: ,- ".,? 5, .- ... ei rf- ,,, L COPPER (I)
COI\/POUNDS USEFUL AS DEPOSI TI ON PRECURSORS OF COPPER
wd blobltoddshdvs FI ELD OF THE | NVENTI ON [ 0001] The pPCEESIWS/008416
invention relates generally to novel copper (1)
= am:i Rates-and.d:hek k. :gynt hesi s, and to a nethod for
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its lowresistivity, |OMICOﬂtaCt resi stance, and
ability to enhance devi ce performance through the

FEEIUB OPTHR INRENTIORN del ays, copper has energed as a
preferred netal Tdf‘ﬁetallization of very large scale
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een adopted by many senlcgndu

mRRU AR 8hé t 9'm e%‘a%FE}oﬂﬁ‘céBE omcgé})%?lcﬁ&}l{s A Imlcrocl;}l Honic

thinzfilmrecording h acka

LA O S G, (O, o oo

provi des uni m cover ~metal |ization.
At om c | ayer deposition (ALD), which is a nodified CVD
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[0002] As a result of its low resistivity, low contact resistance, and ability to
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;:al 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. Liquid 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(VIMS), wherein hfac = 1,1,1,5,5,5-



precursors and/or solid precursors dissolved into

sol vents enable direct injection and/or the |iquid
wodmebd/aesdy of precursors into a CVD or ALD vap®dTAes2005/008416

unit. The accurate and precise delivery rate can be

obt ai ned through-volurfetric nmetering to achieve

heiflaeieadddilhdetonatdur IMBYCVE or2-mbby I0Bhédeh32@k] ODMEOD =
VLS| device. [0004] Many fl uorine and/ or

YRy VoL BiiBhd) enCPPRISI= Y RricaR i IgRy S are
conn@?gﬁally avai | abl e, i ncl udi ng (hfac) Cu( MHY),
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ayer an underlying structure in

gﬁﬁ{ehn%hﬂlngo%gtgﬁélsc‘ cgrq?ﬁing%/a%eg?s &Jaﬁ tnlags m?%ialoshlém%efs and

nteraction por
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t nclude. tit n|un1n| ride, titanium
["é‘f"d%“gi‘}‘aﬁ[ Q?hﬁwiﬁsw .%&ede’taa funestan sthicidege In nsiapces avhere
trid bi itrides, niobiumsijlicon
ﬁn' 9 tloPe rsgjataen ai ¥ie et cane HIsHYpReR, Shieereiel layes are
i.nstapnces where (hfac)CulL ty recursors are used for
@F etyyesndhe Parkies layer andiihe Pmpet Qveu whieh gauge the metallization to

have poor adhesion and high contact resistivity.

[0006] The deficiencies of inferior adhesion and excessively high contact resistivity
incident 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] It 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.



formed between the barrier |ayer and the copper |ayer,
whi ch cause the netallization to have poor adhesion
woanah/tpiyph contact resistivity. [0006] The def iPCTAIse008908416
of inferior adhesion and excessively high contact
resistivity incident to formati on of oxygen- and/or
fSUMMARY OIMTHETINVENTEON f aci al | ayers when using
(hfac) CuL copper precursors has been attributed to the
HO0@0S] | i Jgetiechresed ifventiomeRitidgehebily t@@éﬁ}l%‘? (BﬁﬂliéihéiQEérﬁ‘&)unds,
To overcone such deficiencies, it wou
Sitgeh hieCaivhntagboadle &f ian 6>Jy§e1ﬁfrée hrid ﬂﬁ@r‘iﬂe%ec&ﬂ%{er useful as
precursors having a reduced oxy/fluoro content

wourtel rb@earfod Edimabl! doppelVaNkRERALS Wil IH{pQWeHIeadﬁ(%me and to
precursors of an oxygen-free character. [0007] 1t

6ERYdE bN@Fing sabh pp&Y) aRfidihdIe R FRAAL | nvent ion to

provi de new anoxi ¢ (oxygen-free and fluorine-free)
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of form ng copper in the manufacturing ntegrate

QF fHeYbtuland ot her m croel ectronic device structures
usi ng such precursors and fornul ati ons. SUMWARY OF THE
| NVENTI ON [ 0008] The present invention rel ates
general |y to copper (1)Ranidi natRé conpounds, which are
advant ageously of an oxygen fred and fluorine-free
character, useful as soyrcecy nts for formng
copper on substrates w'th |nprove adhesion, and to

met hods of usi ng3suatl” copper (1) b dingd e conpounds

N—Cu——N

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, C3-C; cycloalkyl, aryl, and

hydrocarbyl der‘ivatives of silyl groups (e.g., -SiR3 wherein R is independently selected

from the group consisting of C,-Cs 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 another and is independently selected from the group

consisting of H, C;-Cs alkyl, C3-C; cycloalkyl, aryl, and hydrocarbyl derivativeé of silyl
~ groups;

with the proviso that when R' and R? are isopropy! groups, R? is not a methy! group.

[0010] In another aspect, the present invention relates to a copper precursor

formulation, comprising:



[ 0009] The present invention in one aspect relates to
a copper precursor conpound of the fornula: wherein:
w@RiooanhsR2 nmay be the same as or different froPeDOS2005/008416
anot her and each is independently selected fromthe
=gl oups.censtst sagefskk C -C al kyl, C3-C7 cycl oal kyl ,
ryl, and hydrocarhb vatlves of silyl groups
@ﬁ@?@er-%*?%}/%%oﬂx‘iffqﬁ HA¥fendent Iy sel ected from
the group consisting O G -C alkyl); R3 is selected
fromthe group consistirRig of HRC -C 6 al kyl, C3-C7
cycl oal kyl, aryl, hydr carbyl derivatives of silyl
groups and NR4R5, wher 4 ~and_ RS rray be the sane as
or different from on/ not her ant i s independently
sel ected from tdwe ggdup consisti n gcof R G -C 6 al kyl,
C3-C7 cycl oal kyl, ar¥:., and hydr, arbyl derivatives of
silyl groups; Wi th t he'Ngrecuso-fhat when RL and R2 are
i sopropyl groups, R3 ig not a methyl group. [0010] In
anot her aspect, the pregsent invgntion relates to a
copper precursor fornulation, conprising:(a) a copper
precursor conpound of the fornula: wherein: RL and R2
Wiireie the sane as or different from one another and
each i s independently
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;

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 another and is independently selected from the group
consisting of H, C;-Cs alkyl, C3-C; cycloalkyl, aryl, and hydrocarbyl derivatives of silyl
groups;

(b) a solvent composition for the precursor compound.

[0011] 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——N
R—C "C—R?®
T—Cu—N
R? R2

wherein:



selected fromthe group consisting of H G -C al kyl,
G3- C7 cycloal kyl, aryl, and hydrocarbyl derivatives of

W@ edogloogeoups; R3 is selected fromthe group CPEBUS100510P8416
of H CpC alkyl, C3-C7 cycloalkyl, aryl, hydrocarbyl

w dlef -vald: v es: .0f : 8i:kyd =.gr oups and NR4AR5, where R4 and R5
1 the same as or Qiff t fr t.
Fho A8 ap a1y R a it F R lopk 2P o BRR o Blthdapy

G .-C al kyl, C3-C7 cycl.ogl . aryl n c Y.

Sglk’?ﬁeg 19y é@é/ 8iouR;| WOWSUQ% OOJ(;@”, E{Fﬁ ag(yé oﬁ?gh ? yc?%aqn%g’s %{yF oa!rrll d
for the precursor .c ound. [0011] In yet another
@@B@E??leﬁ@“ﬁ?%@%ﬂFﬂgﬁwgntion relates to a nethod of

positing copper on a subst onpr,i si
G5 Rateleried gy Becepir SRbne Lok GrCTRBY i b cxsioaion, an
wher ei n: R1. and my be th s Qi different from
Heo-aihu rGaiie O SIBN EOGPT PR AN Rearb iy 85 PF gl e
the group consisting of H, G -C al kyl, -C
sy el gaffexfgnt frogp yane apsthen v e dp F“Jéﬁfﬂx \?%%‘ftvgﬁf% thy iggAuP
groups; R3 is selected fromthe group consisting of H
@nsigting| af Y1, C1-€a atkyl, Ey€h sxaloaliyl, agplyand hxdraraskyd deppyatives of silyl
derivatives of silyl groups and NR4AR5, where R4 and RS
graypsbe the sane as or different from one another and
i s independently iglect;d fromthe group consisting of
with Oie-p@vidolthdt wheBRCInCR care sbRippy! g53uph, R dneotigyertivd gFaypy to
derivatives of silyl
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 simultaneous thermal analysis (STA)/differential scanning
calorimetry (DSC) plot for copper (I) 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.



groups; with the proviso that when Rl and R2 are
i sopropyl groups, R3 is not a nethyl group, to forma
WEe@600%or vapor and contacting the precursor REPUS2005/008416
with the substrate under el evated tenperature vapor
w e OMposisl:t:on :candt.tikens to deposit copper on the
tra [ Q0. %P r@s hylamino-1,3-
RYBT T e gt i, SROER  RRERS o |Gl B2 2oy tamin-1,
t he ensuing di sclosure and appended
@Egﬁ’r .a 'E‘E';' DESCRI PTI ON OF THE DRAW NGS [ 0013]
Figure 1 is an 1H NWVR plot for copper (I)
2-isopropyl -1, 3- diisopropylanidinate. [0014] Figure 2

'S Aptadl aﬁf&*‘ﬁlﬁ'ﬁ% RINVERTIGR AN PREFERI L

S C af TTY O T 11T i~ ~ PMTI (1)
2- |sopropyl I, 3- d?@@EU.ugﬁh i — [ 0015] Flgure 3
|s an ORTEP structure for copper (l) 2- |sopropyl-

opr | am dinate. [0016 re C
lﬂPH{ P O?E%Brﬁﬁélf lln(VFljtlog %ﬁa%g%ypvg %ﬂﬁ)e{ (Ig aml(P na%e precursors for
d||s rop | .am di nat e.

rgata o oeger i SIPaCE iETiEh 3 iphsrrepponding

2 dlnethylanlno I, 3-
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 1
!\l———Cu—N

R—C . C—R?
N—Cu——N
R? iz

)

wherein:



di i sopropyl am di nate. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON AND PREFERRED EMBODI MENTS THEREOF [ 0018] The

wEe@s®eoso0 nventi on rel ates to novel copper (1)PCT/US2005/008416

am di nate precursors for the CvD or ALD formation of

= scoppers sk his f Lhpssonsubstrates, and to correspondi ng

ST S0 SV 0 P s anian
' t t . .[.002 I .

SRSl LSl B0 B BEOURIPBSE s tt i,
wh in: d ) be th .. diff f
ABELShDL 5, 300, TR B SRTEA bR e

the group consjsting of H C -C alkyl, C3-C7
fzqpe g groupiconyispng obqaCrYi¥bcar byl derivatives of silyl

roups (e.g., -SiR wherein Ris iqge endent]y sel.ected

 Bricleried Rt hecBRY SETHE® P! Eh Cn RSN Er QSR &9
sel ect ed ffon1the,group consi sti.ng of _H, Cgp 6 %Iﬁyl,
hydrocarbyldariyativey pf sily groupsgndr R & pyherei Br pydRi (pay dpfhe same
silyl groups and NR4R5, where R4 and RS may be the
asapre differest fenm foap emmother gad dhdndeRedselly splected from the group
i ndependent |y sel ected fromthe group consistlng of H1
©nsighgaif Ky IC;-Cealkply Cefie bysinaklyl, anvdrapd hydraeary) derb@Rysyaf sily!
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-1,3-

diisopropylamidinate:

b

N—Cu—N

y/ ‘\C{

N—Cu——N

A

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



groups; with the proviso that when Rl and R2 are
i sopropyl groups, R3 is not a nethyl group. [0021] The
wamopowwsgls of fornmula (1) are useful ly enpl oyearCT/10$2005/008416
form ng copper thin filnms by CVD or ALD processes,
« ut i=l- 2+ Rg--process—-cendi tions, including appertaining
tenperatures, pressures, concentrations, flow rates

and CVD techni ques, as adi ly erm nable within the
skill of the art for a @given application [0022]
Preferred conpounds of jarng)a |nclude copper (1)
2-1sopropyl -1 d||s pr opyl am ate copper (1)
2- dlnethylan1no\T sopropylan1 n@m 0023]

Conpounds of foVﬁuIa ) are reagyfy syn esi zed
according to the foll owNrRg-@guatNons (2) and (3):
R-NONir >2 4+, rR>3LI LI i (2) |(RL-N=C(R3)-N-R2) Li++
2 Cud (r) CR3 + 2 Li (3) asKereinafter nore fully
described in the exa s herein. X[ 0024] In CVD or ALD
usage, the copper (1) precursors of the invention are
volatilized to forma precursor vapor that is then
contacted with a substrate under el evated tenperature
. 103 d€owppwsist ofoforomiadi(l)i anesrendilyd spubésized opendingnto the
t he substrate.
following equations (2) and (3):

R'-N=C=N-R’ + R’Li — (R'-N=C(R%-N-R?) Li" )
R! R!
N— Cu——N
2 (R'-N=C(R*-N-R? Li*+2 CuCl —R3*—¢" e—R3+2LICI (3)
N—Cu—- N/
R? lz

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 (I) 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



[ 0025] Copper (1) 2-isopropyl-1,3-diisopropylam dinate
and copper (1) 2-

wal2ovesb@m no- |, 3-di i sopropyl am di nat e are boP¢T/US2005/008416
volatile and thermally stable, and are usefully

- efployed-~as--cepperLMD or ALD precursors under
51?5@%5 ROorgiht ?dﬁ/en@eﬁ}ﬁisﬁcfuld)&h%w did bORRd tdmétBEhEYIRN into

D reactor. The solid precursor can bedi ssolved in

Q{,g,@mé}fg»,q{axﬁgmoﬂgqgacoquU| d delivery can be used to

the solution into a vaporlzer for transport to
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e Co i nate precur sor

@9&}?90?'&}}?@ lOQlfS %‘ rﬁés?ﬁtelmen'n&\’ | n% b%séﬁﬂé(urﬁ@ th'esﬁ)qjmatlon of

urin copper erconnect “lines In
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1 packagl ng Tonponen
G P Sy B S0 BRI o st
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of .constituent_ | ayers rmed on a bar ubstrate

Wﬁ'@‘? e quhstaite UF&&H”CBP%@W égoSHf‘tet“??éf ! é’n‘Eaf‘f ﬁ\ﬁ?étfﬂ‘? Brny
a copper-containing |ayer may he forned on a
BEPRCE Bheneiiteint Lyers foraed ona Pag syikattopper (1) amidinate
ﬁﬁecursor for use in a first, second, third, or nore

VU | i e biead prpetice ofthe presas wﬁntmy@?@pt:rmn@m@lawénay
used in circuit locations requiring low resistivity,
bei fprmerber o seriserdugion sudhstraie geing 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



speed circuit paths. As discussed in the background
section hereof, a barrier |ayer nay be deposited or

wmrdveneusse forned on the substrate before a copEEUS2005/008416
| ayer is formed on a sem conductor substrate. [0028]

" herein. co then be deposi t f f
Heb o oo ORBer TRigelsy O sttt QB epEl terial S kg separately
known i n the senicondquctar fabrication art. Further,
Wﬁ?@?@aﬁgﬁgpgﬂﬁﬂg}gf3ﬁ§“38ﬁﬂ5ﬂﬁﬁ%, gr_other agfuv:;ts

to the precursor. forpul ati on nay.be mxed with the

083 er ﬁveeeqmoawowpg BFRSTY, MGHtG) PAY e %?%Vé’r%\}ﬁ VD or
ALD tool. Simlarly, reducing a?ents may be utilized
AhDaisaderainod yeriety 8k mayh. Fpoegiplas Yayid, delnery system may be
variation, when copper alloy conpositions are to be .
wijzedi Alernaivebha cambiged Hawd deliyerycandflash panogiggtion process unit
formul ation may contain or be mxed with other” ;. ,.
may be gmployed, .suqh .as" the._ ,L,DSﬁ@Q diquidy febigery e%ﬂjje ry@aporizer unit
materials, or such other reagent nmaterials may be
cepamesialyyaveiigbler frone ddyanged ﬁ@q%@dlga)ehﬂateoiabhleca Beaairy,i(oh, to
chanber [0030] The conpositions of the present
emblerowonlatitity haerid tovier edunaricallCviEliwredAledding 4¢ teprodupible
a variety of ways. For exanple, a liquid delivery
sjspatandedepbuitiantwithoretlermAl deepmpdsitionl of thegprexarsbr. Bath of these
liquid delivery and flash vaporization process unit
canyidbati @i eapesiucidleatangsort dnet defidSB00 withquti therchel dacemposition
and vaporizer unit

are essential for providing a commercially acceptable copper CVD or ALD 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).

10



(comrercially avail able from Advanced Technol ogy
Materials, Inc., Danbury, CT), to enable | ow

wo2iahodspty naterials to be volunetrically del PeBUSIDN5/008416
| eadi ng to reproduci ble transport and deposition

= W & houtwt:her mal: =decorposi tion of the precursor. Both
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be empl oyed in sol vent fornul ations containi ng_ sane.
Filuearrics gap dlowp o hghiwer hydengail HEFRSSAsOIOF 8 et S°oH at 2
may i nclude sol vent conponent(s) of suitable character
wopamiprdEppedhatell the same asitie senosige ©his0 Inl28°@i ven end
use application to form copper on a substrate.

Po34]abl €hs dépositibs ofragppeo thire Xibmpvih iusefliluelectadak aroperties (low
sol vents, e.g., hexane, heptane, octane, pentane, or
eesiylivisp hivegolod adhesion asthb emzieniayed (e.g.pfoure¢teof TANion @SNy act also
am des. The utility of specific solvent conpositions

Addievpdiby kieLpradesC MMADSTECUBIORCHIT the pes¢rynviertidne aleé tynformality of
enpirically determned, to select an appropriate

fhe b 65it6@ TIHANE fracical M hdhievhide GREWANEVD 8O IALENtechigiiddnthat
for the liquid delivery vaporization and transport of

bR rabPepiohide LARMPRLy R BE UERVerRAPbOYRAAfIIP QBBEr rhelallization.
anot her enbodi nent "of the invention, a solid delivery
?B(esfi&ml Ia@ﬂi/vel%ﬁapproach of the present invention, including “flash” vaporization
and the use of copper precursor chemistry as herein disclosed, enable next-generation
device geometries and dimensions to be attained, e.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 Schlenk
flask  was  charged  with 6.3 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
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utilized, for exanple, using the ProE-Vap solid
delivery and vaporizer unit (commercially avail able

woO taennvdglvanced Technol ogy Materials, Inc., Dardmu$g2005/008416
CT).[0033] Awde variety of CVD or ALD process
conditions may be utilized with the precursor
qurpos ivas etireedadt rodne tqmipesat formtwendddoional Gensr dllieziatkture was
process conditions may include substrate tenperature
nangfeisedofo dhbher flabQ@0Mainppess of EuChEdEsmmbl) GuipendedSn 50 mL
Torr; and carrier gas flows of helium hydrogen,
rether.o Jbis, mxturamgo Btidéd 2SroemIOmpaaIIteadvetnigie A tisdnWstigpped to
approxi mately the sane as the vaporizer of 50 to

W2H6s. THRQ3AY refldae dapesiaticd widfpeR@RPE! x S0inl.)f IAfRE ebattion,
useful el ectrical properties (lowresistivity) and

Ngerﬁém%trﬁg wal cHﬂ?en@zﬁ&f {oegllghﬁ%gfoué)e Ghe sit%ﬁﬁ@ofﬁtlon was

or TaN), are al so achieved he process and

e;ia%emrﬁpmez@# afl h@ocp ﬁ&@ggtgfrngaé?%hﬁ%sTda .&anﬁ)q eﬁah loF ¥bout

of the deposited f Ically achieva
tggs.ough CVD or ALD technlques that preferably provide
a pathway to the achievenment of "full-fill" copper

g@ﬂﬁ | dré) M. SMWS ltﬂeqqungfﬂ (;fﬁ%ﬁ f%P %a%?l f2 12 rPr%m/l il,3-

vention, including atlo

&F‘EO@P‘%S/eﬁf‘dmnaE'ravmﬁ fLageliot Ch%?l%”n%éﬁ%q R L uTdioue) 123
B PR D0 AR e o R Tha S b SRR Gl Gl
LI W%Sﬁiﬁ'h%%é’ o8 bADRE R fos ooy 2§f§ampr<gpw-1 5

é%oho%%?knaé" SR S N
[004OiNay Ftlg%ref: u% ulS the ORTEP structure for copper (I) 2-isopropyl-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

yield was 60% and the melting point of the crystals was 108°C. 'H NMR (CsDg): &
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generati on devices, and enbodi es a substantial advance

in the art. [0035] The features and advantages of the
woepé@ndsvon are nore fully shown by the foll owa@mus2005/008416

illustrative and non-limting exanples. [0036] Exanple

1 Synthesis of copper (1)

24P segrapyH; [J(1B-H]i £ o plzo SH(EH: ), rPatde (fifd3,7 BHTMNECH;)2), 1.30

reaction was carried out under a steady flow of

rdoublegedH, A/(Be) enké f Has iCH@S;phar d&d WMRh @sBe)g &f 171.95

1, 3-di i sopropyl carbodiimde ((CH3)2CHN=C=NCH(CH 3),

e NTMNOPY) ). 3144.65 QCHICHL),Y, 44 t20¢N (G, M 7B(CH(CH ). | ce

bat h. Then, 32 nL of isopropyllithium(1l.6Min ether,

§042] Mplgurerasshaslsleiet STAMEC §ldt Foit beppem et dimalhlymino-1,3-

stirred mxture at about OOC. After the addition was

ARt BmidiMRel Wit & Weiils WithtBel tralspbi® At feediie rhatow 230°C,
for two additional hours. The ni xture was transferred

bt RVeRaEsidlapmkssweRWadmi ng 6 g of Cud (60.6 mml)
suspended in 50 nL ether. This m xture was stirred at

A7 ¢ CTFRRFAL Uk GhO \HTEIY bRl thhesppet (1) PREdmethyl 1,3-
dryg}essm)g?he s]ol id resi dueu was extéba{%t g(%l Wi trﬁ1 pgr??)z!\rhoe

Gﬁso’ér(%glgmmaté/'\ ﬂ(%mffﬁ‘é rdﬂﬁérlccéﬂucthllé%f %rbtof:‘h';}@urfd' ih (Heas()ﬁd state.

entrated to slightly cloudy. The saturated

20 e%&%?ls}{\@r? CrB|o u‘? aﬁ& & {){1%9 % Alathaya%%Rg]e C?aggal\atg%tﬁlt-metal

crysta Ct was O

er(:){%ct{oQo fve W Ey :l\l ?1591 1%2987%{;3?) cqaL A Hé ?ién’ilar to that

cop per (I pro
f Vi ngjtzpn%lofggusc%mpg&dgeaks d 1.20 (d 6H, (CH

[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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(br, 12H, (CH )2CH N), 3.20 (hept, IH CH), 3.45 (br,
IH CH), 3.95 (br, IH CH). [0039] Figure 2 shows the
WO IS pl ot for copper (1) 2-isopropyl -1, 3-PCT/US2005/008416
di i sopropyl am di nate. The nelting peak is about 16Q0C
and the residue is about 19% [0040] Figure 3 is the
ORTEP structure for copper (I) 2-isopropyl-I, 3-
di i sopropyl am di nate, showi ng the dineric structure of
t he conpound and 30% pr dEELCLAKMS t her mal el | i psoi ds.
0041] Exanple 2 Synthesis of copper (I)
m no-1,3- diisopropylandinate [0042] Neat
1, 3-dii sopropyl carbodiimde (12.37 g, 98 mol, 15.2
nm.) was slowy added to a solution of Li NMe2 (5 g, 98
oI ) Al f enerati on was
obse)rocg a%’ﬁreemﬁrgga}cctol; unr%%g%rfgﬁ\ﬁﬁasgstl rred for 1 hour.
Thereafter, 9.7 g of solid Cud (98 mmol) was added to
the reaction mxture in a dry box. The resulting
greeni sh suspension was stirred overnight and all
vol atiles were renoved in vacuum The residue was
washed in 150 nL of hexane. Filtrate was concentrated
in vacuum and pl aced i mrR'a refri gerator whereby neat
crystals grew overnight| The overall yield was 60% and
the nelting point of thg crystals was 1080C. 1H NWR
(C6D6) : d3.42 (septeys IH, J(HHK =6 Hz, CH(CH3)?2),
255 (singlet, B CH)Z) 1. 30 {glaub=et, 6H, J(HH)
=6 Hz, CH(CH)2) . 1\3\(: NVR (CGDG)/: d 171.95
N—Cu—N

R? R?

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, C3-C,
cycloalkyl, aryl, and hydrocarby!l derivatives of silyl groups;

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 another and is independently selected from
the 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 methyl

group.
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(Me2NC(N(i Pr)) 2), 48.61 (CH(CH3)2), 41.29 (N(CH)?2),
27.98 (CH(CH )2). [0043] Figure 4 shows the STA/ DSC

WO ploenodser copper (1) 2-di nmet hyl am no-1, 3- PCT/US2005/008416
di i sopropyl am di nate, which is volatile with the
transport tenperature bel ow 2300C, and having a
2esi dlibd aempeuridelobve!Enn 1f o4tk Kirgulae ceppes (Hhe-iQRIEBP!-1,3-
structure for copper (1) 2- dinethylamno-1, 3-
di i sogiisopsppplaindiinege @ copeo(d) Ardindtieylanined 3edisopromtamidinate.
the compound in the solid state. A relatively short
Cu-Cu di stance of 2.4152(17) A may indicate a weak
netal -nmetal interaction. The average Cu-N di stance is
3. 87518 cofypownind affeldim gqwhérein®i' mhd RF art dsoplopy] gobaper ved i n
anal ogous conpounds. [0045] While the invention has
been described herein with reference to various
speci fic enbodinments, it will be appreciated that the
KNV enAicopper pred@bortfbasildtion) dogrisiagtd ext ends to and
enconpasses various other nodifications and
enbodi nents, as wll be appreciated by those
ordinarily skilled in the art. Accordingly, the

I nventa) @Bop r@re&ﬁgb@l@andmn@smé fafuM: construed and

interpreted, in accordance with the ensuing clains. THE
CLAIM5 What is clainmed is: A copper precursor conpound
of the fornula: T T‘
/N——-Cu——N
R —C C—R3
\T——Cu———Nl
R? Flz"’

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

R? is selected from the group consisting of H, C-C¢ alkyl, C3-C; cycloalkyl,
aryl, hydrocarby! 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;-Cg alkyl, C3-C; cycloalkyl, aryl, and hydrocarbyl

derivatives of silyl groups; and

(b) a solvent composition for the precursor compound.
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wherein: RL and R2 may be the sanme as or different
from one another and each is independently sel ected

wo e@a043e0 gr oup consi sting of H, CpC al kyl, C3PCUS2005/008416
cycl oal kyl, aryl, and hydrocarbyl derivatives of silyl

- gioups,ﬁRSwis sel-ecied fromthe group consisting of H,

9 Ce al k r pr?cursg( i r}ﬁ%ia?iglll %X&owd%\l&&g}x% wCher sa1d dsoldgnt

derivati groups an ere
may Q Same as or g0t from one anot her and

isin “’°“tmlﬂWW%§ﬁ {%@mfroﬁpthe group consi sting of

H G -C alkyl, C3-C7 cycloal kyl, aryl, and hydrocar byl
derivatives of silyl groups; with the proviso t hat

o PR T AR R ¢ 8 v
Ij|o|r rsm dilﬁ?}?(ﬁ:g{)(g}ﬁ%éq{g;?sea 0%)] @%élted(flr(jm the group consisting of alkane,

2-di met hyl arni pe-|, 3-dii sopropyl am di nate. 3. The
conpdﬁﬂdeWeET%Wﬁﬁﬁg’“ﬁ@rein RL and Rr.2 are isopropyl
groups. 4. A copper precursor formulation, conprising:
(a) a copper precursor conpound of the for mul a:

wherein: RL and R2 nmay be the sane as or different

T-r om A FEePRER JHeraFsoR formaagipn jageording to claim 4, wherein said solvent

composition comprises a solvent selected from the group consisting of hexane,

heptane, octane, pentane, benzene, toluene, and dimethylformamide.
8. A method of depositing copper on a substrate, comprising:

(a) volatilizing 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,-C¢ alkyl, C;-C;

cycloalkyl, aryl, and hydrocarby! derivatives of silyl groups;
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i ndependently selected fromthe group consisting of H,

G -C alkyl, C3-C7 cycloal kyl, aryl, and hydrocar byl
walerswatspoves of silyl groups; R3 is sel ected fronusines/008416

group consisting of H CpC al kyl, C3-C cycl oal kyl,

aryl, hydrocarbyl derivatives of silyl groups and

NRARSR® isteteetc®droanthe FRhouByonsiginghe 15, 20BCASIKA! ch'C? keaI8ityl,

fromone another and is independently selected from

t he garplpydrosustys demgtiods dflsilfdl gréupdlakd NR&E3whére R* and R® may

cycl oal kyl, aryl, and hydrocarbyl derivatives of silyl

gr oupt; thasshe(d3)or aiffeRny Béth 06O BRARY hAPR iddRperldBfly selected from
precursor conpound. 5. A copper precursor formilation

accoré p@up QotsksahgbH, %F@g 8k, ég't:g c%:gc%p r,taasri%na?@g{oicé’rﬂyl

conprises an organi c sol vent’. 6. ecu

f or mdeataties SCHOr #hid; to claim 4, wherein said sol vent
conmposition conprises a solvent selected fromthe

gr oupRyigP IR FHVIRO A wRbKRNGnd 2 Vdr is@%fﬂgt?g&sam %gn otnae a

solvents. 7. A copper precursor for accor

to cliad (Y=Y | Nt conposi tion conprises
th914rouph tf% ?rgnl,nl?stoaggp\é)?,r%d

a sol vent “selec r‘oup consisting of
hexane, heptane, octane, pentane, benzene, tol uene,
and di net hyl formam de. 8. A nmethod of depositing

cop p?B) &Htagta@;’rﬁé Llre@frﬁr] é&?"é ; :irtilljlﬁliljle?&iastr(a?e) un\c/igrl e 6t:via|teid Ztérr?;?era%ure

Copper pre oF" 0

vapor decomposition conditions to deposit copper on the substrate.

9. The method of claim 8, wherein the copper is deposited under chemical vapor

deposition conditions.

10.  The method of claim 8, wherein the copper is deposited under atomic layer

deposition conditions.

11.  The method of claim 8, of the formula copper (I) 2-isopropyl-1,3-

diisopropylamidinate or copper (I) 2-dimethylamine-1 ,3-diisopropylamidinate.
12. The method of claim 8, wherein the substrate is a barrier material.

13. The method of claim 12, wherein the barrier material comprises a compound

selected from the group consisting of titanium nitride, titanium silicide,
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wherein: RL and R2 may be the sanme as or different
from one another and each is independently sel ected

wo beosmodsbe group consisting of H G -C al kyl, PB8F€%2005/008416
cycl oal kyl, aryl, and hydrocarbyl derivatives of silyl
groups; R3 is selected fromthe group consisting of H,
G - C thtalpin ni@ideClantumt oidicikly,| tantaluynl silidopchitides, mjdbium nitrides,
derivatives of silyl groups and NR4AR5, where R4 and R5
may beobiba sH@oe navsdesrturthisfeh aitedd, add tongs@neilgidet her and
I's independently selected fromthe group consisting of
H G -C alkyl, C3-C7 cycloal kyl, aryl, and hydrocar byl
derivatives of silyl groups; with the proviso that
wen Rie andhdd? ofir Sains ar apstkingdepaeBion R3f cappedt ode@rsa during
met hyl group, to forma precursor vapor; and (Db)
cont aghhutgtirbof iV ieRphkdlira@por wWith the substrate
under el evated tenperature vapor deconposition
conditions to deposit copper on the substrate. 9. The
nmet hod of claim8, wherein the copper is deposited
ynder Tieh@BhEdbf MARPE, c@ﬁﬁ}ﬂ%% HAR AR e Lo prebBrsor[RBhpound
nmet hod of claim8, wherein the copper is deposited

under,atpum B it . 11. The
s SR A
2-isopropyl -1, 3- _

16.  The method of claim 8, comprising delivering the copper precursor compound

to a process tool through use of a solid delivery system.

17.  The method of claim 8, wherein the temperature of the substrate is about 150°C

to about 400°C.
18. A method of depositing copper on a substrate, comprising:
(a) volatilizing a copper precursor formulation comprising:

(i) a copper precursor compound of the formula:



di i sopropyl am di nate or copper (1)
2-di nmet hyl am ne- |, 3-di i sopropyl am di nate. 12. The
woredohoabsed cl ai m 8, wherein the substrate i s aP®EUS$1085/008416
material. 13. The nethod of claim 12, wherein the
barri er material—corpfi ses a conpound sel ected from
the group consisting of_titaniumnitride, titanium
suicide, tantalumnitri dg, tantaRim suicide, tantalum
silicon nitrides, niobijumnitrides, niobiumsilicon
nitrides, tungsten nitNde CanraNungsten suicide. 14.
The net hod of cIain1&f{mherein deppsi ti on of copper
occurs during nBhTf&ture of an I 0 &ed circuit.
15. The nethod of clalNm 8, conprising delivering the
copper precursor conpodﬁa— —a process tool through
use of a liquid deliverb system/ 16. The nethod of
claim 8, conprising delR’vering Rhe copper precursor
conmpound to a process tool through use of a solid
delivery system 17. The nethod of claim8, wherein
the tenperature of the substrate is about 1500C to
about 4000C. 18. A nethod of depositing copper on a
substrat e V€&Hpri sing: (a) volatilizing a copper
precursor fornulation conprising: (i) a copper
pr ecur sor RcaprhBumdy b¢ thersame ax ondifieronidroni ene dRdthanahdRach is
may be the sane as or different from one anot her and
each i s independently selected from the group consisting of H, C,-Cs alkyl, Cs-

Cy cycloalkyl, aryl, and hydrocarby! derivatives of silyl groups;

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 another and is
independently selected from the group consisting of H, C,-Cs alkyl, Cs-

C; cycloalkyl, aryl, and hydrocarbyl derivatives of silyl groups; and
(ii) a solvent composition for the precursor compound,
to form a precursor vapor; and

(b) contacting the precursor vapor with the substrate under elevated temperature

vapor decomposition conditions to deposit copper on the substrate.

19.  The method of claim 18, wherein the copper is deposited under chemical vapor

deposition conditions.
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i ndependently selected fromthe group consisting of H,

G-Calkyl, C- C7 cycloalkyl, aryl, and hydrocar byl
wodeawiovgdo ves of silyl groups; R3 is sel ected PCOWS2INS008416

group consisting of H C)-C alkyl, C -C7 cycloal kyl,

aryl, hydrocarbyl- derivatives of silyl groups and

NRARS5, where R4 and R5 nmay be the sane as or different

fromone another and is independently selected from

2be gTFoumethod of steimd 8ofvherein Che @ppkkigldep@Bed @Fder atomic layer

cycl oal kyl, aryl, and hydrocarbyl derivatives of silyl

gr oupdgpostich ¢anditiomss.sol vent conposition for the

precursor conpound, to forma precursor vapor; and (b)

contacting the precursor vapor with the substrate

under el evated tenperature vapor deconposition

conditions to deposit copper on the substrate. 19. The

nmet hod of claim 18, wherein the copper is deposited

under chem cal vapor deposition conditions.0. The

nmet hod of claim 18, wherein the copper is deposited

under atom c | ayer deposition conditions.
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