10 SEP 2004 METHOD TO DEPCSI T A COPPER LAYER RELATED PATENT APPLI CATI ON

U S. Patent Application Serial # 09/501, 966, (CS-99-158) to H K K Pau
et ral . 'BACKGROUND OF THE I NVENTION (1) Field of the Invention The
dnvention relates to a method of fabricating seniconductor structyressp apd
nore particularly, to a nethod of depositing a copper layer in the

manuf acture of integrated circuit devices. (2) Description of the Prior Art
Several approaches are currently available for depositing copper in
integrated circuit manufacturing. First, the copper nay be deposited by

physi cal vapor depositi P\D).. PVD, or ionized PVD, processes benefit
from avail abl e technolog&gghggrépapﬁ€Q§§ThﬁgHOPWEBUéﬁﬁﬁﬁ. However, PVD

deposi ted copper has poor step coverage. Second, chem cal vapor deposition
(CVD) offers better step 1 10 SEP 2004 coverage than PVD. However, CVD is
not yet a mature process and i s expensive to use. Third, electroplating and
el ectrol ess pl aRFR§TEBf PATENT APPLICATION U.S. Patent Application

Serial # 09/501,966. (CS-99'-158) to H. K. K. Paul et al.
BACKGROUND OF THE INVENTION
{l) 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

integrated circuit devices.
{2) Description of the Prior Art

Several approaches are currently available for
depositing copper in integrated circuit manufacturing.
First, the copper may be deposited by physical vapor
deposition (PVD). PVD, or ionized PVD, processes benefit
from available technology and relatively high throughput.
However, PVD deposited copper has poor step coverage.

Second, chemical vapor deposition (CVD) offers better step



copper are attractive alternatives to PVD and CVD because of | ower

equi pment and material costs. However, plating nethods require the

presence of a seed layer to conduct or to catalyze the deposition J0 SEP 2004
reaction. This seed layer typically conprises copper, though other
materials such as refractory netals have been suggested. Wen this seed

| ayer is copper, it is typically deposited by a PVD process. In addition,

el ectroless plating may require an induction layer as a catal ytic surface.
Alternatively, copper. may be plated by the reduction of Cu2+ by a

reduci ng - agenl- gl e as, atdehy deuand yRapOSPd e Hl nalddy Bl ating

processes can be very slow and dirty. The purpose of the present invention

isto aChig&%c%ss“%%kﬁ%kb%ﬂ%%gﬁnQ£99§£t}ﬂg a copper layer in the
[

manuf act ur of an I ntegrat circu evice. The new nethod is sinpler,
cl eaner, and cheaper than the existing nethods. Several prior art
approaches di scl ose nethods to deposit copper layers in an integrated
circuit device and 2 10 SEP 2004 related topics. In 1. V. Nelson et al,
" Pol ar ogr aphi ¢ ThiitdenEd sd e tSmabidnd ye lofctCoplpsrs (d)at iomg i oif sone
Non- Conpl exi ng Non- Aqueous Sol vents,"” The Journal of
copper are attractive alternatives to PVD and CVD because
of lower equipment and material costs. However, plating
methods require the presence of a seed layer to conduct or
to catalyze the deposition reaction. This seed layer
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
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.

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.

Several prior art approaches disclose methods to

deposit copper layers in an integrated circuit device and



I norgani ¢ Nucl ear Chem stry, Volunme 22, 1961, pp. 279-284, the stability

of ,the .cuprous ion (Cu+ or Cu(l)) is studied. Cu(l) ion appears nmofe} SEP 2004
stable in solvents such as nethanol, ethanol, 1-propanol, 2-propanol,

.al lyl- al cohol, acetone, nesityl oxide, acetyl acetone, acetic anhydride,

ni tronmet hane, and pyridine. This stability is actually due to |ower

sol vation energy. of cupric (Cu2+ or Cu(ll)) ion in these solvents and not
due to higher solvation energy of Cu(l). US. Patent 5,354,712 to Ho et al
discloses a method to deposit copper for integrated circuit netalization.

The copperrb%eédl %og%@%s' tag lzy I WA Al | g g%gfﬁaag 2eic

deposition (OMCVD) on a seed | ayer tltanlun1n|tr|

5,376, 248 r d aches . an trol ocess for plating a
conduct i ve];:9 gﬁ al ont%l]o’l atsgE slfillé:y O&J f‘?ccippﬁ ar R[roébr}ﬁbrgoﬁr}eatl ng
processi ng_exanpl e %gren mhere an aqueous solutlon of Cu 2+ is
disproportNBﬁaF@Wpﬁﬁxﬁ dopghpeeouy, Solpardm, ” Fhezdorganala Fhao et al

teaches a nethod to selectively deposit copper by electroless plating. A

ti't ani um nipprdanilapnicdealraFineniis thor, mih.lulesiad,c A &li,t rhpde 2 7BreX84

deposited on the sidewalls of the dual damascene trenches. 3 10 SEP 2004
the stability of the cuprous ion (Cu' or Cu(I)) is studied.

Cu(Il) ion appears more stable in solvents such as methanol,
ethanol, l-propanocl, 2-propancl, allyl alcochol, acetoﬁe,
mesityl oxide, acetylacetone, acetic anhydride,
nitromethane, and pyridine. This stability is actually due
to lower solvation energy of cupric (Cu®* or Cu(II)) ion iﬁ
these solvents and not due to higher solvation energy of
Cu(I). U.S. Patent 5,354,712 to Ho et al discloses a
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
ofAtitanium nitride. U.S. Patent 5,376,248 to Conrod et al
teaches an electrolytic process for plating a conductive
material onto a plastic circuit board. A copper plating
processing example is-given where an agueous 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 pléting. A titanium nitride
barrier layer is formed; A silicon nitride layer is

deposited on the sidewalls of the dual damascene trenches.




Copper atons are electroless plated overlying the titanium nitride barrier

| ayer by a conventional plating solution. A copper layer is then

el éctrol ess plated to fill the trench and the damascene device is J0 SEP 204
conpleted. U S. Patent Application Serial # 09/501, 966 (CS-99-158) to H.

K. K Paul et al teaches a nmethod of reacting CuF2 vapor with a barrier

| ayer to forma thin and conformal Cu seed |ayer. SUVMARY OF THE | NVENTI ON
A principal object of the present invention is to provide an effective and
very manufacturabl e nethod of depositing a copper layer in the manufacture

O o 0r ALBEELT Gk ol WIERE ARS8k 1S, RLSERG LAKCRON 45 L0

provide a nethod to deposit a copper usi ng Sproporti

si nmpl e Cu( i rom.a_sql utio stabilized by_a polar organic solvent. A
yet furthebxggﬁggtkggrﬁﬁg g?égéngyiﬁvgﬁPWEH%ﬂgnéa pg@&&ﬁ&e%§¥ﬂﬁ%ﬂﬂito
deposit a éfgger seed |l ayer, using_ disproportionation of sinple Cu(l) ions
froma sol RPETStENPE 26d th$hna SP6Ichr 0drganPd aservant fifldr thse in

subsequent el ectropl ating and el ectrol ess copper plating of single and
dial damaséERBChngedcEheedpmascene device is completed. U.S. Patent

Application Serial # 09/501,966  (CS-99-158) to H. K. K.
Paul et al teaches a method of reacting CuF, vapor with a

barrier layer to form a thin and conformal Cu seed layer.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
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
disproportionation of simple Cu{I) ions from a solution

stabilized by a polar organic solvent.

A yet further object of the present invention is to
provide a method to deposit a copper seed layer, using

disproportionation of simple Cu(I} ions from a solution



Anot her further object of the present inventionis to provide a nethod to
deposit a copper |layer, using disproportionation of sinple Cu(l) ions from
a solution stabilized by a polar organic solvent, for single and dbfISEP 2004
damascene interconnects. Yet another object of the present invention is to
provide a nethod to deposit a copper layer in the manufacture of an
integrated circuit device conprising: providing a dielectric |ayer
overlying a sem conductor substrate; depositing a barrier |ayer overlying
said di dtettiliiczedaper p poabingrgansi@bidiwzadc sidgd es@uih) ion solution
overlying said barrier |ayer wherein said stabilized sinple Cu(l) ion

sol uti on subsigaknlti 2edchyopla¥ing ahd Ne BediOlclle ¥ G rspl¥enhy agddi ng
water to said stabilized sinple Cu(l) ion solution to induce

di spropordiirenat kea ahasabdmssaphe ddcdfisddom said stabilized sinple
Cu(l) solution; heating to induce evaporation of said polar organic

solvent fromsaid stabilized sinple Cu(l) ion solution; and depositing a 5
| D SAP 2 .. copper layer overlying said barrier |layer wherein said copper

| ayer cones fhﬂgkﬁékdfgkﬁﬂé9pgﬁﬁé@@aéf(Ehéﬁpfggéﬁt invention is to

provide a method to deposit a copper layer, using
disproportionation of simple Cu{I) ions from a solution
stabilized by a polar organic solvent, for single and dual

damagcene interconnects.

Yet another object of the present invention is to
provide a method to deposit a copper layer in the
manufacture of an integrated circuit device comprising:
providing a dielectric layer overlying a semiconductor
substrate; depositing a barrier layer overlying said
dielectric layer; coating a stabilized simple Cu(I) ion
golution overlying said barrier layer wherein said
stabilized simple Cu(I) ion solution is stabilized by
mixing with a polar organic solvent; adding water to said
stabilized simple Cu(I) ion sgolution to induce
disproportionation of said simple Cu{I) ions from said
stabilized simple Cu(I) solution; heating to induce
evaporation of said polar organic sol%ént from said

stabilized simple Cu(I) ion solution; and depositing a




sinple Cu(l) ions and wherein said evaporation speeds said depositing in
the manufacture of said integrated circuit device. Another further object
of the present invention is to provide a nmethod to deposit a copper |ayer
in the nmanufacture of an integrated circuit device conprising: Amogteli2y
a dielectric layer overlying a sem conductor substrate; depositing a
barrier layer overlying said dielectric |layer; coating a stabilized sinple
Cu(l) ion solution overlying said barrier |ayer wherein said stabilized

'sinple %ggekom@ekusb@mﬁn t&bid izad oy 1@y>élmh\é.ﬂrtetﬂn sRpgar organic
mple Cu(l)

sol vent ing water to sai stabilized si Ion solution to
i nduce p n [F1os) r stabilized
si nmpl e Cu( ?@%9 ?5%%8n85¢§§u§%%g3%$éé ?E(thOhggﬁ £|§?L§$%?ed circuit

devi ce t %gf@gé Rl ngn&%re?r@ﬁép@l o 'e%a%g'rggpggggnggdg%ge@t from

on sol ut1on ng a copper | ayer
overlyin sal. barrle a ereln sai d pp cones,from said
dlspropo%tpbnétﬁoﬁ 5f é%?d S|¥¢ﬁ t%iﬁ|3fa 5H§Péﬁ% é?glﬁlgﬁ?ﬁtevaporatlon
speeds s%g%ig%p05|t|ng of said 5A 10 SEP 2004

Another further object of the present invention is to
provide a method to deposit a copper layer in the
manufacture of an integrated circuit device comprising:
providing a dielectric layer overlying a semiconductor
substrate; depositing a barrier layer overlying said
dielectric 1afer; 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 organic solvent; adding water to said
stabilized simple Cu(I) ion solution to induce
disproporticnation of said simple Cu{I) ions from said
stabilized simple Cu(I) solution; reducing the pressure on
said integrated circuit device thereby inducing evaporation
of said polar organic solvent from said stabilized simple
Cu(i) ion solution; and depositing a copper layer overlying
said barrier layer wherein said copper layer comes from
said disproporticnation of said simple Cu{I) ions and

wherein said evaporation speeds said depositing of said

SA



copper layer in the manufacture of said integrated circuit device. In

accordance with the objects of this invention, a new nethod of depositing
a copper layer, using disproportionation of sinple Cu(l) ions from‘!al;ljl B 204
solution stabilized by a polar organic solvent, for formng single* ﬁ& '
dual damascene interconnects in the manufacture of an integrated circuit
devi ce has been achieved. A dielectric Ilayer, which may conprise a stack
of dielectric material, 1is provided overlying a seniconductor substrate.

The di elc%ggo@a_»clg%erlhstﬂ@tthﬂme&é Usnd;@s saRdgtienahes bore planned

damascene I nhtercohnects. The damascene 1 ntéerconnects may be e|t er single
or dual damascene. A barrier layer is deposited overlying the dielectric

| ayer to line the vias and trenches. A sinple Cu(l) ion aqueous solution,
stabilized by a polar organic solvent, is coated 5B SEP 2004 overlying the
barrier layer. Water is added to the stabilized Cu(l) ion solution to

i nduce dispro ortiona of 1 i on_sol ution.

he Cu f
ptionally  CReeBOPEP=Brgant B oois iit)s 30 ApgTednPEBRLPhe 3¢ abi | | sed

Cu(l) ion aqueogs sol.ution to,induce disproportionation of
new method of depositing a copper layer, using

disproportionation of simple Cu(I) ions from a solution
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 provided overlying a semiconductor substrate. The
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(Il) ion agueous

sclution, stabilized by a polar organic solvent, 1s coated

5B



the Cu(l) ion fromthe Cu(l) ion solution. A copper |ayer is deposited
overlying the barrier layer. The copper layer nay conprise a thin seed

| ayer for use in subsequent electroplating or electroless plating or may
conprise a thick copper layer to fill the vias and trenches. The 1{ SEP 2004
integrated circuit is conpleted. BRI EF DESCRI PTI ON OF THE DRAWNGS In the
acconpanying drawings formng a material part of this description, there is
shown: Figs. 1 through 6 schematically illustrate in cross- sectional
representation the preferred enbodi nrent of the present invention applied

to the foroakiroyioh &héudlarddrmasgeneyr.nt efaenes adfiel) RSFER1A004 Fig. 7
schematically illustrates in cross-sectional representation the preferred

dammscene. “LrLareontoct Bl PO B e oA N e e ©
Formation of Hifaccand SRt erebhisd 3¢ t?ﬁ@rﬁ&?ﬁu&a&#f@ﬁ#'%#f&&?med
ciireuit the polar organic solvent is evaporated from the stabilized
Cu({I) ion agqueous solution to induce disproportionation of
the Cu(I) ion from the Cu(I) ion solution. A copper layer
is deposited overlying the barrier tayer. The copper layer
may comprise a thin seed layer for use in subsequent
electroplating or electroless plating or may comprise a

thick copper layer to fill the vias and trenches. The

integrated circuit is completed.

BRIEF DESCRIPTION QF THE DRAWINGS

In the accompanying drawings forming a material part

of ‘this description, there is shown:

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

damascene interconnect.



device. It should be clear to those experienced in the art that the
present i nvention can be applied and extended w thout deviating fromth
scope of the present invention. Referring now particularly to Fﬂg Lilsg%gm%
is shown a cross section of a partially conpleted integrated circuit
device of the preferred enbodi mrent. A sem conductor substrate 10,
typically consisting of nonocrystalline silicon, is provided.

Sem conduct or device structures, such as gate el ectrodes, source and drain
regions, netal interconnects, contact holes and vias, not shown, nay be

formed in and onride $em:n@:nalugt:@11§ub&lﬁ@t@a&@s fn éeaglgcgebth%)ﬁ%@ 12,
typically copper or an interconnect 7 1 p SEP 2004 stack conpr|5|ng one or

more of al mmg@pm@nttﬁ@%y&e&&a' Qﬁboahﬁléﬂtugfagﬁet ngﬁ%ﬁ;m cally

deposi ted overlylng the substrate 10. A passivation |ayer

silicon ni ed_o lyin he conduct or

dielectric %é&éﬁ% %g%%éiged¥§%e¥ yﬁﬁ +PRe® ?san§%3ﬂ ﬁchPa§&ﬁ§Frate 10.
The dielectric la er 14 is shown as a single layer for purposes of
sinplificat?beTrA " Fhetice, the dielectric layer 14 conprises a stack or
conposite of dielectric material. Typically, silicon

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiment discloses the application of the
present invention to 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 invention.

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 ﬁonocrystalline
silicon, is provided. Semiconductor device structures,
éuch aslgate electrodes, source and drain regions, metal
interconnects, contact holes and vias, not shown, may be
formed in and on the semiconductor substrate 10. 2

conductor layer 12, typically copper or zn interconnect



di oxi de based materials and | ow dielectric constant organic -polyners woul d
be used as the interlevel dielectric material. Silicon nitride mould
typically be used as an etching stop |ayer or as a polishing stop | %i dh&
the <conposite stack. The dielectric layer 14 is etched to form vild ﬁ
trenches for planned dual damascene interconnects. The via opens to the
conductor layer 12. The typical dual damascene profile is seenin Fig. 1.
Referring nowto Fig. 2, a barrier layer 18 is deposited overlying the
dielectric layer 14 and the exposed conductor layer 12 and lining the vias

and trenchesackneompaiiialy bAkeHxlfox® WPIaal i a/BIsRaY % G fBLET | 8
|

that wll elimnate out fusion of copper |ons fronlthe nmascene

| puer connep kot ! he cdrglfebhie et (a8 ER AN BTl | aver

18 preferably conpri ses one of the group contalnlng antal

conpounds, titanium conpaunds, tungsten and tungsten conpounds.
The barri &r %ayer 18%s e}g’gglstlé’npcﬁémn aé’e&hgé' R%Fﬁc}thg dEpbsFeF on (PVD)

chem cal Egr dep03|t|on (CVD) process to a thlckness of between about
50 Angstroﬁ% Lh8e1086 gﬁ@§ﬂpgﬁsoverlylng the conductor layer 12. A

dielectric layer 14 is deposited overlying the
semiconductor substrate 10. The dielectric layer 14 is
- shown as a single layer for purposes of simplification. In
practice, the dielectric layer 14 comprises a stack or
composite of dielectric material. Typically, silicon
dioxide based materials and low dielectric constant organic
"polymers would be used as the interlevel dielectrip
material. Silicon nitride would typically be used as an
etching stop layer or as a polishing stop layef in the
composite stack. The dielectric layer 14 is etched to form
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
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



Referring nowto Fig. 3, an inportant feature of the present invention is
descri bed. The present invention wutilizes the disproportionation of sinple

Cu(l) to deposit a copper layer.on the wafer via one of the follg
reactions: (1) Cu+ (organic solvent) 4 CUz+ (organic solvent) + cﬁﬁﬁﬁthﬂ¥*
(2) z+ ) CU(aqueous) 4 C u (aqueous) + CU(aqueous) Sinple Cu(l) ion

di sproportionates quickly and spontaneously into Cu(ll) and Cu netal in an
aqueous solution. This nmeans that the normal reaction is overwhel mngly
in the forward direction to the formation of Cu(ll) and Cu. The

i nst abi | i t paokisirpbge@u(l) preferiably kdhpER &1 WAIUE0US, C&%ﬂ&?” i's due
e yar

to the higher hydration energy of Cu(ll) ions. However, t ation

energy of Eyhkh)niiogs t@%%%%ﬁs-ﬂ&?&&ﬂﬁéﬁ@bdﬁ&?”&p{’a‘n&f&@[ ?32:;

sol vents while the hydration energy of |ons’§tays r
Cons. | ner eqsse memoreXERb R RN inn G R e or ibunt of
water in tggrggg%rlayer 18 is deposited using a physical vapor

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

to a thickness of between about 50 Angstroms and 1000

Angstroms.

Referring now to Fig. 3, an important feature of the
present invention is described. The present invention
utilizes the disproportionation of simple Cu(I) to deposit

a copper layer on the wafer via one of the following

reactions:

+ 2+
(1) Cu {organic solvent) = Cu (organic solvent) T ClU{getal)

&«

+ 2+
(2} Cu {agueous) 2 Cu {aqueous) 1 CU(aqueous)

é

Simple Cu(I) ion disproportionates quickly and
spontaneously into Cu(II) and Cu metal in an aqueous
selution. 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



organi ¢ solvent while the hydration energy of Cu(l) ions remains

- relatively constant. The process of the present invention uses these
observations to create a stabilized sinple Cu(l) ion solution t haty sap
spun onto the wafer. The stabilized Cu(l) ion solution conprises a m xture
of Cu(l) ion and either: a polar organic solvent, a mixture of polar
organi c solvents, or a mxture of water and one or nore of the polar
organi ¢ sol vents of any proportion. The polar organic solvent preferably
conprises one of the group containing: 1-propanol, 2-propanol, allyl

al cohol, a : si.t.yl axide, acetic anhydride, ridine, acetonpitrile,
and nit ron%ﬁh%%gl.s 'F%g‘usttlé)& Iliszéﬁleéﬂ )t}]eorapls%ﬁﬁ S’B’r‘?i g sedlﬁf“i%e?gt he
- waf er espe igllﬁ gverlying the barrier |ayer 18. Water 26 10 10SEP2004 is
then added“td Iihe T&0%0i | PP VEF(I Ehcohvsiialtioh pnay qfdieel D) ions
di sproportionation. The hydration energy of Cu(ll) ion is increased so
that the r 886tEas s Sedds itcel1di dpy apartt ipordte a@Enid arlvant Cughidei on
and solid copper. As an option, the wafer may be heated to induce
evapor at i ohef hykle aydlear eorgany ofs@wEnt 1oks anetherrelatively
constant in these solvents. 1In addition, the hydration
enexrgy of Cu(lI) ions increases progressively with the
increase in proportion or amount of water in the polar

organic solvent while the hydration energy of Cu(I) ions

remains relatively constant.

The process of the present invention uses these
observations to create a stabilized simple Cu(I) ion
solution that can be spun onto the wafer. The stabilized
Cu(I} ion sclution comprises a mixture of Cu{(I) icen and
either: a polar organic solvent, a mixture of polar organic
golvents, or a mixture of water and one or more of the
polar organic solvents of any proportion. The polar
organic solvent preferably comprises one of the group
containing: l-propanocl, 2-propanol, allyl alcohol, acetone,
mesityl ogide, acetic anhydride, pyridine, acetonitrile,

and nitromethane.

The stabilized Cu(I) ion solution 22 is spun over the

wafer especially overlying the barrier layer 18. Water 26

10



option, the pressure around the wafer can be reduced to cause evaporation
of the polar organic solvent. Evaporation increases the disproportionation
reaction to deposit copper. Referring nowto Fig. 4, the reaction nmay be
used to deposit a thin copper seed layer 30 overlying the barriert(ISEpe2iss
18 for subsequent electroplating or electroless plating of a thick copper

| ayer. The copper seed layer 30 is deposited to a thickness of between
about 50 Angstrons and 2000 Angstrons. Referring nowto Fig. 5, the result
of the electroplating or electrol ess copper plating reaction is the

d ition of hi : i h b ' 18 and
fi 1 Ting Cre v o anied cheneas YRee Al PR CHEP LaB oPThb S0 8L Rei ed by

the 11 1 0, SEP 2004 di sproportionation _reaction is used as a _seed to
catalyze 1He"pT4 +%@r9535€?%%§t%??erngg?vEVQFaFH%ndﬁgﬁFﬁﬁoP?iSHéFﬁén

reaction shown in Fig. 3 could be continued to deposit a thick copper
| ayer 34 oW} IVF ny¢hReapadrferthalyethagrandtipnl Prgcendds ¥pas and trenches
as shown in Fig. 5. The use of the

i 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
cause evaporation of the polar organic solvent. Evaporation
increases the disproportionation reaction to deposit

copper.

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 layver. The copper seed layer 30
is deposited to a thickness of between about 50 Angstroms

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
barrier layer 18 and filling the vias and trenches. The

thin copper seed layer 30 deposited by the

1



di sproportionation reaction for copper bulk filling of the dual damascene

vias and trenches creates an excellent copper layer. In this option, it is
not necessary to electroplate or electroless plate the copper. Th@ tgépé 4
copper |layer 34 deposited by the disproportionation reaction is dego t @

to a thickness of between about 3000 Angstrons and 20, 000 Angstrons.

" Referring nowto Fig. 6, the copper |layer 34 and the barrier layer 18 are

pol i shed down to conplete the dual danascene interconnects. The copper

I 34 i§; I L i f i d_thermal
over, 34 18 Sonor 0L 86k edol 0-008eaL 10, 1. nace 91 5.1 caid Lher !

anneal i ng ( at a tenperature o

degrees C. C ronal chem cal nechanical polish is used in the
pol i shi ng %@%n8£¥§%55 %acgﬁ?ggrated circuit is conpleted using

conventional - processes. 12 5 D SEP 2004 Referring nowto Fig. 7, the
preferred enbodi nent of the present invention is applied to the formation
of a single damascene inlay. The conductor |ayer 42 overlies the
seni conduct or shbseFaRki¥elyThehpadippapbontliapetidd rewetlives shivemn
conductor |aver 42. The dielectric |ayer 44 -

in Fig. 3 could be continued to deposit a thick copper

layer 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
dual damascene vias and trenches creates an excellent
copper layer. In this option, it is not necessary to
electroplate or electroless plate the copper. The thick
copper layer 34 deposited by the disproportionation

| reaction 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
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
integrated circuit is completed using conﬁentional

processes.
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overlies the passivation |ayer 43. A single damascene trench is etched
through the dielectric |layer 44 and the passivation |layer 43 to open the
underlyi ng conductor layer 42. A barrier |layer 48 of thickness between
about 50 Angstronms and 1000 Angstrons is deposited overlying the1 SEP 2004
dielectric layer 44 and the exposed conductor layer 42. It is undepstoo
by those skilled in the art that the aforenentioned copper deposition by
di sproportionation of sinple Cu(l) used in the formati on of the dual
damascene interconnects is also applicable to the single danmascene

i nterconnect 52. Now the specific advantages of the present invention

conpared to theRéEéﬁMiﬁﬁtﬂd%a&ob@ibtSW?dt?%1§%§ﬁ§§¥%g.eﬂbgﬁﬁﬂéégg%gepOSits a

copper |ayer by disproportionation of s ifonsin ar organic

sol vent. Fihstprddd ¢ NOME)LRLACESS 1HEPPSE 1S, the er .layer without the
use of an expensive preca}sgr, asagg ?%%1%5§2K%§%%%B.i§808%d? the 13 10
SEP 2004 psosgss MgpQs! - opp I ' with better step, coverage
than the PVD process. Ffﬁ%ﬁpgégfhe%%?d%%§%K§§ﬁ'&@?@§éést8veﬁgﬁ%%it ei t her
o o ] o O RN P LRELE ELES 4 FOPRe RISl 0 0n " PageP Py ¢ @ 11 OK

overlies the conductor layer 42. The dielectric layer 44

a

overlies the passivation laver 43. A& single damascene
trench is etched through the dielectric layer 44 and the
passivation layer 43 to open the underlying conductor layer
42. A barrier layer 48 of thickness between about 50
Angstroms and 1000 Angstroms is deposited overlying the
dielectric layer 44 and the exposed conductor layer 42. It
is understood by those skilled in the art that the
aforementioned copper deposition by disproportionation of
Simple Cu(I) used in the formation of the dual damascene

interconnects is also applicable to the single damascene

interconnect 52,

Now the specific advantages of the present invention
compared to the prior art can be listed. The present
invention deposits a copper layver by disproportionation of
simple Cu(I) ions in a polar organiclsolvent. First, the
novel process deposits the copper layer without the use of

an expensive precursor, as in the case of CVD. second, the

13



damascene interconnects. As shown in the preferred enbodi nents, the present
i nventi.on provides a very manufacturable process for depositing a copper
layer in an 4 integrated circuit device. Wile the invention has bdenStP 2004
particularly shown and described with reference to the preferred
enbodi mrents thereof, it will be understood by those skilled in the art
that various changes in formand details nay be made w thout departing
fromthe s 'fé&aand scope of the invention. 14 10 SEP 2004 Clainms 1. A
method to deposit APSEpEF LAY efopper heayeranuftac barec of s eap | b RAFALed
circuit devti ce c%rrpri sing: 5 providing a dielectric |ayer .overlying a
seni conductdF? 5 EVE BICEepdsi tThpld harthiceprbayes everdying.said
dielectric ,layer; coating a stabilized sinple Cu(l) ion solution 10
over | yi ng S5PTB4r PiEPeFayesenhiclaiar saim ssbabighisede SdPLE o (1) ion
solution is stabilized by mxing with a polar o

COpper plating or to deposit a thick copper layer for

damascene interconnects.

As shown in the preferred embodiments, the present
invention provides a very manufacturable process for

depositing a copper layer in an integrated circuit device.

While the invention has been particularly shown and
described with reference to the préferred embodiments
thereof, it will be understood by those skilled in the art
that wvarious éhanges;in form and details may be made

without departing from the spirit and scope of the

invention.
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organi ¢ solvent; adding water to said stabilized sinple Cu(l) ion solution
to induce disproportionation of said sinple Cu(l) 15 ions fromsaid
stabilized sinple Cu(l) solution; and depositing a copper |ayer overlying
said barrier layer wherein said copper |ayer cones fromsaid

di sproportionation of said sinple Cu(l) ions in the manuf act ure of Ot§k 2004
integrated circuit device. 20 2. The nethod according to Caim1 wherein
said barrier |ayer conprises one of the group containing: tantalum

tant al um conpounds, titanium titanium conpounds, tungsten and tungsten
compounds. 15 10 SEP 2004 3. The nethod according to Claim21 wherein said
stabilized sinple Cu(l) ion solution conprises a mxture of sinple Cu(l)
ions and one of the group containing: a polar organic solvent, nore than
one pol ar organif solvgp m xture of water and a pol.ar organic

t
solvent, and a nmixture Sﬁm%ﬁgeFoaﬁapﬁﬁﬁ ?hanFBne Bt §aifi ¢ sol vent .
4. The net hod ggcordinqaio Cl.aim1l wherein said_ polar organic sol vent
r

conpri ses oR& aqqﬂ;ig ﬁn.lntegrated clrcult device comprising:
5 providing a dielectric layer overlying a semiconductor
substrate;

depositing a barrier layer overlying said dielectric
layer;
coating a stabilized simple Cu{I) ion solution
10 overlying said barrier layer wherein said stabilized simple
Cu(I) ion solution is stabilized by mixing with a polar
organic solvent;
adding water to said stabilized simple Cu(I) ion
solution to induce disproportionation of said simple Cu{I)
15 ions from said stabilized simple Cu(I) solution; and
depositing a copper layer overlying said barrier layer
wherein said copper layer comes from said
disproportionation of said gimple Cu(I} ionsg 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



10 contai ning: 1-propanol, 2-propanol, allyl alcohol, acetone, nesityl

oxi de, acetic anhydride, pyridine, acetonitrile, and nitronethane. 5. The
met hod according to Claiml1 further 15 conprising heating to evaporate said
pol ar organic solvent fromsaid stabilized sinple Cu(l) ion sol yjj@ER &k
speed said depositing of said copper layer. 6. The nethod according to
Claiml further 20 conprising reducing the pressure of said integrated
circuit device to evaporate said polar organic solvent fromsaid

stabilized sinple Cu(de iRl WdcRRdlifgSPeed: gahd &%gf Iig of said
copper |ayer. 16 1OSEP5504. 7. The nethgd accorg?n% to 5%5%%’mherein sai d

step —of densiiig csaldnGOBPEL (kY L, UL 885 o AERASL 00,3, £Qbpes  seed

| ayer wherein said copper see ayer cones froms i spropor |onafion of

said sinple | )1 QRs; _and_plating sai.d copper seed,l ayer to_conplete

sai d deposi%%ﬁ%}gb%mggﬂdiggﬁpggdl%?%r?ég?hﬁ\gégﬁﬁxf a&@ﬁ%@rtaap8ggger

| ayer in the 10 manuf ctuEe of an 'ntqgéate%_circuit,deviie conpri si ng:
organlc solvent, more than e polar organic solvent, a

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

of water and more than one polar organic solvent.

4. The method according to Claim 1 wherein said
polar organic sclvent comprises one of the group
10 containing: 1-propancl, 2-propanol, allyl alcchol, acetone,
mesityl oxide, acetic anhydride, pyridine, acetonitrile,

and nitromethane.

5. The method according to Claim 1 further
15 comprising heating to evaporate said polar organic solvent
from said stabilized simple Cu(I) ion solution to speed

said depositing of said coppexr layer.

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

depositing of said copper layer.
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providing a dielectric |layer overlying a sem conductor substrate,;

deposi ting
stabilized
said stabil

a barrier layer overlying said dielectric l|ayer; 15 coati

ng a

sinple Cu(l) ion solution overlying said barrier |ayelp\g®rBin
ized sinple Cu(l) ion solution is stabilized by mxi-ng with a

pol ar organic solvent; adding water to said stabilized sinple Cu(l)

solution to induce disproportionation of said sinple Cu(l)

stabilized

17 10SEP2004 dep05|t|ng a copper ayer ver ying sai

wher ei n sai
sinmple Cu(l

ion 20

ions fromsaid

sinple Cu(l) solution; heating to induce evaporation of said

pol ar organic —spl vertf ram,3al qc%@aah 2ed S1414 & Qdreil0Ba30! UELAN:

arrier layer

Qﬂ%ﬂn e%agan%ggéég E{&ggrtlonatlon of said
i ons an

erern ora n speeds sald dep05|t|n

t he nanufacture 5 of..sai d |nte rated CUIt evi ce.

according to aSERg RS & FOBERFY 583 %¥e¥ay ?r%3hﬁﬁﬁ§5§9§85 oFeFﬁe gr oup

cont ai ni ng.:

5

10

15

20

tantalu t ant al ounds titaniu tit.ani um ¢conpoun
la comég from sagglgls roportlonatibnrgf sai Simp& P

Cu(l) ions; and
plating said copper seed layer to complete said

depositing of said copper layer.

8. A method to deposit a copper layer in the
manufacture of an integrated circuit device comprising:

providing a dielectric layer overlying a semiconductor
substrate;

depositing a barrier layer overlying said dielectfic
layer;

coating a stabilized simple Cu(I} ion solution
overlying said barrier layer wherein said stabilized simple
Cu(I}) ion solution is stabilized by wmixing with a polar
organic solvent;

adding water to said stabilized simple Cu(I) ion
solution to induce disproportionation of said simple Cu{I)
ions from said stabilized simple Cu{I) solution;

heating to induce evaporation of said polar organic

solvent from said stabilized simple Cu(I) ion solution; and

17
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10 tungsten and tungsten conpounds. 10. The nethod according to Caim38
wherein said stabilized sinple Cu(l) ion solution conprises a m xture of
sinple Cu(l) ions and one of the group containing: a polar 15 org&gi P oWk
solvent, nore than one polar organic solvent, a mxture of water é a
pol ar organic solvent, and a mxture of water and nore than one pol ar
organic solvent. 11. The nmethod according to Caim8 wherein said 20 polar
organi ¢ sol vent conprises one of the group containing: 1-propanol,

2-propanol, all ylegdoaholy 2¢eLpae. i | de, td ydride,
pyri di ne, acetonf?%%le, ?énd n??roné?g§§e§¥%gpgigg§E%&§§%%j?%&.gﬁgg%ethod

accordi ng t&hé}égﬂnggﬂwqﬁﬁ%%%fgggggt?Bmegfaﬁggogéféng sai d copper |ayer

conprises: depositing a c ayer erern said copper seed |ayer

comes from gal ' oport.i onatid gn.of said 5 sinpple Cu(l).ions; .and plating
sai d copperéééékéﬂéggﬁdﬁégﬁg%n%&e 81§aﬁamp %p%%#f?nb??ﬁ %§ﬁ<¥'§3§68T | ayer .
13. A nethoga£9 deposit_.a_co ayer. i.,n _the 10 manufacture .of an

per. |
i ntegrat ed &1 rCUTTCRBACE C Sh5FCSi fgie depositing in the manufacture

5 of said integrated circuit device.

9. The method according to Claim 8 wherein said
barrier layer comprises one of the group containing:
tantalum, tantalum compounds, titanium, titanium compounds,

10 tungsten and tungsten compounds.

10. The method according to Claim 8 wherein said
stabilized simple Cu(I) ion soclution comprises a mixture of
simple Cu(I) ions and one of the group containing: a polar

15 organic solvent, more than one polar organic solvent, a
mixture of water and a polar organic solvent, and a mixture

of water and more than one polar organic solvent.

11. The method according to Claim 8 wherein said
20 polar organic solvent comprises one of the group
containing: l-propanol, 2-propanol, allyl alcohol, acetone,
mesityl oxide, acetic anhydride, pyridine, acetonitrile,

and nitromethane.
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providing a dielectric |layer overlying a sem conductor substrate,;
depositing a barrier layer overlying said dielectric layer; 15 coating a
stabilized sinple Cu(l) ion solution overlying said barrier |ayer mherel
said stabilized sinple Cu(l) ion solution is stabilized by n1X|n@0m§ 2@“
pol ar organic solvent; adding water to said stabilized sinple Cu(l) ion 20
solution to induce dlsproportlonatlon of said sinple Cu(l) ions fromsaid
stabilized sinple Cu(l) solution; reducing the pressure on said integrated

circuit device {fier et ipdygid c%\s%a%gttenc%ﬁaéqu L2r,01030] &30l vent

fromsaid stablllzed S|nple Cu( ion solution; and

deposi ting aﬁgg%ﬁﬁﬁﬂkpQk%?%%nzgkonbarr|er ayer wherein said copper

| ayer comes sproporrti o?m%rlse%lnple Cu(l) ions and

wher ei n said e orat.i.on speeds sai d ositi of , sai er 5 layer in
the manufacture Cg C)ssa:lit—’dmghte Jrared & Fg E?Yﬁﬁv‘ir"]lg% reimy saﬁfg BYdd accor di ng

to Cla|n113 mh r sai d rier ri ses one of the qgrou
Contalnlng & faaYer comes ILrom Sal%yglspro ortfénatlon of sa:L(J P

5 simple Cu(I) ions; and
plating said copper seed layer to complete said

depositing of said copper layer.

13. A method to deposit a copper layer in the
10 manufacture of an integrated circuit device comprising:
providing a dielectric layer overlying a semiconductor
substrate;
depositing a barrier layer overlying said dielectric
layer;

15 coating a stabilized simple Cu(I) ion sclution
overlying said barrier layer wherein said stabilized simple
Cu(I) ion solution is stabilized by mixing with a polar
crganic solvent;

adding water to said stabilized simple Cu(I) ion

20 solution to induce disproportionation of said simple Cu(I)
ions from said stabilized simple Cu(I) solution;

reducing the pressure on said integrated circuit
device thereby inducing evaporation of said polarorganic

solvent from said stabilized simple Cu(I) ion solution; and
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tantal um tantal um conpounds, titanium titanium conpounds, 10 tungsten and
tungsten conpounds. 13. The nethod according to Caim 13 wherein said

stabilized sinple Cu(l) ion solution conprises a m xture of S|nph§0$%§gﬁ%
ions and one of the group containing: a polar 15 organic sol vent

one pol ar organic solvent, a mxture of water and a pol ar organi c sol vent,
and a m xture of water and nore than one polar organic solvent. 16. The
met hod according to Caim13 wherein said 20 polar organic sol vent

compr i ses_one ofadiiss Saup £ ualdhl el BLARANOLy 2501 ApANGl.: 3l

al cohol , acetone, , acetic an pyr i |ne acé onitrile,

and nitrone 0 7. The thod according to Caim 13
tétujltf %111 Zé)ar ec%gga (i%y% omes &

wher ei n sai i ng¥sdi §°C6Pper “Ta§er®conpri ses: depositing a

copper seed |l a erel sald PR seed la comes f sai d
dlsproportlonagi%ﬁgw# Pé%Cﬁﬂp? Foﬁ§¥%gnﬂoﬁﬁaﬁqémﬁﬂﬁﬁe&nbopper
seed | ayer to ; §° qylete sald dep05|t|n sai d copg | ayer.

aporation speeds sald dep081t1ng said copper

5 layer in the manufacture of said integrated circuit device.

14. The method according to Claim 13 wherein said
barrier layer comprises one of the group containing:
tantalum, tantalum compounds, titanium, titanium compounds,

10 tungsten and tungsten compounds.

13. The method according to Claim 13 wherein said
stabilized simple Cu{I) ion solution comprises a mixture of
simple Cu(I) ions and one of the group containing: a polar

15 organic solvent, more than one polar organic solvent, a
mixture of water and a polar organic solvent, and a mixture

of water and more than one polar organic solvent.

16. The method according to Claim 13 wherein said
20 polar organic solvent comprises one of the group
containing: l-propanol, 2-propanol, allyl alcohol, acetone,
mesityl oxide, acetic anhydride, pyridine, acetonitrile,

and nitromethane.
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17. The method according to Claim 13 wherein said
step of depositing said copper layer comprises:

depositing a copper seed layer wherein sald copper
seed layer comes from said disproportionation of said
gimple Cu{I) ions; and

plating said copper seed layer to complete said

depositing of said coppexr layer.
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