-1- Al'Umi num Al l oy for the Danmascene ,Process '1"’5 LPB\/ On- @hl é’ T ng
Applications - - Field of the Invention Thi s
d-hvention relates to sem conductor integrated circuit chips and, nore
particularly to interconnection wiring on the chips where several |evels

of wiring are required. ' Background of the Invention
The patterning of SiQ2 or other dielectric to formtrenches etc., followed
by a conformal netal deposition to fill t he “tirenches, and subsequent

pl anari zati on of the netal by cherri cal -nechani cal polishing, to renove the

nmetal outside of t trenches caII Dqémscen roc In, the
Damascene process gﬁr pyl|€or &Ee‘ﬁ ﬁfn%@g ﬁ%@c%@
produced in the pattern rdl%‘l'le&hiE’ b’u"tlri% At LT ed fromthe
surface of the dielectric features. The Damascene process is used to

produce lines and vias for on-chip wiring applications. An alternate on-
chip wiring process, in which the conductor netal is patterned, :

Field of the Invention

This invention relates to semiconductor integrated circuit chips
and, more particularly to interconnection wiring on the chips where

several levels of wiring are required.

Background of the Invention

The patterning of Si0O2 or othér-'dielectric to férm trenches etc.,
followed by a conformal metal deposition te -fi#l1l the trenches, and
- subsequent planarization of the metal by chemical-mechanical
polishing, to remove the metal outside of the trenches is called
the Damascene process. In the Damascene proceés the conductor
£ills in the  trenches or recesses produced in the patterned
dielectric, but is perfectly removed from the surface of-_the
dielectric features. The Damascene process is used to produce
lines and vias for on-chip wiring applications. 2n alternate on-
chip wiring process, in which the conductor metal is patterned,
most often by reactive ion etching (RIE), followed by the conformal
deposition of the dielectric, and the planarization of the

dielectric by chemical-mechanical polishing, is significantly more



? g i .
nost often by reactive ion etching ((RIE),, foll owed by the confornal
deposition of the dielectric, and the planarlzatlon of the dielectric by
chemi cal - nechani cal polishing, is significantly nore
expensive, restricts the quantity of alloying elenents to be used and

suffers fromalignnment problens. The netal lurgy currently used for the
Damascene process is the sane as the one usgd for the alternate R B
process consi sting for exanple of 200 Angst oms titaniumliner, 2500
Angstrons Al -1 wt % Cu_al 03|ted and 5000
Angstroms Al -0. SeWEeI‘SiU/e o eﬁ'f‘%lyt(?fls attg‘ﬁo‘g‘f"‘\"égé/’é Hﬁﬁﬂ‘%ﬁge"l?é‘éf eté’sg U588 e

the al um num al bAy sa¥E&R0ESo® Al YartheRS ;%bamn@ct ic-formng silicon. The
titanium forms extrenely hard | arge-grained Ti A13 during the high
tenperature deposition causing cracks at the sidewalls of conductor |[ines.

Its removal fromrhah@ea Beds cabrdicel ikl forbdhePsink SEina0prdcake S s dnleOdlghel | ME
causing a severe overpolish of the top of the conductor |ines which may be

of soft al um num?l tBY PR& Haedngor nthej yrespater RIBSPEICRAE cCOSiERing for

conduct or . example of 200 Angstroms titanium liner, 2500 Angstroms Al-1 wt. %

Si-D.S wt. % Cu alloy deposited cold, and S000 Angstroms Al-0.5 wt.
% Cu alloy deposited at around 500 degrees C. gere'the'aluminum
alloy averages only 0.33 % eutectic-forming silicon. The titanium
forms extremely hard largé-grained Tial3d during the high
temperature deposition causing cracks at the sidewalls of cenductor
lines. Ité removal from large areas of dieiect;ic by polishing
takes a long time céusing a severe overpolish of the top of the- -
conductor lines which may be of soft aluminum alloy resulting in

high sheet resistance of the conductor.

A further problem is that the copper of the aluminum alloy goes
into solution into the polishing slurry during polishing, and,
subsequently, when the titanium-rich interfacial layer is reached
by polishing, this copper plates out of the slurry solution. The

plating out of copper results in shorts between wires via the

dielectric surface.

It is an object of the invention that the Damascene process be made

viable by an aluminum alloy and metal combination which does not

have the above problems.



A furlher broblen1is that the copper, of the aluninumalloy goes into
solution into the polishing slurry during polishing, and, subsequently,
when the titaniumrich interfacial |ayer is reached by polishing, this
copper plates out of the slurry solution. The plating out of copper
results in shorts between wires via the dielectric surface. - It is an
obj ect of the invention that the Danascene pgecess be nade viable by an
al um num al l oy and netal conbi nati on which does not have the above

probl ens. It is a furdenbs dbibOV DRCLnORnGEIeiBh (d1BrbPRNL IfiRal CalilcgVi de
a nmetal alloy and netal conbination that pronotes polishability, a néew

noti on introducaefl imetahicombinatioporhat promoties poX¥ighabidd tnbjae mevwohotion

i nvention to proyﬁ&%dﬁcégatigl cdls! O¥vendllsh Metal conbination that inproves
formfilling of trenches or recesses and vias.

Summary of the Invention

It is a further object of the invention to provide a metal alloy

and metal combination that impro_ves form filling of trenches or

recesses and vias.

Summary of the Invention

In accordance with the invention, an apparatus and method for
conducting electricity is described comprising a dielectric
- substrate -having recesses therein, a layer of material. selected . . ..
from the giroup consisting of Ti, Zr, Hf, V, i\I_b, Ta, W and alloys
thereof formed on the bottom and sidewalls 6f a recesses which
functions to provide adhesion ‘and promotes wetting, a layer of an
Al-rare earth or yttrium alloy formed over the layer of material,
the rare earth or yttrium in the range from 0.02 to 5 atomic
percent, and a layer of AlCu or Al-Cu-Si or Al-Cu-Ge alloy formed
over the layer of Al-rare earth or yttrium alloy, the layer of AlCu
alloy or Al-Cu-Si or Al-Cu-Ge filling the recesses in the
dielectric layer, where none of the alloying elements is over five
(5) atomic percent. The invention may further include an Al-M-rare
earth or A1-M-Y ternary compound dispersoids in at least one of the
layers where M is selected from the group consisting of Ti, Zr, Hf,

V. Nb, Ta, W and alloys thereof.



, ‘ . .

In acéordance with the invention, an apparatus and nethod for conducting
electricity is described conprising a dielectric substrate having
recesses therein, a layer of material, selected fromthe group consisting
of Ti, Zr, H, V, Nb, Ta, Wand alloys thereof fornmed on the bottom and
sidewal I s of a recesses which functions to provide adhesi on and pronotes
wetting, a layer of an Al -rare earth or yttpiumalloy forned over the

| ayer of material, the rare earth or yttrlumlntherangefromo 02t05
atom c percent, I b of
over the |ayer Tfh%AFm?eg%ggrgafP? hdd 8%[ ?‘ri?%lr% % %yé}{ ﬁﬂ.lfc%/lggereg éAfl%éJ 9(;

or Al-Cu-Si or NheCﬁomtﬁomqungAlmehemssmei n :tsheelqhteﬂebtom thd ayeup
where none of the aIIo

S Qverny fiye er.cent. The
i nvention may fUfCReT ¥’ﬁcl%tfde J‘én KI Idfl’a&é ear%{‘ aga?’%sp iy ot
conpound di sper seng®isihgad fheasuaweoﬂfn cb:ha sdbayﬂst‘t% vnhﬁre sheborsd m;hacbed

fromthe group conms{lﬁg’ral Ta, Wand all oys thereof.
-4- The invent i BHePbTS Sﬁr%*/‘l°§e§°ﬂ“efjv\/8v‘?rafé’1e STk AaVer + FOPSERRCHED  the

formati on of MA ghasbesiaiop Mea@nY A1SanebRs bR tndre WTehbit sgE R e @PGh $hé Ng Of
Ti, Zr, H, V, Nb, Ta, Wand alloys thereof corrprlsmg a first layer of M
on a substrate, ERPACASEEHRY 9§ & §¢- Dy, Ho, Er and sm.

The invention further provides a method for reducing the formation

.of MAl13 in an Al alloy layer in physical contact with a layer M

- where M is selected from the group consisting of Ti, Zr, Hf, V, Nb,
Ta, W and alloys thereof comprising the steps of forming the M

layer on a substrate, selecting a eutectic phase alloy- from Al and

one or more elements selected froxﬁ the group consisting of ¥, G4,

Dy, Ho, Er and Sm and forming a layver of the eutectic alloy over

thé M layer. <The invention may further include the step of heat
treating the layers to form spherical dispersoids 6f Al-M-Rare

earth within the eutectic alloy layer.

-The invention further includes a conductor for multila&er wiring on
a semiconductor chip comprising a metal composed of ALR, AlGeR or
AlSiR where R is a rare earth or yttrium, the metal having first
regions selected from the group consisting of Al and alloys
thereof, the metal havixig second regions of Al,R compounds, Ge or
Si dispersed in the first region by R, the first and second regions

having an interfacial energy of about eutectic interfacial energy



eutectic phase alloy formed over the,first layer, the eutectic phase alloy
including Al and one or nore elements selected fromthe group consisting
of Y, &, Dy, Ho, Er and Sm The invention further provides a nmethod for
reducing the formation of MAL3 in an Al alloy |ayer in physical contact
with a layer M where Mis selected fromthe group consisting of Ti, Zr,

H, V, Nb, Ta, Wand alloys thereof conpristhg the steps of formng the M
| ayer on a substrate, selecting a eutectic phase alloy fromA and one or
nore el ements selwhet@sd &6xrst f3med Oy Dol 08tHinG tdhBGue®bl Xs ddhancdd by Hhe Tw and
Smand formng a |ayer of the eutectic allqy over the MIlayer. The

i nvention nay furlt“ﬁé’Ffaicﬁﬁlr ugBeTHe e fROf APRFAE Stfeaty nPUFBIIEY MY T form

spherical disper sisdsndRf of\l v BadcRa Rgidds. Wi thin the eutectic alloy |ayer.
The invention further. includes a conductor for multilayer wiring on a

- sem conductor chip conprising a netal conposed of AIR, AlGeR or - AISI R

~where Ris arare earth or ytt g4 pbbGigBiR ofl Nk NEkaldssst T eQi ONs

. selected fromthe group consisting o and alToys ereof, the netal
. having second regions of Al[err]R compounds, Ge or Si dispersed in the
+ first region by R the first and second regions having an interfaci al

energy of about eutectic interfacial energy
: These and other features, objects, and advantages of the present

invention will become apparent upon consideration of the following
detailed description of the invention when read in conjunction with

.the drawing in which:

- Fig. 1. is. a cross section view of a _first embodiment of _the

" invention.

Fig. 2 is a cross section view of a second embodiment of the

invention.

Fig. 3 is a cross section view of a third embodiment of the

invention.
Fig. 4 is an Al-Gd phase diagram.

Fig. 5 is a cross section view of a damascene wiring level of the

prior art prior to polishing.



- 5- \‘}\/neref)y debris formed by polishing the nmetal 'is enhanced by the |ow

I nterfacial energy and the debris size is determ ned by the distance of

t he second regions. Brief Description of the Draw ng
These and other features, qbjects, and advantages of the present invention

wi || becone apparent upon consideration of the following detailed
description of the invention when read in Qgrlj unction with the drawing in
whi ch: Fig. 1 is a cross section view of "a first enbodi nent of the

i nventi on. Fedy. € 1S BcfES8e96h  AlVLELY Blmalcand Vet RThodMBRt 4f the
I nvent i on. Fig. 3 1s a cross section view of a third enbodi nent of the
i nventi on. Fpgiorjars afherpodiishdhdse di agram

Desgcription of the Preferred Embodiments

Referring now to the drawing, Fig. 1 shows conductor structure 10
formed over a dielectric 12 which may be pé.tterned to have recesées
13-15. Dielectric 12 may be for example silicon dioxide, silicon
nitride, polyimide, or diamond-like carbon. Dielectric 12 may be
- 8pun-on. oxr .deposited over. substraté 16 which may be a lower level
of wiring of dielectric and conductors embedded therein or a

semiconductor, such as silicon, containing semiconductor devices

and contacts (not shown).

Conductor structure 10 has a first layer 18 which may function as
an adhesion layer, wetting layer and/or diffusion barrier also
called a liner. First layer 18 may be of a metal selected from the
group consisting of Ti, Zr, Hf, V, Nb, Ta, W and alloys thereof.
First layer 18 may ha;ve a thickness in the range from about 100 to
400 Angstroms and formed by sputtering, collimated sputtering or
any other suitable means. Subsequent to forming 'i-E:irst layer 18, a
second laver 20 is formed such as by _s'putter_ing or any other

suitable means at -room temperature Oor at a colder temperature.



Fi g. 5 is a cross section view of a,damascene wiring |level of the prior

art prior to polishing. Fig. 6 is a cross section view of a
damascene wiring level of the prior art after polishing.

Description of the Preferred Enbodi nents Referring now to the draw ng,
Fig. 1 shows conductor structure 10 forned over a dielectric 12 which may
be patterned to have recesses 13-15. D eIec;gic 12 may be for exanple

silicon dioxide, silicon nitride, polyimde, or dianond-Ilike carbon.
Dielectric 12 ma

be. spun-on or deposjted over bstrate 16 which _nmay be a
| oner |evel of cf’f“ﬁglag'?rd? bIfeErHd gna#?(fséo KT g#@%n%%&&eﬁ%@%irﬁr%r a
sem conduct or, sSedrthaf 16y ] iprePerabOitadl &1 ui{neiFascniciah allsleVor @aay dthar
contacts (not shown). Conductor_structure_ 10 has a fjrst quer 1% whi ch
may function as aluminum-rare earth alloy or an Aluminum yttrium alloy. Other
suitable rare earth elements besides Gd may be for example Dy, Ho,

Er, and Sm.which are given in Table I.

Table I

Concentration of aluminum-rich eutectic

"cd.....5.0 at. %.....23.0 wt. %
DY.....2.5 at. %.....13.4 wt.- %

HO¢....1.8 at. %.....10.0 wt. %

Er.....1:.0 at. %......6.0 wt. %
sm.....3.0 at. %.....15.0 wt. %
8i....12.2 at. %.....12.6 wt. %

i %

Ge....28.4 at. %.....51.6 wt.

Second layer 20 of Al-rare earth or Al-Y may and preferably has the
composition of the eutectic as given in Table I, or the rare-earth

or Y content in second layer 20 should be less tban the eutectic

composition.

A third layer 22 is formed over second layer 20 with a sufficient
thickness to fill completely recesses or trenches 13-15 up to or
above the level of the top surface of dielectric 12. Third layer

22 may be formed or deposited at high temperature for example in



an adhesi dn layer, wetting layer and/or diffusion barrier also called a
liner. First layer 18 may be of a netal selected fromthe- group consisting
of Ti, zZr, H, V, Nb, Ta, Wand alloys thereof. First layer 18 may have a
t hi ckness in the range from about 100 to 400 Angstrons and forned by :
sputtering, collimted sputtering or any other suitable neans. Subsequent
to formng first |ayer 18, a second |ayer 2§-is forned such as by
sputtering or any other suitable neans at roomtenperature or at a col der
tenperature. the range from ¥boR0%shayRiredd d 06 RE dyrbbs . | Aol Ifemmy be
an alum numrare earth alloy, preferably an al um num gadolinium alloy, or
any other al unieiiier2nveatapingm allley, BYefemallluAh MdnfY ELPYUMPAIAYL -S1i-Ct her

suitabl e rare egithyghe %?Pﬁeélzx?eéé-e@%lggy WRYrdnb UnobX@WR! SryYne é%%ﬁngri and

Sm-whi ch are given in

Concentrati on ofinathenablawn ddeshneutexce¢d 5 atomic percent. (C's IR 5.0
at.  %..... 23.0 wt. % Dy ...... 2.5at. %..... 13.4
w.-% Ho ....... 1.8 at. %..... 10.0 wt. %

Referring to Fig. 2, conductor structure 28 is shown. Conductor
structure 28 is significant because the formation of MAl; where M
may be selected from the group consisting of Ti, Zr, Hf, V., Nb, Ta,
and W, is ;educed by the presence of the rare-earth element. If an
aluminum-rare-earth alloy or aluminum-yttrium, preferably aluminum
gadolinium alloy is deposited cold as second layer 20.- on top of
_first layer 18, an Al-M-rare-earth or Al-M-Y ternary compound
dispersoids 30.form instead of MAl; from elements of the first and
second layer. For example, if. first layer 18 is Ti and t_he rare-
earth in second layer 20 is G4, then Al-Ti-Gd ternary :compoﬁnd
dispersoids will form instead of TiAl,, The ternary compound
dispersoids 30 are not as hard as TiAl,, therefbre former layers 18
and 20 now part of conductor strﬁcture 28 do not cause crgcking on
the sidewalls and since the removal of ternary compound dispersoids
30 by polishing from the bottom of the fields (areas of dielectric)
is much easier, the overpolish of the aluminum-alloy conductor
lines 33-35 is reduced of éliminated as shown in Fig. 3. Further,
since the conduct'c';r lines 33-35 are not overpolished, the sheet
resistance of conductor lines 33-35 is also reduced. It is
important to note that the electrical current will percolate around

the dispersoid therefore the 1loss of conductivity will be



Er ...... "1.0at. %....'6.0 Ww.% Sm. ... 3.0 at. %

..... 15.0 wt. % Si... 12.2 at. %..... 12.6 wt. %

Ge... 28.4 at. %..... 51.6 wt. % Second l'ayer 20 of Al-rare earth or
Al -Y may and preferably has the conposition of the eutectic as given in
Table I, or the rare-earth or Y content in second |ayer 20 should be |ess
than the eutectic conposi tion. A thirgl layer 22 is formed over second
| ayer 20 with a sufficient thickness to fill conpletely recesses or

trenches 13- 1554 5h9f Qant &h.gyfedtaed\&vehe Qb 4 taenélaao@yw&eo@fmmel ectric
- 12. Third | ayer 22 may be tormed or deposited at_high terrperature for

exanple in the range from about 350 degrees C to 550 degrees

C. Third Iayer,mgy be any, al 1@ Lef arabl,y.gn an
Al-Si- Cu all 6?/ of “an Alan nﬂ{ple emrxié"r“% fghg grméﬁ? o?‘ra%}ngéne eI errent

in the all oy deesrespendngees tseaﬂppﬂréttupetpfc@m‘ns- 1 or 2.

Since rare-earth or Y atoms are verlr electronegative, copper from
AlCu alloy if used for layer 22 is not going into the slurry
solution during polishing, but the rare-earth or Y does go into the
slurry solution instead. The rare earth or Y atoms provide
sacrificial corrosion protection with respect to Cu. If Cu does
not go into the slurry solution durinq po]_.ishing, then Cu is rrot
available to plate out_of the slurry solution. The rare-earth or

- Y may come from an aluminum-rare-earth or aluminum-yttrium alloy of

layer 20 or from an aluminum-M-rare-earth or aluminum-M-yttrium

ternary compound dispersoids where M is selected from the group

consisting of Ti, Zr, HE, V, Nb, Ta, W and alloys thereof.

Fig. 3 shows conductor lines in recesses 13-15 formed by polishing
the excess conductor structure 28 from over dielectric upper
surface 17*. Dielectric surface 17 may have been lowered a little

by polishing resulting in a new surface 17'.

Fig. 4 is an Al-Gd phase diagram. In Fig. 4 the ordinate
represents temperature in degrees C and the abscissa represents
weight percent gadolinium. Fig. 4 shows that the eui:ectic is at 5

atomic percent Gd or at 23 weight percent Gd. As shown in Fig. 4,



Ref erfi ng to Fig. 2, conductor structure .28 is shown. Conductor structure
28 is significant because the formation of MAI[err] where M -nay be
selected fromthe group consisting of Ti, Zr, H, V, No, Ta, and W is
reduced by the presence of the rare-earth elenent. If an

alum numrare-earth alloy or alumnumyttrium preferably alum num
gadoliniumalloy is deposited cold as secogj | ayer 20- on top of first

| ayer 18, an Al-Mrare-earth or Al-MY tern 9y conmpound di spersoids 30

forminstead of M [gr rd010M ElemmnLe, 8l the chi ist aide S5eend hayer For
exanple, if firSt 'Tayer I's T and the rare-  €arth 1n secon Fayer 20 is
Gd, then Al -Ti - @drdenrnathe cenpeatatdre drager sHi sta idd flilcaf tonmiisnat easkstof10
TiA[err], Thgft ernary _co

npound di spersoi ds. 30 are not_as hard.as
TiA[err], ther 8PETE51or HBIS B%andﬁlg%ﬁa‘ Ea°‘?18g}?}’a?%°"’qFa’b§ﬁa%‘&?bfled
structure 28 doaBOémaQaUfdmiE fdtcag: anloying dleflévalih S1ayad i.NCeo bkiswoOval
of ternary conpound dispersoids 30 by polishing fromthe bottomof the

fields (areas ofUgh et eBallc)temperatis 20gPePt $HdIbtASAEEPT s HuSP fRRTer

al um num al | oy GeBEHC tRrceAtad.S 18 3nataellS 15 CEMC @sOT ol 511 St AJophywn 1N
Fig. 3. Further, since the conductor |lines 33-35 are not overpolished, the
sheet resi st anCeeBARE G FEOR ipj FaddesB. 380 Fdgg| & She dpeetpture |fange is

i nportant to notfet fitce! Bétwrbs urkedlort ¥{dRNie \Mjnlhlmerqeiﬁhﬁ & LUads 4 he -

di spersoid therefore the | oss of conductivity w be

similar phase diagram.

Fig. 5 shows  a wiring level 49 on.a patterned dielectric of tpe
prior art before polishing. In Fig. 5, dielectric layer 50 has
-been patterned  having recesses 51-53. A liner de_r}osited on .
dielectric layer 50 has reacted with an Al alioy layer 55. deposited
thereover with the liner forming layer 56 of TiAl, which is about
three times thicker than the liner layer was. Some linet not shown

may remain between dielectric layer 50 and layer 56.

Fig. 6 shows wiring level 49' on a patterned dielectric layer 50
" after polishing. Layer 56 where exposed to polishing has been
thinned to be 56° but which withstood the polishing. Dielectric
layer 50 where patterned has been polished or dished down between
recesses S51-53 to be layer 50°'. Al alloy layer 55 has been
substantially polished and has been thinned down to be 55*' due to
the reduced height of dielectric 50' in the region of recesses 51-

53. This was necessitated by the need to remove the hard TiAl, 56°



i nsignificant conpared to that due to a continuous | ayer of TiAl[err].

In Figs. 2 and 3, like references are used for functions corresponding to
t he apparatus of Figs. 1 or 2. Since rare-earth or Y atons are very

el ectronegative, copper from Al Cu alloy if used for layer 22 is not going
into the slurry solution during polishing, but the rare-earth or Y does go
into the slurry solution instead. The rargiearth or Y atons provide
sacrificial corrosion protection with respect to Cu. If Cu does not go
into the slurry sabittinentkidsng Withi sdesngroskhsdttion aSed1@F AnvalLbAlESe i

pl ate out of the slurre¥s soJution.-The rare-earth cone fraqQm an

al uni num r ar e- ear e85l thidum Yt riastestisy &F O{}‘&ye‘f"“ﬂé‘:‘b"rrsf rGhtante

al um num M r ar e- eickBas¥d. alanBt K8k rsUBhatt €fd)2énk 160 ebidhclbs s+ dS
where Mis selected fromthe group COI’]SIS'[II’]% of Ti, Zr, Hf Vh Nb, Ta, W
and al | oys ther egiection Fig furthes,redpreticPor the nBil n 1rERe s ERich a2

formed by polishifgistiiafXseesoeO@RAURI&o Shih Wal Ur® 285 f komiqveerdiskbest ric
upper surface 17[err]. Delectric surface 17 may have been | owered a

little by poli skﬂ‘iﬂg“ﬁ%é%lfﬂ@ciﬁwn& prEFeseRNddpe tpythe appgrpfus of Figgf- Al - G&d
phase di agram In Fig. 4 the ordinate represents tenperature in degrees

C and the abscissa represents weight percent gadolinium Fig. 4 shows that
the eutectic i s ain she damascene process ., a chemical mechanical polishing process

is needed to create a near-perfect surface with high dimensional
and geometrical "accuracy, referred to as planari__zation, énd the
absence of defects, most importantly scratches in the metal_ surface
which may cause shorts and whiéh carry their imprints on to higher
.levels of metallization. Aluminum and alloys such as AlCu a'r_e_.
difficult metals to polish, because the metal itself is soft, but
the natural oxide, that forms on its surface, is an extremely hard
compound, which by itself is a well-known abrasive. No matter how
gentle an abrasive is initially applied in an aluminum polishing
slurry, the aluminum particles which are removed from the workpiece
surface of the integrated circuit in the course of polishing become
oxidized. The oxidized aluminum particles create an abrasive in

the slurry and produce scratches on the workpiece surface.

The aluminum, that is coming off the polishing surface during
polishing, shall be referred to as the *polishing debris". In my
work, it has been observed in the course of polishing unpatterned

as well as patterned aluminum films, where the pattern dimensions



atonmi & percent Gd or at 23 ‘weight percent Gd. As shown in Fig. 4,

- 10 - even at snaller concentrations of Gd i.e. less than 5 atomc
percent, the tenperature range of solidification is at nost 10 degrees C.
Thus; the condition for good alloy flow can be fulfilled at snall atomc
percent alloying element in |layer 20. To achieve such a small
tenperature range of solidification, nuch lapger atom c percentage is
needed in the case of Si or Ge alloying elenents as shown in Table I. In

Fig. 4 the tenperatiéepbeangn 260 mimms_@a%ea@&towemlewm&srar chith@sadierand
45. Yttriumalso has a simlar ghase di agram Fig. 5 shows a wr
| evel 49 on- a pdtt®f Mayedrrs diehest Spngit °f)r§°6|'“‘t%ﬂef5 b@’dFel‘b(ﬂai%ﬁF‘?ﬂfg

Fig. 5 dielectrigindyehe Mrfdrer clesinmatd 95R6S BAYiRE FaPEIRSS SR tnaxd A
| iner deposited on dielectric layer 50 has reacted with an Al alloy |ayer

55. deposited tHdPebPer fEPpHarae feH of GLWiYTH Apersmablest thy Ae1sdty]ofahi ch

i's about three tdARscell HeebmdsNan drae éah&'@roé s WRSnomeABE ké NEhatOfn
shown may remain between dielectric layer 50 and | ayer 56. Fig. 6 shows

wiring level 49 patternedt tféimedihdi eleninumncling gurfgees alternate with 8i0,
surfaces, thus the aluminum particles that are removed by
polishing, break up i:o smaller pieces, thah during the polishing of
large aluminum fields, and these smaller particies upon oxidation
represent smaller abrasive particles and thus create smaller
scratches. The scratch-free polishing of large aluminum lines '
however cannot depend on the layout of £he design of the integrated
circuit chip alone, because the integrated circuit chip needs to
have large areas of continuous aluminum surfaces for pads,
moreover, even if the chip would .only consist of 0.25 micrometer
aluminum lines, the scratch-causimg polishing debris is still too
large, and it's particle size is only restricted in two dimensions,
width and depth. The smaller the particles that come off during
polishing (polishing debris), the higher the quality of the
polished surface. In order to break down the polishing debris to
smaller sizes in all three dimensions i.e. width, depth, and
length, .the aluminum or alloys thereof sudh as AlCu -has to be
alloyed in a way that it contains a second phase, that is finely
dispersed, and has a low interfacial energy with aluminm.n. In the
course of polishing, the aluminum or alloy thereof that is removed,

fractures along the low-energy interfaces with the second phase, so



after’ poli'shing. Layer 56 where exposed. to polishing has been thinned to
be 56" but which withstood the polishing. D electric |ayer 50 where
patterned has been polished or dished down between recesses 51-53 to be

| ayer 50. Al alloy layer, 55 has been substantially polished and has been
t hi nned down to be 55' due to the reduced_height of dielectric 50" in the

Leggon or[recesses 51- 53. This was necessitated by the need to renove the
ard TiAl[err] 58 . fromthe fields. W c tion
area of Al alloy*¥5 ¥ digtape’ SRAvETR oofeop e‘&:‘r‘-’L géi %%/ﬂl,téﬁ%%/seza?‘dt hg&cgeoﬁ: %ct ors
wi Il be increagestancédithesn powldnesyy dntéxthcéd detentings ndpecoirduof drthecr oss-

section is further reduced py the Ti Al[err] | ayer ich has.a resistivity
of about 70 i cPBl’(ﬁ]i‘ﬁf‘?:rﬁebF’r?/'FF@q thuf ic&lg ?‘%ﬁé?’gﬁgeg@e ReE S S T unct i ons
corresponding to the apparatus of Fig. 5. In the damascene process , a

chem cal mechani cal polishing Brocess I s needed to _creatg a near-perfect.

surface with hi Fhedmendispmn Pelivgey duRet o eats 5UARAPE TR YUt s
pl anari zation, gRdid18o1AsEIteCIPENLIRIREE eaMEh dutRBE{ANhEhSSdcaire@s 1N

the nmetal surface which may cause shorts and which carrg/ their inprints on
t o hi gher a given composition and at a given temperature, because here the .
system consists of Ew_o solid an& one liquid phases and thus
exhibits no degree of freedom, i.e; neither the composition nor the
temperature can change during solidification. The two solid phases
) _ crystallize alternmately from the melt, forming lamellae, rods, or
spherical particles. The melt solidifies at a single temperature,
same as an element, which is very advantageous for form filling of
recessés :'-Ln- .dielec.:tr.{c... " For polishébility, the mos.t. important
' characteristic of a solid eutectic is that the interfacial energy
between the two solid phases is the lowest amongst all interfacial
energies and is Eypically 1/3 to 1/4 of the grain boundary energy
of the elements that form it. Such low interfacial energy assures
that in the course of polishing the polishing debris breaks down to

a size approximating the distance between eutectic interfaces.

For Damascene polishing one has to look for alloying elements that
form a 'éutectic with aluminum at a low concentration, because a
large atomic percent of alloying elements would cause device
problems. One problem may be higher resistivity of the alloy

forming the conductors or chip wiring level. Silicon and germanium



| evel § of hetallization.” “Alumi’numand alloys such as AlCu are difficult
netal s to polish, "because the netal itself is soft, but the natural oxide,
that forns on its surface, is an extrenmely hard conpound, - which by itself
is a well-known abrasive. No matter how gentle an abrasive is initially
applied in an al unminum polishing slurry, the alunminumparticles which are
renmoved fromthe workpiece surface of the Lpfegrated circuit in the course
of polishing become oxidized. The oxidized alum num particles create an
abrasive in thegsipr xu@edlermucamm abe&&nnidfm pUREIRRLELE $91] 308

The alum num that is comng off the polishing surface during polishing, -
shal | be referre@dif agsnich@ereeiti shénegtieddyi s"Thelrﬁf?F;ﬁ ®e? knucht of) gkhedseen
opserved in the P36 U eRGldsS 4Gy WaPAYEh IR%e @Pbdlahed LoPAEhiFdn

al um num fil s, ere the pattern di mensions

-12 - - varied betwvé#sent®®8veracswifecims amedn® o T hei mmatcephasqmchbwmnet
films have the highest densi ggc Ofe SGlaL £ {lwmg"glelng }; PALLE ned of L] t he
narrower the alumtnumlines, and Bhe ' ar Thése T hes are rom

| arge fields of anentamnumowehsa: soml helutéd‘tﬁcciﬂmmd:l)dmtﬂ\m 3 matic Newerhetanies .

The cause of this her‘g_orreno |s that in patterned films, the alumnumline
surf aces alternalpg WrR &F T wm e = exampe. orms a

eutectic at 5 at .% Gd. In this eutectic Al ‘and Al,G4d phases

alternate in the alloy. Their interfacé is the low energy eutectic
interface which breaks down during polishing reducing the polishing

' debris. While all rare earth elements (Atomic Numbers 57-71)
behave similarly with respect to alloying with aluminum, those rare
.earth elements given in Table I are preferred partially because
they are the .least reactive with the ambient and partiélly because
of cost considerations in purchasing an_d using them. Table I shows

that G4, Dy, Ho, Er, and Sm form a eutectic with aluminum between

5 arid 1 atomic percent.

Under fom-filiing in microelectronic applications, we mean the
ability to £ill trenches of high aspect ratios with the metal at
ambient or elevated temperatures. FPorm-£illing depends on the
fluidity of the alloy and on the qualities of the interface that
has to be contacted in the course of form-filling. Fluidity is the
characteristic of a molten alloy that enables mold filling. The
properties that influence fluidity are visc-:osity, surfacé tension,

and the manner in which the particular alloy solidifies. The



surfaces, thus the aluninun1partibles-that are renoved by polishing, break
up to smaller piecés, than during the polishing of [Iarge alum numfields,
and these smaller particles upon oxidation represent small-er abrasive
particles and thus create spaller scratches. The scratch-free polishing of
| arge al um numlines however cannot depend on the |ayout of the design of
the integrated circuit chip al one, becausglébe integrated circuit chip
needs to have |arge areas of continuous al uhm num surfaces for pads,

mor eover, even i{;{R:ehi P Wikt Ofluhi QN SisS vl Pow?Oadd GlsOMBE CErdlytiyl NUM
|l ines, the scratch-causing polishing debris is still- too- large, and i1t's

particle size isisfiupneedbyiziedinon Susfasenbensionds nofi 8t ¥PrafPYIERRRRr - The
smal | er the partigl&ant Bag ﬁé}fﬁﬁnﬁﬁ{ a9454Rg. PRbiSNREnd POd SRERGHERELS) |
the higher the quality of the polished surface. In order to break down the
pol i shing debri s stofacengansden oF modtemahyninum by abghrdfsparsent per lyyefoht

depth, 2nd ) enOGRreddiey AT WAl US4 81ASby RUIGEB: Schl BlalAS. O D

al l oyed in a way ntains a secon ase, t

di spersed, and has a low interfacial energy with alumnum In the course .
of .polishing, the alum numor alloy thereof that is removed, fractures
along the lowenergy interfaces with the second phase, so ’

While a low viscosity and a low surface tension of molten.aluminum
are favorable for form filling, none of these properties are as
important as the-temperature range of solidification. Fluidity is
inversely proportional to the temperature range of solidificatior.x,
that is, fluidity is highest for pure metals and eutectic alloys,

- and lowest for solid solution alloys.

While there has been described and illustrated a wiring level in an
integrated circuit chi_.p containing an adhesion layer, a layer of’
Al-rare-earth alloy for example A1Gd or alY alloy, and a layer of
AlCu, or Al-Cu-Si or Al-Cu-Ge which may then be specifically heat.
treated or heat treated in the course of the high temperature
reflow to form dispersoids on an element from the adhesion layer
and the rare earth, it will be apparent to those ski;led in the art
that modifications and variations are possible with out deviating
from the broad scope of the invention which shall be limited solely

by the scope of the claims appended hereto.



t hat the di stance between second-phase particles and hence the distance
bet ween | owenergy interfaces determi nes the size of the polishing debris,
and thus the quality of the polished surface. The phase-di agram bet ween
two elenents that do not forma solution in the solid state is
characterized by a eutectic, which occurs at a given conposition and at a
gi ven terrperatur_e_be,cal,tse_hat.e_t_he, system-g®nsi sts of two solid and one
i quid phases and degree of freedom i.e. neither the
conposition nor 't ﬂgw ﬂj uitn chasghiM8uri ng solidification. The two
sol id phases cry ly fromthe nelt, formng | anel | ae,

rods, or spheri cal partl cles. The nelt solidifies at a single tenperature,
sanme as an el enent, which is very advant ageous for formfilling of

recesses in dielgct.ric ant
characteristic osg “‘go‘f““a eetftcé f'?\nttlg?hgp‘?%tr%%aaicg é‘r'lgrna desﬁe?ween
the two solid phasewcuse bhenéuumtpaaam]gst all interfacial energies and is

typically 1/3 to 1/4 of the grain boundary energy of the el enents that
formit. Such low interfacial energy assures that in the course of

pol i shing the pohishi sgriebfé Tobr@nlitctiagrelcecr ity Zomapiyiayi mating the
di stance between eutectic interfaces. For Danascene polishing one has to
| ook for alloying elenments that forma eutectic with alum numat a | ow

concentration, beCRgsfecirit AL LRAQIT KavBES CMHesOis ANRYINI Rli@MRBESswgul d
cause device problenms. One problem may be higher resistivity of the alloy

formng the cond®eyYHgs adotear pnd ’P’-ﬂﬁ‘ﬂa}]@vel Silicon and germani um

a first layer of material selected from the group consisting of Ti,
-Zr, HE, V, Nb, Ta, W and a_lloys thereof formed on the bottom and
sidewalls of said recesses, said material functions to proiride
adhesion to said bottom and sidewalls, and

a second layer selected from the gfoup consisting of Al-rare earth
élloy and Al-Y alloy formed over said layer of material, said rare
earth in said Al-r'are earth alloy being in the range from 0.02 to
5 atomic percent and said Y in said Al-Y alloy being in the range

from 0.02 to 5 atomic percent.

2. The structure of claim 1 further including a third layer of
material formed over said second layer, said material selected from

the group conmsisting of Al, AlCu alloy, Al-Cu-Ge alloy, and Al-Cu-



-14 - "forma eutectic with al unm num at very hi gh percentages, 12.2 and
28. 4 atom c percent respectively. Therefore, too nuch of these alloying
el ement s or Ge) would have to be added to alum numin -order to have a
suffici ent armuntmlmmnmlﬂmﬁuﬂmmse whi ch woul.d be everywhere because
the alloying ele earth elenments however forma eutectic
wi th al uni num at much 9 ofer "at dnic percentsps shown in Table |. For
exanple, Al - Gd fornms a eutectic at 5at .% GJd. In this eutectic A
and Al[err]Gd phaseslomlternate in the alloy. Their interface is the | ow
energy eutectic interface which-breaks down during-polishing reducing the
polishing debris. Wile all rare earth elenments (Atom c Nunbers 57-71)
behave sim|arly3w the rseS@rBﬁJIretcﬁ eialim)ai mge:m'ihksaahwmﬁmrrayéﬂﬁemuaatﬁangart h
el ements given in,Table, | are pref erre artlal because they are the

| east reactive wifth' ﬁ@ldarfﬁf’% S8ttt *pH 5*??%%&5&%% of cost
considerations in purchasing and using them Table | shows that Gd, Dy, Ho,

Er, and Smforma eutectic with alum numbetween 5 and 1 atom c percent.
Under formfllllng in mcroelectronic applications, we nmean the

4. The structure of claim 2 wherein said third layer material

constituents other than Al are each less than 5 atomic percent.

5. The structure of claim 1 further including dispersoids selected
from the group consisting of Al-M-rare earth ternary compound and
Al-M-Y ternary compound in at least one of said first and second
layers where M is selected from the group consisting of ®i, Zr, Hf,

V, Nb, Ta, W and alloys thereof.

6. The structure of claim 2 further including dispersoids selected
from the group consisting of Al-M-rare earth ternary compound and
Al-M-Y ternary compound in at least one of said first and second
layers where M is selected from the group consisting of Ti, Zr, Hf,

V., Nb, Ta, W and alloys thereof.

7. The structure of claim 1 wherein said first layer is in the

range from about 100 to about 400 Angstroms thick.



'abilit"y to fill. trenches of hi gh"asp.ect ratios with the netal at anbient
or el evated tenperatures. Formfilling depends on the fluidity of the

all oy and on the-quai—rﬁ—es—e%nterface that has to be contacted in

t he course of for ty is the characteristic of a nolten
al l oy that enabl enll ”Eﬂ!’,ﬁq Bhe properties that influence fluidity
are viscosity, surwace nd the manfger in which the particul ar

alloy solidifies. The -15 -

viscosity of nolten alumnumis very low and is not strongly influenced by
al I oyi ng. Surface tension is not_alter ed b silicon and ger mani um

co :
alloying.  Rare®earPRsSEPEYERT YT he" M EEr T %é%%ﬁf‘oﬁ? doFeGrpr Eyers

al um num by abouhrd Qapedacesta PeipetatiRiedid thoSaf@dleran 138y degresLeeed ssyhi ch
is favorable for formfilling Wi le a low Viscosity and a | ow surface
t ensi on of nol t eRAeHISEH T f%i‘“eafs&%%eal}%elf-or formfilling, none of these
properties are as inportant as the tenperature range of solidification.

- Fluidity is inversely proportional to the tenperature range of
solidification, that is, fluidity is highest for pure nmetals and eutectic

al | oys, and | OW§§t ‘Ifhgrstsr%l:lngreSBJE Lglhﬂﬁ' ﬁ%ﬁ%n said first, second and third

layers are raised to a temperature in the range f£rom 350 degrees C

to 550 degrees C to form a single layer.

10. A structure resistant to the formation of MAl: therein

comprising:

a first layver of M on a substrate where M is selected from the

group consisting of Ti, zr, Bf, V, Nb, Ta, W and alloys thereof,

and

a second layer of eutectic phase alloy formed over said first

layer,

said eutectic phase alloy including Al and one or more elements

selected from the group consisting of ¥, G4, Dy, Ho, Er and Sm.

11. A method for reducing the formation of MAl, in an Al alloy



Wil e there has been described and Illustrated a wiring level in an
i nt egrated C|rcu+%—9th_chL§LﬂLﬂ9_§n adhesion |l ayer, a layer of

Al -rare-earth all exa le AAGd or AIY alloy, and a layer of Al Cu, or
Al -Cu-Si or Al- Cu H"ﬂ be specifically heat treated or heat
treated in the co enperature reflow to form di spersoids
on an el enent fronlthe aahe5|on |I'ayer and the rare earth, it will be

apparent to those skilled in the art that THUT fi cations and vari ati ons are
possible with ou{ devjatin fromthe broad scoge of the aneng#on whi c
-shal | be Iinited"¥6F et PHET 93t CRIBEE B hd P %Ma‘f%‘?ﬁa%’d‘gh "et‘*&eps

-16 - CLAIMS of: Havi ng thus described ny invention, what claimas new
and desire to secure by Letters Patent is: 1. A structure for
conducting electricity conprising:

forming said M 1ayer on a substrate where M is selected from the

group consisting of Ti, zZr, Hf, V., Nb, Ta, W and alloys thereof,
selecting an eutectic phase alloy from Al and one or more elements
selected from the group consisting of ¥, Gd, Dy, Ho, Er and Sm, and

forming a layer of said eutectic alloy over said M layer.

12. The method of claim 11 wherein said step of forming a layer of

said eutectic alloy includes sputtering at or below 23 C degrees.

i3. The method of claim 11 wherein said step of selecting a

eutectic phase alloy includes selecting Al1G4 alloy.

14. The method of claim 11 further including the step of heat
treating said layers to form spherical dispersoids of A1MGd within

said eutectic alloy layer.



. “} 1 . i .o * . . .
a dielectric substrate having recesses therein, said recesses having a

bott om and si de
consisting of Ti

bott om and

claim1l further

second | ayer,

17

S

maLL&F_~_;Lji1§£_L$¥er of material selected fromthe group
i, V, Nb

a, Wand alloys thereof formed on the

si dewa mmm"ﬂlmﬂmses said material functions to provide
adhesion to said b and a second | ayer selected from
the group consisting of Al -far& earth all oy,,and Al -Y alloy fornmed over

said layer of nmaterial, said rare earth in said Al-rare earth all oy being

in the range frogy0. O%né Q.betga&ltgfr‘&a%rEE”‘Ene%QdﬁPd dsclp' Qf L Arede Al
being in the range from

5 atom c percen e struct urge of

iincludgs ngleasttelpl of rhdging o‘rie temgezrntwde imrthecraoverfrsallﬁo

sald nat e | lected from the group consisting of A,
all oy, Al-Cu-Ge 8f %v? 2§F E‘

-al | oy.

gﬁgrees

16. The conductor for multilayer wiring on a semiconductor chip

comprising:

an alloy selected from the group consisting of Al-R where R is a

rare earth and Al-Y,

said alloy having two phases, said first phase consisting of Al and

said second phase selected from the group congisting of Al,R and Al,

oy

Al Cu

Y. said first and second phases having low interfacial energy equal .

to the eutectic interfacial energy whereby debris size formed by
polishing said alloy is substantially determined by the distance

between said low energy phase boundaries.

17. A conductor for multilayer wiring on a semiconductor chip

comprising:

a metal selected from the group cbnsisting'Al-Ge-R, Al-Si-R, Al-Ge-

Y and Al-Si-Y where R is a rare earth,

said metal having first regions selected from the group consisting

of Al and alloys thereof.



3. The structure of cIa|n12 wherein said third layer substantially fills
sai d recesses i : ric |ayer. 4. The structure of claim?2
wherein said thlrd material constituents other than-Al are each |ess
than 5 atom c per mmwr,wﬁmmﬂlftructure of claim 1 further including
di spersoi ds sel ect: p consisting of Al-Mrare earth ternary
compound and Al -MY ternary corrpound in at _|gast one of said fi rst and
second |ayers where Mis selected fromthe group consisting of Ti, Zr, H
V, Nb, Ta, Wandsald @4sai 18R secona rByiohB€of tanlUeidkett Ofe16b84dTe 20k Uideher

I ncl udi ng di spersoi ds sel ecte fromthe group consisting of Al-Mrare
earth ternary coffPth@ECRFEting o et iy 8difpEEeRRd Fedionp edifPrepird df sai d
first and secondg,iayats. WagI&: M icheSEt es%rlgck f,hene the group consisting of

Ti, Zr, H, V, Nb, Ta, Wand alloys thereof 7. The structure of claim

1 wherein said first | ayer is in the range from about 100 to about 400
Angstrons thick. '

said first and second regions having an interfacial enerqy
substantially equal to the eutectic interfacial energy whereby
debris formed by polishing said metal is enhanced by said eutectic
interfacial energy and the debris size is substantially determined

by the size of said second regions.

18. A method for preventing the plate out of Cu onto a workpiece
during-polishing with a polishing slurry wherein said workpiece
surface includes an Al alloy containing copper comprising the stepg
of:

i
selecting an element from the group consisting of one or more rare

earth elements, atomic numbers 57-71 and ¥, and

introducing one or more said elements onto a surface exposed to
polishing whereby said one or more said elements enters the

polishing slurry as a sacrificial element in place of Cu.

19. The method of claim 18 wherein said step of introducing

includes the step of forming an alloy including one or more said



-18 - 8. The structure of claim1 wherein said first and second | ayers
are raised to a tenperature in the range from 350 degrees C to 550 degrees
Cto forma single |aye 9. The structure of claim 2 wherein said
first, second andmmmﬁllumu ume raised to a tenperature in the range
from350 degr ees Cto forma single |ayer. 10. A
structure resistani to the" formatlon of MALperr] therein conprising: a
first layer of Mon a substrate where Mis selected fromthe group

consi sting of Tgiemdhts HhavingNh ekBosed/ adekaat | fyts pbivashang , at andes smisecond
| ayer of eutectic phase alloy formed over said first |ayer, sai d
eutectic phase HP*’EP}EF?]G{SUH?%@W@' and one or nore elenents selected from
the group consisting of Y, Gd, Dy, Ho, Er and Sm




11. A’nethod for ‘reducing the formation of MAl[err] in an Al alloy

-19 - layer in physical contact wwth a |ayer of Mconprising the steps
of : formng said M| ayer on a substrate where Mis selected fromthe
group consisting of Ti, Zr, Hf, V, No, Ta, Wand alloys thereof,
selecting an eutectic phase alloy fromA and one or nore elenents

sel ected fromthe group consisting of Y, Gd, Dy, Ho, Er and Sm and

formng a layer of said eutectic alloy gyer said Ml ayer. 12. The
met hod of claim 11l wherein said step of tormng a |layer of said eutectic
all oy includes sputtering at or bel ow 23 C degrees.- 13. The met hod of

claim 1l wherein said step of selecting a -

ALUMINUM ALLOY FOR THE DAMASCENE PROCESS FOR ON-CHIP WIRING
APPLICATIONS

ABSTRACT

An integrated circuit chip interconnect wiring level and method of making is described
incorporating an adhesion layer M (18) of Ti_, Zr, Hf, V, Nb, Ta, W and alloys _thereof'
and a layer (20) of Al -rare-earth or A1-Y alloy. The layers (18, 20) may be heat treated
to become one layer. A further layer (22) of AlCu, AlCuSi or AlICuGe alloy may be
added and heat treated to form one layer with the layers below. The invention
overcomes the problems of polishing MAl; or other M aluminides by reducing their
formation, of scratching by reducing the size of the polishing debris, and of Cu plate out

during polishing. The invention improves form-filling.

Fig. 1.
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eut ect'ic ‘phasé alloy includées selecting AlGd all oy. 14. The nethod of
claim 11 further i-ncluding the step of heat treating said |ayers to form
spherical dispersoids of AIMad within said eutectic alloy |ayer.

-20 - 15. The nmethod of c¢laim 14 where said step of heat treating -

I ncludes the step of raising the tenperature in the range from 350 degrees
C to 550 degrees C. 16. The conductonzgor nultilayer wiring on a

sem conductor chip conpri sing: .an aI(oy sel ected fromthe group
consisting of Al-R where Ris a rare earth and Al-Y, . said alloy having
two phases, said firstiBhase consisting of Al and said second phase

sel ected fromthe group

G&QSisti ? of Al[,err]R and AI{err] Y, said first
and second phases havi ng | faci 13, 5-t 2t ectic
interfacial energy whe? depri i rpgd
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poI [ Shl ng said alloy is substantially determined by the distance between
sai d | ow energy phase boundari es. 17. A conductor for multilayer wiring
on a sem conductor chip conprising: a netal selected fromthe group
consisting Al-Ge-R, Al-Si-R, Al-Ge- Y and Al-Si-Y where R'is a rare earth,
said nmetal having first regions selected fromthe group consisting of Al
and al | oys thereof, 2/3 - 21 - said
nmet al havi ng second regions of an el enent selected fromthe group
consisting of Ge and Si, said second regions dispersed in ggid first

regi on by one of said R an(PYE: said first and second regigns having an

I nterfacial energy substarﬁl !y equal to the eutectic intgyfacial energy

wher eby debri s&f | guectic
interfacial eneggy and the dgbris-size is b-u-b{s}:antl ky detennmined ~bY the
size of said se§o1d regi ons. (/ > o 5 ]
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18. " A net hod “f'or” preventing the’plate out of Cu onto a workpiece during-
polishing with a -polishing slurry wherein said workpiece surface includes
an Al alloy containing copper conprising the steps of: ‘sel ecting an

el ement fromthe group consisting of one or nore rare earth el enents,
atom c nunbers 57-71 and Y, and i ntroduci ng one or nore said el enents
onto a surface exposed to polishing w3¢Beby said one or nore said el enments
enters the polishing slurry as a sacrificial elenment in place of Cu.

19. The method of claim 18 wherein said step of introducing includes the
step of formng an alloy including one or nore said

-22 - elenments having an exposed surface for polishing at tines said

wor kpi ece i s polished. 19
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