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of the Invention The present invention relates generally to the pro gn PY
of sem conductor devices, and nore specifically to providing a diffUsion
barrier onto a sem conductor device. 10 chkground of the Invention Mddern
sem conductor devices are requiring speeds in excess of 200 negahertz. In
order to formfuture generations of seniconductor devices 15 copper (Cu)
will essentially Lred for .interconnects. roblem with the use of

topper s that METHON FOR DIPOSEEINE A DIFRISION BA RBIER o

copper diffuses too easily through the silicon dioxide |ayer. Therefore, in
the prior art the copper is typically surrounded by a diffusion barrier on
all sides. 20 D ffusion barriers for copper include a nunber of

mat eri al s5 such as silicon nitri d¥ielddof/the Insentidn act ory netal nitrides
(TiN, TaN, WN, MoN) and refractory silicon nitrides (TiSiN, TaSIN, W5 N),
or refractory netal -sem conductor-nitride layers. O all of these barriers,
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step cover agh? pate; n%%%%#hﬁﬁpr eViEei ned to be the percent age of a

| ayer beiqpg deposited on a specific surface divided by the thickness of a
| ayer bei ng deposited on the ug sem conduct or devi ce.
In 30 the case of sputtered ta Rd B t antal um silicon
nitride (TaSiN), and the step coverage for a 0.35 pmvia can be in the
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i nt er connect because Coppet adiffsesr toe peasily chréah) thessiieen diexideo lapem
tantal um Therefore, in the prior art the copper is typically surrounded by a
diffusion barrier on all sides.

20 Diffusion barriers for copper include a number of materials, such as
silicon nitride and various refractory metal nitrides (TiN, TaN, WN,
MoN) and refractory silicon nitrides (TiSiN, TaSiN, WSiN), or refractory
metal-semiconductor-nitride layers. Of all of these barriers, the two
showing promise for barriers include tantalum nitride (TaN) and tantalum

25 silicon nitride (TaSiN). These materials are usually deposited by
sputtering.  However, sputtering generally has poor sidewall step
coverage, where step coverage is defined to be the percentage of a layer
being deposited on a specific surface divided by the thickness of a layer
being deposited on the uppermost surface of a semiconductor device. In

30 the case of sputtered tantalum nitride (TaN) and tantalum silicon nitride
(TaSiN), and the step coverage for a 0.35 pum via can be in the range of
5% to 20% for an aspect ratio of 3:1. Such low step coverage increases
the risk that the barrier material will not be thick enough to be an effective
diffusion barrier along the sides and bottom of a deep opening. In an

35 attempt to get enough of the material along the walls of openings, a much
thicker layer at the uppermost surface is deposited, however, this is
undesirable because it increases the resistance of the interconnect.




nitride. The precursors for TaN includes tantalum halides, such as Tantal um
Pentachl oride (TaCl [err]). The problemw th tantal um hali des Is that the

hal i des react with the copper causing interconnect corrosion. 5 Another
precursor includes pentaldimethylam do]tantal um (Ta(Nve[err])[err]). When
this precursor is used to dep05|t tantalumnitride (TaN), the conpound that
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properties at caﬂmn (Ghfie inasrporatest withindhe layer. This compound generally has
20 approximately 25 atomic percent carbon. The relatively high carbon
content makes the layer highly resistive, and results in films that are less
dense, lowering the diffusion barrier effectiveness for a comparable
thickness of other materials. The resistivity of TaN when deposited using
TBTDET at temperatures lower than 600°C is approximately 12,000
25 pohm-cm. Films with such a high resistivity (desired is less than
approximately 1000 pohm-cm) cannot be used for making effective
interconnect structures.
CVD of titanium silicon nitride (TiSiN) has been demonstrated using
titanium tetrachloride (TiClg). This compound is again undesirable
30 because in forming the TiSiN, chlorine is once again present which causes
corrosion of copper and other materials used for interconnect.
A need, therefore, exists to deposit a TaN or TaSiN using organo-
metallic precursors that can be formed relatively conformally with a

reasonable resistivity and good barrier properties at lower wafer
35 temperatures.




Brief Description O The Drawi ngs The present invention is illustrated by
way of ‘exanple and not linited in the acconmpanying figures, in which like
references indicate 5 simlar elenents, and in which: FIG 1 includes an
illustration of a cross-sectional view of g portion of sem conductor device
substrate after forming openings in an interlevel dielectric |layer to doped

regions within the substrat eﬂ_&éﬁ)e’é(:ﬁpﬁ?ﬁc@fm Uéﬂ&ﬁggt ion of a
cross-sectional view of FIG ormng nateri a needed to form

i nterconnects in accordance wi th one enbodi mrent of the present invention;
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i 11 ustration Of semicenducior deyice substtateraftere forming ppenings ur am igtedevel er
form ng an i ndiglétfiedayet o dope @i:;iseﬁv‘iﬂﬁﬁetﬁé suB¥@hte;and FI G 7 includes

in illustration of 0SSssection t he substrate_of, FIG fter
formi ng a subst ant?ﬁl}i ;)' ’é%?llr%? OHSQflq Wﬁr?maﬂﬁ%&faﬁﬁt Hat
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(CVD) using I.—'11a ltrilds (
(Et[err]N)[er P’%*—NEt] and amoni a ( NH3). By the inclusion of a
sem conduct or sourEEGsuEhingludss aneil{@itrition aof amterbssrsectionaln viewr ofiethe
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| FIG. 6 includes an illustration of a cross-sectional view of the
20 substrate of FIG. 5 after forming an interconnect to a lower interconnect
level; and
FIG. 7 includes in illustration of a cross-sectional view of the
substrate of FIG. 6 after forming a substantially completed device.
Skilled artisans appreciate that elements in the figures are illustrated
25 for simplicity and clarity, and have not necessarily been drawn to scale.
For example, the dimensions of some of the elements in the figures are
exaggerated relative to other elements to help to improve understanding of
embodiment(s) of the present invention.

30 Detailed Description Of The Drawings

A refractory Metal Nitride and a refractory metal Silicon Nitride
layer are formed using metal organic chemical deposition. More
specifically, tantalum nitride (TaN) can be formed by a Chemical Vapor

35 Deposition (CVD) using Ethyltrikis (Diethylamido) Tantalum [(ETDET),
(EtoN)3Ta=NEf] and ammonia (NH,). By the inclusion of a
semiconductor source such as silane (SiH,), a tantalum silicon nitride

(TaSiN) layer can also be formed. Both of these layers can be formed at



4 wafer tenperatures |ower than 500[err] Celsius with relatively small
amounts of carbon (C) within the film Therefore, the enbodi nents of the
present invention can be used to formtantalumnitride (TaN) or tantalum
silicon nitride (TaSiN) layer that is relatg vely conformal and has
reasonably good 5 diffusion barrier properties. As used in this
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: measured, the temperature is typically in a range of approximately 350-
400° C.
The ETDET is introduced using Helium (He) as a carrier gas that is
25 bubbled through the ampoule. The flow rate of the Helium (He) is in the
range of 200-800 sccm. The heater box temperature for the ampoule is
maintained at approximately 80° Celsius. In general, the heater box
temperature can be maintained within a range of approximately 50-90°
Celsius. The temperature of the ETDET within the ampoule is
30 approximately about 10° Celsius lower than the heater box temperature.
Ammonia (NH3) is introduced at a rate ranging from 200-500 sccm which
generally gives a deposition rate of approximately 150-200 A/minute The
deposition rate will also depend on the reactor configuration. Using these
parameters TaN film can be deposited that has less than 15% carbon (C)
35 and is generally no more than 1%. When used as a barrier layer, the layer
TaN is usually deposited to a thickness in a range of approximately 200-
300 A along an exposed surface of the substrate, and generally has step




5 coverage of greater than 50 % at the bottom surface of an opening having
an aspect ratios of 3:1. The flow of ammoni a has been observed to enhance

t he deposition across all tenperature ranges. Wthout amonia linited or no
deposition 5 is observed even at high waferg tenperatures. This is in
contrast to the precursor (TBTDET) used to deposit TaN as reported in
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20 The deposition parameters for TaSiN are the same except as noted
below. The pressure is typically in a range of approximately 0.1 to 1
Torr. The flow rates are slightly changed in that: the Helium (He) flows

at a rate of approximately 50-150 sccm at the same conditions for the
ampoule as described earlier for TaN; ammonia (NH;) is introduced at a

25 rate of approximately 150-300 sccm; and silane (SiHy) is introduced at
approximately 1-10 sccm. These parameters give a deposition rate of
approximately 150-250 A/minute with approximately the same carbon
incorporation and adhesion characteristics as the TaN.

Different source gases may be used for the Silicon source and the

30 TaN precursor. Specifically, it is possible that Disilane (Si,Hg) or some
other Silicon gas could be used. In addition, it is believed that source
gasses containing other semiconductor souces, such as germanium will
work as well. However, care should be exercised, in assuring that gas
phase reaction is not present. Also, the wafer temperature of the

35 deposition should not exceed 500° Celsius, and be typically less than 400 °
Celsius, because of the issues noted previously. The TaN precursor has

similar concerns. In general, the ethyl group attached to the doubly
bonded nitrogen can comprise either an ethyl [(EtoN)3Ta=NEt] or a

ﬂ




35 deposi tion should not exceed 500[err] Celsius, and be typically less
than 400 Celsius, because of the issues noted previ ously. The TaN
precursor has simlar concerns. In general, the ethyl group attached to the
doubl'y bonded nitrogen can conprise either ggn ethyl [(Et[err]N)[err] Ta=NEt]
or a 6 met hyl [(Et[err]l\l)[err]Ta NMe] group. The carrier gas for the

anmpoul e i ncl uggsthy® nr[q{]é) }JZ)% ydmge

Fol | owi n de05|t|ono fllms%z ’ toan
in-situ gl asIO ér} e‘?ﬁi‘&geé‘anﬂ er %g‘m'iﬁ}?of t he

deposi t ed fllms DFlei mgeﬁmdm@!fuﬁlmafm bpy(mgerthe“f Eavasma

sil ane, and ammoni a nd| vi.d r in _conbinati e use

treatment. FoF*BRSEH D'101? agma, Ar || S W Aed ‘ﬂ"r’téﬁm
resistivity o‘i:embnvityl mf ﬂyeadépﬁﬁlmd dilnds. or Differentt Qsesgam@:hnﬁﬁ rasbn,
o silane i1 ESAROBEN Altrdbdd. QAR dhd ARGl iianaiyohr AGCESR ﬁw“ie
f sil | g & a8 ur A8
?n tS Iheaggt \rM| x canmhesused ﬁ@ldphsamanﬁeatmenbl For exampiesthet useé\of argon igenerally
fil The fl f r Fesiitet
ranging f romomolg ?n%?}%r‘??“bé‘%ﬁgn%sfg}“‘?a”%ﬁm@# By a i ?ré‘ﬁ’%ﬁ ik
Watts. The pl I gages generalky,wor estam_ts atlﬂtl argonajthaugh this is
geaZSI ti ornI/aol aoraledenamy! | U@e&ifeﬁﬁand;wmhﬁlowt fiﬁ&’dg?brmaéf V) %Lgfadt f"[ﬁslsblyn
| can al so on su
the fil ns. Théh‘;gg%‘gﬁ'g‘ E:ggz_lgﬁ ORG-S @ﬁ}‘%ﬁﬁ’t‘;ﬂdgﬁ%’érc h%‘é‘?feﬁll% gl
waf ers after tedNgatiooin the n flowmdate e 8s can mﬁmmn -
d t t t he. @r
nvention ar e:p%’ﬁt}wg 003 riffeind %@%&‘F Em?%g ;mw%mg%%mo
| evel s of int n rigom chiagri ©
Tor i on oty Joke! BRGHARE “**“sfsr %Pe&ﬂg”’@a@f‘&ﬁa?ﬁ@ﬁﬁbﬁ[%%y' e‘”“?‘sh% ‘e
1Por med. The si'?ﬁ%ﬁd gﬂﬂg §§fé319an $0 6@@3!@? eD using
seni conduct or gmm ,inaosded Ctonﬂwﬁrpome Bigul the Iﬁlmmf eTheOpr@éstOiﬁlees

substrate use o§ﬁ2%@o§9§fiﬁ%\}}d¢%ﬁ£mﬁ el Oaol at. bon ﬂl ogxsq!l‘?%é

are formed ov
source/ drai n cendlitiens simiar tenplasmar camde usetk@mphﬂnatt ﬂwrsubmuldt be 1o
adj acent tgp t'ibfasflhél d isolation regions 12. A gate

Embodiments of the present invention are better understood with the
example that follows in which two levels of interconnects are formed using
the chemically vapor deposited material. FIG. 1 includes an illustration of
a cross-sectional view of a portion of a semiconductor device substrate 10

25 before interconnects are formed. The semiconductor device substrate 10
is a monocrystalline semiconductor wafer, a semiconductor-on-insulating
wafer, or any other substrate used to form semiconductor devices. Field
isolation regions 12 are formed over the semiconductor device substrate
10. Doped regions 14 are source/drain regions for a transistor and lie

30 within the substrate 10 adjacent to the field isolation regions 12. A gate
dielectric layer 22 and gate electrode 24 overlie the substrate 10 and
portions of the doped regions 14. An interlevel dielectric layer 26 is
deposited over the semiconductor device substrate 10. The interlevel
dielectric layer 26 can include an undoped, a doped, or combination of

35 doped and undoped silicon dioxide films. In one particular embodiment,
an undoped silicon dioxide film is covered by a borophosphosilicate glass
(BPSG) layer. After planarization of layer 26,, openings 28 are formed
through the interlevel dielectric layer 26 and extend to the doped regions



dielectric layer 22 and gate el ectrode 24 overlie the substrate 10 and
portions of the doped regions 14. An interlevel dielectric layer 26 is
deposi ted over the seniconductor device substrate 10. The interl evel
dielectric layer 26 can include an undopedy a doped, or conbination of 35
doped and undoped silicon dioxide films. In one particular enbodiment, an
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di el ectri ool ay@bodPment, the conductive layer 36 is copper. The partially completed
device is then polished to remove the portions of layers 32, 34 and 36 that
overlie the interlevel dielectric layer 26. This forms contact portions and
interconnect portions for the interconnects 44 and 42 as illustrated in FIG.
3.
25 A second interlevel diclectric layer 56 is deposited and patterned
over the interconnects 42 and 44 and the first interlevel dielectric layer 26.
FIGS. 4 and 5 illustrate top and cross-sectional views, respectively, of the
second interlevel dielectric layer after patterning. The second interlevel
dielectric layer 56 includes a doped or undoped oxide. The patterning
30 forms a via opening 52 and an interconnect trench 54. Other via openings
and interconnect trenches are formed but are not shown in Figs. 4 and 5.
As illustrated in FIG. 6, TaN or TaSiN layer 64 is then deposited
using one of the previously described deposition techniques. Layer 64
contacts the lJower interconnect 42. Layer 64 has a thickness in a range of
35 approximately 200 to 300 A and is covered by a second conductive layer
66 using a material similar to layer 36. The portions of the layers 64 and
66 overlying the second interlevel dielectric layer outside of the
interconnect trench are then removed by polishing to give the structure as
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: Although the invention has been described and illustrated with reference to
specific illustrative embodiments thereof, it is not intended that the
invention be limited to those illustrative embodiments. Those skilled in the
25 art will recognize that variations and modifications can be made without
departing from the spirit of the invention. It is therefore intended to
include within the invention all such variations and modifications as fall

within the scope of the appended claims and equivalents thereof.
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I ntended to include within the invention all such variations and

modi fications as fall within the scope @f AlngSappended cl ai ns and

equi val ents thereof. 9 CLAIMS W claim 5 1. A nmethod of formng a

sem conductor device conprising the steps of: placing a sem conductor
substrate i ntWeeclaimni cal vapor deposition (CVD) reactor; introducing a
nmetal organic precursor into the (CVD) reactor; introducing a sem conductor

source i nto t he éC\/Déhﬁr eactor; and 10 react | ng the nmetal organic
precursor,S arld t d of fosming sgemisonductorndevice comprising the steps of:

met al - sem conduct opfadih Iaaeemwdu&or st i o ARl Yaptheasiitibhe

step of introducing anlc precursor er conprise
the netal organic pre tS|ng tantalum the step of introducing a

selm conduct grthsoum&oﬂucﬁgea membror aaid P ﬁecﬁ.lﬁ'ﬁ%ﬁﬁﬁd%feoﬂ(fv tL&%cf&'t ‘lp“ sing
silicon; an es i ncludes rea e neta

organi ¢ precursor, S‘@Rﬁ&‘%@i@#@ﬂﬁéﬁ@ﬁ%&é e 1980 é’&r&gﬁﬁmm}'mango
silicon-ni@ride | amm thtvenetal boganit preeirsot, andthe diengicondadtbrt sanek
step of i introducing W%Pﬁ'r@h%cw& Bé?ﬁf Eé’ﬁgl&?myglﬁfﬂlﬂﬂéfai ep of

reacting includes reacting the amonra gani c
precursor, and the sem conductor source to forma refractory netal

sem conduct or2, anhedﬁeﬂh@ﬂeéfcﬁﬁlﬂl M@Ric8in: he step of introducing the
sem conduct or sourﬁﬁ I%Pe es, t sem congduct or, source being . silane. 30 4.
PglﬂtfPHBc

The method of cl ai Yige i ORERIYGLPFSFHIE0 &S GARRIIses
precursorld ncl udes t h¢hermnetal orgamiccprecacsorscomipeisigg tantalum;

Lésp[ﬂ ;]e?s[ g;re] E]Z ] gﬁ‘iée %W}fo&‘ﬁé@f&d&y@e&[ SeRiEohauGRINIuiEs AR tomtisks™?
thé semiconductor source comprising silicon; and
the step of reacting further includes reacting the metal organic
precursor, and the semiconductor source to form a tantalum-
20 silicon-nitride layer.

3. The method of claim 1, including an additional step of:
introducing ammonia into the CVD reactor; wherein
the step of reacting includes reacting the ammonia, the metal
25 organic precursor, and the semiconductor source to form a
refractory metal semiconductor-nitride layer; and wherein
the step of introducing the semiconductor source includes the
semiconductor source being silane.

30 4. The method of claim 1 wherein the step of introducing a metal
organic precursor includes the metal organic precursor being
[(R1)2N)]3-Ta=NR2, where R1 comprises an ethyl, and R2 comprises
one of an ethyl and a methyl.



10 5. A rret sem conduct or device conprising the steps of:
form ng an mﬂmgﬁm mﬁl over a sem conductor device substrate, wherein
t he i nsul at'i openi ng; depositing a refractory

met al - sem conductor-nitride |ayer using 5 1p chem cal vapor
deposition; and form ng a conductive |ayer after the refractory nmet al -

sem conduct or5ni wh%thbaxtﬁffomﬁﬁ %sbmi&mdemlmp mgamesste s of:

al um num or copper ﬁﬁ E of claim erejn.th
formng the conductﬁ“&’gﬂpgfé’r msilation dayey VL at a %eeu%s(grate,
conprise copper, and wghesdin thednsulationdayenhas$ anmpamngpctrve Iayer and

| nt er connect . 15 7. dePORiRE nFARDEY i somiE¥inctoP g laver  using

met al - seni 6onduct or - mhemmlwap@rdnpgsmommdn content of |ess than

approximately 15 at er‘aenbonaﬁcﬁvemag%t hefferof thbal mf%aabrﬁ \HiStaki n
the refractory meta - sefm conductor-nitride layer 1s fornmed at fri
temperature of less t fornitrges dayen st}Qrel@ CRE@HBHVBf Y m

1 or 5, wherein the regdm prizey ab®@indhum?6r copper. sem conductor-nitride |ayer
has a step coverage of greater t han appr oxi rrately 50% 10. The met hod of

claim9, wherein the step coverage of greater than Pproxr mately 50%
occurring ton 6. f &heumethadi of) clainn Sy ewhereini thesstep of forming ptheoconduative

3:1 or greater. Jayer includes forming the conductive layer to comprise copper,
and wherein the combination of the conductive layer and the
refractory  metal-semiconductor-nitride  layer - form  an
interconnect.

15
7. - The method of claim I or 5, wherein refractory metal-semiconductor-
nitride layer has a carbon content of less than approximately 15
atomic percent.

20 8. The method of claim 1 or 5, wherein the refractory metal-
semiconductor-nitride layer is formed at a wafer temperature of
less than approximately 500° Celsius.

9. The method of claim 1 or 5, wherein the refractory metal-
25 semiconductor-nitride layer has a step coverage of greater than
approximately 50%.

10. The method of claim 9, wherein the step coverage of greater than
approximately 50% occurring in a feature having an aspect ratio
30 of approximately 3:1 or greater.



