TERNARY ALUM NUM ALLOY FI LMS AND TARGETS BACKGROUND.
OF THE I NVENTION Field of the Invention [0001] The
w@e@sano4d nvention relates to a ternaryal | oy tPCTUB200M007755

for use in the manufacturing of flat panel display and
physi cal vapor deposition target used to produce such
films. In particular, the filmdeposited on the gl ass
substrate exhibits low resistivity and high hill ock
resi stance. Description of Related Art [0002] Fl at
panel displays such as liquid erystal displays (LCD)
are used in many applications such as tel evision sets
and not e@?ﬁﬁhﬁ%ﬁ%&iﬁﬁéﬂwuﬂtﬁs ARp FaResad he
i mage quality such as resolution and contrasts thin
filmtransistors (TFTs) have been used as sw tching
el ements. TFTs j VieRs SR+ RhNY a
sem conduct or f%%é??%éﬂéﬁ*%ﬁ an IHbuidJFﬁEESUbStrate
such as a glass substrate and al so i ncludes el ectrodes
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nductor film [0003] In recent

devehdpnenttheofptEsnt t hevents orarelatws dagi agternary

tendency toward a_larger size,panel d..a_higher

PLABVLTET AN F7RctPt, TP Chis BB TEgH Fed 05 FhRR
phecal entgpdey fahdn sy sheal Chaplors ridpesi i omnsaongst used
Such aégfducti n %n%dinenﬁion p&gvi es aqﬂgnCEEf e in

FRe PERSETS IS 5t st ance~8f POt erconnect T ons ~an
akpolsianes .o hilse r¢sabss subsaratecreedsidoins debay tine

of the electric.si | s..To suppress the signal pulse
TEFAP TRI00 T (HESD BHAPST o8 T B1T he 1 1 m
electrodes in the LCDto a

Description of Related Art

[0002] Flat panel displays such as liquid crystal
displays (LCD) are used in many applications such as
television sets and notebook-type personal computers.
To improve the image quality such as resolution and
contrasts thin film transistors (TFTs) have been used
as switching elements. TFTs are active devices
comprising a semiconductor film formed on an insulating
substrate such as a glass substrate and alsoc includes
electrodes made of metal films wherein the electrodes
are connected to the semiconductor filmi

foo03] In fecent developments of LCDs, there is. an .
increasing tendency toward a larger size panel and a
higher resolution. As a result, it has been required
to form the electrode film of the LCD of smaller
dimensions. Such a reduction in dimension provides an
increase in the electrical resistance of
interconnections and electrodes. This results in an
increase in delay time of the electric signals. To

suppress the signal pulse delay caused by the reduction



sufficiently low level to be applicable to color LCDs,

and in particular to large- sized color LCDs having a
weaneh2@isxe of 10 inches or greater, it is regRCT/E82007/007755

that the electric resistivity of the electrodes of

sem conduct or devices be equal to or less than 5 ni¥m

[0004] As a result, the filmused to formthe

el ectrode of a sem conductor device in the LCD nust

have various characteristics, inter alia, |ow

resistivity and high hillockaresistance. The

resistivity of the material used to formthe el ectrode
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high resistivity is used to form the thin electrode,
then the high resistivity causes a reduction in the
conduction speed of the electric signal and creates an
increase in the signal pulse delay. Such a signal
pulse delay is an important factor which determines the
overall characteristics of the LCD. In large-sized and
high-resolution LCDs, the low-resistivity is the most
important factor to prevent the delay in the signal.
[0005] A reduction in hillock formation is likewise
important. The material used to form the electrode
film is subjected to temperatures ranging from 300°C to
400°C for 20 min to 30 min after the formation of the
deposition of the film on the substrate and in the
subsequent deposition of insulating film using plasma
enhanced chemical vapor deposition (PECVD). When
aluminum is employed, as the material to form the
electrode in the LCD, small-sized hemispherical
protrusions called hillocks are produced on the surface

of the film during PECVD deposition of insulating film.



protrusions called hillocks are produced on the
surface of the filmduring PECVD deposition of
wo eali2aoeng film The hillocks in the formof PCT/US2007/007755
hem spherical protrusions are produced due to
conpressive stress caused by the difference in the
t hermal expansion coefficient between the gl ass
substrate and the alumnumfilm In TFTLCDS, the
el ectrode filmis generally |ocated at the bottom of
the nultilayer structure. dhgrefore, the hillocks on
the el ectrode filmmake it inpossible to form other
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epéendent qn content .. [0007] 1o e
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one _or nore aIonln el enents selected fromAl, Co,
feilRye)RPUire:. %ﬁ@ﬁ%} H roshi (Japanese Pat ent

[PeewEgnt Norhd®; in addition to low resistivity, the
electrode film material in the LCD is required to have
preferably no hillocks and whiskers or less than 0.5 pm
hillock size formed during annealing. To address these
issues a numbexr of aluminum alloy sputtering targets
have been suggested in the related art. For example,
Onishi et al Effects of Nd content in Al thin films on
hillock formation, J. Vac. Sci. Technol. A, Vol.
15(1997) is directed to Al-Nd films where the hillock
density is strongly dependent on Nd content.

[0007] Yamamoto et al (U.S. Patent No. 6,033,542)
pertains to an electrode for semiconductor devices made
of an Al alloy containing one or more alloying elements
selected from Al, Co, Ni, Ru, Rh and Ir.

[0008] Hiroshi (Japanese Patent Document No. 10-
199830) relates to a target material formed of an Al
matrix structure containing one element selected among

transition elements.



19983 0 ) relates to a target material forned of an Al
matrix structure containing one el enent selected anpng
wao e@ns2aoudn el ements. [ 0009] Onishi et al (JapaP€BES2007/007755
Pat ent Docunent No. 2000-199054) pertains to an

al um num al |l oy sputtering target conposed of al um num
matri x phases and internetallic conpound phases of

al umi num and al l oy el enments on the grain boundaries
between the internmetallic matrix phases. [0010]

Yoshi kawa et al Spray forned4alum nium alloys for
sputtering targets Powder Metallurgy, Vol. 43 (2000)
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PREUCars B Y (10T &Y aRoB 60 of the present . o
umwaﬂnlonimakagl et al (U.S. Patent Nos. 6,096,438 and
6,387,536 Bl) pertains to an Al alloy £film for use as
an electrode of a semiconductor device and an Al alloy
sputtering target for depositing same.

[o012] Nishi et al (U.S. Patent Application
Publication No. 2001/0004856 Al) relates to an aluminum
or aluminum alloy sputtering target manufactured by
spray forming and in which the wmaximum length of all
the inclusions is 20um or less.

[0013] The drawbacks associated with the
conventional thin film materials and the targets
utilized to manufacture same, is thdt they do not
satisfy the requirements needed to manufacture
electrode films for the flat panel display.

[0014] To overcome the disadvantages of the related
art it is an object of the present invention to
eliminate a binary Al-Nd alloy and provide an aluminum
ternary alloy film and sputter target used to deposit
such film. 1In particular, the films deposited have a
resistivity, preferably of less than 5 uQcm and high

hillock resistance after the film is annealed.



elimnate a binary Al-Nd alloy and provide an al um num
ternary alloy filmand sputter target used to deposit
wG@omm12do3n I n particular, the filnms depositedPdiEUS20a7/007755
resistivity, preferably of less than 5 midm and hi gh
hillock resistance after the filmis anneal ed. [ 0015]
Anot her object of the invention is to reduce the cost
of alum numternary systens by reduci ng or replacing
the second conponent (i.e., Nd) with rare earth netals
such as Ce, Dy, Gd, and reduge-the rare earth content
by adding a | ess expensive third conmponent . [0016] It
t)c?ofslf urt hﬁﬁonlé%%;bgfectth%ﬁ:’rtg%nlnﬁéﬂﬁmbhoﬂst @o reduce
rovide a novel manufacturing process for the sputter
s gedst t bEr @bymi et itrarnary RYPeensf bye e S tps

necessar gener ug; agd fi .
e e Pt OPaCarCLs ¢ Tastr [ bbia] o by "L
@t Bspech Bsobuthe agr esentDy nv@dt | andwiredussc dhe rare

apparent to _ong_ of di nary I ahLt, sURPN
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apmpesdedther et 0. SUMVARY OF THE | NVENTI ON [ 0018]
According to an aspect ,of the.jnventi ical
\[/%ﬁ?af?depo Ft #8n 3 %ﬁlgzé'ih?%rg]?ﬁégﬁa%%f gg‘ﬁ?ﬁ‘%&g’%&ﬂ at
pateht dbspkay pricsripteova dedve Theahafgetvmigiaidusogess for

ternary all oy system havi by .at o Lce i kst
EBﬁpﬁﬁBﬁFan¥ ISitount %ﬁgggoﬁ%dﬁﬁlggpgﬁ¥b§%hmﬁ%%é%ﬁ
thgufikist ceepenenicdssatyntougenarseeoitbromgpeeens #nd
an amount of about 0.0 to'ﬁ'gg wg%rein t he second
EbRBORBREOPS TR 2 t itePehBhPS"s sel ected fromthe

gbeup]CconsiostHaly ¢ Mt s CandDgsprdts of the present
invention will become apparent to one of ordinary skill
in the art upon review of the specification, drawings

and claims appended hereto.

SUMMARY OF THE INVENTION

-[0018] According to an aspect of the invention, a
physiéal vapor deposition target for the manufacturing
of flat panel displays is provided. The target
includes a ternary alloy system having, by atom
percent, a first component in an amount of about 920 to
99.98, wherein the first component is aluminum, a
second component in an amount of about 0.01 to 2.0,
wherein the second component is a rare earth element is
selected from the group consisting of Nd, Ce, Dy and
@d, and a third component in an amount of about 0.01 to-
8.0, wherein the third element is selected from the
group consisting of Ni, Co, Mo, Sc, and HE.

[0019] According to another aspect of the invention,
a ternary alloy film deposited on a glass substrate, is

provided. The f£ilm includes a first component in an



&d, and a third conponent in an anmount of about 0.01
to 8.0, wherein the third elenment is selected fromthe
w@emap2eansi sting of Ni, Co, M, Sc, and Hf. [POW8$2007/007755

According to another aspect of the invention, a
ternary alloy filmdeposited on a glass substrate, is
provided. The filmincludes a first conponent in
ananount of about 96 to 99.98 by atom percent, wherein
the first conmponent is alum num a second rare earth
conmponent in an anmount of -about 0.01 to 2 .0 atom
percent, wherein the second conponent is Nd, and a
££HJ£EQQER£BSHE bE 28 FPWH 18f AOH!pOr8dntq ZHAiom
percent, erein the third elenent is a rare earth
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Sareeheat whesetir aighoutiehde Wheentnis] Q0 XHrrigprh
illustrates a_ _process flow dj a A
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skegosgition of the film- [0022] Fig. 2 illustrates SEM
phot ograph of a ternary alloy filmdeposited with the
target of the present invention, wherein the filmis a
Al -O 5Nd- 1pfi€r; DastRIFO2AIIN . TRE JEREERESan SEM
hot ograph _of a,ternary alloy fi j t |

4P88Y of ok BHERELS | AU BA ARE e (e f1Ths o
anA 10 HaNder Nierstood from the following detailed

description of the preferred embodiments thereof in
connection with the accompanying figures whe;ein like
numbers denote same features throughout and wherein:
[0021] Fig. 1 illustrates a process flow diagram for
the manufacturing process of the sputter target and
deposition of the film;

[0022] Fig. 2 illustrates SEM photograph of a
ternary alloy film deposited with the target of the
present invention, wherein the film ;s a Al-0.5Nd-
1.85Ce; and

[0023] Fig. 3 depicts an SEM photograph of a ternary
alloy film deposited with the target of the present

invention, wherein the £ilm is an Al-0.6Nd-2.4N1i.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The manufacture of flat panel displays, LEDs
and LCDs requires a number of processing steps
including physical vapor depoéition of sputter target
to deposit a thin aluminum film onto a substrate. With

magnetron gputtering, magnets are located behind the



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0024] The
manuf acture of flat panel displays, LEDs and LCDs

WO e@ailze$3 a nunber of processing steps incl udi POI/US2007/007755
physi cal vapor deposition of sputter target to deposit
athinalumnumfilmonto a substrate. Wth nmagnetron
sputtering, magnets are | ocated behind thecat hode
target in a manner that causes closed magnetic field
| oops to cut through the cathode. A portion of the
magnetic field I oop is | ocated-adjacent the front face
of the cathode. The conbi nation of magnetic field and
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confined paths giving rise to a very dense plasma
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with the targets of the present invention exhibit low
resistivity and substantially no hillock or whisker
formation.

[0026] A series of experiment determined the
composition of the target as being a ternary aluminum
alloy. The alloy system has a composition Al-X-Y,
wherein the second component X is selected from among
the rare earth elements Nd, Ce, Dy and Gd. The second
component may be in an amount, by atom percent, ranging
from about 0.01 to 2.0, and preferably 0.01 to 1.95.
Unless, specifically referred to in other units all
weights are understood to be in atom percent. The
third component Y is a less expensive component
selected from among Ni, Co, Mo, Sc, Hf. The third
component may be in an amount, ranging from about 0.01
to 8.0, and preferably 0.0l to 3.50. Generally, the
reduction of Nd and replacement therewith with Ce, Dy

and Gd, as well as the addition of third component,



wei ghts are understood to be in atom percent. The

third conponent Y is a | ess expensive conponent
w@edoeazead from anong Ni, Co, Md, Sc, Hf. The tPCT/US2007/007755
conponent may be in an anmount, ranging from about 0.01

to 8.0, and preferably 0.01 to 3.50. Cenerally, the
reduction of Nd and replacenent therewith with Ce, Dy

and Gd, as well as the addition of third

conponent, reduces the rare earth content and, thereby,
the cost of the target . [0027} Another alloy system

|n accor dance mﬁth the present invention is Al -Nd-Z
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hillocks or whiskers are generated when the f£ilm is
subjected to repeated annealings. For instance, the
filme may be annealed at 350°C for 30 minutes or
longer. The film preferably would be substantially
free of hillocks and would have a low resistivity
(preferably, less than 5 pQcm).

[0029] With reference to Fig. 1, a flow diagram for
the manufacturing process of the sputter target and
deposition of Al-X-Y or Al-Nd-Z films in accordance
with one embodiment of the invention. The melting of
the aluminum ternary alloy source material
advantageously occurs under a vacuum or protective
atmosphere. Preferably, a vacuum melting apparatus can
melt the source material in a graphite or ceramic mold.
Advantageously, the vacuum is at least 1.0x107° Torr.
[0030] Pouring into molds having a low pressure
protective atmosphere is a procedure for limiting
oxidation. To maintain low impurities, it is important

to cast the alloy under a controlled atmosphere such as



the alum numternary alloy source materi al

advant ageousl y occurs under a vacuum or protective
wa@rwospdes e. Preferably, a vacuum nel ti ng appaP@r/us200zem77ss
nmelt the source material in a graphite or ceramc

nol d. Advant ageously, the vacuumis at least |.OxlO5
Torr. [003 0] Pouring into nolds having a | ow

pressure protective atnosphere is a procedure for
limting oxidation. To maintain [owinpurities, it is
important to cast the alloy ander a controlled

at nosphere such asunder protective argon, helium or
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YRET ROV HEYl | oy is subjected to therno -mschanigcal

tyopLpcessasramdugimyl berr abloli fist edstto, infihen|mold,
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QQﬁoy. Anneal heat treatment operations are conducted
below 650°C for variable length of time (several hours)
to bring desired changes in the microstructure. Hot
and cold rolling operations are carried out to achieve
desired shape-change in the blanks and also break the
inhémogeneéus microstructures to favorable ones. In
case of cold rolling smaller reduction per pass is
required and material retains more cold work than a hot
worked material. The cold rolled target blanks are
subsequently subjected to recrystallization anneal
treatments at temperatures ranging 250°C and 500°C.

The recrystallization annealing softens the material
and also provides it a uniform microstructure.

{0032} Alternatively, after homogenization the ingot
microstructure may be modified by equal channel angular
extrusion (ECAE) to produce fine grain microstructures
with a final recrystallization anneal heat treatment.
Nakashima et al, "Influence of Channel Angle on the

Development of Ultrafine Grains in Equal-Channel



wor ked material . The cold rolled target blanks are
subsequently subjected to recryst al lizat i on anneal
WO e@atnmems s at tenperatures rangi ng 250 0C andpGDOSBEI/007755

The recrystallization annealing softens the materi al

and al so provides it a uniformmcrostructure. [0032]
Alternatively, after honpbgeni zation the ingot

m crostructure may be nodi fied by equal channel

angul ar extrusion (ECAE) to produce fine grain

m crostructures with a fimrahorecrystallization anneal

heat treatnent. Nakashima et al, "Influence of Channel
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$AELbantBE bay galofthandk SsstByiheihaby ieC atesth bywithout
two-step prqcess_of semsolid pr.ocesshngléu%%eshape_
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TebBBY! 00i oY: idraNUES, | Sphbeeriagostmpiturie)ankFheay be
under | yi 2%[ princi pl es of producing %I obulcg{id
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BLEcessiing has. deenchexbenediby Zollfared "1Senrehkating to
met al processing” International, Materials Ret\:u ew, 2002
61 us7 moFphplpgicrbcghepgescin ghe @Rt RECtEr <t
rhEARGd el 1 ithg ﬁfﬂnc%bleg ofJg@dbauloiidiah §iobular (non-
Material s Processi ng Technol ogy, _ _ .
dendritic) microstructure from semisolid processing has
been reviewed by Z. Fan (“Semisolid metal processing”
Tnternational Materials Review, 2002 vol. 47, p.1-37).
Recently, C. G. Kang et al (C. G. Kang, P. K. Seo, Y.
P. Jeon, Journal of Materials Processing Technology,
2005, vol. 160, p.59-69) has discussed the effect of
induction reheating of wrought aluminum alloys above
solids to achieve thixo-diecast material with globular
(non—déndritic) microstructure. A semi-solid processed
alloy can also be subjected to regular thermo-
mechanical process steps to produce blanks for
sputtering targets.

[0034] Afterwards, the target blank is machined to
the final dimensions as dictated by the sputter target
apparatus.

[0035] A sputtering tool that has the capability of
depositing films on vertically placed glass substrate

(similar to many tools used for flat panel displays)



2005, vol. 160, p .59-69) has discussed the effect of
i nduction reheating of wought alum num all oys above
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(non-dendritic) mcrostructure. A sem -solid processed
all oy can al so be subjected to regul ar
t her nronechani cal process steps to produce bl anks for
sputtering targets. [0034] Afterwards, the target
blank is machined to the final dinensions as dictated
by the sputter target apparatius-. [0035] A sputtering
tool that has the capability of depositing filnms on
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00l ' s use or flat panel displays)can be utilized. A .
tanget nchndbemermloyaditterlay dargetncad sy ehptByRyving
to, ] ay, do I ' [ ankhictkness Pfass
%pb#%éFﬂ%?glgﬁé%ghgéﬁLgﬁg%%gygFggsn&h%ﬁ#rate 3 inch x
Subathhte Thedendl Ixs3 aircheat Theseed ilmsh axe Uip?t
furnace f.or 30 m.n_ at 0 c
BB?F?SS dRd s AT HG %&g%?ggggﬁgcﬁgsgggbéﬁg:%%%g%]b%ﬁgre
tRebrEyY ahdemwptaidal andnscdepdsict ededtdrn he
targets of the present invention will be further
HéggPFGQEeﬁh detail with reference to the follown
goasplies, Whieetearmarpoakueipunorlilew e conmst dardsased

limting the inventLo Exampl e, 1.[0037]. T

Py B TR O Borbe N ARG T destntt A H BR.
FO5ER e tacibed Neht @drand an tingetf evsncastoi hhen
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construed as limiting the invention.

Example 1
[0037] An Al-Nd-Ce alloy containing 0.5at% Nd and

1.85at% Ce (Al-0.5Nd-1.85Ce) was vacuum melted and an
ingot was cast in an argon atmosphere. It was ensured
that the alloying elements were completely dissolved in
the melting process and pouring temperature ranging
from about 700 to 730°C to avoid porosity formation
during solidification.

[0038] Cast ingot composition was determined by
inductively coupled plasma (ICP). The ingots were
subjected to a homogenization heat treatment for at
least 5 hrs at temperatures between 450°C and 650°C and
thereafter, water quenched. After thermo-mechanical
processing, as described in Fig. 1, cold rolled and
recrystallized disks were wmachined to produce four inch
diameter targets. Alloy targets were solder-bonded to
copper backing plates before testing.

[0039] After a standard burn-in of 1 hr using a

power level of 1.0 kW, thin films were deposited on



the nelting process and pouring tenperature ranging
from about 700 to 730 OC to avoid porosity formation
waleoorngposdl i di fication. [0038] Cast ingot conpPSI/USNT/007755
was determ ned by inductively coupled plasma (ICP)
The ingots were subjected to a honogeni zati on heat
treatnment for at least 5 hrs at tenperatures between
450 0C and 650 OC and thereafter, water quenched-
After therno-nmechanical processing, as described in
Fig. 1, cold rolled and redRystallized disks were
machi ned to produce four inch dianeter targets. Al oy
%@%@f&éﬂ@fﬁﬁ%@e gglw%ﬁ@u@@@eﬁsr bagkimg H'a@tre; a
ore testing 9] After a standard _burn-in of
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man nedrgl assesllsst rfémes-?@ orin| ftaRalyq da aworacuum

€I th| £i s eal gd; for 30..mH-af c3300C in

rngce a a pressure of 2 x 10 6 Torr or
tesaso] [ OO4B:]leE1temtcraba;te$est svibyt pfofasde rﬁrmﬁﬁb?a%dfllm

filmwas neasur.ed_ at t
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6x¢6k! ¢ak W |dH0koEas bsiamee defioxdi®| werde observed.

Therefore, these alloy film meets the requirements of

less than 5 pQcm resistivity and excellent hillock

regsistance.
Example 2
[00411] An Al-Nd-Ni alloy containing 0.6at% Nd and

2.4at% Ni (Al1-0.6Nd-2.4Ni) was vacuum melted and an
ingot was cast in an argon atmosphere. Similar
measures, as described with respect to Example 1, were
taken during melting and casting practices.

[0042] Cast ingot composition was determined by ICP.
Ingots were subjected to a homogenization heat
treatment for at least 5 hrs at temperatures ranging
from 450°C and 650°C and thereafter, water guenched.
After thermo-mechanical processing, as described in
Fig. 1, cold rolled and recrystallized disks were
machined to produce a four inch diameter targets. The
alloy targets were solder-bonded to copper backing

plates.



[0041] An AI-Nd-N alloy containing 0.6at% Nd and
2.4at% Ni (Al-O .6Nd- 2 .4Ni) was vacuum nel ted and an
WO p@oti2eads cast in an argon at nosphere. Sim | aPCT/US2007/007755
nmeasures, as described with respect to Exanple 1 ,
were taken during nelting and casting practices .
[ 0042] Cast ingot conposition was determ ned by | CP.
I ngots were subjected to a honpgeni zati on heat
treatment for at least 5 hrs at tenperatures ranging
from 450 0C and 650 0C and tiereafter, water quenched.
Af ter therno-nmechani cal processing, as described in

' . cal | ihi @d 1di
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ed to produce a inch dianmeter targets . The
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vacuum furnace at_a_pressure_of .2 6T, 0
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Wes4agasur &l et r beal t eapesativie vusihgeach oapnpaiag film
probe nmethod.. In order to check the sen |
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as shown in Fi

. 3...Th .ded i Stiyvi .
RRESRTS AN a1 OLUEPBEL s re i aried  ThETREr
seaal laa fédatnihet el betrequintienent sopés| esset hards as

mresistivity and excellent hill ock resjstance,.
shown in Fig. X. The recogéeé]res£%t1v1£y 90%8e was

4.3 pQcm and no defects were observed. Therefore,

these alloy films meet the requirements of less than 5

pQem resistivity and excellent hillock resistance.
Thus, aluminum alloys of present inventions can be
advantageously used in flat panel display applications.
[0045] While the invention has been described in
detail with reference to specific embodiments thereof,
it will become apparent to one skilled in the art that
various changes and modifications can be made, and
equivalents employed, without departing from the scope

of the appended claims.



Thus, alum num al |l oys of present inventions can be
advant ageously used in flat panel display

wa@ppriz@atd ons. [ 0045] Wiile the invention has PEBNS2007/007755
described in detail with reference to specific
enbodi nents thereof, it wll beconme apparent to one
skilled in the art that various changes and
nodi fi cati ons can be made, and equi val ents enpl oyed,
wi t hout departing fromthe scope of the appended
clainms .What is clained is: ¥ - A physical vapor
deposition target for the manufacturing of flat panel

#hSP! 84S 169 Sidg: a ternary alloy system
conprising, by atom percent, a first conmponent in a

amount -of abmitysgiralb GEOB, dgREFétH FhdF gt tor the
co I | i o] el onl Bt unt
SRBRRERL eI U et oad-pamaneniongaoi g

erein the sécond conponent is
a rare earh teimmeny 3Lle¥| eEsEET CONRHS HrHuPy atom

consistin . d; a I&€ LosReNent ¢
PR R Bk Bt a1 TP B %%?6‘, el the third
ebegBNt wihersdlrectleel fiostt hemgrogmtc oisi SPURHVST, N?,
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the group consisting of Al -Ce-Ni.,. Al -Ce-(9, - Ce-
releleed G PheddpplegboBilendl 0 98, fb By ina
denosirdd an ti gkt cofipohanm in amhemsbynt heftabaury0-01 to
al | oy stemc rpskn as_th e (e

o) AR O LELR YRRl 40N ROIREDBH chs
Ardd CondAl styndybof ANLDy €8¢, Mand 9, Dyndf HE .

2. The physical vapor deposition target of claim
1, wherein the ternary alloy system comprising Ce as
the second component is selected from the group
consisting of Al-Ce-Ni, Al-Ce-Co, Al -Ce-Mo, Al-Ce-Sc,
and Al-Ce-HE.

3. The physical vapor deposition target of claim
1, wherein the ternary alloy system comprising Dy as
the second component is selected from the group
consisting of Al-Dy-Ni, Al-Dy-Co, Al-Dy-Mo, Al-Dy-Sc,
and Al-Dy-HE.

4. The physical vapor deposition target of claim
1, wherein the ternary alloy system comprising Gd as
the second component is selected from the group
consisting of Al-Gd-Ni, Al-Gd-Co, Al-Gd-Mo, Al-Gd-Sc,
and Al-Gd-HE.



4 . The physical vapor deposition target of claim1l ,
wherein the ternary alloy systemconprising Gd as the

W@ emonghoednponent i s selected fromthe group cRPCEUSI00TIE77S5
of Al-Gd-Ni, Al -Gd-Co, Al -&-M, A -G&d-Sc, and
Al -G&d-H .5 . The physical vapor deposition target of
claim1l , wherein the second conponent is in an anpunt
of about 0.01 to 1.95 by atom percent and the third
conponent is in an anmount of about 0.01 to 3.5 by atom
percent . 6 . A nmethod of -fd®nming a ternary all oy
physi cal vapor deposition target for the manufacturing

of flat papgl dirsRdiaxs |<§éﬁ©sﬂ:§an%%li@BHTEﬂ>fldﬂigalm
and casting the ternary alloy into an ingot, the ingot

Conphéseny, the mesanskieemeonant| i§t 18 MpbRERulh
abrmunt OE) jakut; A t}:gm,r B I8 pé‘@@éﬁtnahﬁe thd third

ofponent "i s al'um nu a second conponent in an anount
ccnﬁmpbnehto;!.@al iro & Ggmamet e f 2heusefolfd dEhpbriemYy | atom
a rare earth elenent is selected fromthe group
RYGHSFREIng of Ce, Dy and Gd, and a third component in
an armount of about 0.01 to 8.0, wherein the third

eI ement is _sel f o) t f
I\/g SCA é\hg: éj %)f%:t:\gfn % gt ?}fna{glon.tﬁayg %51ca1
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roll target Dbl an d reduci ng the thickness of
PRBe Igr’rl?pg‘éipﬁeen %rgpperc f and to 85 percent to form

the target (a)7 vadiemme¢hodngf ahdr wiasy ing etlrar yeahpsy
physical vapor deposition tardet of glalme, nyheEskn
percent, a first component in an amount of about 980 to
99.98, wherein the first cowponent is aluminum, a
second component in an amount of about 0.01 to 2.0,
wherein the second component is a rare earth element is
selected from the group consisting of Ce, Dy and G4,
and a third component in an amount of about 0.01 to
8.0, wherein the third element is selected from the
group consisting of Ni, Co, Mo, Sc, and HE;

(b) hot working the ingot at a temperature
between about 450 - 675°C;

(c) cold rolling the target blank and
reducing the thickness of the blank between 65 percent

and to 85 percent to form the target.

7. The method of forming a ternary alloy
physical vapor deposition target of claim 6, wherein
the ternary system is vacuum melted and cast under an

argon atmosphere.

8. The method of forming a ternary alloy

physical vapor deposition target of claim 6, wherein



the ternary systemis vacuum nelted and cast under an
argon atnosphere . 8 . The nethod of formng a ternary
wW@Pbdoos2qoy/si cal vapor deposition target of cl aPen/652007/007755

wherei nthe hot rolling includes multiple passes of

| ess than about 6.5 mmreduction. 9 . The nethod of
formng a ternary all oyphysical vapor deposition

target of claim8 , wherein the hot rolling occurs in

a single or reverse direction. 10. The nethod of
formng a ternary alloy physi&at vapor deposition
target of claim6 , including the additional step of

PREhLBIENG dihe 4ar ged1 Bheakmh 0 ppoeUER Jdies SPEt188s than
target . 11. Aternary alloy filmdeposited on a gl ass

ghoutr -5 worprdetHyea first component in an anount

of about 90 to 99.98 by atom percent, wherein the

first conmponent is alum num a second conponent in an
anoun® -of ABvutmetigadtef 2forRéPghe HFHPEr cahioy

PAGES IR A S AL, GOPRBANE kel I & 12 s o GERLn
s"selecte rom the group conSisting of Ce, and

GEe ot aralling conponenini a gANSSUMT GfSE®BEE 0, 01

.0 8. 0 .wej ght atom percent, wherein the third el ement

?%rgégg%géd fromthe group consisting of Ni, Co, M,

Sc, and Hf. 12. The ternary alloy filmof claim1ll,

havi n resistiyi of .l - o 3

terna%ﬁﬁalﬁggéf#¥%$%? éFa?%?T%Fﬂﬁﬁgreln sa da%FPglis

phlystiantl ardyofréeposihibhotksast whi skbrtmabt eincluding
neal jhg at 350 0C for. 30 m.n.. . p i cal
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produce the sputter target.

11. A ternary alloy f£ilm deposited on a glass

substrate, comprising:

a first component in an amount of about 90 to
99.98 by atom percent, wherein the first component is
aluminum, a second component in an amount of about 0.01
to 2.0 weight atom percent, wherein the second
component is a rare earth element is selected from the
group consisting of Ce, Dy and Gd, and a third
component in an amount of about 0.01 to 8.0 weight atom
percent, wherein the third element is selected from the

group consisting of Ni, Co, Mo, Sc, and HEf.

12. The ternary alloy film of claim 11, having a

resistivity of less than 5 pQcm.

13. The ternary alloy film of claim 11, wherein
said film is substantially free of hillocks or whiskers

after annealing at 350°C for 30 min.



manuf acturing of flat panel displays, conprising: a
ternary alloy system conprising, by atom percent, a

w0 poogti2ze@ahponent i n an anount of about 96 to 919(:9852007/007755
wherein the first conponent is alum num a second rare
earth conponent in an anount of about 0.01 to 2.0,
wherein the second conponent is Nd, and a third
conmponent in an anmount of about 0.01 to 2.0, wherein
the third element is a rare earth el enent sel ected
fromthe group consisting-oftTe; Dy and Gd. 15. A
ternary alloy filmdeposited on a glass substrate ,

Conpfi%' Ngn: pRidilsh GRIROReaLpbBiahcdMditigedf bouthe
96 to 99. 98, erein the first conponent is alum num

eawetanturang efr ti atorpryreht At APARYEnD GRTRL SRR
0.01 to 2.0, herein atlhl.eo%e§99‘éeﬁ°%9@§ﬁtsl'® N%ya@@'oﬁ

third conponent 1’ n“an anount” of about "0.01 to 2.
méecent , t ke fikistd cogmmnt sin ARy @MeMth f e'ﬁ%?ﬂlt 96 to

| ggt ed from the 0 ofs
98 S6herrsriiny, e e T o pBEREA i AR, &
sesbatli vatve céaﬁtslrss:ctﬂmnénnv\ém any anphvat epfhaglyoatr| By 01

1];‘.('?' g gf %xlqaql m %5,1:1_\1/%16[‘ ol nnéa %)olnrgrlts tﬁcﬁ anélll&l ‘lﬁythlrd
e [ KS ‘or eFs after annea ing at 350 0C
¢ompdheitn.in an amount of about 0.01 to 2.0, wherein
the third element is a rare earth element selected from

the group consisting of Ce, Dy and Gd.

15. A ternary alloy film deposited on a glass

substrate, comprising:

a first component in an amount of about 96 to
99.98, wherein the first component is aluminum, a
second rare earth component in an amount of about 0.01
to 2.0, wherein the second component is Nd, and a third
component in an amount of about 0.01 to 2.0, wherein
the third element is a rare earth element selected from

the group consisting of Ce, Dy and Gd.

16. The ternary alloy f£film of claim 15, having a

resistivity of less than 5 pQcm.

17. The ternary alloy film of claim 15, wherein
said film is substantially free of hillocks or whiskers

after annealing at 350°C for 30 min.



