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SPUTTERING APPARATUS HAVING AN ON BOARD SERVICE MODULE

The disciosure of U.S. Patent No. 4,909,695 is hereby

incorporated herein by reference.

Field of the invention
The present invention relates to the sputtering of thin films
5 onto a substrate and more particularly, to a sputtering apparatus having

an on board service module for storing fixtures under a high vacuum.

Background of the Invention
A sputtering process is typically utilized in the manufacture
of integrated circuits {ICs}. This process includes the formation of a
10 thin layer of metal on a substrate such as a silicon or a gallium arsenide

wafer. Frequently, a sputtering system is utilized which enables a
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relates to the sputtering of thin filns 5 onto a substrate and
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A sputtering process

istypically utilized in the manufacture ) of integrated circuits
" (1Cs). This Riueality of isybstrates tobefsputtared simpltanequsly. Such systemsayer of
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include a plurality of process nodul es each of which
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et _fromwhich .
material is femoved and used for forming the metal layer on the

substrate. Consequently, material from the farget is depleted through
use, which necessitates replacement of the target and defines a life
cycle for the target. By way of example, a typical target includes

sufficient material to enable the deposition of a 1 micron thick layer on

~ approximately 5,000 to 1_0,0_00 'substrat_es__ before the target becomes

depleted, thus defining the end of the targét life cycle at .which time
sputtering is stopped and the depl_eted target is replaced. Generally,
replacement entails venting the process module to atmosphere,
manually opening the process module to enable replacement of the
target, closing and sealing the process module upon replacément of the
target and evacuating the process module to a high vacuum.
Referring to Figure' 1, a conventional sputtering system 10
having a cluster tool éonfigur‘ation is shown as a partial cutaway view.
The system 10 includes a central housing 12 héving an internal central
chamber 14 and a system purhp (not shown) for evacuating the central
chamber 14 to a high vacuum. The central 'éhamber 14 includes a
substrate entry load lock 16 for receiving a substrate 42 and an exit
load lock 18 for removal of the substrate 42. The systefn 10 further

includes a plurality of process modules wherein sputtering of substrates



5 material is renoved and used for formng the netal |ayer on the
substrate. Cwoeanrerk |y, material fromthe target is depl et ed »CHIUSE514436
use, which necessitates replacenent of the target and defines a life
cycle for the target. By way of exanphk8; a typical target includes
sufficient material to enable the deposition of a 1 micron thick |ayer on

10 appr oxisperfdrynes. OBor purpbes od ilustration; Eirsthizd,cesonde22 andabird
becomes _ depl eted, thus defining the end of the target life cycle
at which tine 24 process FRduley dr8 Bhosvrsirorigark AThé fiestdlp) sicondt 22 gAtl | S
regl ?ced Generally, repl acenent entails venti ng the process
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Figure 1, a conventional sputtering system a cluster
tool conbi gur at | medulessrach inglude gamodyie EBW"\ﬁW“) for evacua Ingthe

system 10 includes a central housing 12 having an internal central 20
chanber 14 and apmysissrmpdufe tmat highovagudnranel acverit wajve Haot eivoven) for

chanber 14 to a high vacuum The central chanber 14 includes a
venting the process module to atmosphere. Further, the system 10
includes first 26 and second 28 ports which may be used for the
addition of other modules.

10 First 30, second 32, third 34, fourth 36 and fifth 38
module valves are associated with the first 20, second 22 and third 24
process modules and the first 26 and second 28 ports, respectively.
The first 30, second 32 and third 34 module valves may each be
positioned in an open position which enables its associated process

15 module 20, 22, 24, respectively, to be in fluid communication with the
central chamber 14. Alternatively, the first 30, second 32 and third 34
module valves may each be positioned in a closed position which
serves to isolate its associated process module 20, 22, 24,
respectively, from the central chamber 14.

20 Furthermore, the system 10 includes a robotic arm 40
- located within the céntral chamber 14. The robotic arm 40 serves to
transport the substrate 42 between the entry 16 and exit 18 load

locks and between the first 20, second 22 and third 24 process

modules as desired.



substrate e
- load lock 1

ntry load | ock 16 for receiving a substrate 42 and an exit
8 for renoval of the substrate 42. The system 10 furt her
i ncl udes WOS6(TMi ty of process nodul es wherein sputterl ngpgi-mggypﬁag tes
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- 3- I's perforned. For pﬁrr poses of illustration, first 20, second
22 and third - - 24 process nodul es are shown in Figure 1. The first

20, second
conmuni cat i

22 and ‘Various typgs gf ﬂ&vmégsurﬁfdandsasﬁoslatﬁdfnansj

on with the central - chanber . I n additi on,

t he

first 20, seaohdsBawad aréi utilizet pinoce psocess module fm)dubpcrtmg:the ncl ude a

nodul e punp (not shown) for evacuating the process nodule to a
hi gh vacuum gupbtrate 42 andl tcensivle Propen cfl@éosmon of mat&ﬁﬁlt igidtRé1e Process
nodul e to at nosphere. Further, the system 10 I ncludes first 26

and second
nodul e

, Futirhe 421 Chrigay m@"'ﬁ%& Which, parye 19, sPABbly B

secon

gggo ;;;g gffd,q%;a 42,25 W Uubstind 52 3" Spdted RhGWn"ad" olahip 'ring! 2

10

or clamp finger assemblies. Other fnxtures mclude deposition shields

which are located adjacent to the substratée 42 and which serve to

of ot her
urth 36

pratect portions of the clamp ring or clamp ﬁn"Qef assemblies. Further,

fixtures for controlling the angular deposition of material on the
substrate 42 khown:as collimator plates are also utilized. It is noted
that many other types of devices, fixtures and tools for ensuring
proper deposition of material 6n the substrate 42 may be used in a

process module. Due to their structure and ldcation, many portions

~ of these fixtures are in close proximity to the substrate 42. As such,

15

20

“material from the target which is intended to be deposited on the
substrate 42 is also undesirably collected on the fixtures, thus

coating the fixtures with target material. This undesirably affects

the dperatidn of the fixtures and ultim'ately the sputtering process. In |

‘particular, it has been determined that operation of the fixtures is

| undesirably affected after the fixtures have been coated with only

~ 2000-3000 microns of material. Consequently, itis desirable to replace

each of the fixtures gfter they have been coated with approximately
2000 microns of material. As such, the life cycie for each of the

fixtures is substantially shorter than the life cycle for the associated



process nodul es and the first 26 and second 28 ports, respectively.

The first 30, weownddB2 and third 34 nodul e val ves may each be perusesiigqass
positioned in an open position which enables its associated process 15
modul e 20, 22, 24, respectively, to be-Bn fluid communication with the
central chanmber 14. Alternatively, the first 30, second 32 and third 34
nmodul e val ves naytarget bla pesticulamecid has dbeenofeungdabat itbe fiktures may be
serves to isolate its associated process nodul e 20, 22, 24,

respectively, frojggidsdcaiprogimateibeimdeifor edth time that the target s replaced.
Furthernore, the system 10 includes a robotic arm 40 ' | ocat ed

ot "Lty £heTOS! forsSo itk o' BaBe AR et he s
K e fotess module 20 Jpy qspmeles the first modble aNe 30 is first
PCTIUS9S! %4436 closed, thus isolating the first process modulei__ZQ fror_n the central
chamber 14. The first process module 20 is then venged 150 atmosphere
and manually opened to pfovide access to the fixtures. Tﬁe fixtures are
then replaced, at which time the first process moduie 20 is manually
closed and sealed. The first module valve 30 may then be opened after
10 evacuation of the first process module 20 to a high vacuum. However,
the method used for replacement of fixtures in such a system 10 has
disadvantages. A disadvantage is that a substantial amount of time is
required, i.e. up to 8 hours or more, to complete the procedure and
ultimately achieve high vacuum. As a result, the system 10 does not
15 operate for a substantial amount of time, thus substantially decreasing
productivity and increasing operating costs. In addition, the amount of
time needed for achieving a high vacuum is substantially increased if
new fixtures are used which have nq_t previously besn subjected to
vacuum conditioning to reduce surfaqp outgassing to a desired level.
20 Further, exposure of the first process module 20 to atmosphere
frequently requires a requalification ofjiim properties before the system
10 may be certified as suitable for p_rq_duction. Additionally, since the
fixtures may be replaced as hany as 5 times for each time that the

target is replaced, the amount of tirpe that the system 10 does not



-4- Various types of devices, fixtures and

associ ated parts (not shown) are utilized in a process nodul e
for suppwo seiysrine - substrate 42 and to ensure RicgARNosAERHSI tion
of material on the substrate 42. These include fixtures which
serve to support the 5 stfbstrate 42 as the substrate 42 is

- sputtered known as clanp ring _ . or clanp finger assenblies. O her
fixtures i ndpedatedpfuitheninarbasddisthus further redutind produttiviey eshdadj acent
to the substrate 42 and which serve to _ protect portions of the
clanp ring qﬁc,relagmg" bpeafingoeestebl i es. Further, ' : fixtures for
controlling the angul ar deposition of material on the 10 substrate

42 known as col ['imators &t?\te?fyéiZ%Sf %}:}%(@tei‘ihl "' %ﬁg{"oli) SJe%cHBEECin u.S.

that many other types of devi ture or-ensurrng
bt ocess. moddasenbe- 3 4G 85, Phisiraieitts Aubaltt. st elat asisnad
of these fixtures are.in close proximty to the substrate 42. As such, 15
mat Bial frdmMpterials feseafehchornpratioandbe assigneeidssein: cthisipatent
substrate 42 is also undesirably. collected on the fixtures, thus
coat i ng t he disclbsessa produdction aputteriagi systefhiis whiths ar ebdtedatviafet s
holding fixture may be replaced through a load lock normally used for
substrate entry and exit. However, although this system enables the
process module to remain under vacuum, this system does not provide
10 for vacuum conditioning of the wafer holding fixture to reduce surface
outgassing. In a'dditibh, the configuration of the s\istem is such that
only the wafer hoidihg 'ﬁxture" may be reb‘ié&ed. ‘Further, repiacément
of the wafer holding fixture is pe’iforiﬂeci- ﬁia'nua_lly',' thus substantially
increasing thé time needed for r'eplacihg"fhe fikture vilhich results in
15 substéntiallv reduced pfoddétivity and increased costs.

Therefore, it is an object of the present invention to
piovide a sputterir'ig' syéferri ' héving an on -"bdard' service module
which provides f'or' vacuum conditioning ' oi fixtures which are to
be used in a process .mbdule before the fixtures are installed in the

20 - process module. It is a further object of the present invention to
poovide a sputtéring system having an on board service module which
enables the replacement of more than one type of fixture. It is a still
further object of the present invention to provide a sputtering system
| having an on board service module which 'e,'n'ébles " automated
. .
et Has Beenkeﬁaced

"l




t he operation of the fixtures and ultimately the sputtering process. In
particul ar, itwoss/een determ ned that operation of the fixtur @®@CTIS9s/P4A36
undesirably affected after the fixtures have been coated with only

2000- 3000 microns of material. Consequeily, it is desirable to replace
each of the fixtures after they have been coated with approximtely

2000 microns of negplacementsofs acboatede fixtdre. chddisionallyedt lis eh abject of the
fixtures is substantially shorter than the life cycdt'é for the associ ated

WO 96/ 17971 present invention to provide for a sufficient number of repiacement
PCT/ US95/ 14436

target. In partl C

repl aced appr oxi A@resﬁ%ﬁﬁgdgggﬁﬁﬁ&n%tttvtﬁgtﬁnbhe t rget }5; r&g %%sesd
In order to access an | ace fixtures t he

process nodul e 209K ee ffite Ne Fﬁ%“q‘YrEFt'ﬁr[ﬂjﬁ?"ém\?aﬁ/@e%@ re9'37"’I'5‘|"st 5

cl osed, thus isolating the fi rst process nodule 20 fromthe central
chanber 14. The first process nmodule 20 is then vented to atnosphere

5 Summary of the Invention

A system for forming a layer on a substrate having at

least one process module for forming the layer, wherein the process

module includes a first device used in conjunction with forming the

layer on the substrate. The system further includes at least one

10 service module affixed to the process module, wherein the service
module includes at least one replacement device suitable for

replacing the first device. Furthermore, the system includes a

robotic element for transporting the first device from the process

module to the service module and for transporting the replacement

15 device from the service module _to the process module for

replacing the first device.

Brief Description of the Figures
Figure 1 is a top view of a prior art sputtering system.
Figure 2 is a top view of a system for sputtering a
20 substrate having a service mods__x}_g_ in accordance with the present

invention.

Thisllsiiiﬁtli{iilﬂfﬂnlﬁ]ill
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and manual |y opened to provide access to the fixtures. The fixtures are
then replaced, at which tine the first process nodule 20 is manual |y

cl osed amageemred. The first nodule valve 30 may then be gpgpednafsker 10
evacuation of the first process nodule 20 to a high vacuum However,

the nmethod used for replacenent e8-fixtures in such a system 10 has

di sadvant ages. A disadvantage is that a substantial amount of tinme is
required, i.e. up to Egbrai@sisoa pantial, cross sectibatak vidve qfrtheepresentind
ultimately achieve high vacuum. As a result, the system 10 does not 15

oper at e f oringeftibfilalohg 8bcBoR iRk 2B &f Furd b%ﬁgg@%n&abhm,&m easi ng

productivity and increasing operating costs. tion, the anount of

tinme neededwiwg h %c{y' gx\m&c%d Eh@sﬂafw%gﬁggﬁ; antially increased if

new fi xtures e use . ave not previ been subjected to

vacuum condi tioning to redyce surface outgassing to-a desired level. 20
Further, exposure of %ﬂé‘r? %’rg‘tam%'sgr%ﬁ °§'°§g' view heresent
freqguently requires a requalifjcation of filmproperties before the system
10 g'ay be ciaventipa@lerg sectign|liner &3 wf ftigure; 3n~hwgoﬁhqwaahe>c,oasedme t he
fixtures may be replaced as many as 5 tinmes for each tinme that the

target is ripture placachonashelf offthéisystdrhat t he system 10 does not

Figure 5 is a partial cross éetfidnal view of the present
invention along sedtion line 3-3 of Figure 2 which shows a replacement
fixture removed from a shelf of the system.

10 " Figﬁre BA is a perspective view of a fixture ring ‘and a
mounting base adépted 'fo be assembled by a_ robotic arm.

Figdke_ 6Bis a partial cross sectional side view of the ring .
and mounting base.

Figure 6Cis a partial cross sectional side view

15 R shdwing the ring secured to the mounting base.

Figure 7 is an alternate embodiment of the present
invention showing a rack positioned within a central chamber.

Figure 8 is an alternate embodiment of the present
invention wherein the service module is 'connected 'di'recﬂy to a

20 process module.

Detailed Description of the invention
The present invention will now be described by referring

to Figures 2-8, wherein like elements are designated by like



- 6- operate is further increased, thus further reducing

producti vity wedsame1 easi ng operating costs. U. S. pEpissinabde:
5065698 di scl oses a sputtering systemwith a plurality of filmformng
chanbers arranged in-1ine between a-9-eed chanber and a take-off chanber.

Each filmform ng chanber is connected to an associ ated dedi cated
vacuum chanber iraferBheéd nanteraissi it hirdtedneindite ielernents rfrérae Figdrel m dwilf mi ng

chanber can be exchanged for a new one. DE- A- 4037580 descri bes
a sputtering sysisdibbreferéiced. FEtefiny t6*Figande £RANREspitefhEVsysidn] OF
each film fo?atlm ng chaenber. L gnot her fype %f sputtering

systemis descr isﬁgh%,\zing's ?ﬂ se&?&eemoé}.ﬁe g% A0 %cERanty Wi St‘i‘\téedprtegent

Hurwitt, et al. ghe

invention is shown. Figure 3 is a par:tia'l cross sectional view of

5 the central housing 12, central chamber 14, robotic arm 40, first

port 26, fourth module vaive 36 and servicé module 52 along section

line 3-3 of Figure 2. The service module 52 is adapted to be

connected to either the fourth 36 or fiftl:x 38 module valves. In

Figure 3, the service module 52 is showﬁ connected to the fourth

10 module valve 36 depicted in the open pbsition. It is noted that the

following description is equally appiiéable to a configuration

wherein the service module 52 is conricia;:ted to the fifth module

valve 38. In addition, the robotic arm 46 is atigned with the first 26

and second 28 ports. This enables the robotic arm 40 to extend

15 . horizontally through the first port 26 wheﬁ the fourth module valve
36 is in the open position.

The service module 52 inc::Iixdes a module housing 54

having an internal module chamber 56 configured to enable evacuation

of the module chamber 56 to a high vacuum The module chamber 56

20 is in fluid communication with the central cf\ambet 14 when the fourth

module valve 36 is in the open positic.; Alternatively, the module

chamber 56 is isolated from the centrat! ghamber 14 when the fourth

module valve 36 is in the closed posigg;t. The central housing 12

further includes a system pump 58 which serves to evacuate the



to Materials Research Corporation, the assignee herein. This patent
di scl oses a production sputtering systemin which a coated wafer hol di ng

fixture nyypbgrfodP! aced through a.load |ock normally used fg substrate
entry and exit. However, although this system enables the P(‘f)rr"(‘)st%@%“ﬁodul e
to remai n under vacuum this systg@_does not provide for vacuum
conditioning of the wafer holding fixture to reduce surface out gassi ng.

ol i ng 1| xt SpotALichier 04 o B8 ANRLATClaribe ok diner, B YolHR. /'
O e, oS P TN el Reb o s v |
feduc_ed productj vi tg and i'n'crgas'edcg costs. B ) _ _ |
6a module 52nachidesca dedicateghpumr&0 ovhicheispatfixad to rthention to
provide a sputtering system having an on board service nodul e
module housing .54 and is in fluid communication with module chamber
5 56. Upon place.men.t of the fourth module valve 36 in the closed
position, thus i#olatin_g ihe mod.ule. chamber 56 from- the central
chamber 14, th_é ded.ilcated-plump .60 serve§ to evaéuate the module
.chamb'er 56 to a high Qacuum. |
| The module chémb_er .56' iﬁclude§ .a. ;éck 62 hiaving a
10 plurality of hprizéntai sheivés which are sfaék’ed vériically and are
spaeed from eaéh ofhér; For purpose_s c;f.:illi'x;s.tra.ti:on.only, first 72,
second 74, thfrd 76 and fdurth 78 shelvéé are shﬁwh in Fféuie 3. The
first 72, sé_cénd 74, third 76 and foﬁrfh_ 78 shélQes are each suitable for
holding and storing a replacement fixtur-e ﬁséd in éith_er of the first 20,
15 " second 22 or third 24 process modules. .Altefnati\')ely. the first 72,
second 74, third 76 and fourth 78 shél\)eg are each sized to hold more
than one r_eplaéement fiS_(ture. |
| Various types of deviceé, f_ixfu_r'e.s _and assbciéted parts are
utilized in a process ﬁodt’.ﬂé for suppqrﬁng tﬁe substféte :42 and to
20 ensure prbpef dépositidﬁ of material. on the su.bstrat-e. 42, These
include fixtures which sérve to .s@port the substrate 42 as the
substrate 42j is sﬁuttered known as qlamp i-ing_ or clamp finger
assemblies. Other fixtu_res‘ include depbs.ition. shiélds which are

located adjacent to the substrate 42 and which serve to protect



whi ch provides for vacuum conditioning of fixtures which are to be used
I n a processwwogiim@rpefore the fixtures are installed in the pErPSBaI436
nodule. It is a further object of the present invention to provi de a
sputtering system having an on board -44tvi ce nodul e which enabl es the
repl acenent of nore than one type of fixture. It is a still further

obj ect of the prisedhsidWehe ORidmp Py icteciansp finger | axdembsliesn Furtherng an
on board service nodul e which enabl es aut omat ed repl acenent of a coated
fixture. Addit] aadlles sof dondoui 864 Shqliflf dePbSHBR! dFiatlrd or the

provi de for a sufticrien er of replacenment I Xtures and associ at ed

parts so that venting an eni ng_of .a process nodul e .i.s_pot, necessar
until a source t %th& g‘BP%‘eg? coliy ?ﬂﬁfi’ﬁ?teﬁfarfh s?r“?é'ﬁ?ﬁgt)n‘t is noted yA
cluster tool systemfor formng a |layer on_a substrate conprising a
plurality of prdbetdnamyiathes tyges of devicas, idrures:grg toals &1 ¢iIERIPHBLN| e

I ncl udi ng a process chanber having a first device which is subjected to a
deposi ti®n pr ocedepasitidine ofhamatsrialuromgthesubstrate @2 mhay be used in  a

process module. Due to their structure and location, many
portions of these fixtures are in close proximity to the substrate 42. As
such, material from the target which is intended to be deposited on
the substrate 42 is also undesirably coligcted on the fixtures, thus
10 coating the fixtures with target material. This undesirably affects the
operation of the fixtures and ultimately the sputtering process. In
particular, it has been determined that operation of the fixtures is
undesirably affected after the fixtures have been coated with only
2000-3000 microns of material. Consequently, itis desirable to replace
15 each of the fixtures after they have been coated with approximately
2000 microns of material. In a preferred embodiment, the first 72,
second 74, third 76 and fourth 78 shelves are adapted to enable
handling and storage of such replacement fixtures and others.
in accordance with the present invention, a replacement
20 fixture for replacing a corresponding fixture which has been coated with
target material is placed on selected shelves on the rack 62. in Figure
3, the first 72 and second 7_4 shelves each include a replacement
fixture 80 corresponding to a coated fixture removed by the robotic arm

40 from a selected process module. In addition, the third 76 and fourth



| ayer on the substrat
device suitable for r

e, a service nodule having at |east one replacenent
epl acing the first device in a process nodul e,

wher ei n (WREI ce nodule is nmaintained at a vacuum sui txdainessbas43s educi ng,

outgassing of the re
-7 - isolating the
means for providing e
nodul e and &
process nodule to the

pl acenent device to a desired |level, a valve for
servi ce modull@-from t he process nodul e, evacuati on
vacuation of the service . nodule and the process

Ivas; areylaft emptyrto enablesplacement thereon of alcoatad from t he

service nodule and for transporting a replacenent

device  frdiwtuhe remoxiedefronithe setedtbd process smoddid. e Ihod prefdragd N9 the

first device under the vacuum characterised in that a

singl e service

nodul e i's pPrgwbe8itnért, Ttﬁé“i'aélt‘GZSiHEﬁﬂQs a sufficient number of shelves and

10

15

20

replacement fixtures, i.e, storage capacity, to enable a"predetermined

number of fixture replacements during each life cycle of each target.

By way of example, this includes a.suffi'cie'nt number of shelves and

replacement fixtures to enable replacement of coated fixtures

épproxim'ately' 5 times during each life cycle of “each  target.

Furthermore, the rack 62 includes a vertical drive shaft 66 which

‘extends downwardly in the module chamber 56 and out of the service

module 52 through a sealing element 68 affixed in the module housing
54. The sealing e_lemeht' 68 sén‘:es to pro\ii'de a sufficient seal for
maintaining a high vacuum.

The service module 52 further includes an elevator drive
mechanism 70 attached to thé drive shaft 66 for vénically‘ moving
the drive shaft 66 and thus the first 72, second 74, third 76 and
fourth 78 shelves. This enables individual alignment of each of the first

72, second 74, third 76 and fourth 78 shelves with the first port 26

"and the robotic arm 40 as desited. As such, when the fourth

module valve 36 is in the open position, the robotic a’rrrj 40 is able
to extend horizontally through the first p_'ort 26 and into and out of
thé module Charrib'er 56 as _desired to access a'desir'ed shelf aligned
with the first port 26. Alternativély, it is noted fha’t's'ervi'ce module 52

may aléo be connected to the fifth module valve 38, thus



I ncludes a central housing renovably affixed to each of the process

nodul es and t oWOR§/18¥itvi ce nodul e, in that the val ve | sol at es PCTAISS®144BE e
nodul e fromthe central housi ng and each of the process nodul es, in that
t he evacuation neans is for providing1§vacuation of each of the process
modul es and the service nodul e and the central housing to the vacuum
wher ei n when t he \enaklings tbe dndiyiduah aligoanemsaf achr obthenfiest 72 seeqndhdéss
nodul es and the service nodule and the central housing is sufficient for
mai nt ai ni ng t he vahirdn76aand ifourtht @8t shélees r avitipothe cecondt port 28 sard)ithe
robotic el enment | ocated in the central housing, the robotic el enent being

adapt ed for ”ansgﬁbroiti'&ga ad.! "T?:Ter%\‘é&ﬁfhfehofﬁeaﬁﬁﬁhfl%ﬁ% valNe3E 12 i le

to the service no e and for transporting the replacenent device from
e 7eret o2 oo <ol B P T B0 BRIt B FRRBRAR SR o
5 the second port 28 and into and out of the module chamber 56 as
desired to access a desired shelf aligned with the second port 28.
Further, it is noted that an aiternate robotic arm (not shown} may be
used in place of or in addition to the robotic arm 40 to transport

fixtures into and out of the service module 52.

10 Operation of the service module 52 will now be described
with reference to the first procéss module 20 and the second 74 and
third 76 shelves and Figures 3-5, aithough it is noted that the
following description is equally applicable to the second 22 and
third 24 process modules and the first 72 and fourth 78 shelves. In

15 use, the first 20, second 22 and third 24 process modules are

| kept under a high vacuum by associated module pumps {not
shown}. Further, the central 14 and module 56 chambers are kept
under high vacuum by the system 58 and dedicated 60 pumps,
respectively, and the fourth module valve 36 is in the open position.

20 In order to place a coated fixture on the third shelf 76, the rack 62 is
moved vertically by the drive mec_hanism 70 so as to align the third
shelf 76 with the first port 26 and the robotic arm 40. The robotic arm
40 is then actuated to remove a coated fixture 64 from the first

process module 20 and to transport the coated fixture 64 adjacent to



Figure 1 is a top view of a prior art sputtering system

Is atop viewof a systemfor sputtering a

Fi gure 2

substrate having a service

modul e IWOA&sBTHance with the present invention. PCT/US95MGA336/ 17971
PCT/ US95/ 14436 - 8- )
Figure 3 is a partial cross sectildnal view of the present.

i nvention along section line 3-3 of Figure 2 .depicting a coat ed f
whi ch is totheefirst posti26{FigusecBk. The rokotiy atradO then extends through
Figure 4 is a partial cross sectional view of the present 5

i nvention afhenfirstepoitoR6 ldmbinto3 theé rhodile ZThdmisér SHEVWswidRirt #é ed
fixture placed on a shelf of .the system

's a parti %oﬁégwg@%laﬁé"ﬁﬂm& P58 Y6 in the rack g2! "ggtion along

section line 3-
renoved from,a.s

5

10

15

20

gure 2 I ch shows a replacenen

robotlcha%H 48fis' {lbe% gé'tfnt_a?erg to retract back in;co the central chamber
14 (Figure 4). The rack 62 is then moved vertically in order to

align the second shelf 74 with the first port 26 and the robotic arm 40.

i Xture

Figure 5

fixture

The robotic arm 40 is then actuated to move fhrohg’“h the first port 26 |

and into the module chamber 56 to remove the replacement fixture 80
from the second shelf 74. The robotic arm 40 ‘then transports the
replacement fixture 80 out of the module chamber 56 and through the
first port 2_6 (Figure 5). The repl_écemerit fixture 80 is then transported
by the robotic arm 40 to thé first process modhle 20. This pfbcedure

is then repeated for each fixture to be replaced in the first process

" ‘module 20. Consequently, the present invention provides for the

autci'nat'ed replacement of coated fixtures, thus substantially increasing

productivity and decreasing oberating costs.

Upon use of all the replacement fixtures stored in the

“service module 52, it is desirable to install new repiacement fixtures

and to rerhove the coated fixtures from the service module 52. In

accordancé with the present invention, this is accomplishe'd by placing
the fourth module valve 36 in the closed position, thus isolating the
module chamber 56 from the ce.ntra'l chamber 14. The service module
52 is _thén vented and o'pénéd, thus enabling the removal of coated

fixtures an'd' the installation of new replacement fixtures on selected



10
and a

Figure 6A is a perspective view of a fixture ring
wosmomit i ng base adapted to be assenbled by a ro%ﬂﬁs,g;lm%

Figure 6B is a partial cross sectional side view of the ring
nount i ng base.

secti onal
base.

pr esent
chamber .
present

directly to a 20
of the InventionP

si de

-1&igure 6Cis a partial cross

view 15 ~showing the ring secured to the nounting
shelves on the ratk B2.cTHe i serditeaiiodif 52 fTtiesh Biosed nlihe

i nvention showing a rack positioned within a central

nd

sealed to enable evacubtiBH % tie hbdille @ﬁéﬁw&@? wonnec 58f the

I nventi on wherein the service
roces

are designated bpefipgaf time to precondition the replacement fixtures so as to reduce

5

10

15

20

surface outgassing to a desired level. This enables the replacement
fixtures to be readily available for use in the process module 20 as
desired, thus substantially increasing productivity and decreasing costs.
Alternatively, the fourth module vaive 36 may be positioned in the open
position to enable evacuation of the module chamber 56 by the system
pump 58. When the vacuum in the moduie chamber 56 is
approximately equal to that of the central chamber 14, the fourth
module valve 36 is then placed in the open position.

The configuration of the robotic arm 40 may be such that
its motion capabilities are limited to relativgly simple motions. As such,
it is desirable that the fixtures be adapte‘:_!~ to the motion capabilities of
the robotic arm 40 to enable the accurate placement and securing of
the fixtures within the first 20, second 22 and third 24 process
modules by the robotic arm 40. Referrig___g to Figure 6A, a fixture ring
82 and mounting base 84 for securing i;uhstrate 87 are shown. The
fixture ring 82 and mounting base 84 ea___ph include an opening 85 sized
for providing suitable access to the subs_trate 87. Thering 82 inciudes
a plurality of keyhole shaped 'apertu__tg__s 86 each having a circular
aperture section 88 and a slotted aperture section 90. The mounting

base 84 includes a corresponding plurality of button elements 92 each

ump 60, & module ¢ c?\ameberﬁg |sppée§bﬁyawﬁ;gﬂﬁfo5@ wl%?sgqr{{;\?vt Ibgn

descri bed by referring to Figures 2-8, wherein |like elenents
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reference nunerals. It is noted that elenents fromFigure 1 wll

al so be meoee/treed. Referring to Figures 2-3, a sputterin OpSy8doR ka6

50 having a service nodule 52 in accordance with the present

invention is shown. Figure 3 is alfBartial cross sectional view of 5

the central housing 12, central chanber 14, robotic arm 40, first

port 26, fowfwwhichdme connboedio thednounting base g by ﬁ?uﬁéﬁh@llrﬁg‘l‘ﬁéépn

lirne 3-3 of Figure 2. The service nodule 52 is adapted to be

connect ed t @eBtibAY4 émnﬁﬂﬁ Ebo@@tﬁtf n'fo'uwtlhgsﬁ?aswl Ea¥ﬁ|o‘f?lﬁe bh?:r?n 1 0

Figure 3, the service nodule 52 is shown cOnnected to the four
nodul e val ve i€ e n n. I's .noted.that the
f ol | owi ng des%rﬁf'gfsooéné i %deq%ﬁ%#yﬁ'%gpltﬁggbt}‘gg S"aoV Rhringarad; yo a

wherein the service nhod Fq% s connected to the fifth nodul e
val ve 38. | GOLER§PONGING FH@U LRRGTEUrS, $RCHPN §8aPPQM interthenslottedst 26

and second 28 ports. This enables the robotic.arm40 to extend 15
hor i%ont al | pPenrtuse grctias 9Q.r Eachp post mma%s]euzadmmh tivat it raay deve
36 is in the open position.
inserted and moved Iaterally within a correspondmg ‘slotted aperture
section 90. | o
In use, the substrate 87 is positioned between the ring 82
and the mounting base 84. In addition, the ring 82 is positioned albove.
10 ' the mounting base 84 by the robotic arm 40 such that each of the
| button elémeﬁts' 92 ére éiigned with a cofr"esponding circular aperture
section 88. Referring to Fig.ure 6B, a partial cross sectional view of one
of the button elements 92 and a section of the ring 82, substrate 87
and mounting base 84 is shown. In Figure 6B, the substrate 87 is
18 positioned between thé"rih’g 82 and mounting base 84. The ring 82 is
lowered 'oﬁto the substrate 87 such that each of the button elements
92 of the mountmg ring 84 extend through a correspondmg circular
aperture sectlon 88 Refemng to F:gure SC the robotic arm 40 (Figure
~ 2) then horizontally moves the 'ri'ng 82 such that' each post section 94
20 is laterally inserted into a corresponding s.lbtfed" aperture section 90. in
this position, the ring 82 is inhibited from being removed from the
mounting base 84 by each of the button elen:ie:n't's 92, thus securing the

substrate 87 between the ting 82 and the ﬁloumin'g base 84. In a



The service nod

ule 52 includes a nodul e housing 54 havi ng an
I nt er nal nodwoepheriber 56 configured to enabl e evacuation

t he nodul e chanber 56 to a hi gh vacuum The nodul e chanber 56 0

in fluid conmun
nodul e val ve 36
chanber 56 is
nodul e val ve 36
further include
WO 96/ 17971
-10-

fourth

t he service

affixed to the sputtering systeau(180hbuscaardancenwiths the, Aresent twemtioncis: i on

wi th nodul e cha
valve 3& in the
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ication with the centrgf- chanber 14 when the fourth
is in the open position. Alternatively, the nodul e

préferred drBotinhents @é Febotidarher0 igivdednan BAd fedfdcibr for

Is in the closed position. The central housing 12

FrafsPéiti s OBRared 2 6R aﬁﬂp\‘&sf&’oﬁﬂaﬁa%"’B%?)’ﬁgéﬁ'mma

central nodul 56,. whe

nodul e \%?%ém% s igHr? weﬁﬁﬁc SWboﬂ'méPﬂa‘%*{]\%el Y,

nodul e 52 i ncludes a dedicated punp 60 which is

nber 5 56. Upon placenent of the fourth nodul e
shbasedin this embodiment, the rack 6215 positioned within the

central chamber 56. In order to accommodate the vertical travel of
the rack 62, the central chamber 56 includes extended top 102
and bottom 104 portions within which the rack 62 travels to
enable individual alignment of each of the first 72, second 74, third
76 and fourth 78 shelves with the robotic arm 40 as desired.
Referring to Figure 8, another embodiment for a sputtering system
106 in accordance with the present invention is shown. In this
embodiment, the service module 52 is directly connected to either the
first 20, second 22 or third 24 process modules by a sixth module
valve 108. In Figure 8, the service module 52 is shown directly
connected to the first process module 20. in order to transport the
fixtures in this embodiment, either the robotic arm 40 or a dedicated
fixture handling mechanism may be employed. In yet another
embodiment, the fixtures may be introduced directly through the
entry load lock and into a process module. This enables unlimited
fixture replacements without restrictions in regard to storage capacity.

Thus it is apparent that in accordance with the present
invention, an apparatus that fully satisfies the objectives, aims and

advantages is set forth above. While the invention has been

PCT/US95/14436
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position, thus isolating the nodule chanber 56 fromthe centra
chanber 14, the dedicated punp 60 serves to evacuate the nodul e

chanmber 5WQ9%6/H9M gh vacuum . _ The noddiTAISONM#dEr 56

i ncludes a rack 62 having a 10 plurality of horizontal shelves

whi ch are stacked vertically and at@ spaced from each other. For
purposes of illustration only, first 72, second 74, third 76 and
fourth 78 shelescrbed n chpMNGtIONFWihrspetifipmbodiments, it is pvident thatsecond

74, third 76 and fourth 78 shel ves are each suitable for hol di ng -

and stori ng an#amp! sitermatives, Modifications, pesnutations’ anhke vatiationgOwill 15
second 22 or third 24 process nodules. Alternatively, the first 72,

second 74, 1 iydebmd ap pdrér&%t thosé skifed 48 taaearec’:lﬁh.gmmdtﬁé)f&]@bem@

t han one replacenment Tixture _ Vari ous types of

devices, fi tht)ésgfpﬂﬁﬂ a%?&%r@h@ PR i intbid ?d thap, the prébbhi 7ihrtbr Process

nodul e. for S g the su ensure proper

Fi Xt B es. whi GMEECRENsEE AISER SV S, reoGEAdpRs 304 yeriptigns as fel WhiA -

substrate 42 is sputtered known as clanp ring or clanp finger
the scope of the appended claims.



as'senbl ies. Other fixtures incl utlmwﬁ%'wllm—)ﬂwel ds which are
| ocat ed adj agRyYer t he substrat e rve to prote
VO 96/ 17971 19n ¢ - Pr Ot e RCTSeI4436 1o

-11 - portions of the clampgsing or clanmp finger assenblies.
Furt her, fixtures for controlling the angul ar deposition of
material on thewhat Is ClaimedUbstrate 42 known as collimtor plates are al so
utilized. It is noted that many ot her types of devices, fixtures
and tools for ensuring prgper d LLign Jpg teri he
substrate 42 may be used iqr’\ aA system forpﬁ@ég rgmtljalé. gguc;%rtg?bts EIt%'
structure and | ocation, nany portions of these fixtures are in
close proxinitySPRRTRNG pstrate 42. As such, material fromthe
target which is intended to be deposited on the substrate 42 is

al so undesirably col | ect e@tdeastheng pregasssmoduiss for1fprming said layesg seick
fixtures with target material. This undesirably affects the
operati &n of therécedgsunssduedintdudingt al first hdevipeit ised rig pomjaastion| with
particular, it has been determ ned that operation of the fixtures is
forming said layer on said substrate;
atleast one service module affixed to said process module,
said service module having at least one replacement device suitable for
replacing said first device; and
10 a robotic element for transporting said first device from
said process module to said service module and for transporting said

replacement device from said service module to said process module for

replacing said first device.

2. The system according to claim 1, wherein said
15 service module is maintained under a high vacuum suitable for reducing

outgassing of said replacement device to a desired level.



undesirably affected after the \maen coated with only )
2000- 3000 mcrons of material. mﬂﬂ“\nmﬂ I's desirable to replace 15
each of t hWOP{MMles after they* ave theé@n:€oat ed with appr oRCIVESES/M436
2000 microns of material. In a pref rred émbodi nent, the first 72,

second 74, third 76 and fourth 78 “$ffél ves are adapted to enable

handl i ng and storage of suchmegl acenent fixtures @ﬂg thers. .

In accordance with the Yrese ¥Stem agrording 3p) claigdnfurther including i xt ur e
for replacing a corresponding fixture which has been coated with -

t ar get mat er i aragkshaving at least oaeshelffos staringssaid replacemant @2videnard gur e

3, the first 72 and second 74 shel ves each include a repl acenent

fixture 80 coforeepeiviiggaiticfirat dewiced fi xture renoved by the robotic arm
40 from a sel ected process rmdule In addition the third 76 and fourth

WD 96/ 17971 PCT/ US95/ 14436
-12- 78 shelves are left enpty to enabl e placenent thereon of a
coat ed 4.  The system according to claim 3 further including

5 a drive mechanism for moving sa'id shelf to enable alignment with said

_ robotic element.

5. The system according to claim 1 wherein said

service module is removeably affixed to said process module.

6. The system according to claim 1 wherein said

10 service module is unistructurally formed with s'aid'procéss module.

7. The system according to claim 1 further inciuding |

a valve for isolating said service module from said process module.

8. - The system according to claim 1 wherein said
service module includes a pump for evacuating said service module to

15 a high vacuum.

This Sheet Has Beeri R ﬂ
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fixture renoved fromthe sel ecjﬂiﬂlﬂ%#ﬁl“ﬂﬁm In a preferred
enbodi ment , waRehdeH 62 includ nber of shel ve&raidsy
repl acenent fixtures, i.e, storage capacity, to enable a predéeterm ne
nunber of fixture repl acements duringsgach |ife cycle of each target.
By way of exanple, this includes a sufficient nunber of shelves and
replacenent fixtures to engble zep *,g@gqremr ggmqggt gd idyert Hﬁe§ substrate,
approximately 5 times during each [1fe cycle of €ach 'targ

Furthernore, the_r ﬁﬁ % includes a vertical drive shaft 66 which 10
ext ends downwar a‘f‘ifﬁ ¢ nodul e chanber 56 and out of the service
nodul e 52 through a sealing el ement 68 affixed in the nodul e housing
54. The sealing el enent 683ki835EONEPT9CEFS Maoqule for iferaing saig) layer. said
mai ntai ni ng a hi gh vacuum The service nodul e 52
further incl udespracess enadole dntludingl® first devigechsedsin cobjuniatiorhewiitho t he
drive shaft 66 for vertically noving the drive shaft 66 and thus

the firsg 72, semmhgéaid lavefl onbsa#ld Gubstrate; fourth 78 shelves. This
enabl es individual alignnment of each of the first 72, second 74,

third 76 and fourth 78 Sheéf’e@aﬂt néh efVice! die2faving at leasfN8nkn®
en the our?h

robotic arm 40 as desired. suc

36

replacement device suitable for replacing said first device wherein said
service module is maintained at a high vacuum suitable for reducing
outgassing of said replacement device to a desired level;
10 a central housing affixed between said process module and
said service-module; and
at least one robotic element located in said central
housing, wherein said robotic element is adapted for transporting said
first device from said process module to said service module and for
15 transporting said replacement device from said service module to said

process module for replacing said first device under said high vacuum.

10. The system according to claim 9 further inciuding
a rack having at least one shelf for storing said replacement device and

for receiving said first device.

20 11. The system according to ctaim 10 further including
a drive mechanism for moving said shelf to enable alignment with said

robotic element.
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e S entend dﬂﬂﬂHﬂlﬂilmﬂﬂMﬂ h the irst port 26 and into

and out ofWV096/1797 t he nodulte ‘¢hathbet 56 as desired to REEESISH4I6si red .
shel f aligned - wWith the first port 26. Alternatively, it is noted
that service nodul e 52 '@37 al so be connected to the fifth nodul e
val ve 38, thus WO 96/ 17971

PCT/ US95/ 14436 12. The system according to clalm]_Q wherein said

enabl ing the individual alignment of each of the first 72, second 74,
third 76 and Sesuicehmoduiehis reesoweabty affixed: tw sdidpeentrathausing.he

robotic arm 40. Therefore, when the fifth nodule valve 38 is in the

open position, the robotic arm40 is able to extend horizontally through
5 t he second port 28 and into and out of the nodul e chanber 56 as

desired to access a desj ?,ed $ ys%hggr@g%,\gjt"}é; {gtl%a?ﬁ Qn H&E}E{n Hid

Further, it is noted that an alternat may be

used in pl acese%lc%rmo ?dfjs' rte'rr?gveta%ly |xetP £ 'sgl Echégstn(%octiulenSport

5 14. The system according to claim 9 further including

a valve fdr isolating said service module from said process module.
15. The system according to claim 9 wherein said

service module includes a pump for evacuating said service module to

said high vacuum.

i \“ &



fixtures into and out of the salm lﬁmﬂﬂﬂ ]aal
Oper ati on Gfolokgreaer vi ce nodul descrl bed PCT/US9S/144B6 N

reference to the first process nmodul € 20 and the second 74 and
third 76 shelves and Figures 3-5, al2Bough it is noted that the
foll owi ng description is equally applicable to the second 22 and

third 24 process nodul es 1§1d tHesystemst fd2 fommhingua tiayéB ahea vsubstiate, 15
use, the first 20, second 22 and third 24 process nodul es are

kept under a hi.g Pﬂ by associ ated nodul e punps (not shown) .
Further, the centra nd nodul e 56 chanbers are kept under

hi gh vacuum by t he system

respectively, and the fo 5%3%0%\?@%8 gyg:qﬁlé)‘fgp??rmm pseaﬁ‘:l I3 elrt,lsghd 20
In order to place a coat fjxture on i, third shelf, 76 therack 21s
noved verti cal IPJOSRSS: W&?‘PVE\ Hﬁnﬁsﬁ{sgodg‘é'cﬁs“?%d dni GRnunEtion; Wi &
shelf 76 with the first port 26 and the robotic arm 40. The roboti¢ arm
40 i s toen act datraihg ssiddayercon saishsebs®ate&ure 64 fromthe first

process nodul e 20 and to transport the coated fixture 64 adjacent to
at least one service module having at least one

replacement device suitable for replacing said first device wherein said
service module is maintained at a high vacuum suitable for reducing
outgassing of said replacement device to a desired level;
10 a central housing affixed in fluid communication between
said process module and said service module;
at least one robotic element located in said centra]_
housing, wherein said robotic element is adapted for transporting said
first device from said process module to said service module and for
15 transporting said repilacement device from said service module to said
process module for replacing said first device under said high vacuum;
a storage element for storing said replacement device in
said service module; and
a drive mechanism for moving said storage element within
20 said service module to enable said robotic arm to place said first fixture
in said storage element and to transport said replacement device from
said storage element to said process module under said high

vacuum.

nn\liﬂ‘iiitfﬁii’ uﬁi‘“""“



Y\?4?6/ Lot the first port 26 (Hlmlml‘ml‘”“m“lhou c ar mpg-(l)-/ Eﬁgﬁl 14436

ext ends t hVVEP§A7971 the first*poft '26"and ihto the npduiosesiaasgber 56
wherein the coated fixtyré& 64 is placed on the third shelf 76 in
the rack 62. The roboti'é¥arm 40 is then actuated to retract back
into the central chanbe{ 51_ _14@§Fi ure.4)., The rack 62 is then noved
vertically in order to 17- The servige modulgaccarging toglpim 18, whereime i r st
port 26 and the robotic arm 40. The robotic arm40 is then
actuat ed to rasoragenelemanttineludes s ragkrhaviag a plurality of shelvésit o t he nodul e
chanber 56 to renove the replacenent fixture 80 . fromthe second
shel f 74. The robotic arm 40 then transports the 10 repl acenent
fixture 80 out of the nodul e chanber 56 and through the first
port 26 (Figure 5). Theigepl AteEBRicd W@a@@d#&né’%@%ﬁ??%p?ﬁhﬁgr

by the robotic arm40 to the first process nodul e I's pfocedure

modul 20 oaEAlrhpifFdateie 1Br EFobFRIRH A Shrki® rigetle, 0’ °75°°

autonmat ed repl acement of coated. fixtures, thus substantially increasing

This Sheet Has Been
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productivity and decreasi ng operating costs. Upon
use of all i@hgegrg@iracenent fixtures stored in the PCIFUSHSA 8436
nodule 52, it is desirable to install new repl acenent fixtures

and to renove the coated fixtures fr the service nodule 52. In 20
accordance with the present inventﬂoﬁ, this is acconplished by placing
the fourth nodule valve 36 in the cl osed position, thus isolating the
nodul e chanber 56 fromthe central chamber 14. The service nodul e

52 is then vented and opened, thus enabling the renoval of coated
fixtures and the installation of new replacenent fixtures on sel ected

WO 96/ 17971 PCT/ US95/ 14436
-15- shel ves on the rack 62. The service nodule 52 is then

cl osed and seal ed to enabl e evacuation of the nodul e chanber 56
by the dedicated punp 60. The nodul e chanber 56 is then
evacuated for a sufficient period of time to precondition the

repl acenent fixtures so as to reduce

32 22

10—

FIG. |



5 surface outgassing to a desired |level. This enables the

repl acement fixtures to be readily available for rosYs/14455
process modUPEAH A5 desired, thus substantially ?ﬁgreasing
productivity and decreasi ng costs. Al ternatively, the fourth
modul e val ve 36 may be positioned2ih8he open position to enable
evacuation of the nodul e chanber 56 by the system 10 punp 58. Wen
the vacuum in the nodul e chanber 56 is approximately equal to
that of the central chanber 14, the fourth nodul e valve 36 is
then placed in the open position. The configuration
of the robotic arm 40 nay be such that its notion capabilities
are limted to relatively sinple notions. As such, 15 it is desirable
that the fixtures be adapted to the notion capabilities of t he

robotic arm40 to enable the accurate placenent and securing of

the fixtures within the first 20, second 22 and third 24 process
nodul es by the robotic arm40. Referring to Figure 6A, a fixture ring
82 and nmounting base 84 for securing a _substrgte 87 are shown. The 20
fixture rg gpﬁz\ingnnunting B3se 84 eachN n de an opening 85 sized
for providing su | e access tNQ the substnatfe 87. The ring 82 includes
a plurality of keyhol e shaped apy pAch having a circul ar

12

tures 86

16 18

FIG. 2



aioerture section 88 and a slotted aperture section 90. The nounting
base 84 i ncl wdpsgri@oAor responding plurality of button el enments pggndshiysss

-17- preferred enbodi nent, the robotic arm 40 includes an end
effector for transport'én)g 8substrat es and an adapter for
gripping various fixtures. Referring to Figure 7,
an al ternate enbodi nent of a sputtering system 100 in
accordance with the present invention is 5 shown. In this
enbodinment, the rack 62 is positioned within the central
chanmber 56. In order to accommpdate the vertical travel of t he
rack 62, the central chanber 56 includgs exterged top 102 and
bottom 104 portions within which the raokM2 [rlavels to enabl e

i ndi vidual alignnent of each of the first 72, sg¢cond 74, third 10
76 and foggyth 78 shelves with the roboticl arm|]40 as desired.
Referring t¥ Figure 8, another enbodinent flor ajsputtering system
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<106 in accordance with the present invention is shown. In this
enbodinent

&5 #f vice nodule 52 is directly connected to RGHUFISAALI6
first 20, secon 22 or third 24 process nodules by a sixth nodule 15
val ve 108. In Figure 8, the serxﬁg dule 52 is shown directly
connected to the first process J

In order to transport the
fixtures in this enbodi nent, either the robotic arm 40 or a dedicated
fixture handling nechani sm may be enployed. In yet another

enbodi nent, the fixtures may be introduced directly through the

20
entry load lock and into a process nodul e. Tli#ss enables unlimted
fixture replacenents w thout reStrICtIEhS}In regard to storage capacity.
- 18 - CLAI M5 1. A cluster tool tem (50, 100) for formng a
| ayer T
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‘on a substrate conprising a plurality of process nodul es (20, 22, 24) for

form ng the“L&ygf., gach process nodul e (20, 22, 24) incl udircr/asysiesdéss
chanber having a ??rst device which is subjected to a deposition process
in the chanber during formation 8{ g@e | ayer on the substrate, a service
nodul e (52) having at |east one re ARnent  device (80) suitable for

replacing the first device in a process nodul e (20, 22, 24), wherein the

service nodule (52) is naintained at a vacuum suitable for reducing
out gassi ng of the repl acenent device (80) to a desired level, a valve
(32, 34, 36) for isolating the service nodule (52) fromthe process
nodul e (20, 22, 24), evacuation neans §

fdr1providing evacuati on of
the service nodule (52) and the proces$

ulle (20, 22, 24) and an
el enent (40) adapted for transporting thgfir

bt device fromthe process
nmodul e (20,,22, 24) to the service nodul g (52] and for transporting a
repl acenentn device (80) fromthe service

nodulfe (52) to the process
nodul e (20, \22, 24) for replacing the first] devilce under the
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vacuum characterised in that a single service nodule (52) I's provided in
that the systwodegngdudes a central housing (14) renovably af fporfifSes/Pssach
of -t he process nodul es (20, 22, 24) and to the service nodule (52), In

t hat the val ve (32, 34, 36) isolate ﬁ%he service nodule (52) fromthe
central housing (14) and each of th é cess nodules (20, 22, 24), in that
t he evacuation neans (58) is for providing

- 19 - evacuati on of each ofpthe process nodules (20, 22, 24) and t he
service nodul e (52) and the c housing (14) to the vacuum wherein
when the valve (32, 34, 36) is opendd, the acuation of each of the

process nodules (20, 22, 24) and t sefvice nodule (52) and the central

housing (14) is sufficient _for maintafning the vacuum and in that the
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t}ansport element is a single robotic element (40) |ocated in the central
housi ng (14) .wbbe1reopoti c el enent (40) being adapt ed for trapeprosdsnagset he
first device froma sel ected process nodul e (20, 22, 24) to the service

nodul e (52) and for transporting bgféieplacenent device (80) fromthe
service nodule (52) to the sel ected ess nodul e (20, 22, 24) for

replacing said first device under the vacuum 2. A system as cl ai ned
in Cdaiml further conprising a storage elenent (62) for storing the
repl acenent devi ce (80) in the service nodule (52), and a drive nechanism

(70) for novi ng the storage element (62) wthin the service nodul e (52)
to enable the robotic elenment (40) to place t first device in the
storage elenment (62) and to transport t rgpliacenent device (80) from

the storage elenent (62) to the sel ect'ed Rreeéss nodul e (20, 22, 24)
under the vaguum
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-3. A systemas clainmed in either CCaiml1l or Claim?2

a storage elenent conprising a rack (62)
for storindV@s@l7kp| acenent device (80)
devi ce.

further including
havi ng at | east OrECTUS5M443§2- 78)
and for receiving the first

- 20 - 4. A system as cl ai med

in aim3 further including a d§ ¥e88nmechani sm (70) for noving the shelf

(72-78) to enable

i ncludes a punp (60) for evacuating the
| evel suitable for outgassing.

alignnment with the robotic el enment (40). 5. A
systemas clained in any preceding C ai mwherein

t he service nodul e
service nodule (52) to a vacuum

24



WO 96/ 17971 PCT/ US95/ 14436

- 20- WO 96/17971 3. The system accordi ng to cl aPCTAShEN44BEr
i ncl udi ng a rack having at | e#st one shelf for storing said
repl acenent devi ce and f | Qssai d first device.

4. The system accor figed By fledhiindtddd] BiYeky &1 Nl Mb6 (2P06.9); @ drive
mechani sm f or  rgginatciak §-75488 15-14 QarRORA! Gighlal SARNEN! 2,9 9,158 ¥6 amended;
robotic el enent. remaining claims unéhanged (5 age¥y$t €m according to
claim 1 wherein said service nodule 1S renoveably affixed to

id dul e. . . Th t di
Claim 1wherein said fo  Asvstem trdorming.n lver s s PRI

with said process modul %tleastone process module for forming said layer, said process

module including a first device used in conjunction with forming said layer
on said substrate;

5 at least one service module removably affixed to said process
module, said service module having at least one replacement device suitable
for replacing said first device;

a valve for isolating said service module from said process
module;

10 | evacuation means for providing evacuation of said process and
service modules to a desired vacuum, wherein when said valve is opened
said evacuation of said process and service modules is sufficient for
maintaining said vacuum thereby minimizing time needed for evacuation; and

a robotic element for transporting said first device from said

15 process module to said service module and for transporting said replacement

device from said service module to said process module for replacing said

first device.

2. The system according to claim 1, wherein said service module
is maintained under a vacuum suitable for reducing outgassing of said

replacement device to a desired level.
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7. The system according to claim1 further including a val ve
for isol awopgsemd service nodul e from said process nodul e.perusesigsss

8. The system according to claim 1 wherein said service
modul e i ncludes a punp for evacuating said service nodule to 15 a
hi gh vacuum WO 96/ 17971 -26- _ _ PCT/ US95/ 14436
-21- ' 3." Thedsystem agcxirding fooclaiho furthed inclydihg@ratk
substrate, ' - conpri si _n?_: S ' at | east one
process nodhayingrati inast nene shell fge storing dsaid replacementr device andufar
including a first device used in conjunction with 5 form ng said
| ayer on sairgceiving saidefirst device. at | east one service
nodul e having at | east one repl acenent device suitable for
replacing said first device wherein said - - 'service nodule is

! : hi ah : le f ing _.
mai ntal ned. at anig chuur?ﬁeué\}se%gmeacc%rrd{n%cjtgc Ilar}&' 3 further including a drive

mechanism for moving said shelf to enable alignment with said robotic

element.:

5. The system according to claim 1 wherein said service

module is removably affixed to said process module.

6. . The system according to claim 1 wherein said service

module is unistructurally formed with said procéss module.

7. The system according to claim 1 further including a valve

for isolating said service module from said proéess module.

- The system according to claim 1 wherein said service
-module includes a pump for evacuating said service module to a vacuum

level suitable for outgassing.

O
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out gassing of said replacenent device to a desired level; 10

a central hNQPMYIEr fi xed between said process nmodul e and PCT/US95/1443% d
servi ce-nodul e; _and -27-at | east one robotic el enent

| ocated in said central housi ng, wherein said robotic el enent

g T T e e [ T
repl acerrenf dévite from 52|kt 8hY pFEcEBIHbAUledoF Rirthing said layer, saRl BRESSs

nodul e for replacing said first device under said high vacuum

10. The syst emadulerinilodirigoa dirst dedicé wseldean donjunctiory with forming said idytk
havi ng at | east one shelf for storing said replacenent device and

for receiving onishidisubstratesi ce. 20 1 1. The system

according to claim 10 further includi na? . a drive nmechanismfor
movi ng sai® shelf to enaBfdeast ppERTVIGE rpodulphaving at least opgygplagement

el ement. device suitable for replacing said first device wherein said service moduie is

maintained at a vacuum suitable for reducing gutgassing of said replacement
device to a desired level; -
a central housing removabhf affixed between said process
10 module and said service module;
a valve for isolating said service module from said central
housing and said process module;
evacuation means for providing evacuation of said process and
service modules and said central housing to said vacuum, wherein when said
15 valve is opened said evacuation of said process and service modules and
said central housing is sufficient for maintaining said vacuum thereby
minimizing time needed for evacuation; and
at least one robotic element }ocated in said central housing,
wherein said robotic element is adapted for transporting said first device
20 from said process module to said service module and for transporting said
replacement device from said service module to said process module for

replacing said first device under said vacuum.

10. The system according to claim 9 further including a rack
having at least one shelf for storing said replacement device and for

receiving said first device.

11. The system according to claim 10 further including a
drive mechanism for moving said shelf to enable alignment with said robotic
element.

AMENDED SHEET (ARTICLE 19)



WD 96/ 17971 PCT/ US95/ 14436 ~
- 22- - WO 96/17971 12. The systemaccording to cl ai MIM{W said ..
service nodule is renoveably affixed te28aid central housing. ;
13. The system according to claim9 wherein said service nodul e
I's renoveably affixed t sal.ﬂ:'%rocess nodul e - 14,
The system according td<l ai stéFch’PﬂldPﬁda'm 9 whereinasaid| sezvicer

15 The oyst Spd@edp SBnERRLR: SR B Sl cerem movsing. corvice module

-includes a punp for evacuating said service nodule to ... sai d high
vacuum

13. The system according to clair'h'9 wherein said' service

module is removeably affixed to said pl"os:ess'rr'isdﬁle.

14, The system accordmg to clalm 9 further mcludlng avalve

for |solatm’ said servnce module from sald process module

15. Ths system accordmg to clalm 9 whereln said service (

module includes a pump for evacuatmg sand servnce module to a vacuum

level suitable for _qytgas_smg

RN L
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\7\0 96/ 17971‘”0%’17971 PCT/ US95/ 14436

=23- . o 16. A systeigfor formng a |aygFrg.7r§9§£lM36
substrate, - conpri si ng: at | east one
p”ﬂﬂmw'ﬂm form ng said layer, said process nodul e
deV' CqeUSed systemor F6trhiPig a’\lai/Br 05 2 substraté OESPnpRstRy: d

| dyerr ok shi ds s strate; | east one service
nmodul e having at | east gbBRastone processﬁﬂéﬂﬁl@ﬁbﬁfﬁmﬂﬁg is@Ri layét, FalEpidess
replacing said first device wherein said service nodule is
mai nt ai ned at nsodulglineladinga Sinst dbdneefmdrmd:mumt!on with formlﬁgt&&ﬁﬁdm of
sai d replacenent device to a desired level; 10
central housi og sHid isxubdtrate;f | ui d conmmuni cation between sai d
process nodul e and said service nodul e; at | east
one robot8c el enent | ocat deastronsserviesmedule having at leastoose mgplachevenitn
said robotic elenent is adapted for transporting said first

devi ce from sdpuicersuitable fardeplacing saidfirstdevice wierginsaidservice medule is
transporting said replacenent device fromsaid service nodule to said

process nodul B'dintainedate vaguum;syitablesfor geducing oytaassing af saidreplasament

device to a desired level;
a central housing removably affixed in fluid communication
10 between said process module and said service module;
a valve for isolating said service module from said central
housing and said process module;
evacuation means for providing evacuation of said process and
service modules and said central housing to said vacuum, wherein when said
15 valve is opened said evacuation of said process and service modules and
said central housing is sufficient for maintaining said vacuum thereby
minimizing time needed for evacuation;
at least one robotic element located in said central housing,
wherein said robotic element is adapted for transporting said first device
20 from said process module to said service module and for transporting said
replacement device from said service module to said process module for
replacing said first device under said high vacuum;
a storage element for storing said replacement device in said
service module; and
25 a drive mechanism for moving said storage element within said
service module to enable said robotic arm to place said first fixture in said
storage element and to transport said replacement devnce from sald storage

element to said process moduie under Sald'vaguum

AMENDED SHEET (ARTICLE 19)
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‘a storage elenment for storing said replacenment device in said
servi ce nodul e; and a drive nechani smfor noving

$said storage el ement within 20 said service nodule to enable said
robotic armto place said first fixture _ o _ in said storage el enent
and to transport said replacenent device from sai d storage

el enent to sai S du r ' i m .
WO 96/ 17971 APer2GeSS {RdUkGrHRder SHLJUSHY, thuspc$fﬁég%%i4éﬁguc1ng

- 24- rodhbt i vilte, S8id/|iGRrExBErey AL gy teosta] m 16, wherein
storage el em::ntp i ncludes a rack having a plurality of shelves.
18. The service nodul e arer dpagehe WAl N5d6s6Har idiscldsed udi Pt tering

dedi cated punp for evacuating said service nodul e.
gsystem with a plurality of film-forming chambers arranged

in-line between a feed chamber and a take-off chamber. Each
film-forming chamber is connected to an associated dedicated
vacuum chamber in which a deposit shield member used in the

film-forming chamber can be exchanged for a new one.

DE-A-4037580 describes a sputtering system in
which again an exchange chamber is provided for each film-

forming chamber.

Another type of sputtering system is described in U.S.

Patent No. 4,809,695, which issued to Hurwitt, et al. and i; a;;igned

to Materials Research Corporation, the assignee herein. This patent

discloses a production sputtering system in which a coated wafer

holding fixture may be replaced through a load lock normally used for

substrate entry and exit. However, although this system enables the

- process module to remain under vacuum, this system does not provide
for vacuum conditioning of the wafer holding fixture to reduce surface

outgassing. In addition, the co:ifiguration of the system is such that

only the wafer holding fixture may be replaced. Further, replacement
of the wafer holdfng fixture is performed manually, thus substantially

increasing the time needed for replacing the fixture which resuits in

substantially reduced productivity and increased costs.
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WD 96/ 17971
PCT/ US95/ 14436
JAVENDED CLAI M5

-25-
[received by the International Bureau on 21

June 1996 (21.06.96); ori gi nal clgig§ 5-7 and 12-14 cancell ed;
original clains 1, 2, 8, 9, 15 and 16 anended;
remai ni ng cl ai s unchanged (5 pages)] 1. A system

for formng a layer on a FHepéforeE it ¢ N lobjélt of the present invention tét
| east one process nodule for formng said | ayer, sald process

on sal . Subst r apEvider ' Stltdifg “Ssceh JRRHEN 8. Boafy sBRVIRE pididle’ ="

renovably affixed to said_ process nmodu] e, sai d service nodul e
having at | east WiHehrervidesdaf YReMwR cqnrditipning of fixtures, whigh s@fehdosai d

first device;
nodul e from sa
nmeans for prov

a valve for isolating said service

i bepusarb s a process modulecpefdre the fixtures are instaltadhiruaheon

i di ng evacuation of said process and servi ce nodul es

to a desired vappsbBss'ARIRile. WieRk &afudthner! yjebt dIPEE resent inveritidh to
evacuation of said process and service nodules is sufficient for

mai nt ai ni ng sa

| roAGH WL REEERY sPThaLRG 4 BR BS59eshA e MUREHALIRBR and

enables the replacement of more than one type of fixture. It is a still
further object of the present invention to provide a sputtering system

having an on board service module which enables automated

replacement of a coated fixture. Additionally, it is an object of the
present invention to provide for a sufficient number of replacement

fixtures and associated parts so that venting and opening of a process

module is not necessary until a source target is replaced.

Summary of the Invention

A cluster tool system for forming a layer on a
substrate comprising a plurality of process modules for
forming the layer, each process module including a process
chamber having a first device which is subjected to a
deposition process in the chamber during formation of the
layer on the substrate, a service module having at least one
replacement device suitable for replacing the first device
in a process module, wherein the service module is
maintained at a vacuum suitable for reducing outgassing of

the replacement device to a desired level, a wvalve for

AMENDED SHEE™
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a robotic el enent for transporting said first device fromsaid 15
process nodule to said service nodule and for transporting said repl acenent
device fromsaid service nodul e to said process nodule for replacing said

first device. 2. The system according to claim1,
wher ei n sai d servi ce nodul e _ i's mai ntai ned under_ a vacuum sui tabl e
for reducing oylgASHiG Ol dervice mb8RLACEERSH d@l’lécepf&cés@'e%ﬁ&ﬁﬁe,

| evel . WD 96/ 1797
PCT/ US95/ 14436 evacuation means for groviding evacuati®® of the service

3.. The systemaccording to claim1

urther Tncluding a rack havi ng at

| east one shel obRlest®d NgheaipgtocRiFsAGRIBIL e daBC aANgl dfént adbPeRidVi il
said first device. 4. The system according to claim3

further includcrgnapdritdmg themédrani deviee fbunnghs aptocded fmddurdahd &he
alignment with said robotic el enent .

service module and for transporting a replacement device
from the service module to the process module for replacing
the first device under the wvacuum, characterised in that a
single service module is provided in that the system
includes a central housing removably affixed to each of the
process modules and to the service module, in that the valve
isolates the service module from the central housing and
each of the process modules, in that the evacuation means is
for providing evacuation of each of the process modules and
the service module and the central housing to the vacuum,
wherein when the valve is opened, the evacuation of each of
the process modules and the service module and the central
housing is sufficient for maintaining the vacuum, and in
that the transport element is a single robotic element
located in the central housing, the robotic element being
adapted for transporting the first device from a selected
process module to the service module and for transporting
the replacement device from the service module to the
selected process module for replacing said first device
under the wvacuum.

Brief Description of the Figures

Figure 1 is a top view of a prior art sputtering system.

Figure 2 is a top view of a system for sputtering a

substrate having a service module in accordance with the present

. A . N
invention. : AMENDED QHEE™
a4

lF‘C!—u Ep



El

5. The systemaccording to claim1 wherein said service nmodul e is
renmpovably affixed to said process nodul e. 6. The system

according to claim1l wherein said service nodul e is unistructurally
formed with said process nodul e. -17- . f7 Thle system |

rding to claim]l further includin va or isolating sai
22?\% ge ?mdul e f Mﬁf%ﬁ?ﬁeM@MGﬂébmm arm 40 includes an end effegtordfpst em
according to claiml1 wherein said service nodul e i ncludes a punp for
evacuati ng sai d $eanspesting dubstratesand anadapter lfev gripping wbtieus dixtures.
out gassi ng. WD 96/ 17971
PCT/ US95/ 14436 Referring to Figure 7, an alternate embodimentiof aA
system for formng a Iayer on a substrate, conprising: .at.J east one

eyt SRR SR ORI oL s, rpeens rrafEH'e
on said %ubstrat shown In this embodiment, the rack 62 is positioned within the
central chamber 56. In order to accommodate the vertical travel of

the rack 62, the central chamber 56 includes extended top 102

and bottom 104 portions within which the rack 62 travels to

enable individual alignment of each of the first 72, second 74, third

10 76 and fourth 78 shelves with the robotic arm 40 as desired.
Referring to Figure 8, another -embodiment for a sputtering system

106 in accordance with the present invention is shown. in this

embodiment, the service module 52 is directly connected to either the

first 20, second 22 or third 24 process modules by a sixth module

15 valve 108. In Figure 8, the service module 52 is shown directly
connected to the first process module 20. in order to transport the

fixtures in this embodiment, either the robotic arm 40 or a dedicated

fixture handling mechanism may be employed. In yet another

embodiment, the fixtures may be introduced directly through the

20 entry load lock and into a process module. This enables unlimited

fixture replacements without restrictions in regard to storage capacity.

AMENDED SHEE™
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at | east one service nodul e having at | east one

;5epl aJJ’MH{W!u]WM device suitable for replacing said first device

wher ei n* sai dule is mai nt ai ned at a vacuum sui tabl e

for reducing outgassi’ng of said replacenentyg _ device to a desired
| evel ; a central housing renovably affixed between

said process CLAIMS nodul e and sai d service nodul e;

a valve for isolating said service nodule fromsaid centra

housi ng and sai d process nodul e; evacuati on neans
for providing evacuation of said process and servi ce nodul es
and sai d central- housifngliusteat docclaystede(®20 n Wheh SardformingSa layalwe
i s opened said evacuation of said process and service nodul es and

said central heBsiangsibstuatecicomprigingiat plocadityi df/aprocessemaidyles
m nimzing tinme_needed for evacuation; and at | east
one robotic el éABmt 2RocdtediPr Sarmirgthellawami mpch process modwier di20,

said robotic elenment is, adapted for transporting said first device .20
from said procéés ddulRe¢HIing %ePVPEéSﬁDG@P@%%mjh%ﬁlwga%sﬁérﬁtn§e§QQ¢

repl acement devjce fromsaid seryice nodule to said process, nodul e for
repl aci ng sai d"PFFEt ife\f SR K918 ¢eegttion process in the chamber

10, e, YSRGS, S L 2" Sl RS LA BB o pvice
o 0 S ELEh RS g5 feset one repiagebbt HRELHY
g?ghggtéa'd Sh%&%g%?%gg??ker@blgegﬁgttﬂ%t?i§§£ddé9?85'ﬁn a process module
PCT/ US95/ 14436(20, 22, 24), wherein the service modd¥e (52) is maintained
at a vacuum suitable for reducing outgassing of the
replacement device (80) to a desired level, a valve (32, 34,
36) for isolating the service module (52) from the process
module (20, 22, 24), evacuation means (58) for providing
evacuation of the service module (52) and the process module
(20, 22, 24) and an element (40) adapted for transporting
the first device from the process module (20, 22, 24) to the
service module (52) and for transporting a replacement
device (80) from the service module (52) to the process
module (20, 22, 24) for replacing the first device under the
vacuum, characterised in that a single service module (52)
is provided in that the system includes a central housing
(14) removably affixed to each of the process modules (20,
22, 24) and to the service module ({52), in that the wvalve
(32, 34, 36) isclates the service module (52) from the
central housing (14) and each of the process modules (20,

22, 24), in that the evacuation means (58) is for providing

AMENDED SHEE™
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12. stem according to claim9 wherein said service nmodul e is
renni Em u" Eﬁruﬂﬂ said central housing. 13. The

syst | aim 9 wherein said service nodul e i s renoveably
affixed to said prodess nodul e. _1g .. 14 The system accordi ng
to claim9 further including a valve fort | sol ating said service nodul e
fromsaid proc : . e C di t
claim9 V\hgrei%;%%l g!équv?geeaCh (r?gd&IhS Pr’fc?ljc% gs%%ﬁé)%fg@'e\s%ba??%ggggi d

;s/\le)rgg/c%ggcliul ERE FedRLEUMhodulé CYED) SahEAhE dOhe AU 035818y (14) to the
PCT/ US95/ 14436racuum, wherein when the valve (32, 34, 36) is openedl6theA
systemfor formng a layer on a substrate, conprising:

at | east one pwwEsstidube é€achf 6ENthe pRriodekay aodulaisd (FOCESS, 24) and

nmodul e including a first device used in conjunction with formng said |ayer
on said substrdie; service mwodule (52) and thé keatiradnehsesivhge Mudul eg
havi ng at | east one repl acenent devi ce suitable for replacing
said first dewuwE et n foai dnginvateingdule | vacuum, and in that the
transport element is a single robotic element (40) located
in the central housing (14), the robotic element (40} being
adapted for transporting the first device from a selected
process module (20, 22, 24) to the service module (52) and
for transporting the replacement device (80) from the

service module (52) to the selected process module (20, 22,

24) for replacing said first device under the vacuum.

2. A system as claimed in Claim 1 further comprising a
storage element (62) for storing the replacement device (80)
in the service module (52), and a drive mechanism (70) for
moving the storage element (62) within the service module
(52) to enable the robotic element (40) to place the first
device in the storage element (62} and to transport the
replacement device (80) from the storage element (62) to the

selected process module (20, 22, 24) under the wvacuum.

3. A system as claimed in either Claim 1 or Claim 2
further including a storage element comprising a rack (62}
having at least one shelf (72-78) for storing the

replacement device (80) and for receiving the first device.



naln vacuun1SU|tabIe for reduci ng outgassing of said repl acenent
deV| mmg Hmevel a central housing
nenova fluid comminication 10 bet ween sai d process
nodul e and sald serVi ce nodul e; a val ve for
isolating said service nodule fromsaid cent?al housi ng and

sai d process mpdul e; m as claimed in ci%ﬁﬂFQ9tfﬁ?tﬂ@?ninkﬁ&ﬁigg'éhd

L .y st
provi di ng evacuati on gf Syé.l chrocess an service no

said central hay3iRad el r3ai;! mfd@.h'ﬂ{o%'l g"‘"&ﬁ@: edf (72- 73)15co endH e

i s opened said evacuation o sal process and service nodul es and

said central hausighthent SHfth drRNtrddt MidllenidhthH4)i d vacuum t her eby
mnimzing tine néeded for evacuation; at | east
one robotic elenent |ocated in said central housing, wher ei n
said robotic elenment is adapted for transporting said first device

20 from sai dsprocesq myBtlean tas seldimedviite amyduprecadihgr Cladms pdrddein

sai d repl acenent device fromsaid service nodule to said
process nodul ether service module riapthcdes aapumpi (60) dEvirceviacdert isg the
hi gh vacuum a storage elenment for storing said

repl acement desecwiice saicflule (52) to aervaceumpdiewelanguitable 2For
a drive nechanismfor noving said storage el enent within said
servi ce nodul eonsgassbng.said robotic armto place said first fixture in

sai d storage elenment and to transport said replacenent device
fromsaid storage el ement to said process nodul e under said
vacuum

.

e ¥ H ,
AMENDED aEp~
PEA/ZD



RIMP @ co F
PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) Internationat Publication Number: WO 96/17971
1 Al

C23C 14/56, 14534 (43) Internationa} Publication Date: 13 June 1996 (13.06.96)
(21) International Application Number: PCT/US95/14436 | (81) Designated States: AL, AM, AT, AU, BB, BG, BR, BY, CA,
CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, JP,
(22) International Filing Date: 9 November 1995 (09.11.95) KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD,
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD,
sa,@s: sx. J, T™, TT, UA, UG, UZ, VN, European
30) ty Data: patent (AT, BE . H, DE, DK, ES, FR, GB, GR, IE;IT, LU,
08/352,000 8 December 1994 (08.1294)  US MC, NL, PT, SE), OAPI patent F, BJ, CF, CG, CI, CM,

(71) Applicant: MATERIALS RESEARCH CORPORATION
{US/USY; Route 303, Orangeburg, NY 10962 (US).

(72) Inventor: HURWITT, Steven; 159 Pascack Road, Park Ridge,
_NJ 07656 (US).

{74) Agents: FREI, Donald, F. et al.; Wood, Herron & Evans, 2700
Carew Tower, Cincinnati, OH 45202 (US).

GA, GN, ML, MR
LS, MW, 8D, §Z, UG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and 10 be republished in the event of the receipt of
amendments.

(54) Title: SPUTTERING APPARATUS HAVING AN ON BOARD SERVICE MODULE

(57) Abstract

A system {50) for sputtering a
substrate (42) is disclosed, The sys-
tem includes a cenual housing (12} hav-
ing at least one: process module (20,
22, 24) for fonnmg,the layer, wherein
the process modulé s n fluid commu-
nication with the central housing (12)
and includes a first degicéused in con-

junction with formigg the | on the
substrate (42). In adﬂmon, system
(50) includes at least one- mod-

ule (52) in fluid oommumcaﬁm with the
central housing (12), wherein-the ser-
vice module (52) includes at least one
replacement device suitable for replac-
ing the first device. The central hous-
ing (12) includes a robotic element (40)
for transporting the first device from the
process module (20, 22, 24) to the ser-
vice module (52) and for transporting
the replacement device from the service
module (52) to the process module (20,
22, 24) in order to replace the first de-
vice. In addition, the service module
{52) includes a dedicated pump (60) for
evacuating the service module (52) toa
bigh vacuum in order to reduce surface
outgassing of the replacement device to
a desired level before use,
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