METHOD TO DEPCSI T A COPPER LAYER BACKGROUND OF THE INVENTION 5 (1) Field
of the Invention The invention relates to a nethod of fabricating

sem conductor structures, and nore particularly, to a method of depositing
a copper layer in the manufacture of 10 integrated circuit devices. (2)
Description of the Prior Art Several approaches are currently avail able for
15 depositing copper in integrated circuit manufacturing. First, the
copper may be deposited by physical vapor deposition (PVD). PVD, or

i oni zed PVD, processes b¥aEHOD TPr DRPA9aAT | abl@PRER TGIERgYy and rel atively

hi gh throughput. However, PVD deposited copper has poor step coverage. 20
Second, chem cal vapor deposition (CVD) offers better step coverage than
PVD. However, CVD is not yet a mature process and is expensive to use. 1
Third, electroplating and edmcrorduags q¥ atisngneknTCOopper are attractive
alternatives to PVD and CVD because of |ower equipnment and material costs.
However, plating nethods require the presence of a seed |layer to conduct
or

5 (1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to a
method of depositing a copper layer in the manufacture of

10 integrated circuit devices.

{(2) Degcription of the Prior Art

Several approaches are currently available for

15 depositing copper in integrated c¢ircuit manufacturing.
First, the copper may be deposited by physical vapor
deposition (PVD). PVD, or ioconized PVD, processes benefit
from available technology and relatively high throughput.
However, PVD deposited copper has poor step coverage.

20 Second, chemical vapor deposition (CVD) offers better step
coverage than PVD. However, CVD is not yet a mature

process and is expensive to use.




5 to catalyze the deposition reaction. This seed |ayer typically conprises
copper, though other materials such as refractory netals have been
suggested. Wien this seed layer is copper, it is typically deposited by a
PVD process. In addition, electroless plating may require an 10 i nduction
| ayer as a catalytic surface. Alternatively, copper may be plated by the
reduction of Cu2+ by a reducing agent such as al dehyde and hypophosphite.
Finally, plating processes can be very slow and dirty. 15 The purpose of
the present invefiwh isslaatmehiaévagaanderl rethotied®rpldapios tdifng a copper

| ayer in the manufacture of an integrated circuit device. The new net hod
is sinplercoppeanars ardachdapenlitkanathecextst Pyy ared hods be2RiuSever al
prior art approaches disclose nmethods to deposit copper layers in an

i ntegrated of roabdr deyligementd andemated i koptests | N HowdbeNelSen ieky al ,

"Pol arographic Evidence for the Stability of Copper (l) lon in sone

Non- Conpl exhaghNgn-Agpeiaus t3! veRkSnceTBe J0588@! 18fe2 dhUGanig Nucl ear
Chem stry, Volume 22, 1961, pp. 279-284, the stability of the cuprous ion

(Cu' or u(td)casasfuiad adpdlslikiban-@RRERES . MOFE: StAlL 1dY30! vents such
as met hanol ,

typically comprises copper, though other materials such as

refractory metals have been suggested. When this seed

layer is copper, it is typically deposited by a PVD

process. In addition, electroless plating may require an

10 induction layer as a catalytic surface. Alternatively,
copper may be plated by the reduction of Cu®** by a reducing

agent such as aldehyde and hypophosphite. Finally, plating

processes can be very slow and dirty.

15 The purpose of the present invention is to achieve a
new method for depositing a copper layer in the manufacture
of an integrated circuit device. The new method is

simpler, cleaner, and cheaper than the existing methods.

20 Several prior art approaches disclose methods to
deposit copper layers in an integrated circuit device and
related topics. In I. V. Nelson et al, “Polarographic
Evidence for the Stability of Copper (I) Ion in some

Non-Complexing Non-Agueous Solvents,” The Journal of




et hanol, 1-propanol, 2-propanol, allyl alcohol, acetone, 5 nesityl oxide,

acetyl acetone, acetic anhydride, nitronethane, and pyridi

ne. This

stability is actually due to |lower solvation energy of cupric (Cu2+ or
Cu(ll)) ionin these solvents and not due to higher solvation energy of
Cu(l). U S Patent 5,354,712 to Ho et al discloses a 10 nethod to deposit
copper for integrated circuit metalization. The copper |ayer is deposited

by an organo- netallic chem cal vapor deposition (Ow CVD)

of titani unimprydmiec NucS eaRPatChmnis 376, 248utie Lonrvzbet .

el ectrolytic process for plating a conductive 15 materi al

on a seed | ayer
A7sacikes an
onto a plastic

circuit boatide #taloplpery pifatthrg cupirecessbag (examy eu () gi Yenswheiedan
aqueous solution of Cu2+ is disproportionated to plate copper. U S. Patent

5,674,787 touZhpoi®i @pd=aachrsea shabhedihosselests valoh LepRsiHaneapper by

el ectroless plating. Atitaniumnitride 20 barrier |ayer

s forned. A

sil'icon nitetlendnyer-giopadRNOSixt-gdopanbie §idevalisoipfl t hediple damascene

trenches. Copper atons are el ectrol ess pfated overlying the titani um

nitride parpieft BV Y, aacfetﬁ@,;i%ﬁeitteﬁg',39&@%&8%&9}&&1&9@;

is then electroless plated to

A copper | ayer

nitromethane, and pyridine. This stability is actually due

to lower solvation energy of cupric (Cu?** or Cu(II)) ion in

these solvents and not due to higher solvation energy of

Cu(I). U.S. Patent 5,354,712 to Ho et al discloses a

10 method to deposit copper for integrated circuit

metalization. The copper layer is deposited by an organo-

metallic chemical vapor deposition (OM-CVD) on a

seed layer

of titanium nitride. U.S. Patent 5,376,248 to Conrod et al

teaches an electrolytic process for plating a conductive

15 material onto a plastic circuit board. A copper plating

processing example is given where an agqueous solution of

Cu®* is disproportionated to plate copper. U.S.

Patent

5,674,787 to Zhao et al teaches a method to selectively

deposit copper by electroless plating. A titanium nitride

20 barrier layer is formed. A gilicon nitride layer is

deposited on the sidewalls of the dual damascene trenches.

Copper atoms are electroless plated overlying the titanium

nitride barrier layer by a conventional plating solution.

A copper layer is then electroless plated to £ill the




trench and the damascene device is conpleted. U S. Patent Application
Serial # 09/501,966 (CS-99-158) to H K K  Paul et al teaches a nethod of
reacting CuF2 vapor with a barrier layer to forma thin and conformal Cu
seed layer. 5 SUMVARY OF THE | NVENTI ON A princi pal object of the present
invention is to provide an effective and -very manufacturabl e nethod of 10
depositing a copper layer in the manufacture of integrated circuits. A
further object of the present invention is to provide a nethod to deposit
a copper | ayreneriang 1Bralidgmessere draticenief cemppdeedu( 1. 9. .ofatenom a
solution stabilized by a polar organic solvent. A yet further object of

t he presentApplerdtom iSeriml pir 0¥/601a9a86t Hod- ¢9- Ueposid I capper seed

| ayer, using 20 disproportionation of sinple Cu(l) ions froma solution

stabilized byuh ¢olal torgam=C asSakrtnt, oforeHseihg CSRbSegUentvith a
el ectropl ating and el ectrol ess copper plating of single and dual danmascene

i nt er connechsrr deAMirer dairddial 20Rheat a0l LBEEHFRSENty IJeNtiQRH S to

5

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of

10 depositing a copper layer in the manufacture of integrated

circuits.

A further object of the present invention is to
provide a method to deposit a copper layer using
15 disproportionation of simple Cu(I) ions from a solution

stabilized by a pclar organic solvent,

A yet further object of the present invention is to
provide a method to deposit a copper seed layer, using
20 disproportionation of simple Cu(I) ions from a solution
stabilized by a polar organic solvent, for use in
subsequent electroplating and electroless copper plating of

single and dual damascene interconnects.




provide a nethod to deposit a copper layer, using disproportionation of
sinple Cu(l) ions froma solution stabilized by a polar organic solvent,
for single and dual 5 damascene interconnects. In accordance with the
objects of this invention, a new nethod of depositing a copper |ayer,
using disproportionation of sinple Cu(l) ions froma solution 10
stabilized by a polar organic solvent, for formng single and dual
damascene interconnects in the manufacture of an integrated circuit device
has been achi evetRroel diuttharc obiggér ofwhhe hpregeronprVay iors tigc koof
dielectric material, is provided overlying a sem conductor substrate. The
15 di el ect rPECYiSRra ime gt ¢dondgprrsitornreppsr ahayer encdiesy f or  pl anned
damascene i nterconnects. The damascene interconnects may be either single
or dual dandssereportidygtriicer dfagempils dedsi tenls ofes \d ngplhve odi el ectri c
| ayer to line the vias and trenches. A sinple Cu(l) ion aqueous 20

sol ution, ssdbllized hy @ polar organic selvent, fsrcoaigd verugilng the
barrier layer. Water is added to the stabilized Cu(l) ion solution to

i nduce di spdafwnsddonatdtrc@inece.Cu(l) ion fromthe Cu(l) ion solution.
Optionally, the polar organic solvent is evaporated fromthe stabilized

In accordance with the objects of this invention, a
new method of depositing a copper layer, using
digproportionation of simple Cu(Il) ions from a solution

10 stabilized by a polar organic solvent, for forming single
and dual damascene interconnects in the manufacture of an
integrated circuit device has been achieved. A dielectric
layer, which may comprise a stack of dielectric material,
is proﬁided overlying a semiconductor substrate. The

15 dielectric layer is patterned to form vias and trenches for
planned damascene interconnects. The damascene
interconnects may be either single or dual damascene. A
barrier layer is deposited overlying the dielectric layer
to line the vias and trenches. A simple Cu(I) ion aqueous

20 solution, stabilized by a polar organic solvent, is coated
overlying the barrier layer. Water is added to the
stabilized Cu(I) ion solution to induce disproportionation
of the Cu(I) ion from the Cu(I) ion solution. Optionally,

the polar organic solvent is evaporated from the stabilized




5 Cu(l) ion aqueous solution to induce disproportionation of the Cu(l) ion
fromthe Cu(l) ion solution. A copper |layer is deposited overlying the
barrier layer. The copper layer nay conprise a thin seed |layer for use in
subsequent 5 el ectroplating or electroless plating or may conprise a thick
copper layer to fill the vias and trenches. The integrated circuit is
conpl eted. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 I n the acconpanyi ng
drawi ngs form ng a material part of this description, there is shown: Figs.
1 through 6C%Ehenen caiugprud |spdutdre ta dndvse dbspeepémnainatdpmesdnt ati on
the preferred enbodi rent of the present invention applied to the formation
of a dual dbrtsCene iimrerfommedte. CEiI(F§) Zoschehmtical |3y ddppest rlatyes in
cross-sectional 20 representation the preferred enbodi nent of the present
i nventi on appldenkbsixdhevfarlyaticonhef barsisgl agannscrne cdppiear Aarpeect. 6
DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS

may comprise a thin seed layer for use in subsequent

5 electroplating or electroless plating or may comprise a
thick copper layer to fill the vias and trenches. The

integrated circuit is completed.

BRIEF DESCRIPTION OF THE DRAWINGS
10
In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 through 6 schematically illustrate in cross-
15 sectional representation the preferred embodiment of the
present invention applied to the formation of a dual

damascene interconnect.

Fig. 7 schematically illustrates in cross-sectional
20 representation the preferred embodiment of the present
invention applied to the formation of a single damascene

intexrconnect.




The enbodi nent di scl oses the application of the present invention to the
formati on of damascene interconnects in the manufacture of an integrated
circuit device. It should be clear to those experienced in the art that
the present invention can be applied and extended w thout deviating from
t he scope of the present invention. 10 Referring now particularly to Fig.
1, there is shown a cross section of a partially conpleted integrated
circuit device of the preferred enbodi nent. A sem conductor substrate 10,
typically consisting of nonocrystalline 15 silicon, is provided.
Sem conductor device structures, such as gate el ectrodes, source and drain
regions, netal interld@BHFRERTE.ON @it € RBEEEREAD MIBGHIMENTShown, may be
formed in and on the sem conductor substrate 10. A conductor |ayer 12,
typically copper or an interconnect 20 stack conprising one or nore of
al um num copper, titanium nitride, titaniumand tungsten, is deposited
overlying the sTistenmielit®niAdqiasdiceati eRel aypriddcidypirealdey silicon
nitride, is deposited overlying the conductor layer 12. A dielectric |ayer
14 is depospiesemyeidymidec/ the formation of damascene
interconnects in the manufacture of an integrated circuit
device. It should be clear to those experienced in the art
that the present invention can be applied and extended
without deviating from the scope of the present inventionm.
10
Referring'now particularly to Fig. 1, there is shown a
cross section of a partially completed integrated circuit
device of the preferred embodiment. A semiconductor
substrate 10, typically consisting of monocrystalline
15 silicon, is provided. Semiconductor device structures,
such as gate electrodes, source and drain regions, metal
interconnects, contact holes and vias, not shown, may be
formed in and on the semiconductor substrate 10. A
conductor layer 12, typically copper or an interconnect
20 stack comprising one or more of aluminum-copper, titanium
nitride, titanium and tungsten, is deposited overlying the
substrate 10. A passivation layer 13, typically silicon

nitride, is deposited overlying the conductor layer 12. A

dielectric layer 14 is deposited overlying the




sem conductor substrate 10. The dielectric layer 14 is shown as a single

| ayer for purposes of sinplification. In practice, the dielectric |ayer 14
conprises a stack or conposite of dielectric material. Typically, silicon
5 di oxide based materials and | ow dielectric constant organic polyners
woul d be used as the interlevel dielectric material. Silicon nitride would
typically be used as an etching stop |ayer or as a polishing stop layer in
the conposite stack. The dielectric layer 14 is etched to form 10 vices
and t r encheSSPbfoRfumad At rgdeadOeneThat diebanecis. lavie M dsopens to

t he conductor layer 12. The typical dual damascene profile is seen in Fig.
1. Referringheow a® Figindle dayar ifor payersés ¢ dbnpleplsiatddrovelhyi ng
the dielectric layer 14 and the exposed conductor layer 12 and lining the
vi as and trenadlesce Thee bhHralicertriayérny:d 18 typpchéey comrdised of a
material that wll elimnate out-diffusion of copper ions fromthe dual
damascene | atepcannectt idited ddte-idi akeetint .| aygpiddildhes20dearrier |ayer
18 preferably conprises one of the group containing: tantalum tantalum

conpounds, didaideiMasdd hdticdiM0eMpaUNdsy BYAUSEER: AnsbiidngH! /rgeerOUNdS.
The Dbarrier layer 18 is deposited using a physical vapor
polymers would be used as the interlevel dielectric
material. Silicon nitride would typically be used as an
etching stop layer or as a polishing stop layer in the
composite stack. The dielectric layer 14 is etched to form
10 vias and trenches for planned dual damascene interconnects.

The via opens to the conductor layer 12. The typical dual

damascene profile is seen in Fig. 1.

Referring now to Fig. 2, a barrier layer 18 is

15 deposited overlying the dielectric layer 14 and the exposed
conductor layer 12 and lining the vias and trenches. The
barrier layer 18 is typically comprised of a material that
will eliminate out-diffusion of copper ions from the dual
damascene interconnect into the dielectric layer 14. The

20 barrier layer 18 preferably comprises one of the group
containing: tantalum, tantalum compounds, titanium,
titanium compounds, tungsten and tungsten compounds. The
barrier layer 18 is deposited using a physical vapor

deposition (PVD) or chemical vapor deposition (CVD) process




deposition (PVD) or chem cal vapor deposition (CVD) process 8 to a

t hi ckness of between about 50 Angstrons and 1000 Angstrons. Referring now
to Fig. 3, an inportant feature of the 5 present invention is described.
The present invention utilizes the disproportionation of sinple Cu(l) to
deposit a copper layer on the wafer via one of the follow ng reactions:
10 (1) CWH(organic solvent) 4 CU2+(organic solvent) ' CU(netal} (2) Cu+
(aqueous) 4 Cu2+ (aqueous) + Cu (aqueous ) 15 Sinple Cu(l) ion

di sproport i bhat eshifingdsy cndetspent aboutisb) Angst Quid 9ndid®@u nmetal in an
aqueous solution. This neans that the nornmal reaction is overwhel mngly
in the forwangstdierertiion to the formation of Cu(ll) and Cu. The
instability of sinple Cu(l) ions in 20 aqueous solution is due to the

hi gher hydration energy of Cu(ll) ions. However, the hydration energy of
Cu(ll) ions decreases dramatically in many polar organic solvents while

the hydration eresfroiindoHdw toomsgst aySanhekabb¥ehyt constard Jm thkese

solvents. In addition, the hydration 25 energy of Cu(ll) ions increases

progresss vepyesdrith tfi®&ntion is described. The present invention
utilizes the disproportionation of simple Cul(I) to deposit

a copper layer on the wafer via one of the following

reactions:

+ 2+
10 (1) Cu {organic solvent) = Cu (organic soivent) * CU(metal)

e
(2) CU”(aquecus) > CU™ (aquecus) + Cl{aqueous)
é

15 Simple Cu(I) ion disproportionates quickly and
spontaneously into Cu(II) and Cu metal in an agqueous
gsolution. This means that the normal reaction is
overwhelmingly in the forward direction to the formation of
Cu(II) and Cu. The instability of simple Cu(I) ions in

20  agueous solution is due to the higher hydration energy of
Cu(II) ions. However, the hydration energy of Cu(II) ions
decreases dramatically in many polar organic golvents while
the hydration energy of Cu(I) ions stays relatively
constant in these solvents. In addition, the hydration

25 energy of Cu(II) ions increases progressively with the

increase in proportion or amount of water in the polar




increase in proportion or anmpunt of water in the polar 9 organic sol vent
whil e the hydration energy of Cu(l) ions remains relatively constant. The
process of the present invention uses these 5 observations to create a
stabilized sinple Cu(l) ion solution that can be spun onto the wafer. The
stabilized Cu(l) ion solution conprises a mxture of Cu(l) ion and either;
a polar organic solvent, a m xture of polar organic solvents, or a mxture
of water and one or nore of the 10 polar organic solvents of any

pr opor ti on. oThenpol el vargartiid es glhve itydpaef enabhyrgonpf i @ekr jonemef t he
group containing: 1-propanol, 2-propanol, allyl alcohol, acetone, nesityl
oxi de, acet remaivhy drélde;ivypirt domstaacetonitrile, and nitronmethane. 15 The
stabilized Cu(l) ion solution 22 is spun over the wafer especially
overlying the barrier layer 18. Water 26 is then added to the stabilized
Cu(l) ion solution 22 to induce disproportionation. The hydration energy

of Cu(ll) 20 ionthé prudansest shd haksthe &ﬁ%ﬁt?&%@&@%é@
di sproportionate Cu(l) ion into Cu(ll) ion and sol
5 observations to create a stabilized simple Cu{(I) ion
solution that can be spun onto the wafer. The stabilized
Cu(I) ion solution comprises a mixture of Cu(I) ion and
either: a polar organic solvent, a mixture of polar organic
solvents, or a mixture of water and one or more of the
10 polar organic solvents of any proportion. The polar
organic solvent preferably comprises one of the group
containing: l-propanol, 2-propanol, allyl alcohol, acetone,
mesityl oxide, acetic anhydride, pyridine, acetonitrile,
and nitromethane.
15
The stabilized Cu(I) ion solution 22 is spun over the
wafer especially overlying the barrier layer 18. Water 26
is then added to the stabilized Cu{(I) ion solution 22 to
induce disproportionation. The hydration energy of Cu{II)
200 ion is increased so that the reaction proceeds to
disproportionate Cu(I}) ion into Cu(II) ion and solid
copper. As an option, the wafer may be heated to induce
evaporation of the polar organic solvent. As another

option, the pressure around the wafer can be reduced to

10




copper. As an option, the wafer may be heated to induce evaporation of the
pol ar organi c solvent. As another option, the pressure around the wafer
can be reduced to 10 cause evaporation of the polar organic solvent.
Evaporation increases the disproportionation reaction to deposit copper.
5 Referring nowto Fig. 4, the reaction may be used to deposit a thin
copper seed |layer 30 overlying the barrier |ayer 18 for subsequent

el ectroplating or electroless plating of a thick copper |ayer. The copper
seed | ayer Sfusé sswguosittiet bd ahthbekaessrginbet yeererah.owvapdrAfgshr ons

10 and 2000 Angstroms. Referring nowto Fig. 5 the result of the

el ectropl atimgreusea atid diegsopeprebnptabhngeseatdn aib idepddie deposition of
a thick copper layer 34 overlying the 15 barrier |ayer 1§)and filling the
vias and tresshes. The thin copper seed | ayer 30 deposited by the

.di sproportionation reaction is used as a seed to catalyze the plating
reaction. 20 Alternatively, the disproportionation reaction shown in Fig.
3 could be continued to deposit a thick copper

5 Referring now to Fig. 4, the reaction may be used to
deposit a thin copper seed layer 30 overlying the barrier
layer 18 for subsequent electroplating or electroless
plating of a thick copper layer. The copper seed layer 30
ig deposited to a thickness of between about 50 Angstroms

10 and 2000 Angstroms.

Referring now to Fig. 5, the result of the
electroplating or electroless copper plating reaction is
the deposition of a thick copper layer 34 overlying the

15 Dbarrier layer 18 and filling the vias and trenches. The
thin copper seed layer 30 deposited by the
-disproportionation reaction is used as a seed to catalyze

the plating reaction.

20 Altermatively, the disproportionation reaction shown
in Fig. 3 could be continued to deposit a thick copper
layer 34 overlying the barrier layer 18 and filling the
vias and trenches ag shown in Fig. 5. The use of the

disproportionation reaction for copper bulk filling of the

11




| ayer 34 overlying the barrier layer 18 and filling the vias and trenches
as shown in Fig. 5. The use of the disproportionation reaction for copper
bulk filling of the 11 dual damascene vias and trenches creates an
excellent copper layer. In this option, it is not necessary to

el ectroplate or electroless plate the copper. The thick copper |ayer 34
deposited by the disproportionation 5 reaction is deposited to a thickness
of between about 3000 Angstronms and 20,000 Angstrons. Referring now to
Fig. 6, thelwdppemasayer 34aandntiherehahes errdatyer a8 exrcelfehi-shed down to
conpl ete the dual 10 damascene interconnects. The copper layer 34 is now
subj ect ed tapmeredlayey .i nIa thipacptbona tapid ddemmlessanyeabi ng (RTA) at
a tenperature of between about 80 degrees C and 450 degrees C. A

convent i onadledtiale Becbabieablpokiphats tised-dgbdihe ROk shipg down
step. The 15 integrated circuit is conpleted using conventional processes.

Referring nawder Risger’ 34t Beppsetearsd enbag spiy i idhg sRnesent invention
is applied to the formation of a 20 single darascene inlay. The conductor
layer 43 owefddi8%n is deposited to a thickness of between about 3000

Angstroms and 20,000 Angstroms.

Referring now to Fig. 6, the copper layer 34 and the
barrier layer 18 are polished down to complete the dual
10 damascene interconnects. The copper layer 34 is now
subjected to annealing in a furnace or a rapid thermal
annealing (RTA) at a temperature of between about 80
degrees C and 450 degrees C. A conventional chemical
mechanical polish is used in the polishing down step. The
15 integrated circuit is completed using conventional

processes.

Referring now to Fig. 7, the preferred embodiment of
the present.invention is applied to the formation of a
20 single damascene inlay. The conductor layer 42 overlies
the semiconductor substrate 40. The passivation layer 43
overlies the conductor layer 42. The dielectric layer 44
overlies the passivation layer 43. A single damascene

trench is etched through the dielectric layer 44 and the

12




t he sem conductor substrate 40. The passivation |ayer 43 overlies the
conductor layer 42. The dielectric |layer 44 overlies the passivation |ayer
43. A single damascene trench is etched through the dielectric |ayer 44 and
the 12 passivation |layer 43 to open the underlying conductor |ayer 42. A
barrier layer 48 of thickness between about 50 Angstrons and 1000
Angstrons is deposited overlying the dielectric |ayer 44 and the exposed
conductor layer 42. It 5 is understood by those skilled in the art that the

af or ement i apees toppierm depwsi #izomobyppdis phepondéohatngafducsioplileyeu( 1)
used in the formation of the dual damascene interconnects is also
appl i cabl e 4. t e Immglexr daiyasceme ofi ahetRNBBEChe biteerl oW tste specific
advant ages of the present invention conpared to the prior art can be

listed. Thenpyesedis arityeamtoiconndepesntSia 60PPEIitéd@Y®FeWing the _
di sproportionation of sinple Cu(l) ions in a polar organic solvent. First,

the 15 novedigraeesc depesi Us the €aRPekpbaY¥E! &M the, disa0f 1an
expensi ve precursor, as in the case of C@D. Second, the process deposits

the copper | anefaddddbREL:L ISP k9YEEAISH the art that the

aforementioned copper deposition by disproportionation of
gimple Cu(I) used in the formation of the dual damascene
interconnects is also applicable to the single damascene
interconnect 52.

10

Now the specific advantages of the present invention

compared to the prior art can be listed. The present
invention deposits a copper layer by disproportionation of
simple Cu(I) ions in a polar organic solvent. First, the

15 novel process deposits the copper layer without the use of
an expensive precursor, as in the case of CVD. Second, the
process deposits the copper layer with better step coverage
than the PVD process. Finally, the process can be used to
deposit either a seed layer for subsequent electroless

20 copper plating or to deposit a thick copper layer for

damascene interconnects.

13




than the PVD process. Finally, the process can be used to deposit either a
seed | ayer for subsequent el ectroless 20 copper plating or to deposit a

t hi ck copper layer for danascene interconnects. 13 As shown in the
preferred enbodi nents, the present invention provides a very
manuf act ur abl e process for depositing a copper layer in an integrated
circuit device. 5 Wiile the invention has been particularly shown and
described with reference to the preferred enbodi nents thereof, it will be
under st ood by t HFsseslskirl [igd tihe phrefertedt habodamenmus, cltengessemtf or m and
details may be made w thout departing fromthe spirit and scope of the 10
i nvention. Iavddt raipmoviides metiead tand€épositaldl € opperedsayidr i n t he

manuf acture of an integrated circuit device conprising: 5 providing a

di el ectric deyesioMes |lyiduppersasiyeenduchar incudsitad esiwapasiddwigea barrier
| ayer overlying said dielectric

5 While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art

that various changes in form and details may be made

without departing from the spirit and scope of the

10 invention.

15

14




| ayer; coating a stabilized sinple Cu(l) ion solution 10 overlying said
barrier |layer wherein said stabilized sinple Cu(l) ion solution is
stabilized by mixing with a polar organic solvent; adding water to said
stabilized sinple Cu(l) ion solution to induce disproportionation of said
simple Cu(l) 15 ions fromsaid stabilized sinple Cu(l) solution; and
depositing a copper |ayer overlying said barrier |ayer wherein said copper
| ayer comes fromsaid disproportionation of said sinple Cu(l) ions in the
manuf acture of the integrated circuit dedMiztiens 20 2. The nethod according to
Claim1l wherein said barrier |ayer conprises one of the group containing:
tantal um tantalum conpounds, titanium titanium conpounds, tungsten and
tungsten conpounds. 15 3. The nethod according to Claim1l wherein said

stabilized sinple Cu(l)a RRnsel Ubi BBp6LNPI & S€SpEe MHie 19f thal npl e Cu(l)
ions and one of the group containing: a polar organic solvent, nore than

one pol ar onQanire3AkUeRE. af integrated circuit device comprising:

5 providing a dielectric layer overlying a semiconductor
aubstrate;
depositing a barrier layer overlying said dielectric
layer;
coating a stabilized simple Cu{I} ion solution
10 overlying said barxrier layer wherein said stabilized simple
Cu(I) ion solution ig stabilized by mixing with a polar
organic solvent;
adding water to said stabilized simple Cu(I) ion
solution to induce disproporticnation of said simple Cu{I)
15 ions from said stabilized simple Cu(I) solution; and
deposgiting a copper layer overlying said barrier layer
wherein said copper layer comes frém said
disproportionation of said simple Cu(I) ions in the
manufacture of the integrated circuit device.
20
2. The method according to Claim 1 wherein said
barrier layer comprises one of the group containing:
tantalum, tantalum compounds, titanium, titanium compounds,

tungsten and tungsten compounds.

15




5 mxture of water and a polar organic solvent, and a m xture of water and
nore than one polar organic solvent. 4. The nethod according to Caiml
wherein said polar organic solvent conprises one of the group 10
cont ai ni ng: 1-propanol, 2-propanol, allyl alcohol, acetone, nesityl oxide,
acetic anhydride, pyridine, acetonitrile, and nitronethane. 5. The nethod
according to Caiml further 15 conprising heating to evaporate said
stabilized sinple Cu(l) ion solution to speed said depositing of said
copper |layer. 63. TheThretdwctheal errodirddntyotol alaid f uwwhdwesiGoi@pri si ng
reduci ng the pressure of said integrated circuit device to evaporate said

stabilized suvgliaiGed ki@le kUi 06nt SoBPERsh SAntbrdeResist mAgtatesatd
copper layer. 16 7. A method to form damascene interconnects in the

manuf act ur e HfmpAR iCH(EYr abad ghACYhE SEVEEE SN | &Idt@iinikQVi di Bg1ar
conductor |ayer overlying a sem conductor substrate, a passivation |ayer

overlying the-gamicoRdUGkak | A¥eL. tAld ndighest rd . GdrAkesAvehkyi B9 the
passi vation | ayer;
5 mixture of water and a polar organic sclvent, and a mixture

of water and more than one polar organic solvent.

4. The method according to Claim i1 wherein said
polar organic solvent comprises one of the group
10  containing: l-propanol, 2-propanocl, allyl alcchol, aceﬁone,
mesityl oxide, acetic anhydride, pyridine, acetonitrile,

and nitromethane.

5. The method according to Claim 1 further
15 comprising heating to evaporate said stabilized simple
Cu(I) ion solution to speed said deposgiting of said copper

layer.

6. The method according to Claim 1 further
20 comprising reducing the pressure of said integrated circuit
device to evaporate said stabilized simple Cu(I) ion

solution to speed said depositing of said copper layer.
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patterning said dielectric |ayer and said passivation layer to form
trenches for planned danascene interconnects; 10 depositing a barrier

| ayer overlying said dielectric |ayer; coating a stabilized sinple Cu(l)
ion solution overlying said barrier |ayer wherein said stabilized sinple
Cu(l) 1on solution is stabilized by mxing wwth a polar 15 organic sol vent;
adding water to said stabilized sinple Cu(l) ion solution to cause

di sproportionation of said sinple Cu(l) ions fromsaid stabilized sinple
Cu(l) solution; Wepod mictthodl eepgeimsaeflabayes OvEestdieEai dn 2@ebarrier

| ayer wherein sald copper seed | ayer comes from said disproportionation of

said Qu(l) honstasepesidd pe dn&@@%&t@@pﬂgfchﬁﬁ’e&e@ﬂﬁ|dﬂn§§k1§ﬁ' . barrier

layer and filling said trenches wherein said copper seed |ayer serves as a
catal yst for said depasiidigg yc%ﬂaaétbegléﬁw SOPPEFidfYer; and pol i shing
down said thick copper |ayer "and said barrier |ayer to conplete said

damascene | RGHCORAGEESy! Bubstrate, a passivation layer overlying the
5 conductor layer, and a dielectric layer overlying the
passivation layer;
patterning said dielectric layer and said
passivation layer to form trenches for planned damascene
interconnects;
10 depositing a barrier layer overlying said
dielectric layer;
coating a stabilized simple Cu(I) ion solution
overlying said barrier layer wherein said stabilized simple
Cu{I) ion solution is stabilized by mixing with a polar
15 Orgaﬁic solvent;
adding water to said stabilized simple Cu(I) ion
solution to cause digproportionation of said simple Cu(Il)
ions from said stabilized simple Cu(I) solution;
depositing a copper seed layer overlying said
20 barrier layer wherein said copper seed layer comes from
said disproportionation of said Cu(I) ions;
depositing a thick copper layer overlying said
barrier layer and filling said trenches wherein said copper

seed layer serves as a catalyst for saild depositing;

17



the manufacture of said integrated circuit device. 5 8. The net hod
according to Claim7 wherein said danascene interconnects conprise one of
the group of: single damascene interconnects and dual damascene

i nterconnects. 10 9. The nethod according to Caim7 wherein said barrier
| ayer conprises one of the group containing: tantalum tantalum conpounds,
titanium titani um conpounds, tungsten and tungsten conpounds. 15 10. The
met hod according to Caim7 wherein said stabilized sinple Cu(l) ion

sol ution conpri ses 61aﬁﬁgdym%go@aiai@gbgeguigﬁefpnémﬁnd one of the group
containing: a polar organic solvent, nore than one pol ar organic sol vent,

a 20 mxture of “ﬁte&xﬁﬂgh%ngph%%no%géaiEh§9kVé%@pef”ﬁ%fbﬂ“éﬂdﬂé%idOf wat er
and nore than one polar organic solvent. 11. The 'nethod according to Caim

7 wherein sajd . nakan 5 egaegccéﬂﬂ;@@é ﬁﬁ?rﬁ‘%ﬁ% 9 bR EheHPS 18,

cont ai ni ng: 1-propanol, 2-propaho acet one,

the manufacture of said integrated circuit device.

8. The method according to Claim 7 wherein said
damascene interconnects comprise one of the group of:
single damascene interconnects and dual damascene
interconnects.

10

9. The methed according to Claim 7 wherein gaid
barrier layer comprises one of the group containing:
tantalum, tantalum compounds, titanium, titanium compounds,
tungsten and tungsten compounds.

15

10. The method according to Claim 7 wherein gaid
stabilized simple Cu(I) ion solution comprises a mixture of
simple Cu(I) ions and one of the group containing: a polar
organic seclvent, more than one polér organic solvent, a

20 mixture of water and a polar organic solvent, and a mixture

of water and more than one peolar organic solvent.

11. The method according to Claim 7 wherein said

polar organic solvent comprises one of the group
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mesityl oxide, acetic anhydride, pyridine, acetonitrile, and nitronethane.
5 12. The nethod according to Claim?7 further conprising heating to
evaporate said stabilized sinple Cu(l) ion solution to speed said
depositing of said copper seed |ayer. 10 13. The nethod according to Caim
7 further conprising reducing the pressure of said integrated circuit
device to evaporate said stabilized sinple Cu(l) ion solution to speed
sai d depositing of said copper layer. 15 14. A nethod to form dual _
damascene i ricertadniagt: S 1-phophro Mpn2H wedpEeo10f Anvilntegoabed atbecdnd, devi ce
conprising: providing a conductor |ayer overlying a sem conductor

substrate, aepdssilvakiag,| ayetievarihydiid heyrAQigeNduetebnkiayele, and a
dielectric layer overlying the passivation layer; patterning said
dielectric |layenhiardmsahdnepassivation layer to formvias and trenches for
pl anned dual danmascene interconnects; 19 depositing a barrier |ayer
overlying said

5 12, The method according to Claim 7 further
comprising heating to evaporate said stabilized simple
Cu(I) ion solution to speed said depositing of said copper

seed lavyer.

10 13. The method according to Claim 7 further
comprising reducing the pressure of said integrated circuit
device to evaporate said stabilized simple Cu(Il) ion

solution to speed said depositing of gaid copper layer.

15 14. A method to form dual damascene interconnects
in the manufacture of an integrated circuit device
comprising:

providing a conductoxr layer overlying a
semiconductor substrate, a passivation layer overlying the

20 conductor layer, and a dielectric layer overlying the
passivation layer;

patterning said dielectric layer and said
passivation layer to form vias and trenches for planned

dual damascene interconnects;
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dielectric layer; coating a stabilized sinple Cu(l) ion solution overlying
said barrier |ayer wherein said stabilized sinple 5 Cu(l) i1on solution is
stabilized by mixing with a polar organic solvent; adding water to said
stabilized sinple Cu(l) ion solution to cause disproportionation of said
simple Cu(l) 1ions fromsaid stabilized sinple Cu(l) solution; 10
depositing a thick copper layer overlying said barrier layer and filling
said vias and trenches wherein said thick copper |ayer cones from said

di sproportionation afersaiid i@ b) beetseranagali dgesBythgopper |ayer; and 15
pol i shing down said thick copper |ayer and said barrier layer to conplete
sai d dual dammgeemneicnteyepnnects in the manufacture of said integrated
circuit device. 15. The nmethod according to Caim 14 wherein said 20

barrier layer conprisemtang of s£hei19508R €9RbAL NENEE) Al aldim: stant al um
conpounds, titanium titanium conpounds, tungsten and tungsten conpounds.
20 16. The mrihadiagcandiangateid-af WA WSLEID S8l stabilized simple
5 Cu(I) ion solution is stabilized by mixing with a polar
organic solvent;
adding water to said stabilized simple Cu(I) ion
solution to cause disproportionation of said simple Cu(I)
ions from said stabilized simple Cu(I) solution;
10 depositing a thick copper layer overlying said
barrier layer and filling said vias and trenches wherein
said thick copper layer comes from said disproportionation
of said Cu(I) ions;
annealing said copper layer; and
15 polishing down said thick copper layer and said

barrier layer to complete said dual damascene interconnects

in the manufacture of said integrated circuit device.

15. The method according to Claim 14 wherein said
20 barrier layer comprises one of the group containing:
tantalum, tantalum compounds, titanium, titanium compounds,

tungsten and tungsten compounds.

20




barrier layer is deposited to a thickness of between about 50 Angstrons
and 1000 Angstrons. 5 17. The nethod according to Claim 14 wherein said
stabilized sinple Cu(l) ion solution conprises a mxture of Cu(l) ion and
one of the group containing: a polar organic solvent, nore than one polar
organic solvent, a mxture of water and a polar organic solvent, and a

m xture of water 10 and nore than one polar organic solvent. 18. The nethod
according to Claim 14 wherein said polar organic solvent conprises one of
the group contal#i ndthel elthodopamoirdiBgptopadhain ad | wiewdooleaid acet one,
mesityl oxide, acetic anhydride, pyridine, acetonitrile, and nitronethane.
19. The net hedraecordiyvey tie Gepbsidddf te tderh 2ekePrdfs begwkeat Ebgut 0
evaporate said stabilized sinple Cu(l) ion solution to speed said

deposi ting a&fo saiodtidbingk angoppes hayetromd, 20. The net hod according to
Claim 14 wherein said thick copper |layer is deposited to a thickness of
bet ween about 3000 Angstrons and 20, 000 Angstrons.

5 17. The method according to Claim 14 wherein said
stabilized simple Cu(I) ion solution comprises a mixture of
Cu(Il) ion and one of the group containing: a polar organic
solvent, more than one polar organic solvent, a mixture of
water and a polar organic solvent, and a mixture of water

i0 and more than one polar organic solvent.

18. The method according to Claim 14 wherein said
polar organic solvent comprises one of the group
containing:

15 l-propanol, 2-propanol, allyl alcchol, acetone,
mesityl oxide, acetic anhydride, pyridine, acetonitrile,

and nitromethane.

12. The method according to Claim 14 further
20 comprising heating to evaporate gsaid stabilized simple
Cu(I) ion solution to speed said depositing of said thick

copper layer.
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20. The method according to Claim 14 wherein said
thick copper layer is deposited to a thickness of between

about 3000 Angstroms and 20,000 Angstroms.
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