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PCTL US98/ 17503 1 METHOD OF FORM NG A BARRI ER LAYER IN A
CONTACT STRWQTddrHieod 3 4 BACKGROUND OFPOFHESISNNENIT| ON
5 1. Field of the Invention 6 - The present invention
pertains to a nmethod of formng a titaniumconprising or 7 a

tantal um conprising barrier/wetting |ayer structure. This structure is
usefuyl when a 8 o%%p‘ﬁmﬁ@ﬁ&ﬁﬂ@ﬂiﬁiﬂvﬁ%%tdﬂrﬂérkﬁufc%ﬁ? fabricated
in aqjrocess chanber, as it ena consistently high degree of -

<111> crystal orient ation in an al uni num i nt er connect | ayer 10 or a
coppe3r I nterconnect | ayer deposited over such a barrier/wetting | ayer
structure, 11 ~ througho ) SS| f Les of substrates. 12
2. Brd ef Description of tthQg'Egﬁ)@ﬁ@ é‘t?ﬂigINt\pr'ﬁbi\F Titaniumnitride

| ayers have been used in sem conductor device structures as 14 barrier
| ayers for prEekufithginvestiomt er di ffusi on of adjacent |ayers of materials
such as 15 al um num and silicon, for exan}) However, the crystal
orienfation of aThepresemt ngention per@nse o serthade ﬁomwma@@nbﬁomnesmgt 8hi um
nitride barrier tayer is typically, polycrystalline, r}u

pol yctyst al aian@hmhqﬁmnuﬁnﬁﬁérrﬁd&e tiedaysr SHRgER: | Jus Fté'é‘it'érledﬁl%'?? highen a

In the formation_of .integrated circui erconnect structures, .such.as a '
19 8 Ti/SFric of SEPOIRAT o it G e ARG oo i sl SHDISRA i

the a umnumla obI mlf t he.al um num | aertfs not

fornmed wit h°°<¥s’ﬁ L]y ﬁ&j&@mﬁéﬁ Eﬂﬁ Sg'ﬁ onen a%%‘%‘tagl alygpinypt Eergon ayer
PR go;pg{ ol P T BT o i et 2
el ect om gr %Eppo%e&%%ﬁ% n%:arégggg{es_el i mnated. Electromigration

of alFum nu canroccur vias as well, inpairing
the conductivity of the contacts.

12 2. Brief Description of the Background

- 13 Titanium nitride layers have been used in semiconductor device structures as
14 barrier layers for preventing the interdiffusion of adjacent layers of materials such as
15 aluminum and silicon, for example. However, the crystal orientation of aluminum
16 deposited over the surface of the titanium nitride barrier layer is typically polycrystalline,
17 and polycrystalline aluminum has poor electromigration resistance.
18 In the formation of integrated circuit interconnect structures, such as a
19 TV/TIN/TiN,/Al stack, electromigration of aluminum atoms within the aluminum layer
20 becomes a problem if the aluminum layer is not formed with a high degree of <111>
21 crystal orientation. Elecﬁoﬁigration of the aluminum atoms can result in open circuits
22  within the integrated circuit structure, and therefore, such electromigration must be
23 inhibited or eliminated. Electromigration of aluminum atoms can occur within filled
24 vias as well, impairing the conductivity of the contacts.
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1 U S Patent No. 4,944,961 to Lu et al., issued July 31, 1990,
déscri bes wopaeRss 2 for partially ionized beam deposipoTusesfi7smt al s
nmetal alloys on substrates, such as 3 sem conductor wafers. Metal
aporized froma crucible is partially ionized at the 4 cruci ble exit,
and the ionized vapor is drawn to the substrate by an inposed bias. 5
‘Contyrol  of subgs.g ataerit N A[IAHIIEE tb Eueebld iésedIlip W1 NTIDO; BEcEbERA progusr age of
st epped 6 surfaces such as trenches or vias. Wen higher terrperatures
ar e gused, f&iRPRAN istikédbesn depositionafengrlabatmienddlloysiuon substrgss sugdi asen ar e
for al um' num deposi ti on, where the non- 8 conformal deposition is
carrj ed ogémitohducterbeaferst Metelnyaporized feom mamyiblg ivpartielynionizediat the
150[ err] C and about 200[err]C;, and the planarized deposition is carried out
Wi t 3 subsichuritde &xit, and thesiopized vepords damgito ghdsmbsieain byilao impesd[béas: | C and
about 350[err]C 11 S. M Rossnagel and J. Hopwood describe a
t ectini que Ceintrobofisubistraie tesancssiuieds said tpallow nomrsomformelicoyenage of stegpedi th a
hi gh density, inductively coupled RF plasma in the region 13 bet ween
t he Gput t shifergs suetrasdeens E\;%f qriyaass JWhen @gberu temperafuresiaye Usegs stepped surfapesd
"Metal ion 14 de 03|t|on fromlotn,l_éed maggetron sputteri ng di scharge",
publ 7 shed aFsplengizgd. Vhe exagpples giyen are Uiy deposifipn, where the,non- Jan/ Feb
1994. One of _the Ies Ve Jor titanium 16 nitride fli
depdsi 1 0fORFR Gorrig) depaniog os SRied it i Sbior et s aveitd Bestresh Bqieq | o

L7, el TR0k ot A0 CPARIE bR doh Qe SRl M piEger 21
i ssyed Nov%ﬁ}g m}?GS r"&,éggbe Eﬁéhgﬁ%a é?.ndabo ? for formng si ngl e

cry ace o raie such as 20 silicon
(111 The ob) G‘?tM'ﬁogsﬁ agel GE R HorwiD AU LtbcHifuc¥ BTN dddvenibi ! 2
orlenta i on nprove e electromgration resis ce o

a' u num IEA thamgﬂ%ﬁﬁ 1@h&%é§}'€6dp?sur gﬁsfrﬁ%%ﬁ gibacuUMm

evaporatlon Chnl que ugon a silicon wafer ce at a tenperature

rangsng bejeenesh 180 optitteRaRahbiCamitle altabteAA M 1993 arficle titled "Metal ion

14 deposition from ionized magnetron sputtering discharge”, published in the J. Vac. Sci.
15 Technol. B. Voi. 12, No. 1, Jan/Feb 1994. One of the examples given is for titanium
16 nitride film deposition using reactive sputtering, where a titanium cathode is used in

17 combination with a plasma formed from a combination of argon and nitrogen gases.

18 | U.S. Patent No. 5,262,361 to Cho et al., issued November 16, 1993, describes a
19 method for forming single crystal aluminum films on the surface of a substrate such as
20 silicon (111). The object is to increase the amount of the aluminum (111) crystal

21 orientation, to improve the electromigration resistance of the aluminum. Electrically
22 neutral aluminum is deposited by a vacuum evaporation technique upon a silicon wafer
23 surface at a temperature ranging betwéen about 300°C and about 400°C.



1 U.S. Patent No. 5,543,357 to Yanada et al., issued August 6,
1996, describes a 2 process for manufacturing a sem conductor device
wherein-a tWOAMRWALIfi Il mis used as an 3 ~under filmfor RETAISIBAM
alloy filmto prevent the device characteristics of the 4 al um num
alloy filmfromdeteriorating. The thickness of the titaniumfilmis set to
10 % -5 or less of the thickness of the alum numalloy filmand at nost
25 'in I n the cHss Potent Ne. §,543,357 tg Yamadaetal.) isyuedi Avgust 6. E890; describessa | i con,
the titaniumfilmis set to 5% of less of the 7 . . thickness of the

al un2num aproesssffoy manufpiuting asemispaductaridsvice wherein @ tifandyp dilmeis asedgas an

a1 unBnam 1 der Sl o altwminin s 18 DSV R oS RIS Ao .t he
e R b B 5
|t &5 ayer iegsot the BickneL ot Ut Mook s15Y, Bl 'ane &Y Host T pE B b o s
Crtafh om 1 A ek S5 Bhalieg o flivors the viaphd G RacPlo ST SR u

the it ani ClisisSs & EufThn o[IbPKEh, THE stunliffl il ds et d Senb R 00 1,
a tegperat kb‘tﬂxgaie?;mﬁmbo 6@05:9Edslty 4 DuitBPSprobéssldhd whed;,\ji}ie ?Hﬂl!llhﬁﬂ% oran

at mosSphere ng a halogen lanp“so that any ti i ani um w I's not nitrided
17 9 Wil hibGsenRIBY Hindee fill B9id Kdl& the/SabRtrhte ifRedoat tol fRfidizZ@WRS alidiigh d tO
be a poor barrier |ayer 18 if un-nitrided titaniumis present wthin

t he jloayer . The gressure during tHe alumin@irefilin Memafio® 4dd dixéng e ChieTizRIondb lowdrssued
Novenber 5, 1996, discloses a 20 met hod for patterning a subm cron
semixonduc tiem 10Tk, QA tiddhium hitfdebaticClayertnby bé spplivtd odlan interlagere@di nment ,
titaniumor titaniumnitride having a thickness of between approxi mately 22
300 nd 20Gfsulsting filmr(pedvdrna tEmitmdayed eyhocti hasdeen applieddb thehinsidatingfilm), a

contact opening. 23 . The .barrier layer may be annealed to forma
si |l ild de i dolidweeddnt foommntion efrtitapiuni film oyerdhe titaniung pitfide fibm, andifihallyibye | ayer
of-a refractory nmetal or refractory netal silicide is formed 25 over

t he ¥4 t ani dermegtioniof e alwmium filie overitheytitaninme Slm. Vdiss formapien iof thertitagv |

i nallsl Y, & nitride barrier layer, the barrier layer is heated to a temperature of about 600°C to 700°C
16 in a nitrogen atmosphere using a halogen lamp so that any titanium which is not nitrided
17 will become nitrided. The titanium nitride barrier layer is said to be a poor barrier layer
18 if un-nitrided titanium is present within the layer.

19 US Patent No. 5,571,752 to Chen et al., issued November 5, 1996, discloses a
20 method for patterning a submicron semiconductor layer of an integrated circuit. In one
21 embodiment, titanium or titanium nitride having a thich1es§ of between approximately
22 300 and 2000 A is formed by sputter deposition to reach the bottom of a contact opening.
23 The barrier layer may be annealed to form a silicide in the bottom of the opening. A

24 _ conformal conductive layer of a refractory metal or refractory metal silicide is formed

25 over the titanium or titanium nitride using chemical vapor deposition (CVD). Finally, a
26 second conductive layer, typically aluminum is applied over the surface of the conformal



26/ second conductive layer, typically alum numis applied over the
syrface of the conformal 3 1 conductive layer. The alum numis
sputtered owmpopimdRerably at a tenperature ranging 2 bet MEBRIS98/17503
proxi mately 100[err] C and 400[err]C This nmethod is said to nmake possible

tthe 3 filling of contact openings having snaller device geonetry

gdesi gn requirenents by 4 avoiding the formation of fairly large grain
Sizeb in tdomdadtivelayan The alungnum is sputtered onl jpeferally aha tefqyerdtore ianging Ser i al
No. 08/753,251 of Ngan et al., filed Novenber 6 21, 1996, describes a
met hdd f orbesweehaziproximately H00°Grandi 400° G This mathed isgaide make plosglblae the 7
the surface -of a contact via. For certain contact geonetries, when the
reacsor prBBingiof cpriagh openings haying:smaller davice seormetroiesian regErementhbyim
nitride-conprising barrier |layer, the thickpness 9 of the barrier |ayer
on the si dexeiding thsrformuion of falslyrlergs gxain sipsIndhe AluEnYm BMuni num fill to 10

H T Sot al hed.i ot §h>%§e$?kkﬁllé’a3@h?§ea# Ro B4R 351 o Nt chaty FlD NGYeHeE]

o o £ ¥§ra9§&e«€e§$ﬁb2ea?erg%ﬂ? R i s b e Y o
b0y, e utrae o {Batekie, Bof mﬁ‘t%‘o%t%k‘é@oéémew%@ thEaSt ¥EHIE; ) 0°
el Lﬁdré;ﬁ#%éﬁiﬁ%féﬁﬁﬁ%@e%%%% ttgn LA ol SRALARGE, e ditfndlcs et
descgi bes Bt fiR' ef-QﬁfHe%ﬁie@vz?lh bW {eHcHahéée*I‘B ab&bgﬂaﬂ.ﬁﬂlhhﬁ%ﬁl'lﬁyer

17 whi ¢ ClS a a carrier ayer. carrier ayer enab

filljpng of trapélra'ldi‘f Qfe §HE\balP§of¥§e via mor¥ k&sly, f&ﬁl‘ﬁﬁg% aBEt?é?‘ﬁlF@ftﬁE vid dig aspect
ratlo and the pl anar| zation of a conductive fil deposi ted over the

carrjijer | aygicalar, tRStiaaRnt ﬁmw@hwr&ﬁlg%m&rl@ﬁbrheeww BE oflh mifihAds. 20

A "traditionally sputtered” titaniumnitride-conprising filmor layer is
depqgi t ed ickness aiitohase!d adifiidiven Hyanfuon tomentisg that the budtieayetiogftreatt t h a

pl asma created froman inert gas 22 _ such as argon in combination with
ni t ridgen gakghtly with theoklunfinirhgotdrave thetainrapmnt dorglthersodewalls of the via.

14 ‘U.S. Patent Application, Serial No. 08/511,825 of Xu et al., filed August 7, 1995,
15 assigned to the Assignee of the present invention, and hereby incorporated by reference
16 in its entirety, describes a method of forming a titanium nitride-comprising barrier layer
17 which acts as a carrier layer. The carrier Iayer enables the filling of apertures such as

18 vias, holes or trenches of high aspect ratio and the planarization of a conductive film

19 deposited over the carrier layer at reduced temperatures compared to prior art methods.
20 : A "traditionally sputtered” titanium nitride-comprising film or layer is deposited
21 on a substrate by contacting a titanium target with a plasma created from an inert gas

22 such as argon in combination with nitrogen gas. A portion of the titanium sputtered from
23 the target reacts with nitrogen gas which has been activated by the plasma to produce

24 titanium nitride, and the gas phase mixture contacts the substrate to form a layer on the
25 substrate. Although such a traditionally sputtered titanium nitride-comprising layer can
26 actas a wetting layer for hot aluminum fill of contact vias, good fill of the via generally



23 the target reacts with nitrogen gas which has been activated by the
pl asma to produce 24 titaniumnitride, and the gas phase m xture
contacts tWO8UMeYate to forma layer on the 25 subst r BERUSBSAHBhgh
such a traditionally sputtered titaniumnitride-conprising |ayer can 26
act>as a wetting |ayer for hot alum numfill of contact vias, good fill of
the via generally 4 i s not achi eved at supstrate surface

t enpér at uris not aghigysd @hwbsm aurfm[:@p?rp@re qf)leﬁsrfbg:p aout §P02C. To PTaYldFrf‘Pfu m
fill at | t t X bed t.ent
Aopl 2ot | osfpmgm SV a6 e REPETBBTS K vézg)(as Secubstioas. F@eahﬁﬁnﬂgc%%

t t1t h t
s a3 smmot ﬁer'aae\img)%@éiﬂ devele ”g‘st's#hilm“ﬁ&m orge &)%\P{?WB‘PY Bhadecomptide; | o

:cayer surfg Vg V\ﬁl‘ te r&%%ﬁ?’ at . eé Ple'(rfgltg %W&a abouttHBSOOC
cg:ml nati o ). ans 7 4 {j{ &&) %\Qg gélwl er 0{36 Iums(?ll'l)
depoél t ed 8%‘? N??fﬁa?%%éo‘g?ﬂfwge{/ahgg @ S eﬁ ° %s $ hi um
e (S, CERRRR B Bt e B s Ll fxgr;éfw%%ﬁ:
I whi ch
are descr .eg*ﬁmtso% fe'*que } S ghinh 0] QoM i siifuce ofthe s 23qRS 151 °

titagi umi g, 4 € Kirfde afREPRdes- ayer of
Ti N :gs abouty@gg%ta%mt{%t Ig{lﬁﬁe;(ggqﬁs e%%?rgder%:}gr Eucf]g '?’lglf\‘l&%r%r]st t|1ts abou %0 A

thick 13 finally MdyBPIOTNG i9@PAsitdd dvePtheCN! RESnd/laPér. MAithGe Qayps 481 I ]

di anet er through hol es havi ng an 14 aspect ratio of about 5 was
achiygved, dbsosted aéing I Meni Riasma (VP) fachebusyiwvhich wRleb@ivedRubsequently <1 11>
crystal orientation content, resulting in poor electromgratigon (EM

per fiar mancaerefn. Typicallys thelfﬁstdhymnoﬂmmmm i approwimbtelyt 100/ 3o 806 Ar thitkt the

i ncrease the alum num <111 > crys orientation content for

pur p@ses ofsecomdiayer nfjTihis dBpRN0f ﬂndn@ad tifegthird layer of TiN,lis shour&0thick.
Application, Serial No. 08/825,216 of an et aI , filed March 27, 19

19973 di sclAdtheugh agpodi§1Lef contess viasdwi h@@hqghamnmm rol the
o yslt4al aspect ratio of about 5 was achieved, the crystal orientation of the aluminum was low in
15 <111> crystal orientation content, resulting in poor electromigration (EM) performance
16 for the aluminum interconnect. It was desired to increase the aluminum <111> crystal
17 orientation content for purposes of improving the EM 'performance.
i8 U.S. Patent Application, Serial No. 08/825,216 of Ngan et al., filed March 27,
19 1997, discloses various process techniques which can be used to control the crystal
20 orientation of a titanium nitride barrier layer as it is deposited.
21 U.S. Patent Application, Serial No. 08/824,911 of Ngan et al., filed March 27,
22 1997, discloses improved Ti/TiN/TiN, barrier/wetting layer structures which enable the
23 °  aluminum filling of high aspect vias while providing an aluminum fill exhibiting a high
24 | degree of aluminum <111> crystal orientation. In particular, an improved Ti/TiN/TiN,
25 barrier layer deposited using IMP techniques can be obtained by increasing the thickness

26 of the first layer of Ti to range from greater than about 100 A to about 500 A (the feature



20/ orientation of a titaniumnitride barrier layer as it is deposited.

21 U S. Patent Application, Serial No. 08/ 824,911 of Ngan et

alf., fil edwideoae227, 22 1997, discloses inproved Ti/Ti RCIVE§IEAFI03

barrier/wetting | ayer structures which enable the 23 alum numfilling
hi gh aspect vias while providing an alumnumfill exhibiting a high 24

degree of al um num <111> crystal orientation. In particular, an inproved
Ti /i N/ Ti Ig¥ombtry contrdlsithe upperl thigkness Gpot)j byedeanedsing theshicknebnofthe JiNan be
obtai ned by increasing the thickness 26 ., Of the first layer of Ti to
range fromsegmddayer ta taage fbmgreatentham abpus 560 A ©dess shan ahout 32Q Hr(preferably
geonetry controls the upper thickness Ilimt); by decreasing the thickness
of he Ti fiess than aboytleQ0hAd; Radsdhy coBire lingéhy srpcafiameihe TRNBHEJRIEr 100 A 1o
| ess than abqut 800 A (preferably 3 | ess than about 600 A); .and, by
cont4 ol | i mEoidea pprmten rmgingromiaboyt 1Qatomic prrpepy Sfaniyn ﬁstowhwntﬁﬂa& e a Ti

exhi i t o 2EHe TORFDRE oG E I SEoanA lversog Shabys & 17 o GREiER iR oo
REE R i e A
| ayer enabaltesm%ecea’tép’lc‘)%!@mgﬁ an_f%% : "ﬂépglr#n i ﬁ%gcognecg an a{ usm num
content . (e ou0 . HRE RARGEEE T TR TR SR ler 7 Bt o dPREPOR 19 71 ©

| ncgg por at FemhRneinferbohnb & A e Via HlISvERE HeSll¥minkh exhibits a high <111>
Subsequent to the filing of U S. Patent Application No. 08/824,911, we 14
di sgpver ecerifiallogriphic infehtC U .S PasiniAlpplitation, Séridl N, 08/32451 € iciRgéi} ni ng a
| arge quantity of 15 sem conductor wafers processed in series in a
gi V@R pr ocinssrpelatdiietein b esferened, én ikSentirety. unknown factors present at the
begi nni ng of processing which affected the <111> crystal

13 Subsequent to the filing of U.S. Patent Application No. 08/824,911, we

14 discovered that in a production simulation, with a cassette containing a large quantity of

15 semiconductor wafers processed in series in a given process chamber, there were

16 unknown factors present at the beginning of processing which affected the <111> crystal
17 orientation of the aluminum laye_r. Although the method provided in U.S. Patent

18 Application No. 08/824,911 enables the deposit of a high <11 1>'crystallographic

19 aluminum content, to ensure a consistently high aluminum <111> content throughout the
20 processing of a large number of semiconductor substrates, it is necessary to either

21 eliminate the unknown factors affecting the crystalline structure or to find a way to

22 compensate for them. |



17 orientation of the alum numlayer. Al though the nethod provided in

U. S Patent 18 Application No. 08/824,911 enabl es the deposit of a
hi gh <111> swgyewmbiiographic 19 al um num content, to ensurBCBUS98/17503
consi stently high alum num <111> content throughout the 20 processi ng

of a large nunber of sem conductor substrates, it is necessary to either 21
elimnate the unknown factors affectin the cr talllne structure or to
find b way to 22 conpenSEMVIARY FTION _

SUMVARY OF THE I NVENTION 2 The c,ry_stal orientation content of a
metal2ic int er coFmeaystalpyisntation epntest Qfﬁénifililfin@mOmeaé%%tS&Phé‘F thertldidPon
content of an al um num or copper | nterconnect er, can be 4

mai nt3i ned @ystal @@ﬁ?ﬂgﬂéﬁﬁw Hjagplupingm Q!'GPPP&}' %’E‘%‘F‘ EWrFQn&F an entire
series of 5 sem conduct bstr es i,h a given process chanber. To
provifle t hemainianed af g gopsistent i)ylygﬁ g SSB‘PSQRP%PPW SEBF ¥t for

t he rretalllc |nt conn

ayer st ucRETHEEE P gl e pﬁ%es@ecﬁ?%@‘é‘%ﬁﬂrsamwaahwﬁ?ﬂ 5

crystl “or i Gpaterb eyl Sehioat ﬁ@”& el BB Bea B %&&%%%%&?he
Chanbdr. v ﬁ%%at%%% “ﬂfﬁnﬁﬁfhﬁ Vet pHC LB BhlBeha®h PLRUCEY
oriengation &8{%{&% oA 6@@8 [ ﬁm@éﬁﬁrthétérﬁ%}té €r sthictrS cRSGESRMNHLP form
the frrst 12 rg fler |'ayer struacture to have a m ni nal

thickgess of, hﬁﬁﬂer@dmuénsﬂsé&t ﬁmﬁghoik&he proce%ﬁﬂ?%!‘ﬁféte%hfé)sren'eé pegul arities

in the crysta orlentatlon whi ch nmay by présent during the initial
depoqpt i on @fbsirk¥esin @%&%n prodess chamber. We Bavedetérntiféd that téeents&eltn&e&%gtaﬁ t he
t hi ckness of the fir | ayer of the baffier |ayer 16 structure, this

firsti1l ayer cigstal SHferfistionsdohtelt of the burtier PiyocartnadArateces@yIv foi thedfirshat 17
harnful irregularities in the crystal orientation are elim nated.

12 layer of the barrier layer structure to have a minimal thickness of at least about 150 A, to
13 compensate for irregularities in the crystal orientation which may by present during the
14 initial deposition of this layer.
15 As an alternative to increasing the thickness of the first layer of the barrier layer
16 structure, this first lé.yer can be deposited at lower ﬁrocess chamber pressures, so that
17 harmful irregularities in the crystal orientation are eliminated.
18 By forming the first layer of the barrier layer using one of the alternative means
19 described above, we were able to obtain the desired <111> crystal orientation content of
20 an aluminum interconnect layer throughout the processing of an entire cassette of at least
21 25 wafers in a given process chamber. ‘
| 22 The above described method has been demonstrated for a Ti/TiN/TiN, barrier

- 23 layer and is expected to produce equivalent results for a TiN/TiN, barrier layer as well.
24 Further, we would expect the method to apply to a tantalum-comprising barrier layer
25 used in combination with an overlying copper interconnect layer. In this latter case, the
26 barrier layer structure, whether it be a Ta layer, a TaN layer, a TaN, layer, or a



18 By formng the first |layer of the barrier |ayer using one of
the alternative nmeans 19 descri bed above, we were able to obtain the
desired <1Wo9wiopet al orientation content of 20 an al unP@oris98717503

i nt erconnect | ayer throughout the processing of an entire cassette of at

| east 21 25 wafers in a given process chanber. 22 The
above descri bed net hod has been denonstrated for a Ti/Ti NTi NK barrier 23
| ayel and deenténgtiomttbereo shpuddibe depositéd/inl themanpendeserilfeds tocenFun/athigh barri er
| ayer as well. 24 Further, we would expect the nmethod to apply to a
t ant 2l um cehiPi @ysia) osigntation cortgmirin e&ch of thea@@mqrrlamﬂmmlbpmmgmyoan
overlying copper interconnect layer. In this |latter case, the 26
barrder | atysﬁ <31 Frenystaborigiationsontont cthe capper Jayer denpsitedhpyes fleg bargerrang

| ayer, or a 7 1 conbi nati on thereof, should be deposited in the
mannér des@Vﬂbed, to ensure a high 2 . ° <111> crystal orientation content
I n each of these barrier layers. This will provide for a 3 hi gh <111>

crystal orientation content in the copper |ayer deposited over the barrier

IA—:i gu?e llé}s/ﬁ{)\-/\BSa schemPNngngﬁcmmmqm c-(la-sHsEi EgRA}s/\;sN?SmES?
Cal i Porni o & Fetee Paldh SRBEE ot ol B ERA® ioouePEbr S edvatont  ve
part foul ar o e teflafte Boflapptica VB RR oy B b Cllye, CURSHRET: (Do i ¢

reference to U S. Patent Application, Serial No. 08/824,911. 11

Figure 3 shows the nornalized X-ray diffraction (XRD) curve for an al um num
12 g filmangidhed 2 iIRRArhiea deRasitc o4 a ConthRAVE cofitabta¥Bhe ¥ RhinYRigh t he
alumnum filmwas” 13 ~ deposited, as a function of the number of wafers
processed hgpebihafi6 ¥ ,GRdisRows)en Badtichiar, a1/ TiIN/TiNG batried @326 bf thekisdhanber .
These curves relate to a barrier |layer which was processed

10 described with reference to U.S. Patent Application, Serial No. 08/824,911.

11 Figure 3 shows the normalized X-ray diffraction (XRD) curve for an aluminum
12 film and for the_l'MP-deposited TiN barrier layer over which the aluminum film was
13 deposited, as a function of the number of wafers processed in succession in the barrier
14 layer deposition chamber. These curves relate to a barrier layer which was processed
15 outside the method of the present invention.

16 Figure 4 shows the normalized XRD curve for an IMP-deposited TiN barrier
17 layer and for the IMP-deposited Ti layer over which the TiN layer was deposited, as a
18 function of the number of wafers processed in succession in the ba-ier layer deposition
19 chamber. These curves relate to a barrier layer which was formed using the method of
20° the present invention.



15 outside the nethod of the present invention. 16 Figure 4
shows the nornmalized XRD curve for an | MP-deposited Ti N barrier 17

| ayer and ™0 9¥10921 MP-deposited Ti |ayer over which the Ti N PEFaAISI$AZ503
deposited, as a 18- function of the nunmber of wafers processed in
succession in the banier |ayer deposition 19 chanber. These curves
relate to a barrier layer which was formed using the nmethod of 20 t he
presknt i nvent i Kigureg shows the normalized XRDyenree Srapsehyninym fibe aad forde XRD
curve for an alum numfilmand for the 2 | M deposjted Ti N | ayer, on

whi ch t he BMRrdepasited TiNayss on sibich the gluminum filmawas dapogited, gea function of thyer

of wafers processed in succession in the barrier, |ayer deposition anber.
Thes® 4  numbseyof wafereprocessednsugesssiopm ﬁ&%mﬁﬂ?w d5RASTHOR PRATR; 15e%he

met hod of the present 5 . I nyention, 6 . Fi,gure 6 shows the XRD
|t chsi ty SuYeRTelt o arbarmigs e el e orpsd pring themethod Of A RTERDEN of t he
deposi tion, chapnber pressure, when the power input to the Ti target is in 8
the Pange BWe™9By/ t o 5 kW This curve is for a Ti |layer which is 1,000 A
thick. 9 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS | 0O
This disclosure pertains to a nethod of ensuring that the desired crystal

11 ori ent atj ﬁ%ﬁﬂgis |Gl . R ad lLNS
consPstent 'y hi g#%%uér:%é&{lh% ! ﬁgﬁ%@&@f% 0 -rh‘;eﬁa%{ne?%'lﬁela)éegg?és of

sem gonducgQr..: N | : F vibde the
consi st ent N3 BFHERLERAGh GhalibkFbreRg SR IRE AR i (o the THRRR MCT
it 14 R rRSESTSAW 15 8 KW! Ml irdd s 3br 4 BVRYerQinieh i NI Athitg. barrier

| ayer structure to a mniml 15 thi ckness™ of at least 150 A to
conpensate for irregularities in the crystal orientation 16 whi ch may
by present during the initial deposition of this layer. In the alternative,
thisgl7 f i DETABRED DESCREPTEON ORTHE PREFERRED EMBODIMENES | f i ed
above if it is deposited at a '

10 This disclosure pertains to a method of ensuring that the desired crystal

11 orientation content of a metallic interconnect layer remains cbnéistently high during the
12 - processing of an entire series of semiconductor substrates in a given 'process chamber.
13 To provide the consistent crystal orientation content of the metallic interconnect layer, it
14 is necessary to form the first layer of an underlying barrier 1ay§r structure to a minimal
15 thickness of at least 150 A, to compensate for irregularities in the crystal orientation

16 which may by present during the initial deposition of this layer. In the alternative, this
17 first layer can be less than the minima} thickness specified above if it is deposited at a
18 sufficiently low process chamber pressure.

19 L. DEFINITIONS

20 - As a preface to the detailed description, it should be noted that, as used in this

21 specification and the appended claims, the singular forms "a", "an", and "the" include
22 plural referents, unless the context clearly dictates otherwise. Thus, for example, the

23 term "a semiconductor" includes a variety-of different materials which are known to have



18 sufficiently | ow process chanber pressure. 19

| . DEFI NI TIONS 20 As a preface to the detail ed description, it
shoul d be moeshoetiat, as used in this 21 speci fi cati on RERIUSIBAL7S03
appended cl ai ns, the singular fornms "a", "an", and "the" include 22

plural referents, unless the context clearly dictates otherw se. Thus, for
exanpl e, the 23 term"a sem conductor"” includes a variety-of different
mat ef i al s thébetavivral charavteristicsiodaseiconductor, referehee tochiplasorad lincludes a gas
characteristics of a sem conductor, reference to a "plasm" includes a gas
2 2 or ayassrecensrcsvaed by an BE ghyw discirEgeirefsratics ththe eontacsmaatemal® t o
“"the contact material" 3~ includes alum num alum num alloys, and other
cond3ict i veneludes aluninuphjabminameallays; and otheppendugivearterialsyark hgvahem t o be
sputtered over the tenperature range described herein. 5 ) )
Spec#fic tmelingppisggnabling shem to hesputtessd overfhe temparptareyangs deseribed hareinne
present 6 i nvention, i s defined below 7 . .The_term "al unm nuni
i ncl ddes al | oysSnﬂclﬁ;a terminglogs Ot pPaEcRannRopianesfo the desception of the presept

sem conductor ndustty.,,.Such alloys include al um num copper alloys, and 9
al unPnum c‘BﬁﬁﬁP—r’s‘Fa?é:‘équrq%ys, for exanple. The preferred enbodi ments

?ﬁgc or m - aspecths Wit Seplfl L npfaf Aityd BB REHREn Ptk BRT Wnican dseR B §Irf e
. o . ! . ratro of . .

cont Bot i sp RS SinlsuB Stk 6y JAGR] il Sl afa 001108
ext egds | Nyl -'ﬁgﬁpéiaﬂfébh 'aﬁwharf&ézhgb%!e Gfthh?ﬁ‘gﬁ?%%témb?di{rﬁﬁésdegclﬁh;epgm and

a di aneter, and aspect rat10 wou 0 e tu 15

di vijded bynd g vgéréﬁ‘ﬁia?%minﬁﬁﬁco%ﬁﬁ%ﬁ{g dbdht @5%}‘00?1,5{_ ench woul d be the height

of the trench 1 Ivided by the mnimal travel width of the trench at

itsjhase. 17  The term "aspEB€rati6T féferk Gathe rio éfthehsightdifilRnsion tStheWidth
trenches, and other structures which

12 dimension of particular openings into which an electrical contact is to be placed. For

13 example, a via opening which typically éxtends in a tubular form through multiple layers
14 has a height and a diameter, and the aspect ratic would be the height of the tubular

15 divided by the diameter. The aspect ratio of a trench would be the height of the trench
16 divided by the minimal travel width of the trench at its base.

17 The term "feature" referé to contacts, vias, trenches, and other structures which
18 make up the topography of the substrate surface.

19 The term "ion-deposition sputtered" and the term "ion metal plasma (IMP) refer
20 to sputter deposition, preferably magnetron spﬁtter deposition (where a magnet array is
21 placed behind the target). A high density, inductively coupled RF source is positioned
22 between the sputtering cathode and the substrate support electrode, whereby at least a

23 portion of the sputtered emission is in the form of ions at the time it reaches the substrate
24 surface.

25 The term "normalized" refers to a method by which one or more sets of figures
26 are scaled appropriately in order to describe or explain any relationships between the

10



18 make up the topography of the substrate surface. 19 The
term™"i on-degosition sputtered”" and the term"ion netal plasma (IP) refer

20 to SHUOPAM2eposition, preferably nagnetron sputter dESIHIRHASS
(where a magnet array is 21 pl aced behind the target). A high density,
I nductively coupled RF source is positioned 22 bet ween the sputtering

cathode and the substrate support el gctrode, whergby gt |east a 23
portlon offiguses. s‘b&?@&‘é’tﬁp@magg’i ans V%esi(i'&‘?’% Pr%“’f’lﬂ'?ﬁ‘r"ﬁ?e ﬁogﬂs- J&&lﬁ achipyRd by
reaches the, substrat.e 24 e term 'nornmplized"

ref efs to i5eHDE e Hehesh Y%lﬁe Bhikl%; ?%%,pg %lge&@}"@fn% ﬂbﬁ‘?‘g@’rﬁ g the dataa"?egﬁgc al ed
107" 8P ie'yat, Kol St g S PR R 0 o Bt BERh 5, B P Rah BE pREMKER
set And’ « nehelsBr iy THRRvE Yhebes in yar SR G Bade®St VLIPS DM ue By
WhPch Showe ¢ hoTHe A resildfbn Hepditichy 17 Fesliho iontp ARl (P BERRHESC ¢
forebe to inidepbiifich SufLARgSiict s xdtivd £} sliplca b the Bhitefiy b9 Mkt
supphi ed digith iRk {oRfed PrHtéredl bBitlg sPutted@ts; producing m%ﬁ@eb%ﬁ%&t?éﬁ&ﬁ%dmt erial

bei ng sputtered, producing an 1on-depoSition sputtere conmpound

cont &i ni ngc&ﬁﬁoﬁ@%hfamngq& 18AcRIVE 13hs el8ment. The term "traditional
sputtering” refers to a nethod of formng a filmlayer on a 10

subsgr at e wher eiThe &erindt@ditional spattérigy” eefefstd 4 Method b€ foraling p Girtaara ohraom t he
target passes 11 between the target and the substrate to forma film

| aydi0 on t bebstratesvhentin a tanget in sputteastbaridsthéd thaterial sputterédifromtthe tavgetpasses
substantial portion of the target material sputtered fromthe target 13

bef die it betachethetarget askthe aubstra@ie forppa fitimdayer onftheysnbettate pang mo/ingans is
traditional 14 sputtering is disclosed in U S. Patent No. 5, 320, 728,

t he 1di scl opravidegditoggnizha substantial portion of the target material sputtered from the target

13 before it reaches the substrate. One apparatus configured to provide traditional

- 14 sputtering is disclosed in U.S. Patent No. 5,320,728, the disclosure of which is
15 incorporated herein by reference. In such a traditional sputtering configuration, the
16 percentage of target material which is ionized is less than 16%, more typically less than
17 1%, of that sputtered from the target. |
18 The term "traditionally sputtered aluminum" refers to aluminum applied using
19 traditional sputtering techniques, where the substrate temperature during application of
20 the aluminum ranges between about 200°C to about 550°C, unless specified otherwise.
21 The term "XRD" (X-ray Diffraction) refers to a technique commonly used to
22 measure crystalline orientation, wherein radiation over particular wavelengths is passed
23 through the material to be characterized, and the diffraction of the radiation, caused by
24 the material through which it passes, is measured. A map is created which shows the
25 diffraction pattern, and the crystal orientation is calculated based on this map.
26

11



15 i ncorporated herein by reference. In such a traditional sputtering
configuration, the 16 percentage of target material which is ionized
is | ess thwo ®AMN21Inore typically | ess than 17 1% of t IRQT/E$RT803ed
fromthe target. 18 . The term"traditionally sputtered al um nunf
refers to al um num applied using 19 traditional sputtering techniques,
where the substrate tenperature during application of 20 the al um num
ranges between aboil. ANARPARATDBFORFHACTICNGHHISINGENTIONed ot her wi se.
21 The term"XRD"' (X-ray Diffraction) refers to a technique
commbnl y used tA pawess systemeingviieh theymethod phide prasentinvension mphasagried

radi ation over particular wavel engths is passed 23 t hrough the materi al
to bk chareutisthe ENDURA® Integraied Progessing Systern guailabig %@meﬁﬂph@g@é@en@y, 24
the material through which it passes, is neasured. A map s _createg whi ch
show$ t he Ins. of Santad;lara, Galifogpiand hisgirecess pyFtann 400 15, showp 1 fhedfigwte brOf s

cal cul ated based .on this. ., 26 1 ] . AN APPARATUS FOR
PRACH o1 NPRTRE I DieRet R i Vidudl processing charpers whishy el bR usitl BHRE e ot hoa

e R A P A S o b PR,
S G s A ST B AR e
150182 SR 130% os cuaB0650,B 0BSTYd UEDR

chanmber 10 used ayer such

as agqTi/Ti %14,;@' MWa ﬁﬁié%r-ch%@éﬁ?g g&?gfﬂ%%és d&x?ghblsﬁwﬁigﬁieh%le% HoPERERTT a8

chanber 1027 "Process cha use r traditional sputtering of an

al ugpnum 9gyphstrate FRNESNe e birfdtmlifly PrORIP BhantiBs foSartHRE. OF6SskafliAd! a@er Whi Ch
enabl es novenent of a 10 substrate fromone of the surrounding process

chanper s t gepdiRioRf a THIINAINBArgier Riyticih ptdcess chanth®P 992, tal Bstedte & moved
Ti/TiNNTiNN[err] barrier l.ayer in process chanber 102, a substrate is noved

12 12t hr dwedpht tiamsfet eliantea 108 to ffd8essehimberclls fohspunering 6fad overBimg t er i ng
of an overlying :

13 aluminum film.

14 Process chamber 102 is typically is a magnetron chamber which employs a

15 standard sputter magnet (to confine the sputtering plasma, enabling an increased

16 sputfering rate); an inductively coupled RF source positioned between the sputtering
17 cathode and the substrate support electrode, whereby at least a portion of the sputtered
18 emission is in the form of ions at the time it reaches the substrate surface; and a

19 sputtering target cathode to which DC poWer is applied. .

20 EXAMPLE ONE

21 To form the Ti/TiN/TiN, barrier layer structure of the presel;xt invention, d

22 titanium target cathode of abou} 14 inches (35.5 cm) in diameter was used, and a DC

23 power was applied to this cathode over a range from about 4 kW to about 8 kW. The

24 substrate, comprising an 8 inch (20.3 cm) diameter silicon wafer, was placed a distance
25 of aBout 5.5 inches (14 cm) from the target cathode. A high density, inductively coupled

12



13 alumnumfilm 14 Process chanber 102 is typically is a
magnet ron chanber which enploys a 15 standard sputter ma net (to
confine' t hWQI9ri ng pl asma, enabling an increased 16 W@P@ﬂs%
rate); an inductively coupled RF source positioned between the sputtering
17 cathode and the substrate support el ectrode, whereby at |east a
portion of the sputtered 18 emssion is in the formof ions at the

time it rRitplasma wes gensratechingthe mamtbetwaﬁmﬂ@ target cathodeandithe syhstrate: Jhe
cat hode to which DC power is ap EXAMPLE

forrmthe mdmtwhucml[l@lp¢ pla@aﬁmaé rgenraytéﬂ bytapabw %F@PWPHEO w@i BAYIng Al least on
(20 % o) @%ﬁb‘?‘g%@?‘ﬂ%éﬁ abeé%&%é@%rg@@%ﬁ E?@?SW%?

count g 120 ap6ib0.s ko sBgut S and BietBE yabelbg frobr L Sblg\%’e@ aﬁ?oiiﬁ
Goncs at o b N picHEY 158 88 i Pbigetdd frof metal MY GhiN BB OURIF oS 1a©

3 7T s Lo G125 A 537 7, AR B SRR R ) "0
Wa”ége ARG Akheet ornbbi%%ﬁﬁ?fﬁmpwﬁmﬁ\ﬂﬁﬁd@sk%%%&e@%ﬁm pref erably

rangirng fromabout 1.5 to about 6 . Typically the coil is
fabrycated fromyrggbsitatd bikd Rslta Okﬁ%m?fr&‘n (ﬁtovxbbaf-amwmmaybe plié@ has a

di aneter of about 0.125 inch However, the coil tan e fabri cat ed

8 10 fr Ome%uﬁém&tor% te fleR on Q&né}iﬂhel‘suﬁsﬁfafe 30, CWheri @ biddesltheisdpplieed
functi on. A substrate bias voltage ranging fromO to about

-30Q1Vv DC M@bﬁﬂﬁé sedfbibois bheated whibk atitsostiond Romrthe plakine te kiad subswate whi ch
the substrate sets. Wen a bias voltage is applied.

12
13 | | . I THESTRUCTURE

14 OF THE Ti /TiN/TiN, BARRIER LAYER
15
16 The typical barrier layer structure comprises a stack of three layers. In the more
17 preferred embodiment, the first iayer (applied directly over an underlying substrate such
18 as silicon or silicon oxide) is ion-deposited titanium (Ti). The second léyer, applied over
19 the first layer, is ion-deposited titanium nitride (TiN). The third layer, applied over the
20 second layer, is an ion-deposited layer, TiN,, where the composition of the layer varies
21 from about 50 atomic % titanium to about 100 atomic % titanium. Preferably the
22 titanium concentration is a gradient beginning with essentially stoichiometric TiN and
23 progressing toward pure Ti.
24 : An electrical contact or conductive layer is applied over the barrier layer
25 structure. Although the contact or conductive layer described herein is aluminum
26 confaining about 0.5% by weight copper, other conductive materials benefit from use of
27 the smooth barrier layer structure described herein. The <111> crystallographic content

13



11 a D.C. substrate self bias is created which attracts ions fromthe
pl asma to the substrate. 12 13 [,

THESTRUCT Ui 9940921 OF THE Ti /Ti NI Ti N ePCIABARKISER
LAYER 15 16 The typical barrier layer structure conprises a
stack of three layers. In the nore 17 preferred enbodi nent, the first
| ayer (applied directly over an underlying.substrate such 18 as silicon
or sili cosfasubskuently applied epadictieematdriahéanbe ajystediisingthe@bficdptyer, appl i ed
over 19 the first layer, is ion-deposited titaniumnitride (TiN). The

t hi2d | aydascribgdiierein. The rlutriipwi @eposited setherdaiples whidchsfolowi was deposi t ed

| ayer, Ti NX, where the conposition of the |ayer varies 21 from about 50

at oBi ¢ % traditienalimsputterbd alumiogm applied overta tempenature Fange of fommyahoue 350°C
titani umconcentration is a &r adi ent begi nning with essentiall
st oftchi ontetabiost 4500Ca Rrefembly the apnyiguads ppp}iedaheadycerdipresspres ranging from An

el ectrical contact_ or conductive | a%era\i s appl.ied over_ the barrier |ayer 25

st r dct ur egreplet then ghoutideS mdrimiorabapt vprefegebly hotreen abewtilvad andrein i s

al um num 26 cont ai ni bout 0. 5% by wei ght_copper,, ot her conductive
ot 811 al s 308He End TR RReEEsEP g betveen about 1A, 284 A Bedeprading a9 dhe TpRimeiaur e

desgri bed, h %ei n. , The <111> crystall ographic content 13 1 of a
sub equen‘l"Fg‘1 &ﬁ?}Fﬁl'ed conductive material can be-adjusted using the concepts

ol Fow was 3 Fiers S SivaeRptplt P i A3 ihriite s P ayery
tenper at “E&F{g@@gﬁo %Meﬁé?ﬁﬂ Wcﬂtw&gg [lﬁflié tge f‘aeéhod ofithe AYSME ir%i’én?xgﬁ.] Tge
plied at 1

Pref'erabl y um numi s appl i educed pressures ranging fromb5s

ol R0 Tl el Rl e kR R R R0 T T

depgndi Nghfng Bf oV &BJikE Slibéh dioxide layer 211. The via or trench 213 was created by dry

12 etching through the silicon dioxide layer 211 to silicon base 210. Structure 200

13 comprised three layers: Ti/TiN/TiN,. The first layer of titanium was IMP deposition

14 sputtered upon the surface of both silicon dioxide layer 211 and silicon base 21 O; a

15 second layer of reactive ion-deposition sputtered titanium nitride layer 214 was deposited
16 overlying first titanium layer 212; and a third ion-deposition sputtered titanium nitride-
17 comprising layer 216 was deposited overlying titanium nitride layer 214. (Upon ion-

18 sputtering of titanium layer 212, a thin layer of titanium silicide 224 is typically formed
19 at the bottom of via 213 upon high temperature annealiﬁg). Structure 200 was then filled
20 with a conductive layer 219. The aspect ratio of via or trench 213 was as illustrated by
21 the ratio of dimension 222 to dimension 220, and was approximately 20 : 1, with the

22 dimension of 220 being approximately 0.25 x.

23 Aluminum was traditionally sputtered upon a structure 200 at a substrate

24 temperature of about 400 °C.

14



7 be fabricated. 8 Figure 2 shows a schematic of a trench
or-via 213 containing a barrier |layer 9 structure 200 of the kind

whi ch woul W@99/1092%e t he method of the present invention. ThePE€3/US98/17503
structure 200 was forned on a sem conductor substrate conprising a silicon
base 210 11 havi ng an overlying silicon dioxide |ayer 211. The via or

trench 213 was created by dry 12 et ching_through the silicon dioxide
| ayek 211 to silicon base DA oTHEMETHQLR PBICATIQNmpri sed three | ayers:

TiITANTiNerr]. The fir$F BARRIEBILAYERS ANDIAL! osition 14
sputtered upon the surface of both silicon dioxide |ayer 211 and silicon
base 210; a 15 second | ayer of reactive ion-deposition sputtered

titadi um nitri dehe spperatizlisd wikch the poaferredieribodimentsdestybeadcheré¢in swere i t ani um
| ayer 212; and a third ion-deposition sputtered titaniumnitride- 17
conpdi si ncfabrigated RastheENIILIBASR Indegrated Prodeasing Systemupreviously desaribpdand 14
(Upon ion- 18 sputtering of titaniumlayer 212, a thin |ayer .of

titafhi um silisteatetbinddguted. t ypical ly formed 19 at the bottom of via 213
upon high tenperature annealing). Structure 200 was then filled 20

wi th a conductive |layer 219. The aspect ratio of via or trench 213 was as

illustrated by 21 the ratio of dinension 222 to di mension 220, and was
appr6xirmﬂﬁﬁ%ﬁggkﬁégﬁgﬁth the 22 di mensi on of 220 being approxi mately
Si rudi ure 200 aFoedesgrionhich JevE y&hins dithe ERRRaudh R s INRE 1,
,lA\I\/lD EEM THQé’)r lg;erﬂgspéﬂb%%'gppar atus in which the pr g‘:erB/rA\eR(I}I Esblag\lYEeRﬁt S
Pr ocBssing Syst SheBPm fuiserdrehBlin SEKEATRRE LR oG pOLFRR Bivpon |
10 the surface of an 8 inch (20.3 cm) diameter substrate, typically about 2 MHz (=2.5 kW)
1 of RF power was applied to the inducﬁon coil while about 4 kW of le power was
12 applied to the titanium target cathode. No power was applied to the substrate platen
13 electrode. The Ti deposition was carried out at aboﬁt 30 mT. This pressure
14 corresponded to an argon feed rate of about 65 sccm. The témperature on the substrate
15 surface was about 200°C.
16 To obtain a reactive ion-deposition sputtering rate for TiN of about 250 A per
| 17 minute over the Ti first layer surface, typically about 2 MHz (2.5 kW) of RF power
18 was applied to the induction coil while about S kW of DC power was applied to the
19 titanium target cathode. Again, no power' was applied to the substrate piaten electrode.
20 The TiN deposition was carried out at about 30 mT. This pressure corresponded to an
21 argon feed rate of about 10 sccm and a nifrogen feed rate of about 70 sccm in the
22 Applied Materials ENDURA ® Integrated Process System. The temperature on the

23 substrate surface was about 200°C.

15



6 EXAMPLE TWO 7 The description which follows pertains to

the fabrication of the Ti/TiNTi N, 8 barrier |ayer described above. 9
To obtai n &¥OPYMWZEeposition sputtering rate of about 700 A pRET/HSHRIIBODT Ti
upon 10 the surface of an 8 inch (20.3 cn) dianmeter substrate,
typically about 2 MHz (-2.5 kW 11 of RF power was applied to the

i nduction coil while about 4 kWof DC power was 12 applied to the

tit ahi um t ar get Te obthindaeaatiye jesndeposidionsppitering rate @h@lﬂﬂﬂfﬁgpat@%k@%n 13
el ectrode. The Ti deposition was carried out at about 30 nT. This pressure
14 2 coninatgensadhe TBY sacond lpyar sustage.r iedrofessennditions veere set at Hhose
tenperature on the substrate

To obt ai n weridisd forske TBYserapd! F;’F{;éﬁwg%z fidhe ﬁ%‘:f‘m%gg%%m?o Rets aifbee 250 A
P &,y RSk e ot B UGB ek B b SR 5 1
i SRS L
o7 %" ! 2 PerbRccHat 4 Bt jinipcRB Y erdile Hlro el AOB3E HCoBREToRIPARNY O
The { enper HEF SeopepiondBhdifibhd Globited vau bR f M BB BN
g ¢ Bour ol fibw gmgsgbnagas w&%icmﬁnb%&%aa&iédi%ﬁ%ﬁflgshma Etar et ling

A per m nute upon the Ti N seco yer surface; t

process CogditfetedtvaPRFithi® Sto 80 séddREE The thickeﬁmegiiﬁise@brquayérbmemﬁréwnd
| ayer; however, at fhe beginning of the sputtering of the 4 I N[ err]

| ayqD, t hetifnle@etiod bétote the altri@étSpdreiont BEhB tAEESS spiteidbdwayR Indhis paridulured.
Since the 5 L titaniumtarget becones Eg:gtri d}gg duri nagﬁt he Tiq)l‘ilﬂ
depasi t i oninstainté, tlas1TiN) ke®r Hepdsition was carried out for a period ranging from about 30 to

12 about 40 seconds after the flow of nitrogen to the process chamber was discontinued.

13 Subsequently an aluminum layer about 6,000 A thick was sputtered upon the via
14 surface using traditional sputtering techniques, a substrate temperature of about 400°C,

15 and a pressure of about 2 mT. Complete via fill (with essentially no voids evidenced in
16 the photomicrographs) was achieved for the contact vias using the Ti/TiN/TiN,

17 barrier/wetting la);er fabricated as described above.

18 EXAMPLE THREE:

19 To obtain an aluminum fill of the via where the crystallographic <111> content is
20 sﬁfﬁciently high to prevent electromigration, ‘the crystallographic structure of the

21 underlying Ti/TiN/TiN, barrier layer 200 is critical, as the underlying TiN, <111> crystal
22 orientation, content is mirrored in the overlying aluminum <111> crystal orientation

23 content.

16



6 produced for a limted tine period after the nitrogen gas flowis
di scontinued. Typically, 7 under the operational conditions specified
with re’fer?’ﬁ?@éﬂi@lt he Ti N deposition, but with 8 " the fI1BWERIFPDgen
gas to the chanber discontinued, the nitrided portion of the target is 9
sputtered away within 5 to 10 seconds. The thicker the Ti N second |ayer,

e ot 1 b SR e RSN ol o 0
O o BB v P o oA B R bR A

RE A P L T
P 1 "SI G ALl SRR o1 2B By, 2™
evi %nfﬁg’ﬂpﬁfﬂf&@aﬂd’\t}f&‘ﬁ rf;\};‘e{‘pgraphs) was achi eved for the contact vias

usi err , barrier/wetting | ayer fabricated as

descg i bed aboverpeifree layer*l_’?f’f‘h%ﬁ\l@ﬁ%ﬁirﬁﬁ%m which the data-f&lﬁgﬁl?bﬁwﬁg al um num

fill  of the via where the crystallographic <111> content

suf f4 ci entdpyailidoas fReftir8d S olIBWSC I @Rt B33k bPTi wh'BVIP'd¥pbsHel 99 hakidkfess
structure of the 21 underlying Ti/i'TiNTiNferr] barrier layer 200 is
critgcal, orabéite 00%]eThe/DTHoWeNiGhe]Tis in@ltigkbwadabout 4 kW ihe HIRpoWEr
content is mrrored in the overlying .alum num <111> crystal orientation 23
content . %6 the inductively coupled INMH dbil whestmne 2.5tOW Fhg ik gon3flovimatk kP tige posi t ed
Ti/TIiNTiNerr] barrier structure was 2 prepared on a wafer surface,
wi t 10t he ulepesitisniclianther ofas ebautibarscemy the ayessuredn thy depbfition thamber3vas

al um num | ayer was deposited over the barrier layer structure using

t ratl t i onadbospift md; amdjthé substrate tepiparature svas XRMtr2088Cn o pewer waskapplied to
determ ne the <11> crystal orientation for the 5 Ti N, layer and the
al uh® num [thg eybstrate support platen. A second layer of TiN was deposited over the Ti layer by

13 reactive IMP deposition, where the conditions were generally the same as during the IMP
| 14 depositidn of the Ti layer, except that nitrogen was added to the deposition chamber at a

15 flow rate of about 70 sccm, with the argon flow rate being 10 sccm. The thickness of the

16 second layer .of reactive ion-deposition sputtered TiN was about 250 A. Subsequently, a

17 third layer of TiN, was applied over the TiN layer using IMP deposition. The TiN, layer

18 was applied using the conditions used during the IMP deposition of the TiN iayer, except

19 that nitrogen flow was shut off after the formation of the TiN layer, and the IMP

20 deposition was continued for an additional 40 seconds. (Residual nitrogen in the

21 chamber and on the target surface was incorporated into the TiN, layer.) The resulting

22 TiN, layer was approximately 400 A thick. The composition of the TiN, layer ranged

23 from 50 atomic % Ti initially to toward about 100 atomic % Ti toward the upper surface

24 of the TiN, layer. The Aluminum was sputtered over the surface of the TiN, layer using

25 _ traditional sputtering, at a temperature of about 400°C and at a pressure of about 2 mT.
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6 ' The three layer Ti/TiNTiNerr], structure fromwhich the data

for Figure 3 was 7 obt ai ned was prepared as follows. A first |ayer of
Ti s | VP aepo®io®d to a thickness 8 of about 100 A ThRCTHUSHHIEEP3 t o
thef{Ti sputtering target was about 4 kW the RF power 9 to the

i nductively coupled I MP coil was about 2.5 kW the argon flowrate to the
10! deposi ti on chanber was about 65 sccm the pressure in the

deposi tion chaniyée diggayered that, duringfhe poeressing africaspeitesefiZst segrieondsaiesr at ur e

s about 200[err]C. No power was applied to 12 t he suhstrate suppaqrt
pllat éh. A yedgpdhe a%fkal’éfdo THNA st 3198 caylent, taﬁéePT?seP@ib’ WQ@“? of

reactive INP d siti,on, -conditions were t.he as

T X s A s i S
o rhe b iRB R anal RitcaBve BEde <1 erten] e AinCIRReris Sows GE o, g
Subechuent e 305 s R o SArP oL E: Rl i bRl B 067 Mhidbecreae n, o
Donar8 i ons ToRRET1 T Bfysl RuicdAIGH cohfent was niiiSrAR A Sveiiitilinupy

t hat @ipt rzoq%,fdv ¢ Y decRlabing nbfhaliZid 191 9% oo Enttaﬁﬁn %Ngﬁetggggé_ and

t he | 0 eposition was continued for an -additiona
(Resiglual nRgtleqae dyurte3 ol chanber and on the target surface was
i ncorporated into the TiNX layer.) The resulting 22 Ti N, layer was

approgi mat el y 40fheArktT GHfershereCanasi wafers" @fodebrd th bondifyetheproess 23
from50 atomic %Ti initially to toward about 100 atomic % Ti toward the
uppeo sur f aessel4o no datadik ptdvideli D these/wafersTHa fAdt adthefivaSevuiiferssstepver
the surface of the TiN, layer using 25 traditional sputtering, at a

t enpét at ur ensed faxhiatatcolledd, emdendOdoandr 38svowdd bE expertid 13 shibw aldecreasiig

di scovered that, during the processing of a cassette of 25 sem conductor 2
waf eld, the<kdprenystal odertatian-cantgnd ostr processingof the finsht ZwaferasObeipneyesiucbd by

\(/:v;][ ;&3 g?gc egéqgg:asmgél&, g?e ﬁ&{t?%lb%%&gm?e%? ;se ia'é Sx‘r?e%n\sim.t}za’? theeae(iehctr%lxjrg;ea%gﬁ rc]>tf
14 the aluminum is adversely impacted. Further, it means that the product is not consistent
15 and that different performance may be expected for each wafér processed. Even if the
16 <111> crystal orientation content 310 of the aluminum after stabilization were

17 acceptable, no commercially acceptable process would provide for discarding of 17 of 25
18 wafers processed. We had to find a method for maintaining the aluminum layer <111>
19 crystal orientation throughout wafer production.

20 Figure 4 shows the normalized XRD curves for the Ti first layer and for the TiN
21 - layer of a TI/TiIN/TiN, barrier layer. The Ti first layer <002> crystal orientation content,
22 as represented by curve 402, and the TiN second layer <111> crystal orientation content,
23 as represented by curve 404 increase as the number of wafers processed increases. The
24 normalized crystal orientation XRD intensity reading is shown on scale 406, and the

25 number of wafers processed is shown on scale 408. The improvement in crystal

26 orientation of the Ti first layer is mirrored in the TiN layer. This improvement is an

18



4 intensity reading which is indicative of the <111> content of the
TiNferr] layer is shown on 5 scal e 302, and the nunber of wafers
processed WOBHWIME on scale 306. This decrease in 6 nor REXTGSS8/12503 1>
crystal orientation content was mirrored in the overlying alum num 7

| ayer, which showed a decreasing normalized < 111> crystal orientation
content, 8 = represented by curve 308. 9 . The first 7 wafers
wer el " dumipdigatiosthat thersdea factorin thediwegass eharabre whiel eajtses regularitice izl so
no data is provided for these wafers. In fact, had the first seven wafers
beer? 11  crystalosientatipn gfithe feaning bewriss layers whish spelimingted@s additioaabe expect ed
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of 17 of Z,ﬁ,d%ﬁglegfrge%ﬁcﬁﬁﬁnd%%gc}-%ﬁg fgr\/@s %%e}?aefe'& REth3efTridde %o F?gox%e 3,

mai ntai ning t m num | ayer rystal orienta

t hr ogighout e WafiRhatRhOBEKnER b (ROfirst Ti layer was JOEARIcE. DRGUS tﬂehﬁcf?:géé@al i zed
XRD curves for the Ti first layer and for the TiN 21 | ayer of a

Ti / T9 N Ti Nhedkidsslifrom B0 A &y200 AYofthd ifirst iTi $yek,aH€ horilizad RIS tbngfy €nt ati on
content, 22 as represented by curve 402, and the Ti N second l"ayer
<1116 cr ysieading forehé &00Dncrgsial @intatidd of the firks TI RigeLiseelat el high oy eheASHh
I ncrease as the nunber of wafers processed increases. The 24 \
nor irhl i zedwafey &gain, theifast Awafers WD duniney siafers)rat aboutd.86; as bioown 60 canel e 406,
and the 25 nunber of wafers processed is shown on scal e 408. The
i npldvement03 at 430 ped semdigs high formll 2hwafersoprooéssedeTHis highr ddgréenyfer0025
mrrored in the TiN layer. This inprovenent is an 18

13 crystal orientation is mirrored in the overlying TiN layer which exhibits a relatively high

14 <111> crystal orientation for the 8th wafer through the 25th wafer, as well. The TiN

15 layer normalized XRD intet.lsity reading for the <111> crystal orientation is about 0.89
16 for the 8th wafer, as illustrated at point 412 on curve 404. As will be shown

17 subsequently with reference to Figure 5, when the normalized XRD intensity reading for
18 the TiN layer is about 0.89, the aluminum layer (overlying the Ti/TiN/TiN, barrier layer
19 | structure) <111> crystal orientation c.an be expected to have a normalized XRD intensity
20 reading of about 1.0, indicating a very high <111> crystal orientation content for the

21 aluminum layer.

22 C The high and increasing <111> crystal orientation of the TiN layer illustrated

23 graphically by curve 404 in Figure 4 stands in stark mnﬁast with the rapidly decreasing
24 <111> crystal orientation of the TiN layer illustrated by curve 304 in Figure 3. We

25 attribute this unexpected difference in crystal orientation stability to the increase in the
26 thickness of the first Ti layer from 100 A to 200 A. In view of this surprising result, we
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i ndication that there is a factor in the process chanber which
cauges irreqgularities in the 2 crystal orientation of the formng .
barfrier | aywo9omba2eh is elimnated as additional 3 proc@ﬁ'ﬂfﬁ‘?sﬂﬁm

cafried out in the deposition chanber. No al umi num | ayer was deposited 4
over the surface of the barrier |ayer structure, as we wanted to have the
clfearest XRD 5 possi ble for the structure. 6 Wth further
r ¢f ef ence haw belipvedhat therbis dominimem thickeesssvhick therfarstBidlayierpoust heve ©

der the sanme conditions as described for the barrier |ayer with reference
tfo FRgure @er®me irregularitips intthe crystabori¢ntationsefshaiflayersansed by the preggnoe afdas 200
‘A thick. Due to the increased 9 t hi ckness (from 100 Atg 200 A of the
firsB Ti |fepter in theslepositien chambextwhirh fastyiis gradpal yehmmé%sé@ﬁg digionalgaien 2>
‘crystal orientatiaon of the first Ti layer . is rel atlvi 13[911 for the 8th 11

waf ef (agapiecessing if pargied ‘?‘Mﬁf@? chaggher). dUﬁJWOWéh%trasl)oo daysr §B°1°7§§S shown
on curve 12 402 at 410 fre s hij é al ?‘7 fer ocessed.
Thi sShi gh Hé@?‘?ﬁ“%fF"%@YPZ‘l‘mi% ¢ eftec ‘%PP Fé%ﬁqct?ﬁ’ "§ in the
I Wh hi bits 1, >

orysBul "o Miskaats 5 aofete (B drmentes s e pinds %ﬁ#&layegilhm?ss The
Ti N I
R AR SR R

[ 412 b h 17 b tl th
Irog:‘ gltgence ?52) t%&{;dﬁftgég&“ﬁ#@khe ngr?ralo:l\ged XRD i nfgn:??;epea)dll \rllmg for 18
the Ti N | ayer "is about 0.89, the alum num |l ayer (overlying the Ti/Ti NTiNs

barrier layer 19 structure) <111> crystal orientation can be expected
to hgve a %M_D intensity 20 readi ng of about 1.0, indicating
a very high < > crystal orientation content for the 21 al um num
layeyp 22 _ We have alstedifdoybred fisht iti§ Eegsmago oBtaikra IGEN Shdbodtargnt at i on of
the TiN layer illustrated 23 graphically by curve 404 in Figure 4
stands in ahadilku@on astystil biehtaton ettt whdaahefist Thlagér thicknesslid 100 &riyst al
orientation of the TiN layer illustrated by curve 304 in Figure 3. W 25
attridut e tahiatematwpmethed ishised svhicicprovides forshatlimimatot of therfactoawhicht y t o
the increase in the 26 t hi ckness of the first Ti layer from 100 Ato
200 18 | n vaeses the arystal ogignfation nnﬂ;uims t, we 19

14 By reducing the pressure in the process chamber during the deposition of the first

15 Ti layer, we have apparently been able to effectively eliminate the factor which causes

16 the crystal orientation irregulatiries.

17 Figure 5, shows the normalized XRD intensity curve 502 for the <111> crystal

18 orientation content of the TiN layer of a Ti/TiN/TiN, barrier layer, and the normalized

19 XRD intensity curve 504 for the <111> crystal orientation content of an overlying

20 aluminum layer. The <111> crystal orientation content of the TiN layer was high and

21 remained relatively constant (within testing error) as indicated by a normalized XRD

22 intensity of about 0.94 for each wafer tested, beginning with wafer number 14 and

23 extending through wafer 25, as shown in Curve 502. This behavior was mirrored in the

24 overlying aluminum layer, which also exhibited a high and constant <111> crystal

25 orientation content. This was indicated by a normalized XRD intensity of about 1.0 for
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now believe that there is a mninmumthickness which the first Ti |ayer nust
have to 2 overcone irregularities in the crystal orientation of that

| ayer caus® ®y10831e. presence of a 3 factor in the deposPERBIS¥AEMBer
(which factor is gradually elimnated as additional wafer 4 processi ng
Is carried out in the chanber). W know that a 100 A first Ti |ayer

t hi ckness 5 I s i nadequate to overcone the effect of this unidentified
specl es, math wafer testedpbeginrgng with the 7dkwafes (Which avag dbe frst aon-dpmagewefedat a
indicates that a mninumfirst Ti |ayer thickness 7 of about 150 Ais
requared tio thisinstance)randcontinuing thravgh theRsthnweferpsindigatpd baficusie ¥4k at i on 8
content for the first Ti |ayer. 9 EXAMPLE FOQUR: 10 . : W have
al sA3 di scover edTherthicknessiof thedizst B layerpishe siryrturedpywhichdlatajs pressated 1

al um num < 11> crystal ori.entaiion content, when the first Ti |ayer

t hi ckness Figuredowas oy 160 A and the, process conditipns paderouhich thesbaowse ™85 pr ovi des

LR AT AR ONN R
Pove appar BHUEYe JelHB s Seeli SarpRirs EDmbbe: Rrriatte: The BFOREOFEAVED causes
shod ¢ he PersiEr Sl ERRER e g R iBL I r e S was oty 10, BiBaa
and Phe. nomidiAHas GlantsePorgifies 50 ¥ aftink ¢ uBholPS the bR Wl FV T
oriegtatiog '?é’i.?gi‘h&éw%@a‘?ﬁ%?é&tfﬁ"g%ﬂoﬁ% c}egositi@h ﬂ%%hﬂy ey 1(:5@81’1‘?3111313

crystal oriéntation content o he Ti yer was. | an remai ned
rel gpi vel yTpQNg& ok tHe'Hifires YaPdr 1Rgkr ShutQhib idSorsiik&Plod iRY sRifRahiddl zed XRD
22 Intensity of about 0.94 for” each wafer tested, beginning with wafer

numher 14 giykldsot result if %h @RPioYEmMERT BUHE ov@lyiiig FAMiBEM SN chyktdPoréatation -

Thi s behavior was mrrored 1n the 24 overlying alum num | ayer, which
al sqg2exhi btértehtdn miyoénsan dWe belévarthe hprovemenisindhe <111> crystal orientation

13 content of the TiN layer illustrated in Figure 5 (and in the overlying aluminum <111>
14 crystal orientation content) is attributable to the elimination of the factor which would
15 otherwise cause irregularities in the first Ti layer crystal orientation as that layer is

16 formed.

17 EXAMPLE FIVE:

18 With reference to barrier layers having a first Ti layer of substantial thickness,

19 200 A or greater for example, where process pressures of 10 mT or higher are known to
20 be acceptable during deposition of this layer, we have discovered a preferred operational
21 pressure which is dependent upon the DC power to the Ti target. We have discovered
22 that the XRD intensity (indicating the desired <002> crystal orientation) for the Ti layer
23 is unexpectedly lower at 20 mT than it is at 10 or at 30 mT when the DC power to the Ti
24 target is moderately low. The reverse is true when the DC power to the Ti target is

25 higher.
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orientation content. This was indicated by a normalized XRD
nsity of about 1.0 for 20 1 each waf er tested, beginni wth .
7t h wafwo 9%9/th was the first non-dumy wafer 2 |nPCh'ﬂ§9ﬁig§0énce)
continuing through the 25th wafer, as indicated by curve 504. 3
t hi ckness of the first Ti |layer of the structure for which data is
prfesented in .4 Figure 5 was only 100 A and the process conditions
updetr whi ch t heFigurefoshoms theXRD intensity; 60k asa Bincien of gmessahambphprem as
those for the structtx'e for which data is presented 6 in Figure 3,

f

i th2t he 6Qfddor pdP08 W%leayqshghﬁa la}yﬁéygﬁﬁgsosmatpﬁax%ﬁsrsdt@h%ﬁ@ﬂ 7

ressure during the i on of . barri er of Fiqure 5 was only 10
T cdnpar eRP‘@W ha e ‘bf%s%gﬁ W%s‘%ﬂﬁu&&blﬁbﬁ‘ﬁ@

e e ik %mgmfw Gnd L B oo™
1 7 Sl Ao T Rl
o B2, HELGH, 04 SE B 4

Iaye il Iu (?llg in Figure 5 (and in the overly| ng alumnum<1 1 1> 14
crystal orien lon content) is attributable to the elimnation of the
factor which would 15 otherwi se cause irregularities in the first Ti
| ayer crystal orientati.on as that |layer is 16 formed. 17 EXAMPLE
FI'VEg 18 The abodelddscrived 'ia?éi&?ed &n@&ﬁfrﬂeﬁt@ atERNtehded 10dirmsit e thp dl

| ayer of substantial thickness, O A or greater for exanple wher e

Process prgHehe pesseiiinvéhtioh, &ron@sﬁm%ﬂ iR aktruawmntxqe%f the pre&igit afseRBERDI €
during deposition of this layer, we have discovered a preferred operational

21 10  pr egsmdsusihémbodimente peastesspondowith theesubjecpmiatter dfthe hvertion slaged Ve
have di scovered 22 that the XRD intensity (indicating the desired <002>
crystal orbeonwation) for the Ti |ayer
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23 I's unexpectedly lower at 20 nil than it is at 10 or at 30 niT when the
DC power to the Ti 24 target is noderately low. The reverse is true
when thé DOVPORENI280 the Ti target is 25 hi gher. 21 FPETUSB1 SRD WS
the XRD intensity 604 as a finttion of process chanber pressure 2 606
for a 1,000 Athick Ti layer. The Ti |ayer was deposited at an RE I nducti on
coil 3 power of 1 - 2 kW a DC power to the Ti target—of 3 -—5-kW

with no substrate bias power 4 aPBAIMS and at a ture
of about 200[err]C. Curve 602 shows that the 5 dmmH“m!mllmrmnr

ori ent ati oWeosdaitmsnt of the Ti |ayer decreases unexpectedl ¥ betweenst

process chanber pressures of 30 ml and 10 mT, when the DC power to the T|
target is 5 7 kWor |ess. 8 The above described preferred
enbodi rrents are not intended to. limt, th Sco of the present

i nvedt i on, lad makod of fabrigating %ﬁtrcampn@aa anwcwénpﬁmmnwm osur e

the Pnvent PO aDISA0BRp! ohe 21 {12 gSel H&#@%@J@E of e el Tayer

dur gt noseRegenty Beeoi dur st i Gm ol sBSRSR %éé’ﬁ%@ea SER R BT
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a 6 <111> normalized XRD intensity of at least about 0.85, for at least 70 % of said
7 semiconductor structures processed in a continuous series through a barrier layer
8 structure fabrication chamber.
1 2. The method of Claim 1, wherein the thickness of said first layer of Ti or TiN is at
2 least 150 A thick.
1 3. The method of Claim 2, wherein a pressure in said fabrication chamber during the
2 deposition of said first layer of Ti or TiN is less than about 30 mT.
1 4. The method of Claim 3, wherein said pressure is less than about 20 mT.
1 5. The method of Claim 4, wherein said pressure is less than about 10 mT.
1 6. The method of Claim 1, wherein a pressure within said fabrication chamber during
2 the deposition of said first layer of Ti or TiN is less than about 10 mT.
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6 <002> normalized XRD intensi-ty of at least -about 0.75, or said first i
| ayer of TiN exhibits a 7 <111> nornalized XRD intensity of at |east about
0.85, for wodmasxt 70 % of saj r structures RCOUSIETISIN a
continuous series through saiauﬂmuﬂmmnﬂugmlﬁtructure 9 fabrication '
chanber. 1 2. The method of d&inr 1, wer&in"the thickness of said first

| ayer of Ti or TiNis at least 2 150Athick. 1 3. The nethod of Caim 2,
whet ei n &7, pAanathodof fabrkicatidg adlrcomprisinmg batréeriiayer dtmetnre drhe s@nidepdigitéri on of
.said first layer of Ti or TiNis less than about 30 ml. 1 4. The nethod of
d at m 3, subsirate,rto enitde pontrod of thei<d 112 sxystah anienibtion cogentiof ag afimifinm lagethod of
Claim4, wherein said pressure is |ess than about 10 ml. 1 6. The nethod of
ClaBm 1, swbsequenthyndeposites therepyarhwhersi alserigh of suhstrates v pnopessediwithina t he 2
deposition of said first lLayer of Ti_or TiNis |ess than about 10 ml. 23

1 %. A nfsbrieationfchamber, said meghod compsising: i denegitingra fust layeref Tiscomprising on a
sem conductor, 2 substrate, .duri n'% sequent i al progessing of a series of

sai 8 subsmateriabunomsaidgmICaARGPRTIDSIE fo 8 thickness o s lgart abami S0 At o provi de
control of the <111> crystal orientation content of an 4 alum num | ayer
subsequent |y deposited thereover, said nethod conprising: depositing a 5

2 1 hi cknots TH matic SFRIaE 7 Sali b T bR R SR e ol e 1

wherein said Ti- Q%ri nﬁlqgw hal is selected fromthe group 2
conSi st néoch‘ﬁls? I\(?,fsflé’n | ﬂ@ 9. The method of G aim8, wherein said
first layer is Ti and wherein a second layer of Ti- 2 conprising materi al

i s deposited over said Ti |ayer, wherein said second |ayer is TiN or

TiNgerr]. glypd Qletl‘ﬁs_dr@t('gﬁ% Qw8 saiaiAriager ik TF 2P WheleiPa BR0AA Hyel Y €T

structure on a sem conauct or

2 Ti-comprising material is deposited over said Ti layer, wherein said second layer is TiN
3 or TiN,.

1 10. A method of fabricating a Ti-comprising barrier layer structure on a semiconductor
2 substrate, to enable control of the <11 1>. crystal orientation content of an aluminum layer
3 subsequently deposited thereover, wherein a series of substrates is processed within a

4 fabrication chamber, said method comprising: depositing a first layer of Ti-comprising
5 material on said semiconductor substrate at a pressure of about 20 mT or less.

1 11. The method of Claim 10, wherein said Ti-comprising material is selected from the
2 group conéisting of Ti, TiN, and TiN,.
1 12. The method of Claim 11, wherein said first layer is Ti and wherein a second layer of
2 Ti-comprising material is deposited over said Ti layer, wherein said second layer is TiN
3 or TiN,.
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2 substrate, during sequential -processi.ng.of a series of said substrates
through a barrier layer 3 fabrication chanber, to provide control of the
<111> cryswel9sae92ent ati on coniﬂmuﬂmun m num | ayer sURCHYSRHI5(3
deposited thereover, said met mm’ epositing a 5 first |layer of
Ti -conprising material on said sefi conductsor *substrate at a pressure of
about 20 * 6 ml or less. 1 11. The nethod of Claim 10, wherein said

Ti - tonpr i §3.nGhemethodaf Glams) whersth saiddsposisionmuessure for said fistileyerof Ti, Ti N,
and TiNerr]. 1 12. The nethod of Caim1ll, wherein said first layer is Ti
and2wher eThcemprsingimatesiabis legs than abput é0mpii sing material is deposited over
said Ti layer, wherein said second layer is TiNor TiNerr]. 24 "~ 1

13. The nmethod of Caim 10 vvherei n said deposition pressure for said first

| ayer of 2 Ti - co i SI terial .is [ess tha bout 14.
The lnmet hodi#- OHWWPTP %@ﬂaqsmwrﬁs Féa‘f]@}“slé)’q irst

| ayer o - conpr i si,n ri | ess than about 10 nml. 1 15.
The 2net hoil’ﬁ?mﬁf‘%ﬁ’%‘f@gy %@F%tﬁ%égt? &85‘?5;1;1 tion pressure for said first -

| ayer of 2 Ti-conmprising material is |less than about 10 nmrl. 1 16.
A nmethod of fabricating a Ta-conprising barrier |ayer structure on a

Sy CONGUGH Orng method B 15 SundBn SR BoA0h bl iR B by ot

ori ént ati on con a copper Tayer Sequent epo |

ther eover MACTte AN ng bARABSLFI Ng a first Iayer of Ta 4 or
TaN upon sal g'}ng %p&gﬁct or su st?ate \?\#‘IEI’EI n said first |layer of Ta
exhibits a 5 <111 > nornalized XRD intensity of at |east about O0.75,
or said first |ayer of TaN 6 exhibits a <111> normalized XRD intensity
of at | eagk, aPREthod of Fabricatingh ThReflpriéRYvatriet layer stridhd m&ﬂ@gﬂkﬁ%r
structures processed in a continuous series through a barrier layer 8

st rgct ur e stibedfate; &5 ¢rAbleCddRATOROE the <111> crystal orientation content of a copper layer

3 ~ subsequently deposited thereover, said method comprising: depositing a first layer of Ta
4 or TaN upon said semiconductor substrate, wherein said first layer of Ta exhibits a

5 <111> normalized XRD intensity of at least about 0.75, or said first layer of TaN

6 exhibits a <111> normalized XRD intensity of at least about 0.85, for at least 70% of

7 said semiconductor structures processed in a continuous series through a barrier layer

8 structure fabrication chamber.

1 17. The method of Claim 16, wherein the thickness of said first layer of Ta or TaN is at
2 least 150 A thick.

1 18. The method of Claim 17, wherein a preésur‘e in said fabrication chamber during the
2 deposition of said first layer of Ta or TaN is less than about 30 mT.

1 19. The method of Claim 18, wherein said pressure is less than about 20 mT.

25



1 17. The met hod of Clai m-16, --wher ei-n the thickness of said first
| aygr of Ta or TaN is at | east 150 A thi ck. 18" The net hod, of
Clalm1l7, vWerseiiesza pressure mulﬂuﬂ"lﬂwlmmljon charrber dur i RGI/USA8Z503
deposition of said first |aye | ess than about 30 nml. 1
19f The nmethod of C aim 18, wherei n sai'd pressure is | ess than about 20 nfl.
2 I 20. The nethod of Claim 19, wherein said pressure is |less than
apout 10 r@0. The methodof Clrima lﬁewhmirwai@mmriiilemhmabmalﬂrm"ésure Wit hin
ai d fabrication chanber during 2 the deposition of said first |ayer
f Ta or TaNis |ess than about .10 niT. 1 22. A net hod of fabricating a
JqTa-conprising barrier er structure on a sem conduct or substrate,
to ehabl e %bﬁrhednetbed 9%6 am i, whetedn g pregpyre matdin sad é@hmﬂ?n eharsbes GppRE
| ayer 3 subsequent ] y. deposi t rein a,series of
subs2r at esthe deppsiiqafs d\/ﬁrﬁﬂ?‘)ﬁeraf’f a°rhl%i\f’éﬂ?§séh‘%q Ut EQmer , said net hod
conprising: depositing a first |ayer of Ta-conprising 5 mat eri al upon
said sem conductor substrate to a thickness of at |east about 150 A 1

Fromtne 5 A e & Fianol At iR e ARe F iyt Bh 8 fhipndydfe °°' ¢
et hgd of ﬁbeute,?,xa oS bERIPL L1115l ol uSHch TR AR O @Ad;;s.?ﬁaﬁscond

| ayef of 2 conprising over ‘sal

wher §' n Sahi%séﬁﬁﬂﬁ)gd fed fh e-E@M 3vhefem a@éne-gad}'[sﬁﬁsrn]ates]is grocess%é Wl@.l thod of

fabricating a I Sl ng arr ayer structure on a sem con or 2

subsyrate, fat:ﬂgmbdhamsentt]a lmémlfm& Ofinprishd: Qeyoidile PhieiRl bPTa EORbARKLOf 2

copper | ayer subdequent eposrted t ereover, ereln a serie
subsir at s paferial wﬁsﬂise%&&ﬂdﬂcer fubstrate tt)%ttﬁicﬁﬁéss QF aﬂ'ém%ut s Al method
conprising: depositing a first layer of Ta-conprising 5 material on
sai d sem conductor substrate at a pressure of about 20 ml or | ess.

1 23. The method of Claim 22, wherein said Ta-comprising material is selected from the

2 group consisting of Ta, TaN, and TaN,.

1 24. The method of Claim 23, wherein said first layer is Ta and wherein a second layer of
2 Ta-comprising material is deposited over said Ta layer, wherein said second layer is TaN
3 or TaN,.

1 25. A method of fabricating a Ta-comprising ba1;1'ier layer structure on a semiconductor
2 substrate, to enable control of the <111> crystal orientation content of a copper layer

3 subsequently deposited thereover, wherein a series of substrates is processed within a

4 fabrication chamber, said method comprising: depositing a first layer of Ta-comprising
5 material on said semiconductor substrate at a pressure of about 20 mT or less.

1 26. The method of Claim 25, wherein said Ta-comprising material is selected from the

2 group consisting of Ta, TaN, and TaN,.
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1 26. The nethod of C aim 25, wherein said Ta-conprising materi aI S
sel’'ected fromthe 2 group consisting of Ta, TaN, and TaN err] 1
27. The neM@W/18921C ai m 26, wherein said first layer is Ta aﬁﬁTW{FéWéﬁ‘F"

second | ayer of 2 Ta-co I"”mﬂ i s deposited over said Ta
| ayer, wherein said second | mm””” or TaNx. 1 28. The
met hod of Cl aim 25 wherein sai'd depbsition pressure for said first |ayer of
2 Ta-conprising material is |less than about 10 nl. 1 29. The

met hod of Cl aim deposi t res uref r said first |ayer of
e o S 2T he st qﬁ‘éﬁm 3. vﬁkw S8 3 EroR T 22 fperain a scconglayant
nmet Qod of .Cl aim n sal QSi L. res e far said,first yer
of ToeoRpSE g T afostted e Seld THaRes Boistetn 10 4ocond layer is Tak

3 or TaN,.

1 28. The method of Claim 25 wherein said deposition pressure for said first layer of
2 Ta-comprising material is less than about 10 mT.

i 29. The method of Claim 26 wherein said deposition pressure for said first layer of
2 Ta-comprising material is less than about 10 mT.

1 30. The method of Claim 27, wherein said deposition pressure for said first layer of
2 Ta-comprising material is less than about 10 mT.
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