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SPUTTER TARGET ASSEMBLIES
HAVING A CONTROLLED SOLDER THICKNESS

Field of the Invention
[0001] This invention relates to the field of

sputter targets. In particular, this invention relates
to methods of attaching backing plates to sputter
targets with a bonding foil so as to form a sputter
target assembly utilized in the physical vapox

deposition of films.

Background of the Invention

[o002] Cathodic sputtering is a widely utilized
means for the deposition of thin layers of materials
onto substrates. Generally, this process requires a
gas ion bombardment of the target having a face formed
of a desired material that is to be deposited as a thin
film or layer on the substrate. Ion bombardment of the
target not only causes atoms or- -molecules of the target
material to be sputtered, but imparts considerable
thermal enexgy to the target. This heat is dissipated
by use of a cooling fluid typically circulated beneath
or around a backing plate that is positioned in heat
exchange relation with the target.

[0003] The targeﬁ forms a part of a cathode assembly
which together with an ancde is placed in an evacuated
chamber that contains an inert gas, preferably arxgon.

A high voltage electrical field is applied across the
cathode and anode. The inert gas is ionized by
collision with the electrons ejected from the cathode.
Positively charged gas ions are attracted to the

cathode and, upon impingement with the target surface,
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dislodge the target material. The dislodged target
materials traverse the evacuated enclosure and deposit
as a thin film on the desired substrate that is
normally located proximate the ancde.

[0004] In conventional target cathode assemblies,
the target is attached to a non-magnetic backing plate.
The backing plate holds the sputter target in a
sputtering chamber and also provides structural support
to the sputter target. The backing plate is normally
water-cooled to carry away the heat generated by the
ion bowmbardment of the target. Magnets are typically
arranged beneath the backing plate in well-known
dispositions in order to form the above-noted magnetic
field in the form of a loop or tunnel extending around
the exposed face of the target.

[0005] In order to achieve good thermal and
electrical contact between the target and the backing
plate, these members are commonly attached to each
othexr by use of soldering, brazing, diffusion bonding,
clamping, epoxy cements, or with interlocking annulax
members. - The technique selected is dependent on the
characteristies of the joined materials and on the
desired properties and characteristics of the target
assembly.

[oo0s6] The soldering technique is typically utilized
to join a ferromagnetic sputter target, by way of
example, pure nickel (Ni) and Ni-based alloys, such as
NiFe and NiFeCo; pure iron (Fe) and Fe-based alloys,
such as FeTa, FeCo and FeNi; pure cobalt (Co) and Co-
based alloys, such as CoCr and CoCxPt. The target is
typically bonded to the backing plate by means of a

solder which may have a wmelting point of about 140 to
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220°C, such as indium-tin, tin-lead, or tin-silver-
copper. Heating of the target and backing plate to
such temperatures to melt the solder is problematic in
that it may affect the target microstructure. Further,
due to the large difference in thermal expansion
properties between the two parts, part warpage and
differential part contraction may occur.

[CcD07] Vascak et al (U.S. Patent No 5,230,462)
relates to solder bonding a sputter target to a backing
plate for subsequent use in a sputtering operation.

The solder is wetted onto the confronting sides of the
backing plate and the target, submerging the backing
plate and target in a solder bath and subsegquently
pressing the wetted parts into contact.

fooos] Koenigsmann et al (U.S. Patent No. 6,708,870
B2) discloses a combination of solid-state bonding and
securing a target insert to a backing plate with a
filler metal surrounding the perimeter of a cooling or
backing plate.

[0009] Ohhashi et al (U.S. Patent No. 5,693,203)
discloses the use of solid state bonding to avoid the
high pressure and temperatures typically required for
diffusion bonding. This patent describes pressing a
metal foil between a backing plate and a sputter target
to form a solid state bond.

[0010] The present invention provides several
advantages over the related art. 1In particular, the
present invention provides a soldexr bonding technique
including the application of bonding foil between the
target and the backing plate and igniting same to
produce enough energy to melt the solder applied to the
target and backing plate. Minimal heating of the
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assembly is observed and the process allows the solder
layer thickness to be carefully controlled..

[0011] Anothexr object of the present invention is to
provide a target assembly with uniform target material
thickness and symmetric magnetic leakage flux.

{oo12] Other objects and aspects of the present
invention will become apparent to one of ordinary skill
in the art upon xeview of the specification, drawings

and claims appended hereto.

Summary of the Invention

[0013] According to one aspect of the invention, a
method of forming a sputter target assembly is
provided. The method inc¢ludes the steps of: providing
a backing plate having a top surface, and pre-wetting
the top surface with a solder layer; providing a
sputter target having a bottom surface, and pre-wetting
the bottom surface with a solder layer; introducing a
bonding fqil, between the backing plate and the sputter
target, wherein the bonding foil is an ignitable
heterogenecus stratified structure for the propagation
of an exothermic reaction; pressing the backing plate
and the sputter target together and igniting the
bonding foil, therebetween to melt and bond the solder
layer on the backing plate with the solder layer on the
sputter target without affecting the microstructure or
flatness of the sputter target in the formation of the
sputter target assembly. .

[0014] In accordance with another aspect of the
invention, a sputter target, a backing plate and a
bonding foil, disposed between the backing plate and

the sputter target, is provided. The bonding foil is
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an ignitable heterogeneous stratified structure for the
propagation of an exothermic reaction in order to bond
the sputtex taxget to the backing plate without

affecting the microstructure or flatness of the sputter

target in the formation of the sputter target assembly.

Brief Description of the Drawings

{0015] The objects and advantages of the invention
will become apparent for the following detailed
description of the exemplary embodiments thereof in
connection with the accompanying drawings wherein like
numbers denote like features and in which:

[oo16] FPigure 1 is a schematic cross section of the
press set-up and the target assembly componeunts
therein;

{00171 Figure 2 is a schematic of the press platens
being brought together and pressuring the sputter
target assembly therebetween; ‘

[0018] Figure 3 is a schematic of the final sputter
target assembly manufactured by the process of the
present invention; '

fooLo] Pigure 42 is a graphical representation of
the solder layer thickness and range for a Ni 300 mm
target assembly manufactured in accordance with the
present invention as compared to the related art,
whereas Fig. 4B is a graphical representation of the
standard deviation in said solder layer thickness; and
[0020] Fig. 5A depicts the non-symmetric magnetic
leakage flux in a related art target assembly; whereas
Fig. SB depicts the symmetric magnetic leakage flux of

a target assembly according to the present invention.



Detailed Description of the Invention

{0021} The present invention provides a planar
single-piece ferromagnetic sputter target and assembly.
The ferromagnetic sputter targets and assemblies are
manufactured by a novel soldexring process, wherein
bonding foil (alsc known as reactive foil) is
introduced between the sputter target and the backing
plate. 1In accordance with the principles of the
present invention, a ferromagnetic material is formed
into a sclid, unitaxy sputter target configuration,
such as a plate having an even magnetic permeability
throughout the material. Ferromagnetic materials
contemplated by the invention include, by way of
example, pure nickel (Ni) and Ni-based alloys, such as
NiFe and NiFeCo; pure iron (Fe) aud Fe-based alloys,
guch as FeTa, FeCo and FeNi; pure cobalt (Co) and Co-
based alloys, such as CoCr and CoCrPt; and otherxr
binary, ternary and higher degree of elemental alloys
comprising Ni, Fe, Co and other elements having an
intrinsic magnetic permeability greater than 1.0.
[0022] With reference to Fig. 1, sputter target 10
is a substantially circulaxr disc-shaped, high-purity
ferromagnetic sputkter target. The fexromagnetic
sputter target hasg a purity of at least about 99.99
weight pexcent. For purposes of this specification,
all concentrations are in weight percent.
Advantageously, sputter targets have a purity of at
least 93.995 weight percent and more advantageously at
least about 99.999% weight percent. While gputter
taxget 10, as depicted, is disc-shaped, it will be
understood by those skilled in the art that other
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target shapes, such as oval, sguare, or rectangular may
be utilized.

[0023] Target 10 can be manufactured f£from a blank
workpiece, which is forged and hot worked or cold
worked or cryogenically formed. Hot working reduces
the residual stresses in the workpiece, but typically
results in a higher magnetic permeability than cold
working or cryogenic forming. The sputtering surface
12 is typically waintained planar to dislodge the
material therefrom continuocusly and to place a uniform
layer onto the substrate. The bottom surface (or non-
sputtering surface) of the target is pre-wetted with a
solder layer 14 to facilitate the wating with backing
plate 16.

[0024] The wmetals utilized for the backing plate may
be any number of metals and include aluminum {(Al),
titanium (Ti), copper (Cu), and alloys thereof.
Preferably, the backing plate is made of a copper
alloy. Backing plate 16 includes a top surface which
is utilized to mate with sputter target 10. Like the
bottom surface of the target, the top surface of the
backing plate is pre-wetted with a solder layexr 18.
These solder matexials can be selected from among
conventional indium-tin, tin-lead, tin-silver-copper,
or other tin-based alloys.

[0025] A bonding or reactive foil 20 is introduced
between sputter target 10 and backing plate 16 prioxr to
pressing the components together. The bonding foil ig
an ignitable heterogeneous stratified structure. Some
of the exemplary materials, which may be used in the
manufacture of bonding foil 20 are selected from among

silicides, aluminides, borides, carbides, thermite
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reacting compounds, alloys, metallic glasses and
composites, These types of bonding foils are discussed
in Barbee, Jr. et al and Weihs et al (U.S5. Patent Nos.
5,538,795 and 6,863,992, respectively) and which are
hereby incorporated by reference in their entirety.
[0028] Platens 22 and 24 of press 26 are brought to
bear a substantially uniform amount of pressure in
uniting sputter target 10 and backing plate 16, with
bond foil 20 therebetween. The bond foil is ignited
via a DC source (not shown), so that an exothermic
reaction is created. The heat generated during this
reaction melts soldexr layexrs 14 and 18, but does not
penetrate into sputtef target 10 orxr backing plate 16.
Preferably, the depth is about 0.005 inches or less,
causing the applied solder layers to melt and bond
togethexr contemporaneously without causing warping ox
disturbance in the crystallographic or metallurgical
structure of either sputter target 10 or backing plate
16. As a result the sputter target maintains its
flatness as well as its metallurgical integrity.

[00R27] In another exemplary embodiment of the
invention, and with continued reference to Fig. 1, the
components to be bonded are placed in a press 26 such
as hydraulic, screw, manual or computer operated, so
long as it can generate a load of at least about 50,000
lbs. Alignment fixture 28 contains precision spacers
30 which are placed on alignment pins 32, so as to
center and align backing plate 16 and sputter target
10. . The solder layers (14, 18) are wetted onto the
backing plate and the sputter target, respectively, to
a thickness ranging fxom about 0.005 to 0.010 inches.
An aluminum spacer plate 34 such as aluminum alloy 6061
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is placed on neoprene sheet material 36 to distribute
the load uniformly over the backing plate. A load of
at least about 50,000 lbs. is applied in bringing the
components together as shown in Fig. 2.

[0028] Direct current electrical connections can be
attached to the press. In particular, the negative
lead £rom a DC source (not shown}) can be attached to
the backing plate 16 and the positive lead is connected
to the bonding fcil 20. As shown in Fig. 2, upon
stabilization of the pressure applied via platens 22
and 24, bonding foil 20 is ignited, causing an
exothermic reaction as discussed above. The bonding
foil melts solder layers 14 and 18 to a depth of about
0.005 inches thus forming a sputtexr target assembly by
attaching a sputter target to a backing plate.
Subsequent to bonding, the integrated target assembly
is removed from the press, and shown in Fig. 3.

[0029] The bonded and machined sputter target
assembly can be ultrasonically inspected to determine
if there are any defects in the bond. Ultrasonic and
mechanical measurements can be made to confirm the
dimensions of the finished target assembly
configuration.

[00301] The sputter tarxrget assembly of the present
invention will be further described in detail with
reference to the following examples, which are,

however, not to be construed as limiting the invention.

EXAMPLES
[0031) Wine nickel blanks having a purity of 99.995
weight percent were water jet cut from a hot rolled

nickel plate having a thickness of 0.375 inches to
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obtain blank diametexrs of 17.75 inches. Nine naval
brass or copper chromium blanks having a diameter of
21.0 inches and a thickness of 0.750 inches were used
as backing plates. All blanks were machined on both
sides to obtain parallel surfaces.

[0032] Six of the nickel blanks were then bonded to
copper chromium backing plates without bonding foil
using eutectic solder comprisgsing tin in an amount of 63
weight percent and lead in an amount of 37 weight
percent. Three of the nickel blanks and three of the
naval brass blanks were pre-wetted using the same
sclder. Excessive solder was removed by machining to
obtain a solder thickness of 0.005 inches to 0.010
inches on both the nickel and the naval brass blaunks.
(00331 Bonding foil having a thickness of 0.003
inches was placed between the nickel and naval brass
blanks using the alignment Ffixture described above for
the latter three nickel target blanks and naval brass
blanks. A 0.750 inch thick aluminum 6061 spacexr plate
having a diameter of 17.75 inches was placed on a
neoprene sheet having the same diameter. The negative
lead from a DC source was attached to the backing plate
and the positive lead was connected to the bonding
foil. A load of about 107,000 lbs. was applied in
bringing the components together. Upon stabilization
of the pressure, the bonding foil was ignited, causing
an exothermic reaction as discussed above and melting
the solder layers, thus attaching the nickel blanks to
the brass backing plates,

[0034] The bonded sputter target assemblies were
then ultrasonically inspected and a bond coverage of

greater than 99 percent was obtained. After machining,
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ultrasonic thickness measurements were performed to
determine nickel and solder thicknesses in 33

locationg; the results are summarized in the Table

below.
Table
Process Standard Range Solder
Deviation (in.) Thickness
{in.)
Comparative 0.006 0.017 0.018
Example 1
Comparative 0.003 0.016 0.0186
Example 2
Comparative 0.003 0.014 0.023
Example 3
Comparative 0.003 0.012 0.022
Example 4
Comparative 0.009° 0.014 0.021
Example 5 )
Comparative 0.004 0.013 0.016
Example 6
Example 1 0.002 '0.006 0.015
{(Present
Invention)
Example 2 0.002 0.007 0.013
(Present
Invention)
Example 3 0.001 | 0.005 0.014
(Present
Invention)
[0035] For each sputter target assembly in the

Table, the solder layer thickness was determined by
taking 33 thickness measurements across the target and
calculating the nominal (i.e., average) thickness. As
illustrated in Figs. 4A-B and in the Table, the soclder
layer thickness can vary up to 100% of the nominal
thickness. The average solder layer thickness for the

conventional targets is 0.019 inches with an average
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range of 0.014 inches. On the other hand, in the
present invention the average thickness is 0.014 inches
with an average range of 0.006 inches. This.indicates
an improvement in the control of.the solder layer
thickness of up to 57%.

[0036] The magnetic leakage flux (MLF), also known
as magnetic pass through flux (PTF), of sputter target
asgemblies utilizing a ferromagnetic target are
susceptible to thickness variations. These variations
may result from either the solder thickness ox the
sputter target itself. It has been found that the
target assemblies manufactured by the process described
herein result in a substantially symmetric MLF.
Therefore, the target assemblies are capable of
depositing a f£ilm with uniform properties onto the
substrate.

[6037] To predict the target assembly performance,
non-destructive MLF measurements were conducted. The
measurements were made using a test fixture table which
had a permanently held horseshoe magnet in proximity to
the planar surface of the sputter target assembly
tested. A Hall probe was introduced to measure the
magnetic field penetrating the target and entering from
behind the target. As shown in Figs. 5A-B, the MLF
maps exhibit a series of concemntric rings of various
colors. Specifically, as shown in Fig. 54, a
conventional sputter target assembly has a non-
gymmetric MLF with a range of 100 Gauss (from 36 to 136
Gausg). Figure 5B depicts a symmetric MLF map that
shows a concentric pattern and a range of only 62 Gauss
(from 42 to 104 Gauss). A target assembly having the
kind of MLF map shown in Figure 5B is capable of
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depeositing a film with unifoxrm properties onto the
substrate. The varying degrees of color close to the
edge of the target indicate the higher MLF related to
the edge effect produced by the magnetic £field.

[0038] Although the invention has been described in
detail with reference to certain preferred embodiments,
those skilled in the art will recognize that there are
other embodiments of the invention within the spirit

and the scope of the claims.
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IN THE CLAIMS:

This listing of claims will replace all prior versions and listings of claims in the

application:

1 A sputter target assembly, comprising:

an untapered ferromagnetic sputter target, a backing plate and a bonding foil, disposed between
the backing plate and the ferromagnetic sputter target, wherein the bonding foil is an ignitable
heterogeneous stratified structure for the propagation of an exothermic reaction in order to bond
the ferromagnetic sputter target to the backing plate without affecting the microstructure or the
flatness of the ferromagnetic sputter target across an interface of the backing plate and the
ferromagnetic sputter target in the formation of the sputter target assembly, wherein said
ferromagnetic sputter target has a magnetic flux across the ferromagnetic sputter target that is

symmetrically distributed.

2. The sputter target assembly of claim 1, further comprising a first solder bond layer
disposed between the backing plate and the bonding foil and a second solder bond layer between

the ferromagnetic sputter target and the bonding foil.

3. The sputter target assembly of claim 1, wherein the thickness of the bonding foil ranges

from about 0.002 to about 0.003 inches.
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4. The sputter target assembly of claim 2, further comprising solder layers having a

thickness ranging from about 0.005 to 0.010 inches.

5. The sputter target assembly of claim 1, wherein the bonding foil is selected from among
silicides, aluminides, borides, carbides, thermite reacting compounds, alloys, metallic glasses and

composites.

6. The sputter target assembly of claim 1, wherein the ferromagnetic sputter target is a
substantially circular, disc-shaped high-purity ferromagnetic nickel, nickel alloy, cobalt, or cobalt

alloy target.

7. The sputter target assembly of claim 6, wherein the ferromagnetic sputter target is formed
from said high purity nickel alloy, wherein said nickel alloy is selected from the group consisting

of NiFe and NiFeCo.

8. The sputter target of claim 6, wherein the ferromagnetic sputter target is formed from
said high purity cobalt alloy, wherein said cobalt alloy is selected from the group consisting of

CoCr and CoCrPt.

9. The sputter target assembly of claim 1, wherein the ferromagnetic sputter target is a
substantially circular, disc-shaped high-purity ferromagnetic sputter target formed from iron-

based alloys or pure iron.



16

10.  The sputter target assembly of claim 10, wherein said ferromagnetic sputter target is
formed from said iron-based alloys, wherein said iron-based alloy is selected from the group

consisting of FeTa, FeCo and FeNi.

11.  The sputter target assembly of claim 6, wherein said high-purity ferromagnetic material is
formed from nickel, nickel alloy, cobalt, or cobalt alloy target having a purity of at least about

99.99 weight percent.

12.  The sputter target assembly of claim 1, wherein the ferromagnetic sputter target is oval,

square, or rectangular shaped.

13.  The sputter target assembly of claim 1, in combination with an anode, wherein said
sputter target assembly and said anode are configured in an evacuated chamber having inert gas

and magnets therewithin.

14.  The sputter target assembly of claim I, wherein the backing plate is formed from

aluminum (Al), titanium (Ti), copper (Cu), and alloys thereof.

15.  The sputter target assembly of claim 2, wherein solder materials can be selected from the

group consisting of indium-tin, tin-lead, tin-silver-copper and tin-based alloys.



