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sem conductor fabrication and nore specifically 10 to a sem conductor
processi ng chanber designed to renpve and preclude noisture froma region
above a sem conductor substrate within the chanber in order to rapidly
transition between pressure states within the chanber. Sem conductor
manuf acturing systenms are constantly being designed with an eye towards
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Once the substrate is placed in the load |ock, the pressure in 30 the |oad
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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
S 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
| (N;). When atmospheric pressure has been achieved, the processed substrate is

transported to a substrate cassette for other processing steps, if necessary. In




sem conduct or processing, the value of a process system depends 40 @é%gﬁ
extent on the rate at which substrates can be processed. That %Y &
process systemw th a higher throughput will produce nore processed
substrates in a given anount of tine than a systemwth |ower process
rate. Thus, the process systemw th the_ highest throughput is 5 the nore
desirable systemw th all other features being equal. However, the
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eventually lead to device failure. The contam nate te can
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inside the |oad | ock, O course, pads 112 can be pins.
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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, bottorn vacuum port 104, and bottom \;fent 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
7 100 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




transport nodule. If wafer 108 is unprocessed, then the wafer ig p{g)dz[ﬁg@d
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the load lock while the load lock is at atnospheric pressure. Load | ock
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restrict the rate_at which a vacuumis pulled wthin Ioad | ock 100. That
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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 load lock 100. That
20  1is, a vacuum is pulled in two steps, with the first step at a slower rate, $0 as not to ¢ross 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.




condi tioning an environnent above the wafer inside the chanber. B8 [F%ggd@gﬁ
2006 -4 In accordance with one aspect of the present invention, a netho
for conditioning an environnent in a region defined above a sem conduct or
substrate within a pressure varying interface is provided. The nethod
initiates with a sem conductor substrage being introduced through an
access port into a pressure varying interface. The pressure varying 5
interface i s afa®ofdah&d with 888 HRet HEpresRi fhihGod, AR iRod e if&fihg1ed
above the sem conductor substrate is displaced. I'n one enbodi nent,”the
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present .1 nvention, a m
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
o 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




processi ng a sem conductor substrate is provided. The systemi ncbtgjq:sﬁ]g:lz 06
first transfer 30 nodule configured to operate at a first pressure ‘and g
second transfer nodul e configured to operate at a second pressure. A
pressure varying interface in communication with the first and the second
transfer nodules is included. The presgure varying interface is 0 8 FEB
2006 capable of transitioning between the first and the second pressures.
The pr essudld/af yimBion i3l &a8hd i hem
vacuum p(_)?iﬂts. The top venir%t port is %Eglgfﬁagﬁéggﬁtp\é&?ﬁgﬁgg%ec@@%uﬁ%hgmO t he
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di spl ace i e in.a regi.on defined above a.sem conductor 5 substrate in
t he pres?ﬁlﬁﬁ) u\?%#{ﬂ IH{groﬁlur?te ea(r%ﬁ’é o © RIESSHy w%%qrgcg,owghegﬁatthq he foregoing
gener al dessiubPén ofthafidid Meplhdds WM& in det@bh 86kRASEHIPL iR calRicRrenpl ary
and explanatory only and are not restrictive of the invention, as clained.
10 BRP EF SHstets iptheyesyureryeyipgienis. The acconpanyi ng drawi ngs, which are

i ncor porated i i . this ecifi.cation, Jdllustrate
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serve t odetapedidesctiporpart orémplas; @kl expRnhtdwesily and arkingtfcstrittivéoBthschemat i ¢
di agram of a.load | ock,used for sem conductor 15 manufacturing operations.
Fi gure 2"YENUOLAREREPEE overvi ew di agram of an exenpl ary seni conduct or
processi ng systemw th wafer handling automation including a |oad | ock
having a top vent port in accordance with one enbodi nent of the invention.
Figure 3 is asinplifie h i.c di agram of |l oad I ock with a top vent
port 1gnd a 20 bottom \,ﬂ},‘i‘f‘i* =X RI'PSII e enbodi nent of the
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the first stage is res cte gal nst an urtres vac down
rate. Fi fus speSificatian,stimeratt dxengaay cambodifneats| afaltk inoer¢ionamil nggether @pthvent  por t
in co ni ati(%n with a di Eer .in accordance with one enbodi ment of the
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vent port andFauBot LOMChYRAGHNTRAN ot folld Bk Lkl fr WahRbsaldsii de the | oad
| ock i n accordance with one enbodi nent
15 manufacturing 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.




of the invention. Figure 7 is a flow chart diagramillustrating the nethod
operations perforned in conditioning an environnment above a regia(fn FdfB 2666
sem conductor substrate within a 30 pressure-varying interface. Figure 8 is
a flowchart diagramof the nmethod operations for mnimzing noisture in a
regi on above a sem conductor substrate in a chanber in accordance with one
enbodi nent of the invention. 5 DETAILED DESCRI PTI ON OF THE PREFERRED
EVMBCDI VENTS  Souey s 4G R0k A dlaghiR 8f e R Ro®bpdr ok ﬁﬂ%ﬁrﬁﬁ- | hbisfpw be
described in _dgt ai l vz\llith ref eragnce to the %cc%rrpar?y?%g ravm"}rggs.lsFi gure 1
i s di scussadgiab@bevd nsaniieonduBme Ryrstatedn efchamberlinvuerurdawd withemeon. The
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al I owi ng PHPRR ¢ 6@%“35’”0& of an unrestricted vacuum pull down rate by
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t he ter nRWRERUndBE S URtiBh EsecBhE Used i nterchangeably. The vacuum pul |
down rate is no longer restricted since the condensation of noisture above
t he subst r at eThsembodimagieof thequescet inyverlivatprodde & hetlyslsandpppgetut or ces any
noi sture fo.a region i.n the chanber . that is below the substrate, and 20
_ dpvas_ reagfrﬂwol?g h{ghee%pfélﬁgﬁno?faﬂWsﬁbﬁt%fﬁa&%}u?@ lffgwé]dﬁ?t%rya{f@fw’f‘ﬁer eby
- r-endvi NgmdRiire HRRELA fgichSRAGERbRH aWeinlt oRERSSH ftbstedlE Wil MRlldHd 1ol Bdi ti on,
the substrate is positioned close to the vent port inlet defined in the
top of tleeatigamtrat pers abaigube wefes rathenthpe belewrthe Mafaropgastpurgris pedvadager and
t he substr ffective ndition regi on
above. t i epLs g o SRR R E R AL 5L i Gty FEME BRI %o Bl ow
t he chandegion of%hd wifet sheh thericZedsporftd @UhEeteing] AnRepEn@bi £peysiyi ew di agram
of an exenpl ary_ sem conduct ar i%r ocessi ng systemw th wafer handl.ing
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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
eprocessing 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 unproceésed 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 ilp 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




processi ng, one or nore unprocessed wafers 122 are placed in a wa{z%r -
cassette 124, which 30 is then placed in a load port 126. A robot LEh 148
in an atnospheric transfer nodule (ATM 128 picks up a wafer 122 fromthe
cassette 124. Both |oad port 126 and ATM 128 are at atnospheric pressure.
The robotic arm 130 transfers unprocessed wafer 122 from EO 2006 -7- ATM
128 to wafer support 134 within load lock 132. It should be appreciated
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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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Figure 3, the fluid fromvent port 138 creates a region 148 substantially

free of phsIrstime perimbeficsacas8pors Lieisiohesdd hBishewd brappreciard thatdvheneceesp of

| oad | oc n epbodi t,. vent .port, 138 is i.n CO nication with a
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as wid | bayshnwap inthenssl ek plidr 3@ vatiilin pempliMAsend @ Jréddlh cunand 6. The
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132 when acceds prgﬁétt%dm@gwé, Bedhi@iremngnipgre 13§ ergpisparagion ™at is, any
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vent por Eiis%g‘ginigsa uri]d ifrgrenr t&ne anr}: 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 moisturehladen 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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first stagfedifte that the gas used to vent into load lock 132, such-as nitrogen, is substantially
free from moisture and highly filtered to avoid introducing particulate matter into the load
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 1s 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 is 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 preciuded 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
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Preferably, vacuum punp 162 starts

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
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shoul d bgottom 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 capacitj/, 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 SI.M 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
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of vent gort 38 is about 100 mMm in one enbodinent. In one enbodi nent,
where | oSFERSKUIRBEHas a seven liter capacity, the flow rate of the clean

dry gas, suchpagrdy 2GR chf Q¥bARANLQrAkiE tﬁ&ﬁ&hb@@éﬂtﬁﬁﬁtﬁ%ﬁoﬁﬁéﬁinport 138
25 i s between about 10 standard titers per mnute (SLM and about 100 SLM

The {1 owconglittoningangnvironmantsbpena kigiar ofdhasdraicondsicior efitstrats] withieeween about

40 SLM and_about 60 .SLM wi.th ferred fl te.of 50 SLM Wile th
{1 ow r ai BESG Uy B et eorTnd el Rt 10 WhtRa be appr eci at ed

t hat t hesdnhio¥ndudice silRRERSs fRtfddBEJIRRIEH aR GERESIIDIYo 4 Pessur@k @§ingor smal | er
chanbers. One skilled in the art will "appreciate that the enbodinents 30

i scusset i s BetnEeps e Maying | @ i ratfirst) press st ag i, a

di mteréace| Heegs tetpaess interéage o ratfirst) sish 28 piePhen
vacuum s i hi ev insi d f.l d. | k 132.in. ] es 10 seconds,
prefer a‘b#%gﬁ%ésgh?rﬁg’ﬁ nggsg)g%%c g S%b%act)%%t elengiqfﬁnf fif%? C|1 grﬁ ot jtiﬁgp \allgcoﬁl gm

pul | @dowembydihent, (e pFeydiRearyi@intefade 8 Plohd I6tQWThE netiddA88Pmold-tocycl e can
be initiated by starting vacuum punp 162 or by opening a suitable valve 164

" bet ween PPRE2EQICH 2oKhese goistyre fiomn ¢ EeiRmealings abg thosairenducts sulgfials i he

vacuum p ' r r ' ' I f d I

illustrati Scéﬁeﬂﬁggﬁg%lebﬁggﬁ%ﬁgé ggﬁ% Icl)lr%%%a?or? Je&?’gﬁ iﬂ:l F%hlﬁ%%algn

envi r onnemwistab v e regoabot thdendesmdaciod adisoate a8 Bstusate with tréfierenee to

pressure-varying interface. The nmethod initiates with operati g%t izo where a
a

semi condbEPET Js 8¢ Pat’'s PNiOAES RRAYE SR T8 DUYHUHAPIG &1 BOBETC :
P eS g Cadditio, e W LPLIARE prbRIPand HSerRARSIAR: ¥ARNMInEASFLAGS 1S at a

T
first pressure, suc spheri ¢ pressure en the s&m conduct or
subst r at defirgdbbovegthe semisbeduced stibomtcaas alyTvtesk poo nethtpressheeiangng , t he

pressur ein éle cie li]sgopie%cf r{‘l?c:c(%sli)leslce% rLt%%%rel z?scvbéll e-lléhtﬁe ggt%:rhngpmtops%r}e gr?t\éteigg to
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

s , 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 Stiil 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




operation 172 where noisture froma region defined above the se 'ﬁogggc%ﬁ%
substrate is displaced. For exanple, a clean dry gas flow thro

vent port will displace the noisture fromthe region above the

sem conductor substrate as discussed with reference to Figures 3, 5 and 6.
As nentioned above the gas is any suitgble inert, non-toxic gas. In 15
addition, the flow of gas will prevent any external noi sture fromentering

the regi %seﬁﬁédnﬂﬁ&oﬁ%‘é@atfe hed ﬁﬁmv%rlgﬁé?%ﬂ[le Q%}l{ rFt e%da}§&<e§s port to

the pressure-varying interface i s opene noi sture as wel |
as the esestangiplinfis olmeistme. ehl lr@t of thnda@hfa:mmmembaw&mmb@rate is forced
bel ow th%0 nmet h n advances to operation

174 wher é ens%(% 3@ El%g(r?f‘lioljtﬁ 385 8Et G|S{3m§}988‘11€(§0 %ffj"ﬁ‘? BAchp&anosH-that prior

to cl osi sigodlthBe agHessed at thetg*agﬂ%@/raeﬁ&[%ld% %feléff&%f E&%ub& Py aced on a
substrate support and a robot armis renoved fromthe pressure varying

i nt er § ac subsfantigjly rempyves hspaeistre fromarregiok idefimd abnve the samtcohtiwctton he access

port can y [ access OVI n cess in he chamber

Wi th thes‘?gsb‘%@ h%%b%%mg‘”% Fonge éelé‘ﬁgﬁ%‘r“} Eoled TERERe o ool 26 51 1
referri ngrcmﬁdﬁlpgurc& abovt i seRlidvadudibeubRirRE CTASs, Hi RREFRhI @R bk thoshier e the
pressur e- varyl ngl_ﬁi nterface is transitioned to a secon ‘gressure For

exanpl e, PRAFENd Fansitenromatmesphsaapisside tt byacsums tn sire, ﬁtcltrﬂsgltplué
pressure 1ﬁ6?€a¥édqﬂech£§eetﬁé %8 15kTh 3P traﬁstla? i RANES § \BIE)% F}n%gl%s%lre %}/acg;cﬁ to

pressure W thin the pressure-vary face rou

vacuuign f mattroatt negrsiptiar. | Thepmerthisd tten avzlﬁmmbs @l dpewsioh QTS tiherdufp l’sﬁﬁﬁ&ﬁ@ﬂ:té’ro
sem condugt or subst rat eto transitioned to a vacuum transfer nodul e.

" During t REPsUpledn Epasiesprd it 8F thepeessie vaning ipriprs gHetk Be pamiconduiosecond
t . *Nng: . t
Pestr o sububithifa o thihefeicd to URGHET Rl B0O B St (BhFRETG B2 "

sem conthﬂC@SSH@mgfﬂlﬂate and bel ow an inI et to the top vent port to the | oad

|l ock is substanti Ilght of the | ack of noisture
above the subtlgi’]ﬁet i ‘ﬁ?ﬁ 35t 0& o ARG s T mpnirizipg mofsgire

sem gonducd ﬁngﬁlL%%{/é QE&rﬂc:@ndlf&or%uﬁsQﬂ%&eih'& chk&beﬁﬂ%ﬂ:&dﬁﬁe%ﬂﬂf &fl ated that
the gas flow described in reference to operation 172 5 substantially

renpves £MBodpiest ofrthe frventien. rBhyi oetho friltiases with vperatien s¥hwbemduenoport
A R T T R R
dew poi nborﬁ@&r@ﬁs&h&%ﬁﬁﬁ’strated 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.




by a rapid transition from atnospheric pressure to a vacuum ggurfrg m
t hroughput is increased because the | oad | ock can be transitiohed ;Bo
positive pressure to a vacuum 10 without restriction. The nethod then
advances to operation 178 where the sem conductor substrate is transferred
out of the pressure varying interface,sHere, the sem conductor substrate
may be transferred to the vacuumtrans er nodule for eventual transfer into
a  processi NgTHRRKINSA of FkES ﬁwh%d@arfc%&%}féfzfﬂo?“l%@ Ol plei&rdRiARd
operations for mnimzing noisture In-a region ove a sem conduct or
subst r at theichambertis trhmsitioned e e srd@nT eAnrolston és plemfhmd:l fremtthofegtdneabomvent i on,

The rrethdiniti tes with operatiqgn 180 a vent .por ext endi ng

t hr ough SS‘B”?H&?CZ%@V\% “@%%‘%ﬁéﬁ?@éﬁ’ 198401y S{H‘Yj‘érdm tﬂ%‘FlB %W@ vent port may
be conf ignittiuvetor kisetel if |a\i;l\% boifeRhtion foinBUliOR11 Form 1191!?1@ r&%loﬂghﬁ:lcﬂﬁ bhgd then
proceeds to operation 182 where a vacuum port extending from a bottom

surf ate B sidejad tlaqwrm@qndu@togwbp&@v4 dinge ¢ nmimmptblptsemmn@\ecwroc ated at

any posi n urface f .the e rrent a
Oasubos i@ R A1 AL The Vi AR R s R TR herst B B REME T o,
necessar jurbuler¢aad sfiging g pahidre Thud iBe 6B PuL draRe g}%‘e@i‘ﬁ istihpr@RAlsgick on 184
where noisture is prevented fromentering a region fined within the

chamber B@&hambercin b syled batweebe paassurg ﬁ@tqa rmrp effirdenglyrvithswt tmpacgpg
exanpl e, ed through a vent port |ocated on a top
Cl)u? q[ﬂﬁfzty g#bs%ﬁuésiguélgr R0k

surface scussed with respect to Figures 3, 5 and 6,

the gas flow W ddditpneuenty podysiliconetdr peraton diydRgeh beonidgiganisdek| tned above
. a substrate within the chanber while an access port of the cha is

- opened f#VaY ‘%thﬁ BE$ Be dreadeddhrqughthediop yents ins %W&u&%& desgpbgd f‘é’toée from
the chanBgg skiliBd RAhL bl Wi Itea%teq tﬁé% ﬁ@%@ﬁo@ R fHe]b L&t%poal r

i ntroduced into the 30 cha forces"t ir toare w t he
sem condpreveont hyddogen hltoauémgzrsogltvem nfftblya prod¢easdilerafet, frooneorelehaog oeat , t he gas

is an inert 0 such as trog 200 5- The met hod
of Fi gur 'énfgbcfeﬁﬁeﬁ ‘ﬁ%x%ﬁg% Jirogey a5 5?4‘ t&iﬂ‘égé‘ﬁﬁ Eigg ee‘)t%nof ficn t he
c han‘pﬁr ®cbdsedFrhter Qﬂﬁébyt ﬂlrﬁnﬂﬁﬁyﬂﬁlché\&e%f éfbb'sr &n&&nﬂﬁ@dﬁ? nI‘lﬁB foE:ﬁHHgt he
regi on above the sem conductor substrate and forced to regi ons below or to

t he si dethgfventras thest@mowwwh@mbﬁ @bMtfﬁnhlenkqtlﬁgdmwom@ns@t puhstrhlerimeg, it
5.t he si nduct or

I f
\ému bst r g: %é%’f%lglgn 25 r@&él} piote ﬁ chvté? wtaFleé frsogmngbs "Hﬁ 8?12)4ensatmn an%i(%rom

reactive species that off-gas from processed substrates. In one embodiment, the processed
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

A

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  1invention 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:




substrate is not a concern, the vacuum pull-down rate can be increased

wi thout creating turbulence and stirring up particles. Thus, gllefrp 2005

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

bet ween the pressure states nore efficiently without inpacting the quality
of the sem conductor substrate. 10 Inmigdition, during polysilicon etch
operati ons, hydrogen brom de gas is swepl away by the gas flow provided
through the top vents in the enbodi nents descri bed above. One skilled in
the art wb hlﬁﬁpreciate that the sweeping air flow fromthe top vent wll
prevent hydrogen brom de gas, given off by a processed wafer, from
condensi ng on an unprocessed wafer. The nitrogen gas scrubs sone of the
hydr ogen brom de of f of the 15 processed wafer, thereby mnimzing the
chances of cr o& &ethadfanronditionng amgyiroppenitip agegiomdefined@bere a he top of the
chanber allo BK&b e 1 H?Hﬁ% . r i @ |ayer of an
i nert gas mh?@ﬁﬁgéggg%ts the aggggﬁfﬁg%ﬁnnls §$8§§%%§€%§§F?§ﬁ and from
reatti ve speciespidalg; of f -gas from processed substrates. In one enbodi nent,
the processed wafer, i.s bel ow the un Loces ed fer inside a |oad | ock
having mul tiple HBF@P??gQGGPHmQSHﬂﬁﬁg,“FW% SROPPHIRERSIRR 1B i des a

cl gan substant | al | Yrhatueind FR8TacBHE FRRIRDarl g hEORaRa BP0 fosre:

substrate within a g:hanb.er and at the sane tine” Increases
al | owi ng a pr essflpwingamyinery gasthemuizh eoesiusint exterdlingthobugb akon surfage pfithe

efficiently cycle between pressure states, The.inyention has. been .descri bed
herein in ternms of P§8§§8‘}ea‘iapyé%wgﬁf§\99 d%ﬂ%ﬂi‘?ﬁ%’m“giﬂ lﬁt‘ﬁé}‘&éﬁ‘?ge&&&ﬂ&‘fﬁlgn’of t he
251hnvention wil krebgngpmdishitt-fce blddRstofikd kR Gad i 4 ReioadefihddiBove the -
consideration of the specification and practice of the invention. The

enbodi ments and pr eeBli¢aduetartubpterie; descri bed above shoul d be consi dered

What 15 o i med [oang YRRl AiTEAE et AT SRREBEEMRALITE: P00 g
an environnent in édateg anfadedf the graafhow eagingdaiifaaeilol te sstdsindadter Wi t hi n

a pressure varying igt erface, the nethod 5 conprising: introducing a
seni conduct or substYa¥E ¥ hr ough an open access port into a

15 closing the open access port;

transitioning a pressure within the pressure varying interface to a second
pressure; and

transferring the semiconductor substrate.

20 2. The method of claim 1, wherein the second pressure is a vacuum state.

3. The method of claim 2, wherein the method operation of transitioning the pressure
varying interface to a second pressure further includes:
evacuating the pressure varying interface through an outlet defined on a bottom

25 surface of the pressure varying interface.

4. The method of claim 1, wherein the method operation of forcing external moisture
entering the pressure varying interface towards a bottom surface of the pressure
varying interface includes:

30 establishing a flow rate of the inert gas so as to allow flow of an external fluid

into the pressure varying interface through the-open access port.




pressure varying interface, the pressure varying interface at a first
pressure; fiowing an inert gas through a vent port extending thédughBa28l8p
surface of the pressure varying interface during the sem conductor
substrate introduction; 10 creating a noisture-free bl anket of the inert
gas in a region defined above the sem $onduct or substrate; forcing

external noisture entering the pressufé varying interface towards a bottom
surface of the pressure varying interface bel ow the sem conduct or

substrate; 15 .gl 0si t open acce ort: transitioning .a pressure within
the pressire vrgl}eyrfl%tggﬁl ﬂf@?“frg%’ewﬁ%mﬁﬁeeg%ﬁabﬁbsrlggagﬁ‘# %Yerﬁr‘fgntﬂ%ﬁlé’flé’ Mg the
sem conduct or sHbh&inkladter subBrdte. The nethod of claim 1, wherein the second

pressure is a vacuumstate. 25 30 3. The nethod of claim 2, wherein the
met hod operation of transitioning the pressure varying interface to a

d : Y : . i ntorf
hrough’ dout S HEPERE AR, He\ereAC oI Spl Ao PO FISHRE o B Wkflhnls O 20

interface. 4. veneporetitonding thedughm thp suHsserifthd pressort vaodn g pesréict durthet
forcing external goi_sture entering the pressure varying interface towards
a bottom surfdE&U8¥-t he pressure varying interface includes: establishing

a flow rate of tBenORlmORmERR QBRI B iRk R EXIRLARle TLUTd i nto

the pressure varying in oug e open access p 0 8 FEB 2006

-17 5. The net hod ofenst¢amidoetds subkizateifiont vectirerspeper emanstihg framedprovesseda
center region of the .sigi ctond ctor su‘ithratsr.Yﬁl?j he nmet hod af claimd4,
wherein the et hod BHRTIEPERT BOSHHEHTHY AL BIﬂbq’Prgssu?‘(?@Hngort
extiendi ng t hrough antepfacsur f ace of the pressure varying interface further
i ncl udes:

7. A method for minimizing moisture in a region above a semiconductor substrate in
a chamber, the method comprising:
introducing a fluid through a vent port extending through a top surface of a
15 chamber;
introducing a semiconductor substrate into the chamber through an open access
port;
entraining moisture in a flow of the fluid from a region defined over the
semiconductor substrate to a region defined below the semiconductor
20  substrate;
transitioning a pressure within the chamber to a vacuum; and
causing condensation of the moisture forced to the region defined below the

semiconductor substrate,

25 8. The method of claim 7, wherein the method operation of entraining moisture in a
flow of the fluid from a region defined over the semiconductor substrate to a
region defined below the semiconductor substrate further includes:

establishing the flow of the fluid so as to allow flow of an external fluid
containing water vapor into the pressure varying interface through the open

30 access port.

9. The method of claim 7, further including:




bl anketing the sem conductor substrate with the inert gas to pr@BepEBtﬂﬁg
sem conduct or substrate fromreactive species emanating froma processe
sem conductor substrate sinultaneously within the pressure varying 10
interface. 15 20 7. A method for mnimzing noisture in a region above a
sem conductor substrate in a chanber, 1 he met hod conprising: introducing a
fluid through a vent port extending thr&ugh a top surface of a chanber;

i ntroduci ng a sem conductor substrate into the chanber through an open

access port; entral;ni i i f | Ui i on
defi ned over thetp (g‘}é(?nh gﬁ%‘ﬁ%‘?ﬁogﬁlﬁ%@ﬁ’toé@ggg%‘é%gf%ﬁ%g?&ﬁ‘g@%@ﬁ%%t 6?’he
sem conduct or  substhe dfféijset inaosinturdektiog vaththe sentpert t hi n t he chanber to a
vacuum and causi ng condensation of the noisture forced to the region

defi ned bel ow the semnm conductor substrate. 25 S. The nethod of claim7,

wherei n tite MeTROMcABELALLAN sOkhG kI NLAMIPLAL HbBnidadboli10WAiadine 1 ui d

froma region defined over the sem conductor substrate regi on defined
bel 8w t he seni literschec monute et 1 Ostendaud titesy per mihutdes: est abl i shing the flow
of the fluid so as to allow flow of an external fluid containing water
vapor into the pressure varying interface through the open 30 access port.

9. The netihod Afch&hBérfor trarfsitidniiS a $AGLMHBG: sithsalebBrweRR Sodkfes RpaYiifE Ny a

di ffuser above the region defined over the sem conductor substrate, "the
di ffuser in cothdiffereritiressusgp.tthe ehmmbes gempasing: 10. The net hod of claim 8,

e e T ] 5 MBS AT i
1C the chamber to create a vacuum;

a stationary top and bottom substrate support configured to each support a
single semiconductor substrate within the chamber, the top substrate
support configured to receive a first substrate from one of the modules, the
bottom substrate support configured to receive a second substrate from a

15 different one of the modules;

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 top
substrate support; and

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

20 ports for entry and exit of a semiconductor substrate.

12.  The chamber oficlaim 11, further including:
a diffuser in communication with the inlet, the diffuser located over the region
defined above the substrate support.
25
13. The chamber of claim 11, wherein the outlet of the chamber is in communication

with a vacuum pump used to create a vacuum in the chamber.

14, The chamber of claim 11, wherein the gas introduced into the chamber is an inert

30 gas.




10 15 20 25 11. A chanber for transitioning a sem conductor suqigr‘tg
bet ween nodul es operating at different pressures, the chanber nE sﬂWQ-
a base defining an outlet, the outlet permtting renoval of an atnosphere
within the chanber to create a vacuunm a stationary top and bottom
substrate support configured to each sggport a single sem conduct or
substrate within the chanber, the top stibstrate support configured to
receive a first substrate fromone of the nodules, the bottom substrate

suppor t conf i ghfed, :%‘Bef&g&éi}ﬁelf‘“ﬁﬁfe%?%gﬁlﬁgﬁée Pacoﬁq§g@gog%s@igéc%ﬁgﬂﬁt one of

the nodul €s; a top having an il et al'Tow for the

i ntroduction diffasegasd aitoyt surfabeothamtiesnduotod swiptrae eestbi sh Whietop Bulsstiatgi on
defi ned above the to substrate support; and sjdewalls extending fromthe
base to the tolPPYHE W HeRRsA Pgtthﬁﬁ%b%ﬁ@)@é‘? CHBMLCBor entry and exit
of a sem conductor substrate. 12. The chanber of claim 11, further
including: a diffuser in comunication wi.th the inlet, the diffuser |ocated
ovef the Yegi oh sydeh iforquocdssing a séreicondstoraubsteiy far dystethTonphnsinghanber of

claim 11, wherein outlet af the chapber is in.comunication wth a
vacuum punp useqag%agwﬁ%%?’ﬁd@ﬁ@mﬁ?%eﬁ%m@tEfﬁs_.suflane chanber of
claim 11, wherei g sbtRddRgsierinb@seessh écptotd;ﬁra@@?cr&tk_%éoﬂdﬁnrédéufef‘e” 30 gas.
0 8 FEB 2006 -19 15. The chamber of claim 12, wherein a di stance between a

bot t om sur f ace of pressure gpmingsiaterfapeilogated betsigen thedirstfand theeseiconshidanstasr
substrate resting Wpbstrate . support | tween .about 3
11 ot er s and abanpd MRhrRRRR bR rlRRR b RSPy RE el o
semb conduct or substthatiest ahd theSySIndpressiies,i thé p@ssure varying interface having a

)

first and second substrate support, the first and second substrate support
being stationary, 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
15 above the substrate supports, the first and second substrate supports
configured to support substrates having different processing states, the

substrate being received from corresponding transfer modules, '

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

20
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.
19.  The system of claim 16 wherein the fluid introduced into the pressure varying
25 interface is an inert gas.

20.  The system of claim 16, wherein the pressure varying interface includes a first
. access port to provide access to the first transfer module and a second access port
to provide access to the second transfer module, the first pressure being a positive

30 pressure, the second pressure being a vacuum.




a first transfer nodule configured to operate at a first pressu d
transfer nodule configured to operate at a second pressure; pg%éﬁﬁg%ﬁ&p
varying interface | ocated between the first and the second transfer

nodul es, the pressure varying interface capable of transitioning between

10 the first and the second pressures, ,jhe pressure varying interface
having a first and second substrate SDB ort, the first and second substrate
support being stationary, a top vent port and a bottom vacuum port, the
top vent ,portreo arying
interface, = VWEF e%ﬂe%ﬁ?aﬁ#?zgd%% Il%%ﬁlgtﬂ% t“i sqétPOdug&gtlostH I%(%SZE%D@P rein a
regi on def i nedinfebfaadtiveighhke B)pb&hnairewherpmelﬁrﬁ,acédaep(ﬁnt fssdpeand second
substrate supports configured to support substrates having different
processing states, the substrate being received from correspondi ng
transfer nodules. 17. The system of claim 16 wherein the pressure varying
interface is a load |lock. 20 18. The systemof claim 17, wherein the top
vent port is configured to deliver the fluid to a diffuser |ocated above
the substrate support. 19. The systemof claim 16 wherein the fluid
introduced into the pressure varying 25 interface is an inert gas. 20. The
system of claim 16, wherein the pressure varying interface includes a first
access port to provide access to the first transfer nodule and a second
access port to provide access to the second transfer nodule, the first
pressure being a positive 30 pressure, the second pressure being a vacuum
O EF EB 2006 -20 21. The systemof claim 20, wherein the fluid is
introduced to the pressure varying interface through the top vent port
when the first access port is open.




