] Torr prior to | owering the pedestal

~ 22 and breaking the seal between the first and second chanbers. Thus,

t he sub-chanber 30, where used, reduces the volune of the 20 first
chanber 12 which nust be punped down for each cassette | oad

oper ati on. Alternatively, the pre-processing step can be omtted
and the upper chanber 12 evacuated to high vacuum by a vacuum punp 48
connected directly to the upper chanber 12 by a valve 50 and vacuum 25

line 51. The degas step may al so be onit2ted where the sub-chanber

has been placed in the cl osed position, as shown in FIGJRE 2, and t he

2bove. AL riry AVARTE 6 (SR e SRSt ot {6 e oover 1s a
plate located within said second chamber;
said first chamber further includes a moveable stage upon
which the object is positionable; and
said plate is connected to, and pbsitioned within said second

chamber by positioning of, said stage.

14. A mwmodular load lock chamber assémbly for wafer handling
disposed intermediate of an first region at a first pressure and a
vacuum processing environment maintainable at a second, lower,
pressure, comprising:

a first chamber segment for housing a substantially horizontal
pedestal upEn which a wafer cassette is carried, said pedestal
including a drive member for providing vertical linear translation
of the pedestal in said £first chamber, said first chamber in
selective communication with the wvacuum environment;

a second chamber segment having a first opening in
communication with an opening in said first chamber segment and a
second opening in communication with the atmospheric environment;
and

a dividing ledge positioned between said first opening of said
second chamber and said opening in said first chamber, said
dividing ledge extending inwardly from the inner wall of the load
lock chamber assembly to define a ledge along the inner wall of the

load lock assembly between said first and second chamber segments.

Wy



smal | er volune significantly reduces the tine needed to evacuate t he
~Chanber. Prior to opening the | oading door 16, exposing the | oad
| ock 5 10 to the external atnosphere, the first chanber 12 is purged to
at nospheric pressure via purge valve 52. Wile the pressure in the

first chanber 12 is permtted to fluctuate between at nosphere and

hi gh vacuum the second chanber 14 is nmaintained at a high vacuum
typically between 10[err] Torr and 1Q[err] Torr, by a vacuum punp 54 and

10 val ve 56. The nethod of transferring a wafer cassette from
the external cl ean room through the-2bead, | ock and into the transfer
chanber 100 I's sequentially shown in H GURES 1-3. The nethod of

unl oadi ng wafers fromthe sisten1through the load |lock to the |

ext er nal 1515 Thenppavhasntosdcdprski ghambersasgegbslcaccording to glabn 14

| oadi ng %u¥g¥%%h§g§§§§%§n 1 carrying a plurality of wafers Winto the

| oad | oc rm'22 must be raised to seal against the

dividing | edgg RfirBhdBafbe¥esémentXposit fortdd ider and BEOONE &AaGHERL
to atnosphere. The first chanber 12 (and the 20 sub- chanber 30 when u%%d)

i s then por geeimunicauior wakhe H2serond openimgeshtnr saigbsesenidal ¢ambesl
to the external air .pressure, typically atnospheric pressure. Purging
i s acconsPEIRRE i He Pent i ng thé first chamber 12 to atmosphere. The

| oadi ng door %6 11'%65.fnlsh?élninggr meRRIed£0RNdRABIS t €orddedSim 2684 0N hieq
pl atform 22. e

chamber segment to said second chamber segment.

16. The modular load lock chamber assembly according to claim 15,
further comprising a movable sub-chamker located within said third
chamber segment and having an opening corresponding with the

opening in said third chamber segment.

17. A method for transferring an article between a £first
environment at substantially atmospheric pressure and a second
environment at vacuum, through a load lock chamber having
selectively separable first and second chambers wherein said second
load lock chamber is maintained at high vacuum substantially equal
to the high vécuum of said second environment, the method
comprising the steps of:

loading said article from said first atmospheric environment
onto a platform in said first load lock chamber while said first
load lock chamber is at substantially atmospheric pressure and an
opening between said first and second load lock chambers is sealed;

evacuating said first load lock chamber to a pressure

substantially equal to the vacuum in the second load lock chamber;

* c L mos *



25 | oading door is then closed to seal the first chanber 12 fromthe

_outside atnosphere. - 16-
Next, the sub-chanber 30, when used, is |owered such that the Oring
seal 32 seats on the upper surface of the dividing | edge 20 and seal s
the inner region of the sub-chanber. A pre-processing operation, such
as degas, may then be perforned. Once a sufficient 5 anount of tinme has
el apsed to renove water vapor fromthe wafers, -~ a cool gas may be
i ntroduced into the sub-chanber to cool the wafers to a tenperature
of about 70[err]C. The volune within the-2ah- chanber 30 is then
evacuated to a pressure approximately equal to the high vacuumin the

second. chanber Lt ok SXATBLer o UheLe 1090 2e08Rd LYY LRaRLR" 3haed
second chamber and the second environment;
breaking the seal between said first and second load lock
chambers and moving the article carried on the platform from said
first chamber into said secpnd chamber} and

transferring said article from the load lock chambers to said

second vacuum environment.

18. The method of claim 17, wherein the access is between the

first load lock and the vacuum environment. .

19. The method of claim 17, comprising the further steps of:
providing the access between the second chamber and the vacuum
environment at én aperture therebetween;
incrementally moving the article from the first chamber into
the second chamber to incrementally position portions of the

article adjacent to thé aperture.

20. The method for transferring an article according to claim 19,
further comprising the step of conditioning the article subsequent

to or during the step of evacuating said first load lock chamber.

21. The method for transferring an article according to claim 20,

wherein the step of conditioning the article comprises the steps
of:

lowering a sub-chamber to sealingly surround said article; and

heating the area within the sub-chamber to degas the article.

R



Torr and 10[err] Torr, the sub-chanber 30 nust be punped down to
-approxi mately 10[err] Torr prior to breaking the seal between the first

" and second chanbers by |owering the platform 22. Once the
pressure between the sub-chanber 30 and | ower chanber 15 14 is
substantially equalized, the platform 22, carrying the wafer cassette
11, is lowered into the second- chanber 14 by actuating the drive notor
28. The platform22 is lowered to a position where an end effector of
the robot 102 may pass through the slit valve 18 and retrieve a wafer
Wfromthe cassette 11. The position of +dfe 20 pl atform may be further
adj usted vertically to allow the robot to sel ect anot her stacked
wafer fromthe cassette. This process is repeated for all wafers in
t he cassette. Processed wafers are unl oaded fromthe system ie,

re-loadegz, A wethed h€osassebhgferingbshant aativleéhebeewgese ganpetst
| ndi vi dual 25 processed wafers are transferred by the robot 102 fromthe

transf er environsientheat 160bssankdaldyeratvessrhenicl Ipypsewre sapdsia i saedndn
the env It AflNUaS e WS, DSt 1R8 Ge PR AN LOVehy
selectively separable first ,and second chambers wherein said second
load lock chamber is maintained at high vacuum substantially equal
to the high wvacuum of said second environment, the method
comprising the steps of:
transferring said article from said vacuum environment onto a
platform in said second load lock chamber while said first load
lock chamber and said second load lock chamber are at high wvacuum
and an opening between said first and second load lock chambers is
open;
raising said platform to sealingly close the opening between
said first and second load lock chambers;
purging said first load lock chamber to substantially
atmospheric pressure;
opening a loading door in the first load lock chamber to said

atmospheric environment and removing the article from the load lock

assembly.

23. , The method for transferring an article according to claim 22,
further comprising the step of conditioning the article prior to

the step of opening said loading door.

gy



chanbers remai ns open and both chanbers are at high vacuum Once t he
_Cassette 11 is filled with processed wafers, the notor 28 is act uat ed
to raise the platform 22 until the Oring seal 24 seats agai nst the

| ower surface of the dividing | edge 20. Wth the sub- 5 chanber 30 in the
cl osed position, a cool gas may be introduced “into the sub-chanber to
cool the wafers if needed. The sub-chanber - 30 may then be raised to

t he open position and the environnent within the first chanber purged,
via purge valve 52, to atnospheric ressure. The | oadi ng door 16 nmay
then be opened to renove the 10 wafer™@dssette fromthe |oad | ock.

An alternative preferred embodi nent of the invention is shown in

FIGURE 4. The load | ock_according to this enbodinent is simlar
the | oad 3bck BwiethodiQiREsansferfiagepn RrkECIRfRFRARIINT to claday aps

| ndi cate | é&eefr?mggea fcgehd&'ia%na gStenecam%&e' SofiprisBLOLh egte}]}gr
pre-processing an processi ng rations nsequent
vol ume ofofihe first chanber 12 may be snaller
lowering a éub-chamber to sealingly surround said article; and
introducing a cool gas into the: sub-chamber to cool the

article.
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than that .of the |oad | ock of FIGURES 1-3, which is required to

accommodat e t he sub-chanber therein. FI GURES 5-7 show a nodul ar
"load | ock assenbly 10' according to 20 anot her enbodi nent of the present

i nvention. The nodul ar | oad | ock assenbly 10" includes a first
chanmber segnent 10a for housing a substantially horizontal pedestal
22 upon which a wafer cassette is carried, and a second chanber
segnent 10b positioned above the first chanber segnent 10a. A
dividing | edge 20" is positioned 25 between the first and second chanber
segnents and extends inwardly frompgthe inner wall of the nodul ar

| oad | ock assenbly. The first chanber segnent 10a, dividing | edge 20
and second chanber segnent 10b are renovably connected

together by a plurality of fast eners BBEIRACT | gcated about the peri phery
thereof. Eachpfagh@ner dEnger ef{d@blYock is provided for transfer of

semiconductor wafers between an environment at atmospheric pressure
and a high vacuum environment, such as a wafer processing system.
5 The dual stage load lock ingludes a fiist load loék chamber and a
second load lock chamber separated by a dividing ledge which
extends a distance inwardly from the inner wall of the load lock
assembly. The lower load lock chamber selectively communicates
with a transfer chamber of the processing system, and is maintained
10 at bigh vacuum. The upper load lock chamber selectiveiy
communicates with the external environment at atmospheric pressure.
Therefore, the environment of the upper load lock chamber may vary
between atmospheric pressure, when wafers are transferred between
the load lock and the outside environment, and high wvacuum, when
15 the wafers are transferred between the first and second chambers of
the load lock. The load lock may include modular chamber segments
that can be arranged in a variety of configurations. A method for .

transferring wafers through the load lock is also provided.
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I nclude a threaded bolt 62 and a correspondi ng nut 64. The first

chanber segnent 10a, dividing | edge 20' and pedestal 22 define the 5.. ..
second or |lower [oad | ock chanber 14. According to one.
preferred coRih@ivaBeaRepliced he nodul ar | oad | ock assenbly, as shown

In FI GURES 5 S chanber segnent ' 10c is positioned above the
second chaanmgHm&M nﬂl{ and is - . renovably connected thereto by a
plurality of y Wherein 10 each fastener preferably includes
a bolt 62 and nut 64. A novable sub- chanmber 30, having an opening
corresponding with the opening in t third chanber segnent, nmay be
| ocated within the third chanber seg nt 10c, for performng
pre-process and post-process operations. The dividing |edge,
pedestal and second and third 15 chanber segnments conbine to define the
first or upper |oad |ock chanmber 12. According to an
alternative configuration of the nodul ar | oad | ocle assenbl y, as
shown in FIGURE 7, a plate 66 is positigned over t hp upper openi ng of
t he second chanber segnment 10b, and is |20 renmovably colhhected thereto by
a plurality of fasteners 60, wherein each fastenelf| preferably

I ngludes a bolt 62 and nut 64. The firdt or upper ltpad | ock chamnber
12 in this configuration is defined by the plate 66 second chanber
segnent 10b, dividing | edge 20" and pedestal 22. The vol une of
the first chanber 12 in thi%g 25 configuration i$jsmaller than the
volume of the first chanber in .7 JES—
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the configuration shown in FIGURES 5 & 6 because the chanber need

-19- not accommbdate a sub-chanber for pre-process and post-process
oper at i ons. Q her than the nodul arity of conponents, the nodul ar
| oad | ock shown in FI GURES 5-7 inclgﬂps the sane or simlar conponents
as the 5 | oad | ock shown in FI GURES The environnent of the second

chanber 14 is preferably in selective co ion with an adj acent
hi gh vacuum transfer chanbeal ' ed as a M hi gh vacuum
system while the environnme f tﬁg fir chapper 12 s in selective
conmuni cation with the outside enviTenme O substahtially

at nospheri c pressure. The first cha I ngllude neans for
adjusting the environnment therein bet
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substantial ly atnospheric pressure and hi gh vacuum as descri bed

~above. The present invention, therefore, is well -adapted-to—cart+y——

out 15 the objects and attain the ends and advant ages nenti oned as wel |
as others inherent therein. Wile presently preferred enbodi nents of
the invention are given for the purpose of disclosure, nunerous

changes in the details will readily. suggest thenselves to those

skilled in the art and which are enconpassed within the spirit of 20 t he
invention and the scope of the appended cl ai is. Additionally, as
shown in FIGURE 8 the |l oad | ock 10 nmay [3¢7 configured such that the
first chanber 812 is accessed to at nosphere 816 through a seal abl e
door 818 for cassette access, and al so valved via a slit valve 820 to
the adj acent processing system 25 822. In this configuration the second
chanmber 814, which is selectively, and sealingly, isolatable fromthe
first chanber 812 via a plate 824 sealable to a flange 826 between
the first chanber
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-20-
space
each
space

at nosphere, 5
cassette is

time for

812 and second chanber 814, provides a vol une which provides

to enabl e novenent of a wafer cassette on a stage 828 to index
slot therein with the robot bl ade.

waf er

Advant ageousl vy,

t he

provi ded by the second chanber 814 is not exposed to

and t hu§T™need not be punped,
| oaded into the system
t he | oad | ock chanber

second chanber 814 fromthe first

positioned within the second chanber

out war dl
rigidly

posi ti oned),
stage 828 about

812 to i

y over the flange 826. jtionally, the plate 824 is
connected to stg r cassette is
via a plurgdlmt y—e—+=s&r ' re affixed to the
its perjlphefly to provi de clegrange to pl 'a
cassette on the stage 898. H age 828 15 is novedll ef t hi p7fiYst chanber
ndex different fer support positiong ip|lthg/cassette in
al i gnmengyomM th a robot Pl adg 832. -
‘\~ ' . ’/_.\/ \Dc
~—l
[
3N
\N COO
% %{\/
: ﬂ /// ;
1 106
\(9 /\ -
24
1 //@O
O :
- ) I S—
= ST
- ’8
—1 7
20 1
iy / I~ 104,
N
This Sheet Has Been Repl F I"G wg < 5

10

10.

4y9ich resu
chanber 812,
814, and

T

to atnosphere each tine a
ts in reduced punp down

To selectively sea
the plate 824 is

ext ends

radially

THIS SHEET HAS BEEN
REPLACED

-



-21- CLAIMS 1. A load | ock apparatus for
‘transferring an article between a first environnent at substanti al

at nospheri c pressure and a vacuum processi ng system conpri sing: a
first chanmber having an enyironnment adjustable between substantially

at nospheric pressure and vacuum and in s%lgctive comuni cation with said
first environnent; a second chanber éaintained in high vacuum and in
sel ective communication with said first chanber; one of said first
chanber and said second chanber in selective comunication with said
processi ng system j ' [

chanber environment ¥roéfnsai d second chanber environmeni} - 2. The
apparatus for transferr ig an article according to claif 1, wherein said
cover conpri ses: alfovabl e pedestal upon which saib i 2l YIS
carried, a dividing|l edge | ocated between said firff chanber and said

second chanber and exte
appar at us; and,?”

ding a distance inwardly fron1a] Lﬂner,W@DL of said -
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a.sealing elenent for nmeans for sealing said novabl e pedestal against said
dividing | edge when said first chanber is at a pressure substantially
exceedi ng that of the second chanber. 3. The apparatus for transferring
an article according to claim1, wherein said articlg gonprises a wafer
rcassette carrying one or{n@re senmi conduct or waf er subst+at es.

-22- 4. The apparatus for~transferrirf7an article acdording to claim 2,
further conprising a drive nenber connectable to said novabl e pedestal for
novi Ay sai d pedestal between a position whereby said cover and sealing
el ement isolate said first chanmber and said second chanber and a position

wherein said first chanber and said second chanber are in fluid
conmuni cati on. :
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5. The apparatus for transferring an article according to claim 1,

further conprising article conditioning neans | ocated within said
apparatus for perform ng pre-processing and post-processing operations on
said article. 6. The apparatus for transferring an article according to
claim 5, wherein said article conditioning neans conprises a novabl e sub-
chanber |ocated within said first ¢hanber, said sub-chanber having an
opening at the side facing the selective separating neans between the
first chanber and the second chanber. 7. The apparatus for transferring
an article according to claim 6, mheﬂ%?n said apparatus is a load | ock and
said article conprises a wafer cassette carrying one or nore sem conductor

waf er substrates.
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- 23- 8. The apparatus for transferring an article ac CRKPUNGFNENEIQHEﬁTG
“wherein said selective separating means conprises: a prev-able—pedest al

upon whi ch said article is carried; a dividing |l ed e Iggatedpbﬁbmeﬂn
said first chanmber and said second chanber and extendin stahce

i nwardly froman inner wall of said apparatus; and As—fFor—seat
sai d novabl e pedestal against said dividing | edge when gaid apparatus is
a | oadi ng position. 9. The apparatus for transferrin r-artitte
according to claim 6, further conprising drive neans attached to said
sub-chanber for noving said sub-chanber between an open position and a

cl osed position. 10. The apparatus for transferring an article according
to cl ajeH YACUUMNBUAL STAGE LOADTEGCK AND MEEHODFOR EORBINGhAND of said

L.Q)

UNLOAIHNG'W%JERSIHHNGAAEHGHTVACUUNIIHLMLST%KHELOAI)LOCK.Y

ABSTRACT

A dual stage load 1lock is provided for transfer of
semiconductor wafers between an environment at atmospheric pressure'
and a high vacuum environment, such as a wafer processing system.
The dual stage load lock ingludes a first load lock chamber and a
second load lock chamber separated by a dividing ledge which
extends a distance inwardly from the inner wall of the load lock
assembly. The lower load lock chamber selectively communicates
with a transfer chamber of the processing system, and is maintained
at high vacuum. The upper load lock chamber selectiveiy
communicates with the external environment at atmospheric pressure.
Therefore, the environment of the upper load lock chamber may vary
between atmospheric pressure, when wafers are transferred between
the load lock and the oﬁtside environment, and high wvacuum, when
the wafers are transferred between the first and second chambers of
the load lock. The load lock may include modular chamber segments
that can be arranged in a variety of configurations. A method for .

transferring wafers through the load lock is also provided.

Figure 1



openi ng in said sub-chanber agai nst an upper surface-of sgi-g—ei-wi-di-hg

1 edge. 11. The apparatus of claim 1, wherein a valve prOVRﬂEEAGEMENWiSHEET

comuni cati on between said first chanber and said vacuum gr
~12. The apparatus of claim 11, further including an apertyr 2
first chanber and said second chanber,. and an aperture cqver

seal i ngly bl ocki ng comruni cation of sard first chanber ard
chanber via said aperture. - 24-
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13" The apparatus of claim 12, wherein said aperture cover[is & - nrate -
located within said second chanber; said first chanb r@ﬂ%ﬁ@ﬂﬁw SHEET
i ncl udes a noveabl e stage upon which the object is positionFDIe; and

said plate is connected to, and positioned within said sedond pHaFEg 1997
positioning of, said stage. 14. A nodul ar | oad | ock chanpel assenbly for
waf er handl i ng di sposed i nt er medi at e.n®-an first region atj a rirst pressure
and a vacuum processing environnent maintainable at a sedond, | ower,

pressure, conprising: a first chamber segment for housing a
substantial ly horizontal pedestal upon which a wafer cassette is carried,
sai d pedestal " including a drive nmenmbér for

providing vertical |inear
hanmbenl,| said fffi rst chanber in-

translation of the pedestal in said first . .
i r onmenty; a secand chanber

sel ective comuni cation with the vacuum env
segnent having a first opening in conmunicgfi wi|tth an opening in said
first chanber segnent and a second openi ng |ﬂ”288;nnicati(n wth the

at nospheri c environnment; and a dividing |ed posi tijpned between. said
first opening of said second chanber and sdild operjiing in gaid first
chanber, said :
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divfding | edge extending inwardly fromthe inner wall of

chanber assenbly to define a | edge along the inner wall of Agpt ACPRENY OSkerT '

assenbly between said first and second chanber segnents.

- 25- 15. The nodul ar | oad | ock chanber assenbly accordi
further corprising: a third chanber segnent positione
an opening in comunication with a secpdd opening in said
segnent; and a positioning nenber for renovably conne
chanber segnent to said second chanber segnent. 16. The

e load | ock

Q2

Jg}tv%r Efbks
S ‘

cting said third
-~ L ST A IWAE-Va B WaYal &

chanber assenbly according to claim15, further conprising a novable

sub-chanber | ocated within said third chanber segnent and

havi ng an openi ng

corresponding with the opening in said third chanber segnent. .
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17. "A nmethod for transferring an article between a first enuirgonnment at _
substantially atnospheric pressure and a second enV|ronnEhtREpLRc MENT SH ET
chanmbers wherein said second |oad |ock chanber is nalnta|1e

vacuum substantially equal to the high vacuum of said secopd]|e

first atnospheric environment onto a platformin said firsj |oad | ock

chanber while said first |oad | ock chanber is at substanti bdyat-spspheric

through a load | ock chanber having selectively separable f -
t. h
4 eERnes
t he nmet.hod conprising the steps of: -4-]oading said arti¢
pressure and an opening between said first and second | oad | ock chanbers is

seal ed; evacuating said first IfoacdrTork chanber to a pressure
substantially equal to the—~vacuumin the spcand load | ack chanber;
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provi di ng access between at |east one of the first chanber "SECO
‘chanber and the second environnent; breaki ng the seal He EMENT SHEET
first and second | oad | ock chanbers and noving the articl ¢ darrred—omthe
platformfromsaid first chanber into said second chanber; d24 FER 1398

transferring said article fromthe |load | ock chanbers to sai d second vacuun
envi ronnent . 18.. The net hod of cIainﬁl?, wherein the accg¢ss IS between
the first load | ock and the vacuum environment. 19. The thod of claim

17, conprising the further steps of: provi di ng the access
second chanber and the vacuum environnent at an aperture therebetween;
increnmentally noving the article fromthe first chanber into the second
chanber to increnentally position portions of the article adjacent to the.
aperture. 20. The nethod for transferring an article according to claim
19, further conprising the step of conditioning the article subsequent. to
or during the step of revasdatihg—sa-d—Fi+st—-oad—-+toeky chanber.
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21" The nethod for transferring an article according to g
‘the step of conditioning the article conprises the steps
a sub-chanber to sealingly surround said article; and

wi thin the sub-chanber to degas the article.

-27- 22. A nethod for transferring an article between
envi ronment at substantially atnDsphELEC_pressure and a S
at high vacuum through a |oad | ock chanber having sel ect

| a2 I .
OREPLACEMENToSHEEh(

first, and second chanbers wherein said second | oad | ock

ed

i2h FE--B 1998

a.

ec

ively separabl e
LIRS)

mai nt ai ned at hi gh vacuum substantially equal to the high vacuum of said

second environnent, the nmethod conprising the steps of:
said article fromsaid vacuum environnment onto a

transferring
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platformin said second | oad | ock chanber while said firs
chanber and said second | oad | ock chanber are at hi gh vac
between said first and second | oad | ock chanbers is open;
platformto sealingly close the opening between said first
| ock chambers; purging said first_load | ock chanber t
at nospheri c pressure; openi ng a;LZading door in the f

Hun

AEFLA

o)

O
irst

chanber to said atnospheric environment and renoving the apti.gc

| oad | ock assenbly. 23. The nethod for transferring an aft[c[e accofdlng

gt@ffﬂ snsqg
o oEER IR o

| oad | ock

to claim?22, further conprising the step of conditioning.the article prior

to the step of opening said | oadi ng door.

- 28- 24. The nmethod for transferring an article according to claim 23, -
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wherein the step of conditioning the article conprises theg Q*@ﬁtéﬂéﬁfsaesr

| owering a sub-chanber to sealingly surround said article;

i ntroducing a cool gas into the sub-chanber to cool the Jarfticle.
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not accommodate a sub-chamber for pre-process and post-process
operations.

Other than the modularity of components, the modular load lock
shown in FIGﬁRES 5-7 includes the same or similar components as the
load lock shown in FIGURES 1-4. The environment of the second
chamber 14 is preferably in selective c¢ommunication with an
adjacent high vacuum transfer chamber 100 and is maintained as a
high vacuum system, while the environment of the first chamber 12
is in selective communicatioh with the outside environment at
substantially atmospheric pressure. The first chamber 12 may
include means for adjusting the environment thérein between
substantially atmospheric pressure and high vacuum as described
above.

The present invention, therefore, is well adapted to carry out
the objects and attain the ends and advantages mentioned as well as
others inherent therein. While presently preferred embodiments of
the invention are given for the purpose of disclosure, numerous
changes in the details will readily suggest themselves to those
skilled in the'aré and which are encompéssed within the spirit of
the invention and the scope of the appended claims.

Additionally, as shown in FIGURE 8 the load lock 10 may be
configured such that the first chamber 812 is accesséd to
atmosphere 816 through a sealable door 818 for cassette access, and
also valved via a slit valve 820 to the adjacenﬁ pfocessing systeﬁ
822. In this configuration the second chamber 814, which is
selectively, and sealingly, isolatable from the first chamber 812

via a plate 824 sealable to a flange 826 between the first chamber




