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SPUTTER TARGET/BACKING PLATE ASSEMBLY AND METHOD OF
MAKING SAME |
Field of the Invention

The present invention relates generally to
sPuttering, and more particularly to'sputﬁer
targat/backihg plate.assemblies utilized in sputtering
operations. - |

Backaround of the Invention

Sputtering is the deposition of a thin £film
of a desired material on a substrate. Sputtering is
employved to manufacture semi-conductor devices such as _
integrated circuits. In a sputtering operation, the
material to be deposited on the substrate is removed

from a sputter target by bombarding the target with

. ions. In addition to removing matarial from the target

for deposit on the substrate, ion bombardment transfers
thermal energy to the target. It is therefore
generally necessary to provide a means of cooling the
target during.the sputtering operation to prevent the.

target from overheating.
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The target is traditionaily mounted to.a
backing plate. Cooling liquid is circﬁlatéd in heat
fransfer contact with the backing plate to remove heat

transferred to the tarQet by the bombarding ions. It

- is important that there be good thermal, as well as

' structural, bonding between the target and backing

plate to ensure adeguate heat transfer from'target to
backing plate to coolant and to ensure the structural

integrity of the target/backing plate connection during

 sputtering.

One technigque for bonding the target to the

backing plate is known as diffusion bonding. In

diffusion bonding the target/backing plate bond is
produced by pressing the material surfaces into
intimate contact while applying heat to induce
metallurgical joining and diffusion to varying extent
across the bond interface. Bonding aids, metal
combinations which are more readily joined, are
sometimes applied to one or both of the surfaces to be
bonded. Such coatings may be applied by
electroplating, electroless plating, sputtering, vapor
deposition or other usable technique fdr depositing an
adherent metallic film. It is also possible to
incorporate a metallic foil between bonding members
which foil has the ability to be more easily bonded-to
either of the material to be joined. .The surfaces to

be joined are prepared by chemical or other means to
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remove oxides or their chemical films which interfere
with bonding. | | _
The.target/backing plate assembly may bé '
diffusion bdnded-using_ﬁechniques.such as hat isosﬁatic
p:essing (*HIPing") or uniaxial hot pressing |
("UHPing"). In UHPing,_the unbonded'assembly is placed
between a pair.of plungers, platens or rams. These
rams are contained within a control chamber which

allows for the control of temperature, pressure and

~other atmospheric conditions. The controlled

atmosphere is a vacuum, reducing gas or inert gas, or a
cqﬁbination thereof. The temperature in the uniaxial
hot press controi chamber is increased in order to heat -
the unbonded assenmbly. Tﬁe assembly is heated to a
temperature somewhat below the homologoué melting pciht
of the metal used for the backing plate. By elevating
the temperature of the assembly to a temperature
somewhat below the melting point of the backing plate
material, the backing plate softens, and upon pressing,
forms a tight interfacé with the treated bonding
surface of the sputter target. As the assembly is
heated, a compressing force is applied on the assembly
by the rams in a uniaxial direction. The assenmbly is
maintained in the control chamber under these
temperature, pressire and atmospheric gas conditions
for a2 period of time sufficient to form the bonded

sputter target/backing plate assembly.
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I# HIPing, the treated gputter target and
backing plate.are-oriénted to form an assembly having
an inﬁeﬁface defined by the bonding surfaces, and this
assembly is'pladed within a'HIPing canister. Once the
assembly is placed in the HIPing canister a vacuunm is
pulled én the canister and the canister is then placed
within a HIPing chamber. The ambieht atﬁosphere in the
HIPing chamber is replaced with a true inert gas, such
as argon or helium. In'addition, the temperature: and
pressure in the HIPing chamber are incréased as
discussed above with respect to UHPing} in order to
form a bonded sputter target/backing plate assembly.
Again the assembly is heated to a temperature somewhat
below the homologous_melﬁing point of thé'metal used |

for the backing plate, and the HIPing canister and

‘assembly contained therein are compressed from all

sides at elevated pressure. The assembly is maintained
at the desired temperature, pressure and atmosphefic
conditions for a sufficient period to form the konded
target/backing plate assembly.

Representatiﬁe times, temperatures and
pressures for UHPing and HIPing are disclosed in
application Serial No. 08/426,246 filed April 21, 1995,
entitled Sputter Target/Backing Plate Assembly And
Method Of Making Same, assigned to the assignee of the
present invention and hereby incorporated by reference

herein as fully set forth in its entirety.
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_Dﬁé to coefficignt_of therinal expansién-
induced shrinkage of the bonded target/backing plate
during cooling subsequent to the diffusion bonding, any
mismatch between the thermal expansion coefficients of
the'target and backing plate creates stresses in the
assembly which can distort the assémbly andfor crack
the target. |
 One particular material from which targets
are fahricated.is tungsten~titanium. Target/backing
plate assemblies whereiﬁ the target is fabricated from
tungsten-titanium have typically employed titanium as
the backing plate material to avoid a coefficient of
thermal exﬁansion mismatch between the target and
baéking plate. Titanium is expensive, however, and is
thus not desirable as a material from which to
fabricate backing plates. Less expensive materials,
such as.aluminum; have significantly different thermal
expansion coefficients from that of'tunqsten-titanium
though, resulting in target/backing plate assembly
distortion and/or target\cracking.

It is therefore a main objective of the
present invention to provide a target/baéking plate
assembly and method of making same which can
accommodate mismatch between target and backing plate
coefficients of thermal expansion so as to not
jeopardize the thermal and/or structural bond integrity

betweén the target and backing plate.
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ngmarx of'the.Invention

. The present invention attains the stated
objective by providing a method of forming.a éputter _
target/backing plate assembly. The method comprises
the steps of: providing a target fabricated from a
Ifirst material having a coefficient of thermal
expansion; providin§ a backing plate fabricated from a
second material having a coefficient of thermal
expansion; providing a block fabricated from a third
materiallhaving a.coeffidient of thermal'expansion:
positioning the block on one side of the backing plate;
positioning the target on the othar side of the backing
plate; and'subjecting the target, backing plate and
block to elevateq temperature and pressure to bond the
target, backing platé-and block together. The third
material is selected so as to have a coefficient of
thermal expansion which counteracts the effects of the
coefficients of thermal expansion of the first and
second materials.

The third material may be selected so as to
have a coefficient of thermal expansion which is
approximately the same as the coefficient of thermal
expansion of the first material.

The target, backing plate and bleck may be
diffusipn bonded together via hot isostatic pressing or
uniaxial hot pressing.

The target is preferably fabricated from

tungsten-titanium, the backing plate is preferably
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fabrlcated from alumlnum and the block is preferably

fabricated from graphite. 1In that event, the target

.has a coefficient of thermal expansion of approximately

6.4 x 10%/°c, the backing plate has a coefficient of

thermal expan510n of approximately 19.8 X 10‘/ ¢ and

the block has a coefficient of thermal expan51on of
approximately 5.8 x 10%/°C.

' The backing plate preferably has a recess
machined therein and the block is dispésed in the
recess. | o _

The backing plate méy have a hub in the
center of the recess,  In that event, the block has a
bore therethrough for receiving the backing plate hub.

The present invention also provides a
target/backing plate assembly formed by the method.

The major advantage of the present invention
is that a target/backing plate assembly and method of
making.the'same is provided which allows targets and

backing plates fabricated from dissimilar materials

‘having dissimilar thermal expansion coefficients to be

diffusion bonded without suffering assembly distortion
or target cracking during cooling.

These and'other objécts and advantages of the
present invention will become more readily apparent
during the following detailed description taken in

conjunction with the drawings herein, in which:
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Brief Description of.the Drawings

Figs. 1A-and 1B diagrammatically illustrate
the series of steps perfofmed in accordance with the
method of forming a sputter target/backing plate
assembly of the present ‘invention;

Fig.lz illustrates a sputter target/backing
plate assembly made in accordance ﬁith the method of
Figs. 1A and 1B;

~ Fig. 3A and 3B diagrammatiCally illustrate
the series of steps performed in accordance with the
method of forming aﬁ alternative form of sputter
target/backing plate assembly of the present invention}
and | |

Fig. 4 illustrates a sputter targeﬁlbacking'

‘plate assembly made in accordance with the method of

Figs. 3A and 3B.

Detailed Descriotion of the Invention

Referring first to Fig. 1A, there is
illustrated an assembly 10 for loading into a HIPing
canister for subsequent subjection to HIPing.

The assembly 10 includes an aluninum backing
plate 12 which includes a recess 14 machined into one
side thereof and a tungsten-ﬁitanium target 16 for
bonding to the backing plate 12 at a bond interface 18.
A graphite block 20 is provided for insertion into
recess 14. A dummy aluminum backing plate 22 is-
positioned above the target 16. Upper and lower -steel

plates 24 and 26 respectively are positioned above the
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dummy backing plate 22 and below theé backing plate 12

. with block'zo therein.

As illustrated in Fig. 1B, the assembly 10,

which would be_contaihed in a HIPing canister (not

'showﬁ) on which is pulled a vacuum of about 102 torr_pr

greater, is diagrammatically illustrated as being
subjected to elevated temperature and pressure as would

be the case when contained in a HIPing vessel.

- Alternatively, Fig. 1B illustrates the assembly 10

subjected to elevated temperature and pressure as would
be the case when subjected to UHPing, also at about 107
torr.

The assembly 10 is heated to a temperature of
from about 300°C to about 575°C, and preferably frOm.
about 450°C to about §50°C, and is pressed to a
pressure of from about 30 MPa to about 140 MPa, and is
maintained there for from about 30 minutes to about 60
minutes. If UHPing is used, the pressure is developed
between a pair of plungers, platens or rams. If HIPing
is used, the HIPing canister and assembly 10 therein is
subjected to compressive pressure from all sides in the
HIPing vessel. By eievating the temperature of the
assembly to a temperature somewhat below the melting
point of the backing plate material the backing plate
12 softens, and upon pressing, forms a tight interface
with the bonding surface of the sputter target 16.
Similariy,'the block 20 bonds with the underside of the

backing plate 12.
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Diring cooling of the assémbly 10, the
graphite'blodk 20 restrains the shrinkage'of the

aluminum backing plate 12 so that the thermal

contraction of the compdsite backing plate 12 and block

20 is approximately the same as that of the tungsten-

titanium target 16. Typically the tungsten-titanium

target has a éoefficient of thermal expansion of
approximately 6.4 x 10%/°C, the aluminum backing plate
has a coefficient df thermél_expanSion of.approximately
19.8 x 10%/°C and the graphite block has a coefficient
of thermal expansion of apprcxiﬁately 5.8 x 10%/°C.
Thus the graphite block 20 has about the same thermal
expansion coafficient as that of the tungsten-titanium
target 16. Distortion of the target 16 and backing
plate 12 and/or cracking of the target 16 is thereby
avoided.

Lastly, as shown in Fig. 2, the cooled
assembly 10 has had the steel plates 24 and 26 and
dummy backing plate 22 machined away. In addition, thé
block 20 has been machined from the recess 14 to
provide access to the backing plate 12 by the coolant
when installed onto a cathode assembly.

Referring:now to Fig. 3A, an alternative
assembly 50 is illustrated. The assembly 50 includes
an aluminum backing plate 52 which includes a recess 54
machined into one side thereof and a central hubi!56 for
attaching the backing plate 52 to a cathode assembly.

2 tungsten-titanium target 58 is located within an
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aluminunm spacer rlng 60 for bondlng to the backlnq_

plate 52. A graph1te block 62 is provxded for
insertion into recess 54 and includes a bore 64
therethrough for acceptlng the hub 56. A dummy
aluminum back;ng plate 66 is posxt;oned above the
target 58. Upper and lower steel plates 68 and 70
respectively are poSitioned above the dummy backing
plate 66 and below the backing plate 52 with block 62
therein. o o | |
| As in the prior embodiment, the assembly 50
is subjected to the same pressures and temperatures for
the same duration by way of either HIPing or UHPing
(Fig. 3B). During cooling of the assembly 50, the
graphite block 62 restrains the shrinkage of the
aluminum backing plate 52 so that the thermal |
contraction of the composite backing plate 52 and block
62 is approximately the same as that of the tungsten-

titanium target 58. Distortion of the target 58 and

backing plate 52 and/or cracking of the target 58 is

thereby avoided.
Lastly, and also as in the prior embodiment,

as shown in Fig. 4, the cooled assembly 50 has had the

‘steel) plates 68 and 70 and the dummy backing plate 66

machined away. In addition, the block 62 has been
machined from the recess 54 to provide access to the
backing plate 52 by the coolant when installed onto a

cathode assembly.
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- THose skilled in the art will readily

-recognize numerous adaptations and modifications which

can be made to the present invention which will result
in an impfoved'sputﬁer target/backing plate assemhly
and'method; yet all of ﬁhich will fall within the
spirit and scope of the present invention as defined in
the following claims-. For example, many other
materials Othé: than tungsten-titanium, aluminum and
graphite can be used to fabricate tne target, backing
plate and block respectively. Aand, other bonding
technigques othér thanldiffusion bonding can be
employed. Accordingly, the invention is to be limited
only by the sqope'of the following claims and their
equivalents, | |

What is ciaimed is:
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Thosé skilled in the art will readily
recognize numerous adaptations and modifications which
can be made to the present invention which will result
in an improved sputter target/backing plate assembly
and method, yet all of which will fall within the
Spirit and scope of the present invention as defined in
the following claims. For example, many other
materials other than tungsten-titanium, aluminum and
graphite can be used to fabricate the target, backing
plate and block respectively. And, other bonding
techniques other than diffusion bonding can be
employed. Accordingly, the invention is to be limited
only by the scope of the following claims and their
equivalents.

What is claimed is:




L O | T Shct o B Repleed
TR A II

‘1. A method of forming a sputter

--13f |

target/bécking plate assembly comprising the steps of:
prqviding'a target fabricated from a first
ﬁateriai having a coéfficient of thermal-expansion;__
5 o proviaingla backing plate fabricated from a
second'métérial havinq a coefficient of thermal
expansion; o |
pfoviding a biock fabricated from a third
material having a cbefficient of thermal expansion;
0 positioning the block on one side of the
backing plate; | _
positioning the target on the other side of
the backing plate; and _
subjecting'the target, backing plate and
15 = block to elevated temperature and pressure to bond the
térget, backing plate and block togather;
the third material being selected so as to
have a coefficient 6f thermal expansion which
counteracts the effects of the coefficients of thermal

20 expansion of the first and second materials.
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2. The'ﬁethbd of_claim 1 wherein'the third

~14-

material is selected so as to have a coefficient of
thermal expansion which is approximately the same as
the coefficient_of'thefmal expansion of the first

material.

3. The method of claim 2 wherein the
target, backing plate and block are diffusion bonded

together via hot isostatic pressing.

4. The method of claim 2 wherein the
target, backing plate and block are diffusion bonded

together via uniaxial hot pressing.

5. The method of claim 2 wherein the target
is fabricated from tungSten—titanium, the backing: plate
is fabricated from aluminum and the block is fabricated

from graphite.

6. The method of claim 5 wherein the target
has a coefficient of thermal expansion of approximat ely
6.4 x 10°%/°C, the backing plate has a coefficient: of
thermal expansion of approximately 19.8 x-lo‘/‘c and
the block has a coefficient of thermal expansion of

approximately 5.8 x 10%/°C.
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7:. The method of claim 1 wherein the
backing plate has a recess machined therein and wherein

the block is disposed in the recess.

8. The method'of claim 7 wherein the
5 bécking plate has a hub in the center of the recess,
and wherein the block has a bore therethrough for

receiving the backing plate hub.
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9. A sputter target/backiﬁq plate assembly

formed according to the method of claim 1.
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10. A sputtér'tarqet/backing plate assembly

formed according to the method of claim 3. .
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