- 1 - TERNARY ALUM NUM ALLOY FILM5 AND TARGETS BACKGROUND.. OF THE
| NVENTI ON Field of the Invention [0001] The present invention rel ates
to atern hin filmfor use in the manufacturi I .
panel di sg{vé)f%g%ﬁ]gg%%ysi cal vapor deposition target used&?rﬁ%f"%@g@gz’
such filnms. In particular, the filmdeposited on the glass substrate
exhibits low resistivity and high hillock resistance. Description of
Rel ated Art [0002]Fl at panel displays such as liquid crystal
di splays (LCD) are used in nmany applications such as television sets
and not ebook-type personal conputers._ Fo inprove the inmage quality
such as resolution and contrasts thin filmtransistors (TFTs) have
been used as switching elenents. TET I L\.e Vi nprising a
seni conductor film £8 Yoﬁl'gﬁlmuﬁﬁﬁpﬁgggé stﬁgﬁe&%ﬁ%ﬁ%gs a gl ass
substrate and al so i ncludes el ectrodes nmade of netal filns wherein
t he el ectrodes are connected sem iJm. [0003]1In
recent devel opnents of LMM&%MMendency toward a
| arger size panel and a higher resolution. As a result, it has been
required to_formt | e rode{\:.fi | mof the LCD of smaller dinensions.
Such a redugﬁ%&ﬁm&%i des an increase in the electrical
resi st ance dfocaitler corme tpmEeran dmsieattirpdess 1l aides e sultterniaryan
increase in | a i.me of t electric.si T '
si gnal pul s@ﬁ@%f@hs@&%&%ﬂ@sﬁe&&ct@o@l%&fa&ﬂ% T 1
panel display and physical vapor deposition target used

to produce such films. In particular, the £ilm
deposited on the glass substrate exhibits low

resistivity and high hillock resistance.

Description of Related Art

f0002] Flat panel displays such as liquid cxystal
digplays (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 Ffilm transistors (TFTs) have been used
as switching elements. TFTs are active devices
comprising a semiconductor film formed on am insulating
substrate such as a glass substrate and alsoc includes
electrodes made of metal films wherein the electrodes
are connected to the semiconductor film.

[0003] In fecent developments of LCDs, there is. an .
increasing tendency toward a largex size panel and a
higher resolution. As a result, it has been required
to form the electrode £ilm 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



- 2-1in size of the filmelectrodes in the LCDto a sufficiently |ow
| evel to be applicable to color LCDs, and in particular to

Iarge-sizegmggh?ﬁg%gDs havi ng a panel size of 10 inches]t_,(?h:‘,-U @ﬁhf%s

it is requir the electric resistivity of the electrodes o

sem conductor devices be equal to or less than 5 pacm [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 hillock resistance. The resistivity of the
material used to formthe el ectrode f.ilbm.in the LCD has an influence
on the signal transmtted. In particular, if a material having a high

resistivity  is used to form,the thin _el.ectrode, t e _hi gh

resistivity*tafdés er§%ﬁb%#gw = efﬁgoggﬁdﬁgkﬁgﬁ E%gégﬁbf t he

el ectric sign@fianéntneaties: devielcteadbe eprlieadilgndlo poleox 4EPsy.

Such a signal pylse del.ay.is an i.nportant, f r i i ges the
R A i e

overal | chaf arge-sized a _

hi gh-r esol Uplaer 1L EBxe tdfe Uoovmesiss birvigineaten.hd ndst Hagydreghthat
factor to prevent the .delay.in. [ e 1B AdLedction in
hillock forffefi §i %Q§ﬁﬁﬁ«§§%§§%#%§?f5%??ﬁ$%e mat erial used to form

t he el ect r odenfidondutsubjdestiagst et @pelatid @ A@fd gy SmHSTPE to

400C for 20 gy gho S0 41 1 B of NEHOIEMA| AbD! derdiapasiel | on of
S

the filmon ubstrate and iIn the subsequent depgsition of
i nsul ati ng fellemtusidey qfl & memireRstet Ehala e Vdp el 4565 MHn
(PECVD) . Wien al g numd S eilsd sded hadfiderdma t adwrmthe

electrode in the LCD, small-sized hem spherical protrusions called
hi | | ocks ar essriciuceid orachdvisly fuidd s 178 ¥F 1 Rur | mg*PECVD
deposi tion gfedinguhatdgd idHE mateXrallhgsdu |d®charm Nt e leartmogfe
hem spheri cal protrusions are produced due'to c ressiv%‘stress

caused by t Hé1® fiferdife & 1ot Fh uaBGardt o coeftiti ent  bet ween
the gl ass sulsid=uia @, t e dird iwimed | Mf o fdderid COGvire a

el ectrode f Il’llrghl. Sregseinsetria\.!':il.ély lioscai}seedd ago t%]c?rm 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 factox to prevent the delay in the signal.
[o005] 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 f£ilm.



bottom of the nultilayer structure. Therefore, the hillocks on the
el ectrode filmmake it inpossible to formother filnms thereon in a

fl at shape, F re, when an insulating filmis for __
el ectrode P$ﬂ$%%{$i‘illocks are produced on the electroﬁgﬂFgﬁﬁ%B?ﬁ%
hill ocks can protrude the insulating filmand thus cause an electric
short circuit (electric insulation failure) between |ayers.

[ 0006] Thus, in addition to lowresistivity, the electrode film
material in the LCDis required to have preferably no hill ocks and
whi skers or less than 0.5 um hill ock size forned during annealing. To
address these issues a nunber of alum numalloy sputtering targets

have been suggested in the related art. . For. exanpl e,. Oni shi _et
Effects of BP¢ &dhlerks r"f'rﬂlt%[%iq‘f’rm Prfs BSHYFRAS C’fa%lorpnla%lrlélnsﬁofg Vac.

Sci. TechnolpreApr¥atuceb (@R Ho iconglireantiod tskrdsdNdfidat yherhe t he
hillock density is straongly dependent on Nd .content... [.00Q7 o]
et al (U.S. BIHEFENS 6 ,§%f¥ﬂééw%%3%? ﬁ?%u?%ﬁ%ﬁﬁ%%éﬁ%%é%yyagﬁ
seni conduct @hedeNisees st eitcamndl tald eyl urdntum nfiign onelroTHT e

oLhoy s, LM 3ol o s dem Ay Co Moo SANd g0 ene

target mat edcalechomediof nan tAllaysty iststatustar e Yonefionag tdire

el ement sel SIS AR ANl AP raxe 4¢ LAMABISHo et o
form other films thereon in a flat shape. Furthermore,
when an insulating film is formed on the electrode
film, if hillocks are produced on the electrode £ilm,
the.hillocks can protrude the insulating film and thus
cause an electric short circuit (electric insulation
failure) between layers.
[0006] Thus, 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 ﬁm
hillock size formed during annealing. To address these
issues a numbexy 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. Techmol. A, Vol.
15(1997) is directed to Al-Nd films where the hilleck
density is strongly dependent on Nd content.
[0007] vamamoto et al (U.S3. 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.



2000- 199054) pertains to an alum num all oy sputtering target
conposed. of alum num matri x phases and internetallic conpound phases

of al um nu |1 oy elenments on the grain boundaries .
i nt ernet al Wo?a%éﬁfigﬁg phases. 0010) Yoshi kawa et al Spraﬁ@ﬁ%@@mﬁ)%a
alum niumall oys for sputtering targets Powder Metallurgy, Vol. 43
(2000) discloses fine, uniformmcrostructure sputtering targets of
Al -Nd and Al -Ti material manufactured by spray form ng. [0011] Takagi
et al (U S Patent Nos. 6,096,438 and 6,387,536 Si) pertains to an Al

alloy filmfor use as an el ectrode of. g sem conductor device and an
Al alloy sputtering target for depositing sanme. [0012] Ni shi et al

(U.S. Patent_ Application Publication No. 200 048 ehates to
an al umi num@@%3Aumi NGRS o?tsﬁatt@ralpr?gn Sar éﬁleat%%r?;&ngjggcﬂtr%erl{etd y spray
f orm ng and Jigy gwhiselo sahe pesckiarumg [tengirh adfunsiintunt . lioye lamitdesring 20mm

or less. [0013] The drawbacks .associ.ated w.th cony jonal thin
fil m materi &3E98rd “CHESE, g@rfz af?ﬂ“ﬁ%“é’a "fag‘rnla}gng)?‘lgcst%%r gcmsdame, i s that
they do not iSatdrsfeyating or eguipcenehichamsded =4 ummvmcng eldiect r ode
films for the flat panel_ display. 0014].To Qv

di sadvant ag&s g™} eof’eltgtaeﬁaafﬁ qc{u%%agéﬁsogﬁegvfé%%% e present

i nventi on t adrajdrmictand ia lbiavariyc AheMddesal | oy and provi de an al um num

ternary alloydidm ang spublel (Al 98t 0P8 fursiiehed 1410y
parti cul ar, K40 | s 5’ep05|ated ave aresistivity, preferably o
| ess than 5 fuxmmnitdrigly hiddaeks rResydan et aliiura hd/di{ b3 s

anneal ed. (2000) discloses fine, uniform microstructure

sputtering targets of Al-Nd and Al-Ti material
manufactured by spray forming.

[0011] rTakagi 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 te an aluminum
or aluminum alloy sputtering target manufactured by
spray forming and in which the masimum 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 thét they do not
satisfy the requirements needed to manufacture
electrode films for the flat panel display.

[o014] 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. In particular, the films deposited have a
resistivity, preferably of less than 5 pQcm and high

hillock resgistance after the film is annealed.



- 5 - [00157Anot her object of the invention is to reduce the cost of
al um numternary systens by reducing or replacing the second
conponent \a’ 112694% with rare earth netals such as Ce,

reduce the P&P'g nvention to provide a novel manuf ac]f(pt?ify'ij%&mﬁ)% Rss
for the sputter target, thereby reducing the nunber of requisite

stgps necessary to fine mcrostructure of said [0017] O her objects
an

- 5 -

[0015] Another object of the invention is to reduce
the cost of aluminum ternary systems by reducing or
replacing the second component (i.e., Nd) with rare
earth metals such as Ce, Dy, Gd, and reduce the rare
earth content by adding a less expensive thixd
component .

[00l6] It is a further object of the present
invention to provide a novel manufacturing process for
the sputter target, thereby reducing the numbexr of
requisite steps necessary to generxate homogeneous and
fine microstructure of sald target.

[0017] Other bbjects and aspects of the present
invention will become apparent to one of ordinary skill
in the art upon review of the specification, drawings

and claims appended hexreto.

SUMMARY OF THE INVENTION

-[0018] According to an aspect of the invention, a
physiéal vapor deposition target foxr the manafacturing
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 90 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.

[ool19] According to another aspect of the invention,
a ternary alloy film deposited on a glass substrate, is

provided. The film includes a first component in an



generate honogeneous and target. aspects of the present invention
wi || beconme apparent to one of ordinary skill in the art upon review
of the specification, drawi ngs and cl ai ns appended hereto. SUWRARY OF
THE | NVENTYEN'WHBYEE According to an aspect of the i nventGQWS204/00775S
physi cal vapor deposition target for the manufacturing of flat panel
di splays is provided. The target includes a ternary alloy system
havi ng, by atom percent, a first conponent in an anount of about 90
to 99.98, wherein the first conponent is alum num a second conponent
in an amount of about 0.01 to 2.0, whegein the second conponent is a
rare earth elenment is selected fromthe group consisting of Nd, Ce,
Dy and Gd, and a third conponent in an anmoupt of about O 8.0,
wher ei n t heawarrE ef eABRARE| 85 SEPe2Pedf PEnFLRE 8?’68%“%0#3%?%%8 of
Ni, Co, M, 5e, rapdcHeompORANE AcsonTilngntm, anosheondspece efrthe
i nvention, a ternary alloy filmdepgsited, o gl.as u ate, is
provi ded. Tﬁ@mPPPﬁpgn&Pua saQP?FFsggcs ﬁeﬁfa%nLgni'E a8bk

percent, wherein the second component is Nd, and a

third component in an amount of about 0.01 to 2.0 atom
percent, wherein the third element is a rare earth
element selected from the group comnsisting of Ce, Dy

and Gd.

BRIEF DESCRIPTION OF THE FIGURES

[00201} The objects and advantages of the invention
will be better understood 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 £ilm ;s a Al-0.5Nd-
1.85Ce; and

[ooz23] Fig. 3 depicts an SEM photograph of a ternary
alloy £ilm deposited with the target of the present

invention, wherein the film is an Al-0.6Nd-2.4Ni.

DETAILED DESCRIPTION OF THE INVENTION

[00241} The manufacture of f£lat panel displays, LEDs
and LCDs requires a number of processing steps
including physical vapor depoéition of sputter target
to deposit a thin aluminum f£ilm onto a substrate. With

magnetron gputtering, magnets are located behind the



anount of about 96 to 99.98 by atom percent, wherein the first
conponent is alumnum a second rare earth conponent in an anmount of
about 0.01 to 2.0 atom percent, wherein the second conponent iS

Nd
and a_thierEgﬁﬁﬁﬁEﬁt in an anount of about 0.01 to z.cF%WBﬁ*%@WE@ﬁt,
wherein the third element is a rare earth elenent selected fromthe
group consisting of Ce, Dy and Gd. BRI EF DESCRI PTI ON OF THE FI GURES
[ 0020] The obj ects and advantages of the invention will be better
understood fromthe follow ng detailed description of the preferred
enbodi ments thereof in connection with.the acconpanying figures
wherein |ike nunbers denote sanme features throughout and wherein:
[0021]Fig. 1 illustrates a process flow diagramfor _the manufacturing

.

process of ththegat £aroesr §B8t 2aRATHEF0 PR oARYFehELPSER TPEHSSTE g

2 illustrat g3.85M BBELOGLARALOEh@olghNahE abkbydki.| Madepestioad ofi t h
the target of the preéesent_ .invention, wherein

Al-0. 5Nd1. 850e; mafgsfog23frly. 1§°Be5f5c{l§°&ﬁe§t5%56%i‘}|??€jlr B &rose

ternary alleycEi bin ¢eposhiadaw.t hrhbecoabgebtabnt bE paegsentic field

i nvention, wherein the filmis an Al-0 6N%—2.4Ni. . .
and electric field causes electrons to spiral in long
confined paths giving rise to a very dense plasma
immediately adjacent to the face of the target
material. This dense plasma facilitates the increased
vield of material sputtered from the target.
[0025] The present invention provides the specific
alloying for the aluminum alloy composition of the
gputter target and the thin £ilm deposited therewith.
Specifically, it has been found that the film deposited
with the targets of the present invention exhibit low
resistivity and substantially no hillock or whisker
formation.
[go26] 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 prefexably 0.01 to 1.95.
Unless, specifically referred to in othexr 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 frxom about 0.01
to 8.0, and prefexably 0.01 to 3.50. Cenerally, the
reduction of Nd and replacement therewith with Ce, Dy

and G4, as well as the addition of third component,



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0024] The manufacture of fl at
panel displays, LEDs and LCDs requires a nunber of processing steps
i ncl udi ng physi cal vapor deposition of sputter target to deposit a_
thin al um ¥¥12M*nt o a substrate. Wth magnetron sput¢EFFHNE007755
magnets are |ocated behind the - 7 - cathode target in a manner that
causes cl osed magnetic field | oops to cut through the cathode. A
portion of the magnetic field loop is |ocated adjacent the front face
of the cathode. The conbination of magnetic field and electric field
causes electrons to spiral in long confjned paths giving rise to a
very dense plasma i nmedi ately adjacent to the face of the target
material. This dense plasma facilitates the increased yield of
materi al spuetisced fthemudre SRTFE COPFERS] FRE pBEHRPY iRt i(SRFE
provides thecsspeei fiG ald oying for the alum numalloy conposition of
the sputter target and the thin filmdeposited therewith. .
Speci fi cal | Y8927 1has &Qﬂﬁﬁ%mﬁﬂjﬁﬁhﬁﬂﬁ%?“ﬂﬁqnﬁﬁﬁﬁfﬁaﬁﬁf\M%ﬁ?tﬁﬂ?
targets of e oresanlyd et in xhichid, ks std \idyecandl from
substantial 'y no hillock or whisker_ formation. [0026] A i.es .of
experi ment @&CESNGfed he FEMFLI t ITBF 6 i T e gtg ng a*t ae
;t/\ﬁrnayy aLuM' ggtglﬂaqigir@efla% SIV.CSl)/-l&t-GJIT‘ ?&ﬁi@ﬁhﬂm&%}m}.oﬁﬂ-@é Y, )
erein the second conmpanent i s selegted fromanong the e eart
el enents Nd-&8- D;F%d:}étfdﬁf@“@é}?dﬁd%colr?pdﬁ%na’tn ey neti“:ng%l%a{rount,
by at om per gem o.aQitny 4 romatburdEdhily .01 aml preFerably 0.01
to 1.95. Unless, .specifjcally referred. in . i I i ghts
are under st J8%%4% be i ]a?%ﬁ#%etﬁ%:eerﬁ;u tngm% %l(rq:t ;q{ohn%%tgel‘?l?ﬁ\}l'vﬁ\ea 1 ess
expensi ve Cipgreintselfod ethdidmiaionigniyitGos MyoBese+Ha SBRERSH rd
conponent may be in _an, aomount. r i Lo 8.0, and
preferably GFFPSw 37 %C;Jésneérﬁé ﬁga}gdét!ﬂegl{ogrg]u‘%%;%\l%?%% and
repl acement rdweirsaviititwi 41 Cei l ByclamesGitancewdf ke tHklmddi tion of

third CO”DOQ£ggdsited therewith. That is, substantially no

hillocks or whiskers are generated when the f£ilm is
subjected to repeated annealings. For instance, the
films 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 uQem) .

[0029] Wwith reference to Fig. 1, a flow diagram for
the manufacturing process of the sputter target and
deposition of AlL-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 1.0%x10°% Torr.
[0030] Pouring intoc 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 contrcolled atmosphere guch as



- 8 - reduces the rare earth content and, thereby, the cost of the
target. [0027] Anot her alloy systemin accordance with the present

i nvention is Al-Nd-Z where Z is selected fromanong Ce 9%5 and Cd.
The second“OMPE&H? Nd is in an amount ranging from 0. Y24
preferably 0.01 to 1.95. The third conmponent Z is in an anpunt
ranging fromO0.01 to 2.0, and preferably 0.01 to 1.95. [0028] Al | oyi ng
the alum numw th the other two conponents and incidental inpurities
produces a sputter target, which is evaluated fromthe electric
resistivity and hillock resistance of the filmdeposited therew th.
That is, substantially no hillocks or whiskers are generated when the

filmis subjected to repeated annealings. For instance, t i may
be annealedu§@6859EPF6Fgéﬁenﬁﬁﬁpﬁs EFEEBngr.ofﬁng%FﬁPﬁrgﬁgﬁa ?%
woul d be suBst agibahby ibheeobakickl ocksransawpiled kalewa pkemsure
resistivity (preferably, less than 5 .6Lp 29] W.th reference to
Fig. 1, a fP&CH B§PERPPSFS: RE ﬁ%ﬁHFaggﬁ?%ﬁ pg%%%g%mb f%ﬁgdsg%tter
target and geposiibi aBeafiafle ¥rérectAbnNdoZ thiel melitn azcic dhdarogoi t h
one enbodi nent of the invention. The nelting of the alum numternary

al | oy sour cBPREt BPPERE™Sdvant ageous! y occurs under a vacuum or
protective gogespher eafrfeef erabpltenvadlom mel dany dpFar & 19ldan

Advant ageoubhs, SnEvySEEHR FEBENeeE L O ToT. e
structure is subjected to a homogenization heat
treatment step. After homogenization, the alloy is
subjected to thermo-mechanically processes, including
but not limited to, anneal heat treatments, hot rolling
and/oxr cold rolling in various sequences based on the
physical metallurgy and deformation behavior cof the
alloy. 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 favoxable ones. In
cagse 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, tTnfluence of Channel Angle on the

Development of Ultrafine Grains in Equal-Channel



[ 0030] Pouring into nolds having a | ow pressure protective atnosphere
is a procedure for limting oxidation. To maintain low inpurities, it
is inportant to cast the alloy under a controlled atnos such as
- 9 - undel9RE B ¥ ve argon, heliumor other Goup VI |$&§Q§2"%7r’“°77°°
conbi nati on of gases. For exanple, a |low pressure argon atnosphere of
about 250 Torr has been found to provide adequate protection to the
nelt and the ingot upon pouring. (0031]After the nolten alloy is cast
into a nold, the alloy cools and solidifies. The "as-cast" structure
is subjected to a honogeni zation heat i{)egt ment step. After

honogeni zation, the alloy is subjected to therno-nechanically

processes, including but not Iimted to, anneal heat E](re%tﬁgents, hot
rol ling andRogudskrdPrePFiAg i"nAFke-oif@tedquelPds Bosed 17 ¥ He PP -

physi cal netabburgyoandadel OmTRAR hekaviaar, obtihetaldorndAnneal
heat treatment operations are conducted hel ow 650C for vari abige
| ength of tMeehesdvalaPehaiier ©F Wﬁ?@f&é’ﬁ‘%&l&%&‘&% i

m ﬁ rostr SCt ﬂﬁﬁgyéﬁbuﬁaéﬁ%@hd t@lﬁﬂﬁwgﬁp@l@t&gﬁ J[ﬁf@mﬂﬂwﬁ "0 (Ftryi=0
achi eve desired_shape-change in_the nd_al s _%a%.the .

i nhormogeneolgtaitcer ¥etPddPeras O3 - &ror Z@l%gﬁnegp'l %égése oSS
rol1ing smakhampheduslt QBipey HIASS tics deelide edradmd snipdenr isald rist ai ns
nore cold work than a hot worked naterial. The d | ar gelag
bl anks are §EPE§’€€E?§&FF§ i"l.‘?r}]eéﬂ & tr(?q:{e&?flfs?t an i(igr'la ie(r)n(rqlllaxﬁl)érjlC a

treat nents ghthredperat Wnesncangiusy 253G ranhts0ECmetFel without
recrystal lization _.anneal ing.softe er | . | sy ovides it
a uni f or m m*EPEE IS l?rlgnl%dmtAl &r télrs%ﬂ eﬁﬁg&%omgﬂe%ﬂ zation
the i ngot mi@oESMr uct Kre inena e nuivtitar ing daraete RMTErS avguIRe
extrusion (ECAE). t e f e L JOT O uedwres; wath a final
recrystalli Eﬁq%ﬁa%r?%%q}]%egtd%]%e%ﬁnéﬁi Nakashima et al, "Influence
of Channel AngiceserincheliDevel dpremcasttiga alilved fvhsrehpating to

Equal_Channgdjust morphological changes in the microstructure).
The underlying principles of producing a globular (non-
éendritic) 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, wvol. 160, p.59-62) 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 tocl that has the capability of
depositing £ilms on vertically placed glass substrate

(similar to wmany tools used for £lat panel displays)



- 10 - Angul ar Pressing,"” Acta. Mater., Vol. 46, (1998), pp.
1589-1599 and R Z. Valiev et al, "Structure and Mechani cal Behavi or
of Utrafine-Gained Metals and Al l oys Subjected to Intense Plastic
Def or mat | oW 20BHPE*S et al . Metallog., Vol . 85, (1998), Ppt/US8¥/097%S
provi de exanpl es of using ECAE to reduce grain size, and is

i ncorporated herein by reference in its entirety. ECAE introduces an
enornous strain into a netal without inparting significant changes in
wor kpi ece shape. (0033]Optionally, sputtering target blanks nay be
fabricated by a two-step process of §eg%sglid processing (i.e.,

t hi xocasting foll owed by reheating to adjust norphol ogi cal changes in
the mcrostructure). The underlying princ%ﬁ:es of pro ucinqla

gl obul ar ( neAGeREr MEAAYEZRECT oft PR AEFY GBS0 ISP Fi8c¢e$,i ng has
been revi ewed rZ cahdbe( c8RTicsRld doTaEat JRRaCessialg oy rtidm ateine
Material s Revi éw, 2002 val. 47, p.1-37). cently, . C G ng et al
(C. G Kang? Phigknsgs of appx ,atfcz)lé'r réeo ot ﬁé{ é:ﬁealgslag'%bcessi ng
Technol ogy, 2@RQ%ra¢el (316G 5% GHcthas ditseies Sed rshearsf flewtt of

i nduction reheating .of w ought um _num al | abov '

achi eve t hi ¥&Fe@t&Cadf Fafdqua™ \?éut‘ﬁ‘ad:leoﬁfﬂra%yo(s AOT- d—%nga?’ldtﬁ)gﬁore

M Ccrost r uct Wi ckAds efidesOldpt ipf0c ess® dadriming arl eadtswibe subj ected to
regul ar thernonmechani cal process steps to produce bl anks for

sputtering S FaERT5034] Afterwards, the target blank is machined to

the final diresdions aheditehateog B unberepwhley thikget daRRFEred.
QA RS ADG AR ksl dlengsid g 11 me

[ 0035] A sputt.rirg%
on verticalﬁvﬁﬁ}acéﬂ 0 su simlar to many tools used for

flat panel diwpllegs)described in detail with reference to the
following examples, which are, however, not to be

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 machined to produce four inch
diameter targets. Alloy targets were solder-bonded to
copper backing plates before testing.

[00389] After a standard burn-in of 1 hr using a

power level of 1.0 kW, thin films wexe deposited on



can be utilized_ A four inch dianeter sputtering target can be
enployed to lay down an alloy film having a thickness of

approxi mately 500 nmon the glass substrate (3 inch x 3 inch). These
films are H@%?“YV@%?ed in a vacuum furnace for 30 nin 2XCHEFIHEIGre
checked under optical and scanning el ectron m croscopes. [0036] The
ternary alumnumalloy filns deposited with the targets of the
present invention will be further described in detail wth reference
to the foll qwi ng exanpl es, which are, however, not to be construed as
limting the invention. Exanple 1 [0037}An Al -Nd-Ce alloy containing
0.5at% Nd and 1.85at% Ce (Al -0.5Nd-1.85Ce) was vacuum nelted and an

ingot was cast in an argon atmpsphere, |t s ensured that. %P
al [ oyi ng eIEﬁﬁﬁ%§aﬁéVepgéﬁﬁ%e5&P€Sd?E?&F&@ “n t%&&ﬁglkﬁﬁﬁn r%bess
and pouri ng¢hehREEALEUBE BBDJhQ weiremdapeat t&d0 ono 373ACH & dvdrgh
porosity formation during solidification. u00§8 Cast i .
conposition9$ﬁ§sd§PEFﬁFﬁgﬁsbf°Fh&& F&@ﬁytggﬁ Igﬁr%fas%gﬁ Fbﬁf}n%he
i ngots werersuhseabed bonaaledpded zat mdm keatlSoreatimert viegruat | east
5 hrs at tenperatures between 450C_and_630C and t he r, water
quenched. AfPEPREReR o nEdTaT ¢4l OE? %cécsg'lang?f]%rsr efs;e'?%%%d in Fig. 1,
col d roll ed [aodof ecr y stialdtirdeth 1dirskd swdve tiyacifi meght @nmeedigce Fiduw
inch dianmeter targets. Alloy target I ol.dar - 4O LoRper
backi ng pl at'8§ B‘S}glﬁflgefﬁ&t’l A %ﬁ%eﬁ%ttgf%alu%?ﬁ%% bur(rglj-i n of 1 hr
usi ng a powerobevektibdl. 0 Id\ordsm to aheake tdel gresiase aif

defects such as hillocks, whiskers and particles,

optical and scanning electron microscopes were

employed; as shown in Fig. 2. The recorded resistivity

value was 4.35 uQcm and no defects were observed.

Therefore, these alloy film meets the requirements of

less than 5 pQcm resistivity and excellent hillock

resistance.
Example 2
[co41] An Al-Nd-Ni alloy containing 0.6at% Nd and

2.4at% Ni (Al-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 thexeafter, water qguenched.
After thermo-mechanical processing, as described in
Fig. 1, cold rolled and recrystallized disks wexre
machined to produce a four inch diameter targets. The
alloy targets were solder-bonded to copper backing

plates.



- 12 - vertically placed glass substrates. Filns having a thickness
of 500 nm were deposited on 3 inch x 3 inch glass substrates for all

anal ytical _work. Alloy thin filns were annealed for 30 r%r} Sat ?50(_3_in
a vacuum f WOALE23 " pressure of 2 x 10-6 Torr or | esstCHUS20070775S

[ 0040] El ectrical resistivity of each annealed fil mwas neasured at
roomtenperature using a four-point probe nmethod. In order to check
the presence of defects such as hill ocks, whiskers and particles,
optical and scanning el ectron m croscopes were enployed, as shown in
Fig. 2. The recorded resistivity val ue;yas 4.35 uncm and no defects
wer e observed. Therefore, these alloy %iln1neets t he requirements of

less than 5 1.1.Ccmresjstivity and el l ent hiJdl,ock resistance.
Exanpl e 2 [@@4@%% ARGEEN2 zﬁ%@%ﬁi%ﬁrﬁ'ﬁﬁl (?%a]t% HhE 7 4at % Ni
(211- 0. 6Nd- 2, 4Mix) 198% 1V &FUIUM OBl ed ARl FAllnisgeireraieasitdd) am ar gon

at nosphere. "Si m | ar _nmeasures, as described wi th respect to Exanmple 1,
were taken dEtAGaEM PGS DRSS RFAATRs. PF%@'}TQZ]LL'@%IHq ﬁagot

conposi ti on Was kiRl Bmahdhn GRrd ERics iverd suly eoted 3 @ dnch
honogeni zati on heat _treatnent_for

t least 5 hrs aft, tenpe r
rangi ng f r o BSGC SRR fore &6 C VT erw%]%ke'nc%d% aé&fwiog’rs
t her no- mechadliGalf sAMRE et Ganrasa Ides ddxbexd inmir-ias: 350 Wlih raol | ed and
recrystal lized disks were mgchined to pra drpnehdi Ler
targets. Thé’%"i”é‘i/%‘ﬁ'?baecf% n"i‘/\&'krae Psroeisdgélrx%{)oogéc;g ’?o{égopggggbggk?%g

pl at es. [0044] BElectrical resistivity of each annealed film

was measured at room temperature using a four-point
probe method. In order to check the presence of
defects such as hillocks, whiskers and particles,
optical and scanning electron microscopes were used, as
shown in Fig. 3. The recorded resistivity value 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.



- 13 - [0043]After a standard burn-in of 1 hr using a power |evel of
1.0 kW thin filnms were deposited on vertically placed gl ass
substrates. Filnms having a thickness of 500 nm were deposited on 3
inch x 3 inch glass substrates for all analytical work. The all oy
thin filnms were annealed for 30 mn ag 350C in a vacuum furnace at a
pressure of 2 x 10-6 Torr or |ess. ﬁ4]EIectricaI resistivity of
each annealgdirhis! m was neasured at roon1tenperature using a
four-point probe nethod. In order to check the presence of defects
such as hillocks, whiskers and particl es, d_scanni ng

I I
el ectron mcrq&@qewﬂma@mwosél@%tﬁf@ﬁ |f‘1'%'p %a aéwq%e recor ded
resistivi ty v giﬁg"\?fsﬂé*% érmgb@?g agn—qﬁfgﬁngs wer e observed

Ther ef or e, less than 5

j.tficmr eS| stﬁi WFWTH@H%!)?%W%%{O%PW'@@KBb’éﬁgﬁ?éé Thus, al uni num
3: !soly: 01;i plr?c bo@époﬁ@mlt :heamamﬁmgaﬂmqutugggnu gefsl:?lt bggn:aln
detgllymnfﬁ réﬁi E@%Qédwg bﬁﬁg gfkﬁg%%ﬁﬁgﬁ%i ?%gﬁgof it will becone

apparent to ongjrakni Iaedecundmmponehhm @& agpnd nges and

nodi ficati onsrﬁct?ﬂétbgwagjeof ! hgﬂiﬂh"[ﬁ &mbﬁw W t hout

departing fro nentis a rare carth element |s e&ed 8 the 14 - caims
group consisting of Nd; Ce, Dy and Gd, and a
third component in an amount of about 0.01 to
8.0, wherein the third component is selected
from the group consisting of Ni, Co, Mo, and Hf.

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-No, and Al-
Ce-Hf.

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, and Al-
Dy-Hf.

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

5. The physical vapor deposition target of claim 1,
wherein the second component is in an amount of
about 0.01 to 1.95 by atom percent and the third
component is in an amount of about 0.01 1o 3.5 by

atom percent.



1. A physical vapor deposition target for the manufacturing of flat
panel displays, conprising: a ternary alloy system conprising, by
atom percent, a first conponent in am anount of about 90 to 99. 98,
wherein the first conponent is alumnum a second conponent in an
anount of about 0.01 to 2.0, wherein-tife second conponent is a rare
earth element is selected fromthe group consisting of Nd; Ce, Dy and
&d, and a third conmponent in an anmount of about 0.01 to 8.0, wherein

o, and P 3 OISO Ay o e RLEEt o1 ' o m 1

2. 1he p
wher ei n t hedRRASTHOY ta?gwogm snanridasturéiggf Gat panehe second

conponent i(ﬂspﬁyg(’:bgﬁhﬁrﬁgjﬁ%tehe group consisting of Al -Ce-Ni,
Al -Ce-Co, Al-Ce-No, and AlTe-Hf. 3. The physical vapor deposition

target of claiml1. whergin the terna | | oy system conprising Dy as
t he second m@ﬁlg'@l%ﬁ%@isem%fﬁ/et%«gnaﬁ’o%%%onsi sting of

gxl-Dy- Ni , AintBardogob) theyinibt cammb rislny,-by atom pEire plhlysi cal vapor
eposition j L al l oy system
conpri sing %ghggétﬁ%et ééé g?@%@é%%@?ﬁﬁé@séfégﬁgﬁ fromthe group
consi sting 8P tAIQQLQBI\WheABLFGh&StADn@DMt ig®UAl - Gd-Hf. 5. The

physi cal vaphuAEPAZECOAd & epft il Bndourhef ei n the second
conponent is bout 0.01 t(g&% 95 by at om percent and

I N n no 0]
e L ShathORT I 0, Wheibarie secatdeompen: o 9 e com
percent. -nabtis Hrard emtheterpbnt wselogted fronniliey al | oy .physi cal

vapor depositi f h fact ur iy fl at panel displays,
conpri si ng: bk%@%ﬁé%@bﬁnﬁ?%n@%&@@t#ﬁ %thi'fq ernary alloy into an
i ngot, the comonsntpnian mgobyt at shopePd¥hio &0first conponent in an
amount of am‘é&eﬁ’notﬁé)tﬁﬁd%;pcﬁﬁ| %@?eégbas&oﬁmponent i's alum num
a second comnponent 1 n an_anount. o out O, % to 2.0, wherein the
second conpBifegioyr cangistiogeirih nBNAsF5el ected from the group

consi sting gglﬁa,w@m(iﬁgcth@dngzﬂdtattempaam%@m in an amount of

about 0.01 8.0, wherein third conponent is selected fromthe
group consi ?%EQPUF\I%%COS% 8(,:’ and Hf; ]

(c) cold rolling the target blank and reducing the

thickness of the biank between 65 percent and

85 percent to form the target.

7. Themethod of forming aternary alloy physical vapor
deposition target of claim 6, wherein the ternary sys-
tem is vacuum melted and cast under an argon at-

mosphere.

8. The method of forming aternary alloy physical vapor
deposition target of claim 6, wherein the hot rolling
includes multiple passes of less than about 6.5 mm
reduction.

9. The method of forming a ternary alloy physical vapor
deposition target of claim 8, wherein the het rolling
occurs in a single or reverse direction.



(b) hot working the ingot at a tenperatures between about 450 - 675C,
(c) cold rolling the target bl ank and reducing the thickness of the
bl ank between 65 percent and 85 percent to formthe target. 7. The
met hod of forming aternary all oy physical vapor deposition target of
claim6, wherein the ternary systemiggvacuum nelted and cast under
an argon atnosphere. 8. The nethod of formng a ternary all oy

physi cal vapor deposition target of claim6, wherein the hot rolling
i ncludes nultiple passes of |ess than about 6.5 mmreduction. 9. The

met hod df0. f Bhermethadafiformingd temnaphriioy physimadvageposi tion target of

claim 8, I Qe j Iy: or reverse
directi onwéq(%@négﬁa%%et %’%@S@%oﬁ&ﬁ@ﬁﬁﬁd@ega@@ﬂﬂhgb al l oy physi cal
vapor depositepodf tnaafenings the sanged blankitodgeregiuceetheddi ti onal step of
machi ni ng td\; kel @ebed! ank to produce the sputter target. 11. A

: eL’. .
physi cal vapor deposition target for the manufacturing of flat panel
di spl ays, conprising: a ternary alloy system conprising, by atom

percent 11a Aifmsica)mapmrdeﬁdsitwn targed forotheabeufds to 99. 98,
il

companent 108 3 EAHET dsnBy S LBRAnG ) Vnor el n the second

conponent
conponent is Nd, and a third conponent in an anount of about 0.0l to

e’ g oup-cons S Y LRI e /b Bl o 5
deposi ted on aC@MadslEHLEATMAREBENE i Abr ARIOMGH of about

96 to 99. 98, wherein the first component is aiu-

minum, 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

component is arare earth element selectedfrom

the group consisting of Ce, Dy and Gd.

12. A ternary alloy film deposited on a glass substrate,
comprising:

a first component in an amount of about 90 to
99.98 by atom percent, wherein the first compo-
nent is aluminum, a second component in an
amount of about 0.01 to 2.0 atom percent,
wherein the second component is a rare earth
element selected from the group consisting of
Ce, Dy and Gd, and a third component in an
amount of about 0.01 to 8.0 atom percent,
wherein the third elements is selected from the
group consisting of Ni, Co, Mo, and Hf.



a first conponent in an anount of about 90 to 99.98 by atom percent,
wherein the first conponent is alumnum a second conponent in an
anount of about 0.01 to 2.0 atom percent, wherein the second
conponent is a rare earth elenment selected fromthe group consisting
of Ce, Dy and Gd, and a third conponed?-in an anount of about 0.01 to
8.0 atom percent, wherein the third elenents is selected fromthe
group consisting of Ni, Co, Mb, and Hf. - 17- 13. A ternary alloy
filmdeposited on a glass substrates, conprising: a first conmponent
in an anount ,of about 96 to 99.98, wherein the first conponent is

al um num1<h Ademaryrallay Tday depesited asm glasssibsirates, of about 0.01 to

2.0, wherei rc@;ﬂgrigm?gnd conmponent is Nd, and a third conponent in an
anount of about 0.0 to 2.0, wherein the third conponent is a rare

earth element selected fromthe group consisting of Ce, Dy and Cd.
14. the ternaryadirsbgohiponerit iol an mmMaunt ofld3bobawenie a resistivity of

wherei nosaid i Pros DerER MR oriar s alBindho, " sker af ter
anneal i ng at 358&ecendIaraearth componentin an amount of

about 0.01 to 2.0, wherein the second compo-

nent is Nd, and a third component in an amount

of about 0.01 to 2.0, wherein the third compo-

nent is a rare earth element selected from the

group consisting of Ce, Dy and Gd.

14. the ternary alloy film of cfaim 12 or 13, having a re-
sistivity of less than 5 pQcm.

15. The ternary alloy film of claim 12 or 13, wherein said
film is substantially free of hillocks or whisker after
annealing at 350°C for 30 min.



