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the 1 C copper process. Related Art Wth rapid devel opnent in | Cpigetucti on
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a | ot of attentr on. In the field of deep subm cron devices) increasing the
devi ce oper O FOIEM AKING LOW-RERESTANCEBARRIER EAVERUSING er s and an
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resi stance than gold and alum num (2) a superior electromgration

resi stance;F ﬁﬁ,nﬁo,petter thermal conductivity. Moreover, it can be
grown usi ng t physi cal vapor deposition (PVD}, chem cal vapor deposition
(CvD), and el ectropI ating. Therefore, the copper Process has gradual |y been
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oxi de | ayer q?tte‘?l um num Therefore, it is likely to be oxidized and
corroded, the conductive stability of netal interconnects, (3)
The adhesrve property between copper and the dielectric |layer is not so
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a harrier layer of a certain thickness, the nitrogen-rich re

is reduced while the barrier layer is kept formng to cover t

The barrier layer is conprised of netal atons and nitrogen at ons.*Cop@"
concentration of nitrogen atons decreases fromthe bottomto top of the
barrr er Iayer In th| S rret hod the openr ng can be a trench) vr a) or
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Ta and the nitrogen-rich reaction gas is nitrogen gas. The barrier layer is
t hus nade of TaNx. At the bottom of the barrier layer, the preferred X
range is between 0.5 and 0.8 and the exact value is determ ned according to
practical needs. Mreover the abovenentioned nitrogen-rich reaction gas
flux decreases to zero at the top surfgace. Therefore, the nitrogen
concentration is zero on the top surfaCe of the barrier |layer. According to

the invention, copper is provided in the opeping jo formthe copper
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EMBODI MENT In the prior art a layer of TaNis forned in a damascene

structure as the barrier |ayer, However, as a result of electrical and
t her mal pr essuowsyer thg pyllbacophsnemenantion occur tortheieappent layerdd in theipgior and
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that i nvol vaultilevel infgsponncets inthe cOPPRYRIACHS:f er ence to FIG 2, the substrate
50 is already forned with copper interconnects 54. However, the invention

is not limted to the stru ecessarily with copper

i nterconnects 54. Afterwar %W@?@Wﬁ)ﬁm med with a dielectric
material, such as a dielectric layer 58, for insolating netal

| nt erconnect s. 1fPesr B Rledoing OiriMBtfcltive! B 1Y Bhvefdidd Gs B! foldb)a The
openi ng can_be either a.t ?ni , a,via, ox damascepe structure as shown in
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dielectric layer 58 to prevent over-etching. It should be enphasi zed that

the above-nentioned nethod of formi ng a trench, a via, or a damascene
structure is néwmother ehieqtive optheinyention s ta provide Fmanufsemring methodiforcTal es ar ¢

wel | known baripelpés sieg! the Copper igieced fo s9Mob tHelfRIERK Srolled dPEoppEP et €d

her ei n. . . .
interconnects encountered when using TaN as the barrier layer material,
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In accordance with the above objectives, the disclosed method includes the steps
of: providing a substrate; forming an opening on the substrate; and performing a
deposition. After depositing a barrier layer of a certain thickness, the nitrogen-rich
reaction gas flux is reduced while the bartler layer is kept forming to cover the opening.
The barrier layer is comprised of metal atoms and nitrogen atoms. The concentration of
nitrogen atoms decreases from the bottom to top of the barrier layer. In this method, the
opening can be a trench, via, or damascene structure. The deposition step can be
achieved using PVD or CVD. In a preferred embodiment of the invention, the metal is



After the opening 60 is fornmed, the invention uses the PVD or C/D to forma
barrier layer 62 on the opening 60. To increase the gradient coverage rate
during soaring, one can cheese the CVD to obtain a filmhonbgeneous inits
thickness. If TaN is used as the cooper barrier |ayer nmaterial, however)
the TaN barrier thin filmformed by the,PVD in high vacuum has a better
quality, The invention is not limted by the preferred selection in

ractice. ri the TaN fhin.film.f [ ; f ¢t he
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sever al ni tintegemeatsstract@®. The nunmber of nitrogen atons 66 is the biggest
in the first deposited part 70 as the nitrogen-rich reaction gas has the

| argest flux. Afterwards, as the reaction gas flux redquces, the m ddle part
7z has fewer rli’-’tm&)g@rp‘%ﬁil?ﬁg method, priaN ‘W’F@%aﬁ?‘é?‘f‘ 7 8ragyeRh coneentipbion | iy
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of Ta at onwesistanchand esindugtive sgbilitat oms. At the bottom of the barrier |ayer,
X ranges between 0,5 and 0.8 (dependi ng upon actual applications) in the
first part. Wien the f| itr - [l ion gas gradual ly
reduces, the val ue of ﬁ@%@%ﬁ%ﬂﬁﬁﬁﬂmﬁi{fﬁ&ﬁ% In other words, if
necessary, the nitrogen-rich reaction gas may be eventually shut down
during the depfkd ifflotfibr f£attres! dipbdid Snd'@NAntAecIRIrdhe RivEAlfInAWE MickRconl Y Ta
atons on the surface of the barrier layer can be forned. Such a barrier
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noted that D _.adoi{] barrd : Iy met hod
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in the makiwlgredd: ot her metal nitride barrier |ayers. Mreover, decreasing X
to zero as described above is sinply an exanple of the invention. One can
sel ect the decreasing extent according to the practical needs of the
product or markIGatise schematicodes of thd hepiper nteraneectsestructund vsig TaNeasthval ue to
obt ain thebd siﬁeg adi,en anceptration variation. 1n addition to the

[ o
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di scl osed net {FQQ éésna gcggﬁétééd%g‘f'%%ﬁlgclg‘gl}%&ﬁ%z 2@5%/\?’?’35@8‘?%0 “T%ﬁ?‘i er |ayer
i S requir ecopper prctas acobirdifig foaheingastianf 0 FI G 4, a copper |layer 80 is forned
in the structure shown in FIC 2. This conpletes the structure of copper

i nterconnects. Uilizing the disclosed nethod can nmake a barrier Layer
(such as TaN) RIGt hisangxpiddehichanaticaniw of tholowRsisahdcbamideyengthrsiry i t y
between the Ta _and Cu forned on the surface is better than purely TaN as in
the prior e‘t‘F‘P.gﬂWBWé’F",wﬁsﬁﬁc%@PBWB?‘WF‘PF@“b%Hdner | ayer uses TaN to obtain

a nice insulating effect. Therefore) using the disclosed nethod can

si mul t aneousl btajn a barrier, |ayer with good adhesive and jnsul ating
properties. V\#&ﬁ ép‘ﬁl 4 Sghemate Wée"'é(?ﬁdé? mg%wenwwc%@sm eing j the

resi st ance gRpsflowdeBitdite birer Ry&ct ronmgration resistance of the

mul til evel interconnects can be increased to pronote the conductive
stability of the device. Wile the invention has been described by way of
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contrary, it is intended to cover various nodifications and simlar
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t he scope n accorded the .broadest

i nterpret a;mlfyg{h 2{3 %2:2&% gggn%%)ﬂn%gﬁ gﬁ%ﬁ%ﬂl gdll}g ﬁthef{gléf\p FeRE? gﬁ?"% ﬁgbsﬂ‘fﬁ“f ar

ar r angenmen{PECessess o apuRlsusta voids apd siuthdack pheromena rappad td the oeppaf act uri ng
a Lowresistance barrier |ayer using the copper process, conprising the
steps of: providing a substrate; formng an opening in the substrate; arid
perform ng a depositing step, in which a barrier layer with a certain
thickness is first deposited, the flux of a nitrogen-rich reaction gas is
then reduced, the barrier layer is kept form ng to cover the opening;
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S. The nethod of claim1l, wherein the depositing step uses the physical
vapor deposition (PVD) nethod, 6. The nethod of claim1, wherein the
depositing step uses the chem cal vapor deposition (CVD) nmethod. 7. The

met hod of claim11, wherein the netal is Ta. 8. The nethod of claim?7,
wherein the barrier |layer at the bottom4surface IS 7 conprised of TaNx
where X is a ratio of the nunber of the ' Taatons to that of the nitrogen
atons and ranges between 0.5 and 0.8. 9. The nethod of claim 12§ wherein the
ni t r ogen- r i inferoosseets. SFhigeesultsinrinstabiligy in gesondestivity ef thetipfegopnects|agdm 1,

wher ei n theﬁ:@ﬂef‘o‘iﬁ%’&r&%&@%C@@C@trél?&bilﬂﬂ OffhérBford! PIRET in%eHitioAC Hrovidat ghes as

the nitrogen-rich reactio s fl.ux decregases tqQ zero. 11. A uf acturin
method for WENIGHGIIE MEBAdPT OB rreisiuse Bagiony ¢ LSing BB ROPFSTIRRRST e i i ng
t he steps ogolvcpme\qrajlﬁg of coppat pull-back tdffects wckwartieg dé thh:’[‘eﬂd tuagerdayhirel fect ric

| ayer, form.ng,a . | ' | ' : erformn
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reduced after depositing a TaN barrier layer to a certain thickness, the
TaN barrier |aygfh teferfRe"RAFRPNE, fHidOkibkivatd GOCRY Slfcally FoMRIN Witl; coppar €i n t he
TaN barrier |layer contajns a plural ity of Ta ggﬁ[{s angEN tog%t th the
concent r at i BreoRngotO4 gwe"d SRAqH]S 19t Sty ¢ Yme ??%:,sé‘ ¥ upper
surface of jdeessdritiiwitheepper intdrdonnEte S4reA fierdrant, the mibstrdtd 50 isHenmesidiwithise openi ng
is atrench,structure., 13, The. f j ried Opening is a
Via struct ufiglests malagal Pr]g%(ﬁ%ﬁﬁﬁr&&rf%g?ﬁ? ﬁ’,%ﬁnng%tinﬁ 1} He lgﬂﬁgﬁ%mi ol
damascene sopeningdds forms] intthe diedactrisomaserial] Zherppening 6an de @itherazenglyosi ti ng
step uses t{g Rh¥anEREnd/#RREure as shown in FIG. 2, If one wants to form the opening 60

using the damascene process, an etching stop layer 52 has to be formed between the

substrate S0 and the dielectric layer 58 to prevent over-etching, It should be

emphasized that the above-mentioned method of forming a trench, a via, or a

damascene structure is not a feature of the invention. The operation principles are well

known to people skilled in the art and, therefore, are not repeated herein.

After the opening 60 is formed, the invention uses the PVD or CVD to form a
barrier layer 62 on the opening 60. To increase the gradient coverage rate during
coating, one can choose the CVD to obtain a film homogeneous in its thickness, If TaN
is used as the cooper barrier layer material, however, the TaN barrier thin film formed
by the PVD in high vacuum has a better quality, The invention is not limited by the
preferred selection in practice. During the TaN thin film formation process, the flux of
the nitrogen-rich reaction gas used in the invention is fixed. Therefore, the TaN film
thus made is very homogeneous. That is, the distribution of nitrogen atoms in the film
is very smooth. However, the feature of the invention is that the nitrogen-rich reaction
gas flux is changed once a certain thickness of TaN is deposited in either the PVD or
CVD method. The flux is gradually reduced so that the nitrogen atoms have a
decreasing gradient concentration in the film.

FIG. 3 is an exploded view of the position 64 in FIG. 2. The barrier layer 62
deposited in the opening 60 has several nitrogen atoms 66. The number of nitrogen
atoms 66 is the biggest in the first deposited part 70 as the nitcogen-rich reaction gas has
the largest flux. Afterwards, as the reaction gas flux reduces, the middle part 72 has
fewer nitrogen atoms thap that first part 70. When the gas flux become very small, the
number of nittogen atoms 66 in the last part 74 becomes very small.



deposition (PVD) nethod. 16. The nethod of claim1l I, wherein the
depositing step uses the chem cal vapor deposition (CvD) nethod. 17. The
met hod of claim11l) wherein the TaN barrier is made of TaNx with X 8
being a ratio of the nunber of the Ta atons to the nunber of the N atons
and ranging fromO0.5 to 0.8. 18. The m?éhod of claim1l, wherein the
nitrogen-rich reaction gas is nitrogen gas. 19. The nethod of claim 11,
wherein the nitrogen atom concentration on the per .su f&cg%gni.s es as

the nitrogen rilef prefsmed smbgdisent ok thednyenien,ca TaN,, parger PHEA f or
maguf acturi UhefTOREErs tdthe hmamcei rﬁximtféf)ﬂﬂ_JI‘ni eclidm]gottlm obtipgerndtoms.oxi tieng a
substrate, ose ce has adieleciric er; .at |lea ne
opening in }Qﬂ‘émai@f‘lfré%g?'iﬂef ﬁa%?{j T4N87% %WWgﬁ'é aﬁgé)foésjﬁgpé:gmﬁg ou éﬁUB&hI ch the
flux of a niapplizgtions) indhe firstyri. IMheyethe flx ofshiemitrdgentichreatdion ks gradpatly TaN
barrier |lay [ ' | | alfyoth d
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decreasi ng i 08 wayh @ kiceisisnutira &thtonlyeln aigiesn thel sirface obthe baeiel kkd cager ; and
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met hod of cllibould®e noted it in additiaptortheTaN bargerayer.ghe menvfpeturizmethed et hod
of claim20 1form@row—f3sih'aﬁceodaﬁ€er et i 1860 pee8ees bdhte\is€d indfle mhkiag Tet hod
OF i m 20, e matal itride baikler \ayers, Morcoter, decroasing X b0 phro a6 descHbed sbove

is simply an example of the invention. One can sclect the decreasing extent according

to the practical needs of the product or manufacturing process. That is, one can control

the X value to obtain the desired gradient concentration variation. In addition to the

opening structure of a dielectric layer with a substrate at the bottom, the disclosed

manufacturing method can be used for the opening of the interconnect metal dielectric

layer. That is, in the copper process the disclosed method can be used at places where a

low-resistance barrier layer is required.

Finally, with reference to FIG. 4, a copper layer 80 is formed in the structure
shown in FIG. 2. This completes the structure of copper interconnects. Utilizing the
disclosed method can make a barrier layer (such as TaN) with a gradient concentration
variation. The adhesivity between the Ta and Cu formed on the surface is better than
purely TaN as in the prior art. Moreover, the bottom of the barrier layer uses TaN to
obtain a nice insulating effect.  Therefore, using the disclosed method can
simultancously obtain a barrier layer with good adhesive and insulating properties.
When applied to the copper damascene process, the via resistance can be lowered. The
electromigration resistance of the multilevel interconnects can be increased to promote
the conductive stability of the device.

While the invention has been described by way of example and in terms of the
preferred embodiment, it is to be understood that the invention is not limited to the
disclosed embodiments, To the contrary, it is intended to cover various modifications
and similar arrangements as would be apparent to those skilled in the art. Therefore,
the scope of the appended claims should be accorded the broadest interpretation 50 as to
encompass all such modifications and similar arrangements.



deposition (PVD) nethod. 25. The nmethod of claim20, wherein the depositing
step uses the chem cal vapor deposition (CVD) nethod. 9 26. The net hod of
claim 20, wherein the TaN barrier is made of TaN ~ with X being a ratio of
t he nunber of the Ta atons to the nunber of the N atonms and ranging from
0.5to 0,%. Z7. The method of claim 20,,wherein the nitrogen-rich reaction
gas is nitrogen gas. 28. The nethod of ©Tlaim 20, wherein the nitrogen atom
concentration on the upper surface vanishes as the nitrogen-rich reaction
gas flux decreases to yxro. CLAIMS
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performing a depositing step, in which a barrier layer with a certain thickness
is first deposited, the flux of a nitrogen-rich reaction gas is then reduced, the
barrier layer is kept forming to cover the opening;

wherein the barrier is comprised of a plurality of metal atoms and a plurality
of nitrogen atoms, with the concentration of the latter decreasing from one
bottom surface of the barrier layer toward the other upper surface of the
barrier layer.

2. The method of claim 1, wherein the opening is a trench structure.
3. The method of claim 1, wherein the opening is a via structure.
4, The method of claim 1, wherein the opening is a damascene structure.

$. The method of claim 1, wherein the depositing step uses the physical vapor
deposition (PVD) method.

6. The method of claim 1, wherein the depositing step uses the chemical vapor
deposition (CVD) method.

7. The method of claim 1, wherein the metal is Ta.

8. The method of claim 7, wherein the barrier layer at the bottom surface is
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9. The method of claim I, wherein the nitrogen-rich reaction gas is nitrogen gas.

10. The method of claim 1, wherein the nitrogen atom concentration on the upper

surface vanishes as the nitrogen-rich reaction gas flux decreases to zero.

11. A manufacturing method for making a TaN barrier layer using the copper

process, comprising the steps of:
providing a substrate, the surface of which has a dielectric layer;
forming at least one opening in the dielectric layer; and
performing a depositing step, in which the flux of a nitrogen-rich reaction gas
is reduced after depositing a TaN barrier layer to a certain thickness, the TaN
barrier layer is formed continuously to cover the opening; wherein the TaN
barrier layer contains a plurality of Ta atoms and N atoms, with the

concentration of the latter decreasing from a bottom surface to an upper
surface of the TaN layer. )

12.  The method of claim 11, wherein the opening is a trench structure.
13. The method of claim 11, wherein the opening is a via structure.
14. ‘The method of claim 11, wherein the opening is a damascene structure.

15.  The method of claim 11, wherein the depositing step uses the physical vapor
deposition (PVD) method.

16. The method of claim 11, wherein the depositing step uses the chemical vapor
deposition (CVD) method.

17.  The method of claim 11, wherein the TaN barrier is made of TaN, with X
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18. The method of claim 11, wherein the nitrogen-rich reaction gas is nitrogen

gas.

19. The method of claim 11, wherein the nitrogen atom concentration on the

upper sutface vanishes as the nitrogen-rich reaction gas flux decreases to zero.
20. A method for manufacturing copper interconnects, comprising the steps of:
providing a substrate, whose surface has a dielectric layer;
forming at least one opening in the dielectric layer;

performing a depositing step, in which the flux of a nitrogen-rich reaction gas
is reduced after depositing a TaN barrier layer to a certain thickness, the TaN
barrier layer is formed continuously to cover the opening; wherein the TaN
barrier layer contains a plurality of Ta atoms and N atoms, with the
concentration of the latter decreasing from a bottom surface to an upper
surface of the TaN layer; and

forming a copper layer on the barrier layer and filling the opening,
21. The method of claim 20, wherein the opening is a trench structure.
22. The method of claim 20, wherein the opening is a via structure.
23. The method of claim 20, wherein the opening is a damascene structure,

24. The method of claim 20, wherein the depositing step uses the physical vapor
deposition (PVD) method.

25. The method of claim 20, wherein the dcpositing step uses the chemical vapor
deposition (CVD) method.
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27. The method of claim 20, wherein the nitrogen-rich reaction gas is nitrogen

gas.

28. The method of claim 20, wherein the nitrogen atom concentration on the

upper surface vanishes as the nitrogen-rich reaction gas flux decreases to zero.



