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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
(TiCl4) and ammonia (NH;).by CVD onto a titanium (Ti) liner overlying the insulative
layer. Although useful for forming a thin liner, when pure TiCly-based TiN is deposited

to fill a via or other contact opening, the material does not adhere well to the Ti thin layer,
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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,Hs) into the gas mixture to dope
the TiCl;-based titanium nitride film during the deposiﬁon process. The addition of BoHg
to the precursor gas used to form the TiCly-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,Hg) 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 (NH;) 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.
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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 TiCl, and NHj3, to form a layer
typically about 100 to about 500 angstroms thick. Diborane (B,Hjs) 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.
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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.
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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

5
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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 insulativé 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



reference to FIGS. I A through 1D, in a nethod of form ng a conductive
contact 34. The contact is illustrated and will be descri bqugmmw
coupled to a diffusion region; however, the contacts of the present
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sem conductor circuit. 20 Referring to FIG 1A, a sem conductive wafer
fragnment 10 is shown at a prelimnary processing step. The wafer fragnent

10 i n progr eshniqas, foPBRimpsie, r@actbRTbE StcHing(RIE)\afhle rhadkiig with agattbied waf er
along with various process |ayers forned _thereon, including one or nore
seni conduct photozsgist layer (net prawn)dp pEQVidma viagi@thescpptaciopenigettdafined bt i ons
M C
de

of sem conduct or. . r fr | ha hncludi ng a
silicon- confgl}slgl&%xgg]ba‘ggﬁﬁ 261 g?&_grgo&@h%g{tioa%e %)%tiecigﬁ% l}é\???%ﬁ%sg@ F@? e %2 S
nonocr yst al diff@ich regioaR2haliié., scurde/draiharelion) irothe theﬂiﬁﬁ%dﬂwbh Bulst@eduet | vity

enhancing material. Forned at the surface 14 of the substrate 12 are a
transi stor mmlmcdﬁoaﬁﬂqtlérﬁob@maﬂ% ng insulative |layer 18. The transistor

16, conprisin .e ' r rain di ' i QNS 224,
22b, can be f or misa P R, Bk SOUUELHT shednb R ol AU
insul ative kdysed d&faeTaofiessiitornsibdate hotheottonl 28 ofthk iceMtaciipesing@4( Si O2)
phosphosilicate glass (PSG, borosilicate glass (BSG% and

bor ophos phodypicely.dhe;seeddayqrepfomnedtha thiekness of abopb 25¢to sherut fRY angsigss,

bei ng BPSG it il r i PSG | ative. | ayer has
been et ched ug%é@tggkﬁgikﬁg%ﬁ%yw 88?’3‘%}%? @?@%‘i@@%@@‘gﬁ“ﬁ%‘ﬁg%o
PCTI US02d- 24 03etift €4 vk Sesist&icedy @rgdontact fpidd. VEechalues shd prdcédSishatemuifod e
masking with a patterned _photoresist |ayer (not shown) to provide a via or

ot her cont aéermipea titaniyy stsidelayenaye wel kopwniin thesart @y descsibed, fanexammetinom
tion 28. T, ' RARILY jon 22a (i.e.,
Ut cor dr ai WS GRS b BRIAGT it oR 0 bl NOCs 00 o7 TDRM K7, 7 200, 11 ©

el ectrical cont aPreferibly) thecTiSideed Rybe30 isiforthed by &cohntionil plasmaienhahdddci de
(TiSi,) seed layer 30 iis forned over the exposed surface 14 of the silicon

substrate afbemigalspppdsposition (PEEVADmracsss Hisb aompprises fornripgianRY plaspp frogped

ol ti By 1o b@ef obbiSHE Bl 3B hiona) (FCID) BYropd G At ot o

regi on 22a afich & angef (Ar) and/boheliun @de)3d dapesit alaybreoftitamiant (Tipoved the
Techni ques and process systens_for = form ng titaniumsilicide |ayer are
wel | known FPstiRie (sicon) e%cﬁlﬁe&le '?tawugyﬁﬁ%r%ﬁeppﬁte'& the titanium reads with

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 TiCl,, about 1000 to about 8000 sccm hydrogen (H;), about 1000 scem
argon (Ar), and about 50 sccm nitrogen (N3).
Although the preferred process for forming the TiSix 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 30isby 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



U.S. Patent No. 6,086, 442 (Sandhu, et al.) and No. 5,976,976 (Doak, et al.
Preferably, the TiSi, seed |layer 30 is forned by a conventi on#d JANHARY 2006
enhanced WheM4188i0 vapor deposition (PECVD) process that coffgFUS&&2408% ni ng
an RF plasma from 15 source gases conprising titaniumtetrachl oride
(Tid4), hydrogen (H2), and carrier gases such as argon (Ar) and/or helium
(He) to depapinTos th AB&t 10T odr] fiskiy titihiuht letr@vldbridé €TiCI) phis Aditicdibpretrdsot)or
surface. Wien the titaniumfilmis deposited, the titaniumreacts with the
silicon to Sourangss vech as silapen(Pillsber dichlomsdans Gikl2Ghbetasatio of gbaut Siks i ar
achieving the. formatio he Ti Si, seed |ayer 30 include a wafer

t enperat ure T3 6E hfﬁ&f%m% 20 process pressure of about 0.5 to about 20

Torr, a power rangevétome®he prbBlenisthatiedtr indhe uyddf Spire TiOD-tasebtihived pl at e
single wafer plasma reactor), and f]ow rates of about 150 to  about 300 scem

Ti O 4, @bouwnitridzadug er egniaat, Bobes pedinginf dhoepntact fom theipsplativondeyalisof theyon

Ar), d t.h ' ) h J
Forti ng t ha by b bt RIS ibaielab e i v iR TS S5SSEREL,
30 can al scTig},-baedtitandymaitidedl (titadgum bofdnitridey & foat thé bémdbictive &ontahpsi cal
vapor deposition (PVD), ., Sputtering, onto the surface 14 of the

1.¢e
substrat e Iplugdds as@hgzypti@ RI6 1Dn Preferabl thofsegaing cemdpctive gomgact infomnad ban

anneal step about 0C. ), I an.anbj e s nitro on,
anmoni a, or? ?fi}”d’% Leion a’Fﬁrir‘él él%egﬂ% g ecn%)loggﬁ? ﬁné?@rpégé&sg-mﬁ%T silicon
exposedigon tteaﬁai%&érsfaﬁa Proceséystdis dte ifelldinoRm3A thegit 0 diaibed, fRleRampe, il Si
seed | ayer 30. Such a grocess Is said to be self-aligning, as the TiISi, is

only for medUfh&etent Ne. .03%252 (hikman et ebhand INo. 51R98:84(7; (b and Sheran).cEC¥Rs .
Anot h f th it 1 L S | )
e oM ASERS b s T, SR br b

i ncl ude a pwalt a&stors; Pt Akitediresdisiy] rabfafibn bedim absisted Pé4efors, and thedliky. essur e

of about 7 19 JANUARY 2006 WD 03/ 012860 PCTI US02/ 24088 10 niforr to about |
Ton, using titanfymiralbhinafiGYP peocess, thesubsirats iyplaced g repetion ghamberp ot

source gas | ' ' ' .S 2 rati o of
about 5]% 1, sl%lréagl) ﬁivgrﬁirc?lggga‘gbg)yé@:aﬁ a5 %?]%qs g(';n11§é Sﬂfga%\g/%r&ggtn% 'hiérepr O@P’é@n‘é t hat
occur in thwbs@ste ifhaateduba tinpérattrafeekdess afithe dedompdsitichetepipeghae of thet act ,
such as peeling of the contact fromthe jnsu]ative side II% of the _contact
openi ng andPTESHEN; 83§55 fWheR thegasesare wairqdyged intq ﬂ@rpm?ﬁaw 6% q0d braushy
bor on- dopedy, JirthWamSRE st Y gakdd dedSmbbld orf fHe'sAfalibARE Sisiateds) t O
formthe conductive contact or

deposit the titanium boronitride film comprising the metal and elements of the precursor

20  orreactant 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,H¢), ammonia (NH;), 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, TiCls-based
titanium boronitride over the titanium silicide (TiSi,) 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 sccm TiCly, about 100 to about 1000 sccm B,Hg, and
about 100 to about 1000 sccm NHs. 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



plug 34, as shown in FIG 1D. Preferably, the foregoing condw}ANQAﬁmgt
Is formed by a conventional thermal chem cal vapor dep05|t|on % 3
process. MRMA2H9 10 techni ques and process systens are wePFTKAWH%48 t he
art, as described, for exanple, in U S. Patent No. 6,037,252 (H |l man et
al.), and No. 5,908,947 (lyer and Sharan). TCVD systens include standard
t her mal r eabtimgdranabowtsl Tat ¢b abmiuk 1 5 Gorrs prefdrablyeaboatl( Dors. Awgichidy, to fidll d
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gases such as argon, tim and/ or nltrogen nto the reac
under ¢ond mlxmspm‘sésscatredmeddem efmdimkencap@thedamm\te saddum}le fof 3 2omthct

bor on-doped, Ti.Cl4-based.  titani umboronitrid { I tani um SJ I | | de
(Ti Si x) seeQPFEDE, Tggults i, r?é?nta&hl’fégpg a}y&g% %'féﬁl&ﬁ?ils g i al
|'s deposi t eqgdifioR WHEFHHRESSntalls Gaamla%ﬁkaresé bkhbcsmoogggéfﬁﬁ MBS t%he 20

resulting in the structure shown in FIG 1C.  Preferr
gases are albwunalldess of &bﬁnmﬁﬁab@mmaﬁsmdqhwoﬂﬁwmmwedml %ﬂﬂﬂxes ccm

B2H6, and t 100 to about 1 0 referred te eratu
mt b e AAEDR P meRs R U OF B e, Lot Nl Ehig0ns Fmpanents terespout
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650C., with pressure conditions within the reactor 8 19 JANUARY 2006 WO

03/ 012860 PSi'd&WSﬂQZQQf)’QS opening 28y and ateduction ﬂicth¢ tlteun@lt:ﬂmss IeselTwhichpr ef er abl y

about 10 Ton. i ca . to fill a ont a bout 1000 to abo
2000 angst » Bistaafif elihing dracking ot B8 HRbi M 19 N br 28 e ioaRBRL e
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general formula TiBXNy (titanium boronitride). The ampunts_of the
resistance) of the contact 34. To counteract this effect, the ammonia in the gas mixture is

20 provided in an amount effective to maintain the conductivity of the formed contact 34 ata
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.



5 B2H6 and the NH3 gases that are flowed into the system are nmaintained so
as to provide a fill having a | evel of adherence to the insu | 006
si dewal | S\V?}Q’ &égkpe contact opening 24 such that the for\r,\rz‘qu ﬁ‘;‘gf
remains al Pag o and does not peel away fromthe side ) o]
substanti al cracks develop in the body of the insulative |ayer 18.

Ti Cl4-based Ti N contacts that are nmade without the inclusion of B2H6 in the
gas to m xture Hltsonghanod shawmaphssizgidon lay ereinthem be farmediower the dewice.v e

sidewal | s a contact . opening. This results in t CORt ac eel i,ng away
fromthe siq%’éb%a'ﬁ& %ﬁertlﬂge?%oﬂ’élﬁ%ﬁﬁpg Fﬂnta'gt&gﬁufﬁ'ﬁ??(nﬁgé}?vgﬁfﬁn3?8%?%?‘15 reach a
t hi ckness Qlvedbiigithe pRsamt@ac@pe or nore, the high thernal stress of the
fill material can cause cracking of the inulative layer. Wth the addition
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15 is ap ingrease kn.th hesiqn ©of .the fill rial, of .the n

Wth tne | MR Ppdrtiy GoRAendR Bhmlatd inaweRE oSt & BN FEGS 7K, e
thermal st rRpsugtiey®! . which substantially elimnates cracking of the

insul ative |ayer 18. However, as the amount of boron increases, there is

al so a reduct i orRéfarringdo /(e 2o b waderdliiegmentt 1)’ {sshewnrheferg peo¢essing.eBrisflynce)
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S 20" pr ovi e FRERAM TG HReR A RD o PR TP RO SdRL RO ¢y of |t he
formed contyédocBystallin@silibbit AEtEA BbiRRtivEMRh 2DaT kR a8 hfsBhrice/dRaifl k&R 1 Adl
contact with the diffusion area 22a or other sem conductor structure.

Ref errilfig toyeRyimg ingulativedayer 1§ comprisingdior exampleaBBSG3hascamexpoesd wefacenoved
accordi ng t,q,knewn nethods.. | e art,.fo a e chem cal, chani cal
i e 159: SRRRROREN R Bine a4 BBl sinebialls S5 TR £ potigim ORIBAE  THESSRGET.

el ectrical 4P exrteh @ forthecoitucHvE hregPow’.r egi on (conductive area) 22a to
various parts of the sem conductor device. The resulti ngocont act 34

conpri ses a bor diefeaingdotRlGa 2By mthintitaniem| siljeide cTiSix) 1ayeg30°ds formediaventhieum

openi ng.  TREQAFRAF A B8 bolEm O RE GreBind 2°, Ao i ot O FRREk, Ve
si dewaliss afas atihiek64as bf Blbut 230 t@asaiit 300 iafgétiomd. OThé TiSi ey erS30° @as bé fitfiled
measured in force per unit area nes/cm, to substantially

(i.e., od | i
el i mi nate dysomverposal methodssas previgesly é?%’ﬂ‘l),éeé;rﬁ!ldi preferabin by PESHER using diGhi h
| ow el ectriga [ St Vi . ANUARY 2006 WD 03/012860 PCTI US02/ 24088
Al t hough ngfz’s %&géééﬁ%gimgﬁéagﬁgl ayer can then be forned over the device.
A layered conductive contact is formed by depositing alternating layers of TiClL-

based titanium nitride and 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 (TiCL) and ammonia (NH3) and
one or more carrier gases can be flowed into the reactor to form a layer 36a’ of non-doped
titanium nitride onto the TiSi, seed layer 30’ to a desired thickness, typically about 100 to
about 500 angstroms, resulting in the structure shown in FI1G. 2C. Preferred flow rates
for the gas mixture are about 100 to about 500 sccm TiCly and about 100 to about

30° 1000 sccm NHs.

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 TiCly, NH3, and B,Hg. The boron-doped,
titanium nitride layer 32’ is deposited to a desired thickness of about 100 to about
10



Optionally, other interconnects and contact structures (not shown) can be
formed overlying the present structure. In another enbodi ne f lpgy%&)hod
of the invention, a multi-layered titaniumb5 nitride conductlve contact™ can
be fabri cAVOPOWSE0 waf er fragment, as depicted in FIGS. 2A P

Referring to FIG 2A, a wafer fragnent 10' is shown before processing.
Briefly, wafer fragment 10' includes a silicon-conprising substrate IT, for
exanpl e,  n500angstiond. i Rrefesiediflomwnratest fohtte gas nentuire e aboeil (W2a' absutci00ascra
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formed by c proc 'ssi ng at erat

t 0 aboutio 70@diride parcbe dglalsitedibetwieen ﬁﬁ@layersaifamh-cﬁl@ed:tltamnﬂ nitrife esséesrred 1]

about 1 Torr itg about, 15 To% pr ef bl y abo %orr 25 e%&as m xt ure
conpri si ng it BRCORAFIAPCRIDR) <G 1 R %ﬁ@p&w% ShRbHeLoPREESOIIMFING e or nore
carrier gas 193{\%;{11 oto the reactor to forma |ayer 36a" of

non- doped ;?1;6{1;&% ﬁ%ﬂtnaﬁrl e onto the TiSix seed layer 30' to a desired

t hi ckness, typi cdxcyssabatatialldaf beoemabelids depirtahipFiGrF, forexatrtple) hyiGMP/te
structure shown.in FILG.. 2C. Preferred flowrates for the gas mxture are

about 100 t O%Hﬁt"oﬁ@?)ct’é’&?ﬁ? -and about 100 to about 30 1000 sccm NH3.
As showpsin FI G gaby &W&n—'dé éd‘@t@mﬂxh?iﬁﬁﬂd e&ﬂ?enrlﬁﬁ &, and a
| ayer 32" conprisi ng oron oped titaniumnitri p05| ted ont o the

non- doped t titaninm mmtrudcisubaﬂmtiaﬂyecd\fces)ﬂneahgaal atrcastm e TaGbﬁzase;i TN fill GiatgrialiH3,
a0, 8280, TS DRSBTS HR B Y e R 5518 2
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, TiCls-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,
11



10 19 JANUARY 2006 WO 03/012860 PCT/ US02/24088 500 angstrons. Preferred
flowrates for the gas m xture are about 100 to about 500 scc Ti Yz%Bgut
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waf er fragment was provided that had a silicon substrate | ayer and an
overlying '
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| ayer of BPSG A contact opening was fornmed through the BPSG | ayer. The
aspect ratio of the opening was 10:1. The Ti d 4-based Ti N fi 10JANVARY 2006
deposited by thermal CVD at a pressure of 10 Torr wusing a Centura system
avail abl e from Applied Materials conmpany of Santa Cara, 11 19 JANUARY 2006
WO 03/ 012860 PCTI US02/ 24088 California. The precursor gases were flowed into
the reactor as follows: 340 scan Ti Cl4, 200 sccm NH3, 3000 scam argon (Ar),
and 2000 scam gaseous nitrogen (N2). The diborane (B2H6) was flowed into
the reactor at a rate ranging from 200 scamto 600 sccm Data was neasured
at two di WHRAEIS CleATMED I8:es: 600C. and 650C. 5 The results are shown in a
graphical formin FIGS. 3A and 3B. As indicated, as the amount of boron
(i.e., B2H6) was increased, the stress (Gdynes/cm of the Ti Cl4-based Ti N
materi al dect cRgfthddof o s on@ict 8 LanSliF ST ob&fk iPfindghek yBus, by
varying the B2Ho flow, the Chermal stress of the TiTCl4-based TiN filmcan be
adj ust ed owdyingtatsmbsttdte covpesinglthaisteps afbt cause the insul ative |ayer (e.g.,
BPSG to crack., 10 In conpl.iance with t statute, .the invention has been
described in |%HBH‘§§Q%“6P titggjup il 1@;9835‘? fip3brate fujenin Fre PR RE Ay ot hodi cal
features. |t |®rhihghefillbsiapsdin®dianhonByhitridd Hak tH@ahitmedilidi@d]alyér 16 &l
limted to the specific features shown and descri bed, since the neans

herei n dithelop&ruaag.conprise preferred forns of putting the invention into
effect. The invention is, therefore, claimed in any of its forns or

nodi fications within the proper 15 scope of the appended clains

appropri agel y Arbedyetieé eshthdl, @igisitpace with the doctrine of equivalents.
12 19 JANUARY 2006 WHAT IS CLAIMED I'S; 1. A nethod of form ng a conductive
contact in an dlgenafgitaniumborenigidgivithin  ggndact opoing gxtepding spaghran e,

conpri si fa: form | fo tl ' idieid e

subt 1 at AR ARy R 83ichRcBlsfte skt o oS! ddufict BetBnfebs

bor oni t r i sithated @vert dlayér doaiprisiigithnicmddlidideydispdsed bn the silidod-copdprising. 2. A
conductive_contact, conprising: a l a)[/er of .titaniumboronjtride within a
cont act @@W%@W&trbﬁhﬁ ioﬁampgiraggékp ¢omitact opening defined by sidewalls.

3. An integrated circuit device, comprising:
at least one conductive contact disposed in insulative contact opening and in
electrical contact with an active area in the substrate, the at least one conductive contact

comprising titanium boronitride.

4. The method of Claim 1, wherein the step of forming the fill comprises: depositing
a gaseous mixture comprising titanium tetrachloride, ammonia and diborane by thermal

chemical vapor deposition into the opening.

5. The method of Claim 1, wherein the step of forming the fill comprises: depositing

alternating layers of titanium nitride and titanium boronitride to fill the opening.
6. The method of Claim 5, wherein the step of forming the fill comprises: a chemical

vapor deposition using a gaseous mixture comprising titanium tetrachloride and ammonia,

with and without diborane.
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insulative layer to a silicon-conpri sing substrate of a sem conductor
device; the contact situated over a layer conprising titani ud®dANUARE2006
di sposed on the silicon-conpri sing substrate within the opening; and the
contact opening defined by sidewalls. 3. An integrated circuit device,
conprising: at |east one conductive contact disposed in insulative contact
opening and in electrical contact with an active area in the substrate, the
at | east one conductive contact conprising titaniumboronitride. 4. The

met hod of Claim1l, wherein the step of forming the fill conprises:
depositing a Hwguethed nf Klaimd, wharsin thiestgptof fermingrthedilt earhprises:dbermahmoni a and

di bor ane t hermal . chem cal svapor deposition jnto the.opening. 5. The

et hod of Temigahaper deEpdran o S TRER GRS Rt Srii b gL, T
deposi t i ngtrachdrifendatiaftndmy & Srafthd fitaaithimirivetlhycds aaid skédndrpasibubor oni tri de
to fill the opening. 6. The method of Claim5, wherein the step of formng
the fill Tobieicemprisiag sitangine strachlapde. aepets anddiborang do PIE-ANEHE0FE xt ur e

conpri si . i :ém ! tFEQ | oride and ammonia, wth and w thout diborane.
13 19 JA&%%W&%% .(E e%r]‘ret hod of Cdaim5, wherein the step of formng the
fill conprises: thermal chem cal vapor deposition by flowing a first
gaseous m xture conprising titanium tetrachloride and amonia to formthe

titani umi t rithe qoagegtive can@ctoiddapnd, Waesesike contaet GPEPRESIHIEIWY ti t ani um

tetrachl g - [ ' 0 f or or nore titanium

boronitr iotgé g‘yd%[@_%?Eﬁ@ﬁ%ﬁ%ﬁgﬂ%ﬁ?s@&%ﬁ?‘%?ﬁ%ﬁ- Claim2, wherein the

contact conprises a titanium boronitride |ayer interposed between titanium
i.m 2, wherejn the conductive

nitride | ayers, 9. The conductiyve coptact of Ca

Cont act % or FECEOTGRIT FOREF] A IEh Gckherefitee BREHFLE OBBe B Bhduct | ve

cont act C\giiﬂx?}f&l?asg%%t%ﬂpén' ~opening has an aspect ratio of about 3:1 or
: : duct

greater he” co ctive contact of Claim?2, wherein the conductive
contact is selected from the group consisting of a |ocal interconnect,

contact, puri contact, Via, ,_and filled trench. 12. The canductive
Cont act | olt-ar ol condqgiiesoneedl Claim Aot hertindGansine vap ASiRe! SO Brmpunt | of
boron ef f gchi ¥.¢ of greafepvi de the conductive contact with a |evel of adhesion
to the

11. The conductive contact of Claim 2, wherein the conductive contact is selected from
the group consisting of a local interconnect, contact, buried contact, via, plug, and filled

trench.

12.  The conductive contact of Claim 2, 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 layer; and an amount of nitrogen effective to maintain
the conductivity of the contact at a predetermined level for an effective electrical contact

with a conductive area disposed in the substrate.

13. The conductive contact of Claim 2, wherein the conductive contact has a thickness
of at least about 200 angstroms, the conductive contact adhered to the sidewalls of the
opening with substantially no peeling from the sidewalls and no cracking of the insulative

layer.
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insulative layer within the opening to substantially elimnate peeling of
the conductive contact fromthe sidewalls of the opening, ang a |level of
thermal stress to substantially elimnate cracking of the in 3ﬂéﬁqﬁ3¥5vﬁr
and an anount of nitrogen effective to maintain the conductivity of the
contact at a predeterm ned level for an effective electrical contact wth a
conductive area disposed in the substrate. 13. The conductive contact of
Claim 2, wherein the conductive contact has a thickness of at |east about
200 angstrons, the conductive contact adhered to the sidewalls of the
opening with substantially no peeling fromthe sidewalls and no cracking of
the insulative layer. 14 19 JANUARY 2006 14. The conductive contact of

A aim 2, yher eThe dondusBRrAdalatVe Cloit dCkhdiéia the édtidakivassontdet hallomicka&e80 to
about 3000 angstronms. 15. The conductive contact of Caim2, wherein the
conduct i vaf abewit 1900 te abgt PO angstromsnat i ng | ayers of titaniumnitride and
titanium boronitride. 16. The conductive contact of Claim2, wherein the
conductive contact is coupled to an array of nmenory cells and internal

ci rcui tryls, 17. T @atu@iedaatadr ofdllaien 2 wheteififhé Sind@ctiviccontidflesihprices cont act  of

daim2. 15 | . . L .
alternating layers of titanium nitride and titanium boronitride.

16.  The conductive contact of Claim 2, wherein the conductive contact is coupled to an

array of memory cells and internal circuitry.

17. A semiconductor circuit, comprising the conductive contact of Claim 2.
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