
WO 02/16666 PCT/US01/25856 Physical Vapor Deposition Targets and Methods of
Formation TECHNICAL FIELD [0001] This invention relates to methods of
forming physical vapor  deposition targets and sputter deposition targets,
to targets produced by such  methods, to films produced by such targets,
and, additionally, to targets  independent of their method of formation.
BACKGROUND OF THE INVENTION [0002] Germanium selenide is a member of the
chalcogenide class of  compounds. Films of these compounds have been used
in the manufacture of  computer memory devices. Memory densities in excess
of 340 Mbits/cm2 have  been demonstrated with germanium selenide films with
a minimum single layer  feature size of approximately 0.18 micrometers.
[0003] Chalcogenides are finding utility in the manufacture of
programmable metallization cells which have the potential for playing a
significant role in future generations of computer memories. Thus,
efficient  formation of germanium selenide films with known and
reproducable  stoichiometries is an important goal. Germanium selenide
films are typically  formed by co-sputtering pure germanium and pure
selenium targets.  Simultaneous sputtering of both targets is carried out
with simultaneous deposit  of Ge and Se onto a common substrate, thereby
creating a film containing both  germanium and selenium. [0004] However,
the co-sputtering formation of germanium selenide films  requires complex
sputtering equipment, increasing processing costs. Also, 1 1 F E 3 WO
02/16666 PCT/USO1/25856 precise control of two separate sputtering
processes to achieve adequate film  



homogeneity, film uniformity, and film stoichiometry. Achieving such
objectives  in a production environment, as opposed to a laboratory
environment, presents a  significant and costly challenge. SUMMARY OF THE
INVENTION 10005] According to one aspect of the invention, a method
includes  combining a solid first material and a solid second material and
melting at least a  portion of the first material sufficient to coat the
second material and any  remaining first material. The melted portion can
define a first material liquid  phase. An approximately homogenous
distribution of the second material can  be formed throughout the first
material liquid phase. The first material liquid  phase can be solidified
to define a composite target blank that includes an  approximately
homogenous distribution of the second solid material in a- matrix  of the
solidified first material. As an example, the first and second materials
can  include metals. The first material can comprise Se and the second
material can  comprise at least one of Ag or Ge. The melting of at least a
portion of the first  material and the forming of an approximately
homogenous distribution can occur  together and be accomplished by hot
pressing. The composite target blank can  include at least about 50 volume%
(vol%) matrix. The melting can occur in a  vessel while heating and
compressing the first material. In such case, the first  material liquid
phase can exhibit a sufficiently high viscosity to prevent a  substantial
amount of the first material liquid phase from escaping the vessel  during
compression. Similarly, the viscosity of the first material liquid phase
can  prevent a substantial amount of second material from settling out of
the 2 WO 02/16666 PCTIUS01/25856 approximately homogenous distribution in
the first material liquid phase. By  such methods, a composite target blank
can be obtained that exhibits a bulk  density of at least about 95 % of
theoretical density. [0006] According to a further aspect of the invention,
a physical vapor  



deposition target forming method can include combining a first powder
comprising a first metal with a second powder comprising a second metal.
The  first metal can exhibit a melting point at least about 100 Celsius (C)
less than a  melting point exhibited by the second metal. Heat and pressure
can be applied  to a first volume including the combined first and second
powders, changing the  first volume to a second volume. The second volume
can include at least about  50 vol% liquid phase of the first metal. The
second volume may be cooled into a  composite target blank having an
approximately homogenous distribution of at  least the second powder. The
first and second powders can exhibit particle  sizes no greater than about
325 mesh. Also, the method can further include  screening the first and
second powders with a 100 mesh screen to separate  agglomerations. The
applying heat and pressure can include heating to a  temperature of less
than about the melting point of the second metal at a rate of  from about
200 to about 400 C per hour while under compression of from about  6.9x106
to about 28x106 Pascals (about 1,000 to about 4,000 pounds/inch2).  Also,
the cooling of the second volume can include removing heat to obtain  about
an intermediate temperature, maintaining about the intermediate
temperature for from about 45 to about 90 minutes, and cooling further to a
room  temperature of from about 20 to about 25C. The intermediate
temperature can  be about 200C. Also, the applying heat can attain a
temperature of about  225C. The first powder can include at least about
99.99 weight percent (wt%) 3 WO 02/16666 PCT/US01/25856  Se on a metals
basis and the second powder can include at least about 99.99  wt% Ag or Ge
on a metals basis. The composite target blank can further exhibit  a bulk
density of at least about 98% of theoretical density. [0007] In another
aspect of the invention, a composite material can  include a matrix of a
first material and an approximately homogenous distribution  of particles
of a second material throughout the first material matrix. Also, a
physical vapor deposition target can include at least about 50 vol% matrix
and  



an approximately homogenous distribution of a powder throughout the matrix.
The matrix can include a first metal and the powder can include a second
metal.  Still further, a sputter deposition target can include a continuous
matrix of Se  encapsulating an approximately homogenous distribution of a
powder throughout  the Se matrix. The powder can comprise at least about
99.99 wt% Ag or Ge on  a metals basis. The target can comprise from about
25 to about 50 wt% of the at  least one of Ag or Ge in the Se matrix. BRIEF
DESCRIPTION OF THE DRAWINGS [0008] Preferred embodiments of the invention
are described below with  reference to the following accompanying drawings.
[0009] Fig. 1 is a sectional view of a manufacturing device containing
materials for formation of a deposition target. [0010] Fig. 2 is a
sectional view of the device in Fig. 1 at a processing  step subsequent to
that depicted by Fig. 1. [0011] Fig. 3 is a sectional view of the material
of Fig. 2 at a processing  step subsequent to that depicted by Fig. 2. 4 1
. Fr "i-) WO 02/16666 PCT/USO1/25856 [0012] Fig. 4 shows a sectional view
of a target/backing plate construction  with target formed in accordance
with methodology of the present invention. The  construction corresponds to
a large ENDURAT"' configuration. [0013] Fig. 5 is a top view of the
target/backing plate construction of  Figure 4. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS  [0014] The various aspects of the present invention
are potentially  applicable to a variety of types of deposition targets and
materials for such  targets. For example, the aspects of the invention are
applicable to physical  vapor deposition (PVD) targets, including but not
limited to, sputter deposition  



targets. The specific examples provided herein demonstrating application of
the  aspects of the invention describe deposition targets including Ge
(and/or Ag) and  Se, however, it is conceivable that the methods of the
present invention may be  used to form deposition targets of other metals,
as well as non-metals, to the  extent that such other materials are
suitable for use in deposition targets.  Further, the inventions are not
limited to PVD targets and the methods herein  may be used to form
composite materials suitable for other uses. In particular,  composite Ge
(and/or Ag) and Se materials may be formed. [0015] In one aspect of the
invention, a method includes combining a solid  first material and a solid
second material. The first and second materials can  comprise metals. For
example, the first material can comprise Se and the  second material can
comprise at least one of Ag or Ge. The method can further  comprise
combining at least one additional solid material with the solid first and
second materials. Such combining may be accomplished wherein at least one
of 5 1 , FED ::1;1:5 , WO 02/16666 PCT/USOI/25856  the first material and
the second material comprise a plurality of chemical  elements, for
example, metallic elements. Alternatively, the first and second  material
can be, respectively, solid particles of the first and second materials and
solid particles of a third material can be added thereto. Nevertheless,
most  preferably the first material comprises at least about 99.99 weight
percent (wt%)  Se on a metals basis. Similarly, the second material can
comprise at least about  99.99 wt% Ag or Ge on a metals basis. 10016] An
addition to the composition of first and second materials, the  physical
appearance of such materials may be another consideration. For  example,
one of the typical goals in forming various types of deposition targets is
to produce a uniform or homogenous target material. In the case of a single
component target, for example a target comprising a high purity single
metal,  homogeneity is less of a concern. In a multiple component
deposition target,  



such as a GeSe2 or Ge3Se7 target, homogeneity can be difficult to obtain. A
mixture of solid phases of varying compositions within a target having an
overall  or nominal composition typically detracts from the quality of a
sputtered film. For  example, in a conventional GeSe2 target, some portions
of the target will have a  composition of GeSe2 while other portions may
have a composition of GeSe,  Ge3Se7, etc. Using such a mixed phase target
in a deposition process often may  not produce a film having the desired
GeSe2 composition even though the  nominal composition of the target is
GeSe2. [0017] Forming a single phase GeSe2 target can be accomplished by
forming a liquid phase of GeSe2 by methods known to those skilled in the
art and  quenching the liquid phase. Unfortunately, quenching typically
produces a  shattered single phase GeSe2 target. Such a target is not
suitable for a 6 WO 02/16666 PCTIUS01/25856  deposition process.
Accordingly, the single phase target is ground into  fragments and hot
pressed into a target shape. The hot pressing accomplishes  solid phase
bonding among the fragments of single phase GeSe2. Little or no  melting
during the hot pressing occurs since GeSe2 exhibits a melting point of
about 710 Celsius (C). In addition, the processes known to those skilled in
the  art for forming a liquid phase exhibiting a single phase of GeSe2 are
complex  and cost prohibitive for most applications in which deposition of
GeSe2 is  desired. [0018] During development of the present invention, it
was discovered that  the first and second material discussed above are
preferably in the form of solid  particles. Such particles can be in a
variety of shapes and sizes and still achieve  at least part of the various
aspects of the invention described herein. For example, the first and
second materials can exhibit particles sizes no greater  than about 100
mesh as measured by methods known to those skilled in the art.  More
preferably, the first and second materials are in powder form having
similar  sized particles among the first material and the second material.
The powders  



can be conducive to mixing into a combined first and second material having
an  approximately homogenous distribution of both materials throughout the
volume  containing the first and second materials. Most preferably, such
powders exhibit  particle sizes no greater than about 325 mesh as measured
by methods known  to those skilled in the art. Experience has indicated
that the particle size range  of no greater than about 325 mesh provides a
sufficiently distributed  concentration of Ge (and/or Ag) and Se to form
films having a composition  adequately near the nominal composition of the
target. However, it is  conceivable that other size ranges higher or lower
may be desired depending on 7 WO 02/16666 PCTfUS01/25856 sputter conditions
and target blank composition for Ge/Se and AglSe composite  targets as well
as other composite targets. A sufficient distribution of particles
preferable keeps compositional variations throughout a target within about
+1- 5  % of the nominal composition for a sample size of at least about
0.25 CM3 . For  example, in a GeSe2 target blank, the atomic ratio of Ge to
Se is preferably  between from about 1:1.9 to about 1:2.1 at any point in
the target. [0019] During development of the invention, it was also
discovered that  particles can have a tendency to agglomerate, especially
when exposed to  moisture. Agglomeration of particles prior to mixing first
and second materials  can produce portions of a mixture having a
disproportionate concentration of at  least one of the first and second
materials. For example, Ge was shown to  exhibit a higher tendency toward
agglomeration in comparison to Se. One  example of a suitable technique for
controlling agglomeration is minimizing  moisture exposure. Also, a
deposition target forming method can further include  screening at least
one of the first and second materials to separate  agglomerations. As an
example, a 100 mesh screen can be used. In this  manner, any agglomerations
of particles in the combined first and second  materials will exhibit a
size no greater than about 100 mesh. The screening  



process may also function to break up agglomerations into much smaller
agglomerations or individual particles. [0020] The present aspect of the
invention can next include melting at  least a portion of the first
material sufficient to coat the second material and any  remaining first
material. The melted portion can define a first material liquid  phase. The
method can further include forming an approximately homogenous
distribution of the second material throughout the first material liquid
phase. 8 WO 02/16666 1 , Fri ')  PCTNS01/25856 Preferably, the melting at
least a portion of the first material and the forming an  approximately
homogenous distribution can occur together and comprise hot  pressing. In a
typical hot press process, solid phase bonding aided by the  formation of a
partial melt is desired and temperatures high enough to produce
substantial amounts of liquid phase are usually avoided. Because hot
pressing  involves compression in a die, production of a liquid phase risks
expelling at  least some of the liquid from the die during compression.
[0021] In the case where Se and Ge are used as first and second  materials,
liquid phase Se at a temperature near its melting point typically  exhibits
a sufficiently high viscosity that compression during hot pressing does
not expel liquid phase Se from a die. Accordingly, the inventors have
discovered  that temperature controls during hot pressing potentially allow
for melting of at  least a portion of the first material sufficient to coat
the second material without  expelling the first material liquid phase from
a hot press process. [0022] Since heat and pressure can be applied in other
manufacturing  vessels aside from a hot press, the same principles would
apply to prevent liquid  phase from escaping other such vessels even though
a conventional hot press  device is not used. Pressure also plays a role in
preventing first material liquid  phase from escaping a vessel since higher
applied pressures may produce a  



desire for higher viscosity. Temperature and pressure are thus interrelated
in  preventing liquid phase expulsion and can be optimized according to the
principles described herein to obtain the goals of the various aspects of
the  invention. [0023] Producing a first material liquid phase from at
least a portion of the  first material can be performed in a variety of
manners. The melting at least a 9 I WO 02/16666 PCT/USOI/25856 portion of
the first material can include melting substantially all of the first
material and substantially none of the second material. Notably, Se
exhibits a  melting point of about 220C while Ge exhibits a melting point
of about 938C.  Such a large difference in melting point indicates that
substantially all :of Se as a  first material can be melted while melting
substantially none of Ge as a second  material. Other materials can also be
selected having a suitable temperature  difference. For example, the first
material can exhibit a melting point at least  about 100 C less than a
melting point exhibited by the second material.  Accordingly, a first
material liquid phase can comprise substantially all of the first
material. Also, the liquid phase can be formed such that it does not
substantially  comprise the second material. [0024] The phase change
characteristics of the first and second material  can vary depending on the
composition. of such materials, as well as other  factors. Impurities in a
single component material, such as Se, can cause the  melting point to
increase or decrease relative to the melting point of a pure  component.
Accordingly, depending on the impurity levels, portions of a material
might not change phase from solid to liquid at an expected temperature. All
that  can be expected is for substantially all of the material to melt when
temperature  is controlled at near the melting point of the primary
component. Higher  temperatures might be suitable for melting all of the
first material. In the context  



of deposition targets, highly pure materials are typically used so the
amount of  material not melted at the melting point is often
correspondingly small. [0025] In the case of a multiple component material
such as the first  material or second material, a variety of solid phases
can exist in the material.  Often, a eutectic phase present in the multiple
component material can melt at a 10 WO 02!]6666 PCTIUS01125856
significantly lower temperature compared to other phases of the material. A
material may thus begin to melt at one temperature but not reach
substantially  complete melting until a significantly higher temperature.
Again, the presence of  impurities can result in small amounts of material
not changing phase to a liquid  when seemingly all of the material has
melted. In a related sense, a second  material may comprise a small amount
of a eutectic phase that melts during the  melting of the first material
even though the second material melting is largely  unnoticed due to the
small amount. As an example, such eutectic phase can  even be formed due to
the presence of impurities in an otherwise highly pure  material.
Accordingly, all that can be expected is that the first material liquid
phase can be formed such that it does not substantially comprise the second
material. [0026] Of course, an interface can exist between the first
material liquid  phase and the solid second material. At the interface,
atomic interactions may  occur to form eutectic compositions or other
compositions including elements  from both the liquid and solid. For
example, GeSe, GeSe2, etc. can form at the  interface. However, the first
material liquid phase does not substantially comprise the second material
as a result of small amounts of such compositions  forming at interfaces.
The two phases remain largely separate. 10027] Another advantage of the
viscous nature of liquid Se, and perhaps  other materials, is that
particles remaining solid during the melting of at least a  portion of the
first material will not tend to settle out of the distribution in the 



original combination of solid first and second materials. If solid first
and second  materials are approximately homogenously distributed, then a
sufficiently high  viscosity can prevent a substantial number of particles
from settling out of the 11 WO 02/16666 PCT/USO 1/25856 approximately
homogenous distribution. A method according to an aspect of the  invention
can include forming an approximately homogenous distribution of the second
material throughout the first material liquid phase simply by providing a
homogenous distribution of solid first and second materials when originally
combined. The particle sizes discussed above and reduction of agglomeration
assist in producing a homogenous distribution in the combined materials.
The  first and second material can be blended in any suitable device known-
to those  skilled in the art to produce an approximately homogenous
distribution.  Additionally, additives may be included in the combination
of first and second  materials that are known to those skilled in the art
to assist in efficient and/or  effective mixing. [0028] Turning to Fig. 1,
a bottom die 2 of a hot press apparatus is shown  with first material
particles 6 and second material particles 4 placed in a cavity 2a  of
bottom die 2. Fig. 2 shows punch 8 positioned inside cavity 2a and applying
pressure to first material particles 6 and second material particles 4
while such  particles are heated. The heating of the materials is
sufficient to form a liquid  phase 10 from a portion of first material
particles 6. Notably, particles 4,6 are  shown generically without any
regard to particle size or shape and are for  explanation purposes only. In
Fig. 1, approximately twice the number of first  material particles 6 are
shown in comparison to second material particles 4. In  Fig. 2,
approximately 50 volume % (vol%) of first material particles 6 are melted
to form liquid phase 10. Particles 4,6 of Fig. I form a first volume while
particles  4,6 and liquid phase 10 of Fig. 2 form a second volume smaller
than the first  volume. Fig. 3 shows target blank 14 after solidification
of liquid phase 10 into 



12 I ~ FEB PCT/USO1/25856 matrix 12. Fig. 3 also shows target blank 14
having a third volume less than the  first volume of Fig. 1, but may be the
same or different than the second volume. [0029] As can be seen in the
Figures, about 33 vol% of the first volume  was melted to coat second
material particles 4 and remaining first material  particles 6. Although
about 33 vol% are shown melted in Fig. 2, the amount  melted is by way of
example only and not as a limitation that 33 vol% is sufficient  or
necessary to coat second material particles 4 and remaining first material
particles 6. Surface properties of liquid phase 10 and particles 4, 6
constitute a  major factor in determining the volume of liquid phase 10
sufficient to coat  particles 4, 6. [0030] Preferably, the second volume of
Fig. 2 comprises at least about  50 vol% liquid phase of at least one of
first material particles 6 and second  material particles 4. That is,
although shown-that only first material particles 6  are melted, it is
conceivable that some amount of a second material could also  be comprised
by the liquid phase. More preferably, the second volume  comprises at least
about 50 vol% liquid phase of the first material. In the case of  GeSe2 or
Ge3Se7, the amount of Se present is sufficient to form at least about 50
vol% liquid phase without melting any Ge. Ge exhibits a density of about
5.3  grams/centimeter3 (g/cm3) and Se exhibits a density of about 4.8 g/cm3
at  standard state conditions. Ge and Se also have similar atomic weights.
Such data is available for other component systems that could be included
in deposition targets. The data can be used to determine whether a nominal
composition of a target is adequate to produce enough liquid phase upon
melting  a first material. It may be desirable to melt at least some of the
second material  if the liquid phase is otherwise not sufficient to coat
the second material. 13 1 n 



L, FEB i1k 5 WO 02/16666 PCTIUS01/25556 [0031] The density of GeSe2 at
standard state conditions is 4.56 g/cm3  and it is desirable for the bulk
density of a deposition target to exhibit a density near the theoretical
pure component density. Approximating theoretical density  can also be
desirable in deposition targets formed of other materials. The  method
according to the present aspect of the invention can obtain a deposition
target bulk density of at least about 95 % of theoretical density.
Preferably, the  method produces at least about 97% of theoretical density,
or more preferably,  at least about 98% of theoretical density. The high
percent of theoretical density  possible with the present method is
difficult to obtain simply by conventional hot  pressing of a solid first
material combined with a solid second material. it is even  difficult to
obtain by hot pressing ground-up single phase GeSe2. The specific
mechanism by which the present invention achieves a high percent of
theoretical  density is not well understood. It is believed that
densification of combined first  and second materials involves a
combination of mechanisms that may include  particle rearrangement, solid
state diffusion, and the formation of the liquid  phase, as such mechanisms
are known to those skilled in the art. Inadequate  heating at too low a
temperature and/or for too short a time and/or inadequate  compression can
produce inadequate densification. [0032] In the present aspect of the
invention, applying heat and pressure  can include heating to a temperature
of less than about the melting point of the  second material under
compression of from about 6.9x106 to about 28x1 06  Pascals (about 1,000 to
about 4,000 pounds/inch2 (psi)). Preferably, the heating  can be conducted
at a rate of from about,200 to about 400 C per hour. As an  example, the
heating can attain a temperature of about 225C. Such 14 WO 02/16666
PCT/USOI/2856 



temperature has proven sufficient to melt substantially all of the Se in a
combination of Ge and Se powders under compression. [0033] After forming a
suitable liquid phase, the present method can  include solidifying the
first material liquid phase to define a composite target  blank that
includes an approximately homogenous distribution of the solid  second
material in a matrix of the solidified first material. Alternatively, the
liquid  phase can comprise at least one of the first material and the
second material and  cooling the heated material can form a solid matrix
from the liquid phase. The  cooled material thus defines a composite target
blank comprising some of the  solid particles in the solid matrix. Cooling
can include removing heat to attain  about an intermediate temperature,
maintaining about the intermediate,  temperature for from about 45 to about
90 minutes, and cooling further to a room  temperature of from about 20 to
about 25C. [0034] Most preferably, the hot pressing attains a temperature
of greater  than about 200C and the cooling includes maintaining a pressure
applied during  the hot pressing while removing the heat to attain about
200C. Temperature  can be maintained at about 200C for from about 15 to
about 60 minutes  followed by further cooling to room temperature and
removing the pressure when  room temperature is attained. In the method
described above, a highly densified  composite deposition target can be
produced having a composition determined  largely by the precision and
accuracy with which solid materials are  quantitatively blended. Further
processing of blended components can produce  a homogenous distribution of
selected solid materials in a matrix of solidified  other selected
materials. The homogeneity and density contribute to the high  quality of
the deposition target. 15 1aFEB215 WO 02116666 PCTIUSO1/25856 [0035] In a
further aspect of the invention, a PVD target can include a  



matrix of a first material and an approximately homogenous distribution of
particles of a second material throughout the first material matrix. The
first  material matrix can comprise a first metal, and the particles of the
second  material can comprise a powder of a second metal. The target can
include at  least about 50 vol% matrix. The matrix can comprise at least
about 99.99 wt%  Se on a metals basis and the second material can comprise
at least about 99.99  wt% Ag or Ge on a metals basis . For example, Se and
Ge (and/or Ag) can be  provided at a purity level of about 99.999 wt%.
[0036] The matrix can comprise substantially all of the first material and
may be a continuous matrix encapsulating the second material. Preferably,
the  matrix does not substantially comprise the second material. The
particles of the  second material can exhibit particle sizes no greater
than about 100 mesh, or  preferably no greater than about 325 mesh.
Further, any second material  particle agglomerations can exhibit a size no
greater than about 100 mesh. A  target comprising from about 25 to about 50
wt% of at least one of Ag or Ge in  an Se matrix may be particularly useful
and valuable. For example, the target  may exhibit a stoichiometric atomic
ratio of Ge to Se of about 1:2 or about 3:7.  Even so, the ratio of Ge to
Se can correspond to another known germanium  selenide or to a
non-stoichiometric composition. Advantageously, the films  deposited from
the above described targets can exhibit substantial homogeneity  of the
same ratio of components contained in the targets. [0037] An exemplary
backing plate/target assembly encompassed by the  present invention is
shown in Figs. 4 and 5 as assembly 30. Assembly 30  comprises a backing
plate 32 bonded to a target blank 34. Backing plate 32 and 16 WO 02/16666
PCT/US01125856 target blank 34 join at an interface 56, which can comprise,
for example, a  diffusion bond between the backing plate and target or a
solder bond. Target  blank 34 can comprise, for example, a GeSe2 or Ge3Se7
composite target blank.  Backing plate 32 and target blank 34 can comprise
any of numerous  



configurations, with the shown configuration being exemplary. Backing plate
32  and target 34 can comprise, for example, an ENDURATM configuration, and
accordingly can comprise a round outer periphery. Fig. 5 shows assembly 30
in  a top-view, and illustrates the exemplary round outer periphery
configuration. EXAMPLE NO. 1 [0038] A powder blend having the nominal
composition GeSe2 was  prepared and loaded into a hot press die. The die
was loaded into a hot press  chamber and 2,500 psi was applied to the die
assembly. The hot press chamber  was evacuated, backfilled with argon gas,
and maintained at a pressure of  approximately 500 Torr. The temperature
was increased from ambient  temperature to 225C at a rate of approximately
300C per hour. 225C was  maintained for 60 minutes. The temperature was
reduced to 200C and  maintained for 45 minutes. The temperature was reduced
to room temperature  and then pressure was released. The resulting material
exhibited a 97%  theoretical density. EXAMPLE NO. 2 [0039] The same
procedure as described in Example 1 was carried out  except that the
temperature of 225C was maintained for 68 minutes instead of 17 WO 02/16666
PCTfUSOI/25856 60 minutes. A material with a greater than 98% theoretical
density was  produced. EXAMPLE NO. 3 [0040) The same procedure as described
for Example 1 was carried out  except for the powder blend had a nominal
composition of Ge3Se7 and the  temperature of 2251C was maintained for 70
minutes instead of 60 minutes and  materiaI exceeding 99% theoretical
density was produced. [0041] The invention has been described in language
more or less  specific as to structural and methodical features. It is to
be understood,  however, that the invention is not limited to the specific
features shown and  



described, since the means herein disclosed comprise preferred forms of
putting  the invention into effect. The invention is, therefore, claimed in
any of- its forms  or modifications within the proper scope of the appended
claims. 18 CLAIMS : 1. A method comprising: combining solid Se and at least
one of solid Ag or solid Ge; melting at least a portion of the Se
sufficient to coat the Ag or Ge and any  remaining Se, the melted portion
defining an Se liquid phase; forming an approximately homogenous
distribution of the Ag or Ge throughout  the Se liquid phase; solidifying
the Se liquid phase to define a composite material comprising an
approximately homogenous distribution of the solid Ag or Ge in a matrix of
the solidified  Se. 2. The method of claim 1 wherein the solid Se and the
at least one of solid  Ag or solid Ge are metal particles and exhibit
particle sizes no greater than about 325  mesh. 3. The method of claim 1
wherein the Se comprises at least about 99.99  weight percent (wt%) Se, the
Ag or Ge respectively comprise at least about 99.99 wt%  Ag or Ge, and the
composite material comprises from about 25 to about 50 wt% of the  at least
one of Ag or Ge in the Se matrix, 4. The method of claim 1 wherein the
composite material comprises at least  about 50 volume percent (vol%)
matrix. 5. The method of claim 1 wherein the composite material is formed
as a  physical vapor deposition target blank. 6. The method of claim 1
wherein the at least one of solid Ag or solid Ge  consists of solid Ge. 7.
A physical vapor deposition target forming method comprising:  combining a
solid first material and a solid second material; melting at least a
portion of the first material sufficient to coat the second material  



and any remaining first material, the melted portion defining a first
material liquid phase  that does not substantially comprise the second
material; forming an approximately homogenous distribution of the second
material  throughout the first material liquid phase; solidifying the first
material liquid phase to define a composite target blank  comprising an
approximately homogenous distribution of the solid second material in a
matrix of the solidified first material. 8. The method of claim 7 wherein
the first and second materials comprise  metals. 9. The method of claim 7
wherein the solid first and second materials  comprise particles and
exhibit particle sizes no greater than about 100 mesh. 19 10. The method of
claim 7 wherein the first material comprises Se and the  second material
comprises Ge. 11. The method of claim 7 wherein the first material
comprises Se and the  second material comprises Ag. 12. The method of claim
7 further comprising combining at least one  additional solid material with
the solid first and second materials. 13. The method of claim 7 wherein the
melting at least a portion of the first  material and the forming an
approximately homogenous distribution occur together and  comprise hot
pressing. 14. The method of claim 7 wherein the melting at least a portion
of the first  material comprises melting substantially all of the first
material and substantially none of  the second material. 15. The method of
claim 7 wherein the composite target blank comprises at  least about 50
vol% matrix. 16. The method of claim 7 wherein the melting occurs at a
temperature of less  than about a melting point of the second material. 17.
The method of claim 7 wherein the melting the first material occurs in a
vessel while heating the first material to a temperature and compressing
the first  



material at a pressure, the first material liquid phase exhibiting a
sufficiently high  viscosity at the temperature to prevent a substantial
amount of the first material liquid phase from escaping the vessel at the
pressure. 18. The method of claim 7 wherein the melting the first material
occurs at a  temperature, the first material liquid phase exhibiting a
viscosity at the temperature  sufficiently high to prevent a substantial
amount of second material from settling out of  the approximately
homogenous distribution in the first material liquid phase. 19. The method
of claim 7 wherein the composite target blank exhibits a bulk  density of
at least about 95 % of theoretical density. 20. A physical vapor deposition
target forming method comprising:  combining solid particles of a first
metal with solid particles of a second metal;  applying heat and pressure
to the combined solid particles and forming a heated material comprising at
least about 50 vol% liquid phase of at least one of the first metal  and
the second metal; and cooling the heated material to form a solid matrix
from the liquid phase, the  cooled material defining a composite target
blank comprising some of the solid particles  in the solid matrix. 21. The
method of claim 20 wherein the first metal comprises Se and the  second
metal comprises Ge. 20 E ~r  1 -3 F 2! 'c 22. The method of claim 20
wherein the first metal comprises Se and the  second metal comprises Ag.
23. The method of claim 20 wherein at least one of the first metal and
second  metal comprise a plurality of metallic elements. 24. The method of
claim 20 further comprising separating agglomerations of  the solid
particles prior to applying heat and pressure. 25. The method of claim 20
wherein the solid particles of the first and second  



metals exhibit particle sizes no greater than about 325 mesh. 26. The
method of claim 20 wherein the liquid phase does not substantially
comprise the second metal and the heated material comprises an
approximately  homogenous distribution of solid particles of the second
metal throughout the liquid  phase. 27. The method of claim 20 wherein the
liquid phase comprises substantially  a I I of the first metal. 28. The
method of claim 20 wherein the applying heat and pressure  comprises
heating to a temperature of less than about a melting point of the second
metal under compression of from about 6.9x106 to about 28 x106 Pascals
(about 1000  to about 4000 pounds/inch2). 29. The method of claim 20
wherein the applying heat and pressure occur  together in a vessel, the
liquid phase exhibiting a sufficiently high viscosity during the  applying
to prevent a substantial amount of the liquid phase from escaping the
vessel. 30. The method of claim 20 wherein the particles remaining solid
during the  applying heat and pressure form an approximately homogenous
distribution throughout  the liquid phase, the liquid phase exhibiting a
viscosity sufficiently high to prevent a  substantial number of particles
from settling out of the approximately homogenous  distribution. 31. A
physical vapor deposition target forming method comprising:  combining a
first powder comprising a first metal with a second powder comprising a
second metal, the combined first and second powders having a first  volume
and the first metal exhibiting a melting point at least about 100 C less
than a  melting point exhibited by the second metal; applying heat and
pressure to the first volume and changing the first volume to a  second
volume, the second volume comprising at least about 50 vol% liquid phase of
the first metal; and cooling the second volume into a composite target
blank comprising an  approximately homogenous distribution of at least the
second powder throughout a solid  matrix comprising the first metal. 



21 32. The method of claim 31 wherein the first metal comprises Se and the
second metal comprises Ge. 33. The method of claim 31 wherein the first
metal comprises Se and the  second metal comprises Ag. 34. The method of
claim 31 wherein the first and second powders exhibit  particle sizes no
greater than about 325 mesh, the method further comprising screening  at
least one of the first and second powders with a 100 mesh screen to
separate  agglomerations. 35. The method of claim 31 wherein the applying
heat and pressure  comprises heating to a temperature of less than about
the melting point of the second  metal at a rate of from about 200 to about
400 C per hour while under compression of  from about 6.9x106 to about 28
x106 Pascals (about 1000 to about 4000 pounds/inch2). 36. The method of
claim 31 wherein the cooling the second volume comprises  removing heat to
attain about an intermediate temperature, maintaining about the
intermediate temperature for from about 45 to about 90 minutes, and cooling
further to a  room temperature of from about 20 to about 25 C. 37. The
method of claim 31 wherein the composite target blank exhibits a bulk
density of at least about 97 % of theoretical density. 38. A physical vapor
deposition target produced by the method of claim 7.  39. A physical vapor
deposition target produced by the method of claim 20. 40. A composite
material comprising a Se matrix as a continuous solid phase  separate from
an approximately homogenous distribution of at least one of solid Ag  or
solid Ge throughout the Se matrix. 41. The material of claim 40 wherein the
at least one of solid Ag or solid Ge  comprises metal particles and
exhibits particle sizes no greater than about 325  mesh. 42. The material
of claim 40 wherein the Se comprises at least about 99.99  wt% Se, the Ag
or Ge respectively comprise at least about 99.99 wt% Ag or Ge, and the
composite material comprises from about 25 to about 50 wt% of the at least
one of Ag or Ge  



in the Se matrix. 43. The material of claim 40 wherein the composite
material comprises at  least about 50 vol% matrix. 44. The material of
claim 40 wherein the composite material is a physical  vapor deposition
target blank. 22 45. A physical vapor deposition target comprising a matrix
of a first material  solidified from a liquid as a continuous phase
separate from and encapsulating an  approximately homogenous distribution
of particles of a second material throughout  the first material matrix,
the liquid not substantially comprising the second material. 46. The target
of claim 45 wherein the first and second materials comprise  metals. 47.
The target of claim 45 wherein the second material particles exhibit
particle sizes no greater than about 100 mesh. 48. The target of claim 45
wherein any second material particle  agglomerations are no greater than
about 100 mesh. 49. The target of claim 45 wherein the first material
comprises Se and the  second material comprises Ge. 50. The target of claim
45 wherein the first material comprises Se and the  second material
comprises Ag. 51. The target of claim 45 further comprising a third
material. 52. The target of claim 45 wherein the target comprises at least
about 50  vol% matrix. 53. The target of claim 45 wherein the first and
second materials consist of  different first and second metals,
respectively. 54. The target of claim 45 wherein the first material
exhibits a melting point at  least about 100C less than a melting point
exhibited by the second material. 55. The target of claim 45 wherein the
target exhibits a bulk density of at least  about 95% of theoretical
density. 56. The target of claim 45 wherein the matrix does not
substantially comprise  



the second material. 57. A physical vapor deposition target comprising at
least about 50 vol%  matrix solidified from a liquid as a continuous phase
separate from and  encapsulating an approximately homogenous distribution
of a powder throughout the  matrix, the matrix comprising a first metal and
the powder comprising a second  metal. 58. The target of claim 57 wherein
the powder exhibits particle sizes no  greater than about 325 mesh. 59. The
target of claim 57 wherein the first metal comprises Se and the  second
metal comprises Ge. 23 60. The target of claim 57 wherein the first metal
comprises Se and the  second metal comprises Ag. 61. The target of claim 57
wherein at least one of the first metal and second  metal comprise a
plurality of metallic elements. 62. The target of claim 57 wherein the
matrix comprises substantially all of the  first metal and does not
substantially comprise the second metal. 63. The target of claim 57 wherein
the target exhibits a bulk density of at least  about 97% of theoretical
density. 64. A physical vapor deposition target comprising a continuous
matrix of Se  encapsulating an approximately homogenous distribution of a
powder throughout the  Se matrix, the powder comprising at least about
99.99 wt% of ate least one of Ag or  Ge on a metals basis and the target
exhibiting a Se matrix with a combined Ag and  Ge content from about 25 to
about 50 wt%. 65. The target of claim 64 wherein the target comprises at
least about 50  vol% matrix. 66. The target of claim 64 wherein the matrix
comprises substantially all of the  Se and does not substantially comprise
the Ag or Ge. 67. The target of claim 64 wherein the target exhibits a bulk
density of at least  about 98 % of theoretical density. 



Ge. 68. The target of claim 64 wherein the powder comprises about 99.99 wt%
69. A physical vapor deposition target comprising a matrix of a first
material  comprising Se and an approximately homogenous distribution of
particles of a  second material comprising Ge or Ag throughout the first
material matrix. 70. A physical vapor deposition target comprising at least
50 vol% matrix and  an approximately homogenous distribution of a powder
throughout the matrix, the  matrix comprising Se and the powder comprising
Ge or Ag. 71. A physical vapor deposition target comprising a matrix
containing Se and  an approximately homogenous distribution of a powder
throughout the matrix, the  powder consisting essentially of Ge or Ag and
the target comprising from about 25 to  about 50 weight percent Ge or Ag
throughout the matrix. 24 


