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Smith, and Gary L. Payne, filed September 15, 1993,
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10 THROUGHPUT SPUTTERING MACHINE, U.S. patent application
' gerial No. 08/395,074, inventors Dennis R. Hollars,
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Robert M. Smith, Gary L. Payne, filed February 27,
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15 U.S. patent application Serial No. 08/121,959, filed
' September 15, 1993, which is a continuation application

of Serial No. 07/681,866, filed April 4, 1991, now

* abandoned.
20 ' FIELD OF THE INVENTION
The invention relates to mechanisms for
transporting materials  through a processing

environment, and specifically transporting materials
through an in-line sputtering apparatus.
25 |
BACKGR! F ION
Film deposition is a well-known processing
technique for depositing thin films on different types
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Co-pending patent application Serial No.
08/121,959, published as Publication No.
PCT/US92/00722, discloses an in-line sputtering

10 apparatus which is utilized to manufacture magnetic
recording media for use in Winchester-type hard disk
drives. An integral component of the in-line
sputtering apparatus disclosed in publication
PCT/US92/00722 is the fact that it utilizes an overhead

15 transport drive system to move substrates through the
process environment. The transport system disclosed in
publication PCT/US92/00722 is designed to move the
substrates through the system in an efficient and
flexible manner, while reducing contamination which can

20  result from the interaction of mechanical components in
the drive as the substrates are transported through the
system. '

The evacuated environment of a sputtering chamber
such as that utilized in Publication No. PCT/US92/00722
25  includes an inert gas, typicaliy argon, with one or
more substrates remaining static or, as in Publication
No. PCT/US92/00722, being transported through the
sputtering chamber during deposition. In manufacturing
magnetic recording 'media, the cleanliness of the
30 .chamber is critical to ensuring the integrity of the
manufactured component. The media must be free from
contamination in order to operate effectively, and to
optimize the £ilm integrity to allow for higher data
capacities in the film and higher storage capacities in
35 the resultant disk drive.
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-2- of substrates. One technique for depositing thin filns IS .
sputteringo¥dHsess can be advantageously used in the - maROTAISP6/06a84 Of
magnetic storage nedia. In film deposition, the maintenance of a
controll ed environnent 5 I n which theqprocess occurs is crucial to
ensuring the integrity of the deposited film Co- pendi ng

pat ent application Seri al No. - 08/121, 959, publ i shed as

Publication — No. The RGHARAOO7%Rysrdlh SCIFES pullLicdtdd NE No.
sputtering 10 rajus which is utilized to manufacture magneti c

a
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system PCT/US92/00722, the transport system supports all of

10 the weight of the pallets at the top of the pallet, so

that the pallet hangs from the transport system with

its lower portion free. Certain types of transport

systems in in-line sputtering apparatus have utilized

systems which carry the substrate and support both the

15 top and the bottom portion of the pallet. Generally,

overhead drive systems are disfavored in sputtering

environments since such systems can generate more

particulate contamination than bottom drive systems due

to the fact that the drive’s mechanical components are

20 above the surface of the substrate, and mechanical

interaction between the mechanical components of the

drive system can cause contamination to fall on the

substrate as the substrate is moved through the system.

. However, utilizing a top drive system allows the use of

25 larger substrates and substrate-carrying pallets since

top drive systems can support weight with greater
stability than a bottom drive system.

SUMMARY OF THE INVENTION
30 . The invention comprises a novel overhead-type
drive system for use in a sputtering apparatus,
particularly an in-line sputtering apparatus. The
system for transporting a plurality of planar
substrates through an in-line sputtering apparatus
35 includes a plurality of transport beams having a C-



The evacuat ed envi ronnent of a sputtering chanber such as that
utilized in Publication No. PCT/US92/ 00722 25 I ncl udes an i’gﬁé{s @g@
typical | yW@8@#82%i th one or .- nmore substrates remaining PROGE4 o5
in Publication - No. PCT/:US92/ 00722, being transported through the

. sputtering chanber during deposition. I 4ranufacturing magneti c
"recording nedia, the cleanliness of the 30 chanber is critical to

ensuring the integrity of the manuf act ured conponent.. The nedi a nust
be free from Shap%ac FATHHPREn OF¥ER EB2BEPPELe has & \Einghl to

optim ze the fardn isgozgid t erid} abl Ofikrgt haglersdebad side8apagi gy 1N
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PCT/ US92/500722 1 | 40989802 |the M 88t £6f tFansPbrting includes a
' plurality of drive beams. Each drive beam includes a
plurality of horizontally-oriented guide wheels
disposed on a ﬁop surface of the drive beam, the drive
wheels engaging the channel of the transport beam.
10 Each drive  beam also includes a plurality of
vertically-oriented wheel assemblies disposed in a
plurality of U-shaped cavities in the drive beam. Each
wheel assembly includes a cylindrical assembly and an
O-ring surrounding the cylindrical assembly. The drive
15 beams also include a chain assembly coupled to each of
the cylindrical assemblies, to couple the cylindrical
‘assemblies to each other. A motor is provided with
each of the drive beams to drive the chain assembly and
consequently the vertically-oriented wheel assemblies.
20 An additional feature of the invention includes a
shield, provided below the drive beain, to ensure that
contamination does- not reach . the interior of the

sputtering chamber. Each of the drive beams is
provided in one of a plurality of sputtering chambers
25 in a. sputtering apparatus. The drive beam is

approximately the length of the chamber, and the
transport beams are apptoximat:ely the length of the
drive beam. -
| The transport beam includes a substrate carrier
30 which secures the substrate or pallet at the top
portion of the substrate or pallet, and which is
mounted in an alignment with an off-center relationship
with respect to the center of the transport beam.
Thus, an advantage of the invention is that
35 reduced parts are required to provide a more stable



"overhead" transport apparatus. An overhead apparatus I's one that
secures and supports at least a majority:of 5 the weight of the

substrat o ¢j3ssishe top of the ~ substrate, such that ROTAEMEA8Aat e
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appar at us. I n  Publiccation No. - PCT/ US92/ 00722,
the transport system supports all of 10~ the weight of the pallets at the
top of the pallet, so that the pallet hangs fromthe transport system
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the substrate is aned through the systent : However ,
utilizing a top drive SBRIES g
substrate-carryin

the particular embodiments thereof. Other objects,
features, and advantages of the 1nvent10n will become
apparent with reference to the specification and
drawings in which: '

Figure 1A and 1B are a top view and side view,
respectively, of an in-line sputtering apparatus in
which the transport system of the present invention is
suitable for,use.

Figurelz is a perspective view of an assembled

‘transport beam and drive beam assembly in accordance

20

25

30

35

with the present invention.
Figure 3 is a cross-sectional view of an assembled
transport beam and drive beam in accordance with the

‘teachings of the present invention.

Figure 4 is a partial assembly side view of a
drive beam of the transport mechanism of the present
invention. _

Figure 5 is a partial assembly cross-section of a
drive beam shown in Figure 4 in accordance with the

present invention.

Figure 6 is a plan view of a wheel assembly
utilized in the drive beam shown in Figure 4 in
accordance with the teachings of the present invention.

WRITTEN DESCRIPTION
An exemplary deposition apparatus 100, in which

on the

substrates and
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SUMMARY OF THE | NVENTION 30 The invention conprises a novel
over head-type drive systemfor use in a sputtering apparatus
parti cov@96583 i n-1ine sputtering apparatus. The P&E’élﬁ%ﬁﬂﬁ"%r _
transporting a plurality of planar substrates through an in-line.
sputtering apparatus 35 I ncl udes a-pkurality of transport beans having a
C WD 96/ 35823 ' PCT/ US96/ 06484
-4- shaped cross-section. Each transport beam has a first and
second end, thefi Fxanaporseceystemdest athep presestr f areentahon a n@annﬁl, |
di sposed un t [ C- shape
Cross- sectlgﬁitagfe ? glgéé iﬁ?)% WthChaiEi J‘}'{:'Tor tt?)a%g{)%éﬁié)é%é}%?e%des a
plurality o%ndﬁpﬂéﬂﬁﬁﬁﬁpnEEﬁﬁ/HS??éoﬁﬁah|hﬂﬂﬂhﬂ$naln FigMnﬁsﬂlAy of

hori zont al | yn@r n@Nt edcn Pekraeehé step sd':.m%dorirﬁ déﬁl:f] e of the
drive ?ean]fgfgsdzhyg.substratesbgn Sukggrlng gg%?&ﬁe° pro&it{ngSport
beam
substrates in an evacuated system wherein chambers of
the sputtering system are maintained at a pressure of
approximately 10°7 Torr and backfilled with a suitable'
sputtering gas, such as argon; heating the substrates
10 to a temperature conducive to optimal film deposition; .
and sputtering the f£films to be deposited on the
substrates. .
As used herein, the term "substrate" generally
refers to a disk substrate to which magnetic and
15 coating films are.applied and the term "pallet" refers
to a disk carrier, such as those disclosed in
application Serial No. 08/121,959. As such, a number
of substrates may be transported on pallets through the
- system. However, it should be understood that the
20 terms "substrate" and "pallet® should not be read as
limiting the use of the invention described herein to
a pallet carrying multiple substrates. .- The invention,
and apparatué 100, may, for example, be utilized to
process a single sheet, planar substrate, such as
25 "glass, with films being applied directly thereto.
Deposition apparatus 100, used to apply a single
or multilayer £film to one or more substrates, will be
discussed with reference to Figures 1A and 1B.
Generally, substrates are provided through
30 multiple sputtering chambers 8, 10, and 15 in apparatus
100 at a rate of speed ranging from about 3-6
feet/minute, in an evacuated environment after having
been heated by soak heater provided in chamber 4 and
passby heater provided in chamber 5. The apparatus may
35 transport substrates at speeds generally ranging from



10 Each drive beam also includes a plurality of

vefrtically-oriented wheel assenblies disposed in a plurality of
U shaped cwi096/35823 n the drive beam Each wheel assenbl quﬁé 96/96484 5
cylindrical assenbl y and an O ring surrounding the cylindrical
assenbly. The drive 15 beans al so include-a chain assenbly coupled to
each of the cylindrical assenblies, to couple the cylindrical
. assenblies to each other. A notor is prOV|ded W th each of the drive
beans to driveOtrB@ cHiget aspenbl ytme throughquaaxiipushe chambers,
vertically- Or'aﬁbﬁﬂdWB@eh ﬁ¥bcé§§ occurrfﬂgaﬂﬂ'Eh@néhaﬁﬁéE“re of
the invention include , provided belQw the drive ean1 to
~ensure that co”h%%QVﬂqQRpﬁﬁﬁﬁpﬁotaPE%EﬁtPﬁe|¥9QN|4ﬁSQﬁ1¥ﬂ%

" sputtering chaarguss2/0672P iféludés Sevarcdemnel7) Schambe:br:ﬁdddrésl n one

The Grive  beapparatis” L SATREGE 20, Srmder "BPltEe fanBRPEL I " e

transport beancomp;tggﬁonfmmwnybahédeﬁxpasoftpmpcess todnd g aand

The transport ﬁ?@* huﬁﬁﬁ &8s es the
substrate or g gc top %gﬁﬁ{g%$¥ %e suéﬁ%gg?gegghballet and
which is nount &89lRtdem| iARAKEt aFe h Jeqpa#epd cRREveeR| spenifiig

Wi th respect tenhfiBegembanles 1hez;r31pspprs beang, 9, 10; 13hys, QQ
a0 B, e e b 56%¢ *depost bR, Bart 5 8l & 4§ WL Sfl
in Figures 1A-1B. The doors may comprise slit values
which are pneumatically operated by a computer control
system to enable sequential process flow of substrates
and isolation for specific processes occurring in each
15 chamber.

In'apparatus 100 shown in Figures 1A-1B, load lock
chamber 1 functions as an isolation chamber between the
ambient, sputtering envifonmgnt and chambers 2-17 of
deposition apparatus 100. Load lock chamber 1 is

20 repeatedly evacuated to a pressure of approximately 50
Mtorr and vented to ambient atmospheric conditioms.
Generally, deposition within apparatus 100 takes place
in an evacuated environment and chambers 2-17 are’
evacuated to the pressure of approximately 10°7 Torr,

25  before argon gas is allowed to flow into the chambers
to achieve a suitable sputtering pressure.

Chamber 2 serves as an entrance buffer between
load lock chamber 1 and the internal sputtering
environment in chambers 3-17; chamber 3 is a second

30 .buffer chamber which may optionally be used to provide
a dry or wet etch to the substrates before further
processing. Chamber 4 serves as a socak heating chamber
for increasing the substrate temperature to optimize
film deposition. Substrates are moved into chamber 4,

35 which includes eight banks of quartz 'lamp heating
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-5- transport assenbly than that disclosed: in the prior. art.
The trane@o§Is8&Echani smis easier to assenble and di séé@é%fo&mand

fewer nechani cal parts result in fewer mechani cal breakdowns in the.
transport assenbly. 5 | mproved shie#ditng results in less

particul ate contam nati on which can reach the process environnent.

BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be described
Wi th respectelements, fou¥aRanks sMOVREEE Fohteachepaber dooghe@nshj ect s,

features, angegfyantfdes ¢heirdedn NEERt iDNpeiibdbesP M ime peRBRr&y W th
reference to_the specification and drawi ngs i n which: Fi gure
1A and 1B arEUELRSP DFRGPSRERSirde view, 15 .respectively, of an in-line

sputtering appar aPpassby heating chamber 5 includes a heating

5 assembly comprising additional banks of quartz lamp
heating elements, five mounted to each outer door of

the chamber. Substrates pass through chamber S5 and are

heated while in motion therethrough. Both soak heater

4 and passby heating chamber 5 are designed to insure

10 uniform substrate temperature prior to f£ilm deposition.

Three coating modules -- chromium deposition
chamber 8, magnetic deposition chamber 10, and carbon
deposition chamber 15 -- having dimensions roughly
equal to those of load lock chamber 1, may be utilized

15 to sputter single or multilayer films on a substrate
passing through apparatus 100. Four pairs of
sputtering cathodes are mounted, four magnetrons pér

. door, on the doors of each chamber 8, 10, and 15,
N . respectively. Target materials are mounted to the
20  sputtering cathodes; gas manifolds, and shielding are
also attached to the outer doors of chambers 8, 10, and
15. Mounting these components to the doors facilitates
target changes and chamber maintenance. = Further,
conduits (not shown) for power, cooling, and process

25 "gas lines are provided in the outer doors of the
chambers. :

Chamber 9 is a buffer chamber between chambers 8
and 10, and may optionally include a second bank of
pass-by heaters. . _

30 _ Two exit buffer modules 18 and 19 are provided and
are essentially identical to buffer 2. Exit buffer
modules 18, 19 provide a buffer area to facilitate
removal of pallets 'or substrates from sputtering
apparatus 100 to exit lock chamber 20 and further

35 isolates the sputtering process from the extermal



which the transport systemof the present invention is sui table for
use. - Figure 2 is a perspective view of an assenbl ed

transport Reas drive beam assenbl y in accordance 20 W pEriesdaigsent
i nventi on. 564 Figure 3 i's a cross-sectional view of an assenbl ed

transport beam and drive beamin accordange with the teachings of the
present invention. Figure 4 is partial assenbly side view of a
25 drive beamof the transport mechani smof the present i nventi on.
Figure 5 is a gagtirdhmaggenbly cross- sectlon of a drive beam shown in
Figure 4 in accordance W|th t he resent invention. 30 Figure 6
is a plan view of aE¥REclogisahamper 20 is|esgsentialipe identddadarhcshown

in Figure 4 inload 1lcafi¢OEHRRBErW1t haﬂcﬁ'e TE@%ﬁEbQQ%.IPf ré@%ggéeiﬁﬂpzﬁg

gQ\érGrgf ;(r); depoFEEEn Eﬂ'&ﬂ'&?’ﬁs Wtqaﬁ;%,% be transferred from the

evacuated environment of sputtering apparatus 100, to
the ambient external environment.

Apparatus 100 incorporates a highly efficient,
high capacity wvacuum pump Ssystem. The wvacuum pump
system must furnish and maintain an evacuated

10 environment at about 107 Torr to ensure substantially
unobstructed paths between the bombarding species and
the target surface, and between dislodged target
species and the substrates.

The vacuum pump system comprises a combination of

15 five turbo-molecular pumps with mechanical and blower
pumps for backing. The mechanical pumping system is
set up with multiple mechanical pump and blower
combinations. Three pumps are needed at all times for
the entrance lock, exit lock and turbo-pump backing.

20 Two pumps may be held in reserve. In addition, base
pressure pump down and water vapor pumping are
expedited using cryogenic <coils and a Polycold®
refrigeration generator. Two coils or "top hats" 30

. per circuit are used. The vacuum system also features

25 a network of valves. Chamber vent valves are used to
vent the internal environment of sputtering apparatus
100 to atmosphere. Roughing valves and foreline valves
isolate the mechanical pumps from sputtering apparatus
100. The valves allow apparatus 100 to be divided into

30 © .five separate pumping sections, such that each
individual section can be vented and pumped down as
desired, to facilitate maintenance of apparatus 100.
High wvacuum valves allow controlled pump -down
deposition apparatus 100 from atmospheric pressure.

35 Foreline valves isolate one or more of the five
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- 6- the transport systemof the present inventioni

sui t abl e Wope/88823 and which is sinilar to that disclosed PCTM?”’“‘“"
application PCT/US92/00722 is shown in Figures 1A and 1B. In general,
the steps involved in depositing 5 fiijgm on a substrate by sputtering _
I ncl ude: providing substrates in an evacuated system wherein chanbers
of the sputtering systemare maintained at a pressure of

appr oxi mat el ymé6hanitaTorpumpd beandohi [Hhed pnmbmgsusyablem conduipsitering

as, such as t e duci ve
'?o opt i mal ?iﬂ%pjb%ge?iéﬂgb'{fft§ g g%tﬁt eril ng tc#eq?ém{'éégeﬁ‘éﬁggsr ted
on the semra@t-@ at a g:r.ven pémegsed Ther sfalves tray dpen a5TaBged: e

general Iy suél?féﬁétt dy“ Séeh@tl?e téb i &d) B O\ Caﬁi?dgi5en
coating films_are.a andt

e term Ooa 4 refers i
carrier,?suchS8StiR e° i SEPRaEAtUS 100 304 c A%%n RT| aff‘eﬁﬂanbg? 21, 959.
As such, a nuptsmp/blowesf schanl r arepluwe be ddynspothed ormeehaniean.hrough

't'gﬁbst r at Zysgﬁg}upégﬁ‘ﬁ%? ’sﬁgiﬁlttdsg%ltjl %e&%'e;g{io}gr?t %&lﬁ&#t g %ﬁ%tﬁégr of t he

i nvention Qesprbceasﬁmgei nto a pallet carrying nmultiple substrates.
The inventi on, Additional position sensors (not shown) are
10 provided on a return path (not shown) which circulates

pallets from the output of apparatus 100 (at chamber

20) 'to the input of apparatus 100 (at chamber 1).
A gas flow control system includes valves and
valve controls for the sputtering gas (for example,
15 argon), which is supplied to apparatus 100 to create a
sputtering environment in the deposition chambers. In
conjunction with gas flow control sYstem, gas pressure
" is monitored as a component of the internal system
pressure in apparatus 100 through a series capacitance

20 manometers. | -

Power supplies are provided to generate sputtering
from the sputtering cathode assemblies in chambers 8,

10, and 15.
Circulating coolant fluid, such as water, is
25  provided to heaters, sputtering shields, and sputtering

cathodes to maintain temperatures within acceptable

operating levels during production and to prevent rapid

deterioration of these system components. A coolant

control sub-system monitors the temperature level of

30 .the coolant in the coolant system and controls the
open/close states of coolant flow control valves.

A transport system suitable for use with apparatus

100 utilizes a plurality of individually powered

transport platforms. Each of the transport stages is

35 about equivalent in length to the length of a chamber.



and abparatus 100, may, for exanple, be utilized fo process a single
sheet, planar substrate, such as 25 glass, with filnms being applied

direct | y %5&5 Deposition apparatus 100, used tECEP$Y606484

single or nu?tllayer filmto one or nore substrates, wll be
discussed with reference to Figures 1A angd 1B. General ly,
substrates are provided through 307 1 ltiple sputtering chanbers 8,
10, and 15 in apparatus 100 at a rate of speed ranging from about 3-6

soak heater prRVINAT Rt GL OFl My BElagti 88 uty cBbEReR IR
chanber 5. Thevidpparespechayreiiirectimpoandsspeedathys mn%mbhtngeaeral |y

rangi ng from 3 h
PCT/U896/06485m°t°rvmag§éﬁﬁ§§ (not shown) aggoc1ated w15 feg? or

mi nute througPlAFERXR- chanti@nce, theepERBRAROES0N 8BReSDr REss®BEBuUrring .
in the clganberindividual plétfcrmefnsihe OfoPPol Bédsat OVagging badeisn

separate and apart from the speed of other platforms.
Each transport platform is provided with proximity
sensors at the input, midpoint and output of the
chamber (not shown) which provide pallet position

10 signals to the electronic control system utilized with
apparatus 100. This allows the electronic control
system and the system operator to identify the location
of each and every substrate in deposition apparatus 100
and along a return path'(not shown) at any given time.

15 - Three such proximity sensors per transport platform are

" provided for each of the platforms used in conjunction
with deposition apparatus 100. Each sensor provides a
digital output signal to 1nd1cate the presence or
absence of a substrate at the sensor’s positzon.

20 The transport system utilized to move substrates
through apparatus 100 will be desc:ibed with reference
to Figures 2 through 6. Figure 2 is a perspective view
of the transport beam assembly in accordance with the

. present invention. Figure 3 is a cross-sectional view

25 along line 3-3 in Figure 2. '

As shown in Figures 2 and 3, and with reference to
Figures 1A and 1B, the drive system for the apparatus
100 consists of a series of independent drive beams 50
which pass a transport beam 70 from one chamber to

30 -another. Unless otherwise noted, all parts described
herein may be comprised of series 304 stainless steel.
The particular composition of the material of the parts
is selected so that the thermal expansion of the drive
gsystem will be the same as apparatus 100. A drive beam

35 S0 is located in each chamber module 1 through 20 of



PCT/ US92/ 00722 i ncl udes seventeen (17) chanber nodules, 5 apparatus 100

I ncl udes 20 chanber nodul es generally conpri sed of t es:
process WSH3s823,nd punpi ng nodul es, each having si m%&@%%’ H/uct i on.
| sol ati on doors are | ocated between specific chanber nodules 1, 2, 3,
4, 5, 6; 8, 9, 10; 13, 14, 15; 10 andi27; 18, 19, 20 of deposition
apparatus 100 as shown in Figures 1A-1B. The doors may conprise slit
val ues whi ch are pneumatical |y operated by a conputer contral

systemto en@RRAZARBNLLAL pRKSES Peaw 50 Afkt3d alesgth eqiad 1idng ation
for specific JHReREMRATAGE lﬁHé'Ehﬂé‘féﬁ@tﬂ5(L &§828h8wn in Figure 10

appar atus 100 Sho I n F| ures 1A-1B, |load | ock er 1 functlons as
an isol ati on%h zﬁ%ﬁh Eﬁﬁmgﬁﬁ Pﬁeapparﬁﬁﬂﬂe%ﬂo'spﬁFtﬁPPHgB %@ PRt and
chanber sI 2-1tmit the Iieﬂgﬁht Loafammtcmzﬂm inlonéd lapphralm@bdrs 1 is 20
repeat e y r t orr

vent ed $§$&§%§%ﬁl¥ gé]%‘% o%ga Ot)ﬂungleghér a ‘?‘&ﬂt‘heg‘ésﬁﬁc W thin
appar at us 10(dmatessbpa.mc<§0 is adsan approximaitelyi thenssamandscliadidber s -
2-17 are dfﬁ@gnggﬁﬁ%agﬁt?geP%ggéghp of approximately 10[err] Torr, 25

before argon gas 1s a w 1 nto the chanbers to achieve a
suitabl e sputteri kFPREBALEcbeam assemblyisifferinclides sa s ranspatitance

buffer bet WeQ:Ream 71 Iaad lzpcte agh.é&bemo&naﬂﬂgt ftﬁ:adliaf ngk sPhiéRr i
oy eh PR FR B FbGR gde' oF SYERGA peli HEL ™S
whi ch iy opCTRBEES B2 & ixd FEerd b
shown in Figure 3, transport beam 70 rests upon rubber
O-rings '42, 43 which are secured on a cylindrical
member 44 comprising a portion of wheel assembly 40.
As shown in Figure 2, in one embodiment, three wheel
15 assemblies 40 are provided in drive beam 50, with the
wheel assemblies 40'being mounted in cavities 52 in
drive beam 50. '
A number of horizontally oriented guide wheels 35
are mounted on the top surface of drive beam 50. As
20 shown in Figure 3, each guide wheel fits in a channel
76 which defines a (sideward facing) C-shaped cross-
section of transport beam 71. A shield 60 is mounted
to the bottom 54 of drive beam 50 by one or more hex
screws 62 and a mount pin 64. Guide wheels 35 can
25  comprise ball bearings. _
As shown in Figure 6§, wheel assembly 40 includes
a drive shaft 45 and cylindrical member 44 which are
manufactured as a single, integrated piece by, for
example, machining a piece of stainless steel. A
30 .sprocket 46 is secured to shaft 45 by a drive washer
47. Wheel assembly 40 also includes a ball bearing 48
which is secured in a bore adjacent to cavity 52 and
which allows drive shaft 45 to rotate, while supporting
drive shaft 45 and chindrical member 44 with sprocket
35 46. A drive washer 49 is secured on shaft 45 by means



a dry or wet etch to the substrates before further .processi ng.

Chanber
4 serves as a soak heating chanber for increasing the substrate
terrperatg,roeg }ngsﬁp“ mze filmdeposition., Substrates arreTmssedsisat o
chanber 4, § WhICh i ncl udes ei ght banks of quartz |anp heating WO
96/ 35823 PCT/ US96/ 06484
- 8- el enents, four banks nount ed} o each outer door, and remain
idle therein for a period of time prior to further processing
Passby heat}| r udes e S ORRri sing
addi ti onal bggks of qua g &7 Sﬁgﬂ 4 hegxﬁltg| @%\ erren rl@%l \?Jeggr%uxﬁte to each

out er door -ofFotatesthe %’éﬂﬁ%ﬁ iSQE;E’trM%s%%ﬁaﬁuéw Seeweed 50Bnd are
heat ed whi | eghB £/t ig®n tﬂyereéhrguab Bohl sq%cheaérﬁswn), wiend passby

heati ng chanber 5 are

bstratet nper at ure

10 f
prior to fil ﬁ'PBEBBE?‘?‘FSngrgo"e tor %ﬁ?%@a&&ﬁi %‘gl ato_shafh, opi um

deposi tbon

10

15

20

25

30

35

45,

The sprocket 46 of each wheel assembly 40 is
coupled by a drive chain 56 as shown in Figure 4. A
motor 58 is coupled to drive chain 56 as represented in
block form in Figure 4. Thus, a single motor drives
each of the wheel assemblies, and a motor is associated
with each one of the drive beams utilized in each of
the chambers of the apparatus 100.

As shown in Figure 3, the transport beam 71 rests
on O-rings 42 and 43 of wheel assembly 40. The pallet
bracket 72 includes first and second bends 77 and 78,
‘respectively, so that a substrate 80 hanging from the
transport assembly will be centered with regspect to
transport beam 71. Also shown in Figure 3 is an

insulator member 79, comprised of ceramic, which

secures to bracket 72, and from which pallet 80 hangs.

In operation, motor 58 drives the wheel assemblies
'40 on drive beam 50. A transport member assembly 70 is
‘transported from drive beam to drive beam in succession
by the weight of the assembly incident upon the O-rings
42, 43 on each wheel assembly 40. The speed of each
motor 58 with respect to each drive beam is
independently adjustable so that any number of dynamic

speeds may be utilized to move the transport beam

assembly 70 along the path between chambers 1 through

20 of apparatus 100, and along a return path (not'

shown) between chamber 20 and chamber 1.

Several advantages accompany the design shown in
Figures 2 through 6. The use of a single shield 60 (as
opposéd to two shields in PCT/US92/00722), a single
chain assembly, a single set of guide wheels, and



chanber 8, mmgnetic deposition chanber 10, and car bon deposition

chanber__15 --_havi ng di nensi ons roughly equal to thop@yRisebfiags | OCK
chanbeﬂ”%gaﬁgvgbe utilized 15 to sputter single or nult?layer filnms on a
substrate passing through apparatus 100. Four pairs of
sputtering cathodes are rmounted, four ¥agnetrons per door, on the
doors of each chanber 8, 10, and 15, respectlvely Target material s
are nmounted,to the 20 terin thodes mani f ol ds and hleldlng
are aI%ngﬁFgfﬁﬁh VEQFE é#bﬁ'%?s eF§EB nygbey E

Mounti ng t hpaetsqnmami:iiretaby heedooes Enal botaatexf the dearigsd amhanges and

chanber mai e. co its {not shown for

cool i ng, ang&%@%@ S%Pflgégg ‘“"}?ésn"aﬁ"ea‘g‘?éojm d q%“ﬁ%ee é s of t he
chanbers. assembly Chandbeded ian aibuéfvalclrshafiy badv\ﬂarimm.’s 8

and 10g andmgﬁmeept 'begfal 'ﬁ(oéé‘fﬂ:i‘ﬁftg S@fo'iﬂr wi in cn@aS&rPyeheaters

30 are provided a are

Tme
essentlallywpﬁé ?lééISPBsE%FF%?IQY r%ﬂ#?eQnﬁfTﬂe Prese#ﬁxﬁﬂ¥§ﬁqipn19
provi de a baléeraaleﬁstﬁhéae&&mhnhtion of s \@irewWs R Imbwn®reigalbst rat es

oM enat Chblcs, ta, O it B | Q5K F PHREF 0B LA4" P 30
number of parts and reduces breakdowns.

10 The current design also substantially reduces the
possibility that the drive sprockets will spin on a
drive shaft. Because the drive washer engages a
sprocket via a tab which projects through the sprocket
and transmits torque to the wheel shaft via flats on

15 the shaft, the possibility for the sprocket spinning on
the drive shaft is also substantially reduced.

" A further unique aspect of the present invention
is the fact that the shield assembly covers the entire
underside of .the drive beam assembly. Thus, there is

20 a less-exposed area for particulate matter generated by
mechanical parts to fall onto the substrate 80. As
should be also ﬁoted, pallet 80 aligns with the center
C of transport beam 71.

Thus, while the transport beam is centered with

25 = respect to the cylindrical member 44, the off-center
relationship of the pallet hanger 72 allows for the use '
of the integral transport assemblies, and a generally
simpler transport beam structure.

The various cbjects and advantages of the present

30 invention will be apparent to those of average skill in
the art. Numerocus modifications to the drive system of
the present invention will be obvious to those skilled
in the art. As should be generally understood, use of
the transport system of the present invention is not

35 limited to use with a thin film deposition apparatus,
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-9- envi ronnent . Exit | ock chanber 20 is essentially
i denti cal /35823 | oad | ock chanber 1 and operates in revePETFUSIEPS4B4)
order, al ng substrates to be transferred fromthe 5 evacuat ed
envi ronment of sputtering apparatus 100, to t he anbi ent ext ernal
envi ronnent . Appar atus 100 Tn%ér porates a highly efficient,
hi gh capacity vacuum punp system The vacuum punp syst em nust
furni sh and i nt ai ev { 10 i QEenk ca Torr to
ensure substam“ﬂa‘ﬁa??'é}é%e ﬁ %??%c%%aarg‘zthéggg?\/\égngy%g%nb@r@%{eﬁh speci es
and t he tengamisantafveeandtbangportdi sliisdgedeguiged. s@ég-i es and
the substrategogseications! A% e AERIMITESY BeCRHANH | €86 BcepBDIgELi On of
15 five turbo-nolecul-ar punps wth pechani cal apd bl oper unps for
backi ng. The FBEhaniB¥ERSIRR ng a8y st ehgelosed gseinyp \Rﬁgh RS
nmechani cal puspeeifiéd®©i6r, the dpawingsioand theetoflopdinar elademed at al |
times for the entrance | ock, exit |ock and turbo-punp backing. 20

~ Two punps nmay be held in reserve. In. addition, base




pressure punp down and water vapor punping are expedi ted using

cryogeni c coils and a Polycol.d[err] refrigeration gen

- coi |l s oWOPHERSRAt s" 30 per circuit are used. The vacugf‘??sys?mm
f eat f valves. Chanber vent valves are used to
vent the internal envi ronnent of sputtéﬁ|ﬁg apparatus 100 to
at mospf HU“’HU l'ves and foreline valve chani cal
punps ppar at us 100. The \aWHéSSHEEbMAaﬁﬁENa us 100 to
be divided into"30° five separate S3&EMS\g dlecti oREPLASEDh thdt each
I ndi vi dual section can be vent ed and punped dowr=as gesrtred, to
facilitate epance %pparatus 100. Hi gh vacuum val ves al | ow
controlled n@hﬁ% ﬁﬁmﬁ d5605|t|on apparatus 100 from at nospheric

pressurk. 35 Folel|nAnv@Naxheadxﬂzanspone assembly fuir c¢arryinge
"y 2P supgtpaces in 3 Spurcsring, apparatudy rolPELIRASY
: a drive eam, secured to the apparatus;

a plurality of transport wheel assemblies mounted
in the drive beam;

means for driving the wheel assemblies; and

a carrier beam assembly, the carrier beam assembly
including a transport beam having a c-shaped cross
section and a substrate coupling bracket coupled'to the
10 trangport beam.

O W 3 6O 0 » W

ry

2. The assembly of claim 1 further including'a
shield means coupled below the drive beam.

N

3. The assembly of claim 1 wherein the transport

.beam inecludes .a first and second sides, and a top
surface, an axis defined as a line parallel to and
centered between the first and second sides, the pallet

' bracket having a first end attached to .the second side
of the beam and a second end, the hanger bracket having
a shépe such that the center of mass of the bracket and

the beam with the substrate attached is located along
the axis.

W oI W e WwN R

4, The assembly of claim 1 wherein the substrate
coupling bracket includes a first end attached to the
. first side of the beam and a second end, the second end
of the coupling bracket having an offset relatlonship
with respect to the beam such that the second end of
the bracket aligns in a vertical plane with the
transport beam. ' '

N o e WY
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allowing flexibility 1n the nunber of nechanical punps operating at a

given tine. The valv such that any one punp can be
coupl ed to‘nmmsﬁgy Slj)'m | IIL“III ﬁ of a tus 100 aRCT/USPE/ 064N e
mechani cal ~ punp/brower t can s replace ’aﬂyssmﬁéﬁh i cal
punp/ bl ower that is shut domn Wi t hout di §KRuRpl}i ng REPL&&2§§E§ :

Addi tional position sensors (not shown) are %0 e eturn path
(not shown) which circulates.  pallets fron1the out put of apparatus 100

(at chanber 205.t0 trhe aRemblly admawam i08utbheehdnkeding a
A gas flow contraol sésten1|qFludes val ves.a vaIv contr ol for t he

sputtering gasCEFaMtExaffsitiats deﬁﬁlcﬂngegﬁpp P&4 €8 t us
100 to create hracketsanﬁtsubsgrame ronment in the deposition chanbers. In
conjunction with gas flow control system gas pressure I's nmonitored as
a conponent of the internal system pressure in apparatus 100 through a
series capacitance 80 Fhsomsisambly of claimppwEurshepl iasladdng: @i ded

to generage spah&%&ang coupleci reg the %ﬁ'it\ieerﬁélﬁn Cab8edEens eaebld as,d N

chanbers 8, rculatlng cool ant fluid, such as
water, is325 bﬁ?@v?&@dspgsﬁéﬁﬁﬁ%s sputtering shields, and sputtering
cathodes to maintain tenperatures within acceptable operating | evels

duri ng preduction agd to By Qe Gassemb1fehE" FREILEAN 16 diAse SYStem

conmponents. A cool ant’

2 wherein each said wheel assembly comprises a drum,
3 shaft and a sprocket, and said drum includes a
4  cylindrical portion and an o-ring surrounding the
5 cylindrical portion.

1 8. A transport assembly as recited in claim 1,
2 wherein said beam carrier includes an insulating member
3 for preventing transmission of thermal and electrical
4 energy between said transport assembly and said
5 ..substrate.

1 9. A transport system for transporting a
2 plurality of substrate-darrying pallets through a
3 ‘plurality of chambers in a high throughput sputtering
4 apparatus, comprising:

5 a plurality of stationarily' mounted transport
6 beams fof transporting the substrate-carrying pallets
7 through the plurality of chambers, each transport beam
8 including at least one wheel assembly; and

S at least one beam carrier having a c-shaped cross-
10 .section and means for coupling a substrate thereto, the
11 beam carrier being transported through the plurality of
12 chambers by the transport mechanism.

1 10. A transport system as recited in claim 9,
2 wherein one of said plurality of transport beams

\
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control sub- systeﬁ+ﬁﬁﬁrfohs-rh6‘réﬁﬁerature | evel of 30 the coolant in

t he cool ant system open/cl ose state t flow
" control YQ%& 8.23 ﬁ I ﬁrt system sui tabl e for E@%@ﬁk@l
appar at us al.ity of i

transport platforns Each of the t randort equi val ent

in length to the length of a chanber.
PCT/ US96/ 06484

—==—=-Fachj/ transport
pl at f ordn mayCHERTHI®FF dual |y control | ed with respect to direction and
speed by controlling aa motorofor supplping(poweshveongaddsvranspdrwi th each
platforgn Henclﬁle P?s Lr gﬁport speed of each 5 I ndi vi dual
pl at f orm can be- CORC varyi rat es separate and apart from
the spe®ed of ot her pIa@f@ﬂMﬁalitY Qgchheﬁ&ngﬁaemhikﬁs(ﬂsﬁi@ PPBO¥ded Wi th
proxim4y segagpIvahgt Npdwiitt . £& deaiat i‘ﬂ@n‘altﬂ# ob£ t hQneel

8 assemblies to rotate said plurality of wheel:
9 assemblies;
10 wherein the substrate-carrying pallet is
11 mounted in an offset relationship with respect to
12 a center of the c-shaped cross- section of the beam
13 carrier.
1 11. A transport system as recited in claim 9,
2 wherein said plurality of transport mechanisms are
3 located above the plurality of substrate-carrying
4 pallets.
1 12. . A transport assembly as recited in claim 9,
2 ., further comprising a shield affixed to said drive beam .
3 between said drive beam and a substrate coupled from
4 said coupling bracket.
1 13. A transport assembly as recited in claim 9
2  wherein each said wheel assembly comprises a drum,
3 '~ shaft and a sprocket, and said drum includes a
4 cylindrical portion and an o-ring surrounding the
5 cylindrical portion.
1 14. A transport assembly as recited in claim 9,
2 _whereln said beam carrier includes an insulating member
3 for preventing transmission of thermal and electrical
4 energy between said transport assembly and said
5 substrate. ‘
1 15. A system for transporting a plurality of-
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chanber (not shomn)_mhLeh—ﬁ%ﬁv%dE‘ﬁéTTet position 10 signals to the
el ectronic control system uti appar at us 100. This all ows
t he el ect r iy 6533853 rﬂ\“" \ i\ & the system oper at or tqm’ﬂtmtslo&;&-ut he

| ocati on of eac rate in depg

and al ong a return pat*h (not shown) at anyg gi ve|B§ESHBE5'HA3|'ﬁ?§ such
proximty sensors per transport platfornlare proREEbﬂG?Br each of the
- platfornms used in conjunction with deposit iter=aF 00. Each

sensor’ prgvi deplanar palllétbathedught ai @Al 1he sg@tﬁéfﬂnéh%ﬁéﬁﬁﬁﬂﬁe or
absence of a substrate at the sensor's position. e transport

system utr | i ze§FPBEAEFK ubst r at es t hrough apparatus 100 w |l be
descri bed4wi t h ref emepdairality tof Ftganspoztt lveangh Kavinguaec2shapad
perspectige Vi @Wggg. seéﬁiéﬁmf%ﬁéﬂSHag&nge%mf¥¥§€“£a"Qeé§ﬁar838§5 i th

t he pr esent 1 nventl on a Cross sec I Onal VI ew al ong
line 3-3 fn Fi §dx8t2 and second Sﬁ@e;ﬁ“rovﬁ\ reprisyrfasey and 32 ghanpedh

reference7to dlspdaéaﬂﬁﬁidhAéﬁthib t@ergatee systemfor the apparatus
100 consi gts of a serle depengden drlve beans 50 whi ¢ Ss a
transportabean170 f Po Q#éﬁ% E Ve A nBEREE EﬁFesgr6Yﬁergﬁgg

noted, alP paruQCd@EbaEbed hereln may be conprised of series 304
a0 SRR o' FRGFLALY CETMBRAR A A il e
system whtt be the ¥hRels S35POSEs 9802 AtaPi VuLfAGR 39f thR AFivecat ed
in each ghanber nodieaml thbpgﬁhdéowhbels engaglng the channel of the
13 transport beam,
14 a plurality of vertically oriented wheel
T 15 assemblies disposed in a plurality of cavities in
16 the drive beam, the wheel assemblies comprising a
17 cylindrical assembly and an o-ring, surrounding
18 R the cylinder, the wheel assemblies supporting the
19 ' transport beam; : '
20 - : a chain assembly coupled to sald cylindrical
21 assembly; and
22 a plurality of motors, one of said plurality being
23 coupled to the chain assembly to drive the assembly and
24 ‘the wheel assemblies and the inverted beam through the
25  drive beam. '
1 | 16. The system as recited in claim 15 wherein an
2 insulator is provided on the transport beam for
3 coupling the beam to a substrate.
1. 17. The system as recited in claim 16 wherein the
2 insulator is comprised of ceramic.
1 - 18. A transport system as recited in claim 15,
2  wherein one of said plurality of transport mechanisms
3 comprises:
hum |i“ﬁil° “’
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chanber

of apparatus 100. It shotl & be néted t hatf] THES Sieb@t ha 5@ FN -ch chanber
in the apparatus is 5 approximtely-tR€ sang, andREhusckhe yt h of each
drive beam 50 is al so approximately the sanme as al T ————=ghx pans in the
system Transport beam assenb 70 |ncIu e beam
71 and & pall et nounti ng B‘Pﬁeﬁe ?ZSWi%l?% Hewe g% %’tﬁta&s%#é? R side
74 of tra@nsport bem&cRanishg shown in Figure 3, transport beam 70

rests upon rubber -l

menber 4 conpr|5|ng a %OH#%§%§§QXWé%WQh§ ﬁ%gsaﬁgﬂﬁgg Ogggdnﬂdigylcal
Figure 27 in one eshpgilydmg gowar wheel said apiéﬂ‘ﬂﬂ-ﬂ-&y A®far 'A%V ded in
~drive begm 50, withglfn1ies WRB®! rBtaRED! La2a*CphEEADLEPUNSET dHEGRYI L €S

52 in
9 assemblies; and
10 mounting means on said beam carrier to which
i1 said substrate-carrying pallet is mounted, said
12 mounting means coupled to one of said beam
13 carriers and supported by said one of said beam
14 carriers such that said substrate-carrying pallet
15 is transported through a chamber of the plurality -
16 of chambers'by the rotation of said at least one
17 wheel against said mounting means.
1 19. The system for transportimg as claimed in
2 claim 15 wherein each of said plurality of substrates
-3 is transferred between a first velocity and a second -
4 velocity on mﬁltiple occasions betﬁeen a first and a
5 second ends of the apparatus.'
1 20. An apparatus for conveying planar objects
2 through an in-line process of manufacture, comprising:
3 a plurality of transport beams, each transport
4 ' beam having a plurality of guide wheels positioned
S thereon, a plurality of wheel assemblies coupled to
6 motor means for causing said wheel assemblies to
7 rotate, each of said plurality of transport beams
8 having a length defined by a first end and a second
9 .end, said plurality of transport beams being arranged
10 in an end-to-end arrangement such that the first end of
11 one of said plurality of transport beams is positioned
12 abutting the second end of an adjacent transport beam;
13 and
14

a plurality of substrate carriers, a portion of
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drive beam 50. A hunber -of 'horizontally oriented gui de wheels 35

are nounted on the mﬂ““‘we beam 50. As 20 shown in Figure 3,
each gui deowblesﬂzs'fl \m“ﬁ “ﬁﬁ ines a PETUEWAMG6EB4
faci ng) C shaped cross-¢ b+ :Mseétibdn of tr . shield 60 is
mount ed to the bottom 54 of drive Qg hex

screws 62 and a nount pin 64. Quide wheel : I se ball

beari ngs. As shown in -Figure 6, wheel assenbly I ncl udes

a drivasshaf teath madrdigki hdvingl anenbbapdd mmsaétlon, eashusatdur ed as
a si ngI % hi [

st ai nl ess St;ﬁﬁf@&%ﬂ:g 8£&P¥ f}%{hﬂg I'S sec re gagh %a‘-b Eﬁgrl ve
washer 17 lengtinheé| e&§§e9§l padgd alagalidyirs t'armpoeeabea@swa

which i1g SeC?’d&d:ldh aofaomeaémﬁaﬁédt ere%\sl-tsséc'iaow%f eachV‘BfCQaQU ows
drlveilaft 5torotate whi drive shaft 45 ang

cyl i ndrical Qlewc?ﬁ'rﬁ@ck%‘gg‘:’ﬁc':iaﬁ aty 4PppL V\%’%‘Fletof49s?'§ secur ed
on shaf20 45 bmemiarasemblleé/\o 88i3d59Adel assemblies being coupled

PCT/ US%./ 064%‘5 said motor such that said substrate carrier is
22 conveyed by each of said plurality of transport stages

23 from the first end thereof to the second end thereof
24 and to successive stages.
1 21. An apparatus in accordance with claim 20
2  further including a plurality of shielding members
3 disposed coincident with each of said plurality of
4 transport beams. '

22. An apparétus in accordance with claim 20

 wherein each planar object is coupled to said substrate

carrier by isolation members which thermally and
electrically isolate said object from said carrier.
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by the wei ght of the assenbly incident upon t he Orings 25 42, 43 on each

wheel assenbly 40. The speed of each notor 58 with respect to each
drive beamw®96/35823 i ndependent|y adjustable so that any nunbRCT/G$96tg48aTI C
speeds may be utilized to nove the transport beam - assenbly 70 al ong
the path between chanbers 1 through 30,5 20 of apparatus 100, and along a
return path (not shoﬁﬁ) bet ween chanber 20 and chanber 1

Several advantages acconpany Xfie"design shown in SFigures 2 through 6.
The use of a single-shield/uhﬁ;au-———-—h- osed to twol shields in

PCT/ US92/ 00722), a singRe i i et of guide
wheel s, and WO 968 35

nt egr at ed wheel
herehly reduces the cost
e. Because each wheel

PCT/ US96/ 06484
assenblies, reduce®the
of the device and gM
assenbly includes an i g




5 menber, the possibility of breakdown in the drive wheel s is
substantially reduced. The present invention al so all ows the

el i m nati qQp,qfs %% screws to nmount the shafts in the apé-p,lilfgbdos,‘sy\/nl ch
again decreases t nunber of parts and reduces breakdowns.

The current design also substantially reduces the p055|blllty that t he
drive sprockets will spin on a 3d/b5ve shaft. . Because the drive
washer engages a sprocket via a tab which projects through the
sprocket and transmts torque to the wheel shaft via flats on 15

the shaft, the possibility for the sprocket spinning on the drive
shaft is also substantially reduced. . A further unique aspect of
the present invention is the fact that the shield assenbly covers the
entire undersi de of the drive beam assenbly. Thus, there is 20 a

| ess-exposed area for particulate matter generated by mechani cal parts
to fall onto the substrate 80. As shoul d be al so noted, pallet 80
.aligns with the center C of transport beam 71. Thus, while
- the transport beamis centered with 25 respect to t he cyllndrlcal menber
. 44, the off-center relatlonstup)iﬁ the P ? etizanger 72 allows for
‘the use of the integral tra nd a generally
sinpler transport beam struct4f®. /2 Zgus obj ects and
“advant ages of the present 30 1\ nventto : Lappat-Zft to those of
average skill-in t he 4" ql ,Qg@ to the drive system
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the present invention will be obvious to those skilled in the art. As

shoul d be generally understood, use of ~ - the transport system of the
present i nwayde/3zges s not 35 limted to use with a thin fi i.fjon
appar at us, WD 96/ 35823 | PEREDIGR
PCT/ US96/ 06484 - 15 - but coul d be
utilized in any nunber of systens whdi/&in contam nant-free transport
is required. Al nDdlflcatlons are intended to be within the
scope of t he i T} O di scl osed in t he instant 5
specification, the dra Xk, £ hg follow ng clains.
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16 What is clained is: 1. An overhead transport assenbly for carrying
Substrat es in a sputtering apparatus, conprising: a-drive beam secured
to the ag) a plurality of transport wheel assenbk din
t-he rlve bean1 means for driving the wheel assenb Fgém&BNﬂkﬁ
carrier beam assenbly, the carrieréa m assenbl y i ncluding a
transport beam having a c-shaped cr section defining a channel and
a substrate coupling bracket coupled to the transport beam

wherein the drive beamincludes at |east one horizontally- oriented
“gui de wheel disposed on a top surface of the drive beam the guide
wheel engagi ng the channel of the carrier beam and the transport
wheel assenblies are vertically oriented and disposed in a plurality
of cavities in the drive beam the - wheel assen®?ies conprising a
cylinder and an o-ring, surroundi ng the_ I nder, with the wheel
assenbli es supporting the transport , e assenbly of claim1l

further including a shield nmeans cogpl efch i rive beam 3. The
assenbly of claim1l wherein the subftratpgs a arried on a pallet bracket,
and the transport beamincludes a f.rkﬂ i de a s?ﬁpnd side, and a top
surface, an axis .
48 | L
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def| ned as a line parallel t6 and centered bet weerRIERLACMN'EUSHEﬁ?O”d

si des,

1ol qé|l0-

thep

“The™tr anspor

that the cent

Iudes a first end

|ngaf|rst -end attaghdd-To the sSe d}si de of
mﬂ mlsl nd end, the pallet brac ke? ‘21\4 hape such
r of yms e paIIet bracket and tt ra Lo bgeam wi t h

'the substrate attached |s Iocat ed al bég the axis.
claim1l wherein the substrate coupling bracket in

yj of

attached to a firsWhatdis ¢laimed is¥ ansport beam and "a. secondend;

end of the substra]_equwdrhgmmas nmcmhbydor' .
Q{g d _af mﬂsl I ng bracket such that the
AR

c@@‘ﬁ% ket "aligns in a vertical
ca@. S?E\é"%gg%ﬁﬁ PRAT&YSE m 1 further including a
cbfema mmhedbusnmwcsmuntgdbnébzet and a

am®b- The assenbly of claimi1 further including a

respect to the f
second end of th
with the transportalﬂéﬁ‘fﬁ
ceram ¢ i nsul ator Ql’phu‘
substrate coupl ed th

shi el d,

|45~ ¢

t+e second

fig substrateSshi p wit h

pl ane

coupled to t |v bea b ve beam and a substrate
coupled to the carm@P %\&qugé}gbﬁ&

a carrier bcam assc.mhly, the carrier beam assembly
including a transport beam having a c-shaped cross
section defining a channe] and a substrate coupling
bracket coupled to the ransport beam;

wherein the drive beam includes at least oneharizontally-

oriented guide wheel disposed on a top surface of the
drive beam, the guide wheel cnggmLthc channel of

the carrier beam; and

the transport wheel assemblies are vertically oncntcd and
disposed in a plurality of cavities igthe drive beam, the

wheel assemblies comprising a cylinder and an o-ring,
- surrounding the cylinder, with the wheel assemblies
+ _supporting the transport beam.

" 2. The assembly of claim 1 further including a shield
means coupled below the drive beam.

3. The assembly of claim 1 wherein Lh_e__s_tﬂ:_s_____tmesam_
carricd on a pallet bracket, and the transport beam includes
a first side and a second side, and a top surface, an axis
defined as a line parallel to and centered between the first
and second sides, the pallet bracket having a first ead
attached to the second side of the transport beam and a
second end, the pallet bracket having a shape such that the
center of mass of the pallet bracket and the transport beam
with the substrate attached is located along the axis. :

4.The assembly of claim 1 wherein the substrate coupling
bracket includes a first end attached to a first side of the
transport becam and a sccond end, the second end of the
substrate coupling bracket having an offset relationship with
respect to the ficst end of the substrate coupling bracket such
that the second end of the substrate coupling bracket aligns

in a vertical plane with the transport beam.
S. The assembly of claim 1 further including a ceramic

insulator provided between the substrate coupling bracket

and a substrate coupled thereto.

6. The assembly of claim 1 further including a shield,
coupled to the drive beam, between the drive beam and &
substrate coupled to the carmrier beam assembly.




y as reC|ted in claim

17 :

assenbl y further incl shaft -and ‘a sprocket, gnq said shaft i$ ¢oupl ed
to said c m ﬂn mFansport ‘assenbly as recilt ¢d 20 $Ukifpwd, [ wWherei n
sai d carri further includes an insyl &ating nmem ber|fpr
preventiing transm SSI on. of thermal and el ectrical ¢nergy between i Jl
transport beam and a substrate cougled to the insukating nenber. The
transport assenbl y as reC| ted in claiml, wherein said means for dr| Vi ng

t he wheel asserrbl rive beam
for supplying %a?mbl %gﬁ%ﬁ%(ﬂyﬁl&} ﬁsport
assenbly as recﬁﬂé&lhwlcﬂséﬁ Mﬁgﬁﬂgﬁﬁﬁ apdy, i xed to said
drive beam bet verredh saidd shaft iy eoupied tmgaid oylindest e coupl ed from sai d
coupl ing bracket g A ﬁpsﬁoﬁ)@kﬁﬂbﬁghs%éﬁé&gﬁ@ﬂmd pitheela gaido! pl anar
pal l ets rough_an, i 2 q E@‘H}ﬁr@ a plurality
of transport b AR M g@? m@gj g %haw ng a
first and secorbbreﬁ@lsptav¢nt‘& tsansission oy ﬁ-ﬂdsﬂfé: op surface,

and a channel demargydittween said transport besmsand asubstrate goughudty of drive
beans. the drivg ﬁ%‘fﬂswmrx a plurality of horizontally-oriented

gui de wheel s dS=g ey < transport assembly as secited in claim 1, wherein
said means far driving the wheel assemblies comprises: -

a motor associated with the drive beam for supplying
power to said ' :

whee] assemblies.

- 10. A wansport assembly as recnted in claim 1, further
comprising a shield affixed to said drive beam between said
drive beam and a substrate coupled from said coupling
bracket. :

11. A system for transporting a plurality of planar pallets
through an in-line sputtering apparatus, corprising:

a plurality of transport beamns having a c-shaped cross-
section, each having a first and second ends, a first side
and & second side, a top surface, and a channcl disposed
below said top surface;

a plurality of drive bcams the drive bcam including
a plurality of horizontally-oriented guide wheels dis-
posed on a top surface of the drive beam, the guide
“wheels engaging the channel of the transport beam;
a_plurality of vertically oriented wheel assemblies
disposed in a plurality of cavities in the drive beam,
the wheel assemblies comprising a cylindrical
- assembly and an o-ring, surrounding the cylinder, the
wheel assemblics supporting the transport beam;
a chain assembly coupled to said cylindrical assembly;
and
a plurality of motors, one of said plurality being coupled
to the chain assembly to drive the assembly and the
wheel assemblies and the inverted beam through the
dnve beam.




- REPLACE BT}
posed on a top surface of the drive beamthe gui de WMDEE&EI :
t he ehannel of the transport beam -+~ a plurality of jv rtséﬁall ori eLnt d

wheel assenbll 2d in a plurality of cavitfe /e

beam ml““mmmﬂm es conprising a cylindrfc asserrb y
and an o-ri ng surt odnd®ng®t he cyl i nder, e wheel assenblies
supporting the transport beam a chal n assenbly c

cylindrical assenbly; and a plurality of .gotors, one of said
plurality. being coupll&nﬁsymwmdna@sﬂﬁﬂw Bl'ﬁnlanamﬂﬂgi@senbl y

and t he. \Aheel isprovided-onane n-m' teantfdceonplingthb beamto drive

beam tFafaL € as f ecl n clal m ereirn an 1 nsul ator

i's provided-on the T t beam for coupling.th substrate
&3 Xhe system as ﬁ%ar E&% ﬁﬂ' W onpri sed

13. The systemas re
of ceranic. lator is comprised of ceramic.

14. A transport system as recited in claim 11. wherein one
of said plurality of transport mechanisms comprises:
a motor for supplying power to said transport mechanism;

a plurality of wheel assemblies, said motor supplying
power to said plurality of wheel assemblies to rotate
said plurality of wheel assemblies; and

mounting means on said beam carrier to which said
substrate-carrying pallet is mounted, said mounting
means coupled to one of said beam carriers and sup-
ported by said one of said beam camriers such that said
substrate-carrying pallet is transported through a charn-
ber of the plurality of chambers by the rotation of said
at Jeast one wheel against sald mounting means.

15. The system for transporting as claimed in claim 11
wherein each of said plurality of substratés is transferred
between a first velocity and a second velocity on multiple
occasions between a first and a second ends of the apparatus.

¢ ]




14.

plurality of transport mechanisms conprises:  a notor. for sup

to said trans mgechani S Wokk:p il 6k ripeiy dMtaREZARGS €MD i €S
suppl yi ng F(;

IPos (lopy
GHEFI ot or

r to said plural jiepatsnal Bywas| assenblies to rotate

A tr'a-nsport systemas recited in claim21l. wherein one of

- sai d_phNrERATIONAIVAPRLICATION PUBESSHEDUNDERUTHE PATENE SGOPERATION TREATY (PCT).
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(1)) Abstract

A transport drive system for use in a sputtering apparatus, particularly an in-line qumﬁng apparatus, is dxsc!osed. The system
transports a pﬁnality of planar substrates and includes a plurality of transport beams (71) haymg a C-shaped cross section. Each transport
beam has a first and second end, a first and second sides, a top surface, and a channel, dls?osed under the top portion, and forming a
portion of the C-shaped cross section. The transport beam includes a substrate carrier (72) which secures thc. substrate or pallet (80) at the
top portion of the substrate or pallet, and which is mounted in an alignment with an off-center relationship _thh respect to the center t_)f the
transport beam. In addition, the system for transporting includes a plurality of drive bcamp (50)._ Each dnYe beam includes a plurality of
horizontally-oriented guide wheels (35) disposed on a top surface of the drive beam, the guide wheels engaging the channel of the transport

'| beam. Each drive beam also includes a plurality of vertically-oriented wheel assemblies (40) disposed in a plurality of U-shaped cavities

(52) in the drive beam. A motor is provided with each of the drive beams to drive the venically-orie.nwd wheel assemblies. A shield (60),
provided below the drive beam, ensures that contamination does not reach the interior of the sputtering chamber.




