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JNTBRMETAU.IC ALUMINIDBS AND SILICIDES SPUTTERING 
TAR.GETS, AND MEIBODS OF MAKJNG SAME 

:: 

10 . 

BACKGROUND 
Reftactory metals and their silicldes are widely used in CMOS DRAMs and logic circuits. 

Silicldes offer lower resistivity compared to doped silicon. In addition, silicldes also offer higher 
thennal stability compared to conventional interconnect materials such as aluminum.· There are 
several ways to obtain refractory metal silicide films on the wafer. The most common method. 
to obtain metal silicide is through the salicide process. The salicide process for obtaining titanium 
silicide film on a wafer is described below: 

1. a layer of Ti is deposited on a wafer by sputtering; 

15 2. first rapid thermal anneal (RTA) step: titanium reacts with silicon forming TiSi2 
{(C49) phase). This step is done in a nitrogen atmosphere to .avoid forming TiSi2 on the oxide 
and forms a TiN layer on the titanium; 

3. the wafer is removed and selectively etched to the TiN and unreacted Ti; 
a. a second RTA step is performed whereby TISi2 is1ransformed from the high 

20 resistivity phase (C49) to the low resistivity phase (C54). 

The process involves four steps including two high temperature rapid annealing steps. The 
advantage ofRTA versus conventional annealing is that RTA reduces the ''thermal budget", 
defined as the time the wafer stays in the furnace at high temperature. In general, reducing the 
thermal budget is desirable. 

25 An alternative way to obtain a silicide film on a wafer would be by depositing a silicide 
film by sputtering a silicide target. Sputter deposition of silicide film using a silicide target offers 
the following advantages: 

1. eliminates the need for high temperature rapid thermal annealing steps, provided 
a C54 film can be deposited; 

30 2. reduces silicon consumption from the wafer; 

35 

3. eliminates the phase transformation step; and 
4. provides an opportunity to deposit an amorphous film. 

Aluminides of Ti and Ta are useful barrier materials in the manufacture of integrated 
circuits. During the manufacture of integrated circuits Ti and Al layers often react to form 
titanium aluminide during wafer processing. However, formation of titanium aluminide during 
wafer processing is detrimental to the wafer because it introduces additional stresses in the film 
and also consumes Ti and Al from interconnect wiring. In order to prevent titanium aluminide 
formation and consumption of interconnect metal in the wafer during processing, it is desirable 
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to deposit titanium aluminide by sputtering a titanium aluminide target. Depositing a titanium 
aluminide film eliminates the ·introduction of stresses ~sociated ·with fomiation of titanium 
aluminide and unneeessary conswnption of interconnect metal. 

SUMMARY 
' ' ' 

The invention relates to a method'. of malting :~anced purity stoichiometric and non;.. 
stoichiometric articles, such as targets for;8puttetjng .n.d related microelectromes applications, 
and to such articles, including targets. S~icltioJD.etric articles are defined as single phase 
microstructure having a chemical composition as predicted by the phase diagram of the 
constituent elements e.g. TiA13, WSi2, TiSi2, etc. Non-stoichiOmetric articles·are defined as· 
articles, such as targets, having a composition slightly away from the stoichiometric composition 
as predicted by the phase diagriim of the constituent elements e.g. TiSi2,4, WSi2,8, etc. By 
practicing the invention it is possible to fabricate single phase stoichiometric articles, such as 
targets and dual-phase non-stoichiometric articles, such as targets, with high densities, higher 
purity than the starting materi81, and fine microstructure. Higher purity targets are beneficial for 
sputtering because they lead to less defects on the silicon waf~ thereby mcreasing yields. 

Enhanced purity stoichiometric and non-stoichiometric articles, such as sputtering targets, 
in accordance with one aspectofthe invention which possess a density of 95% or higher of 

• theoretical density and a microstructure not exceeding 20 microns, depending on the chemistry 
and composition of the article, e.g. target, and its constituent elements. 

Enhanced purity articles, such as targets, are defined as having an overall purity 
(combination of metallic, non-metallic and gaseous components} higher than that of the starting 
material. The articles may be manufactured by using a combination· of reactive sintering, 
sintering and vacuum hot pressing. It has been found that such a combination can be performed 
in situ in a vacuum hot press wliich enables the process to be a one-step process to manufacture 
stoichiometric and non-stoichiometric, such as sputtering targets starting from elemental 
powders, i.e. elements in powder form. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a photomicrograph of the grain structure ofTiAI3 target produced in accordance 

with an embodiment of the. invention (lOOX, grain size 18 microns); 
FIG. 2 is a graph showing the x-ray diffraction pattern of a target produced in accordance 

with one embodiment of the invention; 
FIG. 3 is a graph of an analysis of titanium silicide; and 
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FIG. 4 is a photomiC1'9,gntJ>h of the grain structure of TIS~ ~et produced in accordance 
with one embodiment of the invention V~OJJ;,;~ size, 18 microns; cracks observed are an 
artifact of the sample mounting, grinding ahd polisblng process). 

DETAILED DESCRIPTION 
One aspect of the invention comprises a one--step method of making enhanced purity, high 

density, fine microstructure sputtering targets using a combination of reactive sintering and 
vacuum hot pressing. While the basic fundamentals of the process remain the same, there may 
be some variations in the process depending on the starting material and final composition 
required • 

. A preferred embodiment of the method of the invention comprises a process that includes 

15 reactive sintering and vacuum hot pressing together. This process results in a high density b~ 
i.e., greater than 95% density, for sputtering targets, and to sputtering targets produced therefrom. 
The invention includes a method of making an article Particularly useful as a sputtering target 
having enhanced purity comprising metal (M) and either silicon (Si) or aluminum (Al), from 
powder. For the method for producing an aluminide sputtering target, M comprises Ti, Fe, Co, 

20 Ni and/or Ta, for producing a silicide target, M comprises Ti, Ta, Ni, Cr, Co and/or Pt. The 
preferred embodiment of the method may comprise the following steps, which may be combined 
or reananged in order: 

25 

(a) providing a heat-resisting pressing die having a cavity with a configuration and 
dimensions desirable for producing the desired article, for example a sputtering target. the die 
has at least one movable pressing ram adapted for application of axial compaction forces to 
material in said cavity; 

(b) blending metal (M) and either silicon (Si) or aluminum (Al) powder in 
proportionate ratio to provide the desired composition, advantageously both powders have sizes 
less than or equal to 45 mm; 

30 (c) adding sufficient amounts of the blended mix into the cavity of the heat-

35 

resistant die so as to be able to yield a dense compact having substantially desired dimensions, 
for example, of a sputtering target; 

(d) placing the die a the vacuum hot-press chamber; 
( e) applying a containment pressure to the mixture in the die adapted to be \lllder 

high vacuum conditions by means of at least one moving ram capable of applying uniaxial 
compaction forces; advantageously, the containment pressure is sufficient to contain said mixture 
in said die; 

(f) evacuating said chamber and said die, preferably about 1o4 torr or less; 
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(g) heating said die containing tlie.said lllixture in the vacuum hot-press chamber 
. . ·.:, ·: . 

-5 · -· -to -a first ·temperature sufficient· to remove- moisture and to volatilize alkali metals while -
maintaining 'uniaxial compaction pressure and' a pressure of not more than about -10-4 torr; . 
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(h) maintaining said first temperature for a time period sufficient to substantially 

remove gases and alkali metal~ from the mixture; 
(i) heating the said die containing the said mixture in the vacuum hot-press chamber 

to a second temperature preferably ranging from about 500 - t'500°C to allow the powders to · 
reactively sinter under a containing pressure and high vacuum; -

. G) increasing-uniaxial· compaction pressure, preferably about 1000-6000 psi; 
(k) maintaining 'said- compaction force under said vacuum and at said second 

temperature for a time sufficient to allow for reactive sintering process to complete and effect 

desired ~mpaction of the.said mixture; 
(1) releasing said compaction force while maintaining high vacuum of preferably 

-4 . 
about 10 torr or less; 

(m) slowly cooling said die to relieve stresses in the compact while maintaining 
high vacuum, preferably to about 300°C or less and about 1 o-4 torr or less; • -· 

(n) releasing vacuum; 
( o) removing cooled compact from die; and -

(p) recovering the article, and further processing as necessary to produce a 
sputtering target with desfred composition and enhanced purity~ 

Other preferred conditions are: 
metal powder having. particle sizes· sinaller than ·about 45 microns,· includfug · 

aluminum or silicon powder of a size smaller than about 45 microns; 
mixing in an inert gas atmosphere; 

using a containment pressure in step ( e) in the range of about 200-1000 psi; 
heating the die at a rate of up to about 5 °C/min to a first temperature range of_-

about 300 to 500°C while maintaining a containment pressure ranging from about 200 to 1000 
psi and a vacuum of at least 1·0-4 torr; · 

heating the die at a rate of up to about 10°C/min to. a second temperatuJ"e range of 
about 500-1000°C while maintaining a containment pressure of up to 6000 psi and vacuum 
pressure of 10-4 torr or less; . .. 

heating the die at a rate of up to l0°C/min to a densification and purification 
temperature range of900-1500°C while maintaining a containinent pressure of up to 6000 psi 

-4 
and vacuum of at least 10 · torr or less; 
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slowly cooling the die under a containment pressdfe df up to about 6000 psi until 
the temperature reaches a minimum of 1300°C, whereafter the containment pressure is released, · 
while maintaining a vacuum pressure at 10-4 torr or less; 

cooling the die in a vacuum pressure of 1 o •4 
torr or less until the temperature 

reaches about 500 °C whereafter the die is further cooled by a flowing inert gas; 

the inert gas used to cool the die is helium; 
the stoichiometric product, for example a sputtering target, comprises or consists 

·essentially of one phase With the second phase ~t exceeding more than about 1 %; 
the non-stoichiometric product, for example a sputtering target, comprises or 

consists essenti8Ily of two phases with any and ai1 additional phases not exceeding about 1 %; 
the characteristics of the enhanced purity stoichiometric and non-stoichiometric 

article, for exatn.ple a sputtering target, has a density of at least 95% of theoretical density, 
substantially no porosity, and impurities that have been reduced by at least 5%; 

the density is at least equal to the theoretical density; and 
the cooled compact has substantially the desired dimensions of the article, for 

example a sputtering target, which is then ground to the final desired dimensions. 

EXAMPLES 
One preferred process route is outlined in Table 1. In this and all following examples, 

some of the steps may be combined, and the process may be performed "in situ" in the same 
equipment 

-5-
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Table l 

PROCESS STEP GENERAL PREFERRED CONDmONS .. ... 
Blending Blend appropriate proportions of elemental .. Ar atmosphere for.J0-90 minutes 

powders· · · · · · qepending on starting material 

:·Loading Pour into. graphi~ dies and IC>ad dies into 
. vaeuum hot ptess 

. . . ; 

·Evacuate Evacuate chamber to achieve a pressure of 
I 0. tort or ~!'S$ ·.-: .. 

Pre-compaction To produce ~·green" compact 200-1000 psi 

Degassing To remove volatile gases and nioistUre 300-soo0c 
Reactive sintering Powders are ·sintered reactively to form ~00-iooo0c., 104 torr, 60.;.240 

desired compounds minutes 

Densification and Applyadditional pressure to achieve· desired 
: 4 
1000-6000psi, 10 torr, 900-

Purification density and removal of volatile reaction isoo 0 c 
products 

Cooling Slow cooling to prevent thennal shock Furnace cool under atmosphere 
control 

. The process parameteis. are defined in ranges beca~e it has been found that in order to 
achieve the desired chemical composition and phases in the sputtering target, temperatures, 
heating and cooling rates, vacuum, hold times and pressure shoul4 be controlled. The speCific 
proc.ess parameters will depend on the starting materials and desired composition. 

.·It has also been found !hat sintering powders which react exothennically results in 
adiabatic temperature rises. This sudden rise in temperature causes impurities to volatilize which 
can then be evacuated with a vacuum. system. The resulting grain size of the near-net sized 
product depends on the particle size distribution of elemental powders, and the nucleation and 
growth of new phases. Since the ~on occurs between powders which are uniformly blended, 
there are innumerable nucleation sites for new phases. Grain growth requires high temperatures 
but the new phases are not held at elevated temperature for extended periods of time, and grain 
growth is restricted, which results in a fine grain structure· on the sputtering target. The. exact 
grain size or range depends on t:Jie starting material. High pressures for densification are applied 
when the temperature rises because the reacted powders are then more ductile and easy to 
compact. Accomplishing this results in high densities. As mentioned previously, achieving 
desired phases in the product depends on control of the reactive sintering and densification 
processes in the vacuum hot press. The following examples illustrate the process. The invention 
described above describes a method to achieve success. 

-6-
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One example of the,pro¢.ess for producing TiA13 articles i~ described in Table 2. 

Table2 

PROCESS STEP GENERAL PREFBRRBD CONDITIONS: 

Blending Blend 37.15 wl°/o TI and 62.85 Ar abnosphere for 60 minutes 
wt%Al powdeis in a V-blender 

Loading ·Pour into graphite dies and lead into vacuum 
.. hot press 

Evacuate Evacuate chamber to achieve 10
4 

torr pressure 

Pre-compaction Apply piessure to form a compact 600psi· 

First Degassing Remove volatile gases and moisture 350°C 

Compaction To assist the reactive sintering process 4000 psi for 180 minutes 

Reactive sintering Powders are sintered reactively -4 600°C, 10 ton', hold for 90 
to form desired compounds minutes 

Densification and Apply additional pressure to SOOO psi, 10
4 

torr, 600°C hold 
Purification achieve desired density and removal of volatile for 90 minutes 

reaction products 
Note: Pressure for densification 
can be applied either continuously 
or in small increments 

Second Degassing To remove volatile gases which 5000 psi, Io 4 tort, 1050° C, hold 
were not removed by the first degassing step. for 60 minutes 

Cooling Slow ci>oling to prevent thennal shock Furnace cool under vacuum 

Release pressure release pressure release pressure 

Since the reactive sintering process is initiated by diffusion and the rate of sintering 
depends on the packing density of the powders, a compaction step prior to reactive sintering 
assists in increasing the reaction rate. The degassing step removes moisture. During the reactive 
sintering process step, the titanium and aluminum powders in this example react to produce 
TIA13. Control of process parameters ensures that the reaction occurs uniformly throughout the 
powder mixtme resulting it1 a fine-grained (due to several nucleating sites) single phase near-net 
shaped TiAI3 blank. The exothermic nature of the reaction leads to a temperature increase which 
makes the reacted powder mixture plastic and thus easy to densi:fy. The second degassing step 

removes the gases given out during the exothermic reactive process. The combination of two 
degassing steps at low and elevated temperatures prior to and after the reactive sintering step 

-7-
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results-in reduction of alkali ~d gaseous· impurities and an enhanced purity article especially 

. useful as a sputtering target .. 

The advantage of the pr9Cess is reflected: by absence of elemental Ti and Al powders in 

the finished article. This is ti~tennined by analyzing the near~net shaped blank using x-ray 

diffraction, SEM/EDS, and At41>mic Absorption. 

FIG. 1 shows the grain~ of a TiA13 target pioce~ed using the process described 

.. above. The photomicrograph f learly sows that the grain size is foss than 20 microns~ FIG. 2 

shows the x-ray diffraction p~ttern of a sample piece obtained from the·.target. The x-ray 

diffraction pattern shows the presence of a single phase TiAI3 compound. 

Chemical analysis using GDMS, LECO and SIMS confinn that the purity of the finished 
' . 

product was higher than that of the original starting powders. ·• . 
. . ' 

An example of a m~o~ of making non-Stoichiometric TiSi2 blank useful as a sputtering 

target is described in Table 3. : 

-8-
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Table 3 

PROCESS. STEP G~ PRBPBRR.IV 

Blending Blend-325 mesh proportions of elemental Ar atmosphere for 60 minutes 
titanium and silicon powders 

Loading Pour into graphite dies ancl load dies into 
vacuum bot press 

Evacuate Evacuate chamber to achieve 104 torr 
pressure 

Pre-compaction Apply pressure to compact 736psi 

Degassing To remove volatile gases and moisture Jts•c 

Reactive sintering Powders are sintered reactively to fonn 96S 0 C, 10·4 tOJT, 120 minutes 
desired compounds 

Note: Pressure for densffication can be 
applied either continuously or in small 
increments 

Densitication and Apply additional pressure to achieve 5000 psi. 104 torr, hold for 120 minutes 
Purification desired density and removal of volatile at 965°C 

reaction products 

Second Degassing To remove volatile gases which were not 1360°C for 90 minutes; 5000 psi 
removed by the f1rst degassing step. 

Cooling Slow cooling to prevent thermal shock Furnace cool under vacuum until 
temperature reaches 1100°c followed by 
backfilling with He and cooling fans 

Note: Cooling rates cari be varied 
depending on product requirements 

Release pressure To prevent mechanical shock during Release pressure at 1100°c 
.. cooling 

FIG. 3, which represents the analysis of titanium silicide target using x.Mray diffraction 
revealed that the target contained two phases as expected. The two phases were TISi2 and Si. 
Further analysis indicated that the TiSi2 is in the C54 phase, which is a low resistivity phase. The 
microstructural analysis showed a fine microstructure with an average grain size less than 20 

microns (FIG. 4). GDMS, LECO and SIMS analysis showed that the overall purity of the target 

was higher than that of the staring powders. 
Tables 4, 5 and 6 describe typical compositions of titanium aluminide, titanium silicide 

and tungsten silicide, respectively, which may be produced. Furthermore, when these 

compositions are produced as sputtering targets, it has been confinned that the targets will 

-9-
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produce fj.lms of titanium aluminide; titanium silicide andtungsten silicide, respectively, on a 

· substrate.· 

. Table4 

99.98% pure TiAl3 
Units = J>P!!! 

Element Maximum Element Maximum Element Maximum 

Ag 1.00 K 0.50 Si so 

Al MC Li. 0.10 Sn s.oo 

As 1.00 Mg 10.00 Th 0.10 

B 2.00 Mn 10.00 u 0.10 

Ca 10.00 Mo 1.00 v 5.00 

Cl 10.00 Na 1.00 . Zn 5.00 

Co 2.00 Nb 1.00 Zr S.00 

Cr 10.00 lU 15.00 

Cu 15.00 p 15.00 0 3000 

Fe 25.00 Pb 5.00 c 100 

In 5.00 s 15.00 N 300 

Maximum Total Metallic Impurities: 200 ppm 

Method of Analysis: C, 0, N, by LECO; Na, K, Li by SIMS; all others by GDMS 

Molar Ratio controlled to within +/- 0.1 of nominal value. Major constituents analyzed by Flame A.A. 

Metallographic analysis is routinely perfonned on each manufactured lot ofTiA13 ensuring lot-to-lot and target-to-
target consistency. Incoming powders must meet stringent particle size requirements. · 

-10-
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Tables 

5 
99.995% pure TiSi2xx 
Units=El?m 

Element Maximum Element Maximum Element Maximum 

Ag 0.10 K 0.10 Si MC 

Al 15.00 L 0.0001 Sn 3.00 

10 
As 1.00 Mg 0.05 Th 0.001 

B 2.00 Mn 0.30 u 0.001 

Ca 2.00 Mo J.00 v 1.00 

Cl 10.00 Na S.00 Zn 0.50 

Co 2.00 Nb 1.00 Zr 2.50 
15 

Cr 10.00 Ni S.00 

Cu 2.00 p 2.50 0 3000 

Fe 15.00 Pb 0.10 c 100 

In 0.10 s 5.00 N 100 

20 Maximum Total metallic Impurities: SO ppm 

Method of Analysis: C, 0, N, by LECO; Na, K, Li by ~IMS; all others by GDMS 

Molar Ratio controlled towi1hin +/- 0.1 of nominal value. Silicon concentration analyzed by Inductively Coupled 
Plasma Mass Spectrograph or Atomic Absorption techniques. 

25 

30 

35 
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.JABLE6 
99.995% pure Ws~ 
Units=E}?m 

Element Maximwn Element· Maximum ·Element Maximwn 

Ag 0.10 K 0.50 Si MC 

·Al 2.00 Li 0.001 Sn 1.00 

As 1.00 Mg 0.05 Th 0.001 

B 0.10 Mn 0.30 u 0.001 

Ca 2;00 Mo 1.00 v 1.00 

Cl 2.00 Na 0.50 Zn 0.50 

Co 2.00 Nb 0.50 Zr 0.50 

Cr 4.00 Ni 1.00 

Cu 2.00 p 2.50 0 IOOO 

Fe S.00 Pb O.JO c 70 

In 0.50 s 2.00 · .. N 20 

Maximum Total Metallic Impurities: 50 ppm 

Method of Analysis: C, 0, N, by LECO; Na, K, Li by SIMS; !ill o~.erS by GDMS 

Molar Ratio control1ed to within+/- OJ of nominal value. Silicon concentration analyzed by Inductively Coupled 
Plasma Mass Spectrograph or Atomic Absorption techniques. 

It is apparent from the foregoing that various changes and modifications may be made 

without departing from the invention. Accordingly, the scope of the invention should be limited 

only by th~ appended claims. 

-12-
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WE CLAIM: 

1. A method of making enhanced purity stoichiometric and non-stoichiometric 

articles, such as sputtering targets, comprising in.situ reactive sintering and hot pressing powders 

of metal (M) and either silicon (Si). or aluminum (Al) where, for producing an aJuminide article 

M comprises T4 Fe, Co, Ni and/or Ta, and for producing a silicide article M comprises Ti, Ta, 

Ni, Cr; Co and/or Pt. 

2. A method according to claim 1 to produce an article of enhanced purity such that 

the purity is enhanced by at least 5% of the original purity of the powders from which it is made. 

3. An article of enhanced purity made form powders according to claim 1 wherein 

the purity is enhanced by an amount in the range of about 25 to 50% of the original purity of the 

powders from which it is made. 

4. A method of making an article particularly useful as a sputtering target having 

enhanced purity comprising metal (M) and either silicon (Si) or aluminum (Al) from powder 

where, for producing an aluminide article M comprises T4 Fe, Co, Ni and/or Ta, and for 

producing a silicide article M comprises Yi, Ta, Ni, Cr, Co and/or Pt comprising the following 

steps, which may be combined or rearranged in order: 

(a) providing a heat-resisting pressing die having a cavity with a configuration and 

dimensions for producing the desired article, the die having at least one movable pressing ram 

adapted for application of axial compaction forces to material in said cavity; 

(b) blending powders of metal (M) and either silicon (Si) or aluminum (Al) in 

proportionate ratio to provide a blended mix of the desired composition; 

{ c) adding sufficient amounts of the blended mix into the cavity of the heat- resistant die 

so as to be able to yield a dense compact having substantially desired dimensions; 

( d) placing the die in a chamber for vacuum hot pressing; 

( e) applying a containment pressure to the mixture in the die adapted to be under high 

vacuum conditions by means of at least one movable ram capable of applying uniaxial 

compaction forces; 
(f) evacuating said chamber and said die to a vacuum pressure; 

(g) heating said die containing the mixture in the chamber to a temperature range 

sufficient to remove moisture ~d to volatilize alkali metals while maintaining uniaxial 

compaction pressure and vacuum pressure; 

-13-
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(h) maintaining said temperature for a time period ~cient to substantially remove gases . 
and ·alkali" metals from the mixture; . . .. , . 

(i) heating the die containing the mixture in the chamber to a temperature range to allow 
the powders to reactively sinter under pressure and high· vacuum; 

G) increasing uniaxial compacti9n pressure; 
(k) maintaining said compaction force under vacuum at said temperature•for a time 

sufficient to allow for reactive sintering process to complete and effect desired compaction of the , 
said mixture; 

(1) releasing said compaction force while maintaining high vacuum; 
(m) slowly cooling the die to relieve stresses in the compact while maintaining high· · 

vacuum; 
(n) releasing vacuum; and 
( o) removing the cooled compact produced :from the die. 

5. A method according to claim 4 wherein the die is heated at a rate of up to about· 
5°C/min to a first temperature ral'.lge of about 300 to 500°C while maintaining a containment 

. pressure ranging :from about 200 to 1000 psi and a vacuum of at least 10
4 torr. 

6. ' A method according to claim 4 wherein the die is heated at a rate of up to about 
10°C/min to a second temperature range of about 500-1000°C while maintaining a containment 
pressure of up to 6000 psi and vacuum pressure of 10-4 torr or less. ·· · 

7. A method according to claim 4 wherein the die is heated at a rate of up to · 
10 °C/min to a densification and purification temperature range.of 900-1500°Cwhile maintaining 
a containment pressure of up to 6000 psi and vacuum of at least 1o4 torr or less. · 

8. A method according to claim 4 wherein the die is slowly cooled under a 
containment pressure of up to about 6000 psi until the temperature reaches a minimum of 
1300°C, wherea:fter the containment pressure is released, while maintaining a vacuum pressure -4 . 
at about 10 torr or less. 

9. A method according to claim 4 wherein the die is cooled under a vacuum pressure· 
of about 10-

4 
torr or less until the temperature reaches about 500 °C whereafter the die is further 

cooled by a flowing inert gas. 

-14-
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10. A method according to claim 9 wherein the inert gas used to cool the die is 

helium. 

11. A method according to claim 4 wherein the stoichiometric product comprises one 

phase, and may contain a second phase not exceeding more than about 1 %. 

12. A method according to claim 4 wherein the non-stoichiometric product comprises 
two phases with any and all additional phases not exceeding about 1 %. 

13. A method according to claim 4 wherein the enhanced purity stoichiometric or non-
stoichiometric article produced has a density of at least 95% of theoretical density, substantially 
no porosity, and impurities that have been reduced by at least 5% from the amount of impurities 

in the starting material. 

14. A method according to claim 13 wherein the density is at least equal to the 
theoretical density. 

15. A method according to claim 4 further comprising processing the compact to the 
final desired dimensions. 

16. A method according to claim 15 wherein the compact is processed to produce a 

25 sputtering target 

17. A method according to claim 4 wherein the powders are not more than about 45 

mm. 

30 18. A method according to claim 4 wherein the aluminum or silicon powders are not 
more than about 45 microns. 

19. A method according to claim 4 wherein the metal powder is not more than about 
45 microns. 

35 
20. A method according to claim 4 wherein the vacuum pressure recited in step f) is 
-4 

about 10 torr or less. 
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21. A method according to claim 4 wherein the compaction pressure in step G) is 
increased to about 1000 - 6000 psi. 

22. A method according to claim 4 wherein in step (m) the die is cooled to about 
300°C or less and the high·vacuum maintained is a pressure of about 10-4 torr or less. 

23. A method according ·to claim 4 wherein blending in step (b) is an inert . 
atmosphere. 

24. A method according to claim 4 wherein containment pressure in step (e) is about . 
200-1000 psi. 

25. A aluminide or silicide sputtering target made form powders comprising a metal 
(M), and either silicon (Si) or aluminum (Al) where for producing an aluminide target M 
comprises Ti, Fe, Co, Ni and/or Ta, and for producing a silicide target M comprises Ti, Ta, Ni, 
Cr, Co and/or Pt, said target having density of at least 95% of theoretical. 

26. A target according to claim 25 which comprises one phase and not more than 
about 1 % additional phase. 

27. A target according to claim 25 comprising two phases with any and all additional 
phases not exceeding about 1 %. 

28. A target according to claim 25 having substantially no porosity and at least 5% 
less impurities than the amount of impurities in the powders from which it is made. 
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