ANTI MONY AND GERMANI UM COMPLEXES USEFUL FOR CVD ALD OF METAL THIN

FI LMS FI ELD OF THE | NVENTI ON [0001] The present invention relates to
antimony apg,g8hsR um conpl exes useful for CVD ALD of gygb@dyodskso
films, to conpositions including such conplexes and to processes ?
dep03|t|ng metal filns on substrates using such conpl exes and

conposi tions. RESGRNMTANNMANEMRBMETEXESUSEFYIOBURE WAL BRI des have
been utilized in infrared detectors, high- speed digital circuits,
quantum wel | structures and r cMEFAYTHINEILYS. i ti cal conponent toget her
with germanium ((Ge) and tellurium (Te) in phase change chal cogeni de
nonvol atil e nmenory technol ogy utilizing germani um antinony-tellerium

(Ge2Sb2Tes) filnms. [0003] PhMﬂM’EEHB&% access nenory (PRAM
devi ces based on Ge-Sb-Te ((|I ST{mét hin fi I utilize Efrevﬁl fsr

transition f O8N a @FWE&I IP‘{B’HQ“EG § 18 2ptigony fn WB‘H‘& GEPEER L assom at ed
with ChaHQESCmALE&‘InﬁialItMﬂ filiys, @fcortipastiofisi ichwiinperhob cdmmlexes &k dp pfocdssss fomat er i al
itself for .S per f ormance
reasons is dg Slméggnl'egpﬁr]%sro%%%gsﬁﬁn @]?cg!é ﬁ!ﬁ%ﬁh&%&&:}o@ﬁﬂz‘s chem cal vapor
deposition (CVD) and atom c | ayer deposition (ALD). [0004] Despite
their prom se, there are ppsoripRIGN GH THERALAERBYART f aci ng the efforts
bei ng made to grow reproduci ble, high-quality antinonide, Sb2Te3 and

GST films by E ang m%&@ema&e L@a’ﬁﬁ;zeﬁlﬁmfﬁ}ea B0\ ifoh-Beedl dRpiM LIRBBET At Ur €.
These challe i ncl ud

ted
number of anﬂ‘l@ﬂi‘h‘%”é@ﬂ“ﬁlﬁﬁ rﬁ@%ﬁ??ﬁ’?ﬁg’ﬂm@ P%‘e@r{t“%thygeﬁ?/mg’ﬁgglarg nost
bei ng al kyl - kgt (€ rip ebesd shasee chalcagnifde B8JtIEBSEY tchPloy3Bilizighd Ph3Sh

or hydride-b lylﬁgdm%rpégénﬁwpbg@ tﬁpsl—IS and these precursors suffer

front variou Iclencies 1 ncludin Wt
volatility, )Rt hefhass-crmperrinden ??eﬁga‘g%{%ﬁmﬂ)rf’eﬂ%ﬁaﬁg ée"r#f)gGST ures;
(2) the corrp&tniﬁhish:ﬁlizg/are)zfamslelmdnsncomfmmwhmwwbamnevlamstﬂhmylﬂfpﬁ ecursors

W th ger mani Ui Qo Es%'%&;vmﬂﬁeeﬁmrmm *rﬁe HRGEHA rr&a&erﬁlr ﬂéhsﬁeecr aS
their ability ero uci row mcro troni.c,devi CLLL

(1ST fil ms, a‘ﬁt‘}“”E'Fl‘é’a nﬁa’lﬂﬂ’e’ﬁ’i‘fﬁcﬁﬁﬁ?“ﬂEﬁ‘fsi‘"ﬂ%%"“i’\e&gs“ﬁée%“Feéf & pr ocess
difficulti esaschmhlud:bﬂg:ost&nmmbandttgmlctlayextdbpemﬁNﬂA:Lal| 0 and deconposition

tenperature; E DBS ite. t&e@pr&ﬂ@ tﬂ%hﬂsﬁ%af@&l@g&s‘c ﬁélrigﬁhefe@tﬁMnJ rom such

precursors a usce t| | e to carbon or rogtgmfcog %&b ion
deriving fr oi"f*FdFH‘egfb"r’ el hfgh&‘{am%é’}'i‘mf"léds&u‘ol e CahF SR P8t es, poor
nor phol ogy amemickypR®kitn ARkt lonaemiperttirg Thesi chalkiige ifchiderte follmﬁlizQS] Simlar
i ssues are encoup gk, lld’l!@ﬂ Blt?l%ef%yg’hllln@i? 'CIVDMD%Bglrs%ls%%ehtgrivéﬂ;blesU' table
ger mani um precur sors tjon Loéé’f ‘g&ks g use of
ger mani um pr et being pleyl- \”6"{“?“13 Wsﬁ‘ﬁh e ﬁ‘@:‘saf‘ Ry gf' | licon
films, e.g., coiptedshich aeShHs]anSWBETE WS REBHEETva(idRy Hefei@@ds including low

thermal stability, low volatility, synthetic difficulties and high delivery temperatures;

(2) the compatibility of such currently available antimony precursors with germanium
or tellurium precursors is undetermined as far as their ability to reproducibly grow
microelectronic device quality GST films, and the growth of antimonide films has associated
process difficulties, including sensitivity to the V/III ratio and decomposition temperature; and

(3) the deposited metal films formed from such precursors are susceptible to carbon or
heteroatom contamination deriving from the precursor that can result in low growth rates, poor
morphology and compositional variations in the films,

[0005] Similar issues are encountered in the availability and selection of suitable
germanium precursors for deposition of GST films, and in the use of germanium precursers for

forming epitaxially grown strained silicon films, e.g., SiGe films.
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WD 2008/ 057616PCT/ US2007/ 063830 [ 0006] Ger mane (CGeH4) is
conventionally used to formgermaniumfilns but requires deposition
t enper at ures _above 500C as well as rigorous safety controls and

equi pnent WOLHEPRIM | abl e Ge precursors require tenpefgfrﬂ'%é@wﬁffﬁ}’e
350C for deposition of Ge filnms, or otherw se exhibit insufficient
vapor pressures for transport or produce low filmgrowh rates.

| deal |y, the germani um precursor can be used in CVD ALD processes at
| ow t enper at'if%s, BATERLCH Ut CBYBOEE Wit BRI HFTF T Bt BSTIUF oy
thin fil ns ddpoditioglengeposs iboab0dEtae 9/l asnigomistshicty owtrglaadignuipmgpt ey

level s in thg;hessl gﬂe&%ojs!r%%ge tel;é%%@tzllaé DhoGP BBE UENE Sositibl 8¢ A Fitms, or

continues to seek new anti. y ger mani um precursors for use in
deposi tion Bfferwiss PELE FHfiFt MPpoRressiid fofeteaporhpr RRAugE IppEnhgrovdyrieind
ALD t echni quiesly, tf fédtiivimGhecdrbdic cdnNvENT iAW IH/A0D Blodhies prasemperdnnwsest i on
e e o ALY oAl D R S 3 P Bl oo B EUDLA P
correspondi ng netal-contarning thin fil'ms, 10 co o8It oNns 'inc udi ng
such pr ecur brcarbontmpyiipeievelsfn theariulge 8weéh precursors, and fil s and
m croel ect r moee deMiceiRequénod) Uk tas corlinidd @ Gdeld h@BantSbrYGnEdtElan RMGLIIiSDY S,
as well as correspondin nuf act.urin t hods Q9] I ne ect,
the i nventi %ﬁ “Fel'a e@%miog a C?r%ets%ofléué%rnrlﬁ eglﬁ s%%%c e dggﬂrsg']r% g‘r[rgnaéld b
conpl exes ofechigresul ae (A), (B), (O, (D) and (E)(1)-(E) (XVI):
Sb(NRI R2) (RBN(CR5R6) ", NR4) (A) wherein: R, R2, R3, and 124 nay be
the sane as or different fr i he e i ndependently
selected fromC -C6 al kyl, M@@?é @Y%ﬂ)@ al kenyl (e.g.,
vinyl, allyl, etc.), C3-C6 alkylsilyl, C6-Cl0 aryl, each of R5 and R6
may be the W88 asThgroregent freprdipn refafes ta eaoRyne Igermagivng prgpussors useful for
icnggpelnge nt llzynmbegft &_ekerllsxﬁrﬁg P‘?{é?e{l-@@@ﬂﬁng)gixmciﬁm@' ik wfnxxklpoleiaprgﬁir&aeﬁigosaéhky lc’lo
: al keny e.g., vin .a etc. - a silyl, an -
aryl: and n{arfcérsg{% riiemo%sg% ru]’aJPPgosIlh&llpr?cBrs%s, ia%dcfﬁ%}%% én,lcroexactromc device pro(auc%6
Sb(R1) (R2ZN( @Fmﬁptgr)sd gsﬁ@@)c@ Blecuptarsras wall as corresponding manufacturing methods.

[0009] In one aspect, the invention relates to a metal complex selected from among

complexes of formulae (A), (B), (C), (D) and (E)(D)-(E}XVI):

Sh(NR'R*)(R’N(CRR®),,NR®) (A)

wherein:

R!, R?, R’, and R* may be the same as or different from one another, and are independently
selected from C;-Cg alkyl, Cs-Cg cycloalkyl, C.-Cg alkenyl (e.g., vinyl, allyl, ete.), C5-C;
alkylsilyl, Ce-Cyp aryl,

each of R® and R® may be the same as or different from one another and are independently
selected from hydrogen, C;-Cs alkyl, C;-Cs cycloalkyl, C;-Cq alkenyl (e.g., vinyl, allyl, etc.),
C;-C; alkylsilyl, and Cs-Cyp aryl; and

mis an integer from 1 to 4 inclusive;

Sh(R)(R*N(CR'R’)NR’) (B)

wherein:



R, R2, and R3 may be the same as or different fromone another, and
are independently selected fromCl-C6 al kyl, C3-C6 cycloallcyl, C -C6
3

all cenyl ( vinyl, allyl, etc.), C3-C6 allcylsilyl, -
aryl ; eackﬁ%?oop"g‘“'}gﬂ(’d R5 may be the sanme as or di fferentpcsﬂ%m%gﬁégo
anot her and is independently selected from hydrogen, Cl1-C6 al kyl,
C3-C6 cycloalltyl, C2-C6 al kenyl (e.g., vinyl, allyl, etc.), C3-C6

al kylsilyl, _apd -Cl0 aryl; and . n is an integer from1l to 4

ncl usi ve; | Bb[aaeFS TaKpeesin P (e s onearo e s RePRdTsEler i

sanme as or GorhCeCediityl. i:-CoryolngkyhibChdkenglrielz. avigl, riydlepontdialkyisiyb beict ed

from hydr og@pcmg;}ﬁm al kyl, C3-C6 cycl oal kyl, C2-C6 al kenyl (e.g.,

vinyl, ally], etc.), silyl, C3-C6 allcylsilyl, C6-Cl0 aryl and

-NR4R5, wherein each of 124 and R5 is selected fromanong H and

Cl- C4; and ench sf Rhantd IR’ @getbe flie gamdast@ dBfeieniciraus br¢exnother and is independently

(R4) 11Sb( E( herej s (Rl 4 e

sane as or %eﬁg@%a%?y#ég?mdggﬁe& r%’(r};tsrggﬁdoggﬁg’gr%eﬁ% ég)%gﬁc@ﬁ%/r@fs%l ect ed

from Cl- C6 Si$oplkylsiylaekCoalycirdeky| , C3-C6 alylsilyl, 0-ClO aryl, and

al kyl am no of the formula -NRSR6 wherein each of R5 and R6 is

i ndependent | y ﬁ%ee%tf%gl fremH.and C1-C4 alkyl; Eis silicon (Si) or
nis a

mclnsive

germanium(@es); a nrnteger fromO0O to 3 inclusive; (E)

germani um precursors of the followng fornulae I-XVl: WO

2008/ 057616PCT/ US2007/ 063830 R2ZR3Nt ai Re / 9%d- \NRI R2 wherein:
Sh(R)3.o(NR'R’); ©

wherein:

R', R? and R* may be the samie as or different from one another and are independently selected
from hydrogen, C,-C; alkyl, C;-Cs cycloalkyl, C:-Cs alkenyl (e.g., vinyl, allyl, etc.), silyl, C;-Cs
alkylsilyl, Cg-Cyp aryl and -NR*R®, wherein each of R* and R’ is selected from among H and

C1-C4; and

n is an integer from O to 3 inclusive;

(R).SHER'R’R));z.0 (D)

wherein:

Rl, Rz, R:’, and R* may be the same as or different from one another, and are independently
selected from C,-C; alkyl, C5-Cy cycloalkyl, C;5-C; alylsilyl, Cs-Cyp aryl, and alkylamino of the
formula -NR°R® wherein each of R’ and R® is independently selected from H and C;-C, alkyl;
E is silicon (S1) or germanium (Ge); and

n is an integer from @ to 3 inclusive;

(E) germanium precursors of the following formulae I-XV1:



Rl and R2 may be the sane as or different fromone another, and are

i ndependently selected fromH, Cl1-C6 al kyl, C6-05 al kenyl, C5-C10

cycl oal kyl - ryl, and -Si (R3)3 wherein each R3 i

independeﬁ?? gé%%yfed fromCl-C6 al kyl; wherein: R aﬁgnwsmwgvngg

the sane as or different fromone another, and each Rand R is

i ndependently selected fromH, Cl1-C6 al kyl, C2-05 al kenyl, C5-C10

cycl oal kyl, CO-C10 aryl, and -Si (R3)3 wherein each 123 is

i ndependent selected fromCl-C6 alkyl; R in wherein: R R, R and
R, may be t *%Qne;%% or different fromone another, and each is

i ndependent |y se%écted fromH C3-C6 al kyl, C2-05 al kenyl, C5-C10

cycloalkyl,-&%&iﬂ@ﬁ&&gl, and -Si (R3)3 wherein each R3 is

independent??”selecté “from Cl-C6 al kyl ; wherein: R, Rl and R2 nmay

be the sane as Of different fromone another, and each is

i ndependently selected fromH, Cl1-C6 al kyl, C2-05 al kenyl, C3-C10

cycl oal kyl, f8-C10 aryl, and -Si (R3)3 wherein each R3 is

independentry selected from Cl-C6 alkyl; and nis an integer fromO

to 4 incl usRvad Ra (e peihp samepg or qiferent Gom pue anpilieropad) apéndapepdeply elseeds ane

?s or di ffefr@ﬂnl, Flr.oﬁlran@nez-amﬁelhﬁ,rcs-cap@clea@n dé.ﬁloialfyda}@frsldgm\bnéresﬁaelct :ad
romH, Cl1- allc -05. al ke .C3-C30 cycl oal kyl, C6-C10 aryl,

and - Si(R3 @SWﬂ??@?ﬁygé%ﬁ§ﬁ§n?§a¥%ﬁbpendentIy sel ected from Cl-C6

al kyl; wherein: Ris selected fromH, Cl-C6 al kyl, and C5-Cl0 aryl;

and
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wherein:

R and R’ may be the same as or different from one another, and each R and R’ is independently
selected from H, C,-Cq alkyl, C,-Cs alkenyl, Cs-Cyp cycloalkyl, Cs-Cyiy aryl, and -Si(R:)s

wherein each R; is independently selected from C,-Cy alkyl;

8
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wherein:
R, R’, R; and R, may be the same as or different from one another, and each is independently
selected from H, C,-Cs alkyl, C,-Cs alkenyl, Cs-C)y cycloalkyl, Cs-Ciy aryl, and -Si(R:);

wherein each R; is independently selected from C,-Cg alkyl;

R e DR Raky

3%



x is 0, 1 or 2; wherein: 121, 122, R3 and R4 may be the sane as or
different fromthe others, and each is independently selected from
anong H, Cl1-05 alkyl, C3-Cl cycloal kyl, C6-Cl10 aryl, and, - Sl

wherein e&%ﬂz‘%%?@yﬁ ndependently sel ected from Cl-C6 a|9§§{u§2‘(“%23§3“
wherein: R, Rs, 123, R4, and R5 may be the sane as or different from
one anot her, and each is independently selected fromanong H, Cl-C6
al kyl, silyl, -Si(R )3, C5-C10 cycloal kyl, C6-Cl10 aryl,

-(Cl-12),NR R', and -(Cl112)xORm wherein x =1, 2 or 3, and R, R
and R' may Bkerdihe sane as or different fromone another, and each is

i nde pen dent k}lRlszﬁlli bé ﬁlQ{gAn | as Q{S dﬂljeﬂéﬁlt ! fx;omhdné ar‘Mﬂl%lr, %cﬂéacﬁs i[ﬁl@&n y

be the sane as or?{g}nﬁieren rom one anot her, and are 1 ndepend tltIy
sel ect ed fr HFFEhIAY M, Ci&-HB) ik 1kengh - Clo @fetshl G ads 8SERy |
and - Si ( R3) 3haMdiesadi Ky, iciadpenRaitly Slebidfependralkylyasel ected from Cl - C6
al kyl; and each X is independently selected fromanong Cl-Cs al kyl,
Cl-C6 al koxy, -NRIR2, and -C(R3)3, wherein each of RI, R2 and R3 is

i ndependent i a8 wfege freg Ot bipslisiveCl - 6 al kyl, C3-C10 cycl oal kyl, C5-C10
aryl, and -Si (R4)3 wherein each R4 is independently selected from
Cl-C6 al kyl; wherein: RI, 122, R3 and R4 may be sane as or
different from onegainother, and are independently sel ected from anong
H, Cl-C6 al kyﬁ\_ C53Cl0.eycl oal kyl, C6-C10 aryl, and -Si (R3)3 wherein
each R3 is independeptly selected from Cl-C6 al kyl; wherein:

o~ i&‘"“ﬁf \Qg

]
R .
4

"v
wherein:
R, R?, R® R* R® and R® may be the same as or different from one another, and each is
independently selected from H, C;-Cs alkyl, C;-Cs alkenyl, Cs-Cy cycloalkyl, Cs-Cyp aryl, and -
Si(Rs); wherein each R; is independently selected from C;-C; alkyl;

s

g H

Sel S R ;
H

g

i
wherein:

R is selected from H, C;-Cq alkyl, and C¢-Cyq aryl; and

xis0, 1or2;

™
. o4
O L e

. N
N Ry

TH

whereir:

R;, R, R; and R, may be the same as or different from the others, and each is independently
selected from among H, C;-C; alkyl, Cs-C)p cycloalkyl, Cg-C)p aryl, and -Si(R3); wherein each
R; is independently selected from C;-Cg alkyl;



121, 12,,, R3 and Ry may be the same as or different from one

anot her, and are independently selected fromanong H, Cl-05 aIkyI
C3-C10 cycloalk C6-Cl10 aryl, and -Si (R3)3 mhereln each
|ndependeﬁY?§m§é5@Eied from C1-05 al kyl; wherein: ﬁ@“gﬁﬁw%ﬁﬁmR4
may be the sane as or different from one anot her, and are

i ndependently selected fromanong H, Cl1-C6 al kyl, C3-C10 cycl oal kyl,
C6-Cl10 aryl, and -Si (R3)3 wherein each R3 is independently sel ected
fromCl-C6 al kyl; 9%eal xiii wherein: RL and R may be the sane as or
different fromone another, and are independently sel ected from anong
H, Cl1-05 al kyl ,&;C3- ClOggycIoalkyI C5-C10 aryl, and -Si (R3)3 wherein
each R3 is indeperasy |y selected from Cl-C6 aIkyI R1Te(NR2R3) XV
wherein: Rlgg ¥ 2&apd R¥ my be the same as or different from one
anot her, and aregddependent|ly sel ected fromanong H, Cl1-C6 al kyl,

C5- C10 cycl oal kyl ,%€6- C10 aryl, and -Si (R3)3 wherein each R3 is

i ndependent |y sel’®gted from Cl-C6 al kyl; RIMTelt; XV wherein: Rl and
122 may be Nt 41' p different fromone another, and are

i ndependent |y ﬁ 2 fromanong H, Cl-C6 al kyl, Cs-Cm cycl oal kyl,
C6- Cl10 aryl, ané -Si( 3 wherein each R3 is independently sel ected
fromdG -C6 al kyl ; vand RIR2ZR3R4Ge xvi wherein: Rl, R2, R3, and R4 may
be the sane s .or different fromone another, and are independently
sel ected from atong H, Cl-C6 al kyl, C5-Cl0 cycloallcyl C6- C10 aryl,
and - Si ( R3) Bu: vtheReiRn wa R 1R beghd wde;ﬂemdéﬁfeteyt fieh eut agthfry o @Ik 86

al kyl . independently selected from among H, C;-Cs alkyl, silyl, -Si(R’), Cs-Cyo cycloalkyl, C5-Cyo
aryl, -(CHx)NR'R”, and -(CH,);OR™, wherein x = 1, 2 or 3, and R’, R” and R”’ may be the

same as or different from one another, and each is independently selected from C,-Cs alkyl;

wherein:

R’ and R” may be the same as or different from one another, and are independently selected
from among H, C,-Cs alkyl, Cs-Cio cycloalkyl, Cs-Cyo aryl, and -Si(R); wherein each R is
independently selected from C;-Cy alkyl; and

each X is independently selected from among C,-Cs alkyl, C,-Cy alkoxy, -NR'R?, and -C(R)s,
wherein each of R!, R® and R* is independently selected from H, C;-Cs alkyl, C;-Cyp cycloalkyl,
Cs-Cyp aryl, and -Si(R4)3 wherein each R is independently selected from C,-Cg alkyl;

Q@ . ,,!R-@
T g
s
=Y Ry

wherein:



[ 0010] I n anot her aspect, the invention relates to a vapor of an
above-descri bed netal conplex. [0011]1n another aspect, the invention
relates to a ‘ﬁ‘r ecursor m xture including germni um precurso

anti mony pYREWFEYPend tel | urium precursor, wherein at PF@&@{ZG"%@S%

t he germani um precursor and anti nony precursor includes a precursor
sel ected fromanong the netal conplexes of fornmulae (A, (B), (O,
(D) and (E) 1%— XVI) above. [0012]1n a further aspect, the invention
relates to %r o Br SUR: BEHRSSEDS 3 OrAIEETRpims pis groderrandre ledsprpficaty SRctehe

i nvention, fremamelW,enCs aed] OAT,, RBARJACFQ) irflpind aSifRE; twhakin kg R’ is

i nvention r%h%&%‘gﬂ#g&l&ghﬁggcq 4 Bosi ting netal on a substrate,

conprising contactfng the substrafe with precursor vapor conprising
vapor of a metal conplex of the invention. [0014] Additional aspects
of the invention relate to nmethods of making the precursors of the

i nvention. [OO%‘ ] A fudrt her aspect of the invention relates to

Sb( NMeE03, Sb( CH= r‘ZQAV.C),‘and Sb( CH2CH=C13- 03- [0016] I n anot her aspect,
the invention rel %t es t'o a packaged precursor supply system
conprising a g@ek’“é“gg%’cont aining a nmetal conplex of the invention. WO
2008/ 057616PCT/ US20G% 063830 [0017] Yet anot her aspect of the
invention relatesxo a germani um conpl ex whose structure and
properties are nore fully discussed hereinafter. [0018]1n another
aspect, thevhsmiention relates to a method of depositing gernani um on

a Ri, Ry, R; and R, may be the same as or different from one another, and are independently
selected from among H, C,-C; alkyl, Cs-Cy, cycloalkyl, Cs-Cy;y aryl, and -Si(R%; wherein each
R? is independently selected from C,-Cy alkyl;

wherein:

Ri, Ry, R; and Ry may be the same as or different from one another, and are independently
selected from among H, C;-Cy alkyl, Cs-Ciq cycloalkyl, Cs-C)g aryl, and -Si(R*); wherein each
R*is independently selected from C,-C; alkyl;

Re¥ely
R
wherein:
R; and R; may be the same as or different from one another, and are independently selected
from among H, C,-C alkyl, Cs-Cyy cycloalkyl, C¢-C)y aryl, and -Si(R*)s wherein each R® is
independently selected from C;-Cg alkyl;

R Te(NR:R:)
X1V

wherein:



substrate, conprising contacting the substrate with precursor vapor
conpri sing vapor of a germanium (11) corrpl ex selected from anong the
fol | ow ng: ) Ge-N ) 8111e3Si Mel S.: Me3 Si Meat' I\/eg g %@I

[ 0019] Anot%%?“”ﬁ@f’él:ﬁt of the invention relates to a net RG&U5HY (Pﬁ%’d
of depositing germaniumon a substrate, conprising contacting the
substrate with precursor vapor corrpri sing vapor of

di al kyl am notrii sopropyl ger mane 0020] The i nvention al so

cont enpl at e8v & P Se tipsts ey apos © 7 %?“?1@]13\9%?68?’ agare independently selected

di al kyl am néém iamegpt, dhyk aByINGAR), cycloalaylolHRy ardspe cSi(Raf; whérein ewlidats on.
[0021] One agp gde@gsglgggdlﬁm{@nél prelates to a nethod of depositing
ger mani um on trate, conprising contacting the substrate with a
precursor vapor conprising vapor of a germani um conpl ex including

| i gands sel ect eig]L? anmong allyl, benzyl, t-butyl, cylopentadienyl,
hydri de, phenyl 'f(? bi dentate am nes and N,

N- di al kyl et hyl edgdi ar ni ne. [ 0022] Anot her aspect of the invention
relates to formng a GST filmon a substrate, conprising contacting
t he substrakgm:t h a precursor vapor conpri sing vapor of a germani um
conpl ex of the.inven ntino r of
atelluri um&’corrfﬁ %Y ET %6% nort%f?erenggo%f:’?e a“?t{]%haélglmr%\}ré P‘%’Iﬁ% S‘c’llr,élg%es to
a di al kyl anfrmtamqgslb;ﬁ@pylkge@fﬁnad@dmhlQ»Cm aylgand -Si(R%); wherein each R is

di et hyl am nphdslddS@p MRM: §&H PRSI sha _

et hyl met hyl am notrii sopropyl germane. [0024] A still further aspect of
the invention relates to a nethod of formng a gernmani um containing
filmon a sub&RfaREe conprising contacting the substrate with a
precur sor vaporgygonpri si ngvapor of di et hyl am notrii sopropyl ger maneor

wherein:

R;, R,, Ry, and R, may be the same as or different from one another, and are independently
selected from among H, C;-C; alkyl, Cs-Cyo cycloalkyl, Cy-Cyp aryl, and -Si(R3)3 wherein each
R? is independently selected from C;-Cs alkyl.

[0010] In another aspect, the invention relates to a vapor of an above-described metal
complex.
[0011] In another aspect, the invention relates to a precursor mixture including germanium

precursor, antimony precursor and tellurium precursor, wherein at least one of flie germanium
precursor and antinmiony precursor includes a precursor selected from among the metal
complexes of formulae (A), (B), (C), (D) and (E)I)-(XVI) above.

[0012] In a further aspect, the invention relates to precursor composition comprising a
metal complex of the invention, in a solvent medium.

[0013] A further aspect of the invention relates to miethod of depositing metal on a
substrate, comprising contacting the substrate with precursor vapor comprising vapor of a metal
complex of the invention.

[0014] Additional aspects of the invention relate to methods of making the precursors of
the invention.

[0015] A further aspect of the invention relates to Sb(NMeEt);, Sb(CH=CMe,); and
Sh(CH,CH=CH,),.

[0016] In another aspect, the invention relates to a packaged precursor supply system

comprising a package containing a metal complex of the invention.



et hyl met hyl ami notrii sopropyl germane. [0025] A still further aspect of
the invention relates to a nethod of making a m croel ectroni c device,
conpri si ng{’échem cal vapor deposition or atom c |ayer degom tion of

net al - cont™P AY%Y5P19 m on a substrate froma precursor VapdiS2007/063830
conprising vapor of at |east one precursor as described herein.

[0026] Where a range of carbon nunbers is provided herein, in
description of a corresponding chemcal noiety, it is understood that
each inter v g c‘éwaﬁp maﬂﬁfétrofa% inypion fyhgs @ tan geEPngm FaRler viiFn g
car bon nunbefuctu@kideprdpertiéshtmosd fallyetkcused gagindfsr. enconpassed within the

i nvention, (Cl)
et hyl (CZ) ﬁ)%ﬂ% % f@jeﬂ:sg%l tI %nv%? I:c§aFc9%da rﬁeﬁ?&gﬁ%eﬁggﬂ%%e% n\?qc%

t he cheni caf® ?ﬁaieevaﬁw}g @eta@flg dwulaﬁém eyrfhmer:%w V@O’QCOH‘PF}%'IFgaYﬂ@Wth@hal n
or br anchedgermdnivREiN@ndpldk tctetd ordaioss aodusdad: sub-ranges of carbon
nunber wi thin specified carbon nunber ranges nmay independently be

i ncluded in small er carbon nunber ranges within the scope of the

i nvention, andh,t hat._ranges %fx car qg nunbers specifically excluding a
car bon numbef g ,,nuﬁ)er)s ar ex i‘m:J gﬂ““‘ %in tﬁé"fi nvedtfon, and
sub-ranges excudi ng..eit her mefbothmm car'fagn. ﬁuﬁ‘g'ég limts of
specified rang s aretal so included in the invéntion. [ 0027] As used
herein, the termfilm refers to a | ayer of deposited material having
a thi ckness bel ow 1000 m croneters, e.g., front such value down to

at om ¢ nonol0difer tAotknesst ehlhedgrenton relagsi o smeidgod i mathet of dffokimng

thi cknesses ge%and:%ﬂﬁ%ls&b%@ater@otn%ﬁéu@g' comt@YEd Be ﬁ&u&t@ %mpﬁréeﬁkérfi@po%on{phﬁng

i nvention ma el ow 100, 10, m croneters, or in
various thi P‘F”?WEE"@’?%“’B@W "P80, 100, or 50 nanoneters, depending
on the speciob20f appiei madntion alsmvohteregates| 0028 uistr iv@omabre[dismgla\tapcasofused

herein and hlﬁlk}lﬁﬁno%ﬂ&sﬂa%g m?ak@'in%ometr RBech b4l Rhiioh Or M6 " a"

a", "and", and
"the" include 5 ur al fents unl ess the context cl early dictat es
ot herwi se. 8829

] CYePeaists &Rt BYenfoa JFIRFe's 2ulod P SepeHEgt SR8 2
i nvention V\.tub&rrab,ecompﬁﬁgfcuﬂnkcyinmparbmte Vflﬂlcmprédﬂﬁoreﬁlﬁﬁmmdi@rﬂih§deﬁlSQfl’aE and

appended c| gén{lﬁmnﬁ'%hﬁ{ P%%G’é’%ngﬂi OEaéEHE %e% { gpﬁi%higlgﬁ buly SHOWS

t he nucl ear magneti c resonanc ectrum of FI'G 2
shows t he ntrPeddiepdduétidp.ehenglsBia filentagrattes thh Rygonegjamine.
[0032] FI G (30223 a Siolldd fspreoiUse inReitmlela@nal Joshisg é&M)ﬁhgroamsuBsnﬁte,

Sb(NVBEL) 3 c?oqgrising contacting the substrate with a precursor vapor comprising vapor of a germanium

complex of the invention, vapor of an antimony comiplex, and vapor of a tellurium complex.
[0023] Another aspect of the invention relates to a dialkylaminotriisopropylgermane
complex, e.g., diethylaminotriisopropylgermane and ethylmethylaminotriisopropylgermane.
[0024] A still further aspect of the invention relates to a method of forming a germanivm-
containing film on a substrate, comiprising contacting the substrate with a precursor vapor
comprising vapor of diethylaminotriisopropylgermane or
ethylmethylaminotriisopropylgermane.

[0025] A still further aspect of the invention relates to a method of making a
microelectronic device, comprising chemical vapor deposition or atomic layer deposition of a
metal-containing film on a substrate from a precursor vapor comprising vapor of at least one
precurser as described herein.

[0026] Where a range of carbon numbers is provided herein, in description of a
corresponding chemical moiety, it is understood that each intervening carbon number and any
other stated or intervening carbon number value in that stated range, is encompassed within the

invention, e.g., C;-Cg alkyl is understood as including methyl (C;), ethyl (Cz), propyl (Cs), butyl



Sb(NMe2) 3, in which percentage thernogravinetry (TG is plotted as a
function of tenperature, in degrees Centigrade. [0033]FIG 4(a) is a
gas chromat ogr a h (GC) spectrum for such

et hyl met hﬂ%gq Fjﬁ? P15 sopr opyl ger mane product, and FI G EFE’)USI"%W&“SN
correspondi ng tabul ati on of peak data for such GC spectrum FIG 4(c)
is a mass spectrumfor the ethyl nmethylam notriisopropyl gennane
product. FIG 4( dL shows the nucl ear nmagneti c resonance spectrum of

i Pr 3GeNEt MeCe} BRagh{Ge) #ad hgxy) gcshﬁndmchgr&é%tﬂmﬁaw be ggany conformation, e.g.,

et hyl net hy| awaihtrdiis br bgpied fbkige furtin endpistosiLing subsingasionNgutoh fifndeewithina |

scanni ng Caé QL JTBL ¥ LR B%g?ﬁ?%qep%m%ﬁtwr ‘fddﬁéghr Jnﬁllér-rgaond?}nﬁ)er as a

functi on of terrperature 1S an ni us
deposi ti on F&Ee, withip g ggope ofpthe Fventips tapd, fatgrngen glpgaghen P@P‘?Pifsnspemﬁcaﬂy
t enper at ur egxclhdlioNd Aok REnbedH EVRIRR inciuBed@e the RPMET ina Iauwvmtglas AEDR a

co-reactant elterorl?ngl OIYG'arbonn berhrgnso}s CJﬁeqezBOSslaltel t;] mglaif]t? in Ctlhemvent onn’ as a
function of "volu At anunoni X1 nt roduced th eposi

oper at i on. [0@1737] F‘PASG!SCCBhCII'ﬁsﬂ, dedume ity refersdpp é%’@rﬁf dtrotird @Pte%ﬁl émrﬁat ic

of a GST depickRssHtbw Qbﬂdlrlﬁemnl&ESTAELE@l RISl T ag‘_chHEoth/ N deCaN,
AND PREFERRE r esen I nv

rel ates to &ntt %?Hm’“s SEoY er?ﬁr?ﬁﬂrﬁ“ﬂ([’es eiﬂ‘r"]s o*?"é“egé“é* h Ko E\/Haﬁifb"
correspondi theg mrmtned maofet aiarmplnge bédwn 190, loror lm@crwqep@osn mlvems ﬂmiﬁlmdl ng

such precur ggfss beFRLHQ IS0, s}fsomkma&s a&b@lhhugroﬁglugp%aﬁ@appﬁmn ldvbm and
m croel ectr 84»80 devj ce (SI‘O ucts. manufactured usin ‘8ESUC CUI‘ SQrs,

as well as ! es pORAPHY DR BELRTUR PHG” Permrayed clpgh S6 T o ‘?Wénatl on
rel at es i n Gnd, ad 3o include phesrdiranselsssdfe candxi dpniydiprecthesdes, of the

fol I owi ng fmhéggl a%t(lé%)aspeét?)fc:ﬁﬂg in@)embﬁ%é\ﬂ?%e( B%N(lﬁﬁ&); mmgﬁily( A)

wher ei n: , may be the sane as or different from one
anot her, anﬂ’P%{?“éf‘?rﬁH‘éﬁ‘EﬂﬁfeﬂWWr%@FéRPF‘éi&d $4%m Cl - Cs al kyl, C3-Cs
cycl oal kyl, C2-C6 al kenyl (e.g., vinyl, allyl, etc.), C3- 06

al kyl'silyl, C6-Cl0 aryl,grigF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 shows the nuclear magnetic resonance spectrum of Sb(NMeEt);.

f0031) FIG. 2 shows the nuclear magnetic resonance spectrum of Sh{NMez)s.

[0032] FIG. 3 is a simultaneous thermal analysis (STA) graph for Sb(NMeEt); and
Sb(NMe,)s, in which percentage thermogravimetry (TG) is plotted as a function of temiperature,
in degrees Centigrade.

[0033] FIG. 4(@) 1is a gas chromatography (GC) spectrum for such
ethylmethylaminotriisopropylgermane product, and FIG. 4(b) is a corresponding tabulation of
peak data for such GC spectrum. FIG. 4(c) is a mass spectrum for the
ethylmethylantinotriisopropylgermane product. FIG. 4(d) shows the nuclear magnetic
resonance spectrum of [Pr;GeNEMe.

[0034] FIG. 5 is an STA spectrum of the ethylmethylaminotriisopropylgermane product,
showing differential scanning calorimetry (DSC) data and thermogravimetric (TG) data, as a
function of temperature.

[0035] FIG. 6 is an Arrhenius plot of deposition rate, in A/min, as a function of inverse
Kelvin temperature, showing the improvement in Ge deposition with ammonia co-reactant.
[0036] FIG. 7 is a plot of deposition rate, in A/fmin, as a function of volume percent
ammonia introduced in the deposition operation.

[0037] FIG. 8 is a schematic representation of a schematic of a GST device structure.
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each of R5 and R6 may be the same as or different from one anot her
and are independently selected from hydrogen, Cl-C6 al kyI C3-05
cycl oal kyl C‘H) C6_al kenyl (e.g., vinyl, allyl, etc.), - C6

al kyl si | yIWOZM&OPEEI16 10 aryl: and mis an integer from"fT{Uéz%w"“"?’"
i nclusive; Sb(RI)(RZN(CR4AR5", NR3) (B) wherein: R, R2, and R3 may be
the same as or different from one anot her, and are independently
sel ected from Cl- 05 aI kyl , C3- CG c cl oal kyl , C2 C6 al kenyl (e.g.,
vinyl, allyl, etREFAILERDESCRIR] ] ‘
and R5 may be the same as or EMBOBMEWTS‘TmmIe anot her and is
i ndependently sel ected from hydrogen, C1-C6 al kyl, C3-C6 cycl oal kyl,
C2 06 al kean.?JSﬁe ngTe pYésQ}ylin’ven@L(l %late?%[ﬁltl)hony%a ggrm%lr'nmtm%wrs\é}s’uséiﬂqor

C6- C10 aryl; dlnlsanlneg I nclusjve
Sbh(12.1) 3 " FKR@@) of ¢ompsporging rreialyconfrining phin f{ns, @ cERpsifiens ¢ iplnding Fachas or
di fferent fpr@dﬁts&ﬁ,&naﬂiﬁﬁﬁdﬁﬁfahﬁgmidﬁfrﬁmkdid@tpﬁmdﬁﬁﬂ|nycr®ﬁbtﬁmicﬂdvufelpﬂﬂilcts

hydr ogen, C C ., vinyl,
Ay Cetc, ;t B i st et i O P ropie Bl Sl bl
wherei n eac @ﬂ R4Th&n't¥emn r%atew @éﬂ@éﬁfw@m%&ﬁh apfinanRy PEIWSCR: Ofalﬁd n
i S an i nt egenodifigmmilat )3B) @akawysi ve. [ 0040] The invention in another

aspect relates to germany, 2 ; LJRn recursors of formula
(D): (R4)"Sb(E(RLR2R3)) 3 ,"fﬁlﬂv{ﬁ@%@“% " R3, and R4 may be the
sane as or different fromone another, and are independently sel ected
from Cl- C6 ghdeard:, C3-C6 cycloal kyl, C3-C6 alylsilyl, C6-Cl0 aryl, and
al kyl am no of the fornula -NRS5R6 wherein each of R5 and R6 is

i ndependent |y selected fromH and C1-C4 alkyl; Eis silicon (Si

ger mani um (K%}2 Rarfdd B may berihy e geer diffesns oont B‘leﬁﬂ‘?%Iaﬂ%Pﬂ?@l‘iel{BG@E The
foregoi ng pietewd S6m <, WRMIMIE CuEe tidloblyyleoptoueeyifes., WD and AbDcod, Sb,

alkylsilyl, C¢-Cyq aryl,

each of R® and R® may be the same as or different from one another and are independently
selected from hydrogen, C,-Cs alkyl, C;-C; cycloalkyl, Ca-Cs alkenyl (e.g., vinyl, allyl, ete.),
C;-Cs alkylsilyl, and Cg-Cig aryl; and

m is an integer from 1 to 4 inclusive;

Sb(R')}R*N(CR'R®),,NR?) (B)

wherein:

R', R? and R® may be the same as or different from one another, and are independently selected
from C;-Cy alkyl, Cs-Cy cycloalkyl, Cs-Cg alkenyl (e.g., vinyl, allyl, etc.), Cs-Cg alkylsilyl, and
Cs-Cio aryl;

each of R* and R® may be the same as or different from one another and is independently
selected from hydrogen, C,-Cs alkyl, C;-Cs cycloalkyl, C,-Cs alkenyl (e.g., vinyl, allyl, etc.),

C5-Cs alkylsilyl, and Cg-Cyp aryl; and

m is an integer from 1 to 4 inclusive;

SH(R")3 ,(NR'R’), ()
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Sb/ Ge, Shi Te and GST films. [0042] Such precursors nmay al so be used in
| ow tenperature deposition applications with reducing co-reactants
such as hydroge hydrogen pl asma, am nes, im nes, hydrazj
si | anes, 57 ﬁm@ﬂ@lcogenldes (e.qg., (NbSSOZTe) gernlaﬁésh%@maw?&m
GeH4), ammoni a, al kanes, al kenes and al |l cynes. [0043] When specific
precursors are in a liquid state, they may be used for liquid
delivery in neat liquid form [0044]Alternatively, when such
precursors are in aliquid or solid state, they may be enployed in
sui tabl e solvents, as a solution or suspension of the precursor. In
speci fic apphdamt i ons, suitable solvents for such purpose include
al kanes (e.g., hexane, heptane octane and pentane), aryl solvents
(e.qg., benzepe t ol uene), am nes & }g , trleth | am n
tertbutyl arrl‘nB) and Frﬁ“i‘l’e@ “lelt@‘?ﬁ %597 e g 8‘1‘“’%‘?‘? “fdﬁ&?f*ﬁ‘&“‘&lfB‘F%‘é‘ of a
speci fi ¢ sofruentdrogonPeSiatdylot:-ECoyclalkpalCaleat (cgntinoiiyl. qriediut €6 or
for a speci Irll?nffsﬂ?lnéﬁ'-@%) 1 0 SRS Qerkifd oo BORNA] ROR sMicleR £01AREJE LN UM
and tellurlu ecursors, may be readily determned, wthinthe skil
of the art b ﬂlon the disclosure herein, to select an appropriate
si ngl e conmponent or multiple conmponent solvent medi um for |iquid
delivery va . port of the specific precursor
conmponent (s Bl%égfﬁggnﬁﬁgﬁ%%?Pﬁ vari ous enbodi nents, where the
antinony precursor is in a solid state a solid dellvery systentnay
be utilized del.i very. of di urso
exanpl e t he[ E&i E- a'he (u} %o [n aaotlce]ee r’:spe/cé ?%l/)a?eg ndgge{}‘tgm% c{ stlprlsantlmt%ng I%recursors
connerciallwﬁ@VBhﬂ@ble frontATM , Inc., Danbury, COnnectlcut USA.
[ 0047] The antinmony precursors of the invention can be "fine-tuned" by
choi ce of appropriate subsii S.3.WM thin the hroad fornul ae set out
her ei nabove, to provide égéﬁpégﬁ%ﬁﬁ)ﬁbterlstlcsB%f thermal stability,
volatility and conpatibility with other co-reagents or conponents in
a mul ti-conpprgnt precursor system [0048]The ant i nony precursors of
the inventi are readi nthe5|zed nthetic routes incl
t hose descr ﬁl ealn‘g% mt%‘mfé] PR St S ffffﬁe//ﬁoﬁi‘%/%'?fd'?%r ap¢ arg I"I’élef’ée‘l‘?%tt’j’al
formula (A selected from C,-Cs alkyl, C;-Cs cycloalkyl, Cs-Cs alylsilyl, Cs-Cyo aryl, and alkylamino of the
formula -NR°R® wherein each of R® and R® is independently selected from H and C;-C, alkyl;

E is silicon (Si) or germanium (Ge); and
n is an integer from @ to 3 inclusive,

[0041] The foregoing precursors may be usefully employed for CVD and ALD of Sb,
Sb/Ge, Sb/Te and GST films.

{0042] Such precursors may also be used in low temperature deposition applications with
reducing co-reactants such as hydrogen, hydrogen plasma, amines, imines, hydrazines, silanes,
silyl chalcogenides (e.g., (Me;Si),Te), germanes (e.g., GeH,), ammonia, alkanes, alkenes and
alkynes.

[0043] When specific precursors are in a liquid state, they may be used for liquid delivery
in neat liquid form.

[0044] Alternatively., when such precursors are in a liquid or solid state, they may be
employed in suitable solvents, as a solution or suspension of the precursor. In specific

applications, suitable solvents for such purpose include alkanes (e.g., hexane, heptane, octane
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INRI R2) Sb-N R3-N --"ThCR3R6),n can for exanple be synthesized
according to the follow ng reaction schene (A): INRL R2) Sb-N-R4 Ra
“NC_ /6 6 (CRR)n, S bX3 + Li (NRLR2) + Li (R3N(CR5R6), "NR4) __and the
antimony prectPLeivios the general formula (B): R1L R2. NPEHUN200R463850
(CR4R5), can be synthesized according to the foll ow ng reaction
schene (B): SbX3 + 121MgX + Li (R2ZN(CR4R3), NR3) Rl Sb-N R3

and pentane), aryl solvents {(e.g., benzene, toluene), amines (e.g., tricthylamine, tert-

butylamine), imines, hydrazines and ethers.

[0045] The choice of a specific solvent composition for a particular antimony precursor or

for a specific antimony precursor in combination with other germanium and tellurium

precursors, may be readily determined, within the skill of the art based on the disclosure herein,

to select an appropriate single component or multiple component solvent medium for liquid

delivery vaporization and transport of the specific precursor component(s) involved.

[0046] In various embodiments, where the antimony precursor is in a solid state, a solid

delivery system may be utilized for delivery of the antimony precursor, such as for example the

ProE-Vap® solid delivery and vaporizer system commercially available from ATMI, Inc.,

Danbury, Connecticut, USA.

[0047] The antimony precursors of the invention can be "fine-tuned" by choice of

appropriate substituents, within the broad formwulae set out hereinabove, to provide desired

characteristics of thermal stability, volatility and compatibility with other co-reagents or

components in a multi-component precursor system.

[0048] The antimony precursors of the invention are readily synthesized, by synthetic

routes including those described below.

[0049] The antimony precursor of the general formula (A):

NR'R?)
Sb——N—R*
R3 N/
TGRSR

can for example be synthesized according to the following reaction scheme (A):

NR'R3
Shb—N—R?
R3 N/
T~CRR®),

$bX; + LIINR'R?) + Li(R’N(CR’R%),,NR") —

13



R2- N or by the follow ng reaction scheme (C): SbX3 + nR2( CR4R3)
R3NSiMe3 X Sb -N-R3 R2- N + RMX -> Rl Sb-NR3 R2 N /
(CRAR5) m %OS%TM anti nony precursor of the general formula _ﬁ{(a can
be fornmed B2 &Mt BYsis in a correspondi ng manner. [005FfFFiY&24HPF YNy
precursor of the general formula (D), having the follow ng structure:
(ER1IR2R3) (3-012 Sb n (R4) (ERL R2R3)(3_n)/2

and the antimony precursor of the general formula (B):

R1
Shb—N—R?

R2—N
\(CR4R5)m

can be synthesized according to the following reaction scheme (B):

SbX; + R"MgX + LiR*N(CR'R%),,NR*) —

R1
/S b7N—R3
RE—N
TR,

or by the following reaction scheme (C):

SbX; + mRY(CR*R®) R°NSiMe; —

|
/Sb-“—-N—RS
|=g2--——N\(G£4 -

14



E= Ge or Si can for exanple be synthesized according to the foll ow ng
reaction schenes (D), when n is zero, or (E), when nis 2:

(ER1IR2R3) 3-t%/2 (D) E= Ge or Si wherein X is halag élf§l uori ne,
broni ne, chPSMPAE%19 odine). WD 2008/ 057616PCT/ US2007/ BEXSSHTBEEY | n
t he foregoing synthetic exanples, RWX and RLi can be used as
alternative synthesis reagents. [0053] As specific exanpl es
illustrative of precursors of the invention, the precursors

Sb( NMeEt ) 3, Sb(CH=COWe2) 3, Sh(CH2CH=CH2) 3 and Sb(NWe2)3 were

synt hesi zed and chdracterized. The precursors Sb(Nwe2)3 and

Sb( NMeEt ) 3 were deéglm'lqgﬁﬁio exhi bit photosensitivity and therefore
to require storage in container protected fromlight exposure or in
ot her phot o-mest®tiant packaging, to avoid |light-induced deconposition
thereof. Simlar conyCE® Rtions are applicable to Sb(CH-CMe2)3 and
Sb(CH2CH=CH2) 3. [0054]FIG 1 shows the nuclear nmagnetic resonance
spectrum of Sb(NMeEt)3 and FIG 2

[0050] The antimony precursor of the general formula (C) can be formed by synthesis in a
corresponding manner.
[0051] The antimony precursor of the general formula (D), having the following structure:

(ER'R2R%)(3.ny2

Sb,

/ \(ER1 R2R?)

E=GeorSi

n(R4) {3-ny2

can for example be synthesized according to the following reaction schemes (D), when n is

zero, or (E), when n is 2:

(ER'R?R®) (32
NasSb /(Li;Sb) + (3-nE(R'RZRYX ——> /Sb\
ER'R?R®)5.
(nis0) {(R% { )3-ny2
(D)
(R%
E(R'RZR3)X |
Sb(R%)s + 2 Li —— Sb(R*),Li - Sb\
(nis2) (R4)/ (ERTR®RY)

E=Geor Si
(B

wherein X is halo (fluorine, bromine, chlorine, iodine).
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shows the nucl ear magnetic resonance spectrum of Sb(Nwe2) 3.
[0055]FIG 3 is a si mul t aneous thermal analysis (STA) graph for these
t wo precursors NMVeEt ) 3 and Sb(NMe2)3, in which percenta

t her mogr aWy ¢’ QST ) is plotted as a function of tenp@FEﬂE%@”“Pﬁm
degrees Centigrade. [0056] The invention in another aspect relates to

germani um precursors useful for CVD and ALL) deposition of germani um
films on substrates, of the following fornulae |-XVI: RZRRa %R11.4"Ri

R2 wher ei n: (082 anglnphe forgggingpanthetie e?&ﬁﬁs FMeck andRLf ganehspusedyas pliggiive
anot her, aneynﬂhéﬁmgdrependently sel ected from H Cl C6 al kyl, C2-05

S |ndepend ted erern

the sane asSI?iN t?sif éP@HFCM%mS@W@*%&}hbrand 2T ML hvee eﬁﬁ@thse'zedr Sﬂd

I ndependent I:Hﬁ.ra&aizaﬂ ted pfc&ﬁmslﬂb(l\mc'z)g@dabtﬂl\h&]it) Wer@&-t@dﬂﬁ&ny |ex111b@$h@3~0
cycl oal kyl, '

e mandiont FgY dninterere B CyblR) i o MR RoB Qb Perpppre cpin o1 1.

other photo -resistant packaging, to avoid Ilght induced decomposition thereof. Similar
considerations are applicable to Sb{CH=CMe;); and $b(CH:CH=CH,),.

[0054] FIG. 1 shows the nuclear magnetic resonance spectrum of Sb(NMeEt); and FIG. 2
shows the nuclear magnetic resonance spectrum of Sb(NMe,)s.

[0055] FIG. 3 is a simultaneous thermal analysis (STA) graph for these two precursors,
Sb(NMeEt); and Sb(NMe,); in which percentage thermogravimetry (TG) is plotted as a
function of temperature, in degrees Centigrade.

[0056] The invention in another aspect relates to germanium precursors useful for CVD

and ALD deposition of germanium films on substrates, of the following formulae - XVL:

PR ARy
vy
= &
R

\}C—
RPN HRR2

wherein:

R, and R, may be the same as or different from one ancther, and are independently selected
from H, C;-Cs alkyl, C;-Cs alkenyl, Cs-C,p cycloalkyl, Cs-Ciy aryl, and -Si(R;); wherein each
Rs is independently selected from C;-C; alkyl;

!:l 3
¥ +
R i l &
Nt .m_\ P ,ﬁ-ie-..mrw
po g '\:‘-i-"‘“‘d\\ .
B ¥
wherein:

R and R’ may be the same as or different from one another, and each R and R’ is independently
selected from H, C;-Cy alkyl, C,-Cs alkenyl, Cs-Cyp cycloalkyl, Ce-Cyp aryl, and -Si(Rj);
wherein each R; is independently selected from C,-Cg alkyl;
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R, R, R and R2 may be the sane as or different from one anot her,
and each is independently selected fromH, Cl1-C6 alkyl, C -Cs

al kenyl 7 lpal kyl, C6-Cl10 aryl, and -Si (R3)3
i's |ndepende%?1y séfected from Cl-C6 aIkyI (1114,. WQ%&ﬁbﬂm%ﬁ&QNFB

wherein: R Rl and R2 may be the sane as or dlfferent fron1one

anot her, and each is independently selected fromH, Cl-05 al kyl,

C2- 05 al kenyl, C3-C20 cycl oal kyl, C5-Cl10 aryl, and -Si (R3)3 wherein
each R3 is independently selected from Cl-05 alkyl; and n is an
integer fromO to 44 nclusive; wherein: R, R2, 123, R4, R5 and R6
may be the sane as dr different fromone another, and each is
|ndependentlﬁ~selec§£d frggmH Cl-C6 al kyl, C2- C3 al kenyl, C3-C10
cycl oal kyl , C6-CIGMéﬁylﬁ-and - Si(R3)3 wherein each R3 is
|ndependently selectedﬂhgon1C1 C6 al kyl ; j4 wherein: 12 is selected
fromH, C1- Og.aVFVhﬁ ‘and "G88#€10 aryl ; and x is 0, 1 or 2; wherein:
R1, 12,, nd R4 y be the sane as or different fromthe others,
and each is indepengengfy selected fromanong H Cl-C6 al kyl, C5-C10
cycl oal kyl, C6-Cl10 aryl, and -Si (R3)3 wherein each R3 is
|ndependentﬂ®ﬁ@%lected from Cl- C6 al kyl; vtil

R, R’, R, and R; may be the same as or different from one another, and each is independently
selected from H, C;-Cq alkyl, C,-Cs alkenyl, Cs-Cip cycloalkyl, Cs-Cyo aryl, and -Si{R;);

wherein each R; is independently selected from C,-Cy alkyl;
"R-:%MG*LWER.?%

33

wherein:
R, R, and R, may be the same as or different from one another, and each is independently
selected from H, C;-C; alkyl, C;-C; alkenyl, Cs-Cyp cycloalkyl, Ce-Cyo aryl, and -Si(R;);

wherein each R; is independently selected from C,-Cs alkyl; and

n is an integer from 0 to 4 inclusive;

%
R xb

gy
VN
§ et

i _."" \;
F%f-f“f JL‘M?.‘{‘ gs.

g%

wherein:

R!, R R? R* R® and R® may be the same as or different from one another, and each is
independently selected from H, C;-C; alkyl, C,-Cs alkenyl, Cs5-Cyo cycloalkyl, Cs-Cyp aryl, and -
Si(Rs); wherein each R; is independently selected from C,-Cs alkyl;
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wherein: R, 122, R3, R4, and R5 may be the sane as or different from
one anot her, and each is independently sel ected fron1anDng H, CI-05
al kyl , sikyl C6-Ci o cycl oal kyl, C6-Cl10 aryl, -(CH2)"NR R’
_(CH2) OR" WQRWBIT1S = 1, 2 or 3, and R, R and R’ ;‘/’CE@SM%{”@%
as or different fromone another, and each i s independently sel ected
fromG -C6 al kyl; wherein: R and R’ may be the sanme as or
different fromone another, and are independently selected from anong
H, C1-C6 al kylr, ©5-C,0 cycloalkyl C5-Cl10 aryl, and -Si (R3)3 wherein
each R3 is in eﬁﬁhggujJ isel ected from C1-00 aIkyI and each X is
|ndependentF? selected}¥n9n1annng Cl1-C6 al kyl, C1- 5 al koxy,
-N123122, and - C({23) 3, wherein each of R, R2 and R3 is
independently selected fromH, Cl-C6 al kyl, C5-Cl10 cycl oal kyl, C5-Cl10
aryl, and -®pe) 3 wherein each R4 is independently selected from
Cl- C6 al kyl g ;swhedie@if@dm H 8 1¢, aligRandRB.cane; &b may be sanme as or different
fromone another, and are independently selected fromanong H, Cl-C6
al kyl, C5-C10 cycloallcyl, C6-Cl0 aryl, and -Si (R3)3 wherein each R3
i s i ndependen®] yorgel ected from Cl-C6 al kyl; wherein: 121, 12,, R3
and R4 may be the sane as or different fromone another, and are
i ndependently selected fromanong H, Cl1-C6 al kyl, C5-C10 cycl oal kyl,
C6-Cl10 aryl, and -Si (R3)3 wherein each R3 is independently sel ected
from Cl- C6 aIkyI wherein: 121, R2, R3 and R4 may be the same as or
different fr one anotfiar, and are independently sel ected from anong
H Cl1-C6 al kyl, h{Bbllﬁ'cycloalkyl C6-Cl10 aryl, and -Si (R3)3 wherein
each R3 is |n¢épendent?¥ selected from Cl-C6 al kyl; RITel kt wherein:
121 and R2 may bet%he same as or different from one anot her, and are
i ndependent |y sel &tt ed fromanong H Cl1-C6 al kyl, C5-C10 cycloalkyl
C6- C10 aryl,, E%nf Si (R3)3 wherein each R3 is |ndependently sel ected
fromCl -Co a?

Ry, Ra R; and R, may be the same as or different from the others, and each is independently

selected from among H, C;-C; alkyl, Cs-Cyo cycloalkyl, Cs-Cig aryl, and -Si(Rs); wherein each

R, is independently selected from C;-Cs alkyl;

¥iil

wherein:

R, Rz, Rs, Ry, and Rs; may be the same as or different from one another, and each is
independently selected from among H, C;-Cs alkyl, silyl, -Si(R");, Cs-Cio cycloalkyl, Ce-Cio
aryl, -(CH;)NR'R”, and -(CH}),OR™, wherein x = 1, 2 or 3, and R*, R” and R”" may be the

same as or different from one another, and each is independently selected from C,-C; alkyl;
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141Te(NR2143) XV wherein: 121, R2 and R3 may be the sanme as or
different fromone another, and are independently sel ected from anong
H Cl1-C6 alk C5- C10 cycl oal kyl, C6-C10 aryl, and Sl ERS 3 wherein
each R3 |§”?%‘H'§/B%7ﬁﬁ"ently sel ected from Cl- C6 al kyl : FS38(7/063830
wherein: RL and R2 may be the sanme as or different from one anot her,
and are independently selected fromanong H, C1-00 al kyl, C5-C10

cycl oal kyl, C0-Cl10 aryl, and -Si (R3)3 wherein each R3 is

i ndependent ly sel est edk,f rom Cl- C6 al kyl; and RI R2ZR3R4Ge XVI wherein:
121, R3, and R4 rray bert he sane as or different from one anot her, and
are i ndependent.l. sajﬂeck“e.dwfsr om anong H, C1-05 al kyl, C5-C10

cycl oal kyl, C5- C¥‘3tary1 and -Si (R3)3 wherein each 123 IS
independently sel €€t ed¥from C1- C6 al kyl . [0057] The synthesis of the
above-descri bed ger m&ni um precursors can variously be carried out in
a ready manner, utilizing synthetic preparations of the types
variously SWIE)WH“ below. In each instance RwCl, RwBr, RwWI, RLi, and
RNa can be Risad Risnaplbt te nateiay er diffagpe fros oneFanothdyeand aJ@@Bm&ndr;atty sblecteds ed
in p| ace of fngﬁg;lé‘irg CN& alﬁﬁnc t@m E)@BL].@)QQ%—@%MMBL&@) @Bﬁm e@f"i is

Na( C5R5) can be used as an alternative ) reover,

mul ti-step §'9°rﬂf‘ﬂ@tﬂﬁéeleéiﬁf)f’?i’é€hcﬁr?ﬁ? ‘B8 enpl oyed to generate m xed al kyl
speci es through oxidative addition to a Ge(H) conplex to generate
Ge(1V) pr eci) E@%ﬂdeﬁdéﬁ@%ctpdeﬁ'o%%noﬁlg &(%i'kyw 8 a!lkg%ﬁl I(IRIB2 R:lldeé&l)g,

R R1GeNR" 2R L s 5.
wherein each of R, R and R’ is independently selected from H, C;-C; alkyl, Cs-Ciy cycloalkyl,

Cs-Cuo aryl, and -Si(R*); wherein each R? is independently selected from C,-Cg alkyl;

%, S

™~ . o«
W G 0¥

73

m.
‘"’E

wherein:

R}, Ra, R; and Ry may be same as or different from one another, and are independently selected
from among H, C,-Cs alkyl, Cs-Cyp cycloalkyl, Cs-Cig aryl, and -Si(R*; wherein each R® is
independently selected from C,-C; alkyl;

&
R, 33

N
%; _ﬁﬁ‘-.
o \w\,.. ! <
ﬁ;" 3
Ry
XX
wherein:
R;, Ry, Ry and R, may be the same as or different from one another, and are independently
selected from among H, C,-C; alkyl, Cs-Cyp cycloalkyl, C4-Cyp aryl, and -Si(R*); wherein each

R? is independently selected from C;-C; alkyl;
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wherein: R R, and R'" may be the sane as or different from one
anot her, and each is independently selected fromH, Cl-C6 al kyl,

C2- 05 aI Kk 0 cycloal kyl, B-C10 aryl, and -Si
each R5 i §p| %dlelgsgyn ently sel ect ed from Cl-C6 al kyl , %Bﬁﬁ@zo‘ﬂ%ﬁ’{sgﬁa

MyCl, MgBr, or Mgl. Germanium (I1V) Precursors for GST Fil s LINtyle
109, , N\Nkke, / Pe iMec,t1 or MnBui% M, or (c) 2H ti N e2 OK. 14 -
LiNR2 111. Ciet' N—R)4

wherein:

Ri, Ra, Ry and R, may be the same as or different from one another, and are independently
selected from among H, C,-Cg alkyl, Cs-C,, cycloalkyl, C¢-Cy aryl, and -Si(R?); wherein each
R®is independently selected from C;-Cg alkyl;

BTelly
REE
wherein:
R; and R; may be the same as or different from one another, and are independently selected
from among H, C;-Cs alkyl, Cs-Cyy cycloalkyl, C¢-Cyyp aryl, and -Si(R%, wherein each R® is
independently selected from C,-C; alkyl;

R;Te(NR.R3)
X1v
wherein:
R;, R; and R; may be the same as or different from one another, and are independently selected
from among H, C,-Cs alkyl, Cs-Cyy cycloalkyl, Cs-Cyg aryl, and -Si(R3); wherein each R; is
independently selected from C;-C; alkyl;

Hy'Te-TeR;
b 4%

wherein:

R; and R, may be the same as or different from one another, and are independently selected
from among H, C,-Cs alkyl, Cs-Cyo cycloalkyl, C4-Cio aryl, and -Si(R*); wherein each R* is
independently selected from C;-Cg alkyl; and

R 1R2R3R4Ge
XVl

wherein:
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R Me, Et, iPr,
tetraal | yl ger mani um conpl ex

can be forned front such

tetrachl orogemmi um starting materi al
Grignard r"é‘gé‘%’ﬁ‘fmﬁ*ﬁVQCl, wherein R* is allyl
Films t-Bu.1l-Su Ligt-Bu, N@&-N ;fall GearL2Na(CcHs)
2NaCl R =C=NR + ;IR + GeCl2-L RR NN ,\,\

using a correspondin
Ge Precuf§d

Bu or combi nations and correspondingly a

afapdtagr

Ge(C4Hs) 2 +

Ry, Ry, R;, and Ry may be the same as or different from one another, and are independently
selected from among H, C;-Cg alkyl, Cs-Cyo cycloalkyl, Cg-Cyg aryl, and -Si(R*); wherein each
R? is independently selected from C;-Cs alkyl.

[0057]
carried out in a ready manner, utilizing synthetic preparations of the types variously shown
In each instance RMgCl, RMgBr, RMgl, RLi, and RNa can be used as alternative
reagents. Further, GeBr, can be used in place of GeCly; LiNR; can be replaced by NaNR; or
KNR,; and Na(CsRs) can be used as an alternative to K(CsRs).

The synthesis of the above-described germanium precursors can variously be

below.

Moreover, a multi-step
synthetic approach may be employed to generate mixed alkyl species through oxidative

addition to a Ge(Il) complex to generate Ge(IV) precursors, as shown below:

GeCl, + RM —» R,Ge ﬁh- R,R'GeCl
R,R'GeNR", R,R'GeR"
wherein:

R, R’, and R”’ may be the same as or different from one another, and each is independently
selected from H, C,-Cg alkyl, C;-Cs alkenyl, Cs-Cjo cycloalkyl, Cs-Cp aryl, and -Si(Rj);
wherein each R; is independently selected from C;-Cg alkyl, and M is Li, Na, MgCi, MgBr, or
Mgl.

Germanium (IV) Precursors for GST Films

o, &l e Jiken
S ia) Likhe, o
! -2 be
SN f £ nBULE &N
of Lo + Hihe et Ndlep

Gelly + LiNK,

'

Ge{NFak
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Bu or contbinations
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RMad]
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:

NoC(CHi | s G Cl4, -

,,6 C(CHab CCH,
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RadgX

—_— 'R’KG{-:{R}%_&

or R°Ls

G’ 1 N .
- hmiy Lial
{Rﬂ"}%@e{ﬁ);_x &GE(R)_;_\
\ ;‘/ BabdgCi 7 %
.GQ - JEns .....{lq\\ f‘}}
\\." . ) '.\,\ “.‘j‘
ar \c: Ci e e

and correspondingly a tetraallylgermanium complex

_

&

-
>
i3

"
2
° \
3 R

|

can be formed from such tetrachlorogermanium starting material using a corresponding allyl

Grignard reagent R*MgCl, wherein R* is allyl

F[{ =
. |
ML h oF
14- o &Se
w N
' By
o L . R 5 \R M
L i
- .
G2 &
A N/ \T,ﬁ_.._a N/
|
i R R
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\ Ge" C(CHah (1(CHA3 !De: CCCH2)3 [0058] 111

ustrative CGe(ll)

conpounds that may be usefully enployed for CVD or ALD of

germani umcontaining filnms include the follow ng:
H=P- Ce- C. - 256k ea8Ne284, 1e3

i nvention, dialkyl am noi sopropyl genmme

Ge Precursors for GST Films

W, Si Me3

[ 0059] I n various enb&&THSHIVTOEE3 he

- ) LBu ABu
GeCl-t + UNEBY, — - e
£Bu By
GeClyb + 2NaiCgHsl — .  GelCaHs)y, + 2ZNall
‘,N‘\ /_N
RN=C=NR + (R + GeChi — = xl{ 88 ek
SN
N N
R R
T{Hek C{CH:
A l\. e
| N £4N LN
GaCl + — i  3a
“Rid -E4,NHC W T
| gt |
CilHaYy C{Hgk
Lzu
(I:{CHEE ‘?{CHg}g
P:L: T
o e 2 o
I.TE‘LJE—'L + 5 ——. ‘ _G;a"
L N
gL ! :
C{GHgh CECHal
GiCHak CHCHe
ML . :
- g -2Lic PN
FelizL + "E. [ l /GE :
RE N
C{GHals SicH,1,

[0658]

germanium-containing films include the following:

Ilustrative Ge(l) conmpounds that may be usefully employed for CVD or ALD of

Sikdes

SiMes

Y § ) ;
= [N . Sitles Sibez Sibiey
¢ e & ™, ' N X - s
{  R—Ge—N 3} J—Ge—N H-C—Se—C-R
xr‘\ ,-}{"“‘f Bivle, Rille; Sihies
u -~ ! =
3

[0059] In various embodiments of the invention,

synthesized by a reaction scheme such as that shown below:
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dialkylaminoisopropylgermane
precursors are used for CVD/ALD formation of GST thin films.

Such precursars may be



precursors are used for CVD/ALD formation of GST thin filnms. Such
precursors may be synthesized by a reaction schenme such as that shown
below. to form gernmani um conpl exes such as: Pe. Nkt eEt £0060 The
above- descY? B 6 mani um precursors are useful for CVBCHVG20RF/Pe3830
applications, to deposit germaniumcontaining filns on substrates.

Tet r aki sam doger manes and trii sopropyl am nes useful for such
applications and anenable to transport with a heated bubbler include,
for exanple, Ge(NWe,,)4, Ge(NEtMe)4, Ge(NEt2)4, iPr3Ged, iPr3GNwi,
i Pr3GeNEt M2, and i Pr3CGeNE12. The volatility of the gernmani um
precursors of the invention can pe repdily nmeasured by STA
t her nogravi metd;i ¢ tgchni que (e..gi, by erm ni ng mater
under at nospherinc fr esstie® i n ar gen)~ and Gormal ysi s, |
20081057616PCT/ US2007/ 063830 [ 0061§kn specitic renbddiifent S\
ger mani um pr ecu sor'st of the presgnt Mmvention containi ng| al ky
substituents, isopropyl substitants are in_many cases preferred over
net hyl groups due to the ability! of theN$8BFopyl substituents to
under go beta-hydrogen elimnation, therebw facilitating | ow

t enperature deconposition processing of the g ré?piun1precursor,

ransport

wi t hout producing significant carbon residuye. |[3062] Nitrogen
cont ai ni ng ger mani um precursors of the inventilon hdve the intrinsic
benefit in many applications of nediating so i nedr por ati on of
nitrogen in final films. In this respect, Si- land N*doped GST

materi als have | ower reset currents, thereby enabling a | ower
tenperaturewghase-chan e Eo occur. [0063] As an additional advantage,
~various ger [Tane sPHEEU? SEPS* B t'A% i nventi on undergo hydroger nol ysi s
coupling reactions to form Ge-Ge bonds, via the reaction R3GeNR 2 +
R3GeH - >R3Ge- GeRi

2 NEdeEt Je— R

Sikles

: : Bildes

[0060] The above-described germanium precursors are useful for CVD and ALD
applications, to deposit germanium-containing films on substrates. Tetrakisamidogermanes and
triisopropylamines useful for such applications and amenable to transport with a hieated bubbler
include, for example, Ge(NMe,),, Ge(NEtMe),, Ge(NEt), iPr;GeCl, iPryGeNMe,,
iPr;GeNEtMe, and iPr;GeNEt». The volatility of the germanium precursors of the invention can
be readily measured by STA thermogravimetric technique (e.g., by determining material

transport under atmospheric pressure in argon) and GC analysis.
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to yield digem ane CVD precursors enabling highly efficient
Ge-containing fil mdeposition to be achieved, in relation to
nono- ger mane precursors. [0064] The germani um precursors of the

i nventi on WAAMBBHOEM n a wide variety of |igand speci es PAYURHEIGEY
thereof. Such ligands may for exanple include, without limtation,
allyl, benzyl, t-butyl, cylopentadienyl, hydride, phenyl, and aIkyI.
Bi dentate am nes (e.g. N, Ndiallcylethyl enedi am ne) can al so be used.
[ 0065] The gEPeRhni ulh sPeeitcu ooty f (Farmgin reqcaigrts 9t $hsl presersninpntion

s uzpe nsi on i:dataamg gm%ai sdbsdsaéd'tsv Bbpyoph PsbsiiueHdLare u.s,haag ciukl ;Iraa}ee oS i@t

nmedi a, or e

Co- cont ai ni EF £18 5, SL1er d s POL R Ra T SORe b o shmingieps peq
her ei nabov etherebyr fadiigativg lof tembezaters decpwppyitipy prosgrsgigrog thsf gexniypium rppeewrsar.on.

[ 0066] I n US@,ﬂ%ﬁtpruélslgmﬁgﬁpddfb&%ﬁuethe Ge precursor may be deposited
separately or in c ination wth other precursors, . wi.t h Sb and
Tl comt exelV@heh i br e RIS IS Fh Ghr AN § BBy
GST fil ns. bD&HH e ppplicegidns af madixger e incopraion sfagogdtih&iahflentn Gisi S

Ce(triisopr QE}%&) Mgk Wéﬁ%&@m&ﬁk,hakﬂ&@é r&M QR OBy R LE! Blaaf ter
as GePNEM Thi s precursor can be enployed to dep05|t germani um on a

substrate a'[e‘ngf'ﬂi‘i“lr%&ha% BEBHEPEPon process conditions, e.g., deposition
t enper at ur e[0dé3] & rangeddifionkirovmB3E0Grine dhlfs pra:mdorabf e ﬁ%ﬁﬂh&mdle@g’c)gi ng

from subat 1' sistcu i cHon e < Qi thd (Do’ @NGE of from
MRARRELEG{ SuhPeLalIRSANeld @e)b(n?d Gy nd fucfly

about 0.5 eres or nore In Table | belowis
a listing of filmdeposit G?NR’a‘t%?ﬂiin*%ﬁ*@ﬁ?@rm/ m nute, at varying
t enper at ur etgitd qideRsntICeD @RAGM s cdbEng Highly «HRRASG dottiniaf filEdep@IitibtI® 0N

substrates ger levteyfnrﬁgt %Ml&og‘%ym%ge%sggl ivered to the substrate in a

carrier gas f Standard cubic centineters
per mnute. [0[’@@68]%1313@341“1“ FiefusoDeop 8 iiveian Ratcentygh 2 Gaderramftueh ligand
Deposi t ed aped¥aray hb@ticl @FREf 3&di m@ana@ﬁla}Pfoeaamp]e ifeRO] khthdan Bmitation, allyl,

:g?ﬁegggu{)eﬁg?@: 4%’2‘6? nBope%aty enyl dndeg 1eny zHlI;y? Qldenta eogn;‘mcs (ee gS %\}Il‘ﬁ 8

dialkylethylenediamine) can also be used.

[0065] The germanium precursors can be delivered in solution or suspension in a liquid
delivery technique, using suitable solvent media, or may be delivered for vapor phase
desposition of Ge-containing films by solid delivery techniques, e.g., as described hereinabove
in respect of the antimony precursors of the invention.

[0066] In use as CVD/ALD precursors, the Ge precursor may be deposited separately or in
combination with other precursors, e.g., with Sb and Te complexes such as iPr;Sb, Sb(NRa)s,
iPr;Te and Te(NR»); to form GST films.

[0067] One  illustrative  germanium  precursor of  the  invention  is
Ge(triisopropyl)(methylethylamide), referred to sometimes hercinafter as GePNEM. This
precursor can be employed to deposit germanium on a substrate at suitable deposition process
conditions, e.g., deposition temperature in a range of from 300°C to 450°C, and at pressure
ranging from subatmospheric to superatmospheric (e.g., in a range of from about 0.5 torr to 15
atmospheres or more). Set out in Table I below is a listing of film deposition rate, in
Angstroms/minute, at varying temperature and pressure conditions, for deposition of
germanium on substrates from the GePNEM precursor, delivered to the substrate in a carrier
gas flow of hydrogen gas at 200 standard cubic centimeters per minute.

[0068] Table I

Film Deposition Rate of Germanium Deposited at Varying Temperature and Pressure

Conditions
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0.14 Almn 0.35 AAmn 320 0.001686341 0. 45 AJm n 340 0.001631321
1.32 Amn 0.8 AAmn 360 0.001579779 1.48 Almn 1.28 AAmn 380
0.001531394 2.4 Almin 2.7 Alm n 400

WO 2008/057616 PCT/US2007/063830
Temperature Temperature Pressure Pressure
(°C) 1T (K 0.8 torx 8 torr
300 0.001745201 0.14 A/min | 0.35 A/min
320 0.001686341 0.45 A/min
340 0.001631321 1.32 A/min | 0.8 A/min
360 0001579779 | 1.43 A/min | 1.28 A/min
380 0.001531394 2.4 A/min | 2.7 A/min
400 0.001485884 3.4 Amin | 2.3 A/min
420 0.001443001 6.8 A/min | 10.5 A/min
440 0.001403 6.5 A/min

GePNEM deposition with 200 SCCM H,

[0069]

from the GePNEM precursor, deposition carried out for a period of 16 minutes gave the

In another determination of film thicknesses of germanium achieved by deposition

following results: (i) temperature = 400°C, pressure = 800 miilitorr, reactant gas Ha, film
thickness = 57 A; (ii) temperature = 400°C, pressure = 800 millitorr, reactant gas NH;, film
thickness = 94 A; and {iil) temperature = 400°C, pressure = 8000 millitorr, reactant gas H, film
thickness = 36 A. These results evidence the suitability of GePNEM for forming germanium or
germanium-containing thin films on substrates by vapor deposition techniques.

[0070]

inclnding germanium preeursor, antimony precursor and tellurium precursor, wherein at least

In various specific embodiments, the invention contemplates a precursor mixture

one of the germanium precursor and antimony precursor includes a precursor selected from
among the metal complexes of formulae (A), (B), (C). (D) and (E)I)-(XVI) described
hereinabove.

[0071]

precursors. Such antimony precursors are suitable for use in forming GST films, in conjunction

In another aspect, the invention contemplates additional classes of antimony

with the use of suitable germanium and tellurium precursors.
[0072]
(), (), (D, (K}, (L) and (M), as defined below:

Such additional classes of antimony precursors include those of formulae (F), (G),

(F) aminidates, guanidates and isoureates of the formula:

R7,SB[R'NC(X)NR?],.,
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0.001485884 3.4 Almin 2.3 A/mn 420 0.001443001 6.8 A/lmn 10.5 Almin
440 0.001403 6.5 Almn GePNEM deposition with 200 SCCM H2 [0069] I n

anot her d ] ron of filmthicknesses of gernmani um =V
deposi ti o%&?@ﬁ@%i“o@mw precursor, deposition carri g@t‘f%?ﬂﬂ?@?sg%@
period of 16 rrinutes gave the following results: (i) tenperature =
400C pr essure =800 mllitorr, reactant gas H2, filmthickness = 57
A (i) rrﬁfrature = 400C, pressure = 800 mllitorr, reactant gas

i -

NH3, filmtHA'CRYess = 94 A/ and (iii) tenperature = 400C, pressure =
8000 mi || it @here carleRiciraRt is gaepekd@ytlyfs¢lécted frin g predh Cl—CC%()’Acs-Q'JﬂE}S@ﬂKéSm ts

evidence the _guih{apild h@ﬁereﬁﬁfwmflme pen @1} Rt SEF AR

ger mani um cont ai A ng thin filnms on subst rat'es by vapor dep05| tion
techni ques. [0070] 1 n various specific enbodiments, the invention
cont enpl at esacla Xpis delepesdnidynsededidr o aodog dl g alg@qyma\rﬁ“mm@r ERy:Selferein

antimony pr &%ﬁ'&fﬁ?rw%ﬂ@ﬂl@lnh&éﬂd% idefelt o c"\ﬂ%ﬁf . thcfr‘)ﬁﬁ}l, Qe of

t he ger mani um precur sor recursor U €S a precursor

sel ect ed fr &tk 2HAoHG b Heershpiech R &Wﬁ?@%@%ﬁecwd&wﬂmﬁeﬂm (B), (O,
(D) and (E)(1)-(XVl) described herei nabove. [0071] I n anot her aspect,

the invention, ﬁ%ﬁ%@@h&%t?ysseﬁﬁgd &AnPﬂ?Jng?:'bésﬁﬁoﬁy,o&Raf{“ AnHD&lég%Iﬁ%% RS Or'S-

Such anti nony pr écursors -are

i n conjunct Fgélh"fvﬁ tH and " i dndenstdeatlyjselestst &ow &% Frafi Werk Gndo P)@IOPliiSrlal %Tﬁm

pr ecur sors. aryl, -8i(R’);, and -Ge(R*); wherein each R? is independently selected from C,-Cg alkyl; and
n is an integer from O to 3;
() tetra-alkyl guanidates of the formula:
R Sb[(R'RHNCINR'RH)N)]5.0
wherein:
each of R! and R? is independently selected from among H, C;-C; alkyl, Cs-C,, cycloalkyl,

Cs-Cioaryl, and -Si(R%), wherein each R’ is independently selected from C,-Cs alkyl;

each of R* and R* is independently selected from H, C,-Cq alkyl, Cs-Cyp cycloalkyl, Cp-Cparyl,
and -Si(R®); wherein each R’ is independently selected from C,-Cg alkyl;

each R® is independently selected from among C;-Cs alkoxy, ~NR®R’, and -C(R®);, wherein
each of R®, R” and R% is independently selected from H, C,-C; alkyl, Cs-Cq cycloalkyl, Cs-Cyy
aryl, -Si(R9)3, and -Ge(R9)3 wherein each R’ is independently selected from C;-Cy alkyl; and

n is an integer from 0 to 3.

(H) carbamates and thiocarbamates of the formula:

R*,Sb[(ECCE];.»
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[ 0072] Such additional classes of antinony precursors include those of
formulae (F), (Q, (H, (1), (J), (K, (L) and (M, as defined bel ow
(F) am nidates, guanidates and isoureates of the fornula:

12. 7" Sb[ RNEP XRIEE,  wherei n: where each R and R2 i s PCRYSHEHEEHY v
selected fromanong H, C -C6 al kyl, C5-Cl10 cycl oal kyl, C6-C20 aryl,
and -Si (R3)3 wherein each R3 is independently selected from Cl1-C6

al kyl ; each X is independently selected from anong Cl-C6 al koxy,
-NR4125, an#her@:R6) 3, wherein each of R4, R5 and R6 is independently

sel ected frga ks 1@pe§1§én%] Jé])éétad f@l aglgn% (§§G§ la]Q@(Iy k—WR}R Chid CAR ki dkkein aNd
-Si (R3) 3 wherein

pe d fromC al kyI
each le is FRYYSe é‘ﬁlﬁ V! IF‘P‘%‘ ﬁlr%ﬁ 8@%9' Gie ﬁ%@s}lky][
and - C(121) &yl aﬂdcle?l(@ﬁnwmhadﬂs udemdmmemtw fios: Gufdepdndent | y
selected fromH C-C6 al kyl, C5-C10 cycl oal kyl, Co-Gm aryl,
-Si (123) 3, and - Ge( 123) 3 wher ei n each le is i ndependent |y sel ect ed

f Cl- C6 f al kyl
guani dat o5 9F &L BN eRE ol FEAC AR e o) o S0 G
each of 121leslnef RRR® i B ndr@pm@e&ytsmct@éﬂoedi @dcaquthaﬁmglowcﬂ&%

al kyl, C3- G sy i @%L kyd(r®), Gtrefeih QacB R ks md@;;aﬁhen@lsé@%h%om/@@cpmm each R9

i's |ndependently selected from Cl-C6 al kKyl; each of R3 and le is

i ndependently selected fromH, Cl-C6 al kyl, C5-00 cycl oal kyl, C6-C10
aryl, and -Si (R9)3 wherein each R9 is independently selected from
Cl1- C6 al kyl EiseitiehOReS:iaed | ndependent |y sel ected from anong Cl- C6

al koxy, -NR6R7, and -C(128)3, wherein each of R6, R7 and 128 is

i ndependently selected fromH, Cl-C6 al kyl, C3-Cl0 cycl oal kyl, C6-C10

aryl, -Si (R9)3, ;.05 %(OP_Q)B wherei n each R9 i s independently
sel ected from G ngemrf and nis an integer fromO to 3. (H)

carbamat es and thi ocar bamat es of the formula: R4"Sb[(EC(X) E]3."

(D) beta-diketonates, diketoiminates, and diketiiminates, of the formulae:

[OC(R})CCX)CR)O0L;..Sb(R?),
[OCR*)CEOCRM)NRY30Sb(R?),
[R*NCRMCEOCR)NR )]5.08b(R ),
[(R*OCE=0)C(X)CR)STSb(R™),

where each of R’,R%, R* and R* is independently selected from among H, C,-Cs alkyl, Cs-Cio
cycloalkyl, C¢-Cyp aryl, and -Si(R%); wherein each R® is independently selected from C;-Cg

alkyl;

cach X is independently selected from among C,-Cg alkoxy, —-NR®R’, and -C(R®);, wherein
each of RG, R” and R® is independently selected from H, C,-Cs alkyl, Cs-Cyp cycloalkyl, Cs-Cio
aryl, and -Si(R%); wherein each R® is independently selected from C,-Cy alkyl;

each R®is independently selected from among guanidinate, aminidate, isoureate, allyl, C;-Cs
alkoxy, -NR’R'%, and -C(R™")s, wherein each of R’, R' and R"! is independently selected from
H, C,-Cs alkyl, Cs-Cyo cycloalkyl, Cs-Cyo aryl, -Si(R%)s, and -Ge(R®); wherein each R®is
independently selected from C;-Cs alkyl; and
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wherein: each X is independently selected fromanong Cl-C6 al | wxy,
-NR1R2, and -C(R3)3, wherein each of RI, R2 and R3 is independently
sel ect ed fromH Cl1-C6 al kyl, C3-Cl10 cycl oal kyl, C6-C10 aryl, and

-Si (R5) 3 WHRRWHMSTEHCh RS i | ndependent | y sel ect ed fr oRfFEVSZE7/443%3P ;
each R4 is independently selected fromanong Cl-05 al koxy, -N122122,
and -C(122)3, wherein each of RI, R2 and R3 is independently sel ect ed
fromH Cl1-C6 al kyl, C5-Cl10 cycloallcyl, C6-Cl0 aryl, and -Si (R5) 3,
-Ge(R5)3 wherein each R5 is independently selected from Cl-05 al kyl ;
Eis eithergQadheSrididws.is an integer fromO to 3; (I)

bet a- di ket onates, di ketoi m nates, and di ketiimnates, of the
formulae: [0OC(123) C(X) C(R2)0b. 03b(R5), [O0C(R3)C(X)C(R2) N(R1)]3Sb(R5)"
[ RANC( 123) GIXg phaNpmuld:3Sh( R5) " KR3) 0C( =0) C( X) C(R2) S] 3Sb( R5) n where
each of 121,R2, 123 and R4 is independently selected fromanong H,
Cl1-GC6 al kyl, GC3-C10 eal kyl, C6-Cl10 aryl, and -Si (R6)3 wherein
each R6 is @hﬁe%’ ﬁg%ﬁggﬁ%@%"ect ed fromC -Cs al kyl; each X is
independentduyI&éb[eidow(X)ﬂ(mRimsQng Cl- C6 alLkoxy - NR6R7, and - C(R8) 3,
wherein eac L S independently selected fromH, Cl-C6
al kyl , - S%ﬁRRRZICFmé%{G@& O aryl, and -Si (R6)3 wherein each R6
i's mdepend% th RP¥om C1- 6 aI kyl; each R5 is independently
sel ected from am)ng guanl di nate, am nidate, isoureate, allyl, Cl-C6
al koxy, -NROR1, and -C(RI1)3, wherein each of RO, RI and Rl1l is

i ndlepenge?t bierse180 RER® hfQMis moGaen@@ﬂ,aJeisMédfm%n% @(@LD?A ladlcm C6- C10
ary i erei.n

sel ect ed fr#ﬁ"%ﬁ%@%ﬁﬁ@ﬁ““) gh‘ﬁ)s wherpig e lhﬁ i e@%ﬁ“e“rﬂ P 1% él.’é(ﬁ(a)
allyls of téeiformulae: (i): RA"SH[RINC(X)C(R2R3)]3," (ii):

R4" Sb[ (1210) NC(X)C(R2R3))]3. " (1ii): RA"Sb[(RIR5)NC(X) C(R2R3))] 3,

(iv): RASORONGLX) O(R2123)) ]
each X Is mdependently selected from among C;-Cg alkoxy, -NR'R? and -C(R%;, wherein

each of R}, R*and R%is independently selected from H, C;-C; alkyl, C5-C,, cycloalkyl, C¢-Cip
aryl, and -Si(R®%); wherein each RCis independently selected from C,-Cs alkyl;

each R is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiniinates, diketiiminates, C,-Cs alkoxy, -NR'R®, and -C(R®);, wherein each
of R”, R* and R? is independently selected from H, C,-Cs alkyl, C5-Cyo cycloalkyl, Cs-Cyp aryl, -
Si(R%)s, and -Ge(R®); wherein each R® is independently selected from C,-Cs alkyl; and

n is an integer from 0 to 3.

(L) eyclopentadienyl (Cp) antimony compounds wherein the Cp moiety is of the formulae:

Ry

Rs Ry

29



where each 121, R2, 123 and R5 is independently selected fromanong H,
Cl-C6 allcyl, C5-Cl10 cycloal kyl, C5-C10 aryl, and -Si (R6)3 wherein
each R6 is_independently selected from Cl-C6 al kyl; ea i

i ndependeﬁ??%oog’ﬁ:l"’é@t ed from anong C1-05 al koxy, -NRl Rzggﬁéi"%w%"s
wherein each of R, 122 and R3 is independently selected fromH,
Cl-C6 allcyl, C3-Cl10 cycloal kyl, C6-C10 aryl, and -Si (R6)3 wherein
each R6 is independently selected from Cl-05 al kyl ; eagh R4 |s

i ndependent | y seTeER&H! PFRnRafoRiggBasit By ioipwges ohfiffrPR e de others,

i sour eat es, andeica dhikiepeodeatycslectdi floataoomg hgébd @8, Ci-@h-kBli €A redityeino,Ck- C6
al koxy, -NRA1Z5, ~aad,; SalcyMIAr €1, HBEN RGENIR DRy RNQ2 R RP S
i ndependent If}grgléFlg(glf%c?%’rEg%aHy 1-C6 l“gpcglgl’, Cs- O cycl oal k%l , C5-C10
aryl, - Si(R5)bshesteeas exdiffpparaner gohereatneRsinfependaii sdssus e G-
sel ect ed fr ok, andperdhit Uandsamtthding fusictiadml grodpep@bviditigfodr doordidatiof ko)

cycl opent adj eny!l nt | | ' is of
t%e fgr mul a{(lalga%mor{y%gmgﬁ%oél}‘ g[}% %&eecgegh%lg% H%ﬁa%%}%‘l %QJ}%J}%&@%& can be
t he sane asinifoaliyyliapdacatilalkyly ging hefobetiegfermulagid each i s i ndependently
sel ected from anong hydrogen, G -Cr alkyl, C1-Cl2 O Cl10 aryl, Ci1L-Cr
al koxy, C3-0 alkylsilyl, C2-Cl2allsenyl, RLR2NNR3, wherein R, R2 and
R3 may be the sane as ﬁ¥ different fromone another and each is
i ndependent |y sel ected|from Cl - Co.Fd kyl, and pendant |igands
i ncluding functional g @.LL%M“T)W ding further coordination to the
antinony central atonj|ahd |séFected from anong ami noal kyl,
al koxyal kyl , aryl oxyal gyl F‘{‘n‘i doalffeyl , and acetyl al kyl, having the
following formulae: RI137 | 'sl /| Sa R4 Re am noal kyl s wherein: die
nmet hyl ene (-CH2-) noiety could al f.er nat ively be anot her dival ent
hydr ocar byl noiety; egth di* R1- Ract s the same as or different from
one another, w th eagh :bei |ng [ n.d"ép\é‘nﬂ_g_ant‘gl y selected from anong
hydrogen, Cl-Cs al'kyl famd 06=CrQ_ar yf<">dach of R5 and R6 is the sanme
as or different fromtlhe olt her, \v\i::ﬂh *eath being independently
sel ected from anong CF=0 dfkyl: n and mare each sel ected
i ndependent|ly as having a valug .of .,fromO0 to 4, with the proviso that
mand n cannot be O at the sane tine, and x is selected from1 to 5;
Ft a. wherein: the methylene (-CH,-) moiety could alternatively be another divalent hydrocarbyl
moiety; each of R,-R, is the same as or different from one another, with each being
independently selected from among hydrogen, C,-Cs alkyl and Cs-Cp aryl; each of Rs and R is
the same as or different from the other, with each being independently selected from among C,-
Cs alkyl; n and m are each selected independently as having a value of from 0 to 4, with the

proviso that m and n cannot be Q at the same time, and x is selected from 1 to 5;

py

4

9

£ kY
i

g
FlH

& : )
3 {¥ Fs

>

RS

B—_3
T —— g}

2

&

alkoxyalkyls and aryloxyalkyls

wherein each of R;-R4 is the same as or different from one another, with each being
independently selected from among hydrogen, C,-Cy alkyl, and C4-Cyp aryl; Rs is selected from
among C,-Cgalkyl, and C4-Cip aryl; and n and m are selected independently as having a value

of from 0 to 4, with the proviso that m and n cannot be 0 at the same time;
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S. \ 0 S| en R2Fi 4 al koxyal kyl s and aryl oxyaLkyl s wherein each of
RI-R4 is the sane as or different fromone another, with each being

| ndepender\,pbymfg@kﬁ;ﬁt ed from anong hydrogen, Cl-C6 al kybCT@ggm%ggbo
aryl; R5 is selected fromanong Cl-C6 al kyl, and C6-Cl10 aryl; and n
and m are sel ected i ndependently as having a value of fromO to 4,
with the proviso that mand n cannot be 0 at the sane tine; -EC c"A
113 ti ,k1/4/n 12 R14 CNRir R apd

R: BRs BRs
and
R R
L /N
—tchr{gr=c(
| A
R: Ry
imidoalkyl

wherein each of R;, R; R, Ry, Rs is the same as or different from one another, with each being
independently selected from among hydrogen, C;-Cs alkyl, and Ce-Co aryl; each of R,*, R, is
the same as or different from one another, with each being independently selected from C,-Cs
alkyl, and C4-C,yp aryl; and n and m are selected independently from 0 to 4, with the proviso that

m and n cannot be 0 at the same thme;

Rs
./
m \T;n C\

ury

m—(‘]—m

2 R

acetylalkyls
wherein each of R;-Ry is the same as or different from one another, with each being
independently selected from among hydrogen, C;-Cg alkyl, and Cs-Cyg aryl; Rs is selected from
among C,;-Cg alkyl, Cs4-Cyp aryl, and C,-C; alkoxy; and n and m are selected independently from

0 to 4, with the proviso that m and n cannot be 0 at the same time;
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RIR3 1/R1' -1C/ 111 19rN=C R2' 11 R2 R4 imdoal kyl wherein each of Rh
R2, R39 R49 R5 is the sanme as or different fromone another, wth
each being independently selected from anong hydrogen, Cl-C6 al kyl,
and C6- CLOVQRYBASIEHch of R1' R2' is the sanme as or dif fEldNRI/PGERIlone
anot her, with each being i ndependently selected fromCl-C6 al kyl, and
C6-Cl10 aryl; and n and mare selected i ndependently fromO to 4, with
the proviso that in and n cannot be 0 at the sane tinme; RR3 L_JA

| R5 R2 R4 awbdrsil eoniCplligandieaf & antipeshCrofomprundpn priopdil ingladedizends or

different fgpoeondn AOGLRRbsisWeld pBAEHaREnAG R deReRaN|L, ¥ersiel ect ed
from anong and -Cl10 aryl; R5 1s selected

hydrogen, Cl1-C6 al kyl ,.
f r om anong &qt‘@étgsafhk‘i}?“}““ﬁ%s-’ iffg}f‘&t}‘%“?méﬁ Cl- 05 al koxy; and n and m
are sel ected independently fromO to 4, with the proviso that mand n
cannot be O at die same tinme; wherein non-Cp ligand(s) of the
antinony Cp conpound can optionally include |jgands selected fromthe

group consi Sfiafglsefoydes Ardgidsyidyendsphlizgngs, pidke formulagir eat es, al Iyl s,

bet adi ket onat es, di ketoi m nates, and di keli hninates; and (M alkyls,

?Lkgﬁ ?iz iqgi%g)%%@g%lzl g?inid)sZ of the fornmulae: (i):
125" Sb[ ( RLROYN 9“,1%2}1*&?{1 Sﬂgf B-" (iii): R5"SbRRI R2)N(C112)013.n

(ii): R%Sb{(R'RHN(CH)nOls0

where each of R! and R? is independently selected from among H, C,-Cs alkyl, Cs-Cyp
cycloalkyl, Cs-Cyp aryl, and -Si(R%); wherein each R® is independently selected from C,-Cs

alkyl;

each R’ is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiminates, diketiitminates, C;-Cy alkoxy, —-N R°R’, and -C(R8)3, wherein each
of R®, R"and R* is independently selected from H, C,-Cg alkyl, Cs-Cyp cycloalkyl, Ce-Cio aryl, -
Si(R*s, and -Ge(R*); wherein each R® is independently selected from C;-Cq alkyl;

n is an integer from 0 to 3;

m is integer from 0 to 4.

[0073] Antimony precursors of a general type within the foregoing classes (F)-(M) include
precursars having the following structures, wherein the various “R” groups in these structures
are not necessarily numbered in exact correspondence with the substituent numberings in the
above formulae, but nonetheless reflect the substituted positions in general fashion, which will
be understood in reference to the above definitions of the substituents at the various positions of

the associated molecules.

R}
N
¢ Rl f -E‘.p %
. FarTralk
H f.’ s {f fe
o f " g e i e | RO
PR S & renRd A= ._"—5 - R,
Nt e a i 5 ;’J’g
& {7 3 ] E 4 3en
4
e )
BE
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where each of Rl and R2 is independently selected fromanong H, Cl-C6
al kyl, C5-C10 cycl oal kyl, C6-C10 aryl, and -Si (R3)3 wherein each R3
i's |ndependentl sel ect ed fromCl-C6 aI kyl; each R5 is independently
sel ected WOAMUERTKY guani di nates, aninidates, isoureat 8§T/US2007/063830
bet adi ket onat es, di ketoi mi nates, diketiimnates, Cl1-05 al koxy,

-NR6R7, and -C(126)3, wherein each of R6, R7 and le is independently
sel ected fromH, Cl-C6 alkyl, C5-A0 cycloal kyl, Cs-Cl10 aryl -

Si (R3)3, and - Gé(‘RS)S wherein eachzR3 is |ndependent sy sel%ct ed from
Cl- G6 al kyl ;¢ n isran™int eger fromo\ﬁte:S mis in eger\rLtp 0 to 4.

[ 0073] Ant i rm;g:y pr’egurs egs of a )genefragl ty Qg%sv\nthl n thé Toré Q)lp\glg

cl asses (F)- (M i J udge precur ors \haw n, & fol |Fow | r{g str Ct dr es,
wherein the vari o ¥R §roups i n theséist«fnvcture are*—ne]t:
necessarily nundgred in exact cor r“sesponqgnce with the«subs‘ga tuent
nunberings in the aboverf or mul ae, but nonet hel ess reflect the
substituted posi tN)_[l%l n general fashion, which will be understood in
reference to|the dbovedidefinitions of the substituents at the various

posi ti ons of [¥hedsocilatéd nol ecul es. . 3R5pl4-j hi"341 R33 A
RAN y3 [n(H2¢(l e 53bR5 f \
'RE
1 1 1R56 a
RY R1O RRN o
N -
[X {e ]SbR4n [X {o ]SbR“u [X {o ]SbR4 [x {o ]SbR“
2, O Sz o 23 S S
3 3 3 3
A T B e " p
RE
% -’»S -“‘J‘;—Ah‘ "‘-{3\. f
% R '“)% E9- 08 i
* R
L R4 R S )
3 3
= Ré /a
\cﬁ ;Si .
h o . )
[m(HzC)' }bRS,, [m(HQC)\i j‘;bRsn |m(H2‘3)\\ }bR n
N\ 3-n /N\ 3.1 N “3-n
R2 1 R2 R! R2 Rl
A B C

including the following illustrative complexes:
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R2 R 0 mH2Ot 7-NN >SbR5,1 R2 Rl A including the foll ow ng
illustrative conplexes: ft.H CH2efittteti121;.t. antinony am des of

the for nulvggz%@@%{kgge)ny (111) al kyl/am no precursors of PEQﬁJSgo%;[%L%e:

and sti ben rmani um ani ons, of the fornul ae:

- e E Fad
Er. Ma AN
3": :
{ ;
i k.
s I
o \’\_ o
- . 4 S
LU oo N—gt
[T '}F &3 Pri— =
g R ~ &
§ s 5 Py
ey Rl 58 ¥
Ei
3 NS RN
*.;\‘i".“{: g\,,-i“S‘ {.\vi'i:.\}e
&
o
& \\\
. i o ThAENEE ST e
T e g T
OGN AR RS

and stibenes with germanium anions, of the formulae:
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[ 0074] The antinony precursors of classes (F)-(M are usefully

enpl oyed for deposition of antinony at |ow tenperature wth reducing
co-reactants, e.g., reactants such as hydrogen, H2/plasma, am nes,

i mi nes, hy¥? &WPRTEI6 si| anes, silyl chal cogeni des such BSTUREML63SSe
germanes such as Ceat, ammoni a, al kanes, al kenes, and al kynes.

[0075] The antinony precursors nmay be dellvered for such deposition
via liquid delivery techniques n.whi.ch precursors that are |iquids
may be used in neat |iquid rs that are solids or
liquids may be delivered in ensi ons, in conbination
wi th suitable solvents, suc ts (e.g., hexane,

hept ane, octane, and pent ar (e.g., benzene or

t ol uene), utyl am ne), imnes and
hydr azi nes onpositions for

particul ar enpirically determ ned,
to sel ect mul ti conponent sol vent

ransport of the specific
anti nony prg S enpl ovegd {00 anot her aspect of the

i nvention, s t echni ques may enpl oyed, in which the
solid precursor is volatilized, to forma precursor vapor that is
delivered to the deposition chanber for form ng an antinony or

ant ikrmmé- ](c:ogoo-ah Ni Nghe fahthnibo P Predubiers SEI A5k QISQM) ai’eeseamy ieldplﬁk),reemﬂ rdspaxmdffayb:)e
packaged for, such u ina storade and dis n a tabl e
char act er %f L?(r:lthmong E ﬁw t?} rpoyét% equcn&g €p-T, acp SQ geéﬂ%% sugll azsglydrﬁ%h
comer ci al | 5/rdapenis| @bpes Miiesen MWFmeSaI ﬁl@“es( Db(hlﬁhﬁlcygen@qs S‘USA} MpH6E9] The
i nvention a@&mmm&m&ag&m&b&me alEnedBld 00y, ger mani um and

telluriump resent. i nventi.on

teposi 1 on BF3hne IS A eBhTaRRrR Gt b Sy o e B r LI RRE P! o,
and telluri @ﬁmhm,tlawhwlngecmscbrmat amélstp@cnawxbeilsyd in T¢agquiddermaznd ipryemmsprs
precursor Olfhatta.hzesohdl\@ rl&du@rh]ﬁ&:)é dDRcRIR BNEshs Bpsuﬁtﬁﬁ)&b“nk tin @dMubination with

ant i nony- cont ai ni anot her, e od| er
precursor oo™ Pg%ﬁlfcm?ﬁ a‘kﬁ\? %écngr{fﬁb &Yt &?P‘f"i?r Pﬁtage’ an?pemane)’ aryl

ger mani um cohtas @igngefzéderor tdlugnevotitee fe. @ rtixiglamsnt tert-hutylehiha)y imines and

precursor Olfl dfaggesl @Neq}ﬂht?rgpspm s&@en@%%p&%ﬁﬁis fBIQ)afungz{paﬁ’tlnlony precursors can
tellurium cont aining f till another enbadi nent,” an anti nony

precursor of® t#al FPekEIn demingd g%’r FET uth 6?%??6?@0?“% PHEHvENt i on
may be uti | mzgé@npenciteslmnt anlianfor Hauildetyerynapdrianiod nddmranspert yfghe sperdficher

embodi ment, aﬁoﬁrﬁgcmpgmgsr&%%épr of the invention can be utilized in
conbination wt [uriu recursor, to forman antinony/tellurium

film Anot h@P76& b darTAIISE 2sBet ‘EfH]f-? INYQOR PR eli P wguey giay Pﬁe“%floé@r Bani um

precur sor Owhitthee kdd @Rt id Polai0rD] 0 dbrinonpredutshe @pdrahd: iy delivarqdrtecier sor ,

to forma g(? g&ﬁi@h H{ﬂn{)e?gr n&quln alnéu{rc}n LP&Z@J%@& (gffﬂg oY ﬂl@ﬂlg!tlglré The

ger mani um precursors o nvent1on can be use osl t

Ge2Sh2Te5 folifrreqyrrorsiiiytbappdassd ©F seh Bty d¥grese gedd lﬁ’é“S%‘&B 1arkyitbl t he

fabri cati onchahctfvaseas R PAGEV FRITIAYIivES ihCRBorizdr QI Sh e I=Didbielfish can

be fabri cate Plsnl Rg ont(%,[npgkjs CVD or ALD techni ques using suitable
Y :

germani um an urium precursors, with at |east one of

t he ger mani iﬂﬂ’i’lihnd Tammnmy akyr eqaismploies the ol |a3tinwgy,$ewmam apbieiran of

the present prbdiMeRlor #8- reIJh@mDé’nﬁ&Uge%Qitay mameﬁb@u&mmnmﬁalylcmm fIRk,i ate

ratios to yield. t acter . ALD

Ty be perf%erwarﬂw*etwn%@"ﬁr%@ﬁ}lww-wz@ng &R Bl T & Beonn
manner to cpefursolof the mpagerntmayhe afipldybdto deposif ah piiignofiy-tonfaining glm Ipinofhera

pul se cycl e uagldid gmﬁmﬁﬁ%an;ok 8 thd 1%5&9%; b@éﬁlp%ea% ?&M&%&&ﬁ@@m es
in the sequence, Te- Te- Sb- Te- Ge- Te- Sh-Te, " repeti t |ve‘¥ cond uct ed

until a destFEHEifiH {“h?“c?ﬁ?fe%’émﬁ&%“"b%é‘#“%hP’iSEPésaf °f BOSOTHE" 4Bt Her
vari ant of depgsd tol form hedhfungtr@ainingatlmndy sdt wantagadodisky, eanenplyoyed

precursor of the invention and a germanium precursor of the invention may be utilized to form

medi um f or
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[ 0082] More generally, the present invention contenplates a w de
variety of antinony and germani um conpl exes that can be utilized to
forn1corr%a8%% (§b and Ge-containing filnms. The Pr eedhsah me&m
conpl exes ‘an conp03|t|ons of the invention accordingly can be varied
in specific usage, and can conprise, consist, or consist essentlally
of specific netal source reagents, or such specific reagents and
other precuy Sonrtmlgrp %rmeaﬁlum mrlt &' = another é{nbog men? anrzf?i llg I rilecursor of the
appllcatlons {0 mul tipl e 'precursor speci of YTV ent'icon,

i n conbi nat lnmuw tchn cbneuté;mlt h)ercmammm \’tl@gethlémuw plhcucqunetp fsrmecar sor
species. [ Ogﬁ%rﬂmlubﬂy @Mt | Ol eamo@ﬁaaﬁ enmd ab&sonsa%%s‘ 1€ ofSt gekifdnitfal
definitions and/or eci ficatjons of %g ecur sor. conpl exes |n§§ ecific

enbodi nent sPEARY t°ﬁe XYL ot BYPURERI MY TR P Yarkts®

el enent al sgevingg/ieligpéloi.fi ¢ enbodi nents. As an illustrative
exanpl e, i nphsgol eﬂk'a&unﬁoﬁ‘} o} @hﬂbﬁ%e@ﬁémm@ﬂﬂé{nu%&%@&s&ﬁo adpekit
tetral ds(di aI kyl am do) gem ani um conpl exes of the_inventiaon, the alkyl

subst i t uent Seniafes SRRt B & 1ARlE HW“leﬂ?mérFGY’FFe?“b%B%ﬁw e fabrication’ of phase
t etr al dsdi atiayge aminalpgeicamnes nmay be excluded in certain enbodi nents

of the invepkien. s%%h ésqsﬁﬁnk Lanfbyfam%dmmuﬁmg @v@m@x&m@&gu&dg' yl

anti nony conpl exes of the invention, trinet % 8errran

trimethyl si ?‘%}#blesgﬁ@E‘P‘é%‘ WW&W“@%&%P‘@“E‘@S& RiUeppne ‘I’ftﬂ‘e\ﬁFfI'“Iamf‘ﬁ@}def ore
be appr eci aixﬁﬁioﬁytpaetcurtda&omwm@hnﬁnal catlpet  defprectal ihvehioad Tiegaphexasayand
conposi tiong| r

erbodi mrent S&O ]pgp?ﬁdt itt Epﬁ%ggite rgt?oqpo y?@fc?tﬁfﬁ ?élfof\sﬁgsolf Oe?‘?ed%%a%&c}e? LHOQJX'&I%@ A é&PSOI’
conpl exes aMy b pesfemisd o*ﬂﬂlmeerdﬁ%fﬁ (féﬁ' éprféfbelrls éﬂseidﬁ?)laé??é?ﬁé‘{ FoAY of
the inventi Mﬂlpj)sﬁhoﬁeﬂ'th@{icﬂltza@ﬂllni £a1 viongulshgre akindif OOB4 kR nemwﬂctuble&l s of
ggth;: |m§t 2]}" %g&lgrrégrtsgéciesso anefé\jge”‘?eééfbsnréen”@‘gfn@lds%%% rﬁlla’egtlvefy C?I%Fﬁéﬁ untl &

i nventi on. f@%@]@a@#sélaslbeeﬂgyln@ﬁém s of

et hyl met hyl @nﬂomot fAd a%&@erraﬁwh@eaepmn &clﬁ@ué&ttha@ﬂlaﬁidvﬁaﬂéahsl)( l?eMnipIByed
hexanes, 26, 3% to.an ice-co

solution o f efnﬂl 1‘111115 cPlntzfmullﬁ r)tlmtngl agg) n;Lgen %11u§15 n‘mee) of . prccu s of tﬁelhras rﬁlt

The resul tlmg:ntm; toehemcmrwtentmscwst gy ég fidded Hhmrdsposmon OPcranon, to
Triisopr OIOYéo‘ﬁmsQ{o@ﬂ@nrH@eﬂ'? hd rés@l[ﬁg afhe- 1ARMPR! Jncids waddedo honw ge and

the reaction m xture to roomtenperature. The m X jure
was sti rred°°8\9%?“r‘?l“’é‘?‘.f“°d‘?mé%§%?‘{781‘?18%"”%}%(86?%% RO Ak (it ARt he
resi due washedntywitOperter@ (100nmL). The mixture was filtered through

- a medium gl B8] fi th‘dﬁh@%lb&l&éngg:ﬂ&n@ﬁ?e tdtiﬁ)SIﬁ(Qll (Kﬁﬂi an@Y@ﬁWaﬁ’cL Qél;oyﬁbqer
vacuumto gl ve 10. 79, 8% of a colorless product” was

purified by (RVDA gt li‘“éﬂ‘l%i‘l mzy; P& CTPIPYSE B P ‘(SK@EZ“S e? ?ﬁ"% Wnlomyﬁnmﬁetn&%) 6
2.87 (g, 2H;sing.plecamsdis SfHhe phdkch k3)ion. 2F @ Zx{reple, 3HapidNGIB)e, calaly3d {apr

gH(gﬁz_B) ﬁ)CHZ%pégm( gl%y l;e%lib}#lo %éu %g)}Zng H;‘éhl‘%%(&% é%%go vaéﬁ%_ét&ted% t]% 1=

20. 19 ( CH( OBty to fpgn QEPt“faieé syrdpcy REHQ@'L‘ELEWC“@H( @F%’FQ}’Y e’[P%%T F:Fe&’“d4( a)
is a gas Chﬁrﬂiﬁﬁ&r&@ﬁo@,mﬂ& ﬂél&)er By pdshnd 110 § @fird §tdﬁfi’sor vapor, with inert gas purges

et hyl met hyl ernane. orod

correspondi %g t %{) &%%58% lgsgaﬁ?veop it a rs‘frggp%}sctfg & Stgpgim ?ﬂlg} acle t@ 4(c)
is a mass sYdstiigrpecpest ang fard éltewpﬁﬁlwwm RO ag@fgrrgelmwlgle micgpger of

product. Fl tﬁa infbéripn SHUOWEL ﬁli\ﬁndnttﬁé @acrurseiagﬁa&ing aﬁcesﬂmamge lﬁg;egftps B2y of
the et hyl meth *@ B:Ihc%g ntlﬁ O p#ﬁdgg:ggl%é] %n&negs otc (EeBos[ted Qm] matenal 153 bg n

STA spect r ufif arni notrilSopro el fehe Pr 68U

show ng di f¢0élp'@r\t| aI scannl ng calorinetry (DSC) data and

t her mogr avi [‘gﬁgi’. engﬁt Ahe eft nfvl‘:mlﬁﬂ &(ﬁ@ﬂlﬁlfatestmp@\raﬁét 6annmo\{\pand
2008/ 057616 USZOO? 063 30 088 Anot her asp. cé of 1 i.nvention
relates to %egﬁnmnl AWM %W?té to tgfﬂaforrespon b- and Ge- contammg 11ms.

The precursor complexes and c0111p031t10ns of the invention accordingly can be varied in

specific usage, and can comprise, consist, or consist essentially of specific metal source
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di keti m nate |igands, which overcone the problens that many tellurium
precursors used in deposition applications are very oxygen-sensitive
and |ight-sensitive, and have an unpl easant odor. By base
st abi | i zatWQRAUEREMI%het a- di ket i mi nate |igands, a tell ur PGHAUSTEENEEIY
is obtained of a highly stable character with i nproved handling and
shelf life characteristics, reduced odor, and sufficient volatility
for deposition applications. [0089] The telluriumdiketim nate
conpl exes ofeageits of molespedifinreagents dné o @epcyrsr PN Barthern i mpppardesiable i
Te-cont ai ni Mlefaﬂnﬂli%ons-w%ﬁﬁoﬁﬂlﬁiﬂwgﬁrs&%ﬁeeﬁﬁoﬂlﬁﬁﬂvehﬁbngiﬁ IRt t h
Geand/ or Sb-corqgloung/s IE g e Te-Sb- or Ge-Sb-Te filns in
vari ed compB5iti6hE orto%j:g reral’ lﬁrrpé%éra‘ﬁrs%mfo synt hesi ze di ketirninate
| i gands hasl[0B#én dBedvertdtiedaliogonténeplatas speeifit wpeauralidefinitoncind/prspesdidaioss | s
di sadvant aggQpsursos bR x Gl SpecitidlelModdhinls, aﬁyﬁa&&ﬂcmm@m&ﬂc £l ies, ligands
coordinating nitrogen atons are re uired E‘b? ﬁ»‘%l n con rast, we. have
Af lb

di scover ed THACTSHEIPERS A #5119 ‘f“@j’é Bt s 4| exanp ﬁoﬁﬁ frmoleptic
tert-butyl ms(dﬁlkylmdcsuinmbnytoumeldxeahrkiyétra@s(dlalmamlasgemmuaxam]ﬂéms of the

et hyl ene- di {EW h(}ﬁl aﬁﬂs” IC%&s%en?sdvﬁagt AAGRAYS 1¥ﬂ1&lsed A0 a%ﬂ%gu%n le,
superior tellurium di ke¥| m nate precursors_for CVDY ALD applications.

Smal | er sub$Fdstialkylamidagerppnes ppy ‘Pecfg?%\’iieﬂiﬁ‘rfﬁffama?"ﬁﬂdélniﬁlfsﬁPﬁé“’%"l}?"‘f iti%ent
volatility g fahen gamplef inl gEmadyl |aw dignpenah rcemplf80 1 | dhanlatpands L

can be us ed @%ﬂl%lge 111%%];35&5 HJRF??@L fyl S?%Qlés ha foF gxgrﬂ]?lé gghquilllc{e&) rﬂﬁﬂhe? tﬁé ﬂes lze

t he desired and can
reacted wi t?PP"F@%@P‘ {hottils Byention admity of CBPm'teId)CO‘PIde"@%H’ér%‘ﬂ@ﬂﬁ@@b@“ﬂ'ﬁs efal t

el i m nat i ongompl3kes I ﬁasustphﬁmah&dreela&aﬁ@aﬂts\bf hb in@dntidie for purpdséshdk idBADyinga
Grignard reagent to !

ein R.= allcyl Lyl de,
I3y L00BBT A R PHFGepl e GH A i o Bt o
be reacted Wtﬁlhamh@taé?ﬂ?ﬁlplle‘zfm organi ¢ conpound such as TeMut to produce

t _he d_esi r ed[ﬂﬂ_@_] 5peﬁi.eQﬁnﬂeg_ﬁmlybﬁéﬂﬂﬁﬁﬂaﬂﬁo@({pbl@&ﬁlﬁfei1501|ibw deRgibed to show
di keti m nat fecwetb se stablllzatlon of the

? Iltga S Rro Il etvere}/
reactive mePafERAERFLE &) TR ETE™S AT POR T%1°8f or e provi des a
new cl ass offt085¢ coﬁmmelxés:‘.;yt!ﬂrral@ ofsthyipicthglanynetms@ropygabinei t y and shel f

lif ecvv[\)/h IA :_EA rs@&tﬁh efr{mLﬁwﬁafm Kok QB zalsglnﬁt i Tluslm?ﬂ; QasfsRE aaaeaedalln@cre-czr&ed; i It LTB
via 0 a ur e exes o e
i nvention h¥VE° H%thfyg?% aﬁg‘e((ﬁ% 39?%}5‘0 mc?gm Héd‘fﬁ‘l) 'ﬁlﬁng fpne phiteang
R3 they be mh@resmmtiraag for2 ik fRiisepropyfchlompanae #hidnhes2. 14mmd]) eacdddids

i ndependent }y, 38l a%&ttlﬁqegcﬁ&nﬁlﬂreq@o@ kMimed @roQ%Qerﬁ‘Hc%Llre §hd Mﬁxhﬁé’]Qas

Cl-C12 al kyl am ne (\lNhI ch includes both nonoal ‘%/ ani ne as wel
di al kyl ani n¥y™=c Qe I oifat wRTaRe " VA A éi’d“B&aﬁFdeW’éthB‘a%?s or
di fferent fomigrie anairhes,filerd heaghn maimmrgihephndﬂmnﬁt;ogememt edivefitr om
Cl- C6 al kyl é}@ &1 ! L ng g 11 b | udes
vaporat defladun 1&’0 ‘?'Q% Q;;ll lc li qﬂé gdut § 1ﬁl=:
both nmonoal Kyl am ne as wel ?% cf% § if plakdVy
bet a- di ket i ﬁicﬁ‘alﬁ'éhﬁl“llﬁlaﬁﬁg Cmﬁiﬁ“?fﬁir Héi@‘é%fﬁb@ﬁ) Se?ﬁhtzﬁe rfé’ ZB\ )
fol |l owi ng pr.ecEdH BECH;), 1.36 (m, CH(CH,),), 1.18 (d, 18H, ] = 7.2Hz, CH(CHS),), 1.11 (¢, 3H, °J
= 6.9Hz, NCH,CH,). °C NMR (C¢Dy): 3 48.42, 38.22 (NCH;CH;, NCH3), 20.19 (CH(CHa),),
16.20, 15.79 (NCH,CH;, CH{CH3)).
[0086] FIG. 4(a) is a gas chromatography (GC) spectrum for such
ethylmethylaminotriisopropylgermane product, and FIG. 4(b) is a corresponding tabulation of
peak data for such GC spectrum. FIG. 4(c) is a mntass spectrum for the
ethylmethylaminotriisopropylgermane product. FIG. 4(d) shows the nuclear magnetic
resanance spectrum of the ethylmethylaminotriisopropylgermane product.
[0087] FIG. 5 is an STA spectrum of the ethylmethylaminotriisopropylgermane product,

showing differential scanning calorimetry (DSC) data and thermogravimetric (TG) data, as a

function of temperature.
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with R=alkyl, aryl, silyl, alkylamine Wrl1 le :e 1 NN .."../

Liz ?3/4",

by the fol\jvg%dggs—,rﬁ@@ct I on:

R [0095] The teI | urium conpl exes then can be synt hesi

[ 0096] or alternatively by the follow ng synthesis reaction:

[0088] Another aspect of the invention relates to tellurium complexes with beta-
diketiminate ligands, which overcome the problems that many tellurium precursors used in
deposition applications are very oxygen-sensitive and light-sensitive, and have an unpleasant
odor. By base stabilization with beta-diketiminate ligands, a tellurium precursor is obtained of
a highly stable character with improved handling and shelf life characteristics, reduced odor,
and sufficient volatility for deposition applications.

[0089] The tellurium diketiminate complexes of the invention can be used for CVD/ALD
to form Te or Te-containing films. These compounds can be used in combination with Ge-
and/or Sb-compounds to produce Te-Ge-, Te-Sb- or Ge-Sb-Te films in varied compositions. A
general procedure to synthesize diketiminate ligands has been deseribed in the literature, but
such procedure is disadvantageous, since very bulky aryl substituents on the coordinating
nitrogen atoms are required.

[0090] In contrast, we have discovered that smaller alkyl ligands as iso-propyl, n-butyl,
tert-butyl or anine-substituted alkyl groups, as for example ethylene-dimethylamine, can be
advantageously used to produce superior tellurinvm diketiminate precursors for CVD/ALD
applications. Smaller substituents on the nitrogen donor atoms provide sufficient volatility to
form good films at low temperature.

[0091] The ligands L can be used as the lithium salt or in a free imine form to synthesize
the desired Te complexes. The lithium salt of the ligand can be reacted with TeX, (wherein X =
Cl, Br, I) to generate LTeX; by salt elimination, which can then be reacted with either a lithium
or a Grignard reagent to produce LTeR; (wherein R = alkyl, aryl, amide, silyl).

[0092] Alternatively the free imine form of the ligand L can be reacted with a tellurfum
organic compound such as TeMe, to produce the desired Te species LTeMe; by methane
glimination. The diketiminate ligands provide very effective base stabilization of the reactive
metal center tellurium. The invention therefore provides a new class of Te complexes that
provide greater stability and shelf life, while retaining sufficient volatility to form superior Te
films via CVD/ALD at low temperatures.

[0093] The tellurium complexes of the invention have the formulae (I) and (II):
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+ TeMed4 - C-14 HNN, R NR3 R, R, R3 = alkyl, aryl, al kyl am ne

[ 0097] or by the foll ow ng synthesis reaction:
R .,", . ... ... [ .. T N . R2 rTh. .. .. Il NN
" 23 RCT/US2007/063830

wherein R;, R. and R; they be the same as or different from one another, and each is
independently selected from C,-Cy alkyl, Cgs-Cyp aryl, silyl and C,-Cy; alkylamine (which

inclndes both monoalkylamine as well as dialkylamine); and

wherein R;, R; and R, they be the same as or different from one another, and each is
independently selected from C,-Cq alkyl, Cs-Cip aryl, silyl and C;-Cy, alkylamine (which

includes both monoalkylamine as well as dialkylamine).

[0094] The beta-diketiminate ligands may for example be synthesized by the following

procedure:
A X
+2 RNH'_; 1. HC} |
0 be) 2. Na2C03 R/N HN\F{
with R = alkyl, aryl, silyl, alkylamine
/BuLi
[0095] The tellurium conmplexes then can be synthesized by the following reaction:
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i 11) R R, R, R3 =alkyl, aryl, silyl, alkylamne [0098] The
tellurium conpl exes of the invention are usefully enpl oyed as CVD/ ALD
precursorsyy(ﬁgms,dg;@gsl tion of telluriumcontaining thi nptlr,lulgm(ma;sg;u,

by liquid injection of neat precursor nmaterial, or in organic solvent
or by direct evaporation. WD 2008/ 057616PCT/ USZOO?/ 063830 [0099]
The invention in another aspect relates to germani um conpl exes and
their use iR CVD ALD forrformng gernanimg co ) \i ni ngfilns, e.qg.

GST filns, whe ger mani um cggpl exes afé sehected from am)ng R

| MetSc, 1.....[. ,y - -1b 1. Nphkaax, \Oe.GeCrn{ 1-t- - H
)57L.1\ "', on. N 808ity|e3h1| N N\
Ha/ \LI)K Ra R3/ >TE< R3
with X = C1, Br, I x| x
X
Ro
Aor R,MgBr
/ \R . .
3 Ry, Ry, R3, Ry = alkyl, aryl, silyl, alkylamine
[0096] or alternatively by the following synthesis reaction:
Ry \ Ry
\”/\( . ﬂb
N HN
e g,

Ry, R, Ry = alkyl, aryl, silyl, alkylamine

[0097] or by the following synthesis reaction:

[0098] The tellurium complexes of the invention are usefully employed as CVD/ALD
precursors for deposition of tellurium-containing thin films, e.g., by liquid injection of neat

precursor material, or in organic solvent or by direct evaporation.



R wherein the R groups in the second fornula may be the sanme as or
different fromone another, and each is independently selected from
anong H,  GloShs@bkyd . C5-Cl0 aryl, C3-C8 cycloal kyl, heteiab)mssso
groups, and ot her organo groups. [00100] Anot her aspect of the
invention relates to digermane and strained ring germani um precursors
for CVD/ ALD of germaniumcontaining thin films. Previously enpl oyed

ger mani um p[oﬁ@‘a” SOfIR iRiidn ﬂlsangtﬁér q&:@& rékﬂétto Mﬁmﬁﬁéﬂlﬁfé?&%d‘c i ds0fnM N
ange nmenory

GST(germamu i y-telluriu fil

devi ces r qu. e@n w“g%rseee%ef%w@rfﬁewev EﬁBﬁlﬂszW&fetfi el | o
turn nmakes tdmpitkdstieceidcted franfiosng a pure Ge2Sbh2Te5 phase material. The
present invention overcones this deficiency in the provision of
precursors having a hlgh vappr pressure at anbient conditions, which
are useful to ggp03| ger manll um cont ajning fil Mg, 9t t enper at ures

bel ow 300C. [0 101] @r nl'u’mv\ger nmani um bands are I'nherent| y weak (-
188 kJ/ ol e) ant~Be dss St abFe2wi t h T ETron wi t hdr awi ng

subst i t uent s “Siich a,RL"('i‘ Ior| n‘e or NMVe2MeSuch bon&¥ecan readily

di ssociate to form R3Ge radlﬂcal s under WV photolysis or thernolysis,
or by chem cal oxidation using peroxides, ozone, oxygen or plasna.
Conmrer ci al | yhespirath¢ Rigtoepsdi dyesepan ésmulnabyutdahelsyme dspedifferent Fryth oneghetieyl | or
ethyl groupgateRdts 15@:9&1'.hénﬁy Biea ﬁ&%ﬁ&ng@bﬁés fu9¥, cdeqanpesl LyeRapd the

resulting filnms are often contam nate carbon reési dues.
[ 00102] Ve hWé‘”‘B’{Pegrm(’:‘Bsr’rﬂ’ ShE T §¥Pency by the provision of germani um
conpl exes ulDIOg] asAﬂo'thguaampést dfsrapnvelmym relaies @Bligesniape dne nEajtled rigg deyphapium

al kyl am no, rQJuhBﬂs'i’éﬁ ’CV%’ALﬁ%@' debrhah 88 bRt ﬁ?’ Efmﬁsonmr&%%%y téﬂ@foyed
enabl ed t he’ deposition of Pure ger manj um net a

t enper at ur e&TMIBHILRIETTD fich fheeriag di3t bash beep ited rf?fl f&%‘bg %St ‘é?fﬂléfa‘”’i‘l ng
ger mani um canpb@xeabri(:s). Hms fc@@hﬁ&@l}éﬁée&h&ﬂo&ﬁ&)ucéshﬁimre atry izt engperatulrzer mal
ring opening Ss%oﬁl%ﬁl]{ T’J?m 'nfrf’f‘%&?%t %ﬁﬁs]g Wﬁﬁl. Gufe cleltB e AL hairial

di ssoci ates t ene ond di

ragment i'ssoci ation energy of
t he strai neB‘le(Bées@‘ B'b‘ﬁl{:l"“(‘USTC%R’P&F"/‘%ﬂﬁﬁ?’enﬁsmd%?rl%‘?%fé’ﬂé?ﬁ?é“ﬁ%éﬂ%ﬁé?ﬁ‘
Ge-CH3 (83 ka@&|pi'd§§ﬂ{'e)at arhiti@f @hyiti@Radich BE ukeDIMBY depRiTPeiafiuii-enfainingFilms
deposi tion m be achi eved, than has been achievable with
t he afor erre%t I %ga%ﬁ%bgir%ve?’hﬁ onal germani um precursors. [00103] The
ger mani um c@flex deerpivihgermagipafonds rirg ipkerandeweal ds e88oki/nfolsy pigd bgeone1) -

(111) bel OWess s(abi} wail lﬂb’dnﬂﬁ YRIERNE SutRfitudnRRudh QF mldrme br e, Gsuc@eondRcan
wher ei n eacr@:a g};sl oci te to 1J:)I n E edad;i-l als underrg{/éf t&&sns og rﬁl(&)ill%o ytsllg OL¥ SHemcal®

each is i ndepe y selecC roma
benzyl, al | idaticy lltselglpanomiqqoozom erigtresy, plane |C901nmcxail>1 wﬂable(qlaeymanes

al kyl (d| al kigbadyi H'ﬂ)]&berl eSpredyl,t feed rﬂbﬂp@ that require 111gh temperatures for
X( R2RI N) R3, same as or

o roront 1% ?ﬁl&f’ﬂ@n&%’%&f@ G todag ﬁF oSBTy ~ShE e, og 1 omn
anong i sopr®piiR] | Sehbue dvercdyerreghl defiatncy by thal pkayisgnioh @grmenitnr pdnepdexesand

isonitril esmsu%raghgaﬁds lsloﬂroﬁ'i Eﬁbm%eﬁz'ylnglyggﬁiﬂﬁﬁﬁo Qﬂml @Pﬁﬁ%tr@écs 1 :Qﬁeve

formul a:
complexes that enabled the deposition of pure germanium nietal films at low temperatures. In

addition, the invention contemplates strainedring germanium complexes (e.g.,
germacyclobutane) that can undergo thermal ring opening to generate a diradical intermediate
that readily dissociates to germylene fragments. The bond dissociation energy of the strained
Ge-C bond (63 keal/mol) is cousiderable lower than Ge-CH; (83 keal/mol), thereby enabling
lower temperatare film deposition of germanium to be achieved, than has been achievable with
the aforementioned conventional germanium precursors.

[00103] The germanium complexes of the invention include those of formulae (I) — (III)

below:
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wherein each of R, 12,, R3 and R4 nay be the sane as or different
fromthe others, and each is independently selected from anong H,
Cl-05 al kyl, C6-Cl10 aryl, C3-C8 cycloal kyl, or a heteroatom groug.
[ 00104] TheV@3WBPEREs (1) can be synthesized, by way of PEXAAHI0E063830
according to the foll owi ng synthesis process: iRie Pr O M
eau also be :p b |

(I} alkyldigermanes of the formula

gy,
|

n—=o—m

oy FE— EL— A
!

wherein each R may be the same as or different from the others, and each is independently

selected from among isopropyl, isobutyl, benzyl, allyl, alkylamino, nitriles, and isonitriles;
(IT) alkyl{dialkylamino)germanes of the formula
(RR1N)R;.Ge-GeR 3 (NRiR2)y

wherein each R may be the same as or different from the others, and each is independently

selected from among isopropyl, isobutyl, benzyl, allyl, alkylamino, nitriles, and isonitriles; and

(1L} strained-ring germane complexes of the fornmla:

RzR -g;Ge

wherein each of Ry, Ry, Rz and R, may be the same as or different from the others, and each is
independently selected from among H, C,-Cy alkyl, C4-Cip aryl, C5-Cs cycloalkyl, or a

heteroatom group.

[00104] The complexes (I} can be synthesized, by way of example, according to the

following synthesis process:

tor PP Na, Li, or Mz
A Smls | 2as aise De ‘
\.\}ﬁc"&.\‘\ - Fr—isg—i52 Py nz=g for Ge-Ge §
wr f o THEEMFT l conplins
iR ©r reaosions

or by the following synthesis:
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IR 1 used for Cie-CGe coupling Pr Pt few.tom or by the
foll owi ng synthesis: WD 2008/ 057616PCT/ US2007/ 063830 Pr irrPr Pr

WO 2008/057616 PCT/US2007/063830
i#r HEE
| AICREC I
Fh Ge—iss P ———— W I Ge C—ie.‘—t'.‘l
[ S 3 P B
or by a synthesis such as the following:
. . CHCH .
RGeNR'RE + RNGeH ————— = RoGeGeR¥,
’ 85'C '
or a synthesis procedure such as:
Mz Me Me Me
HaSi
Me—Ge—He—8lke W Cl—Ge—Ge—¢
I NHCE
e A fite  Me

[00105] The germaniwm complexes of formula (II) can be formed by the following

illustrated procedure:

ALY
RyPi B ——GePhg Ry, — e DR Be——SeR, Ty

l RENR R,

MRR MRz Ge GaR'y 1N Rely

[00106] Illustrative synthesis processes that can be employed for forming germanium

complexes of formula (IIT) includes the following:

-
R B, {CRRy} Br Mg Py \ R
R;REGQL‘iE + \E}'\\ o~ o« —ch“ RER.EGE“ < : ¥
e S
\“s Rs
. o {CRyRe) Cf s T N
PRateCl:  + \_‘_.f" E — M e RREs P ‘x‘f\ R

& ~
Ry R
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[ 1111 PcPr Pr or by a synthesis such as the followng: CizCN
R3GeNRI R2B. 1) 36' el | RaGe- C-e(R3)3 85C or a synthesis procedure such
as: [ 00O 3)U$HESHer mani um conpl exes of fornula (1D cERTHE2NEPGEY by
the following illustrated procedure: IRNP.h3 ;.:Ge -GeP 3.yRy
Artilllel G s94.giie-CGeSsi,CF i 11NR3R2

[00107]  The strained ring alkylgermanes are usefully employed as CVD/ALD precursors

for forming germanium-containing thin fitms on substrates involving reactions such as those

illustratively shown below.

Strained rizg alkylgermanes as CVDFALID precursars for thin meial films

. N,
N o 1 MeGe N
NG »  —— Mgy Ge, —— W ! by
K - Ol § ;
s 3508 . MexGem
i3
Hz
e

I / \\Ge/ H\H

o
y P
o &
Maate \ — G-
“9,#% (,1"’ \\.{‘_ /

T MaiGe==tH,
/‘ " ‘ /

o Fage b o \\_l,f;«J\. o
Dl C——  — e RaBelmugeRy; 4
i PR N

[00108]  Another aspect of the invention relates to a single-source precursor for germanium
and tellurium, as useful in the formation of GST films. Such single-source of germanium
telluride precursors may be used in combination with an antimony precursor for GST film
formation, optionally with co-reactants as may be desirable to provide films of appropriate
stoichiometry for a given application.

[00109] The germanium telluride complexes of the invention in one aspect include
diatkylgermanetellurones. Suitable dialkylgermanetellurones can be synthesized by oxidative
addition reaction of germanium (II) dialkyls with elemental tellurium powder in a solvent

medium such as tetrahydrofuran (THF). In some instances so it may be desirable to conduct



X(R2Ri N: Pc---CGe -GeR s MRLIR2.17 [00106]I1lustrative synthesis
processes that can be enployed for form ng germani um conpl exes of

formula (I ' es die following: 6E, RIR 20eCi2 -
R 15 6 | WQAbEGIE PeruS0068%30

RIRICeel2CINR R Ce,' RG WO
2008/ 057616PCTMS2007/ 063800 [ 00107] The strained ring al kyl ger manes
are usefully enpl oyed as CVD/ ALD precursors

the reaction in the absence of light, depending on the light-sensitivity of the product

germaniun-tellurium complex. An illustrative synthesis procedure is set out below:

{Sibtenis
= i~
— . i N N
& _¢\—GH£Skh-§83}z + Gl CoHa0z prran A W ,Ge:\ /"--w:'f”
S nButi ) ~
N P {Sidtes)a
,/Ift'&‘
-
Sivegl
£, £
Ny R, 2
& o M,,ue N
N7 N

[00110]  The single-source Ge-Te precursors of the invention can be advantageously used to
facilitate lower temperature deposition processes or to increase GST film growth rates in

specific applications.
[00111] Germanium tellurides of the invention, in another embodiment, can be formed by

the following synthesis procedure:

Germaniam telluride AED/CVD precurssrs

Gells - dioxane

(s E[CYNCRINGS] N\ sLiesNeRNGy]
Jit) LiN(SiMesk \
for]
. - T
i3 7
N By
\»'3.3 31&1{&3 R G“E\ o
(:‘, . ;:\3""‘\' 1 . [\; ’_.,/"' {‘j h&\\. ‘MN -~ ", w
PRV 4 Flacal ¥
AN S U Y
i Sitde # H Cy
/"f ) HRRE = N
R Cy R Sy
l’f«e Te
o 4—((’3'
T= ﬁe #
JGe.SMes e ,.J\
Cy— N‘YV ~ & ~ Dy !\{\\"‘ ; ™ 0 -~ \R
: flaq % FL !
Pis Y FAYES: ;
o \’_\ Sites ) SN
i} ¥ ™ oF
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for form ng germaniumcontaining thin filns on substrates involving
reactions such as those illustratively shown below Strained ring
al i csigermanes as CVDI ALD precursors for thin nmetal filnms Map<

Me- . Oe M52 20080570102 B Me73. 73e, a R23e '=GeR7 RGV/US3q7/063830

[00112)  Other germanium telluride complexes can be formed by the following synthesis

process:
Wigeh Sty O
Y . s ?ﬁv‘.@%i\ i Ailday
S, PO oo h* ¢
e s B B e 2
T st i %
TS REEE 3‘\%":"},&1 535?3{5?3
or by the following generalized reactions:
\{ 353 )M £y ?{'\’i\"' [ Rﬁ"&g;_%ﬁ-‘a
Re@d & TR e NpBeeTa®

wherein E is tellurium; M is Li, Na, or K, X is chlorine, bromine or iodine; and the R and R’
groups may be the same as or different from one another, and each is independently selected
from among H, C,-Cs alkyl, Cs-Cyq aryl, C5-C; cycloalkyl, heteroatom groups, and other organo
groups.

[00113] One Ge-Te coniplex of the invention is:

fool
x A .»"’f AL, '
(RN, Diaiiifiade
PR \ ‘,w" a5
T

wherein each of the R substituents may be the same as or different from one another, and is
independently selected from among H, C,-C; alkyl, Cg-Cyp aryl, C5-Cg cycloalkyl, heteroatom

groups, and other organo groups.

[00114]  Another aspect of the present invention relates to highly unsymmetric germanium
complexes based on amide ligands, which are useful for low temperature (below 300°C)
deposition of a germanium-antimony-tellurium (Ge,Sb,Tes) thin film by a CVD or ALD

process. These complexes are selected from among complexes of formulae (I) and (II):

Formula (I}:



M, ae, [ 00108] Anot her aspect of the invention relates to a

si ngl e-source precursor for germaniumand tellurium as useful in the
formati on o 26698s7%1d M. Such singl e-source of ger mani uprtRkidt @80
precursors nmay be used in conmbination with an antinony precursor for
GST filmformation, optionally with co-reactants as may be desirable
to provide filnms of appropriate stoichionetry for a given
application. [00109] The germaniumte] | uri de conpl exes of the

i nvention in one aspect include dla yl genmunet el | urones. Suitable

di al kyl ger manet el | urones can e syn hesi zed by oxidative addition

reaction of germanium (I1) d|a h elngpent al tel | uri um powder
in a solvent medium such as tet uv{ HF). In some instances
so it my be desirable to conduct the @ tlon in the absence of

i ght, depending on the Iight- se t he product

germani umtel | uri um conpl ex. tratlve synthesis procedure is
set out bel ow

F‘4
Formula (IT):
Ts
R4
\ NRsRs
Rz

I:‘4

wherein Ry, Rs, Ry, Rs, Rs, R and R; may be the same as or different from one another, and
each is independently selected from the group consisting of C;-Cs alkyl, Cs-Cyp aryl, silyl,
alkylsilyl (e.g., trimethylsilyl), hydrogen and halogen, or wherein in lieu of --NRsRg, the
substituent coordinated to the germanium central atom is instead selected from the group

consisting of C;-Cy alkyl, C;-Cg cycloalkyl, Cs-Cy3 aryl, or halide.

[00115] The precursors of formulae (I) and (II) can be delivered to the CVD or ALD
chamber by liquid delivery technigues, in which the precursor is dissolved or suspended in a
suitable solvent medium. [lustrative of solvent media that may be employed in the broad
practice of the present invention are solvents selected from among alkanes (e.g., hexane,
heptane, octane and pentane), aromatics (e.g., benzene or toluene), or amines (e.g.,
triethylamine or tert-butylamine). The precursors can also be delivered as neat liquids, or
alternatively by solid delivery techniques, utilizing suitable packaging for volatilization and
dispensing. One preferred solid delivery package is the ProE-Vap'™ solid delivery and

vaporizer unit, commercially available from ATMI, Inc. (Danbury, Connecticut, USA).
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1-CHCSAl e- 1, Cea-,.. CA4,02. nett! (Sitate.;>, x, Te thikles),

[ 00110] The singl e-source CGe-Te precursors of the invention can be
advant ageously used to facilitate | ower tenperature deposition
processes VP 2408/051tG ease GST filmgrow h rates in speciPCTdS2007/063830
applications. [00111] Germaniumtellurides of the invention, in

anot her enbodi ment, can be formed by the foll ow ng synthesis
procedure: CGermaniumtellurirle ALD, VD precursors Ge02 - &mne (t)
Li [ CyNC(R) N@}m]_i [Wm@@m)imﬂmp{epu}s)of_fomlge @@)1211) can be synthesized according to

the following synthesis schentes, in illustrative embodiments.

N N
Cl N Mez
\ Gﬁ/ THE \Ge/
LiNM
/ \Cl e / \CI
AT‘ AT—
LiN(SiMeg) N F }
N
N(SiMeg)g
\Ge/
/ \CI

jLZ



[00112] Ot her germaniumtel luride conpl exes can be forned by the
foll ow ng synthesis process: Ma:90,04:1,,AsAi \is 1,VMA\.,. It\i 1
A---*- \wonrodswstshe fol |l owi ng generalized reactions: Rcr/us2007/063830

e3SR , EXRsee-Efra RM Rsea4: 1K, RIC. 8: -TeS

s \qmg.,.__
N
) Sisd e .
‘ff \ o CLISIM, can be gaktated
E _‘ st Sroves S5 FE. i T -‘."
H g #1:15.5: 1 f Froen BiGH - LiMe
\ Sy
N
M N
e S * Sty
{ 2 LiSiMe, * /
Stbda
\ ‘ /u-‘ -]
i

wehvergin X ol NRIRS, 2 1-00 aling, G
§ Y v

S0 syokeligd, S8-O8 ., s hefide

il K K Mg

[00117)  The invention in another aspect relates to tellurium complexes in which the
tellurium central atom is coordinated to a nitrogen atom, to constitute a Te-N ligand complex.

[00118]  Dlustrative of such Te-N ligand complexes are the following tellurium complexes:
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wherein Eis tellurium Mis Li, Na, or K X is chlorine, brom ne or
iodine; and the Rand R groups may be the sane as or different from
one anot her, and each is independently selected fromanong H, Cl-C6
al kyl , Co-Y¢2@00803m616 C3- C8 cycl oal kyl, het er oat om gr oupECTHRYIHPGIEN
mane groups. [00113] One Ge-Te conplex of the invention is: wherein
each of the R substituents nmay be the same as or different from one
another, and is independently selected fromanong H, Cl1-05 al kyl,

C6- C10 aryl, C3-C8 cycloallcyl, heterfatom groups, and other organo
groups. [00114] Anot her aspect of the |present invention relates to

hi ghl y unsymetric germani um conpl e based on am de |igands, which
are useful for |ow terrperaturez(_b.qlé _C)_Fgepole on of a

germani um anti nony-tel |l urium ( 28‘&ng) thin film by a CvD or ALD
process. These conpl exes are sel ected from anong conpl exes of
formulae (D and (I1): Formula (1): 3 R NRSR6 GR2 R4 Formula (I1):
R3 1 FtIN\z" \ /NR5R6 Rz

Z—CJ\ TeT—{Rs)ax

wherein Ry, Rs, R;, Ry, Rs, Rg and Z may be the same as or different from one another, and each
is independently selected from the group consisting of C,-Cy alkyl, C;-Cy cycloalkyl, C4-Cyp
aryl, silyl, alkylsilyl (e.g., trimethylsilyl), hydrogen and halogen, and wherein x is an integer

having a value of from 1 to 3.
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1/e\ RN I R4 wherein 121, 122, R3: R4: R5: R5 and R7 may be the
same as or different fromone another, and each is independently

sel ected fromthe group consisting of Cl1-C6 al kyl, C6-Cl0 aryl,

silyl, al WOaBYF76l6e. g., trinmethylsilyl), hydrogen andPREUSHEHIEIBI0
wherein in lieu of -NRS5R6, the substituent coordinated to the
germani um central atomis instead selected fromthe group consisting
of Cl-C6 al kyl, C3-00 cycloal kyl, C6-C13 aryl, or halide. [00115] The
precursors of forrmulae (1) and (H) can be delivered to the CVD or ALD
chanber by liquid delivery techni ques, in which the precursor is

di ssol ved owgﬁgspend a suitable solvent nmedium illustrative of

sol vent med hat!? ?‘%éspécr‘rﬁlfeo‘i}‘éea“‘ﬁ“ﬁe‘?tﬁet° BFBAHTH PEYFLE &5GF 14 phase
present i nventge orenaryedesiot Wabridagons k@icdnechafozenideammergls ahk andeso (eplyse,

hexane, hepél}%{%@ upéﬁ%ﬁﬂﬂg arﬁ% rpa%%@s@ 9@"1 or A QJRk l)l? &el( SeHical rQEM NGl
tol uene), or am nes R%'é%e triethyl amne or tert-butyl am ne The

precur sors E’é‘?ﬁ%‘f’l%w"d]ée icRpBgeapptesial iy g memory el dxin a grytalfine oF HEA G| y by
solid delivesy Chmbemidq tasrialstbmbrisz b e SumteadibRarpaaicag briguitaiary alloys

volatl 1l zat b, ifod ?agtzﬂaéﬁha&md@g gisghectatmald dafelbyery package

I's die ProE- I ver vapori zer unit; commercially
avai | abl e fO8RMIATNfhase|chpage 1o iges reyineitiyely pure afleyay) with wegh controlled
2008/057616&5&%&5200&&Q§ﬁﬁ&@mb&ﬁ&@ﬁ&ﬁhQq@ﬁﬁﬂﬁﬁbﬂﬁﬁﬁ%ﬁﬂhﬁ&ﬁ&cﬁﬂwm

formul ae (I )n enags. (CIVB g‘r}]LlE)e 13%?{0@% m%%ﬁggbqe ol gnhg o al_lllﬁil\}ggargeoivr\éang

synt hesi s sChemes, i n trati ve ‘enbodi nent
I N(Si Me3) 2 @fené N @r composition control. A major deficiency in the current art is the high deposition

temperature needed with current alkyl (e.g., Me;Sbh. Me,Te) or halide sources, which typically
greatly exceed 300°C and may be as high as 500°C, which exceeds the allowable thermal
budget for device integration and can result in the evaporation of the chalcogenide material.
[00121] . The invention in another aspect relates to various materials and processes that
enable low temperature deposition of chalcogenide alloys.

[00122] 1In one chemical approach, butyl and propyl (especially t-butyl and iso-propyl)
substituted alkyl hydrides are employed as precursor complexes, e.g., complexes of the fornula
iPr,MH,.,, wherein: x>1;, y = oxidaﬁon state of the metal (M) center; and y-x may = 0.

[00123] In another chemical approach, butyl and propyl (especially t-butyl and iso-propyl)
substituted alkyl halides are employed as precursor complexes, e.g., complexes of the formula
iIPrMX,. . wherein: X = F, Cl, Br; x>1; y = oxidation state of the metal (M) center; and y-x
may = 0. |
[¢0124]  Such precursors can enhance deposition at lower temperatures via beta hydrogen
elimination.

[00125] In another embodiment, digermanes are employed to lower the incorporation
temperature of germanium. Useful compounds in this respect include Ge;Hs, Ge,Meg, or
GesEts. Ge,iPrs and GeatBug, as well as Gex(SiMe;)s and GeaPhs, in which Me = methyl, Et =
ethyl, iPr = isopropyl, t{Bu = t-butyl, and Ph = phenyl.

[00226] More generally, compounds of the formula (Ge;Rg may be employed, wherein each
of the R's can be the same as or different from the others, and each is independently selected
from among H, C,-Cs alkyl, C,-C; fluroalkyl, Cs-Ci2 aryl, C4-C,» fluoroaryl, C;-Cs cyclo-alkyl,
C;-C; cyclo-fluoroalkyl. In addition, Ge,R, compounds including Ge,Phy can be usefully
employed for such purpose, wherein each of the R groups may be as above defined. Additional
complexes may be utilized including 5-member ring complexes with Ge in the ring. Ge(II)

complexes are also potentially useful in specific applications, such as cyclopentadienyl
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\srdeet. 2iiate N sffyi O3 [00117] The invention in another aspect
relates to telluriumconplexes in which the telluriumcentral atomis
coordinated to a nitrogen atom to constitute a Te-N |ligand conpl ex.
[00118] I | WREWEPFNHE of such Te-N |igand conpl exes are FEE/UEB’PTI%Wg
telluriumconplexes: ,NZ-CTe-R3 N R2Z 1. Te N (R3)4-x

compounds of the fornmla Ge(CpRs), wherein Cp is cyclopentadienyl and each of the R's may
be the same as or different from one another and each is independently selected as above.
Another germanium compound that is usefully employed for phase change memory
applications is Ge(CH(SiMex)).

[00127]  In another aspect, the antimony component of GST films can be supplied from a
precursor such as triphenylantimony, which is inexpensive and light-sensitive in character, and
has utility in light/UV-activated deposition processes.

[00128]  Delivery approaches for precursor delivery to enable low temperature deposition of
chalcogenide alloys include the use of separate bubblers for in each precursor for the phase
change memory film, liquid injection of precursor mixtures as an approach to manage disparate
volatility characteristics of the several precursors to enable delivery of precise volumetric flows
at desired compositions, and the use of mixtures of neat liquid or precursor/solvent
colmpositions, as respective techniques that may be useful in specific applications.

[00129]  Film deposition approaches for low temperature deposition of chalcogenide alloys
include: the use of continuous CVD in thermal mode, optionally with reducing gases such as
hydrogen; employment of pulsed or atomic layer deposition to separate the dose step from the
co-reactant such as hydrogen plasma; employment of activation techniques such as UV or other
light sources that are "tuned" to the precursor, with a light being continuous with the precursor
dosing, or dosed separately to avoid gas-phase reactions; and use of alternative reductive co-
reactants such as germane (Gel,) advantageously dispensed from sub-atmospheric delivery
systems, such as the SAGE® dispensing package commercially available from ATMI, Inc.
(Danbury, Connecticut, USA), for enhanced safety and reduced cost of ownership for the
source gas for the deposition.

[00130] The invention further aspect relates to a low-temperature germanium nitride
deposition process using an aminidate-based precursor, as found to be effective in forming
germanium nitride at low temperature. FIG. 6 is an Arrhenius plot of deposition log rate, in
A/min, as a function of 1/T, showing the improvement in Ge deposition with ammonia co-
reactant for germaninm methyl amidinate (GeMAMDN).

[00131]  With hydrogen co-reactant the precursor yields an amorphous Ge film with a
deposition rate of about 2A/min at 280°C. When the co-reactant was switched to ammonia, the
deposition rate increased dramatically. A factor of 100 in deposition rate was observed at
around 240°C, and a deposition rate of 75 A/min was achieved at 200°C. Furthermore, the
deposited thin film turned transparent with ammonia co-reactant indicating the formation of
germanium nitride. FIG. 7 shows the dominating effect of ammonia co-reactant on the
deposition rate.

[00132] The invention in a further aspect relates to N, S, O-heterocyclic germanium

CVD/ALD precursors for deposition of germanium metal films at low temperature. Illustrative
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R2 NNI'O R\Tel/ 3 wherein R, R2, R3, R4, R5, R6 and Z may be the
same as or different fromone another, and each is independently

sel ected fr roup consisting of Cl-C6 alkyl, ,
Co6- C10 ar)W Z@F}Iafﬁ% al kylsilyl (e.g., trinethylsi I yI ), ;@I%goéf@ﬁ&g%d
hal ogen, and wherein x is an integer having a value of fromlIto 3.
WO 2008/ 057616PCT/ US2007/ 063830 [ 00119] I n anot her ~aspect, the

i nvention rel ates togrg n| umggrecursors use r‘,5‘E}[l)lE<'a,se fﬂ 9
menory devi e fLBFTE }88%@ S naMebgERYA el’ra[ﬂ EIREE nd
under go a pH¥seNsIyahge. uﬂnmsphefa:t ¢nrbgdiauerd, the ereqvesad [{deCHRED: 12081 o1y bell”
based on t hgeo&dealnecsmhmk 1ofubiRiaS] &V erm\é{%pgememﬂgeél et her t he

phase change nateri al he nenory n a crystalline
anor phous sH4t3d d‘ie{-“ec%@‘é‘ﬁ?“d‘éc Qﬁ?t@’l“? a?ilgghc@ﬁ‘ﬁnf’%é‘te of} ﬁ‘P Q@errﬂfr‘?‘ﬁ%?(loof
bi nary, ter Aafiyof GTthligy atdeT00a¥yindbrlGey Sompfwid ldwedten agf herphab Smpuric

met al | oi ds, 1e§elsgn ﬂle%gl?j;r Ge ugﬁsgjlgﬂ Golat ) ecmy MQB%&%EH? Lhwllgg)%wrf F%Pee

change nmenory evl ces require ativ pure
control | ed EefFgshaierss lovCuplingnnd ﬁ?leéfes@éssmm qlﬁ°|b2eseﬁh‘y%1| achgted, byyplpr
deposi tion iy@teldepmm)tHettmarbmflmbﬁfmesqfsl, bhese aewpta:ndbaios 10&VD and ALD

met hods ar epﬂﬁﬁ a'Hw Inve n%on 1mn suci] {es%ntb:glrxgl? ates 1e ae H} (f[)yﬂll‘ti 8 (M{P%gﬂf%;sea

waf ers and onpGsttonh con I crency current
art is the Hhitlgte ddlowiog figads: F@W@Fsagllwémﬁ@etﬂ@lﬂﬂaw tdﬁmfemﬁreﬁ eiﬂtetoamlka;ﬂls
(e.g., Me3SBketiMiate) cRbamBd, | ﬂl%czﬁﬁhﬂfa@@ss1lym| ﬁhn&ryﬁahﬁa{aley Igrxeatﬂgynd
exceed 300C and ray g qu@E f (Eefe et‘h L Wﬁl

ther mal  budB&P™F3A°dEY MEBYA 6?'8'?1?36?1“36?&&188%"%8 8t e T ﬁ°‘? ion Wl
evapor at i onaligfl, diakglaohe/hzbyerer tévgereraps. al . [ 00121] The invention in
anot her aspggiss] €l Al @SmbRuny peduRYS i Glci Alose eeqmmlmasgeﬁmm@tn]en abl e
| ow t enperat ure de&ﬁgl tion of challlg eni de al |l }/ﬁ %0122 I n one
chemi cal apEiFrB‘é]tl?h" f g ety 5&"8[!}9 r“'[% ‘Efrs‘él'iatf"f/ Uiy (f deposit

i sO- propyl ) Gelsligtrs.tSutikdy, alitdylé ankimokryi phes scas rany @erprhptoyetio &sm ge eourySEHT

conpl exes, 810§ Go- [%Q:'EEH %é@ﬁiqlﬁés l;sgfﬁlyf Qﬁpﬁ[ﬂk@wiﬂ? Eucﬁ/lﬁécursorsv‘{ﬂﬁﬁcﬁllﬂdm%ﬁ 1.,y
:OX|dat|onsateo center; y-Xx may = 0 123In

anot her che?ﬁ“&%fa’ﬂﬁb’f‘égélﬁm‘“ﬁust‘lﬁqes é‘i‘f’cﬁeﬁ"r“ﬁ‘iﬁyl (especially t- butyl and

i SO- propyl ) [081B6Bt | The {gerthamlnk prbcubiart bidieamaiiten aapdeoyed as precur sor

corrpl exes e.g., conplexes of the forrmula iPr, MXy ," wherein: X = F,
a, x>1; = oxidation state of the netal (M center; andyxmay
= 0. [00124 lgé?ﬁﬁ’)ﬁ?l@@atlzss%d‘&%% whiiaess fdsdemibon at | ower
terrperatures Vi appeta hydr ogen

wherein each R group is independently selected from among H, C;-Cs alkyl, Cs-C,p cycloalkyl,
Cs-Cy3 aryl, and -Si(R"); wherein each R' is independently selected from C,-Cg alkyl; and
each Z is independently selected from among C,;-Cs alkoxy, -NRiR,, H, C;-Cs alkyl, C5-Cyq
cycloalkyl, C4-Cs aryl, and -Si(R;); wherein each R, is independently selected from C,-Cs
alkyl;

each Y group is independently selected from among C;-Cs alkoxy, -NR;R,, and C;-C; alkyl,
Si(R.4)s, and halides (Cl, Br, I), and wherein x is integer from Q to 4;

(2) Ge beta-diketonates, diketoiminates, diketiminates of the formulae:
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elimnation. [00125]1n another enbodi nent, digermanes are enpl oyed to
| ower the incorporation tenperature of germanium Useful conpounds in
thi s respagd 204 Genl 16, Ge2Me6, or CenEto. Ge3i Pr gcan@2decddsBb,
as well as Gen(Si M3)6 and GeoPh6, in which Me = nethyl, Et = ethyl,
iPr = isopropyl, tBu = t-butyl, and Ph = phenyl. [00126] More
general ly, conpounds of the formula Ge2R6 may be enpl oyed, wherein
each of the R s gan be the sane as or different fromthe others, and
each is |ndépendqntly sglected from agong H, C1-C8 al kyl, Cl-GCs
fluroal kyl, i Cg=€42 aryl ,\ 06 C&B Iuoroggyl, C3- C8 cycl o-al kyl, C3-C8
cycl o- quorba Kyl§5en agglt 2R4,ton9gunds i ncl udi ng G5213134
can be usef bl I¥#&npl oye uah pur poss S wher ei n each of the R
groups nay b§>as above ¢ eflneg "ddlthénal conpl exes nmay be utilized
i ncl udi ng 5- nenber ring conplexes with Ge in the ring. Ge(ll)

conpl exes arge al so ot entiall seful .i.n eci C such
o) orentatiich R Sl sty Sosise Fip Aive Heb oaiat 5 an R R Gy 1 s
cycl opent adCe@y krylamd -&680k eah 1 frespR lsden@uylenﬂ!esetehted Samenag Cofs dil,fGer ent
from one angf hgi, c@@gkusay RRIES, sl@gf:%ngﬁdaé d, B§qi %tlﬁsige@&n?@@uez atd¥ROt her

ger mani um conpound t IS use for phase change menory
et on 8 B e AN S b5 TR SRl 0 G SR
anti nony corgpobuietCs@t: G Ti(RY:| R Gakalke, Guppli;ed from a precursor such
as triphenylantinony, which is inexpensive and light-sensitive in
character, and has utility in light/UV-activated deposition
processes. {@)@i?@?ﬂ@ﬁ%‘@?%”%b‘ﬁ%"é € fREelt%or precursor delivery to

enabl e | ow tenperature deposition of chal cogenide alloys include the
use of separate bupblers for in each precursor for the phase change
menory film liqwd injection of precursor mxtures as an approach to
manage di spar at ¢, \NQI atility chag,act erd stics of the ,sever aI precursors

to enabl e deli+gryi 86¥preci se olxurre(‘%oms at r

conposi ti ons,% he use o‘a’—%‘xt urées p at |F-gyl ds}g

precursor/sbl vent” gonpositions,s, S ?‘esﬁectl ve tech qﬁes that may be
useful in specific applications™ [00F29]Fil m deposi ti on approaches
for | ow tenperature deposition of chal cogenide alloys include: the
use of continuous CVD in thermal node, optionally with reducing gases
such as hydvksgamnsaclefisinggpredsntlystleqndlfmmdmong BCofs dkifl.4y€ coidqpbgh €i-6n to
separat e t hafipae sl epct hQMng&(R(aQwﬁ@@Céaaﬂm 1§1H&:Bena§1tl yeftcg8dm ol-@sma;

enpl oymant activati echnj gues su ht sources
Chat Car e ¢ Sagea A € o BN P B b 6 e ob i PSS w e
t he pr ecur sBRRdESICngyclakyld 6s€d asle Bigh:at ad Yalitle (@B, 8. gaskeghdon 0 to 4,
reactions; aQ6UsBr@or8l ternative reductive co-reactants such as

ger nane (GeH4) advant ageousl y di spensed from sub-atnospheric delivery
systens, such as the SAGE(r) di spensing package comrercially

avai | abl e f #pBilydEhhaneslofithe fofiddnbury, Connecticut, USA), for enhanced
safety and reduced cost of ownership for the source gas for the
deposition. [00130] The invention further aspect relates to a

| ow-t enper atrige, gagani um nitride deposition process using an

am ni dat e- bafg ¢ recursor, as found to be effective in formng

ger mani um ni't'ri de At low tenmperature. FIG 6 is an Arrhenius plot of
deposi tion Lognﬁzg in AAmn, as a function of 1/ T, show ng the

i mpr ovenent TFEA" Eféjoom tion with ammoni a co-reactant for gem ani um
met hyl am dtfwg_ ,(SQQW/DI\I) [00131] Wth hydrogen co-reactant the
precursor yiel'ds“an amdtphous Ge filmwi th a deposition rate of about
2N min at 280C. \Wen the co-reactant was switched to ammonia, the
deposi tion i ition
ate vis. obearei e ARE <A 3 Bhlr Elpbenati AG00 £h A0 CERRT 1

was achi evef-& ylodiol Gelrrrbpiforizintex gombiscsi ted thin fil m t ur ned
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of such precursors are [{MC(iPrN)2}2Ge], [{M2N(iPrN) 2), CGe],
[{nBuC(i PrN)2}2Ge], and [(MC(NCy),IsCe]. In a specific enbodinent,
t he precur, i PrN)2}2CGe] may be provided in a s ]

t ol uene aﬁga%%%cursor for germanium netal fil ns. ?ki%%@ﬂﬂ?’ﬁ&?ﬁ%’e
formation of GST filnms, a high deposition rate, on the order of
400-500 AJm n of GST alloy, and 100 AAmn for Ge, along with | ow
car bon and roatomjnpurity levels in the film are required.

H ghly vol aB?@ep?yéféﬁer"lé“ggg{gﬁf%aneﬁgg%%%g?uﬁe' Li qui d precursors are
preferred, however low nelting and volatile solids nay al so be used
with a heated bubbler system (- 50C). Heteroatominpurities (Si, O,

G

N) are accefftdbfebel ow X&%" [ 00134] The i nvention in such respect
cont enpl at eg, the L of Ce(ll) and Ge(lV) precursors with the
following IY %h%&é%ﬁ di"ﬁéé’%?;‘?guani di nates, isoureates, diketonates,
di ket ohni nates, diketinm nates, carbamates, thiocarbamates, silyls,
ami not r oponFrfsFatidEnaey eRFeErgLHghr ecur sors are al so incl uded with
conbi nat i onSp@betatiitkedrhioar® | i gands, or in conbination with alkyl,
di al kyl am neleelf%grdgkgtgraates)r hal ogen groups. [00135] The gernmani um
precursors can be used alone to deposit netallic germaniumfil ns
thermal |y ofPYsfitreate)lco- react ant, or with i Pri Te or other suitable
telluriumprecursors to deposit GeTe layers. Simlarly, suitable
antinony precursors, may -be . enpl f orm ternary GST all oy.
oor 1 oot ant TESEAPn WY PRASIRLAY Bk Ol OLE BECIETRAE ¥ R BukE
i ncl ude hydtogesyl aphonRas Wisreins prall Rals iydeperiends seleseqd S £1-Caalyl; and
?i ; rraeg (elsv) [ &R 8GlolhE i@egeimmyéb_erb@ad%mras@ggsqqfﬁ anchgcm\é&?iyi, NHIR%,@mfie:

a n : i.di nat.es i soureates of the far a:
whoroi n eacherbh o AR AR of B TR RS R Brang i s
al kyl , C3- 0Op@. awg€p bzehdeyrpay al@bingis: aryl, and -Si (Rl)3 wherein each R
i s independently selected from Cl-05 al ky,s}lk; gnd each Z is
i ndependent|y sel geted fromanong Cl-C6 ahkkoxy, -NRLR2, C1-C6 al kyl,
Cs-Gio cycl oal | g3 C6- Clawaryl..and -Si (R4))8 wherein each R4 is
i ndependent Ryi&gl ect ed f48fh CI~ Cs¥afkyI™ " edch™® group is
i ndependent |y sefggted from among Cl - C6 al Koxy, -NR1121, and Cl1-05
al kyl, Si(R4)3, and halides (C, Br, D, and wherein x is integer from
0 to 4; (2) Ge beta-di ketonates, diketoimnates, diketimnates of the
formul ae: wherein each R group is independently selected from anong
H, Cl-C6 al ¢yfe(lcaumigoggeditelfdappla: C5- C13 aryl, and -Si (121)3; each Y
group is independently selected fromanong Cl-C6 al kyl, C6-Cl3 aryl,
Cl- C6 al koxy, NR1R2, 81(124)3, and halides (O, Br, 1), x is integer
fromO to 4, Z akdis are the same or different, selected fromO, S,
and NR, Ris sgﬁ@é{»@gﬁisr\om Cl-05 al kyl, C3-C10 cycl oal kyl, C5-C13
aryl, Si(21y8RE4).e CI#C6 al kyl, C6-C13 aryl; (3) Ge carbanates,
t hi ocar bamat es $t the formul ae: wherein each Z is independently
sel ected from &mng H, C-C6 al kyl, C3-Cl0 cycloal kyl, Cl-Cs al koxy,
NRLIR2, C6-Cl3 aryl, and -Si (R4)3 wherein each R4 is independently

selected fromCl - al kyl. or aryl; each Y gro i s | ndependent
Sel oot od 1 rOVTHGGR EPSRaEmSHPR Y SeCapron Ry o Ry ERCg et
cycl oal kyl , CG35s @¥B amt yBi(R):8 ¥lidrd) 8ich RNt idzbandrmtly felicted Brin Gi)Cy alleyli gnd
I nt eger frOmsgnﬂlggeéfhavﬁ@gvgue'&fr&hﬁQ%E 0 or S

(7 Other N-heterocyclic germylenes of the formulae:
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(4) Silylgemunes of the fonmla: TM5 ;M5 Ge M5 TM S R4 xGet TIVBL;
(NRR").4.4: Ge(TMS6 wherein TM5 is Si(R')3; each Rgroup is
|ndependenﬁbym§@g@gied fromanong H Cl-C6 al kyl, C3-Chera¥sdodadskiol
C6-Cl1 aryl, and x is integer fromO to 4; (5) M xed
cyclopentadlenyl germanes of the fornul ae: ReC, >33eCPx (RFO1,4_.

a. 01533 Rri NGeep CpCe(am di nate) CpCGe(guani di nate)

CpGe(bet a-di ketim nate) CpGe(beta-diketonate) CpGe(isoureate) wherein
each R group is |ﬁdependently sefected fromanong H C1-05 al kyl,

C3- C10 cycl Eréff“kyh \CB- C13 ar#w=dind - Si (R )3 wherein each 12 is

i ndependent eo%éﬁ fronﬁ&; Q5 afﬁyl and each Y group is
|ndependentlym§eI§&ted fr om arfongi C1- C6 al kyl, Cl1-C6 allcoxy, NAIR),
C3-C10 cycl oal kyl ,” C6-C13 aryl, (R4) 3, and hal i des (d, Br, 1), x
is an |nteger haV|ng a val ue of fromO to 4, and Cp Iigands may al so
i ncl ude: am no- al koxi de of the fo wherein each R
group is | n ]éebeé‘h?i‘élh]f EguRdsndependeptly F%“r‘ﬁeglﬁﬂ}ﬂ@m%g Hﬂf%“‘é]l kyto cyelsaliro
cycl oal kyl , C&5; @}B ast ySi(R"):ambereiiBe{cRR) 3, indehedriaatln sekaed il ¢, €5, alkyl; and

i ndependent .Laxh‘?gloﬁﬂs%éca?ge@my%egé bl Hlone @(’}[ds BodSNRR HIELOENI IR NY. 3

val ue of fro eteroc erny enes of ‘thé
f or mul ae: Cyo cycloalkyl, Cﬁ— 15 aryl, Si(R,);, or halides (Cl, Br,

(8) Oxides, dithiolates, thiocarbonates of the formulae:

R
\ E': “‘ Fi
?{ra o “,a-t: \h..-"‘ E E. . E = 3
A B 3 w5 con? S Npnesos RR?N Ly Bewl
ROVET e elReCRBE CRa 1 Gel T
oy S OF E” g-LRW

wherein each R,R’ is independently selected from among C;-Cs alkyl, Cs5-Cy, cycloalkyl, C;-Cq
alkoxy, NR R, C4-Cy;5 aryl, and -Si(R,); wherein each R, is independently selected from C;-Cq
alkyl or aryl, and halides (Cl, Br, I}, and E is either O or §.

[00137] The ALD/CVD precursors (1)-(8) described above can be prepared in liquid
delivery formulations using a suvitable solvent such as alkanes (e.g., hexane, heptane, octane,
and pentane), aromatics (e.g., benzene or toluene), or amines (e.g., triethylamine, tert-
butylamine). Precursors may also be delivered as neat liquids or as solids using a suitable solid
delivery and vaporizer unit (such as the ProE-Vap™ solid delivery and vaporizer unit
commercially available from ATMI, Inc., Danbury, CT, USA).

[00138]  Set out below is an identification of various specific germanium precursors of the

invention.
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R.11 N R L,

and -Si (103, wherein each R
al kyl ;
al koxy, NR1R2, H, ClI-Cs alkyl,
Si (124)3, or halides (O, Br,

t hi ocar bonates of the fornul ae:

C3-C10 cycl oal kyl,

is i ndependent ly sel ect ed fromCl-C6
andV@AWKO6Hy oup i s i ndependent |y sel ected fromPSHONEPLENRY

C3-C10 cycl oal kyl,

1); (8) Oxides,

EE / (ClL WPC -

eY Rn p. wherein each R group is independently
sel ected fromanong H C1-05 al kyl,

C6- C13 aryl,

C6- C13 aryl,

di t hi ol at es,
e’.

crE ECRR wherein

i s independently selected fromanong Cl-C6 al kyl,

MNAIR, ,E%{(E@ aryl,

each R R

cycloal kyl, G-Cq aLkoxyg
each R4 is mda;aeﬁﬁent?w ¥
hal i des (O, EIFE and

C3-C10
angl/- Si (R4) 3 wher ein
oninCle C@;—@I Fsyl‘*"(@%)nar yl, and

| eeted
S. [06?37] The ALD/ CVD

‘is ei ‘E;her""»@ or

precursors (1) (8) descrlbed above can be prepared in |iquid

E=Q,8

X = G102 alkyl, fluormalod, and, dialhdanine, sikovy

7 . .
F '\:\w“, e R\i__‘r,; R N
& J}:m AR P
R & BEvz S Doy
E“ ,‘"...l‘_\} ?}c‘_‘_ Cj
g K
oy H
AN R =CHa, B, OF;
Sk . .
Ny 7 =allod diakyiamine, H
Rk
E K R\ 8
o ¥ el Y
;}’-.-.\e&r \L ;"C.\— Y “’.M.G}“.‘-ena
X “l_:ﬁ \°\\s ’i"be 3 \t}--.--&""y
FAY ;Y £
R R* g ®
R =CH,, 8, O
¥ = alkyl, Gellgiomine, B
; 3 3
ﬁ' ﬁ whers | = IPr, £, By, TRS T.hb ‘fh"
T " : T™E Tvis

RaGelp,

RN 20y

X = cialkyismids, hyd

Giz, 1-8 oty
Z = diakgiamide, afoxide,

£t e fdonat .
$1-3 allng GorTHAS)
Rg,xl:h.{ Rl

KRR SeTMI),

whate O ragrasems CSp, O, and ntier $4-C0
o subsisiad cycinpentadisnyd Igands, and
inchedes ansa-hridged germanes and

akplidlalyiaminesy fexanpies shown belowl

P - e,
Rast, | P e
e '
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delivery formul ations using a suitable solvent such as alLkanes (e.g.,
hexane, heptane, octane, and pentane), aromatics (e.g., benzene or

t ol uene), wo :@8i0s@s (€.g., triethylam ne, tertbutyl am pelwsRoecasmor s
may al so be delivered as neat liquids or as solids using a suitable
solid delivery and vaporizer unit (such as the ProE-Vap7msolid
delivery and vaporizer unit comrercially available fromATM, Inc.,
Danbury, CT, USA). [00138] Set out below is an identification of

vari ous specific germanium precursors of the invention. WO

2008/ 057616PCT/ US2007/ 063836 QAMDIKL DEFecirsols Kc Gee X (C.:141.e. Ge
.),(CHoln 0" E =0, X = C1- C2 al kyl : fluomaNA arA, dial:SylantS:

ai koty k "paY Rn =
y P GB{IVY precigrsér;
: | GiGHsYs
Ra. _NRa NP N
o aE i i) i e
Fall NRz . ’]-' S T MRz
* ! SiHals
R = Me, EY, iPr, THS = Me, £t P, THS
e{ll} precursors
1, ; . ; GiGHale
s ;; —‘Q‘ ™ -;l—‘ o h‘g\
{ wsad H—ge—t [ Jeer
Crnanng \,_\\ rr_‘,‘.“é o bi.\ ,.-Sj\ \‘-g.\q
% ] K
$iCHx
R 8]
3 %
EARNEEANY
oo e X
e -"‘; &\, :"".‘l
8 %
R N

wiere X =3 nuciaophife fe.g. THs, Mel, NR3)

R=ha EL Fr, TR

T{CHg, CCHsY ™S
2™ AN e
¥ /,63 : WS‘:&I\ a’,G-a: & \[ et
\" EE RN u/
i h =
LR CicHyls TS

[00139]  The invention in a further aspect contemplates various metal silylamides useful for
CVD and ALD deposition of thin films.

[00140]  This aspect of the invention encompasses the synthesis and characterization of a
class of metal Precursors with disily-azacycloalkyl ligand:
R5aM{N[(R;R2)Si(CH,)mSi(R;R )] }ox-n; metal stlylamides particularly with asymmetric
elements in the silylantdo ligands, RSnM{R4N[Si( RIR2 R3)]}ox-n; carbodiimido insertion
reaction with those silylamides to yield the corresponding guanidinate complexes, which can
also be used as CVD/ALD precursors.
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I

GeYap
N. O
: TA R

S

t

= 1 ,
t7,H3 Gut CF.3. =H R CH3, R RR x=
WO 2008/057616

rti )=-1: 4-ev |

I
Qo

[00141] The "oligomers" of the above-discussed monomers with the same emprical
fornula include [R5nM{N[(R1R2)Si(CH2)mSi(R3R4)]}ox-n]x or [RSnM{R4N[Si{ RIR2
R3)]}ox-n]x where x is an integer having a value of 2, 3, etc.

[00142]  The invention also contemplates precursors with open-structured silazane ligands
in which at least one of the Rs has a functional group such as amido, alkoxyl, siloxyl and
thienyl: RSnM{(R4R5R6)SiN[Si{ R1R2 R3)]}ox-n, and its corresponding guanidinates.
[00143]  The "oligomers" of the above-discussed monomer with the same emprical formula
include [R5nM{(R4R5R6)SIN[Si{ RIR2 R3)j}ox-n]x where x is an integer having a value of
2,3, ete.

[00144] Each of R1, R2, R3, R4, R6 and R7 in the about formulae is independently selected
from among H, C1-C6 alkyl, C3-C10 cycloalkyl, C6-C10 aryl, -Si(R8)3 and -Ge(R8)3 wherein
each R8 is independently selected from C1-C6 alkyl; and -Si(R9)3 wherein each R9 is
independently selected from C1-C6 alkyl; when suitable, pendant ligands attached to the above-
mentioned R1, R2, R3, R4, R6 and R7 include functional group(s) providing further
coordination to the nietal center, such as, for example, aminoalkyl, alkoxyalkyl, aryloxyalkyl,
imidoalkyl, and acetylalkyl, wherein suitable groups in these classes include those of the

following formulae:

Lp
.
-—-—{&-};{-T 'mﬁi
Ry f{i Ry

aminoalkyls

wherein each of R1-R4 is the same as or different from one another, with each being
independently selected from among hydrogen and C1-C6 alkyl; each of RS and R6 is the same

as or different from the other, with each being independently selected from among C1-C6 alkyl;
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RR. S. CR% = alzyl.dEalylardine, where R= Pr, Et, t3u, TM5 X =
di ol kylarnicle, hArSde, O-n =.rEatfiamtte, tide, -8 TM& ., TMS Be
TMB This R4.,, GET , ;4RF04...,"6eil MB) ., RGeCp tRR%%4-:aON
R .. R7P3s3%82URE7819) represents Op. Qp., and ot her C PEEUSHIPY/P63s30
substituted cy. Unpentddi e, oy: Hgands, ant inckEdes a;. lsa-bridged
rmanes and. ai kylidi al kstam nes) [esai nsges shown bony: 4.

n and mt are each selected independently from O to 4 with the provision that m and n cannot be

0 at the same time, and x is selected from 1 to 5;

1 Ry

0

G Qe R

5 Hy

BN -~

alkoxyalkyls and aryloxyalkyls

wherein each of R1-R4 is the same as or different from one another, with each being
independently selected from among hydrogen, C1-C6 alkyl, and C6-C10 aryl; RS is selected
from among C1-C6 alkyl, and C6-C10 aryl; and n and m are selected independently from 0 to
4, with the provision that m and n cannot be 0 at the same time.

[00145]  In the metal precursors, each RS can be independently selected from among H, C1-
C6 alkyl, C3-C6 cycloalkyl, C1-C6 alkoxy, -NRIR2, and -C(R3)3, -Si(R8)3 and -Ge(R8)3
wherein each R3 is independently selected from C1-C6 alkyl; and each of R8 and RS is
independently selected from H, C1-C6 alkyl, C5-C10 cycloalkyl, C6-C10 aryl, and -Si(R9)3
wherein each R4 is independently selected from C1-C6 alkyl.

[00146] Tn such metal precursors, M can be any of the metals mentioned above (Ta, V, Ti,
Nb, Pb, Ni, W, Ca, Ba, In, Y, La, Zr, Hf , Ir, Ru, Pt, Cr, Mo, Ge; Al, Si, Ga, Sc, V, Cr, Fe, Sb,
lanthanides, Mn, Co, Ni, Zn, Cd, Te, Hg, Au, Cu, Ag, Sr, Ru) but not limited to them only; OX
is the allowed oxidation state of the metal M; n is an integer having a value of from 0 to ox; and
X is halogen.

[00147] The above-described precursor materials can be used as low temperature deposition
precursors with reducing co-reactants such as hydrogen, H2/plasma, amines, imines,
hydrazines, silanes, silyl chalcogenides such as (Me3S$i)2Te, germanes such as GeH4,
ammonia, alkanes, alkenes, amidines, guanidines, boranes and their derivativesfadducts and
alkynes. The precursors may be employed in liquid delivery formmlations, and the precursors
that are liquids may be used in neat liquid form, with liquid or solid precursors being employed
as desired in suitable solvents including alkane solvents (e.g., hexane, heptane, octane, and
pentane), aryl solvents (e.g., benzene or toluene), amines (e.g., tricthylamine, tert-butylamine),
imines, guanidines, amidines and hydrazines.

[00148]  The utility of specific solvent compositions for particular precursors may be readily

empirically determined, to select an appropriate single component or multiple component
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.10 RoCee,

Ge MAUD precursors GOV) precursors R7N, AR2 R211 NRL.
= Me, Et, Pc !'M5 Jae c4CR3:3 R = Me, EtjPt, -CM5 (CeV!) precursors
R_N. \' /wb 2008057616 PCT/US2007/063830

the type previously described herein.

solvent mediun for liquid delivery vaporization. Solid delivery systems may be employed, of
[00149]

The above-described precursors are variously shown below.
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A GAX R stherTe X = nuceoph:fe (e.g_ CH3, WO NR2) R= Me, Et, Pt, TMS
rr(CH3)3PCCH k, , osMe, St/ Ge '"\N b(CF13) 2, ai e-1-1: 33TVM5 [00139] The
i nventionyddshitsisher aspect contenpl ates various net gbrgihith/ad¥kfes
useful for CVD and ALD deposition of thin films. [00140] This aspect

of the invention enconpasses the synthesis and characterization of a
class of metal precursorswith disily-azacycl oal kyl |igand:

R5N1s4{ N (RI R2) Si (CH2) nSi (R3R4) Dox-n; mnetal silylam des particularly
with asymetric elenents in die silylmido ligands, RSnMRAN Si ( R1R2
R3)] I ox-n; carbodii nmgdo imysertion reaction with those silylanides to
yield the correspondi ng\gfuanlv@h nat e conpl exes, which can al so be used
as CVD/ ALD prec rsor's’ Mﬁm 2&@8/ 057616PCT/ US2007/ 063830 [ 00141] The
"ol igonmers” of the above- di BSC se;d nonmers with the same enpri cal
formul a incl ude i[ RSnNgd R1R2 S rrSi (R3R4) Hox-nl x or

[ RSnM R4AN Si ( RSQJ), nc]x where X is an integer having a val ue
of 2, 3, etc. [00142]"The;!nvent| on al so contenpl ates precursors with
open-structured silazaneg#i gands in which at |east one of the Rs has
a functional group such gs amdo, alkoxyl, siloxyl and thienyl:

RoNM (RARSR6) SiN[Si ( RIR2" R3)] }ox-n, and its corresponding

guani di nat es.

st s nca Aty

RAN=C=MRT

& ig sttt mstale

[00150]  The invention in a further aspect relates to tetraalkylguanidinate and ketiminate
complexes useful as CVD and ALD precursors, including a class of metal precursors with
tetraalkylguanidine ligand, e.g., in the coordination mode
(ROnM[N=C[(NRIR2)}(NR3R4)]}ox-n and the semi-labile coordination mode. Under special

circumstances, both coordination modes could theoretically co-exist.
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[ 00143] The "ol igorners” of the above-di scussed nononer with the sane
enprical formula include [R5n/v1{(R4R5R6)SIi N[ Si( RLR2 R3)]}ox-n]x
where x is_an int e9 havi ng a value of 2, 3, etc. [001441 Each of

R2, R3, RIORWSMNAIR7 in the about fornulae is |ndepen3€ﬁqs§/m§’8q3§3t‘,’t ed
fromanong H Cl-C6 al kyl, C3-Cl0 cycl oal kyl, C6-Cl10 aryl, -Si(R8)3
and -CGe(R8)3 wherei n each R8 is independently selected fromd -Cb

al kyl; and -Si )3 wherein each RO is independently selected from
Cl-C6 al kyl! [0D Jen ’é’b?fts'é%‘l"émpl?i‘ésrfd'é"ﬁSY‘P”i‘e@‘é‘?ﬁld’é’md]EetcaEﬁ%‘&d‘%mEaﬁé‘“”“‘l salts
above- ment i efiecheR halilR®, orRBylsR4, mik@ 1afidks/R¥yli/snddcs e ffotinthé |d1malreagnmup( S)
providing f i r

exanpl e, amH{]t%Jag' a‘ﬂé}gﬂ ioﬁh%'avﬁ@ l?egl Izflr?iy Sg%"/]gﬁ %%Fkgcgffrﬁ? :Ts“hpgs
acetylalkyINEﬁhereln suitabl e groups in these cl asses |nclude t hose
of the foll omi nglidoaesul e such amntiaal kyths msheted nelﬂaa.ein &frmid - Réudes t he

sanme as or (jLferer r nother, with. eac n ndent |y
sel ected frgﬁ)gﬁ{)%&(f?%g%@%ﬁyﬂa @f‘ v@éremskanll “fea ]a L? ﬁg{*‘, dfPZd? )
the sanme as[08¥52Hi f Faar @n&ﬁaﬁm(ﬁm(Bﬁ@reg{fﬂqérhavwhwwyeth@hemﬂ pleggracterized. AH

i ndependent bitnesdh& e @Ebnfisivd MeARPRGavid: aldOrMGIQUINMe2)2 i9NEschis Blnbd £ afolh
sel ected |nde1§>endently fromO to 4 with the provision that mand n

cannot be 0“BP*{'H& sanme tine, and x is selected fromlto 5:
al koxyal ky| B0E8H aflyl oxspadk plss opifenmditey e cdoreponRig Rebatjidnateh compéares as

or differengsdi ﬂ%@ﬂﬂcﬁﬂﬁiﬂb@ﬂﬁwmmﬂ}hla aeh ﬁ@lr'%ohlagemn&aﬁgnhmersghlect ed
from anong hydrogen el ected

from anong & 8% ww‘ fmaw& 1@%3/%1[85% NC%EHH%%NQR%@@E% Brécied
i ndependent ierd x i9an itedeohating e vdoetoh® 3yEcovi si on that m and n cannot be
0 at the Sa@lsﬁ] mﬂle[lmat%ﬁ]fﬁrﬂlerdén@onﬁ%rséla Q&a@ﬁi&!?ﬁgﬁﬁe m@é&ﬁ rBétlcﬁi%thbe

i ndependently sel ected from armn% %}/Fg oal kyl ,
Cl - C6 al koxPealagdeRty vidd, e cesrespepdiog g“g?‘flf-’%) %ﬂmaﬁ&es ‘éé‘(hF%? SIsuPretsEt # each
R3 i s i ndepevDanDl pyectisdre 64 wdl o koimifats Gheafotoyla; (RA)AK {120k 1R1)])R8n add R8

i s indepe ndﬁgr];tol-[é/ P&glk%%?gm{\% Htes (3 Q@mﬁla}%m h@r@ﬁ: ]ﬁﬁ'!' 5¥h.

C6- C10 aryl in each R4 is sel ect ed
fromd - ’Heﬂ k)Plthn[eGOMHfPI nm"s“GE‘Ff niskha| ey éé‘i]*’r samgmalm 159 %ems}mf of

t he metal s remiRENEIN-ARNR) INR B ox-Mx, where xMun idtiyer ling Mvaﬁ&of 2BRetcl N, Y,

La, Zr, ) )

| ant hanl des[omﬁﬁf d?ﬁiel\?%ﬂ zoqlpleécf desf%edﬁgblw ,&§Ch O&J% %S%B éu % d %_76&8 not
limted to mﬁ@mdemlwlec@(frp@ ape Hal ]-Gowliy, &ércdaﬁcwkslt%&%w@wl rfh@sﬁet al
M n is an ifat-eges)shanckditgeadn K& lisidepdnadnip 810 el GroMXC1-@N 8y dn8 -fi@opgen.

wherein each R9 is independently selected from C1-C6 alkyl; when suitable, pendant ligands
attached to the above-mentioned R1, R2, R3, R4, R6 and R7 including functional group(s)
providing further coordination to the metal center, such as, for example, aminoalkyl,
alkoxyalkyl, aryloxyalkyl, imidoalkyl, and acetylalkyl, wherein suitable groups in these classes

include those of the following formula;
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[ 00147] The above-descri bed precursor materials can be used as | ow
tenperature deposition precursors with reducing co-reactants such as
hydr ogen, HZ“PIasna am nes, imnes, hydrazines, silanes

chal cogeni¥R28031%s (Me3Si ) 2Te, gennanes such as GeHEC TéﬁﬂﬂﬁWﬁgm
al kanes, al kenes, am di nes, guani di nes, boranes and their
derivatives/ adducts and alkynes. The precursors may be enpl oyed in
liquid delivery formul ations, and the precursors that are |iquids may
be used in neat liquid form wth liquid or solid precursors being
enpl oyed as desired in suitable solvents including al kane sol vents
(e.g., hexane, hepRgne, tpctane, and pentane), aryl solvents (e.g.,
benzene or tquene amijnes (e.glg triethylam ne, tert-butylam ne),

i m nes, guanidine es ?% hydra2|nes [00148] The utility of
specific solv ﬁﬁ%géﬁjgfﬁﬁ particul ar precursors nmay be
readily enpirical te “hed to select an appropriate single
conponent or nulti Ie C nponent g§olvent medi um for liquid delivery
vapori zation. Soli@s deIE%ery syst éns may be enployed, of die type
previ ously descrlbed herein. [00149] The above-descri bed precursors
are variously shown bel ow. 3 4 [ 00150] The invention in a
further aspect relatesg o tetragl]cyl guanidinate and ketim nate
conpl exes usef ul 4 cvland ALD(FTecursors i ncluding a class of
nmetal precursors qﬁ YI'gugni dine ligand, e.g., in the
coordi nation NR1 ;gN R4)]) ox-n and t he
sem -1 abi |l e coor B C|al ~circumstances, both
coordi nati on node

aminoalkyls

wherein each of R1-R4 is the same as or different from one another, with each being
independently selected from among hydrogen and C1-C6 alkyl; each of R5 and R6 1s the same
as or different from the other, with each being independently selected from among C1-C6 alkyl;
n and m are each selected independently from O to 4 with the provision that m and n cannot be

0 at the same time, and x is selected from 1 to 5;

R, R

|,
mmmﬁ%??} o O Rs

Ry Wy
alkoxyalkyls and aryloxyalkyls

wherein each of R1-R4 is the same as or different from one another, with each being
independently selected from among hydrogen, C1-C6 alkyl, and C6-C10 aryl; R5 is selected
from among C1-C6 alkyl, and C6-C10 aryl; and n and m are selected independently from O to
4, with the provision that m and n cannot be (} at the same time.

[00156] In the metal precursors, each RS can be independently selected from among H, C1-
C6 alkyl, C3-C6 cycloalkyl, C1-C6 alkoxy, —-NRIR2, and -C(R3)3, -Si(R8)3 and -Ge(R8&)3
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WO 2008/ 057616PCT/ US2007/ 063830 [ 00151] All of such conpl exes can be
synt hesi zed fromthe corresponding al kali nmetal salts with netal

hal i des onry@ghédhsicey ™M xed hal i des/ al kyl s/ am des or fr egrigkeotivdsesnt
reactions between tetraal kyl guanidine with nmetal halides with the
presence of HX absorbents such as NEt3. The "oligoners” of such
nmononer with the same enprical fornula include

[ (RS) nM N=Clp, N RZon( R¥RE Rk pdn @b Lefecte VG €12C61 sticy®Mind BAF YL R RAY RPG t he

val ue of 2, 3, etc. illuyst precu S
have been sV‘ﬂetPﬁ‘Elg‘iﬂiéﬁecéﬁﬁgme"r%récé "r”fyii% ({lﬁl‘l")(CY"&]I]"”CIIe ﬂéf#@"ﬁ %ﬁ%gﬁ si ng
t her mal behabdron eaginkl if MEDEGeMyBdcd frem @1-C6 sikydus | i quid at room

tenperature 00{59P15§1]s{|3ﬂ%1e'mi‘ ﬁibr@ @Jn% rﬁi%@[h@% af?‘in%&ohé&%b&r@'{fa?ﬁ,pﬂnd' ng

guanldlnate conpl exes é | ox- The
"ol i goner s" NBFbsNicH: %ﬁ&ﬁ%r‘f ?feC‘eWB’rqee% Sk i‘r?&lv Cr ﬁ&lsﬁde

[ RSnM R6NC{ MefuiniNRR, m) CINRB R4, )1) NRd, LA@)CunAi XSr, RN Bt Bot XimitS] tatherh bl Qar

having the V%‘le'ﬂﬁ %T{an?ri sta?e a(% klgtgljl\?l}ll {Eﬁnt H;@"l%ﬂk% O\Qlufe H{F{‘ E%to ox; and

enconpasses a te raa yl'guani ne inser reaction w met &l

am des to yKéilglog#ie correspondi ng guani di nate conpl exes, which can

al so be usemoms] CVileAbdve-posarbed S&uSer ndGriMEIah beasedl@etowmrﬁpafaa& deffositidhe

Lo enes oetha AT IFROR AR, KR REPRRT o e Sk
"ol I gomer s" hydpeinesoiroree cilyhi chficaptides avrb  anffeBRITe.f esrmagbsasich b &84,
[ RSnM R6NC[ NMrfdnRL RRankNRiEIRX aﬁ&]c%cs \é{flzﬂfdﬁnesx bbrne@Bndl tnéne@emauh@mada&s e

val ue of 0155 rlbed above,
val ue of 2 uBiseCls b RO 2R bl ey TR R el B s e ran

anong H, d th@Bredigkigd may@8 u@d (& neat bfuirhiotay fvith @RHART €lid prgdursors BeifRSIPByEind
- Ge(R8) 3 whar fliRkd 6RAGRaRBsolventd m@u@@@gwgﬁﬂé LatvesEk cegctlﬁgmé rhggaansll Gefel, AdKY! ;

and -Si (R9)3 wherein each R9 is independentl m Cl -
al kyl ; whenPSHY-Fb1 é"l"eb‘éFFcFar‘??“WF@h‘ﬁH%“hf”P‘&‘E?H%% "P?fh E}‘?E“ea‘ﬁ%g YRR oned

R, R2, R3, inks, sRGidivad afldinesmed lydiarigesf unct i onal group(s) providing

furt her COOfoﬁisﬂﬁt B2 uhﬁly Sfflﬁec{?%fscﬁ\'remfc@lﬂiﬁo‘?hons%dﬂﬁi}n&ﬁr b QoS %A RS dily
am noal | cyl , aryloxyal Kyl , 1 m doal lI) and dcetyl aI kyl ,

wher ei n sui ?"él’é‘l‘%”yg%“&‘ilﬁ’é‘eq P ﬁﬂILFé%@ &Hpé’ﬁ%aéesm'i‘%lf'cf‘l}@@“ef‘%ﬁsré“lwe fogonent

fol |l owi ng f eiveutlngdium fordighia divéey hapondatne Setidelalddry af st nfd bd supldyel, sfanme
as or diffe r, wth each bei ng i ndependently

sel ected fr[g%ggné)%]@%g‘r%%g@k%ﬁd Cl-C6 al k each of R5 and R6 is
the sane asl08¥04; fThep Fd@fsfft?féﬁ RIfarsest Heyario Yﬁ‘l‘?‘”éé%‘ﬁ“’ ‘bei ng

i ndependently selected fromanong Cl-C6 al kyl; n and m are each

sel ected i ndependently fromO to 4 with die provision that mand n
cannot be 0 at the sane tine, and x is selected from1l to 5; R2
R4 al koxyal kyl s and aryl oxyal kyl s wherein each of RlL-R4 is the sane
as or different fromone another, with each being independently

sel ected from anong hydrogen, C-C6 al kyl, and C6-Cl10 aryl; R5 is

sel ected fromanong C -C6 alkyl, and C6-00 aryl; and n and m are

sel ected i ndependently fromO to 4, with the provision that in and n
cannot be 0 at the sane tinme. [00156]1n the nmetal precursors, each R5
can be independently selected fromanong H d- C6 al kyl, C3-C6

cycl oal kyl, C-C6 al koxy, -NR1R2, and -C(R3)3, -Si(R8)3 and -Ge(R8)3
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wherein each R3 is independently selected fromd -C6 al kyl; and each
of R8 and RB i s independently selected fromH d-C6 allcyl, C5-Ci10
cycl oal kyl @ryl, and -Si (R9)3 wherein each R4 |
|ndepende3¥?y sﬂ%gcted fromcCl-Co al kyl. [00157]1n Sucﬁ&ﬁ%@gwmmawso
precursors, Mcan be any of the netals nentioned above (Ta, V, Ti,
Nb, Pb, Ni, W Ca, Ba, In, Y, La, Zr, H, , Ir, Ru, Pt, C, M, Ge;
A, Si, Ga¢ Sc, V, G, Fe, Sb, lanthanides, M, Co, N, Zn, Cd, Te,
Hg, Au, Cu,i Ag, Sr, Ru) but not Ilnlted to t n1@h%., CM is the

al | oned madmlonstme of the netal ‘mgnlntqh* awng a
value of friom O to ox; andxks..hal oc 8]Thﬁwabovemde3cr|bed

precursor materials can be used.- m/tenperature deposi tion
precursors with reducin veﬂffgéctanfs'ﬁ wShas hydrogen, H2/ pl asma,
am nes, mnes, hygrazines, silangsg sid’yl chal cogeni des such as
(NEBSl)ZTe &L nanes such as. GEH4 ni a, al kangs, al kenes,

am di nes, guahlgf

nes, “bor andsand t hei r de%ﬁ&allw?§/addupﬁ§~ nd

al kynes. The preétifsors may be ehpl gyed: g@xhiqU|, Hi=ET Y 1
formul ations, and t precursors thg\ta e Ilbupd%R ay béﬁuée s$4% neat
liquid form with liqu or solid pregursors being enPJoyed as
desired in suitable solve i Nal | cane sol ven (e.q.
hexane, heptane, octane,
or toluene), am nes (e. J
guani di nes, am di nes and hydra2|ne .
sol vent conpositions for particular p
enpirically determ ned, to sel ect an apprQp |a§@n5|n | e conponent or
mul ti pl e conponent sol vent nediumfor |iquidg del ver- ¥apor|zat|on

ryl solvents (e.g., benzene
tert-butylam ne), inmnes,

Solid delivery systens may be enpl oyed, of ReX e, reV|oust
descri bed herein. [00160] The above-descri bed prec&fsér% are variously
shown bel ow. N, Stz, 4 Nfr2. N B
S - Rﬁ\\ -
Q“ Sy T - Ry o4 5;':}31 VR" R ss‘(;‘ix&x\‘; :R:megks\ ‘j;‘j -v" .,
A }\*R}‘& e . \}..wf\:“f N
\i‘ 4 i B & \}SN#‘K.- x&“‘ ¢
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4 [00161] Thermal and el enmental analysis is set out in the table
bel ow, for the four illustrated precursors previously nentioned as
havi ng be rized. [00162] The above-descri bed re
VariOUS|ng%g§ﬁk§§F§ML [ 00163] The invention in a furthgp?gggﬁggﬁgﬁ
rel ates to dianionic chelate guanidinate |igands useful for CVD and
ALD, and includes a class of nmetal precursors with dianionic chelate
guanidine ligands of the formula (R4)nM (RON=C[ (NR2) (NR3) 1) (ox-n)/ 2.
[00164] Al l of such precursors can be synthesized from#he
corresponding al kali netal salts wth netal h%Jiggs or alkyls or
m xed hal i des/al kyl's or from direct réﬁgﬁ&g@§§be%%een guaf-dines with
metal hal i degewigd’t he praSende of HX absorberts sughnas NEt BywFhe
synt heses of the guanidinate Pkgands can be ddn 3%I""romtﬁ?eu,f" N
correspondi ng carbodiim des an brinary ani nes. *f00165] Th¥ axe
"ol igoners" of the above-clainmed nononer with the sanme ghprica
formula include [(R4)nM (R1)N=C] (NR2) (NR3)]}(ox-n)/2]x, where x is an
i nt eger having the value of 2, 3, etc., wherein each di, R2, R3, R4,
I s independently selected fromanong H Cl1-C6 al kyl, C3-C10
cycl oal kyl , [0@811C1 OThermpl and sigingnid yu3lyginig st ox (TR tablgiistomeionthe urI REatds
I ndependent pr¥cufs6ilks petitdly hieMbhddlas £Rin@ bdey bliaradt@¥ded. Si (R6) 3 wherein each R9
i s independently selected fromC -C6 al kyl; and when suitabl e,
pendant |igands attached to the above-nentioned R, R2, R3, R4
i ncl udi ng furétPdRal  gr oupis)-Spdovi-di-ng-fuptHBEsdsaiditaation.to the
metal centdr, such as, fog@ﬁx.@ﬁ?ﬂ, am noal.kyl & al kQxyallF&y

.o 1% % Y £ £ i .
aryl oxyal kyli, i m doal kyl 8fn stii't abl e groups in
t hese cl asseggkrghuds . § PR N
wher ei n eac% ' :
w th each bed
al kyl ; each i@

and acetyl al kyl , “Whet
suohtiie: ROl

i

m are each si
m and n canmn

[00162] The above-described precursors are variously shown below.

[00163]  The invention in a further aspect relates to dianionic chelate guanidinate ligands
useful for CVD and ALD, and includes a class of metal precursors with dianionic chelate
guanidine ligands of the formula (R&nM{(R1N=C[(NR2)(NR3)]]}(ox-n)/2.

[00164]  All of such precursors can be synthesized from the corresponding alkali metal saits
with metal halides or alkyls or mixed halidesfalkyls or from direct reactions between
guanidines with metal halides with the presence of HX absorbents such as NEt3. The syntheses
of the guanidinate ligands can be done from the corresponding carbodiimides and primary
amines.

[00165] The "oligomers" of the above-claimed monomer with the same eniprical formula
include [(ROnM{(RDN=C[(NR2)(NR3)] Hox-n)2]x, where x is an integer having the value of
2, 3, etc., wherein each R1, R2, R3, R4, is independently selected from among H, C1-C6
alkyl, C3-C10 cycloalkyl, C6-C10 aryl, -Si(R5)3 and -Ge(R5)3 wherein each R is
independently selected from C1-C6 alkyl; and -Si{R6)3 wherein each R9 is independently
selected from C1-C6 alkyl; and when suitable, pendant ligands attached to the above-mentioned

R1, R2, R3, R4 including functional group(s) providing further coordination to the metal
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R2 R4 al |l coxyall cyls and aryl oxyal kyl s wherein each of RI-R4 is the
same as or different fromone another, with each being independently
sel ected f hydr ogen, Cl-C6 al kyl, and C6-C10 i

sel ected P&§2§§ﬂ§ﬁ%‘0|-cs al kyl, and C6- C10 aryl; and §E¥h§ﬂﬁﬁmg?g
sel ected i ndependently fromO to 4, with the provision that mand n
cannot be 0 at the same time. WO 2008/ 057616PCT/ US2007/ 063830

1[?837162%2; h%telg]e ;[uglbép Cu{x?n?p&% er%(::l ng(é%%f(}qe I Pdw“(gr 1m1dtoalilyl,sl\lelg&fiﬁI ec2t ed
and - C(R3) 3acetyl§lk(/lR81)es=me§n@ble GRS %esmﬁweernnluwhqﬁ FEhejfgloping @p@ﬂ@ent |y
selected fromCl-C6 al kyl; and each of R8 and R8 is independently
selected fromH, C-C6 al kyl, C5-C10 cycl oal kyl, C6-Cl10 aryl, and

-Si (R9) 3 wherein e%fh R“is i ndependently selected fromCl-C6 al kyl .

[00167] I n such net it pr rsors, (M can be any of the netals nentioned
above (Ta, V, Ti, b, Pbj N|, ﬁp , Ba, In, Y, La, Zr, H, , Ir, Ru,
Pt, C, M, - i V, Cr, Fe, Sb Ianthanldes, Mh, Co,
Ni, Zn, Cd, Te ; ﬂg Sr, Ru) but not limted to them only;
QX IS the al | oned X|dat|on st at of the netal M n is an integer
havi ng a val ue of rom@ to ox; X is hal ogen. [00168] The
above-descri bed prEéursor naterlals can be used as | ow tenperature
deposition precursors with reducing co-reactants such as hydrogen,
H2/ pl asma, ami nes, im nes, hydrazines, silanes, silyl chal cogenides
such as (NE3SI)2T§A geéhﬁnes suc¢ht* as GeH4, ammoni a, al kanes, al kenes,
am di nes, guanldl ranes their,derivatives/adducts and

al kynes. The pre OokS e yedyin liquid delivery
formul ati ons,; E%{?u %ors th Harie |iquids may be used in neat
liquid form with{lTqdi 5F s _ecurgors bei ng enpl oyed as
desired in SU|tabIe solivent s |nqnﬂa|ng al | cane solvents (e.g.

hexane, hept ane, BQtanﬁﬁ and pentane) aryl solvents (e.g., benzene
or toluene), amnes (e.g., triethylam ne, tert-butylam ne), imnes,
guani di nes, am di nes and hydr azminetyls[ 00169] The utility of specific
sol vent conpositions for particular precursors may be readily
enpirically determned, to select an ap riate sin ent or
mul tiple coW’ﬂfé‘?‘fbﬁ%c‘é’Sl'{)éﬁ‘ s (s P8 % oF dt‘?: {)EI‘"HéT‘? \?‘&ﬂﬂg O%Hngeﬁgon
Sol i d del i viatepergisrsily ediestedrtrym breong iplraepeahd COfCGtaIkel taglpef Riragd/R@is gie yame
described NErElfered ﬁ%319L&Jé}eTlaQQ&%elggeﬁ@eFéna&qy RICENSPLBEE LY AfILOUS! Y

shown bel ow. ogens and ox 1S
oxi dation st gldé“ Fe*ﬂi‘ S"'F@‘Eﬂl’?‘iﬂ’?&ﬁ”@&@‘i’fﬂpé’r@“’lﬂ’l tb“afﬁ‘d”sf-“ﬁlﬁﬁ‘:‘t‘:(“lﬂr“l‘l@—%?b%/as
synt hesi zedo anig salainRCin@ k is2@éettea o O kd HWS .

?1 Ha
dyds oo
T:&z {i’ ot Rg
Ba Ry

alkoxyalkyls and aryloxyalkyls

wherein each of R1-R4 is the same as or different from one another, with each being
independently selected from among hydrogen, C1-C6 alkyl, and C6-C10 aryl; RS is selected
from among C1-C6 alkyl, and C6-C10 aryl; and n and m are selected independently from 0 to

4, with the provision that m and n cannot be 0 at the same time.
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[ 00172] Exanpl e [00173] To a 250 niL flask charged with 12.6 g

Pri NCNPri (0.1 nmol) and 100 nil tolune, 5.9 g PriNH2 (0.1 nol) was
added at y The resulting m xture was then r

100C over%’?‘&%{(’%%k er work-up, 11.5 g solid PriN=C( Pri %‘J}}éﬁ@g}ossﬁu
obtained. (62%yield) Anal. Calcd for CIOH23N3: C. 64.81% H 12.51%
N: 22.68% Found:C. 64.73% H: 12.39% N 22.48% [00174] Sel ected bond
lengths: [A] C(1)-N(3)1.287(3) C(1)-N(2)1.358(3) C(1)-N(1)1.378(3)

[ 00175] The invention in a further aspect relates to a highly

sel ective g#0H#hi uimigepospreduors,prc ®S s be Aldtpaniagly selecsd fremedordydt. €iln

Wi th primaryg Eﬁheé?ﬂ@@ycﬁogucﬂeéﬂé@hﬁé&y L iR2 pJn90&§§)3h%§(R§5@QJ\d Rkl tY
to other filmdeposition app [ications in | m deposition

process is OWHERJFEHROH W%@X iFetpt 3&‘%5@&6 au@‘ g“‘“d e%claﬁﬁ&ﬁﬁwg 15
deposi ti on. infidpeibi#bly Rklase fichdh g -Odeaigt, YC5{(PCMcloakkylcO6-C ENndrlyand 08igi%ter ed
t he | eadi ng based on its potenti al
to scale doﬁegﬁe%agg\’/me{rng{peﬁ \Flegéclé%#sn?cre rated GST based PCM

devi ces hav®¥dbn hearré mefs! RfPFéfs?férl\ﬁf"éﬂ’e alyl°éﬂ’§életalﬁ pgtiopeghpbgve (2 ¥, Tp| ug”
el ect r odes. NN%,athpwg@dﬂBQ Iyen, galte VR rar piReprIs, det AN SK( ND@MW) CRIFe,GeSSes
are under devel RN cd B ATRAIAGL SRS, KI5 83,1t dnSELIAIR Y Do

necessary to onet i 1 8sas
shrink. In fs@lteaﬂcevege’n@ﬁmﬁamﬁ the mt:tawllnlls @entfrgerd@\sts%ﬁ\galu@ eff@@eﬂ R ox; hrids
oper ati on dgmmfogbn_rrake the entire phase change chal cogeni de section a

plug within | a mat er i al s silicon oxide.
o Dcon ni cimgl 5 Pleati e tesie Dbt Sl St BRs B bt PulSbeTi 63830
[00177] An exesvpbie wifh tddpangc anreheansesnh jan IFhGeend H2phsigh dndnes swheenati c

of a GST del\@d&%nét E;ﬁﬁésu&ﬁzl Schﬂwgé?ﬂieé Q&h @th:@iﬁ"re télﬂua%éseﬁkﬁ Qdezephot t om
el ectrode, interl

dielectr|ic and. associated | a he devi ce.
S mob ot hEB A Rl BretTs R A b e enddics Sy
maki ng suchalynpl Tge precunsot nky besdngloyedsin figudd delifeny folmyulatibiscdod e perurioss
needed in Oﬁlﬂe&fe ]ﬁ;ﬁds@hajy%%é@fn ngdt ﬁqu%x‘ﬁ] Qtﬁ&a 1d(bh] ang eéulﬁ;@tts béﬁ%ﬁfnﬁ&yed

information in the formof a resistivity %ﬁan e. It woul

desirable t% d@f‘lﬁﬁ}v“’t R el e inga aph i vEHt EP&‘ ’W&i}e E}Fﬁt%?"’ 9agehadyj a,
Wi t hout coapentage).tah@sdvest (e@f, bérh@e st tbhiak), idinesl(ig. aridigfanfirer tedt-bitgarbite),
occur, the g gpgﬁatn]dglgs Q{llgg&%dlgggguaepe hi ghly sel ective, grow ng

qwckl on t esired surtace slowy or not at all on others.
[00178] |t OGP al Bis uifEy ef@rscifig plentcempeaitiess fon pariselel Rzt adts Aty lardpoor
contact w t émpricdigmadidntingf td R@ecvindapp@pis: titkld ediparnt dtaturgle capbeat and
crosstal k bgj ] ave
i1 oront oPYERPRGAEICIFAN i P D, BioSALS) RRaf B ST Oof”

di fferent SUFWBR:I&“"“{ID@HC?‘Q‘F{]‘FWWS al so necessary to devel op | ow

t enper at ur efobfFPVD THe GRS 8R& bEDreciiBdtd NGvatiBS ehdfvh bélw. at tenperat ures
of 300C or |ess, since sone conmponents are vol atile enough that
stoichionetry control becones difficult above this tenperature.
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[ 00180] During our investigations of Ge precursors for PCMs, an

am de- based precursor was discovered that has very strong selectivity
based on te of the substrate on which it is | .
Thi s precﬁyé%@’,%ﬁé% Me2) 4, undergoes a deposition ratePgﬁgfr%goe'gltﬁ)‘?;m

cl ose to 1000X over an extrenely narrow tenperature range, just

| 0-15C. This is virtually unique behavior and we are aware of no

ot her conpound-that does this. [00181] For such a strong effect to be
taking place, it seened likely that it vvas due toRghanges in the
deposi tion surface and sone kind of\,?.u%tg sis. ihese filnms were
deposi t ed on Ti N, which was purchasg *CI al| yf’rm ) ph;;an a year
previ ously aﬁdz{c».l@aved,*{mt-e—wmﬁt f or ~these e%p%t’*l\rrer;f .o#i and Ti N
rapidly forim oxi des from exposure tg atnosphere, ang-there is little
doubt that the nucleation surface aé inserted intosthe reactor was
some formof Ti oxide or oxide nit¥ide mix. Ti chandes between

vari ous suboxi des such as Ti Q2 and Ti showever, so it is
possi bl e that under reducing conditions h@géh@r m ng gas which
fl ows throu'gh di e reactor during heatup On he substrate, or even the
hydrogen in which deposition takes place, di&e surface is altered in a
fairly abrupt way at a particul ar tranel*tron, tenperature. Heatup from
room tenperature was fixed at 4 mnutes in @QI experinments. This

coul d expl ain the behavior observed above,with deposition rate
increasing froma few AAmn up to 1000 A/%n in a 10-15 degree C
Dl L0 & @ a0k b0l O b MO8 U L B0 Y L 2 O
degrees based on the react ant ‘gas an al pressure of & gases
present. [O0@B2] | nA.oredﬁfplatymlgaecsIPnIJJEIE(BanDer:y,syd&[@@ﬁﬂ hndoammemﬁaﬂsrl ed
out on Si 02 bF‘pSstrat es, and on a piece of TiN which was first heated
to 400 C i n of hydrogen before being cooled to deposition

t enper at ur el0878} tHempleur se of 10 minutes. The results included a
deposi ti on pat7e] atTaﬁostﬁllpﬁasabmged it 18 @Pﬂﬂpﬂ&imed]ogmﬂ iohlntl ladnehad
been exposeg 9t 9 tlhl{lao as a(gl«%g atoda(é gTédu'&FIPrSCl%Qgegultmg naxture w]@s 1enr St rate,

t he depositi ofi ra e Was oser t nag Al ude
| ower. Mean#tPP’e oveopight. héftfs oMoskturatles sivlid HHWP@?PB%@/&& ehpinedy (@@Owﬁd)t hen

cool ed i n aakfdurh RYCAOHIBSPIeELs1bA t e D8EE! OF N: OHBEROS Féuh@O: d4aB®; Vas
close to 60%},%%_%780 C, and the rate was substantially higher at
| ow t enpera Feheat ed substrate was the closest simulation
of a standai®8l7#anuickctediondilgngdsdkless, where a Ti N or sinilar el ectrode
woul d be depesi@ed inr@ne part of a cluster tool, after which the
substrate V\E(III)HQ,,)be L:{Sg(g) sferred to the CVD deposition nodul e w thout
any air exposure. 00:1 rati o between dep05|t| on rates on
preheated TFNT4Rd SIG¥V% s sufficient to obtain a very high

sel ecti vi t y[0615hnyThe dnviritivainiaduthgfaspsel reflages eos Highkyeseledtivesgeoumpeivm deposigon

eXpeCt ed t h&BceEshlA@lﬂlB@lldﬁcMH lhg'elh R PR y %éférl:rlce fo%ehﬁhﬁﬁm"‘hﬂs%r&és@ﬂ& "in
situ” deposited Ti N and Si 02. [001 183] The nmost straightforward

pot enti al bHEREFPHLY (i °ihﬁfeﬁlawi‘eaﬁéwbéwéhﬂ“a'}$ ig fwhich tae Blp’eifa?sgm PIRSESS Kot t om
up fill of ¢dpendeti asoutlentinmpeecegespd. glgutdiviihiapegiigeni de phase change

Terory At efohy Tﬁgs@aag@'ﬁew PEUPE: LAMPEAMIED AS1ell ng%aae{aatfom e
favorabl e gr owt site suite of. pr ecur sor

prevent " s eferelafe mgRpry Saspthon I‘PePOf?P‘&P@ to $G®i‘8’ﬂ’] fP‘f seyeral \&@F’é“@ééi“?%%?de it
m ght al so bST pass POMedeliees awebedn FadtginQhe Bﬁh/lotratlegd dlat mye& hmpopmg

contact to id d' n t i
| ess cross % ﬁﬁd%i)e?/lv?e\(%ngagm (Eallc?gln B?%f?g ‘I[) éﬁﬁd{?&p}g ?Soﬁr%an ‘poor
nucl eati on ¢REglonmseicfor I@al@gplwiﬂylsse@elwemll ﬁgtainbzy?emeww tq)dﬁpe:st theaaip 3Phe

surface. [ORbRsdid aErﬁHv@e et GhrinR e @frint gén&atfdh@ atwil0Be Rfesdry to scale this
sem conduct or co

| eat t | eat
Sensi thve niFEpTaRen e B ot oS P Rh st TP |

insulating material such as silicon oxide, silicon nitride or low k dielectric.
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descri bed process is also applicable to netal -organic CVD or ALD
precursors conprising a netal selected fromGe, Sh, Te, Be, My, Ti,
VvV, Cr, M, i , Zn, Y, Zr, Nb, Mo, Ru, Rh, Pcl,

La, Hf, ngg\‘}”*‘%&m&f, Ir, Pt, Au, Sn, Pb, As, P, Bi, Kﬁ?’”@"’f’%g”n,
and SI, to which is bound at | east one weakly coordinating |igand
selected from armng hal ogen Bdi ketim nate, nitrile, isonitrile,
am not r opon car hi.d i

ani di nat e, B)ﬁla')ral di naf”(amp %/'#ﬂ(%s?%/) ess‘alnllrilﬁrG gt“l’ cgrllsea E@Eﬁo‘l}%“&#ﬂ‘%"
cycl opent adéstepiyie, ShTV()@;l%]GSITrPl% bp oipdirqals potien cle¢ieode nseraypr diefygteintidon

cont enpl at e%sd&ﬁkallay% &F UileSaHviee. Oélncfeh[ﬁltlfeg) Em;;an(!%l\ag oV ﬁbt&haMis' welld

netal sel ecte ect ed
MTom the or BUBIHLGHAPaTa e Srbe po e b HERH . a SRR e 7 +
equal s t he dlowderttheomlkgtiat ehagge tmettarks iMornjaG@lig G Wimlogéa tehswlmt\:b@IEBJ dn has

been has begp,fdeselilBew SA&F 8L Rak fn%f"ﬁJtt%ﬁl% §8 ADGEE g, v@éaﬁ‘é&aﬁn
f eat ures and illustrative enbodi nents of the invéntion, gbe

appr eci at ed™e et oft R sFyr; 1[’5/°r6“F LS it QRS 106 HeRCE RS d@lStI ‘?erﬁ‘%hé’d

but rather ektwadsoviig qaikly enbodepias sefcenudebolysr Bt itell ovakasat i ons,

nmodi ficatio d al P el ves
to those of fb?)rﬁrnal? njﬁ&kqﬁ 'bé/ﬁesﬁ-ﬂ;? E’ l{agl%dh%f m‘ﬁﬂeﬁeﬁ sllg‘%?fg) ?f\%/og[ﬁ? ?‘gﬁ
based on t h#dsyplsf 61§ Ui €° #d? Bfiyee hekaentpry Fﬂﬂ‘|°F?@‘1‘ﬂ9k beE"ﬁ"é“ 1jceahtello Thuss

her ei naf t er icebad e desirsbld Bt Rvel @tfetet dhiekity @afikyntc aiisfueld@dn dRelihood on
interpretedg.as inel uding all such variations, nodifications and
aIternatlvee dlments wthinits spirit and scope. THE CLAI M5
What is clalffgdl js:ItE, alSAngfanmam demalqpr e tperptue AfRFOT pieeseses PompHiesi ng
ger mani um bings k|t YdmpedbulNelbfi 39070100 RYY, 86k Gdritado@ponentBide vdPitile' ehbugh HalG € N

DN B 2. 051 BRI BLOGHLAGL, COTROBELON Of clarm 1, furt her
COI'TpI’I Si ng a SO er manrum precur sor COI'TpOSI tion of

claim 2, V\h@ﬂ@iﬂh tlhléms otrvievestization erﬁednwpnsfrrs@s P@ls, |ap amide-bared preduzemt
speci es sel Q&M%@ov@&@mtﬁlﬁkeveﬂrrsﬁé@ s&&ﬂﬁly%ﬁk@&l éﬁffac@lstkt@-@ﬁhe%@i)s‘éfﬁ@&rﬁwhmh
hexane, hept ag} ” octa pp ﬁ % ar sal ve a £ close ¢

t et r ahydr of F&R"® B eHl, ?CHF‘Ee FMe H‘édéfg ?ﬁ’ﬁ%ﬂ“ ?Ff‘ @nee of close o

t ert - but yl atfope ovar m pegmely narmvwdienessiurarmgi IlletsIOaﬁ‘BE Ehairia zirtpedlg unique, The

ger mani um pﬁeﬁ%r%rwe%m%bfﬂogﬁ]e&gmﬁdufﬂ Mt does Wher ei n the sol vent
nmedi um conpri ses at |east one so vent gem es selected fromthe group

consi sting BPA kalife “¥6I>EEs=iiect 82 berigking Bipdtalh FRf D PSR UPY drmas due o
conposi ti onclmliges:hahemb@pmmxfsb andt stwge siod af@mbcaniyels. Urhee diqy waeedphigedane.

on TiN, which was purchased commercially more than a year previously and cleaved into

and

pieces for these experiments. Ti and TiN rapidly form oxides from exposure to atmosphere,
and there is little doubt that the nucleation surface as inserted into the reactor was some form of
Ti oxide or oxide nitride mix. Ti changes between various suboxides such as Ti02 and Ti203
readily, however, so it is possible that under reducing conditions such as the forming gas which
fiows through the reactor during heatup on the substrate, or even the hydrogen in which
deposition takes place, the surface is altered in a fairly abi'upt way at a particular transition
temperature. Heatup from room temperature was fixed at 4 minutes in all experiments. This
could explain the behavior observed above, with deposition rate increasing from a few A/min
up to 1000 A/min in a 10-15 degree C window, and with the location of this window shiftable
by tens of degrees based on the reactant gas and partial pressure of the gases present.

[00182] In order to test this theory, deposition was carried out on Si02 substrates, and on a
piece of TiN which was first heated to 400 C in 8T of hydrogen before being cooled to
deposition temperature over the course of 10 minutes. The results included a deposition rate at

280 C of about 3 A/min deposited on TiN that had been exposed to air then placed on a
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6. The germani um precursor conposition of claim?2, wherein the
sol vent nedi um conpri ses oct ane. 7. The germani um precur sor

conmposi t i GRohosfek@idn 2, Wherein the sol vent medi um conpidraRSocbRbHaNeE.
8. The gernani um precursor conposition of claim2, wherein the

sol vent nedi um conprises an ether. 9. The germani um precursor
conposi tion of claim2, wherein the solvent nedium conprises

tetrahydr of yra tor. épa S-ﬁkesugs%:gatﬁé HIPo B R GHE ¢ chsQFBO(% Wil Aok 8t M 1,
in a vapor sta Jgermanl um precur sor WE’OSI tion of claim

1, further &qué‘?"ﬁ@ Iﬂ?anT"lé st ﬂ&?r?é“ﬁ%iﬂ?"'ﬂ‘?l’o‘?‘?éﬂ’rebera% OOF USREOEA S f r om
the group censigtaingphed if @é tebdtdrHRpgeitieC tife Sk Sloa NEIGAMY/hiNYZOMT, @CUhS Or S.

12. The ger %%&é;&%&ﬁ:ﬁﬁ@%fmf%?m%ﬂ !raﬂl@esoﬁ*helé BlleM ! hbsuGRITRE ! Ith%'cﬂ)ges%

di -t-butyl tel ni-um ursor conposition o
claim 11, c@Wb‘F‘iosllcﬁg St*‘?@@(‘ﬂ%“ﬁ%‘t“ﬁ% @F?F?S%)“éﬁf’ 2ridfhyr similar elactipde e by
deposi ting ggbianinbik pit & anuiaai ol &er GRIBPME SdbEt@te&ﬁHi\td&ﬁttﬂaﬁb@arrE&l@ the

substrate u vapor on conditiQns.W th vapor ni um
bi S( n- but yI Bqﬁldﬁlo d on moq_lelQ Halr e)%pos)ure ﬂﬁéo : raQq.lﬁ%%e egosyng gsa Ni pr
"Be 15. Th erelwettzchw @fi SQ%ﬁ mffmnt tp Qbteip @ very bigp pelesiiviy od emmbmﬁgn af
| east one oOfurfaddt RORY RN G it Spbdbk itAMInR Rarb RIS iHR&AE BhIBfurtkd withl g maf hod
of claim 14§1mp9%gsllt§ddrlﬁggd§1& abrication of a phase change nenory

devi ce.
[00183]  The most straightforward potential benefit to the unique behavior of this precursor

was bottom up fill of the vias to make a plug of chalcogenide phase change memory material.
The Ge initial layer can be used as a somewhat more favorable growth site for a complete suite
of precursors to help prevent "seams" or voids in the plug.

[00184]  If it were desirable, it might also be possible to have a pleg of PCM material with
poor contact to the side walls, providing better thermal isolation and less cross talk between
adjacent PCM cells. Slow deposition and poor nucleation may lead to a poorly adhering layer
with pores near the surface.

[0185] A more indirect benefit is creation of a semiconductor compatible nucleation
surface for other nucleation sensitive materials. For example, it is well known that Ru metal is
difficult to grow in a purely reducing atmosplere; it tends to need some oxygen i its vicinity,
for most CVD precursors. In addition, it is very hard to deposit it uniformly on a Si02 surface.
This Ge precursor can be used to form a nucleation layer on Si at the bottom of a trench or via
so that a slightly oxidizing process can be used, since Ge does not bond as strongly to oxygen
as Si does, or a reducing process which deposits more easily on clean metal could be used.
This approach can be extended to deposition of materials other than Ru, providing they have
some surface chemistry sensitivity that can be exploited.

[00186] In a more sophisticated approach, a surface, metal, nitride and/or Ge, can have its
surface chemistry changed via reactant gases (for example from oxide to metal) in order to
switch it on and off for purposes of deposition from this precursor. This in turn allows a chip
surface that may have multiple materials exposed to have different surfaces switched on and
off, depending on the layer material and coreactant, relative to Ge deposition. The Ge can then
be used as a protective layer for further chemistry modifications, e.g., as a hard mask, a
sacrificial layer, etc. This principle can be extended to other elements than Ge upon finding
appropriate precursors with this strong sensitivity to surface and deposition temperature.
[00187] Other chemicals and chemical families that may exhibit this behavior include N-

coordinated germanium amides, amidinates, guanidinates, and N-heterocyclic germylenes. The
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17. The method of claim 14, conprising bubbler delivery. 18. The
met hod of claim 14, conprising solid delivery. 19. The net hod of
claim 14, woaRkiosisig I|qU|d delivery. 20. The net hod Ochh@mmw&Q&m
wherein said contacting is conducted in the presence of amoni a.
A precursor storage and di spensing package, conprising a package
cont ai ni ng germani um bi s(n-butyl, N, N-diisopropylamdinate), "Bu

G e prN

described process is also applicable to metal-organic CVD or ALD precursors comprising a
metal selected from Ge, Sb, Te, Be, Mg, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Y, Zr, Nb, Mo, Ru, Rh,
Pd, Ag, Cd, Hg, La, Hf, Ta, W, Re, Os, I, Pt, Au, Sn, Pb, As, P, Bi, Al, Ga, In, Tl, and Si, to
which is bound at least one weakly coordinating ligand selected from among halogen, B-
diketiminate, nitrile, isonitrile, aminotroponiminate, carbonyl, phosphido, imido, amine,
pyridine, amidinate, guanidinate, nitrosyl, silyl, stibene (R38b), sulfide, and cyclopentadienyl.

[00188] 1In a broad aspect, the present invention contemplates nietal precursors of the
formula MA,B, wherein M is a metal selected from among Ge, Sb and Te, and A is a ligand
selected from the group consisting of all ligands disclosed herein, and v + x equals the

oxidation state on metal M.

[00189] While the invention has been has been described herein in reference to specific
aspects, features and illustrative embodiments of the invention, it will be appreciated that the
utility of the invention is not thus limited, but rather extends to and encompasses numerous
other variations, modifications and alternative embodiments, as will suggest themselves to
those of ordinary skill in the field of the present invention, based on the disclosure herein.
Correspondingly, the invention as hereinafter claimed is intended to be broadly construed and
interpreted, as including all such variations, modifications and alternative embodiments, within

its spirit and scope.
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THE CLAIMS

‘What is claimed is:

1. A germanium precursor composition, comprising germanium bis(n-butyl, N,N-

diisopropylamidinate),

2. The germanium precursor composition of claim 1, further comprising a solvent medium.

3 The germanium precursor composition of claim 2, wherein the solvent medium comprises at
least one solvent species selected from the group consisting of alkane solvents, hexane, heptane,
octane, pentane, ethers, aryl solvents, tetrahydrofuran, benzene, toluene, amines, itriethylamine,

tert-butylamine, imines, guanidines, amidines and hydrazines.

4. The germanium precursor composition of claim 2, wherein the solvent medium comprises at

least one solvent species selected from the group consisting of alkane solvents.

5. The germanium precursor composition of claim 2, wherein the solvent medivm comprises

hexane.

6. The germanium precursor composition of claim 2, wherein the solvent medium comprises

octane.
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7. The germanium precursor composition of claim 2, wherein the solvent medium comprises

toluene.

8. The germanium precursor composition of claim 2, wherein the solvent medium comprises an

ether.

9. The germanium precursor composition of claim 2, wherein the solvent medium comprises

tetrahydrofuran.
10. The germanium precursor composition of claim 1, in a vapor state.

11. The germanium precursor compoesition of claim 1, further comprising at least one additional

precursor selected from the group consisting of tellurium precursors and antimony precursors.
12. The germanium precursor composition of claim 11, comprising di-t-butyl telluride.
13. The germanium precursor composition of claim 11, comprising tris(dimethylamido)antimony.

14. A method of depositing germanium on a substrate, comprising contacting the substrate under

vapor deposition conditions with vapor of germanium bis(n-butyl, N,N-diisopropylamidinate),

"Bu
I. )\ iPr
PI’HN ‘r”/ ,-f
Ge(
AN

M

iPr«f"*N\( i

15. The method of claim 14, further comprising depositing at least one of antimony and tellurium

on the substrate.
16. The method of claim 14, carried out in fabrication of a phase change memory device.
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17. The method of claim 14, comprising bubbler delivery.

18. The method of claim 14, comprising solid delivery.

19. The method of claim 14, comprising liquid delivery.

20. The method of claim 14, wherein said contacting is conducted in the presence of ammonia.

21. A precursor storage and dispensing package, comprising a package containing germanium

bis(n-butyl, N,N-diisopropylamidinate),
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