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A new process technology named thermal plasma droplet refining (PDR) has
been developed. By using PDR with HIP sintering technology, we succeeded in
making materials with high-purity, fine grains, and random orientations. A
sputtering test has been carried out on C-7100 sputter equipment made by
ANELVA Corp. The results indicated that an extremely uniform film over the
entire wafer could be obtained using PDR processed ruthenium and tantalum
targets. High-purity targets made with PDR are suitable for manufacturing

MRAM, DRAM, AFC media, and hard disc drive heads.
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Fig. 1 An example of MRAM cell architecture (a) and
magnetic tunnel junction (b).
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Fig. 2 Schematic diagram of thermal plasma droplet refining
(PDR).
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Table 1 Plasma operating parameters for PDR treatment.

Power input] kW@ 20-50
Ar[I] 0-30%[H2
150-200
60-110

20-500

Plasma gas

Plasma gas flow rate(] L/min0J

Plasma pressurel] kPall

Powder feeding speedl] g/hJ
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Fig. 3 Ruthenium powder before (a) and after (b) PDR
treatment.
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Fig. 4 Tantalum powder before (a) and after (b) PDR
treatment.
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Fig .5 Appearance of high-purity ruthenium sputtering target
made using the PDR process.
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Table 2 Impurities content of ruthenium before and after PDR Table 4 Features of the high-purity ruthenium target made
treatment (unit: mass ppm). with PDR process.
Impurity Raw PDR10 20kwJ PDR2[ 30kw Purity 99.995% or higher
Fe 16.1 3.81 2.04 Mechanical strength 880MPa or higher
Cr 4.0 1.15 1.95 Target size available @ 400mm or larger
Cl 84.0 8.49 6.06 Shape available Various shapes
Na 7.15 0.77 0.65
K 46.67 7.79 10.9
Ca 8.75 0.92 0.72
Mg 2.50 0.16 0.16
Al 3.05 0.92 1.30
Si 7.14 5.76 1.22
o 1890 24 28
C 35 14 11
Th J 0.005 J 0.0005 [J 0.0005

Metallic impurities measured by GDMS, gaseous by LECO

O0OOPDROOOODOTaDOOODO

Table 3 Impurities content of tantalum before and after PDR
treatment (unit: mass ppm).
Impurity Raw PDR1 PDR2

Fe 2.7 0.07 0.05
Cr 1.1 <0.01 <0.01
Ni 0.29 0.1 <0.01
Cu 0.65 <0.01 <0.01
Si 0.17 0.05 0.03
Na 0.08 0.01 <0.01
K 0.07 <0.01 <0.01
Mg 0.59 <0.01 <0.01
Nb 51 28 26
Mo 35 20 20
(o) 640 210 180
Th 0.001 0 0.001 0 0.001

Metallic impurities measured by GDMS, oxygen by LECO
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Fig. 6 Microstructure of PDR-ruthenium target material
(a) Fracture surface(SEM) (b) Cross section (optical
micrograph).
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Fig. 7 X-ray diffraction pattern of the high-purity ruthenium
target material (a) and diffraction intensity from Ru standard
card (b).
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Fig. 8 Evaluation of film thickness uniformity sputter deposited
from different target materials. (Target/substrate distance is in
arbitrary unit.)

Sputter equipment: ANELVA C-7100,

Substrate size: 200mm in diameter.

(Data is by courtesy of ANELVA Corp.)
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Fig. 9 Evaluation of film thickness uniformity sputter deposited
from different target materials. (Target/substrate distance is in
arbitrary unit.)

Sputter equipment: ANELVA C-7100,

Substrate size: 200mm in diameter

(Data is by courtesy of ANELVA Corp.)
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Fig. 10 Schematic model showing impurities evaporating from
molten matrix.
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