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(1) COVPOUNDS USEFUL AS DEPCSI TI ON PRECURSORS OF COPPER THI N FI LMS

FI ELD OF TWEMEN¥¥%QhCN [ 0001] The present invention relgéﬁﬁsgﬁﬂ@%ﬂ%gy

to novel copper ) "am di nat es and their synthesis, and
for production,of copper. circlits in mcroelectronic device

tructures usi [ 'coppel” precursors. DESCRI PTION OF THE
RELATED ART [ 00BIERE) £ 0MOPNBS ket 45 BrosiTian PRECTBRORS#Ec:
resi stance, and ability to enh EEB§3F§§“5@$30rnance t hrough t he

reduction of RC tine delays, copper has energed as a preferred netal
for metallization of very large scale integrated (VLSI) devices.

Copper net al e d 6P THIREN gopt ed by nany sem conductor device
nanufacturerE_TﬁT"ﬁTég%Eggggﬁ%f‘nicroelectronic chips, thin-film
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deposition (CVD) of copper provides u covera

metal | i zat i OReir AfniEhis, dnd%Eh rBRAtH! blfaﬁlucéi&‘rmﬁ?% \QQESC‘%JEu&sSin%i?B%i fied CVD

ectrom(%
process, al so provi des uni f orm cover age Critica or copper

seed | ayer S-debicé]Mfﬁtu@s@sin?ﬁ@ﬁb'{e?&:rpﬁer%%(u@érs.sOl id precursors dissolved
into solvents enable direct injection and/or the liquid delivery of

precursors into a CVvD or ALD vaporizer unit. The accurate and

preci se del iDESORIPAIONGINTAE IO RTRBARP ough vol unetric netering to
achieve reproducibility during CVD or ALD netallization of a VLSI

devi ce. [00QddozManiAshd watl e i@ e OesiXH CBWCAMaBY RkiSBncE CRREEbifeYRo
precursors are
enhance device performance through the reduction of RC time delays, copper has
emerged as a preferred metal for metallization of very large scale integrated (VLSI)
devices. Copper metallization has been adopted by many semiconductor device
manufacturers for production of microelectronic chips, thin-film recording heads and
packaging components.
[0003] Chemi.cai vapor deposition (CVD) of copper provides uniform coverage for
the metallization. Atomic layer deposition (ALD), which is a modified CVD process,
also provides uniform coverage which is critical for copper seed layers. Liguid CVD
precursors and/or solid precursors dissolved into solvents enable direct injection and/or
the liquid delivery of precursors into a CVD or ALD vaporizer unit. The accurate and
precise delivery rate can be obtained through volumetric metering to achieve
reproducibility during CVD or ALD metallization of a VLSI device.
[0004]  Many fluorine and/or oxygen-containing copper CVD precursors are
commercially  available, including  (hfac)Cu(MHY), (hfac)Cu(3-hexyne),

(hfac)Cu(DMCOD) and  (hfac)Cu(VTMS), wherein hfac = 1,1,1,5,5,5-



comrercially avail abl e, including (hfac)Cu(MY), (hfac)Cu(3-hexyne),
(hfac)Cu(DMCOD) and (hfac)Cu(VIMS), wherein hfac = 1,1,1,5,5,5 W
2006/ 009590 PCT/ US2005/ 008416 hexafl uoroacetyl acet onat o, MHY =
2-met hy| - | MOHOFYne, DMCOD = di met hyl cycl ooct adi en @ CTARR00Y/ 41 6=
vinyltrinethylsilane. [00051 Copper netallization in integrated

circuit manufacture"t ically utilizes a barrier |ayer between the
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formati on of oxygen- an i ne- con al ni ng P At

when using §hé@c ddatbhunG Qiﬁfmﬁr taﬁ’cﬁlﬁlﬁ%lﬁ% staltﬂglﬁxg t&?ﬁ@n ﬁ]&r dre§ l?lii&aﬁlg] di '&)‘ldg

hfac |igand, whi ch  contai ns oxygen an uor i
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provi de copper precursors having a reduced oxy/fluoro content
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oxygen-free character. [0007] It is accordingly an o | ect

present i nvefthéibetwkeR (HR\bhF€r IBRWaRINAXEdpper layer, which cause the metallization to
have poor adhesion and high contact resistivity.
[0006] The deficiencies of inferior adhesion and excessively high contact resistivity
fncident to formation of oxygen- and/or fluorine-containing interfacial layers when
using (hfac)Cul. copper precursors has been attributed to the hfac ligand, which
contains both oxygen and fluorine. To overcome such deficiencies, it would be a
significant advance in the art to provide copper precursors having a reduced oxy/fluoro
content. It would be particularly advantageous to provide copper precursors of an
oxygen-free character.
[0007] [t is accordingly an object of the present invention to provide new anoxic
(oxygen-free and fluorine-free) copper precursors and formulations, as well as methods
of forming copper in the manufacturing of integrated circuits and other microelectronic

device structures using such precursors and formulations.



(oxygen-free and fluorine-free) copper precursors and formul ations,
as well as nmethods of form ng copper in the manufacturing of
integrated circuits and other mcroelectronic device structures
usi ng suchWer2B¥iWe8? s and fornul ati ons. 2 WO 2006/ 009580T/US2005/008416
PCT/ US2005/ 008416 SUMMARY OF THE | NVENTI ON [ 0008] The present
invention rel ates enerauyi to co er (1) amdi nate conpounds, which
are advantagéﬁh@?¥8€¥ and fluorine-free character,
useful as ggéogﬁ jﬁgents ]‘or form ng copper on substrates with
i mproved adh pegent Wﬁ?’ﬂ%?‘aﬁﬁ g&‘?far]ﬂ@ & eRPRErd Bapedingta gomppinds.nat e
i.nvention in' one aspect relates to a

Coppor pr ecur Qi BB ARAIRA DY A PapspTe, ik o ne ReecalapoicRosel %, R
one. anot her ARGk AR 57 SO R g nhpBug o
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cycl oal kyl, q,nﬁgformmplr ocarbyl derivatives of silyl groups and NR4RS,
where R4 and R5 may be the sane

R! R
IL—-Cu——N

Ra—C'\ \::'IC—-—-R"
N— Cu—~——AnN
.
R r2

wherein:

R'and R? may be the same as or different from one another and each is independently
selected from the group consisting of H, C)-Cs alkyl, C;-C; cycloalkyl, aryl, and
hydrocarbyl _dei'ivatives of silyl groups (e.g., -SiR3, wherein R is independently selected
from the group consisting of C,-Cg alkyl);

R® is selected from the group consisting of H, C,-Cs alkyl, C3-C; cycloalkyl, aryl,
hydrocarbyl derivatives of silyl groups and NR*R®, where R? and R® may be the same
as or different from one anot‘her and is independently selected from the group
consisting of H, C,-Cs alkyl, C3-C; cycloalkyl, aryl, and hydrocarbyl derivativcé of silyl
groups;

with the proviso that when R' and R? are isopropyl groups, R® is not a methyl group.,
[0010] In another aspect, the present invention relates to a copper precursor

formulation, comprising:



as or different fromone another and is independently selected from
the group consisting of H Cl-C6 al kyl, C3-C7 cycloal kyl, aryl, and
hydr ocar by | hwes of silyl groups; with the provj n
R and R2 gvrcgﬁ)ib%%%grdgpyl groups, R3 is not a nethyl grougéﬂuﬁgﬁ%ﬁﬁhﬁn
anot her aspect, .the nresent. inyention relates to a copper precursor
formul ati on, conprising: WO 2006/ 009590 PCT/ US2005/ 008416 R~ G v
.. iv n..i P(3.apogperprecursor compprmenof the formula:t | (a) a copper precursor
conmpound of the formula: NNCu-N R3-C GR3 -Cu-N [1Z 2 wherein: R
and R2 may be the sane as or different frgmone another and each is
i ndependently selected fromthe group consisting of H Cl-C6 al kyl,
C3- C7 cycloal kyl, aryl, and hydrgcarpyl derivatives of silyl groups;
R3 is selected fromthe group c%sistl ng obnH G -GC6 alkyl, C3-C7
cycloal kyl, aryl, hydrocaghyl cterivatives oOfcsilgsl groups and NRARS,
where R4 and R5 may be the sarre\\as or diff,y'fent from one anot her and
i's independently sel ected from t hel—group—ronsi sting of H Cl-C6
al kyl, C3-C7 cycloal kyl, aryl, an hydroca{r byl derivatives of silyl
groups; (b) a solvent conpositiongkor the gorecursor conpound. [0011]
In yet another aspect, the present invention relates to a nethod of
deposi ting

wherein:

R' and_ R? may be the same as or different from one another and each is independently
selected from the group consisting of H, C;-Cs alkyl, Cs-C7 cycloalkyl, aryl, and
hydrocarbyl derivatives of silyl groups;

R? is selected from the group consisting of H, C;-Cy alkyl, C3-C; cycloalkyl, aryl,
hydrocarby! derivatives of sily!l groups and NR'R®, where R* and R® may be the same
as or different from one another and is independently selected from the group
consisting of H, C,-Cg alkyl, C3-C7 cycloalkyl, aryl, and hydrocarbyl derivatives of silyl
groups;

(b) a solvent composition for the precursor compound,

[6011] In yet another aspect, the present invention relates to a method of depositing

copper on a substrate, comprising volatilizing a copper precursor of the formula:

R? R?
N— Cu—nN
R—¢, TC—R?
N—Cu—N
R? R2

wherein;:



copper on a substrate, conprising volatilizing a copper precursor of
the formula: NCu-N\ R3-CCR3 NCu-N , 2 wherein: 4 WO

2006/ 00959Q, Pfudédde2g05/ 008416 ILA: R and R2 may be t r
di fferent ?rom one anot her and each is independently steJ e@sieﬁgy ?%1%

the group gansisting.of .H..C.-C6 alkyl, C3-C3 cycloalkyl, aryl, and

i, dir s

hydrocar byl derivatives of "sil'yI™ groups; R3 is selected fromth
group consi é?? ian‘éRgmaHPetbP-sw 3§k i ,ereegfr@? opsg A0S H eachyp W?Pe“éenﬁy
hydr ocar byl derivatives of silyl grqups_and AR5, where R4 and R5
may be the $@fged femothe @rqupioatisting ¢ ’oﬁ'écfaﬁ'gi’ h&"céﬁdCIngyl= ok and’

i ndependently selected fromthe group consisting of H Cl-C6 al kyl,
C3-C7 cycl oé’b’ﬁr)‘?Fa‘,rbyéF?ﬂ",at“&ﬁaf?‘\Wﬁrg‘tpé% byl derivatives of silyl groups;
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groups;
with the proviso that when R' and R? are isopropyl groups, R” is not a methy! group, to
form a precursor vapor and contacting the precursor vapor with the substrate under
elevated temperature vapor decomposition conditions to deposit copper on the

substrate.

[0012] Other aspects, features and embodiments of the invention will be more fully

apparent from the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 is an '"H-NMR plot for copper (I) 2-isopropyl-1,3-
diisopropylamidinate.

[0014]  Figure 2 is a simuitaneous thermal analysis (STA)/differential scanning
calorimetry (DSC) plot for copper (1) 2-isopropyl-1,3-diisopropylamidinate.

[0015] Figure 3 is an ORTEP structure for copper (I) 2-isopropyl-1,3-
diisopropylamidinate.

[0016] Figure 4 is an STA/DSC plot for copper (I) 2-dimethylamino-1,3-

diisopropylamidinate.



di i sopropy | ami d inate. [0014] Figure 2 is a sinultaneous
thermal analysis (STA)/differential scanning calorinetry (DSC) pl ot
for copper propyl -1, 3-diisopropylam dinate. [0

is an CRTES(ds%uPﬁ%dt)ﬁjrae for copper (I) 2-isopropyl -1, 3- d9(]:"15&3Sﬂ)%b'é‘1316
sopropyl am.igd ipate.. LQOlg] FLgyre 4 is an STA/DSC plot for copper
(1) 2-dinethyl am no- 1,3 di'l sopropyl ami dinate. 5 WO 2006/ 009590
PCT/ US2005/ dé@lle Figyer, 7] iSpany RJE%yFtEJCEEFF dETEPE (Y rdimethylgRingdger
(1) 2-dinmethyl am no-1,3- di isopropylamid inate. DETAILED

DESCRI PTI ON $30PreRelamidjiater) OV AND PREFERRED EMBODI MENTS THEREGF
[0018] The present invention relates to novel copper (1) amdinate
precursors for the CVD or ALD formation of copper thin filnms on

orocur sor s, | odusfAR BRSCARMIn GF AR AN oy A henp,

have t he ba5| C chem cal str YHPRIMENTSTHEREOE o' r NN NN [ 0020]
In one aspect, the invention provides a conpound of the formula: R
R+ -Cu-1I

],

[0018] The present invention relates to novel copper (I) amidinate precursors for
the CVD or ALD formation of copper thin films on substrates, and to corresponding
processes for using such precursors.

[0019]  Amidinates are bulky monoanionic ligands which have the basic chemical

structure:

[0020] In one aspect, the invention provides a compound of the formula:

R? R!
f[\]—————Cu—lL‘

Ra—C “Ne—R3
‘N——Cu-————-N
|
R2 iz

(1

wherein:



R3-C. GR3\NCU-N | I Zz (1) wherein: 6 WD 2006/ 009590
PCT/ US2005/ 008416 R and R2 may be the sane as or different from one

anot her an Ea6 oSl Ndependently selected fromthe gr i s1.i.ng
of H, Cl-Cg/a%kéJ?@@&S- C7 cycloal kyl aryl, and hydrocar BgﬂUgﬂﬂsﬁéoﬂm

derivativeg.of, silyl. .groyps, (e g , -SIR3, wherein Ris independently

selected fromt he g 6up "consi st"“l(ijlrtlg of C-0C6 alkyl): R3 is selected

from the gr&upnéBnmaxbe g same 3 or different fipmy gne anptheiand egchy iy igpgagpdently /|
hydr ocar byl derivatives of silyl groups and NR4R5, where R4 and 55
may be the selpsed femothe grqupetoafisting rmilofeCanliyhdr-Gnarcioaky! aryl, an

i ndependently selected fromthe group consisting of H Cl-C6 alkyl,
C3- C7 cycl odidprarbyh derivatives gf slybsrenns (g4 -Stfisr YRe2H gé%m@ﬂ?e%qeﬂﬂ selegffQups:
with the proviso that when Rl and Rz are isopropyl groups, R3 is not
a net hyl gr digp the groppaonsistng ot GirpotlRds of fornula (1) are useful Iy

11 2ing. prRSCESSeRoh BT o Eous AISSUNEL Hafspbt A hiCAgy (eRRaRL: s,
g G MR Y SR S N SR
[2?:)5(2);, EL?T %}; fog?dlﬁgrigﬁgﬁg@d zﬁgr g{?{ rﬁmﬁl!acfl és( :!' degmerr]lg(l.nlfllgese egtgg q'll"om( Itl)e group
consisting of H, C,-Cs alkyl, C3-C7 cycloalkyl, aryl, and hydrocarby! derivatives of silyl
groups;
with the proviso that when R’ and R? are isopropyl groups, R® is not a methy! group.
[0021]  The compounds of formula (1) are usefully employed for forming copper
thin films by CVD or ALD processes, utilizing process conditions, including
appertaining temperatures, pressures, concentrations, flow rates and CVD techniques,
as readily determinable within the skill of the art for a given application.

[0022] Preferred compounds of formula (1) include copper (I) 2-isopropyl-I,3-

diisopropylamidinate:

Y

N— Cu—!\{
s TN«
\\Nm——Cu—N'/

and copper (I) 2-dimethylamino-1,3-diisopropylamidinate:



YYN CQC C N Q- N YY and copper (1)

2-di met hyl am no-1, 3-di i sopropyl am di nate: 7 W) 2006/ 009590

PCT/ US2005/.00. N-CuY -N\ Y/ /N C,C-N \ N Cu- Y Y [0023]
Conpounds g‘%&ﬁ%@ﬁ 9§ (1) are readily synt hesi zed accord?%"ﬁzgosfoh@m
fol l owi ng equations _(2) and (3) .R-N=CNR2 + R3Li -*

m-v\r-

(R-N=C(R3)-NR2) =" Lip (2~ "N Cu -
2(R -N=C(R3) - N- R2) - Li ++2CuCl -. C-Rs\f,t Cl (3) \NCu-N | | Z
2
N-u-—Cu—N
\N—-C'/ “c—N
N 2N\
\N—-«—Cu-——-N/

. [0023] Compounds of formula (1) are readily synthesized according to the

following equations (2) and (3):

R'-N=C=N-R? + R’Li — (R'-N=C(R})-N-R? Li* (2)
R1 R
S,
2 (R*-N=C(R}-N-R? Li*+2 CuCl »R*—(" “c—Re+2LiCl 3)
"N U —— N
R? ;Iaz

as hereinafter more fully described in the examples herein.

[0024] In CVD or ALD usage, the copper (I) precursors of the invention are
volatilized to form a precursor vapor that is then contacted with a substrate under
elevated temperature vapor decomposition conditions to deposit copper on the
substrate.

[0025]  Copper (1) 2-isopropyl-1,3-diisopropylamidinate and copper (I} 2-
dimethylamino-1,3-diisopropylamidinate are both volatile and thermally stable, and are
usefully employed as copper CVD or ALD precursors under reducing ambient

deposition conditions in the CVD or ALD reactor. The solid precursor can be



as hereinafter nore fully described in the exanples herein. [0024] In
CVvD or ALD usage, the copper (1) precursors of the invention are

vol atilize a precursor vapor that is then cont i
substrate &hdﬂr egévated t enper at ure vapor deconpositigﬁb@gﬁ@$®$ggs
to deposit, Qgpper on.the . sybstrate (0025] Copper (1)

2-1 sopropyl - i SO | am di d co er (1) 2- .
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thermal ly stabl e d are  use enpl oyed as copper CVD or ALD
precur sor s JH@@Fhfagﬁﬁyﬁ@”ﬁmﬁwéﬁ?éYdep05|t|on conditions in the CVD

ALD t Th | d b 006/ 00
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substrate. em conduct or Ssu bare substrate

or any ”U”Qﬁ{hbrpéae G, t'i"l?enstem#c@( koo Zu‘BEtPE‘?éjm%Pmé‘luE’eaJ €ar§%§¥a¥ea$r%ny

[0027] In the broad practice o e presen I"nvent1 on,

copper - cont enlconductor substrate
pp %Bglgér}%{ L?%ﬁt{rﬁng?a)h&ers mbPSTES, re%b%oﬁ

using the co ate precurso use in a first,
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be formed on a semiconductor substrate using the copper (I) amidinate precursor, for
use in a first, second, third, or more metallization layer. Such copper layers typically
are used in circuit locations requiring low resistivity, high performance and/or high
speed circuit paths. As discussed in the background section hereof, a barrier layer may
be deposited or otherwise formed on the substrate before a copper layer is formed on a
.semiconductor substrate.

[0028}_ Using the copper precursor compositions described herein, copper may then
be deposited on the wafer using a CVD or ALD system, such systems being well
known in the semiconductor fabrication art. Further, water, water-generating
compounds, or other adjuvants to the precursor formulation may be mixed with the
copper precursor upstream of, or within, the CVD or ALD tool. Similarly, reducing
agents may be utilized in an analogous fashion.

[0029] As a further variation, when colpper alloy compositions are to be deposited

on the substrate, the copper precursor formulation may contain or be mixed with other



are used in circuit locations requiring lowresistivity, high
performance and/or high speed circuit paths. As discussed in the
backgr ound i ereof, a barrier |layer may be depogj

ot herw se or%%dé&gsngat he substrate before a copper Iayer%@ﬁ%ﬁ{@aﬁgn
a .semcopductar, substrate, lQQ%B] Usi ng the copper precursor

conposi ti ofs desct i bed Rerar i ¢Bpper may then be deposited on the
waf er usi ng reet@\Ourse rédgBrtsyaereus, os gadh effert rerssntomiateiplwelay beksapartely n

t he sem conductor fabrication art. Further, water, water-generating
conpounds, ofRpaizhéanddafadueadtisthe depopitiopghambsrsor fornul ati on may be

m xed with the copper precursor upstreamof, or within, the CVD or
ALD t ool . SilA930hr | yhe ceriprsitiogs ofalgje mresentrinyension unay| bezstivargd tare @WBI®gous
fashion. [0029] As a further variation, when copper all oy

conposi t i onsAldy eeapter e a dapey iof adys. oFon ¢xemglgh 8 tlauit cleliveme systpgpamny be
precursor formulation may contain or be mxed wwth other 9 WO
2006/ 009590 WtirgdyIdisontiveg axembited hquiddalivery and Bepb rYRPrEatEon DEICESs Uit
such other reagent materials may be separately vaporized and )

i ntroduced tAYt Re eaplexsd: jsyeh caﬁawﬁewsf@o@ewdm@verdnﬁ%mapwgr dfitt he
present invention may be delivered to a C/D or ALD reactor in a
vari ety of Wésmergially aashly Bom Advanged TecheqeaydYlateriplss Ingmbaplirp £T), to
utilized. Alternatively, a conbined |liquid deljvery and flash
vapori zat i oﬁnﬁ?f%@&s%olﬂﬁw matgidls 9ebeaippmsyrically daliveredideading t rmdcible qui d
delivery and vaporizer unit _(commercially available from Advanced
Technol ogy NEfPItanddeppsition withentisheripal deggmpogigon efiibgprecursgiy Bsh aftheset y
materials to be volunetrically delivered, |l eading to reproducible
transport arfnYREFYSPY ‘?dePf\?ﬁ“Pﬁédfa“iH%raﬁ‘éﬁePa%% Pt hegapgecpppesition
precursor. Both of these  consideratjons of reproducible transport
and deposit ia&?ﬁs\%ﬁnﬁﬁéertpr?mvworra*@é%%&gwpiawﬁ COPFl)’e" CVS orALD process.

[0031] In liquid delivery formulations, copper precursors that are liquids may be
used in neat liquid form, or liquid or solid copper precursors may be employed in
solvent formulations containing same. Thus, copper precursor formulations of the
invention may include solvent component(s) of suitable character as may be desirable
and advantageous in a given end use application to form copper on a substrate,
Suitable solvents may for example include alkane solvents, e.g., hexane, heptane,
octane, pentane, or aryl solvents such as benzene or toluene, amines and amides. The
utility of specific solvent compositions for particular copper precursors‘may be readily
empirically determined, to select an appropriate single component or multiple
component solvent medium for the liquid delivery vaporization and transport of the
specific copper precursor employed.

[0032] In another embodiment of the invention, a solid delivery system may be
utilized, for example, using the ProE-Vap solid delivery and vaporizer unit

(commercially available from Advanced Technology Materials, Inc., Danbury, CT).
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are essential for providing a comrercially acceptabl e copper CVD or
ALD process. [00311 In liquid delivery formul ati ons, copper

precursors“t(rlﬁgﬁ,&bggol iquids may be wused in neat [|iqui dg{:’@@%ﬂﬂﬁé’oszﬂﬁ

liquid or so copper precursors nmay be enployed in s

formul ations, contai.ning sanme.. Thus, copper precursor fornul ations of
the invention may | ncludé solvent component(s) of suitable character
as may be del8PIZAbi et witderadaly affe ¥l @b AEDiprecassgiondtirne may be etilgpbivite thei on
to formcopper on a substrate. Suitable solvents may for exanple

i ncl ude al kalfecuser gasppositions. of the HeseRtriaventiin t Gangralized progpses copdiianamay or
aryl solvents such as benzene or toluene, am nes and am des. The
utility of sipdedersubstrgis|torenperature mseesiof il hs4903E: psessurp canesgrof 88pper Torr;
precursors-may be readily enpirically determned, to select an

appr opri at e a5 sgirier e@n%ﬁafthggmm,rhyﬁtogm@ltm@mmm ag o} vérltscamdl am
for the liquid delivery vaporization and transport of the specific
copper pr ecuesparatermabpgxivately0lE3ane pnthavapptizer ols¥od2d¥Ent of t he
invention, a solid delivery systemmay be wutilized, for exanple,

usi ng the Pri@84Vap Beldepbsiohiof eeppemthih (apovritly esefuliplettricy] porperties {law | y
avai | abl e from Advanced Technol ogy Materials, Inc., Danbury, CT). 10
WO 2006/ 009590stiPT)/ans2eusua R 16the poogdiyep e, dermed pf Byor JENCMBalsp ALD
process conditions may be utilized with the precursor conpositions.
of the  preseshieyad\hyrihe praceserrepredursprschf fheorressat invmden. iTha sonferprality | ude
substrate tenperature ranges of 150 - 400C, pressure ranges of 0.05 -
5 Torr; andhedenositad Glas ist prastisalbyf aqh'@mwﬁmhrmgr%ﬂ%mr AR feshques dhat
argon at 25 -750 sccmat a tenperature approxinmately the sane as the
vapori zer ofpreferably pIoQdE a pglysaytoThe aghugyewent | ob i udlffilE ogepear neatlkization. s
wi th useful electrical properties (low resistivity) and good
adhesi on t o thediayidrdefieary pppyeach of thg. prespws ripysation; inpjuling (flashyapograsion| so

and the use of copper precursor chemistry as herein disclosed, enable next-generation
device geometries and dimensions to be attained, ¢.g., a conformal vertical interconnect
of 65 nanometer linewidths. The conformal deposition of interconnects of these critical
dimensions cannot be realized by currently available physical deposition methods.
Thus, the approach of the present invention affords a viable pathway to future
generation devices, and embodies a substantial advance in the art.

[0035]  The features and advantages of the invention are more fully shown by the
following illustrative and non-limiting examples.

[0036) Example 1  Synthesis of copper (I) 2-isopropyl-1,3-diisopropylamidinate
[0037]  The reaction was carried out under a steady flow of nitrogen. A Schienk
flask was charged with 63 g of 1,3-diisopropylcarbodiimide
((CH3);CHN=C=NCH(CH3), 49.9 mmol} and 50 mL dry ether and placed in an ice
bath. Then, 32 mL of isopropyllithium (1.6M in ether, 51.2 mmol) was added dropwise

to the magnetically stirred mixture at about 0°C. After the addition was complete, the



achi eved by the process and precursors of the present invention. The
conformality of the deposited filmis practically achievable through
CVD or ALD techniques that preferably provide a pathway to the

achi evenmenyoQbosfobashd -fil 1" copper netallization. The ﬂdmﬁsﬂ@kiﬁvery
approach of the present invention, including "flash" vaporization

and the use of copper precursor chemstry as herein disclosed, enable
next - gener at | wixturel@as gared @brvetnrteregeraurd foti twe ndditmsl ttomrsba“hatrﬁiﬁhnae;da,s
e.g., a conformal vertical interconnect of 65 nanoneter |inew dths.
The conf or nal tr#efsted ojapetheifiapntosieningrfes 06Ca3! ((heseol sisperelad in 50 mL

di mensi ons cannot be realized by currently avail abl e physi cal

deposi ti on metthddsthis mrivee Washsdirragh iy \9ara Herpiferatyie oysreight nd thaw etipipedro

af fords a vi abI e pathway to future generation devices, and enbodies
a subst ant i al I4ERFRNLE sPhf feHducyas ext[ﬂ@@%}th Peniang €hx 59 &) aABerguvastiormges
of the |nvent| on are nore fully shown by the following illustrative
and non-1i ni t‘i ﬁ@erg%,&;qraé%was[ %%]Tat&@nﬁﬁwl’l"@vm fbe sagureied ecdpsivmrva | )

2-i sopropyl - | gl i s Ig%/ %needl nate [00371 The reaction was carried
out under a sf{’ R rB SR StalRNSRIRuSh RS ofeinst i ietdpd bt
with 6.3 g CPJ, 3- d| i sopr opyl carbodiimde ((CH3)2CHN=C=NCH(CH3),

49. 9 mml) an BO L dry ether and placed in an ice bath. Then,

' Che magne s v F 1t o “%ﬁwié%ée”g‘é g ap° %Eﬂaﬁéﬁﬁ.““oﬁe
was conpl ete, diks i]a?nu}{QteZ(RQ\%@rtg?%%gwg‘t ‘?299%1&” sl?clfﬁghﬁ:éét E]?,e WA

stirred at roomt eratur‘e T onal

transferred t(go t(bﬁ{)h ,‘ﬁz_@%h?h@'d}% ?49(1:9%,%@6 f&r%@ﬁ

suspended in xtureé ti rroom

tenperature oggiopi g dgu?lenq tieR &t rspppdct @ot %ry@%?@r (ﬂ-hf zsﬁﬁ!&éﬁjl 3-

resi due was extracted with pentane (3 x 5 ter “extracti on,
diisopropylamidinate. The melting peak is about 160°C and the residue is about 19%.

[0040) Figure 3 is the ORTEP structure for copper (I} 2-isopropyi-1,3-
diisopropylamidinate, showing the dimeric structure of the compound and 30%
probability thermal ellipsoids.

[0041] Example 2  Synthesis of copper (I) 2-dimethylamino-1,3-
diisopropylamidinate

[0042] Neat 1,3-diisopropylcarbodiimide (12.37 g, 98 mmol, 15.2 mL) was slowly
added to a solution of LiNMe; (5 g, 98 mmol) in 125 mL of THF. Some heat
generation was observed. The reaction mixture was stirred for 1 hour. Thereafter, 9.7
g of solid CuCl (98 mmol) was added to the reaction mixture in a dry box. The
resulting greenish suspension was stirred overnight and all volatiles were removed in
vacuum. The residue was washed in 150 mL of hexane. Filtrate was concentrated in
vacuum and placed in a refrigerator whereby neat crystals grew overnight. The overall

yleld was 60% and the melting point of the crystals was 108°C. 'H NMR (C¢De): &
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the pentane filtrate was concentrated to slightly cloudy. The
saturated solution was placed in a freezer at -39C, and crystalline
product was obtained in a yield of about 60% [00381 Figure 1 shows

t he ' H NVRwvOCab@)9sdbor copper (1) 2-isopropyl-1, 3- PCT/US2005/008416
di i sopropyl arri di nate, having the follow ng peaks: S 1.20 (d, 6H,
(CH3) 2CH O, 23 (br, 12H (CH3)2CH N, 3.20 (hept, IN, , 3.45

(br, 1H CH 343 OBttt JHICH)6 Hz) GF6OH 45T dsingleth e N(GEE):STINDSC
pl ot for copper (1) 2-isopropyl-1,3- dii soprog‘él am di nate. The
mel ti ng peak (doyblglhopl. 1’81'}?*) and6t He (QRECHUR i s abBYR 1668 [PodZb%s

Figure 3 is the ORTEP structure for ¢ ré( 2-1sopropyl -1, 3-

di 11 sopr opyl aWSﬁI‘T%%Pr))ﬁhMIr{SHlfclﬁ'é’h?il“llrégﬁ‘gc f)F)u%%%r(gngHfs) Ke comrJ]ound
30% 0411

of COpperZE(iW'-ﬂd: %‘?‘tﬂfﬁi“;d Owéeﬂie SRR ?1°£%bf8wfﬁigp eRATE D62

Ne 1, 3-di )

S owlyadded T8 BRI FohHB 10" {15 FGRO BN 1951 %@ﬁ%

THF. Sone he ener at,i gn rved. The reaction m xture was
stired for i hedRReialddhaltRio Ui g of solid CuCl (98 mmol) was

added to the GRRC! | A1 XLUGE Orfteh BRXROK TS Gf SWALAGALeal oh

suspenS| on rrr rni vol a wer e renoved

vacuum The Bﬁs%bx%@ﬂa%ﬁla\g’asﬁmﬂ%{h@ gRlle Gt J}%aaa ol 68184 B8,

concent r at ed acuum ced 1n a refrigerator whereby neat

crystal's grew QUeLN %hcuT@@d&mreanlmyz(( C%Q w@}smﬁgz{&qmaw&a k&l N9
point of the crystals was 12 WO 2006 09590

PCT/ US2005/ 0Q844&ion. 3Tﬂ32a\fe?ag@bﬁm dikthhee 3 HS'Hb):A @vhlﬁi is G QiAo e 55
(singlet, 3H N(CH3)2)

observed in analogous compounds.

[0045] While the invention has been described herein with reference to various
specific embodiments, it will be appreciated that the invention is not thus limited, and
extends to and encompasses various other modifications and embodiments, as will be
appreciated by those ordinarily skilled in the art. Accordingly, the invention is
intended to be broadly construed and interpreted, in accordance with the ensuing

claims,
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(doublet, 6H, J(HH =6 Hz, CH(CH3)2) '3C NMR (C6D6): 6 171.95
(Me2NC(N(CPr))2), 48.61 (CH(CH3)2), 41.29 (N(CH3)2), 27.98
(CH(CH3)2). [0043] Figure 4 shows the STA/DSC plot for copper (1)
2-di met hyl am no-1, 3- diisopropyl am dinate, which is volatile with the
transport tenperature bel ow 230C, and having a residual mass bel ow
5% [00441 Figure 5 is the ORTEP structure for copper (I) 2-

di met hyl am no-1, 3- diisopropyl am dj. hate, wi ng the dineric
structure of the conpound in the ‘Jq?kﬁLAﬁﬂgi A relatively short
Cu- Cu distance of 2.4152(17) A may indicate a weak netal - net al
interaction. The average Cu-N distance is 1.875(3) A which is quite
simlar t&ha{agclaimpegddsyed i n anal ogous conpounds. [00451 Wile the

i nvention has been described herein with reference to various
specific enbodinments, it will be appreciated that the invention is
not thus i m téadpetwdd! depesibrgieppey candaredico ppassles-opatinggdayet, lkad method

nndificatg&gﬁi ¢, Q4L NEenEs Welrkor R eci ated by those
ordinarily kf%?eéﬁgg thgyarf?p%igordgﬁgf§? t eginvention is
intended to be broadly construed and interpreted, in accordance with
the ensuing clains. 13 THE CLCAIMS Wat is clained is: 1. A nethod

of depositing copper on a taﬂtalun1oqvtantalun}containing | ayer, said
met hod conprising form ng vapor of‘a copper precursor of the

\> | S LUTATC

formula: 11" N- CuN R3C G IR3

E\l Cu N
R—c /.c—meﬁ
\\QN Cu Ny//
Lol

wherein:

R' and R” may be the same as or different from one another and each is independently
selected from the group consisting of H, C,-Cy alkyl, C;-C; cycloalkyl, aryl, and
hydrocarbyl derivatives of silyl groups;

R? is selected from the group consisting of H, C;-C; alkyl, Cs-C; cycloalkyl, aryl,
hydrocarbyl derivatives of silyl groups and NR*R®, where R* and R® may be the same as
or different from one another and is independently selected from the group consisting of

H, C-Cs alkyl, C5-C; cycloalkyl, aryl, and hydrocarbyl derivatives of silyl groups;
and

contacting the copper precursor vapor with the tantalum or tantalum-containing layer to

deposit copper on said layer.

2. The method of claim 1, wherein said copper precursor vapor is at temperature in a range
of from 50°C to 120°C.

14



NCu-N I I 22 wherein: R and R2 may be the sane as or different
from one another and each is independently selected fromthe group
consisting of H C-C6 alkyl, C3-C7 cycloal kyl, aryl, and

hydr ocar byl derivatives of silyl groups; R3 is selected fromthe
group consisting of H Cl1-C6 al kyl, C3-C7 cycloal kyl, aryl,

hydr ocar byl derivatives of silyl groups and NR4AR5, where R and R5
may be the sa as .0 i fferent, from.one anot he dis .. .
'independeﬁtlynE% g%?%%o f%wpt €M§F3ﬁ6m§3W§§§ ﬂﬁg&gﬁﬂmﬁPm@P@é€a§¥R§ﬁf
C3- C7 cycleombiipte in arapke ofdrech 199 tod@d°Gy| derivatives of silyl groups;
and contacting the copper precursor vapor with the tantal um or
tantal um containing | ayer to deposit copper on said |ayer. 2. The
met hod of claim 1, wherein said copper precursor vapor is at

t enper at ufe i nTke Pebpyef clafm L rvdwer EQPPI IORCUISQr4vagor isTH e prstuvoiel agfnge of
claim?2, whgheskh $ald tantal umor tantal umcontaining |ayer is at
tenperature in a range of from 150C to 400C. 4. The nethod of claim
2, wherein the copper precursor vapor is at a pressure in a range of
fromO0.05 to 5 ton. 5. The nmethod of claim2, wherein the copper

pr ecur sor 5vapoThd fetldrdficRtin £.0vHehh thaBbmpbiusfedrsor {aphitia bdrRdoo MleahdMig or
| ayer in rrier.ggz for sai.d coptac ing..G. The nethod of claimb5,
é v

wher ei n t%@t%(?gllfcrof'té]tn EHE8 SYTen B oF i EC8Fom 25 to 750 standard

6. The method of claim 5, wherein the carrier gas has a flow rate of from 25 to 750 standard

cubic centimeters per minute.

7. The method of claim 6, wherein the carrier gas comprises at least one gas selected from

the group consisting of helium, hydrogen, nitrogen and argon.

8. The method of claim 1, wherein said forming the copper precursor vapor comprises

liquid delivery flash vaporization of the copper precursor.

9. The method of claim 8, wherein said liquid delivery flash vaporization comprises

delivery of said copper precursor in a liquid medium comprising at least one solvent.

10. The method of claim 9, wherein the liquid medium comprises a solvent selected from the

group consisting of hexane, heptane, octane, pentane, benzene, toluene, and dimethylformamide.

11. The method of claim 1, wherein the copper precursor is selected from the group
consisting of copper (I} 2-isopropyl-1,3-diisopropylamidinate and copper (I} 2-dimethylamine-

1,3-diisopropylamidinate.
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cubic centinmeters per mnute. 7. The nethod of claim®6, wherein the
carrier gas conprises at |east one gas selected from the group
consisting of helium hydrogen, nitrogen and argon. 8. The nethod of
claim1l1, wherein said form ng the copper precursor vapor conprises
liquid delivery flash vaporization of the copper precursor. 9. The
met hod of claim 8§, wherei n said liquid delivery flash vaporization
conpri ses,, del Lyer ald recursor in. a i guid,.medi.um
conpri si nglg2 at [es4n one so venf2 8313810 re‘i“ﬁstgfjls8?pp8]10(§izﬁqn§‘?tg%rglrlgilﬁ'
t he |i qui diisopdpylemidiontpri ses a sol vent seI ected fromthe group

consi sting of hexane, heptane, octane, pentane, benzene, toluene, and
di net hyl formam de. 11. The nethod of claim 1, wherein the copper
precursor is selected fromthe group consisting of copper (1)

2-i sopr op¥?-- 1, Bhednatad ol el hvhaicinasaid eonper erspyetr VAROy st impeERF inATaree
1, 3 -dii MUQWC N Bdakie tangaﬁmg-gr taﬁ[ﬁ@m—@@ﬁtﬁﬁ’iﬁg QerGd ﬁ'téﬁpjeljaturé’\éﬂ%rrﬁlgg of
the copper._precursor is copper (I) 2-dinethylam ne-1

di i sopr op§PRAPCHitHAIES: EE%COPH“'Hé’rer‘r’éfP‘I’fdﬁse@Fteé ﬁamﬁrqgrowrererhﬁg ok gppppr (1) 2-
COpper prREsESAN,3\aRPFophISmalinateC MRE Epbtl ) |2'3Hn§etﬁﬁ£lﬂiﬂe 1 QfaiifdpRipy 128 dida R,
120G, sargLl tantal um or tantal um cont ai ni ng é{q&l{gl S at tenperature In

a range of® “PRPGHPIEEHEr YROUBFE? Pfﬁﬁ%‘r?:ﬁ’pap@rlgep? G 19 & ¥R Isﬁétﬂéﬂm’fgr%‘?n
the gr Oulpcc@)péﬁordﬁ:ﬁmcﬂgraﬂfr cﬁrﬁﬁlﬂ;@id Tiduld deﬁvery ﬂash vaponzatmn of the copper precursor; and

i sopropy ||so m |nte and

% et my et SRR RS e et ¢ bt seist Gowohe wapbr
is at a pccesrstung@f hlRar@s, lagii emivits, fnizies, Bexdbe, heptime} @ikne, y@ntehef Binm@nagolubre,
COpper  preGuE SOl apok corrprl ses liquid delivery flash vaporization
of the copper precursor and the liquid in said liquid delivery
flash vaporization conprises a solvent selected fromthe group

consi sting of al kanes, aryls, am nes, am des, hexane, heptane,

oct ane, pkht anbe nipthed efidain 15} whetein saich pobtadiingecorpptifes ehenyidatieipor deposition or

atomic layer deposition.

15. A precursor vapor comprising vapor of a copper precursor of the formula:
R R’
N Cu N
R*¥—=c c—R?
T Cu—N
R? F|< 2
wherein:

R' and R? may be the same as or different from one another and each is independently
selected from the group consisting of H, C,-C; alkyl, C;-C; cycloalkyl, aryl, and
hydrocarbyl derivatives of silyl groups;
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14. The method of claim 13, wherein said contacting conprises

chem cal vapor deposition or atomc |ayer deposition. 15. A
precursor vapor conprising vapor of a copper precursor of the
formula: , , NCu-N R3C'"CR3N-Cu-N 2 2 wherein: R and R2 may
be the sane as or different fromone another and each is

i ndependently selected fron1the gr oup consisting of H Cl-C6 al kyl,
C3- C7 cycl oal kyi drocar.h V. f silyl oups;
16 R is selected %elé%tﬁﬁi tﬁ;rﬁ)g1 6er %uPc%oﬁgf%lF ‘ﬁgﬁ o¢ {zf lg? %SCéIC %i?a,ng%?-rgﬁ
cycl oal kyl , arlwdrocarh)ﬂdlem(aavda)OF sithe giovgst dnd &R BT wstrbjil‘ argr o'y banich shid k5,
where R4 and rent. fromone anoth r and
i s i ndependent y se npﬁgllhgg?g It'ﬂ‘l% 1§ 1 ndo.ay%nclent S?esetcte%ﬁ'omt ] %I'ou sC%mg otn
al kyl, C3-C7 c§dhdalakyl, Cs-8v wcloahﬂdarmdﬁdwéptﬁﬂbyl d@wat\ms pisggl gofups izhdy|
groups; and water vapor or vapor of a water-generating conpound. 16.
The pr ecur sdfateyEper orgrras Phd viaengsimgcympaygd.vapor of a copper
precursor selected from the group consisting of copper (1)
2-isopropyl -1, 3-di i sopropyl am di nate and copper (ry 2-

dlnethylanlne 1,3-dii sopropyl am _dinate. A solid delivery and
vapori zer %ystTé}ﬁPF?&PfS%fu‘Ba‘?fﬁf ﬁljm& 6%§8F’PW%‘{EP%Y&1° B\PARIST PRGSOy ftsted from
deposi ti ofe cgfro@omaﬁnngsaﬂ ebpwsupmlmpmp@u B3-8korop A5Hiinate Ol &lo deaga)sai d
copper prec § ng $ @ (%or dellvery fromthe vessel copper
pr ecur sor “V8 % PmﬂaﬂlﬁPﬁ&fﬂw M sol i d copper precursor in the
vessel, said solid copper precursor conprising a copper precursor of

the formla
17. A solid delivery and vaporizer system for supplying copper precursor vapor for vapor

deposition of copper, said system comprising a vessel containing said copper precursor and
adapted for delivery from the vessel of copper precursor vapor deriving from the solid copper

precursor in the vessel, said solid copper precursor comprising a copper precursor of the formula

wherein:

R' and R? may be the same as or different from one another and each is independently
selected from the group consisting of H, C,-Cy alkyl, C;-C; cycloalkyl, aryl, and
hydrocarbyl derivatives of silyl groups;

R’ is selected from the group consisting of H, C,-Cy alkyl, C;-C; cycloalkyl, aryl,
hydrocarbyl derivatives of silyl groups and NR'R?, where R* and R’ may be the same as

or different from one another and is independently selected from the group consisting of

H, C;-C; alkyl, C5-C; cycloalkyl, aryl, and hydrocarbyl derivatives of silyl groups.

17



1 NCQ-NR3G-CCRs NCu-N 1Z 12 wherein: R and R2 may be the
same as or different fromone another and each is independently

sel ected fromthe group consisting of H Cl1-C6 al kyl, C3-C7

cycloal kyl, aryl, and hydrocarbyl derivatives of silyl groups; R3 is
selected fromthe group consisting of H Cl1-C6 al kyl, C3-C7
cycl oal kyl, aryl, hydrocarbyl derivatives of silyl groups and NR'R5,
where R and R5 may be the sanme as or different from one another and
is independently selected fromthe group consisting of H, Cl-C6

ar oups. 17 1o, 1@ SRl opdbe LY 17 Sl S el et iy e
wher ei n t krdected frpmrthqgrewpuiosagting sf cosndrélatzel@plfopyim ¥ ﬁ'sogopyiqmdmmﬁmltcbm’gr

of copperIﬁibm%}%ﬁgﬁgqpy&wan nh& propyl am dinate and copper (1)

2- dlnethy am ne- i 1soprop |nate 19. The solid delivery and
vaporizer systemof claim17, mhereln t he copper precursor conprises
copper (I) 2-dinethylamne-1, 3-diisopropylamdinate. 20. The net hod

of claim iy whegeidhd tdaBves Bt R GAdoRElr GHIRN |o$‘°eﬁur§Q|?,p@rﬁer&ﬁtt§é béppat prefhrsor
utilizing liquid delivery flash vgforlzatlon of the copper precursor

and chem PR SERPeHOS F’Fﬁhéﬁlﬁmﬁl?” ’é?ﬁf?i’yi%?at%lepom tion. 21. A
copper precursor conpound of the fornmula: R RLl

20. The method of claim 1, wherein the contacting comprises copper metallization utilizing
liquid delivery flash vaporization of the copper precursor and chemical vapor deposition or

atomic layer deposition.

21. A copper precursor compound of the formula:

Wherein:

R' and R? may be the same as or different from one another and each is independently selected
from H and C;-C; eycloalkyl, and each R® may be the same as or different from the other, and is
independently selected from the group conmsisting of H, C;-Cs alkyl, C;-Cy cycloalkyl, aryl,
hydrocarbyl derivatives of silyl groups and NR'R®, where R* and R® may be the same as or
different from one another and each is independently selected from the group consisting of H, C;-

Cs alkyl, C;-C; cycloalkyl, aryl, and hydrocarbyl derivatives of silyl groups.

22, A copper precursor compound of the formula:
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NCu-N / R-CCR3 NCU-N Z 12 Werein: R and R2 may be the
same as or different fromone another and each is independently
selected fromH and C3-C7 cycl oal kyl, and each R3 may be the sane as
or different fromthe other, and is independently selected fromthe
group consisting of H Cl1-C6 al kyl, C3-C7 cycloal kyl, aryl,

hydr ocar byl derivatives of silyl groups and NR4R5, where R4 and R5
may be the sanme as or different fromone another and each is

i ndependently sel ected fromthe grbup consigsting of H (- C6 alkyl,
C3-C7 cycl oal kyl, aryl, and hydro?arbyl derji vatives of silyl groups.
22. A copper precursor conmpound of,_the forpula: 18 R R NCu-N
R3-C CR3 -Cu-N 1Z 12 wherein: gach of R d R2 may be the sane as
or different fromthe othgks ¢ @ each is |nde fly selected from
the group consisting of H C-C& aIkyI cycl al kyl, and
hydrocarbyl derivatives of silylMgrougs: ﬁ d each R3 may be the sane
as or different fromthe other anq each |S||ndependently sel ected
from

R?2 R2

wherein:

cach of R' and R® may be the same as or different from the others and each is independently
selected from the group consisting of H, C;-Cs alkyl, C;-C; cycloalkyl, and hydrocarbyl
derivatives of silyl groups; and

each R* may be the same as or different from the other and each is independently selected from
the group consisting of C;-C; cycloalkyl, hydrocarbyl derivatives of silyl groups and NR'R?,
where R* and R® may be the same as or different from one another and each is independently
selected from the group conmsisting of H, C,-C4 alkyl, C;-C; cycloalkyl, and hydrocarbyl
derivatives of silvl groups;

with the proviso that when R' and R? are isopropyl groups, R? is not a methyl group, and with the
proviso that when R? is H, R'and R* # propyl or butyl.

23, A solid delivery system for use in depositing copper, said system comprising a solid
delivery and vaporizer unit, and a solid delivery copper source material in said solid delivery and
vaporizing unit, said copper source material comprising a compound selected from the group

consisting of’

(a) compounds of the formula
R’ R?
| |
[\I — Cuy—— N\
Ri——cii %}C———R3
\N———0u——-§7/
Lol
wherein:
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the group consisting of C3-C7 cycloal kyl, hydrocarbyl derivatives of
silyl groups and NR R5, where R4 and R5 may be the sane as or
different fromone another and each is independently selected from
the group consisting of H Cl-C6 al kyl, C3-C7 cycl oal kyl, and

hydr ocar byl derivatives of silyl groups; with the proviso that when
R and R2 are isopropyl groups, R3 is not a nethyl group, and with

t he prowsotha 4 nd R2 # pr | ar butyl. 23.. A . .
solid delivery sys;mfn ?n%uggylbﬁvgeﬁ%lg? £ Hg d(g‘g%eﬁé%,omsg‘leaoﬂ%e?s?@rﬁ“h 18
conprising a smﬂespdndedtgi seleeteyt f@ndthvgpmpicmesistinmbﬂl and; alkgpCi-d, cheloalkdr y
copper source te :Tg%lmkagbﬁgérgag‘% ijsﬂgl gry and vaporizing unit,

sai d copper sou eri conprisin o’rrpound sel ected fromt he

group consisting ogav\l}~| ﬁ{a)na§;9<§m9 Eﬁ'ﬁ@saﬁ 0f qiflEnt %%lél%&her allclbeacﬂ\#gl deﬁl)’y C

CR3 NCu-N 2 12 ereln: 19 eac R an ane as
or different ficlricd Femdchaey @hﬂstlééeﬁfh G-Cd Wéﬁm@demqay(%éwédﬂv@dcafhybm

the group consjeithiigs &f sﬂlﬁ gr&;las Q@i RRY! whe@R{Z'lch’y?AaQ@le lfﬁélsame & Hlaifread

hydr ocar byl derivatives of grou s; each R3 may be the sane as
or different fEgRPRECHEEE eﬁﬁl‘lds BayRndeatly slrepd Aere e gioupserssgingef H.rom

the group consgsduyna,af, cﬁioaﬁ(]jl' Q@fl ahdMarockByl Gérivad 6ds QiKY drou RS V|

hydrocarbyl derivatives of silyl groups and NR'R5, where R4 and R5
may be the sane as or different
(2)] compounds of the formula
R r'
N Cu [L\
R—¢ )c——-W
T——Gu-—-—N
R? p‘qz
wherein:

each of R' and R? may be the same as or different from the others and each is
independently selected from H and C;-C; cycloalkyl, and each R may be the same as or
different from the other and each is independently selected from the group consisting of
H, C,-Cs alkyl, C3-C; cyeloalkyl, aryl, hydrocarbyl derivatives of silyl groups and NR*R®,
where R* and R®> may be the same as or different from one another and each is
independently selected from the group consisting of H, C;-Cq alkyl, C;-C; cycloalkyl,
aryl, and hydrocarbyl derivatives of silyl groups; and

(c) compounds of the formula
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from one anot her and each is independently selected fromthe group
consisting of HH G C6 al kyl, C3-C7 cycloal kyl, aryl, and hydrocar byl
derivatives of silyl groups; (b) conpounds of the formula I1 I N CuN
R3-C CGR3 NCu-N 212 wherein: each of R and R2 may be the sane
as or different fromthe others and each is independently selected
fromH and C3-C7 cycloal kyl, and each R nmay be the sane as or
different fromthe other and each is independently selected fromthe
group consisting of H, Cl1-C6 al kgl', C3-Crgreycloal kyl, aryl,
hydrocar byl derivatives of silyl groups and NRR5, where R4 and RS
may be the sane as or different f Qﬂlgmg_ggother and each is

i ndependently sel ected fromthe group cons Q{Lng of H, Cl-C6 al kyl,
C3-C7 cycloal kyl, aryl, aﬂ_ﬂ%ﬁ?ocarbyl deri ll%f% of silyl groups;
and (c) conpounds of the ftormnu QQ?O Rl R1 gyéﬁN -CCGCR3 \NCu-N

~

| Z (Z wherein: N~ Gy —— N

|

R? R2

wherein;

cach of R' and R* may be the same as or different from the others and each is
independently selected from the group consisting of H, C-C; alkyl, C;-C; cycloalkyl,
aryl, and hydrocarbyl derivatives of silyl groups;

each R’ may be the same as or different from the others and each is
independently selected from the group consisting of Cs-C; cycloalkyl, hydrocarbyl
derivatives of silyl groups and NR'R®, where R* and R® may be the same as or different
from one another and each is independently selected from the group consisting of H, C;-
Cs alkyl, C3-C; cycloalkyl, aryl, and hydrocarbyl derivatives of silyl groups;
with the proviso that when R' and R” are isopropyl groups, R* is not a methyl group.

24, A solid delivery process for depositing copper, said process comprising vaporizing a
solid source material to generate a copper precursor vapor, and depositing copper from said
COpper precursor vapor on a substrate, wherein said copper precursor vapor comprises vapor of a
copper precursor selected from the group consisting of:

(a) compounds of the formula

wherein:
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each of R and R2 may be the sanme as or different fromthe others and
each is independently selected fromthe group consisting of H Cl-C6
al kyl, C3-C7 cycloal kyl, aryl, and hydrocarbyl derivatives of silyl
groups; each R3 nay be the sane as or different fromthe others and
each is independently selected fromthe group consisting of C3-C7
cycl oal kyl , hydrocarbyl derivatives of sinI groups and NRR5, where

R4 and R5 may be the;sa As o fferent I e apot her d each
i s i ndependentT ;h ?I%ecatne f P&MOF %ie'e §roup® o gféléef’ %6“10?%6 I-{&le@j QH%C%C}’ 18
al kyl, C3-C7 cypddpaadehtyl seleatey fromathel gimyplrcoxtsanﬂtg/bf He€i-Uatlki e6;-0f cysiohiydl,

groups; with t%}%&g%&g% %hs%?%%ﬂw%&Pﬁz are isopropyl groups, R3

is not a nethy y process for depositing

copper, said procesgufRMRL & s HRROL é&&éﬁom%@dﬂ%r SRULGAS {;a?é %ﬁ&eﬁ‘é

to generate a copper precur sor vapor, epos| ting copper from sai
copper precur s§lciodfom tsrereppsansisingn e, %ﬁ%b%&%&m’em%h&m@@r

vapor conpris e&nVﬁﬂer onflyl%rou?)Q RREURRF, e\ﬁié{:esl@'rané Qb ﬁ"fléé' gd thte rsé?rﬂa ES*H? dg'feﬂ:ﬂp
consi sting of he f '

ngounso the formul a

\N-Cu-N | | Gzngﬂe prefnsh each gs %f‘@ﬁndévﬂmele%aﬁw th?eeyounséoasrﬁénwr% Gas
or different feomy ke-coththkyR iﬁmﬂdiosabz@gﬁmﬁmgﬁ&w ected from
the group consisting of ﬁ ﬂ? %g al kyl , éS}L C7 cycl oal %ﬁﬁ}g

()] compounds of the formula

wherein:

each of R' and R* may be the same as or different from the others and each is
independently selected from H and Cs-C; cycloalkyl, and each R® may be the same as or
different from the other and each is independently selected from the group consisting of
H, C,-Cs alkyl, C3-C; cycloalkyl, aryl, hydrocarbyl derivatives of silyl groups and NR*R?,
where R* and R® may be the same as or different from one another and each is
independently selected from the group consisting of H, C;-Cs alkyl, C;-C; cycloalkyl,
aryl, and hydrocarbyl derivatives of silyl groups; and

(c) compounds of the formula
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aryl, and hydrocarbyl derivatives of silyl groups; each R3 may be the
same as or different fromthe other and each is independently

sel ected fromthe group consisting of H Cl1-C6 al kyl, C3-C7
cycl oal kyl, aryl, hydrocarbyl derivatives of silyl groups and NR'R5,
where R' and R5 may be the same as or different from one another and
each is independently selected fromthe group consisting of H G- C6
al kyl, C3-C7 cycloal kyl, aryl, and hydrocarbyl derivatives of silyl
groups; (b) conpounds of the formBla NCugN R3-C GR3 NCu-N 212
wherein: each of R and R2 may be|the sane|as or different fromthe
others and each is independentlyselected fromH and C3-Cr
cycl oal kyl, and each R3 may be t e sane as different fromthe

ot her and each is independentl “sel ected fromthe oup consi sting of
H, Cl-C6 al kyl, C3-C7 cycloal k , aryl, hydr car byl derivatives of
silyl groups and NR4R5, where Naﬂd 55__ be the sane as or
different fromone another and ea¢h is independently selected from
the group consisting of H Cl1-C6 alkyl, C31C7 cycloalkyl, aryl, and
hydr ocar byl derivatives of silyl ﬁroups aRd (c) conpounds of the
formula 22 RLRL NCu-N R3-C CGR3

wherein:

each of R' and R* may be the same as or different from the others and each is
independently selected from the group consisting of H, C,-Cs alkyl, C;-C; cycloalkyl,
aryl, and hydrocarbyl derivatives of silyl groups;

each R’ may be the same as or different from the others and each is
independently selected from the group consisting of C;-C; cycloalkyl, hydrocarbyl
derivatives of silyl groups and NR'R®, where R* and R® may be the same as or different
from one another and each is independently selected from the group consisting of H, C;-
Cy alkyl, C5-C; cycloalkyl, aryl, and hydrocarbyl derivatives of silyl groups;
with the proviso that when R' and R” are isopropyl groups, R® is not a methyl group.

25, A composition comprising copper (1) 2-isopropyl-1,3-diisopropylamidinate in an organic

solvent medium.
26. The composition of claim 25, wherein said solvent medium comprises toluene,

27. A composition comprising copper (I} 2-dimethylamine-1,3-diisopropylamidinate in an

organic solvent medium,
28. The composition of claim 27, wherein said solvent medium comprises toluene.

29, A copper precursor compound of the formula:
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\NCu-N 12 12 wherein: each of R and R2 may be the sane as or
different fromthe others and each is independently selected from
the group consisting of H Cl1-C6 al kyl, C3-C7 cycloal kyl, aryl, and
hydr ocar byl derivatives of silyl groups; each R3 may be the sane as
or different fromthe others and each is independently selected from
the group consisting of C3-C7 cycloal kyl, hydrocarbyl derivatives of
silyl groups and NR4AR5, where R4 and R5 nmay be the sane as or
different from one another and each is independently selected from
t he group consistilng of xH, G- C6 al kyl, C3-C7 cycloal kyl, aryl, and
hydr ocar byl derlvbtlvesiof silyl groups; with the proviso that when
R and R2 are is roups R3 is not a nethyl group. 25. A
conposition goap$|3|ng (of (1)
2-i sopropyl -1, 3-¥i i sopr of ylanldlnate in an organic solvent nedium
26. The conp05|t| n‘@ﬁ“’ aim 25, wherein said solvent nmedi um
conpri ses toluen 3 »conposi tion conprising copper (I)
2-dinethy|anine , 3- dllsopropylanldlnate in an organic sol vent
medi um 28, The conp05|t|on of claim 27, wherein said solvent nedium
conpri ses ?o uene. 29. A copper precursor conpound of the formul a:
23 RRk R NCu --N 68 N R-C
R' and R? may be the same as or different from one another and each is independently selected
from C,-Cj alkyl; R® is NR*R®, where R* and R® may be the same as or different from one another

and is independently selected from C,-Cgalkyl.

30. The method of claim 9, wherein said at least one solvent is selected from the group

consisting of alkane, aryl, amine and amide solvents.

31. The method of claim 20, wherein said copper metallization comprises full fill copper
metallization.
32, A copper precursor composition, comprising:

(1) a copper precursor having the formula:

R? R

wherein;

R' and R* may be the same as or different from one another and each is independently sclected
from the group consisting of H, C,-Cs alkyl, C;-C; cycloalkyl, aryl, and hydrocarbyl derivatives
of silyl groups;
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%// NCu -NT'l R wherein: R and R2 may be the sane as or
different fromone another and each is independently selected from
Cl-C6 alkyl; R3 is NR4AR5, where R4 and R5 may be the sane as or
different fromone another and is independently selected fromCl -C6
al kyl . 30. The nethod of claim9, wherein said at | east one sol vent
is selected fromthe group consisting of al kane, aryl, am ne and

Tot al || 2l B EGHIFTEBE SR Po1PE of s Ak Lot PERER Gk dpper
For mul a: SRS el e SEm N Pagre ' oy SRS e Bret o Ry
 mdependoREIG S U e PG er RO OF B UbREP STy Tor vt Tk S Ayl
G- 7 cycl bt arcBl ueRE SYFE QAL anier 1 vati ves  of silyl groups;

(if) an adjuvant sclected from the group consisting of water, water-generating compounds, reducing

agents, and combinations thereof.

33. The copper precursor composition of claim 32, wherein the copper precursor is selected from
the group consisting of copper (I) 2-isopropyl-1,3-diisopropylamidinate and copper (I) 2-

dimethylamine- 1,3-diisopropylamidinate.

34. The copper precursor composition of claim 32, wherein the adjuvant is water.

35. The copper precursor composition of claim 32, wherein the adjuvant is a water-generating
compound,

36. ‘The copper precursor composition of claim 32, wherein the adjuvant is a reducing agent.

37. The copper precursor composition of claim 32, wherein the copper precursor is copper (I) 2-

isopropyl-1,3-diisopropylamidinate.

38. The copper precursor composition of claim 32, wherein the copper precursor is copper (I) 2-

dimethylamine-1,3-diisopropylamidinate.
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24 R3 is selected fromthe group consisting of H Cl-C6 al kyl, C3-C7
cycl oal kyl, aryl, hydrocarbyl derivatives of silyl groups and NR4R
5 where R4 and R5 nay be the sane as or different fromone another
and is independently selected fromthe group consisting of H Cl-C6
al kyl, C3-C7 cycloal kyl, aryl, and hydrocarbyl derivatives of silyl
groups; and (ii) an adjuvant sel ected fromthe group consisting of

wat er, water - ner t ounds re n a ents and..conbi nati.ons
t her eof . g% e ct%lopdlp‘gf?d Brechrs B?drconpts)%l aig%nc m% % con iggng \%hk?rgllcﬂ vapor

t he COppeﬁerpB&gcﬁ)u%&%gs d!)rsan e%n? gt] %/gr !l 851t1%n eprg % 2 v1rcé$o Qc?n:tzfc 1I nl%e subsg':ﬂp e/% a

(1) 2-iso I'i Soprop drna

di met hyl a A £ i d

compos | oRa a%ﬁ%eﬁ#%%%mﬁ%?ﬁa haay fuéi’aﬁpﬁlﬁiecﬁra@%%p%[{%ﬁ%@mﬁ%
copper pr@py&ﬁﬁﬁpﬁgﬁgg§k&%gﬂengggaln132 wherein the adjuvant is a
wat er - generating conpoun 36. The copper precursor conposition of

claim 32, wherein the adjuvant is a reducing agent. 37. The copper
precursor conposition of cIa|n132 wherein the copper precursor is

copper (I) 2- isopropyl-1, 3- dllqopropyl am dinate. 38. The copper
precur sor conposition of clain13 . wherei ®R't he copper precursor is
copper (I) 2- dinmethylamne-1,3-dii s oprgpylamdinate. 25 39. A

nmet hod of depositing copper on apnsubsiyr ., conprising conducting a

chem cal vapor deposition process or an atgm c | ayer deposition
process invol ving contactR®rg-tle substrate mnéh_agsvapor of a copper
precursor conposition, wherein™gaid copper ,pfecursor conposition
conprises: (i) a copper precursoN-handurg—tNie fornmula: R Rl

R? R2

wherein:

R' and R* may be the same as or different from one another and each is independently selected from
the group consisting of H, C,-Cs alkyl, C;-C; cycloalkyl, aryl, and hydrocarbyl derivatives of silyl
groups;

R® is selected from the group consisting of H, C,-Cg alkyl, C3-Cy cycloalkyl, aryl, hydrocarbyl
derivatives of silyl groups and NR'R’, where R* and R’ may be the same as or different from one
another and is independently selected from the group consisting of H, C;-C; alkyl, C3-C; cycloalkyl,
aryl, and hydrocarbyl derivatives of silyl groups; and

(if) an adjuvant selected from the group consisting of water, water-generating compounds, reducing

agents, and combinations thereof.
40. The method of claim 39, wherein the copper precursor is selected from the group consisting

of copper (I) 2-isopropyl-1,3-diisopropylamidinate and copper (I) 2-dimethylamine-1,3-

diisopropylamidinate.
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NCu-N R3- CRR NCQU N | I 22 whereini R and R2 may be the sane
as or different fromone another and each is independently sel ected
from the group consisting of H C-C6 al kyl, C3-C7 cycloal kyl, aryl,
and hydrocarbyl derivatives of silyl groups; R3 is selected fromthe
group consisting of H Cl1-C6 al kyl, C3-C7 cycloal kyl, aryl,

hydr ocar byl derivatives of silyl groups and NRQR5, where R and R5

may be the, sa as or. different frgmaone another and is

i ndepende%%‘l ymgléq r&%%élc???l?l % Keegp 6%8W§15§‘iﬂfeﬁg of H Cl-C6 alkyl,
C3-C7 cycloal kyl, aryl, and hydrocarbyl derivatives of silyl groups;
and (ii) an adjuvant selected fromthe group consisting of water,
wat er - gengy at i C aunds educi agent s nd _copbi nati ons

t her eof . . The nﬁ%%oogagfﬁ%gl eﬁ?‘ég‘?a\‘}éﬁ%ﬁgﬁsﬁ’“{a ere'g%lglﬁ'ﬁ%%coﬁllpg%nursor is
selected fromthe group consisting of copper (I)

2-isopropyl -1, 3-dii sopropyl am di nate and copper (1)

2-di met hyham nggs aQie bis; Ayl anidi : . The method of claim
39, wherein the a %Ovant llﬁlgjga/at errmhgfhﬁggaﬁtelsr%rg?dﬁéﬁg E(l)glra&\t'cl ai m 39,

wherein the adjuvant is a water-generating conmpound. 43. The nethod
of claim39, wherein the adjuvant is a reducing agent. 44. The method
of claimaf, whergkfod RE LARPRT WBERGUMS Uoppe? FRABREN is( Ldpper (1) 2-isopropyl-1,3-
2-isopropyl -1, 3- diisopropylam di nate.

diisopropylamidinate.

45. The method of claim 39, wherein the copper precursor is copper (I) 2-dimethylamine-1,3-

diisopropylamidinate.
46. The method of claim 39, wherein the substrate comprises a semiconductor substrate.

47. The method of claim 39, wherein the process is carried out to metalize an integrated circuit

device structure on the substrate.

48, The method of claim 39, wherein the process comprises chemical vapor deposition.
49. The method of claim 39, wherein the process comprises atomic layer deposition.
50. The method of claim 39, wherein the process is carried out at temperature in a range of from

150 to 400°C and pressure in a range of from 0.05 to 5 toir.
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45. The net hod of claim 39, wherein the copper precursor is copper
(I') 2-dinethylam ne-1,3- diisopropyl am dinate. 46. The method of
claim 39, wherein the substrate conprises a sem conductor substrate.
47. The nethod of claim 39, wherein the process is carried out to
nmetalize an integrated circuit device structure on the substrate.
48. The nethod of clai m 39, mherein t he process conprises chem cal

vapor dep??' ti Pl etﬁlogd 0 gﬂ?m QF rem t&fbvap%o@ﬂ?e r{oﬁpoer pre]gﬁrgqrtcct‘r% c&gon 15 d%hvered

conprises atom cC a er ep05|t
wherein t r r n f

S IS EAARANY o S Ml IR BSOS gl
The nethog.&{ claln139 wherei n the vapor of the copper precursor
conposition Is delivered to the substrate in a carrier gas

conprising a gas selected fromanong helium hydrogen, nitrogen and
argon. 28
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