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process. These systems generally include other chambers for handling and transporting
wafers between modules operating at atmospheric pressure and vacuum to ensure a clean
process environment and improve throughput by eliminating the need to vent the
processing chamber during wafer transfer steps. During the processing of a
20  semiconductor substrate, the substrate is transported into and out of a load lock, which is a
chamber that cycles between vacuum and atmospheric pressure. When the substrate is
placed in the load lock from an atmospheric transfer module (ATM), the load lock will be
at atmospheric pressure. The air in the load lock is then pumped out to provide a vacuum
in the load lock chamber. The substrate is then transported to the processing chamber via

25 a vacuum transfer module by a robotic arm. The processing operation (e.g., etching,

oxidation, chemical vapor deposition, etc.) is then performed in the processing chamber.

After the substrate has been processed, the robotic arm in the vacuum transfer
module moves the substrate back to the load lock, which is in a vacuum condition from
the transfer discussed above. Once the substrate is placed in the load lock, the pressure in

30 the load lock is brought back to atmospheric pressure by venting in a gas such as nitrogen
(N2). When atmospheric pressure has been achieved, the processed substrate is

transported to a substrate cassette for other processing steps, if necessary. In
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20 of arate. The water is eventually boiled off as vacuum is pulled, however, the particle is
left on the surface of the substrate as a contaminate which may eventually lead to device
failure. The contaminated substrate can negatively impact semiconductor yields.

Figure 1 is a schematic diagram of a load lock. Load lock 100 includes access

ports 102, bottom vacuum port 104, and bottom vent port 106. Within load lock 100, is

25  wafer support 110 having pads 112 on which a semiconductor substrate 108 rests on when
inside the load lock. Of course, pads 112 can be pins. It will be appreciated by one skilled
in the art, that load lock 100 transitions between differing pressure states. For example, if
wafer 108 has been processed, then the wafer 108 is typically introduced into load lock
100 under a vacuum state. The vacuum state is then broken through the introduction of

30  gas through bottom vent port 106. Once the pressure in load lock 100 is brought to an
atmospheric pressure, the wafer is then transferred out of load lock 100 to an atmosphere

transport module. If wafer 108 is unprocessed, then the wafer is introduced into load lock



at nospheric pressure, the wafer is then transferred out of load | ock 100 to
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deposit on a substrate within the load lock thereby leading to lower yields.

One attempt to solve the problem of the condensation falling on top of the surface
of wafer 108, is to restrict the rate at which a vacuum is pulled within Joad lock 100. That

20  is, a vacuum is pulled in two steps, with the first step at a slower rate, so as not to cross a

dew point to avoid creating condensation. However, restricting the vacuum rate also
restricts the throughput of the system.

In view of the foregoing, there is a need to improve the cycling rate of the load
lock between pressure states to allow for a higher throughput without exposing a substrate

25  to contaminants.

SUMMARY OF THE INVENTION

Broadly speaking, the present invention fills these needs by providing a chamber
capable of rapidly cycling between differing pressure states without exposing a wafer
30  inside the chamber to contaminates. The present invention also provides a method for

conditioning an environment above the wafer inside the chamber.



capable of rapidly cycling between differing pressure states w thout
exposing a wafer 30 inside the chanber to contam nates. The present
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the semiconductor substrate during the transition to a vacuum.
In accordance with another aspect of the present invention, a chamber for
20  transitioning a semiconductor substrate between modules operating at different pressures
is provided. The chamber includes a base defining an outlet. The outlet permits removal
of an atmosphere within the chamber to create a vacuum. A substrate support for
supporting a semiconductor substrate within the chamber is included. A chamber top
having an inlet is included. The inlet is configured to allow for the introduction of a gas
25  into the chamber to displace moisture in a region defined above the substrate support.
Sidewalls extending from the base to the chamber top are included. The sidewalls include
access ports for entry and exit of a semiconductor substrate from the chamber.
In accordance with yet another aspect of the present invention, a system for
processing a semiconductor substrate is provided. The system includes a first transfer
30  module configured to operate at a first pressure and a second transfer module configured

to operate at a second pressure. A pressure varying interface in communication with the

first and the second transfer modules is included. The pressure varying interface is
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i nvent? onmanufacturing operations.

Figure 2 is a schematic overview diagram of an exemplary semiconductor
processing system with wafer handling automation including a load lock having a top vent
port in accordance with one embodiment of the invention.

Figure 3 is a simplified schematic diagram of a load lock with a top vent port and a

20  bottom vacuum port in accordance with one embodiment of the invention.

Figure 4 is a graph that compares a two stage pump down where the first stage is
restricted against an unrestricted vacuum pull down rate.

Figure 5 is a schematic diagram of a load lock having a top vent port in
communication with a diffuser in accordance with one embodiment of the invention.

25 Figure 6 is a schematic diagram of a load lock having a top vent port and a bottom
vacuum port with multiple wafers inside the load lock in accordance with one embodiment
of the invention.

Figure 7 is a flow chart diagram illustrating the method operations performed in
conditioning an environment above a region of the semiconductor substrate within a

30  pressure-varying interface.



25 Figure 6 is a schematic diagramof a |oad |ock having a top vent port
and a bottom vacuumport with multiple wafers inside the load |ock in
accor danceomstchsqame enbodi ment of the invention. Figure PdmusnRimsw chart
diagramillustrating the nethod operations perforned in conditioning an
envi ronnment above a region of the sem cgnductor substrate within a 30
pressure-varying interface. WO 03/014411 PCT/ US02/ 24287 -6 Figure 8 is a
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the chanbgfy, i.e., substantially free from moisture. As used herein, the terms wafer and substrate

are used interchangeably. The vacuum pull down rate is no longer restricted since the
condensation of moisture above the substrate is no longer a concern. That is, the gas
purge forces any moisture to a region in the chamber that is below the substrate, and

20  downstream of the evacuation flow relative to the substrate, thereby removing any concern
associated with crossing the dew point. In addition, the substrate is positioned close to the
vent port inlet defined in the top of the chamber to reduce the area between the top of the
chamber and the substrate. Thus, the gas purge more effectively conditions the region
above the substrate since the volume defined above the substrate and below the chamber

25  top is minimized.

Figure 2 is a schematic overview diagram of an exemplary semiconductor
processing system with wafer handling automation including a load lock having a top vent
port in accordance with one embodiment of the invention. To streamline wafer
processing, one or more unprocessed wafers 122 are placed in a wafer cassette 124, which

30 isthen placed in a load port 126. A robotic arm 130 in an atmospheric transfer module
(ATM) 128 picks up a wafer 122 from the cassette 124. Both load port 126 and ATM 128

are at atmospheric pressure. The robotic arm 130 transfers unprocessed wafer 122 from
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t her eby csageemgs.altishgiidbemppstiated that throughput is optimized here as processing
chamber 142 does not sit idle waiting for wafers. One skilled in the art will appreciate that

20  the equalization of the load lock pressure to atmosphere is precisely controlled. That is,
the sudden pressure adjustment may result in mixing, thereby causing a higher moisture
content over the wafer. The precise control of the equalization of the load lock pressure is
achieved through the venting process and avoids the turbulence inside the chamber so that
particles are not kicked up.

25 Still referring to Figure 2, vent port 138 is located on the top of load lock 132 in
order to create an environment that is substantially moisture-free above and upstream of
the substrate support 134. Additionally, by locating top vent port 138 on the top surface of
load lock 132, air entering load lock 132 is prevented from occupying a region defined
above substrate 134 and below top vent port 138, as will be explained in more detail

30  below. While the embodiments discussed herein refer to transitioning the pressure within

load lock 132 between a vacuum and atmospheric pressure, it should be appreciated that
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vent port 138 creates a.region 148 substantially free of noisture. Region
148 is defined Aﬁévﬁt}ee%tﬁgwaﬁéklreﬁ@eaﬁ#aagm Y%P%_lgﬁé%teféékg@@z‘} In one
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o of
di spersing a t romthe vent port throughout region 148 as vm?l be
shown i n hexddodet3 |In one embodiment, vent port 138 is in communication with a diffuser for

dispersing a fluid from the vent port throughout region 148 as will be shown in more detail
20  with reference to Figures 5 and 6. The flow of gas through vent port 138 purges away
moisture entering load lock 132 when access ports 146 are open during wafer transport.
That is, any moisture laden air entrained with the activity from the movement of a wafer
into and out of load lock 132 is forced below wafer 122 as indicated by arrows 147. In
one embodiment the fluid vented into load lock 132 through vent port 138 is an inert non-
25  toxic gas such as nitrogen, argon, helium, etc. Additionally, the flow of gas from vent port
138 forces any existing moisture from region 148 defined above wafer 122 to a region
below wafer 122. Thus, existing internal moisture is removed from region 148 while
external moisture is prevented from permeating region 148 of load lock 132.
Still referring to Figure 3, once wafer 122 has been placed into load lock 132 from
30  an atmospheric transfer module, the robot arm carrying the wafer is removed and access
port 146, through which the wafer is introduced into the load lock, is closed. As

mentioned above, the flow of gas through vent port 138 may continue for a brief time
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20 lock.

Figure 4 is a graph that compares a two stage pump down where the first stage is
restricted against an unrestricted vacuum pull down rate. The restricted vacuum pull down
rate is represented by lines 152 and 154. During a first stage of the restricted vacuum pull
down rate, represented by line 152, care is taken so as to not cross the dew point. Once

25 point 156 1s reached, the vacuum pull down rate may be increased, as shown by the initial
slope of line 154, since the dew point is avoided by the two stage process. Therefore, a
condensation cloud will not form, but throughput suffers with this two stage process.
Additionally, the slow pump for the first stage reduces turbulence that can stir up any
particles as lower pressure atmospheres are less able to move particles. Therefore, a one

30  stage process is configured to pump the load lock without stirring up particulate matter.

On the other hand, line 158 represents an unrestricted vacuum pull down rate. For

example, where moisture has been precluded or substantially removed from a region
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Here, top vent port 138 connects to diffuser 160. Diffuser 160 directs the gas flow

20 uniformly over a region defined above wafer 122 and below the diffuser, such as region
148 of Figure 3. Thus, a sweeping fluid flow is created over wafer 122, thereby
conditioning the environment above the wafer. That is, the inert gas flow from diffuser
160 displaces any moisture above wafer 122 and in effect provides an inert gas
environment above the wafer. Diffuser 160 is shown as having a diameter slightly larger

25 than wafer 122, however, it should be appreciated that the diameter of the diffuser can be
smaller than the diameter of the wafer. Furthermore, the diffuser and be any shape
suitable for creating a substantially moisture free environment above the wafer.
Additionally, if any one of access ports 146 are opened, moisture-containing air that enters
load lock 132 is directed below wafer 122. The inert gas purge from vent port 138

30 prevents external moisture from entering the region defined above wafer 122 and below
diffuser 160 in a similar manner as discussed with respect to Figure 3. Hence, the vacuum

pull down rate can be increased. While vacuum port outlet 136 is shown substantially



chanber of a pressure varying interface, such as a load |lock, translates to
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between a top surface of wafer 1
the art will appreciate that while load lock 132 is being pumped out, vent port 138 is shut

so that a vacuum can be pulled inside the load lock. It should be appreciated that any

20  suitable valve 139 can be used to close access to vent port 138 to allow for a vacuum to be
pulled inside load lock 132. Additionally, diffuser 160 can be any diffuser compatible
with semiconductor operations, such as diffusers incorporating powdered metals, sintered
nickel, expanded polytetrafluoroethylene (PTFE) membrane laminated to fabric and
baffles, etc. It will be apparent to one skilled in the art that access ports 146 do not open at

25  the same time as load lock 132 is a pressure varying interface between chambers at
different pressures.

Figure 6 is a schematic diagram of a load lock having a top vent port and a bottom
vacuum port with multiple wafers inside the load lock in accordance with one embodiment
of the invention. Here, multiple wafers 122 and 123 are transitioning into and out of the

30  load lock as depicted by arrows 166. One skilled in the art will appreciate that a processed
wafer 123 may be introduced from a vacuum transfer module to load lock 132 while an

unprocessed wafer 122 is inside load lock 132. Thus, the robotic arm depositing



bottom surface of diffuser 160 is between about 3 mllineters (nm and
about 3 centineters (cn) in one enbodinent. In a preferred enbodi nent,
di st ance W@losig4daet ween about 5 mmand 2 cm and nore prefraTaisog/ 2483t ance
161 is about 1 cm As nentioned above, vacuum punp 162 can start as soon
as access ports 146 are shut or a shoriptinme 15 period thereafter. In one
enbodi nent, vacuum punp 162 starts between about 0 and about 2 seconds
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t he sur f abeftom of load lock 132, the particles can become entrained in the flow from the bottom
vent and deposit onto the surface of any wafer present in load lock 132. However, by
20  locating vent port 138 on top of load lock 132, particles on the bottom surface remain
there.
Still referring to Figure 6, the diameter of vent port 138 is about 100 mm in one
embodiment. In one embodiment, where load lock 132 has a seven liter capacity, the flow
rate of the clean dry gas, such as nitrogen, provided to the load lock through vent port 138
25  is between about 10 standard liters per minute (SLM) and about 100 SLM. The flow rate
range for a seven liter chamber is preferably between about 40 SLM and about 60 SLM
with a preferred flow rate of 50 SLM. While the flow rates are provided for a seven liter
chamber it should be appreciated that the flow rate ranges can be scaled accordingly for
larger or smaller chambers. One skilled in the art will appreciate that the embodiments
30  discussed herein are temperature independent. In another embodiment, a vacuum state is

achieved inside of load lock 132 in less than 10 seconds, preferably less than 6 seconds,

from the initiation of the vacuum pull-down cycle. Of course, the vacuum pull down



of wafer 122 in a sweeping notion. On the other hand, when processed wafer
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where | oad | ack ha]ez hlgs a_seven lit.ergc%ﬁacité tthe flow ratte ofht.he cl ean
dry gas, SUERZKs T HIGRSSSURF SUYBediPHacHS 2 S PEER T AVeh ghatoskhesisy ¢ 138
25 is bet yresuraddidh tHelsentiedtdatdr bibs@h® iPBdinFrankf@rddTedth aa NATMbawbnd 00 SLM
The flowrate range for a seven liter chanber is preferably between about

40 SLM angmipéigrenshepressugg varyiagprtetfagerie g 19addock. atle methed tgmNpovsaitv e t he
flowrate pp&afiod @P)’ WHEE A&k f%c?r}{%r}géi'o% %fine%h%gpeefhe's%m?&%ﬁh&opﬁlbgtpﬁé gci at ed
that the fPOW rate ranges can be scated accordingly Tor arger or smnal |l er
chamber s. displcski Forestample, helean dryvgdsfloapipraphattep vedtpoitheillediisiertent s 30

di scussed herei r} are tenperature independent. |In another enbaodinent, a
vacuum st Fests Irom Hiegggigniahayede ssmicaadicfes sRbsirse asfliscussediwidhreiasensédonds,

preferab'r-%u? S3,%5hAR .&seﬁ@ﬂ?jcamd Besmh&g ik Bhy st : !

pul | - down %: ctﬁe.’%@ ggur se, t g \a}acuum ﬁl}sag%\%\ln%{a\b\%‘%gé’oﬁﬁ?ﬁﬁ%y%

PCT/ Us92/ 2ddi8dn, thd Bowyafiges wilhpiegentnny exted] impissira ftonmenterdmgitharggionp 162 or
by openi na g suitabl e valve 164 between the suction side of the vacuum

punp and PEARFYIRBEKS DESCRiRORIRFEr PRFAIRAHIEFCOTPOR P LbEBes WY HYDSF gure 7
'S a {1 owifldck idlbgakamTh Huplabal hBukbEs Wl HOthe QRRSAH nRSuRRnt@ged i n

through an open access port is forced below the semiconductor substrate. The method
then advances to operation 174 where the access port is closed. It should be appreciated

20 that prior to closing the access port, the semiconductor substrate is placed on a substrate
support and a robot arm is removed from the pressure varying interface. It will be
apparent to one skilled in the art that the access port can be any suitable access port
providing access into the chamber with the capability of sealing the chamber, such as a
slot valve. “

25 Still referring to Figure 7, the method then proceeds to operation 176 where the
pressure-varying interface is transitioned to a second pressure. For example, after an
unprocessed semiconductor substrate enters the pressure-varying interface from an
atmospheric transfer module, the pressure within the pressure-varying interface will be
brought down to vacuum from atmospheric pressure, which allows for the unprocessed

30  semiconductor substrate to be transitioned to a vacuum transfer module. During the
transitioning of the pressure-varying interface to a second pressure, a rate at which a

vacuum is pulled inside the chamber is not restricted. That is, the region defined above



5 conditioning an environnent above a region of the sem conductor substrate
within a pressure-varying interface. The nethod initiates with operation
170 wher ewd o3gamiconduct or substrate is introduced througlrcansaceess port
into a pressure-varying interface. Here, the pressure-varying interface is
at a first pressure, such as atnospherig. pressure when the sem conduct or
substrate is being transferred froman ATM In one 10 enbodi nent, the

pressure \hé ydnlidondbcr ksalsstrateSand HeRAdlar Rt to HaopRédartith ee 16m/eakts)
operation 172 where noi sture froma regi on defined above the sem conduct or

subst r at e substagtjadlyifece of matgpreeta Hiphteof the lefleanmaisiurg akovelthssubsicgiagh a t op
vent port c%hensg%&ftaﬁ@g ogtgc?gtergﬁﬁﬁée (ﬁhé eﬁﬂt r{ll%ctro?gﬁb% 2R89Y S"tat&%ce);n. o4

sem conductor I SCusse erence ures

As nent i onsaduldibewppichiatedanatithe gayflow désalibel llrlﬁeﬁ’etcncélCU’lelie@ati(ﬁl Igas. In 15
addi tion, the flow of gas will prevent any external npisture fromentering

the redi orfu tiefttanéaeraatﬁﬁéht W@lsegﬁtreahetfet%rdeé%%ﬁb%éh%%enaﬁ%@eegs port to
the pr ess%ﬁﬁsﬁ’ﬁ% Yiidrby refo® 1] [gac%ﬁcérﬁs &EA@M condiéns i cHPoRGH %aﬂﬁ'nﬁ&l@ﬁtﬁl s wel |

as the external 'noisture entering rough an open acce ort 1sTorced
bel ow t he asamdcopattice abox&:uhstsammmduttme smtfstﬂata:d Thukehe ddV@nmesalth apssedt i on

174 where the access port is closed. It should be eci at that prior
to cl osi ndYHaPId FARSLiop from aiosPRELIG IGRTHGLP 81 a%‘ﬂﬂ%?ﬁ‘aql@‘ ithe th a

substrat e jnGHRRA ‘bEca%EEitlﬁ 16208tk B4 Be tﬁnsﬁl%HH@ﬁoﬁr%Bsith% Iﬁ’és@t‘i&% 8 vM&luh NY
interface. It wl apparent to one skilled in the art that the access

port ca&n b’eltlmmtfregmcuam gheortws thor advapses o dpergtlcanb@s‘sharntlw sehécanduetber
with the ca t he chanber | ot .valve, 25 Still
et or 1 ng DBy tinGermph But et BE ViR Fe st e e e R Rher e t ne
pressur e- \sabyttatimhin be trhsterrddtotth@ubinai@dfel thoduRTEPORENRIAEGEASIE intbQr

exanpl e, after anmwlé‘%r ocessed sem conductor substrate enters the

pr essur e- \PAPSPSHES face froman at m)spherl c transfer nodul e, the

pressure wi thi 'Fé&tgs% §IWcfiar BfaktafiPof AL Bicl R0 pttddond for nREAUGNE o

vacuum from at noSpheri c pressure e unpr oceSse
sem casdudh erregonbsttdvata&ehﬁcd@ductmmmteheakttaml&mamurﬂahwwﬁﬁ ehe m)dul e.
During the _transitiqning of the pressure-varying |nterface to a second

pressure, bogimentof mlevpnalonvgéa tethod 1pitiptes ithanegption 180 vrhgra Yent 80K ot
restrictecyhAR gthl%u §8HL8 o8k 'cﬂﬁﬁbé'%l?@%ﬁv}@@do Plebel dblven é&'{t/ %?%24287

-14 the sem con ucto strate and below ah inlet to'the to ent port to
the | oad lcoukigured as those 111ustrated in Figures 3, 5 and 6. The method then proceeds to

operation 182 where a vacuum port extending from a bottom surface of the chamber is

20  provided. The vacuum port may be located at any position on the bottom surface of the
chamber. In one embodiment, a vacuum pump in communication with the vacuum port
provides the suction necessary to evacuate the chamber. The method then moves to
operation 184 where moisture is prevented from entering a region defined within the
chamber over a semiconductor substrate and under the vent port. For example, a gas flow

25  may be provided through a vent port located on a top surface of the chamber. As
discussed with respect to Figures 3, 5 and 6, the gas flow will prevent moisture from
entering the region defined above a substrate within the chamber while an access port of
the chamber is opened for the introduction or removal of a semiconductor substrate from
the chamber. In particular, the gas flow creates a barrier to any air introduced into the

30 chamber and forces the air to a region below the semiconductor substrate support in the

chamber. In one embodiment, the gas is an inert, non-toxic gas, such as nitrogen.



substantially free of noisture. In light of the |lack of noisture above the
substrate, condensation falling onto the surface of the sem conduct or
subst r at ewicso3ras41id concern. It shoul d be appreciated thatpaimesogagst| ow
described in reference to operation 172 5 substantially renoves the

nmoi sture froma region defined above the .sem conductor substrate, thereby
renovi ng concerns related to condensation form ng and nucleating around a
particl e above THeaneBbd 6PRGHES Pihef ddntE! 6 opdiatisn 18O ¥heRVY Reistite wRllinbe
crossed by a rapid transition fromatnospheric pressure to a vacuum In
turn, the thtekamfiesis transitionad teavecyuBe SUBeisiURs psaEniegddkore Hie t8gion above
transitio fr. iV r . . restriction.
The. met hod ¢ FanCausRE Seb e BuTaRra o e kEPW g thediddBhe T

substr at e defiddndiibesubedato Ut a®f cdndendaties fotine, ¥ &4l fdrth inntherdgiume beldsr e tot he
sem conductor substrate nmay be transferred to the vacuumtransfer nodul e

for evént uhe sifle ahtespmicenducior sybgeate sPinge srggnwtionpygrithe gemigonductine har t

di agr am of L O A uliL bW i Is i gi on
above a seél %nggartléc}ﬁtc[{&grg chl%%grf} :ﬂjét e }1%18&) e h%e%te{t%ngg cor asﬁ% ﬁmo? rgartlfél%

enbodi nenttubulenbe andstizrihg op parfickes mFhing the thiduighpwof Whet dysiepeis amparved Sidcevher e

a vent por extendi ng through a t surface of the, chanber .is provjded.
Fere. the eAtaHE Cammi e RONFTOE BISHES FRSSBoRT FGISALY SttboR: BRRGGHES 3, s
and 6. Thep ﬁﬂ&?oﬁiﬁ%@erﬂld&ﬁ&ﬁ‘i’&sﬁl@sué@&erati on 182 where a vacuum port
extending froma bottom surface of the chanber is 20 provi ded. The vacuum

port mAy be | odatdditian, dumingpodysilicon etsh opbratibog, hpdnogen brovddogastihewepthanber .
I n one enbodi a yacuum i 0 nicati.on with th acyu ort
brovi des. e et gfh HBE BuTidRy Brough, BRTER Beifie B aitbhdinleds JRGHHT I,
noves to  ORedkalddan tHS4t WIIE kSprodaats ikt ehd sweRpid¥ QRS frofthe Ripevenb @il r egi on
defined within the chanber over a sen conductor substrate and under the

vent port .presnt bydiagsindromidesgass given ofb byng prasesssel sxalere@ommondeyising et port

| ocated o o f. . SIWI? i r to
Fi gures S?H@réacgp egwa{f%é%élgél 1%&(%%%\%5%98@%%%% S fﬁf%gel bm%%e ngl elﬁ']ié ng the
r egi onisdefgrocdsedloafer, shesedyshinahizing th chanceofdrasivetitantihdt@naThas,dessingor t - of

t he chanber is opened for the jintroduction_or renoval of a sem conductor
subst r at e ¢ $ent at e temalibe chamber gHpws fqp blanketipgthg sempqopdpcterssabgisatg iy i er

to any airpfhF 9195‘%@%3? Wshg%ltsé}gteg’g tﬁ%ﬁ@?froﬁ%oi%@?&@@&% eP.ah 'lén& flofh T €9i ON

bel ow t he sem con rate support 1nt n one
enbodi nentreadtive spsesi tbatafif-gasefrdm prowassbd xutstrg@s., Iiseretenadsditnentohe procéed
03/ 014411 P /.U%OIZI 24287 o . .

wafer is below the unprocessed wafer inside a load lock having multiple wafers.

20 In summary, the present invention provides a clean substantially moisture-free
environment in a region above a substrate within a chamber and at the same time
increases throughput by allowing a pressure varying interface such as a load lock to
more efficiently cycle between pressure states. The invention has been described
herein in terms of several exemplary embodiments. Other embodiments of the

25  invention will be apparent to those skilled in the art from consideration of the
specification and practice of the invention. The embodiments and preferred features
described above should be considered exemplary, with the invention being defined by

the appended claims.

30  What is claimed is:



-15 The nethod of Figure 8 then advances to operation 186 where a pressure
within the chanber is transitioned to a vacuum As noisture is prevented
from t he wepgidand4dlbove the sem conductor substrate and f orradusoe/24mgi ons
bel ow or to the side of the sem conductor substrate, if any condensation
forms, it will formin the regions beloyor to 5 the side of the

sem conductor substrate. Since condensation over the sem conductor
substrate is not a concern, the vacuum pull-down rate can be increased

Wi thout creating turbulence and stirring up particles. Thus, the

t hroughput of the systemis inproved since the chanber can be cycled

bet ween the pressure states nore effici@nARMS thout inpacting the quality
of the sem conductor substrate. 10 In addition, during polysilicon etch
operations, hydrogen brom de gas is swept away by the gas fIOM/provided

through the top vents in t enbodi nent s descri bed ab skilled in
the art will adpr oot APeaior ERET AR ROR e A PO CRETEAPVRAL i ||
prevent hxseﬁamauc%pdﬁb@@atg%thugag RBsupé {ardinganBFAGS BRGHHBd BmpridiREn

condensing on an unprocessed wa The nltrogen gas scrubs sonme of the

hydr ogen br oni detreducingfa semacqmlupnooedge‘et@ thmﬂeh an a¢eessayt igd piegsuig t he
chances of cross qﬁ‘?nt athn nation. Thus go r}%t the vent at the top of the
chamber al{*BHRS HEFIASPd %B{GS%GF?{&“&%W ?‘led%}(?t PR ate in a | ayer of an
inert gas whi chiiglimCinsistire froaf £fegfdnQisrined sbdve ehe e essmitiop Subbhdtef r om
reactive species that off-gas from processed substrates. In one enbodi nent,

the processed UeaSiEENING aTEesSWerHED Hisr RESYECHTVIAE EHCIacEitela Second pIesseiek

havi ng nul% jpl e wafers. 20 In summary, the present invention provides a

cl ean substantially noisture-free environment in a region above a
substrat e w t hitransfeaiathe seraicdndictdrisebsane tinme increases throughput by
allowi ng a pressure varying interface such as a load lock to nore
efficiently cycle between pressure states The invention has been descri bed

herein in terms of Sﬁl\é%&ho&&e&%? @l{xé@@&ﬁd prickdbRe 1s%’%99ﬁ1ﬂ%fhtt§ of the

25 invention will be apparent to t ose S led In"the art from

consi deration of the speC|f|cat|on and practlce of the i nvention. The
enbodi nent s an pref r.es scrlbed oul d be. consi dered
exenpl ary, the %P?‘g %‘Ph%’ ‘g’éef“‘r‘lﬂélae Iﬁ’Ber& %‘éﬂﬁ%‘“&}"é‘i‘% €30

What is C|p@és§@1‘é viaByind ¥t HcE Mﬁﬂ&oﬁ@fe%%@@f&ﬂ%ﬁ%cludes

avoiding formation of condensation in the region defined above the semiconductor
substrate when transitioning to the vacuum state without restricting a vacuum pull down
rate such that the vacuum pull down rate does not reintroduce any particulate matter into

the region defined above the semiconductor substrate.

4. The method of claim 1, wherein the method operation of displacing
moisture from a region defined above the semiconductor substrate further includes:
flowing an inert gas through a vent port extending through a top surface of the

pressure varying interface.

5. The method of claim 4, wherein the vent port is located over a center

region of the semiconductor substrate.



-16- CLAIMS 1. A nethod for conditioning an environnment in a region defined
above a sem conductor substrate within a pressure varying interface, the
met hod cowgro3aiagl i ntroducing a sem conductor substrat e Hdwwsegh4®n access
port into a pressure varying interface, the pressure varying interface at
a first pressure; displacing noisture froma region defined above the

sem conductor substrate; transitioning;a pressure within the pressure
varying interface to a second pressure; and transferring the sem conductor

substrate. 2. The mephog@hdoF éfaﬁhlt wlﬁ\é}&'iﬁh@nfem%d%g%ﬁgn BF BORH s g8 2

vacuum state. 3. The nethod of claim2, wherein thé method operation of
transi ti orthrgigh heenppeteueslingtyoug) 4 tap eufaecof the presserovudyipg eerfiace f ur t her
i ncl udes: Oga El di rigdformatl on of condensation in the regi on defined above
the seni coMBU¥BF“"Substrate when transitioning to the vacuum state without

restricting a Vagaeimpd scHRYhdué®dl QibsHab withahe Iﬂéﬁ%? EoprRitle down rate
does not reintroduce any particulate nmatter into e region defined above

the seni cmau@qnductgusmstrmeéromream@ speeipbematatigg fjom a progassed pemicpreduetarhod
operati on regi on defined above the
. Cst%gstgatés it 1n t@g p{%?l% %téllﬁlry?n P%?ege

sem condu r su flowi ng an inert gas through a
vent port extendlng t hrough a top surface of the pressure varying
interface. 5. The method of claim4, wherein the vent port is |ocated over

a center regioh of TW%@W@BH’&H’&?OW%@BS‘P? Hew of ygsripzgsdhuprgh the vent port
PCT/ US02/ 24284 whitk!, %%cc%ﬁ%oﬁﬁ hRd-n9fpsl 1§"og%n o ey n@hﬂ‘niﬁtﬂ@ 10 Bl ﬁ"l'éat ion

of flow ng a gas rough a vent port ext hrough a top sur ce of
t he pr essuegioudefingijationt dief saeconductbharbstratel udes bl anketing the

sem conductor substrate with the inert gas to protect the sem conductor
substrate fromreactive species emanating froma processed sem conduct or

substrate withig therjs SsHua 8f Vil 4NGrthetiBELang:
providing a diffuser above the region defined over the semiconductor substrate, the

diffuser in communication with the vent port.

0. The method of claim 4, wherein a gas flow rate is between about 10

standard liters per minute and 100 standard liters per minute.

10.  The method of claim 8 wherein, a distance between a top surface of the
semiconductor substrate and a bottom surface of the diffuser is between about 3

millimeters and about 3 centimeters.

11. A chamber for transitioning a semiconductor substrate between modules
operating at different pressures, the chamber comprising:

a base defining an outlet, the outlet permitting removal of an atmosphere within
the chamber to create a vacuum;

a substrate support configured to support a semiconductor substrate within the
chamber;

a top having an inlet, the inlet configured to allow for the introduction of a gas into
the chamber to displace moisture in a region defined above the substrate support; and

sidewalls extending from the base to the top, the sidewalls including access ports

for entry and exit of a semiconductor substrate.



7. The nethod of claim4, wherein the flow of inert gas through the vent
port occurs while an access port to the chanber is open to prevent

noi st ur e Wooosroastieri ng the region defined above the sem caTdusHRQE287
substrate. 8. The nethod of claim4, further including: providing a

di ffuser above the region defined over the sem conductor substrate, the

di ffuser in comunication with the vent port. 9. The nethod of claim4,
wherein a gas flowrate is between about 10 standard liters per mnute and
100 standard liters per mnute. 10. The nethod of claim8 wherein, a

di stance between a top surface of the sem conductor substrate and a bottom
surface of the H.ff uBkechamberoiwiaim bbduthes inohiding:net ers and about 3

centineters. 11. .A chapber for transitioning,a m.conduct or .substrat e
berween modul a5t SlsEPEE PRmsiicsliof Bl P uf sRETREF LT 47 BB o1 ng:
a base defdefinB@ abdveahiéd biltistrateR@ppuit. | et permitting renoval of an atnosphere
within the chanber to create a vacuum a substrate support configured to
support a sem conductor substrate within the chanber; a top having an
inlet, the inlet; confy : . i i .&-gas into

t he chanber to ffsprgggﬂﬁgﬁg{ﬁ?g&%ﬁﬁgkﬁgg%%ﬁwéQQEﬁ%gﬁégggg&%Egnsubstrate
support; aethmsiickeival wish &xacndi pugng useditd beateasectumtih éhetahpmbehe si dewal | s

i ncl udi ng access ports for entry and exit of a sem conductor substrate. WO
03/ 014411 PCT/ US02/ 24287 -18 12. The chanber of claim 11, further

 ncl uding: a diff usefnd dhaf@EFUUIGR | ORHekdficl)s it heed i1 flb bhatig i 0cat ed
over the region defined above the substrate support. 13. The chanber of
claim 11, antieeregss.t he outl et of the chanber is in comunication with a
vacuum punp used to create a vacuumin the chanber. 14. The chanber of
claim11l, wherein the gas introduced into the chanber is an inert gas. 15.

The chanber of 3 ai NTHe:shawiher 6f dlaigh T, SEHRRGE 2 BREANEE BetveBR b boiftdrs Wufaskerfof

the diffuser and a top surface of a semiconductor substrate resting on the substrate support

is between about 3 millimeters and about 3 centimeters.

16. A system for processing a semiconductor substrate, the system comprising:

a first transfer module configured to operate at a first pressure;

a second transfer module configured to operate at a second pressure;

a pressure varying interface located between the first and the second transfer
modules, the pressure varying interface capable of transitioning between the first and the
second pressures, the pressure varying interface having a substrate support, a top vent port
and a bottom vacuum port, the top vent port configured to introduce a fluid into the
pressure varying interface, wherein the introduction of the fluid displaces moisture in a

region defined above the substrate support.

17.  The system of claim 16 wherein the pressure varying interface is a load

lock.

18.  The system of claim 17, wherein the top vent port is configured to deliver

the fluid to a diffuser located above the substrate support.



the diffuser and a top surface of a sem conductor substrate resting on the
substrate support is between about 3 mllinmeters and about 3 centineters.
16. A syswanosfoos41pr ocessi ng a sem conductor substrate, thecaystoens2s?
conprising: a first transfer nodule configured to operate at a first
pressure; a second transfer nodule configured to operate at a second
pressure; a pressure varying interface. jgocated between the first and the
second transfer nodules, the pressure varying interface capabl e of
transitioning hetweamelshferhiof elairfNg vitkeein SRANNE iMfRBEM Bfo the PResPEESSUr €
varying interface having a substrate support, a top vent por and a bottom
vacuum poreryingaterfgge iseamtinggbgas. confi gured to introduce a fluid into the
pressure varying interface, wherein the introduction of the fluid displaces
noi sture in a region defined above the substrate support. 17. The system
of claim 16 wheoei n Theayqe@ s dlaiin 18] whéiginithé prebaee varging ihtefece ihflales a.8. The
systemof claim 17, wherein the top vent port is configured to deliver the
fiuid to ArdiafsessRert fQpRVisls agessy o thp Sirg (asipnmedalg 3pd 2 Secopd apsHRAY 10

PCT/ US02/ - ffl al ' i.d. i.ntroduced
into the é%g(geuarcg&%\}%raﬁ SEQ&}“?]‘%{%%%Q:‘% dlulge tglrel rf%r%tg}r%mg%?e%%]ﬁols&!a‘}éspg% S{éltr%’ of

cl ai m 16, thehsecaidpredsergeigsaveuuar yi ng i nterface includes a first access
port to provide access to the first transfer nodul e and a second access
port to provide access to the second transfer nodule, the first pressure
bei ng a positiye preassyyfem of BRint 26 00RrBMIRSHER DGR MB i fRessale  The
system of claim 20, wherein the fluid is introduced to the priessure

varyi ng i Maingdoeriaps hogightthetopoenieart wher thedlnstracedse pbitisopeaccess port i s
open.



