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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
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
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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plurality of substrates to be sputtered simultaneously. Such systems
include a plurality of process modules each of which provide a high

vacuum environment for performing the sputtering process. In addition,

“each of the process modules include a source target from which

material is removed 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
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is performed. For purposes of illustration, first 20, second 22 and third
24 process modules are shown in Figure 1. The first 20, second 22 and
third 24 process modules are in fluid communication with the central
chamber 14. In addition, the first 20, second 22 and third 24 process
modules each include a module pump {not shown)} for evacuating the
process module to a high vacuum and a vent vaive {not shown) for
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.

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
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.

Furthermore, the system 10 includes a robotic arm 40

located within the central 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.

PCT/US95/14436



10

15

20

WO 96/17971

-4-

" 'Various types of devices, fixtures and associated. parts
(not ‘shown) are utilized in a prdc'ess mbdulé for supporting the
substrate 42 and to ensure proper deposition of material on the
éubstrate 42. These include fixtures which ';e”rve_ to support the
substrate 42 as the substrate 42 is sputteréd known as clamp ring
or clamp finger assemblies. Other fixtures include deposition shields
which are lo¢atéd adjacent to the substratée 42 and which serve to
pratect portions of the clamp ring or clamp ﬁriéef 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,

“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
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target. In particular, it has been found that the fixtures may be
replaced approximately 5 times for each time that the target is replaced.
In order to access and replace fixtures located in the first
process module 20, for example, the first modulg valve 30 is first
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
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
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.
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
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oberafe :is fufther increased, thus further reducing productivity and
| iﬁcféasihg' operating costs.

Anothe.r'type' of spUttéring s?stem is described in U.S.
Patent N'o. 4,909,695, which issued to H.urw'itt:, et al. and is assigned

5  to Materials Research COr‘p'oration_, the assignee herein. This patent
discloses a production s.p-u'ttérir"i'g 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

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 'p.reser'\t 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

L vide 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
I . .

et Has BeenReﬁaced

"l




WO 96/17971 . PCY/US95/14436
-7-
replacement of a_ coated fixture. _Additiprg_gily, 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.

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 modulg in accordance with the present
invention.
This Sheet Has Been R

HIIIIHIIIIIHIIIIIWII [ S e

REPLACED




WO 96/17971 PCT/US95/14436

-8-

'Figure 3 is a partial cross se.'ct_ion%al view of the present
invention along section line 3-3 of Figure 2 depicting a coated fixture
whicﬁ is to be placed on a shelf of the system.

. i'::igufe' 4 is a partial cfoss sectional view of the present
5. invention along section line 3-3 of Figure 2 wh.ich shows the coated
fixture placed on a shelf of the system.

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
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reference numerals. it is noted that elements from Figure 1 will
also be .referenced. Referring to Figures 2-3, a sputtering system
50 having a service module 52 in accordance with the present
invention is shown. Figure 3 is a par:tia'l cross sectional view of
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
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
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
is in fluid communication with the central chambet 14 when the fourth
module valve 36 is in the open pOSItlci‘i Alternatively, the module
chamber 56 is isolated from the centrat chamber 14 when the fourth
module vaive 36 is in the ciosed posmon. The central housing 12

further includes a system pump 58 which serves to evacuate the
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central. c-hamber 14 and ihe mddule chamber 56 when fhe fourth
module valve 36 is_ in the open poé_ition. Alternétively. the service
module_52 inclﬁdés a .d.edi.cated pump 60  Q;/hich is affixed to the
module hﬁus_ing .54 and fs in fluid'commt;nicafion with fnodule chamber
56. Upon place.men.t of the fourth module. yalve 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 chamber 56 includes a rack 62 héving a

plurality of hprizontal shelves which are stacked vértically and are

spaced from each other; For purposes of illdétration only, first 72,
second 74, third 76 and fourth 78 shelves are shown in Figuie 3. The
first 72, second 74, third 76 and fourth_ 78 shélves are each suitable for

holding and storing a replacement fixture uséd in éith_er of the first 20,

" second 22 or third 24 process modules. Altefnatively. 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
ensure prbpef dépositidﬁ of material. on the su.bstrat-e. 42, These

include fixtures which serve to .sub_port the substrate 42 as the

substrate 42 is sputtered known as clamp i-ing_ or clamp finger

assemblies. Other fixtu_res‘ include depbsition shields which are

located adjacent to the substrate 42 and which serve to protect
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portions of the clamp ring or clamp finger assemblies. Further,
fixtures for controlling the anguiar deposition of material on the
substrate 42 known as collimator piates are also utilized. it is noted
that many other types of devices, fixtures and toois for ensuring proper
deposition of material on the subst_rate 42 may 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
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
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
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
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10

15

20

‘W0 96/17971

-12-

78 shelves are left empty to enable placement thereon of a coated
fixture removed from the selected process module. In a preferred
embodiment, the rack 62 inciudes a sufficient numiber of shelves and
replacement fixtures, i.e, storage capacity, to enaSl’e a"predetermined
number of fixture replacements during each life cycle of each target.

By way of example, this includes a sufficient 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
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enabling the individual alignment of each of the first 72, second 74,
third 76 and fourth 78 shelves with the second port 28 and the
robotic arm 40. Therefore, when the fifth module valve 38 is in the
open position, the robotic arm 40 is able to extend horizontaltly through
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.

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
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.
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
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the first port 26 (Figure 3). The robotic ami 40 then extends through
the first port 26 and into the module chamber 56 wherein the
coated fixture 64 is placed on the third 'SHe'If-76 in the rack 62. The
robotic arm 40 is then actuated 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 76 and the robotic arm 40.
The robotic arm 40 is then actuated to move fhrohg’“h the first port 26 |
and into the module chamber 56 to remove the 'feplac‘etﬁent 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

automated replacement of coated fixtures, thus substantiaily 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
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shelves on the rack 62. The service module 52 is then closed and
sealed to enable evacuation of the module chamber 56 by the dedicated
pump 60. The module chamber 56 is then evacuated for a sufficient
period of time to precondition the replacement fixtures so as to reduce
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.
Aiternatively, the fourth module valve 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 BA, 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
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of which are connected to the mounting base 84 by an upstanding post

_ section 94 extending above the mounting base 84. Each of the button

elements 92 are sized such that they may be inserted into a
corresponding circular aperture sectibn"és' and not into the slotted
aperture section 90. Each post section 94 is 'si'z'.e"d"SUéh'that it may be
inserted and moved laterally within a cdi'f'espt;hdil.'\'g'slottéd 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 above

" the mounting 'bas'e' 84 by the robotic arm 40 shch 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
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 mounﬁhg ring 84 extend through a cdrre_Spohding circular

aperture section 88 Réferﬁng to Figure 6C, the robotic arm 40 {Figure

' 2) then horizontally moves the ring 82 such that each post section 94

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 elements 92, thus securing the

substrate 87 between the ting 82 and the ﬁloumin'g base 84. In a
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preferred embodiment, the robotic arm 40 ingiudes an end effector for
transporting substrates and an adapter for gripping various fixtures.

Referring to Figure 7, an alternate embodiment of a

sputtering system 100 in accordance with the bresent invention is

5 shown. In this embodiment, the rack 62‘:,:__1_5 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.

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
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described in ccnju'nction'with specific embodiments, it is evident that
many alternatives, modiﬁcatio‘ns, permutations and variations will
become apparent to those ;killed in the art in light of the foregoing
description. Accordingly, it is intended that ':th'e'p'resent invention
embrace all such alterh'ati\)es, modifications and \)ariations as fall within

the scopé of the appended claims.
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What Is Claimed Is:
1. A system for forming a layer on a substrate,
comprising:
at least one process module for forming said layer, said
5 process module including a first device used in conjunction with
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.



R —

wosswsn | THNI III\\ \\I\I \\ W

-20-

PCT/US95/14436

3. The system according to claim 1 further including
a rack having at least one shelf for storing said replacement device and

for receiving said first device.

4. The system according to claim 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 removeably affixed to said process module.

6. The system according to claim 1 wherein said

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

a high vacuum.

This Sheet Has Beeri R ﬂ
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9. A system for forming a layer on a substrate,
comprising:
at least one process module for forming said layer, said
process module inciuding a first device used in conjunction with
5 forming said layer on said substrate;
at least one service module having at least one
réplacement 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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12. The system according to claim 9 wherein said

service module is removeably affixed to said central housing.

13. The system according to claim 9 wherein said

service module is removeably affixed to said process module.

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.

"l
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16. A system for forming a layer on a substrate,
comprising:
at least one process module for forming said layer, said
process module including a first device used in conjunction with
5 forming said layer on said substrate;
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 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
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.
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17. The service module according to claim 16, wherein

storage element includes a rack having a plurality of shelves.

18. = The service module ac’cdrdindto claim 16, further

including a dedicated pump for evacuating said service module.
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