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TRANSPORT St§TEM FOR THIN FILM SPuTTERING SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

APPARATUS AND METHOD FOR HIGH THROUGHPUT 

SPUTI'ERING, U.S. patent application Serial No. 

o 8I121, 9 5 9 , inventors Dennis R. Hollars , Delbert F. 

5 Wal trip, Robert B. Zubeck, Josef Bonigut, Robert M. 

Smith, and Gary L. Payne, filed September 15 , · 199 3 , 

which is a file wrapper continuation of Serial No. 

07/681,866, filed April 4, 1991, now abandoned. 

SUBSTRATE TRANSPORT MECHANISM FOR USE IN HIGH 

10 THROUGHPUT SPUTI'ERING MACHINE, U.S. patent application 

Serial No. 08/395,074, inventors Dennis R •. Hollars, 

J:?.elbert F. Wal_trip, Robert B. Zubec~, Josef Bonigut, 

Robert M. Smith, Gary L. Payne, filed February 27, 

1995, which is a divisional application of copending 

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 

20 

25 

· abandoned. 

FXELP OF THE IN'VENTION 

The invention relates to mechanisms for 

transporting materials through a processing 

environment, and specifically transporting materials 

through an in-line sputtering apparatus. 

BACKGROUND OF THE INYENTION 

Film deposition is a well-known processing 

technique for depositing thin films on different types 
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of substrates. One technique for depositing thin films 
is sputtering, which can be advantageously used in the 

.manufacture of magnetic storage media. In film 
deposition, the maintenance of a controlled environment 

5 in which the process occurs is crucial to ensuring the 
integrity of the deposited film. 

Co-pending patent 
08/121,959, published 

application Serial 
as Publication 

No. 
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, typically 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 film integrity to allow for higher data 
capacities in the film and higher storage capacities in 

35 the resultant disk drive. 
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system 
generally 

"overhead" transport apparatus. 

in Publication No. 
ref erred to as an 
An overhead apparatus 

is one that secures and supports at least a majority of 
s the weight of the substrate at the top of the 

substrate, such that the substrate hangs from the 
transport mechanism as the substrate is transported 
through the apparatus. In Publication 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 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 ~omponents of the 
drive system can cause contamination to fall on the 
substrate as the subst·rate 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 INYENTION 
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-
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shaped cross-section. Each transport beam has a first 
and second end, a first and second sides, a top 
surface, and ·a channel, disposed under the top portion, 
and forming a portion of the c-shaped cross-section. 

5 In addition, the system for transporting includes a 
plurality of drive beams. Each drive beam includes a 
plurality of horizontally-oriented guide wheels 
disposed on a top 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 th~ drive beam. Each 
wheel assembly includes a cylindrical assembly and an 
0-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 beam, 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 approximately the length of the 
drive beam. 

The transport ~eam 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 
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transport asseinbly than that disclosed in the prior 
art. The transport mechanism is easier to assemble and 
disassemble, and fewer mechanical parts result in fewer 
mechanical breakdowns in the transport assembly. 

5 Improved shielding results in less particulate 
contamination which can reach the process environment. 

BRIEF DESCRIPTIQN OF THE DRAWINGS 

The invention will be described with respect to 
10 the particular embodiments thereof. Other objects, 

features, and advantages of the invention will become 
apparent with reference to the specification and 
drawings in which: 

Figure lA and lB are a top view· and side view, 
15 respectively, of an in-line sputtering apparatus in 

which the transport system of the present invention is 
suitable for use. 

Figure 2 is a perspective view of an assembled 
·transport beam and drive beam assembly in accordance 

20 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 
25 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. 

30 Figure 6 is a plan view of a wheel assembly 

35 

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 
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the transport system of the present invention is 
suitable for use and which is similar to that disclosed 
in application PCT/US92/00722 is shown in Figures lA 
and lB. In general, the steps involved in depositing 

5 films on a substrate by sputter~ng include: providing 
substrates in an evacuated system wherein chambers of 
the sputtering system are maintained at a pressure of 
approximately 10·1 Torr and backfilled with a suitable 
sputtering gas, such as argon; heating the substrates 

10 to a temperature conduciye to optimal film deposition; . 
and sputtering the 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 apparatus 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 lA and lB. 

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 

-..:.·. i4Jc···. 
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0-12 feet per minute through various chambers, 
depending upon the process occurring in the chamber. 

While deposition apparatus 100 described in 
PCI'/US92/00722 includes seventeen (17) chamber modules, 

5 apparatus 100 includes 20 chamber modules generally 
comprised of two basic types: process modules and 
pumping modules, each having similar construction. 

Isolation doors are located between specific 
chamber modules l, 2, 3, 4, 5, 6i 8, 9, 10; 13, 14, 15; 

10 and 17, 18, 19, 20 of deposition apparatus 100 as shown 
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 shOWI;l in Figures lA-lB, load lock 

chamber 1 functions as an isolation chamber between the 
ambienti sputtering environment and chambers 2-17 of 
deposition apparat.t?-s 100. Load lock chamber l is 

20 repeatedly evacuated to a pressure of approximately SO 
Mtorr and vented to ambient atmospheric conditions. 
Generally, deposition within apparatus 100 takes place 
·in an evacuated environment and chambers 2 -1 7 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 soak 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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elements, four banks mounted to each outer door, and 
remain idle therein for a period of time prior to 
further processing. 

Passby 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 5 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 film 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 per 
door,. on the doors of each chamber 8, 10, and 15, 
?:espect;ively. Target materi.als 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.cou;>onents 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. 

30 

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

Two exit buffer modules 18 and 19 are provided and 
are essentially identical to buff er 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 external 
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enviromnent. 
Exit lock chamber 20 is essentially identical to 

- load lock chamber 1 and operates in reverse pumping 
order, allowing substrates to be transferred from the 

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

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

10 environment at about io·1 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 ~ith :multiple mechanical pump and blower 
combinations. Three pumps are needed at all times for 
th~ 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 Polycold9 

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 vacuum 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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mechanical pump§ from the pumping system conduits, 

allowing flexibility in the number of mechanical pumps 

operating at a given time. The valves may be arranged 

such that any one pump can be coupled to pump any given 

5 section of apparatus 100 and any one mechanical 

pump/blower can replace any other mechanical 

pump/blower that is shut down without disrupting 

processing. 

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 moni tared as a component of die internal system 

pr~ssure in apparatus .100 through a series capacitance 

20 manometers. 

Power supplies are provided to generate sputtering 

from the sputtering cath~de 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 

3 o . 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. 
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Each transport platform may be individually controlled 
with respect to direction and speed by controlling a 
motor assembly (not shown) associated with each 
platform. Hence, the transport speed of each 

5 individual platform can be controlled at varying rates 
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 appara~us 100. Each sensor provides a 
digital output signal to indicate_ the presence or 
absence of a substrate at the sensor's position. 

20 The transport system utilized to move substrates 
through apparatus 100 will be described 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- se.ctional view 
25 along line 3-3 in Figure 2. 

As shown in Figures 2 and 3, and with reference to 
Figures lA and lB, 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 
system will be the same as apparatus 100. A drive beam 

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



WO 96/35823 PCT/US96/06484 

- 12 -

apparatus 100. Drive beam 50 has a length equalling 
approximately the same length (L as shown in Figure 1) 
of each chamber of apparatus 100. It should be noted 
that the length L of each chamber in the apparatus is 

5 approximately the same, and thus the length of each 
drive beam so is also approximately the same as all 
drive beams in the system. 

Transport beam assembly 70 includes a transport 
beam 71 and a pallet mounting bracket 72 which is 

10 mounted to a first side 74 of transport beam 71. As 

shown in Figure 3, transport beam 70 rests upon rubber 
0-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 so, 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-s~aped 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 
!!Xample, 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 cylindrical member 44 with sprocket 

35 46. A drive washer 49 is secured on shaft 45 by means 
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of threads on shaft 45, onto which drive washer 49 
rotates. Alternatively, washer 49 may be secured on 
shaft 45 by a snap ring {not shown) , with an 
appropriate groove for the snap ring formed into shaft 

5 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 

10 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 0-ririgs 42 and 43 of wheel assembly 40. The pallet 

15 bracket 72 includes first and second bends 77 and 78, 
respectively, so that a· substrate SO hanging from the 
transport assembly will be centered with respect to 
transport beam 71. Also shown in Figure 3 is an 
insulator member 79, comprised of ceramic, which' 

20 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 a-rings 
25 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 

30 · 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 
opposed to two shields in PCT/US92/00722), a single 

35 chain assembly, a single set of guide wheels, and 
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integrated wheel assemblies, reduces the number of 
parts, and thereby reduces the cost of the device and 
greatly simplifies maintenance. Because each wheel 
assembly includes an integral shaft and cylindrical 

s member, the possibility of breakdown in the drive· 
wheels is substantially reduced. The present invention 
also allows the elimination of set screws to mount the 
shafts in the assembly, · which again decreases the 
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 
under~ide of_,the d?:"l.ve be~. assembly. Thus, there is 

20 a less-exposed area for particulate matter generated by 
mechanical parts to fall onto the substrate 80. As 

J 

should be also noted, 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 obj~cts and advantages of the present 
30 .invention will be apparent to those of average skill in 

the art. Numerous 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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but could be utilized in any number of systems wherein 

contaminant-free transport is required. All 

modifications are intended to be within the scope of 

the invention as disclosed in the instant 

5 specification, the drawings, and the following claims. 
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What is claimed is: 
1. An overhead transport assembly for carrying 

substrates in a sputtering apparatus, comprising: 
a drive beam, secured to the apparatus; 
a plurality of transport wheel assemblies mounted 

in the drive beam; 
means for driving the wheel assemblies; and 
a ~arrier beam assembly, the carrier beam assembly 

including · a transport beam having a c- shaped cross 
section and a substrate coupling bracket coupled to 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 the transport 
. beam in.eludes . 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 shape such that the center of mass of the bracket and 
the 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 the 

. first side of the beam and a second end, the second end 
of the coupling bracket having an off set relationship 
with respect to the beam such that the second end of 
the bracket aligns in a vertical plane with the 
transport beam. 

: This Sheet Has Been Replaced 
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5. The assembly of claim 1 further including a 

ceramic insulation provided between the coupling 

bracket and substrate. 

6. The assembly of claim.l further including a 

shield, coupled to the drive beam, between the drive 

beam and substrate. 

7. A transport assembly as recited in claim 1 

wherein each said wheel assembly comprises a drum, 

shaft and a sprocket, and said drum includes a 

cylindrical portion and an o-ring surrounding the 

cylindrical portion. 

8. A transport a.ssembly as recited in claim l, 

wherein said beam carrier includes an insulating member 

for preventing transmission of thermal and electrical 

energy between said transport· assembly and said 

.. substrate. 

9. A transport system for transporting a 

plurality of substrate-carrying pallets through a 

·plurality of chambers in a high throughput sputtering 

apparatus, comprising: 

a plurality of stationarily mounted transport 

beams for transporting the substrate-carrying pallets 

through the plurality of chambers, each transport beam 

including at least one wheel assembly; and 

at least one beam carrier having a c-shaped cross­

. section and means for coupling a substrate thereto, the 

beam carrier being transported through the plurality of 

chambers by the transport mechanism. 

1 10. A transport system as recited in cla'im 9, 

2 wherein one of said plurality of transport beams 
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- -=..:::::. --....;.;:.::;:_ comprises: 
a motor for supplying power to said transport 

mechanism; and 
a plurality of wheel assemblies, said 

supplying power to said plurality of 
assemblies to rotate said plurality of 
assemblies; 

motor 
wheel 
wheel· 

wherein the substrate-carrying pallet is 
mounted in an offset relationship with respect to 
a center of the c-shaped cross-section of the beam 
carrier. 

11. 

wherein 
located 
pallets. 

A transport system as recited in claim 9, 
said plurality of transport mechanisms are 
above the plurality of substrate-carrying 

-1 12. A transport assembly as recited in claim 9, 
2 -~~X'1;her cpmprising :a shiel~ affixed to said drive beam .. 
3 between said drive beam and a substrate coupled from 
4 said coupling bracket. 

l 

2 

3 

4 

5 

l 

2 

3 

4 

5 

l 

13. A transport assembly as recited in claim 9 
wherein each said wheel assembly comprises a drum, 
shaft and a sprocket, and said drum includes a 
cylindrical portion and an o-ring surrounding the 
cylindrical portion. 

l.4. A transport assembly as recited in claim 9, 
.wherein said beam carrier includes an insulating member 
for preventing transmission of thermal and electrical 
energy between said transport assembly and said 
substrate. 

l.5. A system for transporting a plurality of · 
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2 planar pallets through an in-line sputtering apparatus, 
3 comprising: 
4 a plurality of transport beams having a c-shaped 
5 cross-section, each having a first and second ends, a 
6 first and second sides, a top surface, and a channel 
7 disposed below said top surface; 
8 a plurality ·of drive beams, the drive beam 
9 including 

10 a plurality of horizontally-oriented guide 
11 wheels disposed on a top surface of the drive 
12 beam, the guide wheels engaging the chil.nnel of the 
13 transport beam; 
14 a plurality of vertically oriented wheel 
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 the cylinder, the wheel assemblies supporting the 
19 transport beam; · 
20.. a chain· assembly coupled to said 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. 

l 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. 

l 17. The system as recited in claim 16 wherein the 
2 insulator is comprised of ceramic. 

l 18. A transport system as recited in claim 15, 
2 wherein one of said plurality of transport mechanisms 
3 comprises: 
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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 supported by said one of said beam 

carriers such that said substrate-carrying pallet 

is transported through a chamber of the plurality 

of chambers by the rotation of said at least one 

wheel against said mounting means. 

19. The system ~or transporting as claimed in 

claim 15 wherein each of said plurality of substrates 

is transferred between a first velocity and a second ._ 

veloc].ty on multiple occasions between a first and a 

second ends of the apparatus. 

20. An apparatus for conveying planar objects 

through an in-line process of manufacture, comprising: 

a plurality of transport beams, each transport 

beam having a plurality of guide wheels positioned 

thereon, a plurality of wheel assemblies coupled to 

motor means for causing said wheel assemblies to 

rotate, each of said plurality of transport beams 

having a length defined by a first end and a second 

_end, said plurality of transport beams being arranged 

in an end-to-end arrangement such that the first end of 

one of said plurality of transport beams is positioned 

abutting the second end of an adjacent transport beam; 

and 
a plurality of substrate carriers, a portion of 
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15 each carrier having a c-shaped cross-section, each said 
16 substrate carrier having a length about equal to the 
17 length of each of said plurality of transport beams, a 

18 portion of the c-shaped cross-section of each of said 
· 19 substrate carriers contacting at least · one of said 

20 wheel assemblies, said wheel assemblies being coupled 

21 to 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 t-hereof 
24 and to successive ·stages. 

l 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. 

1 22. An apparatus in accordance ·with claim 20 

2 wherein each planar object is coupled to said substrate 
3 carrier by isolation members which thermally and 
4 electrically isolate said object from said carrier. 


