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time if different processes using different gases are to be performed upon
the wafers. Thus, for exam- CROSS REFERENCE TO RELATED APPLICA-
pie, in these prior art machines which have a TIONS
plurality of processing stations, if it is desired to 5   operate with, for
example, a first gas on a first of This application is related to the
following pat-  the wafers and a second gas on a second wafer, ents
assigned to the assignee of this application:  such would not be possible
simultaneously. In- US-A-4 9,15 564, filed the 20.06.88, entitled METH-
stead, the entire vacuum chamber would have to ODAND APPARATUS FOR HANDLING
AND PRO-              be purged of the first gas and the second gas CESSING
WAFER-LIKE MATERIALS;                 10  introduced before the second
wafer could be pro- US-A-4 855 033, filed the 10.09.87, entitled CATH-
cessed. Additionally, if a process step is to be ODE AND TARGET DESIGN FOR
A SPUTTER                performed on only some, but not all, of the wafers
COATING APPARATUS;                                 in the chamber, because
all wafers are exposed to US-A-4 871 433, filed the 10.09.87, entitled
METH-  the same environment, there is the possibility of OD AND APPARATUS
FOR IMPROVING THE UNI-  15  contamination of those wafers which are not
being FORMITY OF ION BOMBARDMENT IN A MAG-               processed. NETRON
SPUTTERING SYSTEM.                             Furthermore, it is also
important that the wafers be processed without transfer of the wafer
between BACKGROUND OF THE INVENTION                       different
handling mechanisms once in the vacuum 20 chamber. Generally, the wafers to
be processed in The present invention relates to a method and   apparatus
of the present invention are fragile, and apparatus for handling and
processing wafer-like  to avoid particulate formation or breakage, it is
materials. In particular, the invention relates to a  preferable to avoid
transfer of the wafer between method and apparatus for handling and
processing   different transfer mechanisms. thin wafers, such as
semiconductor substrates. The   25  GB-A-2,137,663 describes a wafer moving
ap- apparatus of the present invention can be used in  paratus with a
transfer plate which has a plurality of systems for such purposes as
etching of semicon-   equally spaced off-axis openings for wafers. The
ductor wafer substrates and sputtering of deposits  plate is rotatable
about the axis of a vacuum cham- on such substrates.
ber having a loading station with which the ap- Known designs for wafer
processing machines   30  ertures can be aligned in turn. A pressure plate
is allow wafers to be processed in vacuum environ-    provided which has an
opening aligning with one of ments. Generally, it is often necessary to
perform  the openings of the transfer plate. When the door sequentially
more than one process on a substrate.  of the apparatus is opened the
pressure plate and For example, it may be necessary, after the wafer
transfer plate are compressed against the front is introduced into the
vacuum environment, to etch   35  plate of the vacuum chamber to form with
the door the wafer for preparing a surface for subsequent   a load-lock
which is sealed off from the remainder process steps. The next step may be
the sputter-   of the chamber and the load-lock can then be ing of a first
metallic layer on the substrate and a  evacuated. However, the other
stations of the ap- further sputtering deposition step or steps may
paratus are not capable of isolation from the main then follow. In each
case, different gases may be   40  vacuum chamber. introduced into the
chamber for the different sput-   US-A-3,915,117 discloses a vacuum
coating tering steps and different cathode target materials  apparatus for
various products which includes a are used, depending on the material to be
depos-   fixed part and a rotatable cover part which together ited onto the
substrate. Accordingly, different gas-  define a gas sealable housing
chamber which may eous and plasma conditions are present for the   45  be
evacuated. Operating stations are provided, one different process steps.
Generally, the prior art  of which preferably includes a gas sealable
coating devices cannot allow simultaneous processing by    chamber which is
communicable with the gas seal- different processes using different gaseous
at-    ed housing chamber and it is provided with sepa- mospheres of more
than one wafer at a time,        rate means for evacuating the coating
chamber. because once wafers are introduced into the vacu-  50   Moveable
sealing means are located in at least one um chamber, only that particular
process using that  of the stations for sealing the coating chamber
particular gas can be performed on the wafers in  isolating it from the
housing chamber. A loading the chamber. If more than one process is carried
chamber can also be located at a separate station out simultaneously on
different wafers using these  and is separately communicable with the
housing apparatus, cross contamination of the vapours and   55  chamber or
it may be isolated from the housing gases from the different processes may
occur.      chamber and separately evacuated. Accordingly, it is not
possible in these prior art    Additionally, in wafer processing machinery,
arrangements to process more than one wafer at a   especially machinery
employing sputtering de- 2    



3                 EP 0 244 951 B1                    4 vices, it is
necessary to change cathodes and         It is yet still a further object
of the invention to targets of the sputtering devices, for example, to
provide a processing apparatus for wafer-like arti- replace a target which
has been substantially used.  cles having the ability to allow articles to
be pro- The cathodes in sputtering equipment generally     cessed in
parallel and wherein an article can be include means for providing
electromagnetic fields   5   subjected to a selected one of a plurality of
pro- around the target of a particular orientation and a  cesses. target of
the material to be sputtered which is       According to claim 1 of the
present invention, biased at high voltages with respect to the support
there is provided an apparatus for transporting a structure and the
substrate upon which the depos-  wafer-like article and subjecting said
article to at its are made. This causes the material of the target  10
least one process step comprising: to vaporize into a plasma and be
deposited upon        means defining a first chamber; the substrate. Where
it is desired simultaneously to   securing means being located in said
first process a plurality of substrates in different gas-  chamber for
securing the article; eous environments, it is convenient to be able to
moveable support means being operable for replace only that particular
target which requires  15   moving the article held by said securing means,
replacement without disturbing the controlled envi-  first means and an
isolating means being relatively ronments in other process chambers in
which the    moveable for isolating a second chamber from other substrates
are disposed.                     communication with said first chamber
while said process step is performed on the article and for SUMMARY OF THE
INVENTION                      20  thereafter opening said second chamber
to the first chamber so that the second chamber is in commu- Accordingly,
it is an object of the present in-  nication with the first chamber after
the article has vention to provide a wafer processing machine      been
subjected to the process step, said securing which allows simultaneous
processing of a plurality  means remaining in contact with the article
during of wafer-like articles under different environmental  25  the
performance of the process step, characterised conditions.
in that said article is held in a moveable support It is furthermore an
object of the present inven-  means and is allowed to move transversely to
said tion to provide a processing apparatus for wafer-  support means and
further comprising: like articles which eliminates possibilities of cross
first means coupled to the support means and contamination of the articles
being processed.  30  defining a first inner open area; It is yet another
object of the present invention  first resilient means coupling said
support to provide an apparatus for processing wafer-like  means and first
means; articles in a vacuum environment.                     second means
disposed in said first inner open It is yet a further object of the present
invention  area and coupled to said first means, said second to provide an
apparatus for processing wafer-like   35   means defining a second inner
open area con- articles having a main vacuum chamber used for     tained
within said first area for receiving the article; transferring the article
between isolatable process    second resilient means coupling said second
chambers, wherein the process steps are carried    means to said first
means; and out.                                                  securing
means disposed on said second It is furthermore an object of the present
inven-  40   means for securing the article disposed in said tion to
provide a processing apparatus for wafer-  second area to said second
means. like articles which eliminates particulate formation  In the
preferred embodiment, the moving or breakage of the articles by preventing
transfer of  means comprises rotatable plate means disposed the article,
once in the controlled vacuum environ-  in the plane of movement and the
means for re- ment, between different transfer mechanisms.  45   moving the
article comprises the aperture means It is yet another object of the
invention to   through which the article is also inserted into the provide
a processing apparatus for wafer-like arti-  first chamber. cles which
insures optimum cleanliness of the arti-   In a preferred embodiment, the
receiving and cles being processed.                              holding
means comprises first means coupled to It is still yet a further object of
the present  50  the plate means and defining an inner open area, invention
to provide a processing apparatus for    first resilient means coupling the
plate means and wafer-like articles, wherein, when necessary to re-  the
first means, second means disposed in the place that part of the apparatus
which requires   inner open area and coupled to the first means, the
replacement, for example, a cathode target, it is not  second means
defining a further area contained necessary to shut down the entire machine
or to  55  within the inner open area for receiving the article, disturb
the controlled environments in other parts  and second resilient means
coupling the second of the apparatus which do not require the replace-
means to the first means. ment of a particular part. 3    



5                 EP 0 244 951 B1                    6 Preferably, the
first means comprises sealing  chamber and for removing the article after
process- surfaces on first and second surfaces thereof, and  ing from the
first chamber. According to a pre- the moveable means comprises closure
means         ferred embodiment, the article handling means moveable toward
and away from one of the first     comprises means for retrieving an
article from a and second surfaces and having a surface for   5   carrier
member and for placing the article on a engaging in sealing relationship
with the one of the  movable support member, first arm means for re- first
and second surfaces of the first means, the  ceiving the article from the
movable support mem- means defining the first chamber having a further
ber, and second arm means for receiving the arti- surface for engaging in
sealing relationship with the  cle from the first arm means and for
inserting the other of the first and second surfaces of the first  10
article into the aperture means in the first chamber. means, the first
resilient means allowing the clo-  The first and second arm means
preferably are bi- sure means to bias the other of the first and
directional so that they also are used to remove a second surfaces of the
first means against the     processed article from the chamber and return
it to further surface of the means defining the first   the carrier member.
Preferably, the first and sec- chamber in a direction substantially
perpendicular  15  ond arm means are disposed in a third chamber to the
plane of the plate means, whereby when the  isolated from the first chamber
and the external closure means engages the one of the first and
environment. The third chamber includes entry second surfaces and the other
of the first and     means for receiving an article from the movable second
surfaces engage the further surface, the     support means, and the movable
support means second chamber is sealed from the first chamber.    20
comprises means for engaging in sealing relation- Preferably, the article
comprises a circular wa-  ship with a sealing surface arranged around the
fer, the first means comprises first ring-shaped   entry means when an
article is inserted through the member means, the second means comprises
sec-      entry means. The entry means further comprises ond ring-shaped
member means and the first and     movable sealing means disposed in the
third second resilient means comprise arcuate flat spring   25  chamber for
forming a fourth chamber in the third means.
chamber isolated from the third chamber. Preferably, the closure means
comprises cup-      In a preferred embodiment, the first arm means shaped
means with the surface for engaging in     is movable in an arcuate path
and the movable sealing relationship comprising a rim of the cup-  sealing
means is movable so as to open the third shaped means. Additionally, it is
preferable that the   30  chamber to the fourth chamber when the pressures
second means is removably coupled to the first    in the third and fourth
chambers have been sub- means by detent means so that it can be removed
stantially equalized. Preferably, the first and second from the first means
when necessary, for example,  arm means comprise vacuum chuck means for for
cleaning purposes.                             engaging the article. The
second arm means is The second ring-shaped means preferably in-  35
preferably pivotable in the first plane or a plane cludes an edge along at
least a part of an inner   parallel to the first plane so that the end
thereof periphery thereof extending into the further area  defines an
arcuate path for receiving the article at a against which peripheral
portions of the article can  defined position along the path and further is
rotat- be received, and clamping means are provided       able about a
longitudinal extent of the second arm comprising means disposed on the
second means   40   means. In a preferred embodiment, the second arm
movable so that a portion thereof can be moved     means comprises first
and second vacuum chuck into a position extending over at least a part of
the  means, one of the vacuum chuck means adapted further area defined by
the inside of the second   for receiving an article from the first arm
means in means. Preferably the clamping means is rotatably  the first plane
or a plane parallel to the first plane movable over at least a part of the
further area   45  and the other adapted for transferring an article to
defined by the inside of the second means.         the first arm means in
the first plane or a plane In a preferred embodiment, the rotatable plate
parallel to the first plane. The second arm means is means comprises disk
means rotatably movable in    adapted for rotating the article about the
longitudi- the first chamber about a central axis, the disk   nal extent of
the second arm means so that the means comprising means for holding a
plurality of  so  article can be inserted into the aperturemeans in the
receiving and holding means,the means defin-   the first chamber from the
second arm means or ing the first chamber comprising means for sup-
received through the aperture means in the first porting a plurality of
work stations at positions  chamber for transfer to the first arm means.
spaced equi-angularly and equi-distantly about the    Also, in the
preferred embodiment, the second central axis.
55  arm means includes locking and unlocking means Preferably, the
apparatus according to the in-  for engaging with the clamping means to
secure vention also includes article handling means for   the article in
the receiving and holding means or inserting the article to be processed
into the first  allow its removal. 4    



7                 EP 0 244 951 B1                    8 Preferably, said
first means defines sealing       Preferably, the first and second arm
means are surfaces on first and second surfaces thereof, one  disposed in
chamber means isolated from the ex- of the first and second surfaces being
engageable  ternal environment, the first location being in the in sealing
relationship with a surface of a wall   external environment and the second
location being means of the first chamber and the other surface   5   in
communication with the environment in the being engageable in sealing
relationship with      chamber means. The chamber means preferably moveable
closure means for isolating the second   includes entry means for receiving
an article from chamber from the first chamber while a process    the
moveable support means, the moveable sup- step is performed on the article
in the second     port means comprising means for engaging in seal-
chamber, the closure means comprising means   io  ing relationship with a
sealing surface arranged moveable toward and away from the article and
around the entry means when an article is inserted having a further surface
for engaging in sealing   through the entry means by the moveable support
relationship with the other surface of the first   means. means, the first
resilient means allowing the clo-    The entry means preferably comprises
movea- sure means to bias the one of the first and second   15  ble sealing
means disposed in the chamber means surfaces of the first means against the
surface of  for defining a further chamber means between the the wall means
in a direction susbtantially per-   moveable sealing means and the moveable
support pendicular to the plane of the wall means when the  means when the
moveable support means engages closure means moves towards and engages the
with the sealing surface surrounding the entry other surface of the first
means, the second cham-   20   means, thereby isolating the further chamber
ber being isolated from the first chamber when the  means from the chamber
means. further surface of the closure means engages the       In a
preferred embodiment, the first arm means other surface of the first means
and the one sur-  is moveable in an arcuate path in a first plane and face
of the first means engages with the surface of  the moveable sealing means
is moveable so as to the wall means.                               25  open
the chamber means to the further chamber Preferably, the first means
comprises first ring-  means when the pressure in the chamber means shaped
member means and the second means           and further chamber means have
substantially comprises second ring-shaped member means, the     equalised,
thereby allowing access by the first arm first and second ring-shaped
member means being    means to the article. disposed concentrically. The
first and second resil-  30  Preferably, the first arm  means comprises
ient means preferably comprise flat arcuate spring  vacuum chuck means for
engaging the article and means.
the second arm means comprises means pivotable Preferably, the apparatus
further comprises    in the first plane or a plane parallel to the first
backing means coupled to the closure means and     plane and defining an
arcuate path for receiving the disposed in an area defined by the inside of
the  35 article at the first intermediate position along the closure means
for coming into close proximity with  path and further is rotatable about a
longitudinal a surface of the article. The second resilient means  extent
of the second arm means. The second arm comprises means for allowing the
article to move   means preferably comprises first and second vacu-
susbstantially perpendicularly to a plane in which  um chuck means disposed
at an end of the second the first means is disposed when the backing   40
arm means. One of the vacuum chuck means re- means comes into close
proximity with the article.  ceives an article from the first arm means and
Preferably, the apparatus for transporting a wa-  transfers the article to
the second location, which fer-like article between first and second
locations is  may be a load-lock of a vacuum chamber. The provided
comprising carrier means at the first loca-  other vacuum  chuck means
receives an article tion for supporting a plurality of the articles, means
45  from the vacuum chamber and transfers it to the for retrieving an
article from the carrier means and  first arm means. The second arm means
rotates for placing the article on a moveable support      the articles
about its longitudinal extent so that one means, the moveable support means
comprising       device can be used for simultaneously holding two means
for transferring the article to a first inter-  articles, one of which may
be a processed article mediate position, first arm means moveable in a   50
and the other yet unprocessed. first plane for receiving the article from
said movea-  Preferably, the apparatus further comprises ble support means
at the first intermediate position,  bidirectional longitudinally extending
arm  means and second arm means moveable in the first plane   having an end
moveable in a first plane along a or a plane parallel thereto for receiving
the article  path for receiving the article at the first location from the
first arm means at a second intermediate  55  along the path and for
transferring the article to the position and for delivering the article to
the second  second location and for receiving an article at the location.
second location along the path and transferring the article to the first
location, at least two engaging 5    



9                EP 0 244 951 B1                   10 means disposed at an
end of the arm means, the    subjecting the article to a process step and
for first and second engaging means being rotatable   handling wafer-like
articles as will be explained in about the longitudinally extending arm
means be-  greater detail below. tween the first plane and any of a
plurality of further planes, whereby the article can be trans-   5   BRIEF
DESCRIPTION OF THE DRAWINGS ferred between the first and second locations
by a combination of movement in the first plane and       The invention
will be described in greater detail rotation about the longitudinally
extending arm  in the following detailed description with reference means.
Preferably, the engaging means each com-   to the drawings, in which: prise
vacuum chuck means.                    10    FIG. 1 is an overall cut-away
perspective view of Preferably, the apparatus includes a carrier     the
apparatus according to the invention; means for holding a plurality of
articles disposed  FIG. 2 is a left side partially sectional view of the
adjacent the first location and the article is sub-  apparatus of FIG. 1;
jected to a process step at the second location and  FIG. 3 is a front
sectional view of the apparatus either one of the first and second vacuum
chuck   15    of FIG. 1; means engages an article at the first location to
be  FIG. 3A is a schematic diagram of the apparatus processed at the second
location and the other      according to the invention; vacuum chuck means
engages an article which has     FIG. 4 is a more detailed front sectional
view of been processed at the second location and returns   part of the
apparatus of FIG. 1, and in particular, the article to the first location.
Preferably, the sec-  20    that part of the apparatus which transfers un-
ond location comprises a vacuum chamber having      processed and processed
wafers from or to an entry means defined by a load-lock door, and
holding cassettes; the apparatus further comprises means for opening   FIG.
5 is a top sectional view of that part of the the door and means in the
chamber for holding an    apparatus shown in FIG. 4; article to be
processed in the chamber, the holding   25  FIG. 6 shows that part of the
apparatus shown in means including means for clamping the article      FIG.
4 and illustrates some of the steps of wafer thereto, the longitudinally
extending arm means     handling before the wafer is introduced into a
further comprising means for actuating the clamp-   controlled environment
of the apparatus; ing means. The actuating means preferably com-     FIG. 7
shows the same view as FIG. 6 but prises means disposed adjacent the first
and sec-  30    shows additional steps of wafer handling and ond vacuum
chuck means and extending perpen-       insertion of the wafer into a
controlled environ- dicularly to the longitudinally extending arm means
ment of the apparatus according to the inven- for engaging the clamping
means.                    tion; Preferably, the holding means comprises a
plu-   FIGS. 8 and 9 show further top sectional views rality of clamping
means and the longitudinally  36  of portions of the apparatus shown in
FIGS. 4, 5, extending arm means includes a plurality of actuat-  6, and 7,
and, in particular, those portions of the ing means for engaging
corresponding ones of the    apparatus and the steps performed thereby di-
clamping means. Additionally, in a preferred em-    rected to centering the
wafer on a lifting table bodiment, the clamping means comprises rotatable
and aligning an indexing mark disposed on the means for clamping an article
between a first sur-  40  perimeter of the wafer on the lifting table; face
and an extension of the clamping means, the    FIGS. 10 and 11 are
sectional views showing clamping means comprising keyway means, the
parts of the apparatus for transferring a wafer actuating means comprising
key means for engag-     into and out of a controlled environment cham- ing
with said keyway means, said key means being    ber, and different steps
performed by such ap- rotatable in two directions so as to secure the   45
paratus; article between the extension of the clamping       FIG. 12 shows
a top view of a portion of the means and the first surface in one direction
and    apparatus for handling the wafer in the con- allow the removal of
the article by disengaging the  trolled environment prior to or after
processing extension of the clamping means from the article in  of the
wafer in the main chamber volume; the other direction.
50     FIG. 13 is a side sectional view of a portion of Although the
invention relates to apparatus for  the apparatus shown in FIG. 1, and in
particular processing wafer-like articles in a vacuum atmo-    that portion
of the apparatus which relates to sphere, it is to be understood that the
invention   handling of the wafer in a controlled environ- could also be
applied at pressures above atmo-      ment of the apparatus according to
the inven- spheric.                                     55    tion; The
above and other objects of the present       FIGS. 14 and 15 show top
partially sectional invention are also achieved by a method, according
views of the apparatus according to the inven- to claim 6, for transporting
wafer-like articles and  tion illustrating steps in handling of wafers in
the 6    



11                EP 0 244 951 B1                       12 controlled
environment before or after process-  FIG. 26. Attached to each of the half
sections 14 ing in the main processing apparatus proper;    and 16 of
chamber 12 and disposed at equal FIGS. 15A and 15B show schematically the
angular intervals about the center of chamber 12 steps involved in
transferring a wafer to and   are the respective portions of four work
stations 20, from the wafer processing apparatus proper;  5   21, 22 and
23. Station 20 comprises a load-lock FIG. 16 is a top view of the apparatus
according  station for the entry and removal of processed or to the
invention showing the main processing     unprocessed articles and stations
21, 22 and 23 apparatus in its opened condition;              comprise
processing stations wherein various pro- FIG. 17 is a horizontal sectional
top view      cessing steps, such as etching and sputtering, may through
the main processing apparatus of the   10  be carried out. In each work
station, a different step invention taken through section lines 17-17 of
may be carried out upon a substrate held by the FIG. 2;
rotatable index plate 15. Different processes may FIG. 18 is the same view
as FIG. 17 but shows   be simultaneously performed on different sub- the
apparatus during a different step in the pro-  strates at the different
stations. In particular, station cessing of a wafer;
is  20, which comprises the load-lock station, allows FIG. 19 is a more
detailed vertical sectional view  substrates to be inserted into or removed
from the of a portion of the apparatus shown in FIG. 16  chamber 12 via a
load-lock door 25 actuated by taken through section lines 19-19 of FIG. 2;
associated door operating mechanism  19, to be FIGS. 20 and 21 show partial
sectional views of  explained in greater detail later. Station 21 com-
portions of the apparatus for transferring a wafer  20  prises a station
wherein, for example, the substrate to and from the main processing portion
of the   may be cleaned or etched to prepare it for further apparatus;
processing in stations 22 and 23, which may, for FIG. 22 is a detailed
sectional view through a  example, comprise sputtering stations wherein me-
portion of the main processing apparatus show-  tallic layers are deposited
on the substrate. Once a ing one processing station according to the ap-
25  substrate has been rotated in the direction shown paratus of the
invention taken through section   by arrow 17 through stations 20 to 23, it
is then lines 22-22 of FIG. 17;                         rotated further to
complete a cycle of rotation to FIG. 23 is a sectional view like that of
FIG. 22  station 20, where the processed substrate is then showing a
different step in the processing of a  removed through load-lock door 25.
The apparatus wafer;                                      30  allows four
substrates to be disposed within the FIG. 24 is a front view of the means
for holding  machine at any one time, and three different pro- a wafer in a
rotatable index plate of the main  cesses may be performed at stations 21,
22 and 23 processing apparatus of the invention;          on three
different substrates simultaneously. Al- FIG. 25 is a right side view of
the apparatus   though four work stations are shown in the illus- according
to the invention;                 35  trated embodiment, a lesser or
greater number of FIG. 26 is a cut away right side view showing   work
stations could be provided by suitable modi- the interior of the main
processing apparatus   fication of the apparatus. according to the
invention; and                     The apparatus further includes a number
of FIG. 27 is a rear view of the apparatus accord-  vacuum pumps 31, 32, 33
and 40d, which may be ing to the invention.                       40
cryogenic vacuum pumps, for example, for provid- ing the proper final
vacuum levels in each of the DETAILED DESCRIPTION
volumes of the processing stations 21, 22 and 23 and load-lock station 20,
respectively. As will be With reference now to the drawings, FIG. 1
explained later, the apparatus of the invention al- shows a perspective
view of the apparatus accord-  45  lows the work station volumes to be
isolated from ing to the invention. The front of the apparatus is  the main
chamber volume 12a during processing. considered to point to the right. The
apparatus    Vacuum pumps 31, 32, 33 and 40d are coupled to comprises,
generally, a frame 10 to which is moun-  the respective stations by
respective manifold ted a chamber 12, the chamber comprising two
members 41, 42, 43 and 40a. Before cryogenic approximate half sections 14
and 16. The chamber  so  pumps 31, 32, 33 and 40d are activated, separate
includes a rotatable index plate 15, shown in great-  mechanical vacuum
pumps connected to suitable er detail in FIG. 26, which is driven by a
motor 18  fittings 33a, 33b, 33c, and 33d are activated to through a
sealing member 18a, which may com-       evacuate the respective chambers
to a level close prise a ferrofluidic sealing member. Each of the  to the
desired vacuum level. See FIG. 25. Cryo- chamber halves 14 and 16 are
reinforced by re-  55  genic pumps 31, 32, 33 and 40d then are activated
inforcing structures 13 and 13a, respectively. See  to bring the vacuum
down to the desired levels. As FIG. 25. Chamber 12 halves 14 and 16 define
a      shown in FIG. 25, fittings 33a, 33b and 33c include main plenum area
12a, shown in greater detail in   suitable valve members 33e, 33f and 33g,
respec- 7    



13                EP 0 244 951 B1                   14 tively, for
disconnecting the mechanical vacuum   this purpose. See FIG. 25. Pump 40d
then is used sources from the respective processing chambers  to provide
the final desired vacuum level. As will be 21, 22 and 23, respectively.
explained later, manifold 40a includes a valve 40b Each of stations 20, 21,
22 and 23 includes a  which allows communication with main volume 12a,
first section mounted on chamber half 14 and a   5   and valve 40c which
allows communication with the second opposing portion mounted on chamber
half   volume defined by the load-lock station 20. 16. This is shown most
clearly when viewed in        Although not shown in the drawings suitable
conjunction with the top views of FIGS. 14 and 15,  power supplies for
biasing the cathode assemblies in the side views of FIGS. 2 and 26 and in
the rear  of the processing stations and the substrates are view of FIG.
27. As shown in FIGS. 14 and 15,  10  also provided. Furthermore, R.F.
power supplies chamber half 14 includes the load-lock door 25 at  may also
be provided behind the back-plane de- station 20, shown opened in FIG. 15
and closed in  vices 37, 47, and 57 for improving step coverage FIG. 14.
The rear portion 16 of chamber 12 at     desposition on the substrates.
station 20 includes a front-plane device 27, the     As shown in the
drawing figures, the apparatus purpose of which will be explained in
greater detail  15  includes a wafer receiving section, indicated gen-
below. At station 21, which, in the illustrated em-  erally at 70, a wafer
alignment, centering and lift bodiment, is an etching station, but may be a
means 90, a controlled environment chamber 110 sputtering station, e.g., a
back-plane device 37 is  having an intermediate load-lock indicated gener-
attached to chamber half 14, and chamber half 16  ally at 120, a transfer
arm 140 disposed in cham- has attached thereto manifold 41 and pump 31,  20
ber 110 for receiving and delivering a wafer from or which overlaps the top
of the chamber 12. Back-   to the intermediateload-lock 120, and for
transfer- plane device 37 is similar to front-plane device 27.  ring a
wafer to or from a load-lock arm 160, which At station 22, which may
comprise a sputtering   transfers a wafer, whether processed or unproces-
station, a further back-plane device 47 is provided,  sed, to or from the
main load-lock station 20 of which may be disposed directly below the back-
25  chamber 12. Receiving station 70 includes a cas- plane device 37. This
can be seen most clearly in  sette 75 holding a plurality of wafers to be
pro- FIGS. 1 and 2. The chamber portion 16 as shown    cessed and/or wafers
which have already been in FIG. 1 and FIG. 25, has mounted thereto mani-
processed by the apparatus of the invention. A fold 42 and pump 32, which
extends below the      pack and place mechanism 80 transfer wafers be-
chamber 12, and which cannot be seen in FIG. 14.  30  tween cassette 75 and
alignment, centering and lift At station 23, which also may be a sputtering
means 90. See FIGS. 2, 3 and 4. Two cassettes 75 station like station 22,
chamber half 14 comprises a  and 76 may also be used. See FIG. 4. As in-
further back-plane device 57 and chamber portion  dicated, mechanisms 80,
90, 120, 140 and 160 are 16 has mounted thereto manifold 43 and asso-
bi-directional, i.e., unprocessed wafers from section ciated vacuum pump
33, as shown in FIG. 1 and   35  70 are transferred to chamber 12 by these
mecha- FIG. 25. Again, vacuum pump 33 is disposed be-    nisms and
processed wafers are returned to sec- low the chamber 12 via the manifold
43. The two   tion 70 by the same mechanisms. chamber halves 14 and 16 are
hinged together at      FIG. 3A is a schematic representation illustrat-
425 and a locking mechanism, e.g., a screw fas-  ing the overall operation
of the apparatus according tener, is provided at 427. See FIG. 25. At least
one   40  to the present invention. Substrates to be pro- seal 426 is
provided e.g., O-ring seals as shown in  cessed are supplied from one of
two cassettes 75 FIG. 26 for sealing the two chamber halves to-    or 76
into the controlled environment 110 via inter- gether. FIG. 16 shows the
two chamber halves in   mediate load-lock 120. The substrate is then trans-
the opened position. As shown, the various vacuum  ferred into load-lock
20. A sealing member, for pumps and manifolds open together with chamber
45  example, load-lock door 25, isolates load-lock 20 half 16. Also, as
shown in FIG. 18 and 27, each of  from the controlled environment. A valve
20a is the manifolds define a door which is hinged at 380,  utilized to
vent the load-lock to the controlled envi- allowing access to the interior
of the work station  ronment so that the load-lock door 25 can be without
requiring opening of the main chamber 12.  opened to the controlled
environment 110 to allow A manifold 40a is attached to chamber half 14.  50
the substrate to be received in the load-lock 20. A Manifold 40a allows
vacuum from a main cryogenic  mechanical pump (not shown) and cryogenic
pump vacuum pump 40d to be supplied to main chamber    40d are utilized to
evacuate the load-lock 20 via volume or plenum 12a and to load-lock station
20,  suitable valves including valve 40c, once load-lock as necessary.
Before pump 40d is activated, a     door 25 is closed. A sealing member A,
to be mechanical vacuum pump (not shown) is utilized to  55  described in
greater detail below, seals the load- bring the vacuum down in the plenum
12a or the    lock 20 from the plenum 12a, and opens the ple- load lock 20
to a specified vacuum level close to  num 12 to the load-lock once the
load-lock has the desired final level. A fitting 33d is provided for  been
evacuated to the vacuum level existing in the 8    
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process chambers, because of the isolation pro- As will be explained in
greater detail below, the  vided by seals B, C and D which isolate each
plenum 12a, defined by chamber 12, is utilized to  process chamber from the
others and the plenum transfer the articles to be processed from one
12a. processing chamber to another. The processing   5     Furthermore,
each process chamber 21, 22 chambers are shown at 21, 22 and 23. The plenum
and 23 is essentially independent of the other 12a itself, however, is not
utilizes to perform pro-  process chambers, having its own pumps, valves,
cess steps, such as sputtering or etching. Rather,  gas inlets and
processing means, so that if one the substrates are transported through the
plenum  processing chamber ceases to function for some and transferred to
at least one of the processing   10  reason, the other chambers are not
affected. The chambers, where the process step is performed. In  gas inlets
to each process chamber are shown in accordance with the invention, an
article to be    FIG. 25 at 21a, 22a and 23a. processed need not be
processed serially, as the      The structure of sealing members A, B, C
and apparatus of the present invention allows an article  D will be
described in greater detail below, and to skip a particular process
chamber, for example.  15  forms an important part of the invention. In the
Assuming that the article is to be processed in all  embodiment shown in
the drawings, sealing mem- process chambers, however, the article is
isolated  bers A, B, C and D comprise sealing ring members from plenum 12a
via sealing member B and then      andresilient spring means which hold the
article in supplied to process chamber 21. Pump 31 (and       position
during processing and also provide the associated mechanical vacuum pump)
is utilized to  20  necessary motion and sealing action between the
evacuate the process chamber 21 and a valve 21a    process chamber and the
plenum 12a. Although provides process gas to the process chamber 21. If
separate sealing members A, B, C and D are further processing of the
article is to occur after  shown in FIG. 3A, in an actual embodiment of the
processing in process chamber 21, the article may  device, the same sealing
member is used to seal be transferred to process chamber 22 through a   25
the different process chambers once a substrate sealing member C, as shown.
Pump 32 (and asso-     enters the plenum 12a, as the sealing members ciated
mechanical vacuum  pump) is utilized to     perform not only a sealing
function but also hold evacuate process chamber 22 and process gas is
the substrate in position during its movement in the supplied to the
process chamber 22 via valve 22a.  plenum  12a. More than one substrate,
can, of If further processing is to occur, the article may be   30  course,
be processed in chamber 12 at one time, transferred to process chamber 23
through a seal-  and accordingly, a plurality of sealing members, ing
member D. A pump 33 (and associated me-        one of which is associated
with a respective pro- chanical vacuum pump) is utilized to evacuate pro-
cess chamber at a particular point in time, may be cess chamber 23 and
process gas is provided to     provided. This will be explained in greater
detail the chamber 23 via valve 23a. In the illustrated   35  below.
embodiment, three process chambers are shown,         The operation of the
invention will now be although more or fewer process chambers could
described in greater detail. With particular refer- be provided. After the
article has been processed  ence to FIGS. 3 and 4, the apparatus of the
present in process chamber 23, it is again supplied back to  invention may
include one cassette 75 or two cas- the load-lock 20 via sealing member A.
The article  40  settes 75 and 76 holding a plurality of stacked is then
returned via sealing means 25 to the con-  wafers 72. Although the
cassettes are shown to be trolled environment 110 and returned to the cas-
substantially horizontal in the drawings, they may settes 75 and 76.
have a slight inclination from the horizontal so that Accordingly, the
apparatus shown schemati-     the open ends of the cassettes, shown in
FIGS. 1 cally in FIG. 3A allows isolation of each process  45  and 3 and
identified with reference numeral 71, are chamber 21, 22 and 23 from the
other process       slightly raised from closed side 73. In this way,
chambers and also from the main plenum 12a. This   sliding of the wafers in
the cassettes 75 or 76 so prevents cross-contamination between processes
that they fall out of the open ends 71 is prevented. being performed in the
different process chambers.  Cassettes 75 and 76 are mounted on frames 77
Furthermore, the apparatus shown allows essen-  50  and 78, respectively. A
pick and place mechanism tially random access to the different process
cham-  80, which is movable in both X and Y axes, shown bers. Therefore, it
is not necessary that the article  in FIG. 3 and more clearly in FIG. 4, is
provided for to be processed enter each process chamber.        retrieving
unprocessed wafers from the cassettes Rather, the article to be processed
can skip a     and for inserting processed wafers into the cas- process
chamber if that particular process is not to  55  settes. Pick and place
mechanism 80 is driven by be performed on the article. Additionally, the
pro-  a motor 81 and a suitable linkage, for example, cess to be performed
in a particular process cham-  along tracks 82. Pick and place mechanism 80
ber can be changed without affecting the other     includes a movable arm
83 having suitable grasp-    17               EP0244951B1
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ing mechanisms, e.g., vacuum chucks 84 and 88,   on load-lock arm 160 -- to
be explained in greater disposed at ends of the arm. This is shown more
detail later.) Accordingly, arm 83 moves so that clearly in FIGS. 4 and 5.
Arm 83, as shown in FIG.  vacuum chuck 86 enters the cassette 76 to remove
5, is fastened to a second cross arm 87. which is  an unprocessed wafer
therefrom. Arm 83 then mounted to member 88, member 88 being slidable   5
moves in the X direction to the right as shown by in the X direction along
tracks 82. Arm 87 is    the arrow 83b, and then moves downwardly in the
slidable in a track 85 in member 88 in the Y     vertical direction to a
position adjacent the right direction. Motor 81 drives via a first screw 91
side of the vacuum chuck 94. Vacuum chuck 94 is member 88 and thus arm 87
in the X direction and  now activated and vacuum chuck 86 deactivated. also
via a second screw 91a or other suitable  10  Accordingly, wafer 72 is left
in the position shown linkage in the Y direction.                      by
the dotted lines on top of vacuum chuck 94. The sequence of operation of
pick and place   Arm 83 then moves to the right to the home mechanism 80 is
show in FIGS. 4 through 7. FIG. 4  position 83c shown in FIG. 7, so it is
out of the way shows a wafer 72 on alignment and lifting mecha-  of vacuum
chuck 94. nism 90. The wafers may comprise, e.g., 6 or 8   15  As shown in
FIG. 8, a wafer 72 may be placed inch silicon semiconductor substrates.
Alignment  on vacuum chuck 94 slightly off center from the and lifting
mechanism 90 includes a vacuum chuck  center 95 of vacuum chuck 94. It is
necessary to 94. The processed wafer 72 has been removed      align the
center of the substrate with the center 95 from chamber 12 of the machine.
Pick and place   of vacuum chuck 94. Accordingly, lifting table 90
mechanism arm 83 is driven from its prior position,  20  includes an
aligning means comprising four radially which is shown by the phantom line
in FIG. 4 at 92,  disposed movable members 102 mounted on sup- so that
vacuum chuck 84 is just below the lower  port 98. Radially disposed members
102 include surface of substrate 72 on vacuum chuck 94. Vacu-  aligning
pins 109. When it is necessary to align um chuck 94 at this point is
deactivated and vacu-  substrate 72, vacuum chuck 94 moves vertically um
chuck 84 activated, so that wafer 72 is picked  25  downward, as shown in
FIG. 7. At the same time, up by vacuum chuck 84. Arm 83 is now driven
vacuum is removed from vacuum chuck 94 and horizontally to the left and
then vertically upward  radially disposed members 102 move radially in- and
to the right to the position adjacent cassette 75  wardly, as shown in FIG.
9, thus biasing pins 109 at which the processed wafer is to be inserted.
against wafer 72 and aligning wafer 72 with the This is shown by the
position of the arm 83 shown   30  center axis of vacuum chuck 94. The
movable in phantom near cassette 73 in FIG. 4. Arm 83 is  members 102 may
be guided radially on guide then driven further in the X direction so as to
place  rods 114 or by any other suitable operating mecha- the substrate
into a slot of the cassette. As an  nism. Wafer 72 may also include an
indexing mark example, the last, or top slot of cassette 75 has  or flat
spot, for example, flat spot 111. It may be been chosen in FIGS. 4 and 6.
As shown in FIG. 6,  35  necessary to align the flat spot properly on
vacuum once a processed wafer has been inserted into the  chuck 94 so that
the wafer is properly inserted into last position in cassette 75, arm 83 is
driven to the  chamber 12. Accordingly, vacuum chuck 94 hold- left in the X
direction, as shown by the arrow 83a,  ing wafer 72 is rotated as shown by
arrow 112. and then vertically downward to a position adjacent  Proper
orientation of the index mark 111 may be cassette 76 so that an unprocessed
wafer can be   40  determined by a light source and light sensor, for
picked up by vacuum chuck 86. If the last position  example, a light source
113 (See FIG. 13) disposed of cassette 75 had not been reached, arm 87
would  near the intermediate load-lock 120 and a light have moved upward
one position to retrieve the   sensor 113a disposed on support 98. Other
index- next wafer (unprocessed) in cassette 75. Assuming  ing marks can be
used instead of a flat spot, for only processed wafers remain in cassette
75, how-  45  example, a small notch in the substrate 72. ever, arm 87
traverses to cassette 76 to remove an  Once the substrate has been centered
and unprocessed wafer. Each cassette 75 and 76 can   aligned, support 98 is
driven along guide rails 130 at any time contain both processed and
unproces-  and 131 vertically by a suitable actuating means sed wafers. It
is not necessary that one cassette  132, as shown by the phantom lines in
FIG. 7. contain only processed wafers and the other cas-  50  Substrate 72
is raised into a recess 122 disposed sette unprocessed wafers.
in a housing 124 defining chamber 110 for main- Assuming that a processed
wafer has been      taining a controlled environment therein. Housing
placed in the uppermost position of cassette 75,  124 includes an aperture
therein defined by an the arm 83 will travel to the left in FIG. 6 as
shown,  upstanding circular wall 126. A top seal cover 128 and then
vertically downward to a position adjacent  55  is movable in the vertical
direction, and when in the sixth position from the bottom of cassette 76.
contact with upstanding wall 126, seals controlled (Assuming five wafers
have already been removed  environment chamber 110 from the outside via 0-
from cassette 76 and are now in chamber 12 and   ring seals 129. Lift table
support 98 includes a 10    19                EP 0 244 951 B1
20 



sealing surface 133 which seals viaO-ring seal    vacuum chuck 94. The
purpose of load-lock arm 131a with housing 124 when it engages housing
160 is to supply wafers to be processed to the 124. The operation of the
load-lock thus formed is  load-lock station 20 of chamber 12 and to
retrieve shown more clearly in FIGS. 10 and 11.            processed wafers
from load-lock station 20 and As shown in FIG. 10, the intermediate
load-lock   5   deliver them to a position whereby transfer arm 120 is
provided in order to maintain the purity of  140 can retrieve them to
return them to vacuum the atmosphere in the controlled environment 110,
chuck 94, which then eventually returns them to which essentially may
comprise an environment of  cassettes 75 and 76. Load-lock arm 160 is
rotat- dry nitrogen gas, as it is desired to prevent as  able about pivot
point 163 in the plane of FIGS. 14 much water vapor and other contaminants
as pos-  10  and 15 and also about an axis 167 as shown. sible from being
introduced into the main chamber     With reference to FIGS. 15A and 15B,
the 12. Accordingly, prior to removing top seal 128,  operation of transfer
arm 140 and load-lock arm which is movable in a vertical direction as
shown,  160 will now be explained. FIGS. 15A and 15B are nitrogen gas is
introduced via a valve 134 into the  a schematic illustration of the
positions of load-lock volume 122. At the same time, a valve 135 is  15
20, load-lock arm 160, transfer arm 140 and inter- opened thereby to remove
the existing atmosphere  mediate load-lock top seal 128 during a complete
in chamber 122. Once dry nitrogen gas has been    machine cycle. In FIGS.
15A and 15B, "O" des- introduced into chamber 122 for a sufficient period
ignates "open", "C" designates "closed," "U" des- of time and the existing
atmosphere has been      ignates "unprocessed" and "P" designates "pro-
purged, it is necessary to adjust the pressure in  20  cessed." With
reference to FIGS. 12, 14, 15A and chamber 122 so that it approximates the
pressure  153, the operation is as follows. Transfer arm 140 in the
controlled environment 110. Accordingly, a  moves from the position shown
in FIG. 14 at A to bleed valve 137 is activated to allow the pressure  the
position shown at B in FIG. 14, at which it in controlled environment 110
to equalize substan-  receives a new wafer from vacuum chuck 94. Top tially
with the pressure in chamber 122. Once the   25  seal 128 is open at this
time as shown in FIG. 15A- pressure has equalized, top seal 128 is opened,
as  (a). Transfer arm 140 continues along the arcuate shown in FIG. 10, and
transfer arm 140, which is  path defined by the arrows 141 to position C as
shown in greater detail in FIG. 12, enters the    shown in FIG. 14 and
eventually places an un- opened chamber 122 and vacuum chucks 142 dis-
processed wafer upon the upper vacuum chuck posed on the transfer arm 140
end section 145   30  162 of load-lock arm 160 at point D. This is shown
engage the wafer 72 for removing the wafer from   in FIG. 15A(a). At this
point load-lock 20 is closed chamber 122. See FIGS. 11 and 12. In FIGS. 11
and transfer arm 140 moves to point C in FIG. 14. and 12, transfer arm 140
is shown engaging wafer  Load-lock arm 160 as shown in FIG. 15A(b) now 72.
Transfer arm 140 enters chamber 122 slightly  rotates [err] about axis 167,
thus placing the un- below the level of wafer 72, and once in position,  35
processed wafer at the bottom and the processed moves vertically upward so
that vacuum chucks     wafer which has already been removed from the 142
engage wafer 72 and remove it from vacuum     load-lock 20 on top. Transfer
arm 140 returns to chuck 94. Alternatively, vacuum chuck 94 may be
position D shown in FIG. 14 and the processed allowed to lower instead,
thus dropping wafer 72  wafer is now removed by transfer arm 140 as onto
transfer arm 140.                       40  shown in FIG. 15A(c), and
returned to the inter- FIG. 12 shows the operation of transfer arm
mediate load-lock 120 as shown at FIG. 15A(d), 140 in greater detail. FIG
12 is a top view of the  whereby the processed wafer is returned to one of
transfer arm 140 and load-lock arm 160. Transfer  the cassettes 75 or 76.
The next step, as shown in arm 140 is pivotably mounted as shown at 147 and
FIG. 15A(e), is the rotation of load-lock arm 160 driven by a motor 143.
See FIG. 13. Top seal cover  45 [err] about axis 167 so that the
unprocessed wafer 128 and the mechanism 133 for operating the top   faces
away from the load-lock 20. Load-lock 20 seal cover, which may comprise a
hydraulic cyl-   now opens as shown in FIG. 15A(f), and load-lock inder or
other activating device, are shown. See  arm 160 rotates about pivot
163[err] clockwise so also FIGS. 1, 2 and 13. Transfer arm 140 includes
that the empty vacuum chuck of load-lock arm 160 a straight section 144 and
a crescent-shaped sec-  50  facing load-lock 20 can retrieve a processed
wafer tion 145 having disposed thereon vacuum chucks    from load-lock 20.
Once a processed wafer has 142. Vacuum chucks 142 may comprise a re-
been engaged by the load-lock arm 160, load-lock cessed groove having a
square configuration lead-  arm 160 pivots counterclockwise [err] as shown
in ing to a vacuum source, as shown. The purpose of  FIG. 15A(g).
Accordingly, a processed wafer and transfer arm 140 is to receive
unprocessed wafers  55  an unprocessed wafer are now disposed upon the from
vacuum chuck 94 and deliver them to load-    two vacuum chucks of load-lock
arm 160 as shown lock arm 160 and conversely, to receive processed  in FIG.
15A(g). Load-lock arm 160 now rotates wafers from load-lock arm 160 and
deliver them to  [err]about axis 167 as shown in FIG. 15B(h), so    21
EP 0 244 951 B1                   22 that the unprocessed wafer faces the
load-lock 20.  ring-shaped sealing member 220. A further inner 



Load-lock arm 160 now rotates 90  about pivot     ring-shaped member 222 is
disposed concentri- 163, and the unprocessed wafer which had been     cally
inside ring-shaped member 220. Ring-shaped placed on the load-lock arm 160
in step 15A(a), is  member 222 is removably insertable into ring- now
inserted into load-lock 20 when load-lock arm    5   shaped member 220, and
includes a plurality of 160 pivots 90  clockwise around point 163. This is
further spaced arcuate flat springs 224 attached to shown at step 15B(i).
Load-lock arm 160 pivots    the ring-shaped member 222 via screws, for
exam- about pivot point 163 90  counterclockwise as     pie, as show at
230. At the other ends of springs shown at step 15B(j) and then rotates
[err] about  224, spring detent members 234, mounted in pivot point 167 as
shown at 15B(k), so that the  10  blocks 235, are disposed. The decent
members processed wafer now faces downward. Load-lock     engage with
recesses 244 in outer ring-shaped 20 is closed at this time, and processing
of the  member 220 and allow ring-shaped member 222 to wafer inserted into
chamber 12 at step 15B(i) has  be decoupled from ring-shaped member 220.
De- begun. Transfer arm 140 has, in the meantime,     tent member 234 is
made of an insulating material engaged a new unprocessed wafer as shown at
15  such as ceramic or a high temperature plastic step 15B(k), and the
unprocessed wafer is depos-  material so that the ring 222 and substrate 72
can ited upon the upper vacuum chuck of load-lock arm  be insulated from
the remainder of the apparatus. 160 as shown at 15B(1), returning the
apparatus to  This allows the substrate 72 to be properly biased, the
beginning of the cycle, which is the same as  for example, for sputtering
and etching operations. that shown in FIG. 15A(a).                   20
Outer ring-shaped member 220 can move per- Accordingly, load-lock arm  160
provides an    pendicularly to the plane of the index plate 15 with
efficient and versatile way of transferring wafers  respect to index plate
15, and inner ring-shaped between transfer arm 140 and load-lock 20. The
member 222 can move perpendicularly with re- rotation of arm 160 about axes
163 and 167 and    spect to outer ring-shaped member 220 due to the the
provision of two vacuum chucks 162 allow one   25  respective springs 208
and 224. The operation of mechanism, in a minimum amount of time and
springs 208 and 224 will be explained in greater space, to handle both
processed and unprocessed   detail below. Ring 222 has mounted on the back-
wafers.                                           side thereof tabs 240,
which tabs provide a bac- FIG. 17 is a top sectional view of the apparatus
krest for a substrate 72 held by ring 222. Ring 222 through section lines
17-17 of FIG. 2. As shown, a   30  also includes a plurality of substrate
securing de- section is taken through both the load-lock station  vices
238, which are engaged by rotatable locking 20 and a sputtering station 22.
Load-lock station 20  and unlocking devices 166 which are mounted on
includes a front-plane device generally indicated at  load-lock arm 160. 27
and sputtering station 22 includes a back-plane    As shown in further
detail in FIGS. 20 and 21, device generally indicated at 47 and which is
simi-  35  securing devices 238 include a roughly channel- lar to
front-plane device 27. Chamber 12 defined  shaped member 241 having a slot
241a and a by chamber halves 14 and 16 includes index plate  central
aperture therein for receiving a screw or generally indicated at 15 which
is shown in greater  other fastener 242. Attached to the channel-shaped
detail in FIG. 26. Index plate 15, as shown in FIG.  member 241 is a
retaining member 245, which can 26, is driven by motor 18 and has four
positions,  40  be rotated so that it extends into the area occupied each
of which is provided with a substrate holding  by the peripheral edge of
substrate 72 once it is device as shown in greater detail in FIG. 24.
positioned inside inner ring 222. Channel-shaped Before describing the
operation of the appara-  member 241 is fastened in a slot 247, the slot
tus with reference to FIGS. 17 through 23, the    being provided for
adjustment of the position of substrate holding device of FIG. 24 will be
de-  45  member 241. Channel-shaped member 241 is scribed. The substrate
holding device forms part of  pivotably mounted on fastener 242. The
channel the sealing members A, B, C and D discussed with  241a in
channel-shape member 241 is engaged by reference to FIG. 3A, the operation
of which will be  a pair of longitudinally extending rods 168 extend-
described in detail below. A portion of the index  ing from locking and
unlocking device 166. Locking plate 15 is shown in FIG. 24. Index plate 24
in-  50  and unlocking device 166 may comprise, for exam- cludes four
circular cutouts 200 (See FIG. 26), of  ple, a small servo motor 170 or air
or hydraulically which one is shown in FIG. 24. A plurality of tabs
actuated member. As shown, locking and unlocking 202, illustratively three,
are provided which extend  device 166 includes rod members 168 at both ends
into the cutout 200. A plurality of arc-shaped flat  thereof, since
load-lock arm 160 is provided with springs 208, illustratively three, are
attached to  55  two opposed vacuum chucks 162. As shown in respective ones
of the tabs 202. At the end of the  FIGS. 20 and 24, channel-shaped member
241 is springs 208 farthest from tabs 202, an attachment  disposed so that
the slot 241 a in the member is is made to tabs 214 which extend from an
outer    generally aligned tangentially with inner ring 222 12    23
EP 0 244 951 B1                   24 when substrate 72 is clamped in place.
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ingly, member 245 is disposed so that it extends  308. The shaft 302 of
member 300 is mounted to a over the edge of the substrate 72 and substrate
72  first sealing member 304. Sealing member 304 is firmly held between
tabs 240 of ring 222 and   preferably comprises a cup-shaped member and a
members 245. When the load-lock arm 160 is to   5   bellows 306 may be
provided to protect shaft 302 remove a substrate from the load-lock station
20,  extending between support member 308 and cup- vacuum chuck 162
approaches the substrate 72. At  shaped member 304 and also to provide
sealing. the same time, unlocking device 166 approaches    Cup-shaped
member 304 includes a first sealing channel-shaped member 241 so that the
rods 168    surface disposed annularly around the rim thereof, are in
alignment with the slot 241a in channel-  10  and may comprise, e.g., an
O-ring seal 311. Seal shaped member 241. As vacuum chuck 162 en-        311
of member 304 engages with a machined gages the substrate 72, the rods 168
of locking and  surface of outer ring-shaped member 220. Both unlocking
device 166 engage with the slot 241a in  surfaces of outer ring-shaped
member 220 are channel-shaped member 241. Once vacuum chuck      machined
so as to provide a sealing surface, and 162 has engaged wafer 72 and rods
168 are en-  is  the other surface of ring-shaped member 220 en- gaged in
the slot 241a in channel member 241,     gages with a sealing surface of an
annular extend- servo mechanism 170 is actuated to rotate rods    ing
portion 320 of chamber half 14. An O-ring seal 168 [err] as shown in FIG.
21. In this way, member  321 may be provided on portion 320. As will be 245
slides in an arcuate path so that it is no longer  explained in greater
detail later, the O-ring seals disposed over the edge of substrate 72. In
the   20  311 and 321 are provided for maintaining the envi- illustrated
embodiment, three securing members    ronment in the load-lock station 20
area 330 or the 238 are provided spaced equidistantly around ring  chambers
of each of the other processing stations member 222, and accordingly, three
locking and    21, 22, or 23 isolated from main chamber volume unlocking
members 166 are provided. Therefore,    12a. Coupled to an inner portion of
cup-shaped all three members 245 are rotated out of the way at  25  member
304 is a support member 326 which is the same time. Accordingly, substrate
72 can be   movable along with cup-shaped member 304 to removed by vacuum
chuck 162.                      provide support for substrate 72. Because
sub- When a substrate 72 is being placed in cham-  strate 72 is held firmly
by ring-shaped member 222 ber 12, locking and unlocking members 166 rotate
which is attached to ring-shaped member 220 via members 245 in the opposite
direction so as to  30  flat springs 224, substrate 72 can move trans-
secure the wafer to the ring-shaped member 222.   versely to the plane in
which it is disposed by a Vacuum chuck 162 is illustrative of the vacuum
small amount without damage when member 326 chucks generally used
throughout the apparatus of  moves toward substrate 72. Although member 326
the invention. Generally, vacuum chucks 162 are   may be arranged so that
it contacts substrate 72, in supplied via vacuum supply lines 260. The face
of  35  the preferred embodiment, member 326 only the vacuum chuck includes
an annular depression   comes into close proximity with substrate 72. At
262 and at least one lead-in line 264 to depression  the load-lock station
20, front-plane member 326 is 262 from a central aperture 266. As shown in
FIG.  provided with heat sources for heating the entering 21, load-lock arm
160 is rotatably disposed on a  substrate 72, shown in FIG. 18. This may be
per- shaft 268, so that either one of the vacuum chucks  40  formed by
suitable electric heaters 390. Vacuum 162 can enter the load-lock station
20 as discussed  chucks 162 of load-lock arm 160 can then move in with
respect to FIGS. 15A and B.                  once load-lock door 25 has
been opened, to en- Preferably, vacuum check 162 comprises a      gage or
release a substrate and to lock or unlock first member 162a which engages
the substrate 72  securing members 238 and thus secure or release and a
second inner member 162b. Members 162a  45  substrate 72. and 162b are
coupled via a flat spring member        With respect to FIGS. 1 and 2,
load-lock door 162c which allows member 162a to move trans-      25 is
actuated by a suitable mechanism 19 via a versely to member 162b, thus
allowing member      shaft 19a pivotably mounted to the door 25 at 19b.
162a to conform to the plane of the substrate being  Mechanism 19 may
comprise, e.g., a motor driven engaged.
so  gear rack or a suitable air or hydraulic cylinder. With reference now
to FIGS. 17 and 18, FIG.       As shown in FIGS. 17 and 18, the apparatus
of 17 shows load-lock station 20 to the right with load-  the present
invention isolates main chamber vol- lock door 25 closed. FIG 18 shows
load-lock door  ume 12a from the area 330 defining the load-lock. 25 in the
open position. FIGS. 17 and 18 show     Accordingly, once chamber 330 has
been isolated index plate 15 rotatably mounted in chamber 12  55  from main
chamber 12, as shown in FIG. 18, the defined by chamber halves 14 and 16.
As shown in  atmosphere in chamber 330 may be purged via a FIGS. 17 and 18,
front-plane device 27 at load-lock  valve member (not shown), and the
pressure in station 20 may comprise a motor or hydraulically  chamber 330
equalized with that of the controlled 13    25                EP 0 244 951
B1                   26 environment 110 existing on the other side of the
prise a block of aluminum. Designs for target 372 



load-lock door. Once the pressures have been      and the cathode area
generally are disclosed more equalized, the load-lock door can be opened,
and  fully  in   copending   application    Serial vacuum chuck 162 of
load-lock arm 160 can enter   Nos.            and            , assigned to
the load-lock area 330 to pick up or release the   5   the assignee of this
application, and reference is substrate 72, depending upon whether a
processed  made thereto for details. As shown in FIG. 18, substrate is
being removed or an unprocessed      cathode support member 370 is attached
to a door substrate inserted. This is shown in FIG. 18. As  431 and is
hinged at 380 to a support structure 381 shown in FIG. 18, springs 208
which couple index  coupled to chamber half 16. O-ring seals 373 are plate
15 and outer ring 220, allow ring-shaped   10  provided for sealing
manifold 42 to chamber half member 220 and thus the inner ring 222 and
16. Accordingly, access can be obtained to the substrate 72 itself to move
outwardly toward the  interior of manifold 42 and to the cathode and
load-lock door 25 so that the mentioned sealing of  target assembly, as
necessary, without disturbing the area 330 defined by the cup-shaped member
any other processing stations. 304, ring-shaped member 220 and extending
mem-   15  Suitable voltages are applied to target 372 with ber 320 of
chamber half 14 can be accomplished.  respect to chamber 12, and target 372
is suitably After a substrate 72 is inserted into area 330 of  insulated
therefrom by insulator 372a. Additionally, load-lock 20, load-lock door 25
is closed and the  magnetic field generating means for appropriately area
330 pumped by a mechanical vacuum pump       containing the sputtered
plasma in chamber 350 (not shown) and then by vacuum pump 40d. The  20  and
for providing efficient and uniform deposition vacuum level is equalized
with the level in volume  on substrate 72 may be provided in area 371 and
12a and then front-plane cup-shaped member 304    also near the substrate
itself, and reference is moves away from ring-shaped member 220 to al-
made to the above copending applications for de- low communication between
volumes 12a and 330.    tails. Furthermore, as already indicated, the sub-
Similar sealing means are employed at each of  25  strate 72 may be biased
at some suitable voltage, the other stations 21, 22 and 23 to isolate the
main  and support ring 222 or 222' is insulated from the chamber volume 12a
from the volume defining the  rest of the apparatus by insulating detents
234. particular station. In FIGS. 17 and 18, like compo-  For process
uniformity, for example, for uni- nents have been provided with like
reference sym-  form step coverage, an electromagnetic or magnet bols for
station 20 and station 22, with the excep-  30  assembly 371a may be
provided on the back-plane tion that the reference numerals for like
already  members of sputtering stations 22 and 23, as introduced elements
of station 22 are provided with  shown. The purpose of assembly 371a is to
pro- primes. For example, as shown in FIG. 17 or 18,   vide substantially
uniform ion current density near which are top sectional views taken
through the   the substrate 72. Reference should be made to the load-lock
station 20 and the sputtering station 22   35  above identified copending
application Serial No. (shown to the left), as shown by section lines 17 in
for details. FIG. 2, the volume 12a is isolated by the seal       As shown
in FIG. 18, back-plane device 47 provided by members 304,' 220' and the
wall of    operates to displace member 326' so that it en- chamber half 16
and associated seals 311' and     gages substrate 72 mounted in support
ring 222'. 321'. Station 22 as shown in FIGS. 17 and 18, also  40  Since
support ring 222' is resiliently mounted due includes a back-plane device
47, which is similar to  to the flat springs 224' coupling it to outer ring
front-plane device 27. Stations 21 and 23 include  member 220', which in
turn is resiliently coupled similar devices 37 and 57. Generally, element
326'  by flat springs 208' to index plate 15, member 326' is moved toward
substrate 72 held by inner retain-  can come into close proximity with
substrate 72 ing ring 222' which is disposed in outer ring 220'  45
without damaging the substrate while at the same via flat springs 224' and
detents 234', the outer ring  time allowing member 304' to bear against
ring- being fixed to index plate 15 via flat springs 208'  shaped member
220', which in turn bears against and being engaged by sealing member 304'.
Since   chamber half 16, thereby sealing volume 350 from station 22 may be
a sputtering station, station 22  volume 12a. O-ring seals 311' and 321'
are pro- may include a removable cathode support member  so  vided for
maintaining a proper seal. Accordingly, and cover 370 mounted to manifold
42, to which a  the sputtering operation can now be performed target block
372 is affixed via a bolt 374, for   against substrate 72 in chamber volume
350 with- example. Other suitable affixing means are shown  out
contaminating the main volume 12a or contami- in copending application
Serial No.      ,        nating any other station 20, 21 or 23. Once the
assigned to the assignee of this application. Target  55  sputtering
operation has been completed, the at- block 372 comprises a usable,
expendable ma-      mosphere in chamber volume 350 can be purged terial,
for example, if aluminum is being deposited  via vacuum pump 32 and
manifold 42, and once onto substrate 72, the target block 372 will com-
the atmosphere in chamber 350 has been purged 14    27                EP 0
244 951 B1                   28 and the pressures equalized between chamber
350   be provided to cool the support structure in the 



and chamber volume 12a, back-plane members        area of the substrate 72.
The various cooling lines 304' and 326' can be moved out of engagement or
are shown in FIG. 25 at 437. Additional cooling proximity with ring-shape
member 220' and sub-    lines may be provided in the area of target 372 as
strate 72, respectively, thereby allowing the index   5   shown at 412 and
412a. Furthermore, the various plate 15 to rotate the processed wafer 72 to
the  fasteners, for example, screws 414 which fasten next station.
shield 402 to back-plane member 326', generally FIG. 19 is a more detailed
cross-sectional view  are provided either with heads with drilled vent or
station 22 of the present invention taken along  holes or the member to
which they are fastened is lines 19-19 of FIG. 2. Cryogenic vacuum pump 32
10  provided with vents 416. Such vents or drilled and manifold 42 are
shown at the bottom of the    heads are necessary in order that pockets of
air figure. Back-plane device 47, including actuator  not be trapped
beneath the fasteners during as- 300' is also shown. In this view, details
of the  sembly, which might otherwise later contaminate cross-section of
wafer holding rings 220' and 222'  the evacuated volumes. are shown. As
shown, inner wafer retaining ring   15  As shown in the drawings, inner
ring-shaped 222' includes hollow sections 223' in which springs  member
222' remains in contact with substrate 72 224' are disposed. As shown more
clearly in FIG.  during the performance of each process step, thus 19,
vacuum pump 32 maintains the proper vacuum    preventing particulate
formation and breakage of level in chamber 350, which is isolated by
sealing  substrate 72 which might otherwise occur if sub- ring 220' and the
O-ring seals 311' and 321' when   20  strate 72 were transferred between
different han- member 304' biases ring-shaped member 220'        dling
mechanisms. against chamber half 16. Back-plane member 326'      FIG. 25 is
a right side view of the overall is provided with electric heater devices
390 which  apparatus shown in FIG. 1. The overall layout of are fed via
wire conductors 392. Electric heaters  stations 20, 21, 22 and 23 and the
various pumps 390 may be necessary in certain instances where it  25  is
shown therein. As shown in FIG. 25, chamber is desired to heat the
substrate 72 to an optimum  half 16 is hinged to chamber half 14 at 425.
Suit- temperature for the particular process being carried  able looking
devices are provided at 427 and out. Additionally, it may also be necessary
to cool  shown in sectional view in FIGS. 17 and 18 to lock back-plane
member 326' and member 304' to         chamber halves 14 and 16 together.
Further hinges maintain the temperature of substrate 72 at a de-  30  380
allow each of the right side manifold doors of sired temperature.
Accordingly, cooling lines 394  station sections 21, 22 and 23 mounted to
chamber and 395 may be provided for passing a cooling     half 16 to be
opened, for example, for replacement fluid through the back-plane device.
Also shown in  of targets at stations 22 and 23. A station door is FIG. 19
are shields 400 and 402, which are pro-   shown at 431, for example, in
FIG. 18 and FIG. 25. vided for shielding retaining ring 222', sealing ring
35  Suitable locking members 429 can be provided for 220' and associated
components from the plasma    locking each of the right-side station doors
in posi- generated during the sputtering operation in space  tion. FIG. 18
shows station 22 door 431 holding 350.
cathode and target support member and cover 370 FIGS. 22 and 23 show
further details of station  in the opened position in phantom view, for
exam- 22. FIG. 22 shows back-plane member 326' prior to  40  pie. Member
370 may be secured to the station its coming into close proximity with
substrate 72  door by bolts or other suitable locking or fastener held by
inner ring 222'. FIG. 23 shows ring 220'  members. after it has been
engaged by back-plane member       In the illustrated embodiment, station
21 is an 304'. Back-plane member 326' is also shown in     etching station,
and accordingly, a cathode and close proximity with substrate 72. Springs
208'  45  associated cover is not provided. Also, because allow sealing
ring 220' to move toward chamber    station 20 is the load-lock, as shown
in FIG. 25, no wall 16. As shown in FIG. 23, springs 208' have   door need
be provided at that station. been deflected by the force exerted by member
In the foregoing specification, the invention has 304' against ring member
220'. O-ring seals 311'  been described with reference to a specific exem-
and 321' seal volume 12a from  volume 350.  50  plary embodiment thereof.
It will, however, be evi- Springs 224' allow for slight movement of ring
dent that various modifications and changes may member 222' and
accordingly, substrate 72, with   be made thereunto without departing from
the respect to ring 220', thus preventing damage to   scope of the
invention as set forth in the appended substrate 72 when back-plane member
326' comes    claims. The specification and drawings are, accord- into
close proximity therewith.              55  ingly, to be regarded in an
illustrative rather than in FIGS. 22 and 23 show further details of the   a
restrictive sense. cooling means provided at each of the sputtering
stations. For example, fluid cooling lines 410 may 15    29
EP 0 244 951 B1                    30 *   C   L  M   S  * 



Claims                                                  article (72) and
the means (304) for isolating the second chamber (21,22 or 23) is an
isolat- 1. An apparatus for transporting a wafer-like arti-    ing means
and the apparatus further com- cle (72) and subjecting said article to at
least    prises: one process step comprising:                5
aperture means (20) in said first chamber means defining a first chamber
(12);            (12) through which the article (72) to be sub- means
defining a second chamber (21,22          jected to the process step can be
introduced or 23) maintained while said process step is        into the
first chamber (12); and performed under different environmental con-
means (160) for removing the article (72) ditions from said first chamber;
10       from said first chamber (12) after said article securing means
(238) being located in said      (72) has been subject to the process step.
first chamber (12) for securing the article (72); moveable support means
(15) being op-        3. The apparatus as claimed in Claim 2, charac-
erable for moving the article (72) held by said     terised in that said
moveable support means securing means (238), first means (220,220')  15
(15) comprises rotatable plate means disposed and an isolating means (304)
being relatively       for movement in said plane of movement and moveable
for isolating said second chamber          said means for removing the
article (72) com- (21,22 or 23) from communication with said
prises said aperture means (20) through which first chamber (12) while said
process step is       the article is inserted into the first chamber
performed on the article (72) and for thereafter  20  (12). opening said
second chamber (21,22 or 23) to the first chamber (12) so that the second
4. The apparatus as claimed in Claim 1 or Claim chamber (21,22 or 23) is in
communication           2, characterised in that there is a plurality of
with the first chamber (12) after the article (72).  second chambers
(21,22,23) in any of which a has been subjected to the process step, said
25    process step can be performed on the article; securing means (238)
remaining in contact with      and the article (72) during the performance
of the          the moveable support means (15) moves process step,
characterised in that said article    the article held by said securing
means (238) (72) is held in said moveable support means
substantially in a plane of movement to a posi- (15) and is allowed to move
transversely to  30     tion in the first chamber (12) adjacent a se- said
support means (15) and further compris-        lected one of said second
chambers (21,22 or ing:                                                23)
where the process step is to be performed. first means (220,220') coupled
to the sup- port means (15) and defining a first inner open  5. The
apparatus as claimed in Claim 1, wherein area;
35      said first means (220,220') comprises sealing first resilient means
(208,208') coupling       surfaces on first and second surfaces thereof,
said support means (15) and first means             one of said first and
second surfaces being (220,220');
engageable in sealing relationship with a sur- second means (222,222')
disposed in said        face of wall means of the first chamber (12) in
first inner open area and coupled to said first  40  which the article is
disposed and the other means (220,220'), said second means defining
surface being engageable in sealing relation- a second inner open area
contained within said      ship with moveable closure means for isolating
first area for receiving the article (72);          the second chamber
(21,22 or 23) from the second resilient means (224,224) coupling
first chamber (12) while a process step is said second means (222,222') to
said first  45      performed on the article (72) in the second means
(220,220'); and                               chamber, said  closure  means
comprising securing means (238) disposed on said            means moveable
toward and away from the second means (222,222') for securing the arti-
article and having a further surface for engag- cle (72) disposed in said
second area to said       ing in sealing relationship with the other sur-
second means (222,222').                    50      face of the first means
(220,220'), said first resilient means (208,208') allowing said closure 2.
An apparatus as claimed in Claim 1, wherein          means to bias the one
of said first and second the first chamber (12) is maintained substan-
surfaces of said first means against said sur- tially at a vacuum  or
pressure level, the          face of said wall means in a direction
substan- moveable support means (15) are operable  55        tially
perpendicular to the plane of said wall substantially in a plane of
movement to a posi-     means when said closure means moves to- tion in the
first chamber (12) adjacent where       wards and engages said other
surface of said the process step is to be performed on said         first
means, said second chamber (21,22 or 23) 16    31                EP 0 244
951 B1                    32 



being isolated from said first chamber (12)        communication with the
first camber after the when said further surface of said closure
article has been subjected to the process step, means engages said other
surface of said first     said securing means remaining in contact with
means and said one surface of said first         the article during the
performance of the pro- means engages with said surface of said wall   5
cess step, and means.
removing the article from the first chamber after the article has been
subjected to the 6. A method for holding a wafer-like article in a
process step. moveable support means and for allowing movement transverse
to said support means  10   8.  The method as claimed in Claim 7, charac-
so that said said article can be transported       terised in that said
step of securing comprises from a first chamber (12) to a second chamber
clamping the article to said securing means (21,22 or 23) maintained under
different envi-     coupled to support means, said step of moving ronmental
conditions from the first chamber        comprises rotating said support
means dis- while a process step is performed on said  15      posed in the
first chamber about a central axis article, said method further comprising
the        and said step of removing the article com- steps of:
prises removing the article through the ap- coupling a first means
(220,220') to the       erture means through which the article is in-
support means (15) to define a first inner open     serted into the first
chamber. area, said first means can move perpendicu-  20 larly to the plane
defined by said support     9. A method as claimed in Claim 7 or 8, charac-
means (15);                                       terised in that: coupling
the support means and the first           the article held by said securing
means is means, by means of a first resilient means         moved to a
position in the first chamber adja- (208,208');
25       cent a selected one of a plurality of second disposing a second
means (222,222') in         chambers in any of which the process step said
first inner open area, said second means      can be performed. being
coupled to said first means and defining a second open inner area contained
within said  Patentanspruche first area for receiving the article;      30
coupling the second means and the first     1. Vorrichtung zum
Transportieren eines wafer- means by means of a second resilient means
fdrmigen Gegenstands (72) und um den Ge- (224,224'); such that said second
means can        genstand wenigstens einem Verfahrensschritt move
perpendicularly with respect to the outer     auszusetzen, die aufweist:
second means (222,222') due to the respective   35  Mittel, die eine erste
Kammer (12) begrenzen; resilient means 208 and 224; and
Mittel, die eine zweite Kammer (21, 22 odor disposing a securing means
(238) on said       23) begrenzen, die, w~hrend der Verfahrens- second
means for securing the article dispos-      schritt durchgef0hrt wird,
unter Umgebungsbe- ed in said second area to said second means.
dingungen gehalten wird, die von denen der 40  40  ersten Kammer
verschieden sind; 7. A method as claimed in Claim 6, characterised      ein
Befestigungsmittel (238), das in der ersten in that the article is subject
to at least one     Kammer (12) zum Befestigen des Gegenstan- process step
comprising the steps of:              des (72) angeordnet ist; introducing
the article to be processed        ein bewegbares Tragmittel (15), das zum
Be- through aperture means (20) into a first cham-   45  wegen des durch
das Befestigungsmittel (238) ber (12) maintained substantially continuously
gehaltenen Gegenstandes (72) betreibbar ist, at a vacuum or pressure level;
wobei ein erstes Mittel (220, 220') und ein securing the article in the
securing means     isolierendes Mittel (304) relativ bewegbar sind, in the
first chamber;                              urn die zweite Kammer (21, 22
odor 23) von moving the article held by said securing   50  Verbindung mit
der ersten Kammer (12) zu means to a position in the first chamber adja-
isolieren, wlhrend an dem  Gegenstand (72) cent a second chamber (21,22 or
23) where          der Verfahrensschritt durchgefahrt wird, und the process
step is to be performed;               urn danach die zweite Kammer (21, 22
odor isolating the second chamber from corm-        23) zur ersten Kammer
(12) hin zu bffnen, so munication with said first chamber while said  55
daB die zweite Kammer (21, 22 odor 23) mit process step is performed on the
article and       der ersten Kammer (12) in Verbindung steht, thereafter
opening said second chamber to the      nachdem der Gegenstand (72) dem
Verfah- first chamber so that the second chamber is in     rensschritt
ausgesetzt worden ist, wobei das ` 17 *   C   L  M   S   *   



33                EP 0 244 951 B1                    34 Befestigungsmittel
(238) wahrend der Durch-        woist, durch das der Gegenstand in die
orate f~hrung des Verfahrensschrittes mit dem Ge-        Kammer (12)
eingefGhrt wird. genstand (72) in Kontakt bleibt, dadurch ge- kennzoichnet,
daB der Gegenstand (72) in dam   4. Vorrichtung nach Anspruch 1 oder 2,
dadurch bewegbaren Tragmittel (15) gehalten wird und   5   gekennzoichnot,
daB eine Vielzahl von zweiten es ihm ermoglicht wird, sich quer zu dom
Kammem (21, 22, 23) vorhanden let, wobei in Tragmittel (15) zu bewegen,
wobei die Vorrich-    jeder dieser Kammem auf don Gegenstand ein tung
welter aufwoist:                              Verfahrensschritt ausgellbt
werden kann; und ein erstes Mittel (220, 220'), das mit don Trag-   daB das
bewegbare Tragmittel (15) den durch mittoln (15) verbunden ist und einen
ersten   10   das Befestigungsmittel (238) gehaltenen Ge- inneren offenen
Bereich begrenzt;                  genstand im wesentlichen in einer
Bewegungs- ein erstes federndes Mittel (208, 208'), das das   ebene zu
einer Stelle in der ersten Kammer Tragmittel (15) und das erste Mittel
(220,         (12) bewegt, die einer ausgewAhiten der zwei- 220')
verbindet;                                  ton Kammer (21, 22 oder 23), wo
der Verfah- ein zweites Mittel (222, 222'), das in dem er-  15  rensschritt
ausgeflhrt worden soil, benachbart sten inneren offenen Bereich angeordnet
ist       ist. und mit dom orsten Mittel (220, 220') verbun- den ist, wobei
das zweite Mittel einen zweiten  5. Vorrichtung nach Anspruch 1, bei der
das er- inneren offenen Bereich begrenzt, der im er-       ste Mittel (220,
220') Dichtoberflachen auf sei- sten Bereich zum Aufnehmen des Gogenstan-
20      non ersten und zweiten Oberfilfchen aufweist, K"     des (72)
enthalten ist;                            wobei eine der ersten und zweiten
Oberflichen ein zweites federndes Mittel (224, 224'), das      in
dichtender Beziehung mit einer Oberflache das zweite Mittel (222, 222') mit
dem ersten       eines Wandmittels der ersten Kammer (12) in Mittel (220,
220') verbindet; und                  Eingriff bringbar ist, in der der
Gegenstand ein Befestigungsmittel (238), das an dem zwei-  25  angeordnet
ist, wobei die andere Oberflache in ten Mittel (222, 222') angeordnet ist,
um den      dichtoender Beziehung mit einem bewegbaren im zweiten Bereich
angeordneten Gegenstand         VerschluBmittel zum  Isolieren der zweiten
(72) an dem zweiten Mittel (222, 222') zu befe-    Kammer (21, 22 odor 23)
von der ersten Kam- stigen.                                            mer
(12) in Eingriff bringbar ist, wahrend ein J
30      Verfahrensschritt auf don Gegenstand (72) in 2. Vorrichtung nach
Anspruch 1, bei der die erste     der zweiten Kammer ausgoUbt wird, wobei
das Kammer (12) im wesentlichen unter Unterdruck       VerschluBmittel ein
Mittel aufweist, das zum odor auf einem Druckpegel gehalten wird, wo-
Gegenstand hin und von demselben wegbe- bei das bewegbare Tragmittel (15)
im wesentli-     wegbar ist und eine weitere Oberflache fUr chen in einer
Bewegungsebene zu einer Stel-  35    Eingriff in dichtender Beziehung mit
der ande- lung in der ersten Kammer (12) antreibbar ist,     ron Oberflache
des ersten Mittels (220, 220') die der Stellung benachbart lst, wo der
Verfah-    autweist, wobei das erste fedemde Mittel (208, rensschritt auf
den Gegenstand (72) ausgoUbt       208') es dom VerschluBmittel ermoglicht,
eine werden soil, und bei der das Mittel (304) zum      der ersten und
zweiten Oberflachen des ersten Isolieren der zweiten Kammer (21, 22 odor
23)  40  Mittels gegen die Oberflache des Wandmittels eine Isoliermittel
ist und wobei die Vorrichtung   in eine Richtung zu drUcken, die im
wesentli- weiter aufweist:                                   chen senkrecht
zur Ebene des Wandmittels ist, ein Offnungsmittel (20) in der ersten Kammer
wenn das VerschluBmittel sich zur anderen (12), durch das der Gegenstand
(72), der dam       Oberflache des ersten Mittels bewegt und mit
Verfahrensschritt ausgesetzt werden soil, in die  45  derselben in Eingriff
kommt, wobei die zweite erste Kammer (12) eingeflhrt werden kann;
Kammer (21, 22 oder 23) von der ersten Kam- und
mer (12) isoliertist, wenn die weitere Oberflf- ein Mittel (160) zum
Entfernen des Gegenstan-      che des VerschluBmittels mit der anderen des
(72) aus der ersten Kammer (12), nach-         Oberflache des ersten
Mittels in Eingriff ist und dom  der Gegenstand (72) dem Verfahrens-  50
die eine Oberflache des ersten Mittels mit der schritt ausgesetzt worden
ist.                     Oberflache des Wandmittels in Eingriff ist. 3
Vorrichtung nach Anspruch 2, dadurch gekenn-    6. Verfahren zurn Halten
eines wafer-f6rmigen zeichnet, daB das bewegbare Tragmittel (15)
Gegenstandes in einem bewegbarem Tragmit- ein drehbares Plattenmittel
aufweist, das flr  55  tel und zum  Erm6glichen einer Bewegung Bewegung in
der Bewegungsebene angeord-            quer zu dem Tragmittel, so daB der
Gegen- net ist, und daB das Mittel zum Entfernen des      stand von einer
ersten Kammer (12) zu einer Gegenstands (72) das Offnungsmittel (20) auf-
zweiten Kammer (21, 22 oder 23) transportiert *   C  L  M   S   *
18    



35                EP 0 244 951 B1                   36 werden kann, die
unter von der ersten Kammer      entfernen, nachdem der Gegenstand dem Ver-
verschiedenen Umweltbedingungen gehalten          fahrensschritt ausgesetzt
worden ist. wird, w~hrend auf den Gegenstand ein Verfah- rensschritt
ausgeUbt wird, wobel das Verfahren  8. Verfahren nach Anspruch 7, dadurch
gekenn- weiter die Schritte aufweist:             5       zeichnet, daB der
Schritt des Befestigens es ein erstes Mittel (220, 220') mit dem Tragmittel
einschlie~t, den Gegenstand an dem Befesti- (15) zu verbinden, um einen
ersten inneren        gungsmittel anzuklemmen, das mit dem Trag- offenen
Bereich zu begrenzen, wobei das erste     mittel verbunden ist, wobel der
Schritt des Mittel sich senkrecht zur Ebene bewegen kann,     Bewegens es
einschlieBt, das in der ersten die durch das Tragmittel (15) definiert
wird;  10  Kammer angeordnete Tragmittel um eine mitti- das Tragmittel und
das erste Mittel mit Hilfe     ge Achse zu drehen, und wobel der Schritt
des eines ersten fedemden Mittels (208, 208') zu      Enffernens des
Gegenstands es einschlieBt, verbinden;
den Gegenstand durch das 6ffnungsmittel zu ein zweites Mittel (222, 222')
in dem ersten      entfemen, durch das der Gegenstand in die inneren
offenen Bereich anzuordnen, wobei  15     erste Kammer eingesetzt wird. das
zweite Mittel mit dem ersten Mittel verbun- den ist und einen zweiten
offenen inneren Be-  9. Verfahren nach Anspruch 7 oder 8, dadurch reich
begrenzt, der in dem ersten Bereich zum     gegekennzeichnet, daB Aufnehmen
des Gegenstandes enthalten ist;         der durch das Befestigungsmittel
gehaltende das zweite Mittel und das erste Mittel mit Hilfe  20  Gegenstand
an eine Stelle in der ersten Kam- eines zweiten federnden Mittels (224,
224') zu    mer bewegt wird, die einer ausgewahiten der verbinden, so daB
sich das zweite Mittel senk-    Vielzahl von zweiten Kammern benachbart
ist, recht in Bezug auf das auBere zweite Mittel       wobei in jeder
derselben der Verfahrensschritt (222, 222') aufgrund der entsprechenden Fe-
ausgefOhrt werden kann. dermittel 208 und 224 bewegen kann;. und  25 ein
Befestigungsmittel (238) am zweiten Mittel  Revendicatlons anzuordnen, um
den im zweiten Bereich ange- ordneten Gegenstand am zweiten Mittel zu be-
1. Appareil pour transporter un article en forme festigen.
de disque (72) et soumettre ledit article a au 30      moins une phase de
traitement comprenant: 7. Verfahren nach Anspruch 6, dadurch gekenn-
un moyen formant une premiere chambre zeichnet, daB der Gegenstand
wenigstens ei-       (12); nem Verfahrensschritt aussetzbar ist, das die
un moyen formant une seconde chambre Schritte aufweist:
(21, 22 ou 23) maintenue tandis que ladite den zu bearbeitenden Gegenstand
durch ein  35     phase de traitement est effectuee dans des Offnungsmittel
(20) in eine erste Kammer (12)     conditions d'environnement differentes
de cel- einzufUhren, die im wesentlichen unter einem      les de ladite
premiere chambre; Unterdruck oder einen Druckpegel gehalten             un
moyen de fixation (238) etant situe wird;
dans ladite premiere chambre (12) pour fixer den Gegenstand im
Befestigungsmittel in der  40   'article (72); ersten Kammer zu befestigen;
un moyen de support mobile (15) etant den durch das Befestigungsmittel
gehaltenen       adapte a deplacer P'article (72) maintenu par Gegenstand
an eine Stelle in der ersten Kam-      ledit moyen de fixation (238), un
premier mer zu bewegen, die einer zweiten Kammer          moyen (220, 220')
et un moyen d'isolation (21, 22 oder 23) benachbart ist, wo der Verfah-  45
(304) pouvant aller et venir afin d'isoler ladite rensschritt durchgefahrt
werden soll;             seconde chambre (21, 22 ou 23) d'une com- die
zweite Kammer von Verbindung mit der          munication avec ladite
premiere chambre (12) ersten Kammer zu isolieren, wahrend der Ver-
tandis que ladite phase de traitement est effec- fahrensschritt auf den
Gegenstand ausgefahrt      tuee sur P'article (72) et d'ouvrir ensuite
ladite wird, und danach die zweite Kammer zur er-  50    seconde chambre
(21, 22 ou 23) sur la premie- sten Kammer hin zu offnen, so daB die zweite
re chambre (12) de maniere qua la seconde Kammer mit der ersten Kammer in
Verbindung        chambre (21, 22 ou 23) soit en communication steht,
nachdem der Gegenstand dem Verfah-         avec la premiere chambre (12)
une fois que rensschrift ausgesetzt worden ist, wobel das      l'article
(72) a ete soumis A la phase de traite- Befestigungsmittel w~hrend der
AusfUhrung   55    ment, ledit moyen de fixation (238) restant en des
Verfahrensschrittes mit dem Gegenstand        contact avec l'article (72)
pendant que la pha- in BerUhrung bleibt, und                          se de
traitement est effectude, caracterise en den Gegenstand von der ersten
Kammer zu           ce que ledit article (72) est maintenu dans ledit 19
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mobile (15) et est autorise a    support mobile (15) d6place l'article
maintenu so deplacer transversalement relativement au-     par ledit moyon
de fixation (238) sensiblement dit moyen de support (15) at comprenant en
dans un plan de deplacement jusqu'A une po- outre:
sition dans la premiere chambre (12) adjacente le premier moyen (220, 220')
coupe au   5     a une chambre selectionnee parmi lesdites moyen de support
(15) et formant une premib-      secondes chambres (21, 22 ou 23) dans la-
re zone ouverte interne;                          quelle la phase de
traitement doit Otre effec- un premier moyen elastique (208, 208')
tuee. couplant ledit moyen de support (15) et le premier moyen (220, 220');
10  5. Appareil selon la revendication 1, dans loquel un second moyen (222,
222') dispose           ledit premier moyen (220, 220') comprend des dans
ladite premibre zone ouverte interne et     surfaces d'etanch6ite sur ses
premiere et so- coupe audit premier moyen (220, 220'), ledit      conde
surfaces, l'une desdites premibre et se- second moyen formant une seconde
zone ou-         conde surfaces pouvant Otre engagee on 6tan- verte interne
contenue dans ladite premibre  15   cheite avec une surface de paroi de la
premib- zone pour recevoir l'article (72);                re chambre (12)
dans laquelle l'article est dis- un second moyen elastique (224, 224')
pose et l'autre surface pouvant Otre engagde couplant ledit second moyen
(222, 222') audit     en 6tancheite avec un moyen de fermeture premier
moyen (220, 220'); et                     mobile pour isoler la seconde
chambre (21, 22 le moyen de fixation (238) dispose sur  20    ou 23) de la
premibre chambre (12) tandis :     ledit second moyen (222, 222') pour
fixer I'arti-  qu'une phase de traite-ment est effectu~e sur cle (72)
disposd dans ladite seconde zone        l'article (72) dans la seconde
chambre, ledit audit second moyen (222, 222').                   moyen de
fermeture comprenant un moyen pouvant Otre rapproch6 et 6loigne de
l'article 2. Appareil selon la revendication 1, dans loquel  25  et
comportant une surface suppilmentaire la premibre chambre (12) est
maintenue sensi-     pour un engagement en 6tancheite avec l'autre blement
sous vide ou a un niveau de pression,    surface du premier moyen (220,
220'), ledit le moyen de support mobile (15) pouvant 8tre      premier
moyen elastique (208, 208') permet- actionne sensiblement dans un plan de
depla-     tant audit moyen de fermeture de solliciter cement jusqu'& une
position dans la premibre  30  ladite une surface desdites premiere et
secon- chambre (12) adjacente oD la phase de traite-     de surfaces dudit
premier moyen contre ladite ment doit 8tre effectude sur ledit article (72)
et  surface de ladite paroi dans une direction sen- le moyen (304) pour
isoler la seconde cham-       siblement perpendiculaire au plan de ladite
bre (21, 22 ou 23) est un moyen d'isolation et    paroi lorsque ledit moyen
de fermeture se d6- l'appareil comprend en outre:            35       place
vers ladite autre surface dudit premier un moyen d'ouverture (20) dans
ladite pro-    moyen et engage cette surface, ladite seconde mibre chambre
(12) via loquel l'article (72) a    chambre (21, 22 ou 23) etant isol~e de
ladite soumettre a la phase de traitement pout Stre      premiere chambre
(12) lorsque ladite surface introduit dans la premiere chambre (12); et
supplementaire dudit moyen de fermeture en- un moyen (160) pour enlever
l'article (72)  40  gage ladite autre surface dudit premier moyen de ladite
premibre chambre (12) une fois quo      et ladite une surface dudit premier
moyen ledit article (72) a ete soumis & la phase de     s'engage avec
ladite surface de ladite paroi. traitement. 6. Procede pour maintenir un
article en forme de 3. Appareil solon la revendication 2, caracterise  45
disque dans un moyen de support mobile et on ce quo ledit moyen de support
mobile (15)      pour permettre un deplacement transversal re- comprend une
plaque rotative disposee de          lativement audit moyen de support de
manibre manibre & se d6placer dans ledit plan de de-      quo ledit article
puisse 8tre transporte d'une placement at ledit moyen pour enlever
l'article   premiere chambre (12) & une seconde cham- (72) comprend ledit
moyen d'ouverture (20) via  50  bro (21, 22 ou 23) maintenue dans des
condi- lequel l'article 1st insere dans la premiere     tions
d'environnement differentes de cellos de chambre(12).
ladite premiere chambre tandis qu'une phase de traitement est effectude sur
ledit article, 4. Appareil selon la revendication 1 ou 2, caracte-  ledit
proc6de comprenant en outre les phases rise en ce qu'est prevue une
pluralite de se-  55  consistant a: condes chambres (21, 22, 23) dans l'une
quel-        coupler un premier moyen (220, 220') au conque desquelles une
phase de traitement         moyen de support (15) pour former une pro- pout
Otre offectu6e sur l'article; et le moyen de  miere zone ouverte interne,
ledit premier 20 *   C  L  M   S  *   
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deplacer perpendiculaire-         prend la rotation dudit moyen de support
dis- ment au plan defini par ledit moyen de support     pos6 dans la
premibre chambre autour d'un (15);
axe central et ladite op6ration d'enlevement de couper le moyen de support
et le premier       P'article comprend l'enlevement de I'article via moyen,
au moyen d'un premier moyen elasti-   5     le moyen d'ouverture par
l'intermediaire du- que (208, 208');                                   quel
P'article est insWMr dans la prermibre cham- disposer un second moyen (222,
222')           bre. dans ladite premiere zone ouverte interne, ledit
second moyen etant coupl6 audit premier        9. Procede selon la
revendication 7 ou 8, caract6- moyen et formant une seconde zone ouverte
10     ris6 en ce que: interne contenue dans ladite premibre zone
l'article maintenu par ledit moyen de fixa- pour recevoir l'article;
tion est d6plac4 jusqu'a une position dans la couper le second moyen et le
premier           premibre chambre adjacente a une chambre moyen au moyen
d'un second moyen elasti-           s~lectionn~e parmi une pluralite de
secondes que (224, 224'); de sorte que ledit second   15    chambres dans
l'une quelconque desquelles la moyen pouvant se deplacer perpendiculaire-
phase de traitement peut 8tre effectuee. ment par rapport au second moyen
externe (222, 222') 6tant donne les moyens elastiques respectifs 208 et
224; et disposer un moyen de fixation (238) sur  20 ledit second moyen pour
fixer I'article dispos6 dans ladite seconde zone audit second moyen. 7.
Procede selon la revendication 6, caracterise en ce que l'article est
soumis a au moins une   25 phase de traitement comprenant les opdrations
consistant A: introduire I'article a traiter via le moyen d'ouverture (20)
dans une premibre chambre (12) maintenue sensiblement en continu sous   30
vide ou A un niveau de pression; fixer l'article dans le moyen de fixation
dans la premibre chambre; d6placer l'article maintenu par ledit moyen de
fixation jusqu'A une position dans la pre-  35 miere chambre adjacente a
une seconde chambre (21, 22 ou 23) dans laquelle la phase de traitement
doit 8tre effectuee; isoler la seconde chambre d'une commu- nication avec
ladite premiere chambre (12) tan-  40 dis que ladite phase de traitement
est effec- tuee sur l'article et ouvrir ensuite ladite secon- de chambre
sur la premibre chambre de ma- nibre que la seconde chambre soit en commu-
nication avec la premiere chambre une fois  45 que l'article a 0t4 soumis a
la phase de traite- ment, ledit moyen de fixation restant en contact avec
I'article pendant que la phase de traitement est effectuee, et enlever
l'article de la premibre chambre  50 une fois que l'article a ete soumis &
la phase de traitement. &  Procede selon la revendication 7, caracteris6 en
ce que ladite operation de fixation com-   55 prend la fixation par serrage
de l'article audit moyen de fixation couple au moyen de sup- port, ladite
operation de deplacement corn- 21    


