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ASPECT RATI O SEM CONDUCTOR DEVI CES The present invention relates to the
field of wemsmorsduct or device fabrication, and 5 nore pardrasozedogst o

met hods for maki ng conductive contacts in the formation of a sem conductor
device. As sem conductor fabrication noves toward maxi m zing circuit
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Typically, tn formng a contact plug, a thin layer of titaniumis deposited

over the top ofAssesiitarcioniobfbechtonanoyes udsindah@)imizdmglcitenigiengty, etectatdabr

electrically conductive plu material is t deposi t.ed from tungsten
et | Uor i AUTPARES b (oG L A 0E6p up0and AT BUBROR: 11T ToHE S ont act
hol e. HoweRictrida86ihedlich B@¥W8EAhetal AYER 0 BMPr BndubiNORY &8 af WfeRhHOS
Tungst en does not provide an adequate fill for high aspect ratio 20
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been deposi . | ow pressure chem cal vapor deposition (LPCVD) using
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deposition (CVD) to fill the contact hole. However, there are several limitations of
tungsten (W) plugs. Tungsten does not provide an adequate fill for high aspect ratio

20  features. In addition, the use of WF; as a precursor gas in the formation of tungsten
plugs, can result in the penetration of the fluoride component into the adjacent dielectric
layer causing lateral encroachment and wormholes.

Titanium nitride (TiN) films have attractive properties that may overcome the

limitations of tungsten plugs as integrated circuit (IC) devices continue to shrink below

25 0.15 micron dimension. TiN films have been deposited by low pressure chemical vapor
deposition (LPCVD) using tetrakisdimethyl-amidotitanium (TDMAT) and ammonia as
precursor gases. However, TDMAT films have a high carbon content and when
subjected to high temperatures in the presence of oxygen, become porous and, therefore,
are unusable as a conductive contact.

30 Thin TiN films and liners have also been deposited from titanium tetrachloride
(TiCly) and ammonia (NH3) by CVD onto a titanium (Ti) liner overlying the insulative
layer. Although useful for forming a thin liner, when pure TiCli-based TiN is deposited

to fill a via or other contact opening, the material does not adhere well to the Ti thin layer,



| ayer. Al though useful for formng a thin liner, when pure TiC 4-based Ti N
is deposited to fill a via or other contact opening, the nmaterial does not
adhere weWb oso11she Ti thin layer, 1 WO 03/012860 PCT/ USO2L2AG8824088
particularly when the Ti N | ayer becones greater than about 150 to about 200
angstronms thick. Therefore, it would be desirable to provide a titanium
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pressure exerted when the thickness of the fill within the contact opening is about
200 angstroms or greater.
20 The present invention overcomes the problems of a pure TiCly-based titanium
nitride plugs or barrier film by incorporating diborane (B,Hg) into the gas mixture to dope
the TiCls-based titanium nitride film during the deposition process. The addition of B,Hg
to the precursor gas used to form the TiCls-based titanium nitride film has been found to
improve the mechanical properties of the resulting titanium nitride film with substantially
25  no impact on its conductive properties. In particular, the gaseous mixture used to form
the boron-doped, titanium nitride contacts comprises diborane (B;Hj;) in an amount
effective to provide a contact having an amount of boron to provide a level of adhesion of
the conductive contact to the insulative sidewalls of the contact opening to substantially
eliminate peeling of the contact from the sidewalls and cracking of the body of the
30 insulative layer. The mixture further includes an amount of ammonia (NH3) to provide
the contact with a level of nitrogen effective to maintain the conductivity of the contact at
a predetermined level for an effective electrical contact with a conductive or active area

within the substrate to/from an active area within a semiconductor device and/or a

memory or logic array.



t he conductive contact to the insulative sidewalls of the contact opening
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substrate can then be processed to remove excess material, for example, by
chemical-mechanical polishing, to form the conductive contact in the opening.

20 In another embodiment of the method of the invention, a multi-layered titanium
nitride conductive contact is formed within a contact opening of a semiconductive
structure. A titanium silicide seed layer is first formed over the silicon substrate at the
bottom of the contact opening. To form the layered contact, alternating layers of titanium
nitride and boron-doped titanium nitride are then deposited over the seed layer. In

25  forming the alternating layers, a layer comprising titanium nitride (undoped) can be
deposited from a first gaseous mixture comprising TiCls and NH3, to form a layer
typically about 100 to about 500 angstroms thick. Diborane (B,Hg) can then be
introduced into the gaseous mixture to deposit an intermediate layer of boron-doped
titanium nitride to form a layer typically about 100 to about 500 angstroms thick. The

30  flow of diborane into the gas mixture can then be stopped to deposit a next layer of
titanium nitride layer that is not doped to a typical thickness of about 100 to about 500
angstroms. Additional alternating layers of doped and undoped titanium nitride can be

deposited to fill the opening, with the uppermost layer being undoped titanium nitride.



bottom of the contact opening. To formthe |ayered contact, alternating

| ayers of titanium nitride and boron-doped titaniumnitride are then
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conductjsve faut Bftito abb& 300 Lk aiesss. of each of the individual |ayers is
typically 15 about 100 to about 500 angstrons. Another aspect of the

invention is an Amatberagpest o€ theduyantipn @) andigtegeased ¢iemwiti(He) deens thatieclidasegoi ng
conduct | Ve RoRLEE SR ARR BRI AP e TR, 01 ©°
| east one device comprises an array of memory or logic cells, internal circuitry, and at least one
generally vertical conductive contact coupled to the cell array and internal circuitry.
20 In one embodiment of an integrated circuit device according to the invention, the
IC device comprises a conductive contact of boron-doped titanium nitride that is formed
, within an insulative contact opening over a thin layer of titanium silicide deposited onto
the exposed substrate at the bottom of a contact opening. In another embodiment of an
integrated circuit device, the conductive contact is multi-layered and comprises
25  alternating layers of titanium nitride (undoped) and boron-doped titanium nitride
deposited onto a titanium silicide layer overlying the substrate at the bottom of a contact
opening. The contact is in electrical contact with a conductive area or active area such as
a source/drain region of a transistor or a memory or logic cell array, or other
semiconductor device.
30 Advantageously, the present film overcomes limitations of tungsten plug fills in
high aspect ratio devices, with parametric data showing superior results compared to that
of tungsten. The present invention provides processes for forming conductive contacts

that are fast, simple and inexpensive to implement in semiconductor manufacturing.



general ly vertical conductive contact coupled to the cell array and
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steps, showi ng fabrication of a conductive contact according to another
enbodi nent tefpetatiressdff®d°Gf andS0f@vent i on. FI GS. 3A and 3B are graphi cal
depi ctions show % Igrre]seen? ﬂl?/lélr%onoefncgrgggsrsrgsl mgtthggssosf making integrated circuits,
particularly methods for forming conductive contacts for providing electrical connection
between conductive or active areas of discrete semiconductor devices or portions of such
20  devices. In particular, the invention relates to a contact structure incorporating a
boron-doped titanium nitride film. The present invention is particularly useful in
providing a conductive contact in openings and other features having a high aspect ratio
of 3:1 or greater.
The invention will be described generally with reference to the drawings for the
25  purpose of illustrating the present preferred embodiments only and not for purposes of
limiting the same. The figures illustrate processing steps for use in the fabrication of
semiconductor devices in accordance with the present invention. It should be readily
apparent that the processing steps are only a portion of the entire fabrication process.
Integrated circuits include a large number of electronic semiconductor devices that
30  are formed on varying levels of a semiconductor substrate. Exemplary semiconductor
devices include capacitors, resistors, transistors, diodes, and the like. In manufacturing an
integrated circuit, the discrete semiconductor devices that are located on nonadjacent
structural levels are electrically connected, for example with an interconnect or

conductive contact structure. The conductive contact generally comprises a region of
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however, the contacts of the present invention can be used wherever required within the
structure of a semiconductor circuit.

20 Referring to FIG. 1A, a semiconductive wafer fragment 10 is shown at a
preliminary processing step. The wafer fragment 10 in progress can comprise a
semiconductor wafer substrate or the wafer along with various process layers formed
thereon, including one or more semiconductor layers or other formations, and active or
operable portions of semiconductor devices.

25 The wafer fragment 10 is shown as including a silicon-comprising base layer or
substrate 12. An exemplary substrate 12 is monocrystalline silicon that is typically lightly
doped with a conductivity enhancing material. Formed at the surface 14 of the substrate
12 are a transistor structure 16 and an overlying insulative layer 18. The transistor 16,
comprising a gate 20 and adjacent source/drain diffusion regions 22a, 22b, can be formed

30 by conventional methods known and used in the art.

The insulative layer 18 comprises an oxide, for example, silicon dioxide (SiO,),
phosphosilicate glass (PSG), borosilicate glass (BSG), and borophosphosilicate glass
(BPSG), in a single layer or multiple layers, being BPSG in the illustrated embodiment.
The BPSG insulative layer 18 has been etched using a known photolithography

6



10 sem conductor material, including but not limted to bulk sem conductive
materials such as a sem conductor wafer (either alone or in assenblies
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(either alone or in assenblies conprising other materials). The term
"substrate" refers to any supporting structure including, but not limted
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12 areia tisuehs t@lovedr resdtatice il theadtadiregioal Methgquessut ptdcess dyapars fd8. The
transistor 16, conprising.a gate 20 and adjacent source/drain diffusion
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regi ons 2240mminga tigapsup stlcidedaeraee well keowi Ht the AH asAsseiires, fos swmplidused

in the art: i i 8 i i f gr.; exanpl e,
silicon di &gﬁt%%?w%%ﬁggyﬁﬁ@g# ?t%g e dgﬁg'zségi(be%@)@ﬁ%g’r%sa}'l i cate gl ass
(BSG, and bor ofphefspphbs iid Tidi;segl hger 3((iIBREG)ed iy eonyemifngal playma-edranced t i pl e
| ayers, bei BPSG in_the. jll ed enbodj nent, he . BPSG | nsul atj ve

| ayer 18 h5@915@%%@95ﬂ@iﬂ)%@?ﬁﬁ%ﬁﬁ%%@%ﬁ@%@% SV DT S8y
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masking wth a patterned photoresist |ayer (not "shown) to provide a via or
ot her cont aath sspegdm@A? 4ndief helaeh G¥e) to denpdsitailayer of titanaioh §T26verrthe a bot t om
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the silicon to form a TiSix film layer 30. Exemplary process conditions for achieving the
formation of the TiSi, seed layer 30 include a wafer temperature of about 600°C., a

20  process pressure of about 0.5 to about 20 Torr, a power range of about 100 to about 800
watts (using a parallel plate single wafer plasma reactor), and flow rates of about 150 to
about 300 sccm TiCly, about 1000 to about 8000 sccm hydrogen (Hy), about 1000 sccm
argon (Ar), and about 50 sccm nitrogen (Ny).

Although the preferred process for forming the TiSiy seed layer is by PECVD

25  technique, the TiSix seed layer 30 can also be formed by a depositing a thin layer of
titanium by physical vapor deposition (PVD), i.e., sputtering, onto the surface 14 of the
substrate 12 at the bottom of the contact opening, and then performing an anneal step
(about 650°C.) in an ambient gas such as nitrogen, argon, ammonia, or hydrogen. This
causes the titanium to react with the silicon exposed on the surface 14 of the diffusion

30  region 22a to form the TiSix seed layer 30. Such a process is said to be self-aligning, as
the TiSiy is only formed where the titanium metal contacts the silicon active regions.

Another example of a method to deposit the TiSix seed layer 30 is by a
conventional low pressure CVD (LPCVD) process. Exemplary process conditions
include a process temperature of about 650°C. to about 900°C., and a pressure of about

7



5 which electrical contact is to be nade. Referring to FIG 1B, a titanium
silicide (TiSiX) seed layer 30 is forned over the exposed surface 14 of
the silicoomswonste ate at the bottom 28 of the contact opemCmgSAZ24088
Typically, the seed layer is formed to a thickness of about 250 to about
300 angstrons. The resulting Ti Si X seed |layer 30 that forns at the
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cont act opening,.. and_ then ormn n anneal step . (about 650C. ) in an
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diffusion 30 region 22a to formthe Ti seed | ayer 30. Such aprocess is
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deposit the titanium boronitride film comprising the metal and elements of the precursor
20  or reactant gases.

In an exemplary TCVD process to deposit a boron-doped TiN layer according to
the invention using hot or cold wall thermal chemical vapor deposition, the wafer
fragment 10 is positioned in the TCVD reactor (not shown) and a gaseous material
comprising titanium tetrachloride (TiCly), diborane (B;Hg), ammonia (NH3), and inert

25  carrier gases such as argon, helium and/or nitrogen, is flowed into the reactor under
conditions effective to chemical vapor deposit a layer 32 of boron-doped, TiCly-based
titanium boronitride over the titanium silicide (TiSix) seed layer 30 within the contact
opening 24. The gaseous material is deposited to a thickness to completely fill the
contact opening, resulting in the structure shown in FIG. 1C. Preferred flow rates of the

30  gases are about 100 to about 500 scem TiCly, about 100 to about 1000 sccm B,Hg, and
about 100 to about 1000 sccm NHj. The preferred temperature within the reactor (hot

wall) or of the susceptor (cold wall) is from about temperature of about 550 to about

700°C., preferably about 560 to about 650°C., with pressure conditions within the reactor



WO 03/ 012860 PCT/ US02/ 24088 10 miflorr to about 1 Torr, using titanium
tetrachloride (Ticd4) plus a silicon precursor or source gas such as

si | ane (SwBAp/Homsedi chl orosilane (SiH2C 2) at a ratio of alraatuss2/14088 n a
carrier gas such as helium To overcone the problens that occur in the use
of a pure TiC 4-based titanium5 nitride plug or contact, such as peeling

of the contirgig fréAmbbikel THS b Mduy €5 ToHEPRI:SHIPhbsE 0 TP BHicaPRER fifa and
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conductive contagt. or _.pl 4.. sh in.FlG. . Preferably, .the
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systens are well known in the art, as described, for example, in

Pat ent Ro. RpMpand soNHpepsenihiot ate flgwed interfhe nesters aggnaigiemedis af tapravidaar an) .
TCVD syst 1.J cl: |}/
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process, the, suhstrate i | aced in_a yeactiaon chanber (not =15 shown) in
whi ch the stfis¥@flsadaode %tgl%‘fr?g@'g"a‘%%%ﬁygfow’é&hﬁ@w qféh%@%}?glétwe lpyegfldr abl y, the

substrate is heatied §ReATHEENREAL Hafark aﬁé ARuPlhe iftGudGFGBIR id .{h%rga% to the

tenperature of the precursor gases. en the gases are I ntroduce
reacti o chaixbwe pagsdsshr wdgged leviehvDadherenaeto the tdsutdiiee sidbwhllsadfe, contset gases

deconpose on t.he rface of .the supstrate to,. deposit the titanium
bor oni t ri d€PF jﬁ}?ﬁ??@ﬁsﬁ@ﬂ}eﬁ@%&b CLBL%HW@Y gﬁ’éht?’g S’&FW?‘E%O%L%W 020 or
react ant gag@fion! WhalsuRKORadk Yeal Y thiBk RS §BatoRit Qﬁgﬁvﬂ\ﬁfr?ﬁs BPRAR: drAge, T N

| ayer according to the invention using hot or cold t hermal’ chef cal
vapor deposhermghstraskef theffdl materialgrmseaust@rackingosfithe meeldtiverlaybre Witvher eact or

(not shown) asequs materi al ri.sj Ltani umtetrachl ori.de

(TiC 4), diaggﬁgﬁgf o) e a&%ﬂ‘f‘%}{?i‘gl?(zﬁ%%, eﬁﬁﬂ%ﬂéﬁ%@%%sw@?%@%e@%ch as
argon, 1bel iisian BRebaod intht EAYSIdN Oof thd HlDWMAELrTaNE Otht BEnth&BALAEL thBGRNIatiGeNdi ti ons
effective to chem cal vapor deposit a |ayer 32 of boron-doped, TiC 4-based

titani um bdrdshialls 26t Biapering 2t ansri edvationiie thyethermabisigss devell Whigker 30
SR SRR T BORORHS, ISR el ol R e
struct ure doownintreasesGherbGs alfs eft&tuctoh fil theleval €fconfiudthety Iondiasesseane about
100 to abo%sis?tgrg)ce)s gf tq?e -giorgaé’ﬁébl%uéou%t%?ac% ’81isa gf(t)‘e%tt, t}]ig gn%m%gi%ni]n ?I%eHgafs n?i)rgéjure is
20 provided in an amount effective to maintain the conductivity of the formed contact 34 at a
predetermined level for an effective electrical contact with the diffusion area 22a or other
semiconductor structure.
Referring to FIG. 1D, excess of the conductive layer 32 can then be removed
according to known methods in the art, for example, by chemical mechanical polishing
25 (CMP), to form the conductive contact or plug 34 for providing electrical connection
to/from the diffusion region (conductive area) 22a to various parts of the semiconductor
device.
The resulting contact 34 comprises a boron-doped titanium nitride layer overlying
a thin titanium silicide layer deposited onto the substrate at the bottom of the contact
30  opening. The contact 34 possesses a high level of adhesion to the insulative sidewalls of
the opening, has a sufficiently low thermal stress level, measured in force per unit area
(i.e., Gdynes/cm?), to substantially eliminate cracking of the insulative layer, and is

highly conductive with low electrical resistivity.



about 100 to about 1000 sccm NH3. The preferred tenperature within the
reactor (hot wall) or of the susceptor (cold wall) is from about

t enper at uwe dh1mbout 550 to about 700C., preferably aboutrCFAGI2/240800UL
650C., with pressure conditions within the reactor 8 W) 03/012860

PCT/ US02/ 24088 being from about 1 Torr to about 15 Torr, preferably about
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provide a fill jhaMbiRer @nbNBbntf tREMeM8a e tHenidiioh "SHuBLIayered iiiaN@h! s 26
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to and doesitnide cprdbictivgegnidat gan beEabrisiiddind wefer ngmant, ssidenicied indflGY.2dk s
develop in %he l?loﬁy of the insulative |layer 18. Tid 4-based Ti N contacts
i tho

that are mi ey ut the inclusion of B2H6 in the gas 10 m xture possess

a reduced | evel Rifferdigipes ENGE2A Oa thRr FrAgMbAL 107 65 Siotl@Viilidrs peicesingO Baétly,
opening. This results in the contact peeling away fromthe sidewalls of the
openi ng. | rvafeid@aame 10\meladey siliegheeipprasingabtratet B, dinesspls  about 200

angstrons - he -hi gh_ - Str f i i C cause
cracki no. o TRE ey b RO B Ra2 A bl Rk o PR Lo MUt s
of B2HGot 0 ovhdyihp Ghehlaive 1dydB 1 Favaqusingofiperanple, BPREY Basldn dxposed suifadecase i n
t he adhesiog,of the fill materjal of the contg&% 4 with the insulative

si dewal | s 26" 8#d ¢ ARG QRFHAS 24, haying ddevedlscat apf # Rottare PPHIONAST- $he eapyact
| evel , whi %Berhiﬁgléﬁtéﬁ&ﬂcﬁ't&ﬂﬁeéohﬂﬁ&f%%?ea@ﬁqki ng of the insulative |ayer 18.

However, as the anpunt of oron I ncreases, there is also a reduction in
the I evel of coftetingite ¥1Ga2B, 4 thor easieni silicide ¢TiSiplye) 3@ fis foumed omtrabe 34.

To counteract .this effect, ' ia.in the I xture is rovided in
2 amount | eordidveaagIudt he b e cohbmeRTr R oMb HaS bihedd dBretblY 34
at a pkedehehminafkss SVMouf 250 RULEHT BOtdngSr&heCTRd TR, 1&9&@@8@%&1‘3&&?

di ffusion area 22a or other sem conductor structure. Referring to FIG 1D,

excess of thiyecopwvenivoel methpdsy es peRioysly dehwibedcandagrrofeeably by EBCHIThesing TiFown
met hods in for by chem cal mechanical polishing 25

he Cflr too eecxar%l Cie
(CwWP), to f M HE YRAGHTVE E8Shit act or plug 34 for providing electrical
connection to/fromyehd ddhlddist ebnth&dl Qimcd BRALEEIitR AfcR@atingd@y ek PoVRITLOUS

parts of t t;)%\15esde:[giar(lzil(irr;ldnuit(i*;'[doerand a boron-doped TiCls-based titanium nitride into the contact

20  opening, such that a boron-doped titanium nitride layer is interposed between two layers
of non-doped titanium nitride. The multi-layered contact can be formed by conventional
thermal CVD processing at a temperature of about 550 to about 700°C., preferably about
560 to about 650°C., and a pressure of about 1 Torr to about 15 Torr, preferably about
10 Torr.

25 A gas mixture comprising titanium tetrachloride (TiCls) and ammonia (NH;) and
one or more carrier gases can be flowed into the reactor to form a layer 36a’ of non-doped
titanium nitride onto the TiSiy seed layer 30° to a desired thickness, typically about 100 to
about 500 angstroms, resulting in the structure shown in FIG. 2C. Preferred flow rates
for the gas mixture are about 100 to about 500 sccm TiCly and about 100 to about

30 1000 sccm NHj.

As shown in FIG. 2D, diborane (B,Hg) is then flowed into the reactor, and a layer
32’ comprising boron-doped, titanium nitride is deposited onto the non-doped titanium
nitride layer from a gas mixture comprising TiCls, NH;, and B,Hg. The boron-doped,
titanium nitride layer 32” is deposited to a desired thickness of about 100 to about
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device. The resulting contact 34 conprises a boron-doped titaniumnitride

| ayer overlying a thin titaniumsilicide |ayer deposited onto the

subst r at ewatostoseot t om of t he contact 30 openi ng. The comCaatSodAopoHssesses
a high level of adhesion to the insulative sidewalls of the opening, has a
sufficiently low thermal stress level, neasured in force per unit area

(i.e., CGdy rs@slaﬁg&ﬁomst Prafbeh Fak r%{e's%lethle BhORE8ue A K9 106 td o mc%l ve

| ayer, and is conductive with ow electrical resistivity.
03/ 012860 Iﬂm14l.18®>2¢ ZQ@BBaboAt imm%ﬁ3,9hd\ahQutd0@a@ ghonaf DQmsdcmylészcaérB t hen

be fornmed over. t evice. onnect s d cont act
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5 nitride conductive contact can be fabricated in a wafer fragnent, as

depi cted i n FI GShedpw ehBgih thxm, cemetleand thgﬁtfsj gF$ Bixtpg (i, Wleﬂ\lfﬂr)a@rrent
10 h f. f | ud
107 = shoup 50 EREEFS| Dy o e Ao R 95,

with a Concih@\t/n\ﬂeFHEeZE 278¢ tigmiiin ABride sxgurw &l dpOsifedgb amiesiAvd thRkasser | yi ng
i nsul ative | ayer risi n%é for exanple, BPSG has an exposed surface

19' and a dynEabt abé’b‘é h@(h apgut nggirameie s fitantyg nigide layes36P osARSr t i on
' h
28 The C;ﬁgﬁ%ﬁ%‘d t(ggfl@fé@ig%%ﬂhg[ e/‘flrteefﬂéjtﬁ/ei aﬁ!ﬁ‘ﬁaﬁeﬁ?%%g% %@?ﬂr@ﬂ 88pe:25)lgtﬁamumf or med

Referrlng i'taniumsi’lici ayer
over the mindactn bedgrosaedRaiveat tvﬁtd’l]rayh@totf aon-d8pedaitatitve mpieiandestdd.to The

Ti Si X | ayer referably a thickness of about 250 tq about 300
angst r ons. ‘}ﬁtg‘e“f’ Hagt peping %O'ng‘a%eblgp?%]&yﬁvf&]%mqt SHEPTIHEE hods, as

previ ousl yngﬁ%i,bcpﬁfgmﬁ{lqltﬂgbef erably by PECVD using Tid4, H2, and one or
nore carrier gases. A |ayered conductive contact is for rred by dep05| ting

alternating I ayé%)@eisfmélfﬁld}lﬂzban basaotedtaamiepictediin FIGe2E,fdr exdnglehyddd®dto
Ti C 4- base %anl umlmtrl de |j;t,o the contact 20 opening, such that a
bor on- dope rt‘? hefontnivecPaEi 3 er is i nterposed between two | ayers of

non-doped tit an'SéﬁH\Mdhfd 1ayér SF - AN REREM GRS’ Kéﬂe&ﬁuﬁd%gé@d by
conventional thernal processing at a tenperature of about 550 to about
700C., pr eftssragnpitside g@bstantlally reduces the thermal stress in a TiCly-based TiN fill material.
This allows the fill to be used as a conductive contact to replace tungsten (W) plugs in
high aspect ratio features. The combination of alternating layers achieves a TiCly-based
TiN contact having a level of adhesion that substantially eliminates peeling of the formed
20  contact from the sidewalls of the contact opening. It also provides a lowered level of
thermal stress that substantially reduces cracking of the body of the insulative layer,
particularly when the thickness of the contact reaches about 500 angstroms or greater. In
addition, the resulting contact has a high level of conductivity for an effective electrical
contact to a diffusion region or other conductive structure.
25 EXAMPLE
A boron-doped TiCls-based titanium nitride (TiN) contact was formed in a high
aspect ratio opening of a BPSG layer according to the method of the invention. The flow
of diborane (B,Hg) was varied over a range to test the change in thermal stress
(Gdynes/cm®) of the boron-doped, TiCly-based TiN contact on the BPSG insulative layer.
30 A wafer fragment was provided that had a silicon substrate layer and an overlying
layer of BPSG. A contact opening was formed through the BPSG layer. The aspect ratio
of the opening was 10 : 1.
The TiCly-based TiN film was deposited by thermal CVD at a pressure of 10 Torr
using a Centura system, available from Applied Materials company of Santa Clara,
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560 to about 650C., and a pressure of about 1 Torr to about 15 Torr,
preferably about 10 Torr. 25 A gas m xture conprising titanium

t et rachl owode/n{Bel 4) and ammoni a (NH3) and one or nore @EETIISHZ248%esS can
be flowed into the reactor to forma |ayer 36a' of non-doped titanium
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titaniumnitride substantially reduces the thermal stress in a Tid 4-based
Ti N fill megeivplghts. This allows the fill to be used as a conductive contact
to replace tungsten (W plugs in

12



hi gh aspect ratio features. The conbination of alternating |ayers achieves
a Ti Cl4-based Ti N contact having a | evel of adhesion that substantially

el i m nat ewopaeiisag of the formed 20 contact fromthe sidewalriisortsoshe
contact opening. It also provides a |owered |l evel of thermal stress that
substantially reduces cracking of the body of the insulative |ayer,

parti cul ar yypwers chammkpkRess of the contact reaches about 500 angstrons
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conduct i vi tly f oA matheflfof ferimieg elcerductivatontas it asemiconductiiridevist opmpagingn or
ot her conductive structure. 25. VPLE A boron-.do T Cl4- hased t.itani um
it de”(TERpPESRE B S e el o o S S AR e b iR B
| ayer accondddlyih®silibeh-eahhaan®sublshigie] Y aftiiddrcompiRirlyl thvstepd ofli bor ane
(B2H6) was varied over a range to test the _change in thermal stress
(Gdynesfcn®) of deprsithigr dlayeoioaeprisinectanigamsalicids (v dh Bibsirain vitha BpSG

i nsul at i Veoh@ﬁiﬁé"an 0 A wafer fragnent was provided that had a silicon
substrate l'ayer®and an overlying |ayer of BPSG A contact opening was
fornmed through idegosBREGdray-dopediifiteniaspetidercatt the tiednidh gilizpieribyeg toviemlO: 1.
The Ti Cl4-based . Ti N fil mwas deposited by thermal CVD at a pressure of 10
Torr usi n§heCordpetine£08lpst em avail able from Applied Materials conpany of
Santa Clara, 11 WO 03/012860 PCT/ US02/24088 California. The precursor
gases were flowed into the reactor as follows: 340 sccmTiCl 4, 200 sccm
NH3, 3000 2ccm dihgaretiicdt Jf Clamd 1 20D8&emaberppasmEphes ani dasparg eatio(dM2poutBak or

di bor ane (BZH&)%Was flowed into the reactor at a rate ranging from 200 sccm
to 600 scc*®Pata was nmeasured at two different tenperatures: 600C. and
650C. 5 The results are shown in a graphical formin FIGS. 3A and 3B. As

i ndi cated, as the anount of boron (i.e., B2H6) was increased, the stress
(Gdynes/ cnB) of ThhenetHodCifAClbms édwhersinthe epératg HabowdsZdymerdesseut ral  or
zero stress |evel and bel ow. Thus, by varying the B2H6 fl ow, the thermal
stress of the TiC 4-based TiN filmcan be adjusted such that the materi al
does nqgf cause e nhdRdH M d14En h aWBEreln®hd condBER c&x@qcﬂs%i‘ecte@%ohﬁ"ﬂfé%@&ﬂ ance
with the statute, the invention has been described in | anguage nore or

| ess speci fcbusisimgtad adocal ottencannesh domtecthbatiasladonfashtvia, hig, ind fied toenish.
under st ood, however, that the inventionis not limted to the specific
features shown and descri bed, since the

5. The method of Claim 1, wherein the conductive contact has a thickness of about
200 angstroms or greater.

20
6. The method of Claim 1, wherein the conductive contact has a thickness of about

1000 to about 3000 angstroms.

7. The method of Claim 1, wherein the step of depositing the boron-doped titanium
25  nitride layer is by thermal chemical vapor deposition using a gaseous mixture comprising

titanium tetrachloride, ammonia and diborane.

8. The method of Claim 7, wherein the step of depositing the boron-doped titanium
nitride layer is performed by flowing about 100 to about 500 sccm titanium tetrachloride,
30  about 100 to about 1000 sccm ammonia, and about 100 to about 1000 sccm diborane over

the substrate.

13



means herein disclosed conprise preferred fornms of putting the invention
into effect. The inventionis, therefore, clainmed in any of its forns or
nodi f i catworis/owdsshi n t he proper 15 scope of the appended @CaiUso2/24088
appropriately interpreted in accordance with the doctrine of equivalents.
12 WD 03/012860 PCT/ US02/24088 WHAT IS CLAIMED I'S: 1. A nmethod of form ng

a conducti e cortaGhethfd af SR CO RAEEIPThe GaYIOHE nE AR dothfifhes B2 PRFME an
t hrough an insul ative |ayer, the opening havi n%@m dewalls and extending to

an under | yAnymE elfectiye 1¢ adhsre Biergnaistize eentact te Hie sidevtadld of Srepmpeninggwitheo
steps of 5 Y : PLIS) i.tapnium silicide over the

subgt rate vaqtﬁﬁ?lﬁlag h%gk%%%ﬁgﬁ%@%gﬁ{hﬁ%%tﬂe% or on-doped titaniumnitride
over the titaniumsilicide layer to form the conductive contact. 10 2. The
met hod of aim_1, wherei he openi ng has an aspect ratio of about 3:1 or
greater > 3.(?0The 1#@1%‘3@"‘%??@:{%% Y",%em‘ihéiamoﬂlﬁbo oipRgyisiesfeabvnLipo poovide thei n
or less. 1%.fquchive cBRhOafiiRh 1P a“i"@t‘?{s@'t@fdﬂg?apﬁglgﬁgja%ir{\é &Q&({lrﬁtﬁf the
selected fromthe group consisting of a l[ocal 1 nterconnect, con )

buri ed continsfativeilayerpl ug, and filled trench. 5. The nethod of Caim1,
wherein the conductive contact has a thickness of about 200 angstrons or
greater. 20 6. The method of Caim1l, wherein the conductive contact has a
thi ckness qfj, abogte m&ROP ot 0180 vh3RAPHRRISILO FRxture QO%S@?&]@%&'IH?& ié:{rf’“ m 1,
wherein the step of depositing fhe boron-doped titaniu 25 nitri cile ayer

i s by tler raalamshieheitedtive approvaleposiieciive asouny ofi cgainetvisy i aatastige e@apr i si ng
titaniumtet.rac Ior{)%e ammoni a and di borane. 8. The method of Caim7,
wherei n t he"$18p™< Edﬁ%si ting the boron-doped titanium nitride |ayer is
performed by flow ng about 100 to about 500 sccmtitaniumtetrachl oride,

30 about 100 to about 1000 sccm ammoni a, and about 100 to about 1000 sccm
di borane ovér tThe methed pE€lrim 11, wherein the active area comprises a source or drain

region.
15
13. The method of Claim 1, wherein the step of depositing the boron-doped titanium
nitride layer comprises:
depositing a layer of titanium nitride over the titanium silicide layer;
depositing a layer of boron-doped titanium nitride over the titanium nitride layer;
20 and

depositing a layer of titanium nitride over the boron-doped titanium nitride layer
to fill the opening; and

repeating the foregoing steps to form a multi-layered film.

25 14.  The method of Claim 1, wherein the step of depositing the boron-doped titanium
nitride layer comprises depositing a layer of titanium nitride over the titanium silicide
layer, and sequentially depositing overlying layers of boron-doped titanium nitride and
titanium nitride to form a multi-layered film,

the film comprising a boron-doped titanium nitride layer interposed between two

30 titanium nitride layers.

15.  The method of Claim 14, wherein the boron-doped titanium nitride layer is

deposited by thermal chemical vapor deposition by flowing about 100 to about 500 sccm

14



13 WO 03/012860 PCT/ US02/ 24088 9. The nethod of Claim?7, wherein the
gaseous m xture conprises the diborane in an anount effective to adhere
t he conduwbDimsmisent act to the sidewalls of the opening, WPCH/U$02/24088
substantial cracks being formed in the insulative layer. 5 10. The net hod
of Caim?7, wherein the anount of diborane is effective to provide the

conduct i ve tkafitaGétrahidHd, AREL 00fo dbB8T 180 s8érh @ffndRa, SHABbERI08 kS Ybout
elimnate cracking of the insulative layer. 11. The method of Caim7,

wher ei n t hd0g8sesoudiberapepver borphsigtes t he anmmonia in 10 an anount
effective to provide an effective anmount of conductivity to an active area
within the substrate. 12. The nethod of Claim 11, wherein the active area

conpri ses d6souride méthed af Olaih 69 Whereibthd Btanfle nBUORYe0f depRited By wherein
the step of deposi ti,ngl t he boron-doped titanium nitride |ayer conprises:
deposi t Png thermal ehengealyaperdapasitipn Py dlowargabouh 409 fo ghentpA&sdemditarivmay er ;

deposi {1 N0 ar) Ake1cha ASATOIAP Btk L bATLA Mhbibhide over the titani um

nitride |ayer; depositing ayer o ahiumnitride over the
boron-doped titaniumnitride layer to fill the opening; and repeating the

foregoing steps.to fo a L. ti-layered fjl 5 14. The nethod of Caima1l,
wherei n the’st eﬂ%&mﬁé&ef '@Tﬁﬂfg lf*hwﬁ%rswdaeg]@a%w%?ﬁ THERE filgy e
conpri ses dgp@siohithUbsut! YShe@fontd htRi um nitride over the titaniumsilicide
| ayer, and sequentially depoSiting overlying |ayers of boron-doped titanium

nitriddoand titaniumnitride to forma nulti-layered film the film

conprisin bor.on- dope ifaniumnitride | ayer . interposed between t
t i um cayeRes of clo e Phietr® GBS i Bh O RRER SRR oKhE selected

titaniumnitrid

bor on- dopedydnh HRPrbAp Bddsistiele of §¥i86n HidxiddeRRIpRARHidAE JNG! PerbsiOROERS, aN@por
deposition by flow ng about 100 to about 500 sccm 14
borophosphosilicate glass.

15 19.  The method of Claim 1, wherein the insulative layer comprises

borophosphosilicate glass.

20.  The method of Claim 1, wherein the step of depositing the titanium silicide layer
is by plasma enhanced chemical vapor deposition using a gas comprising titanium

20 tetrachloride.

21.  The method of Claim 1, wherein the step of depositing the titanium silicide layer

comprises the steps of sputtering titanium onto the substrate, and annealing the titanium.

25 22.  The method of Claim 1, wherein the step of depositing the titanium silicide layer

is by a chemical vapor deposition using titanium tetrachloride and a silicon source gas.

23.  The method of Claim 22, wherein the silicon source gas is selected from the group
consisting of silane, dichlorosilane, and mixtures thereof.

30
24.  The method of Claim 1, wherein the titanium silicide layer is formed to a

thickness of about 250 to about 300 angstroms.

15



WO 03/ 012860 PCT/ US02/ 24088 titaniumtetrachloride, about 100 to about
1000 stem anmpni a, and about 100 to about 1000 sccm di borane over the
substrat ew0obB/012Bh@ net hod of Cl aim 14, wherein the titani ;maTisoz/eaes | ayer
is deposited by 5 thermal chem cal vapor deposition by flow ng about 100 to
about 500 sccmtitanium tetrachl oride and about 100 to about 1000 seem

ammoni a. 145 Th%ﬁ@%éﬁﬁ’&h il Mulfler éﬂg@{rﬁi@ogﬁ&ﬁh9£te%§§f<%ﬁ?ﬁtﬁe0f the

multi-layered filmare about 100 to about 0 angstr 10 18. The
met hod of Gbminrddped witemien mittitielayas theatt¢pvat rempemgaonggrdss pertan o hedgasemect ed

fromthe grou onsi sting of silicon dioxide hosphosilicate gl ass,

bor osi | i caflgng? %é’gftoafhﬂn%ﬂfo‘i‘) H‘Efbvﬁt%g‘ia?‘il&élﬁ%b%q%é{@s. 15 19. The net hod of
Claim 1, wherein the insulative |layer conprises borophosphosilicate glass.
20. The nethod of Caim1, wherein the step of depositing the titanium

silicidé | aper Ths nisthesl efdrlaine Ahaneein diester of remmying the porontdoped tikhivgn a gas
conpri si ng ti.éa ium 20 tIPet r‘ﬁ():hl ori.dc—i. anl_1 .'é‘%e t.nod of Claiml, wherein
the step ofntﬁl% F’f’isﬁ)ﬁr Hee X%‘Fpﬂﬁ%ﬂ? grgE Rogyupe: conprises the steps of
sputtering titaniumonto the substrate, and annealing the titanium 25 22.
The nmethod of Claim1, wherein the step of depositing the titaniumsilicide
| ayer is by7a cHemethwd of dpraring e persiuctipheampangnt intaismicandeetendaiess i de and a

silicon so . he nmethod of Claim22, wherein the silicon source
gas is sel éé&‘gﬂgﬁ%}%ﬁ %%jes 0-gEr oup consisting of silane, dichlorosilane, and

m xt ur @g t her eofprovding 4.silidog-coriphsitlg ahibstlagd With an whehdh@irdstiativé lagad hiving
silicide layer is forned to a _ thickness of about 250 to about 300

angst r ons. 2ilvasiong gpering Egmdthauehrough deexpose thepybstipit hod of O aim 1,
further conprisi : ep.of . ] Hd jgm
nitride |ayer, tf e lgg fgg%%f E‘?‘@H@%‘ﬁ%&%h‘ﬁ’g%g@g Og%retth i gﬁ{ ngfafe;iﬁgﬁ?i}% a(hjl%grrﬁlé’
nitride layed to formthe conductive contact in the opening.

forming a layer comprising boron-doped titanium nitride over the titanium silicide

15  layer to fill the opening.

28.  The method of Claim 27, wherein the titanium nitride layer comprises an amount
of boron to substantially eliminate peeling of the contact from the sidewall of the opening
and cracking of the insulative layer, and an amount of nitrogen to provide an effective

20 amount of conductivity to an active area within the substrate.

29.  The method of Claim 27, wherein the step of forming the boron-doped titanium

nitride layer comprises depositing a layer of titanium nitride over the titanium silicide

layer, and sequentially depositing overlying layers of boron-doped titanium nitride and
25  titanium nitride to form a multi-layered film having at least one boron-doped titanium

nitride layer interposed between two titanium nitride layers.

30. A method of forming a conductive contact in an opening within a semiconductor
device, the opening formed in an insulative layer and extending to an underlying
30 silicon-comprising substrate, the method comprising the steps of:
forming a layer comprising titanium silicide over the substrate within the opening;

and

16



5 26. The nethod of C aim 25, wherein the step of renoving the boron-doped
titanium nitride layer is perfornmed by chem cal - mechani cal polishing. 27.
A et hod wbD Boirzsstng a conducti ve conponent in a sem condu®Carvsdzviose,
conprising the steps of: 10 providing a silicon-conprising substrate with
an overlying insulative |layer having at |east one opening forned

theret hrough toJgxRAsE 4 Migosul @hSiun AiiieatBridl RYEF the SRk sHRidel 1hyi UM
silicide over the substrate within the opening; and formng a |ayer

conpri si ngabdinde theepeningiftcani gaseniis midteremeeprising titanivmitetrachldridej abemonis,

| ayer to fil he openi ng..28. .The f Cdaim27, wherein the titanium
nitride | af}lé# di 8??8?%%’3@“%?1 é}?ﬂlﬁ{i Va%‘?“%BP%} %o substantial | y elimnate
peeling of the contact fromthe sidewall of the opening and cracking of

the insulative |ayer, and an anount of nitrogen to provide an effective 20
amount of 8bndudhewmatlod of GlAmy3Q,iwhereip e tipriNmNitile leyas spmarises AAGMOTE

et hod of 3 &7 cuttIRKEAD ARl 200l of AL Th g i1 BRI A ABREHE LAARI™

nitride |ayer conprises Ptant Umnitride over

titani um sihd ciadeing béherinsudniesgquendiaalanovdepDsirb gantoprevily imeffeayer s of

bor on-doped ti tam umnitride and, 25 titaniumnitride to forma

mul ti - | ayePBQuRt afeoRdustingy 4Q an eclive apisevitep ohe BI8p&ACt i t ani um nitride | ayer
i nt erposed between two titaniumnitride |ayers. 30. A nethod of formng a
conductive contact in an opening within a sem conductor device, the

openi ngo f o8fed iAnmathod o$ firating @ cérmyetivacuhtaX ireadopegidgow diiin arsemidopdingo80

silicon-conpr.i sing substra t he tho conmprising the steps of. formng a
| ayer compfPPYfRdh q?gegmmgq PAGES ﬁ‘;é"re gB@lB’é‘FP%P% (Rt WGl i openi ng;
and 16 WO 91%9&-%&991-15’ % L0212 4 Q3 enlﬁg B@ﬁﬁéd' B}gsﬁevpegfs%d ‘A%ﬁglh éiotr@&i ‘Whe

nitride material over the titaniu icide l"ayer and into t openri ng from
a gaseous meﬂtqsﬂrcz@nqmsmguthc sigps oft ani um tetrachl ori de, ammoni a, and di borane

by LR el e 200 SRRSO Sl B Bl B Gl o
elimnate pgeling of the contact fromthe sidewall of the opening
depositing a boron-doped titanium nitride material over the titanium silicide layer
and into the opening to form the conductive contact;
wherein the conductive contact comprises an amount of boron to substantially
eliminate peeling of the contact from the sidewall of the opening and cracking of the
20  insulative layer, and an amount of nitrogen to provide an effective amount of conductivity

to an active area within the substrate.

33. A method of forming a conductive contact in an opening within a semiconductor
device, the opening formed in an insulative layer and extending to an underlying
25  silicon-comprising substrate, the opening having sidewalls, the method comprising the
steps of:
forming a layer comprising titanium silicide over the substrate within the opening
by plasma enhanced chemical vapor deposition using titanium tetrachloride; and
depositing a boron-doped titanium nitride material over the titanium silicide layer
30 and into the opening by thermal chemical vapor deposition using a gaseous mixture

comprising titanium tetrachloride, ammonia, and diborane.
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and cracking of the insulative layer, and an anount of nitrogen to provide
an effective anount of conductivity to an active area within the

subst r at ew0b08/08860 A met hod of form ng a conductive cont actPCTrusam2peni ng
wi thin a sem conductor device, the opening fornmed in an insulative |ayer
and extending to an underlying silicon-conprising substrate, the opening

defined by i devietid ifietdd oACRAH B3N WREHeLH BB titdniien nIEHO AR IERIRIdpoR@dbhe St eps
of: formng_a |ayer conpri si ng@ti taniumsilicide over the substrate within

the openi nglowiag abewy 198 soshaut RGO scapblibRlEsstdchlpridmiabentrio o deourdeq i al
over the t 'srcelﬂ'aﬁﬂﬁéﬂi}:\,' 46 oltdV8 %0 aﬁcgﬂ 1056 Qcckpgitbgfgaﬁg 'og%pthg df QLdn the

conducti ve contact; wherelrn the conductive con ottt $89°%4n anount of
boron to substantially elimnate peeling of the contact fromthe sidewall

of the aopenjng d cracki of the 20 insul ative |ayer, and an_anmpunt of
ni trogen tggsgr omem? O%ng]c?%m\?’é: Whershy the flowmfdlibarpng ang ammonip iseffsclize ar ea

within the §uRSid@mSmaint of bdfeh Qx?cgnﬁfogér?%%lQﬂatQhétgd}ﬂy&E\ievc?nfa%ma%cetffeicﬁeg?i ve

opening within a sem conductor devic e opening formed In an 1 NS
| ayer and dxvendi cogdudivaty and desidtivitpgarids leivélicf adhestompoitlse sidewallsifitlat e, t he

openi ng havi ng. sidewal |.s,. the, nmethod c ri.sing.the steps of formng a
| ayer corrprcipgﬁlr‘?é t Pﬁ@hhﬁﬁ?@'&%"gﬁw rg‘?/@’?’g{%ﬁgaslbhgé@?’éfeé’eﬁku%?ﬁh? ﬁ‘é"téﬁé?gﬂf%g
by pl asna gpk shsepdigal vapor deposition using titaniumtetrachl oride;

and depositing a boron-doped titaniumnitride nmaterial over the titanium
silicid® [ ayer 30 and into the opening by thermal chenical vapor deposition

using a ga us i xture ri,ging titani.umtetrachl.oride, a ni a, and
o o 2 b o et G R
wher ei nt hemidunasf BuToibiidhi tHE thetQidudtivd GondRPRS 4 RUIRY thdrin@idiigs gbout 100 to
about 500 sccmtitaniumtetrachl oride, about 100 to about 1000 sccm

amoni a, arfdbgpily ebiminae atgeking oHthe inndativgilaarane over the device. 5 35.
The method of Claim 33, wherein the fl ow of di borane and ammnia i s
effective to deposit an anmount of boron and nitrogen such that the
conductisve 3Jont atineltasl @iftting ¥ @ondiriet Sothct G0 Bal UpdHiNg WithmntsehRsdrefubook t Y,

and a | eveldegl]‘ceatﬂggsi Qn %o t(riu_a si dewal |s of the . )

\ pening formed 1n an insulative layer and extending to an underlying
silicon-comprising substrate, the opening having sidewalls, the method comprising the
steps of:

forming a layer comprising titanium silicide over the substrate within the opening;
20 and
depositing a boron-doped titanjium nitride material over the titanium silicide layer
and into the opening by thermal chemical vapor deposition using a gaseous mixture
comprising titanium tetrachloride, ammonia, and diborane;
wherein the flow of diborane and ammonia is effective to deposit an amount of
25 boron and nitrogen such that the conductive contact has effective levels of conductivity
and resistivity, and a level of adhesion to the sidewalls of the opening through the
insulative layer to substantially eliminate peeling of the contact from the opening

sidewalls.
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openi ng through the insulative |layer to substantially elimnate peeling of
the contact from the opening sidewalls. 10 36. The nethod of C aim 34,
wher ei n twe mBlomseof di borane is effective to deposit an aeoursn2/efosvor on
such that the conductive contact has a level of thermal stress to
substantially elimnate cracking of the insulative layer. 15 37. A nethod
of form ng a conductive contact in an opening within a sem conductor
device, the opening formed in an insulative |ayer and extending to an
under | yi ng38si | uﬁcmnth@dmﬁrf@rmm@aswbmchm eontadhén apepening widhinpgesieadadtvs, t he
met hod con@r|5| ti tani um

ool e oRetiet i dbiins P REG M dn hSTRLSa BN SheeBHE o B Db U

bor on- dopedilichh-@binyiking klibstatetetipeding Muehg st whilé, altd weihsH cb@pHeng @eer  and
into the openlng by thermal chemical vapor deposition using a gaseous
[

m xture> c6PPPEing titaniumtetrachl ori de, amoni a, and di bor ane; mherein

bor on and i oqeRIEg A iR arnpane BEhRF AL o\ f AEORRb PRI g O°

conductivitatd and resistivity, and a | evel of adhesion to the sidewalls of

the opening through the insulatjve |layer to substantjally el
peel i ng of the EEPSHEE 3 PYANIRBCGLHER tryied@%am §Veﬂ@e\7@1@@ﬁ@ﬁ]@g§dayer

PCT/ US02/ 2408810 g% tp%nfﬁ%&@otﬂeﬁalt: SRS o o Gki% ¥iSing AL EGks Tﬂxtﬁﬁ: openi ng

within a sem con Vi ce e open orne in"a |nsu ative layer
and exuendwngmnmngmummdanﬂymh@ndeuhmanacnmmmbmxmmg substrat e, the openlng

having sidewal I's, the nethod r t.he 5 steps of: for

conpri sing titanngHighe fﬁ: f@‘ggﬁ%n‘? ﬁseer}get‘iﬁg? fosdego ?Ih?rﬁ("frﬁé’fg]%g‘l SHeh  4E a%md
deposi ting g &ﬂ'&lﬁ&x@%ﬁf&& hdsANEHTOR ’tHethiestﬂE?st t%rshsétalméﬁp elififindié ERBLHELT
silicide layer and into the opening by thermal chemi cal vapor depoSition

usi ng a gadkowsulaiivelaye. 10 conprising titaniumtetrachl oride, ammonia, and
di bor ane;

15 39. A method of forming a conductive contact in an opening within a semiconductor
device, the opening formed in an insulative layer and extending to an underlying
silicon-comprising substrate, the method comprising the steps of:

forming a layer comprising titanium silicide over the substrate within the opening;
and

20 depositing a boron-doped titanium nitride material over the titanium silicide layer
by chemical vapor deposition by flowing about 100 to about 500 sccm titanium
tetrachloride, about 100 to about 1000 sccm ammonia, and about 100 to about 1000 sccm
diborane;

wherein the flow of diborane and ammonia is effective to deposit an amount of

25  boron and nitrogen such that the conductive contact has effective levels of conductivity
and resistivity, and a level of adhesion to the sidewalls of the opening through the
insulative layer to substantially eliminate peeling of the contact from the opening

sidewalls.
30 40.  The method of Claim 39, wherein the flow of diborane is effective to deposit an

amount of boron such that the conductive contact has a level of thermal stress to

substantially eliminate cracking of the insulative layer.
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wherein the flow of diborane is effective to deposit an anount of boron
such that the conductive contact has a level of thermal stress to

subst ant i wiolog/ogdskeri nat e cracki ng of the insulative | ayer PCTAIS8224088 et hod
of form ng a conductive contact in an opening within a sem conductor
device, the opening fornmed in an insulative |ayer and extending to an

under | yi ng 41si | i & @ieths @ forthing a0eB&idtidt Gonth&8yitBA a%@g}%gwt gt &pehlHg, St eps
of: formng a |ayer conprising titaniumsilicide over the substrate within
t he openi ngtompsisngthe sepvefi ti ng a boron-doped titaniumnitride naterial

over the titani 4k CJ . hem Y [ osi;tion by. flow ng
about 100 to abg%}t) §1§BJ(§ ds%?%glr%gﬁ ga\ﬁflg%fﬁ{agﬁ: g@h?%ﬁg lg’,sgg 5189 %W“F%Wgh)@ﬁf
1000 sccm aformed thereangthabisulativ® Giyeohagiit 14B306hsenmct Spdpi@nenedher ei n the
flow of diborape and anmonia is effective to deposit an anount of 25 boron
and ni t rogéh er§ﬂwahﬁatexmfét SiEateathe eorHed opeHag having ai pspscl ratie pEatdeast
conducti Vi tyouehg. resistivity, and a |evel of adhesion to the sidewalls of

t he opening through the insulative layer to substantially elimnate peeling
of the contact floomnghdaygeninpgsingititeewah lsticid@®véOthe Erposed shissttatef withiaithe 39,
wherein the fJ(o%/)v of.di,boc{ane is effective to deposit an anmount of boron
such that t978"COMRAMEE #&° contact has a level of thermal stress to
substantially elfyfhfatag Wals: j Y Sitdi : 032860
PCT] US02) 24088 TR e i op g boldReidpBe Uil By s it R RaaE o1
aspect Wat ilayespefillibe contatppéingig t he steps of. providing a substrate
having a silicon-conprising substrate and an insulative |ayer forned
thereon, the insulative |layer having at |east one contact opening formed 5

ther et hr ougfe. t 0 Eepa&Rod PECRUNI | Rh&reintthe 6k dBEniAPBIN NHdIRYF fiudn aspect
ratio of at |least about 3:1; formng a |layer conprising titaniumsilicide

over the expdspa asdésstrate within the contact opening; and forming a | ayer
conpri sing boron-doped titaniumnitride over the titaniumsilicide
15 43. A method of forming a conductive component in a semiconductor device,
comprising the steps of:
providing a silicon-comprising substrate with an overlying insulative layer having
at least one opening formed therethrough to expose the substrate, and a titanium silicide
layer overlying the substrate within the opening, the opening having sidewalls; and
20 filling the opening with a boron-doped titanium nitride material;
wherein the conductive component comprises amounts of boron and nitrogen such
that the conductive component has effective levels of conductivity and resistivity, and a
level of adhesion to the sidewalls of the opening through the insulative layer to
substantially eliminate peeling of the contact from the opening sidewalls.
25
44.  The method of Claim 43, wherein the conductive component comprises an amount
of boron to provide a level of thermal stress to substantially eliminate cracking of the

insulative layer.

20



10 layer to fill the contact opening. 42. The nethod of C aim41l, wherein
the contact opening has a width of about 0.25 mor less. 15 43. A nethod
of form ngoasmmsducti ve conponent in a sem conductor devi ®ET/USOLDMOBS Si ng
the steps of providing a silicon-conprising substrate with an overlying
insul ative | ayer having at |east one opening forned therethrough to expose

the substrgte, andefoll b BHIHR £ bdddul@e cdn@PHREntaN BskiddBdhdier RHRRL ARt €

wi thin the opening, the opening having sidewalls; and 20 filling the
openi ng wi thviee bonmisinppeidicon-cempusmg subsirate witht ay ¢verlyingiaswativetlineer

ducti t i. t f it h hat th
conduct | ve EOHBAHER RSParTERETUR TREbreeBR Bostuie Ut SR Pasre iy ¢y, -
and a |evelepob:adhesion to the sidewalls of the opening through the

insulative layer to substantially elimnate peeling of the contact from
t he opefi ng si déwalinga tifemium silivise laeer wer the subistptovw8n fiecpsningt sl

conductive conpgnent ] -bar on. 1 de a level of
t hermal stress t% (ﬁ;imguﬂblgg gﬁ‘ﬁ%ﬁ’?@%‘% (Enrpﬁg‘{eg t@%nélg in?ltgld%& at?{]rga\f, i nsul ati ve
layer. 20 WO 03#dhde56theRChoLEEV2 c3khP88ent domprsesaindats of bbnrind gittogearddct i ve

conponent in a sem conductor device, the device conprising a. .

si | i con- ot thei segdusiyscrmpansit hps efifectve lavglsi condngiinity ord Tesistyity. padeng at
| east one i r . the: conpri si ng
the  steps b P D o L B o e w thi
t he openi ngubsamtiall§ elihirmage pdeting p€thicrogniact firom tixospenigoypdetvailst ani um ni tri de
mat eri al; wherein the conductive conponent conprises anounts of boron and
nitrogen such that the conductive conponent has effective |evels of

conduct i vi iy an q’hg ﬁf?étﬂa&d ¥ (tll)ﬁim @5‘,%l?elreih eelonfhictPENB R BRert Qlo%n?ﬁsc%! AeWddne Of

t he opening throu e Insulative layer to 10 substantia elimnate

peel i ng of of herondmparidefa loweltdfchcomehsitregs i stbstantiadly elininatherackingodthef C ai m
45, wherein tgl? c?nducti ve conponent conprises an anmount of boron to

provi de a M&V&VB{2Phernal stress to substantially elimnate cracking of

t he 15

47. A method of forming a conductive contact within a high aspect ratio opening
through an insulative layer to an underlying silicon-comprising substrate, the opening
having sidewalls, the method comprising the steps of:
flowing a gaseous mixture comprising titanium tetrachloride to deposit a layer of
20 titanium silicide on the substrate; and
flowing a gaseous mixture comprising titanium tetrachloride, ammonia and
diborane to deposit a layer comprising boron-doped titanium nitride over the titanium

silicide layer.

25 48.  The method of Claim 47, wherein the boron-doped titanium nitride layer is
deposited by chemical vapor deposition by flowing about 100 to about 500 sccm titanium
tetrachloride, about 100 to about 1000 sccm ammonia over the substrate, and about 100 to

about 1000 sccm diborane over the substrate.

30 49.  The method of Claim 47, wherein the gaseous mixture to form the boron-doped
titanium nitride layer comprises the diborane in an amount effective to adhere the
conductive contact to the sidewalls of the opening, with no substantial cracks being

formed in the insulative layer.
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insulative layer. 15 47. A nethod of form ng a conductive contact wthin a
hi gh aspect ratio opening through an insulative |layer to an underlying
silicon coomsiosisag substrate, the opening having sidewal Ipgr/ttSoz 24088 hod
conprising the steps of: flowing a gaseous m xture conprising titanium
tetrachloride to deposit a layer of 20 titaniumsilicide on the substrate;

and flow ngoa ggnearsihddl ofthRn 4P Hdréih Mk SdsbARI MR td fehltRE bélen-depEPni a
and diborane to deposit a layer conprising boron-doped titaniumnitride
over the t ftaaimymitride layer eanprippethe diprag: inpramppnheifective & piomds the wher ei n

t he boron- .1 i Ri fride .l rq1 e i by. cheni cal. vapar
Homonrt§on anfiibe LA L8 oRE it ARBRLAER MinfRST GBS Bl |
about 100 uguRkioelayd00 sccm ammoni a over the substrate, and about 100 to

about 1000 sccm di borane over the substrate. 30 49. The nethod of Caim47,

wherei n>t he gaseous mixture to formthe boron-doped titaniumnitride |ayer

conpri ses e di i . j : I fve
conract tothe. Srouiand St RAEP herfh kst B! Bebtly bABAMEN g
formed in titkmiimaittide layer tay@ises ik ath @34 M ABHOORECETRIZ02/1248B8le £40. The

met hod of Ckai m 47, wherein the qgseous m'xturﬁ. tg f Qrm t he boron-doped
titani um nCHPFIRE Amepst o PPEAY TP AR ag ot sh R PR tBE SUiSHRiGt ef fective to
provi de the conductive contact with a level of thermal stress to
substantially elimnate cracking of the insulative layer. 5 51. The net hod
of d ailin 432. whdhenrethdieofZisiend, fithervomprisingopmortthend efterthelstpe df flowingni um

nitride layer conprises the ammni.a i n.an anount effective t royi de an

of foct | ve. THGTOBMEORG IR IeROPE JPotgama S et n st faveh ot deoblindee, 10
52. The mehhagkoRt nfekidbd@ohprisiiy ttRSnCefRihlidthnd Riinid & &Ppdsibh 18%r t he step
of flowng the gaseous m xture to deposit the boron-doped titaniumnitride

| ayer, t hecemppsing tifdngwn ngrides gaseous mi xture conprising titanium
tetrachl ori de and anmonia to deposit a | ayer
15  53. A method of forming a semiconductor device, comprising the steps of:
forming an insulative layer over a silicon-comprising substrate comprising a
conductive area;
forming an opening in the insulative layer to expose the conductive area of the
substrate, the opening having sidewalls;
20 forming a seed layer comprising titanium silicide over the substrate within the
opening; and
forming a layer comprising boron-doped titanium nitride over the seed layer to fill
the opening;
whereby the boron-doped titanium nitride comprises an amount of boron effective
25  to provide the conductive contact with a level of adhesion to the insulative layer within
the opening to substantially eliminate peeling of the conductive contact from the
sidewalls of the opening, and a level of thermal stress to substantially eliminate cracking
of the insulative layer; and an amount of nitrogen effective to maintain the conductivity of
the contact at a predetermined level for an effective electrical contact with the conductive

30 arca.

54. A method of forming a conductive contact in a semiconductor device comprising
an opening through an insulative layer, the opening having sidewalls and extending to an
underlying silicon-comprising substrate, the method comprising the steps of:
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conprising titaniumnitride. 15 53. A nethod of form ng a sem conductor

devi ce, conprising the steps of: formng an insulative |ayer over a

si | i con- copBiosisng substrate conprising a conductive are®CTfim0z24988 an
opening in the insulative |layer to expose the conductive area of the
substrate, the opening having sidewalls; 20 formng a seed |ayer conprising

titani um silici depRitBig 4 1Bferdehplikkitaithisiicidiovep BRAUPGiat@RHhindhé Ng a
| ayer conprising boron-doped titaniumnitride over the seed |layer to fil
t he openi ngpreniigsiaedy t he boron-doped titaniumnitride conprises an anount

adnosi on to 1 ho inE AR PHRYAIRL DY PG ARV AT, Hikilaler Ty

€ openi ng rally
el imnate peel i ngdefosithg Llapeiuttitanéuis aittide bvdritmitahieim slicideadyes of the
opening, and a level of thermal stress to substantially elim nate, cracking
of the ?nsul ati vedeRaFEME aanerf baracdaped fitaniyn giyade eYer dae titprivmpitident ai n
the conductivity of the.conact at a predetermned |evel for an effective
el ectrical contact with“the conductive 30 area. 54. A nethod of formng a
conduct i ve cont actlepasitmgselayeafditation nitade oeerdheiporosidoped @anioperitrig t hr ough
an insulative |ayer, the opening having sidewalls and extending to an
under | ying silicon-com®sing substrate, the method conprising the steps
of : 22 WD 03/012860 PCT/ US02/ 24088 depositing a |ayer conprising titanium
silicide over the substrate within the opening; and formng a
mul ti-layebpdd fiThe npiled affdaim $4diudner soinpobideg rémepang the stepe of deppsitiog the

depositing,a layer of titaniumnitride, over the.titan umsil.icid er; 5
depost t i ng R Srrgmiisr R ot haar PSR Bideao 3L P pRenee pieh s
nitride | 8y@h-dopedtitlARAS hithddlaged 18 ¥iRbrpOieditehd@ntoRitiditue @8 layehe
boron-doped titaniumnitride |ayer. fg 55. The nethod of C aimb54, further

conprising repeating the steps of depositing the
56. A method of forming a conductive contact in a semiconductor device comprising
15  an opening through an insulative layer, the opening having sidewalls and extending to an
underlying silicon-comprising substrate, the method comprising the steps of:
depositing a layer comprising titanium silicide over the substrate within the
opening; and
forming a fill over the titanium silicide by depositing a layer of titanium nitride
20  over the titanium silicide layer; and sequentially depositing overlying layers of boron-
doped titanium nitride and titanium nitride to fill the opening, wherein the boron-doped

titanium nitride layer is interposed between two titanium nitride layers.

57.  The method of Claim 56, wherein the opening has an aspect ratio of about 3:1 or

25  greater.
58.  The method of Claim 56, wherein the opening is about 0.25 um or less.
59. The method of Claim 56, wherein the conductive contact is selected from the

30  group consisting of a local interconnect, contact, buried contact, via, plug, and filled

trench.
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| ayers of titaniumnitride and boron-doped titaniumnitride to fill the
openi ng such that the boron-doped titaniumnitride |ayer is interposed
bet ween two osioizmed um nitride |ayers. 56. A nmethod of formrag/sozemdticti ve
contact in a sem conductor device conprising 15 an opening through an

i nsul ative | ayer, the opening having sidewalls and extending to an

under | yi ng 69i | | cie-n6QRTI bSCREN SHPShdranhe EdhRubid \@eltLORARd thicRBesk BE abdRPS
of : depositing a layer conprising titaniumsilicide over the substrate

wi thi n t he 208pegitiogs @rggedidr ming a fill over the titaniumsilicide by
depositing a layer of titaniumnitride 20 over the titaniumsilicide

| ayer; and sequentially depositing overlying | ayers of boron- doped

titani um nigitri ddhemdethéd afhClaim 661 wheteinttoe dnductimheconpenhaag, thithesse of abdig
boron-doped titaniumnitride layer is interposed between two titani um

ni trideS| ay@PQ to apput 0 esEFAS-of C ai m 56, wherein the opening has an
aspect ratio of about 3:1 or 25 greater. 58. The nethod of C aim 56,
wherein the opening is about 0.25 gmor l|less. 59. The nmethod of C ai m 56,
wher ei n t hé2condbetmetbod offtlanh 56 swhetiacthddof the hayketseof tBOcqrdactiveconsicsireng of
a local interconnect, c¢ act, burjed contact, via, plug, and filled
trench. 23 35@“0@;56‘12 %gé??gﬁﬁﬂséh’t‘SQB 60. The nethod of Cl aim 56, wherein
t he conductive contact has a thickness of about 200 angstrons or greater.
61. The nethod of C aim 56, wherein the conductive contact has a thickness
of about %31000heanethadiof GleG0 Saykdreinribe steRof Hmingshél compGhesi deps@iing

wher ei n ea???| of the | ac?/ rs %f ; heag_ nductli ve c(i)nt aﬁt are about 100 to
about 500 ANGREPUHEMERICRYS Py BT RIFHEY RGRCTPET P I SRS 2 RAMPES FUEHE st ep
of form ng cbi@rikink titGRMmAtétERElHEPaSd AinB@nia he titaniumnitride |ayer by
thermal chem cal vapor deposition using a gaseous m xture conprising
titaniumtetrachl ori de and ammoni a. 64. The nethod of Caim 63, wherein the

titani um nig,ri de.l { bt thernal ., chem.cal v r
deposi t i on By fﬁé‘ﬁ%ﬁﬁ%‘ﬁ%@%ﬁ’g551‘§gear%&]ﬁéléﬁ bt e ATl erof e 1 or i e
and abaut 1R@miabcladpduil vAPElepodidrabITowehgoabd it 1(TetoSBbSH I0Btseem titanium

tetrachloride and about 100 to about 1000 sccm ammonia over the substrate.

65.  The method of Claim 56, wherein the step of forming the fill comprises depositing
the boron-doped titanium nitride layer by thermal chemical vapor deposition using a

20  gaseous mixture comprising titanium tetrachloride, ammonia and diborane.

66.  The method of Claim 65, wherein the boron-doped titanium nitride layer is
deposited by thermal chemical vapor deposition by flowing about 100 to about 500 sccm
titanium tetrachloride, about 100 to about 1000 sccm ammonia, and about 100 to about

25 1000 scem diborane over the substrate,

67.  The method of Claim 65, wherein the gaseous mixture comprises the diborane in
an amount effective to adhere the conductive contact to the sidewalls of the opening, with
no substantial cracks being formed in the insulative layer.

30
68.  The method of Claim 65, wherein the gaseous mixture comprises an amount of
diborane effective to provide the conductive contact with a level of thermal stress to

substantially eliminate cracking of the insulative layer.
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65. The nethod of C aim 56, wherein the step of formng the fill conprises
depositing the boron-doped titaniumnitride |ayer by thermal chem cal
vapor depweimionzseusi ng a 20 gaseous m xture conpri sing ti tPAMUH02/24088
tetrachl ori de, ammoni a and di borane. 66. The nethod of C aim 65, wherein

t he boron-doped titaniumnitride layer is deposited by thermal chem cal
vapor depogpt i OmhByndthd MU aidb esitwHDEn e Sdeestis hik0irs e6iipridds il Amifbnia in
tetrachl oride, about 100 to about 1000 sccm ammoni a,  and about 100 to about
25 1000 scémagiobptdfrstivyrprovide susEeetareamognt offgpadneti iydo an aeti v 4if%65,
wherein the. . xture conprises the diborane in. an anount effective
to adhere tlgﬁggﬁgﬁ%ﬁ%%% contact to the sidewalls of the opening, with no
substantial cracks being formed in the insulative layer. 30 68. The net hod
of Claim®65, wherein the seous m xture conpri ses an anount of . di borane
effective t/8- pr J@F&?ﬂﬁwfggﬁ%é?’i Whereig the3qtivaiftes COMPETE 2 IS GREN st ress

to substag%#&bly elimnate cracking of the insulative |ayer. 24 WO
03/ 012860 S02/ 24088 69. The nmethod of C aim 65, wherein the gaseous
m xture conprises the anmmonia in an amount effective to provide an

effective apount_of conducti vi to an active.area wthin the.substrate. 5
20, “The  metiod Jheerdi] Hoclath et i ERbCEgE SR Ler DU IEHTE of
drain  regifm thé miB\S‘on@ﬁE}cx}QQfﬁficéH BbRS Dho¥hREBiCR RS, UbssilRdate/BadsaMRT
conprises an oxide selecte fromthe group consisting of silicon dioxide,
phosphds8i | ibortpboghasidicatbglessi | i cat e gl ass, and 10 bor ophosphosilicate

glass. 72. The nethod of C aim56, wherein the insulative |ayer conprises
bor ophosphosilicate glass. 15 73. The nethod of C aim56, wherein the step

of depositiing t delhdiRdl 8 CIsinh b6 Wieerbia¥ls inshlstiylapbeiprisghanced cheni cal
vapor deposition using a gas conprising titanium tetrachloride. 74. The
met hod of Gpriphrgdosilikee gfass-t he step of depositing the titaniumsilicide
| ayer 20 conprises the steps of sputtering titaniumonto the substrate,
and annealing the titanium

15 73.  The method of Claim 56, wherein the step of depositing the titanium silicide layer

is by plasma enhanced chemical vapor deposition using a gas comprising titanium

tetrachloride.

74.  The method of Claim 56, wherein the step of depositing the titanium silicide layer

20 60mprises the steps of sputtering titanium onto the substrate, and annealing the titanium.

75.  The method of Claim 56, wherein the step of depositing the titanium silicide layer

is by a chemical vapor deposition using titanium tetrachloride and a silicon source gas.

25 76.  The method of Claim 75, wherein the silicon source gas is selected from the group

consisting of silane, dichlorosilane, and mixtures thereof.

77.  The method of Claim 56, wherein the titanium silicide layer is formed to a
thickness of about 250 to about 300 angstroms.

30
78.  The method of Claim 56, further comprising, after the step of forming the
boron-doped titanium nitride layer, the step of removing an excess portion of the titanium

nitride layer to form the conductive contact in the opening.
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75. The nmethod of C aim 56, wherein the step of depositing the titanium
silicide layer 1is by a chem cal vapor deposition using titanium

t et rachl owode/asdo a silicon source gas. 25 76. The met hod pafr/tGoae4v8 5,
wherein the silicon source gas is selected fromthe group consisting of
silane, dichlorosilane, and m xtures thereof. 77. The nethod of C ai m 56,

wher ei n theoti't ank MBI dfkiigien T@Waerdif (HestePst reMoRingtthé Biropsped tiakiont 250
to about 300 angstronms. 30 78. The nethod of C aim56, further conprising,
after the sitagde layeris paifoaddey chisorienkmrspacalippl#hiogn nitri de | ayer, the step
of renoving an excess portion of the titanium nitride |ayer to formthe
conductive contact in the opening. 25 WO 03/012860 PCT/ US02/ 24088 79. The

met hod of @bai MAABethvl ©F Birmilid®caddaptied congivRihtrig atsemidondadteddywind, ti t ani um
nitride |layer is perfornmed by chem cal - mechani cal polishing. 80. A nethod
of for n¥ ngCempoayiag e siePs@bnponent in a seniconductor device, 5 conprising

the steps of: p i dl S 2 Lk SiNG: . L : ioNg
i nsul ative | ayeﬁ%@#gg Sﬂlact8 h lcglg@?mggg%%@neiﬂ%ﬁ o?%@aﬁl\éﬁs@t lfégﬁg%ﬁ{agﬂgx pose
t he subst r at leastiohe opgamg fogmied tienethrosighl évmertpose theenbdtrate, thd gpgemgdampgi si ng
titaniumsilicide over the substrate within the opening; 1o and formng a
| ayer conpfid€WAS: bor on- doped titaniumnitride over the titaniumsilicide

layer to Fill thenapen: fidahith @ik fie bitlsRRHcURIR: fHd Shenpyer
the titaniumsilici 13%9&&{3%{/5?6? anﬁéggguent ihgllaixg{l?jlgp%gi%si nge ovérl yidri:)gnl gyers

of borom-depdéd titaniumnitride and titaniumnitride to forma

mul ti-layered fiJl m.having at | east, one boron-doped titaniymJ15.nitrid

| ayer inter poseéorﬁ}é?%\éz?ﬁ'%f WP??%PWW’&W?&Q@“’I“M%&G ki H“Fﬁ ar}lr]élpﬁ&f“%f

Cai m80, WRF®R Ml tﬂ&eop*aﬁﬁqgmydlfégggﬁﬁg b Bt thtbhitirO@tr RYer the difaiiS 8ficale
y

amount of boron to substantially elTim nate peeling of the contact fromthe
si dewal | ofayehandseqvientalindenositiogiorerling lavers af derer-deped|tisgneym nitrde ard anpunt

of nitrogen,to 20.provide an effecti amunt 0 i Vi . active
area withi Ht%‘gngﬂﬁg? f/"afoé‘? @&Elﬂaﬁ%ﬁ%nggwpgﬁfnfeﬁ% Oggggl%f fflco |¥(\1/Eel%8on act in
an openk ng niitldiafeRinG@Pdsed Bt two titanium nitride layers.

81.  The method of Claim 80, wherein the boron-doped titanium nitride layer
comprises an amount of boron to substantially eliminate peeling of the contact from the
sidewall of the opening and cracking of the insulative layer, and an amount of nitrogen to

20  provide an effective amount of conductivity to an active area within the substrate.

82. A method of forming a conductive contact in an opening within a semiconductor
device, the opening formed in an insulative layer and extending to an underlying
silicon-comprising substrate, the opening having sidewalls, the method comprising the
25  steps of:
forming a layer comprising titanium silicide over the substrate within the opening;
and
filling the opening by
depositing a layer of titanium nitride material over the titanium silicide
30 layer and into the opening from a gaseous mixture comprising titanium
tetrachloride and ammonia by thermal chemical vapor deposition;
depositing a layer of boron-doped titanium nitride material over the
titanium nitride layer from a gaseous mixture comprising titanium tetrachloride,
ammonia and diborane by thermal chemical vapor deposition; and
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device, the opening fornmed in an insulative |ayer and extending to an
underlying silicon-conprising substrate, the opening having sidewalls, the
met hod cowpro3®izsgot he 25 steps of. forming a | ayer conpr iPEiTnggor/e408si um
silicide over the substrate within the opening; and filling the opening by
depositing a layer of titaniumnitride material over the titaniumsilicide

30 layer and into thse@ﬁmg%ga%ér@m@angﬁﬁaﬁﬁaemaeehur@ve@md@-agpddi tani um
tetrachl oride and amoni a by thermal chem cal vapor deposition; depositing
a | ayer of bor ofitagiwedittide axenfromiatgesedds mixerd empsisig ttpmium teraghlagideni tri de

| ayer froma gasepus m xtur 0 [.Si ' [ etrachl oride, ammonia
and di borane byal%(ﬁaenrngggfuac etﬁ‘lelgna V%I%lgéigv@gﬁ%%bﬂg@ﬁ%’ aéqud 26 WD 03/012860

PCT/ US02/ 24088  deposdpkhtit the bidpesf ddpotitih@borom dviptd titkeivihifidahateralrandhe
boron-doped titaniumnitride |ayer froma gaseous m xture conprising
titani ul t et r acHieditaniem nitide smatgsial as poeded i i thedpemingaherspdhe BeigBsi ti on;

tani ufm t et r acHIeGfEn TdC i el apohe beses i on;
and 5 the {11 ansmi nn AR e (T HARRE o pR e e el

the boron- doped titaniumnitride layer is interposed between two titanium
nitride layers._83. The hod_of d ai 2, erein the boron-doped
titani um nPeridé ?W@Pdi}e 1 o vheren O%Qoﬂfértg?m}“ﬁ NUHIEJaYSE | al |y

elininate g&tﬁ%ﬁ&g aRbrdoBRt AL shibQMRNS elikfnaté femablor e doRBIcPRERIREY and

t
cracking o e Insul ative | ayer, and an” anount gf nirtrogen to provide an
ef fect iwe sidewall obDthe opamiug tnd crayking ofitheandulative dayes, anidtahiamouhieofsutisgendbe.

84. A nethod of form a conductiyve,.contact i.n an openi ithin a
sem conduc P’E?rV“Iec?é‘\ﬁfggg%f WBO‘UBQE F?f@quBYI?Pé "‘}nrflcéﬁe e @t‘q @1% S\%@t& and
extending to an underlying 15 silicon-conprising substrate, the opening

havi ng sidewalls, the method conprising the steps of: formng a |ayer
conpri si ng84i t adi methed pf firpéngw emnduhidveseontact ttan apieninigrvitive a spraisppdpctasy

G I AT T B
bet weens silicon-comprising substrate, the opening having sidewalls, the method comprising the
steps of:
forming a layer comprising titanium silicide over the substrate within the opening
by plasma enhanced chemical vapor deposition using titanium tetrachloride; and
forming a fill comprising boron-doped titanium nitride layer interposed between
20  titanium nitride layers by depositing a titanium nitride material and a boron-doped
titanium nitride material into the opening by thermal chemical vapor deposition using a
gaseous mixture comprising titanium tetrachloride and ammonia, with and without

diborane.

25 85.  Themethod of Claim 84, wherein the amount of diborane and ammonia in the
gaseous mixture is effective to provide the conductive contact with effective levels of
conductivity and resistivity, and a level of adhesion to the sidewalls of the opening
through the insulative layer to substantially eliminate peeling of the contact from the
opening sidewalls.

30
86.  The method of Claim 84, wherein the amount of boron in the gaseous mixture is
effective to provide the conductive contact with a level of thermal stress to substantially

eliminate cracking of the insulative layer.
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20 titaniumnitride |ayers by depositing a titaniumnitride material and a
boron doped titaniumnitride material into the opening by thermal chem cal
vapor depweimBionseusi ng a gaseous m xture conprising titamcamsoze48chl ori de
and anmmonia, with and wi thout diborane. 25 85. The nethod of C ai m 84,
wherein the anount of diborane and ammonia in the gaseous mxture is

effective &9 pravihe@ol Be (AR bR GRS oREdct M dnhoRhin@GhiME als@vRloSd@dtor

conductivity and resistivity, and a | evel of adhesion to the sidewalls of

t he openi ndevieh thrsepenitgeformedingn insulatinedayar ond apisnding fadn yndstlymgnat e
peeling of the contact fr.o h openi S| 3 The . d of
& et mga AHEsERmbRGhe HiTetes e sBBGRE Aivink SUR RS e e BBa odMPUTRLRRC D1 o
to providesfepgogonductive contact with a level of thermal stress to
substantially elimnate cracking of the insulative |layer. 27 WO 03/012860
PCT/ US02/ 24088 I@minga favieheempisingfignign silieidn quetthe @bééﬁﬁeéfﬁlfhllil Hheapepip8ni ng

within a SB%?%HS%%QI{C d9FIh S vabBPaGREMoR s i uh Roiinioial! il ve | ayer
and ext endi To an under yI'ng silicon-conprfsing su%strate, the opening
havi ng si dewal | $orntitie a tfight doachrsmghorsi-dgpedhganismerisido laysr fnderposed batvwaeper
conprising titaniumsjlicide over. the substrate withjn the openi b

pl asma enh&HOEE 8HEde Laé(FrS\Pé(pft?PoﬁE%éFlﬁnBﬁn gyt fgmﬁefléirﬁ“lﬁjrﬁhlf% ‘F‘gﬁﬂ‘ﬁ gri dg; and

formng a ik b S{a08 T 7=Tall Roged
bt veen 1 E R B e b e B S REE T,
and a hor ogastopechixttretcampuising titanide tetedchidrale andaomntdnén, opthrindgvithout her nal
chem cal vgg}g deposition using a 10 gaseous mi xture conprising titani um
tetrachl or 8% anmonia, with and without diborane; wherein the amount

of di borane andajpmniiR aingblﬁlh@f(%&%ﬁy@mrﬁﬁl@hﬁih%@gafse&kinvﬁmré@,d@fe@ﬁwe the

conductive contact with effective |evels of conductivity and resistivity,
and a | evéd pofvidedhesinmsiuctive eomact with whfebtévedevalhef copdnétivatytand cesdiivithieand

insul ative lLayer .tgo. .15 substanti.al el imnate peelin f the contact from
the openi n&1%|e§8€\%(ﬁﬁe§l.°f1§%ﬂle'lsh(§ewﬁgf ﬂl{;%‘e(?f’elal%gfﬁo‘égf t%\‘?\k\%sggﬁ?{eﬁwgr dnount  of
boron i1p t RebsEAsENY Sliffindid pe&lihg of the contact from the opening sidewalls.

88.  The method of Claim 87, wherein the amount of boron in the gaseous mixture is
effective to provide the conductive contact with a level of thermal stress to substantially
eliminate cracking of the insulative layer.

20
89. A method of forming a conductive contact in an opening within a semiconductor
device, the opening formed in an insulative layer and extending to an underlying
silicon-comprising substrate, the opening having sidewalls, the method comprising the
steps of:

25 forming a layer comprising titanium silicide over the substrate within the opening;
and

depositing a titanium nitride material and a boron-doped titanium nitride material

into the opening by thermal chemical vapor deposition using a gaseous mixture
comprising titanium tetrachloride and ammonia, with and without diborane;

30 wherein the amount of diborane and ammonia in the gaseous mixture is effective
to provide the conductive contact with effective levels of conductivity and resistivity, and
a level of adhesion to the sidewalls of the opening through the insulative layer to

substantially eliminate peeling of the contact from the opening sidewalls.
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effective to provide the conductive contact with a | evel of thermal stress
to substantially elimnate cracking of the insulative |layer. 20 89. A

nmet hod ofwDasmizsgo a conductive contact in an openi ng w t hireTaSszeosonduct or
device, the opening fornmed in an insulative |ayer and extending to an
underlying silicon-conpri sing substrate, the opening having sidewalls,

t he met hodggonpi Sifhgd b fornShER Sorfuctivdcd@ddiingh Spdn@ipekitliaHREmSdoRgudtbt ani um
silicide over the substrate within the opening; ‘and depositing a titanium

nitride natlevicgltheaoptningsforoed dopadsulativerlpyananil exieodingde an ederlying o t he

openi ng by thermal chem cal vapar sition usin aseous m xture
conpri si ngslﬁllc?%[ﬁ?rﬁﬂ?flgg ngcsﬁf‘toer ﬁ’gén%ﬁ%f)%(%%ﬁslm, \?\A’S%ﬁggﬁd wi t hout di bor ane;
30 wherein the ff(ﬁﬁﬁiélg a Ofyedlthrapiadies andidiBlioida over thesulgasrRovishifthe dpeRings
effective to provide the conductive contact with effective | evels of
conductfvi e9d and resistivity, and a |evel of adhesion to the sidewalls of

t he opening thr .t he.l i . . A | 4. m .
boel i hg of the. AU HeARnR 1 d B iulnhic AR Dl oGy ook Biafium
PCT/ US02/ 2 40118e mAferiakinnetHeagenihg berchemirabvapon desdsition bydidveiag aboutdi00apeni ng

wi thin a sem conductor, device, the openjng fornmed in _an insulative | ayer
and ext endPPRPtE80 seemy Htparyy tetgpchleride é’%)‘ﬁ -Z‘JE‘B’?HPB &9 AP ﬂl%@q ?C&fnea}mlpﬁ’élan%t%dﬁod

conpri si ng al%g{ﬁ 19b %Jéb&{t] 100@ 5B @bBrah &YEH: g 3Pb4Bh R pbd liafiihisidd 1{.de over
the substrate within the opening;, 5 ang epositing alternating | ayers of
titaniuam nitri devherdietieddoramdofmdrtdaridopettideildenisinterpristd belsvenmtveo fitahiunnt o
t he opening. h hem ca] vapor deposition by flow ng about 100 to about 500
sccmti taninl}ﬁﬁ?é‘ﬁ’teﬁc?ﬂ ride and about 100 to about 1000 sccm anmoni a, and

about 100 to abewd 100 dHefheAh8 AfdtRid R HREMd t8RPMOR ARREof bérdA akdN
nitride layer; 10 wherein the boron-doped titaniumnitride |ayer is

i nt er posed niisigee enct thet the camdugtive edrttadt des ¢fgative levalsfichrductiyity afd di bor ane
d ia is. effecti t it . t of b d if. s h
fhat "the oo ERTe oS BTy IS Blagitee SRR B00en D ReRE"

15 layer to substantially eliminate peeling of the contact from the opening sidewalls.

91.  The method of Claim 90, wherein the flow of diborane is effective to deposit an
amount of boron such that the conductive contact has a level of thermal stress to
substantially eliminate cracking of the insulative layer.
20
92. A method of forming a conductive contact within a high aspect ratio opening,
comprising the steps of:
providing a substrate having a silicon-comprising substrate and an insulative layer
formed thereon, the insulative layer having at least one contact opening formed
25  therethrough to expose the substrate; the contact opening having an aspect ratio of at least
about 3:1;
forming a layer comprising titanium silicide over the exposed substrate within the
contact opening; and
forming a multi-layered fill within the opening comprising alternating layers of
30  titanium nitride material and boron-doped titanium nitride material;
wherein the boron-doped titanium nitride layer is interposed between two titanium

nitride layers, and

29



resistivity, and a | evel of adhesion to the sidewalls of the opening
through the insulative 15 | ayer to substantially elimnate peeling of the
cont act fwomstseopeni ng sidewalls. 91. The nmethod of C aipard®Ge2/24ees ei n t he
fl ow of dibeorane is effective to deposit an anmount of boron such that the
conductive contact has a level of thermal stress to substantially

elimnate crackig@csdubid® dongdét Bdsl MR clidyRYels 80 ciluchvifiBiduadsistfvifyohat £9 a
conductive contact within a high aspect ratio opening, conprising the

steps of prewel df ahesion b thersidesvalaof thg caeing tlvowglcibaprsubitivg laygbtst rat e and an
insul ative |ayer. forned thereon..the |nsulative |aver..having at | east one
contact  opSHT ALY FUETIHC PRUFESE A iBR' R e he e YRt e: the cont act
openi ng havi ng an aspect ratio of at least about 3. 1; forming a |ayer
conprising titaniumsilicide over the exposed substrate within the contact
openi ng5 afd- f orinethod affprming gwepdustive comppnert W & yraniepssharieg dedesr i si ng
alternatin - Oditaniumnitride material and boron-doped

titani um ni%f)lrn%}é‘g%%é?éesrtf Oft wherein the boron-doped titaniumnitride |ayer
is interposed bgkovweaingtavsilidontanipuizingrsubstiatiewithye bserl ying indQlakle B3EOARBEL
PCT/ US02/ 24088 the conductive, contact has effective | evels, of copductivity
and resi st 319§, ongRpeRing fipad oo 6 ﬁxweﬁh?es@f»taeéwﬁgttﬁnﬂelﬁéﬂwiw ng
through t NGaldnSUlAlihy fhd RYGIatt QuhibRE Bkl e SdnfHisNaly vidg; fla t he
cont act froarl'gthe Ig%el%i ng s?[ evvalltPs. 5 gB.ﬁ% neefeémga o] &gﬁﬁn@éﬂg a’ conductive
conpondant in a ddlingtrdpeniog vddvilteeating dayers ofititgpitienisidepad bbrongloped di ng a

silicon-conpri. sing. substrate with an overlying insulative |ayer having at
| east one gg@ﬁ\“ﬁé‘“%@famerfierethrough to expose the substrate, and a

titani um silici dgnerdia YR bRYRIb écﬂgtaﬁi:aﬁl SHRRIAR: s Méﬁéé&d%@ﬁ\{é&ﬂﬁ% Rfhnidnhe

openi ng having sidewalls; and 10 filling the opening with alternating

| ayers of mitridnlayersaandi de and boron-doped titaniumnitride material;
}[Nih,? ;ﬁ: Bmt he bor (%ﬁ'e- ggr%%gti\t/é éo%%o%%t@o%ﬂn%% elmqglﬁlncs ci)tsboir(% a%{do r%%r%genbsei\}c}’l\%?art] tﬁewo
15  conductive component has effective levels of conductivity and resistivity, and a level of
adhesion to the sidewalls of the opening through the insulative layer to substantially

eliminate peeling of the contact from the opening sidewalls.

94.  The method of Claim 93, wherein the conductive component comprises an amount
20  of boron to provide a level of thermal stress to substantially eliminate cracking of the

insulative layer.

95. A method of forming a conductive component in a semiconductor device, the
device comprising a silicon-comprising substrate with an overlying insulative layer
25  having at least one opening formed therethrough to expose the substrate, comprising the
steps of:
forming a titanium silicide layer over the substrate within the opening; and
filling the opening with alternating layers of titanium nitride and boron-doped
titanium nitride material;
30 wherein the boron-doped titanium nitride layer is interposed between two titanium
nitride layers, and
the conductive component comprises amounts of boron and nitrogen such that the

conductive component has effective levels of conductivity and resistivity, and a level of
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nitride |layers, and the conductive conponent conprises anounts of boron and
nitrogen such that the 15 conductive conponent has effective | evels of
conduct i vwDy3ams$6o esi stivity, and a | evel of adhesion toprcrasee/emesml | s of

t he opening through the insulative |layer to substantially elimnate
peeling of the contact fromthe opening sidewalls. 94. The nmethod of Caim
93, wherei Qdﬂe@r%nct? %’s@&év%ﬁls%@%ﬁﬁlgmgh AR SnRMatARIMRYr to dfbs@htifIBr on to
provide a level of thermal stress to substantially eli'm nate cracKing of

t he i nsul atinimetd pegbing ofthe cantaet frard thuf orfenimgi sidgwallsonduct i ve conponent in a
sem conductor device, the device conprising a silicon-conprising substrate
with an overlying insulative |ayer 25 having at | east one opening forned

t her et hrough, t 0 Ae%POSE of RS bérRiugiveEQmBic 5 MofeRfg WitleRS sehicoh@icidmyg a
titaniumsilicide |ayer over the substrate within the opening; and filling
t he opehi ngdevire, thewneaingaformed insgpdpsnlgfvetlpyane amppdarbingesibent-8H6IE ped
titaniumnitrid terial; 3 ' - | igmnitride

| ayer is i ﬁ't‘beskrﬁgs{eﬂg PETN é’ %wg &o%{v? g% iﬂ{ijérqnl%etﬁl?{l ?&Egﬁﬁggte}%ssft%gr? "t he
conductive conp@nefihg &MRF tatpridnPunhitmodilibide onerahe sutistrategethis thefopehiag; t he
conductive conponent has effective levels of conductivity and resistivity,
and a | evePndf 30 WO 03/012860 PCT/ US02/ 24088 adhesion to the sidewalls
of the opening ool - i yer to substantially elimnate
peeling of the E@ﬁ?ﬁg?f@t\gﬁl?%@ éi}%ﬁeﬁr{fl%gJ ‘sidewal I's. 96. A nethod of forning
a condugti ve cont act flowimna gpeoungissie kbompaisiag iitandund diettachlorife ded ammmontahe

opening formed in_an jnsul ative . layer to an.underlying silican conprising
substrate, the HHEToRE 2 B ﬁ@ngpagé,gﬂng{m_pﬁgg%‘fqﬁgie %tg%m séﬁ‘ﬁe)e fapfgl?st_eps_
of . formng a |ayer %Wﬁé§g§§loﬁé ﬁaﬁ&hﬂé%ﬁ%hkﬁg%@&%ﬁrtet%zi&ﬁlo%iﬁ@,%hﬁ&ﬁaw thin
the opening; and formng afill wthin the opening by: 10 flowng a
gaseous m xt ur e anddiboraieng depdsinilayar ttetpesing dpiodelopad titamrym ndride ovedéposit a

U aver isina ti . A . . N _
y conpri si n%t:;[nlugrgrﬁlﬁ%g]e Pe{yte{;lagg over the titaniumsilicide |ayer;

15 flowing a gaseous mixture comprising titanium tetrachloride and ammonia
to deposit a layer comprising titanium nitride over the boron-doped titanium

nitride layer to fill the opening or repeating the foregoing steps to fill the opening.

97. A method of forming a conductive contact in an opening within a semiconductor
20 device, the opening formed in an insulative layer and extending to an underlying
silicon-comprising substrate, the opening defined by sidewalls, the method comprising
the steps of:
forming a seed layer comprising titanium silicide over the substrate within the
opening; and
25 depositing alternating layers of titanium nitride and boron-doped titanium nitride
to fill the opening; whereby the boron-doped titanium nitride layer comprises an amount
of boron effective to adhere the conductive contact to the sidewalls of the opening and
substantially eliminate peeling of the conductive contact from the sidewalls of the
opening and cracking of the insulative layer, and an amount of nitrogen effective to

30  maintain the conductivity of the contact at a predetermined level.
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flowi ng a gaseous m xture conprising titaniumtetrachl oride, amoni a and

di borane to deposit a | ayer conprising boron-doped titaniumnitride over
the titawowsondssei de |ayer; and 15 fl owi ng a gaseous ni XtPOTAISOL2AHBSE Si NQ
titaniumtetrachl oride and ammonia to deposit a layer conprising titanium
nitride over the boron-doped titanium nitride layer to fill the opening or
repeating toge oy RRHADIFoSAAghCohdictivé PeitAReMhMEpendify whhitel RAMcIduéter M ng
a conductive contact in an opéening within a sem conductor 20 device, the
openi ng f ordgeige.ithe apening {oraed dean mydativmldy evend eatongingdo an updribing/i ng
silicon-conpri sing .subst th ni ng.def | Sidewal I s, the nethod
conpri si ng > %Cﬁ%"cg{ngﬁgmgfs Pgﬁ%femthﬁgﬁggg‘ggﬁn asg}lgé {hggﬁ%?i%gi ng titaniumsilicide
over the substr @gening bkl lahe coaeRinggitadnnl sAkcidiepas tid stgfaad bhe slibshgte

| ayers of titaniumnitride_and boron-doped titaniumnitride tq fill the
openi ng® widHEbiherqpening bylaarrearhanged shemical Yanondeposifion usBigSHINE® an anount
of boron ef i t r j 2 tagt to the sidewalls of the
openi ng anéét?agﬁfg\sﬁt g’nlﬁdgﬁbsl’ %ﬂ‘%%ﬁnogt?lg&gg%ﬁéﬁég%g at%ﬁe conductive contact from
t he sidewal | s ofdepbsitingrgdemmatiggdmebreotitkning mfridet»adibosinl-ddiped ¢itdndye hitrided an
anount of nitrogen effective to 30 intgin the conductivjty of the contact
at a predet@PiRHRRENMER thermgl cgniss] GE9B BRPOStEPR LSO D RESE TSSO FBENGT of
formng a %8?1§H§ihg\fﬁarﬁ&ﬂtté}%hlo?idé'3n@Qﬁiﬁioﬂﬂa b1 Ridirie MG @ORY&SOdnd qdey' CE,

t he openi ng rmed 1n an insulative layer and extending to ah underlying

si | i coneconprdndgasgpus nbsturatenprisies tiehinodtetachbonids, agnionée sidejilsoradie tofformi ng
a seed layer conprising titapjumsilicide over the surface of the substrate
5 within t8°8pENINGB ”dBP%fg n‘éﬁh’alﬂa‘ieda}é%m cal vapor deposition using
titani um tetragiiedih 48 scbyl £865us AREire BEmpHisIMhEahRbhia®hd ddResme iANd
depositing alternating |ayers of titaniumnitride and boron-doped titanium
nitride i nmyuntsefspers tegrovide hégvieho! ashesivr af the gpoductizp ositadtémthsy 1 owi ng a

first gaseous,m xture , conpri.sing, ti-t.aniumtetrachl ori.de.and a niato
for m t Ut an RV S aloS TR ahs o St B R A  Plu B BRI, o
titani ys t ehd esplaheivet@ntaR0TOM the Sidehw 8l STROEpdnthd AdBracking: OF theBisBlative

boron-doped titaniumnitride | ayers; o ) i
layer, and to provide an effective level of conductivity to a conductive area in the

substrate.

99.  The method of Claim 98, wherein the conductive area comprises a source/drain of

20  atransistor.

100. A method of forming a conductive contact within a high aspect ratio opening
through an insulative layer to an underlying silicon-comprising substrate, the opening
having sidewalls, the method comprising the steps of: '

25 flowing a gaseous mixture comprising titantum tetrachloride to deposit a layer of
titanium silicide on the substrate; and

flowing a gaseous mixture comprising titanium tetrachloride and ammonia, with

and without diborane, to deposit alternating layers of titanium nitride and boron-doped
titanium nitride material over the titanium silicide layer; wherein the boron-doped

30 titanium nitride layer is interposed between two titanium nitride layers.

101. The method of Claim 100, wherein the titanium nitride layer is deposited by
thermal chemical vapor deposition by flowing about 100 to about 500 scem titanium
tetrachloride and about 100 to about 1000 sccm ammonia into the opening.
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wherein the second gaseous m xture conprises the ammoni a and di borane in
anounts effective to provide a | evel of adhesion of the conductive contact
to the iweuBatisée | ayer al ong the sidewalls of the openi ®gI/1S02/24088
substantially elimnate peeling of 15 the conductive contact fromthe
sidewal I s of the opening and cracking of the insulative layer, and to
provide an effective | evel of conductivity to a conductive area in the
substrate. 99. The nethod of C aim 98, wherein the conductive area

conpri ses d028ourlde/miethdpdhobElairg (08, whereisitbe boroniioped Manpinhoidgridsf layasrisi ng a

conducti ve conta ithin a high aspect r.atio eni ugh

i nsul ative 8?/%?8&’8\%&%8%%@ ry&pgﬁp(%pgg oR h?%lr%l s}]il%g&suﬁg@? foa%é’}l?l{moescgrﬁleni ng
havi ng si demalis teteltBlJFRINSbUE POPIO oY1 G008 cEh @REMGia, 2d abow 100 t@algas eous

m xture conprising titaniumtetrachloride to deposit a layer of titanium

silicidé orl0phecamydborancdntoghRiondngvd- ng a gaseous ni xture conpri sing
titaniumtetrachl oride and ammonia, with and w thout di borane, to deposit
alternating |ayers of titaniumnitride and boron-doped titaniumnitride
mat eri al oveB. t Nehetrhéthod BNATHIhi102 d@hdrainahe gadesnieinixtineao farmihe Bopadioped
titaniumnitride |l ayer is interposed between two titaniumnitri cLe | ayers.
101. The méttHEAMGHIrde dayer comprisgsdhediRorane it an apewrheieetvede afbgrefhe s

deposit ed MndldiSe MBhiatlS LW AR HRARRRIH RARRY bR cABANCAOO t O

about 500 sccmtitanium tetrac out 1000 sccm
ammoni aoi ntformdikinapemsagtiv8RyWwD 03/ 012860 PCT/ US02/ 24088 102. The net hod

of Cl aim 100, wherein the boron-doped titaniumnitride layer is deposited
by thermal chem cal vapor deposition by flow ng about 100 to about 500 sccm

titani um t ginachhipnhdeod 8PeHim 109, {ReBRAHE odRB0 SEGMeANTRA Be bR dlpegt 100
to about 5 1000 sccm di borane into the opening. 103. The nethod of aim

102, wher eititatitim rgtasle dasser wbmprises thodiborane ithan oeent-cffop@d totpravads then ni tri de

| ayer conprises the diborane.in amount effectiv o adhere the
conduct | ve CBIEE cpuarheTan ket BOGT feSop Ssisoly eRoRE Sttt iy
cracks jBei ngsulflieqsyied in the insulative layer. 104. The nethod of O aim
102, wherein the gaseous m xture to formthe boron-doped

105. The method of Claim 100, wherein the gaseous mixture to form the boron-doped
titanium nitride layer comprises the ammonia in an amount effective to provide an
effective amount of conductivity to an active area within the substrate.
20
106. A method of forming a semiconductor device, comprising the steps of:
forming an insulative layer over a silicon-comprising substrate comprising a
conductive area;
forming an opening in the insulative layer to expose the conductive area of the
25  substrate, the opening having sidewalls;
forming a seed layer comprising titanium silicide over the substrate within the
opening; and
forming a layer comprising boron-doped titanium nitride over the seed layer to fill
the opening;
30 filling the opening with alternating layers of titanium nitride and boron-doped
titanium nitride material;
wherein the boron-doped titanium nitride layer is interposed between two titanium
nitride layers, and the boron-doped titanium nitride layer comprises an amount of boron
effective to provide the conductive contact with a level of adhesion to the insulative layer
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titaniumnitride |ayer conprises the diborane in an anount effective to
provide the conductive contact with a level of thernal stress to

subst ant i wiolog/oedskori nat e cracki ng of the 15 insulative | aper/usafy>osdhe
met hod of C aim 100, wherein the gaseous mxture to formthe boron-doped
titaniumnitride | ayer conprises the ammonia in an anount effective to

provi de any,gff ﬁﬁto'pé‘ﬁng@H{B%taﬁflalﬁpélﬁﬁﬁfaie\ﬁe@fng 6f 188 caiducM e ednlaet Wokhihe the
substrate. 20 106. A nmethod of form ng a sem conductor device, conprising

the steps sidewalloofithagpening,nedhadevel ef 1hayvea1 strogsrto aulsﬁtantléﬂﬁﬁb@mq cregling

b {
Sroul act veof MapSidfs st cetE dnialif tebel S0 8 R ARADLA el Babillfivity of

openi ng hayid@nfictevpbredstern@ned RYeldos aeekrétiye klee@ITaY dostdtgwith tlendandustivel ci de
over the substrate within the opening; and formng a |ayer conprising

bor on- ddpedra@i t ani um nitri de over the seed layer to fill the opening; 30
filling the opening with alternating |ayers of titaniumnitride and
boron-doped titaniumnitride material; wherein the boron-doped titanium

nitride |ayer. i %m@ﬂﬁﬂﬁ%ﬁlﬂh@@ig&mpemmld ¢dndaut openimgst coﬂmdlwﬁbstepanﬂ t he
boron-doped titaniumnitride |ayer conprises an ar@ unt. of . boron Iectl ve
to provide the PsnAdiBgagEbERHR 1%%’%“8/\? gifcon-FUIpRITSIRg Sudgls B 2R Hls’tﬂﬁgve ayer

L nsul At Ve i@l therdch M B30AACEA06 HaliddPau A0 atdshbil LdHacRBRINAY 1 O

substantialTy el mndte peeling e conductive contact from

si dewalibs démiddehapmnionky subsaata; the vedtacfopehieg iaving tn esgect mtisobstlandti al | y
elimnate c ackl ng of the insulative |layer; and an anmount of nitrogen

ef fective tag htain the conducti vi ty of the contact at a predeterm ned

| evel for an eff 1h§% s@éael%%ﬂ QMprEARLRELIuM SifiddI6ves ardietaty 6f the s@sﬁﬁte 107.
A nethod for fil hi gh aspect rat| 0 contact openings, conprising the

steps of: vptlmvtl@qwgtaatcmmmgr ar® having a SI | i con-conpri sing substrate and

o e o LY ontine 2 TRl AR v 1R SR YA hE rhA¥SHpRRE Aayr o U F 208

15 comprising boron-doped titanium nitride interposed between two layers comprising

titanium nitride layer.

108. The method of Claim 107, further comprising, after the step of forming the
multi-layered film, the step of forming additional layers of the boron-doped titanium

20  nitride layer interposed between the titanium nitride layers to fill the opening.

109. The method of Claim 107, wherein the contact opening has an aspect ratio of 3:1

or greater, and a width of about 0.25 pm or less.

25 110. A conductive contact comprising boron-doped titanium nitride, and disposed
within a contact opening extending through an insulative layer to an underlying
silicon-comprising substrate of a semiconductor device; and

the contact opening defined by sidewalls; and a layer comprising titanium silicide
disposed on the silicon-comprising substrate within the opening.

30
111. The conductive contact of Claim 110, comprising an amount of boron effective to
provide the conductive contact with a level of adhesion to the insulative layer within the

opening to substantially eliminate peeling of the conductive contact from the sidewalls of
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10 formed therein to the substrate; the contact opening having an aspect
ratio of at |east about 3: 1; formng a seed |layer conprising titanium
silicide woas/iiseo surface of the substrate w thin the comcaatSonp®ss ng; and
formng a nulti-layered filmover the seed |ayer, the filmconprising a

| ayer 15 conprising boron-doped titaniumnitride interposed between two

| ayers conphé spedehg, hihd A dveNdithéridall Strésa Y& EubsikiBallyl BlemimRichesckadg &itaé m 107,
further conprisin after the step of formng the multi-layered film t he
step of forimuﬂﬁjlvagweu a4 eyt of wirogeeciiRstive ippiatnin thea@ﬁné*eﬁtwm ofther i de

| ayer int erp ni ng.
109. The et ﬁﬁgtdatg %%]&ﬁe éh}%n&%‘? IEV tlgélje#n@ {é{lé:%%ftglg%d o%@%ﬁ%ﬁ Lﬂgsctoggucggfgec
rati o of 3:atea.Oor greater, and a width of about 0.25 mor less. 25 110. A
conducti ve contact conprising boron-doped titaniumnitride, and disposed
within & contact opening extending through an insulative |layer to an

under | yi ng il d the
cont act opaiing et A ShRGCH AP B, Fheftis B RO g IR b one2l
silicide daispoSEdoogredatee. silicon-conprising substrate within the opening.
30 111. The conductive contact of C aim 110, conprising an anmount of boron
effective to provide the conductive contact wwth a | evel of adhesion to
the insul atjijye |IBueLAMMRERCANS of ISR DO, StheRlid BeaBhiad! & n flﬁabwlathnﬁel ing
of the conductive contact fromthe sidewdlls of 34 WO 2860

PCT/ US02/ 24b8& 0.2 hpmapdedsng, and a | evel of thernal stress to substantially
elimnate cracking of the insulative |ayer; and an anount of nitrogen
effective to maintain the conductivity of the contact at a predeterm ned

| evel for gngef fﬁstdoﬁsu&iv%%ﬁﬂaaadf g AeL whebdin iRGon@ndNE ChiEet idE&Q8eted 112
The conduct’ive contact of Clalm 111, wherein the contact openi ng has an
aspect r atfran dfe Sodp ocvnsg;raagbéa locall Biterddmmectpoahiadt, bveied sottactt vief plagaind 111,
wherein theﬁlfe%%e%%t openi ng has a w dth of

15

115. The conductive contact of Claim 111, wherein the conductive contact has a

thickness of about 200 angstroms or greater.

116. The conductive contact of Claim 111, wherein the conductive contact has a

20  thickness of about 1000 to about 3000 angstroms.

117. The conductive contact of Claim 111, wherein the titanium silicide layer has a

thickness of about 250 to about 300 angstroms.

25 118. The conductive contact of Claim 111, comprising the boron-doped titanium

nitride layer interposed between two layers comprising undoped titanium nitride.
119. The conductive contact of Claim 111, comprising multiple overlying layers of
boron-doped titanium nitride and undoped titanium nitride, the boron-doped layer

30 interposed between the undoped titanium nitride layers.

120. The conductive contact of Claim 119, wherein each of the layers of the conductive

contact are about 100 to about 500 angstroms thick.
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10 about 0.25 mor less. 114. The conductive contact of Caim1l1ll, wherein
the conductive contact is selected fromthe group consisting of a |ocal

i nt er connwoto3/oempe act, buried contact, via, plug, and filPicedisozensh. 15
115. The conductive contact of Claim 111, wherein the conductive contact
has a thickness of about 200 angstrons or greater. 116. The conductive
contact of Claim 111, wherein the conductive contact has a 20 thickness of
about 1000 to about 3000 angstrons. 117. The conductive contact of Caim
111, wher eildlt h@heicoadictive sontagsiof € laiay bil, whsrein thehpslkaiizedayst capuises280 t o

about 300 angstrons. .25 118. The copducti.ye cont.act i

conpri si ng og%l%s ]%Ptgﬂﬁd’gbé’ﬁ g?%pa%Q%ﬁln%Pf?ll%og ! )f/lg(ré’ Hh%%%hgﬁi;hscg%glgi%sg ween two
| ayers conmpboicsiltgtelIsiepad BorépHosptibsilichte @gss. 119. The conductive contact of
Claim 111, conprising nmultiple overlying |layers of boron-doped titanium

nitride>and undoped titaniumnitride, the boron-doped | ayer 30 interposed
between th nd i | it rel . o | .cont act of
G aim 119, Wiher ol cohddeBOp Ul dictgl PUCHerchethe RIS KLY BERT T oo
100 t o abowordpBOsphagidicategiast.hi ck. 35 WO 03/ 012860 PCT/ US02/24088 121. The

conductive contact of Claim 111, wherein the insulative |ayer conprises an
oxi de selected fromthe group consisting of silicon dioxide,

phosphosi | 1168t & OLA%RcHvdrPsth |o¥ & %I‘giicglll(ﬁl%ﬁ)l‘ dRPie RRL Q(Elnﬁ%ﬁb'@&%ﬂtic_@ ﬁfsﬁ?&ldas S.

5 122. The conductive contact o m 111, wherein the 1 nsulative |layer
conpri 96s vt pinopglinshdvicgsidewhlissmd exRBding thiongdhiet inselativaiaet toodfn a

sem conduct or, device, the caonductiyve contac I Spose 10 wthin an openin
having si R UK CURBIIHHEE P‘Fhsgatjhﬁlgﬁoflﬁi‘?g%g?%%CQWPS%%%"“'H"W% k

under |'yi g 1fdifh Mrice Wéﬂlﬁhgg 18R SF fidhRan bili€ide QNGBS 0hh6 SiMeaE EoripRA ST NG
boron-doped titaniumnitride overlying a |layer of titaniumsiliclde
di sposed onsubdtete phd epamowmmiiboraeiiestips to provide Araconduetinsontast with adevel
effective to(%a Ledton o tlgehi%sﬁgg\ge%%rvv%ﬂ%g Ql%eag];en\lqnlgttg sxalbs!te?n\{%hy eliminate peeling of
15  the conductive contact from the sidewalls of the opening, and a level of thermal stress to
substantially eliminate cracking of the insulative layer; and an amount of nitrogen
effective to maintain the conductivity of the contact at a predetermined level for an

effective electrical contact with the conductive area.

20 124. The conductive contact of Claim 123, wherein the contact opening has an aspect

ratio of 3:1 or greater.

125. The conductive contact of Claim 123, wherein the contact opening has a width of
about 0.25 pm or less.

25
126. The conductive contact of Claim 123, wherein the conductive contact has a

thickness of about 200 angstroms or greater.

127.  The conductive contact of Claim 123, comprising the boron-doped titanium

30  nitride layer interposed between two layers comprising undoped titanium nitride.
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of adhesion to the insulative ayer within the opening to substantially
elimnate peeling of 15 the conductive contact fromthe sidewalls of the
openi ng, wod3aiisevel of thermal stress to substantially ecCTmSeate®seracki ng
of the insulative layer; and an anount of nitrogen effective to maintain
the conductivity of the contact at a predeterm ned |level for an effective

el ectrical jg@nt agt cYhdudtivd BoRRASY CldiMel 28! efnprdind AditiplOevaBasiay @t cont act
of Claim 123, wherein the contact opening has an aspect ratio of 3:1 or

greater. lbsronTluped titedingn initeide aird wdoped tighaimnnitide, thirendopeddayeint act
openi ng has_.a w dt.h of bout 0.25 m or .|. 5 126. The conductive
cont act of H&?@P?@ﬁ?@%&?8?‘&101%(3%(%31?%%% 1515[ ?(?/Zaygli?)sht act has a thickness of
about 200 angstronms or greater. 127. The conductive contact of Caim 123,
conprising the boron-doped titanium 30 nitride |ayer interposed ,bets\ggen

two | ayér s 18dnpA emdyctiveaspast of & semicprdycior dgwce, thgcandugiayerratashdispo

PCT/ US02/ 2 . T 0 ' : j . iSihng

mul tiple oﬁr Iilla&nééa naﬁ@&%ﬂ&%&%lféﬁapggg{ggﬁbgﬂrﬁ I %‘ﬂ%ﬁlﬁg\e{&% ﬂl(J)fld'I(Ijloped
titani um niuhdétigng tilieorbcompridnpadstratgcthe comivetipos@dadiebmpesing beranrdipeé d
titaniumnitride [ayers. 5 129. A c¢onducti.ve cant act . of sen conduct or
devi ce, t h&'BEHAGER ?/év?fbﬁ?%é Ayt spidigrym siheide e%“ﬁ‘b%?fpﬁ havi ng si dewal | s
and_ext end'sﬁﬁoﬁ:raf)ﬁﬂﬂgigg@uﬂ)&% , gﬁd K&/ ih@Y i chrRsLE¥ at UWAILAY oMt 2@ angstroms, the
silicon-conprising subStrate, the conductive contact conprising boron-doped
titani um nicondudtiveverthgtiadherad kathe sidotvatls o fthe opesing wdthdebstapzdly nedeelnd t he
silicon-conpriging, suhstrate, d havin t hi.ckness of at |east about 200
angst r oms, %%ﬁ’leé?@&’ﬁgﬁé? Q%C@Eﬁl“&@? ﬁ%?dﬁ%ﬁ@ﬂ’etlﬁyetrhe sidewal I s of the
opening with substantially no peeling fromthe sidewalls and no cracking

of the insulative layer. 130. A conductive contact of a sem conductor
devi ce, thd38onductriduetivoendast ofii spoiserucigridayine.dhe epruhichive ¢raiachdispedwal | s

d ding.th h . l,at i I : Vi
3111 con- coriin & b uyblepaf SoE X Ehab Ao R ARSI Mortoan g (e

si | i conscompiédying sikibs-t@pasing Bebsaards tlyev 6f wantacilidoeprdbimgtha | ayer
conprising boron-doped titaniumnitride interposed between two, | ayers
conpri si ng sillivgosetprisingsibstiate; the conductive contact comprising a layer comprising

boron-doped titanium nitride interposed between two layers comprising undoped titanium

nitride.

20 131. The conductive contact of Claim 130, comprising an amount of boron effective to
provide the conductive contact with a level of adhesion to the insulative layer within the
opening to substantially eliminate peeling of the conductive contact from the sidewalls of
the opening, and a level of thermal stress to substantially eliminate cracking of the
insulative layer; and an amount of nitrogen effective to maintain the conductivity of the

25  contact at a predetermined level for an effective electrical contact with the conductive

arca.

132. The conductive contact of Claim 130, wherein the contact opening has an aspect
ratio of 3:1 or greater.
30

133. The conductive contact of Claim 130, wherein the contact opening has a width of

about 0.25 pm or less.

37



nitride. 20 131. The conductive contact of C aim 130, conprising an anount
of boron effective to provide the conductive contact wwth a | evel of
adhesi on wo mslessmnsul ati ve | ayer within the opening to sw®ogtEsa/aksy
elimnate peeling of the conductive contact fromthe sidewalls of the
opening, and a level of thermal stress to substantially elimnate cracking

of the insulzati vighel @¥BHctivaRentas FTLA 130, whictdi@gRtofld BB bicYRatas BaEdéRI N
the conductivity of the 25 contact at a predetermi ned |evel for an

ef fective dfaethsganp evnsistiag ohpldsal interemgeleeanjact, taried contagt, vimhplugaduct i ve
cont act of t(ﬂegi&pgéﬁ%o, wherein the contact opening has an aspect ratio of
3:1 or greafer. '133. The conductive contact of Caim 130, wherein the
contact opening has a width of about 0.25 mor less. 37 WO 03/012860

PCT/ US02/ 24088 134. The, conductive cont act of aim 130, wherein the
conduct ifve 1dant aldie Goaductive cpriget of (darm hid: grhstrin Errondigtivg cgtagt og aa|

i nt erConne%igkﬁé%%f‘ﬁﬁout%@ Frg@gg?%efg%j a, plug, and filled trench. 5

135. The conduct1 ve cont act wherein the conducti ve cont act
has a thickness of about 200 angstrons or greater. 136. The conductive

cont act of ai m.130, wherein th onducti ve contact _has a thi.ckness of
hout 1000 36 nibeoBduE hRer s i e e Rhdrar s SRS R or ot ai m

130, wher eigfickh&s bF hisdht 40b$id dvobffodoaygsrdtas a thickness of about 250 to
about 300 angstrons. 138. The conductive contact of C aim 130, conprising

mul tipl® overlying |ayers of 15 boron-doped titaniumnitride and undoped
titaniumnitrid t he .bor on- dope aye Nt er.pgs bet ween . the undoped
titani um ni'tri dgn?ea%%p &Vf?@r.lta%nog éé%’f%‘HL%Q’ i"@jgredlg e:tg?mg?] Al IS Fher ei n
each of thaphiRY&E S Fhout D60 EPIHMEBDY hostrOmEact are about 100 to about 500
angstrons thick. 20

138.  The conductive contact of Claim 130, comprising multiple overlying layers of

15  boron-doped titanium nitride and undoped titanium nitride, the boron-doped layer

interposed between the undoped titanium nitride layers.

139. The conductive contact of Claim 130, wherein each of the layers of the conductive
contact are about 100 to about 500 angstroms thick.

20
140. A conductive contact of a semiconductor device, the conductive contact disposed
within an opening having sidewalls and extending through an insulative layer to an
underlying silicon-comprising substrate, a layer of titanium silicide overlying the
silicon-comprising substrate; the conductive contact comprising a layer comprising

25  boron-doped titanium nitride interposed between two layers comprising undoped titanium
nitride, and having a thickness of at least about 200 angstroms; the conductive contact
having a level of adhesion to the insulative layer to substantially eliminate peeling of the

contact from the sidewalls of the opening and cracking of the insulative layer.

30 141. A semiconductor circuit, comprising:
a conductive contact comprising boron-doped titanium nitride, and disposed
within a contact opening extending through an insulative layer to an underlying

silicon-comprising substrate of a semiconductor device, a layer comprising titanium
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140. A conductive contact of a sem conductor device, the conductive contact
di sposed w thin an opening having sidewalls and extendi ng through an

i nsul ati vwoleawerset 0 an underlying silicon-conprising sub®cmatse2/248¢ ayer of
titaniumsilicide overlying the silicon-conprising substrate; the
conductive contact conprising a |ayer conprising 25 boron-doped titanium
nitride i nts@ip@SSrRaigmesilicyR conyedisg SbIRAleSYilEn tidgRethe! the@Bhtddt ophing de,
and having a thickness of at |east about 200 angstrons; the conductive
contact halgfingd by pidowpllef adhesion to the insulative layer to
substantially elimnate peeling of the contact fromthe sidewalls of the
openi ng and cracking of the insulative layer. 30 141. A sem conductor
circuit, compri sitegemicondactoctitonét of@isiact41c orherdis thegohdumivedomact tit ani um
nitride, and disposed w thin a contact opening extendi ng thraygh a

i nsul at Sve JOHYPEISCS 3 HPOYRS QEPITR FEfectsie tp PHHIAOIEICPRIYY VE G A Bleve] of

sem conduct i . I S ; i

CT! Usoz! 24008 oL o e aleBYElay R inhO oo MY b SRS PP < ¢ i
t he openi nghe tdrelucove @otaco fremi thg siddehllneithb ypaiing watl ladevel 4Ptheifind stress to

sem conductoy circuit, of Claim 14 wherei n .t he conducti ontact 5
conpri ses a?H{’%{ﬁ’?} ‘%‘fm‘&%? Bﬁcg‘}‘g 8% me\}BS‘{l?ﬁV&J?}Yﬁrﬂ@‘fﬁgm%%ﬁ’g a EP’ithgel& ont act

with a | evelrefive ﬁ%ﬁﬁfaﬁf&h’é@oﬁ&%ﬁ%ﬂﬁ ?E feic¥Btabext arpr¥deidtninddneva B&inNg to

substantially elimnate peeling o e conductive contact fromthe

si dewal 10s offfectiee dpericalgontaniowith b eemiuctive aige mrithin tiersebyratey  substantial |y
elimnate cracking of the insulative |ayer; and an anmount of nitrogen
effective to maintain the conductivity of the contact at a predeterm ned

level for am3. 10T18fdefifiédndBetl SEduitl T laitd 14 B Giheydih heoafREbdninghadga W t hin
the substrate. 143. The sem conductor circuit of C aim 141, wherein the

cont act opeasbery rHipsofahl omglgaler ratio of 3:1 or greater. 15 144. The
sem conductor circuit of Claim 141, wherein the contact opening has a wi dth
of about 0.25 mor |ess. 145. The sem conductor circuit of C aim 141,

wher ei nist hel 440 ndTigd devcandntiar tirdudtSofalainh t £k R fesein theadoatiict AtDirgytgstarvoideh or
greater. 20 146. The sem conductor circuit of C aim 141, wherein the
conduct i ve daheaicd-2ham of less.

145. The semiconductor circuit of Claim 141, wherein the conductive contact has a
thickness of about 200 angstroms or greater.

20 '
146. The semiconductor circuit of Claim 141, wherein the conductive contact has a

thickness of about 1000 to about 3000 angstroms.

147. The semiconductor circuit of Claim 141, wherein the conductive contact
25  comprises the boron-doped titanium nitride layer interposed between two layers

comprising undoped titanium nitride.

148.  The semiconductor circuit of Claim 141, wherein the conductive contact
comprises multiple overlying layers of boron-doped titanium nitride and undoped
30 titanium nitride, the boron-doped layer interposed between the undoped titanium nitride

layers.
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t hi ckness of about 1000 to about 3000 angstroms. 147. The sem conductor
circuit of Claim 141, wherein the conductive contact 25 conprises the
bor on- dopwo osiotzmed um nitride | ayer interposed between twoPICIWENNS24088
conpri sing undoped titaniumnitride. 148. The sem conductor circuit of
Claim 141, wherein the conductive contact conprises nultiple overlying

| ayers of Qagpon-geRresidohd@iértRchittof Clamans, whedrpeehcBOf thdlapersoT thet ri de, t he
bor on-doped | ayer interposed between the undoped titaniumnitride |ayers.

39 WD 03/ 01esdBtipCTynyss 2tadogs1 00 waborhosamgseongtiittor circuit of daim
148, wherein each of the layers of the conductive contact are about 100 to
about 500 angstrons thick. 150. A sem conductor circuit, conprising. 5 a

conduct i ve 160Nt a¢tensiesiivctor B cliQrcompdieipgd titaniumnitride, and di sposed
wi thin a contact opening extending, through _ an jpsul ative |ayer. to an
under | yPng si | iacoRdecsivscrniaptrgmynismerboren-geped tanodhtide ‘{i&ﬂsﬁ‘g a

| ayer conpri:siing bidhan e LY {R1alD€ 125k} doGANRBMAREST NY
substrate v\dllﬁhﬁg C{)’?lteagaﬁ)efﬁﬂnﬁg?{ie%lﬁ%g%yg%t oper?lﬁng a%defoi neé1 Elgﬁsflgdewal l's;
and 10 t he siliwodwotnpyvieingenbsicite efngeniisimigetan devioe) ntlaysf chopusing titansahve t o
provi de the  conductive contact with a | evel oﬁ*.a hesi on t thet itnsul ative
| ayer wi t hiSsHidrrvSHaMETEe piJconscoyapasing SHhstrate IR e PSREe; ﬁ’ﬁ cgptagppening
conductive LARLAGY sifiLQMMd Bga Si dewal I s of the opening, and a |evel of
thermal stress to substantially eliminate cracking of the insulative

| ayer; 1and an artbeicindottive contegbeoraprfisieg pvempentrodibatog effectiee oandvide the ty of

the contact at a 15 predeterm level for an effective.elecirical contact
with a cond@Bf1¥e &?Igt CW’%}h? I?V?ﬁ‘gf adgfﬁd%]? atilg SEEYYC THe g mgtg%aﬂ%%l%% ?0
circuit of (hahiMahyUinMRE BéddinkhE thOMInatttiRRAtBOrliAh@fidewalResttthe ati o of
3:1 or greater. 20°152. The sem conductor circuit of C aim 150, wherein the

contact opeweniggha alevildrf theropl sitssuto wbstgniallyrelingigate craskingéhe insulative
sem cond UCtlg}Eer;C'clmr a%l e;[m(%nt %%L[rrg)]gé.r? (e)ffecmg L§ fnrAmttQS tf?eo&gﬁﬁéﬂv\ft%/ 0%% (?(ﬁlttaClP dta @
15 predetermined level for an effective electrical contact with a conductive area within the

substrate.

151. The semiconductor circuit of Claim 150, wherein the contact opening has an
aspect ratio of 3:1 or greater.
20

152. The semiconductor circuit of Claim 150, wherein the contact opening has a width

of about 0.25 pum or less.

153. The semiconductor circuit of Claim 150, wherein the conductive contact has a

25  thickness of about 200 angstroms or greater.

154. A semiconductor circuit, comprising:
a conductive contact comprising a layer comprising boron-doped titanium nitride
interposed between two layers comprising undoped titanium nitride, and disposed within
30  acontact opening extending through an insulative layer to an underlying
silicon-comprising substrate of a semiconductor device, a layer comprising titanium
silicide overlying the silicon-comprising substrate within the opening; the contact opening

defined by sidewalls.
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25 thickness of about 200 angstrons or greater. 154. A sem conductor
circuit, conprising: a conductive contact conprising a |layer conprising
bor on- dopwo oiotzmed um nitride interposed between two | ayePETamopedoss ng
undoped titaniumnitride, and di sposed within 30 a contact opening
extendi ng through an insulative layer to an underlying silicon-conprising
substrate of a sem conductor device, a layer conprising titanium silicide
overlying the siljcon-conprising substrate within the opening; the contact

openi ng  detPhed Thysenig fog cirgt gics-lann d 12a8trrEie thummonginseBniagts.  The
sem conduct Qémﬁrr"i)s&% tHfl %?Bﬁn’&jﬁ)'om ctiVORS ﬁ'b@idte S déo‘ﬂ? ey c\ﬁgtagp\gittﬁﬁ Yeve] of

conprises an a oron effective to provi e conductive contact
with a | evebdlghionadthesnomative 14yee withsuthatopeing &y arbstantidliynelirhmatepesntingof o
substant] al elimnate peeling of 5 the conductive contact fromthe

i dowal | ofcRBIBERPAHEC T oIS 0T R GPRE ST duSY 4 T (STELSHFEY 0 | y
el imnate caagkhhflPihiGte RSKif dMBe [IBYGive RYE; 3Ad MRMBENtQF nm&gt’eﬁgen
effective to maintdin the conductivity of the contact at a predétennined
| evel for aeffective éxmiaingaie theotondeet] vityerittlzectontdct at & predetemdoed level farsa. 10

156. The sem.conductor circuit.of, G ai,m 154, wherein the contact opening
has an aspgfl(f?(’%rvgf’ eStr’Sf‘f%o.niach?mglﬂé%?oélrd}ml‘éeﬂrearhe sem conductor circuit of
Cl ai m 154, wherein the contact opening has a width of about 0.25 m or

| ess. 15 158. The sem conductor circuit of C aim 154, wherein the

conduct i¥e t¥nt athe senicerdustor sticyit o lalie 1§¢.oulprreinniks enntasy opéning hascal

i nt erconnec Qnt: ) ri contact, via, plug, and filled trench. 20
159. The sean%pg(gtﬁ%(gﬁé%lc%% ceﬁd?r' of Claim 154, wherein the conductive contact

has a thickness of about 200 angstrons or greater. 160. A sem conductor
circuit, conprising: a conductive contact conprising a |layer conprising
bor on- doped!27-t akhesgmprendugtor crguif pf Qlagpd &t Wergiadhe ¢antadt apeyirg baspwiddh ng
undoped ti tgp&b%mglbgrh?grle&nd di sposed within a contact openi ng extending
t hrough an r'nsul ati ve ayer ‘to an underlying
15
158. The semiconductor circuit of Claim 154, wherein the conductive contact is
selected from the group consisting of a local interconnect, contact, buried contact, via,

plug, and filled trench.

20 159. The semiconductor circuit of Claim 154, wherein the conductive contact has a

thickness of about 200 angstroms or greater.

160. A semiconductor circuit, comprising:
a conductive contact comprising a layer comprising boron-doped titanium nitride
25  interposed between two layers comprising undoped titanium nitride, and disposed within
a contact opening extending through an insulative layer to an underlying
silicon-comprising substrate of a semiconductor device, a layer comprising titanium
silicide overlying the silicon-comprising substrate within the opening; the contact opening
defined by sidewalls;
30 wherein the conductive contact comprises an amount of boron effective to provide
the conductive contact with a level of adhesion to the insulative layer within the opening
to substantially eliminate peeling of the conductive contact from the sidewalls of the

opening, and a level of thermal stress to substantially eliminate cracking of the insulative
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silicon-conprising substrate of a sem conductor device, a |layer conprising
titanium silicide overlying the silicon-conprising substrate within the
openi ng; wohe3omst@ct opening defined by sidewalls; 30 whecaiusor/bhmss
conductive contact conprises an anmount of boron effective to provide the
conductive contact wwth a | evel of adhesion to the insulative |ayer wthin
t he openi nglayen aadibis erapvitalf njtragen wifactive tp ewlintaig thé cdrdactiindefihé ventaant act

fromthe si |ls of,the. opening, and a level of thermal stress to

Subst ant ol PetaPTpRLICYCios BRFHeA TR <fRBicR i pilb e Tier o3 860

PCT/ US02/ 24088 | ayer; and an anount of nitrogen effective to maintain the
conductivity of the contact at a predetermned |evel for an effective

el ectri cal IY,@nt athe sgmipondystos eitenitef Glaina l 64 whkedin ththengehbpmngictsan circui t

of Caimg16 L. act opening has an 5 aspect ratio of 3:1 or
greater. 16 pe%%@éﬁ%%ﬁ Uc l(f:)’r circuit of Caim160, wherein the contact

opening has a width of about 0.25 mor less. 10 163. The sem conduct or

circuit of aim 160, wherein the conductive contact has a thickness of
about 200 alffst r fsSegHcRpdEgior pircuref Clajm il 6, eieanie thecdontagt epemingdiay adeidiice,

conpri si ”gz?fa%u?dﬁﬁén%rl@%@ry cells; 15 internal circuitry; and at | east
one generally vertic conductive contact coupled to the nenory array and

internal circuitry, the conductive contact conprising boron-doped titanium
nitride di 5éoosed within a contact opening over a titaniumsilicide |ayer
overlyi g al®3%si | Theowmiennsurier pigcuiionfdcaim &0, avhseein fhecondmtivg cantayhas 20 165.
The nenory @gy] { ygﬁ r the opening is defined by '

si dewal | s, a‘n%gstgﬁgg%ogﬁggg}taﬁgséocon?g‘%&gbnpri ses an anount of boron
effective to provide a | evel of adhesion of the conductive contact to the

i nsul ative yer to substanptially elimnate peeling of the conductive
contact fr ot heARiniestater sirgyit pgmopndeviery camBrisngicki ng of the 25 insul ative

| ayer, and an a%uﬁayﬁfn%ﬁérz%ﬁﬂ .effective to maintain the conductivity of
the contact at a prédeterm ned Tevel for an effective electrical contact

wi th theé conductinteenal circuitry; and
at least one generally vertical conductive contact coupled to the memory array and

internal circuitry, the conductive contact comprising boron-doped titanium nitride
disposed within a contact opening over a titanium silicide layer overlying a
silicon-comprising conductive area of a memory array.

20
165.  The memory device of Claim 164, whereby the opening is defined by sidewalls,
and the conductive contact comprises an amount of boron effective to provide a level of
adhesion of the conductive contact to the insulative layer to substantially eliminate
peeling of the conductive contact from the sidewalls of the opening and cracking of the

25  insulative layer, and an amount of nitrogen effective to maintain the conductivity of the
contact at a predetermined level for an effective electrical contact with the conductive

area of the memory array.

166.  The memory device of Claim 165, wherein the conductive area comprises a

30  source/drain of a transistor.

167.  Anintegrated circuit memory device, comprising:

an array of memory cells;
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area of the nenory array. 166. The nenory device of Caim 165, wherein the
conductive area conprises a 30 source/drain of a transistor. 167. An

i nt egr at edoai3nescé menory device, conprising: an array ofrcmarsoe/y4o8el |'s; 42
WO 03/ 012860 PCT/ US02/ 24088 internal circuitry; and at |east one generally
vertical conductive contact coupled to the nenory array and internal
circuitry, the derehistirmgtrgoaidact conprising alternating |ayers of titanium
nitride and boron doped titaniumnjtride dlsposed f@dﬂQFﬂgcontaCt op ni ng

over a titani umableasione geaeraly ¥prtigglegonduqiiyeontary PREYBHIEL ve
area of a d
petmean tworiCaal eBRARY, thé OonanB O AARESp LA 1 bitBhih S0RE

167, mherebmd%bﬁne@@nﬁngnnmndmhﬂadﬁpmwdsmdnmabbsmdxgnmngheenmnwanIve
contact conpri.ses an a unt of boron effecti vide a |leve

e b o i BufRIety e e R s o vE A AP T b et 1 ol 1y
el imnate pReki H%éﬂfntéﬁ'iﬁmcrﬁﬂﬂé%}}e}‘@1sﬁ%ﬁ%¥wéeh%leiﬁrs%ﬁﬁ&\ﬁhlnsmﬁfdet he

openi ng and cracking of the insulative |ayer, and an amount of nitrogen
effective to nalntaln the conductivity of the contact at a predeternlned

el o e LRt ELESA SO Y I B ] e
conducti ve AieRe EMIBEHESonPact SEHpERE Bh anBuMfofdotdntéTictlOto prévide a level of
10 adhesion of the conductive contact to the insulative layer to substantially eliminate
peeling of the conductive contact from the sidewalls of the opening and cracking of the
insulative layer, and an amount of nitrogen effective to maintain the conductivity of the
contact at a predetermined level for an effective electrical contact with the conductive
area of the memory array.
15
169. The memory device of Claim 168, wherein the conductive area comprises a

source/drain of a transistor.
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