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METHOD QF PURGING AND PUMPING d{ﬂfndmmmnﬁnandrmwcmmmmnﬁnmnin
VACUUM CHAMBER TO ULTRA HIGH the heated gas. I
- VACUUM These and other objects will bocome apparent from a

This ia & contimngtion of application Ser. No.
08/084,938 (iled oo Jun, 30, 1993, now sbandoned,

BACKGROUND OF THE INVENTION

1. Ficld of the Invention

Tlﬁsinvendmmlmumﬂwpurg[ngndmumiugofa
vacuum chamber, and more pucticularly to a method of
gimpmg' to nitra-high vacmm, a vacuum chamber siitahle

use in the manufacture of integrated cironit seructines,

Z. Description of the Relgted Art

In the prior an, considerable effort has been devoted to
providing vitra-high vacunm Capability in thin fllm process-
ing equipment, for example, for vse in the formation of
integrated circuit stiotimes on semicanditor wafers. Ultra-
highvammnﬁhwnmﬁrobulnhglﬂdsmiumglaw
levels of contaminatipn during production of the inteprated
circuit structures. However, in pumping to ultra-high
mmmmmwnmmummh
is important to minimize the pedod of time required becauge
such time is non-production time. Further, when testing
vmnmchambuoqu{pmmﬁmnltm-highva:mmyilis
desirable 10 predict the integrity of the vacuum chamber
duriugthepumpwultm-higbmumlmmnwidw&wd
pumping tirne,

\rhriunnmdhodshnvebeeuusudforpmgingordnm—
laminating vacuum Bystems, including electropotishing,
bﬁnsaclcmudmmm,phuan-mmn&wddmm-
ﬁonandglowtﬂlchmg:dminguningmgmarmblngu
However, these approgches are not without problems, For
example, baking is time consuming because a molecule
mwmgﬂuﬂmhhchmbﬂhmtﬁﬁmﬂy
remaved 10 the chamber exit, Upon release, the desorbed
mhcuhemmkewhnismfm'cdhnulrmdumpﬂhwm
igmsmmmmmmﬂmmmm
of becoming re-adsorbed. On the other hand, glow discharge
cleaning can result in further contarination by absarptian of
the cleaning gases into the chamber surfaces,

These gases arc emitted later which leads to contaming-
tion. Also, It has been reported that glow discharge cleaning
may nol be uniform, particulaely in complicated chamber
Beometry.

Other systems have been reported which can seach ultra-
high vacuum iu a matier of minutes, Such systems employ
expensive mimor Gindshes to minimize contaminants and
watcr adsorption, glow-discharge cleaning using super-dry
nitragen gas, aod double turhamolecular pumps. 1lowever,
fabrication of such systems 18 véxy costly and, accordingly,
would be impractical.

" Thus, therc is v great need for an cconomical method for
pnrgﬁ:gavacuumchambcrthatwouldpemﬁtmm;ﬁngtom
uitra-high vacaum in a relatively short time, thareby ensiar-
ing a contaminant-froo en h

SUMMARY OF THE INVENTION

ltismm;imufthpinvmﬁmmmoﬁd:amﬂ:oqfw
temoving contaminants from a vacoum chamber utilizing a
heated non-reactive purging gas. :

Yet, itisanmhuobjec:ormchmnﬁanmmm a
method for removing contaminants using # combination of
umhwedmn-mmﬁvcmmmmbmuphuic

10

reading of the specification and claims appended hereto.

In accondance with those objects there is provided an
improved method for purgiag a vacuum chamber suitable
fwmindnm&wﬁanofiﬂgnwdchuﬂmmmm
mimudnmwnfbn.’mcmﬂhudmmpiwumﬁdingma
cham.bermbnmrgudlndﬂowlngah:amd. non-reactive
828, such a8 mgon gas, through the chamber. The non-
reactive gas shonld be heated (o u lemperatmre of ut least
about 90° C. Furthes, the chamber should be heated to
mauintain It at a tetmperature of at least gbout 90" €. while
flowing the gas thexothrough, Flowing the non-reactive BHE
through the chamber absortys relensed impurities or contarmi-
nants and efficicotly sweeps them from the chamber in the
£as. :

BRIEF DESCRIFTION OF THE DRAWING

The sole FIGURE is a schematic outline of the equipment
uscd to carry out the process of the invention.

DETAILED DESCRIFTION QF THE INVEN.
. TION

The jnvention comprises 4 method of purging and pump-
ing of a vacuum chamber to ramove adsorbed contaminanis
thacﬁompﬁmtopumpingﬂwcbmbnrmm-high
vacuuth. Such g vacuum chamber is suitsble for use, for
example, in the marmfacture of integrated circuit structures
and other sermiconductor devices «n scmiconductor wafers,
urﬁnuaewiﬂlmymﬁmial,ﬁhﬂuﬂm.andhprming
requiring ultra kigh yacoum.

Referring now to the FIGURE a source 1 of a non-reactive
gas such as argon is shown which flows through a heater 2
and a flow controller 3 (0 a chamber 4, suck as & vacoum
chamber, which is to be purged of imparities or contami-
nants. A vacuom pump 5, which may scally i
several pumps, is also connected to chamber 4.

The supply of gas is heated by heator 2 prior 10 eatering
vacunm chamber 4. Normally, the gas is heatod to a tem-
perature of at east 90° C. before entering vacunm chamber
4. For purposes of releasing adsorhed contaminamt mol-
ccules on inside sutfaees of chamber 4, it is prefered that the
gas be heated to a temperatuce in the range af about 150° C.
mmmﬂbafmeemdng&mmtwﬂhzwm
temperature boing about 150° ¢ Heating the argon gas prior.
1o eatering chamber 4 may be accomplished by the use of
cither inductive healers or resistance heatees comprising
heater 2,

Flow controller 3 may comprire 4 gas flow meter placed
in the stream of gas flowing to chamber 4 to maintain &
preset level of fiow of heated gas 1o chamber 4,

As shown in the FIGURE, the temperature of the gas
ﬂowingtethcmmchanﬁrxma}rbemmﬁrmudmﬁ.fbr
exanmle, by a thermncouple which regulates the heat input
ta the gas 80 a8 to maintain it at & presel level.

Further, while the heated gas may be used as the sonrce
ofhmbeiugapp!ieﬂbthemmmummbef,ﬂiapre&rnd
thuaddiﬂmﬂhcubcaddndmﬂwvmmehmburhym
independent source comprising chambor hester 7, Thas, for
putposcs of providing or transferring additiopal bear to
\rmmnlwuherv!,indcpmdnuhmmchuhmpsur
chamber healers or gas-line heaters, may be used. The
imdcpmdunhudmﬂdmmdmhﬁxgtbemmﬂpmm

970 249 0607:# 5/ 8
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in the chambar typically in the range of 90° C, to 250° C
while swooping (e non-resctive gas thorethrongh,
Heating tho chamber, a3 well ss heating the non-reactive
a3, is important because of the soxrgy requtired to hrealr the
bonding enemgy that holds or bonda the inat
molecule o the surface of the chambex It 1y this
energy which must be overcome hefore the molacule f3
olsssed into the ingids of the chamber. Whiles such snergy
gy bedmparted o the costamineting molecale adsorbed on
the chamber wall by viioe of the mgon molecyles hitling the
chamber wat}, this fs tot aflicient becauss of the leagth of
limc reguined w rermove gl of the adsarbed molecules,
Similarly, heating the chemher with chamber heers ag
nnted serliar, for example, is nat 9 efficient e uging heatod
£as in combiution with the indepoadont heaters, ‘Thus, the
first stop of the proscer process s to ensure the eficiant
release of the contmingting molecule from the inside sur-
faces of tht chamber This is scoomplighed by impaning to
ﬂndunbcrulawln{mmmﬁdqudcﬂym
Mbmkﬂnbmdngmm of the contacminating
moloculca.

Aa sbown in the FIGURE, for purposos of regulating the
heat in @ chamber, the chamber tempetstore msy be
messured o 9 with a thermacouple o s 10 control the heat
ingrat from the independent heatirs,

Aa noted earlier, the chamber and inemnl parts may be
bakod afier assembly of the vaomum xysem, bul prior to
intreduclng or fowing argon gad therethraugh. That is, the
rysteny i heated by (he homers, while evacuating the cheam-
mmmmmwmmmcmsmmm
i2 soernally designed to disiodge mrface contatinamts thet
are adgoehed to the malerial constitnling the chamber, How-
ever, such baking is sot efMiclent in remnving such dislodged
contaminants from the vacuur chamber inaide surfaces
because of the lack of officiency in removing such mol-
ocules, resulting in recombination of the dislodped contami-
nant with the surface, ie., resdsomtion, Ia fact, molecules
deacched by baking frequently beoomns adsarbed fu snather
region of the chamber dus to the mndom path the desorbed
molecnles can take befors exitng. Purthermor, the smount
of eocrgy needod for dosorption of contzminemis ofisn
cannot be supplied solely by such baking.

Therefore, in acoordance with the invention, the soeond
sspert of the process for effciently moging the vacumm
chamber of contaminanly in acoomisnce with the invention
involves proventing sech conisrdnans molecules from
becoming re-sdsorbed on the vacusn: chamber surfaces after
they buve boon relcascd. This is pocomplisted by the beatad
gas smeam Sowing throogh the vacuem chamber where the
heated gas comaces he releaged contaminat moiconlas, The
heated gus fowing
tally provonts the contminant molecuiles from heing rend-
sorbad on tho ieside arfaces of the chimtbor, Porther, the
Aow of gas iakcs the contaminent molecules aificicntly 1o the
exit of the chmmber with cnly minimal opportumity o
re-adsorh

The beated gra con be injecied upder preasare into the
vacuatt chamber and permitiod to exit therefrom st stmo-
smwmmmmum«umami-
ﬁwmm.ﬂ:,ﬂwgnmybeitdmdu:dmmm
thnmmeh-ﬂm-mdmwdnmb-mmﬁn:lnm
sure, Logethar with desorbed conmminants, by the punping
system, in which case the chamher mey wift be porgad under
amﬁﬁnmm,hmmﬂwhﬂmdmh
imtroduced inw the vacyum chamber ot relativoly kigh, but
subatmoapherio, prezssuren snd then removed at mbstmo-

11}

* 4 : <
ephevic m'm?ammmm,by
the pumping eystem_ It is predered to opeats the
as toy mitintuin the chemher onder & =
far acveral rezsons, fachading

reasiure off froen about 50 to sbot 750
aaumhﬂmm

This progse may be mabitained by a roughiag vacamn
puumlyumwudmaymmugormmm
pumpa. The chamber

chamber, a
of ges thrpugh the charnber and conssquendy zids in the
mﬁﬁddrﬂu&dmﬂmnﬂuﬂu.

The fow of hexteal gas intg the chambor s maintatoed o
a-devel, for exampla, squivalent to 2 minimum dow of o
Jeait ehout 5 stmnderd cubic ventimeters por meoond (acomm)
into a 5 Hier chamber, and peeforably equivaliat to = Bow
into & 5 Yiter clmber ranging from about 20 scem to about
1350 scor o ensire @ sufficiem: gas flow 1o accomplish the
desirad sweoping of the desorbod contaminmots aut of the

. chamber.

L]

While refaronce has beens madks herein to the e of heatad
Argun it & purging gax, it will e uaderstond that other gases,
inclading other fnert gases, cen be used. Such gascs con
include, for example, mtrogen or neos, »8 well 2 coutbi.
nations of such gracs. Fowever, the use of wrgon ia pre-
fesod,

In aperation of the process, the heated non-reactive gas is
puraped through the vacuum chamber for a predetermined
period, following which the chamber is tested, whils bot, to
determine whether or ol it is capsble of reaching and
meintaining § high vaciuay, This pcriod may be debormined
enplricaily based on previously tested vacunm charobers (of
Gic zmme sz} capable of being pumped to wltre-high
vAcuam. Andlysis of the partial peossares for axygen or
Hitrogen, or goy other common gasts, may also be used in
determining the pamp down ime requiced prior o teadng.
Then, after puraping or flowing the non-reactive ges throngh
the vacmum chatohar for the predesermined period of time,
ths fioww of heated gae to the chamber is stopped The
presaure of vacuom of the chember is chocked, 1e., Lhe
chamber is checked for the prestoce of contmmnamx, by
ovacoating the chamber, while the chamber is selfl hat, to an
nlira-high vacuum, prefstably in the range of from about
4x107" to ahout 6x10°7 Taxt, and typically ahout Sxi(™?
i
If the precsure is high compased to proviovsly tested
chambers at this pressure, this is indicative of 2 loakagr
problem with the chamber. Thus, further purging would aot
cleansa the chambes of éxygen or nitrogen, or other common
gaacs, and Qurlhar pumping woold be fotfle. Alematively,
afier the partial peeasire check, 1f'the roadings coteapond or
are not unslly high eoapared o0 previcusy tasied cham-
bea, this indicates thay the veenum chambee does not 1eak
A coaforms o manndacturing specifications, The vacuam
chamber thay thea be pemped bo 2n uitrehigh vacmm Thus,
Jong periods of punpiog time on defoctive chambers are
avoided, It will be seen thut this method has the advaniage
of maricediy shoctening the timc for which chambers ams
pomped by testing 1o find defective chambers befom
sttempting ¢4 pump ¢ ulra-high vacurm ;
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---'ﬁmmﬂmm may be schicved by the ?Tu_m'zammumm. whuitdiﬁng: _-
- ‘use Of & roughing pump, as previowsly mentionzd, - - - 1. A process: purging a vacgum chember mihis
fallowed by & purmp down nelng a cryogesic ur turbe pump, - - uee in production of integrated cironit structures on s~
: &mﬂmm?mwmmm condwotor walers oomprisinig the steps ot -
be pumped down Lo Tom, for cxmmple, 1o 5 () providing a vamum chasber 1o be purped, said
mﬁwm thanher heving an fnterior sorface;
Alier the vacoum chember has been pumped o a1tk () simplisneomly; - = '
high vammm, it may be fillad with & sclected gas auch as - i) flowing tiwough sxid yaqmm chember fiom a fiot
nitrogea for sorage or shipping porposcs. Nitrogea is par puolot in exid chember; and
Sesi Joutul 1 i prepos Besunkc it xow DUV OB o M e it
strongly with vacium chamber susfaces then argon. Ths use i of 6t leaat 90 Cs

of citrogen is boncficial becnose its presence
molecules from banding with the chember walla, Nitrogen
hes 2 bonding strengtk of shout 40 maH-Joulas/male (n]/
ok), and argon has a bouding strongth of aboot 20
mi/mole. Thus, water molecules which havo & bonding
tioenygth of about 100 sifraole do ot have the same ebility
to displace nitrogen ffom the chambar walls a8 they wauld
to displuce argon, _

The following axemple is Tacther iltustradve of the

fkd.ll

EXAMPLE

For this example, & yeouum chamber, such ax a charmber
wsed in physical vapor deposition, can be usadf sich gs, for
example, 5 3 iter vacoum chaber contained in sn Applied
Mazecials Bndun™ mmitichamber semicouductor process-
ing systom availshlz from Agplied Materisls, Inc., Santn
Claza, Calif. A soures of argos goa san ba attached to tho
chumber. Two vacuum stapes would be attached to the
chamberin apder 1o pamp the chamber to gitrm-high vacuum,
The first vacium pump atage would be a roughing pump
stage, witich conld compriss one or more roughing pumps,
sich 25 8 DC-25 BCS vane pump, avallsble from Leybald,
Inc, or & WELU-151 Roois Hlower, slso xveilahle from
Leybaid, Inc; and the second pu stags would be a
cryogenis pomp, such a5 8 CIT CRYO-TORRBEF available
from CTJ, Inc. :

Tha mpon gas can be beotad [0 & tempersnere of sbout
1507 C. before being inttoduced to the chamiber. The flow
et of i:e argon gar lo the chamber would be at 1east aboud
5 scom and suificient, in combination with the pumping
gyslcm, to maintain & prossure within the chamber of from
about 50 to shout 750 Torr. The roughing pusp can be
operted (0 providc a presgure in the chamber of 750 Tor
while the axgon gas i beduy flowed throvgh it Heaters, sach
s halagen lampe, can be applied either to the inside nr the
outside of the chanber to rosinthin the chamber i & fem-
persture of about 7* Q. Afar fowlng the heatcd gas
through the heated chamber the flow of gax can be stopped
and the chamber pumped o 5x10™7 Torr, Then, the pamial
prepmice of tho gas leaving (e vacnm clembe o be
seqlyzed. If the pariel prossure of exygen fs higher than
about SXI0* and the partial pressure of nitrogen is Kigher
thart 21077, the vacaunn chymber can be txovidared te bave
2 Ieakage problem. Thos, atseovpting pumping to an ulsa-
high vammm is nol pecossary. If, howeves, the partial
pressuee of oxygen and the pertia! prossure of nitrogen sre

loss than tho above speclfied amoums, the ohaniber can be .

pradicted 1 pomp fo an ultrs-high veceum of %10~ To
upon reaching smblent. iettiporsture,

Broan the above, 3t will be seem that fiwe prosent invention
provides an hignoved mezhod fir puoging vacuum chambera
which msthod can markedly shorien the time spent in
aitempting 10 pump tha chambers to an ulteg high vweunm.

15

35

<3

65

() mainxiniog ssid chamber ut 2 lemparatwo of ot lemt
90 C. and a1 a vanam level in & rengs of shonut 50 Tiax
1o sboat 750 Toer while flowing seld hoated aon-
reactive gus throagh asid chembher, thereby sweeping
impurities from esid chambar with spid heated non-
reactive gm 23 52id non-ceactive gag flows oot of aeid

chaysbor and subetantially i m_ﬂu of

3. The process of clalm 1 wherein sald hoated non-

teactive gas is selectod from the gronp consisting of xegon,

nitropen, and neos.

3. The process of cinim 1 wherein spid hegted pon-

rhctive gag Egon gat,

4. The provesa of clalm 3 whercin said ohamber is heared

pdor to flowing sald heatad gps

5. The process of claim )| wherein said gre is heated b g

temperaturs i 8 mmge of from sboot 90° C. Lo sbout 250°

C. prior to flowing sxld gas through said chamber

& The process of claim 1 whentin sald chember is

ntaintained at & tempeeaturo in o range of from abont 90° C.

to ghowt 250° C.

7. The process of claim 1 inciuding the step of stopping

safd gax fiow 1o atid chamber and applying vactam of mt

least 4x1077 Tor to smid shmmnber © oxiaust said noa-

reactive gus therefivm and @ \oxt said chamber vacmum

iategrity.

8, A process for pusging & vacim chaotber suitshle for

3¢ in production of integrated aircwit structums on sead-

conductor wafers compriking:
(ﬂmwmﬂumhmm

- vatumm baving wn intacior suface;

(b) baking said chamiber ina af 90° C. 10 250°
C. ptiar to flowing gus ko dosordy molecules
adsorbed to the interdor surface of the chamber:

(c) flowing argon gas through sald chamber from a first
polnt in sald said argon gas heated fn a
t=roperature range of from abowe 30° C. to shomt 250°

from seiki chamber with
said argon 2510 an exdt spaced from said Srst point 2nd
substaniially {reventing readsorption of molecules that
have heen doscrbed from ths interfor mafece of sald
chamber.
9. A process for purging & vacoum chxmber snliable for
use in prodoctan of integrated vl srocieres yn vemi-
eoviuctor welers comprsing the xteps of:
() hosting, a vaotum chamber to a temperatars of ol lest
90* C.. s2id chamaber baving an interior satface:

(b) therenfior flowing throngh ssid heated vocoum cham-
bet srgon gas heqted to 1 tampecamee of at least 90° .3
end
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lammofa.tms;wmnﬁmnmu '
to & iompcmnire i & renge of from sbout 90° C. to sbou
zﬂc‘ﬁ“”m wald heated srpon gas therothvongh.

process of claim 9 wherein sid wyon gas is
heated to a temperstuce o 2 range of from about 90° C, o
gwtmcmwwm:numm

12. The procoss of clalm % whoreds sald charcber iy
maintwined a & vacin level in a zangs of from about 50 to
750 Torr while said heated argon goe ia flowing chero-

throngh.

13. The process of cleim 9 wherein sald chamber is

mpiniained at 2 ninmw in & reage of 90° C. to 250° C.
§2 In Rowing thessthroogh.

14. The process of cigim $ ineluding the step of stopping
sald axgon gus flow 10 said and applying vacoum of
8t Jeast AX107" Trr 10 said chamber to exhms swid argon
am therefrom and to test sald chamher vasunm integyity,

15. The process of clalm 14 including the step of mea-
mdn;pmumuuntathatmofmmgmmdmm
after reaching gajd vacnum of at least ahout £x10~7 Toer in
said chwmber.

16. Tho process of claim 15 including the step of gumyping
said chamber 1 an ultra-high vacuwn of s least 5105 Tory
wllor exld stop Of tocasuring 2ald yurtlal pressure of o7 keast
one of nitropen zpd oxypen.

17, A process for pusging & vacoum chember suitable for
vee in production of imegraed etreutt struciises un sermi-
conductar wafecs comprising the steps of; ,

(a)hmin;avmumuhmbuhlmmmmnguof
from about 90° C. to sbout 250° C., waid chnber
having an interior surface;

{b) therealter flowing through 3al4 hoated vacuem cham-
ber aryous gas healed in @ temperalie rangs of fram
sbaw 507 C, to shout 250° .

(¢) maintrinjng seld chamber in a tmpargtore range of
from aboas 90* C. to sbout 2507 C, while fiowing said
hested argon gus through seid chamber; end

{d) removing said heatod gan from sesd chamber while
flowing said heated argmn gas through said chanther
and at g rato sufficieat to malutain  pressore of from
sbout 50 0 sbmd 750 Tor within sald chember,
theroby swesping imypurities from said chamber and
subntantially ing readearption. of molecutos that

EL

preventiog
have been desorbod from the ftevior surfece of axid

chamber

- 970 248 0607:# 8/ 8

. 15. The process of claim 18 inciuding the siep of mea-

* ! suring perial prossaee of at Jeast cne of nitcogen and oxygen -
 aftor ronching seid vacairm of ol mmmo"mm

20. Tho process of claim 19 including the stap of pemping
said chamber to a0 oltrs-high vacuum of at Josst 3<30~° Toer
sfter sald stap of nsoseuring sakd partial prssure of a1 least
e of nftrogen and oxypea, if seid measured pactal prossure
of oxygen does a0t extvoed aboat S}I0™ Toer gad axdd
maasurcd partial pressare of aitrogon docs not asoesd shont
210 ¥ Torr.

%Amhw@uam&m{:&ﬁuﬂafm
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- from shout 90° C. & sbout 250° C, seid chember

baving en inteder surface;

{0) tharoafter threugh saki heutod wacmm cham-
ber argon gﬁmhmdhammmofﬁm
about 90° C. to abwt 2507 C.;

(c) auintsining said chamber in a temperaiure range of
from shout 90° C. to sbout 250° C. while flowing said
hesied stgon gre throngh sald chember:

(&) mmaving said hated gas from said chamber simulta.

. acoas with said fowing step and st a rte enfficient to
tnkintxin a pressure of from ahout 50 to about 750 Torr
within ssid chamber, therelry swerping iompuritias from
anic chamber and inlly preventing resdsorption
of molecules thet have beex desorbed from tha fntedor
suruzs of waid chember;

{c) stopping sai? gas flow 10 aald chembar; and

{f) spolying vacunm of et lenst 431077 Tomr .o sxid
chumbee o exhaust said non-reactive gas and to test
chimbor vactaum integrity.

22, The process of claim 21 including the st=p of mes-
suting partisl pressure of at loast ooc of tzogen axd oxygen
after reaching said vacoam of af Jexst 4xE07 Torr in eadd
chamber.

23, 'I'e provess of claim 22 including the siep of pamping
sald chamber to en nltra-high vacoum of st leagt 5510~ Tor
after aaid step of mezsmring eqid partinl pressnre of st Jonst
one of vittogen and axygen, if szid measured partial presgur:
of oxygen doos not exceed shout SXI0™ Torr and said
meqiured partinl prossure of nitvogen does not exeecd sbout
2x10~7 Toex:

® * = W %

Al 17 ichoing ho ot ooy
flow 10 e2id chandbes and spplyiog
‘sbout HAT™ Toar to ssid thasaber to -



