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METHOD Techni cal Background This invention rel ates
generally to ultra-high vacuum systens, ‘and nore particularly to 5 in -
situ getter punps used in ultra-high vacuum systens. -~ Background Art

There are a nunber of processes which require ultra-high vacuumlevels of,

for exanpl e, 10[ er r INSMUSELIESPUMBESXSEEMAND MEIHOD A cuum physi cs
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gasses. The nbe
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with the af #€ofiEnrequired insemigondugior prasessing equipment cryopurrps A getter punp

i ncludes getter rraterl aI s (nmetal alloys) which have an affinity for
certain non- nobl Segsrdgum aly Gsed iPseries 6Pparall dl'ﬁ)wmehltﬁ-lﬁgﬁﬂﬁéiﬁrh Rels
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upon on the s getter g(()) ositio etc.
A pr ef er r edPYBPS sipcsthey pump kop; pqsﬁsu& gagses. SAh& pymprdownime for a particular ghamber
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by SAE§ = t hamber %hg capac:?y of the pumps, the conductance from the chamber to the pumps, and the
) desired final pressure.

In certain ultra-high vacuum applications, getter pumps have been used in conjunction
with the aforementioned mechanical, molecular, and cryopumps. A getter pump includes getter
materials (metal alloys) which have an affinity for certain non-noble gases. For example,

25 depending upon the composition and temperature of the getter material, getter pumps have been
designed which preferentially pump certain non-noble gases such as water vapor and hydrogen.

- For example, gettér pumps provided by SAES Getters, S.p.A. of Milan, Italy have been

installed in particle accelerators for a number of years. The getter pump typically includes getter

: material encased in a stainless steel container. Getter pumps can operate from ambient
30  temperatures to about 450°C depending upon on the species of gas to be pumped, the getter
" composition, etc. A preferred getter material for prior art SAES getter pumps is ST707™ getter
material (which is an alloy of Zr-V-Fe) and which is produced by SAES Getters, S.p.A. of
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Mlan, Italy. Another such material is STI 01[ err] getter alloy, also
avai | abl e from SAES Cetters, Sp‘A which is an aIon of Zr-Al.
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30 - The Briesacher reference was pnmanly an academic analysrs of the practicality of using
- non-evaporable getter pumps in sermconductor processmg equrpment Therefore, very little
practical application of the theory is disclosed. Furthermore, whrle the Bnesacher article uses

the term “in situ” to descnbe scenario for the use of a getter pump, 1t is clear from the
description that the getter. pump is extemal to the ehamber and is consrdered ‘in situ” only in that

35  when the chamber is sealed and when no argon is ﬂowmg into the chamber, the volume within
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"transi ent " faw milligsr.ween t hese various 30 operati ng environmnents. For

exanpl e, when goi ng. from atnospheric pressure to ultra-high vacuum

COFEI tions, it ofif dpddratasy cﬁ%ﬁ% ﬂ;!eﬂ!li'ﬁﬁ)ufsctfpgﬁ g%ﬂvirdlamﬂailts rmgpmn csgimenng
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pr ocessing. niﬂﬁk&'{ ﬁé@u&%ﬁﬂ‘(&mmv&%ﬁ P Nk s d 8" pun) will then be

down-ti nme"
- used to reduce the pressure in the chamber to approximately 10-7- 10'9 Torr.

It is commercially desirable to minimize the “transient” time between these various

30  operating environments. For example, when going from atmospheric pressure to ultra-high

vacuum condmons, it often takes 600-700 minutes for a traditional mechanical pump and

cryopump to achieve the des1red vacuum levels. Therefore, after every routine maintenance or

repair, it can take ten hours or more for the sputter chamber to be ready to accept a wafer for

_ processing. This can result in thousands or millions of dollars of “down-time” for the
35  sputtering machine over its lifetime.
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' equlpment Also, since cryopumps are quite expensrve items, tlns would be an expensive
solution. Furthermore, the smaller <cryopump would have to be regenerated on a frequent basis.
Also, each cryopump ‘would require expensive and bulky gate valves and control systems.
Finally, the chamber would hkely have to be re-desrgned to accommodate two cryopumps

D

35 Another possrble sohmon would be to use a baffle plate having a variable size orifice.
While this is theoretically appealing, such baffle plates for large cryopumps (e.g. cryopumps
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coupled to t
' certain gases, such as water vapor, while another module can be operated at a second

temperature such that it can pump a different gas, such as hydrogen. Alternatively, a single

module can be provided which is heated to a first temperature to preferentially pump a first gas,

and is then heated to a second temperature to preferentially pump a second gas. Heat shields

may be used to isolate the getter material from heated or cooled surfaces within the chamber,
30  and therefore allow independent temperature control of the getter material.

The wafer processing system preferably includes a gas analyzer coupled to the chamber
and a controller having an input coupled to the gas analyzer and an output coupled to the heater.
This automated control of the heaters allows a first species of gas to be pumped by operating the
getter pump at a first temperature, and then causing a second species of gas to be pumped by
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|ncI udes the heater.t he step of placing a wafer- within a processing chanber and
sealing the chanber, flow ng a 15 ~noble gas into the chanber while

si mul t aneousl I r np
and with an,in Eu pu ‘le spose £ i) "Hg eﬁ@éﬁ% éo%ﬁssmﬁwg V?%%u %@?
gases, arRirtisulark.a rnmcessma thithe presens inveption dncludes
conti nuesxhéete lof gawaf&r&fuﬂﬁﬁtm ra:aid&ar &&@Mﬁ fth® éhdifbe?, ABRARY 925

|p3';rg t'f?@ile ﬁB@r&ﬁn HﬁtEOd‘gf}‘Fd ud ) the‘pr ) %dﬁﬁ of Si rrul taneousl glow, ]

situ pu rnprcssumcpump/mmhhae inpsisspump disposednwitliin dheatimmber eﬂmmﬁumps nel-hielsie

wihin L éhan%e"r“’é?%ﬂh%% WA kil T i e BRI b4 Sotholi. g Bp%°

mat eri al lfm@ ke step ﬂoymgxamebhaas mspythe chambes;ither methoé unﬂudelsahe
etter f
9 nonaﬁdefg.ggglgms&wgmﬁag kn%ﬂcuamr Wiﬁ%?ég&%a;ﬁdw Iﬁ%@gﬁggtﬂﬁp d WAifi%the

oth 0 n
pr o%?t i 42 Sfp RuUmP (R achisved, H’l‘s"ﬁ‘ggr 6@“ o4 @lso; preferably Wﬁﬁfsaﬂiﬂéﬁﬂ ef
L Epur i ty rhonitoringithe conypsitiontahd comcenationaofithe gas within thg chamb&natﬁldéﬁhh GoBmg thé
is inv [ e PrQVi ch are

conpat bﬁéﬁ’ﬁﬁﬁ#tﬂgksf&f%&%%ﬁ@ﬁﬁmﬁ Aot b, rofispanre of the
manuf act lgettcrqnatqualmmrhe controlledcxham;nep&grﬁ;mw fashivnnar by some othen npatfeedback

unp, qﬁag %g&f, ; i e Qi be
h rrptc}%éeduce %@r gEf/tHrl | ng equ R{Hﬁgﬂ;?%{f H{neé}gﬁﬁm?ﬁﬁ%l &#c&e”g Ls%égo
prockrit i \AUMP adesirgd WP‘!’&Ml thin the noble gas stream; n particular, it is
advant ageous to operate one or nmore getter nodul es at di fferent

tenperatures tAn advintigerdfi thid Mventioh isahMmod Sybtehi 208 héthed We! provided SER @ ng.
syst em Ch%H;%%ble with the diverse operating condmons of semiconductor manufacturing equipment
chambers. By providing an in situ getter pump, transient times in semiconductor manufacturing
equ1pment can be much reduced, thereby reducmg equipment down-time and thus increasing
30 productmty and profitability. '

In partmular, it is advantageous to operate one or more getter modules at different
temperatures to preferentially pump selected gases from within a sputtering system chamber.
By using a gas analyzer to automatically control the temperature of the getter modules, pump-
down time can be gteatly reduced.



By using a gas anal yzer to automatically control the tenperature of the

getter noOWPser138207P- down tinme can be greatly reducedpcrusosnaiss WO
96/ 13620 _
PCT/ US95/ 14154 : - -7 -

Furthernore, it is found to be advant ageous to use an in situ getter punp
in conj un,cg : on Furthefmdhrb, ibisfovmiorte. ad&ﬂwgdéoﬂi Qe AR n BiNe geteer Yubfih Coffihctitn
punpi ng no e gases such as a an i etter

Gssent | al | y "B EHORIR, Sitos Sy Splaps. arp SRV, PP 3 Aiipite, AORIE gaes SHch as apggn

i nt er f er e wiahd since getfer pempepump eisbmmllyfnomdiﬂegms.sthe operatiomof the gettempenp does

Furth
pupi ﬁg”‘ééemﬁa%ﬁans%e*mﬁsﬁéﬁﬁ‘ﬁf‘nﬂﬁews Rbisithe chaifiot XaRHERnGLE, since
| ar ge, . ff thegincsitRgetas Pemn agsmam CI¥OPIEpsin; pumping sownrihe chambers |ar1@w-capac1ty

resul t of 8w:§é§ uinpas be Riedit'a 186EE; baffled cryopump can be 388 ¥hile tilP bBRining the desired
ﬁ%‘

advant ages resent, i nvent ion will becorre appar ent upon readl ng
the fol |l ow Werdransiept Pexioddns and st udying the various figures of the
dr.awi ngs. Brief Description of the Draw ngs Fig. 1is

a system di agr amW@erﬁvmmnﬁﬂndmtmmwmnmnWapm upon reading

H‘g'sgﬁ't 9 the follgalﬂfdeweﬁ &?&r}p%nﬁﬂﬁjst@ﬁlige@k w%@%@gﬁ% &8%5 t aken

alongllne220f Fig. 1 of acryopurrp baffl e plate; : Fig. 3
is a sildd eBriefDeseriptionioftheDrawingst t er rodul e i n accordance with the
present 1 5 |nvent|on F| g 3a is a view taken along |ine

g?eggn?fl El/gntl3 ﬂgl i 5ystéth i E@{l;ll ock d| ai r a?:u(l) anot hexrncludmg
enbodi nent 3?‘%?*“13?“5*’?‘8“5@(%?%?%3’%@9%‘[ &‘F ntoly esent i nvention;

20 Fig. 5 i1s another alternate enbodi rrent of an in situ getter
punp system of t [Rig.isaendss sectional view tdken ajong line 2-2 of Fig. 1 of &¢rgopuinp baffle plate;
graph of the pressure within a chanber according to a fi rst -punp- down

process of the pmh apith tp’?%e
pressure within a % ﬁ'k%gpéfgegcor%ogal Y‘ewaOfs% etteé- %‘Earr‘ge procgfsleé of ot
t he prelsﬁsntmmm,lon Fig. 8is flowdlagramillustratinga

process in accordance of the present invention; and
Fig. 3a is a view taken along line 3a-3a of Fig. 3 and illustrates a single getter element of

the present invention;

Fig. 4 is a block diagram of another embodiment of an in situ getter pump system of the
present invention; ' |

, 20 Fig. 5 is another altemate embodiment of an in situ getter pump system of the present
' invention; '

Fig. 6 is a graph of the pressure within a chamber according to a first pump-down
process of the present invention; -

Fig. 7 is a graph of the pressure within a chamber according to a second. pump-down
- 25  process of the present invention; '

Fig. 8 is flow diagram illusuﬁting a process in accordance of the present invention; and

Fig. 9 is a flow diagram illustrating step 162 of Fig. 8 in greater detail.



Fig. 9is a flow dlagramlllustratlng step 162 of Fig. 8 in greater detail.
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Best Mddes for Carying out the Inventio- : In Fig. 1, a wafer

processing system 10 includes a first enclosure 12 for a robotic wafer
“handl er 14 and a second encl osure 16 defining a processing chanber 18. The.

syst em 10Bestod! ‘ 2Inventiomi cal punp 20, a cryopunp 22, a gas
delivery system 24 a pI asnma gener ator 5 26 for creating a plasma, and a
M Cr oprocessor phpged, &Qﬂfei- Hceés P@mcmdet  fidst HAbsuRE lﬁ'i’@rarobonc wafer
operation of wafe roces esent I nvention al so_includes an in
situ get t bandler slt4e QBP‘EE?‘PEP |18. 3The system 40 @lsg3

? R&z )nt r gl inelhides sheemm pmraeqwumpm, as degvery eistdnemf , @3slashiAgenéfikor

a [ Croproce on er warl. e
(o) 550 126 15 i s WhsRc B4 HEREMoRAL ke EondSler 2805 SPlehiling muh of theg
by t he r obperationldf waferprocessingdiOz r THedpresent invention also includes 1an rin St gettar isystem
det ai |
wel I k?,otk"tﬁ30&%%'2&';€9?t&3“t@"3%%?§%h‘4@a%°£n @%&W@féﬂ%@‘* 2
chamber 4residuak geSannaém gad @ microprpRessPr b 4Bhe wader

robot chapiagsssi eetaadeﬂﬂ&naﬁctat 30 gtatsecgbnﬂun cha.tﬂbetcw | ¥ P!
| ess han %&gg Tﬂw he purpose of the robot 14 is to automafically

pl ace 15 W thin the processi ng chanber 18 through an open slit
val ve 46 and to renove a processed wafer 40 fromthe chanber 18
t hrough the ‘sl ﬂhemhufacﬂﬁngﬂemﬂsbﬁtheﬁrsnemiesubaﬂ lané the robotic wafep handier 14) aet

T’ O * "ef kbl 4 e Bt AASR, TDERLERPIS Bt My RS YoM AR TR

to mini m aesessed mpggkshtarglva and 46. The mbeachmbeansatypm}isemmmetmq ulmlngh
processi nwtm@eew@tféss% i0°% 1o, tTHé‘b&?oétﬁof &mctosa@m {t@a& ofhaticall

waf er, _handl ate valyves 44 an ar.e contrall ed the S stem
cont A3l | ewaler 4 processing chambe}, B&tuaeﬁmém éaltfe‘*weﬁoors boa
the proc e? ﬁsmerﬁb from] the charalser\I8rdhtoughlthe slit valvdess ghter thé prdceksehish&en

et o un AN AP ML i
and 50 co tie prefe: L13) Tp oy turbulence as the
o fhe at Maxaed sl et Biing the pricestulifof e WAy A the st sahdff RIS TES
opend® mboncmrtmdl%dﬂ@ndmmM%m lpmmsoltfévm thes o) wemrRoBirolies

about 30 ggllitorr. At that tine, the valve 48 is closed and the
cryopunp valve 50 is opened to continue punping down the systemto

Coni unct  on (1 T8 sasgnt ooy 16 i Aimeh el Pt 151 s £ ymysIHgn
When t he déﬁg’rbeit, lilkesthe ﬁmlwdomrbd@ is preferablyimagh ftolons strpn e siumstee tiaeenal such
Fg\?\g?sfhg% %{ﬂntlr 3 ]s\‘.&i ' Adftdn BSHE Uit 5@&? 48! GG B VInLY RN %o couple the
25  mechanical pump 20 and the cryopump 22, respecuvely. to the chamber 18. It the chamber 18
has been vented to the atmosphere (such as for mamtenance or ‘repair), the valve 48 is opened
and the mechanical pump is used to pump down the chamber to about 30 millitorr. At that time,
the valve 48 is closed and the cryopump valve 50 is opened to continue pumping down the
system to about 10" Torr. Preferably, the getter pump 30 is operated in conjunction (i.e.
30 concurrently) with the operation of the cryopump 22. When the chamber has reached a low
- enough “base pressure™ the processing of the wafer 40 can begin. Base pressure is typically
lower than 10-7 Torr.

The "pump down" process described above is, of course, a somewhat simplified
descriptibn, as will be appreciated by those skilled in the art. A more complete description is as



The "punp down" process described above is, of course, a sonewhat
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foll ows. After the chanber 18 is partially punped- down by nechani cal punp

20, the follows haAiften thep ghamixa 18 is ipartiallyopimpedidown i byb mecbanica) pusips 204 3he
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wi Il be apprwith QW?EQ‘;S Zﬁﬁﬁfapﬁi |th1§ théltclﬂiﬁeirlts down to base presslure T%S;ntﬂbéddﬁé@r
processing in a sputte ste ontrol.l er ve 0 open
allowngamg {IS‘?%E%"%' S’(Eﬁ? WG&?‘ ﬁn'flowmto

chanber 18. Since 15 cryopunp 22 is still operating, the argon gas and
certai n by- producte inifiate peocessing inrd sputter systers, the controllee 28 causes far valvet 52 to open

hamber 18. i
e oy At s 80 %aas Soypfbaltp uffdns Hoh & &t ﬁ%@ggﬁ% 5tk 48! Msince
mllitol?. Sryerumma2 jsstillioperatiag. the argon sasrm Sputigsing process
(which is a #0Btandféh thd Ehﬁ%?lBOtT&Weaﬁis ﬁﬁte%féueﬁtthﬁlﬂﬁ &g&P Pressure within

non- nobl ¢ g oBber This o3 ewanitan, t“ix&igteisg?{fﬁpxaignﬁ’r?fém&q%?sﬁéﬁ's%@r

wi |l be di squage30 doesgiotpimp adgvnqwmh isa nobh@en ieddes ot substantially affect the”@rgon

used herein,g"i.n_sit tt r to tter wher e

bot v o ™ foyifle b itne Craer RE Bowkbar. e Befifr AytheCa s B Baih Hinfoblt gases
| ocat ed2Qi t Hduninghthe Stove of akgonegast thm@hethashamber 18 hsam&fberdxmseg jor greaters detail
I n effect, té&s &@E{x}@ﬁ punp chanber has becone the process chamber 2 5 and

Vi ce versa. ‘the conductance between the in situ getter materi al

and the process chanber is_ ver hlgh cogBared to the coupllng of an
external getter pﬁﬁﬂs%ht"w'c%%‘élg pump”hWill, gofer, 1) & getieh PYEIP WHPRg the active

‘the throat oflerents!iR. ﬂﬂ&éﬁv@gd&@%a&ﬁh!?is@hyﬁ&ﬂly 1b6dteEwithiR It saniel volume of spabe as

vl 7500t i Wl ey procestsal 16 Rltedr e Btae? DyinbicHafidtias patbre e Biics famber

speed c2h beandcticeverss. #As snoh;pﬂle edndumaat:e beteee3the in sitd getierymatenall andathe |process

359 of ' f t
i coupl e TAIBE L (620 th CmpRT) 16 SRERRe ' an Bl Chciet ol € the chamber
shoul d be ndiieughgate valve, co, Grstthmteo ShPUIBPrRAsh heas shieldy ke dF%mle, with

Lg'r 22ﬁ?a92”2%““§%““ ﬁ&'t | 8! M%Muéﬁm%reagﬁbag Shield 3L3h mdé (i tiihn! T9% (fypRally
st ruct | on<PRREEIE) o GRRTHE Hing B b Pl s g bes

punp. 30  75% (typically as low as 35%) of maxlmum theoretical pumping speed for an external getter
pump coupled to the processing chamber with a gate valve or the like. It should be noted that
conductance and pumping speed are directly related, and that pumping speed is being referred to
as a relative percentage of a theoretical maximum pumping speed as if there were no
~ obstructions between a given molecule and a getter surface of the getter pump. '

35 The addition of an in situ gettering system of the present invention can therefore provide
a two or three time improvement in pumping speed over prior art getter pumps coupled to a



35 The addition of an in situ gettering systemof the present

inventi WO %41362her ef or e provi de a two or three ti mBCIRISFHIAIAENt in
"punpi ng speed over prior art getter purIBs coupled to a WO
96/ 13620 '

PCT/ US95/ 14154
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entire systemis actuall y Iocat ed within the chanber 18. However, t he
active. porti oAnGh sfhy gé @ wgcm fx)eseﬁ
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within t &t 3% Heghield 334 sauree 3o e RGA 36, and the,congeller-38. nédul e
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IE éh n%@ﬁpll S.-not erate under, adver conditions,. such as when
t he a
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control Iwmhmmmmcmbmmnmn(Masrdpmngmmmbaomr oller as will be
appreci ated by those skilled in the art. : Pref erably,

the getter gy Brefzabll Sor i Sefer Wy&tef controlily ﬁ‘o&hhﬁﬂiﬁaté Qﬁthttﬁé@ﬁlté} Wterl
controller 28 through an interface bus 55 so that the in situ pump is not’ operated under adverse
conditions, such as when the chamber 18i 1s open for maintenance and repair. Altematwely, the
30 controllers 28 and 38 can be combined mto a single controller as wxll be applecrated by those
: skilled in the art.

Preferably, the getter module 32 includes a heater 56 which allows the temperature of

the getter material within the getter module 32 to be selected. A thermocouple 58 is used to

~ provide temperamre feedback such that the temperature of the getter material within the getter

35 . module 32 can be accurately controlled The voltage source 34 is coupled to the heater 56 by a
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controller 38 causes voltage source 34 to increase the heat output of heater 56 to heat the getter

30  material to the 300-450° C range to qulckly and effectively pump the water vapor from the

chamber 18.

With additional reference to Fig. 2, the cryopump 22 is preferably coupled to the gate
valve 50 by a throttle plate 72. As explained previously, the throttle plate 72 reduces the
conductance between the processing chamber 18 and the cryopump 22. If, for example, the

35 cryopump has an 8" mouth, the throttle plate 72 will be slightly greater than 8" in diameter and



valve 50 by a throttle plate 72. As explained previously, the throttle _
pl ate 7WO861338 t he conduct ance between t he procePFHsoSA4IMer 18
and the cryopunp 22.- If, for exanple, the 35 cryopunp has an 8" nout h,
the throttle plate 72 will be slightly ™reater than 8" in dianeter and
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30 reference. : :

In the embodiment of Fig. 3, adjacent getter elements 74, such as getter _elex_nents' 74a
and 74b, include facing surfaces 82a and 82b., In the embodiment of Fig. 3, the surfaces 82a
and 82b are substantially planar and substantially parallel. By "substantially planar” it is meant
that the surface is essentially planar, although some degree-'of variance from perfect planarity is

35  acceptable. By "substantially parallel” it is meant that the surfaces are essentially parallel,
although some small variance (e.g. £5° of variance) can be acceptable. In other embodiments |



aﬁd 82b are substanti aJr I y pl anar and substantially parallel. By
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PCT/ US95/ 141 that are not parallel. For example, facing surfaces (such as surfaces 82a and 82b) can  define a
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heater can bg provi sent preferred
enbodi nent t he heat er 56 a r.esi st ve heat er ,su ] shq h
vam i et a1 A Tnertoned sreyipus i DO AT SFETH B TRoREiS IO PR iDg the hedier 56.

range fdn aFor exmple, aresistivesindactive, orratiantheater 2at be provided. Howeyee; i the ipedsent

terrperatures o etie b -

to heat the feﬁe&o%éqt{%wgrl a;k%[ﬁ@?ﬁéeélfer agﬁl vgﬁE on \?'pe %@SA&
patent The heater should be able to heat in a range from ambient or room temperature to at least
operational temperatures of the getter materials. Préferably, the heater should be able to heat the
getter materials to their activation temperatures.

30 " InFig.4,a processittg chamber 84 in accordance with the present invention includes a.
sealable_énclosure 86 and two getter modules 88 and 90 disposed within a chamber 92 defined
by the enclosure 86. The system 84 also includes an RGA 90 and a microprocessor-controlled
system 92. Of course, as it is the case with all controllers such as controller 92, the controller
function can be accomplished by a number of equivalent electrical or electronic systems. For



Fig. 4 a processi ng chanber 84 in accor t he
present Wﬂ\?ﬁ!ﬂ‘?@n I ncl udes a seal abl e encl osu%&%ﬁﬂl‘
getter nodul es 88 and 90 di sposed Wlthlﬂla chanber 92 defi ned
by the enclosure 86. The system 84 also includes an RGA 90 and a
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o oco kAR Bl hesrloboi A e #5hem, 98 sAETOR35 4504 b Spomstor the
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of Y  SFl Bktekiihd bcfmpostion 9 coflediEaliti of (16 (RO 5HimBH . N HE BhriRier "
f r om t he SRares thecipputs,fram theRGéneirquitsr fb and, thecthegpogouples 98 and mcmwduce
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In Fig. ? %‘B‘é%si Mm udes a seal abl e encl osure 110 .
def i ni hg a chanber 25. 112 and three getter nodules 114, 116, and 118. It
shoul d be not dd Rig\d&, a peacessimg systemt@B iineludes asealabledenbkﬁutealrlomefmhrg@andﬁat |y

oo 3o ARSIl ool 00 W1 TP IOD b 5 e g .
to remai il4t118sambe mdepenm@paml@ and gancbe: of mffmntwmonwmn geiter
getter 11&@@1 14&&;%&@@11)1%&&%@%%&% be left unhéﬁéa §8| ak %o ferh A BEfRMHT ©
of 300- 450 gerx';tln%to pr&uerreﬁuﬂfn nob edr%gesnegas’and glet ter miu . §T71 Sge:tt%pmateﬁal
heated to a temperature of 300-450° C to pump non-noble gases, and getter module 118 can
30 include yet another getter material operating at yet another ‘temperature to supplement the
- pumping capabilities of getter modules 114 and 116. I this instance, the heater 120, 122, and -

- 124 of getter modules 114, 116, and 118, respectrvely, are coupled to a voltage source 126 by
temperature controllers 128 130 and 132, respecuvely The controllers 128-132 maintain the
heaters 120-124 at a desxred but ﬁxed temperatures as sensed by thermocouples 134, 136, and

35 138, respectively. Therefore, _wlule the temperature controllers for each individual getter
module 114-118 isa closed-loop or feedback system, the system 108 is not a closed-loop or




30 I nicl ude yet another getter material operating at yet another
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W thout interfering with the flow of the noble gas through the chanber.
30 In Fig. 7, a graph illustrates the operation of a system having multiple getter modules,

such as the system 84 illustrated in Fig. 4. Again, it should be noted that the g_raph of Fig. 7is

for the purpose of illustration only, and actual partial pressure curves will vary. In this
example, the partial pressure due to water vapor is shown by the line 146, while the partial

~ pressure due to hydrogen is shown by the line 148. The total pressure within the chamber 92,

35 in this example, is shown by line 150. Since the RGA 91 detects concentrations of both water
vapor and hydrogen, the microprocessor 93 causes the voltage source 94 to turn on and the
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pump referred to in step 174 can include activating one or-more getter modules, changing the

temperature of a getter module, etc.  Process heunsncs are rules-of-thumb implemented by the

system designer to optimize the process. For example, the system designer might decide that

the temperature on a getter module having ST707 getter material should be dropped from 350°

30  to ambient temperature when the partm] pressure of water vapor reaches a certain level or after a

predeterrmned penod of time, etc.

While this invention has been descnbed in terms of several preferred embodiments,
there are alterations, permutations, and equivalents which fall within the scope of this invention.
It should also be noted that there are may alternative ways of implementing both the process and

in

be



_térrperature of a getter nodule, etc. Process heuristics are rul es-of-thunb

i mpl enent eQyué¥eridiSo system designer to optim ze the progRagusos4iise
exanpl e, the system designer m ght decide that the tenperature on a

getter nodul e having ST707 getter materiall7shoul d be dropped from 350[ err]
30 to anbi ent tenperature when the partial pressure of water vapor

- rfaches a Ceyppavaths|of\he _O‘rneﬂt]_dﬁiqnﬁoﬂ. For ex?]mplepléhm sil‘mﬁgngﬁgirml- gét_tarinm?rial has
etc. . 1L e S lLhve on.nas en SCL | Jd N Ler 0
several pr efhEF?éHscé?%% ‘Wé‘ﬁté’? above %#ﬂgﬁ’%“ ;Qfgﬁ%ﬂ?%ﬁi tfﬁib,c'“ 4 togf%n%r?sent

and equi val dnventiohj ithwilhbé appteciated: by thesepskilted iphthe amhattother. getter matérials and

shoul d a1 S0 dgh8rt Wb shii¥ié 18 FBle e Hebién. "AS, Ol ERLAHRN b0 been

PCT/ US95J 14 ysimarily described in relation to the present invention, it will be appreciatedithat molecular
appar at us ofpii Rhts, w&g& thiN) etcl Riay A168'5p eGuiviieti bedmployad:d ST101
hg’gl bee d?ds1 Soeny i 4 % by

getter materi al cl osed during the above diScussion of the
preferred enbodi [Ent o} t he q%rﬁgaﬁg&lg L nvenééé) it will be . .

i . aimsche P a8 inglyding all
hppreci ated by t HbBJBeRIar W follaving appended luimsihe iigrrapied og
conmpounds arsachlalterations, pimutitions,amd equitalentsase fdintvithinythe tttuerspirltl amd, soope [of the
cryopunps h primarily described in relation to the present

HeseRf Rlgten,

i nvent.i on, reci ated that nol ecul ar punps, ion punps,
turbo punps, etc. may al so- or equivalently be enployed. It
i's therB®ore intended that the follow ng appended clains be interpreted as
i ncludi ng all such alterations, pernutations, and equival ents as fal
within the true spirit and scope of the present invention. 10
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1. A waf er processing system conpri sing: -a processing
chanber; a |l ow pressure punp selected fromthe group

i ncl udi ng nol ecul ar punps, ion punps, 5 . cryopunps, and turbo punps, said
| ow pressure punp being coupled to said processing chanber by a

throttle plate that reduces the conductance of said | ow pressure punp, said
| ow :



pressure punp being operative to punp a noble gas fromsaid chamber,
a val veW@sas0sm coupl i ng a source of ‘noble gas to said m&ﬂﬂa‘ chanber

~such that sai d nobl e gas can fl O\f/ continuously into said processing .
chanber and be continuously punped 10 8from said chanber by said |l ow -
pressure punp; I n srtu getter purp—di-spesed—wthin said
processi ng clafigisHesTHATBEENUNMD a - . hobl e flow of
sai d nobl e g%rs | Nt RERACED hanbér sa u purrp iﬁwﬂwi m‘m‘
essentially =wobte gas, wherein said ge es a
getter nodul eland aA wafer prdvessing systenpcunprisimgxi nate to said getter nodul e
such that said getter nodule can be heated;, 15 ‘a gas anal yzer

coupled to Sa'a%r&&?ﬁ%&ﬁam ' ~a controller coupled to said gas
anal yZer and operati to sel ectively control a . terrperature of said
heat er based upon the gas conposition within sajd:cha .

2. A waf er adpwonrsssrxrrgpwerelﬁ%é ﬁm:rhmwmmuémmpeﬁmmp%d%ppmmg a

hi gh 20 e 5, Gnd $BiBOC &; Csalid 16w shesdufc Nieifg) 26tsIEd 1t sRidProvessing
A waf er - processi

nobl e gas,- saj.d ha e

Syt em aShATEREF ?ar gt concigance i s, BRégfre Bl 3w
getter rrptiushrrepﬂﬁxp(bemgrupleraﬂdem/pmnpdnoblatgamﬁ'bnrsmdchanihesen to punp at |east
one non-nobl e ~gas other than hydrogen and a second tenperature of

said getter m EH& _2@: 4
A waf er procg‘égﬁryg system as #ﬁﬁ%} I n %a%%mgaé?gr%cegsé?%c%am rsucI:hthat
further sald noble 293 pancflow onemmng\ysem@mgdxrmmmer andbe eontigueushyypumped o

t 0 NEOeNBHAL hid SdnbEp 8Y s&id low pressure purnp; WO 96/ 13620

PCT/ U895/ 14154 A waf er pr ocessr ng systemas recited
in claim3 V\/nerernsard ett materj al rises Zr-:Al, and wherein
said first teAPdd SILSHer %fspgseda\?%lgn dmes ]w@lcham pump a non-

wher ei n acbld gae doridg tthenfloma dfl saidi moblengashinto said echainb&S said1inOsijuepurhif".pumpingb
6. A PRLREAIR RInE ST saf fobid B8, a@h&&ﬁ' dafif gleflr ‘i,hﬁ-lp”}nélu‘&@sel;eéeﬂersx%ﬂulg%hea{

u
PHIP heater disposed proximate to said getter module such that said getter module can be heated;
15 a gas analyzer coupled to said chamber; and

a controller coupled to said gas analyzer and operative to selecuvels control a
‘temperature of said heater based upon the gas composition within said chamber '

2. A wafer processing system as recited in clam | turther comprnang a high
20  pressure pump coupled to said processing chamber to pump said noble gas trom said chamber.

3. A wafer processing system as recited in claim 1 wherein a first temperature of
- said getter module, as controlled by said controller, is chosen to pump at least one non-noble
gas other than hydrogen, and a second temperature of said getter module is chosen to pump
25  hydrogen.

4. A wafer processing system as recited in claim 3 wherein said heater is further
capable of heating said getter module to a third temperature to regenerate sa1d module.

This Sheet Has Been Re
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i ncl udes a plurality of getter npces= : foo o Awater

processi Nnowaysshsgeas recited in ‘plural i peToSegEASEr
madul es essentially include the g get-tersmaterial. 10

8. A waf er processing system a ECI tGIBLnC| aim-6 wherein at |east two -
of said getter nmodul es include at |east two different types of getter
materi al . 5. A wafer xﬁ%\wétem & RO inNélaify 3t wheréia mlg&w inBerial

claim®6 vvherel n.sai i ncl udes a. nunber of rs
associ ated % é‘s%@ 2fd fst Semprrafire is,in :Ig?i hfe%& 3t e

t he t enper aWhelem said sneonﬂteamcmtmm\tslmhermgeofzgeﬂm%nodul es.

10. A waf er processing system conpri sing: a processing
chanber, 20 : an in situ getter punp system di sposed within said
processing chanber and provided with a heater such that said purrp

systemis capabl e of qgperating.at, nore than one terrperature
that di fferent nBn-nofY Fafpisprocessing system a8 ferited| ip claimp ddwherein F#‘@rgﬁ‘fﬁf pump

t enper at UremmasiaﬁurahtyofgettermodaleﬁroceSSI ng mechani sm for processing a
i

waf er di sposed within said processing chanber. 25 - 11.
A wafer processing systemas recited in claim210 further conprising:

a gas anal yzer coupled to said chanber; and - WO 96/ 13620

PCT/ US95/ 14154 - 20-

a controller havilng ah wafenproscssiigesystem ssafediteshin claivl § whereimsaid phurality of jgewet
to said module§8dsErtially include the same type of getter material.

10

8. A wafer processing system as recited in claim 6 wherein at least two of said
getter modules include at least two different types of getter material.

9. A wafer processing system as recited in claim 6 wherein said getter pump
15  includes a number of heaters associated with a respective number of said getter modules to
control the temperatures of said respective number of getter modules.

10. A wafer processing system compnsmg
a processing chamber;

20 an in situ geuer pump system disposed within said processing chamber and provided
with a heater such that said pump system is capable of operating at more than one temperature,
such that different non-noble gasses are preferentially pumped at different temperatures; and

a processing mechanism for processing a wafer disposed within said processing
chamber.

25

11. A wafer processing system as recited in claim 10 further comprising:

a gas analyzer coupled to said chamber; and
: This Sheet Has Been Replaced
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wher eby said tenp
m Xt ur e Wi 96113620
processi ng syste
chosen to punp at

e is controlled based upon an anal ysis of a gas

.. 5 12. PCT/¥898A4154
11, vvherernafrrst tenperature is
-éﬁs ot'her than hydr ogen, and a second

tenperature is 0Sef- P hydrogen. 10 13. A
waf er .pr-ocessarmgntroderchaving m@M@WMrMJ@My&mmmtpugmﬂed rtatsaid al
conpri se -Al, and wherein said first tenperature is in the range of 300
- 400 [err]|C, and - Wherein said second tenperature is in the range of
25 - 100 [err]C fer processr system as
recited in crwwwmemwgﬁg%nm BisOf & g5 JUixtnee wishin, o

pl ural i t yai@thgabérer nodul es, .each of which is associated with a heater,
such that the terrperatures of said plurality of getter nodules can be

cont rgol | ed. - 15, A waf er processrng systemas recited in
claim 10 further conprising: - - ~ - a gas analyzer coupled to said
chanber, and 20 a controller havi ng-an i nput. coupl ed to said

gas anal yzer &R outdowafer prsessing sysiem a@s recited ipelaim 1 (whepsin tlemperature is
wher eby  Sigdsein ' Pl wo&f ndiRhéblE ghd éiheﬁﬁﬂﬂ'hg&rdﬁéﬁ 4k rsaédga%aaéﬁflwnon

an anal ysi s g as mxture wthin sai
%EBQ%P%P y@ros ‘conpri si ng: a seal abl e encl osure;
and WD 96/13620 o Co :
PCT/ US95/ 14154 | -21 -
10 13. A wafer processing system as recited in claim 12 wherein said getter material

comprises Zr-Al, and wherein said first temperature is in the range of 300 - 400 °C, and
wherein said second temperature is in the range of 25 - 100 ©C.

14. A wafer processing system as recited in claim 10 wherein said getter pump
15 system is prov:ded with a plurality of getter modules, each of whxch is associated with a heater,
~ such that the temperatures of said plurality of getter modules can be controlled.

15. A wafer processing system as recited in claim 10 further compriéing:
a gas analyzer coupled to said chamber; and

20 a controller having an input coupled to said gas analyzer an output coupled to said
plurality of heaters; |

whereby said temperatures of said getter modules are controlled based upon. an analysis
of a gas mixture within said chamber.

25 16. A processing system comprising:

a sealable enclosure; and :

i



an in situ getter punp system havi ng

thEm\H%B&ENd sposed within said
encl osure Which is capabl e of I aRgpg AGEDIDI e _{ihan OWE ure,
such that (}v?t’g% non- nobl e gasse-__ at- differen i
tenperatures when said enclosure is seal egj. 5°

processing systemas recited in claim 16 wherein sald in situ getter punp

i ncl udes a heater
| east one non- nob*e rgsvwlpamgt%@ﬁﬁﬂg%g%gen ﬁg%&gdl%&‘ép%m éiclosure
tenper at ur e Whicltise: one fempefafure, such nA“?ﬂ‘B?R!% g1S5es

system as rqgdp t@iﬂ&r&tﬂmﬁﬂiﬁf&@lﬁﬁ@ﬂbﬁd&ﬂm 1slﬁaled. a gas
anal yzer coupled to said chanber, and a controller having an

i nput coupled to said gas anal yzer and an output coupled to said

heat er; wher eby said tenperature is controlled by said
heat er based upon an anal ysis of a gas m xture*wi thin said chanber.

15 5 171.9. A progessiog system) asymcited msclaigy 16 ovherein shidi im si® getter qiump

sai d punp s lﬁ@é ar}{éuéfl Gnd %véaef%ns a glg}] qug cﬂ?ﬁm Ipﬂﬂ?% Gisast S dn-fdble gas

| east two of sai

t enper at ur eSSy %tydmpean d a secon mperamrelschgeentommnhvdsqsea getter punp
nodul e conpri si ng: a getter elenents that are spaced apart
such that adjacent getter elenments do not abut, wher e each getter
element is provided with a centrally |ocated aperture; and a

heat er di sposed tfy oug h erture . el nts to support
and heat said rH ﬁ%ﬁ“@&ﬂéﬁ&&%@ g]aﬂ:?tﬁ?unh rg&'gansmg "An in situ
getterS{)unp nodul e as recited in claim20 wherein each getter el ement

is subsk@ntially uamdnmsuumwmmmerme formng said centrafly

| ocat ed aperture.

, a controlier having an input coupled to said gas analyzer and an output coupled to said
heater;

whereby said temperature is controlled by said heater based upon an analysis of a gas
mixture within said chamber.

15

19. A processing system as recited in claim 18 wherein said pump «s stem ncludes a
plurality of getter modules, where at least two of said getter modules can be hept at different
temperatures by said heater.

20 " 20.  Anin situ getter pump module comprising:

a getter elements that are spaced apart such that adjacent getter elements do not abut,
where each getter element is provided with a centrally located aperture; and

a heater disposed through the apertures of said getter elements to support and heat said
getter elements. -

25

21. An_in.s_itu getter pump module as recited in claim 20 wherein each getter element
is substantially disk shaped with an axial bore forming said centrally located aperture.

Iy llllﬂ'lllﬂ N0 o - - Thlllsiilfltlilailflilllld



WD 96/ 13620 '. i ;-;

PCT/ US9%YQ 26/53620 i22- PE—Z‘IUSWMMn situ
‘getter punp nmoduljg as r%‘_ X %O wher ei n each getter el enent

has a pair of oppoSFrg= - ' . 23. An |n si.tu getter punp
nmodul e as recited in ¢l al m 22" V\herel faC| n i Derei adj acent getter
el enents have %n-pﬂ?ﬁﬁ‘ I &Nﬂ’@ﬁﬂl grecr mc?axm in eagh, getter t
situ getthagapuma,f gidescecited in claim23 wherein said faci ng surfaces
define a pair of planes which int ersect wi th an included angle of |ess than
about 5 degrees. 10 25.- Anin.situ getter punp nmodul e as
recited in claim23 wherein said getter elenents are substantially

pl anar, and wherein adjacent getter elenments are angled relative to each

ot her . 23.  An in sippgetter pumprinadule; ag gecited ip iM% whereirs facing sides ofi

cl ai-ng 23 aufapérf igBiter @ieindity Rave nBh-PARNE facing surfaced.© Substantially parallel and
wherein fdcing surfaces between adj acent getter elenents are 1 5 angled

relative to each other. 27. An in situ getter . punp
modul e as recited in claim20 wherein said heater is an . electrically
resi stive heater. - 20 .28. An in-situ getter punp nodul e as

reci ted i n cl &4m 2Aminssitaigettercpuingmotiule as recited in claimr230whestin/saidtfacing surfaces
29. t
ol aci ng SEGAPEpaibr ARRASARL hudtsett it o WA sl ot e BB IOOC S s,

flowi ng a noble gas into said chanber while sinultaneously punping said
chanber with an external |ow pressure punp which punps nobl e gasses
and with an in situ punp di sposed wi t hin said chanber which punps

non-fipbl e gaseBs, & fh sith-gettérpud oy hs@citéd in\Chail 23Wlitkdin said getter elements
are substantially planar, and wherein adjacent getter elements are angled relative to each other.

26.  Aninsitu getter pump module as recited in claim 23 wherein said getter elements
are substantially parallel and wherein facing surfaces between adjacent getter elements are
- 15 angled relative to each other. '

27.  Anin situ getter pump module as recited in claxm 20 wherein said heater is an
electrically resistive heater. '

20 28.  An in situ getter pump module as recited in claim 20 wherein said heater is a
radiant heater.

29. A method for processing a wafer comprising the steps of:
plaéing a wafer within a processing chamber and sealing said chamber;
25 | flowing a noble gas into said chamber while simultaneously pumping said chamber w.ith'

an external low pressure pump which pumps noble gasses and with an in situ pump disposed
within said chamber which pumps non-noble gasses, said in-situ pump having active elements

—_—
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WD 96/ 13620
whi ch haveywgy qaRIeNd Speed with (epmesHEET H\A@Bgﬁ‘a
their theoretica naxi num gunpi ngERpaeED ~ processing
said wafer within said chamber e gas continues to flow
.5 30. A nethod for processing wafers as recited in claim29

* conpri si ng, whithGave aamp mg speetawitipfespéct s B chaitder 6f @ Reast!75% Of aReif theoretical

si mul t aneousg| sai hapber wth an external | ow pressure punp
whi ch mﬂ%’ﬁg‘g"nﬁﬂ’&sm ‘gﬁd with said in situ punp which punps

PCT/ US95/ 14154
er of at pEpeBbsiyah Of

non-neble gasses to achieve a base pressure. 10 31.

A et hod for propeeessing said wafer withincsaid eliniber while sai@ 8oble igps continges todlow. e

t he step of sinultaneously punping said chanber to achi eve a base
pressure, the step of: punpi ng said chanber with a high
pressure punp. 15 32. A net hod for processing wafers as
recited nclalm 9 erein . said in situ IS .a rrplnclud

getter material, 3Purt Hemethodor progessimgw Wﬁdm"m compﬁ'é'ﬁgrbﬁl%}‘n e
t he tenper agwpefﬂbwggﬁnmégﬁ; ofal to preferentially punp a sel ect ed
gas. : A nmethod for processing wafers as recited in

claim32 further of : nonitoring h
conposition of as@ﬁ%ﬁw%@ﬁc%%@sﬁén‘an‘ao% ?’8?’!‘?%{?"% (pRessure. pump w}ncg
t enper at ur epuhps aoble gasses andwrith said irbsivrpurop whichhpumps pen-poble gassed to achieve a

conmposi ti ony, 34. A nmet hod for punping a chanber
conpri sing t?’nsg steps “of :

10

31. A method for processing wafers as recited in claim 29 comprising, before the
step of simultaneously pumping said chamber to achieve a base pressure, the step of:

pumping said chamber with a high pressure pump.

15 32. A method for processing wafers as recited in claim 29 wherein said in situ pump
is a pump including getter material, further comprising the step of:

controlling the temperature of said getter material to preferentially pump a selected gas.

33. A method for processing wafers as recited in claim 32 further comprising the
20  stepof:

monitoring the composition of a gas within said chamber, and controlling the
temperature of said getter material based upon an analysis of said composition.

34. A method for pumping a chamber comprising the steps of:

25 sealing an enclosure; and

—_— .
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25 | ling an encloesure;- and =~ WO 96/ 136;&5"1[s :
P,

PCT/ US951V: i ng 'sai d énclosure with
getter punp systllemit Te'dA'?MBF#N S ai d24 .. enclosure which is capabl e of
operating at norfle t haREBRACERpEr a ure such t'hat different non-

Conl 6%  pamfE s Sheiliek Yl an SR e BB PSS e s,
cl ai m 34 mqlmslumwhmhps capablg qﬂqperaung at gioppthan .one temperature, such tlnodllfﬁcmlnt hog-
t he teﬁpeﬁ@&w gs'sseé afgi’;hﬂxp%htﬁffe%gmnﬁf&&ﬁﬁ]ggefﬁé Efciubés! mp at | east

punping a chanber as

reC| ted in cI aim 35 wherein said controlling step is a cI osed- 1 oop
process. 37. A nmet hod for punping a chanber as recited in
claim 35 wherein said controlling step is an open-loop process. 15
38. 5A net hod3$or mepﬁmpﬁngaﬁ%MuﬂélM@ﬁuﬂﬂfEbﬂ?nsm g the
conpri si nﬁﬁéﬁf step of noni toring the conposition of a
gas withi d chanber, and controlling the - tenperature of said

getter punp system based upon an analysis of said conposition.: 20

39. A net hodcensrollingthe temperatungraf said gettergumpeystem tolpesfenestially pamy at least ahe
getter gas punp systemincludes at |east two getter nodul es, where said
controll i%g the tenperature step can control the relative

t enperatures between said two nodul es.

10 36. A method for pumping a chamber as recited in claim 35 wherein said controlling |
step is a closed-loop process.

' 37.  Amethod for pumping a chamber as recited in claim 35 wherein said controlling
step is an open-loop process.

15
38. A method for pumping a chamber as recited in claim 35 further comprising the
step of: ' o '

-mo'r'litoring' the _compdsition of a gas within said chamber, and controlling the
temperature of said getter pump system based upon an analysis of said composition.

39. A method for pumping a chamber as recited in claim 38 wherein said getter
- pump system includes at least two getter modules, where said controlling the temperature step
can control the relative temperatures between said two modules.. -

25 40. A wafer processing system comprising: -

a processing chamber;

it i~ . | [ llllslllllgll-




25 40. A wafer prof

i Si ng:.
r ocessi hanber ; EET HAS BEEN:
FE)'>EEN ! n\gmc . erzo REPLACED - Jﬂlﬁsﬂiﬁ
PCT/ US95/ 14154 S o5 .

a |l ow pressure punp coupled to said proce%5| ng chanber which can punp a

2 Sour G6.of nobl B I ERSHTe SRR Faspled 49 e areseipe Spptfbef e i b £ iele g

gas can fl ofvossaid ¢chafibet;y | nto sai d processi ng chanber; 5 an in
situ punp disposed within said processing chamber whi ch can punp a
non-nobl e SRRk Sl ouRiof nBIE s GPhid FioBe g LIARRED Alch tha
said in situ pu essen I nobl € gas;

a processi ngpid poble gas can Vﬁé@@kﬂ“ﬁgﬂ&%ﬁﬂﬁ iiﬂ!&é’c!‘%b%l n said pr OCESSI ng
chanber . 10 41. A wafer processing systemas recited in

cl a; md4% wher ei n a5 i ghnd gt aﬁﬁéséaavxmm salcll protessisg clfinstet athidly cam pungp @ nonmoble
i ncl udi n Ccryo
wher ei n gal 3Z§ gl“'g%tq]‘ bﬂWrP(% sgiﬂg}g’gﬁ ﬁ‘a ctRBES; sai A sied %m,?zp“m%nmg

processi ng aysd efsakbnoblegdspand n cl ai m 41 wherein said cryopunp 15
I ncludes a throttle pl ate whi ch decreases fluid conductance to said

g[ﬁ?fnuzg further a@(g%Psmg %ﬁmﬁwﬁﬁg Hpr essué&ﬁn%&ggh%ﬁ,ed to €a| d

processi ng chanber which, upon activation, can punp said nobl e gas
fromsaid chanber. 20 44, A waf er processing system as
recited in claim4l wherein sald getter punp i ncludes a getter

modul e jqnd a heaygr d'ﬁWﬁdgrbé@!ln yetetrDas fecited) &t tiaim #0Cwhereinlsaid Idvatpressint
getter nodul em%aglse e heated, U gro%tp ind gEr"}Dopgrhgs,?urﬁotpuﬁ)quﬁ&g&ﬂﬁreﬁmps, and ion

pumps, and wherein said in situ pump is a getter pump.

42. A wafer processing system as recited in claim 41 wherein said cryopump
15 includes a throttle plate which decreases fluid conductance to said cryopump. .

43. A wafer processing system as recited in claim 40 further compnsmg a high
pressure pump coupled to said processing chamber which, upon activation, can pump sa1d
noble gas from said chamber.

20

44. A wafer processing system as recited in claim 41 wherein said getter pump
includes a getter module and a heater disposed proximate to said getter module such that said
getter module can be heated to at least twb different temperatures.

25 45. A wafer processing system as recited in claim 44 wherein a first temperature is
chosen to pump at least one non-noble gas other than hydrogen, and a seco_nd temperature is
chosen to pump hydrogen. '

T — g
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25 45 srecessin
a first WRMLIZ (f cTHIS SHEET HaTBpmer][ t o punp at | east one BfIUSISMIS4gas
ot her than hydrog arRERLAGEDN tdppgpature is chosen to punp
hydr ogen. : —pct/ USY5/ 14154 | - 26-
46. A waf er ocegsi tem a cited i.n clai m45 wherejn said heater
is further 4. yﬁ%ﬁ@sﬁggﬁﬁéﬁsag,ramggﬁ T&u“"%“f’ﬂ St é"fﬁ'l'&’ﬁﬁ
-t enper at ¢apabkhefiheating sdidigefter moduleda alregeneration temperature whereireshid getter miodule is
47 . A ‘P@éeﬁéra&rdoceSSi ng systemas recited in claima45 wherein said getter

mat eri al conprises Zirconium and wherein said first tenperature is
in the-range of 200 - 600[err] C, and wherein said second tenperature
is in the range of 25 - 100[err] C 48. A waf er

processi ng systemas recited in claim45 further conprising: 10 :
ﬁ' gasS anal yzed7coupA ehfércprocsssing lspstmiras cited in c(:jlalm 45 whereif sﬁﬂn#!t@f Infilerial g
aving a ' 1 . vzer and an,out put tQ-sa
heat er; QoanBkgs Muwe‘g@'%ﬁ%gﬁt Qﬁgm i‘%mc%‘ﬁ ! IMS&&’%@OFP n
anal ysi s witerein gaid sedond temaperatute is in the rangenf@5:11809€.. 15 - 49,
A waf er processing systemas recited in claim41l wherein said getter punp
includes a plurality of getter nodul es. 50. A waf er
processing systemas recited in-claim49 wherein said plurality of getter 2

0 nodul es essenti al | i nclude the sanme type of getter material.
o) Awa¥er process?ng system as reclte)c/iEn claim%S comprising:

10 a gas analyzer coupled to said chamber; and

a controller having an input coupled to said gas .analyzer and an outpﬁt coupled to said

| whereby said temperature is controlled based upon an analysis of a gas mixture within
said chamber.

15

49. A wafer processing system as recited in claim 41 wherein said getter pump
includes a plurality of getter modules.

50. A wafer processing system as recited in claim 49 wherein said plurality of getter
20  modules essentially include the same type of getter material.

51. A wafer processing system as recited in claim 49. wherein at least two of said
getter modules include at least two different types of getter material.

25 52. A wafer processing system as recited in claim 49 wherein said getter pump
includes at least one heater associated with at least one of said getter modules.
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systemas.recited in claim44 wherein - *



51, A waf er processing system as

of said Wofg’%‘%r nmodul es i ncl udleTHIS $‘é%[:51:rH

) wherein at | east two
erent ipiRfefia@pt t er

T

mat eri al . 52. A Waf er ng sydt em as reC|ted I n
claim49 wherein said getter punp e udes at | east one heater
associated with at |east one of said getter rmdul es. WO 96/ 13620
PCT/ US95/ 14154 :

53. A waf er pro%aesmﬁgwasfer em %%ngr g}?ﬁ% [ n C al m 4 V\%e“r,heelrenmssg}%%neﬁrtpeurmp
punp i neludesea éh s pssaciated movcwgp@awwbar Pk §3id gefteramadules fo
of said gettafn&@muk&ﬁpérﬁumofsm@ﬁﬂpéoﬁbehmmﬂgemtmsﬁ said respective
nunber of getter nodules. A waf er processing system
as recited in claim44 further conprising: a gas anal yzer
coupled to said chanber, and a controller having an input
- coupled to said gas analyzer and an out put coupled to said ' heat er;

wher eby 8aid resp®ti vAw#emomsungsysﬁmgamlw(ﬁnmmm fuahatcgmpnsngmdul e

is controlled 10 based upon an analysis of a gas mxture within said
chanber . a gas analyzer coupled to said chamber; and

a controller having an input coupled to said gas analyzer and an output coupled to said
heater;

whereby said respective 'temperatures of said number of said getter module is controlled
10  based upon an analysis of a gas mixture within said chamber.
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