
LIQUID-PARTICLE ANALYSIS OF METAL MATERIALS TECHNICAL
FIELD [0001] The invention pertains to methods of
detecting impurities in metal-containing articles and
methods of analyzing physical vapor deposition target
materials. BACKGROUND OF THE INVENTION [0002]
High-purity metals and high-purity metal alloys are
increasingly important in a wide range of technology
areas. One area of extreme importance for high-purity
metals is semiconductor fabrication. For semiconductor
constructions, metallic purity can significantly
affect semiconductor device quality and functionality.
Accordingly, since impurities present in a source
material can determine its suitability for use in
semiconductor fabrication it is increasingly important
to develop technology for detecting and/or quantifying
impurities- present in source materials. [0003]
Physical vapor deposition (PVD) methods are used
extensively for forming thin metal films over a
variety of substrates, including but not limited to,
semiconductive substrates during semiconductor
fabrication. A diagrammatic view of a portion of an
exemplary PVD apparatus 10 is shown in Fig. 1.
Apparatus 10 includes a target assembly 12. The target
assembly illustrated includes a backing plate 14
interfacing a PVD or "sputtering" target 16.
Alternative assembly configurations (not shown) have
an integral backing plate and target. [0004]
Typically, apparatus 10 will include a substrate
holder 18 for supporting a substrate during a
deposition event. A substrate 20, such as a
semiconductive material wafer is provided to be spaced
from target 16. A surface 17 of target 16 can be
referred to as a sputtering surface. In operation,
sputtered material 18 is displaced from surface 17 of
the target and deposits onto surfaces within the
sputtering chamber including the substrate, resulting
in formation of a layer or thin film 22. [0005]
Sputtering utilizing system 10 is most commonly
achieved with a vacuum chamber by, for example, DC
magnetron sputtering or radio frequency (RF)
sputtering. [0006] Various materials including metals
and alloys can be deposited using physical vapor
deposition. Common target materials include, for
example, aluminum, 



titanium, copper, tantalum, nickel, molybdenum, gold,
silver, platinum and alloys thereof. Sputtering
targets are typically made of high-purity materials.
However, even minute particles or inclusions such as,
for example, oxides or other nonmetallic impurities in
thetarget material can affect the deposited film and
can lead to defective or imperfect devices. [0007]
Conventional analysis of metallic materials such as
PVD target materials for impurities such as oxides
typically involves dissolution techniques where a
small sample of material is dissolved in acid. The
resulting solution is filtered to retain un-dissolved
particles on the filter. The size and number of
particles retained on the filter is then determined to
ascertain the amount of impurity particles present in
the metallic material. However, this conventional
technique presents a number of problems. First, the
particles agglomerate during the filtering process
giving inaccurate size and number data. Second, the
imaging system used to measure particles is limited to
detecting particles having a size greater than about 2
microns. Third, the process is relatively labor and
time intensive. Accordingly, it is desirable to
develop alternative techniques for metallic material
analysis. SUMMARY OF THE INVENTION [0008] In one
aspect the invention encompasses a method of detecting
impurities in a metal-containing article. An article
comprising a metal material to be analyzed is
provided. A portion of the metal material is removed
and is solubilized in an acidcomprising liquid to
produce a liquid sample. The liquid sample is
subjected to an incident laser beam and light
scattered from the sample is detected. [0009] In one
aspect the invention encompasses a method of analyzing
a physical vapor deposition target material. A portion
of the target material is removed from the target and
is rinsed with an acid-comprising solution. A sample
is prepared for analysis by dissolving metal comprised
by the portion of material. The sample is subjected to
an incident laser beam and the scatter of the laser
beam is detected to determine the number of particles
present in the sample within a particular size range.
BRIEF DESCRIPTION OF THE DRAWINGS [0010] Preferred
embodiments of the invention are described below with
reference 



to the following accompanying drawings. [0011] Fig. 1
is a diagrammatic view of a portion of an exemplary
physical vapor deposition apparatus. [0012] Fig. 2 is
a flowchart diagram outlining methodology in
accordance with one aspect of the invention.[0013]
Fig. 3 shows the particle count correlation to
sputtering target performance as determined by
methodology in accordance with the present invention.
DETAILED DESCRIPTION O F THE PREFERRED EMBODIMENTS
[0014] In accordance with one aspect of the present
invention, novel methodology is presented which can be
utilized for analysis of metallic materials.
Methodology of the invention can be extremely useful
for determining material quality, especially for high
purity metal materials where impurities and/or
particle defects in the material can determine the
usefulness of a material or suitability of the
material for a particular purpose. [0015] One area of
particular interest for application of methodology of
the invention is for determining and/or quantifying
impurities and/or particle defects in physical vapor
deposition target material. The methodology can be
utilized to determine material suitability prior to
final fabrication steps in formation of the target, or
can be utilized after target formation either prior to
any sputtering event or after a portion of the target
material has been removed by sputtering processes. The
methodology of the invention can also be useful for
analysis of physical vapor deposited films and layers.
In particular instances, both the target material and
the resulting film can be analyzed to determine if
particles or impurities present in the deposited layer
are a result of the presence of particles or
impurities in the target or if additional or other
factors are contributing to contaminants present in
the resulting film. [0016] Although the methodology of
the invention is described with respect to analyzing
target material and deposited films, it is to be
understood that the methodology can be adapted for
analyzing alternative metals and alloy materials.
Accordingly, the invention contemplates performing the
described methodology on alternate metal articles and
especially those metal articles where the presence of 



particles and contaminants can affect the article's
suitability for an intended purpose, [OO17|
Methodology in accordance with the invention is
described generally with reference to Fig. 2. In an
initial process 100 material to be analyzed is
obtained by, for example, cutting or otherwise
removing a portion of the physical vapor deposition
target or other metallic article to be analyzed. The
removed portion can then preferably be washed or
rinsed to remove any surface contaminants prior to
analysis. An exemplary rinse solution can be, for
example, an acid or base solution in which the target
material is at least slightly soluble.[0018] For
performing methodology of the invention all reagents
and analysis solutions are preferably prepared
utilizing high purity or ultra pure materials and are
additionally filtered prior to contacting the material
to be analyzed. [0019] The size of the portion of
material utilized is not limited to a particular
amount and can be, for example, from about 10 to about
30 grams. Preferably, the sample mass is sufficiently
large to constitute a sample representative of the
article. It is to be understood that the invention
contemplates utilizing smaller samples where the
available material is limited, such as where a
deposited material is to be analyzed. [0020] As
illustrated in Fig. 2, the portion of material to be
analyzed is utilized to prepare a liquid sample in a
subsequent process 200. For purposes of the present
description, the term "liquid sample" can refer to a
sample containing a liquid, including but not limited
to a liquid solution, and which may contain particles
and/or undissolved material. Typically, a liquid
sample will consist essentially of or consist of a
solution and contaminant particles contributed by the
dissolved metal material. [0021] Preparation of the
liquid sample involves dissolving of the metal
material into an appropriate solvent. Appropriate
solvents which can be utilized are acid solutions
having sufficient quantity and strength to dissolve
the metal material. Alternative appropriate solvents
are base solutions having sufficient quantity and
strength to dissolve the metal material. As will be
understood by those skilled in the art, the strength
and particular acid or base utilized can be determined
based upon the metal(s) or alloy of the target
material. Exemplary target materials which can be
analyzed utilizing methodology in accordance with the
invention can be metal materials or alloys 



containing metals including but not limited to, Cu,
Al, Ti, Ta, Ru, W, Au, Ag, Mo, Co, Ni, Se, Te, Ge, Sn,
Pb, and mixtures and alloys thereof. Accordingly, an
appropriate acid, acid mixture, base or base mixture,
can be chosen to dissolve the particular material to
be analyzed. [0022] In contrast with conventional
dissolution techniques, the prepared liquid sample of
the invention is analyzed without filtering after
dissolution of the metal. By avoiding filtering,
agglomeration of particles during filtering is
avoided. Accordingly, fewer inaccuracies are
encountered during the particle counting. [0023] As
illustrated in Fig. 2, the prepared liquid sample can
be subjected to a laser beam in process 300. Process
300 can be performed utilizing a laser counting
apparatus. Alternatively, process 300 can utilize a
broad band beam emitted from a non-coherent, broad
band light source counting apparatus. Although the
methodologyof the invention is described below with
respect to laser analysis, it is to be understood that
the methodology applies also to utilizing a broad band
light source. [0024] When the sample is subjected to
an incident laser beam, particles within the sample
cause scattering of the beam. Accordingly, a scatter
detection step 400 can be performed to provide
information about the particle count and size of
particles present within the liquid sample. [0025]
Process steps 300 and 400 are preferably performed
utilizing a liquid particle counter comprising a laser
source and optical detector or detector array.
Conventional use of liquid laser particles counters
has typically been limited to water analysis, and in
some instances liquid chemical reagent/solvent purity
analysis. However, the present study reveals that
methodology of the invention can be practiced
utilizing an appropriately sensitive commercially
available liquid particle counter, and can accurately
analyze contaminant particle content in a liquid
containing a dissolved metal sample. An exemplary
commercially available particle counter which can be
utilized is a LIQUILAZ(r) counter (Particle Measuring
Systems, Inc. Boulder CO). [0026] When analyzing
liquid samples prepared from physical vapor deposition
target materials, particles present in the liquid
sample will typically comprise oxides or other
nonmetallic particles/inclusions which were present in
the target material prior to 



dissolution. For purposes of the present description,
the term inclusion refers to any inorganic compound
present in the metal/alloy which is not a component of
the metal/alloy, including but not limited to
graphite, carbides and sulfates. Typically these
particles will consist of particles of a particle size
(particle diameter) of less than about 20 microns.
Accordingly, an appropriate liquid laser analysis
system for purposes of the invention will have
sensitivity sufficient to detect and count particles
having a particle size of less than 20 microns. [0027]
The wavelength of the incident laser beam is not
limited to a particular value. An appropriate laser
wavelength can be determined based upon the particular
particle size range to be analyzed/counted. [0028] The
particular wavelength chosen for the incident beam can
preferably be such that the incident beam is minimally
or negligibly deflected or scattered by the solution
of the liquid sample. Accordingly, scatter of the beam
can be substantially due to particles within the
liquid sample. [0029] A detector array can be provided
to perform scatter detection process 400. Based upon
the scatter pattern obtained, particle size can be
determined.[0030] Where a range of particle sizes is
present in the liquid sample, the sample can be
subjected to a first laser wavelength and, after
detection of the scattered pattern resulting from the
first laser, the liquid sample can be subjected to a
second laser beam having a wavelength that differs
from the first laser beam. Additional rounds of laser
analysis using differing wavelengths can be performed
to maximize particle size information. Since liquid
laser analysis sensitivity is dependent upon
wavelength, small particles (as small as 0.2 micron)
can be detected utilizing short wavelengths. [0031] In
particular instances, high purity target materials
will contain only particles/inclusions having very
small (less than or equal to 5 microns) particle size.
In particular instances the particles will consist of
particles of a size less than about one micron.
Methodology of the invention can be utilized to
accurately determine the number of particles and
particle size for nonmetallic particles/inclusions
present in even extreme high purity PVD targets. In
particular instances, the size can be determined to a
resolution of about 1 nm. Accordingly, methodology of
the invention can detect and 



analyze particles much smaller than previous
technologies allowed. Additionally, the processing of
the invention is less labor intensive than the
dissolution/filtering techniques conventionally
utilized. [0032] Referring to Fig. 3, such illustrates
the particle count correlation to sputtering target
performance. Data presented in Fig. 3 were obtained
from three copper alloy sputtering targets utilizing a
CLS700 liquid sampler coupled to a LIQUILAZ(r) SO2
particle counter. As shown, the particle count
information obtained utilizing methodology of the
invention correlates well with the observed
suitability of particular targets for semiconductor
fabrication. These results indicate that analysis of
target material in accordance with the invention can
determine contaminant particle/inclusions content
which can predict or indicate target suitability.
Analysis in accordance with the invention can be
utilized to analyze target material during target
fabrication or prior to use of the target. The
methodology can additionally be utilized for target
and/or film analysis to troubleshoot a sputtering
system where deposited films or device constructions
are contaminated or flawed. Such information can
indicate whether all or a portion of a particular
target contains contaminants, particles and/or
inclusions, or whether contaminants or flaws are being
introduced from other sources or influences. [0033] In
addition to analyzing physical vapor deposition target
material and deposited fill material, methodology of
the present invention can be especially useful for
applications such as analyzing metal materials such as
IMP coils and anode materials.CLAIMS The invention
claimed is: 1. A method of detecting impurities in a
metal-containing article, comprising: providing an
article comprising a metal material; removing a
portion of the metal material; solubilizing the
portion of metal material in a liquid to produce a
liquid sample, the liquid being one of an acid
solution or a base solution; subjecting the liquid
sample to at least one of an incident laser beam and a
non-coherent broad band beam; and detecting light
scattered from the liquid sample. 



2. The method of claim 1 wherein the impurities
present in the metal material comprise at least one of
non-metallic particles and inclusions present in the
metal material. 3 . The method of claim 1 wherein the
impurities present in the metal material consist
essentially of the at least one of non-metallic
particles and inclusions. 4. The method of claim 1
wherein impurities present in the liquid sample
comprise particles in the size range of less than 100
mm. 5. The method of claim 1 wherein impurities
present in the liquid sample comprise particles,
wherein all particles in the sample have a particle
size of less than about 1 mm. 6. The method of claim 5
further comprising counting the number of particles
present in the liquid sample. 7. The method of claim 1
wherein the detecting scattered light comprises
obtaining a scatter pattern, and further comprising
determining particle sizes of particulate impurities
present in the liquid sample based upon the scatter
pattern. 8. The method of claim 7 wherein the
determined particle sizes are less than 100 mm.9. The
method of claim 7 wherein the determined particle
sizes are less than 20 mm in diameter. 10. The method
of claim 7 wherein the determined particle sizes are
less than 1 mm, 11. The method of claim 7 wherein the
determined particle sizes are less than 0.5 mm. 12.
The method of claim 1 wherein the metal-containing
article is a sputtering target. 13. The method of
claim 12 wherein the portion of the metal material is
removed prior to any sputtering from the target. 14.
The method of claim 12 wherein the portion of the
metal material is removed after sputtering from the
target has occurred. 15. The method of claim 1 wherein
the metal-containing article comprises a 



layer of the metal material deposited by sputtering
from a sputtering target. 16. The method of claim 1
wherein the incident laser beam is a first laser beam
having a first wavelength, and further comprising
after subjecting the liquid sample to the first
incident laser beam, subjecting the liquid sample to a
second incident laser beam having a second wavelength
that differs from the first wavelength. 17. The method
of claim 16 wherein scatter from the first laser beam
provides particle size and count information for a
first set of particles within a first size range, and
wherein scatter from the second laser beam provides
particle size and count information for a second set
of particles within a second size range. 18. A method
of analyzing a physical vapor deposition target
material comprising: removing a portion of the target
material from the target; rinsing the portion of
material with an acid-comprising solution; preparing a
sample for analysis by dissolving metal comprised by
the portion of material in a liquid;subjecting the
sample to an incident beam selected from a laser beam
and a non-coherent broad band beam; detecting scatter
of the laser beam to determine the number of particles
present in the sample within a particle size range.
19. The method of claim 18 wherein the particles
present in the sample comprise at least one of
non-metallic compounds and inclusions. 20. The method
of claim 18 wherein the particle size range is less
than 20 mm. 2 1. The method of claim 18 wherein the
target material comprises at least one metal selected
from the group consisting of Al, Cu, Ti, Ta, Ru, W,
Au, Ag, Mo, Co, Ni, Se, Ni, Se, Te, Ge, Sn and Pb. 


