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nmetal | i zati on maylnoi heodncleff ectdneal w achkidivedrdowiest dortihe tbhotsiom of t he
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deposition layer formed using a conventional sputtering procedure is

briefly exampnede a dithvilreher énoetivo(FYE proofduthecsabasmpanyivy ddrawiings
Essential |y, a substrate 10 Is used 2 as the basis for fabrication of
. 107 selechivily . ; ; .
sem conduct or “conponents for an |1 C device For clarity, the entire |IC device
i's not shownpcRatheh,of @d Relatgaatitti on of the conductive region 12, such as
a netal or a netal silicide |layer of the exenplified sem conductor _
conponent, is Sputtering 1s a technique that 1s widely used in the fabrication of semiconductor I(
devices, for deposiing aluminum to form interconnects in the device circuitry - Due to the
fact that sputtering 1s a physical vapor deposition (PVD) procedure, resulting in generally
3 poor step coverage compared to that provided by a CVD procedure, it is not suitable tor
IC fabrication at the sub-micron level If sputtering were utilized in sub-micron device
fabricating procedures, undesirable results such as poor uniformity in thickness and voids
in the deposited aluminum layer would arise. In particular, when recessions, such as holes.
in the device substrate are small in cross-section and are deep, metallization may not be
20 effectively achieved down to the bottom of the recessed portion In such a situation.
electrical connection to the underlying conductive region would be incomplete or absent
In order to provide background for the description of the invention, an aluninum
deposition layer formed using a conventional sputtering procedure is briefly examined.
with reference to FIG 1 of the accompanying drawings Essentially, a substrate 10 1s used
25 as the basis for fabrication of semiconductor components for an IC device For clanty, the
entire [C device 1s not shown. Rather, only a portion of the conductive region 12, such as
a metal or a metal sihcide layer of the exemplified semiconductor component, 1s
schematically shown n the drawing  An insulating layer 14, such as a thermal silicon
dioxide layer, a borophosphosilicate glass (BPSG) layer, or a tetraethoxysilahe (TEOS)
W Jayer s formed over the surface of the substrate 10 Photolithography and etching

procedures are then utihzed to form a contact opening 16 in the insulating laver 14
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schematically shown in the drawing An insulating |layer 14, such as a
thermal silicon dioxide |ayer, it borophosphosilicate glass (BPSG | ayer,
or a tetraethoxysilane (TI-OS) layer. is forned over the surface of the
substrate 10 Photolithography and etching procedures are then utilized to
fgrma contact opening 16 in the insulating |aver 14 exposi ng the
ductive region 12 of the sem conductor conponent being fabricated. A
sputtering procedure is then conducted to deposit alum niumlaver 18 over
the insulatifg “[avef A~ 1:°filling, the space Inside the contact opening 16
and connecti hg to the ¢ondUctive region 12, thereby forning the
i nterconnect for the fabricated sem conductor conponent However, as the
feature sizecgfusenicoonduct oreedevi‘ceshd simedieed thivsicnebnveht i onal  Met al
sputtering procedur e o o na.L0e, IELAL LI zafl,on, | nerconnegt, hingyi tably
becomes | ess B8t PO MR FRETHIREN S GRS of The " Contact ‘openi ng. 10 are
reduced as ajk&sul tilli9£ l1@&\6imQGnﬂiiJ\i1@-th{jncZa'pélml’_{t, 1t:he cdepesihdt edhal wmmaium
| ayer 16 suffers deteriorated step coverage conditions, as well as uneven
liver thicknesenVgi dsrebs forayny he s\ app ey HOP HEIopRHCAY IS AP tHes e
fact QI‘ S I ender t hﬁogg{ fr”a@ﬂ%ﬁcﬁh@ a&}cerol Sanﬁ%n&fumrt D?m @Vlscecdtuh&'is this
fabricated | ess controllable and of ten unaccept abl e When the space in the
cont act openicageld@onas nicedugedefre arccedtraitor levely, ttchexspubter edonetalt my
not even each th; bot t om of Hhe_ppgqing}hglg at aLI|IQ sol ve the problem
as shown in FIEEDY PHEMERE-bf IS ¥ ectY'V" dEpOEEETHG ¥ A “UHCREHY AV Er over
the surface ofythe.d psubatdrn@vk@neriatdza08 0 dthe coitaelinoReM NG« By
fornmed therein, frequently a tungsten plug 17 is first formed inside the
cont act openidagra@ledpyepacoselrpe £4ndeoavVDs predcedur el el Ihelieds by oglsumi 'him
| ayer deposition over the surface the j LG, 4 Ing. a
conventioWaIe§%h??8?f%gmﬁpgg%ﬁuréﬁfgﬁgvgg?k?ﬁ%%?@apggﬁﬁ%?%éﬁgﬁg?%ﬂg B
tungsten pl ugse ddvice OMis@gicOPE RkN@Sitrblble AU ofeNiiCOOGUBLO r'WBDNMPOTTant 6 the
represents an increase in overall manufacturing costs. Further, the use of
a tungsten ple@gaFisoranaadantdage00s coRdn ey Has PRHE! BEtY MEaro csHUGE W ty
that is only . aboui Q&ehh hGethat of alumnum Efforts thus have been
devot ed toward devel oping “process techni ques using CVD procedures for
deposi ting al um ndm sditeathearredlemni tablevnf orf1Cs gnivsond udtbiccdederveding édt ur i ng

fabricati pn g Usl](]:)llnl!l'll% ila%‘r g\%rﬁlbeesulrtgé/eeéf IR! in\sga[?h% lRm EflmgnJ S contact opening 16
formed therein, frequently a tungsten plug 17 1s first formed inside the contact opening 16
by a selective CVD procedure, followed by aluminum layer deposition over the surface of
the insulating layer 14 using a conventional sputtering procedure

However, fabrication of additional tungsten plugs in contact openings for

20 semiconductor components represents an increase in overall manufacturing costs. Further,

the use of a tungsten plug 1s disadvantageous, as it has an electrical conductivity that 1s only

about one-third that of aluminum  Efforts thus have been devoted toward developing

process techniques using CVD procedures for depositing alununum, that are suitable for
semiconductor devices featuring fabrication resolution on the level of 0 25 um and less

23 When a CVD procedure is utilized in depositing aluminum layers,

triisobutylaluminum (TIBA) or dimethylaluminum hydride (DMAH) 1s typically used as

the precursor  TIBA is difficult to use, as it requires a relatively high temperature (about

160 to 170 °C) to vaporize because of its lower vaporization pressure  DMAH. on the

other hand, although relatively easier to vaporize because of s inherently higher

W vaporization pressure, also causes the deposited aluminum layer to have carbon-containing



2 Wien a CVD procedure is utilized in depositing alum num | ayers.
triisobutylalum num (TIBA) or dinethylalumnumhydride (DMAH) is typically
used as the precursor TIBA is difficult to use, as it requires a
relatively high tenperature (about 160 to 170 C) to vaporize because of

[ | ower vaporization pressure DMAI-I, on the other hand, although

‘ati vely easier to vaporize becausa of its inherently higher zii

vapori zation pressure, .al S0 causes t he deposited al um num |l ayer to have

car bon- cont ai,ni ng,, H.3.,. i rrpurl ties that IcdiRC the eleclrital C IR uklI\It\
ol the dep05|ted alunununt I;t\el | Iris |. because DII\IA | has a stlon
~;tl hon al unl | nunt coval cnt bond inlts nolecular SAIL Itne d adleltet and
11 (i tiinlnPeHASS (P trechoniover diceyiieit ivhi Hestbaiipy OIHO‘Seld‘ lavair éhhod | on
deposi tnl g alunyqu N Vo DRI ilizin
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3, because DIVE \A(ha%dlar ch@rdlNamle»ndomailmemmmb@ndxtbetnwean ptdpesqitinegen and
alurlllrlunl energﬁ gap that is smaller than

the conventi dh'a “Pbd\/'éﬁ ng””BcB’ gy ¢ ‘|(t\sB\'éb‘dfjl"2é’t‘l“ g éﬁiﬁ‘éﬁ'@ﬂ‘d'ﬁ%‘“i”ﬁ‘ alanc

rel ativel y. | qunaran) tor@hout 290Gy Thesdesu Licg idepash i@l snkinupt. ! rna
\\Qul d thus have a much | oner concentration of Inpurities Based on these
out st;tndi Ng“t”é"'}'”@sqﬁ’l‘@'sm by hé“‘fdr\es'em Hll'rwemlmirdltpnlomosemm\atLDNdE, a bAnchiel at ed
sem conduct or, . devi I ) 031, 1994 as wel |
as in UN I Culdr 11892 Hé”“sfe hm tngvlgfm\cnn%nél a‘8f‘@?']‘slf‘f‘8§ w tHPY 5§b‘ébt to
di fferent sub@hnﬁcameren*ateem\alk s(;mhoweiv&n QOWas TthredunmaskL&at(ﬁhdﬂunlnnmt] hese

di scl osures. LlJ ~|t11:1R~" OF THE INVENTION It is therefore an object

of' the |nvent‘?“(5(h ge ‘?J‘ILO\/”‘H@ ' HEet HEE RGP Paieats g sgcthon intepconneet in a
sem condugt orred,fes QI?eVdrgs%mt h@tnurr%ﬁw&e% A v %Q\OQHIQHQHE ll([txf%lo g |<?e & &Gt nl; ! Cal
connection. The i'nvention provides an i nproved od f ab %

al um num pl ug)f@(msam AP xlelpect it veI@VD pclbaeduh@ﬂt?hat )Bnclq@desllﬁ(heblébollk\ovm ng
steps. First, a s mncg\nq ctor . conponent is for rTde in a substrate having an
i nsul ating | ayer torfred"over <t He' F?‘d&é“”afeHB?‘ 5 etierer suInat PrHgh Easer  has
a contact opemnthage d:badsuexposes a conductive region of the sem conductor
conponent Then, a vacuumthermal annealing treatnent is inplenmented

13 SUMMARY OF THE INVENTION
It 1s therefore an object of the invention to provide a method for fabricating an
mnterconnect in a semiconductor IC device that results in a continuous, reliable electrical
connection.
The invention provides an improved method of fabricating an aluminum plug in a
20 selective CVD procedure that includes the following steps.  First, a semiconductor
component is formed in a substrate having an insulating layer formed over the surface
thereof. The insulating layer has a contact opening that exposes a conductive region of the
semiconductor component  Then, a vacuum thermal annealing treatment 1s implemented
on the device substrate  Dimethylethylamine alane (DMEAA) is utilized as a precursor for
25 depositing an aluminum layer over the surface of the substrate in a CVD procedure
conducted at a substrate temperature not higher than 250 °C. for fabricating an alummnum
plug in the contact opening The aluminum plug is selectively deposited over the surface of
the exposed conductive region in the contact opening while relatively not deposited oves

the surface of the msulating layer

10



on the device substrate Dinmethylethylanline alane (DVEAA) is utilized as a

precursor for 25, depositing an alum num | ayer over the surface of the

substrate in a CVD procedure conducted at a substrate tenperature not

hi gher than 250 C, for fabricating an alunununl plug in the contact

ogeni ng The alum num plug is selectively deposited over the surface of the
osed conductive region in the contact opening while relatively not

deposi ted ovef! ‘the suffdce bf the Indulating layer In Pet | t ,: PA/ r, t,

| 4 F11 " c't ad'C/I1TW BRIEF DESCIZIPI 1 ON OFTIIE DI ZA\\ IN(; 1~ (1ibel
objects. features, and advantages of-the invention will beconme ;It,p,ii nl
1\ wav of the |'ollow nBRdet HSERIFSION Pt iTdH: BRAMMENGRef erred but
non-liluitin_ cil Ivm)wl”n\nqn{.h file 1d scl | ptl 10i | Is made,“vvi‘t_ h ‘r_ef_er‘enlce to
t he accorrpanyi ng él‘ aL\M-< _b.élsn catu Lis_CIH\( l._(.ll( GH\IA:SL&HelrL}étmI\- xéfl(]ny\\-ls \b O nga.upp‘mnl A%

cross-sectionv@for 1 mebalki @alit@bedu@l o) MCiklerkdbiii Gat @G uus LG B
conventional al um num sputtering-deposition process. FIG 2 schematically
shows a cross''§&EtT 8O0 "HdERt AITHFEAT BANUICFUPRAGHAL EE Witat Piated usin 1, a

conventional sel egjiv P REQGESS L O 0sl.f; ‘ ngsten, ply, HG 3, shows
¢ihve QYRR &ﬁ@%ﬁo@?ﬂ\fﬁ% SC'CF+FP%1§I B]H(gﬁlltg)rl ~1; 4 I

t he nol ecul ar structure of precursor tilized in a

Iti process ifmbragcondaneeomiettoial purehenrspdteenpdeiareinot pafcetshe i nvention. FIG
4 shows the alumn ﬁ] Lagcﬁr grorvth rate E_I otted as a function of the
substrate terrperé?| ré JUFTAGAThe prodesesorecandyi 1 in e e 3NSHEWE t he
purity of theaaglcariinum hayelendcialRectsd MID VR B RGELHEE: (At er m ned
usi ng an Auger el ectron spectroscopy process, t FIG 6 shows plots of

deposi tion sel ect iVt {shPos Uglingteainsdepos ptieguove PME 44 enlent 0 inatierival s at

di ffer e.nt Wt e gge@st HLES Y, 'o?gmﬁ ag%erpegdoe%ﬁ)%gfnee tcﬁltg i?wesnbigws a conparison of
deposition selectivity, Pefore ‘dnd arter a thermal TV ARReal i ng treat ment,
for al um num depodilGedstownaenhdilihiaiamdyengbeth @lepi@tedds f hipeesi ot themparat ur es
using a CVD procedure; and 2u FIG 8 schematically shows a cross section of
an al um num ﬁF’ﬂ@erf[é[’ﬁ"%lﬁgél& prpcess of deposition,

F1G 5 shows the purity of the aluminum layer formed using a CVD procedure, as
determined using an Auger electron spectroscopy process,

13 F1G 6 shows plots of deposition selectivity for aluminum deposited over difterent
materials at different temperatures using a CVD procedure;

FIG 7 shows a comparison of deposition selectivity, before and after a thermal
annealing treatment, for aluminum deposited over different materials at different
temperatures ustng a CVD procedure; and

20 FIG 8 schematically shows a cross section of an aluminum plug fabricated in

accordance with a preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A preferred method of fabricating aluminum plugs for metallization of
25 semiconductor devices in selective CVD procedures is described with reference 1o FIG §
of the drawings
First, a substrate 20 is provided as the basis for fabrication of semiconductor
components for an IC device For clarity, only a portion of the conductive region 22, such
as a metal or a stheide layer of the exemplified semiconductor component, 1s schematically
W shown  Aninsulating layer 24, such as a thermal oxide layer or a borophosphosilicate ulass

(BPSG) layer, 1s formed over the surface of the substrate 20.  Photolithography and



accordance with a preferred enbodi rent of the invention. DETAI LED
DESCRI PTI ON OF THE PREFERRED EVMBCODI MENT A preferred nethod of fabricating
al um num plugs for netallization of 25 sem conductor devices in selective
CVD procedures is described with reference to FIG8 of the drawi ngs First,

ubstrate 20 is provided as the basis for fabrication of sem conduct or

onents for an I C device For clarity, only a portion of the conductive
region 22, suchscasusarmptiakl or a sui g de |ayer of the exenplified
sem conduct oh i conpaifentoc/iigc schematically ;11 shown An insulating |ayer 24,
such as a thermal oxide layer or a borophospllostllcatelass (BPSG |ayer,
is for ,rTEd OV¢ urlmkn\eoﬁuﬁlfcggl% 1y u‘iinf‘cds&lmlnrn"%t)@lzlaQ»1vchm:0i(QI1|| thegraphy,.and S
Ref: Usi c-US-FA/Final 5 1-, Ob7cUSF. DOC/ HAC et ching procedures arc then
utilized to doesmeaheontdactveokgiemhel O sdnmcindp@oi gpsunoattit feing f4byighe® 1
Fabricatod  Thon ArveYtL EHe R ShRb A1 RE s BatnERe oy BRERRIE N ied on the
devi ce \ ~al Ghsatagt bi; Fe@tn@gle bifeheah idgpetherc wateru t1o0 aC trempenatuneneds about
4>U C for about )0 nunutes A\tterwards, DVEAA is utilized as a precursor
for perform Menr oV HESSedurizet 85 AREeEiar lorRRT AN huMPIPag&epusg depra!
substr fat et emq%{nﬁﬁ\”ﬂ fa IE:ISZ8C%E Elﬂ)lstlr;ﬁ tetnﬂ).ep&?urgg cQﬁlEUT'I%H totlnz‘%'a hesheOh 250t OF der
to achi eve excel |l ent aep03|t|on selectivity. I'n other words, under the
above- descrinhedkracondhitvopselial dapasumncalactbey ddpasier edbriv, tuhddii gh above-
selectivity, ,only on the conductive region 21in§i e‘Hhe cont?gt openi ng
26, not on t TG fR8ABRS. (AN PHE PR REnEROPIFI] WY DA SIAHVY (h I BF ug 28
havi ng a stryghwiak (&8 bOWEAL HRNcosleho@Sink e ANen sehanat bealcd Ysdepi ct ed
in FIG 8 is thus formed. Then, a conventional sputtering procedure can
fol l ow t o f oleyartHe iAmt elvconneeius Hooyeng Restivag (Al 20Dty 1wy erucR AsBEE ase t he
invention is_not directe 0 thi s .ph f icati - ent
steps w1 nstops bl AR NG, & s R pIRLLET R R AL, e
i nvention foprotafard cattolRgy @l o M int@kogscts Bbaae tgeh@iitihyRyVD deposd the on
procedure makes use of DMEAA as a precursor, nore easily-

invention 1s not directed toward this phase of fabrication, subsequent steps will not be

elaborated herein.

15 Thus, because the method of the invention for fabricating alumimmum plugs in a
selective CVD deposition procedure makes use of DMEAA as a precursor, more easily-
controlled fabricating conditions are available for forming the aluminum deposition. This
is because, as mentioned above, DMEAA has a coordinate covalent bond between the
nitrogen and aluminum atoms, featuring a bonding energy gap that is smaller than

20 conventional covalent bonds. That smaller bonding energy gap results in a higher
vaporization pressure, so that its vaporization temperature is relatively low, at about 90 °C
The resulting aluminum plugs have a low level of impurities and feature electrical
resistance characteristics comparable to aluminum depositions formed by conventional
sputtering procedures.

25 The vacuum thermal annealing treatment performed before implementing the CVD
procedure for depositing the aluminum serves to greatly improve the deposition selectivity
between the insulating layer and the conduction layer over the surface of the substrate
Because of this outstanding selectivity, the method of the invention is suitable for
fabricating contact plugs such as aluminum plugs, and in particular, for integrated circun

30 device fabricating procedures requiring a high level of integration  To demonstrate the



control led fabricating conditions are available for form ng the al um num
deposition. This 1is because, as nentioned above, DMEAA has a coordi nate
coval ent bond between the nitrogen and al um num atons, featuring a bondi ng
energy gap that is smaller than 20 conventi onal coval ent bonds. That
sgal | er bondi ng energy gap results in a higher wvaporization pressure, so

t its vaporization tenperature is relatively low, at about 90 C The
resul ting aIﬂﬁfHﬂﬁtPfﬂ@ﬁFhEVe a low | &el of inpurities and feature
el ectrical Fesist’ance €haidct eristics conparable to al um num depositions
formed by conventional sputtering procedures. 25 The vacuum t her nal
anneal i ng treatnment operfhoanimedotbed oreubnphkementsisngdtchec@oMbng prabcedwurie f or
depositing the alu 'nq serves to greatly inprove the deposition
sel ectivity “b@?%ﬁgh“iﬂ eﬁW§HW§fFﬁ'>Iayer and the conduction |ayer over the
surface of the substs ftseresBacaus @ Rbatibis joptsahanding s &hegdriotinky,ushibe
nmet hod of the invention is suitable for fabricating contact plugs such as
al um num pl ugdttahds i's psequrioc ulTae aluforng My gratibdate pkeigil s 3dungaon ebthe

et O LD T
superioriiv ehs (¢oetatehhed ©FDtfhecedmes aullizih@DMBEA ck al pre@sios, ANdspective
corresponding anal yses \~ete conducted. Wth the follownle results In the
first test, PECYB'PrEcRENUEsiUr Fdepd<Pt rHG  al The drir 9otleq ¢4 2ndvasspwik Br med,

usi ne_ DVEAAL RS 4tsm@wp(lﬁpmé%9(5\*/11;“@16%[1Llrlsmaw-'{@ﬂnbélﬁﬁﬁre rglraQ(\Msni_pg Qltlﬁe Rllcpgeqe%Q(i_a's a
function of the substrate tenperature during the deposition process is

shown in Fl GpessThe wtraniasgmly Wessadeposint éd drowthweleCyideptlpocedeases, asutlicl i zi ng

DVEAA as |t precursor t respecti\c. progcess ient pressures of 100 and
200 mrorr'" TR& §A gmlgﬁ?ggggs-aﬁaﬂ%p@géﬁ$£aapﬁﬂﬂ$ﬁ ﬂ”@ﬁ%ﬁECT%bTmfﬂg”

growt h-r at e/ sahst ik alen b IRET adifeablbaltd WNASHE BRrBlofbRgitimniseLact 8ds im
pressures were basically the sane, with the growth rate generally

i ncreasi ng agertdequls diisdrdene hapsdy ekiger rode alupylugumgpiePoné suhe seyshow
R
i ndi cates thatectrher bbddkAngsuporefsutiiee alagnionueminnal rogenobofed ths deleneey
Ztsefhl;or 1§e| gﬁ;ﬁnlm\{uen (?Jp%migryg%cggsg%sii]ag ia%r'?]allllesricg\%letnpbeon inge Qr(é?ed“r e w th DVEAA
In another test, an aluminum fayer deposited using the above-mentioned CVD
procedure was the subject of Auger electron spectroscopy, resulting in the corresponding
analysis data shown in FIG. 5. Essentially, FIG. 5 plots data representing the purity of the
aluminum layer formed by the CVD procedures of the invention, as obtained in the Auger
20 electron spectroscopy. The Auger data shows that the deposited aluminum has a very high
level of purity, with rare carbon or oxygen impurity atoms barely present in the deposited
layer. Analysis of the specimen shows that the layer has a resistance of about 3.0 pQ/cm,
comparable to that found in layers formed using the conventional sputtering deposition
procedures.
25 A third test for aluminum deposition selectivity for the method of the invention was
conducted. For this test, aluminum was deposited over the surface of a conduction layer.
as well as on insulating layers of a variety of different materials at different process
temperatures. FIG. 6 shows the aluminum deposition selectivity recorded for this test  As
shown in the drawing, aluminum particles were measured as they were deposited over the

i surface of four insulating layers composed of different materials, including thermal oxide

(Th-OX), tetraethoxysilane (TEOS). borophosphosilicate glass (BPSG), and oxide formed



precursor DM EAA is nore suitable than conventional precursors for this
selective t alum num deposition because it has a smaller coval ent bondi ng
energy. In another test, an alum num | ayer deposited using the
above-nentioned CVD procedure was the subject of Auger el ectron
spectroscopy, resulting in the corresponding analysis data shown in FIG
Essentially, FIG 5 plots data representing the purity of the alum num
| ayer fornmed by the CVD procedures of the invention, as obtained in the
Auger 20 el eeitronsegspectweoscopy. The Auger data shows that the deposited
al um num hastd everdypUhi ghe/!"evel of purity, with rare carbon or oxygen
inpurity atons barely present in the deposited I|ayer. Analysis of the
speci men ShOM\@ at;i’l‘ﬁtnutghﬁmlca(ye_f\’[_hqﬁmﬁdlﬁre?\i’ﬁoa‘(mCGB:chal%bObli (l&u@nlisal.\'@m‘n\n_\
conparable to that found in |layers fornmed using the conventional sputtering
deposi tion peocsdad esthe 2EpoNoR| froPer Byt HEFase 8ﬁ1’0Hl§m‘V&é‘bo§i”ﬁ‘l“6h‘ BElEEtivity
for t .he net h(»)\'greofxsif[\'qec x#an(?Q\thQ sYn‘ﬁ;?c N Sﬂ{%qplq;]F @(qmugl%n at|1n|il§ lltll%i,llnyea.\l ;Hmuﬂum Y\B‘S
deposi ted over the surface of a conduction ayer, as wel I as on insul ati ng
| ayers of a yacestynpfradicsf enégntviaatier praktss aimpdrdidrenesst npnoces st a lower
tenperatures, FI 6 shows.t e alumnu degosi ti.on sgll ectivit | r«?cor.qed for
this test As VBB Th FHa Hr A e At UriNaTH Bal T E P RS e B HESS P et Yas
they were depRsih&fiQYgKet he 10 surface of four insulating |ayers conposed
of different materials, including thernal oxide (Th-OX), tetraethoxysilane
(TEOS), bor ophosphoioiith det evagl @edu(BPSEeingmdadgkiodal YaspwrdherRel pnnealpBe6- US-
PN Fi n,i 17 Fl |e: 66USE.  DOC/ i i by |.aspg-.enhanced Q1)
pr ocedur e (Plgfﬁijnegaxé"i‘sdgﬁgwe ‘FlheL ’8‘888%?:&?6“& tgsglpgcicte ?C{gata\ccorglgf g‘ﬂ‘lg)(\rl%{{&eﬁ“as t he
deposi tion t grpefat degrib&C aBASEdThel MhcolMaherwal siteal@lgURdanuen gasdedcleesas wer e
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aluminum deposition selectivity (deposition over the conduction layer rather than the

15 nsulating layer) improved for the CVD procedure when a vacuum thermal annealing
treatment was performed first. In particular, the selectivity was shown to be best for the
Th-OX insulating layer, followed by the BPSG layer, and then by the PEOX layer. This
selectivity ranking could have been based on the fact that PEOX is a matenal that absorbs
more water molecules than does Th-OX. There would therefore be fewer —OH bonds in

20 the Th-OX material than in the PEOX  When the vacuum thermal annealing treatment 1s
performed prior to deposition, water i1s removed. Therefore, while aluminum particles
deposit smoothly over the surface of the conduction layers, fewer aluminum particles are
deposited over the surface of PEOX insulating layers, and even fewer on the Th-OX layers.

The invention has been described by way of example and in terms of a preferred

25 embodiment, but the invention 1s not limited to the disclosed embodiments. To the
contrary, it 1s intended to cover various modifications and similar arrangements. The
appended claims, therefore, should be accorded the broadest interpretation so as to

encompass all such modifications and similar structures.



procedure descri bed above The vacuum thermal annealing treatnent procedure
was in conducted at a tenperature of about 450 C and was sustained for
about 30 mnutes The test results are plotted in FIG 7, which shows the
al um num deposition selectivity inprovenent, before and after the vacuum
t@Qermal annealing treatnment, as the alumnumis deposited over different
erials using the CVD procedure. As clearly shown in the plot, alum num
deposition se| ect.ivity position over the conduction |ayer rather than
the t; insul aﬁf?g&ﬁfa@%ﬁéﬁﬁp?oved for the CVD procedure when a vacuum
thermal annealing treatnment was perforned first. In particular, the
selectivity was shown to be best for the Th-OX insulating |ayer, followed
by the BPSG I‘ayar's ciyed Ken by the PEOX |ayer. This selectivity ranking
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1 2. The method of claim 1, wherein the vacuum thermal annealing treatment is
2 performed at a temperature of about 450 °C and 1s sustained for about 30 minutes.

I 3. The method of claim 1, wherein the insulating layer i1s a thermal oxide layer
1 4 The method of claam 1, wherein the insulating layer 1s a
2 borophosphosilicate glass layer.

[ 5 The method of claim 1, wherein the insulating layer is a plasma enhanced
2> chemical vapor deposited oxide layer.

[ 6. A method of fabricating an aluminum plug, comprising the steps of:

2 forming a contact opening in an insulating layer over a substrate to expose a
3 conductive region in the substrate;

4 performing a vacuum thermal annealing treatment on the substrate, and



7 depositing an alum num | ayer over the surface of the substrate in a
chem cal vapor s deposition procedure utilizing dinethylethylam ne al ane
as a precursor and perforned at a 9 substrate tenperature not higher than
250 C, for fabricating an alum numplug in the 10 contact opening and in
cgntact with the conductive region, the alum numplug being | 1
W‘Qecti vel y deposited over the surface_of the exposed conductive region

ile not bein@ﬁig,éggﬁggggﬁﬁﬁpver the?surface of the insulating |ayer. 1
2. The nethod of claimli, erein the vacuum thermal annealing treatnent is
2 perfornmed at a tenperature of about 450 C and i s sustained for about 30
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| ayer is a 2 borophosphosilitcate glass layer. | S. The nethod of claim1,
wher ei n t he i nslayeapt Hyg ckipgred canduaivpregsman dnkemiedren®echeni cal vapor
deposited oxide layer. | 6. A nethod of fabricating an al um num pl ug,
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| ayer on the exposed conductive region in the contact opening 1 7. The
met hod of claim6, wherein the vacuumthernmal annealing treatnent is 2
performed at a tenperat urf@e ofmesddutof45QinC andwheseis ustteai in@thtih@r lgbouls 30
mnutes. 1 8. The thod.of claim®6, wherein the insulating |layer is a
t hermal oxide I%VQQ%”QW§V“W%53%€VHbd of claim6, wherein the insulating
| ayer is a 2 borophosphosilicate glass |ayer. |
wherein the insulating |ayer is .a.plas enhanced
deposi t ed OlXi de | ayellrb__ PE netidg B Bl g(aw

2 chemical vapor deposited oxide layer.

10. The nethod of claim6,

héremnthe 1nsulat%ngpyeemscaabllas%%%g}qanced



