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SPUT#@ﬁgNG DEVICE  The present |nvent|on rel at es gener ¢y t ssuytegln
device, and nore particularly to an integrated deV|c2 % [Péfﬁlé
multi-layer thin filmstructures on a substrate, and to a nethﬁqggmp 2000
depositing a filmon a substrate using such a device. Coat |
substrate by sputtering is a well estab)ished art. Dep05|t|od]§§g ering
Is generally perfornmed as follows: Ato of an inert gas such as Argon (Ar)
are ionized into positive ions by a glow di scharge. These positive ions are
accelerated toward a cathode or target by an electric field and then

| mpi nge upon the target. As a reSRUTTERINGhBEVDCE C bonbardnment, neutral
atons and ions are renoved fromthe target surface into a vacuum chanber
due to the exchange of nonentum therebetween. The |iberated or sputtered
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di sposed in the vacuum chanber. I n nul t|-Ia er thin filmstructures, the
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wi th ot her Iayers may be rate of dep03|t|on
a film on a substrate using such a device.

Coating of a substrate by sputtering is a well established art.
Deposition by sputtering is generally performed as follows: Atoms
of an inert gas such as Argon (Ar) are ionized into positive ions
by a glow discharge. These positive ions are accelerated toward a
cathode or target by an electric field and then impinge upon the
target. As a result of. the ionic bombardment, neutral atoms and
ions are removed from the target surface into a vacuum chamber due
to the exchange of momentum therebetween. The 1liberated or
sputtered atoms and ions are consequently depcsited on a pre-

selected substrate disposed in the vacuum chamber.

In multi-layer thin film structures, the deposition requirements of
each layer may differ. For example, some of the layers may be
required to be very thin and smooth, whereas the priority with

other layers may be rate of deposition.

It is an aim of the present invention to provide a sputtering
device for producing on a substrate a multi-layer structure with
which the deposition requirements of each individual layer can be-

met over a wide range.

According to a first aspect of the present invention, there is
provided a sputtering device for depositing multi-layer films on a
substrate comprising at least one planar magnetron sputtering
cathode and at least cone pair of facing targets sputtering cathode

housed in a single vacuum amber, and adapted such that ea
h d 1 chamb d adapted h that ch of



It is an aimof the present invention to provide a sputtering device for
produci ng on a substrate a multi-layer structure with which the deposition
requi renents of each individual |ayer can be nmet over a w de range.
According to a first aspect of the present invention, there is provided a
sputtering device for depositing nmulti-layer filnms on a substrate
conprising at |east one planar nagnetro sputtering cathode and at | east
one pair of facing targets sputtering cathode housed in a single vacuum
chanmber, and adapted such that each of t he pl anar magnetron

sputtering cathode and the pair of facing targets sputtering cat hode can be
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sputtering cathode in a single device has the advantage that a w de range
of depositﬁgﬂ¥tﬁéq§FP8ﬁéﬁ%%ndﬁH“béiﬁ@g§tra?ﬁe pl anar magnetron sputtering
cat hode and the pair of facing targets sputtering cathode are preferably
mount ed for rotation about_ a _common axi s between osition in
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that a wide range of deposition requirements can be met.

The planar magnetron sputtering cathode and the pair of facing
targets sputtering cathode are preferably mounted for rotation
about a common axis between a working position in which the
réspective cathode is used to deposit a layer on a substrate, and a
non-working position in which the respective cathode is not used to

deposit a layer on said substrate.

Preferably, electrical connections to the planar magnetron
sputtering cathode and the pair of facing targets sputtering
cathode are shielded to atmospherically isolate them from .the

single vacuum chamber.

Means for cooligé the planar magnetron sputtering cathode and: the
pair of facing targets sputtering cathode using a coolant fluid
supplied wvia supply means are also preferably shielded to

atmospherically isolate them from the single vacuum chamber.

According to a preferred embodiment, the planar magnetron
sputtering cathode and the pair of facing targets sputtering
cathode can be positioned for sputter deposition onto a substrate
in an arbitrary sequence, and the device is adapted such that a

substrate can be spun during deposition of a layer thereon.
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deposit a |l ayer on said substrate. Preferably, electrical con

nections to

t he pl anar nagnetron sputtering cathode and the pair of facing targets
sputtering cathode are shielded to atnospherically isolate themfromthe

si ngl e vacuum chanber. Means for cooling the planar nagnetron
cathode and the pair of facing targets sputtering cathode using
fluid supplied via supply neans are al s@ preferably shielded to
at nospherically isolate them fromthe single vacuum chamnber

a preferred embodi ment, the planar magnetron sputtering cathode
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substr at eth@gbes ssbheed r 1y deRPSUki eAnapd ¢4y dol.anar nagnetron sputtering
cat hode and/or the pair of faC|ng targets sputtering cathode can be vari ed.

The device is also preferably adapted such that the distance
between the two facing targets of the pair of facing targets
sputtering cathode can be varied. In a preferred embodiment, the
two facing targets are mounted for movement along a common rail

such that the distance between them can be varied.

The sputtering device further preferably comprises one or more of
the following components: a load-lock component which can
accommodate a plurality of substrates; an in situ measuring
instrument having an incident source and a detecting source which
are arranged to be in a common plane with a substrate during
sputtering deposition onto said substrate; and an assisted ion
source, electron source or light source for assisting the
deposition by the planar magnetron sputtering cathode or the pair
of facing targets sputtering cathode.

According tc a second aspect of the present invention, there is
provided a method of depositing a film on a substrate using the
device described above wherein the substrate is spun whilst
rotating the planar magnetron sputtering cathode or the pair of
facing targets sputtering cathode over the substrate through the

working position for sputter deposition onto the substrate.

According to a third aspect of the present invention, there is
provided a sputtering device for depositing multi-layer films on a
substrate comprising a first wvacuum chamber, at least one planar

magnetron sputtering cathode and at least one pair of facing target



The device is also preferably adapted such that the distance between the
two facing targets of the pair of facing targets sputtering cathode can be
varied. In a preferred enbodi nent, the two facing targets are nounted for
nmovenent al ong a conmon rail such that the di stance between them can be
vari ed. The sputtering device further preferably conprises one or nore of
the foll owi ng conponents: a | oad-1ock c%nponent whi ch can accommobdate a
plurality of substrates; an in situ neasuring instrunment having an incident
source and a detecting source which are arranged to be in a common pl ane
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nultl-layer films on a substrate conpr|5|ng a first vacuum nber,
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facing tasfel other and from the first vacuum chamber.

The sputtering device is preferably adapted such that the planar
magnetron sputtering cathode and the pair of facing t%rgets
sputtering cathode can be positioned for sputter deposition onto
the substrate in an arbitrary sequence, and/or such that at least
one of the planar magnetron sputtering cathode and the pair of
facing targets sputtering cathode can be exchanged for another

cathode.

The sputtering device preferably further comprises a heating
station, and is adapted such that a substrate can be moved to a
position within the first vacuum chamber where it may be subjeat to

heating using the heating station.

According to a preferred embodiment, the device is adapted such
that a substrate can be positioned at a range of distances from the
planar magnetron sputtering cathode and/or the pair of facing

targets sputtering cathode.

The device is preferably further adapted such that the distance
between the two facing targets of the pair of facing targets
sputtering cathode can be changed. This can be achieved by

mounting the two facing targets for movement along a common rail.



sputtering cathode for sputter deposition onto a substrate in the first
vacuum chanber, the sputtering device being adapted such that a substrate
can be noved within the first vacuum chanber between a position for
deposition thereon using the planar nagnetron sputtering cathode and a
position for deposition thereon using the pair of facing targets sputtering
cat hode, and further adapted such that The planar nagnetron sputtering
cathode or the pair of facing targets sputtering cathode can be

at nospherically isolated fromeach other and fromthe first vacuum chanber.
The sputtering device is preferably adapted such that the planar nmagnetron

sputteri cat ho and the pair of faci targets sputtering cathode can be
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device is adapted such that a substrate can be positioned at a range of
di stances_fromth l,ana net.ron sputtering cathode and/or the pair of
facing taryet¥ togléfn?ﬂ ' CHthddgnar gﬁ%“%%?ﬂ%éﬂ“?ﬁ%‘?%r%?dﬁ\?#u?? efhe
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of facingit rggts sputterin cat.hode _.can be chan%gd. This . can be
achi eved q§>1 e configuratron, i.e. they are positioned such that a
substrate can be moved between the planar magnetron sputtering
cathode and the pair of facing targets sputtering cathode by moving

the substrate in a linear fashion.

In an alternative embodiment, the planar magnetron sputtering
cathode and the pair of facing targets sputtering cathode are
provided in a closed in-line configuration, i.e. they are
positioned such that a substrate can be moved between the planar
magnetron sputtering cathode and the pair of facing targets
sputtering cathode by movement around a continuous path.

The device preferably includes a substrate holder that is mounted
for movement between the planar magnetron sputtering cathode and
the pair of facing targets sputtering cathode, and that is adapted
for holding a substrate such that the substrate can be spun on the
substrate holder. In a preferred embodiment, the substrate holder
is mounted for rotation between the planar magnetron sputtering

cathode and the pair of facing targets sputtering cathode.

The deposition is carried out whilst moving (by for example,
rotation) the substrate holder through a position in which the

substrate faces the working cathode and spinning the substrate on



mounting the two facing targets for novenent al ong a conmon rail.

5 In a preferred embodi ment, the planar magnetron sputtering cathode
and the pair of facing targets sputtering cathode are positioned such that
a substrate can be noved into a position at which sinmultaneous sputter
deposition can be carried out with respect to two opposite sides of the

substrate. I n one enbodi nent, the plahar magnetron sputtering cathode and
the pair of facing targets sputtering cathode are provided in an open
in-line configuration, i.e. they are positioned such that a substrate can
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sputtering cathodes, and is adapted such that two or more of the
plurality of planar magnetron sputtering cathodes and/or two or
more pairs of facing targets sputtering cathodes can be

atmospherically isolated together from the first vacuum chamber.

In planar magnetron sputtering, the cathode includes an array of
permanent magnets arranged in a closed loop and mounted in a fixed
position in relation to a flat target plate. Thus, the magnetic
field is caused to travel in a closed loop, commonly referred to as
a "race track," which establishes the path or region along which
sputtering of the target material takes place. In the magnetron
cathode, a magnetron field confines the glow discharge plasma and
increases the path length of the electrons moving under the
influence of the electric field. This results in an increase in the
gas atom-electron collision probability and leads to a much higher
sputtering rate than that obtained without the use of magnetic
confinement. Further the sputtering process can be accomplished at

a much lower gas pressure.

In facing target sputtering, the cathode consists of two opposing
magnetron targets. The electrons emitted from both target plates by
applying voltage thereto are confined between the target plates
because of the magnetic field to promote the ionization of the
inert gas so as to form a plasma region. The positive ions of the
inert gas excited in the plasma region are accelerated toward the

target plates, whereby those accelerated particles violently



the pair of facing targets sputtering cathode, and that is adapted for

hol ding a substrate such that the substrate can be spun on the substrate
hol der. In a preferred enbodi nent, the substrate holder is nounted for
rotati on between the planar magnetron sputtering cathode and the pair of
facing targets sputtering cathode. The deposition is carried out whil st
nmovi ng (by for exanple, rotation) the smbstrate hol der through a position
in which the substrate faces the working cathode and spinning the substrate
on the substrate hol der, and this nethod of deposition is a

fourth aspgeins ?@npﬁeﬁéerﬁaﬂd@eergl%s THIE 1SS0 dEVi e aES%QL”Q

to the third aspec of the preéesent invention preferably conprises
pl uralityPbitest &Yaw%ﬁéﬁr“—@ﬁ BphttershicabRodesrang orarg pIOlI}lSaIthByeof

pairs of facidg dkgebs %HH%QEéﬂ%lC%?HE’ﬁ& tk@‘%l‘a%e@da@tl%j }h&WO
or nore of the plurality of planar magnetron sputtering cath es and or two

or nore pARStEFte o w§ichr fee sfisifutiseEP e ctittvoged éanpt%?Qﬁlmephertbally
i sol ated tpgethel fiLam gbetﬁatr SctheV%Mﬂé%‘Ebe eledtRoRb 20 BENEL L8y

sputtering, the cathode includes an array of permanent nagnets -arrang
a cl osed PEH I YesupeEdichea, f $u@d JsoiegrbAavE noxdern ilomst oagafihat theget

pl ate. Thusin téeRAREE ¢5fiedthdS veadsss 40 deravel vb Nedh & Rsedt! 88Prhe

commonly referred to as
plasma region by the magnetic field, resulting in a low roughness

of film surface and only a relatively small rise in substrate
temperature. Furthermore, films with different composition can be
prepared without the need to exchange targets by providing target
plates made of different materials connected to independent power
supplies. Facing target sputtering has a lower sputtering rate than
that of planar magnetron sputtering, because the former has a
weaker magnetic field component parallel to the target surface than

that of the latter.
Embodiments of the present invention are described hereunder, by
way of example only, with reference to the accompanying drawings,

in which: -

Fig. 1 is a cross—sectional view of a first embodiment of a

device in accordance with the present invention.
Fig.2 is a front view of the device shown in Fig. 1.

Fig. 3 is a plan view of the cathode assembly of the device shown

in Fig. 1.

Fig.4 is a cross-sectional view of a facing target cathode

assembly.



a "race track," which establishes the path or region along which sputtering
of the target material takes place. In the magnetron cathode, a magnetron
field confines the glow discharge plasma and i ncreases the path | ength of
the el ectrons noving under the influence of the electric field. This
results in an increase in the gas at.omgl ectron collision probability and

| eads to a nmuch higher sputtering rate than that obtained wi thout the use
of magnetic confinenent. Further the sputtering process can be acconplished
at a nmuch | ower gas pressure. In facing target sputtering, the cathode
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target plates by applying. voltage thereto are confined between the target
pl at es betAREFCANE l’?ﬁgﬁett}’é gf%sfecfltt dESMSPR t he i oni zation of the inert

gas so as to forma plasnma region. The positive ions of the inert gas
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Fig.7b is a cross-—sectional view of a cathode assembly of a fourth

embodiment of a device in accordance with the present invention.

A cross-sectional view of a first embodiment of a device in
accordance with the present invention is illustrated in Fig.l. A
cathode assembly 10 is positioned in a sputtering chamber 11
enclosed by a chamber housing 12 which can be evacuated by suitable
vacuum pumping means 13 and can be back-filled by gas-supplying
component 14 with a suitable gas such as Argon. On the left side of
the upper chamber 15 is a substrate holder 16. On the right side of
the upper chamber is a cassette 17 accommodating several

substrates, .

A front view of the device is illustrated in Fig.2 . In the wall of
the upper vacuum chamber two quartz flanges 18 (only one is shown)
are mounted to oppose each other. The center axes of the flanges
are oriented to be at an angle with respect to the surface of the
substrate 19 (see Fig. 1) during sputtering, and can be used for
in-situ optical analysis such as Ellipsometry analysis and optical
nmulti-channel analysis of the film. The two flanges are positioned
to be in the same plane as substrate 19 during planar magnetron

sputtering deposition or facing target sputtering deposition.



pl asma region by the magnetic field, resulting in a | ow roughness of film
surface and only a relatively small rise in substrate tenperature.
Furthernore, films with different conposition can be prepared w thout the
need to exchange targets by providing target plates nmade of different
material s connected to i ndependent power supplies. Facing target sputtering
has a | ower sputtering rate than that of planar nmagnetron sputtering,
because the former has a weaker magnetic field conponent parallel to the

target surface than that of the | atter. Enbodi nents of the present
i nvention;ar esgl bed ne f_ex le o with reference
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the source can be incident obliquely on the substrate 19 surface to
perform an assisted deposition together with planar magnetron

sputtering or facing target sputtering.

In the left side wall of the upper vacuum chamber, a flange 21 with
a suitable diameter for future application is mounted. The center
axis of the flange is aligned with the manipulator 38. In the wall
of the upper vacuum chamber a quartz flange 22 facing the cassette
17 is used as a view port for load-lock operations. In the wall of
the sputtering vacuum chamber, two quartz. flanges 23 are used as

view ports for sputtering observation.

The cathode assembly 10 is illustrated in Fig.3. It includes
several planar magnetron cathodes 24 (only 4 are shown) and several
pairs of facing targets sputtering cathodes 25 (only 2 are shown).
The centers of all planar magnetron cathodes 24 and the symmetric
centers of the in-pair cathodes 25 lie on a circumference with a
suitable diameter as indicated by the dashed line. The planar
magnetron cathodes 24 face upwards, whilst the facing targets
sputtering cathodes 25 face sidewards. Two facing targets
sputtering cathodes 25 stand face to face with each other. In the
center of the cathode assembly 10 is a box 26, of which the upper
cover 1is a flange mounted on the cylinder of the box 26 by a
plurality of fasteners 27. Between the cathodes 24, 25 and the box
26 is a tube 28 having one end mounted on the box 26, and the other
on the backside of the cathodes 24 and 25. Each tube contains one
cable 35 used for inputting DC or RF sputtering power 28, and two

tubes 29, 29' in which coolant such as water flows in order to



Fig.5 is a cross-sectional view of a second embodi nent of a device in

accordance with the present invention. Fig.6 is a cross-sectional view of
t he cat hode stations of the device shown in Fig.5. Fig.7a is a
cross-sectional view of a cathode third arrangenent of a enbodi nent of a
device in accordance with the present invention. Fig.7b is a
cross-sectional view of a cathode assent) y of a fourth enbodi nent of a
device in accordance with the present invention. A cross-sectional view

of a first enbodi ment of a device in accordance with the present invention
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depOSItlcgkown } for the cathode cooling are integrated into a single water-
in, pipe 32 and all water-out pipes 29' (only two are shown ) for
the cathode cooling are also integrated into a single water-out
pipe 32'. Thus, only one water-in pipe and one water-out pipe and
several cables 35 (only two shown) pass through the hollow axis 33

of the cathode assembly.

The hollow axis 33 is connected to the bottom cover of the box 26.
This hollow axis 33 performs two functions. First, it offers a
passage for cables and coolant tube. The second function of it is
as an axis of the cathode assembly. Nearby the hollow axis 33 %s a
step-motor 34, which 1is controlled by a computer via a PID
controller (not shown). The step-motor 34 is connected to the
hollow axis 33 by a driving gear. An atmosphere remains within the
bellows 30, tube 28 and hollow axis 33.

The cathode assembly 10 can rotate from 0° to 360° (or -180° to
+180°). By using rotating coolant feedthrough and electric brushes
for the cables on the bottom of the hollow axis 33, the cathode
assembly can rotate between any angle range. Between the substrate
holder and the cathodes is a shutter (not shown). The shutter and

the power supplies used for sputtering are controlled by the



In the left wall of the sputtering vacuum chamber is nounted a flange 20
for a ion beam source, a |laser source or an electron source i s nounted.

The center axis is oriented to be at an angle with respect to the substrate
19 surface, such that radiation fromthe source can be incident obliquely
on the substrate 19 surface to perform an assisted deposition together with
pl anar magnetron sputtering or facing target sputtering. In the left side
wal | of the upper vacuum chanber, a flange 21 with a suitable dianmeter for

future application is nmounted. The center axis of the flange is aligned
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assenbly &Bmpstét| usiridiediebBskt o, ond blhnak UiRnetavar ahrgb@nad Jragnpet ron
cat hodes 24 (only 4 are shown) and several pairs of facing targets

sput t eri ng2tat REIRRCE ((GM9Ets 4r ef At FheTRRP iR tE: & %fFOhpte pradyr the

nmagnet r onsgathpges. 28y andjhbei sy i réLoieRntiahe fr e dtingairhreabkodes 25
lie on a circunference with a suitable dianeter as .indicated by the dashed

line. TheSpFaAds M on Ceathededicknesscat upbaridd™ WRi Pst coaked &5 fige
targets spubteratg c&al0destréddled 268, aghdsvendsthe ihpat HERENT wdradigRt S

gas and substrate temperature, the microstructure can be

controlled.

The substrate holder 16 can be heated to as high as 850 °C by a
lamp in the space provided in the head of it. The temperature is
controlled by a TC/PID temperature controller (not shown). Above
the space is a water-cool box which transfers the heat radiated
upwards so as to keep the sealing O-ring, which is located between
the substrate holder head and the said water-cool box, at a low
temperature. Above the upper chamber 15 is provided a bellows 36
with a manual drive for moving the substrate heater up and down to
a suitable position so as to adjust the distance between the
substrate and the cathodes 24, 25, and to index the clamp oflthe
holder to the manipulator so as to achieve a load-lock of
substrates in the cassette 17. In the hollow pipe in the bellows 36
are the water-in and water-out pipes and cables for substrate RF/DC
bias, thermal couple, and the said lamp. To achieve a uniform film,
the substrate is spun during sputtering by a driving motor 37
provided on the top of the substrate holder. To improve the film
microstructure of the film to be coated on the substrate, a DC or

RF bias is applied to the substrate.

I

M

low substrate temperature deposition is required, the subtrate

holder can be replaced by a low temperature substrate hoclder. This



sputtering cathodes 25 stand face to face with each other. In the center of
the cathode assenbly 10 is a box 26, of which the upper cover is a flange
nounted on the cylinder of the box 26 by a plurality of fasteners 27.

Bet ween the cathodes 24, 25 and the box 26 is a tube 28 having one end
mount ed on the box 26, and the other.oq t he backsi de of the cathodes 24 and
25. Each tube contains one cable 35 use& for inputting DC or RF sputtering
power 28, and two tubes 29, 29' in which coolant such as water flows in
order to 10 transfer and renove

t he heat Ienedreatpedaitnrehsulbsirgpates hdldendasptihbesamy.siBet agerhd haiblacksede

of the faci . at.ho 25.and.the_end of, tube 28 distant fromthe box
26 is prgr\?/(lh[(}ged‘I ?x%%ﬁs%ﬁg gng G RES Bt Fitd 5&1%599?11'&%3@ I%’\A&%%eﬁgrail
31 bel ow iretdant pdi @ bathbdesl&dp .oThehiehpéhEseec afhodess ds e, chheb&or k
di st ance fgwtgg%i %'H%ik cat hodes 25 can be adjusted. Between two

nei ghboring %argéis are’'shutters 40 connected to the box 26 to avoid the
cross contam nation of the targets. To save space in the box 26, al

wat er-i n Ji pes, 29. (onl,y two _ar hown or the cathode cogling.are

i ntegrate e|pnt]0°aad 19541 e G é)Pgn?n,”ﬂ)?%ueé%sz anhd |71°9 Ferggut Wg?%és VA
(only twaereusitame )sévrrahesaastodescood | ngnipelatso BHit eyiahedtamtice a
single - out. pi - u e ter-in pipe_and _qne water-out

o1 pe. and gy Bt H Mo RatEE A e Boloa PetRE) FELFST s 3
of the calhiote I sdnishy can 1ift the cassette 17 vertically to a suitable

position. When loading and unloading a substrate sample onto or

from the substrate holder 16, the clamp of the substrate holder 16
and the cassette 17 and the manipulator 38 are aligned. Between the
substrate holder and the cassette is a stationary shutter (not
shown) which prevents the sputtered particles from entering the

cassette 17 space.

In order to prepare a multi-layer (2 or more layers) film structure
with a good uniformity, it is preferred to move the substrate
relative to the targets as the substrate spins. Means for spinning
and rotating a substrate with respect to fixed subject is
commercially available, but the mechanical construction is rather
complicated and the cost is rather high. The present invention
overcomes the said disadvantages by separating the spinning motion
from the rotating motion of the substrate. In operation, the
substrate is spun as the cathode or target is rotated. The former
motion ensures the transverse uniformity, while the latter achieves

a longitudinal uniformity of the film.

The operating sequence is as follows: open the sputtering chamber
11 by a 1lift from the flange 40, place several samples in the
cassette 17, shut the sputtering chamber 11; evacuate the chamber

to a desired background vacuum; heat the substrate to a given



The -hol low axis 33 is connected to the bottom cover of the box 26. This

hol | ow axis 33 perforns two functions. First, it offers a passage for

cabl es and cool ant tube. The second function of it is as an axis of the

cat hode assenbly. Nearby the hollow axis 33 is a step-notor 34, which is
controlled by a conputer via a PID cont%pller (not shown). The step-notor
34 is connected to the hollow axis 33 by a driving gear. An atnosphere
remains within the bell ows 30, tube 28 and hol | ow axis 33. The cat hode

assenbl y ddhgan th@babadf 505 i d Fo360etOFar k8Qut0s HBAgEr e eég%%@gﬁ%

rotating cool ant feedthrough and electric brushes for the cab
bot t om of Wi HHb| BekcaRi deB3sitina, chehode £a5bade yammblyt 19 erBettwesn any

angl e range: t BetavgRyy thensubstsiatenr el Aeyp@ntb thgcathades by a.SBNLt §F
(not shown). The shutter and the power supplies used for sputtering are
control | éPpytaguets (for examplymplesar magnetoion isRytEar tn@ridrgegse and

posi tion @fe tmgﬁe&t hede+ases stk g2BH &Nl ehkpgy p@fﬁﬂﬁﬁ%ﬁ@“&ﬁ as
i nput power, working gas pressure, sUbstrate bias are also controlled by

t he conplREISPUNHSIAGIdepBRiRIAE BASYIzataltantgheld oF paegeainsfofaghegpair |
of faci ngedAféte) 2252 f@ChBGed NeoSERSL T 8he I soiate el P&t%éufﬁﬁé ale. By .
adjusting the facing time or rotating rate of the cathode assenbly 10, the

t hi cknesstUfathesiowmtbs BBPEBER &R Bn & Wa veNbsPERE T aintise Byntddhseiing By

adj usti ngcidierdipig PLlor WIthki-REgJast &nge stlstd AR deeMR8ERB YL €10t Nehe
m crostructure can be control| ed.
thickness of the film to be coated on the substrate can be

controlled.

In the second embodiment of the device, all cathodes are fixed when
sputtering is carried out, as illustrated in Fig.5 and Fig.6. Below
the main chamber 41 are provided several small chambers or stations
42 {only 4 are shown). The symmetric centers of all the stations
are on a circumference with a suitable diameter. In each station is
provided a planar magnetron sputtering cathode 43 or a pair of
facing targets sputtering cathode 44. The distance between two
facing targets in each pa}r of facing target sputtering cathode can
be changed in a suitabie range via the feedthrough . The main
chamber and each station have their own vacuum pumping means and
gas—-supplying component (not shown). Each station has the same
dimensions, so they can be exchanged with one another. In addition,
in appropriate positions in the station housing are provided black
flanges 45 having a size the same as that of the feedthrough of the
two kinds of cathodes. Thus, any station can perform planar
magnetron sputtering or facing target sputtering by fitting the

respective kind of cathode.

Above the cathode in the main chamber 41 is provided a substrate 46

held by a heated substrate holder 47. The substrate holder can



The substrate hol der 16 can be heated’ to as hi gh as 850 [err]C by a lanp in
the space provided in the head of it. The tenperature is controlled by a
TC/ PID tenperature controller (not shown). Above the space is a water-cool
box which transfers the heat radi ated upwards so as to keep the sealing
Oring, which is |ocated between the subgtrate hol der head and the said
wat er - cool box, at a | ow tenperature. ove the upper chanber 15 is
provided a bellows 36 with a nanual drive for noving the substrate heater

up and down to a suitable EOSI'[I on so as to adjust the djstance between t he
subst r at e xefhche@nc &hgoGEBTOR A% AFYeRPY rﬁje%FePH@OEPanﬁ‘ﬁ FeUwrEIh8rdEret o

the manip ﬂé fo Sc%ea%alﬁ aghisye. Bdrgadn! ok tp Sebskrat eshd Mualihe ceassett e
17. In the pe in the bellows 36 are_the ﬂer-ln and wat er - out

pi pes and @bl (e PSS OFate RAPDL B d 9 t REr HRLCR odpt &1stAgcenBesyren
lamp. To agil eug & L QuprhicbMind hes il rtﬁbepl§n§lpbtﬁh<ﬁw’tlr@@ sputtefm@ by

a driving notor 37 provided on the top of the substrate gﬁfb To ,i nprove
the film néethedesdluredothehEaintmEEIBE TR UFSoR 4t iR b AdaeEeda PR or
RF bias is,app|igshd qdlye. substrate. If |ow substrate tenperature

deposition is required, the subtrate hol der can be replaced by a | ow
tenperature substrate hoI der. This

12 1 ow tgaperat Y s Subst Eﬁtee spakeerifgs sthei s@ecahz eeascHdigesUbsitiat &
hol der di scussed above, but has a liquid nitrogen trap in the hﬁ’sgd i nst ead

of a heatisigbstrrEe Tive tiBapeFaltiARe B STTRIYs FERE 7GR GREPRIEd ot99 K.

sputtering station with heating means. In addition, if one more set
of cathodes are fixed in the sputtering stations at suitable
positions, films can be deposited on both sides of a substrate. In
this case, substrate heating is carried out by a substrate heating

station instead of by a heater behind the substrate.

According to a third embodiment, the cathode assembly has an open
in-line configuration as illustrated in Fig.7a. It consists of
several planar magnetron sputtering stations 50 (only two shown ),
several facing target sputtering stations 51 (only two shown ), a
sample-loading station 52, a pre-treating station 33, and a sample-
unloading station 54. Each sputtering station may contain seYeral
pairs of facing targets 57 (only one pair shown) or several planar
magnetron targets 56 (only one shown). All cathodes are fixed
during deposition of film. In the pre-treating station 53, heating
of the substrate or rf etching of the substrate is carried out. The
substrates are transferred on a sample pallet from station to
station by a driving means( not shown). Between two neighbouring
stations is provided a passage for transferring substrates. Each
station is separated from one another by a vacuum valve 55. Bach
station has the same connection size, so that the arraying sequence
of the stations can be exchanged. For example, a facing target

sputtering station can be exchanged for a planar sputtering



The- 1 oad- 1 ock conponent includes a cassette 17 which can acconmobdat e
several substrates, a manipul ator 38 which can be manually noved in the
hori zontal direction, and a nmanual bellows drive 39 which can lift the
cassette 17 vertically to a suitable position. Wen | oading and unl oading a
substrate sanple onto or fromthe subsggate hol der 16, the clanp of the
substrate holder 16 and the cassette 17 and the mani pul ator 38 are aligned.
Bet ween the substrate holder and the cassette is a stationary shutter (not

shown)  which sBrevents, he SRuL! chegpanticles. Jyiam enLerld e gassetie 17

space. 7 or repare re-layer
struct ur efitthe afe@owahmmghororﬁ ttyxe itwoi sklpdef efr edthodemvard hprcsmhﬁd adte

I . f d
ot at | ng oLRELPEP QbR PhEpaRERE FAE SPulien ROTG A R e

espec
avarIabIexamubnthannpehankmablaoastmagmetnbn:spmathenngoaplfeadm@ Eumbéme

cost is rat res |nvent|o .ovyerco t.he sald dj advantages
e A b o e e T

by separatr e TOt% ati ng noti
substrate. In operatron the substrate |s spun as the cathode or target is

r ot at ed. T 1%021 no%gonn nsgrgs Ehg %;an?yg §g?un|f%r mhrl (g§ -
| atter ac |eves a ngrtu [ tni for m &f the fi I'h € opera

sequence dazhaslekol hows: £iopen Uhe smattepungenhanbematioby aati fsuftrarnd he

fl ange 4%js Iac% several sanples in the cassette 17, shut the sputtering
chanber 1P evacuate the chanber to a desired background vacuum heat the

substrate to a gl ven
A cathode assembly according to a fourth embodiment of the device
is illustrated in Fig.7b. It has a closed in-line configuration
instead of the open in-line configuration as illustrated in Fig.7a.
It is composed of several planar magnetron sputtering stations 50°
(only three are shown )}, several facing target sputtering stations
51" {only three are shown ), a sample-loading station 52', a pre-
treating station 53', and a sample-unloading station 54'. Each
sputtering station may contain several pairs of facing targets 57°
(only one pair 1is shown) or several planar magnetron targets
56' (only one shown). All cathodes are fixed during film deposition.
In the pre-treating station 53', heating of the substrate or rf
etching of the substrate 1is carried out. The substrates’ are
transferred on a sample pallet from station to station by a driving
means{ not shown ) along a track indicated by a dashed line in
Fig.7b. Between two neighboring stations 1is a passage for
transferring substrates, each station separated from one another by
a vacuum valve 55'. Each station has the same connection size, so
that the arraying sequence of the stations can be exchanged. For
example, a facing target sputtering station can be exchanged for
planar magnetron sputtering station, and vice versa. If black
flanges having the same size cf that of the feedthrough of the two

kinds of cathodes are spared or provided at suitable pesitions, any



13 . tenperature and sustain for several mnutes to make the tenperature
uni form Before deposition, let the cathode assenbly 10 rotate to a

sui tabl e position. A suitable RF/DC voltage is applied to one of the
targets (for exanple, planar nmagnetron sputtering targets) and the target
starts to sustain glow discharge. Afters5-10 m nutes of presputtering, one
pl anar magnetron target 24 or one pair of facing targets 25 are noved to
face the substrate 19 for sone tinme or rotate below the substrate at a
given rotating rate. B ad'usiin the facing tine or rotating, rate of the
Sat hode S85hERy 16, PEREOTR| BAABES TAINHIE M SRALEeBENE odf PO Heraet
subst r at gpt@ebengoftis | bedexchdnyingeoaecrigd eftbadiviae ebrt hgotleydt ce, al |
cat hodes are fixed when sputtering is carried out, as illustrated in Fig.5
and Fig.6. Below the main chanber 41 are provided several small chanbers or
st ati ons pdablerkyadaaceashays) cahhalsymeet prepaesliens af mldtnkRe sstatdrons
are on a circunference with a suitable dianmeter. In each station is
provi ded C2tBPdREr FRGnet1HA spdt t &hengSPUE U3 S§RLAOPAI rabf FudiaRfe
targets gpu@litebhBg cat hode 44. The di stance between two facing targets in
each pair of facing target sputtering cathode can be changed in a -suitable
range via the feedthrough . The main chanber and each station have their

OWN VacUWT:pYiBhNEhEESASs ettt 1RSI UAPhY & NGe SOMRIEAbeNOh s88H)or RafEh
station has the_sane di nensions, ,so they, can be xchanged wi th one anot her.

In addi t PERSCPRIAPPFOPTTERD TRAMFERASST ntt nk® StticoNPAEESFRAYY are® hrivited
bl ack fl angesodhrbBaving Aot Z€ot Nee saif:- AP richatl Ohst heiheethdr ougly idfudt he
two ki nds_of cathodes. Thus,, ang station gan p%%f rm_pl anar magnet ron
sputteyiﬁétSFaFéBPﬁgaPQrﬁﬁpigﬁﬁ EEPPRGY DY f PPt iIRGPERE ER e &R nd of
cat hode. thoAbowilihedccai hoddel nAtheafén ebatdbed 4hel :Hyvevi diesklsilestrate
46 hel d g%cgr ?Eéf?,%HP%%r?%%eggLF%%a%7th§T§%§§ﬂ %&rgighgg %?Enggibreted

as covering all alterations and modifications as fall within the

true spirit and scope of the invention.



14 -rotate on the center axis driven by a step-notor 48 nounted on the top
of- the mai n chanber. Between the top cover of the main chanber and the
step-notor is a bellows 49, by which the di stance between the substrate
surface and each of the planar magnetron sputtering cathodes 43 and the
facing target cathodes 44 can be adjusteg over a suitable range. One or
nore of the sputtering stations can be changed into a substrate heating
station by sinply replacing the cathode(s) in the sputtering station with
heat i ng In addition, if one nore set of cathodes are fixed in the
sputteriggggﬁgiions at suitable positions, filnms can be deposited on both
sides of a substrate. In this case, substrate heating is carried out by a
substrate heating station instead of by a heater behind the substrate.

Accordingito antbphck @rbedi aBpice t her Cabpeder ass embl vi Mas,<an P&k gkl kne

configuration as 1llustrated in Fig.7a. It consists of several planar

magnet r onssipsttttrd ngospaisoms 58 (lanlsy towe Shdunay , maguetabnf apuigetanget

sputtering stations 51 (only two shown ), a sanple-loading station 52, a

pre-tr eat ¢aghadatangh a83 leantl ensgrplreofufbondy ngryeasi sputderikgelcathode _

sputtering station nmay contain several pairs of facing targets 57 (only one .

pai r showRyu2Rd sy et af 18l e vgn shroher ar ged sadpteshispcbnshshosayh Af |

cat hodes are f&xed during qigosition of fil{ﬂo In the pre-treating station

53, heatiﬂbeo? TheE sHBSEr Bt & of PREC BRI O en @ eliddts a3l T sekafRF&I out .

The subst r nsferred. on S l e pallet fromstation to station

by a dri vtlg%}gfefrtesgngf){l%g?%éﬁ%vmc)atgoggt V\Cgagg g o Snee]ieg%tﬁgﬁg]yngp()sj'otloned or
sputter deposition onto a substrate.

2. A sputtering device according to claim 1 wherein the planar
magnetron sputtering cathode and the pair of facing targets
sputtering cathode are mounted for rotation about a common axis
between a working position in which the respective cathode is used
to deposit a layer on a substrate, and a non-working position in
which the respective cathode is not used to deposit a layer on said

substrate.

;

3. A sputtering device according to claim 1 wherein electrical
connections to the planar magnetron sputtering cathode and the pair
of facing targets sputtering cathode are shielded to

atmospherically isolate them from the single vacuum chamber.

4. A sputtering device according to claim 1 further comprising
means for cooling the planar magnetron sputtering cathode and the

pair of facing targets sputtering cathode using a coolant fluid

A O



stations is provided a passage for transferring substrates. Each station is
separated from one another by a vacuum val ve 55. Bach station has the sane
connection size, so that the arraying sequence of the stations can be
exchanged. For exanple, a facing target sputtering station can be
exchanged for a planar sputtering station, and vice versa.

Bl ack flanges having the sane size as tﬂ%t of the feedthrough of the two

ki nds of cat hodes are provided at appropriate positions wi thin the station

housi ng, such th tany_st t|on can netr teri
et ng'i argep Bt var il FRah e R o AR R adPn ol a6y
anot her. u | so be prepared if a further set of
cat hodes afggf?§§d§%%§?%Qaﬂ&h??é?%ﬁ%egtat|ons at suitable positions. A

cat hode assenbly according to a fourth enbodi nent of the device is
illustrated in Fig.7b. It has a closed in-line configuration instead of the

open in-lisne cankpgtit&timn Rsrilckl Wstsadias ito Elgida firthsrcoaposad ffch

several planar magnetron sputtering stations 50° (only three are shown ),

several fabahgthargkinapuagertngn sdmittitensnd Idathodeyahdride aaérsédwadinga
sanpl e-1 oading station 52', a pre- treating station 53", and a E

sanpl e- unicaadehg SPE 4 ey 054 cat Fadh aspubeepoFigiongt bor rmaylt@ent depesicdienal

pairs of facing targets 57 (only_one pair is shown) or several planar
wagnetronoPEPgétgug%trTEﬁﬂﬁPriﬁea§ﬁ6ﬁﬁ7ryﬁ§?q%ﬁQQ%odes are fixed during film
deposi tion.

6. A sputtering device according to claim 1 further adapted such

that a substrate can be spun during deposition of a layer thereon.

7. A sputtering device according to claim 1 further adapted such
that the distance between the surface of a substrate to be subject
to deposition and the planar magnetron sputtering cathode can be

varied.

8. A sputtering device according to claim 1 further adapted such
that the distance between the surface of a substrate to be subject
to deposition and the pair of facing targets sputtering cathode can

be varied.
9. A sputtering device according to claim 1 further adapted such
that the distance between the two facing targets of the pair of

facing targets sputtering cathode can be varied.

10. A sputtering device according to claim 9 wherein the two

A




In the pre-treating station 53", heating of the substrate or rf etching of
the substrate is carried out. The substrates are transferred on a sanple
pallet fromstation to station by a driving nmeans( not shown ) along a
track indicated by a dashed line in Fig.7b. Between two nei ghboring
stations is a passage for transferring ggbstrates, each station separated
fromone another by a vacuum val ve 55'. Each station has the sane
connection size, so that the arraying sequence of the stations can be

exchangede For . example B.d afhRechafgetn gr Lngngt At b@MSAN-Aa ,exubanged
for planar nag%etron Sputtering station, and vice versa. | f bl ack

fl anges haMhportdesSaimned 2R tekeehhahenfcdhed eadi Baough of the two kinds of
cat hodes are spared or provided at suitable positions, any

16 station can perform pl anar nagnetron sputtering or facing target
sputtering just by exchangi ng one kind of cathode for another.

Doubl e- si ded caaspuigsewiay devdcbeagrangdngdtefckaiult farther efmpuiidded are
fixed in the sputtering stations at suitable positions. Al_t hough the
present i AvadtiopkhasobpererfescyrbEl |71t eraficModREepr @seMIFagit¥er PEd
enbodi nents, it is to be understood that such disclosure is not to ‘be
interpretéHb§§r?Fﬁ?ting. Various alterations and nodifications will no
doubt becone apparent to those skilled in the art after reading the above
di scl osure. Accordingly, it is intended that the appended clains be

it nt er pr et 9. aSACOYRII I g he®d LETRIRASNAND TG £t AR rA8 o s Mgt BN

in situ measuring instrument having an incident source and a

detecting source which are arranged to be in a common plane with a

substrate during sputtering deposition onto said substrate.

13. A sputtering device according to claim 1 further comprising an
assisted ion source, electron source or light source for assisting
the deposition by the planar magnetron sputtering cathode or the

pair of facing targets sputtering cathode.

14. A method of depositing a film on a substrate using the device
according to claim 2 wherein the substrate is spun whilst rotating
the planar magnetron sputtering cathode or the pair of facing
targets sputtering cathode over the substrate through the working

position for sputter deposition onto the substrate.

15. A sputtering device for depositing multi-layer films on a
substrate comprising a first vacuum chamber, at least one planar

magnetron sputtering cathode and at least one pair of facing

AR



true.spirit and scope of the invention.

17 CLAI V5 1. A sputtering device for depositing nulti-layer filns on
a substrate conprising at |east one planar magnetron sputtering cathode
and at | east one pair of facing targets sputtering cathode housed in a
singl e vacuum chanber, and adapted such,ghat each of the planar magnetron
sputtering cathode and the pair of facing targets sputtering cathode can

be selectively positioned for sputter deposition onto a substrate. 2.
A sputtering device accordin o.claiml wherei.n the planar nagnetron
sputteri ngta%gteﬁgdgp’éﬁtde)fﬂég SATOSF ?%Eisr%utttgrrgg?gosétplﬁnt EFRg® AR & e

mount ed fqg, Rt%teatéi%ta%%&gﬁ CROBL, aXife NRIMREING WRLKLD%PA8) td Pl ddL
whi ch the respective cathode I's used
such that a substrate can be moved within the first vacuum chamber
between a position for deposition thereon using the planar
magnetron sputtering cathode and a position for deposition thereon
using the pair of facing targets sputtering cathode, and further
adapted such that the planar magnetron sputtering cathode or the

pair of facing targets sputtering cathode can be atmospherically

isolated from each other and from the first vacuum chamber.

16. A sputtering device according to claim 15 further adapted such
that the planar magnetron sputtering cathode and the pair of facing
targets sputtering cathode can be positioned for sputter deposition

onto the substrate in an arbitrary sequence.

17. A sputtering device according to claim 15 further adapted such
that at least one of the planar magnetron sputtering cathode and
the pairs of facing target sputtering cathodes can be exchanged for

another cathode or pair of cathodes.

18. A sputtering device according to claim 14 further comprising a
heating station, and wherein the device is adapted such that a
substrate can be moved to a position within the first vacuum
chamber where it may be subject to heating using the heating

station.
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to deposit a layer on a substrate, and a non-working position in which the
respective cathode is not used to deposit a layer on said substrate. 3.
A sputtering device according to claim1 wherein electrical connections to
the planar magnetron sputtering cathode and the pair of facing targets
Sputtering cathode are shi el ded 29 atmospherically isolate them
fromthe single vacuum chanber. 4, sputtering device according to
claiml1 further conprising neans for cooling the planar magnetron

sputteringgscat Rodgueperile qeRdkt 9cdA8hItd ar8hs 1§pkﬁ£§géz“%dﬁgiz{§&’ di$1 ng
a coolant fluid _ _ 1 supplted via
suppl y meamatshi ghpetrite alaipsphesd Ralonkdi $0|At@nbBEsF diHanBe 800! tGe
vacuum chanber

planar magnetron sputtering cathode for layer deposition using the

planar magnetron sputtering cathode.

20. A sputtering device according to claim 15 further adapted such
that the distance between the surface of a substrate to be subject
to deposition and the pair of facing targets sputtering cathode can

be changed.

21. A sputtering device according to claim 15 further adapted such
that the distance between the two facing targets of the pair of

facing targets sputtering cathode can be changed.

22. A sputtering device according to claim 21 wherein the two

facing targets are mounted for movement along a common rail.

23. A sputtering device according to claim 15 wherein the planar
magnetron sputtering cathode and the pair of facing targets
sputtering cathode are positioned such that a substrate can be
moved into a position at which simultaneous sputter deposition can

be carried out with respect to two opposite sides of the substrate.

24. A sputtering device according to claim 15 wherein the planar
magnetron sputtering cathode and the pair of facing targets

sputtering cathode are provided in an open in-line configuration

] ) O




5.

A sputtering device according to claim1 further adapted such

pl.anar nmagnetron sputtering cathode and the pair of facing targets
sputtering cathode can be positioned for sputter deposition onto a
substrate in an arbitrary sequence. 6. A sputtering device acco
claim1 further adapted such that a substrate can be spun during

deposition of a layer thereon. 7. A'sputtering device according
claim1l1 further adapted such that the distance between the surface
substrate to be subject to deposition and the planar magnetron spu
cat hode can be varied. 8. A sputtering device according to claim1l
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further adapted such

sputtering cathode are provided in a closed in-line configuration

26. A sgputtering device according to claim 24 or 25 comprising a
substrate holder mounted for movement between the planar magnetron
sputtering cathode and the pair of facing targets sputtering
cathode, the substrate holder being adapted for holding a substrate

such that the substrate can be spun on the substrate holder.

27. A sputtering device according to claim 26 wherein the
substrate holder is mounted for rotation between the planar
magnetron sputtering cathode and the pair of facing targets

sputtering cathode.

28. A sputtering device according to c¢laim 15 comprisihg a
plurality of planar magnetron sputtering cathodes, and wherein the
device is adapted such that two or more of the plurality of planar
magnetron sputtering cathodes can be atmospherically isolated

together from the first vacuum chamber.

29. A sputtering device according to claim 15 comprising a
plurality of pairs of facing targets sputtering cathodes, and

wherein the device 1is adapted such that two or more of the
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that. the distance between the two facing targets of the pair of facing

targets sputtering cathode can be vari ed. 10. A sputtering device
according to claim9 wherein the two

19 facing targets are nounted for novenent along a common rail, such
that the di stance between them can be vasi ed. 11. A sputtering device
according to claim1l further conprising a |oad-|lock conponent which can
accomodate a plurality of substrates. 12. A sputtering device
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havi ng an incident source and a detecting source which are arranged to be
In a comatmpkspherwcahla isolated together from the first vacuum chamber.

30. A method of depositing a film on a substrate using a device
according to claim 26, wherein the deposition is carried out using
one of the planar magnetron sputtering cathodes or one of the Eéirs
of facing targets sputtering cathodes as the working cathode, and
whilst moving the substrate holder through a position in which the
substrate faces the working cathode and spinning the substrate on

the substrate holder.

31. A method of depositing a film on a substrate using a device
according to claim 27, wherein the deposition is carried out using
one of the planar magnetron sputtering cathodes or one of the pairs
of facing targets sputtering cathodes as the working cathode, and
whilst rotating the substrate holder through a position in which
the substrate faces the working cathode and spinning the substrate

on the substrate holder. ‘
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substrate during sputtering deposition onto said substrate. 13. A
sputtering device according to claim1l further conprising an assisted ion
source, electron source or light source for assisting the deposition by

t he pl anar magnetron sputtering cathode or the pair of facing targets
sputtering cathode. 14. A nethod of ggpositing a filmon a substrate
using the device according to claim2 wherein the substrate is spun whil st
rotating the planar magnetron sputtering cathode or the pair of facing
targets sputtering cathode over the iEsTRAgtre t hrough the working position
for sputter deposition onto the substrate. 15. "A sputtering device for
depositing nulti-layer filns on a substrate conprising a first vacuum

chanber, at |east one planar nmagnetron sputtering cathode and at |east one
pair of facing SPUTTERING DEVICE

A sputtering device for depositing multi-layer films on a
substrate comprising at least one planar magnetron sputtéring
cathode and at least one pair of facing targets sputtering cathode
housed in a single vacuum chamber, and adapted such that each of
the planar magnetron sputtering cathode and the pair of facing
targets sputtering cathode can be selectively positioned for

sputter deposition onto a substrate.

Figure 1



20 targets sputtering cathode for sputter deposition onto a substrate .in
the first vacuum chanber, the sputtering device being adapted such that a
substrate can be noved within the first vacuum chanber between a position
for deposition thereon using the planar nagnetron sputtering cathode and a
position for deposition thereon using4yfe pair of facing targets
sputtering cathode, and further adapted such that the planar nagnetron
sputtering cathode or the pair of facing targets sputtering cathode can be
at nospherically isolated fromeach other and fromthe first vacuum

chanber . 16. A sputtering device according to claim15 further adapted
such that the planar nmagnetron sputtering cathode and the pair of facing
targets sputtering cathode can be positioned for sputter deposition onto
the substrate in an arbitrary sequence. 17. A sputtering device
according to claim15 further adapted such that at |east one of the planar
magnetron sputtering cat hode d the pairs of facing target sputtering

cat hodes can be exchangd
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anot her cathode or pair of cathodes. 18. A sputtering device according
to claim14 further conprising a heating station, and wherein the device
is adapted such that a substrate can be noved to a position within the
first vacuum chanber where it may be subject to heating using the heating
station. 2/6 21 19. A sputtering

devi ce according to claim 15 further adapted such that a substrate can be
positioned at a range of distances fromthe pl anar nmagnetron sputtering
cat hode for | ayer deposition using the pl anar nmagnetron sputtering

cat hode. 20. A sputtering device according to claim 15 further adapted
such that the distance between the surface of a substrate to be subject
to deposition and the pair of facing targets sputtering cathode can
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be chahged. 21. A sputtering device according to claimi15 further
adapted such "~ that the distance between the two facing targets of the pair

of facing targets sputtering cathode can be changed. 22. A sputtering
devi ce according to claim21 wherein the two facing targets are nounted
for novenent along a conmon rail. 23 A sputtering device according to

claim 15 wherein the planar magnetron Sputtering cathode and the pair of
facing targets sputtering cathode are positioned such that a substrate
can be noved into a position at which sinultaneous sputter deposition can
be carried out wwth respect to two opposite sides of the substrate. 24.
A sputtering device according to claim15 wherein the planar nagnetron
sputtering cathode and the pair of facing targets sputtering cathode are
rovided in an open if-line con ration
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22 ' 25.A sputtering device according to claim15 wherein the planar
magnetron sputtering cathode and the pair of facing targets sputtering

cathode are provided in a closed in-line configuration 26. A sputtering
devi ce according to claim 24 or 25 conprising a substrate hol der nounted
for nmovenent between the planar magnetron uttering cathode and the pair

of facing targets sputtering cathode, the bstrate hol der bei ng adapted
for holding a substrate such that the substrate can be spun on the

substrate hol der. 27. A sputtering device according to claim 26 wherein
the substrate holder is mounted for rotation between the planar nagnetron
sputtering cathode and the pair fagl ng targets sputtering cathode.
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28. A sputtering device according to claim15 conprising a plurality of

pl anar magnetron sputtering cathodes, and wherein the device is adapted
such that two or nore of the plurality of planar ‘magnetron sputtering

cat hodes can be atnospherically isolated together fromthe first vacuum
chanber . 29. A sputtering device acaoggding to claim 15 conprising a
plurality of pairs of facing targets sputtering cathodes, and wherein the
device is adapted such that two or nore of the

23 plurality of pairs of facing targets sputtering cathodes can be

at nospherically isolated together fromthe first vacuum chanber. 30. A
nmet hod of depositing a filmon a substrate using a device
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according to claim26, wherein the deposition is carried out using one of
t he pl anar naghetron sputtering cathodes or one of the pairs of facing
targets sputtering cathodes as the working cathode, and whilst noving the
substrate hol der through a position in which the substrate faces the
wor ki ng cat hode and spinning the substiggge on the substrate hol der. 31.
A net hod of depositing a filmon a substrate using a device according to
claim 27, wherein the deposition is carried out using one of the planar
magnetron sputtering cathodes or one of the pairs of facing targets
sputtering cathodes as the working cathode, and whilst rotating the
substrate hol der through a position in which the substrate faces the
wor ki ng cat hode and spinning the substrate on the substrate hol der.
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