. PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 0 : (11) International Publication Number: WO 98/29213
B23K 20/00 Al . -
. (43) International Publication Date: 9 July 1998 (09.07.98)
(21) International Application Number: PCT/US97/23847 | (81) Designated States: CN, JP, KR, SG, European patent (AT, BE,
CH, DE, DK, ES, H, FR, GB, GR, IE, IT, LU, MC, NL,
(22) International Filing Date: 22 December 1997 (22.12.97) PT, SE).
(30) Priority Data: Published
08/780,166 26 December 1996 (26.12.96) UsS With international search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of

(71) Applicant: JOHNSON MATTHEY ELECTRONICS, INC. amendments.
[US/US]; East 15128 Euclid Avenue, Spokane, WA 99216
(US).

(72) Inventor: KARDOKUS, Janine, K.; East 18122 Monte Vista
Court, Otis Orchards, WA 99027 (US).

(74) Agent: GIOIA, Vincent, G.; Christie, Parker & Hale, LLP, P.O.
Box 7068, Pasadena, CA 91109-7068 (US).

(54) Title: METHOD OF MAKING HIGH PURITY COPPER SPUTTERING TARGETS

(57) Abstract
PLATE
Described is a method of making high purity copper sputtering
target. The method avoids melting and casting and involves stacking MACHINED
segments of high purity copper plates, and heating, forging and < SHEETS
annealing to produce a diffusion bonded unitary structure.
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METHOD OF MAKING HIGH PURITY COPPER SPUTTERING TARGETS

FIELD OF THE INVENTION

The invention relates to a method of making a high purity sputtering target. More
particularly, the invention relates to a method of making a high purity copper sputtering target
that does not include casting.

BACKGROUND OF THE INVENTION

Magnetron sputtering is a well known technique used to deposit layers of metal or ceramic
on a substrate. Sputtering targets comprise a sputtering target surface of a material to be
"sputtered", i.e. to be deposited on a desired substrate. Magnetron sputtering and sputtering
targets used for sputtering, are well known.

A common method of making copper sputtering targets involves melting and casting,
either static casting or continuous casting. Melting and casting processes require the use of
expensive equipment. Moreover, there is the possibility that processes which involve melting
copper increase the opportunity for introduction of impurities and adds to the difficulty of
providing producing a copper target with high purity. Generally, the term "high purity" refers
to a purity of greater than 99.99% and preferably at least 99.9999% purity.

Methods for refining copper by electroplating processes to produce high purity copper are
well known. Normally, in the electroplating process copper is deposited uniformly as a flat layer
in an electrolyte. However, an electroplating bath can be used for only a limited amount of time
before the bath conditions become unstable and copper metal growth degenerates into nodular
dendritic formations. Such problems may be avoided by use of long, slow, deposition times, but
this may add to costs. It has been found that high purity copper sputtering targets can be made
with electrodeposited copper by cleaning, melting and casting into a sufficiently large ingot to
form a sputtering target. The present invention provides a method of making a high purity
copper sputtering target by bypassing the casting process.

SUMMARY OF THE INVENTION

In accordance with the present invention there is provided a method of making high purity
sputtering targets, and targets so produced, which comprises providing a plurality of segments
of high purity copper plates produced by electrodeposition such that each segment has a bonding
surface. The bonding surfaces are cleaned and the cleaned segments are arranged in a stack. The
stacked segments are fixed in position to form an assembly and then heated and forged in an inert
atmosphere such that the thickness of the stack is reduced. The forged assembly is annealed and
a unitary structure comprising diffusion bonded segments is produced. The resulting unitary
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structure can be fabricated into a copper target or can be subjected to further deformation and
heat treating to develop specific desired grain structures and textures, and then fabricated into
a sputtering target.

BRIEF DESCRIPTION OF DRAWINGS
The accompanying drawing is a flow chart of a preferred embodiment of the invention.

DETAILED DESCRIPTION

The invention provides an alternative method of making high purity copper sputtering
targets that avoids the need to melt and/or cast the metal in the manufacturing process. Thus,
high purity sputtering targets may be produced without the added risk of introducing impurities
or the need for expensive equipment generally used in melting and casting.

The accompanying illustration describes one embodiment of the process. A plurality of
high purity copper plates is provided, preferably high purity copper plates produced by
electroplating. Such high purity copper plates are obtained by cathodic deposition whereby
copper is deposited substantially uniformly in a flat layer. The surface of each copper cathode
plate is then machined to a suitable thickness, e.g. 1/8 inch, and cut to segments of desired size
after which the segments are cleaned and vacuumed packaged into a stack. As an illustration,
a standard cathode plate may be cut into uniform squares which are machined smooth on both
sides to approximately 0.2 inches thickness. The squares are then cleaned and etched using a
dilute nitric acid solution, rinsed in water and then rinsed in methanol after which they are dried,
such as with an air gun, to prevent staining or spotting.

The stack of high purity copper segments are then fixed together, such as by drilling a
hole through the stack and inserting a high purity copper pin into the hole. Advantageously, the
drilling is done prior to cleaning and cleaned copper pins are used to hold the stack together.

The assembly of stacked high purity copper segments is then heated to an elevated
temperature, e.g. about 932°F, preferably in an inert gas atmosphere and forged to reduce the
thickness of the assembly, preferably to about 1/2 the original height of the stack. The forged
assembly is then annealed, e.g. at 932°F in an inert gas atmosphere for about 24 hours, to
produce a diffusion-bonded unitary structure. After cooling, the copper structure can be cut to
size and then made directly into a copper sputtering target or can be subjected to further
deformation and heat treating to obtain specific desired grain structures and textures.

As an alternative to the process described above, the segments of high purity copper may
be stacked before being subjected to a vacuum and may be fixed together by packaging in a
metal foil or other suitable protective cover. The fixed assembly of stacked high purity copper
segments may be hot forged to the desired reduction in thickness, i.e. about 1/2 the original
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height, in a 1/2 ton hot forging press, for example about 500°C+ 50°C. A layer or plate of
protective material may be placed at the top and bottom of the stack as protection for the
segments, if desired. Also, following annealing, it may be desireable to cold roll the unitary
structure, e.g. 70 to 90% reduction, and subsequently heat treated to develop desired
metallurgical properties.

It should also be noted that forms of high purity copper segments other than plates
produced by electrodeposition may be used. For example, segments of hot pressed and sintered
high purity copper may also be useful within the scope of the invention.

It is apparent from the foregoing that various changes and modifications may be made
without departing from the invention.
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WHAT IS CLAIMED IS:
1. A method of making a high purity copper sputtering target comprising:

providing a plurality of segments of high purity copper plates, each of said
segments having bonding surfaces; ’

cleaning the bonding surfaces;

arranging the segments in a stack with bonding surfaces adjacent each other;

fixing the stacked segments in position to form an assembly;

heating and forging the assembly in an inert atmosphere whereby the thickness of
the stack is reduced; and

annealing the forged assembly to produce a diffusion bonded unitary structure.

2. A method according to claim 1 wherein the stacked segments are fixed by drilling
at least one hole through the stack and inserting a high purity copper pin through the hole to fix
the stacked segments.

3. A method according to claim 1 further comprising cooling and fabricating the
forged and annealed assembly to desired shape and size of the sputtering target.

4. A method according to claim 1 wherein said high purity copper is produced by
electrodeposition.
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