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Zusammenfassung: Eine Anlage, insbesondere eine
Vakuumprozessanlage, zur Bearbeitung eines Substrats
(130), insbeson- dere eines Halbleiterwafers, mit
einer Bearbeitungsstation umfasst zum Flatten undloder
Transportieren des Substrats (130) einen  Rahmen (110)
mit einem eingespannien Trager (120), wobei this
Substrat (130) grossflachig auf dem Tr} ger (120)
befestigbar ist.  Die Bearbeitungsstation umfasst
bevorzugt sine Aufspannelektrode (140) mit einer
ebenen Aussenflache (141), wobei der Trager  (120)
parallel and angrenzend an die Aussenflache (141) der
Aufspannelektrode (140) positionierhar ist. Der Trager
besteht ins- besondere aus einem nicht-leitenden
dielektrischen Material and ist einseitig mit einer
leitfahigen Schicht (122) versehen, so dass  durch die
Aufspannelektrode (140) and den Trager (130) eine
elektrostatische Aufspannvorrichtung (Chuck) gebildet
wird. WO 2004/064122 PCT/CH2004/000010  Installation
for processing a substrate Field of the invention 5
The invention relates to an installation, in
particular  a vacuum process installation, for
processing a  substrate, in particular a semiconductor
wafer, having  at least one processing station. The
invention also  relates to a processing station for an
installation of 10 this type, to a frame for an
installation of this type,  



for holding and/or transporting the substrate, to a
film which is to be clamped into the frame and to a
method for processing a substrate, in particular a
semiconductor wafer, in a vacuum process installation.
15 Prior art Semiconductor wafers for the production
of integrated  circuits are usually processed in
vacuum process  20 installations which comprise one or
more processing stations, in which the wafer is etched
or coated in a  vacuum chamber, e.g. by means of a CVD
(chemical vapor  deposition) or PVD (physical vapor
deposition) process.  In this context, it is important
for the wafer to be 25 held in a mechanically stable
position in the chamber  during processing, and for
its temperature to be  monitored, so that in
particular process heats applied  to the wafer can be
dissipated. Otherwise, there is a  risk of the wafer
being excessively heated, which can  30 lead to damage
or destruction of the wafer. To increase productivity,
increasingly large wafers are  being used, in some
cases with a diameter of 300 mm; in  future, it is
likely that even larger diameters will be 35 used. The
large surface area and low thickness of these
substrates (typically 0.8 mm or less) impose
additional  mechanical demands both on the holding of
the wafers  while they are being processed and on the
transporting WO 2004/064122 - 2 - PCT/CH2004/000010
of the wafers through the vacuum process installation,
since even low levels of forces can lead to damage or
destruction of the substrates. To improve the
monitoring of the temperature, the wafers are
partially 5 ground down on the back surface until
their thickness  is 200 pm or less, and in some cases
even just  50-75 pm. Then, the ground wafers are
metallized on  their back surface in a vacuum process
installation.  



With such thin substrates, the demands imposed on  10
holding and transport are even higher. At the same
time, good dissipation of the process heat  which
occurs, for example, in sputtering processes has  to
be ensured, since otherwise the thin substrates, 15
with their low heat capacity, will very quickly reach
temperatures of more than 150C, at which existing
layer systems on the wafers can already be damaged.
Moreover, even when heated to temperatures lower than
this, there is a risk of internal thermal stresses 20
occurring in a layer which has been deposited on the
substrate, and during cooling these stresses lead to
deformation of this layer. Dissipation of the process
heat is difficult in vacuum chambers since the heat
transfer has to be effected primarily through thermal
25 radiation. US patents 4,680,061 and 4,743,570
(Varian) show a  method for controlling the
temperature of wafers in a  vacuum chamber. The wafers
are held in openings in a 30 carrier disk over their
circumference by means of a  plurality of clips. To be
cooled, they are moved into a  position adjacent to a
planar surface of a cooling  element, with argon being
introduced into a narrow gap  between the cooling
element and the back surface of the 35 wafer, so as to
boost the transfer of heat from the  wafer to the
cooling element through heat conduction in  this
back-surface gas. WO 2004/064122 - 3 -
PCT/CH2004/000010  US 6,477,787 B2 (Applied Materials)
relates to a method  for heating and cooling
substrates in the same chamber,  so that there is no
need for a separate cooling  chamber. The cooling
mechanism comprises a cooling 5 plate, onto which the
substrate can be transported by a  transport
mechanism, e.g. a transport ring with  inwardly
directed carrying fingers or a plurality of  



lifting pins. The cooling can be improved by a flow of
gas between the cooling plate and the substrate. 10
However, the mechanical transport and holding
apparatuses disclosed in these documents are
relatively  unsuitable for large-area substrates with
a low  thickness, since the holding forces are
unevenly 15 distributed over the wafer, resulting in
mechanical  stresses. The maximum pressure of the
back-surface gas,  and therefore the maximum transfer
of heat, are  limited, since beyond a certain gas
pressure the wafer,  which is held on the
circumferential side or in 20 punctiform fashion,
starts to be deformed. This means  that it is
impossible to achieve effective cooling for  thin
substrates. US patent 5,880,924 (Applied Materials)
describes an  25 electrostatic chuck which allows a
substrate to be  securely held in place and released
quickly by  shortening the chuck loading and unloading
times. For  this purpose, the chuck comprises a
dielectric layer,  onto which the substrate is placed,
a charging 30 electrode, which is embedded in the
dielectric layer,  and a discharging electrode, which
is arranged so as to  be insulated from the charging
electrode and contact- connects the substrate at the
surface of the dielectric  layer. 35 US 6,238,160 Bl
(Taiwan Semiconductor Manufacturing)  describes a
method for transporting and  electrostatically
chucking a semiconductor wafer in a WO 2004/064122 - 4
- PCT/CH2004/000010  processing chamber, in which an
electrostatic gripper  arm is used. The gripper arm
charges the wafer and  holds it during its
transportation by electrostatic  forces. This has the
advantage that the wafer is at the 



5 same time partially pre-charged, thereby simplifying
chucking on the electrostatic chuck and making it
possible to avoid a gas plasma within the chamber or a
charging electrode for contact-connection of the
wafer.  When the wafer has been chucked on the chuck,
its 10 temperature can be controlled, with the
assistance of a  back-surface gas, e.g. helium, which
is introduced into  the space between the wafer and
the chuck. The electrostatic chuck improves the
holding of the  15 substrate. In particular, it is
also possible to use a  higher pressure for the
back-surface gas without the  substrate being
deformed, which allows the dissipation  of process
heat to be improved. 20 However, the chuck is complex
to produce and requires  frequent maintenance; in
particular, the component  which contact-connects the
substrate has to be replaced  at regular intervals.
The operation of releasing the  mechanically sensitive
substrate from the surface of 25 the chuck is also
critical. This is generally done  using spaced-apart
pins, and if the chuck is  insufficiently discharged
can lead to damage or  destruction of the substrate.
30 Summary of the invention It is an object of the
invention to provide an  installation which belongs to
the technical field  mentioned above, has a simple
structure, is easy to 35 maintain and in which a thin
and/or large-area,  mechanically sensitive substrate
can be processed  without the risk of damage or
destruction. WO 2004/064122 - 5 - PCT/C02004/000010
The object is achieved by the features of claim 1.
According to the invention, to hold and/or transport
the substrate, the installation comprises at least one
frame with a clamped-in carrier, it being possible for
5 the substrate to be secured to the carrier over a
large  



area. The large-area securing means that the substrate
is  held securely on the carrier and is thereby  10
mechanically stabilized, unlike when using a holding
arrangement in which the substrate is held only at its
edge or at spaced-apart points. Moreover, the
substrate  can remain on the carrier during
processing, which  means that there is no need for
complex clamping or 15 release operations, which are
likely to cause damage,  and the structure of the
installation is simplified.  Therefore, it is
preferable for the substrate to be  secured to the
carrier prior to processing, and for it  to remain
there during the transport and processing 20
operations and only to be released from the carrier
again after processing has taken place, outside the
installation. The frame with the carrier is generally
transported out of the installation and is therefore
easy to inspect and maintain or replace if necessary.
25 The invention is not restricted to the processing
of  semiconductor wafers, but rather can also be used
for a  wide range of in particular large-area and/or
thin  workpieces, e.g. based on glass or plastic. It
is 30 therefore suitable in particular for the
processing of  electronic components, including after
they have been  divided from one another, or solar
cells. The substrate is preferably adhesively bonded
onto a  35 first planar main surface of the carrier by
means of a  vacuum-compatible and releasable adhesive.
This ensures  large-area securing to the carrier. It
is preferable  for the adhesive to have a good thermal
conductivity, ----------- -- WO 2004/064122 - 6 -
PCT/CH2004/000010  resulting in optimum dissipation of
heat. It is advantageous for the at least one
processing  



station to comprise an electrostatic chuck device, or
5 electrostatic chuck for short, i.e. a chuck
electrode having a planar outer surface, it being
possible for  the carrier to be positioned parallel
and adjacent to  the outer surface of the electrode.
The combination of  the large-area securing on the
carrier and the large 10 area holding on the chuck
allows extraordinarily stable  mechanical supporting
of the substrate and accordingly  also good
dissipation of heat. It is preferable for the  extent
of the planar outer surface to correspond at  least to
a main surface of the substrate. In certain 15 cases,
however, the useful area of the substrate may be
smaller than the total surface area of the substrate
main surface, e.g. if a single, quadrilateral
semiconductor component is being produced on a round
wafer. In this case, the planar outer surface can be
20 selected in such a way that not all of the
substrate,  but rather only the useful surface area,
which has been  reduced for technical reasons, can be
held on the  chuck. 25 The stable securing of the
substrate to a carrier  clamped in a frame is also
advantageous for processing  stations in which cooling
is not required. It is preferable for the carrier to
consist of a  30 nonconductive dielectric material and
to be provided  with a conductive layer on one side.
The frame is  conductive at least regionally, and the
carrier is  clamped in the frame in such a way that
the conductive  layer is contact-connected to the
conductive region of 35 the frame. The conductive
layer of the carrier,  together with the dielectric
material and the chuck  electrode, forms the
electrostatic chuck device, the  conductive layer and
the chuck electrode, as it were, WO 2004/064122 - 7 -
PCT/CH2004/000010  forming two plates of a plate-type
capacitor. If the  



carrier is arranged in such a way that the conductive
layer faces away from the chuck electrode, i.e. that
the conductive layer contact-connects the substrate, 5
the dielectric material of the carrier increases the
attraction force in the parallel-plate field. An
electrostatic chuck which is formed in this way by
the electrode and the carrier clamped in the frame has
10 a simple structure. The fact that part of the
electrostatic chuck device is generally transported
out  of the installation together with the carrier
simplifies maintenance work on the chuck device, since
this extremely maintenance-intensive part can be 15
routinely inspected and replaced if necessary. The
part  which remains in the installation, namely the
chuck  electrode, is protected during the processing
of the  substrate by the carrier arranged in front of
it, and  consequently the level of maintenance
required for this  20 part is low. The conductive
region of the frame and the contact- connection of the
conductive layer of the carrier by  this region allows
simple connection of the second 25 plate of the chuck
device by simply having to contact- connect a contact
location on the frame. Alternatively, the carrier
material selected may be a  weakly doped dielectric
material which has  30 semiconducting properties. This
results in the abovementioned Coulomb attraction being
replaced by  what is known as a Johnsen Rahbek
attraction, which can  be significantly stronger on
account of a shorter  effective plate spacing.
However, the semiconducting 35 action of the doped
dielectric material often only  occurs at elevated
temperatures, and a continuous  charging current is
required to compensate for the  leakage current which
occurs, making the structure of WO 2004/064122 - 8 -
PCT/CH2004/000010  



the device more complex. To release the substrate, the
conductive layer of the  carrier is advantageously
short-circuited with the  5 chuck electrode. With the
assistance of the carrier film, this allows the
substrate to be lifted off safely  without any risk of
damage, since there are no  localized residual forces
which can act on the  substrate. 10 It is preferable
for the carrier to be formed by a  vacuum-compatible,
thermally stable film, and for the  conductive layer
to be formed by a vapor-deposited  metallization or a
conductive polymer. An example of a 15 suitable
material for the film is polyimide. A film of  this
type is inexpensive; moreover, in some cases  wafers
are already secured to carrier films during the
grinding operation, in order to be mechanically
stabilized, and if an appropriate film material is 20
selected, the same carrier can also be used for the
subsequent coating, without the wafer having to be
secured to a new holding device. Alternatively, the
carrier may also be produced from  25 another
nonconductive dielectric material, e.g. a  ceramic or
glass. The film is advantageously from 50-200 pm,
preferably  approximately 100 pm, thick, and the
metallization is  30 advantageously from 0.03-0.5 um,
preferably approximately 0.1 pm, thick. This type of
film  thickness allows a high mechanical stability and
durability of the film. At the same time, however, the
cross section of the carrier is still sufficiently 35
small for a high attracting force to be possible if
the  film material is used as dielectric and for it to
be  possible to keep the material and production costs
at a  low level. A metallization of the thickness
indicated 



WO 2004/064122 - 9 - PCT/CH2004/000010  above can be
realized at low cost and has good  electrical
properties for use in the electrostatic  chuck
according to the invention; in particular, the  high
conductivity of a conductive layer of this type 5
breaks down any residual charge which may remain after
the chuck has been switched off within a short time.
The thickness of the film or metallization can, of
course, be adapted to the particular application, i.e.
10 in particular the dimensions of the substrate, the
mechanical conditions or the expected effects of
processing. Different carriers can be used in the same
installation without problems, for example including
carriers made from a film material for certain 15
substrates and different carriers, for example made
from glass, for other substrates. If radiofrequency is
to be used during the processing  of the substrate,
e.g. during etching, the chuck  20 electrode can be
constructed on a base body which comprises a
radiofrequency electrode, the chuck  electrode being
electrically insulated from the  radiofrequency
electrode. The chuck electrode is  preferably
contact-connected by an insulated 25 leadthrough
passing through the radiofrequency  electrode. In this
case, it is advantageous for the  electrostatic chuck
to be floating, i.e. not to be  connected to the
radiofrequency source or to ground  potential. This
also allows a radiofrequency voltage to 30 be used in
a simple way to process the substrate which  has been
secured to the carrier and is held by the  chuck. If
the carrier is arranged in front of the chuck  35
electrode in such a way that the conductive layer
faces  the chuck electrode, a dielectric is arranged
in front  of the chuck electrode, in such a way that
it is  



located between the chuck electrode and the carrier.
By WO 2004/064122 - 10 - PCT/CH2004/000010  selecting
a thin dielectric with a high dielectric  constant er,
it is possible to achieve a high attracting  force
irrespective of the material of the carrier. A
particularly suitable dielectric is a plate of
aluminum  5 oxide A1203 with the high dielectric
constant Sr=10 Alternatively, as has already been
mentioned, it is  possible for the carrier to be
arranged in front of the  chuck electrode in such a
way that the carrier material 10 forms the dielectric
between the chuck electrode and  the conductive layer.
This allows a simpler and less  expensive structure of
the installation, but on account  of the typically
lower dielectric constants of  economically viable
carrier materials, leads to lower 15 attraction
forces. However, the forces which can be  achieved in
this way are sufficient for many  applications. It is
advantageous for the processing station to  20
comprise a voltage source for applying a voltage
between the frame and the chuck electrode, it being
possible in particular to generate a DC voltage of
200- 1500 V, preferably 500-1000 V. On account of the
conductive connection between the frame and the 25
conductive layer of the carrier, it is thus possible,
in a simple way, to form an electrostatic chuck
device,  without either direct contact-connection of
the  substrate or a gas plasma for charging and
discharging  being required. The voltages indicated,
for standard 30 carrier cross sections, lead to a
contact pressure  which is suitable for the processing
of semiconductor  wafers. The chuck electrode may
comprise a plurality of regions  35 of different
polarity. This makes it possible to form a  bipolar or
multipolar electrostatic chuck device which  



does not require a counterelectrode or counterplate.
In  this case, therefore, there is fundamentally no
need - - - ------- - - ------- --- WO 2004/064122 - 11
PCT/CH2004/000010 for the conductive layer of the
carrier and the  corresponding electrical
contact-connection. In  general, however, the
attraction forces which can be  achieved with bipolar
or multipolar chuck devices are  5 lower than with a
unipolar structure. It is preferable for the
processing station to comprise  a gas feed for feeding
a gas into a space between the  chuck electrode and
the carrier, it preferably being 10 possible to
generate a gas pressure of more than  100 Pa. This
allows effective dissipation of heat  through heat
conduction in the back-surface gas. There  is an upper
limit on the gas pressure which can be  achieved with
substrates clamped at their edge in the 15
conventional way, since if this upper limit is
exceeded, the back-surface gas pressure leads to
excessive bending of the substrate, which is only
clamped at the circumference. In the case of large and
thin semiconductor wafers, by way of example, it is 20
possible to reach a gas pressure of approx. 20 Pa,
which is insufficient for effective cooling. The
solution with an electrostatic chuck and large-area
securing of the substrate to a carrier allows a
significantly higher pressure of the back-surface gas
25 and therefore significantly improved dissipation of
heat from the substrate. During certain processing
steps, a chucked substrate  can also be heated, for
example by suitable control of  30 the temperature of
the planar outer surface of the chuck electrode. The
heating can also be accelerated by  a back-surface
gas. Finally, there are processing steps  in which
there is no need to control the temperature of  



the substrate. In these cases, however, the chuck 35
device according to the invention ensures that the
substrate is held stably and can easily be lifted off
the chuck device again after processing has taken
place. wO 2004/064122 - 12 - PCT/CH2004/000010  The
installation according to the invention may  comprise
a plurality of processing stations and means,  e.g.
vacuum robots, for transporting the frame together 5
with the clamped-in carrier and the substrate from a
first processing station to a second processing
station. By way of example, an installation of this
type may be of star-shaped construction, so that
vertically oriented frames are moved along a circular
10 path, the axis of which is parallel to the main
surfaces of the frames. A cluster-type structure with
horizontally arranged frames is also possible.
Depending on the particular objective, the frames
together with the substrate are laid down in the 15
processing stations or held during processing. The
processing and transport accordingly take place at the
same time or individually. On account of the fact that
there is no need for a plasma as conductor or return
conductor, a chuck device according to the invention
20 can also be used for pure cooling stations, in
which no  plasma is built up. Cooling stations of this
type may  be arranged in an installation between two
stations in  which more extensive processing of the
substrate takes  place. 25 The following detailed
description and all the patent  claims give further
advantageous embodiments and  combinations of features
of the invention. 30 Brief description of the drawings
In the drawings, which are used to explain the  



exemplary embodiment: 35 Fig. 1 diagrammatically
depicts a unipolar electrode  and a holding and
transport frame of a first  embodiment of a processing
station according to  the invention; -
---------------- WO 2004/064122 13 - PCT/CH2004/000010
Fig. 2 diagrammatically depicts a unipolar electrode
and a holding and transport frame of a second
embodiment of a processing station according to 5 the
invention, in which a dielectric is  arranged between
the electrode and the carrier  clamped in the frame;
Fig. 3 diagrammatically depicts a unipolar electrode
10 and a holding and transport frame of a third
embodiment of a processing station according to  the
invention, which comprises a radiofrequency  source;
15 Fig. 4 diagrammatically depicts a bipolar electrode
and a holding and transport frame of a fourth
embodiment of a processing station according to  the
invention; and 20 Fig. 5 diagrammatically depicts a
vacuum process  installation with a plurality of
processing  stations. In principle, in the figures
identical parts are  25 denoted by identical reference
numerals. Ways of carrying out the invention Figure 1
diagrammatically depicts a unipolar electrode  30 and
a holding and transport frame of a first embodiment
of a processing station according to the invention.
For  the sake of clarity, the length ratios of the
components illustrated do not correspond to those used
in reality (the same also applies to the following 35
figures). A carrier film 120, to which a large-area
and  



thin substrate 130 has been secured, is clamped in a
frame 110. The substrate 130 is, for example, a
circular, thinned semiconductor wafer with a diameter
wO 2004/064122 - 14 - PCT/CH2004/000010  of 300 mm and
a thickness of 200 um. The dimensions of the frame 110
are such that the  substrate 130 can be secured over
its entire surface to  5 the carrier film 120 clamped
in the frame 110. The securing is effected between the
underside 131 of the  substrate 130 and the upper main
surface 121 of the  carrier film 120, by means of a
vacuum-compatible,  advantageously thermally
conductive adhesive which is 10 subsequently easy to
release again. The frame 110 is  composed of an
annular bottom part 111 and a  corresponding annular
top part 112 releasably connected  to the bottom part.
The carrier film 120 is clamped  between the bottom
part 111 and the top part 112. The 15 clamping may be
effected by a pure compressive clamping  action, or in
addition or as an alternative, the  carrier film 120
may have openings along its periphery,  through which
corresponding pins of the frame 110  engage. 20 Both
the bottom part 111 and the top part 112 of the  frame
110 are made from a conductive metal. The carrier
film 120 is made from polyimide and is 100 um thick. A
metallization 122 with a thickness of 0.1 um, which is
25 electrically contact-connected by the top part 112
of  the frame 110, has been vapor-deposited along the
upper  main surface 121 of the carrier film 120. The
frame 110 with the clamped-in carrier film 120 is  30
arranged adjacent to a planar upper outer surface 141
of a metallic electrode 140, the lower main surface
123  of the carrier film 120 being positioned parallel
to  and at a short distance from the upper outer
surface  



141 of the electrode 140. The positioning of the frame
35 110 in front of the electrode 140 is advantageously
effected by a guide (not shown) for the frame 110. The
surface area and shape of the upper outer surface 141
of the electrode 140 substantially corresponds to the
WO 2004/064122 - 15 - PCT/CH2004/000010  shape and
surface area of the substrate 130 which has  been
adhesively bonded to the carrier film 120;  however,
the same electrode 140 also allows substrates  of
smaller or larger area to be held stably in place. 5
In the region of its axis of symmetry, the electrode
140 has a gas feed 142, through which a back-surface
gas can be fed to the space between the carrier film
120 and the outer surface 141 of the electrode 140.
For 10 this purpose, a gas source, which is known per
se, is  not illustrated and releases the gas, e.g.
argon, at a  controllable pressure, is connected to
the gas feed  142. 15 A voltage source 150, which
generates a DC voltage of,  for example, 700 V between
the metallization 122 and  the outer surface 141 of
the electrode 140, is  connected between the metallic
electrode 140 and the  frame 110, which is
electrically connected to the 20 conductive
metallization 122. The frame 110 and  therefore the
metallization 122 are at ground  potential, while the
outer surface 141 is held at a  potential of 700 V.
This results in an attracting  electrostatic force
between the metallization 122 of 25 the carrier film
120 and the outer surface 141 of the  electrode 140,
and the carrier film 120 with the  substrate 130
secured to it is pressed onto the  electrode 140. The
force exerted per unit area F/A  corresponds to the
known formula 30 



F/A = 1/2EoCrU2 / d2, in which U denotes the applied
voltage and d denotes  the thickness of the
dielectric. With the arrangement  35 illustrated, with
a film thickness d=100 um, voltage U=700 V and a
dielectric constant Er=2.5 of the carrier  film 120, a
contact pressure p=F/A of approx. 540 Pa  results. The
back-surface gas pressure must not exceed WO
2004/064122 16 - PCT/CH2004/000010  the contact
pressure of the electrostatic chuck, to  ensure that
the carrier film 120 with the substrate 130  is not
pressed away from the electrode 140 by the gas
pressure. In the example illustrated, therefore, it is
5 possible, for example, to select a back-surface gas
pressure of up to approx. 500 Pa, which allows very
good heat transfer from the substrate to the chuck.
The  k value of the back-surface gas at this type of
pressure is at least 50 W/m2K. The following situation
10 results for the heat transfer: Layer Si wafer
Adhesive Film Back-surface gas  Thermal conductivity
150 0.1 0.2 [W/mK]  Thickness [pm] 200 20 100 k value
[W/m2K] 7.5x105 5x103 2x103 50  % of the thermal z0 x1
~2 =97  resistance Under an assumed thermal load of
0.3 W/cmz and a  temperature of the electrode surface
of 21C, under  15 stead-state conditions the result is
a wafer  temperature of just 83C. This compares with
the situation without a chuck, in  which the
back-surface gas can only be used at a  20 pressure of
20 Pa, since otherwise the substrate is  excessively
bent: Layer Si wafer Adhesive Film Back-surface gas
Thermal conductivity 150 0.1 0.2 



[W/mK]  Thickness [pm] 200 20 100 k value [W/mzK)
7.5x105 5x103 2x103 10  % of the thermal =0 =0 ~0 >99
resistance WO 2004/064122 - 17 - PCT/CH2004/000010  On
account of the lower gas pressure, the k value of  the
back-surface gas is at most 10 W/m2K. Under stead-
state conditions, at the same thermal loading of  0.3
W/cm2 and the same temperature of the cooler 5 surface
of 21C, the result is a wafer temperature of  323C.
This leads to destruction of existing layer
structures and to internal thermal stresses in newly
formed layers, so that the substrate is damaged or
destroyed. 10 The frame 110 can be short-circuited
with the outer  surface 141 by a switch 151, so that
both components  are brought to ground potential. The
carrier film 120  together with the substrate 130 can
then be released  15 from the electrode 140 without
being impeded. Figure 2 diagrammatically depicts a
unipolar electrode  and a holding and transport frame
of a second  embodiment of a processing station
according to the 20 invention, in which a dielectric
is arranged between  the electrode and the carrier
clamped in the frame.  Large parts of the second
embodiment correspond to the  first embodiment
illustrated in Figure 1. 25 A carrier film 220, to
which a large-area and thin  substrate 230 has been
secured, is clamped in a frame  210. Once again, the
underside 231 of the substrate 230  is adhesively
bonded to the upper main surface 221 of  the carrier
film 220. The frame 210 corresponds to the 30 frame
110 of the first embodiment and is composed of an
annular bottom part 211 and a corresponding annular
top  



part 212, which is releasably connected to the bottom
part, with the carrier film 120 clamped between the
two  parts of the frame. 35 A first difference between
the second embodiment and  the first embodiment
consists in the fact that the  metallization 222 has
been vapor-deposited along the wo 2004/064122 - 18 -
PCT/CH2004/000010  lower main surface 223 of the
carrier film 220, i.e.  the carrier film 220 is
clamped in the reverse  orientation in the frame 210.
The metallization 222 is  contact-connected by the
bottom part 211 of the frame,  5 which once again is
made from a conductive metal. The frame 210 with the
clamped-in carrier film 220 is  arranged adjacent to a
dielectric plate 243, which  represents the upper
termination of a metallic 10 electrode 240. The
dielectric plate 243 consists of  aluminum oxide
A1203, which has a high dielectric  constant Ert10;
the thickness is approx. 100 pun. The  lower main
surface 223 of the carrier film 220 bearing  the
metallization 222 is positioned parallel to and at 15
a short distance from the upper main surface 244 of
the  dielectric plate 243. The surface area and shape
of the upper main surface  244 of the dielectric plate
243 and therefore of the  20 electrode 240 once again
correspond at least to the shape and surface area of
the substrate 230 which has  been adhesively bonded to
the carrier film 220. Once  again, the electrode 240
has a gas feed 242 in the  region of its axis of
symmetry, through which gas feed 25 a back-surface gas
can be fed to the space between the  carrier film 220
and the upper main surface 244 of the  dielectric
plate 243. A voltage source 250 is connected between
the metallic  30 electrode 140 and the frame 210,
which is electrically  



connected to the conductive metallization 222; this
voltage source once again generates a DC voltage of,
for example, 700 V between the metallization 222 and
the electrode 240, with the frame 210 and therefore
the 35 metallization 222 once again being at ground
potential,  while the electrode 240 is held at a
potential of  700 V. This results in an attracting
electrostatic  force between the metallization 222 of
the carrier film WO 2004/064122 19 - PCT/CH2004/000010
220 and the electrode 140, so that the carrier film
with the substrate 230 secured to it is pressed onto
the electrode 140. Compared to the first embodiment,
for the same thickness of the dielectric, the force
F/A 5 exerted per unit area in accordance with the
abovementioned formula is increased by a factor of
approximately 3, on account of the higher dielectric
constant Cr of the dielectric plate 243. Therefore,
for  the same voltage a contact pressure of approx.
1600 Pa 10 results, so that the back-surface gas
pressure can be  increased if necessary, in order to
further improve the  control of the temperature of the
substrate. The frame 210 can once again be
short-circuited with  15 the electrode 240 by a switch
251, so that both  components are brought to ground
potential and the  carrier film 220 together with the
substrate 230 can be  lifted off the electrode 140. 20
Figure 3 diagrammatically depicts a unipolar electrode
and a holding and transport frame of a third
embodiment  of a processing station according to the
invention,  which comprises a radiofrequency source.
By way of  example, a design of this type can be used
in a 25 processing station for etching the substrate.
The  structure and arrangement of the frame 310 are
identical to the frame of the first embodiment as
illustrated in Figure 1. A carrier film 320 made from



polyimide with a thickness of 100 pm, to which the 30
substrate 330 has been secured over a large area, is
clamped in the frame 310. The frame 310 is composed of
an annular bottom part 311 and a corresponding annular
top part 312 releasably connected to the bottom part,
with the carrier film 320 clamped between the two
parts 35 of the frame. Both the bottom part 311 and
the top part  312 of the frame 310 are made from a
conductive metal.  A metallization 322 with a
thickness of 0.1 }un has once  again been
vapor-deposited along its upper main surface wO
2004/064122 - 20 - PCT/CH2004/000010  321 and is
electrically contact-connected by the top  part 312 of
the frame. The electrode 340 has a base body, which is
formed by a  5 radiofrequency electrode 345 fed by a
radiofrequency  voltage source 360. On its top side,
the radiofrequency  electrode 345 is terminated by a
ceramic insulator  plate 346, the surface area of
which corresponds to the  cross section of the
radiofrequency electrode 345. The 10 chuck electrode
347, once again with the same surface  area, is
arranged on the insulator plate 346. Once  again a gas
feed 342 runs through the radiofrequency  electrode
345, the insulator plate 346 and the chuck  electrode
347. The frame 340 is arranged in such a way 15 that
the lower main surface 323 of the carrier film 320  is
positioned parallel to and at a short distance from
the upper outer surface 341 of the chuck electrode
347.  Once again, a voltage source 350, which
generates a DC 20 voltage between the metallization
322 and the upper  outer surface 341 of the chuck
electrode 347, is  connected between the chuck
electrode 347 and the frame  310, which is
electrically connected to the conductive
metallization 322. In this case, however, the 25
metallization 322, unlike in the first embodiment, is
not at ground potential, but rather the chuck circuit



is floating and is not connected either to the
radiofrequency circuit or to ground potential. The
contact-connection of the chuck electrode 347 is 30
effected through an insulated leadthrough 348 which
passes through the radiofrequency electrode 345 and
the  insulator plate 346. An annular shield 370, which
is connected to ground  35 potential and the cross
section of which approximately  corresponds to that of
the frame 310, is arranged above  the frame 310. This
creates a dark space over the frame  310 with respect
to the sputtering source used in the WO 2004/064122 -
21 - PCT/CH2004/000010  etching operation. This
prevents material of the frame  310 from being etched
away and also prevents material  which has been etched
from the substrate 330 from being  deposited on the
frame 310. 5 Once again, the frame 310 can be
short-circuited with  the outer surface 341 by a
switch 351, so that both  components are brought to
the same potential. The  carrier film 320 together
with the substrate 330 can 10 then be released from
the chuck electrode 347 without  being impeded. Figure
4 diagrammatically depicts a bipolar electrode  and a
holding and transport frame of a fourth  15 embodiment
of a processing station according to the  invention.
The mechanical structure and arrangement of the frame
410 are identical to the frame of the first and third
20 embodiments, as illustrated in Figures 1 and 3.
Once again, the carrier film 420 of polyimide with a
thickness of 100 }am, to which the substrate 430 is
secured over a large area, is clamped in the frame
410.  The frame 410 is composed of an annular bottom
part 411 25 and a corresponding annular top part 412
releasably  



connected to the bottom part, with the carrier film
420  clamped between the two parts of the frame. The
frame 410 with the clamped-in carrier film 420 is  30
arranged adjacent to a planar upper outer surface 441
of a metallic electrode 440, with the lower main
surface 423 of the carrier film 420 positioned
parallel  to and at a short distance from the upper
outer surface  441 of the electrode 440. The surface
area and shape of 35 the upper outer surface 441 of
the electrode 440  substantially corresponds to the
shape and surface area  of the substrate 430 which has
been adhesively bonded  to the carrier film 420.
--------------- ----- WO 2004/064122 - 22 -
PCT/CH2004/000010  A second electrode 449, the upper
surface of which is  flush with the upper outer
surface 441 of the electrode  440, is recessed in a
central region of the upper outer 5 surface 441 of the
electrode 440. The second electrode  449 is
electrically insulated from the electrode 440 by  a
ceramic insulator plate 446. The diameter of the
second electrode 449 is approximately half the
diameter  of the electrode 440. 10 Once again, in the
region of its axis of symmetry the  electrode 440 has
a gas feed 442, which also passes  through the
insulator plate 446 and the second  electrode 449 and
through which a back-surface gas can 15 be fed to the
space between the carrier film 420 and  the outer
surface 441 of the electrode 440. A voltage source
450, which generates a DC voltage  between the two
electrodes 440, 449, is connected  20 between the
metallic electrode 440 and the second electrode 449.
The contact-connection of the second  electrode 449 is
in this case effected by means of an  insulated
leadthrough 448 which passes through the  



electrode 440 and the insulator plate 446. The 25
electrode 440 is at ground potential, while the second
electrode 449 is held at a potential of 700 V. This
results in a scattered electric field, which generates
electrostatic charges in the metallization along the
upper main surface 421 of the film 420 and possibly 30
also in the substrate 420. These electrostatic
charges,  the polarity of which is opposite to that of
the  respectively adjacent electrode, result in an
attracting force, by which the film 420 with the
substrate 430 adhesively bonded to it is pressed onto
35 the electrode 440. The embodiment illustrated,
therefore, realizes the principle of a bipolar
electrostatic chuck within the context of the
invention. There is no need for electrical contact WO
2004/064122 23 PCT/CH2004/000010  connection of the
metallization which has been vapor- deposited on the
film 420 or of the substrate 430. The electrodes 440,
449 can be short-circuited with one  5 another by a
switch 451, so that both components are  brought to
ground potential. The carrier film 420  together with
the substrate 430 can then be released  from the
electrode 440 without being impeded. 10 The
arrangement of the individual electrodes at the  upper
outer surface of the electrode is not restricted  to
the annular shape illustrated. The two poles may  also
be distributed in other ways along the surface; by
way of example, the inner electrode may be designed in
15 a star shape. Furthermore, multipolar electrodes
with  more than two sub-electrodes can be designed in
a  similar way. An example of a possible arrangement
is  one in which the circular outer surface is divided
in  annular form as in the example illustrated and is
20 additionally halved, so as to form four regions.
Then,  adjacent regions are connected to the current
source in  



such a way that they in each case have a different
polarity. 25 Figure 5 diagrammatically depicts a
vacuum process  installation with a plurality of
processing stations.  The arrangement of the eight
processing stations  581...588 forms a regular
octagon. All the processing  stations have an
electrode 581a...588a in accordance with 30 one of the
four embodiments described on the inner  side; it is
also possible for different electrodes  (e.g. unipolar
and bipolar electrodes or electrodes  with a
radiofrequency source) to be used in the same
installation. The upper outer surfaces of the 35
electrodes 581a...588a are positioned vertically and
are  oriented outward. A substrate 530, which has been
adhesively bonded to a WO 2004/064122 - 24 -
PCT/CH2004/000010  carrier film 520 clamped in a frame
510, is introduced  into the installation at a
transfer station 581 and  removed from the
installation again after processing,  likewise at the
transfer station 581. The transfer 5 station 581
comprises, for example, a vacuum lock. The  frame 510
remains vertically oriented throughout the  whole of
the processing. After the frame 510 together  with the
substrate 530 has been moved to the electrode  581a, a
voltage is applied to the electrode (and if 10
appropriate the frame) in accordance with one of the
four embodiments which have been presented, so that
the  frame is held securely on the electrode 581a. The
frame  is then received in a star-shaped transport
device (not  shown), which can be used to
simultaneously transport 15 eight frames, each
positioned in a processing station,  in the clockwise
direction into the next processing  station. The
transport is followed by the first processing step  20
in the degassing station 582, where the frame 510, as



in all the processing stations 581...588, is held
securely on the electrode 582a during the processing
operation. This is followed by a cooling station 583.
Since no plasma is required for electrical contact 25
connection of the substrate in the holding device
according to the invention, it is easy to cool the
substrate held on the electrode 583a. Next, there
follows an etching station 584, which is in turn
followed by a cooling station 585. Finally, there are
30 three successive sputtering stations 586, 587, 588,
after which the processed substrate 530 can be removed
from the installation again at the transport station
581. 35 The dimensions indicated for the various
pieces of  equipment are to be understood merely as
examples. They  can be adapted to the particular
electrical and  mechanical requirements. This applies
in particular to WO 2004/064122 25 - PCT/CH2004/000010
the extent and thickness of the electrode and its
component parts, the frame and the film clamped
therein. The materials may also be selected
differently  on the basis of the intended use. By way
of example, it 5 is possible for a film of a plastic
other than  polyimide, or as an alternative to a film
a small plate  of a ceramic, of glass or of another
dielectric  material, to be clamped into the frame as
carrier for  the substrate. 10 The voltage indicated
for the direct current source can  be adapted to the
particular application and the  dimensions of the
electrode and the dielectric, so that  it is possible
to achieve a back-surface gas pressure  15 which
allows sufficient cooling of the substrate.
Significant influencing options result from adapting
the material of the dielectric (the film in the first,



third and fourth embodiments or the dielectric plate
in 20 the second embodiment). If a weakly doped
dielectric  material is used instead of a
non-conductive dielectric  material, the result is a
"semiconducting dielectric".  In this case, the charge
shifts from the surface of the  electrode into the
dielectric, resulting in a shortened 25 effective
distance between the two mutually attracting
"plates", which leads to a significantly higher
contact  pressure for the same voltage compared to an
electrically insulating dielectric. What is known as a
Johnsen Rahbek attraction results instead of a Coulomb
30 attraction. A drawback of a doped dielectric of
this  type compared to a non-conductive dielectric may
be  that the semiconducting effect often only occurs
at  relatively high temperatures, which the
installation  according to the invention is in fact
intended to 35 avoid. Moreover, it is additionally
necessary to  provide a certain continuous charging
current, so that  the attraction is maintained. WO
2004/064122 - 26 - PCT/CH2004/000010  The vacuum
process installation illustrated is only an  example.
It is possible for a larger or smaller number  of
processing stations to be arranged in a ring or for
the processing stations to be positioned linearly one
5 behind the other. The apparatus according to the
invention can also be used to load installations in
which the substrates are transported on horizontally
arranged carriers, e.g. in the known form of a cluster
with a central handling station. 10 To summarize, it
can be concluded that the invention  provides an
installation for processing a substrate  which is of
simple structure, easy to maintain and in  which a
thin and/or large-area, mechanically sensitive 15
substrate can be processed without the risk of damage



or destruction. WO 2004/064122 - 27 -
PCT/CH2004/000010  Patent Claims 1. An installation,
in particular a vacuum process  installation, for
processing a substrate (130; 230;  5 330; 430; 530),
in particular a semiconductor wafer, having at least
one processing station (582-588),  characterized in
that to hold and/or transport the  substrate (130;
230; 330; 430; 530), the installation  comprises at
least one frame (110; 210; 310; 410; 510) 10 with a
clamped-in carrier (120; 220; 320; 420; 520), it
being possible for the substrate (130; 230; 330; 430;
530) to be secured to the carrier (120; 220; 320; 420;
520) over a large area. 15 2. The installation as
claimed in claim 1,  characterized in that the at
least one processing  station (582-588) comprises a
chuck electrode (140;  240; 340; 440), having a planar
outer surface (141;  244; 341; 441), it being possible
for the carrier (120; 20 220; 320; 420; 520) to be
positioned parallel and  adjacent to the outer surface
(141; 244; 341; 441) of  the chuck electrode (140;
240; 340; 440). 3. The installation as claimed in
claim 2,  25 characterized a) in that the carrier
(120; 220; 320) consists of a  nonconductive
dielectric material and is provided  with a conductive
layer (122; 222; 322) on one  30 side; b) in that the
frame (110; 210; 310) is conductive at  least
regionally; and 35 c) in that the carrier (120; 220;
320) is clamped in  the frame (110; 210; 310) in such
a way that the  conductive layer (122; 222; 322) is
contact- connected to the conductive region of the
frame TRIO 2004/064122 - 28 - PCT/CH2004/000010  



(110; 210; 310). 4. The installation as claimed in
claim 3,  characterized in that the carrier (120; 220;
320) is  5 formed by a vacuum-compatible, thermally
stable film, in particular of polyimide, and the
conductive layer  (122; 222; 322) is formed by a
vapor-deposited  metallization or a conductive
polymer. 10 5. The installation as claimed in claim 4,
characterized in that the film (120; 220; 320) is from
50-200 dun, preferably approximately 100 um, thick,
and  the metallization (122; 222; 322) is from
0.03-0.5 um,  preferably approximately 0.1 pm, thick.
15 6. The installation as claimed in one of claims 2
to  5, characterized in that the chuck electrode (347)
is  constructed on a base body which comprises a
radiofrequency electrode (345), the chuck electrode 20
(347) being electrically insulated from the
radiofrequency electrode (345), with in particular an
insulated leadthrough (348) passing through the
radiofrequency electrode (345) being provided for
contact-connection of the chuck electrode (340). 25 7.
The installation as claimed in one of claims 2 to  6,
characterized in that the chuck electrode (240)
comprises a dielectric (243), in particular a plate of
aluminum oxide A12O3, which is arranged in such a way
30 that it lies between the chuck electrode (240) and
the  carrier (220) when the carrier (220) has been
positioned parallel and adjacent to the outer surface
(244) of the chuck electrode (240). 35 8. The
installation as claimed in one of claims 2 to  7,
characterized in that the processing station (582-
588) comprises a voltage source (150; 250; 350) for
applying a voltage between the frame (110; 210; 310) 



WO 2004/064122 - 29 - PCT/CH2004/000010  and the chuck
electrode (140; 240; 340), it being  possible in
particular to generate a DC voltage of  200-1500 V,
preferably 500-1000 V. 5 9. The installation as
claimed in one of claims 2 to  8, characterized in
that the chuck electrode (440)  comprises a plurality
of regions of different polarity.  10. The
installation as claimed in one of claims 2 to 10 9,
characterized in that the processing station (582-
588) comprises a gas feed (142; 242; 342; 442) for
feeding a gas into a space between the chuck electrode
(140; 240; 340; 440) and the carrier (120; 220; 320;
420), it preferably being possible to generate a gas
15 pressure of more than 100 Pa. 11. A frame for the
installation as claimed in one of  claims 1 to 10 for
holding and/or transporting the  substrate (130; 230;
330; 430), characterized in that 20 it is designed to
clamp in a carrier (120; 220; 320;  420), in
particular a film. 12. The frame as claimed in claim
11, characterized in  that it is at least regionally
conductive, in such a  25 manner that a conductive
layer (122; 222; 322) of the clamped-in carrier (120;
220; 320) can be contact- connected through the
conductive region. 13. A film which is to be clamped
into the frame as  30 claimed in claim 11 or 12,
characterized in that on one  side it has a conductive
layer (122; 222; 322), which  is preferably formed by
a vapor-deposited metallization  or a conductive
polymer, and in that it is vacuum- compatible and
thermally stable, the film substantially 35 being
produced from a non-conductive dielectric  material,
in particular from polyimide. 14. A processing station
for the installation as WO 2004/064122 - 30 -
PCT/CH2004/000010  claimed in one of claims 2 to 10,
characterized by a  



chuck electrode (140; 240; 340; 440) with a planar
outer surface (141; 244; 341; 441), the extent of
which  corresponds to at least one main surface of the
5 substrate (130; 230; 330; 430), it being possible
for  the chuck electrode (140; 240; 340; 440),
together with  a carrier (120; 220; 320; 420)
positioned parallel and  adjacent to the outer surface
(141; 244; 341; 441) of  the chuck electrode, to form
an electrostatic chuck  10 device. 15. A method for
processing a substrate (130; 230;  330; 430), in
particular a semiconductor wafer, in a  vacuum process
installation, characterized in that the 15 substrate
(130; 230; 330; 430), in order to be held  and/or
transported, is secured over a large area to a
carrier (120; 220; 320; 420) clamped in a frame (110;
210; 310; 410). 20 16. The method as claimed in claim
15, characterized  in that the substrate (130; 230;
330; 430) is  adhesively bonded to a first planar main
surface (121;  221; 321; 421) of the carrier (120;
220; 320; 420) by  means of a vacuum-compatible and
releasable adhesive. 25 17. The method as claimed in
claim 16, characterized  in that a chuck electrode
(140; 240; 340; 440) is  arranged with a planar outer
surface (141; 244; 341;  441) parallel and adjacent to
a second planar main 30 surface (123; 223; 323; 423)
of the carrier (120; 220;  320; 420), the second
planar main surface (123; 223;  323; 423) being on the
opposite side from the first  planar main surface
(121; 221; 321; 421). 35 18. The method as claimed in
claim 17, characterized  in that the first main
surface (121; 321; 421) of the  carrier (120; 320;
420) is provided with a conductive  layer (122; 322;
422). WO 2004/064122 - 31 - PCT/CH2004/000010  



19. The method as claimed in claim 18, characterized
in that the chuck electrode (347) is built on a base
body which is formed by a radiofrequency electrode 5
(345), the chuck electrode (347) being electrically
insulated from the radiofrequency electrode (345), and
the voltage being applied between the chuck electrode
(347) and the frame (310) in particular by means of an
insulated leadthrough (348). 10 20. The method as
claimed in claim 17, characterized  in that the second
main surface (223) of the carrier  (220) is provided
with a conductive layer (222), and in  that a
dielectric (243) is arranged between the chuck 15
electrode (240) and the second planar main surface
(223) of the carrier (220). 21. The method as claimed
in one of claims 17 to 20,  characterized in that a
voltage is applied between the  20 frame (110; 210;
310) and the chuck electrode (140;  240; 340) 22. The
method as claimed in one of claims 17 to 21,
characterized in that to control the temperature of
the  25 substrate (130; 230; 330; 430), a gas at a
superatmospheric pressure is introduced into a space
between the second main surface (123; 223; 323; 423)
of  the carrier (120; 220; 320; 420) and the planar
outer  surface (141; 244; 341; 441) of the chuck
electrode  30 (140; 240; 340; 440). 23. The method as
claimed in one of claims 17 to 22,  characterized in
that to release the substrate (130;  230; 330) the
conductive layer (122; 222; 322) of the 35 carrier
(120; 220; 320) is short-circuited with the  chuck
electrode (140; 240; 340). 


