10 AUG 2004 METHOD TO DEPCSI T A COPPER SEED LAYER FOR DUAL DANMASCENE

| NTERCONNECTS RELATED PATENT APPLI CATI ON U.S. Patent Application SetiOahUG: 2004
09/ 501,968 (CS-99--159) to S. Gupta et al. BACKGROUND OF THE | NVENTI ON

(1) Field of the Invention The invention relates to a nethod of fabricating
sem conductor structures, and nore particularly, to a mnethod of depositing
a copper layer for dual damascene interconnects in the manufacture of
integrated circuit devices. (2) Description of the Prior Art Danascene

technol ogy is an i npdETAOD CapaBHASTY A dOPPERPIESEEN T 28 %’fORS%UfA onduct or
manuf acturing. The use of damascene and dual danmascene schenmnes cilitates

the use of copper for intercoamgeceneCaRReR ignificant advantages
due to its low resistivity when conpafgg to q% unfﬁgﬁl 1 10 AUG 2004

RELATED PATENT APPLICATION U.S. Patent Application

Serial # 09/ 501,968 (CS-99-159) to S. Gupta et al.

BACKGROUND OF THE INVENTION
(1) Field of the Invention

The invention relates to a methéd of fabricating
semiconductor structures, and more pa;ticularly, to a
method of depositing a copper layer for dual damascene
interconnects in the manufacture of integrated circuit

devices.
(2) Description of the Prior Art

Damascene technology is an important capability in the
present art of semiconductor manufacturing. The use of-
damascene ;nd dual damascene schemes facilitates the use of
copper for interconnects. Copper offers significant
advantages due to its low resistivity when compared to

aluminum.




Several approaches are currently available for depositing copper in
integrated circuit manufacturing. First, the copper may be deposi.ltﬁg\’u!ayzwh
physi cal . vapor deposition (PVD). PVD, or ionized PVD, processes be t
from avail abl e technol ogy and rel atively high throughput. However, PVD
deposi ted copper has poor step coverage (less than 5% . Second, chem cal
vapor deposition (CVD) offers better step coverage than PVD_ However, the
deposited copper is not uniformin thickness. In addition, CVD .requires
the use of expensive materials called precursors to catalyze the reaction.
Li quid precursors have difficult wvaporization properties. Third,

el ectropl ati ng aqgvr ctraless plating of copper are attractive
alternatives to ﬁﬁéﬁh (E%%éﬁ%éa‘g ?%Rﬁﬁéﬁiﬁnﬁﬁﬁﬁhaéﬁﬁj eri al
costs. Howev r,ﬁp.l ating methods require the presence of a seed |layer to
conduct or tTROAHIYFE TIRP Tepdsi 'GP T # e (G uithimarssiar tayerg t ypi cal |y
conpri ses cgpper, t hough other materials such as refractory nmetals have
been suggestedt WidIF tHIRPSeaRY dyerddrrsidppbrby ighysidabitaiéy  deposit ed
by a PVD process. In addition, electroless plating requires an induction
| ayer as a c&pmsjtiiorsuffEbe &bt her useniofed adls nyragass tnakly,
pl ati ng processes
from available technology and relatively high throughput.
However, PVD deposited copper has poor step coverage {(less
than 5%). Second, chemical vapor depositicn (CVD) offers
‘better step coverage than PVD. However, the deposited
copper is not uniform in thickness. In addition, CVD
.fygquires the use of expensive materials called precursors
to catalyze the reaction. Liquid precursors have difficult
vaporization properties. Third, electroplating and
electroless plating of copper are attractive alternatives
to PVD and CVD because of lower eguipment 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 requires an induction layer as a cataiytic surface

and the use of reducing agents. Finally, plating processes

can be very slow and dirty.




can be very slow and dirty. 2 10 AUG 2004 Referring nowto Fig. 1, a
cross-section of a partially conpleted prior art integrated CIrCUIglg%ﬁF%ﬁm
is+ ,shown. A dual damascene trench has been formed using a conventiona
method. A semiconductor substrate 8 is shown. A dielectric | ayer 10, which
may be a conposite structure made up of several |ayers of dielectric
material, is formed overlying the sem conductor substrate 8. Follow ng the
via and trench etch, a barrier layer 14 is formed overlying the opening.
The barrier layer is conprised of a material that can prevent copper ion
out-diffusion fromthe copper interconnect into the dielectric layer 10. A

copper plating pﬁg@giglhg hg&e@geg %or 1t his ghg a%ao%x%%ple Ther ef or e,

a copper seed |ayer eposite ovérFyl bartier Iayer 14 by a

h cal d 05|t|o cess e to the limtations of @ PVD,
Eo&éber thégg%ﬁ%g YsSBHP?8$8 PEg e? oﬂDggﬁéﬁtFﬂeCl§F8ﬁ§ GeViRE dial

danascene trench adequat el y as shown by 22. The purpose of the present
i nvention i §'P8NachfedBad JaBAEER Sebdenaehadepesht FORMEHoEESETt Rat | s

clean and _ ‘
conventional method. A semiconductor substrate 8 is shown.

A dielectric layer 10, which may be a composite structure
made up of several layers of dielectric material, is formed
overlying the semiconductor substrate 8. Following the via
and trench etch, a barrier layer 14 is formed overlying the
opening. The barrier layer is comprised of a material that
céé-prevent copper ion out-diffusion from the éopper

interconnect into the dielectric layer 10.

A copper plating process is intended for this prior
art example. Therefore, a copper seed layer 18 is
deposited overlying the barrier layer 14 by a physical
vapor deposition process (PVD). Due to the limitations of
PVD, however, the copper seed layer 18 does not cover the
steps ©f the dual damascene french adequately as shown by
22. The purpose of the present invention is to achieve a
copper seed layer deposition process that is clean and
conformal,rmeaning it has excellent step coverage, and does

not require expensive precursors,




meaning it has excellent step coverage, and does not require

3 10 AUG 2004 Several prior art approaches di

| ayers in an integrated circuit device anipé%ﬁ% 2084
"Mass Spectronetric Studies at High

Tenperatures. | X. The Sublimation Pressure of Copper (I1) Fluoride," The
Journal of Physical Chem stry, Volunme 70, nunber 3, March 1966, pp.

874-877, the authors attenpt to nmeasure the activation energy and the
The paper reports

bond f T2 a Tt sidoo nglr bg; :
ond-enstgy o ISt aond i SapOHesl O G 3cld e\#ﬁ% P@FpEPature to

that sublinmted CuF2 vapor reacts wth tantalum a
et al., "Inplications of

produce seldRpddppertalandvkarb 9as, '\ﬁngeq%tggﬁio%%t "daspl ¢el astat e

dual damascene for el ectropl ated copper

Technol ogyelatgustt o393 . PRy 47/- 92, focuses on the influence of damascene
¥ Pin - 98 a{{ﬁlﬁa‘{t‘i Gh-of "R dbeuppenet Thi S

t opol ogy on the process of recryst
f copper onto a PVD copper seed | ayer

ref er encestifgAkisons platin
overlying a PVD tant yllg% I%%/ngre%a%.%.%l?atlé‘:nt THhe6 SnMi4mata orAlt ek digaches a

met hod t opge Lyel | 1ize a
o¥ b@ﬁbb¥ (que%ﬁuorlde," The Journal of Physical

conf or.nmal

expensi ve precursors.
methods.to deposit netal
related topics. In R A Kent et al,

Chemistry, Volume 70, number 3, March 1966, pp. 874~877,
the authors attempt to measure the activation energy and
the bond energy of CuF,. Thisg bond is found to be very
weak. The paper reports that sublimated CuF, vapor reacts
with tantalum at high temperature to produce solid copper

and .
‘ TaFs gas. M. E. Gross et al., “Implications of dual

damascene for electroplated Copper interconnects,” Solid

State Technology, August 1999, Pp. 47-52, focuses on the
influence of damagggpe topology on the pfocess of
recrystaliization of plated copper. This reference
mentions_the plating of copper onto a PVD copper seed layer
Overlying a PVD tantalium layer. U.s. Patent 5,654,245 to
Allen teaches a method to selectively metallize a
semiconductor device. After forming apertures of a metal
phobic layer into the support layer, a nucleating spécies
is implanted. The nucleating species disclééed comprise
molybden?m, tungsten, tantalum, and titanium. Copper'is
then selectively depcosited by either metal-organic chemical

vapor deposition {CVD}, plasma-enhanced metal-organic CVD
r




sem conductor device. After formng apertures of a nmetal phobic layer into
the support |ayer, a nucleating species is inplanted. The nucl eatind  AUG 2304
speci es .di scl osed conprise nolybdenum tungsten, tantalum and titanium
Copper is then selectively deposited by either metal-organic chem cal
vapor deposition (CVD), plasma-enhanced netal -organic CVvD, 4 10 AUG NO4 or
el ectroplating. U S Patent 5,668,054 to Sun et al discloses a nethod to
forma tantalumnitride diffusion barrier for use in a copper netalization
scherre. Theort aneekuailiaiinge | 9.or el g e3o7853l 10r 43Nl 6LOUR  process.
The copper layer is then forned overlying the tantalumnitride Tayer by
ei ther CVD @ .S t. 5 84 t rdner et, al,.teaches a net hod
to etch netgﬁggygfﬁglEdf%g&ggbﬁé}éﬁﬁgké %F@gﬁgﬁﬁaﬁﬁéﬁlﬁﬁtSlF%€5&é¥h| to
i nprove etcgggkhity. For_exanple, fluorine atonms may be inplanted into
copper. The F&EdPET AGTCNEy 1af FEPREEhEEt addizag AR schemerpo Ther ni ner al
acid. U S Patent 5,424,252 to Mrishita discloses an el ectrol ess netal
pl ating prota8&alpmRanitad dse igs &@rme dhlugiad dppetalnoagsanicc 6N@uct or
devi ce- ~Co-pending U. S. Patent Application Serial 4 09/ 501, 968

process. The copper layer is then formed overlying the

tantalum nitride layer by either CVD or PVD. U.S. Patent
5,350,484 to Gardner et al teaches a method to etdh metals,
including copper. Ions are implanted into the metal to
improve etchability. For example, fluorine atoms may be
implanted into copper. The resulting CuxFy can be etched
us%?g HC1l, HF, Hy0, or mineral acid. U.S. Patent 5,424,252
to Morishita discloses an electroless metal plating process
tha£ can be used to plate copper in a semiconductor device.

Co-pending U.S. Patent Application Serial # 09/ 501,968

(CS-99-159) to S. Gupta et al filed on 10 Feb 2000 ioaches

a2 method of depositing copper by disproportionation of

simple Cu(I) ion to form an aqueous solution.

SUMMARY OF THE INVENTION

A principal object of the present invention is to

provide an effective and very manufacturable method of




(CS-99+159) to S. CGupta et al filed on 10 Feb 2000 teaches a nEthOd1§LAUszh
depositing copper by disproportionation of sinple Cu(l) ion to form

aqueous ‘solution. I SUMVARY OF THE | NVENTI ON A princi pal object of the
present invention is to provide an effective and very manufacturabl e

met hod of 5 10 AUG 2004 depositing a copper layer in the manufacture of
integrated circuits. A further object of the present inventionis to

provide a nmethod to deposit a copper seed Iayer for use in subsequent

el ect rol ess depppran iRlgatd RGpER Shide f Ut Refe qyﬁ égué%kif gBent nwgntlon
a

is to provide a nethod to deposit a copper see ayer es
require expensi-ye tRrecursors. Another still further object of the present
invention is to provide a nethod to deposit a copper seed |ayer that is
thin and conformal. Yet another further object of the present invention is
to provide a nethod to deposit a copper seed | ayer for

A further object of the present invention is to
provide a method to deposit a copper seed layer for use in

subsequent electroless copper plating.

A still further object of the present invention is to
provide a method to deposit a copper seed layer that does

not require expensive precursors.

Another still further object of the present invention
is to provide a method to deposit a copper seed layer that

is thin and conformal.

Yet another further object of the present invention is
to provide a method to deposit a copper éeed layer for
electroless copper plating in the fabrigation of dual
damascene interconnects in the manufacture of an integrated

clrcuit device.

In accordance with the objects of this invention, a
new method of depositing a copper seed layer in the

manufacture of an integrated circuit device has been




. . i i | danmascene

. lating in the fabrlpatlon of dua_ _ I G 2004
glectrOLﬁzzthPgeghg nanu?acture of an |nt?9rated CIrCUIL geg;cgépgg?J¥L92
Intergonce with the objects of this inventlon,_a neM/ngt prcuit device has
accor ar seed layer in the nmanufacture of an Integrated ci fise a otack
ﬁ copgelo AUG 2004 achieved. A dielectric layer, which ngﬁcfgppsubstrate.
o?egielectric material, is provided OV?r|Y'C?a2 aﬁgnlfgﬂches for planned

. - i to form

dielectric layer is patterned . . . t ant al um

gngl darpsianEeve ter%o@n@b@st;ﬁcbaayeer kﬁXEBhﬁg i%%%é???@ 3| gj8Fkto |ine
titanium or tungsten is deposited overlylng_g ge sited overlying the
t he vias éﬁ%‘Q%Qﬁﬁﬁﬁ¥ACAm£D@pﬁélﬁe§§ B¥GY dedy OY%Pf%%n%a?rier | ayer, and
barrier |ayer by the reaction of ~CuF2 vapor SCRI PTI ON OF THE DRAW NGS I n
he accompanyi o or e noe T e e T e R v em 5 desereptoon,
t he acconpanyi ng dra\’\sﬂlngs jGaldy-illustrates in cross-section a
there is shoornFig.asl e Sald Y- bPlanned dual damascene

interconnects. a barrier layer comprising tantalum,

titanium, or tungsten is deposited Overlying the dielectric

layer to line the vias and trenches, A copper seed layer

is deposited overlying the barrier layer by the reaction of

CuF; vapor with the barrier layer, and the integrated

Circuit is completed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part
of this description, there is shown:
Fig. 1 Schematically illustrates in Cross-secticn a

partially completed prior art integrated circuit device.
Flgs. 2 through 4 Schematically illustrate in cross-

Ssectional representation the preferred embodiment of the

Present invention.




partially conpleted prior art integrated circuit device. Figs. 2 through 4
schematically illustrate in cross- sectional representation the prefergegg s,
enbodi mrent of the present invention. 7 10 AUG 2004 Fig. 5 schematically
illustrates the reaction chanber and process of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The enbodi nent di scl oses the
application of the present invention to the formati on of dual damascene

i nterconnects in the manufacture of an integrated circuit device. It should

be clear to thoseigxperieRerdtibatihg antyskhat Lheypr Lbavention can be
applied and extendgd wi t hout dev?at?ng #P§n1th§%s§8%e?%gg%ﬁ8on SEET

i nventi on. err} OWep icularly to Fig. 2, there is shown a cross
section of gﬁ%aé%Fggfg ?%ngﬁétége%ﬁpég%EFEEQ&PPCuit devi ce of the
preferred enbodi nent. A sem conductor substrate 28, typically consisting
of nonocrystalline silicon, is provided. A dielectric layer 30 is
deposited overlying the sem conductor substrate 28. The dielectric |[|ayer

30 is shown as a single layer for purposes of

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiment discloses the application of the
?resent invention to the formation of dual damascene
interconnects in the manufacture of an integratéd 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. 2, there is shown a
cross section of a partially completed integrated circuit
device of the preferred embodiment. A semiconductor
substrate 28, typically consisting of monocrystalline
silicon, is provided. A dieiectric layer 30 is deposited
overlying the semiconductor substrate 28. The dielectric
layer 30 is shown as a single layer for purposes of
simplification. In practice, the dielectric layer 30
comprises a stack or composite of dielectric material.
Typically, silicon dioxide based materials would be used

for the interlevel dielectric material. Silicon nitride



simplification. In practice, the dielectric layer 30 conprises a stack or
conposite of dielectric material. Typically, silicon dioxide based 1g AUG 200
materialls would be used for the interlevel dielectric material. Silicon
nitride 8 10 AUG 2004 woul d al so be used as an etching stop |layer or as a
polishing stop layer in the, conposite stack. In addition, |ower |evels of
netalization are formed bel ow and connecting to the via of the dual
damascene structure. These |ayers have al so been omtted for

sinplificatwonidThesodbel aski 65l avektdding atehed4Q.f grm.i as and
trenches for planned dual damascene interconnects. "The vias are connected

to the IOwepoiﬁyﬁknaﬁgebFZ§5§89-iIhghEVBE%§BSQ%%'st%%%asc%%?éaéﬁgﬂgajs

seen in Fig. 2. An inportant part of the esent invention i I

di scl osed. A ri y 4.1 s.deposited overlyin he dielectric |ayer
30 and Iiniﬁ%ﬁgﬁeig?gggaﬁg %?Eﬁéﬁégel?ﬁearﬁaFPF@%dlg?éPWB&n@s typically
conprised of a material] that wll _elimnate out-diffusion of copper ions
frgﬁ1the duaf" g4 ggekg Fﬁ?eV&GnHECFth?Ha@hQa@PéPé@?rﬁérﬂﬁyéﬁeso. In the

present invention, the barrier |ayer 34 al so serves as
These layers have also been omitted for simplification. The

dielectric layer 30 is etched to form vias and trenches for
planned dual damascene interconnects. The vias are
connected to the lower level metalization. The typical dual

damascene profile is seen in Fig. 2.

An important part of the present invention is now
disclosed. A barrier layer 34 is deposited overlying the
dielectric layer 30 and lining the vias and trenches. The
barrier layer 34 is typically comprised of a material that
will eliminate out-diffusion of copper ions from the dual
damascene interconnect into the dielectric layer 30. 1In
the present invention, the barrier layer 34 also serves as
a catalyst for the copper deposition reaction. The barrier
layer 34 preferably comprises one of the group containing:
tantalum, titanium, and tungsten. The barrier layer is
deposited using a physical vapor deposition (PVD) process
to a thickness of-between about 50 Angstroms and 1000

Angstroms.



. . . F 34 ”
| yst for the copper deposition reaction. The bar:IFL l???aniuﬁ?UaN#SQM%
ool ri ses one of the group containing: tanta |n1 ot o1 o
preferablyTﬁonEarrier | ayer is deposited using a physica Vaﬁd _gep
(VD or s to a thickness of between about 50 Angstron§4ama Somori 6
gﬁgg?rgggcegslo AUG 2004 Alternativelyi the_?a{agega;aye¥irst bg o ted

: i xanple, tantalumnitr .
zbgfry?Lgn?Lgrh?gfécrs{celaggr 30. Then, a pure tantalum | ayer woul d be

: Bk ial. This conposite stack of
i +hgrnehéveant athm bakride mRLEL gl This oSt
gg???éﬁega?gsgg?i grovides a different barrier an Sgllgﬁpﬁ@

[ r the rocess integration.
ghar?CFF;I%2???E2ﬁ$ﬂﬁ?%éﬁg%ﬁﬁgaﬂgsggggﬁ%%%bs%?%EaEPWOPlFélﬁar@aV|tanlun1or
imlarly,

t invention, if

' i i ngsten.. ln the presen

?htungffgzfﬁgfgdﬁigﬁap?%gﬁ%%f??%§f¥%§ rggﬁugﬂe%%ﬁ%¥%§el@heroBOthe group
is I ,

i d titani um overlying
ini ' ntal \V/ Vi t.ant al um conpound, | over
T ani Um conpaund. and TUr Sk Eh TOUSE WG homgiters Compobn yin.

: the tantalum nitride material. This composite stack of

barrier materials provides g different barrier and

polishing characteristic that may be advantageous for the

process integration. Similarly, a titanium compound may be

deposited prior to pure titanium or a tungsten compound

‘Prior to pure tungsten. 1In the bresent invention, if this

‘Ooption were used, the barrier layer would comprise one of
‘the group cdntaining: tantalum overlying tantalium compound,
titanium overlying titanium compound, and tungsten

overlying tungsten compound.

Referring now to Fig. 3, an important feature of the

present invention is described. A copper seed layer 38 is

deposited Overlying the barrier layer 34, The Copper seed

layer 38 is deposited by the reaction of Cur, Vapor with the

barrier layer 34, The reaction employed to deposit Copper

depends upon the specific barrier material, For exanmple,

if the barrier layer 34 is tantalum, the reaction is:

10




Referring nowto Fig. 3, an inportant feature of the present inveanpFUngn

descri bed. A copper seed layer 38 is deposited overlying the barrier

ayer

34.- The copper seed |ayer 38 is deposited by the reaction of CuF2 vapor

with the barrier layer 34. The reaction enployed to deposit copper

depends upon the specific barrier material. For exanple, if the barrier
| ayer 34 is tantalum the reaction is: 10 10 AUG 2004 CuF2(gas) + Ta(solid)
4 Cu(solid) + TaF5(gas). For titanium the reaction is: CuF2 (gas) + Ti

(solid) 4 Cu (soliduF; (gak4 tgash (solfen B¥ngsiepLidNes reasti
(gas) + W(solid) 4 Cu (solid) + W6 (gas) _ The copper seed

QL) S
ayer 38

CuF2

deposited by the reaction of the present invention can be nmade very thin

while still exhibiting excellent step coverage or confornmty. The
seed layer 38, iGonfiQpely pecause fhe process is a stoichionmetric

copper

exchange of copper atons for barrier layer 34 atons. It is also a very
cl ean process. The copper seed layer 38 is deposited to a few | ayers of

copper atons. Referring nowto Fig. 5 a schematic representation of

CuFz{(gas) + Ti(solid) => Cu(solid) + TiF,(

For tungsten, the reaction is:

gas) .

CuFz(gas) + W(solid) = Cu(solid)}) + WF¢(gas).

The copper seed layer 38 depeosited by the reaction of the

present invention can be made very thin while sti

exhibiting excellent step coverage or conformity.

11

The

copper seed layer 38 is conformal because the process is a

stoichiometric exchange of copper atoms for barrier layer

34 atoms. It is also a very clean process. The copper seed

layer 38 is deposited to a few layers of copper atoms.

Referring now to Fig. 5, a schematic representation of

the depositicn process is shown to illustrate the

key

concépts and parameters. The integrated circuit wafer 78

is placed on a wafer chuck 74. The wafer 78 has the

barrier layer 34 on the top surface as in Fig. 2.

source of CuF; 68 is placed on a heated chuck. The solid

11

A solid



he deposition process is shown to illustrate the key concepts and
Ea?ane?ers. Thepintegfated circuit wafer 78 is placed on a mafer phudK]AUszmg
The wafer 78 has the barrier layer 34 on the top surface as in Fig. 2. A
solid source of CuF2 68 is placed on a heated chuck. The solid 11 1 0 AUG
2004 source of CuF2 68 is heated to a tenperature of between about 400
degrees C and 800 degrees C to cause sublimation of. the CuF2 into a vapor
72. The CuF2 vapor 72 contacts the infegra;ed CILCUIt maferezg.llgngEEZ
vapor 72 reachsS o ryl o] m { he, copper _
ovgrlying t he bé%i?gi(%§§e§@3£%e§%%§ ng%e? g%?%%r?FHBE|H£ B§5¥Q?§ gi ven

off as a by- u f.l reactio shown in the equations. As an
option, the a;lgrgg%t %tgr?or?ae eespﬁ:gsanna&a@ S FE C Bassh sT et} e ebon

further inprove.th ep coverage and adhesion of the deposited copper
seed Iayegpfg;%P Egld,PhY%eang%%ﬁ 54%si sThaoth B veppri 98 rcaditafuseduency
energy of, for exanple, between about 13.56 M4z at a power of between
about 100 WAPT§9ZARESS06E natitts wallexs Ml -aMWiestduRy vasseadesreiBesagh kye
speci es, such as CuF*, concentration. In

“ the barrier metal to form the copper seed layer 38

overlying the barrier layer 34. The barrier metal fluorine

gas is given off as a by-product of the reaction as shown

in the equations.

As anroption, the reaction may be plasma assisted 82.
iPlasma assisting can further improve the step coverage and
adhesion of the deposited copper seed layer 38. If used,
éthe plasma assist would comprise radio frequency energy of,
for example, between about 13.56 MHz at a power of between
about 100 Watts and 3000 Watts. Plasma assisting increases

the active species, such as CuF*, concentraticon. In
addition, the plasma assist improves the directionality and

thus the step coverage and uniformity of deposition.

Another option is temperature control of the wafer
chuck 74. By altering the temperature of the wafer 78, the
speed of the reaction can be controlled. If this option is
used, the temperature of the wafer is preferably controlled

to between about 300 degrees C and 600 degrees C. By using



addi tikon, the plasma assist inproves the directionality and thus the step
coverage and uniformty of deposition. Another option is tenperature
control .of the wafer chuck 74. By altering the tenperature of the wWADeAUG 2004
78, the speed of the reaction can be controlled. If this option is wused,
the tenperature of the wafer is preferably controlled to between about 300
degrees C and 600 degrees C. By using 12 10 AUG 2004 tenperature control,

the reaction rate can be controlled. |In addition, tenperature control

enabl es opt kehpatben el cdteaondensatdon. and r%“ctaeﬁ%'a%t hQn cro%[tgré)]?ﬁ{;g bi as

is another option in the process of depositing e c?ppea Seet ?ﬁ in
t he present 1,i ison. fer, +bi.as pover .ma enpl oyed to .inprove e
copper seed Paeggagég%Théeu gﬁgg%ﬁé 5%4%%%}|%¢$§§§b§pqﬁm%%ﬂﬁ%9EHQﬁy and
t hus inprov?ﬁésteg coveragg and, .uniformty. If used, a wafer bias power

y

of preferab CEAFREER FABBUE S0 SRR PR oG St ts i s used. . 7.

Referring nowto Fig. 4, the copper seed layer 38 is used to catal yze an
el ectrol ess copper plating to deposit

Wafer bias 1is another option in the process of
depositing the copper seed layer 38 in the present
invention. A wafer bias power may be employed to improve
the copper seed layer 38. The use_of wafer bias increases
directionality and thus improves step coverage and

-uniformity. If used, a wafer bias power of preferably

ibeéween about 50 watts and 2000 watts is used.

Referring now to Fig. 4, the copper seed layer 38 is
used to catalyze an electroless copper plating to deposit
the copper layer 46 overlying the barrier layer 34. The
clean, thin, and conformal copper seed layer 38 facilitates
excellent electroless copper deposition. A chemical
mechanical polish is performed tc remove excess copper
layer 46. The dual damascene interconnects are completed,

and the integrated circuit device is completed.

Now the specific advantages of the. present invention
compared to the prior art can be listed. First, the novel

process deposits the copper seed layer more conformally

13




t he copper |ayer 46 overlying the barrier layer 34. The clean, thin, and
conformal copper seed |ayer 38 facilitates excellent electrol ess coppesus 2004
depositi.on. A chemical nmechanical polish is performed to renbve excess
copper |layer 46. The dual damascene interconnects are conpleted, and the
integrated circuit device is conpleted. Now the specific advantages of

t he. present invention conpared to the prior art can be listed. First, the
novel progg;s deposits the copper seed |ayer nore conformally 13 10 AUG
2004 t han N BEbonfecbhe, sepd Laxgrisap.be kept yery thin- while stil
covering the steps. Third, the process gggsgﬁgtBergaﬁ¥r§eékpéﬁgmve

precur sor swasleost i OVD-rOE L5568, 40,1 FOurth, the process is faster and

cl eaner than el ectrol ess pIa?ingga%%e%%es%%b¥dreﬁgﬁrérbﬁeaetﬂoaslamers to

plate. As sf@Wwd ot erred enbodi nents, the present invention
provi des a very nandggggﬁggdé%ﬁiﬁ¥ﬁ%£% BHrMoYepdél t prgcassoppes . seed | ayer

in an integat Giggeyit device. Wile. the invention has been
particul arly shown and = U&stt i bedagtar rasidreremdn then LY=L

enbodi nmen -
%ﬁatlng and does not require induction layers to plate

As shown in the preferred embodiments, the present

inventi i
tion provides a very manufacturable process for

de .
Positing a copper seed layer in an integrated circuit

device.

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 ang details may be made

without departing from the spirit and scope of the

invention.

14




t.hereof, it will be understood by those skilled in the art that various

changes in formand details nmay be nade w thout departing fron1the1§gghpbmml
and scope of the invention. 14 10 AUG 2004 CLAIM5 1. A nethod to de .
copper seed layer for electroless copper plating in the fabrication of
dual damascene interconnects in the manufacture of an integrated circuit
device conprising: 5 providing a dielectric |ayer overlying a sem conductor
substrate; pafbteMdi ng said dielectric layer to formtrenches for planned

dual damasgencs i @ESONASCASy0LePOST LhDD.R Qsﬁdl;yg'?gygéﬁéggggggasaid

dielectric 10 Iayer depos I ng a copper seeé SBarrier

| ayer wher p05|t|n reacting CuF2 gas with said barrier
Iazer andgbgpg %ﬁng S g@tF%% P hfagsissensai d 15 copper
seed | ayer .t nRIete sald |ntegrated circuit

in erc nects in the manufacture of an integrated circuit

device comprising:
5 providing a dielectric layer overlying a semiconductor
substrate;
patterning said dielectric layer to form trenches for
planned dual damascene interconnects:
depositing a barrier layer overlying said dielectric
10 layer;
depositing a copper seed layer overlying said barrier
layer wherein said de?ositing is by reacting CuF; gas with
said barrier layer; and
performing said electroless copper plating using said
i5 copper seed layef to complete said integrated circuit

device.

2. The method according to Claim 1 wherein said barrier
layer comprises one of the group containing: tantalum,

titanium, and tungsten.

3. The method according to Claim 1 wherein said barrier
layer is deposited to a thickness of between about 50

Angstroms and 1000 Angstroms.

15




device, 2. The nethod according to Claim1l1 wherein said barrier |ayer

conpri ses one of the group containing: tantalum titanium and tungsten.

3. The method according to Claim1 wherein said barrier layer is d§quugqgm
to a thickness of between about 50 Angstrons and 1000 Angstrons. 15 10 AUG

2004 4. The nethod according to Claim1l wherein said step of

deposi ting

sai d copper seed layer is perforned wwth a plasma assist conprising: radio
frequency energy of about 13.56 MHz at a power of between about 100 Watts
and 3000 5 Wwatts. 5. The nethod according to Claiml wherein said step of
depositing said copper seed layer is performed with a controlled wafer
t enper at ur e, of,_.bet ween about 300 degre C and 600 degrees C. 6. The

- ?I £ afgaémeg

met hod accotlr‘diTnhge 'y

AT M TCUheted n-Q

vrerabp oSt fngteRi 8Lcopper

seed layer is perfornmed wth a wafer bias power of between about 50 watts
and 2000 wH§ROS 7t ingheS v hoRPRRE oF gl 2 e &f npar frened nwsahdacopper seed

plasma assist comprising: radio frequency energy of about

13.56 MHz at a power of between about 100 Watts and 3000

5 Watts.

5. The method according to Claim 1 wherein said step of

depositing said copper seed layer is performed with a

controlled wafer temperature of between about 300 degrees C

and 600 degrees C.

6. The method according to Claim 1 wherein said step of

depositing said copper seed layer is performed with a wafer

bias power of between about 50 watts and 2000 watts.

7. The method according to Claim 1 wherein said copper seed

layer is deposited to a thickness of about a few atomic

layers of copper.

8. The method according to Claim 1 further comprising:

depositing a barrier compound layer overlying said

semiconductor substrate prior to said step of depositing

said barrier layer wherein said barrier compound layer

16




l.ayer.is deposited to a thickness of about a few atomc |ayers of copper.
8. The nmethod according to Claiml1 further conprising: depositing1% G 2004
barri er conpound | ayer overlying said sem conductor substrate prior ég
said step of depositing said barrier |ayer wherein said barrier conpound

| ayer. 16 10 AUG 2004 5 conprises on of the group containing:

tant al um cont ai ni ng conpounds, titaniumcontaining conpounds, and

t ungst en-cont ai ni ng conpounds. A nethod to deposit a copper seed | ayer for

el ect 50l essofpRREksPloA! Iy tiha Tgfi%u;pa@dn_ct%tiin%gqf &%%%lalmgigc{%ﬁcneing

i nterconnects in the manufacture of an integrated circuit

conpri si ng; idi ielectric l.ayer overlyjng a sem conductor
substrate;CB@P@E&ﬁthQgégéq |e?%%¥?%%?ﬁny é%mgﬁn¥%#ﬂ1fV§iches for planned
dual danas%ene i_nt erconnects; depositing a barrier |ayer overlying said

di el ectri ¢ " 1HIELYEr SREAS A "GaiCP BRI | ayer conprises one of the group

.containing: tantalum titanium and tungsten;

9. A method to deposit a copper seed layer for electroless
copper plating in the fabrication of dual damascene
interconnects in the manufacture of an integrated circuit
device comprising:
5 - providing a dielectric layer overlying a semiconductor
substrate;
patterning said dielectric layer to form trenches for
planned dual damascene interconnects;
depositing a barrier layer overlying said dielectric
10 layer wherein said pbarrier layer comprises one of the group
containing: tantalum, titanium, and tungsten;
depositing a copper seed layer overlying said barrier
‘layer wherein said depositing is by reacting CuF; gas with
the barrier layer; and
15 performing said electroless copper plating using said
copper seed layer to complete said integrated circuit

device.

17




deposi.ting a copper seed |ayer overlying said barrier |ayer wherein said
depositing is by reacting CuF2 gas with the barrier layer; and 15 4 AUG 2004
~performng said el ectrol ess copper plating using said copper seed |ayer to
conplete said integrated circuit device. 17 10 AUG 2004, 10. The met hod
according to Claim9 wherein said barrier |ayer is deposited to a

t hi ckness of between about 50 Angstrons and 1000 Angstrons. 11. The net hod
according to Claim9 wherein said step of depositing said copper seed

layer is p?btO&ﬂ%dm@%h%daacgh%ﬁqgga%§j%ﬁaﬁﬂg@rh%%n 5 r%%h%i&%ﬁ uency energy

of about 13.56 MHz at a power of “bet'ween about tts an 5

Watts. 12. .The nethod according to Cl.aim9 wherein said step of depositing
sai d coppe%agggdlﬁa SPoﬁégﬁng§rﬁe&%EQh?egscﬁﬁ{%§MW§?nw§i§Fﬁiéﬁ%erature of
bet ween about 300 degrees C and 600 degrees C . 13. The nethod according to
Cl ai m 9 WwhePEPHTEESd 28Cep 08P Pagssdiomsng sai d copper seed |ayer is
‘perfornmed with a wafer

11. The method according to Claim 9 wherein said step of
depositing said copper seed layer is performed with a

plasma assist comprising: radio frequency energy of about
13.56 MHz at a power of between about 100 Watts and 3000

5 thts.

12. The method according to Claim 9 wherein said step of
depositing said copper seed layer is performed with a
coﬁtrolled wafer temperature of between about 300 degrees C

and 600 degrees C.

13. The method according to Claim 9 wherein said step of
depositing said copper seed layer is performed with a wafer

bias power of between about 50 watts and 2000 watts.
14. The method according to Claim 9 wherein said copper

seed layer is deposited to a thickness of about a few

atomic layers of copper.
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bi as power of between about 50 watts and 2000 watts. 14. The net hod
according to Caim9 wherein said copper seed |ayer is deposited td (rAUG 2004
t hi ckness of about a few atomc |layers of copper. ]8 1 0 AUG 2004 15. The
met hod according to Caim9 further conprising: depositing a barrier
conpound | ayer overlying said sem conductor substrate prior to said step

of depositing said barrier |ayer wherein said barrier conpound | ayer 5
conprises on of the group containing: tantal umcontaining conpounds,

ti tani um coBt aiThkn et HHROWRESr BRI tfourﬁg_%li%n@%“&laéh@r”%o%gﬂl%'}f&» 16., A
I copper p

met hod to deposit a copper seed |ayer for electrol ess ting in

t he fabri cat.l . Qf; I e i onnects in the manufacture of an

integratedB%FggﬁgﬁngggvF%gqg%%b?%EFﬁgkgg%ﬁ%gvi&W%fL¥HﬂQH%§ﬁ ic |layer

overlying a._ enic%nd%ctor h%%pstrate; patterning said dielectric layer to
I

form trencRES 8 U5 ahn EF F &% tFakEdCend 9 rﬁaéﬂgérﬁ?é’ctosf; FEositing a

‘barrier Iagen overlying said dielectric .
: aid barrier layer wherein said barrier compound layer

5 comprises on of the group containing: tantalum-containing
compounds, titanium-containing compounds, and

tungsten-containing compounds.

16. A method to deposit a copper seed layer for electroless
copper plating in the fabrication of dual damascene
igterconnects in the manufacture of an integrated circuit
device comprising:
5 ;} providing a dielectric layer overlying a semiconductor
substrate;
patterning said dielectric layer to form trenches for
planned dual damascene interconnects;
depositing a barrier layer overlying said dielectric
10 layer wherein said barrier layer compfises one of the.group
containing: tantalum, titanium, and tungsten;
depositing a copper seed layer overlying said barrier
layer wherein said depositing is by reacting CuF; gas with

the barrier layer wherein said depositing is with a plasma
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10 | ayer wherein said barrier |ayer conprises one of the group containing:
tantal um titanium and tungsten; depositing a copper seed |ayer ovdd HiGgos .
said barrier |ayer wherein said depositing is by reacting CuF2 gas w th
the barrier layer wherein said depositing is with a plasma 19 10 AUG 2004,
. 15 assist conprising: radio frequency energy of about 13.56 Miz at a
power of between about 100 Watts and 3000 Watts; and perform ng said

el ectrol ess copper plating using said copper seed |layer to conplete said

| nteglat edaskieui boaBrdeunge. rhaiaTe Ry AEaLY G Lo, aim 15 vher el n
isp a

said step of depositing said copper seed |ayer erformed W

control | edvuaf g¢ LepBeEat Wrepa b QQ deqr ee d 600
degrees C. 18. The ggthod acco&ggﬁéwgggaﬁaﬁ#pl a%ﬁér%ﬁﬁ'?ﬁﬁ%)S@%ﬁF§ﬁ

deposi ting,s@i d copper seed layer is performed with a wafer bias power of
about 50 watts and 2000 watts. 19. The nethod according to Claim 16 wherein

'sai d copper seed Ia¥en S degosited to a thickness of about a few
: performing said electroless copper plating using said

copper seed layer to complete said integrated circuit

20 device.

17. The method according to Claim 16 wherein said step of
depositing said copper seed layer is performed with a
coptrolled wafer temperature of between about 300 degrees C

and 600 degrees C.

18. The method according to Claim 16 wherein said step of
depositing said copper seed layer is performed with a wafer

bias power of about 50 watts and 2000 watts.

19. The method according to Claim 16 wherein said copper
seed layer is deposited to a thickness of about a few

atomic layers of copper.

20. The method according to Claim 16 further comprising:
depositing a barrier compound layer overlying said
semiconductor substrate prior to said step of depositing

said barrier layer wherein said barrier compound layer

20



atom c | ayers of copper. 20. The nmethod according to Caim16 further
conprising: depositing a, barrier conmpound | ayer overlying said 10 AUG 2004
sem conductor substrate prior to said step of depositing said barrier

| ayer wherein said barrier conpound |ayer 20 10 AUG 2004 5 conpri ses on of
the group containing: tantalumcontaining conpounds, titaniumcontaining
conpounds, and tungsten-containing conpounds. 21

5 comprises on of the group containing: tantalum-containing
compounds, titanium-containing compounds, and

tungsten-containing compounds.
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