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[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 precursors for
forming epitaxially grown strained silicon films, e.g., SiGe films.
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SUBSTI TUTE SHEET (RULE 26) WO
2008/ 057616PCT/ US2007/ 063830 [ 0006] Ger mane (GeH4) is

W@ ovsesiteio©nal |y used to form germani umfil ns bRET/US2007/063830
requires deposition tenperatures above 500C as well as
rigorous safety controls and equi pnent. O her
avai | abl e Ge precursors require tenperatures above
PoeT f OGelﬂﬁlﬁbo@ethﬁ B vefedndliyl W¥Ed to%n@tgaﬁlaﬂmlﬁ emﬁsxhdtbkcfuues

i nsufficient vap ssures for tr
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%LJ%#E%{ H)th s’ufo ngorgFe Gles E(Ir ééQSgSI o O%cﬁ‘réé ?gysﬁhtn% Mes.
Iepally th%wr@w%ﬂequrﬁpmﬁn bsfuﬂe {nePD/ARD PRsespes @lowi tpigperatures, on

fok b of[s&QQZLd BISORSRAEDE GlloytdA® fidistat ﬁ%fﬂﬁép@é—i@}cn rheBs, BREkith
new ant i nony ?rgr mani um precursors use I n

lﬁgﬁ@?‘tl@@?fl%kwé%‘ln SHUHeE g et al and netal all oy

fo0é7s bin GMEyuaind, tl@eLz[rl cto&lﬁﬂilEH to ke nev&thB/YanmgerfﬁbiEﬁJm precursors
o T ot T R R éi)%? AALD
efhngaesr espondi ng nmet al -containing thin f| | s,

conposi tions including such precursors, nethods of

meki ng such precursors, and filns _and m croel ectronic
devi ce products X N precursors, as
wel | as correspondi ng manufacturing nethods. [0009]In
[0068] as pEiet presefta@nventu@ntia® tof @kiabiBSank Ge@nanBdinagrecOB6MP lustul for

@EA Pedf f:&%%()a ?‘\ %%nggw(n)%sthﬁ)lf 11¥Il(s)rtrguc|:o%1%osgtlo)(1$ 1&%1’ng such
bc(uNm,RQgﬂ(oRgN(r@Q@Q@)ch JPNRdyory, p()d fyline prlj microdlgetroniR@evicRBroducts

ﬁm&%reg@%ng:)sﬁcﬂﬂﬂ&uﬁ@@s @gﬂ a@;rco@slg(;lﬁﬁgﬁgnuf&t‘amgq{k@h
anot er are | nde endently selected fromC

@SOWSW%I%a’PWPO“ @?teéﬁo al %@ﬁwom(’]éx @ele"te\?l fi‘ﬂf‘i‘ among
«'ﬂn{p}élxes oefogmylae (ER (KO (Bydugiky-(E)GBALCL0 aryl, each of
R5 and R6 may be the sanme as or different from one

anot her and ar ed from hydrogen,
Cl- C6 al kyl, Cgbdc\%iqgﬁ%qg(gﬁkﬁ? hﬁ@&?& al kenyl (e.qg.,

vinyl, all yI etc.), C3-C6 aI kyl silyl, and C6-C10

Rkddin: and m i s an integer from1l to 4 inclusive;

Sh( R1) ( R2N( CR4R5) ", NR3) ( B)

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

m is an integer from 1 to 4 inclusive;

Sb(RH(R*N(CR'R®),,NR?) (B)

wherein:



wherein: 12', R2, and R3 may be the sane as or
different fromone another, and are independently
waetososmas f rom Cl- C6 al kyl, C3-C6 cycl oal kyl , E2F/Q82007/063830
al kenyl (e.g., vinyl, allyl, etc.), C3-C6 al kylsilyl,
and C6-Cio aryl; each of R4 and R5 may be the sane as
or different fromone another and is independently
BRERE ﬁﬁcﬁ? nfaky tB'th ydﬂfe@g&rﬂ_:iffe%:ht @1'1 l@delﬁﬁ&ther,%g £6inaypehdealykyiboted
- a e . Myl ,. ete.), - .
GRS Lo 5Bt i afighen b sberipighne
@-Coardl; i ncl usi ve; Sb(R1)3(NR2R3)"(C) wherein: 12', R2
and R3 nmay be the sanme as or different from one
anot her and are independent|y sel ected from hydrogen,
@th ghRapidyR’ magshethe sl a5 F K H}Qrenfdzmn:eneawe@?ryand (l%mgependenﬂy
ééle@ﬁéél froﬁlhkrdﬂ)gen et CC6)alky§ i,y cycgélk?GC?tJ,(Mf(e% |(¥zlg; Vlgjq &ﬁ%’p etc.),

wherein each of R4 and R5 I's sel ected

and - NRAR
éﬁwahﬁﬂgmﬁcaﬁam@&mﬁh and nis an integer fromoO to
3 inclusive; (R4)"Sb(E(RIR2R3))3_"(D) wherein: 12
be the sane as or different from

m 1S an 1l %g(eafnom Bto dnc)fuswe

ne an re 1 ndependently selected from Cl-C6
aIkyI, C3-C6 cycloalkyl C3-C6 alylsilyl, C6-C10 aryl,
and al kyl am no of the formul a - NR5R6 wherein each of
R5 and R is independently selected fromH and Cl1-C4
alkyl: E is siPPEImQB&RIor germani um (E2): and n is
an integer fromO to 3 inclusive; (E) germani um
precursors of the followi ng fornmulae I-XVl: wher ei n:
wherein:

R', R” and R’ may be the same as or different from one another and are independently selected
from hydrogen, C,-Cs alkyl, C5-Cs cycloalkyl, C,-Cs alkenyl (e.g., vinyl, allyl, etc.), silyl, C;-Cs
alkylsilyl, C4-Cy, aryl and -NR*R’, wherein each of R* and R’ is selected from among H and

C,-C4; and

n is an integer from 0 to 3 inclusive;

(RY.SHER'R'RY));., D)
wherein:
R', R?, R’, and R* may be the same as or different from one another, and are independently
selected from C,-Cs alkyl, C;-Cs cycloalkyl, C;-Cs 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 (Si) or germanium (Ge); and

n is an integer from 0 to 3 inclusive;

(E) germanium precursors of the following formulae [-XVI:



Rl and R2 may be the sane as or different from one
anot her, and are independently selected fromH, Cl-C6
W@kgh576G2- 05 al kenyl, C5-Cl10 cycl oal kyl , C6- CROI/EHS82007/063830

and -Si (R3)3 wherein each R3 is independently sel ected

from Cl-C6 al kyl; wherein: Rand R may be the sane

as or different fromone another, and each Rand R is

i ndependently selected fromH, Cl-C6 al kyl, C2-05

alslkenyl ,;;Q,a Cl0 cycl oal kyl, C6-C10 aryl, and -Si (R3)3
er\eu ne each R3 is i ndependent ly selected from Cl1-C6

al kyIm Rl and R2 may be the sane as or

mf\iere} kl:om one anot her, and each is independently

sel ected from H Cl1-C6 al kyI, C2-05 al kenyl, C5-C10

cycl ogl kyl, C6-C10 aryl, and -Si (R3)3 wherein each R3

IS i ndependent ly sel ect ed fromCl-C6 al kyl;

Rk r (1=0\11 1V wherein: R, Rl and R2 may be the sane

as or different fromgne another, and each is

Rntrd B e e [0y samag %Sc‘irél&ffefqnbﬁ‘?m-lone@i’m% 34 indepondgyyly selected

ﬂxbﬂé@lﬂﬂ 36 @5,;1 QL@ QLk@rlyQ alslfcycl Gycl6kyCXn)- %@fleanﬁ %ﬂ{;n “Fisreinscgch

i ndepen ect om Cl1- C6 al ky and aryl, an

i-iaélsl(n%?f%%&hsléﬁ%&%fmm gcerkylfrom 0 to 4 inclusive;

wher ei n:

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;-Cs alkyl, C,-Cs alkenyl, Cs-Cyp cycloalkyl, Cs-Cyp aryl, and -Si(R;);

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

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-Cyp cycloalkyl, Cs-Cyp aryl, and -Si(R;);

wherein each R; is independently selected from C,-Cs alkyl;
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121, R2, R3, R4, R5 and R6 may be the sane as or
different fromone another, and each is independently
waedsosmas from H, Cl-C6 al kyl, C2-05 al kenyl, ESF/U3W07/063830
cycl oal kyl, C6-Cl10 aryl, and - Si(R3)3 wherein each R3
is independently selected fromCl-C6 al kyl; wherein:
Ris selected fromH, Cl-C6 al kyl, and C6-Cl0 aryl;
andxisO 1 or 2; wherein: Rl, R2, R3 and R4 may be
e.sane as or different fromthe others, and each is
YV dbendent |y sel ected from anong H, Cl-C6 al kyl ,
K5RCihO R ynoly dalteydame @SerCliferant \ilom @n cinotlisir,(Ar® p3hvikh md@ielmiently

i§ knde dent| d. ;
SRR ! {1 LORPRRLERE, Wl SR LA L R Y s
wherdimeaghRs if ngtpersieslyselentddeiom G a]éialeﬂldl s independent!|y
sel ected fromanong H Cl1-C6 al kyl, silyl, C6-Cl10
cycl oal kyl, C6-C10 aryI -(CH2)"I\TR' R', and
nfﬁl@}eg@ﬁom%éf”&“ﬁvex 1, 2 or 3, and R, R and R'
may be the sane as or different from one another, and
each is independently selected from Cl-C6 al kyl ;
wherei ni:*R and R' may be the sanme as or different
fr@m one; anqgizher, and are independently selected from
armng “H, *C}- C6 al kyl, C5-C10 cycl oal kyl, C6-C10 aryl,
and §| (RS)S wherein each R3 is |ndependently sel ect ed
f ripm CL= aﬂ kyl ; and each X is independently sel ected
from andity Cl- C6 al kyl, C1-C6 al koxy, -N121122, and

-C(R3) 3, vvherein each of 12", R2 and R3 is
whgependent |y selected fromH, Cl-C6 al kyl, C5-C10
cyclo al kyl.,, C6-Cl0 aryl, and -Si (R4)3 wherei n each R4
Rs R ritieferftieht IRy 1% ket 2 8 é{e’@@ fEqn gpe; angiher; and each is

independently selected from H, C;-Cs alkyl, C,-Cs alkenyl, Cs-Cyy cycloalkyl, Cs-Cyp aryl, and -
Si(R3); wherein each R; is independently selected from C,-Cs alkyl;

- -
A5 H \ ,
Se” 3 Sceccacoeb i 4 \

Vi

wherein:

R is selected from H, C;-Cq alkyl, and Cs-Cyp aryl; and

xis 0,1 or2;
ﬁi\ B £
NS Hk\wet
o "
E L :R:{
YH
wherein:

Ri, Ry, R; and R, may be the same as or different from the others, and each is independently
selected from among H, C;-Cs alkyl, Cs-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R;); wherein each
R; is independently selected from C,-Cq alkyl;



wherein: Rl, R2, R3 and R4 may be sane as or
different fromone another, and are independently
W@ dsosmas f rom anong H, Cl1-C6 al kyl, C5-Cl0 cyRCDEHBIYI/)63830

C6-C10 aryl, and -Si (R3)3 wherein each R3 is

i ndependently selected from Cl1-C6 al kyl; wherein: R1,

R2, R3 and R4 may be the sane as or different from one

anot her, and are independently selected fromanong H

Cl1-C6 al kyl, C5-C10 cycl oal kyl, C6-C10 aryl, and

-Si (R3)3 wherein each R3 is independently selected

fro *Cl C6 ghkyl XI'l wherein: Rl, R2, R3 and R4 may
TR, or different fromone another, and are

p¥c':v" “ssel ected fromanong H Cl1-C6 aIkyI
C5- C1@«{lycl oal kyl , C6-C10 aryl, and -Si (R3)3 wher ei n
211 i ndependent |y selected from Cl-C6 al kyl;
rein: RlL and R2 may be the sane as or
oﬁlone anot her, and are independently
seI%: il among H, C1-C6 al kyl, C5-C10 cycl oal kyl ,
t0 aryI *and -Si (R3)3 wherein each R3 is
|ndepemdently sel ected from Cl-C6 al kyl; RlTe(NR2R3)
| V.wher ei n:

Wwherein:
Ri, Ry, 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-Cyo cycloalkyl, Cs-Cyo
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,-Cq 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-Cy cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each R is
independently selected from C,-Cs alkyl; and

each X is independently selected from among C;-C¢ alkyl, C,-Cs alkoxy, —-NR'R?, and -C(R3)3,
wherein each of R, R? and R is independently selected from H, C;-C alkyl, Cs-Cyq cycloalkyl,
Cs-Cyp aryl, and -Si(R4)3 wherein each R is independently selected from C,-Cs alkyl;
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\.\- o -
£ b g S
o Ty
Ry Ry
wherein:



Rl, R2 and R3 may be the sanme as or different from one

anot her, and are independently selected fromanong H
w@00805mikyl , C5-CLO cycl oal kyl, C6-C10 aryl, BeUS2007/063830

-Si (R3)3 wherein each R3 is independently selected

fromCl-C6 al kyl; XV wherein: RL and R2 may be the

same as or different fromone another, and are

RNAERE a}@qmﬂay bSHhe 6! &diffefe@Nr@NBRGndther, Gld £inddpéddently selected

-Cl0 ¢ 0 erei .
T pes MO b R ) PUB AT 31 SR gy Fa i
mmﬁaﬁmeaaeaﬁemnmmhmeemeun R1, R2, R3, and R4 may be
the same as or different fromone another, and are
i ndependently sel ected fromanong H, Cl-C6 al kyl,
C5- C10 cyk] oal kyl, C6-C10 aryl, and -Si (R3)3 wherein
éthB,L$ |ndependently selected fromCl-C6 al kyl .
[OOlO]tn another aspect, the invention relates to a
vapor éf an above-descri bed netal conplex. [0011]In
anof her “d$pect, the invention relates to a precursor
m xture i*%hel udi ng ger mani um precursor, antinony
precurs@r and telluriumprecursor, wherein at |east
one of the germani um precursor and antinony precursor
hfeditides a precursor selected from anong the netal

ROMD| 1€ %88 RQtnai' 95 [HUlsﬁﬁe ﬁsA)r 1d1ffeﬁ}1$ fr((nq:))ne £oDherd Bl are 1ndependently
E)(I% ( XVI) a further as ect

FHYEhPB AT %tce§6 %ylp?%glm%ﬁf‘lk@oﬂﬁp%% Mk 6‘}51 E‘&%ﬁﬂ@‘i"“ﬁgﬂ"h

R’ inkitlgkndenhptiexeddfont hieC atylent i on, in a sol vent nedi um
[0013] A further aspect of the invention relates to
nmet hod of depositing nmetal on a substrate, conprising
contactlmg the substrate with precursor vapor
coﬂ§r|3|ng vapor of a netal conplex of the invention.
[OOli}A@dltlpnal aspects of the invention relate to
netho@e ofs« nuklng the precursors of the invention.
[0@15]A further aspect of the invention relates to
Sb(‘NMeEt ¥3, Sb(CH=CMe2) 3 and

XM

wherein:

R, Ry, R; and R, may be the same as or different from one another, and are independently
selected from among H, C;-Cs alkyl, Cs-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each
R’ is independently selected from C,-Cs alkyl;

Ry¥elly
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-Cy cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each R is
independently selected from C;-Cs alkyl;

RlTe(NR2R3)
X1V

wherein:



Sb(CH2CH=CH2) 3. [0016] I n anot her aspect, the invention
relates to a packaged precursor supply system

W@ vps®icg a package containing a netal conplBXI/082001e63830
invention. WD 2008/ 057616PCT/ US2007/ 063830 [0017] Yet
anot her aspect of the invention relates to a germani um
conpl ex whose structure and properties are nore fully

R, ag:zultas@ cha{IBY Bd Nak hesr. dlffe%tltﬁiéﬂ &eaglﬁﬁeh Qhd @8 Pe&Gkndehtielected
nventi o 0] epo er n .
o S0t IS st PRl e By b R, TR rt R i

inldpbndpitiy celecsdfromdp €l alk@npr i si ng vapor of a gernmani um
(I'l) conplex selected fromanong the foll ow ng:

Si Me3. aMe3 i Me3aN e&We:, [0019] Anot her aspect of the

i nvegti@msel ates to a method of nethod of depositing

germani um on a substrate, conprising contacting the

substPate with precursor vapor conprising vapor of

di al kyl am notrii sopropyl gernmane. [0020] The invention

aha@n:conten'pl ates a precursor vapor conprising vapor
famgI l vem nOt I‘ I ! Sgl%%%#rgr? %1%2 %ltgfh%rlf Q daal;]eofngeegndaqp sglected

fr@h alnelg ItloclaCsr@tyb&sl Cof cydeplodi @a@agargle maﬁm&m whﬁrfan each R’ is

independently selected from C,-Cs alkyl; and

R1R2R3R4Ge
XVI

wherein:

R, Rs, R;, and R, may be the same as or different from one another, and are independently
selected from among H, C;-Cs alkyl, Cs-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each
R’ is independently selected from C,-Cy 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 the germanium
precursor and antimony precursor includes a precursor selected from among the metal
complexes of formulae (A), (B), (C), (D) and (E)(D-(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 method 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
Sb(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.



substrate, conprising contacting the substrate with a

precursor vapor conprising vapor of a germani um
w@ophgre1é ncl udi ng | i gands sel ected from anongP@il/U§1007/063830

benzyl, t-butyl, cylopentadi enyl, hydride, phenyl,

al kyl, bidentate am nes and N,

N-di al kyl et hyl enedi am ne. [0022] Anot her aspect of the

foovgnt i Qa inelhat @peck @f foey mva@ona Bk ol 4 Me@iAnidm complex whose
substr ris conta t he substrate with a
SRS @8?‘3% FRSEIAHORTT o ger nani um
[ﬂom)l exInmhothhespenmhmnmlnpn mear.es) ro aoietird ofi A¢posiiupygermanium on a
e 0
BB KR ¥aRRI0he Dbl Wb HR-GOIRUE compiypg vgporof o
ghrmadniy) %W%lsﬂgféﬂérf@wmé%%f?@m@%rpl ex, e.g.,
di et hyl am notrii sopropyl ger mane and
et hyl met hyl ami notrii sopropyl germane. [0024] A still
fu“‘rj\ther »as‘p‘_ect of pltdhe mvgmtl on (? | ates 1,0 a nethod of
for mﬁg_g ger nani ume_gant ai ni ng fl\l_mm_@ Substrate,
cor r| Si mg....cont ackiveg t hensubstratie. W t by &, precur sor
vap
conprl si ngvapor of di et hyl ami notrii sopropyl ger maneOr
et hyl met hyl am notrii sopropyl germane. [0025] A still
0019 her Aaglpe atpedf oft the invenientrelaes toed ateted DO mathpe bhdepopfing
PoRkd G & JQuEs'Eer@'o@&fnﬁs ch&iﬁlYg tﬁ@sub&&!@%t’h leRGsof PJ%UI‘ &)ﬂﬁmsmg
vapor deposition or atomc layer dep05| Ion o
YReeral g HEBInPITiepreRy|eAgPF- & substrate from a precursor
f0B0r com)ﬁﬂvsmmg MﬁJle’)nt&ﬁplzaés heﬁf%urs@ﬁﬁfalfi% e&iﬂ{)pﬁﬁﬁg a@por of
e.of carbon

% erein. %O (] a

R eSSl tnaly. Raruien oo SRR onof n

©021] e s pOmd aspgt ohelmlmfahtmmelatsygo a meth<81 eofnidprs8ing @enbiah on a
| I

R s g S e s b

gesmiEd ngeaRise dinglpding rligeitie ﬁfﬂﬁ?@ﬁt fr@ﬁ agorg, allyb] -bewyhl k‘gﬂltyh

éy&)panﬂi%ﬁt IQ@ﬂdeaﬁlehﬁ cah%g bﬁgnﬂ@atnmés akdBL)N- d@kﬁydlyk(n%amme

@H@Dt he E agjg%t Yoo ‘t‘”‘yenﬂ%{yfet?ées d‘f g(gﬁylg &ﬁ?% Iﬁ%tofl &nsu?)strate

e).rr@rlsm§ctohattg1@ ttirecsissirite @vith BIpgsa@ e dapot tonpeising vApbir dif ht%‘ermamum
S s gelx ?% tg%g\é%lp(a Vapgr of alff‘ nr%%%n com%f?rraslgcp \Ig] grggg[ llur%ulm coglglex
10831 ud e dngtippr saﬁmlstl efr the am@tﬂpnnmmye rto raaﬁgléxlamlmttllhqpmpwllg@mane
SAPRE, eri d‘eh@lahﬁh\ﬂ%‘fb%ﬂ)r@ﬂnlgeﬁﬂaqe m%ﬁhyﬁr@ %ﬁ&ln@&uﬁﬂf)%@rmaﬂe

nunbers specifically excluding a’ carbon nunber “or
WMer sAaﬁléfurthfaaiPa%af fh inprppgion ﬁ{?@ﬁ {9 gRcthadiof fosipe ¢ geigardum-
@)leilni,h@i i@ @i 4 BdEtra@y cﬁ@rﬁln@fcoﬁwlﬁ@ﬂle n;hllffbﬁé W|1th|’lil fr&cudbr vapor
dpem fied ran%hs are aI SO | ncé )? 1nvent| on.
[0B57%s used™erei n, ¥he terth a“?“%ﬂ““”@?& &8 a o
¢ﬂasyle¢th>¢irmm®@quwldermteerl al having a thickness bel ow
e M & QFRHERS: afpedd- of fhE OM et YA UE W10 RLALE a
nonol ayer thickness values. In various enbodi nents,
PICTHReEoniE KRB s e¥nPEFInEEiS P BPT HEROEHIP]PT AAY e laEer| dgpogifign of a
ﬁ&accbht@lemg) filnt Biea bubyieHRd frddi a PRYurdod KapBX eviipiSnd @apbredf Qeast one
m.croneters, or in various thin film

]Frgcdfsﬁ’éa§ dﬁsﬁlilbc?é;)‘?ﬁﬁ 100, or 50 nanoneters, depending on
[0n25] spe®ihére ca aqnpd iof atuibomn niimbead Wwegrovided 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;-Cs alkyl is understood as including methyl (C,), ethyl (C,), propyl (C;), butyl



[0028]1t is noted that as used herein and in the

appended cl ains, the singular forns "a", "and", and

wO 2ie8/057eme| ude plural referents unl ess the conP@&KUS2007/063830
clearly dictates otherw se. [0029] Ot her aspects,
features and enbodi nents of the invention wll be nore
fuI I y apparent fromthe ensuing disclosure and

g F;ébéﬁ)lalifl Ryl (Bﬂ &=k tlQEﬁlgEBlseﬁ’-ﬁloQ& ﬁti:y B8z aRAMINGRion, e.g.,
e nucl . ear n C resonance
%ﬂﬁ@&%&%ﬁ%@% s St oS3 B 05 st S ERE e

spagiet dadbon @SI0MANTReSPHC tndttpﬁmdeiﬁtlySi&( NV 30 spflRB 24rbdnGuunBer

%E%e%wg w g:te g)g %% (dhl\}g%?@én %HCF t?' fa ger% ggﬁgerh(?l;lgl.glﬁelfs %Eemflcally

vielfindyraalan ratpey o gperh gre meﬁftde@i tha@vampm rjed jubrianggs excluding

i@ BIR béth b Brborl ﬁhn@@ﬁfnﬁ@ of s@&%édgz{n@éieare A0 %ﬁa}léﬁl ifthe fhivébkioh.S
chr omat ogr a spectrum f or

QP%Q/I mefhyieanr Rt Pf | e%pﬁ%‘bf?@@ r'fré H@e‘b?fdjd’ﬁ‘?ftted BHeriaFpgine 2
tﬂl(cb)essl Ilosv 1000 mﬁﬁmeﬁdsl, ag, frabsicatil@niooh (paakic dehdaykothickness

spectr rum for the
Ay Ig:?rhyf arﬁoﬁlo errltls If S?'I’I(l) %%C%n% a 8fr £ oggsdpnrlagep alcl%yers#[i Ef: pr&itlas of
@h mmsntlph enay dier| esamplovbgprdaw €00r & ond eierowperet r ummvafous thin film
fe ﬁé@h\ﬁl%@ 106 Q)Q%]]&E&I@teré dép%nd%% o I sﬁéeﬁﬁtaﬁﬂﬁ@tlgﬁ mKI(h?ed

%/ met hyl am notrii sopropyl germane product, show ng
WPFH er o nofed dish v FoheEan iihide PEPG’(‘CBéé)mHa‘P%\SI%%PI forts "a"

tabe'r M gmavihdiet piugal fefbtahis dakA the@sntéxt E1bUAG icArs herwise.

@Sﬁer abhllgreas {c so§ea1urFe|A/Ca;fnd 6em|bg’dlrfa}gntsArfr Eﬂe r}nvlér“?tlo lvxglh b%f more fully
epositron f fUnction of | nverSe

*ﬁ@htvntlftomelwpewallgldtsebsu@ho@wmgldtm@almﬂpr ovenent in Ge

deposition with amonia co-reactant. [0036]FIG 7 is a

pl ot of dep03|t|on rate, in Almn, as_a function of

vol ume per cenBREFBESG REPAIQN QECIFEE DR G8eposi tion

operation. [0037]FIG 8 is a schematic representation

b3 schematloes ok n&le%ﬁagdawir@alasdersp@&uﬁ ef SbREM&tt), ED

BEﬁ?RI I:>l-3|-IIGOZ\Ishowst enucllelélrvn%!l\grgelztgyésorﬁm% spec nl% %&Mez)}
[0032] FIG. 3 is a simultaneous thermal analysis (STA) graph for Sb(NMeEt); and

Sb(NMe,);, in which percentage thermogravimetry (TG) is plotted as a function of temperature,
in degrees Centigrade.

[0033] FIG. 4(a) 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
ethylmethylaminotriisopropylgermane product.  FIG. 4(d) shows the nuclear magnetic
resonance spectrum of iPr;GeNEtMe.

[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/min, 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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EMBCODI MENTS THEREOF [ 0038] The present invention
relates to anti nony and ger mani um precursors usef ul

WO 2008AVIBAIALD of correspondi ng net al - cont ai ni ngPETIUR2007/063830
films, to conpositions including such precursors,
nmet hods of maki ng such precursors, and filns and
m cr oel ectroni c devi ce products manufactured usi ng
such PEESUIEIOPESCRAPTIGN OFASIICINVINSIIORIARD PREFERRED
manuf acturi ng met F@g%;ol] glgwe ntion relates in
one aSpeCt t 0 new erasses—o j precursors, of
the followi ng fornulae (A, (B) and (O):
BHISNRL R2)e( RSN(t GREREN rehiRd o {nAnonyh@w edermanib P lpredBors RS:ful for
@Og/Alif) @Xorggpoh&ll?g %ﬂﬁcoﬁém % tgllnf 1%1 nE eBtc AR %Cludmg such

anot her, are 1 ndependen ected fromC
RIPJRPPTS: ltl%hoesofe%}n@ é?“k)PFe"“fEﬂS e@ faunk @nlypicrogeggonic %VW products
ﬁlnlu?a'cmre@tlﬁng) sucl@ec@@or@-'akﬂelﬁds |cM*e,spo%n§:ﬂaQ1uﬂlEM$mg BalEs. Of

nt rom one

@ﬁ ? ,ﬁgﬁ nae\g/ be 1tthe sane as or dlfferte ‘i
Y her TEnbY AP FRERBEHUARET P K& et t “PB‘ﬁ?W&“PE?&ré e
Cllev@tg falnkude (ACBB)@A €Ycl oal kyl , C2-C6 al kenyl (e.g.
vinyl, allyl, )12 5 |I |, and C6-Cl10
aryl; and mi s§l§a(§R|l}1 (ggg&fﬁ%ﬂ oy4 i ncl usi ve;
Sb(R1) (R2ZN(CR4R5) ", NR3) (B) wherein: 121, R2, and R3
FBYeibe the sane as or different fromone another, and
are i ndependently selected from Cl-C6 al kyl, C3-C6
Eéd oal kyl, C2-C6 al kenyl (e.g., vinyl, aIIyI etc.),
ROB adrikyi* sia) Pt the amme 6o @ifGreat from opawhthetf afdaraindepRlently
Wte@%ol?nh@ é@ﬁfylaé @6 C)glloglfiﬁr@n@ fitQm Qne v%?rptalﬂﬁr e@Ndc,-c,
i s 1 ndependent |’y sel ected from ydrogen I'kyl ,
delsdsl eyer &l kyl , C2-C6 al kenyl (e.g., vinyl, aIIyI
etc.), C3-C6 al kyIsinI and -C10 aryl; and mis an

integer from 1 t |nclus 12113 NR2R3) " (C
%ﬁnlépfgg andf2 mayﬁi%gnsamﬁgs c{,f\f%%lt ? ] §%|%Oﬂ]§é ngrzare ?ndegpelzdently
glettbe fremthydrogm QA@ adnbih€r crivdlkgr 6,-Cndiepdrneentihyl, allyl, etc.),
e f i Cl1-C6 al kyl, C3-C6 cycl oal kyl,
%Z@%E&Erﬂﬁ’eaﬁgla ?é.q{ ??ﬁ@l nyl, allyl, etc.), silyl, C3-C6
al kyl silyl, C6-C10 aryl and NR4R5 wherein each of R4
AhnRRedesirae! Ratifdusfve.om anong H and C1-C4; and

Sb(RH(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,-Cs alkyl, C;-Cs cycloalkyl, C,-Cs alkenyl (e.g., vinyl, allyl, etc.), C;-Cs alkylsilyl, and
Cs-Cyp 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.),

C;-Cs alkylsilyl, and Cs-Cp aryl; and

m is an integer from 1 to 4 inclusive;

Sb(R")3..(NR°RY), ©)
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nis an integer fromO to 3 inclusive. [0040] The
i nvention in another aspect relates to germanyl and

W@ 2008/0581¢ nony precursors of forrmula (D): PCT/US2007/063830

(R4)"Sb(E(RLIR2R3))3_"(D) wherein: 12', R2, R3, and R4
may be the sanme as or different from one another, and
are independently selected from Cl-C6 al kyl, C3-C6
cycl oal kyl, C3-C6 alylsilyl, C6-Cl0 aryl, and
al kyl am no of the fornmula -NRSR6 wherein each of R5
aFd.R i s independently selected fromH and C1-C4
AKYY; Eis silicon (Si) or germanium (Ge); and nis
an integer fromO to 3 inclusive. [0041] The foregoing
ﬁlr, REULFO [I'Iﬁy peYe paﬁle Us glf dlililféréﬁ_t £0R bl%yaﬁgthér%d &é/ Bd?)%e lgrlgelgcfted
Sb, Sb/Ge,” Sb/ Te and GST filns. [0042] Such ecursors
ety hydregen feCodbth Garts prsipatkenpefelgrd (e pdyl 9‘%&)@&-)’ silyl, C5-Co
ARG al-cQns 1 Wid NRIEJWEdHg P of ROGH R isSseRUENF@S among H and
Ey?(o en, hydrogen plasma, am nes, imnes, hydrazines,
itianes, silyl chal cogenides (e.g., (Me3Si)2Te),
germanes (e.g., GeH4), ammoni a, al kanes, al kenes and

?#E%?%%Mf&99ﬂ§%¥%ﬁgvépecific precursors are in a

state, y may be used for liquid delivery in
neat liquid form [0044]Alternatively, when such

recursors are in a liquid or solid state, they may be
@ﬂ%ﬂ oy e 4 AL S BoAE P?féﬁfaée,s g And £ ﬁ“tB‘?{O“Y precursors
suspehsbon of the precursor. In specific applications,
sui tabl e solvents for such purpose include al kanes
(e.g., hexane, heptane, octane and pentane), aryl
sol vents (e.g. (R'bEWHESNR R Vel uene), aniBes (e.g.,
triethylamne, tertbutylamne), imnes, hydrazines and
et hers. [0045] The choice of a specific solvent
Wﬁﬁﬁ%sition for a particular antinony precursor or
R', R?, R’, and R* may be the same as or different from one another, and are independently

selected from C,-Cs alkyl, C;-Cs cycloalkyl, C;-Cs 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 (Si) or germanium (Ge); and
n is an integer from 0 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., GeHy), 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

12



for a specific antinony precursor in conbination wth
ot her germani um and tellurium precursors, may be
wo eadiospieet erm ned, within the skill of the arPCT/baxet063830
on the disclosure herein, to select an appropriate
singl e conmponent or mnultiple conponent sol vent medi um
for liquid delivery vaporization and transport of the

&iaegénﬁa'h@ ny@csde&QJ (@9 mpenent (iShenb Vadlinee de. gl 0Q4BJIAMMNe, tert-
varl au gYad?e \Aggere the antinony precursor is
Pyt a§m§e11%16% B ang 68 del i very system may be

[0045] I z ehef dbvicadelaispeeifiy s@fent (h)ﬁlpasll’tton i@ R \pagofedg uitSohy psucdor or

ecifi %Htmlo%%trg;l&mp Sroﬁ y 1on %+ d%l%?' g]Fr\(I%EMIRa%Iq tellurium

vapo I zer syst conmer Cl a y aval rom

prrersors Dpy b FapdilyCs iepeiead; wifun thesssill of ipGus PpsFen B dlisspry herein.

@rs@@éi faf @ Iﬁoﬁlfatetsnlgle cBMﬁd’ﬂlEﬂtQ)ﬂ nﬁﬁi@letb%mp(gdeﬁ}esbﬁfém %leug)‘for liquid
choice o ?rlate substituents, h|nthe br oad
‘fleé‘P’%Y*’Q%mé%‘i“ 38‘31 ansRortef tha pR5GES Prf:%‘rsﬁ? @W&‘@“t&é gveled

bs1 act Elr\IaﬁdiUS embafiméntewh@t ths hatmdny precursonlisat ialsolidystand solid
s e M B AR e PO L SRRRR Br Bl RS B Pl e
PrEdar8 orlgl dfivarhend maperpe} eysteay eonmezadhlly \avalable Hogi AEML Inc
ﬁ%b% F@Jﬂﬁ&:h&u @ut es including those described bel ow.
&0004 The anti nony pr ecur sor of the general formula

| NTiR1 anpeprogpleRirgess. R gy invention, can s i et ROy choice of
ﬁ)@ﬂ)piﬁzﬁd‘ s@mamais ewidten wrﬂrcb;ﬁstbrmrhe aacar dérkigabb @, &d‘lprowde desired
?har/actgr}sflc_:s(::](_)f{ t ﬁgljl it zuEll %oﬁm%?yz ZyvitﬁscgthNer %g-_rexl\aléglﬁ or
@ur(pR&N(s @Raﬂﬁgt nW)len-t 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—R4
Rs—N\ /
(CR°R%m,

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

NR'R?)
/Sb—/N—R4
R3—N
TNCRRY),

SbX; + Li(NR'R?) + Li(R*N(CR’R®),,NR*) —

13



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

RL 1 Sb-N-R3 / I R2-N,..___ /| (CR4R5),, can be
W@ BheEsiced according to the foll ow ng reactiRPCI/E8108TE53830

(B): SbX3 + RRMgX + Li (RRN(CRAR5)M\R3) -> R1 1

Sb- N- R3 /I RR-N-...,,, I (CR4R5),, or by the

follow ng reaction schene (C): SbX3 + nR2( CR4R5)

R3NSi Me3 X 1 Sb-NR3 R2-N / --...".." [

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

R1
/Sb—/N—R3
R2—N
\(CR4R5)m

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

SbX; + R'MgX + Li(R°N(CR*R*),,NR®) —

R1
/Sb—/N—R3
R2—N
\(CR4R5)m

or by the following reaction scheme (C):

SbX; + mR*(CR*R%) R°’NSiMe; —

X
|
/Sb—/N—R3
RZ—N\(CR4R5)m
+R'MgX —

14



(CR4R5),, + RMX-> R1 1 Sb-NR3/ / R2-N,.__ /
(CR4AR5) n, [0050] The anti nony precursor of the general

WO 208514 C) can be forned by synthesis in a PCT/US2007/063830
correspondi ng manner. [0051] The anti nony precursor of
t he general fornula (D), having the foll ow ng

structure: (ERL 1R2R3)(3-,)/2 1 Sb 1:14

R1
Sb—N—R?
re—n
—N—_
(CRR”)m
[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.n)2

Sb

/ (ER'R?R%)(3.ny2

E = Ge or Si

a(R*)

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%)(3.n)2

NasSb /(LisSb) + (3-n)E(R'R?R})X — > / \
(ER'R?R%)(3.1n)2

(nis 0)

(D)
(RY
E(F{1 RzRS)X ‘
Sb(R4)3 +2Li ———> Sb(R4)2Li » Sb\
(nis 2) (R4)/ (ERIRZRY)
E =Ge or Si
(B)

wherein X is halo (fluorine, bromine, chlorine, iodine).

15



t) /(ERIRZR3)(3-n)/2 n\ E= Ge or Si can for exanple
be synt hesi zed according to the foll owi ng reaction

W@ ewenEs1¢ D), when n is zero, or (E), when n iBCRUS2007/063830
Na3Sb /(Li 3Sb) + (3-n)E(RLR2R3)X (n is 0) (ERL
R2R3)(3,)/2 1 Sb (ERIR2R3)(3-02 (D) n(R4)  Sb(R4)3
+ 2 LiSb(R4)2Li (nis 2)
[0052] In the foregoing synthetic examples, RMgX and RLi can be used as alternative
synthesis reagents.
[0053] As specific examples illustrative of precursors of the invention, the precursors
Sb(NMeEt);, Sb(CH=CMe,);, Sb(CH,CH=CH,); and Sb(NMe,); were synthesized and
characterized. The precursors Sb(NMe,); and Sb(NMeEt); were determined to exhibit photo-
sensitivity and therefore to require storage in a container protected from light exposure or in
other photo-resistant packaging, to avoid light-induced decomposition thereof.  Similar
considerations are applicable to Sb(CH=CMe,); and Sb(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 I-XVI:

wherein:

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

8 IS
; ¥
\'\;\ R -1‘:1. ;:§-:~.~_‘\\\ e
‘ . i
‘ ke 3
i
I 3 T “'\,\
R ' i w!
v.t
O ¥ H
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;-Cs alkyl, C,-Cs alkenyl, Cs-C;p cycloalkyl, Cs-Cyp aryl, and -Si(R;);

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

16



E(RIRRR3) X (R4) 1 /Sb /(ERLR2R3) (R4) E = G or
Si (E) wherein Xis halo (fluorine, brom ne,
w@Rkisnsmeeq i odine). WD 2008/ 057616PCT/ US2007/PGBBSD07/063830
[0052] I n the foregoing synthetic exanples, RwWX and
RLi can be used as alternative

\\:\A\.\‘ fﬂ_,..«*g\j W \\‘N R \R:
Gy
N,._i-“m ;\’ \"\EN o
o § B Rt i
S R
g HI
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;p cycloalkyl, Cs-Cyp aryl, and -Si(R;);

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

BN P
Rl Gl DR

3

wherein:
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-Cyy cycloalkyl, C¢-Cyy aryl, and -Si(R;);

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

n is an integer from 0 to 4 inclusive;

. ®°
* Ny \szﬁ’
N e
i. .f‘. \'-: conl
v ey «
o %
wherein:

RY, R%, R%, RY, 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, Cs-Cyy cycloalkyl, Cs-Cyp aryl, and -
Si(R3); wherein each R; is independently selected from C,-Cs alkyl;
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synthesis reagents. [0053]As specific exanples

illustrative of precursors of the invention, the
WEe@sns®os s Sb( NVeEt ) 3, Sb(CH=CMVe2) 3, Sh( CH2CHOHRYB07/063830

and Sb(NMe2) 3 were synthesized and characterized. The

precursors Sb(Nwe2)3 and Sb(NMWeEt)3 were determined to

exhi bit photosensitivity and therefore to require

stqrage in a container protected fromlight exposure

or |imseiher photo-resistant packaging, to avoid

&d-ght - i"ndwceek deconposi tion thereof. Similar

consi derati onsizare applicable to Sb(CH=CMe2)3 and

Sb( CH2EH=CH2) 3. [0054] FIG 1 shows the nucl ear

n egeqrgti c resonance spectrum of Sb(NMeEt)3 and FIG 2

shows the nucl ear magnetic resonance spectrum of

Bl(shlke) @ m HL.OOS plky1Gnd 86-s agl; sndrul t aneous t her mal

anal ysis (STA) graph for these two precursors,

Sb(NMeEt ) 3 and Sb(NMe2) 3, in which percentage

thérh¥gravimetry (TG is plotted as a function of

tenperature, in degrees Centigrade. [0056] The

i nvention in another aspect relates to gernani um

precursors useful for CVD and ALD deposition of

germanium fil s on substrates, of the foll ow ng

foturul ae 1- X4 R zRINfi RLR2 wherein: Rl and R2 may

be the-sameias or different fromone another, and are

[ ng@[i‘spendentl wSelected fromH, Cl1-C6 al kyl, C2-05

al Kenyl , C5-CI0 cycl oal kyl, ©B-Cl0 aryl, and -Si (R3)3

wher ei i¥each R3 i s independently sel ected from Cl-C6

a{ik.l.; wherein: R and R may be the sane as or

Wi¥terent fromone another, and each Rand R is

Rn@ependeR] hyy waheameds éirdiffardd; r&h 1Emtatskyid, eadbds MBependently

k I C5- | = [ . -Si (R3)3
BleEEL N aiie TE S Y AT eI Gt AN Rl bacn

R ik nHependgptbyrselpqted from C;-Cs alkyl;

k3 t1)

wherein:

R;, Ry, R3;, 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-Cyo cycloalkyl, Cs-Cyo
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,-Cq alkyl;

18



R R, Rl and R2 may be the sane as or different from

one anot her, and each is independently selected from

WOR008057686 al kyl , C2-05 al kenyl, C5-Cl10 cycl oal Rgt/pS2007/063830

C6-C10 aryl, and -Si (R3)3 wherein each R3 is

i ndependently sel ected from Cl-C6 al kyl ;

,1,,S,.,a6.*:1" 1v wherein: R RlL and R2 may be the

same as or different from one anot her, and each is

|ndepenﬂentﬁy selected fromH, Cl-C6 aIkyI C2- 05

aIkenyI‘_CS €10 cycl oal kyl, C6-C10 aryl, and -Si (R3) 3

mheTe}n g h‘ RS |ndependently selected from Cl-C6

al kyl ; 7 nd M,is an integer fromO to 4 inclusive;

mhereln é%i R2, R3, R4, R5 and R6 may be the sane as

or different fromone another and each is

ﬂggpendently sel ect ed froan Cl-Co aIkyI C2- 05

alken - C10 cycl oal kyl, C6-C10 aryl, and - Si (R3)3
é%l ﬁnaéé’é fiheRame as ?ﬁ%ﬁé@&éﬁé@ﬁpwaﬂg@tﬂew picpaRdently cglected

ﬁ(LIKMJnong H, @&Q a@yHR;5 4 cywhﬁml - clﬁarw afelSeRY e@hddi0BacHR? is

&ependently sglected?rom &-%6 g:ﬂiyl and and

each X is independently selected from among C;-Cs alkyl, C,-Cs alkoxy, —-NR'R?, and -C(R3)3,
wherein each of R, R? and R is independently selected from H, C;-C¢ alkyl, Cs-Cyq cycloalkyl,
Cs-Cyp aryl, and -Si(R4)3 wherein each R* is independently selected from C,-Cs alkyl;

f) R
W Le
e a

% 4
Dbt G _
R

i 3

;g

wherein:

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

24
R . 1k
)\'\f e f\
Ty,
it Y
e
R ‘:‘ 3
; Ry
Xy
wherein:

R, 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-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each
R’ is independently selected from C;-C alkyl;
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x is 0, 1 or 2; wherein: R, R2, R3 and R4 may be the
same as or different fromthe others, and each is
w0 pwspsmesent |y sel ected fromanong H Cl-C6 al Rgi/PS2007/063830

C5-C10 cycl oal kyl, C6-C10 aryl, and -Si (R3)3 wherein

each R3 is independently selected from Cl-C6 al kyl ;

yin wherein: RlL, R2, R3, R4, and R5 may be the sane as

or diffegent fromone another, and each is

[ m@lependgﬁt |y selected fromanong H C1-C6 al kyl,

si [yl (R”)S C6- C10 cycl oal kyl, C6-C10 aryl,
(CHZ}XNR’ F?év and - (CH2) xOR", V\herel nx =1 2 or 3,

and R““»R‘ and R' nmay be the sanme as or different from

on& anot Ber, and each is independently selected from

C1-C6 al/ ?I; wherein: R and R' may be the sane as

or different fromone another, and are independently

%ﬁgeqted fromanong H Cl-C6 al kyl, C5-Cl10 cycl oal kyl,
“¢I0 aryl, and -Si (R3)3 wherein each R3 is

Rn&egendéRi hyy e the gtnedasf qr diffe@iht B8n ahdkanbtherapd aa@mHepXndestly

kﬁgﬁpﬁ&g%ﬂg% %?Cﬁ%kﬁdc ?%kﬁ@ﬁﬂgqgéog§lﬁhk$hﬁﬁg%a9ﬁemm

al k wherein each of 1
%ﬁalnﬁ@e@dgntweﬂ%@r{@é\ﬁlr kb ected fromH, Cl1-C6 al kyl,
C5-C10 cyclo al kyl, C6-Cl10 aryl, and -Si (R4)3 wherein
each R4 is i ndependent ly select ed fromCl-C6 al kyl;
whardin: Rl1, R2, R3 and R4 may be sane as or different
fromgene anot her, and are independently selected from
anong H, Cl1-C6 al kyl, C5-C10 cycl oal kyl, C6-C10 aryl,
abreein:Sj (R3) 3 wherein each R3 is independently sel ected

filr lel{glﬁa%e Alekihe as StaiREE 84 one another, and are independently selected
from among H, C;-Cs alkyl, Cs-Cyy cycloalkyl, C¢-Cyy aryl, and -Si(R%); wherein each R’ is
independently selected from C;-Cs alkyl;

R;Te(NR;Rj)
XI1v
wherein:
Ri, R; and R; may be the same as or different from one another, and are independently selected
from among H, C;-Cs alkyl, Cs-Cy cycloalkyl, C¢-Cyp aryl, and -Si(R;); wherein each R; is
independently selected from C;-Cs alkyl;

Ry Te-TeRy

XV

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-Cy cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each R is
independently selected from C,-Cs alkyl; and

R,R,R;R,Ge
XVI

wherein:
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Rl, R2, R3 and R4 may be the sane as or different from
one anot her, and are independently sel ected from anong
WOHR008057686 al kyl , C5- C1O cycl oal kyl, C6-C1l0 ar yPCT/HBIZH07/063830

-Si (R3)3 wherein each R3 is independently selected

from Cl-C6 al kyl ; wherein: Rl, R2, R3 and R4 may be
the sane as or different fromone another, and are
rRNGepENGR MR, i ﬁgs’o@ liRGhae af JrClllil'fe@d'ﬂini@n lohe £abth€H a@l ey lndependently

St R PG S b 45 s BB P Ry PRy e e

R?14ﬁaif@aideﬁﬂwsm&¢deﬁomclﬂ akpid R2 may be the sanme as or

di fferent fromone another, and are independently

sel ected fromanong H, C1- G5 al kyl, C5-C10 cycl oal kyl,
0857C10 Epeypynthagig ot %P (%)egle%hqdegeﬁn@m PIRGir{os can variously' be

sanstepangdenthdy rﬁﬁh&cﬁtﬁ’lgmé 5 e&lplgiﬁarﬁilnlfsydf thdJ8 (v%ﬁ?)shown

X'V wher ei n;: t he same as
Y er Brfach %i‘%ﬁMggh &NH%@F Rl\é%{dma‘r @du Ffepa he é??f‘laﬁlaltemaﬂve
&%eﬁt@t Budthbr; GBBIamnmg uké,d 1ﬁ:ﬂla&56)f ekl LiNRDeal'hO replacdd @ INaYR; or

and )3 ere
paé% eﬁ fy e |b‘°éc ted far“o%mrc‘}i“ 6@ qﬁ%}ﬁ ’Rg%(?r%“ 3 ylti-step
mthandapm)aqhayla)b be tehiplozdne gesergfe nalkefdf dkyd ripeches dhrp@heOdeatlve

&B%D{%Vaﬁeﬁﬂ%l?%@( b BAeRRREEN f({)r}!cu%%iseﬁkl%qubélgm anong H,
Cl- C6 al kyl cycl oal C10 aryl, and

-Si (R3)3 wherein each R3 is independently sel ected

Eg&l Cl O%\?' kyI and RH?RBRR@ XV'RZiI{%%rC?i n:

N

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;-Cs alkyl, C,-Cs alkenyl, Cs-C;p cycloalkyl, Cs-Cyp aryl, and -Si(R;);
wherein each R; is independently selected from C;-Cg alkyl, and M is Li, Na, MgCl, MgBr, or
Mgl

Germanium (IV) Precursors for GST Films

e < ffa¥ alhles

HleaN fidlan

PECE Ny Y
Ge{NFaoly
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Rl1, R2, R3, and R4 may be the sanme as or different

fromone another, and are independently sel ected from
wa@emagsiie C1- C6 al kyl, C5-Cl10 cycl oal kyl , C6- CROI/EHS82007/063830

and -Si (R3)3 wherein each R3 is independently sel ected

from Cl-C6 al kyl. [0057] The synthesis of the

above- descri bed gernmani um precursors can variously be

carhijed, git, in a ready manner, utilizing synthetic

PEERALALIORS: Of the types variously shown below In

each instance RWgCl, RwWyBr, Rwyl, RLi, and RNa can be

used as alternative reagents. Further, GeBr4 can be

used iqulace of GeCl4; LiNR2 can be replaced by NaNR2
OV\KNBET and JNa§,C5R5) can be used asgggxal ternative to
K(CoR5) . Moreever—e nul £55gRep synthetiecmpmgash. may
bgﬁénﬁhqyed to generate m xed al kyl ¥ipekii es t hrough
oXi datiVve additi of¥BRa"Ge(I|lDiaggnpl ex to generate
Ge(I'V) precursors, ag'shown gpel ow. GeCl2 + RM XR
R2CeR2RI Cr eCl _ . R2RI GeNR'"2R2RI GeR" wherein: R R,
and R may e :FeFsame asthérlif f erent from one
anot her, and each is independently selected fromH,
Cl-C6 al kyl, C2-C6 al kenyl, C5-C10 cycl oal kyl, C6-C10
aryl, andSUR 1

i ndependent|y sel ected

-n_» 33 Wherein each R3 i en,
from €l- C6 abiyc: and Mis|Li, Na, 1, MgBr, or Myl.
Ger fréqi um rectrsors {0t "GST Fi
or ) L Ge -

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

Grignard reagent R¥*MgCl, wherein R* is allyl
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GeCl4 LiNK3 = Me, Et, iPt-, Bu o conbinations
(RR7,G(R 14_ BnivigCl
WO 2008/057616 PCT/US2007/063830

Ge Precursors for GST Films

N

GeGl,-L +  UMNABY, — -

y e B
etii e § LY S S
el — Ge
N N
|

[0058] [ustrative Ge(II) compounds that may be usefully employed for CVD or ALD of

germanium-containing films include the following:

K
L\ N—Gs—N
T S
! k1
[0059] In various embodiments of the invention, dialkylaminoisopropylgermane

precursors are used for CVD/ALD formation of GST thin films. Such precursors may be

synthesized by a reaction scheme such as that shown below:
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to form germanium complexes such as:

[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 heated bubbler
include, for example, Ge(NMe,),, Ge(NEtMe),, Ge(NEt,),, iPr;GeCl, iPr;GeNMe,,
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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and correspondingly a tetraallyl germani um conpl ex can

be fornmed from such tetrachl orogermani um starting
woreaos/smliie usi ng a corresponding ally' G ignar dPCEHH§®AT/063830

R*MgCl, wherein R* is ally' Ge Precursors for GST

Films 2Na. (CE, H4. (Ge(C: 0-1.02, 2Nael

[0058] Il lustrative Ge(ll) conpounds that may be

wearf ul | 3 eepkoYaBodifEntCYD gorinaflul) Sfcursors of the present invention

containing alkyl substituents, isopropyl substituents are in many cases preferred over methyl
groups due to the ability of the isopropyl substituents to undergo beta-hydrogen elimination,
thereby facilitating low temperature decomposition processing of the germanium precursor,
without producing significant carbon residue.
[0062] Nitrogen containing germanium precursors of the invention have the intrinsic
benefit in many applications of mediating some incorporation of nitrogen in final films. In this
respect, Si- and N-doped GST materials have lower reset currents, thereby enabling a lower
temperature phase-change to occur.
[0063] As an additional advantage, various germane precursors of the invention undergo
hydrogermolysis coupling reactions to form Ge-Ge bonds, via the reaction

R;GeNR’, + R;GeH — R;Ge-GeR3,
to yield digermane CVD precursors enabling highly efficient Ge-containing film deposition to
be achieved, in relation to mono-germane precursors.
[0064] The germanium precursors of the invention can contain a wide variety of ligand
species as moieties thereof. Such ligands may for example include, without limitation, allyl,
benzyl, t-butyl, cylopentadienyl, hydride, phenyl, and alkyl. Bidentate amines (e.g. N, N-
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(NR,)s,
1Pr,Te and Te(NR,), to form GST films.
[0067] One illustrative germanium precursor of the invention is
Ge(triisopropyl)(methylethylamide), referred to sometimes hereinafter 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 L.
Film Deposition Rate of Germanium Deposited at Varying Temperature and Pressure

Conditions
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germani umcontaining filnms include the followng: \ N

-N/ SiMe3 NGe-N Si MeSi MeSAl eS; Me-z  [0059] I n vari ous
we@rivsmsisent s of the i nvention, PCT/US2007/063830

di al kyl am noi sopr opyl ger mane precursors are used for

CvDI ALD formation of GST thin films. Such precursors

may be synthesized by a reaction schene such as that

shown bel ow

Temperature Temperature Pressure Pressure
(°C) 1/T (K) 0.8 torr 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 0.001579779 1.48 A/min 1.28 A/min
380 0.001531394 2.4 A/min 2.7 A/min
400 0.001485884 3.4 A/min 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] In another determination of film thicknesses of germanium achieved by deposition
from the GePNEM precursor, deposition carried out for a period of 16 minutes gave the
following results: (i) temperature = 400°C, pressure = 800 millitorr, reactant gas H,, film
thickness = 57 A; (i1) temperature = 400°C, pressure = 800 millitorr, reactant gas NHs, 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] In various specific embodiments, the invention contemplates a precursor mixture
including germanium precursor, antimony precursor and tellurium precursor, wherein at least
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)D-(XVI) described
hereinabove.

[0071] In another aspect, the invention contemplates additional classes of antimony
precursors. Such antimony precursors are suitable for use in forming GST films, in conjunction
with the use of suitable germanium and tellurium precursors.

[0072] Such additional classes of antimony precursors include those of formulae (F), (G),

(H), (D, (), (K), (L) and (M), as defined below:
(F) aminidates, guanidates and isoureates of the formula:

R’,SH[R'NC(X)NR%]s.,
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wherein:

where each R and R? is independently selected from among H, C,-Cs alkyl, Cs-C,g cycloalkyl,
Cs-Cyp aryl, and -Si(R3)3 wherein each R® is independently selected from C,-Cs alkyl;

each X is independently selected from among C,-C4 alkoxy, —NR*R’, and -C(R%);, wherein
each of R4, R> and R® is independently selected from H, C,-Cs alkyl, Cs-Cyo cycloalkyl, Cs-Cyg
aryl, and -Si(R3)3 wherein each R® is independently selected from C,-Cs alkyl;

each R’ is independently selected from among C;-Cs alkoxy, -NR®R’, and -C(R");, wherein
each of RS, R’ and RY is independently selected from H, C;-Cs alkyl, Cs-Cy cycloalkyl, Cs-Cig
aryl, -Si(R3)3, and -Ge(R3)3 wherein each R® is independently selected from C,-Cs alkyl; and

n is an integer from 0 to 3;

(G) tetra-alkyl guanidates of the formula:

R’.Sb[(R'RHNC(NR’R)N)]5.0

wherein:

each of R' and R? is independently selected from among H, C,-Cs alkyl, Cs-Cy, cycloalkyl,

Cs-Cyparyl, and -Si(R9)3 wherein each R’ is independently selected from C,-Cs alkyl;

each of R>and R* is independently selected from H, C,-Cs alkyl, Cs-C,y cycloalkyl, Cs-Cyp aryl,
and -Si(R9)3 wherein each R’ is independently selected from C,-Cs alkyl;

each R’ is independently selected from among C,-Cs alkoxy, -NR°R’, and -C(R8)3, wherein
each of R®, R” and R® is independently selected from H, C,-Cs alkyl, Cs-Cy4 cycloalkyl, Cs-Cyg
aryl, -Si(R9)3, and -Ge(R9)3 wherein each R’ is independently selected from C,-Cs alkyl; and

n is an integer from 0 to 3.

(H) carbamates and thiocarbamates of the formula:

R*.Sb[(EC(X)E]s.»
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wherein:

each X is independently selected from among C,-Cs alkoxy, —-NR'R?, and -C(R3)3, wherein
each of Rl, RZand R%is independently selected from H, C,-Cs alkyl, Cs-Cy cycloalkyl, Cs-Cig
aryl, and -Si(R5)3 wherein each R is independently selected from C,-Cs 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,-Cs alkyl, Cs-Cy cycloalkyl, Cs-Cig
aryl, and -Si(R5)3, -Ge(R5)3 wherein each R’ is independently selected from C,-Cs alkyl;

E is either O or S; and

n is an integer from 0 to 3;

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

[OC(R*)C(X)C(R*)OL:Sb(R?),
[OC(R)CEHCRAHNRN]5.,Sb(R),
[R*'NCR)CE)CR)NR]5..Sb(R),
[(R*)OC(=0)CK)IC(R)S];.Sb(RY),

where each of R*,R%, R® and R* is independently selected from among H, C,-Cs alkyl, C5-Cy
cycloalkyl, Cs-Cp aryl, and -Si(R6)3 wherein each R® is independently selected from C,-Cs
alkyl;

each X is independently selected from among C,-Cg alkoxy, —NR°R’, and -C(R®);, wherein
each of R®, R” and R® is independently selected from H, C,-Cs alkyl, Cs-Cy cycloalkyl, Cs-Cig
aryl, and -Si(R6)3 wherein each R® is independently selected from C,-Cs alkyl;

each R’is independently selected from among guanidinate, aminidate, isoureate, allyl, C;-Cq
alkoxy, -NR’R™, and -C(R"),, wherein each of R’, R'® and R" is independently selected from
H, C,-Cs alkyl, Cs-C, 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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n is an integer from 0 to 3.
(J) allyls of the formulae:

(i): R*,Sb[R'NC(X)C(R’R)]5.0

(ii): R*,Sb[(R'O)NCX)CRR*)) ]z
(iii): R*:,Sb[(R'RINC(X)CR’R*)s.0
(iv): R*Sb[(ONC(X)C(RR*)]

where each R',R%, R® and R’ is independently selected from among H, C,-Cq alkyl, Cs-Cy
cycloalkyl, Cs-Cp aryl, and -Si(R6)3 wherein each R® is independently selected from C,-Cs
alkyl;

each X is independently selected from among C,-Cs alkoxy, —NR'R?, and -C(R%);, wherein
each of Rl, R%and R%is independently selected from H, C;-Cs alkyl, Cs-Cy cycloalkyl, Cs-Cio
aryl, and -Si(R6)3 wherein each R%is independently selected from C,-Cs alkyl;

each R* is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiminates, diketiiminates, C,-Cs alkoxy, —NR'R®, and -C(R?);, wherein each
of R, R¥and R’ is independently selected from H, C,-Cs alkyl, Cs-Cy cycloalkyl, Ce-Cy aryl, -
Si(R6)3, and -Ge(R6)3 wherein each R® is independently selected from C,-Cs alkyl; and

n is an integer from 0 to 3.

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

::2‘»
}

A

%]
A
gA]
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to form germani um conpl exes such as: N-Si Me;

WO 2008/057616 PCT/US2007/063830

wherein each of R, R», R3, Ry and Rs can be the same as or different from the others,
and each is independently selected from among hydrogen, C;-C;; alkyl, C;-C;; alkylamino, Ce-
Cyo aryl, C,-C), alkoxy, Cs-Cs alkylsilyl, C,-C;, alkenyl, R'R’NNR®, wherein R', R” and R’
may be the same as or different from one another and each is independently selected from C;-
Cs alkyl, and pendant ligands including functional group(s) providing further coordination to
the antimony central atom, and selected from among aminoalkyl, alkoxyalkyl, aryloxyalkyl,

imidoalkyl, and acetylalkyl, having the following formulae:

s
%

aminoalkyls

wherein: the methylene (-CH,-) moiety could alternatively be another divalent hydrocarbyl
moiety; each of Rj-R4 is the same as or different from one another, with each being
independently selected from among hydrogen, C;-C¢ alkyl and Cs-C,p aryl; each of Rs and Rg 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 0 at the same time, and x is selected from 1 to 5;

Fa

alkoxyalkyls and aryloxyalkyls

wherein 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-Cy aryl; Rs is selected from
among C;-C¢ alkyl, and Cs-Cyp 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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[ 0060] The above-descri bed germani um precursors are

useful for CVD and ALD applications, to deposit
w@eoosmsiondr cont ai ning filns on substrates. PCT/US2007/063830

Tet r aki sam dogermanes and trii sopropyl am nes usef ul

for such applications and anenable to transport with a

heat ed bubbl er include, for exanple, Ge(Nw2)4,

Ge(NEt Me) 4, Ge(NEt2)4R;iPR3Ged , i Pr3GeNwve2,

i Pr3GeNEt M2, and i Pr3GeNE2. The volatility of the

ger mani um precur > Lgvenfionpcan be readily

nmeasured by STA thernqdpa inegric techni que (e.g., by

determ ning materi al gran ort under atnospheric

pressure in argon) and®GC analysis. WO

2008/ 057616PCT/ US2007/ 063830 [0061] 1 n specific

enbodi nents of germani um precursors of the present

i nvention containing al kyl substituents, isopropyl

substituents are in many cases preferred over nethyl

groups due to the ability ehdthe isopropyl

substituents to undergo beta-hydrogen elim nation,

thereby facilitating | ow tenperature deconposition

processing of the gernmphi U precursogr, W thout

produci ng significant, barbbn residyé. [0062] Ni trogen

cont ai ni ng ger manium BorSof\t he invention have

the intrinsic benefit |n ny applic gions of

nmedi ati ng some i ncorpokatifan of nitrogen in final

films. In this respect, Si- and N-doped GST material s

have | ower reset currents, thereby enabling a | ower

t enper ature phase-change to occur. [0063] As an

addi ti onal advantage, various germane precursors of

the invention undergq NRydrogernolysis coupling

reactions to form Ge- bonds, via the reaction

REGNRCh of Ry, IRFGelM. Rais @ Gana3s Radifferent friow|ogde ahiother wilheaciOhang

RESEHERL sSle @GR Mo b ¥n, €F I0, Bk @Nhd SRCG AR RhAN BAR,, R, is

filmdeposition to be achieved, in relation to

o Foege Prdifren fram ppg godier. ph %] Prige HawPRiRRtTriected from Ci-Co

AKR.GHE 6OC S a9f, addiani M\E e @ iS@Pen@ENY Bbi 030 WwGke théPrdvRE Yat

of ligan s&e%{es S _noieties thereof. Such Iigands
71 _an nnot be ( at the same time . . - .
may tof exanpl e it tde, without Iimtation, allyl,

benzyl, t-butyl, cylopentadienyl, hydride, phenyl, and
al kyl. Bidentate amnes (e.g. N
Ndi al kyl et hyl enedi am ne) can al so be used. [0065] The
ger mani um precursors can be delivered in solution or
suspension in a liquid defi y techni que, using
sui tabl e sol vent nedi a, %} y 2%¢%glivered for vapor
phase desposition of—Gefc —npialg filnms by solid
delivery techniques, e.g|, a destyri bed herei nabove in
respect of the antinony grecyrsors f the invention.
[0066] I n use as CVD/ ALD ﬁ?ecdrsors, the Ge precursor
may be deposited separately or in

acetylalkyls

wherein 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-Cy aryl; Rs is selected from
among C,-Cs alkyl, C¢-Cyy aryl, and C,-Cs 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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conbi nation wth other precursors, e.g., with Sb and
Te conpl exes such as i Pr3Sb, Sb(NR2)3, iPr2Te and
wa R t o form GST fil ns. PCT/US2007/063830
[ 0067] Onei |  ustrati veger mani unpr ecur sor of t hei nventi on
s Ce(triisopropyl)(nethylethylamde), referred to
soneti mes hereinafter as GePNEM This precursor can be

CRROYRCPIRadRP OSthd anGREAVEIP WRpARd S SpidmbIlyah@uddligands
Sui t(ﬂ)l e de{)osn ti.on Bfr oceg.stcondl.ctll ons, e.%. ]
%Tgeﬁ% T R SR aY AP P P HT IS YRS FHESAT e b

did@ateqa Attetaimimpree asddiketimamgdsnagd f r om subat nospheric to
super at nospheric (e.g., in a range of fromabout 0.5
ton to 15 atnospheres or nore). Set out in Table |
belowis a listing of filmdeposition rate, in

ADGRL I MEA LM Qiy1s@Mith \ped¥ile Nehnhi £ BRRY BEnkiiL: and pressure
conditions, for deposition of germani umon substrates
fromthe GePNEM precursor, delivered to the substrate

in R4, SeER'ROBICHIAS(K'ROW, of hydrogen gas at 200 standard

%gbkesﬁﬁ{ikj)@{zfm%{@gg#m nute. [0068] Table I. Film

poS;I ron’ frani um Deposited at Varyi ng
(engesatR RN -Plessure Conditions  Tenperature ( C
) Tenperature 1/ T (K) Pressure 0.8 ton Pressure 8 ton

300 0.0017452Q01 0.14 A/min 0.35 A/mn 320 0.001686341
mheAQseaﬂ} %Rn and R” is independently selected from among H, C,-Cs alkyl, Cs-Cyy

cycloalkyl, Cs-Cp aryl, and -Si(R3)3 wherein each R is independently selected from C,-Cs
alkyl;

each R’ is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiminates, diketiiminates, C;-Cs alkoxy, -NR°R’, and -C(R8)3, wherein each
of R®, R” and R%is independently selected from H, C,-Cs alkyl, Cs-Cy cycloalkyl, Ce-Cy aryl, -
Si(R3)3, and -Ge(R3)3 wherein each R® is independently selected from C,-Cs 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
precursors 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.
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340 0.001631321 1.32 A/min 0.8 A/mn 360 0.001579779
1.48 A/min 1.28 A/min 380 0.001531394 2.4 Almin 2.7
WO208H0540O 0. 001485884 3.4 A/lmin 2.3 A mn 420PCT/US2007/063830

4
SbR n

4 3 3
" " 0
m(HQC)\'\':e bRS, m(H2C)/\'\’::9 bR, m(HgC)\'\I\'e bR,
Rz/N\Rl o R2 N\Rl o R?/N\R1 o
A B ¢

including the following illustrative complexes:
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0. 001443001 6.8 A/mn 10.5 A/m n 440 0.001403 6.5
Almn GePNEM deposition with 200 SCCM H2 [0069] I n
wa@peslgmwidet erm nation of filmthicknesses of BEFDB00TUM3830
achi eved by deposition fromthe GePNEM precursor,
deposition carried out for a period of 16 m nutes gave
the following results: (i) tenperature = 400C
pressure :\800 mllitorr, reactant gas H2, film
thlcknessef 57 A, (i) tenperature = 400C, pressure =
800 n1II|torr react ant gas NH3, filmthickness = 94
A, and (L;;) tenperature = 4!‘0 pressure = 8000
mllitaqer, ﬁgactant gas H2, fllhqthlckness = 36 A
Thesey resultsWeWJdence-tﬁm SU|tabPT1%y of GePNEM f or
formmg gernan%un1or germani umcofitai ning thin filmnms
on substrates by vapor deposition techniques. [0070]In
vari ous specific enbodi nents, the invention
contenpl ates a.precuUrsqr mxture including germani um
precursor, ant nDhy precursor and tellurium precursor,
wher ei n at Ieast one of the germani um precursor and
anti nony preCursqr i ncl udes a precursor selected from
agong:thewet al  conphexesngl formulae (A), (B), (0,
(D) and %g) )-(XVl) described herei nabove. [0071]1n
HHBP R Bé%%mﬂ?ﬁ@ i nvention contenpl ates additiona

cl asses of antinony precursors. Such anti nony

antimony (III) alkyl/amino precursors of the formulae:

and stibenes with germanium anions, of the formulae:
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R7"Sb[ 121NC( X) NR2] 3, wherein: where each 12' and R2
i s independently selected fromanong H, Cl1-C6 al kyl,
w@zogsrets/cl o al kyl, C6-Cl0 aryl, and - Si ( R3) 3P@iTESM0TI063830
each R3 is independently selected from Cl-C6 al kyl ;
each X is independently selected from anong Cl-C6
al koxy, -NR4R5, and -C(R6)3, wherein each of R4, RS
and R6 is indepe omH, Cl-C6 al kyl,
C5- C10 cycl oal ky -Si (R3) 3 wherein
each R3 is indep rom Cl- C6 al kyl ;
each 127 is inde from anong Cl1-C6
erein each of 128,
d fromH Cl1-C6
yl, -Si (R3)3, and
dently sel ected
er fromO to 3;
ormul a: R5"Sb
ch of 12' and R2 is
i ndependent |y selected fromanong H Cl1-C6 al kyl,
C5- C10 cycl oal kyl, C6-Cl10 aryl, and -Si (R9)3 wher ei n
each RO is independently selected from Cl- C6 al kyl ;
pvash of T1R3ana'llﬂ0hy%cin$oris ntldpendBAM) yreastfeliyt @pldyrdfor eposition
C
b R P o P Y20, Pl B oo
Hyspne] amBesaliiipps, hygieHnems sijagesi w@ép@ﬁ%mlqley gl et MepSi).Te,
ée@rﬁzﬂﬂe@ﬁgﬂg dett;, @ﬁm@llug Qdnes, aNERL 2dd all%‘ﬂgs X 128) 3

wherein_each of R6, R7 and R8 is i ndependentl
08734t efhernbimemy, Pl Ay Welwf@i fefmdbv@w&waww}quld delivery

@m@i& iarlch pre&ir{foRIaB are a@des-Iﬁfﬂ(bRggea ikernigiif feactd R@cirsrs

Qt? :cp ol sfe Qrt llr%\élgg’{%la}g %t Seq f rc? 1n s utlons or susﬁel:nalor%n gn Q)mlbmat%rr]l with
tumﬂxbfc sl watrerds asoflkapgy eol'fems rmg aheXFw' S@RE@(OX%E 3ud' pentane), aryl

m%ﬁ@ l@n% &a{ene & eoeeﬂesl ddﬁﬂep @eegﬂté(h&hzﬁﬁl@&tt&pbuiﬂme@mngs and

lmfazmez Tawﬂleeof Sgeqflﬁ d@&@h@eﬁmlgpng f ’%f\t‘(\p&e}i PGP e
& kyddily Congldile Yete@miaddl Yo, s€léct G a@pwrlatearsdlg}eslc@aﬁ)l&t or
r\{\lﬁﬁcqmpgnent SO verl1:t25med1umI ord 1? ulen eF\Detr)! yapgr?zlat?o%tagg transport o(t::lfhe specific
antimony precursor that is employed.

[0076] In another aspect of the invention, solid delivery techniques may be employed, in
which the solid precursor is volatilized, to form a precursor vapor that is delivered to the
deposition chamber for forming an antimony or antimony-containing film on the substrate. The
solid precursor may be packaged for such use in a storage and dispensing package of suitable
character, such as the ProE-Vap solid delivery and vaporizer unit commercially available from
ATMI, Inc. (Danbury, CT, USA).

[0077] The invention also contemplates the use of antimony, germanium and tellurium
precursors of the present invention separately for deposition of antimony-containing films,
germanium-containing films, and tellurium-containing films, respectively. Thus, an antimony
precursor of the invention may be employed to deposit an antimony-containing film. In another
embodiment, a germanium precursor of the invention may be employed to form a germanium-
containing film. In another embodiment, a tellurium precursor of the invention may be
employed to form a tellurium-containing film. In still another embodiment, an antimony

precursor of the invention and a germanium precursor of the invention may be utilized to form
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each R4 is independently selected from anong Cl-C6

al koxy, -N121122, and -C(R3)3, wherein each of 121, R2
w@rsRI6le | ndependently sel ected fromH, Cl-GBCHUE2007/063830

C5-C10 cyclo al kyl, C6-C10 aryl, and -Si (R5) 3,

-Ge(R5)3 wherein each R5 is independently sel ected

fromCl-C6 alkyl; Eis either O or S; and n is an

ANLRERHAy/FFBMudh Tt 3n (ét) anbBErdentokigt@Nat @Simony precursor of the
dlket0|m%tes nd di etllmn%tes of the formil ag:

1%3)0& ] %Sﬁi%amon wit tellurium precursor, to form an
DGO R ICE RN ER2 AN th & B3 Blo¢niRbi) fhe invention involves use of a germanium

LT EE T T

gemamen/Fderivg filkdependent |y sel ected from anmong H,
@6‘7‘ a*l"llfeyalntlm@ -abdi8} geMfahiRR|pkethrsor CErtlel et lcan &nﬁed to deposit

wherein each R6 is independentl|ly selecte

?}?25‘?#@1“@6 oF | RiAble RigroRlesrops depieo pONENSA LT I s%‘PréCé‘c‘%?dOf phase
é}ramn&mefygleﬁaesCG al koxy, -NR6127, and -( 128) 3,

el ns%%eég? Iﬁ(cafl be%yérlcéi%usmf é: nt{r]n(il Y %I’\],%e ILé]_%)C%mﬂuef usqing

almble SinlRENG ammemd teblpudtm PRECUFsQrs; Widleﬂp@wd enstoff he g@hlemre end
L&%ﬁ;@ec@o@ kc!ﬁﬂﬂnsmg Q&Qtal'%@mbl@x (')fQﬂqué:sE}g et i¥n. SEle %&Eﬁ%rs may

from anong guani di nat e am n | soureate
@Su%le%nreawpﬂate Kivga Pl %@ST @(ﬂﬁf fe5jred chgpagisre Fﬁf eé%ﬁe éf-D
IIRQy bRﬁ&rﬁﬂdedl‘Zﬁlﬂ.thleSprdcﬂﬁ@p@(E@@BI iry) &eﬂgqﬁﬁsad 1nf § @f¥hiddr to control

com&osu&l ()Eés: éesﬁr&g[m aFQél}ée ?C@%fgéglﬁ a u ntlal 1nt§o|§61%tloﬁdof
PrearspGheds imthk selyeneerite- GeﬁTq Sh-BnGé-Tit-Blg €. rdpptomﬂ@ cgnduc@d until a

ée!&ed@h&wl&négi 1 be.hara ae: RAnSb [ RINC(X) O R2R3) 13,
(1210) X)C(R2R3)) 13, (iii): R4nSb

N@t 9(50 RARTY PAAPOS{tio) Jee hTRSHIRENEY X @ RERS]Y) e employed
thﬁfne ﬁﬁ@cclamtlﬁ;hg RRimdRS af6r RPmanuni, rbgle@e Bl grra&drs)érsscgl tRE piednt
from a H, Cl-C6 al kyl

1on SS cila % th K sl't’ Co- C%gn to
By _&F EREY'S RFfL? e’i“W Sch%ES T's Fn‘&“‘@%é}-?aeﬂlfefay‘ :
emipesmioeallyf nmoifyClheCtesidtidgy fijm. e aBimniles sindlwiid eyre nafe pd-teyctants  to

g’oﬁp%ig ggly Vdjl‘l Iﬂlg?lglgg E&ngﬁ Ll/'élorﬁt)zldgen fg,@oé%o}%%n e% q/lth very small

%%quﬁfdéb%ﬁd@mﬂﬁ‘w%el ected fromH, Cl-C6 alkyl, C5-C10

©ugi oal Kydther EBbIdbRn t@réfclmlc &9& del%sﬁlaﬁa&]{)ﬁl@c[ Rpid v BepBhtion

i si ndependent|y sel ect ed orp Cl-C6 a}{
Ims contammg timony and/or germanium

(RVD) techniques may be employed to deposu
using precursors of the present invention. For example, a rapid surface catalyzed vapor
deposition may be employed using ALD, in which a first precursor vapor is contacted with the
substrate to form a saturated surface layer of the precursor, followed by exposure to a second
precursor vapor, and thereafter by exposure to a third precursor vapor, with inert gas purges
being carried out between the respective precursor vapor contacting steps, in which at least one
of the first, second and third precursors comprises an antimony and/or germanium precursor of
the invention and, and in which the precursor contacting and intervening purge steps are
repetitively conducted until a predetermined thickness of deposited film material has been
achieved.

[0082] More generally, the present invention contemplates a wide variety of antimony and
germanium complexes that can be utilized to form corresponding Sb- and Ge-containing films.

The precursor complexes and compositions 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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each R4 is independently selected from anong

guani di nates, am ni dates, isoureates, betadi ketonates,
walploshiond nat es, di ketiim nates, Cl-C6 al koxy, PEINUI£2087/063830

and -C(R9)3, wherein each of R', R8 and R9 is

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

cycl oal kyl, C6-Cl10 aryl, - Si(R6)3, and -Ge(R6)3

Mg%ﬁte o s&ﬁl Qﬂ'&cB@ rel ents RREARR g%&trioy (s)p%@lase Rk fif 1047 Yelie §&ble in

er from

%°§7]8| BRJ‘é?ﬂoﬁsd OSHSPPY (Tt‘:‘!ﬁ‘}’ © g "P%ﬁi}“%ﬂ’ég% e '&%éfi- g with
amnlneehryl/olr ®golfier tvhbothﬁlprmhram speBREs. wher ei n each
G o Bt e R e PR B
of Presere donplevas A ARsaigc hl”y'éﬂdé@:éﬁ angthe exehusign Rﬁ)ﬁpemf@lm@ms’ igands
ﬁldi%‘i'én@maln@em&aih s&%&c%bdlm% Czlg a@lllkl@ti(a‘ﬁve Q?am@@ in homoleptic
C2-C12 NNR3, wherein 12

R2
(dlaﬁglawwaﬁ@% Einylite B0 pkcil U GHD SO b e of e
anatiher tandighc hlbi;tﬁuehtﬁ d apg ndedddey nselyect eds f ﬁrmmeﬁ:lexaﬁﬁle

rahcysdl lkalamldg%e/eynga%gst mz%y e (iIudecll n cerltJ (%lrll e thu n{(%tg ototﬁe invention. As a
gr oup 83, pro urtﬁer coor 1 on

aifit furbery ewemter ah mrromyl andl sl e@ttr@dyfmmem Ay the invention,

f’ﬁﬁ?e!ﬂ?l rlﬁﬁlyi arﬁlulfrgeﬁﬂﬂéﬂ?%beme@ ﬁl\ﬁr %%@E?M Ibe e;!cmﬁalo%l VklM khere@be
acety havi ng | ow n ornmul ae: am no

appregipted w%sh% infyentiop @it HyAelpied (COK“,PIEX"f aph pRpsiterg] fgatures of

ainrtpemaﬁ wﬁhsypaheulamaa BIﬁlSoddlhe\d&bthE 1rhryrdibﬁJ Cfarﬂawoseaef ﬁaylfymg

%recuszr COl’IlRl:IéX%S anc{ cﬁas?]es Bf samgﬁlat aaee%referr d 11%1?1 mentt tlEI(E:S?Oe € ];nvenrtrl]on n

enon gpptiytiodlereof. C1- C6 aI kyI and C6- ClO ar yl; each of
[ tﬁnd 'ﬁ@: § §th$sn%f %ﬁ%eﬁ?largfnotg sf)ﬂzr %&Imarlé‘ R %&%@scﬁlﬁe'a% show

each Bel na i ndependent |y sel &cted from anong C
e deggik of makineap dlupial reempe i gaicwed ebths hadgehdent | y as
08851 N9 BxavipleUeSy@thedid @RINPInteDydminbilsbprbfiReflagy/i SO that m

f Ponee STRRD aRFite By ISR By kP g e g S0
wheibe bh etegmbthgimiR] (FREmLS 46.benngdinie elsr or00d LY. fTbe entltifg ohie

@&ﬁlré‘&)&tsﬂ% fol'h bl € %Eiﬂ?%gﬁ&] {(E{iﬁﬁ’ g?@ﬂ Bé%gz%lnﬁ&f & gdded

rom anong )(7 dr ogen,
drepvgts| wetthireRetiom XA gloglx @eﬂr&fl k@xlroomaﬁmlpmurelﬁleamwre was
Sited Bvedf giu rme%ﬁfeﬁ %La?&ta@gi uhRALREMIGRY hY r8Rud ¥hdaGwidh pentane
val ue of the proviso that mand n
gg tT}l[‘}ém@mlgtwaf h]éerglathlgughl aﬂﬁednﬂgglass frit under nitrogen and the solvent
K08t EI5146 6RO WSRO D/79.88 830 a RI&R:ss llquid. The pfodilct was purified by
el NS RAAAED 5B 'H NMR (CoDe): 6 2.87 (q, 2H, °J = 6.9Hz, NCH,CHy),
2.62 (s, 3H, NCH3), 1.36 (m, CH(CH,),), 1.18 (d, 18H, *J = 7.2Hz, CH(CH),), 1.11 (t, 3H, °J
= 6.9Hz, NCH,CH;). "C NMR (CeD¢): 5 48.42, 38.22 (NCH,CH;, NCH3), 20.19 (CH(CHs),),
16.20, 15.79 (NCH,CHj;, CH(CHs),).
[0086] FIG. 4(a) 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
ethylmethylaminotriisopropylgermane product.  FIG. 4(d) shows the nuclear magnetic
resonance 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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i mdo al kyl wherein each of Rl, R2, R3, R4, R5 is the
sane as or different fromone another, with each being
WO pspEmdent | y sel ected from anong hydrogen, QI€T1Z6S2007/063830
al kyl, and C6-Cl10 aryl; each of R1', R2' is the sane

as or different fromone another, with each being
i ndependently selected from Cl1-C6 al kyl, and C6-C10

mosd] aﬂﬁ’otﬁbr ad3fbciMof R SRbRGH Q‘Qatbﬁ@ﬁ@@lﬁﬂlﬁﬂtdohﬁpl%fe@ mvﬁl 8-
pravi so that n_cannot

%‘5‘??8“‘{3 erﬂt‘v"a“% R BERPF ﬂtecﬁr‘?’é?“ls pat Ry ﬁ?ﬂ%m% B‘EGWSQFSWF"S -

Wpediten npgadlnoire Riry By geis sehfidvesadrbiglasensitived iafidf ke mi uifpie@simt

B8 ORI b 1 £ R0 RO RPL fB6L7 ] S o
1 Bigkip stakle é@rﬁebmﬂamﬁgeman@@gaanﬂyhelf lifpchapgreriptipp redgag) odor,

Q&s&ﬁmaltlsamﬁy @mp&u@m@bpmaa&% sel ected i ndependent|y
fromO to 4 t he proviso that mandncan ot be O

20%% he EIEHE‘IUEIP%‘I@R%‘E?t%FWPﬂFé?f EFIPGHRECY) eo“ls‘°“dtfﬂreCVD/ALD
arfbinayr Tpcod A Uikds. Gaese @plhpanrml daiy bé ngehmdeonhungamd@uh Ge-
an%} §b goqn foEn ITI { I'r]o%uger'f)el“@e C‘IO go 'Pf 1 uar‘ln\;agll ompositlons A
am n I dat ur eat es, ebet a ef
ghnkreltmqq@mtoessnth%ml digigtiosnat hﬂanfathesbeealdebm(lﬂv}l lrathkytegture but
abkaxkdgs aRdadhlidesusWitdd R | g@@l@lé gﬁ tﬁeh@o di

R P ) Rs" ‘(’J§b i (11211§,ngm?0—é R ordinating
{ifrpeen atpge arepyird-R2) N(CH2) ", S i (R1IR2) | 3 n (| i | ) R5" Sb
00981 R2) hd(cﬁhlza)sme 31aﬂ: aMa6IeRd e Bnakr AIRy1 ligaids E2isd-Propyl, n-butyl,

endent C from -6..al kyl ..
J&%Eg or m1 lrﬁ(ltu eg Ll%p%]ﬁlﬂ)s afPr exgm & egll(:rﬁéaugetg%aen}uéﬁ, I%am be
eﬂangSlslly 81S¢dn td)e]gredvd@ ﬂltplelyorstelluelgm edikehmolme Qlec@BoralféryCYD/ALD
H&tuﬁé grﬁ‘allk:%ﬁﬂ%@ﬁi@ s LhX nﬁr%ke%ccioﬁcg atolhg '&&iﬁ@ Rficient volatility to

%)uanl di nates, am ni dates, 1sSoureates, betadl ket onat es,
PR 8208 if i PA OB SeIRSTRER | | ni nat es, Cl-C6 al koxy, - NR6R7,

@Uﬂ] C(R&) lfgland%\ﬁﬂﬁbﬁlebeﬂus@cﬂ%hheqfthlaﬁ salda? Tn @fek 1R&e|f($rm to synthesize
tlélg geiesg%}lnl%;i/‘?mpl%és % f:tg]}lgll sal{ oof tl§'l_l|’1(g¢?§) eairﬁzﬁteg &éﬂ( %& gw erein X =

GhBr. 8itn ety LIRSty S*Ifﬂlﬁm@n@lewmblycas dlce bt eattddrvoineBikr Chthium
G oflaorlrehs b3sa LAl£890r. {1 o U008 Lo ol dnfed ghgoer 1 from

Tl nony recursors ene
umzm n’ Alentintie go g teiose st DEJZERY- Gn bt treed Wit 4 tellurium

& ﬁl%u&o%@taﬁldnaw nardMe «f giohlsw IRIdeSHdaULd o8&, LIMVRL ey Rhethane
e varl gus tructures are

ﬂ’é‘&'@é‘%‘hrmeyfhlﬁ‘mﬁ’ﬁ%? g%anflsnpr%‘ﬁidic‘i%rsyﬁ &q%?“éf% Bh Y ‘{}I’ihetrﬁaé“ve

sSethisdehteriueMiriumu ffbﬁﬁfﬂl\f&ﬂl@&ﬂ tharefoftepratids¢ @ de@r ¢task ae Te bd).tﬁplexes that

NON& ! heateesslhfl lfh{g]l: Wik et%gttlmtnut gfj cid) Volaalhgno £3ef) superior Te
ener f F as % %I ers rererence

ﬁl@lS_che@Vé?é@Ivl_éatd@? femperitens of the substituents at the
10893 OUS TIRAS futilB Bsmdxed H@eaSR0h Al e MLEGUIIES (1D):
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including the followng illustrative conpl exes: WO

2008/ 057616PCT/ US2007/ 063830 -, e
WO 2008/057616 S t PCT/US2007/063830

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

includes 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;-Cg alkyl, C¢-Cyp aryl, silyl and C;-C;, alkylamine (which

includes both monoalkylamine as well as dialkylamine).

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

procedure:
A \
—_—»
with R = alkyl, aryl, silyl, alkylamine
/BuLi
[0095] The tellurium complexes then can be synthesized by the following reaction:
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NY; antinmony am des of the fornulae antinony (I11)

al kyl /am no precursors of the formulae: and stibenes
wawraok/ogmiérani um ani ons, of the fornul ae: [ ORGHPT1067/063830

anti nmony precursors of classes (F)-(M are usefully

enpl oyed for deposition of antinony at |ow tenperature

Wi th reducing co-reactants, e.g., reactants such as

Rydr o H2/p} asma, amines, i Ay dr azknes,
si | . chal cogeni des such MERBI ) 2Te,
ger nes S| ch as: ¥, = i a, alkanes“ al kenes, and

al k 75] The antlnnny precu mors
§§f¥séwede\rR§uch deposi ti on myfa urpmﬁéhgvery

technlhbes i n which precursors th are i quids may

be used in neat MWYdivcfBrm and 6re4ursérs that are
solids or liquids may be delivered i A sol utions or
suspensi ons,Rn comi natjmn with suitable sol vents,

such as al kane “vermr (e.qb%/heQQne hePtane,

oct ane, and pentane) varyl sgtve mfgkﬁ', benzene or

tol uene), am nes (e g'N\iriethyIanrne

tert-butyl amn/ | Fnes gnd hyd It%zlwﬁs algle r}Htslllkrll I¥tamine
of specific soluen ®~sonposi ti ons Yor pértlc

antinony precufsors cdit be readily enprrrcally
determned, to sel'®t an appropriate single conponent

or nulticonponent solvent mediumfor liquid delivery
a0 i zataltonatiaeigby thafedpoing syphedisreacdpeci fi c anti nony
precursor that is enployed. [0076]1n another aspect of
the invention, solid delivery technigues may be

enpl whi ¢ Ri he solid precur rBed,
to for or vapor that is dellve.ed to‘the
depositJ er for fgrm ngClp_anti nof;

ant i nony,cont

i ng T 'W&h the subst The
pr ec r/s’or nmay be\packaged for such us MA\arilﬁ(ora R,
and spensi ng pac %ge of suitable charack® j ~such as
nit

EgﬁngﬁggagrﬁR ékﬁa%? 1%?6%% H Yafgglz?ganbury, CT,

USA). [0077] The invention al so contenpl ates the use of
antimony, germanium and tellurium precursors of the
o eNt oﬂb@‘(}%%llo%g%ﬁ%&@]?e@ét%nf or deposition of

anti nony-containing filns, gernanlun}contalnlng fil
and teIIurlun}contalnlng fllns respeé

enbodlne ni um precursor of theN nve N nay
rma ger nrgﬁﬁﬁhntaﬁﬁ?rg "P QQ‘
rﬁbt, a tel ari umAprecy rson/ﬁ \Q
|nventL9ﬂ may b loyed to forma °°\
tel | ufd umcontainingefilm In still anot er :
enbodi ment, an anti nony precursor of theli on and
u recursor...of rnventron N
togﬁggﬁﬂ%hﬁgﬁaﬁiy §?Sﬂq'Mk fumtilm R yet éhotherR1
enbodi nent, an anti nony precursor of the invention can
be utilized in conbination with a tellurium precursor,
to forman antinony/telluriumfilm Another enbodi nent
of the invention involves use of a gernmani um precursor
h9g) he rmevemﬁiu@lrbohiplemrﬂﬂimhmﬁom&re Inseamty&hﬂpwyédrm CVD/ALD

mani u dor s
Prepesat ihagdiak ainin b@arucsw&emt@r btecp@gretfap®@$b2Te5 films on
sui tabl e mcroel ectronic device substrates in the
fabrication of phase change nenory devi ces.

Fr%cde)%gr$ degoschon F mllurl co ammIngn% %ll lfre:gggnaf ulgl 1nJeo ]gori %f neat

40



[0079] Such GST filns can be fabricated using

conti nuous CVD or ALD techni ques using suitable
w@eoosmsiondn anti nony and tel |l uri um precursors, P@i/UR2081/063830

| east one of the germani um and antinony precursors

conprising a netal conplex of the present invention.

The precursors may be supplied in appropriate ratios

tooogyi el thetikenfaatin faﬁdtﬁ& dpedl @8dtdsasl g&lﬁ@rﬁlﬂﬁ t:@ﬁplexE:Oz{nd their use in

B on e B S et e & § RGN G e bt
COpResiate sdlpct@ffronfrmongsul ting film e.g., mrth a pul se
cycle including a sequential introduction of precursor
species in the seguence Te-Ge-Te- Sh- Te- Ge- Te- Sh-Te,
repetjtively conddcted untlk a desrredwjllnrthrckness
has“been “achj eved: [ 0080] As ahother vari ant of
depoﬁrpren technlques EHat may éﬁvﬁnrpgeously be
pliayed.-40-f or m-fi | me cont &kwi'ng ant iseny and/ or
ger ni um' by use|of precursors of the present
i nvention, other Eo-react ant speci es nay be added in

rvﬁb%eud@rp ngraubpﬁ ﬂer;eroa& fo%ula 19y KORPQSE b &ralﬁrelrem R bifeYanother,

e resul tlgg npl es _i ncl ude use
WG-phde e "t‘tB SEISWTS’O%‘W FBHAIH: § ﬁbﬂrkﬁflycﬁf%earf/ b i gftoalkyl,
mrey@eimgawé Qﬁdcmldrbl(ggﬁl’grdupscor porati on, with very

E@(}L netr gsg?é ﬁ]g\%ofn{\:ﬁlnéi?n gatpelougo %erman(: knchjtrame dl‘lnrg a%rmaamum
Mequoprs df@p cﬂé‘r’@fMﬁ eR¢BDmatiechmitgues thayfilbe eRpivioyed employed
SeRARI! plld IR GANLsAIMAY ¢ANEdVEBEN RRGPErdR rmm (Y& anium-
usi ng precursors of the present invention.

BRI ey §pTsdos BkFFR B Eat Yy S8R FOPIdESD obick figpersture
aopysithe cafpiony etlists i gmadeDy diffitulkdl foitn Bpiré GSBb,DEQEALE Sdferial.
308l 3000 PELE Ll MBS bRUPeb R Sy
erpplqgwee it @malesteolmrr@np wéach psosefvap @apos1tagadnatnherceathmeg fﬂms

Eeg{,eqo\;%oacthr rd precursor vapor, wth inert gas
elng carried out between the respective

@P s@?rm@weﬁere@ﬁrla@?m gresinkasntly wgakafri (SR kgfnolep apgit become
@ﬂ%ta@lfe vrtlth%lettkd'nsvﬁlthdﬁ@fﬁg Rehs @shestshénr cPb@feWr $MeS  Such bonds can

rlses an _ant nd/ or _ger mani.um recursor of
ERED FHTERE B HrCe BT AP S PP HES P e o by Shenica
mlmtﬂlﬂggpemxdiett nizﬁfevmgﬂgorpplﬁm SCapseradlle available digermanes

ARG bOUE e BHERE ok Ot aBurB  BACLELM BG LRbENIRS Sor
{00BZpiNDY2ad e rrsplang fims arhy eftqgrcg@gmpatedw@mrbwemdues

m@mzr MPhRtRSe svelofle sﬁ/c@rdeﬁ&éthfby Rt l%ramarq SNEL R B M ntBxes
exes that can be utilized orm correspondi ng
Gy aéH%P“@e‘S‘i?EﬂRY L rS?hurrb bRz pgllyl ”F}lréla‘iﬁl‘lét‘ﬂtfl%ror EB‘H‘ﬂIleéfPe@leve
&G leR B MO Sikable® S deosﬁlchﬁoprﬂl\é%Blﬁﬂa@rﬁmaﬁeﬂ;‘dD filhisng loy E@perda@es. In
dr%ltlé“gﬂs'%lg t Srgfgrgfé)%lt G 3‘(95?3 Sstréuéle qrgcg% I’Ellnsluel’ﬂ %gngp exseg ' (e.g.,
geopgedtbytang thag mhmeqe@cthtfrmel rme aprmme o gnmdra@tahiefndlcal intermediate

ﬁlﬁtqgaldﬁys ngsogr@t%ﬂo%%rm FeHE Frg]%%{ents | fhe %ﬂ/d £§0g§§h 'é@ePg Q)f |tIQ: stramed
muitiple r ecursor

i cations fo e

Gr-Ct‘ﬁefP F oA Fe B s Corlﬂdeeg%dpmtﬂraarﬁevﬁzﬁ %hf@lflaﬂbtﬂrr y encbiing
Rl tefipeta@@etilitiepddition ofdehihiupi t6 &lichidled SP@QIaEBeen achievable with
&O 3] The hnvennroq al so contenpl ates specific

PUCH AT qeT FRItT RS ahaPSF SPeci fi cati ons of
iﬂﬂtﬁbhr stire gronqmuexemlplemessqﬁ dei ifvegtianddic et sf, fommdhet(he- (1D
gX&l.usi on of specific noieties, ligands and el enent al
species in specific enbodinents. As an illustrative
exanpl e, in honoleptic tris(dialkylam do)anti nony
conpl exes and tetrakis(dial kyl am do) ger mani um
conpl exes of the invention,4the alkyl substituents may
excl ude nethyl. As anot her exanpl e,
t et r aki sdi al kyl am doger manes may be excl uded in
certain enbodi ments of the invention. As a stil
further exanple |n germanyl and say' antinony

o Y a1



et hyl net hyl am notrii sopropyl germane product, and FI G
4(b) is a correspondi ng tabul ati on of peak data for

WG wR/0SBGIGspectrum FIG 4(c) is a mass spect r uP@T /0820011663830
et hyl met hyl am notrii sopropyl germane product. FIG 4(d)
shows the nucl ear magnetic resonance spectrum of the
et hyl met hyl am notrii sopropyl ger mane product.
P08 fdidehfanesof 168 fauI®TA spectrum of the
et hyl net hyl am notrii sopropyl ger mane product, show ng
diffe renxlal scanning calorinetry (DSC) data and

ther EV|netr|c (TG data, as a function of
tenp WO 2008/ 057616PCT/ US2007/ 063830
I Sthet aspect of the invention relates to

telluriumconpl exes with beta- diketimnate |igands,
whi ch overconme the problens that many tellurium
precursors used in deposition applications are very
oxygen-sensitive and |ight- sensitive and have an

l.eas By base . ab
HEPATBRER, i e e peamtedm i O i L doprospgadeaty
slttad fn@nl argdngdsopriogpthl ispbwy lalwney 1. @y digtagrinovitrites. angh isonrteitts;
handl i ng and shelf life characteristics, reduced odor,

te} r dep03|t|on appl i cati ons.
?@8%@?%@39Hﬁ?@ﬁ%@ﬂ%ﬁ%ﬁf%%?ﬂ?nate conpl exes of the
i nvention can be used for CVDJALD to form Te or
JRRJIOR:-dierieRGy NRR®,, These conpounds can be used in
combi nati on with Geand/or Sh-conpounds to produce
\-Vrﬁere(ﬁ? each -Iliemgbbe L sagﬁ aggr a—@felfeﬁtl % ﬂh@ OHIQI% I a%g each is independently

composi tions. A general procedure to synthesize
Hiekted from Aratng ivopigRihdbHAsPBad Al ey fantnegniiries e isonitriles; and
literature, but such procedure is disadvantageous,
since very bul ky aryl substituents on the coordinating
nitrogen atons are required. [0090]In contrast, we
have di scovered that snmller al kyl |igands as
T IHPEne eeaps repplexes 8k e BIWA' or ami ne- substi t ut ed
al kyl groups, as for exanple ethyl ene-dinethyl am ne,
can be- advant ageously used to produce superior
i 8ti mi nate precursors for CVD/ALD
-~ Smal | er substituents on the nitrogen
donor atons prOV|de sufficient volatility to form good
films at |ow tenperature. [0091] The ligands L can be
used as the lithiumsalt or in a free imne formto
. ' the,desi I

%?e@e%l{:ga%l:l Igtgl%hlgz, lé3a %ﬁtl){é%q g% tthg R a? d?ffséz}ltq% \ij;] the% hlélgn)e%g ezgch is
iofleper@ently| yelegted domeraang HL.TEXG blyyls ab- Eweﬂrrylrricnﬁt icppalkyl, or a
W& nfabupt hen be reacted with either a lithiumor a
Cilgnard reagent to produce LTeR3 (wherein R = al kyl,
H{ amde, sily ;. 0092&Alternat|vely the free

0L ¢ Sl?err?%‘fplef“ffe(l Fabfdsythesisd -y Faaet Bgmplet progrding to the
foebibg dybiResarpgaeksc conpound such as TeMe4 to produce
the desired Te species LTeMe3 by nethane elimnation.

The di ketimnate |igands prOV|de V, i ve base

stabrllzatlon of the reacti v§' el | urium

Theugnvent ot hergf org | dgov de§ | of Te
exes thatmprovi de grieat r st abl Li ang shel f

Ilfew{mh|le retai ni ng suffd ckent vcmﬁﬁ«ﬂlty to form
superior Te filnms via CVD/ ALD at tures.

&Qg%@hﬁﬁen&e%M%ggunlconplexes of the invention have
formul ae” (1) d (I'l1): P4.
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wherein Rl, R2 and R3 they be the sanme as or different
fromone another, and each is independently sel ected
WO e@a0eb1C6 al kyl, C6-C1l0 aryl, silyl and Cl- Ql@I/US2007/063830

al kyl am ne (whi ch includes both nonoal kyl am ne as wel |
as dial kylamne); and wherein Rl, R2 and R3 they be
the sane as or different fromone another, and each is
[ ndependently sel ected from Cl1-C6 aI kyl, C6-Cl10 aryl,
silyl @nd™C1- C12 al kyl am ne (\M"fr c ‘i ncl udes bot h
rmnoal| I|am ne asuteEr as d| al m M ne ). [0094] The
béta- Tket‘lmnate Ilgan S nmay exarrple be
synt hesi zed by the follow ng p Pocel,gdure [ 0095] The
teI | uri um conpl exes then can be synthesized by the

|1 ow ng react | onHOWlV\D 2008/ 057616PCT/ US2007/ 063830

Y 2 RARS Ry iRy the o

- CH;CH
FiGeNE'R®  + {R° ‘3 GeH —n)ﬁ'— Rt ,-Ev=-x“R;‘\
Fope 4
or a synthesis procedure such as:
L e Me
Hri I
Me—GSe—De—8e ———— P C—Ge—Ge—08
Me M fe Me

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

illustrated procedure:

ANCTHCE

GePha R, ——————— Ol Ra e SR, O

l EB‘ENF-.] R 3

e WS Rk

RPha e

RN R Ge

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

complexes of formula (IIT) includes the following:

. = ERaRet Br Rz \ Ry
RfpGelyy  + S N — ™ RR:Ge, ST
RN kS = e
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[0096] R1 R3 [0097] or R1l, or alternatively NHN R2, R3
= by the followwing R4 by the follow ng synthesis
wWoemsnsmne R2 CH4 RL........... ". R3\ PCT/US2007/063830

[00107]  The strained ring alkylgermanes are usefully employed as CVD/ALD precursors
for forming germanium-containing thin films on substrates involving reactions such as those

illustratively shown below.

Strained ring allvlgermanes as CVIFALD precursars for thin weisl filns

e
/./ \ 8 _ i e Ge™ A
Maate’ N — e N Ge ———— ! ¥
“, + _ - H B
e - CSﬂ& i\‘i&g"ﬁ'ﬁ A

[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
dialkylgermanetellurones. 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
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.......... 11 11 11 N, TleR2 ............ R3

+ TeMed4 R3 al kyl, aryl, silyl, alkylam ne
WO 2008/057616 PCT/US2007/063830

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

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

TN e . Ei:D
i 2 CHEMe, + Goali QgHelhy ———=
N Z gliz -
,,,,,,,,,, f nBuii

[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:

Crermanimm felluride ALD/XCVD precursors
eCl: - thoxane
5 o
\ ALCyNCRING]
s

g
R
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synt hesi s reaction: RIR2 2 HN R3" 3 -R3 R R1, R2,
R3 = al kyl, aryl, silyl, alkylamne R1IR2 NN RTeR3 R3
WORNSBI6R? R1 PCT/US2007/063830

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

process:

v ONATHR e RpGee TR

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, C¢-Cy4 aryl, C;-C; cycloalkyl, heteroatom groups, and other organo

groups.

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

wherein each of the R substituents may be the same as or different from one another, and is
independently selected from among H, C;-Cs alkyl, Cs-Cy aryl, C;-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):
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[0098] The tellurium conpl exes of the invention are
usefully enpl oyed as CVD/ ALD precursors for deposition
w@RooBeFlel¢ i um containing thin filnms, e.g., by PCTURH07/063830

i njection of neat precursor material, or in organic

sol vent or by direct evaporation. WO

2008/ 057616PCT/ US2007/ 063830 [ 0099] The invention in

anot her aspect rel ates toRgernani um conpl exes and

their use in CVD/ ALD for form ng gernmani um cont ai ni ng

films, e.g., GST figns, erein the germani um

conplexes are sel ect’ ohgsnnn RsR; Wherein the R

groups in the second f@rmu be the sane as or

di fferent from one anofher, each is independently

sel ected from anong H ACl- am, C6-C10 aryl, C3-C8

cycl oal kyl, heteroat ps, and ot her or gano

gr oups. [OOlOO]Anoﬁﬁer aspect of the invention relates

to di germane and strained|ring germani um precursors

for CVD/ ALD of germani um@ontaining thin filns.

Previ ously enpl oyed germani um precursors such as

gernane t hat have been used for form ng GST

%8 Blunantlnvny tellurium films for phase change
rr?/[dewces require very high tenperature

deposition conditions. Thiks in turn nmakes it difficult

to forma pure Ge2Sb2Te8 shase material. The pr esent

i nvention overcones,this deficiency in the provision

of precursors haviﬁﬁ i vapor, pgessure at ambi ent

condi tions, which are ysefu tg/dqﬁ oSi t

ger mani um cont ai ni ng fifl rs atG&enper at ures bel ow 300C.

[ 00101] Ger mani um ger magi um ndX ar e i nherently weak

(- 188 kJ/ nole) and o ess stable with el ectron

wi t hdrawi ng substi tRéents Buch as chlorine or Nwe2.

Such bonds can readily diFsociate to form R3Ge

radi cal s under WV photolysjs or thernolysis, or by

chem cal oxidation using peroxides, ozone, oxygen or

pl asma. Commerci al |y avail abl e di germanes i ncl ude

hydri de, nethyl, phenyl, or ethyl groups that require

Bl RERSLARURER, ] RP&@%E@Q@&&% WAk ol Silbol18Y ana
te

I s are often contamn on resi dues. )
fo0lo £ORJopendpraly eclene vinthestien cgetsties eh€yCoytiHe Co anyl, silyl
m}@s\ﬂms{ecgn tﬁfnetﬁﬁﬁﬁ@nh}wmg@@m ﬁ«ﬂ(%% Lbilmreaslnl li@ASFANRR,, the

0 I sobut benzyl
WP o] SRR BhRIAD s G ERUE Fahe zou
engbing df €, H& altglpOsCidydenliof, Gpr:arnger miné.um netal fil ns
at low tenperatures. In addition, the invention
contenpl ates strained-ring gernanlun1conplexes e.dg.
eHAhcy Ehcotreauernie )of tforanlog 4 avh dBro be Welhvtf! te iheg-VD or ALD

Qﬁﬁﬂér fﬂ)g lgﬁd dan&l dcBni eg|u{ @gllclg ik pke@ﬁr% Redisait @ drR@pended in a
readi | i ssoci at es % | ene fragnents. The

er ny ond
A B e l5FaEre T et BerRghe G e sRIY e the broad
pedikd BDIhE pdr&ert Gfshtiderad badveh® Vseléctéidhﬂﬁn (5&10@'@1(2@8&3 (e g hexane,

g I/nnh& there enablin r te e
ane ?ct ¢ an penta aromat cs ZENne ?]r am nes I(]e .g.,
6@ osi tion of ‘ger n um |eved

talemylermab be teyiibptylatmine). a oy Ern@rsms cswe dise bwém‘rﬁ@ pgaheat hqulds or

Q@fn@iﬁﬁly%}" i advay rt&hm[é 9319@1@7911&% B&E&g‘i{@ f&o{?ﬂi’iuﬁ%a%% and
of the’invention include those of fornulae
Hepeipe:  One preferred solid delivery package is the ProE-Vap sohd dehvery and

vaporizer unit, commercially available from ATMI, Inc. (Danbury, Connecticut, USA).

47



(1) alkyldigermanes of the formula R-GE- G¢ -RRR
wherein each R may be the sane as or different from

W@ b@sosthes s, and each is independently sel ect eRCT/D82907/063830
anong i sopropyl, isobutyl, benzyl, allyl, alkylam no,
nitrites, and isonitriles; (I1)
al kyl (di al kyl am no) germanes of the fornul a

@()B%RI NIRZe &8 00 Bngit MR ulac W RIIQIT ol BE Y niReiBY add& ding to
or different fromthe others and each is

thﬁg)élﬁ)‘é %J%YHE%F%IFS bt it P RN P opr opyl , i sobut yl
benzyl, allyl, alkylamno, nitrites, and |sonitriles;
and (III) styai ned-ring gernmane onplexes of the
formul a: erein each of R1, , R3 and R4 may be
t he sanme +fferent from rs, and each is
i ndependent | y| sel ected from anong|H, Cl1-C6 al kyl,

C6- C10 aryl, - C8 cycl oal kyl, orNa heteroatom group.
[ 00104] The exe I(I) can be syn hesj?¥d, by way of
exanpl e, a cord| to t-hdlifal heS|s process:

LNM2

me ‘

<
+

N(SiMes)o
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Na, Li, oi My caa al so be foi Ge-Ce coupling
veacons THFHWPT or by the foll ow ng synthesis:
WO 288/020bG1L3: 17C.1 Ce Ce-C PCT/US2007/063830
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[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]  Illustrative of such Te-N ligand complexes are the following tellurium complexes:
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or by a synthesis such as the follow ng: P40eNRIF: 2 +

(R313C4eH. CII3CN sbuc: or a synthesis procedure
wGeomk/osm16 Mo MeMe Me H2SO, Cl- Ge - N114C : 1 VECT/US2007/063830

[ 00105] The ger mani um conpl exes of formula (11) can be

formed by the followng illustrated procedure:

-CGePh-3.: (Ry AC 13. EC

z—Cl  Te—R,

I—CQ TeT—(Ra)ax

wherein Ry, Ry, 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,-C4 alkyl, C;-C; cycloalkyl, C4-Cyg
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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[00106] Il lustrative synthesis processes that can be
enpl oyed for form ng germani um conpl exes of fornul a
w@ RdoBpsieme| udes the followi ng: WO PCT/US2007/063830
2008/ 057616PCT/ US2007/ 063830 [00107] The strained ring
al kyl germanes are usefully enpl oyed as CVD/ ALD
precursors for form ng germani umcontaining thin filns
on substrates involving reactions such as those
illustratively shown bel ow -Strained ring
| dkager manes as - 17LVALD prescursors far thin netal
00119 I a3thdr-adfeciVihe Geentise relatdsltd Germanium ﬂr@ﬁ)ricﬁS]Js&ﬁxbﬁmﬁmse

alﬁpg%cﬁleng)ofr %lgf?cel fgﬁ/rﬁgtgo!n%serde é1a£h§1%?%%8d9m§ eﬁg @t ?&qél%g a phase

precursor ermani um E'II’]' | rrum as use
?Hﬁ@efue?wflﬂkgr@ﬂ fire GBF ofti 3 g’ or Slichsedion fies-<keiipat essigfvity, which

ﬁ%ﬁ@héﬂm e bllldslef e PRGNS AL SefXBY cBEis l1Jr§@éilys|ta!ﬂme or amorphous
nation with an anti nony precursor for

T fi
?tzﬁ? atiF BRIl aP TRy feree BytiepddinaRt €AY %ﬂu%nary alloys
cfasiumbdd bEmétds pidostadadd &. g.nGeSbﬁ"e PRYIORY andltn@ny others.

ﬁ)E)EthI rgget crh ngfe (%nremory eVigdd & uBe re?a%vely pure alloys, with well controlled
composition. Current processes utilize physical vapor deposition to deposit thin films of these
materials. CVD and ALD methods are desirable for their inherent scalability to large area
wafers and for composition control. A major deficiency in the current art is the high deposition
temperature needed with current alkyl (e.g., Me;Sb, 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] In 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 formula
iPruMH, , wherein: x>1;, y = oxidation 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
iPr,MX, ,, wherein: X = F, Cl, Br; x>1; y = oxidation state of the metal (M) center; and y-x
may = 0.

[00124] 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,Mes, or
GesEts. Ge,iPrg and Ge,tBus, as well as Gey(SiMes)s and Ge,Phg, in which Me = methyl, Et =
ethyl, iPr = isopropyl, tBu = t-butyl, and Ph = phenyl.

[00126] More generally, compounds of the formula Ge,Rs 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;-Cs fluroalkyl, Cs-C,; aryl, Cs-C,; fluoroaryl, C;-Cq cyclo-alkyl,
C5-Cs cyclo-fluoroalkyl. In addition, Ge;R, compounds including Ge,Ph, 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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[ 00109] The germaniumtel luri de conpl exes of the

i nvention in one aspect include
waele@BRyloger manet el | ur ones. Sui tabl e PCT/US2007/063830

di al kyl ger manet el | urones can be synt hesi zed by

oxi dative addition reaction of germanium (11) dialkyls

with elenental tellurium powder in a solvent nedi um

SpBundsoft el fbﬂrﬁYaCtﬁé@@MS)’é NyHe®kdFdp is EyRiop@imich ) SEBRABES tSR'Y thay

be deS|r o conduct the reac
Bt Bro BHE TR SonAET B e TGhraUR el gove
Afiotlieh egepiiap Ghine tcorgg@uma nhhati nis tweéfliily Iem[ﬂo;zﬁ(dn'fﬁr ephaseAhange memory

%%b&@&{ ¢aﬁiﬂ§%ﬂfgp3|s procedure is set out bel ow

0110] The singl e-source Ge-Te
WPECELIr shragothér apiset, thapritony rorangpenbel @elly Bt sgebrusipRlicd S 2

brecufsdCdub dsatighed yRMRNodyENRET @ idk R ARG lidht- QA sitNeGE BHHEEr, and
or to increase GST filmgrowh rates in specific

%ﬁﬁt}ﬁﬂi%ﬁlthng%" a‘[‘%ﬁ?ﬁi"fﬁ"@é‘P‘i‘rﬂfﬂ?eﬁﬁ% tel lurides of the
iopi2snt | Dawenymplﬁmhda & peoliad ideay fo ik loe dngeme: dayosttibeof

ct&%%clzg%\?fﬁg %IOS¥ glgllljl?estlhe? uf épg C&ep%rl‘é[eebublg%}g foar‘rEn Ry prelmllrsolr f(gr 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
compositions, 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 (GeH,) 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 germanium 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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Te WD 2008/ 057616PCT/ US2007/ 063830 [ 00112] O her
germaniumtel l uri de conpl exes can be forned by the
wo 20080OFIeng synt hesi s process: Te | 4,, PCT/US2007/063830

of such precursors are [{MeC(iPrN),},Ge], [{Me;N(iPtN),},Ge], [{nBuC(iPrN),},Ge], and
[{MeC(NCy),},Ge]. In a specific embodiment, the precursor [{MeC(iPrN),},Ge] may be
provided in a solution of toluene as a CVD precursor for germanium metal films.

[00133] In the formation of GST films, a high deposition rate, on the order of 400-500
A/min of GST alloy, and 100 A/min for Ge, along with low carbon and heteroatom impurity
levels in the film, are required. Highly volatile precursors are necessary. Liquid precursors are
preferred, however low melting and volatile solids may also be used with a heated bubbler
system (~ 50°C). Heteroatom impurities (Si, O, N) are acceptable below 10%.

[00134] The invention in such respect contemplates the use of Ge(Il) and Ge(IV) precursors
with the following ligands: amidinates, guanidinates, isoureates, diketonates, diketoiminates,
diketiminates, carbamates, thiocarbamates, silyls, aminotroponiminate. Mixed ligand
precursors are also included with combinations of the above ligands, or in combination with
alkyl, dialkylamino, hydrido, or halogen groups.

[00135] The germanium precursors can be used alone to deposit metallic germanium films
thermally or with a co-reactant, or with iPr,Te or other suitable tellurium precursors to deposit
GeTe layers. Similarly, suitable antimony precursors may be employed to form the ternary GST
alloy. Co-reactant gases/liquids usefully employed with such precursors include hydrogen,
ammonia, plasma, alkylamines, silanes, and germanes.

[00136] The germanium precursors of the invention include:

(1) Ge(IV) amidinates, guanidinates, and isoureates of the formula:

grrrresemrmsrerA s s
fru

wherein each R group is independently selected from among H, C;-C¢ alkyl, C5-Cyy cycloalkyl,
Cs-Cy5 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, -NR;R,, H, C;-Cs alkyl, C5-Cyo
cycloalkyl, C4-Cy3 aryl, and -Si(R,); wherein each R, is independently selected from C;-Cg
alkyl;

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

(2) Ge beta-diketonates, diketoiminates, diketiminates of the formulae:
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or by the follow ng generalized reactions: :NaTe-V
wherein Eis tellurium Mis Li, Na, or K Xis
w@RdossTees brom ne or iodine; and the R and R PQr/usg®e7/063830
may be the sane as or different from one another, and
each is independently selected fromanong H Cl1-C6
al kyl, C6-Cl0 aryl, C3-C8 cycloal kyl, heteroatom
groups, and other organo groups. [00113] One CGe-Te
conmpl ex of the inventign isy wherein each of the R
Sut}si;ft uents RBY be: the sanme.as or different from one
ant hedzvand f's i}ﬂd“epﬁéndent |y Sel ected from anmong H,
Cl-jeezlal kyl , @-.},Ci*o&;@gw , C3%C8cycl oal kyl, heteroat om
groupy,_.and at hér orgéygo grg&pé:‘. [ 00114] Anot her aspect
of the present invention relates to highly unsymetric
ger mani um conpl exes based on am de |igands, which are
vikeasiygack Beroup iy indepppendy teiceted ek ar3dd €)-CodlpdststGrotyclotikyl,
6,-08 bR B dUBK RN daBIDRYrduf sl ibdebdatRnt1(5etoRd igB)anlohd O,-EJ i, C,-

y a Al rocess. These exes are sel ected
Elﬁ 3w ?fégﬁﬁﬁoé‘&#ﬁ?g%(gg@% ar?gflli‘ﬁﬁ? giog(‘% Xahgegs ?f ’.n%lf‘b s
{rb Yhie sankBor|difFeirehk, \sélected /FINRERGS, AKSENR\HRE selected from C;-Cs alkyl, C5-Co
cycloalkyl, Cs-Cy5 aryl, Si(R");, R' is C;-C alkyl, Cs-Cy5 aryl;

(3) Ge carbamates, thiocarbamates of the formulae:

o’
J\Q,

wherein each Z is independently selected from among H, C;-C¢ alkyl, C;-Cy cycloalkyl, C;-Cs
alkoxy, NR;R,, C¢-Cy5 aryl, and -Si(R,); wherein each R, is independently selected from C;-Ce
alkyl or aryl; each Y group is independently selected from among C;-C¢ alkyl, C;-Cs alkoxy,
NR;R,, C5-Cy4 cycloalkyl, C4-C5 aryl, Si(Ry);, and halides (Cl, Br, I), x is integer from 0 to 4,
and E is either O or S;

(4) Silylgermanes of the formula:

wherein TMS is Si(R");; each R group is independently selected from among H, C;-Cs alkyl,
C;-Cy cycloalkyl, Co-Cy; aryl, and x is integer from 0 to 4;
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R2N\ | R4 Formula (I1): R3 1 RIN\/ \ /NRSR6 1 /e \

/I\R7 RN | R4 wherein R1, R2, R3, R4, R5, R6 and RY
woreaesios7etdhe sane as or different from one anot PEF/US2AT063830

each is independently selected fromthe group

consi sting of C1-C6 al kyl, C6-Cl10 aryl, silyl,

al kylsilyl (e.g., trimethylsilyl), hydrogen and

BAMDGE BycloPéntddRBYI @érMated of th@fdrn@flae- NROSR6, the substituent

coordi nated to the germaniumcentral atomis instead

sel ected fromthe group consi sting of Cl1-C6 al kyl,

G3- L3 ycloalk¥ -C13 aryl, or halide. [00115] The

précurSOrs of ‘%?%ulae (1) and (1'1) can be delivered

Lt heq VD or . ALQ&pnanber by liquid delivery

NI ey N

tecﬁnlques in ich the precursor is dissolved or

ended .in_a suit solvent nmedium Illustrative
g#igﬂPgﬁﬁﬁ e RN ?agay be enpl oyed in the broad
Pr&chctaaikeominbtle present i nvention are sol vents

1. anong al kanes (e.g., hexane, heptane,

égﬁg%e(%%t %ghtane) aromatics (e.g., benzene or
Erffaleayespte) or ami nes (e.g., trlethylan1ne or
tert- butylanine) The precursors can al so be delivered
as neat |iquids, or alternatlvely by solid delivery
W@E%?%B&“ﬁ ti “’Ilcﬁe%nﬁeg‘ﬂ%?f ceighiram pavedl i &6 flyl: - Clo cycloalkyl,
@QC@EBMhmat&Qﬂh&mdﬁﬂHQQERSkﬁgkmﬁm&ﬂpﬁﬂ&ﬁﬂﬁﬁm}EQC&d&ﬂ;mm
e\:/agh ng ?oru 1s 1n P?n entI% selecpeg frlc:)){nloa%onva ﬁm a%jy G ICd -rcg %L%ﬂ&?%-cm
(y@aﬁim;@g Cl@ﬂn@@hkcﬁlﬂﬂ hah@l@A’Jl Br,\Dx is an integer having a Vah’le of from 0

®Q05 03 iBHEEG Ae2R1:44:063830

=, ey a‘g
Mok
R

wherein each R group is independently selected from among H, C,-Cs alkyl, C5-Cyy cycloalkyl,
Cs-Cy5 aryl, and -Si(R");, wherein each R’ is independently selected from C;-Cs alkyl, and

n is an integer having a value of from 2 to 6;

(7) Other N-heterocyclic germylenes of the formulae:
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[00116] The ger mani um conpl exes of formulae (1) and
(I'l) can be synthesized according to the foll ow ng

W@ 2BlEsI1e schemes, in illustrative enbodi nent BCT/US34B7/063830
Li NMe2 LIN(Si Me3)2 THF /N /N(SiMe3)2 Ge \N \Cl
MX. [00117] The invention in another aspect rel ates

to telluriumconplexes in which the telluriumcentra
atomis coordinated to a nitrogen atom to constitute
a Te-NRigand conpl ex. &
ot P \ s

.
R A ‘.c.s\'i- %,
g 1 J2 ¥
&, PN N b &
p “ i

wherein each R group is independently selected from among H, C;-C¢ alkyl, C5-Cyy cycloalkyl,
Cs-Cy5 aryl, and -Si(R");, wherein each R' is independently selected from C,-Cs alkyl; and
each Y group is independently selected from among C;-C¢ alkoxy, NR;R,, H, C;-C alkyl, Cs-
Cyy cycloalkyl, Cs-Cy; aryl, Si(Ry)s, or halides (Cl, Br, D);

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

. Y }m ~
SR L NS )
ﬁ.iﬁ&‘iﬁh ‘}.‘\ § /"\"'Se; '\C ?\}}1

~a [

P

§ Gy
G e fRR

wherein each R,R' is independently selected from among C,-Cs alkyl, C5-Cyp cycloalkyl, C,-Cs
alkoxy, NR;R;, C¢-Cy5 aryl, and -Si(R,); wherein each R, is independently selected from C;-Ce
alkyl or aryl, and halides (Cl, Br, I), and E is either O or S.

[00137] The ALD/CVD precursors (1)-(8) described above can be prepared in liquid
delivery formulations using a suitable 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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[00118] Il lustrative of such Te-N Iigand conpl exes are
the following telluriumconplexes: ,NA\ z-CtS Te-
WR0805M1d R2 RL 1 /NN Z Ce N\' /1' | R2 (R3)HCERUS2007/063830

Rizaly

nciudes &
athgigialy

RQE}E’
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RIR2 r1 11 11 1 1 N)1IO RB\Te' / I \ RRA RS 6

wherein Rl, R2, R3, R4, R5, R6 and Z may be the sane
w@2008/058ild f erent from one anot her, and each i SPCT/US2007/063830

i ndependently selected fromthe group consisting of

Cl1-C6 al kyl, C3-C8 cycl oal kyl, C6-C10 aryl, silyl,

al kylsilyl (e.g., trimethylsilyl), hydrogen and

hal ogen, and wherein x is an integer having a val ue of

from1l to 3. WD 2008/ 057616PCT/ US2007/ 063830

[00119] I n anot heke GYPERLD preeursavention relates to

ger mani um precursors useful 1 n phase change nenory

devi ce fabrication based on chal cogeni de materials

t hat ¢l eragersa™phase change upon heating and are read

out as "0" or "1" based on their elggtrica

resistivity, which chapges @hetherﬂgﬁéf@hase change

mat eri al "'rest'fiz menory celd” Tis in @ GryStalline or

anor phousziét Bte. Chal cggenirde nmat erjjal SFconpri se a

| arge number of binary; terhary, andcmgaternary alloys

of a nunber of netals and netalloids, e.g., GeSbTe,

GeSbl nTe; Mafd iy ot hers. [OOlZ@Fﬁﬁd%é%gﬁénge menory

devices require relatively pure alloys, wth well

controll ed

Ge{ll} precursors

SeiieMaiy

where ¥ =g pucieaphife g5, OHs, Vel NR3)

R = Mg £t P, TME

[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:
R5nM{N[(R;R»)Si(CH,)mSi(R;R )] }ox-n; metal silylamides particularly with asymmetric
elements in the silylamido ligands, RSnM{R4N[Si( R1R2 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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conposition. Current processes utilize physical vapor
deposition to deposit thin filnms of these materials.
wCHDsast1ALD et hods are desirable for their |PEEUSI7/063830
scalability to large area wafers and for conposition
control. A major deficiency in the current art is the
hi gh deposition tenperature needed with current alkyl
KOGI‘Q] ) W%orﬂ@g-rﬁ) tRF aHaRd- ﬁl&ﬁss%lﬂfoﬁ@ﬁe\rs Whth Cthe  same emprical

B e AR SR AR EREC D PSR A Prte i) TR BNGE rive

ﬂ@%bﬁﬁhﬂﬂﬁ@gﬁﬂ&hmﬂxamwmganMW£ﬁﬂkiewn the evaporation
@Bl&ﬂe ’fﬁk%%ﬁ%”dl at e ;tﬁgté recul[sg)rglx/%ﬁ]ogéﬁest mgcpn laglﬂe ilélnds

anot her aspect arious materials

Brigudisy degsttang of élﬂ Rs1hes p dwpctiwpipBPwRt Weleasdupdss iatkpoyh sgexyl and
ﬁt&ﬁ\}hm (AR 5Ré)bi @n( ¢ R{@q{:@%%xl-ﬂ] a&ﬂ% c&lﬂa@lgﬂn@ﬁé g@ﬁ%g@sc h,

propy especi al | yl and iso-p yl
@%él it Elfe ahgé?f“l?’&?l ofh 8?‘1‘)&%@5"5?3851 %ﬁ“ﬁ%&/‘%‘&l Bssapr EIEEH“@ prmula
meangzl [Rm{,(Rnﬁ{f@ﬁ)SlN:[GmlRX 83)] k-nihehdrok Mnadnteder BdVing b ,value of
erein: x>1;, y = oxidation state of the netal (M
center: and y-x may = 0. [00123]1n another cheni ca
@PPKbachach bR iy R2 7R brRopyd R edirerboud Fdrpulpe i intspendgnily selected
ISP aREQRY L) - c%laﬁ@t t§ @ﬁ@gc@miswcé@ﬂolagﬁs ?{8?3 ﬁlﬁpd;am@l iRrein

precursaor comnp the formula
Tapk & lw?éqné?nﬂy Ss%ectedpfformm G o alkx&>1nd ysl@%xw%%ftﬂil Gifh R is

ﬁﬂ@%@iemy stlbveedmimat 1 -CAIkyC, et sujtabdd) fenfan lighays aacBled to the above-
] Such, pgec enh e de osition at

SRBEALRN TR PET SR S 30 SRR R Pt TosB e e
a]qwmriaeqn te misoutitaresuter, sdihgrer fivasrewplarimnisyloyledy iyl aopheyalkyl,
ﬂlh&afkg)lc Qﬁcp QJe@Ialk?p Jh@@meﬁlﬂbﬁ'g groﬁ)fs i) %e@@glla&ép mé'ljuc’c%f tH&se of the
conpounds I n'this respect include Ge 6,
icHopnglornmd®i pr 6 and Ge2t Bu6, as wel | as GeZ( s| |ve3) 6
and Ge2Ph6, in which Me = nethyl, Et = ethyl, iPr =
i sopropyl, tBu = t-butyl, and Ph = phenyl. [00126] More
general |y, copgpounds of the fornula Ge2R6 may be

enpl oyedyt wheféi n each,.of the R s can be the sane as
or diff rent 'romthe gﬁhers and each is

i ndepe tly\s |l e A;P fron1anong H, Cl-C8 al kyl,

Cl- ﬁﬂbp feyTi=88.C12 aryl, ©6-Cl2 fluoroaryl,

C3- CSCyon aIEy C3-* cyclo-fluoroal kyl. In
additio Ge2r4 conpouﬁﬁs i ncl udi ng Ge2Ph4 can be

usefull§§enpﬁ§yed for such purpose, wherein each of
the R groups may be as above defined. Additional

conpl exes may be utilized including 5-nmenber ring
conpl exes mnﬁg Ge in the ring. Ge(ll) conplexes are
also p tentlafly useful” in specific applications, such

as cycl of the formula

. » 2\ pient adi enyl and each of
the Ris; may | 80K di fferent from one
anothej@and 2 ' qdependefitd y sel ected as above.
Amothe . ger Bni bt is usefully enployed

for : cﬁéﬂge menory applications is

Ge(CH(Slwbs))Z [00127] I n anot her aspect, the antinony

conmponent of GST fi |3M%@%¥she supplied from a

precursor such as tri phenyl anti nony, which is

Wk %Qc 'é’fellnaﬂﬁ | hstamsenSI tlcfer | B.Gharact gl ot ea& Being
I'va epos Itron proce

P@@mzemﬁeﬂwméﬁwnappn@H@h@gl&@KﬂﬁksﬁwtsngG@ﬁmwéﬁyshgamw

%%@@ikf@relllt%nttﬁe'm%f, ALHERD ggﬁ’ﬁﬁ&e‘i}érﬁ&tl?fselected from among C1-C6 alkyl;
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chal cogeni de al l oys i nclude the use of separate

bubbl ers for in each precursor for the phase change
woreeesiy7efié | m |iquid injection of precursor nm REUUEROHB63830

an approach to manage di sparate volatility

characteristics of the several precursors to enable

delivery of precise volunetric flows at desired

£ NP ik tdcO R ected nmegeh&nmﬁ@orﬂﬁ td 0 ¥fiihe fro@fioN@@tm AddGhlakhot be
g tions, as r espect lve

r precursor/salv
PGS PR TR HETRAR Gl i n Specif o
appl i cations. [00129]F|In1dep03|t|on approaches for

| ow t enperature deposition of chal cogenide alloys
|ncludq§ the*use of continuous CVD in thermal node,
opti ona Iy mnth reduci ng gases such as hydrogen;
enpl oy * ul sed or atom c | ayer deposition to
se aghé Lepugron1the co-reactant such as
hydr o I fﬂenploynEnt of activation technlques
such asijUV orj other |ight sources that are "tuned" to
t he Pr 8Ur SOk, wth a light being continuous with the
precursor dosi‘ng, or dosed separately to avoid
gaskphakels nelagllixgaisyls and use of alternative reductive
co-reactants such as germane (CGeH4) advant ageously
di spensed from sub-at nospheric delivery systens, such
wikerdith eacBAGR R4 di fpenst ng opadfkesge freonenerappthr| yith each being
ﬁ&@bdd@lmyeselgé‘t&lr@rd%r%@ngIh@@mge&%ﬂbé‘ hi¥yl, fRNALEo ag}ldt RS Q%é):oted
for enhanced saf et reduced cost of ownershi

e TSTE AL GHS 5 L AL HElpHEIR PO 7T TS0 HHER ety om0 o

4, it fiteip@ivisfobl ahi@ bndasa@ot ber(edt & snettimea | Ow- t enper at ure
@8{ ni anlegrlllgtall‘l Iagegurrsg)g ue?az:% E Qargl ]En %Peeg’c%{l%fs%fgg% ec%moné H, Cl
€o lalrlwln @3§é rcmlwﬂwmqir@ér 4lU@tHy a’tNR 18% 1d P ER3at uFiER3) G, G6(R8)3

lwher@ AN RER fpprld%tlyosteleg&pff&h tdl% !1193@ L@t &en bfﬂRs%JE.‘ RS is
as a function o show erovenent in

) n
Bepersteithy oaleddid fFoma MrbhiCa abgl ng?dp artoatkgl Cgdrl fram- i SI<R9>3
WRdrdiy daclaRd Bliifddgefdea eVl om {:lﬁga LYW t h h%dr ogen
| e an a ou

_ t the . Ge
4T 2 R R M b ST sR AR LR S s
Nhe@bi: We Bl tBani, Vs, ZwHE dhel, PtoCraMen®é: L. Si.l. Sc, V, Cr, Fe, Sb,
g@tﬂa‘ﬁ]‘:\de; y&ncéﬁ % %nl @c? € "’Hsgegu (Huaﬁéat grglg,l) Ibﬁ{t HOAII(IQ& toqgleérp(tnly 0X

eposition rate was obsérved at around
larha a&Othé pEidtion gpfe plthemestl Mg ipgnrgtegeipipying & Milesad from O to ox; and
RQ0flogdnur t hernore, the deposited thin filmturned

[ parent with ammoni a co-react icating t
'?”8’?@“ W%?Veéiéﬁpﬁléef PERAITAT PR o2 ?}‘564735 ?1“6(7?&11’?%%( eposition
pledwsnat wnlg retfuf:ﬁgtcoeﬁacaﬂfﬁ’osmbla as Ohyldeaeat, aH:t/planmﬂ heines, imines,

1 [ v rt her
%/%Pa%‘ﬁés S esr as‘iSI% cﬂa%ggeél%l %gt%r et);(é: C’ geer?ﬁ%:g s‘i-.lgl as GeH4,
@vwnmL @kwe@ﬂqe@e@;r gniflipgs, APYBES |b@fﬁne®fan<g élplmilﬂ‘mameﬁfﬁda‘#ts and

ik ng§ T{I‘IE }e%otrs e@tn fO 111 l11 M@Hé 1@& Y(ﬁ‘rmﬁ’lfa 10%&" th'd € precursors
éﬁLcursors are i 5 %ﬂ g ! %{szﬁ(lPr 2 B

Ve 2}
at[ Eﬂlét inpqu)ugele@qat hoéﬁlcfor[rr{ W&d W z?lglcgéqcursqrﬁ eéng empJoyed
éspcemeﬁlm: s@@atlo dolmmBtinclidig Jiaec tiheor (€ MthdePridMad 26ede, and

e R R
mmWﬁmvmmmwgﬁm@EESﬂﬁmwkﬂﬂash|gh deposition rate, on the
%eﬂﬁf oﬁ"he%ﬁt{y%pgeﬂlmoneﬁfcor@lm@lslf(g artléng JcQLQsoey Iﬁgyrl]Je t‘c‘aﬁlly
al on 'ow carbon and eteroaton1|npur|ty
freRpagaly F‘ﬁerﬂlﬁ’édf‘lolsﬁl\eCtaﬁneaPPréa%ﬁter gegle FPRRIPSRt PB Mytiplegeomponent
precursors are necessary. Liquid precursors are
preferred, however |low nelting and volatile solids nay
al so be used with a heated bubbler system (- 50C).
Het eroatom inpurities (Si, ® N) are acceptable bel ow
10% [00134] The invention in such respect contenpl ates
the use of Ge(ll) and Ge(lV) precursors with the
followi ng |igands: am di nates, guanidi nates,
|soureates dlketonates dlket0|n1nates

. . . o . . - s




R 1r R wherein each R group is independently sel ected

fromanong H Cl1-C6 al kyl, C3-Cl10 cyclo al kyl, C6-C13
w@eooB/05amnel - Si (R )3 wherein each R is i ndepenB&rnb3007/063830

sel ected from C1-C6 al kyl; and each Z is independently

sel ected fromanong Cl-C6 al koxy, -NR1R2, H, Cl1-C6

al kyl, C3-Cl10 cycl oal kyl, C6-C13 aryl, and -Si (R4)3

W@k @hdd BB IR deBvelyNASREALRNEbIN BRleBCHQend Iﬁ%/me@ilnp@ed of

| kyl; each .Y i s independently selected from
%ﬁﬁ%*‘gpfﬁvi"“éé %SF‘EDS%Q“H NRLR2, and C1-C6 al kyl, Si(R4)3,
@oti9hal Tidesove@escribd prebl)r$ormdvavihteryeh¢wmdoelos/. i nteger from
0to 4; (2) Ge beta-di ketonates, diketoim nates,

di keti m nates of the fornmulae: W)

2008/ 057616PCT/ US2007/063830 r--t 1 R :RR"..,=y;.;..
N "g;":, .K.Z4 . :en i "\ rsRR wherein each R
g‘.oupgsv....l\»ndependently sel géct ed {SromI anong H, Cl1-C6
alkkyl, G8-Ci0 cyclo alkyl, {C6-Cl ~.ang -Si (R)3;
each; a‘?ﬁgﬁoup ‘-|"'syr *‘a““ﬁ%ndent | Vsel e%f%g f r ot anong

-Co6 aTkyI CG# C13 aryl, {Cl- C&gal k@xy NR1R2,

Si*(R4) 3K ~a’hél halsisdes (O, Bri¥ 1)} x i$integer fromoO
to 4, Z ato_{ms are the sane or different, selected from
0, S, and NR R is selected from Cl-C6 al kyl, C3-CL0
cycl oal kyl, ©6-C13 aryl, Si(R )3y R is Cl- CG al kyl ,
C6-C13 aryl; (3) Ge car bamat es, thiocarbamates of the
fornul ae:

1A fer 1By = RENC=-nR

& o NS L ow AN T
LA e IRY  ~ REN=I=NE
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i g N N b
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wherein each Z is independently selected from anong H,

Cl-C6 al kyl, C3-C10 cycloal kyl, Cl1-C6 al koxy, NRLRZ,
w@zegeas yl , and -Si (R4) 3 wherein each R4 i s PCT/US2007/063830

i ndependently selected from Cl1-C6 al kyl or aryl; each

Y group is independently selected from anong Cl-C6

al kyl, Cl1-C6 al koxy, N121122, C3-Cl0 cycl oal kyl

C6-C13 aryl, Si(R4)3, and halides (O, Br, 1), x is

i nt eger from o0 to 4, and E is either 0 or S, (4)

Sllylgernanes of; the formula: TM S ; FM RGei TM>S t AR

wher ef n TVG S s Sl(R )3; each R group i s independently

sel ect ed frﬁﬁ?hnnng H, Cl C6 al kyl, C3-C10 cycl oal kyl,

C6- Clg aryl, ahﬁwx_g _________ eger fron10 to 4; (5 M xed

cycl o entanenyI garnanes of the formulae: (.3

CpCe( n1d|nate§ CpGe(guan|d|nate)

CpCe( bet a- élkeqlnlnate) CpGe( bet a- di ket onat e)

CpGe(i soureat eg=«Wwherein each R group is independently

sel ected fromanmong H C1-C6 al kyl, C3-Cl0 cycl oal kyl,

C6-C13 aryl, ahd -Si (R )3 wherein each R is

independently selected from Cl-C6 al kyl; and each Y

group i s independently selected fron1an0ng Cl1-C6

al kyl, Cl-C6 akkgwyi=NRIR2, C3-Cl0 cycl oal kyl, C6-C13

aryl, Si(R4)3, and halides (C, Br, 1), x is an

i nt eger havingia value of fromO to 4, and Cp |igands

may al so |nclu e: (6) Ge(ll) am no-al koxi de of the

fornmul a:

-
P T
Q‘ . ‘t_\;
. .
s o ¥k -
> $ ROR= &
M &
¥ e Q‘;e"
e 3 e
-5 "E:
E‘
T : 5 3 o %
®] & rw allslt oeiaie

[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
(R5)nM{N=C[(NR1R2)(NR3R4)]}ox-n and the semi-labile coordination mode. Under special

circumstances, both coordination modes could theoretically co-exist.
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RRr-77 r77,r7; wherein each R group is independently

sel ected fromanong H, Cl1-C6 al kyl, C3-Cl0 cyclo
W@RMgh576G6- C13 aryl, and -Si (R )3, wherein eacPCRUS1087/063830

i ndependently selected fromCl1-C6 al kyl, and n is an

I nteger having a value of from2 to 6; (7) Oher

N- het erocyclic gernyl enes of the fornul ae: wher ei n

®ash] R gn etdc ®niplREL @M@mﬂheyiz@&mpth@amégpmr@mm mblal salts

S8 St 5 e SN, 9t B

Bettvoren ElradDGy/1gubidgihe waln chetebitltideY vgthabppresndend &€ nigdehénltsysuch as
ﬁtéect ed from anong Cl-C6 al koxy, NR1R2, H, Cl1-C6

a C3- C10 cycl oal kyl, C6-C13 aryl, Si (R42 , or

Hasl f'@b&on{e@] ofyr suclp) mogiger Q‘@ilt@eghe diemf i Qqnmce]s ormula include

E(ﬂﬁ;)mm mﬂm1§§)(ﬁﬁ3ﬁ4ﬂ@og -9k, %L:l@% s an 1nt<¥g319ﬁ‘aein the aﬁﬁb R, ete.

I s i ndependently sel ected fraom anong al

B8152h 0 ESrE bstrayA O EY) BECUseRARY, beF\'iR‘-’lyF?%le“% mtﬁ‘l%haré?thed All
&fmiknr S‘Bb\(/éalb):(ﬁnlvih@thﬁmﬁl e tor Rdl INGIGraNdENTiS A trsyous BlugCdt &dm
fromCl-C6 al kyl or aryl, and halides (4, Br, |), and
B8 ther 0 or S. [ 00137] The ALD/ CVD precursors

@9953{ 8) Tlebe syeiitior dalsph oordengpdates bthe propaprithei guanidgaie dcomplexes

ﬂﬁJM 8Ky rﬁiﬁ[mﬂ 1@%(1@1@14%2}{@@}0@ Ln SHe! %héo%leﬁo lo¥ &h n%d&ner%th
al kanes ept a and

thF SPrRg Flegﬂcelefogmula shis MR ROSE MWRIBFXW@@&N@O@H Ix,
Whdret Byl Ai¥pdd Bavideakid vaLit yﬂzameae) Pr ecur sors may al so be

@ §4ge de I%Senp {u tLer %ncom aSo rS a tetra i uanldlne ln rtlon reaCthn Wlth
t'abl e solTddetTvery Vapor 2 &r as

nftel @H@Eﬂ\/alpmnhesmrnenbongl gnemgmzambnmcﬁr lwtleh cumlto be used as
Us%mjbc%&lul'sgrs ax @Jeh @plLe%mfr{aQ&MMormdly&S)nmugHﬁYRZ)ﬁx -n and

Set out belowis an identificati

{r%ﬂa%ndglg é&%ﬂfdiﬂketeg@rlﬂﬁm efrigfPerir M ROFCINRE (R IR2)INR7 Jox-n.

TRV eMdlik@hbrs”  such monomer with the same emprical formula include
[R5nM{R6NC[N=C(R1R2)]NR7}ox-n]x, where x is an integer having the value of 2, 3, etc.

[00155] In the metal complexes described above, each of R1, R2, R3, R4, R6 and R7 is
independently selected from among H, C1-C6 alkyl, C3-C10 cycloalkyl, C6-C10 aryl, -Si(R8)3
and -Ge(R8)3 wherein each R§ 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 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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\ e 0RO zz, E=0, 5

=fluciscia*".:,*, ai.kg3:64 GeY RRRRRR, 0.2.-", g
WO 2008/057616 . . . ,..Crel:1.... . $...".,.":,-5e)"PCT/pe1007/063830
Ry 3

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;
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;

Yot

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.

[00156] In the metal precursors, each R5 can be independently selected from among H, C1-
C6 alkyl, C3-C6 cycloalkyl, C1-C6 alkoxy, —-NR1R2, and -C(R3)3, -Si(R8)3 and -Ge(R8)3
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, "'"=\.:- 00 R RRRR =CH;. = akyl. leiere H
i FT, Et, t-Bu, TMS 6al Rylanicle, hydTt.:e., Z =d

W 2oBas7610©Xi de, agkP T M5,' T M5 f> TMS"TMS PCT/US2007/063830
R 4.),Ge: TM51,, NRR3e{Tkl13), RGeCpRCGEI Ce. whar eCi
reprserts C. Q34., arte ottef C :-C6 cycil apentadJdta;
v- :11;ands, an;f::
Bk i 3ch: RERONRBeNeritif -sele@bdlirbts_(MABSaIRNS A lcaflJSIRS and RS is
GELIRASH B K o CRNIL 6588 i d P Tsicin BT S8sih)s
wherein each R4 is independently selected from C1-C6 alkyl.
[00157] In such metal precursors, M can be any of the metals mentioned above (Ta, V, Ti,
Nb, Pb, N1, 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.
[00158]  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 (Me3S1)2Te, germanes such as GeH4,
ammonia, alkanes, alkenes, amidines, guanidines, boranes and their derivatives/adducts and
alkynes. The precursors may be employed in liquid delivery formulations, 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., triethylamine, tert-butylamine),
imines, guanidines, amidines and hydrazines.
[00159]  The utility of specific solvent compositions for particular precursors may be readily
empirically determined, to select an appropriate single component or multiple component
solvent medium for liquid delivery vaporization. Solid delivery systems may be employed, of
the type previously described herein.

[00160] The above-described precursors are variously shown below.
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CVDI ALD precursors GOV) precursors C.CH3f.3 , R
Me, Et. :Pf, TrsAs GO |l) prectnsors wnes: e = a
ewsespPne, CH3, WO, FIR2) R= Me, Et TMS PCT/US2007/063830
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[00139] The invention in a further aspect contenpl ates
various netal silylam des useful for CVD and ALD
walepssstsion of thin filnms. [00140] This aspect BET/URM07/063830
i nventi on enconpasses the synthesis and
characterization of a class of nmetal precursors with
disily - azacyclo alkyl lig and:
R5nNM NRR1R2) Si (CH2) nSi (R3R4) ] 1 ox-n; mnetal silylam des
particularly mnbh&asynnetrlc eleneqtswhn t he
sl yl ami,do, |.i ggnds, R5nNﬁR4N[S| Ioi n; .,
carbod||n1do |ﬁsert|on ne@ctlon Mﬁth these §TTy1an1des
whi ch can al so be used as CVD/ ALD precursors mo
2008/ 057616PCT/ US2007/ 063830 [ 00141] The "ol i goners" of
t he above-di scussed nononers with the sanme enprica
formula include £ReNM 1 N [(R1R2) Si %ym(mmn
loxe i x_or, [R5nM 1 RAN F:8i ( RIR2 RB) [ o0x-n] xi where x
'S AN it eger Having a~varugor 2, f, et*TWfODfﬁéfThe
i nvention al so contenpl at es precurs Ferwith ™
open-structured silazane |igands in which at | east one
of the Rs has a functional group such as am do,
alkgxyj si | oxyl and thienyl: R5nM (RARSR6) Si N[ Si (
‘R&)]Io -n, _and Lts corresﬁond ng gyanld nat es.
[ Q0143)-The"* oirgnnérs “of the above- di sgwssert thofiener
wi'tht he safre enprical formula inchuds’ 3
[R50/ 11( RAR5R6) Si N[ Si ( RIR2 R3)] lox-n]x where x is an
i nteger having a value of 2, 3, etc. [00144] Each of
Rl, R2, R3, R4, R6 and R7 in the about fornmulae is
i ndependent |y sel gé¥ed fromamong H CECE alk§;

C3+GLQ cyc| gakkyly O6- C1g aryl - Si (RB) 3 and..s, (:R8) 3
wherein each R8 i% i ndependent |y seletted £Tom]Cl: C6
al kyl ; and - Si (R9)'¥ wherei n each RO i s*independent |y
sel ected from O - 6 al kyl ; when suitable, pendant

| i gands attach&d to the above-mentioned Rl, R2, R3,

R4, R6M&nd R7 |nchg@wLunct|onal group(s) prOV|d|ng
further cootdination tb the metal center, such as, for
exanpl e, ani noaT kyl, al koxyal kyl, aryl oxyal kyl ,

i m doal kyl, and acetylalkyl, mherein sui tabl e groups
in these classes i ncl ude those of the foll ow ng

f or mul ae: am noal kyl s
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wherein each of RI-R4 is the sane as or different from
one another, with each being independently sel ected

W0 e@asmsong hydrogen and C -C6 al kyl; each of IRSI/HSIH0RE3830
is the sane as or different fromthe other, with each
bei ng i ndependently selected fromanong C -C6 al kyl;
n and mare each sel ected i ndependently fromO to 4
with the provision that mand n cannot be O at the
same tinme, and x is selected from1l to 5; B
al koxyal kyl's and ar ykoxyal kyl s wherej n gach of “3R1
Is the same as or dlfferentﬁfp@hy@ne~ahﬁ}her \M th
ﬁaéh.ﬁeing*Tndepeﬂdently selegLﬁdpfan1a&gﬂg drog‘nag
C 1-C6 al kyl, and 06\&(:10 aryl; R5 is sglected from
anong Cl-C6 aI kyl, nd C6- C10 aryl ; an n and mﬁ‘aref:m
sel ect ed independently fromO to 4, with the pEoVi si on
that mand n cannot be O at the sane tinme. [Q0145]In
the metal precursors, each R5 can be independently
sel ected fromanong H d- C6 al kyl, C3-C6 cycl oal kyl,
[0016TE allkeory and dMRERA] analpds is €f BB JiBthe taBe p#RBY, Joralmedour illustrated

ently sel ected
e i R S

I ndependent |y sel ected fromH, Cl1-C6 al kyl, C5-C10
%ﬁ&&c@mkyl C6-C10 &yl , and -Si ( ROxSwwhenehn each R4
hs |ndependently Sel eBtmd from CL - Cd 3l kylxX [ 00X46] I n
such met al precuifSorsz M can be am‘y gfitd he et als

’*f‘.ﬁ

&

hydr ogen, H2/ pl asma, am nes, i m nes, hydr azi nes,
silanes, silyl chal cogeni des such as (Me3Si) 2Te,
@erﬁma neShesitoh-dasritsd ipdcursommpnvagipushlskangslowal kenes,

@e 6 L n e‘?he 1g\%%p<g1dih Qﬁﬁﬂhep Qs%?cﬂ ?é‘clat(% qg '?%Bgﬂlg chelate %lrgréidirr}rageil ligggds

atives/a cts and 1y € precursors nm
iyl 5y VD pnd| Algleyi ad desludgset glags of stk pregEprs Wit dinpjenic chelate

%ﬁaﬁ@ﬂdé ﬁ@ﬁ& otf matorﬁms (Ru i (den e e wred) bonypeat | qUI d
quid or soli d‘v%recursors bei ng . e

glﬁ(%s. f“g af ﬁuﬁh B FE b§6¥ fOﬁbqqu@FrﬁsgorgiF%gﬁ%h Xletal salts

sl \nent slalﬁdeS Gr, aﬂdyexanmxem epli@nkyloot dne, dialrd rperhaneveen

%uaX1d1nes v¥1 %aﬁha[(hges%m’h theep?ezset%@%of%)i absorHenys SI).IC’h a N]Et@e%he syntheses

am ne
outhn g@hnﬁelgte lamdei icreke dand owd¢1a2¢rwa@nd1P@%l¢@]lmﬁes and primary
Uhihdsi ty of specific sol vent conpositions for
@artl cul ar precursors may be readily empirically
8168} i R oligogrese Ple i 2By Al3RMeE proretd vai il same BWBﬁlefﬁrtm“la
ﬁEludEl{tH4l)rmII{QR DNH@[QNIEJJCNBQI}(%QHIJZ]HB&leﬂdmﬁ @ intbde€|bdvihg the value of
9 e; Iet\c/:er%le}/e?‘p afl’hﬁ?tlbo %3 ﬁé? 1s 1nc% end%rile§¥el %eﬁ &roHleamon% }P%l -C6

€ previous Cri
@lmmgﬂhecyalb@b}é Géﬂi@labséd &%@uraecbr@e(&ﬁ)é waeriguskly R8 is

ﬁ@éﬁ%elﬁﬁr' QWted from C1-Co 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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center, such as, for example, aminoalkyl, alkoxyalkyl, aryloxyalkyl, imidoalkyl, and

acetylalkyl, wherein suitable groups in these classes include those of the following formula:

Py

[
wr X

o3

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;
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 el

e {7 amsnr, g
S i

He 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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[ 00150] The invention in a further aspect relates to

tetraal kyl guani di nate and keti m nate conpl exes usef ul
W@20080576ad ALD precursors, including a class BPET/HE1087/063830

precursors with tetraal kyl guanidine ligand, e.g., in

t he coordi nati on node

(R5) 0, 411\ 1=C] (NR1R2) (NR3R4) ]l ox-n and the sem -l abile

coordi nati on node. Under special ci rcunst ances, both

i natj on des could retlca e
R B e R ST R SR e G S
e@ ni}le £BE6 cadtodiel, SYRthelkixg, ed\IHIR@mnﬁhé(RSOﬁ FERSINdidnGe(R8)3

Al ealfPh e RAL M Die 1B Abn RALEARR Ol AR Olna R is

I des es or romt

ingependeishyselpitdaeen Qﬂﬁéélkk& ICé@dHlleW&waﬁtClpré{YbIand -Si(R9)3

Wedrdidl@sh 14 %d%ﬂ%ﬁdeﬁﬁﬁs%%&&ﬁfr&ﬁ cHés @Qﬁor bents such as
NEt 3, The "ol oners" of such mononer with the

@Hldiﬂ C a{n Sfl%]rI}lﬁ'tﬁ ACPHIO Sy B%can be any of the metals mentioned abo%e (Ta, V, Ti,
NS %)NhWI\EE[B(aNIRJ.‘RZ)a( :MRBRAII) Ruom:; O Mo, @ &,€8i,)5Gai Sc, ANCr, Fe, Sb,

h a of 2 Fou
BhGREL AL R At HE AR uthe Sk Sysaah MG B Bt P4l ox
add atichmd aeitlaion gteelof i ihetd M:mheamigtagnkading p gtiesif frgm 0 to ox; and
khgﬁggh behavi or and TNEQGE(NNEZ)Z Is a viscous liquid
om t enperat ure. OOlSBgThe i nvention al so
@814&813 np Fa6r2BeverdRsribed Prew ind HAEHYs GO ANTSET HAecRBiiIEe depgsition
ﬁ&%h’brl RﬁlNGecﬂ;mh@ Gof rédNRntd R NRSIBI@)okenl NR/pldsn@X -aﬁnnes Th@nes,

t
PR T Rer AT A raie b T (e Aoy ERRc o G
doNRONia] albanen a}lxnesmhmdleesxguamdam iborgend Hhaw idpayatiteg/addadts end
Afynds. e Pl‘%&&sors[ &é}%%lnm?ed' iRYiGRd h@Verd ?Jrﬁllﬂl‘éﬁon§ Qﬁ@ﬁﬁ@ gu%%%é)rs

atetraa uani'dine 1 hsertiron reaction wt
Bt a{fé@lﬂlﬂbmw 1@| ugedtimeeatiguiddeigo i h@ncbﬂaﬂ}ddmaﬁs@s bemg employed
SRR X Suitabih) Is&bbn%aﬁbllﬁlhrﬁgchllhﬁe uhRfks a8z AR Eptane, octane, and

rec as well as ketimnates of t fornul a .
é) # ﬁlzére(n%@) lTen?FeBg(or tolgeﬁla) pipiges (&gr Eﬁg&lﬁla’i“ﬁ dert-butylamme),
gw&&wdmmmkeamumpkawe@m@mm$he fornula
m) n S ms [ el 1%%&%%& n%'ﬁglkgé}l@sﬂnﬂé %or 1&1.939 gﬁé Lﬁﬁ)rssnlfla%rl?)e readily
friabREMNETINCEE( (RISFDY) WRPPORMA %ngIW@n%t o5 niHiplengoggetent
Wﬁtnﬂ:dﬁhlefoNlﬁiuMQleQ\fer}zvapghzatﬁilC Sohd[c@%t’%@yst&rﬂs ﬁ%&%ﬁﬁ@%{g of

é | exes descr.i g bove, each of Ri1,

REPERIZEYIYSl feFEENGERE  y sel ect ed fron1anong H, Cl-C6
@bicy] , T3-a66- de#ﬁbeﬁ@lrekgtko,rs dobvaGidiBlyahgmn, beto®l ( R8) 3 and
-G (R8)3 wherein each R8 is independently sel ected
fromCl-C6 al kyl; and -Si (R9)3 wherein each R9 is

i ndependently selected fromC 1-C6 al kyl; when

sui tabl e, pendant |igands attached to the
above-nentioned R1, R2, R3, R4, R6 and R7 i ncl uding
functional group(s) providing further coordination to
the nmetal center, such as, for exanple, am noal kyl,

al koxyal kyl, aryl oxyal kyl, im doal kyl, and
acetyl al kyl, wherein suitable groups in these classes
i ncl ude those of the follow ng formul a: am noal kyl s
wherein each of RLI-R4 is the sane as or different from
one another, with each being independently sel ected
from anong hydrogen and O -C6 al kyl; each of R5 and R6
is the sane as or different fromthe other, with each
bei ng i ndependently selected fromanong C-C6 al kyl; n
and m are each selected i ndependently fromO to 4 wth
the provision that mand n cannot be 0 at the sane
time, and x is selected from1l to 5; wherein each of
R1-R4 is the same as or different from one anot her,
with each bei ng i ndependentTly sel ected from anong
hydrogen, O -C6 al kyl, and C6-Cl0 aryl; R5 is selected
fromanong d-C6 al kyl, and C6-C10 aryl; and n and m
are selected i ndependently fromO to 4, with the
provision that mand n cannot be O at the sane tine.



[00156]In the netal precursors, each R5 can be

i ndependently selected fromanong H d- C6 al kyl,
wa@eswyel oal kyl , C -C6 al koxy, -NRLR2, and -B{RB}BN7/063830
-Si(R8)3 and -Ge(R8)3 wherein each R3 is
i ndependently selected fromd -C6 al kyl; and each of
R8 and R8 is independently selected fromH Cl1-C6
al Kyl', 'C5-C10 cycl oal kyl i C6- C10 aryl, W -Si (R9) 3
wherein each R4 is independently selecteth fromd -C6
al kyl . [00157] I n such net &k PiReGUr sprs, Mﬁa be any
of the netals nentioned above (’*Ta v {L Ebg,
NN HERR Y-t R R HETTE | Ru “i»t N,
Ge; A, S, G, Sc, Vv, CrMFe Sb, ant halm des;wlvh
Co, Ni, Zn, Cd, Te, Hg, Au Cu, Ag, Sr, \Ru‘ but not

limted to themonly 05( Xie al | owed o I dation

state of the netal M nis i nteger hgting a val ue
of fromO to ox; and X is hal géﬂ. [ 00158} TRe .

‘above- descri bed precursor materials ¢an be ‘used as | ow
tenperature deposition precursorsswith reduci ng
co-reactants such as hydrogeﬁA\+QLplasna am nes,

i m nes, hydrazines, silanes, S|Iyl chal cogeni des such
as (NbSSl)ZTe ger manes such as GEFM amoni a,

al kanes, al kenes, ani di nes, guaWi di nes, boranes and

their derivatJ%‘es/ adQucts and al kynes. The precursors
may be enpoyEd T PtiTGR 10 &F § UFoR A S FBHE S
fﬂhpllpr ekl ah a.r% h%% dapl,%\lld ﬁﬂrﬂlﬁi) WRY ygﬁ\leslljég qmél Qhﬂ?c?e‘i‘lzed as
Iquid form I quid or solid precursors being
eHpirsoyed as desired in suitable solvents including
pbiane Eglm\é@nts (e.g., hexane, heptane, octane, and

| ts tolu
GPREL T S o ECESTE Ly s
HYamriNHAeB] malrivehs acisd ardC biydinag | Tie sesulfiDhb8eTh@ then refluxed
t t f | to. N f : :
U 6 L BT RIS A Lo o v
Yedl. éiai?drﬁ@dilmtl@l\@e@é&t_%m appridgifeat e N‘ﬁi_ﬁéﬁ% E?G?ﬁp@}'r%ﬁﬁ%;

(pflzrggl% Npheiggonponent sol vent medium for Iiquid
deliv gelvaporl zat| on. Solid delivery systems nay be

@H’ﬂl“bye ectsfl benddengin M pr evi ousl y descri bed her ei n.
¢@246)0] Thes7above- descri bed precursors are variously
&lpwm) beh 93y,

C(1)-N(1) 1.378(3)

[00175]  The invention in a further aspect relates to a highly selective germanium deposition
process. Although discussed herein with primary reference to germanium, this process has
applicability to other film deposition applications in which the film deposition process is
dependent on nucleation processes, €.g., ruthenium deposition.

[00176] Phase Change Memory (PCM) is currently considered the leading contender for
non-volatile memory based on its potential to scale down for several generations. Integrated
GST based PCM devices have been made in the form of a large, flat layer with "plug"
electrodes. Metalorganic Chemical Vapor Deposition (MOCVD) processes are under
development for making these films, as it will certainly be necessary to deposit them in 3D
geometries as device geometries shrink. In future generations, it will be necessary to scale this
operation down to make the entire phase change chalcogenide section a plug within a via of

insulating material such as silicon oxide, silicon nitride or low k dielectric.
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[00177] An example of this can be seen in FIG. 8, which is a schematic of a GST device
structure showing the GST plug, top electrode, bottom electrode, interlayer dielectric and
associated layers of the device. Since neither etching nor CMP of this material is well
established, making such a plug is not trivial, since a fairly thick layer is needed in order to
allow for the bulk phase change that stores information in the form of a resistivity change. It
would be desirable to grow the material in a "bottom up" way only in the via, without coating
the rest of the structure. In order for this to occur, the deposition process must be highly
selective, growing quickly on the desired surfaces and slowly or not at all on others.

[00178] It might also be desirable to have the PCM material have poor contact with
sidewalls of the via so as to reduce thermal contact and crosstalk between adjacent cells. Thus
it could be desirable to have different sticking coefficients and nucleation likelihood on
different surfaces.

[00179] It is also necessary to develop low temperature MOCVD processes for making
these films, at temperatures of 300°C or less, since some components are volatile enough that
stoichiometry control becomes difficult above this temperature.

[00180] During our investigations of Ge precursors for PCMs, an amide-based precursor
was discovered that has very strong selectivity based on surface state of the substrate on which
it is being grown. This precursor, Ge(NMe2)4, undergoes a deposition rate change of close to
1000X over an extremely narrow temperature range, just 10-15°C. This is virtually unique
behavior and we are aware of no other compound that does this.

[00181] For such a strong effect to be taking place, it seemed likely that it was due to
changes in the deposition surface and some kind of autocatalysis. These films were deposited
on TiN, which was purchased commercially more than a year previously and cleaved into
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 TiO2 and Ti203
readily, however, so it is possible that under reducing conditions such as the forming gas which
flows through the reactor during heatup on the substrate, or even the hydrogen in which
deposition takes place, the surface is altered in a fairly abrupt 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 SiO2 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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4 [00161] Thermal and el enental analysis is set out in

W@ b@svsisie bel ow, for the four illustrated preRUr/E82087/063830
previ ously nentioned as having been characterized.

susceptor. On a SiO2 substrate, the deposition rate was closer to 0.3 A/min, an order of
magnitude lower. Meanwhile, on the substrate which was preheated to 400 C then cooled in a
reducing atmosphere in the reactor, deposition rate was close to 600 A/min at 280 C, and the
rate was substantially higher at low temperatures. The preheated substrate was the closest
simulation of a standard manufacturing process, where a TiN or similar electrode would be
deposited in one part of a cluster tool, after which the substrate would be transferred to the
CVD deposition module without any air exposure. The 200:1 ratio between deposition rates on
preheated TiN and SiO2 is sufficient to obtain a very high selectivity on any combination of
surfaces like this one. It is expected that this ratio would increase still further with clean, "in
situ" deposited TiN and SiO2.

[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 plug 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.

[00185] 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 atmosphere; it tends to need some oxygen in its vicinity,
for most CVD precursors. In addition, it is very hard to deposit it uniformly on a SiO2 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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Pt.t.'.1. nk:74klaatt.f.v's [00162] The above-descri bed
precursors are variously shown bel ow. [00163] The

WO poogMsioonr in a further aspect relates to di anP@RUS2007/063830
chel at e guani di nate |igands useful for CVD and ALD,
and includes a class of nmetal precursors with
di ani oni ¢ chel ate guani dine |igands of the fornula

&;{%ﬁ)%r{g&?ﬁ% NaEh @M%(M%MGQ&nQQWB or [AADLEAdufbids c@rfnprlsmg a
SereEE G SR e et S T B i Moo

Bd. vy @d dirz, Ina, e d'ah&l Rel @/ 1alPkyAus SioPb f Ao Bli AleGt, In, Tl, and Si, to

L
@W@e@lt@k e iy e ReRnEningy sttt a Ahdsehide rieidpr gprne.

JRin€, Qﬁllicﬁfaiéogiﬁmmat& aful@gxﬂ IsilyT] sHRSe ANGL)PLulFB Hd @moﬁc%\.sddlenyl
00165] The "ol i goners" of the above-cl ai med nono

{Zﬁ t hgl %;Qﬁ)éd éﬁ)ﬁ?t,l @aprelsw I,lHXFlgIOP ﬁ&@tﬁ%ates metal precursors of the
fofrirdg DIUATH (\HﬂabeN:I@[l( :NEQEt)ﬂ( sl%ﬁ?&c] ﬂrc(rﬁ) Xmdhe/ @) Kb anther endXA isS 1&and
ﬁ%tctg b Péwgngp CPHSSISFH (l)eJtS aélfr)] %an%lﬁ %Scéoes Ln re:1r(1:r afer{ (e;/:’n_l"] af(rGr?)- uhls the
Hld@nﬁ@naﬁd@/l\/l C3- C10 cycl oal kyl, 06 C10 aryl,

-Si (R5)3 and -Ge(R5)3 wherein each 128 is

i ndependently selected fromd -C6 al kyl; and -Si (R6) 3
wherein each R9 is independentty selected fromd -C6
al kyl; and when suitable, pendant |igands attached to
t he above-nentioned R1, R2, R3, R4 including

functi onal geoup(s) provi d| ng further coordination to

0AShet Bhile B tventiondarhrendas fegr desgidap hassin Andefrarark (pl specific

@béﬁ%xﬁéﬁhﬂéy hnd ifsHARY ¥abdeithentsi ot GRlekiibh, it @MMCbe appreciated that the
wherein suitable gr ougﬂ?i in these cl asses

1“ 5] %F %‘?Slg%“ 5ot e Faferofiit FYICE EHYRGP &: 20 \RRROPBSHFS e BFrous
afier ijaﬁiénsl, snotlifieatisdnand auterostivel iefub&tigdits, hy @in grgesamehbes to

}\Q‘II saro(g %gﬁnar n%ﬂfgj% t%fggegfl) E{) ﬁrg éegéé gfl?n%%%gse Egﬂ acHPcPo%ure herein.
§<a*rﬁa>oa@n&by tlei if fenticarss hérpiofier Hamest hautendgg totpe brgedly pabtrgd and
inRgeRendentlahe 38 L&A L& hibds OMR AR Sld-aftln AlvEK¥hbodiheRR dviflin
are each selected independently fromO to 4 with the
‘;SSrSB\‘i‘F@dé‘prfhat mand n cannot be 0 at the same tine,
and x is selected from1l to 5; wherein each of Rl-R4
is the sane as or different fromone another, with
each being independently sel ected from anong hydrogen,
A -C6 alkyl, and C6-Cl10 aryl; R5 is selected from
anong C-C6 al kyl, and C6-C10 aryl; and n and m are

sel ected i ndependently fromO to 4, with the provision
that mand n cannot be 0 at the same tinme. WO

2008/ 057616PCT/ US2007/ 063830 [00166] I n t he netal
precursors, each R5 can be independently selected from
anong H, C- C6 alkyl, C3-C6 cycloal kyl, Cl1-C6 al koxy,
-NR1R2, and -C(R3)3, -Si(R8)3 and -CGe(R8)3 wherein
each R3 is independently selected fromd -C6 al kyl;

and each of R8 and R8 is independently selected from

H, Cl-C6 al kyl, C5-Cl10 cycl oal kyl, C6-C10 aryl, and

-Si (R9)3 wherein each R4 is independently selected
fromd -C6 alkyl. [00167]In such nmetal precursors, M
can be any of the netals nentioned above (Ta, V, Ti,
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No, Pb, Ni, W Ca, Ba, In, Y, La, Zr, H, , Ir, Ru,
Pt, &, M, Ge; A, Si, G, Sc, V, O, Fe, Sb,
wo aslsmildles, Mh, Co, N, Zn, Cd, Te, Hg, Au, BEUI/USO7/063830

Sr, Ru) but not Iimted to themonly; OXis the

al  owed oxidation state of the netal M n is an

i nteger having a value of fromO to ox; and X is

hal ogen. [00168] The above-descri bed precursor

materials can be used as | ow tenperature deposition

precursors w th reduci nUHE@CIAGMSt ant s such as

hydr ogen, H2/pl asma, am nes, im nes, hydrazines,

Wibhtimdaimedist y| chal cogeni des such as (Me3Si) 2Te,

ger manes such as GeH4, ammoni a, al kanes, al kenes,

am di nes, guani di nes, boranes and their

derlvatlves/adducts and alkynes The precursors be

ErbPeYeamplr telegie HormarenzepyPletse ALPERISHA); @d@w@éwd (E)D-

@@ouy sors that are liquids may be used in neat liquid

form with liquid or solid precursors being enpl oyed

as desired in §Mﬁ (ﬁ%&%hﬁ@?%ﬁ#i?ﬁ%Ud'ng al kane

sol vents (e.qg. exane, hept ane, ane, and pentane),

aryl solvents (e.g., benzene or toluene), am nes

{Bor@a:, triethylamne, tert-butylamne), imnes,

guani di nes, am di nes and hydrazi nes. [00169] The

ut|I|ty of speC|f|c sol vent conpositions for

RaRt.iR udnd R’ prap bei ths orise mray dféranetieti oye @nthin preledrd pdependently

Q:?e%t@c{ 'ﬂ]ofﬁe@ip-C A3 et SEL q@l@aﬂ%@pézo@ér hph§1 ?' nQJnf?yl Ca‘HWPQQ%‘né -Cs
mul tlg e conponent ‘sol vent nedi um i qu

ﬁ€ﬂ$W%Fy y&pbrization. Solid delivery systenms nay be

enpl oyed, of the type previously described herein.

170] abo descri bed rsors are variou
Sl bR i N 50061 6 e e T ERBE 7 U SRy
felebted &D1S: hyd(oges, Gdlsafet €:-&t kdloakyl, €hal dkwed (egKviddt alph etc.),
tat fy Rty NE ] exenplary ligand Pri N=C(Pri NH) 2
é@gzgynt es?geg ;ﬁdzéﬁaracterized as follows.
[00172] Exanpl e [00173] To a 250 nlL flask charged with

s B ilGegef frNCNBI indiQivd; mol | and 100 m tolune, 5.9 g
Pri NH2 (0.1 noll was added at OC gradually. The
resulting mxture was then refluxed at 100C over ni ght.
After work-up, SHRHBRY(GRRHEINRDI N=C( Pri NH) 2 wasB)

obtai ned. (62% yield) Anal. Calcd for CILOH23N3: C
hlerfs'tl% H 12.51% N 22.68% Found:C 64.73%

2 gﬂ%maybe @e sa%%% OJC@%E?IQH[‘(%@ LIRGL&ARE QQ@Q&: lnﬁa)gﬁcigl%l sEiB¥ted
(3)1. 287(3) “N(2)17358(3) "¢ 1) -N(1) L 78(3 (3)
from C1 C6 alkyl, C5-Cs cycloalkyl »-Cs alkenyl (e.g., vinyl, allyl, etc.), C5-Ce a]kylsﬂy and

Cs-Cyp 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, C5-Cs cycloalkyl, C,-Cq alkenyl (e.g., vinyl, allyl, etc.),

C;-Cs alkylsilyl, and Cs-Cp aryl; and

m is an integer from 1 to 4 inclusive;

Sb(R")3..(NR°RY), ©
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[00175] The invention in a further aspect relates to a
hi ghly sel ective gernmani um deposition process.
WORGBOSIYG di scussed herein with primary refer ePCEUS907/063830

germanium this process has applicability to other
filmdeposition applications in which the film
deposition process is dependent on nucl eation
processes, e.g., ruthenium deposition. [00176] Phase

3?6 Menory (PCM is currently considered the

ng contender for non-volatile nenory based on its

potentlal to scale down for several generatlons

nkegry
%o?mglo?{b %qY ar ge%%% Ct%éréglr?MJ\)/\IAI(f tg ?91 a!ﬂ@t}{ Cﬁﬁ? H% ghtgl oblfed
R B €. S o clrmlbt COBRSIY fast VINOBUBYLL ). S, .
HE}@&?lS E866,,ahf adNERIRIQNSOPRE BE RT B RTBKIRYed RS €mong H and
fi as it wll certalnly be necessary to deposit
?h%h?@n 3D geonetries as device geonetries shrink. In
future generatlons it wll be necessary to scale this
operation th31Cm$Vke the entire phase change

chal cogeni de $&ction a plug within a via of insulating
naterlal such as silicon oxide, silicon nitride or |ow
k dielectric. WO 2008/ 057616PCT/ US2007/ 063830
[00177] An exanple of this can be seen in FIG 8, which
is a schematic qf a GST,device structure show ng the
GST plug, top & BEREGHE R Bot t om el ect rBYe, i nterlayer
di el ectric and associated | ayers of the device. Since
n ééher etching nor CWP of this material is well

%Ilshed maki ng such a plug is not trivial, since

& RaiR’| 3ndtRy imak b tyenmd &5 qadtiedt frem opgdaptherp arg] qroindgpondently
&D:@te@ftlnﬁ cRbasig 1 ahan 9%1&1&% c§t603[1y€l§1yl @‘If; @!o'ﬂ%ﬁ aQJ‘alkﬁanﬁlﬁtﬁof the

formof .a resistivit desirab
@F%‘W‘ PHeR pitestn fh ‘ffrllzy é“d"%éstltlct?ﬁ?“dif’ﬂy \7%%?“’“6 ﬁP’? Ha3d £ 84 alkyl
via, without coating the rest of the structure. In
cur, the deposition process nust
%kQﬁmo §§°§%F%?%?bgg’%?oMAng qgui ckly on the desired
surfaces and slowy or not at all on others. [00178]It
Ms AN tnteddr SRR d@siukidll € to have the PCM material have
poor contact with sidewalls of the via so as to reduce
thermal contact and crosstal k between adjacent cells.
(Eh gsmbrtiune preducsoB @f desillbwibg foritndaciaXAd: di f f er ent sti cki ng
coefficients and nucl eation |ikelihood on different
sgnjaceszL00179]lt is al so necessary to devel op | ow
tenpgrature MOCVD processes for nmaking these filns, at
t enpe¥at ures of 300C or |ess, since some conponents
a6 vof&pthe enough t hat st0|ch|onetry control becones
dff#lcult above this tenperature. [00180] During our
|nves£|gat|ons of Ge precursors for PCMs, an
antde based precursor was di scovered that has very
rong selectivity based on surface state of the
g'%étrate on which it is being grown. This precursor
Re{nhe 2)a4 be tirdengoes difedepldien brcomothat endciraindmpenitntly|selseed

L R LRI i B G

gxlélﬂéwaltdéntbfselﬁféedétoﬁ’e@ %@Fﬁp}@und t hat does this.
[00181] For such a strong effect to be taking place, it
seened likely that it was due to changes in the
deposition surface and sone kind of autocatalysis.
These filnms were deposited on Ti N, which was purchased
comercially nore than a year previously and cl eaved
into pieces for these experinents. Ti and TiN rapidly
form oxi des from exposure to atnosphere, and there is
little doubt that the nucl e®#ion surface as inserted
into the reactor was sone formof Ti oxide or oxide
nitride mx. Ti changes between vari ous suboxi des such
as TiO2 and Ti 203 readily, however, so it is possible
that under redu0|ng condltlons such as t he forntng gas
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[00183] The nost straightforward potential benefit to
t he uni que behavi or of this precursor was bottom up
WO 2doB/osfe1d he vias to make a plug of chal cogeni BET/PRASE063830
change menory material. The Ge initial |ayer can be
used as a somewhat nore favorable growth site for a
conplete suite of precursors to help prevent "seans"
or voidsin th plug. [00184]1f it were desirable, it
m ght al§o be p053|ple to have a plug of PCM materia
mnﬁh 00tk conLapt o the side walls, providing better
ther I |S9Lat|oh and |ess cross tal k between adj acent
cell s. Skom1Q3p03|t|on and poor nucl eation may
Iead to & pootly adhering layer with pores near the
surface. H[Q01 5]A nore indirect benefit is creation of
a sem conductor conpati bl e nucleation surface for
Qidgt. nucl eation sensitive materials. For exanple, it
s well known that Ru ne& S dlfflcult to grow.in
Parer yroy 88 e PR A LTOSHHE AT O BFE ALY £35" RSBUR sy W&epend@nﬂy
@leyige lﬂroinnHJ C§C6v RIRYINCL-g; alkapl, IBEY, GVDalRyleCUCSaRS,. aninSi(R;);
%‘ egelértl L9 ]?.3 is 1nde der?t{yéelec%edqromoc (tep&gl:ﬁt blet ugghf :)FOIT} )O/I‘ ?nn aa
nucleatlon Iayer on Si at the bottomof a trench or
via so that a slightly oxidizing process can be used,
since Ge¥does not bond as strongly to oxygen as Si
dQes or @ reducing process which deposits nore easily
Yﬁ@aﬁ~n@tal=§@vld be used. This approach can be
exten@ed t opdeposition of materials other than Ru,
prOV|d|ng they\have some surface chem stry sensitivity
t hat” cantbe expi“oft ed. [00186]In a nore sophisticated
approach,{ a surface, netal, nitride and/or Ge, can
have its#subifface chem stry changed via reactant gases
(@ot_exanple fromoxide to netal) in order to switch
Mt"dh and off for purposes of deposition fromthis
p,rIéthr SO0R, mhjbsthe mntelas br dffdramsod oehinpthsilifdaae it hatpem@itly
| ti.ple r haks i £ferent
se ectft agrg)rél %\M&t %ﬁrqéqu b & alge ??%egléo c:é/ﬁfégﬁéﬁ g?]&]to éf? and SI(R3)3
w?mrfelr ¢aglh Raﬁmd@mde@tlytselmtqd frogi %t@w@ylt o) Ge deposi ti on
The Ge can then be used as a protective |ayer for
further chem stry nodifications, e.g., as a hard nask,
drsde{¥Rghal layer, etc. This principle can be
extended to other elenments than Ge upon finding
appropriate precursors with this strong sensitivity to
surfgace and deposition tenperature. [00187] O her
chemcals and chenical famlies that may exhibit this
behavi or include N coordi nated germani um am des,
gfi.di.nates, guanidinates, and N-heterocyclic
gernyl enes. The descri bed process is also applicable
RoRimal & nesy parfliecsa@y/Bs o difigrent piomcane sortker.cofprahds mgepandently
&%E@Jl ﬁ%@ﬂ ﬁCted EJEY}QTTCG@ alRBy1, -Eg-CloB@yd'%hMEyl P@, cm\é.ryl Cind M@R3)3

']X_/]aerelwach ﬁqu m‘}vpelﬁéntly@lectth%romi;ql Cs Aﬁyl agﬁl’ Pb, AS P BI
A, G, In and Si, to which is bound at | east one
1sm1m% co ang%mugvllgand sel ected from anong
hal oge etim nate nitrile, isonitrile,
anlnotropon|n1nate carbonyl, phosphido, im do, am ne,
pyridi ne, am di nate, guanidinate, nitrosyl, silyl,
sti bene (R35b), sulfide, and cycl opentadi enyl. [00188]
In a broad aspect, the present invention contenpl ates
nmetal precursors of the fornmula MA, ,Bx wherein Mis a
netal selected fromanong Ge, Sb and Te, and Ais a
i gand sel ected fromthe group consisting of al
l'i gands di scl osed herein, afid y + x equal s the
oxi dation state on netal M [00189] Wi le the invention
has been has been described herein in reference to
specific aspects, features and illustrative
enbodlnents of the |nvent|on it will be appreC|ated
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wherein: 12', R2, R3, and R4 may be the sane as or

different fromone another, and are independently
waetososmas f rom Cl- C6 al kyl, C3-C6 cycl oal kyl , E2F/Q82007/063830

al kenyl (e.g., vinyl, allyl, etc.), C3-C6 al kylsilyl,

C6-C10 aryl, each of R5 and R6 may be the sanme as or

different fromone another and are independently

sel ected from hydrogen, Cl-C6 al kyl, C3-C6 cycl oal kyl,

C2-,C6 alskenyl (e.g., vinyl, allyl, etc.), C3-C6

al’kyl sikyl, =&nd C6-Cl0 aryl; and mis an integer from

1 to 4 inglusive; Sb(Rl)(R2N(CRAR5)", NR3) (B) wherein:

12", . R2, ~andsR3 may be the same as or different from

orfd” anotjl;,er,' and are independently selected from Cl-C6

al kyl ¥ C3-C6 cycl oal kyl, C2-C6 al kenyl (e.g., vinyl,

allyl, etc.), C3-C6 alkylsilyl, and C6-Cl0 aryl; each

oherd®d and R5 may be the same as or different from one

nek her ~a | S oo ent Ly I .

BRI U QORI @éf?gfd,”each :

iplepgrdently|selgared fromd, C1-Ceglkodd adis kPt IGrCro capieplkah et aryl, and -

SR, whdB#l RS isdilicheRlic@BLlelcb @M CI-O, diyinCl usi ve;

Sb(12113, (NR2R3) " (C) 75 wherein: 121, R2 and R3 may be

the same as or different fromone another and are

i ndependent |y .sel ected from hydrogen, Cl-C6 al kyl,

C3{ Chetaycel oal kyl, C2-C6 al kenyl (e.g., vinyl, allyl,

8¢, ), sFrFyFRC3-C6 al kylsilyl, C6-Cl10 aryl and

- NR4R5, whereiit each of R4 and R5 is selected from

among Mland Cl1-C4; and n is an integer fromO to 3

Whedipsive, (R4)"Sb(E(RLIR2R3))3_"(D) wherein: 121, R2,

R3, and R4 may be the sane as or different from one

B ioelpdgd froand (aCe AlkylpapEmtbientylyndsel ect ed from Cl- C6

al kyl, C3-C6 cycloal kyl, C3-C6 alylsilyl, C6-Cl0 aryl,

an(a ﬁl I§yl am no of the formula -NRSR6 wherein each of

F5"and “R6 i s i ndependently sel ected fromH and Cl-C4

alkyl; Eis silicon (Si) or germanium (CGe); and

R &

i\ "4
Y8
wherein:

Ri, Ry, R; and R, may be the same as or different from the others, and each is independently
selected from among H, C;-Cs alkyl, Cs-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R;); wherein each
R; is independently selected from C,-Cq alkyl;
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nis an integer fromO to 3 inclusive; (E) germani um
precursors of the followng fornmulae I-XVI: R-P, Nflk
WOR200805%er ei n: RL and R2 may be the sane as oPCT/US2007/063830
different from one another, and are independently
selected fromH, Cl-C6 al kyl, C2-05 al kenyl, C5-C10
cycl oal kyl, C6-Cl10 aryl, and -Si (R3)3 wherein each R3

is independently selected from Cl-C6 al kyl; wher ei n:
R aml R may be the same as or different fromone
anot het=a0d each R and R is independently sel ected

f g_j¢A” F-\Cozral kyl, C2-05 al kenyl, C5-C10 cycl oal kyl,

and -Si (R3)3 wherein each R3 is

tly selected fromCl-C6 al kyl; wherein: R

R2 may be the sanme as or different from one
NIot-er pe-ach i s independently selected fromH,

Cl- Comiid, C2- 05 al kenyl, C5-C10 cycl oal kyl, C6-C10

aryR, and -8ia(R3) 3 wherein each R3 is independently

selected from Cl-C6 alkyl; (Rya,eG(1\11 Iv wherein

R, Rl ahd R2 may be the sane as or different from one

amediher, and each is independently selected fromH,
1-C6,al Kyl -05 al kenyl, C5-C10 cl oal kyl . C6-C1Q .

I REdG e s o s e R B e sttt Ty o o

wedpecicely stlearm @in @Gorgl HyT1:Csatkall, mibil.s-SHR )4 ft-Egercldalkym@-Co

£r91, 4(@@)?1{1#%5’,\/3%&1 -(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,-Cq 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-Cy cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each R is
independently selected from C,-Cs alkyl; and

each X is independently selected from among C;-Cs alkyl, C,-Cs alkoxy, —-NR'R?, and -C(R3)3,
wherein each of R, R? and R is independently selected from H, C;-C¢ alkyl, Cs-Cy4 cycloalkyl,
Cs-Cyp aryl, and -Si(R4)3 wherein each R* is independently selected from C,-Cs alkyl;

wherein:
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wherein: 121, R2, R3, R4, R5 and R6 may be the sane as
or different fromone another, and each is

w0 pspsmdent | y sel ected fromH, Cl1-C6 al kyl, Q2c0BS2007/063830
al kenyl, C5-C10 cycl oal kyl, C6-Cl10 aryl, and - Si(R3)3
wherein each R3 is independently selected from Cl-C6
al kyl; wherein: Ris selected fromH, Cl-C6 al kyl,
RN ﬂz, R62461H) nAY ¥é samdBoriffefenOfronlo@ fanofher, and dke Wﬂ@%&ieﬂly sBaated

., R3 d.R4 t he sane or different fromihe.
Srhapens Bet a6 Ry T oaR T VIR ERG.
inlep&itledly selbdteylfom@-(ChBylcycl oal kyl, C6-Cl0 aryl, and
-Si (R3)3 wherein each R3 is independently sel ected
from Cl- C6 al kyl ; V AU wherein: Rl, R2, R3/ R4, and
R5 may besthe sane as or different from one anot her,
ancf‘g,‘e.a\q_tjﬂi;s i ndependently selected fromanong H, Cl-C6
al kyl , §si Iy, C6-Cl0 cycloal kyl, C6-C10 aryl,
-(CH2)__3‘\_‘“I\IR",‘;‘ and - (CH2)xOR', wherein x =1, 2 or 3,
and,R", R and R* may be the same as or different from
one "anot heg, and each is independently selected from
Cl- C6 altkyl;

wherein:

R, 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-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each
R’ is independently selected from C,-Cs alkyl;

¥ K, 3‘}
T gy
i S
3 iy 2
R o
p sf» !
¥a
XX
wherein:

R, 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-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each
R’ is independently selected from C,-Cs alkyl;

RiTeRy

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-Cy cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each R is
independently selected from C;-Cs alkyl;

RlTe(NR2R3)

X1v

wherein:
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wherein: R and R' may be the sanme as or different
fromone another, and are independently sel ected from
wa@emagsiie C1- C6 al kyl, C5-Cl10 cycl oal kyl , C6- CROI/EHS82007/063830
and -Si (R3)3 wherein each R3 is independently sel ected
fromCl-C6 al kyl; and each X is independently sel ected
fromanong Cl1-C6 al kyl, Cl1-C6 al koxy, -N121122, and
1(35%31);1&.3 m‘é&]&f 8¢ Ameach élﬁlferelgfrom &R ]a}&ﬂldzr,alad r8 independce:ritg selected
ndepen te r - yl, - .
kBT By ChaBS T Car oI S Ty P e T gach? Ba
ingepemiciglyeeletadtfioyn Gelselkyled from Cl- C6 al kyl ;  wherein:
Rl1, R2, R3 and R4 may be sane as or different from one
anot her, and are independently selected fromanong H
Cl- Ggralkyl , C5-C10 cycl oal kyl, C6-C10 aryl, and
-Si (R3)3 wherein each R3 is independently sel ected
from¥l-C6 al kyl; wherein: Rl, R2, R3 and R4 may be

the same as or different fromone another, and are
whgkpendent | y sel ect ed fron1annng H, Ci1-C6 al kyl,

ﬁ:san%]i%én ¥%| %lﬁ C?g%ee a‘hs g?ﬁl e)r/ents e %e %rilo?ler:rb?ﬁd 3 %gepwﬁlﬁntﬁl sHlected
g amvbrer ibi Gr:-CoRAkyl, [2-CroR3clagiih ], F@k -Gragrylbend ﬁéRéaw@rfals eagh R’ is

it REQN kel hRMANE - @RRNINGL, and are i ndependently
selected fromanong H ~Cl-C6 al kyl, C5-C10 cycl oal kyl,

C6-C10 aryl, and -Si (R3)3 wherein each R3 is
inngQHﬂEntly selected fromCl-C6 alkyl; RiTeltz 11
whergin: Rl and R2 may be the sane as or different
fromone another, and are independently selected from
anong H, Cl1-C6 al kyl, C5-C10 cycl oal kyl, C6-Cl10 aryl,
amﬂmTSi(RS)B wherein each R3 is independently sel ected
{{r TRElangq{4 nay ){)e the same as or different from one another, and are independently
selected from among H, C;-C alkyl, Cs-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R*); wherein each

R’ is independently selected from C,-Cy alkyl.

2. An antimony complex according to claim 1, selected from complexes of formula (A).
3. An antimony complex according to claim 1, selected from complexes of formula (B).
4. An antimony complex according to claim 1, selected from complexes of formula (C).

5. An antimony complex according to claim 1, wherein when the complex contains

dialkylamino moieties, alkyl substituents of all said moieties are not all methyl.

6. An antimony complex according to claim 4, wherein when the complex contains

trialkylgermanyl moieties, alkyl substituents of all said moieties are not all methyl.

7. An antimony complex according to claim 4, wherein when the complex contains trialkylsilyl

moieties, alkyl substituents of all said moieties are not all methyl.

8. A germanium complex according to claim 1, selected from complexes of formula (E)(I).
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R1Te(NR2R3) XIV wherein: Rl, R2 and R3 may be the
same as or different fromone another, and are

w0 pwspsmesent |y sel ected fromanong H Cl-C6 al Rgi/PS2007/063830
C5-C10 cycl oal kyl, C6-C10 aryl, and -Si (R3)3 wherein
each R3 is independently selected from Cl-C6 al kyl; XV
wherein: R1 and R2 may be the sane as or different
§ PO RARNAR DB iccording oaladn | REeRAIEHLM Fle;&@ beetneeh Erm
anong H, Cl1-C6 al kyl, C5- C10 cycl oal ky C6- C10 aryl,
and -Si (R3)3 wherein each R3 is independently sel ected
O Ane@bridn cathidyy decaadink tRc2RE RACed Xrom coviydexes of forRila (IRATD.
R3, and R4 may be the sane as or different from one
anot her, and are independently sel ected from anong H
t1 A@GTH&PIRVICOTHM acqdieg/ie Flaial k ydlectedGomeomplergs of feragla (E) (V).
-Si (R3)3 mhereln each RB |s |ndependently selected
from Cl-C6 al i nrony conpl ex according to
Y ai gﬁ’i“%fnl‘l%léP%@‘f"eaﬁcﬁ“ih%%fP Elﬁ‘ﬁPp]I > &kt 8PmF%‘PHﬁﬁe%1°f(f%)‘lulaé'%(‘ﬂn
antlnDny conpl ex accordlng to cIa|n11 sel ected from
ac A C?r gﬁ%m?ém}%oxaaic%ﬁr g(tg )c alm seéec e?grlgnm ((;:%IH%T)%%( (g'?orm]yla (E)(VD).
formula (C). 5. An antlnony conpl ex according to
£ a g@nﬂamu%@rﬁﬁé@ac%ﬁﬁ‘g th l@ﬁmpp R f@&@&lﬁﬂl&és of formula (E)(VID).
di al' kyl am no noi eties, al kyl substituents of all said
noi eties are not all nethyl 6. An antinony conpl ex
8C 8 @elianigmtcom@léadctbrding tolbRinei, Belddhee frofnRemElORPdIExmula (E)(VIID).
contains trial kyl germanyl noieties, alkyl substituents
of all said noieties are not all nmethyl. 7. An
Hnt\i gronyivoeampplexacecd oy dichign . eeleted imm4ompléres &ifornmia ¢ (1X).
the conplex contains trialkylsilyl noieties, aIkyI

substituents of all said noieties are not all net %/
17. A germanium complex according to claim 1, selected from complexes of formula ( )(X).

18. A germanium complex according to claim 1, selected from complexes of formula (E)(XI).
19. A germanium complex according to claim 1, selected from complexes of formula (E)(XII).
20. A germanium complex according to claim 1, selected from complexes of formula (E)(XIII).
21. A germanium complex according to claim 1, selected from complexes of formula (E)(XIV).
22. A germanium complex according to claim 1, selected from complexes of formula (E)(XV).
23. A germanium complex according to claim 1, selected from complexes of formula (E)(XVI).

24. A packaged precursor supply system comprising a package containing an antimony

complex according to claim 1.

25. A packaged precursor supply system comprising a package containing a germanium

complex according to claim 1.
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8. A germani um conpl ex according to claim1, selected
fromconpl exes of formula (E)(I). 9. A germani um
weoansphgrsi@ccording to claiml1, selected from cROpUS208%063830
of formula (E)(11). 10. A germani um conpl ex accordi ng
to claim1, selected from conpl exes of fornula
(BE)(I11). 11. A germani um conpl ex according to claim
3. ASg&Jnﬁﬁﬁlﬁld cdripn LR LHehidf1, vk Ml Fovis)thd: Wid cdrdplexAs not
% n? % nPIex according to claim1, selected from
BXEE6PE S ul a (E) (V). 13. A germani um conpl ex

accordlng to claiml, selected fron1conp|exes of

r ( m agcar .
Chal e dpioyeorf @5t TR AT SRR Sk PRE RO s
(:llékylwygle?l?mh ialifph selosty Presor Ak eadst meigitgs o nflPhimathyl,  sel ect ed
fromconpl exes of formula (E)(VIIl). 16. A gernanium

conpl ex according tg claim1l, selected from conpl exes
oF Aerna %P?%f?@é%XOff?mJA ger mani um conpl ex accor di ng
to cIa|n11 selected fron1conp|exes of formula (E)(X)

3. A germani .ex ac rdln .cl.ai m sel ected
reCHrsor CONMMpost 0[% CO I'lSln a me §1m 171n a solvent niedmm.
Fom conpl exes ger mani um
conplex accordi ng to cIa|n11 selected from conpl exes

Qi Af@Jﬂmdlo@dép@lélél ahﬁmon%Q)n a’%ulg@&m%ﬂ‘m %Qsmaltcﬁﬂ% @€ GREEhteNGith
to claiml, selected from conpl exes of fornu

RIS Y2POF cOPYising vapar of Pfuﬁ%mpé& 5dB8di ng to claim
1, selected fron1conp|exes of fornula (B)(XIV). 22. A

ST PATRLR S ASELdLOg.l ol @i, el ected from

conpl exes o germani um conpl ex
according to claim1, selected from conpl exes of

§20 ﬁ"ﬁg'ﬂlé?hog %} &291431) comgr‘]'smg%topr@&lgﬂg odtciCUr sor sup ply

system conpri si ng a package contai ning an anti nony
conpl ex according to claim1.
33. The method of claim 30, comprising deposition of germanium on said substrate to form a

film containing antimony and germanium.

34. The method of claim 30, comprising deposition of tellurium on said substrate to form a film

containing antimony and tellurium.

35. The method of claim 30, comprising deposition of germanium and tellurium on said

substrate to form a GST film.

36. A method of depositing metal on a substrate, comprising contacting the substrate with

precursor vapor comprising vapor of a metal complex of claim 1.

37. The method of claim 36, wherein said contacting is in the presence of a reducing co-

reactant.
38. The method of claim 37, wherein said reducing co-reactant comprises a co-reactant selected

from the group consisting of hydrogen, hydrogen plasma, amines, imines, hydrazines, silanes,

silyl chalcogenides, (Me;Si),;Te, germanes, GeH,, ammonia, alkanes, alkenes and alkynes.
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25. A packaged precursor supply system conprising a

package contai ning a gernani um conpl ex according to
W@L@BM5s7b16 26. A ger mani um conpl ex accordi ng tRCTUSI0AT/063830

1, with the proviso that said conplex is not

tetraki sdi al kyl am dogermane. 27. A germani um conpl ex

according to claim1l, wherein when the conpl ex

S0 MhAhdUTABF aiulﬁ)gk) &iolnyﬂlsmgmiqﬁa hﬁﬁery 3t thsylnetaltrbﬁplki bhﬁl%ﬁrtr@zfatron

%I th%?ngéafjcéo %Pa\[ Fagrﬁ& ineta ﬁgnplﬁé/ ?frae%Oﬁﬂpg[bePt (\)/fasgld precursor
cPOmOoSi tion conpr|5|ng a netal conplex of claiml in a
sol vent nedium 30. A nmethod of depositing antinony
on a substrate, conprising contacting the substrate
- The petendiof glaim &ﬁa@@}?ﬂ@@ﬁwgql ddlivgy oeprometgfcorapieamd ietlzation
SOPheX1 mplecab Mrh- volaBilzed TG BBEAIQDasOf cdnlpBidll HOsaid precursor
conprising chenical vapor deposition. 35 The net hod
B¥%cl ai m 30, conprising atom c |ayer deposition. 33.
The nmet hod of cl ai m 30, conprising deposi tion of
glﬁ{'[:ﬂano ﬁ%yﬁn&agﬂ cla er%é rv]vlljlgrr%nltnrsg‘t 1qu1$ delo t%on%)lrlée%n ovgrtyaofgb)n%etal
@mmbrmguwgldepésmtlon of telluriumon said substrate
to forma filnrcontaining antinDny and tellurium 35.
The nmethod of cla nprising deposition of
Yerhametind a%aaltne%% mhrrarh Salﬁ lguid felivgrystmprises (dgliveryr ¢h the metal
&plek disgBlved IGusphnde®inhaelvalt melepasi ting netal on a
substrate, conprising contacting the substrate with
precursor vapor conprising vapor of a netal conplex of
€. dihennikthod 87 claith4?, rmattandhaidfsolvbrainmd 86, comlpareeianlegsaioge solvent
%@aés%glgéte[aqfrolm?‘thé groﬂlhg)nggtﬁg gpﬁl@«m&f he@rar[eeﬁiegﬁhéq gctane pentane, aryls,
0-r eact ant . alm wherein sa
'Peéérrr@|t%§n@6mmé8a&rﬁlﬁlem@6ﬁisr%é%m% %ﬂ%é&ébmﬂng@ ect ed
fromthe group conS|st|ng of hydr ogen, hydrogen

B pa Al b ST B PR S T R b

al kanes, (NR'Rénes and alkynes 39. The nethod of claim

36, conprising liquid delivery of the nmetal conpl ex,

and vol |I|zat|on of the netal conplex to form

volatlgﬁ /° conpl ex as a conponent of said
@CU& or vagpor. 40. The nethod of claim 36,
npr|§rng héd delivery of the netal conplex, and

vol atilizaf Jof the netal conplex to form

vol atilized nmetal conplex as a conponent of said

precursor vapor 41. The nethod of claim39, wherein

S del i ver of t he net al

Sald l’I(ljéiﬂllold gonﬁprlsm%c ﬁucltlx%fr rea ?n SC me llzfﬂ,ldln.%t (V] tf%lo d 0 f
cla|n139 wherei n said Iqu|d del i ver ggPrlses
delivery of the netal conplex dissolv suspended
in a solvent nedium

Sb———N——R4

SbX; + Li(NR'R?) + Li(R*N(CRR%),,NR*) —

45. A method of making an antimony complex of formula (B) of claim 1, having the formula
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43. The nethod of claim42, wherein said sol vent
medi um conpri ses at | east one sol vent species sel ected
WO e@ais1ees gr oup consi sting of al kanes, hexane, POEPSANTE063830

oct ane, pentane, aryls, benzene, toluene, am nes,

triethylamne, tert-butylam ne, im nes, and

hydrazi nes. 44. A nethod of nmaking an anti nony

conpl eéfgf formula (A) of claiml1, having the formula

IN Ri said method conprising conducting a reaction

schene ijncl udi ng the reaction: INR R2) R3_ N

Sb- N- RASh—+—N—R3- - - - - (CR5R6) m SbX3 + Li (NRLR2) +

Li (RBNCCR5R6) m\R4) -> 45. A nmethod of making an
‘l—nlﬂn-y\co |l ex of formula (B) of claim1, having the

formula 84CRMim 1 Sb-N-R3 | | R2-N---", |

(CR4AR5),, said nethod conprising conducting a reaction

schene including the reaction: SbX3 + 1211', 4gX +

?Laid(rp@l}q@ gﬂmylml}ctinga 1ggction scheme including the reaction:

SbX; + R"MgX + Li(R*N(CR*R?),,NR*) —

R1
Sb—N—R®
re—n_.
\(CR4R5)m

46. A method of making an antimony complex of formula (B) of claim 1, having the formula

R1
Sb—N—R?
R2—N
\(CR4R5)m

said method comprising conducting a reaction scheme including the reactions:

SbX; + mR*(CR*R’) R°NSiMe; —

)|(
So—N—R?®
re—n_.
\(CR4R5)m
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1 Sb-NR3 //R2-N-. ... ... , (CRAR5),, 46. A method of

meki ng an antinony conplex of formula (B) of claiml,
whansngfethe formula R 1 Sb-NR3 //R2-N-...", PCURERE)/163830

said method conprising conducting a reaction schene

including the reactions: SbX3 + nmR2(CR4AR5) R3NSi Me3 X

1 Sb-NR3B RR-N [/ --...".." | (CR4R5),, + 1211',6 4gX ->
R1 1 R1

47. A method of making an antimony complex of formula (D) of claim 1, having the formula

(ER'R2R®)3.n)2

Sb

/ (ER'R?R%) 302

E = Ge or Si

a(R*)

said method comprising conducting a reaction scheme including the reaction (D), when n is

zero, and the reaction (E), when n is 2:

(ER'R?R%)(3.ny2
NasSb /(LisSb) + (3-n)E(R'R?RH)X ——> /Sb\
(ER'R?R®)(3.n2
. (RH
(nis 0) n
(D)
(R%)
E(R'R®R3)X |
Sb(R%); +2Li — > Sb(R*),Li > Sb\
(nis 2) (R4)/ ERTRER)
nis
E=GeorSi

(E)
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Sb-N-R3 / /| R2-N-.. /I (CR4RS),, 47. A nethod of

meki ng an antinony conplex of fornmula (D) of claiml,
whaoosgethe formula (ERL 1R2R3)(3,-)/2 | zSb I1RCTUSI007/063830

/ (ERIR2R3) (3-n)/2 n E= Ge or Si said nethod

conprising conducting a reaction schene including the

reaction (D), when n is zero, and the reaction (E),

Wwhedin Ridwlo2: (ERL 1R2R3)(3-n)/2 | Na3Sb /(Li3Sh) +

(3-n)E(RIR2ZR3) X (n is 0) Sb

48. An antimony precursor selected from the group consisting of Sb(NMeEt);, Sb(CH=CMe,);

and Sb(CHch:CH2)3

49. A packaged precursor supply system comprising a package containing a metal complex

according to claim 1.

50. The packaged precursor supply system according to claim 49, wherein the metal complex is

photo-sensitive, and the package comprises a photo-resistant package.

51. A germanium complex selected from among complexes of formulae I-XVI:

ET

BaW \mm;
i

wherein:

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

wd i E o
] ¥ R
b How "
o \,ﬂ\ -:L
v A
G "8 BT
R ; : Tt
} i
B OB R
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;-Cs alkyl, C,-Cs alkenyl, Cs-C;p cycloalkyl, Cs-Cyp aryl, and -Si(R;);

wherein each R; is independently selected from C,-Cs alkyl;
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k1:141) /(ERLR2R3)(3-n)/2 n (D)

(R4) E(RIR2R3) X1 Sb(R4)3 + 2 LiSb(R4)2Li (n is 2) E=
W@R008/057%i16 (E) wherein X is halo. 48. An antiP@Rys2007/063830

precursor selected fromthe group consisting of

Sb(NMeEt ) 3, Sb(CH=CMe2)3 and Sb(CH2CH=CH2)3. 49. A

packaged precursor supply system conprising a package

containing a netal conplex according to claiml 50.

The pack@ed precursor supply system according to

ckai m 49,; wherein the metal conplex is

phot“a\,u.s@‘n“mtlV@*R and the package conprises a

phot o<r esi s\t;ant package. 51. A germani um conpl ex

sel eqr\ed fron‘rram)ng conpl exes of fornulae I|-XVl:

RRNIR2 %ﬂ?Rt R MR

HI

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;p cycloalkyl, Cs-Cyp aryl, and -Si(R;);
wherein each R; is independently selected from C,-Cs alkyl;

TR ot TR SRS

149

wherein:
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;p cycloalkyl, Cs-Cyp aryl, and -Si(R;);

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

n is an integer from 0 to 4 inclusive;

wherein:

R, R% R%, R* R’ and RS may be the same as or different from one another, and each is
independently selected from H, C;-C alkyl, C,-Cs alkenyl, Cs-Cyy cycloalkyl, Cs-Cyp aryl, and -
Si(R3); wherein each R; is independently selected from C,-Cs alkyl;
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,es wherein: Rl and R2 may be the sanme as or different
fromone another, and are independently sel ected from
WOR008057686 al kyl , C2-05 al kenyl, C5-Cl10 cycl oal Rgt/pS2007/063830
C6-C10 aryl, and -Si (R3)3 wherein each R3 is
i ndependent|ly selected from C1-C6 al kyl; wherein: R
and R may be the sane as or different from one
anqt her, and each R and R is independently selected
fron mmmcn C6 alkyl C2- 05 al kenyl, C5-C10 cycl oal kyl,
€b]C10~a¢y$ywamd Sl(RS)S wherein each R3 is
i ndependent|y sel ected from C1-C6 al kyl; ni wherein:
R, R,¥Rl and R2 nay be the sane as or different from
o(gianother, and each is independently selected from
“'CI-c6 al kyl, C2-05 al kenyl, C5-Cl0 cycl oal kyl ,
K6-sett@edefropi H, (atdd alk 8j qnR8)-Gowtybred N each R3 i s
i ndependently selected from Cl-C6 al kyl; rv wherein:
R, Rl and R2 may be the sane as or different from one
210t ¥ and each is independent!y sel ected from H,
Cl-C6 al kyl, C2-05 al kenyl, C5-C10 cycl oal kyl, C6-C10
aryl, and -Si(R3)3 wherein each R3 is independently
sel ected fromCl-C6 alkyl; and nis an integer fromO
to 4 |ncIu3|ve wherein: 121, R2, R3, R4, R5 and R6
mefe, be the sdhe as or dlfferent fron1one another and
eachniscbﬂdefendently selected fromH, Cl-C6 aIkyI
CZHOS al ken C5- C10 cycl oal kyl, Cs6-C10 aryl, and -
Si (R3) 3 mhereln each R3 is |ndependently sel ected from
Cl- c6 aPFkyl ;

wherein:

R, Ry, R; and R, may be the same as or different from the others, and each is independently
selected from among H, C;-Cs alkyl, Cs-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R;); wherein each
R; is independently selected from C,-Cq alkyl;

k3 t1)

wherein:

R;, Ry, R3;, 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-Cyo cycloalkyl, Cs-Cyo
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,-Cq alkyl;
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asO CHR 4 wherein: Ris selected fromH, Ci1-C6
al kyl, and C6-C10 aryl; and x is O, 1 or 2; wherein:
WR08BRZI61R3 and R4 may be the sanme as or diff eP@rUSI0T0G3830
the others, and each is independently selected from
anong H, Cl1-C6 al kyl, C5-C10 cycl oal kyl, C6-C10 aryl,
and -Si (R3)3 wherein each R3 is independently sel ected
fromCl-C6 alkyl; yin wherein: Rl, R2, R3, R4, and R5
may be ft”he séma as or different fromone another, and
each i.8 1ndeg ndently sel ected fromanong H, Cil- C6
alkytiisidyl i Si{R )3, C6-Cl0 cycloal kyl, C6-CL0
aryl , ;§CH29§NR‘ R', and - (CH2)xOR", wherein x = 1, 2
or 3, andLR’ R’ and R’ may be the sane as or
di fferent \from one anot he and each is independently
sehegted from CL-C6 al kyl ;

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

each X is independently selected from among C;-Cs alkyl, C,-Cs alkoxy, —-NR'R?, and -C(R3)3,
wherein each of R, R? and R is independently selected from H, C;-C¢ alkyl, Cs-Cyq cycloalkyl,
Cs-Cyp aryl, and -Si(R4)3 wherein each R* is independently selected from C,-Cs alkyl;

]
W R
3 i & %
\ B oo Fgeen Y

i 3

wherein:

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

24
R . 1k
e, o B
T
i Gl
i
> M, . R
R b - {
; fq
Xy
wherein:

R, 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-Cy4 cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each
R’ is independently selected from C;-C alkyl;
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wherein: R and R' may be the sanme as or different
fromone another, and are independently selected from
wa@emagsiie C1- C6 al kyl, C5-Cl10 cycl oal kyl , C6- CROI/EHS82007/063830
and -Si (R3)3 wherein each R3 is independently sel ected
fromCl-C6 al kyl; and each X is independently sel ected
fromanong Cl1-C6 al kyl, Cl1-C6 al koxy, -NRLR2, and
- C(R3) 3, ;Wherein each of 12", R2 and R3 is
i ndlepende ﬁtly sel ected fromH, C1-C6 al kyl, C5-CL0
cyc‘l Oval” )g C6-C10 aryl, and -Si (R4)3 wherei n each R4
IS i n@iepen@ent ly sel ect ed fromCl-C6 al kyl; wherein:
R1, R>RS and R4 may be sane as or different from one
andit her, dand are independently sel ected from anong H,
Cl- C6 a{@l, C5- C10 cycl oal kyl, C6-C10 aryl, and
-Si (R3) 3 wherein each R3 is independently sel ected
ﬁecr)m Cl-C6 al kyl; Xt wherein: RlL, R2, R3 and R4 may
B&Ethe same as or different from one another, and are
Rn@epgendéRt hyy belhe stredasf ar diffegenofign khe ©th@s argl &g Independently
Qﬁc&lﬁoﬂ; X&J)r%aﬁ ey lo, a&ﬁ é?l@m @}rcrehlkyla@ dcm §&1é£ﬁ) &awlv %@em each

each dependent [y sel ected from

W}é’r*“é“’rpﬁﬁdelﬁlv SelF@ede@%r{é ayl npy be the sane as or

di fferent fromone another, and are independently

sel ected from anong H, Cl-CG al kyl, C5-C10 cycl oal kyl,
CoCidR:aryl, and -Si (R3)3 wherein each R3 is

i ndeggndently selected from Cl-C6 al kyl; 1.44TeR1 XW
wherein: RL and R2 may be the sanme as or different
Vheomm:one anot her, and are i ndependently sel ected from

1’3”91692 Ilﬂtaﬁgg'ﬂ@arﬁé Mr,dlfg%n% Gﬁfecelngﬁ%!arkyrld' arecﬁaegé&elﬁryyslﬂected

wherein each R3 is in ependen;ly sel écte
ﬁgrﬁﬁﬁn@ﬁ EFF ka§}‘1 , Cs-Cyg cycloalkyl, C4-Cyp aryl, and -Si(R”); wherein each R’ is

independently selected from C;-Cs alkyl;

R;Te(NR;Rj)
XI1v
wherein:
Ri, R; and R; may be the same as or different from one another, and are independently selected
from among H, C;-Cs alkyl, Cs-Cy cycloalkyl, C¢-Cyp aryl, and -Si(R;); wherein each R; is
independently selected from C;-Cs alkyl;

Ry Te-TeRy

XV

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-Cy cycloalkyl, Cs-Cyp aryl, and -Si(R3)3 wherein each R is
independently selected from C,-Cs alkyl; and

R,R,R;R,Ge
XVI

wherein:
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R1Te(NR2R3) XIV wherein: Rl, R2 and R3 may be the sane
as or different fromone another, and are

w0 pwspsmesent |y sel ected fromanong H Cl-C6 al Rgi/PS2007/063830
C5-C10 cycl oal kyl, C6-C10 aryl, and -Si (R3)3 wherein
each R3 is independently selected from Cl-C6 al kyl; XV
wherein: R1 and R2 may be the sane as or different
Ry, Qmmn@daa%ap BE (hedBifle & & diMABPLAABRS hiphse h&icatr@dldépemtly

SR e s et o P o RET elp U P&&ﬁs%w caeh

Riiomidpindetlyaklkydd; froand -GRiaRYIRSR4Ge  XVI  wher ei n:

R3, and R4 may be the sane as or different from one
anot her, and are independently selected from anong H,
L1 Aos e Rinakingg gerppnigy eprapieapordicgo crm Hr SPImPHaPﬁiCOHdUCUHg a
restibERhn M@l d@ieNt 1IRCIe Rictlod sdifRdle B@l’ﬂqgﬁﬁé tie S8dvaLd ed

from Cl-C6 al kyl. 52. A nethod of meking a germani um
conpl ex according to claimb51, conprising conducting a
reacti on schene including at | east one reaction

sel,ect ed, from anong theﬂet@l I ovuﬁg Me44NM f a4

Kl eB\ 7NN|\/E7 1} Lilkda,

¥
b

o s Megh MMes
of {g} FHNe,
GeCly + LiNR,
Gl MRl
R =hkie Et 1Py t-
Bu or comthinations
cl., Es o
Ge - LipGaiRdey ——— W R (R
&N or B'Ls
iK' LiAlH,
PR MR A ] Ly
IRE"N Gl Ry H, GeilRy .
\ i“ th\k:__r(:§ ,x’"f '\"
e W e 1,
a \ hXY &
(Y £
o (& aae’ | e

and correspondingly a reaction scheme producing a tetraallylgermanium complex
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ar

1--INNle.-.; O {f6.}2H AWw? GeC. 14 LiNR

G(NR3)4 R =le, Et, iPr, t-Bu crconbi.t.
W@ RusmE76Ge ( R114, and correspondi ngly a reack¢CDES2007/063830
schenme producing a tetraallyl germani um conpl ex

from tetrachlorogermanium starting material using a Grignard reagent R*MgCl, wherein R* is

allyl

=1 gl

il Y 1 - { !_E L s FE u
GeCiL +  LiMNEBuy, ——— N—Ge—N
By B

RN=C=NR + LR + Gelhl — = x{7 & M
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fromtetrachl orogermanium starting material using a
Gignard reagent R*MgCl, wherein R* is ally' Gea7L

wapMBoBw16 , 2Na(1ll) RN =C=NRLi RGeB12-L t PGE/US200M63830
t:Bu

iy * — =
7 2t i
QeCi L + L
- .,
T .
1‘;&1_;
T{THA
g by
THOH
, 2
L [
g -2LIC
\:E{...:l::‘L + i
i
I
{:ﬁ:‘-":té

53. A method of method of depositing germanium on a substrate, comprising contacting the
substrate with precursor vapor comprising vapor of a germanium (II) complex selected from

among the following:

54. The method of claim 53, comprising chemical vapor deposition.

55. The method of claim 53, comprising atomic layer deposition.

56. A method of method of depositing germanium on a substrate, comprising contacting the

substrate with precursor vapor comprising vapor of dialkylaminotriisopropylgermane.

57. A precursor vapor comprising vapor of dialkylaminotriisopropylgermane.

58. The precursor vapor of claim 57, wherein said dialkylaminotriisopropylgermane comprises

dimethylaminotriisopropylgermane or ethylmethylaminotriisopropylgermane.

59. A dialkylaminotriisopropylgermane complex.
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Ge( C5H5) 22NaCl RR. NN NN RR

WO 2008/057616 PCT/US2007/063830

60. The dialkylaminotriisopropylgermane complex of claim 59, wherein each said alkyl is

independently selected from C,;-Cs alkyl.

61. The dialkylaminotriisopropylgermane complex of claim 59, wherein each said alkyl is

independently selected from C,-C, alkyl.

62. The method of claim 56, comprising chemical vapor deposition.

63. The method of claim 56, comprising atomic layer deposition.

64. A method of making a germanium complex, comprising conducting a reaction scheme

including the following reactions:

e T il — " e (R.NMGE

wherein each R is independently selected from alkyl, cycloalkyl, alkylsilyl, aryl and hydrogen.

65. The method of claim 64, comprising forming a germanium complex selected from the

following group of germanium complexes:
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C14 9(..C14:3)"7:; NHE1 ,...,N,,...... s:": 1
C..;.4.72,H..).-.; 2 Li "NH C(CHz},
WO 2008/057616 PCT/US2007/063830

63
i

X ihlen —
: 2

~

66. A method of depositing germanium on a substrate, comprising contacting the substrate with
bubbler delivery of a precursor vapor comprising vapor of a germanium complex selected from
among Ge(NMe,),, Ge(NEtMe),, Ge(NEty),, 1Pr;GeCl, iPr;GeNMe,, iPr;GeNEtMe,
iPr;GeNEt,, and digermanes.

67. A method of depositing germanium on a substrate, comprising contacting the substrate with
a precursor vapor comprising vapor of a germanium complex having ligands selected from
among allyl, benzyl, t-butyl, cylopentadienyl, hydride, phenyl, alkyl, bidentate amines and N,
N-dimethylethylenediamine.

68. A method of forming a GST film on a substrate, comprising contacting the substrate with a
precursor vapor comprising vapor of a germanium complex according to claim 1, vapor of an
antimony complex, and vapor of a tellurium complex.

69. The method of claim 68, wherein said antimony complex comprises iPr;Sb or Sb(NR,)s,
pr Sb(N(SiMes),); and said tellurium complex comprises iPr;Te or Te(NR,),, wherein each R,

is independently selected from C,-Cs alkyl.

70. Ethylmethylaminotriisopropylgermane.
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53. A nethod of nethod of depositing germani umon a

substrate, conprising contacting the substrate with
WQEe@SNs®O¢ Vvapor conprising vapor of a ger mani RET/$10P7/063830

conpl ex selected from anong the foll ow ng:

Si Me2, SMSi Me3 i MsSiti$9:e 3 54. The nethod of claim

53, conprising chem cal vapor deposition. 55. The

MEANQEh Gl of GrRind aSBsmaERFLEIhAE filh 6fTh Cubk@ye Lomprising contacting
ep05| ion. 56, A nethod of nethod of de

ositin
&r metPUfon X8 ubst r atBEYRpr Sithg cOHPISTE ng "dhE o
shythsdtydin@naniitdpropylegmasor vapor conpri si ng vapor of
di al kyl am notriisopropyl gernane. 57. A precursor
vapor conprising vapor of
& & wsthaslraf iepking j2geigrPdenPEe Aevinaecompagng chricrvapqy dsresition or

M@Qi@ Mayef d&pb@idM &t 7a mWBELRhRing dilE on a substrate from a precursor vapor
yl ami notriisopropyl ger mane conprlses

al
Yﬂ%fl?%/‘faa‘?ﬁoﬁi‘itl‘?aft Ogedﬁ?caﬁ% a@%’Fdd‘h‘%rf%c a1
ethylnethylan1notr||sopropylgernane 59. A

%. 9\' rll(lgt{u%r%fnn(l) 1rn|gIasn%proggdroger%geco%l%r 18ing Cdiemical vapor deposition or
atomic layer deposition of a metal-containing film on a substrate from a precursor vapor

comprising vapor of two precursors according to claim 1.

74. The method of claim 73, wherein one of said two precursors comprises an antimony

complex and the other of said two precursors comprises a germanium complex.

75. A precursor mixture including germanium precursor, antimony precursor and tellurium
precursor, wherein at least 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) of claim 1.

76. The precursor mixture of claim 75, including an antimony precursor selected from among

the metal complexes of formulae (A), (B), (C) and (D) of claim 1.

77. The precursor mixture of claim 75, including a germanium precursor selected from among

the metal complexes of formulae (E)(D)-(XVI) of claim 1.

78. A method of forming an antimony-containing film, comprising use of an antimony
precursor selected from among the metal complexes of formulae (A), (B), (C) and (D) of claim

1.

79. A method of forming a germanium-containing film, comprising use of a germanium

precursor selected from among the metal complexes of formulae (E)(I)-(XVI) of claim 1.
80. A method of forming a film containing antimony and germanium, comprising use of a

precursor selected from among the metal complexes of formulae (A), (B), (C), (D) and (E)(I)-
(XVI) of claim 1.
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60. The di al kyl am notrii sopropyl germane conpl ex of
claimb59, wherein each said alkyl is independently
w@0080s®te from C1-C6 al kyl. 61. The PCT/US2007/063830
di al kyl am notrii sopropyl germane conpl ex of claim59,
wherei n each said alkyl is independently selected from
Cl-A4 alkyl. 62. The nethod of claim56, conprising

9;1h e\mn@@,bd yoRking € IS i cbit@Ring mﬁ;ﬁan hgi reihad cohprEin@iue of an

B RE BEr AL e wa oo o g AutE e

(eatdliimn. schene i ncluding the foll owi ng reactions:

wherein each Ris independently selected from al kyl,
cloal kyl, alkylsilyl, aryl and hydrogen. 65. The
Phoethest ofcioaipg 6 4Im contpripss pavganius Aichigluiuge peveasisigeruse of a

£ pre@kBE LeRbked FOM atﬂa% {10 Inl RN IRG 19 ¥4 BorBifi1a8 &) TR WD
conplexes NEt , rsl ekt

claim'l

83. A method of forming a germanium-antimony-tellurium film, comprising use of a precursor
selected from among the metal complexes of formulae (A), (B), (C), (D) and (E)(D-(XVI) of

claim 1.

84. A method of manufacturing a phase change memory device, comprising forming a
Ge,Sb,Tes film on a substrate, using a precursor selected from among the metal complexes of

formulae (A), (B), (C), (D) and (E)()-(XVI) of claim 1.

85. A CVD method for forming a Sb- and/or Ge-containing film, comprising use of at least one

metal complex of claim 1, in a chemical vapor deposition process.

86. The method of claim 85, wherein a co-reactant is introduced with precursors in said

chemical vapor deposition process to incorporate nitrogen and/or oxygen in the film.

87. A CVD method for forming a Sb- and/or Ge-containing film, comprising use of at least one

metal complex of claim 1, in an atomic layer deposition process.
88. The method of claim 87, wherein said Sb- and/or Ge-containing film comprises a GST film,
and said atomic layer deposition process in carried out in a pulse cycle for introduction of Ge,

Sb and Te precursors in a sequence of Te-Ge-Te-Sb-Te-Ge-Te-Sb-Te.

89. The method of claim 88, wherein said pulse cycle is conducted until a predetermined film

thickness is achieved.

90. A method of depositing a film containing antimony and/or germanium on a substrate, said
method comprising use of a precursor of claim 1 in a deposition process comprising rapid vapor
deposition (RVD).

91. The method of claim 90, further comprising atomic layer deposition (ALD).
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92. The method of claim 90, wherein a first precursor vapor is contacted with the substrate to
form a saturated surface layer of the precursor, followed by exposure to a second precursor
vapor, and thereafter by exposure to a third precursor vapor, with inert gas purges being carried
out between the respective precursor vapor contacting steps, in which at least one of the first,
second and third precursors comprises said precursor of claim 1, and in which the precursor
vapor contacting and intervening purges are repetitively conducted until a predetermined

thickness of deposited film material has been achieved.

93. An antimony complex according to claim 1, selected from complexes of formula (D).

94. An antimony precursor, selected from the group consisting of:

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

R’,SH[R'NC(X)NR*]5.,

wherein:

where each R and R? is independently selected from among H, C,-Cs alkyl, Cs-C,g cycloalkyl,
Cs-Cyp aryl, and -Si(R3)3 wherein each R® is independently selected from C,-Cs alkyl;

each X is independently selected from among C;-Cs alkoxy, —-NR*R’, and -C(R6)3, wherein
each of R*, R® and R® is independently selected from H, C,-Cq alkyl, Cs-Cy, cycloalkyl, Cs-Cyy
aryl, and -Si(R3)3 wherein each R® is independently selected from C,-Cs alkyl;

each R’ is independently selected from among C;-Cs alkoxy, -NR®*R’, and -C(R10)3, wherein
each of R®, R’ and R is independently selected from H, C,-Cs alkyl, Cs-Cy cycloalkyl, C4-Cyq
aryl, -Si(R3)3, and -Ge(R3)3 wherein each R® is independently selected from C,-Cs alkyl; and

n is an integer from 0 to 3;

(G) tetra-alkyl guanidates of the formula:

R’.Sb[(R'RHNC(NR’R)N)]5.0

wherein:

each of R" and R” is independently selected from among H, C,-Cg alkyl, Cs-C,, cycloalkyl,

Cs-Cyparyl, and -Si(R9)3 wherein each R’ is independently selected from C,-Cs alkyl;
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66. A nethod of depositing germaniumon a substrate,

conprising contacting the substrate with bubbler
W@I20080&16y6 of a precursor vapor conprising vapoPCDUSA07/063830

ger mani um conpl ex sel ected from anmong Ge(NWe2) 4,

Ge(NEt Me) 4, Ge(NE12)4, iPr3Ged, iPr3GeNwe2

i Pr3GeNEt Me, i1 Pr3CGeNEt2, and digermanes. 67. A nethod

of depositing gernaniun1on a substrate, conprising

et I B R SEe Mt B BTG b S o

8@l SiCR9 B d'héfrélm pachRDIS (pdglehdeht]ly soleniayfiom € ~-Gutkyl; ,

cyl opentadi enyl, hydride, phenyl, alkyl, bi dent at e

am nes and N, N—dlnethyleth Ienedlanlne 68. A method
weh Rop W?Pgndanttzsqieqtqdl fipnioamoag Subsiiont: eNREGrape i &R rg wherein

SeINsACABA ﬁ*l@m&éé@@%ﬁt@ts@edwdtfﬁnﬁ{ @1 @E AT /AR Balky, Cr-Cu
COI’TprI §I n or of ger pani um cC rrp exX acco

£d
a2 aﬁ%& )bf”h%fﬁm S Rt iRrereB it 1%%?1‘3“5%0%91)8? %%# apd
teIIurlun1coanex 69. The nethod of claim 68,
ti mony conpl ex conprises i Pr3Sb or
%b@ﬂﬁ5§§§ogrt%g(N(S i Me3)2)2 and said tellurium conpl ex
conprises i Pr2Te or Te(NR2)2, wherein each R2 is
%ﬂ@ﬁ&%ﬁ@@&bh%mﬁﬁhﬁ&&@ﬁﬂk%ﬁﬁwﬁl C6 al kyl. 70.

t hyl met hyl am notrii sopropyl ger mane. 71. A nethod of
form ng a germaniumcontaining filmon a substrate,
conpri sing contacting
Rh$EEOSOERL ewi t hapr ecur sor vapor conpr i si ngvapor of
et hyl net hyl am notrii sopropyl germane. 72. A nethod of
maki ng a microel ectronic device, conprising chem ca
vapor deposition or atom c |ayer deposition of a

@t-containing filmon a substrate froma precursor
3hAPRfis 1@&[{@6&@& Eugectéa RoHh a@bngdt,-d, @@SLy, NFERPBRICURS RS wherein

S ER gt e Bt b Bty e Ta g e e AT Sag CCo

d@pogi-$iiRon whereiat@hRTis Ilraly@ndedésmkcttd foom 6f-Cealkyl;

nmetal -containing filmon a substrate froma precursor

vapor conprising vapor of two precursors according to
claim 74. The method of claim 73, wherein one of

“s”ﬁl? ’8 it \R&epﬁ‘}dé‘t“dﬁ%‘%fff‘é @@ﬁﬂPPgs%sC%#O@hrlﬁ%nf“%Eﬁ%l)3e‘%heé%

¢ahieof®' [ randOR’ lsaudibeﬁd\m1ypelaxfddrfﬁmrm cqagmkyl%%@cygleﬂmmm
Q“}%Jdeéﬁgzaﬂée@) eer%}% LRk oSt ML b +eé{ed f”&nél ¢ ”ﬁ? um
recurs precursor an recursor,

mhereln at | east one of t he gernanlun1precursor and

anti nony precursor includes a precursor selected from

anengerbhesmtal conpl exes of formulae (A, (B), (O,

(D and (E)(l1)- (XVlI) of claiml. 76. The precursor

m xture of claim 75, including an antinony precursor

sel ected from anong the netal conplexes of fornul ae

f Apn infeByr fro@)todnd (D) of claim1l. 77. The precursor

m xture of claim 75, including a germani um precursor

sel ected from anong the netal conpl exes of formnul ae

(BE)(I)-(XVl) of claim1.

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

[OC(RHC(X)IC(R*)OLxSb(R),
[OCR)C(X)CR*IN(R]5.1Sb(R),
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78. A nethod of form ng an antinony-containing film
conprising use of an antinony precursor selected from
waewagstoe netal conpl exes of fornulae (A), (ByCT/U8)007/063830

and (D) of claiml. 79. A nethod of fornming a
germani umcontaining film conprising use of a
ger mani um precursor selected fromanong the netal

[I@N@dRé)C(:)@CQﬁ)N(HY)me@é)H( E)(1)-(XVI) of claim1. 80. A
(ﬁg(g Eéﬁ“g% % filmcontaining antinony and

g@ﬁ %r“rg g use of a precursor selected from

anong the netal conplexes of fornmulae (A, (B, (0O,

(D and (E)(lI)- (XVI) of claiml. 81. A nethod of

&/%J@aagofﬁl kp lRmaIfElcﬁqt@inﬁ'ép%eﬁ@%&l%)froﬁ‘ﬁ%ohgﬂil@J@J&ﬂgﬂ Cs-Cyp
Mpri si an ant | m)nﬁ/g precursor sel ected from

n
%Yﬁﬁﬂbylt%ég h@érlaarnd c%%r whesen el R e pgrsieptiy)seleqtes) frony @yCo
and. (D) of claiml1. 82. A nethod of formng a film
cont ai ni ng gernaeni umand tellurium conprising use of
a germani um precursor selected fromanong the netal
oo lissndegenddntl elavigh fem @Eyi(el Q-G X3y, -G¥R BI. aldrCR®)s, @BreinA
e 519d, 0fund @rlmnﬁrge@e[grj smdqrzhﬁm @Dméy'lté% Id, ur Llumdh (%1@10
0 ecur sor selecte

conpri si Q use e rom
it A -Yimp a8 exsh R? mwﬁﬂea@nf(lmaelectr@rom €cfs2lkyh) and
(E)(I) (XVI) of claiml1l. 84. A nethod of

R e e SR B PO e G s st pureri ot O

Pkeg, UMERN sml @(Rléd wheraimeairof iR, R A endrRét iaindepemishttyxselsctaf from
LA (&e,, &) sARY, (k- Ghoke){ Mhdin QEn £1:21 M
T, Qe Bl (R bl SR, - i B
@ﬁpef@mtbusﬁ?qﬁrg‘ﬁfom%cm@r\*p%ﬂﬁsr ng use of at |east one
metal conplex of claim1, in a chem cal vapor
depositiaon process. 86. The nethod of clai m 85,
Wiér Bicgerdord-P dact ant is i ntroduced with precursors in
said chem cal vapor deposition process to incorporate
[ Lo nd/or oxygen in the film 87. A CVD nethod
@5&” ggftﬂme %rmuallaeSb and/ or Ge-containing film
conprising use of at |east one netal conplex of claim

3y R SH[RN R ayer deposition process. 88. The
s C@(% wherein said Sb- and/ or

@%@HK%W%)Q(BW%)E@WDH ses a GST film and said

@i)omgb[(lRanC(BiﬁmHﬁzﬂ)]gpn process in carried out in a
bl ptroduction of Ge, Sb and Te

gvﬁegg‘? I?é&i)ér(ﬁaRg quence of

Te- Ge- Te- Sb- Te- Ge- Te- Sb-Te. 89. The nethod of claim

88, wherein said pulse cycle is conducted until a

PEEAGLIER TR NEhnfi RF MiddbeGdeR@SSicbisd Rmbine d, C - @OalkyAQ cm
met hod of depositing a film coptaining antinon

geltkyhi erﬁlb*i’iylaangusé p ypeein eagh § EOepsuicRbpir Tt FPQ“%S%
gkyla precursor of claiml1l in a deposition process
conprising rapid vapor deposition (RVD). 91. The

met hod of claim90, further conprising atom c |ayer
chelpB &4 indepamdnay. EB)lected frgR amditeeC i alod . ¥R Bf. aidC@0)s, wherein
Waes8d NiR2and ]k3r1§1§1d695n%9r“15/ SQLcted fﬁgsarH bf cg&ngh fegtc@octywn@l e,

substrat to forma,saturated surface

prlewd r%‘@r )s Whegpin gRza N’ ip{pdeeprsatiselepis f&’ms%c‘éﬁ‘ﬁ‘ybr ec ur sor
vapor, and thereafter by exposure to a third precursor
e\t‘/aglgﬁ rlé 1nd%381%dentp seché%lu?SoS O g%ugr?lglg%%st %I%{uﬁ:!lteesdlsglg%tesb%e
dvlmt@hteaﬁlkbtelamate@ rge@minates Cf-Cr gkoxy.s @RI dand AARDhiwhekein each
precursors conprises said precursor of claiml, and in
whi ch the precursor vapor contacting and intervening
purges are repetitively conducted until a

predet erm ned t hi ckness of 18kposited filmmaterial has
been achi eved. 93. An antinony conplex according to
claim1, selected from conplexes of formula (D).



94. An antinony precursor,
(F) am ni dat es,

consi sting of:

WO sansmies of the fornul a:

sel ected fromthe group
guani dat es and
127Sb [R ' NC ( X) NRAGBUS2007/063830

wherei n: where each 12' and R2 is independently

sel ected fromanong H, Cl1-C6 al kyl, C5-Cl10 cyclo

al kyl, C6-Cl0 aryl, and -Si (R3)3 wherein each R3 is

bfiRd eﬁa&dle"ni inNepérﬁl}eﬁE/ts&Q:tefdrffém ICh @@alﬂf}l kyilc,, SaBhIKyK 0%, aryl, -

sel ec

e R e Kb B BRE s o BB 8 s
|ndependently selected froan Cl-C6 al kyl, C5-C10

I Cl0 aryl, and -Si (R3)3 wherei n each R3

?§9+§%%%§%5éﬁ$?y sel ected from Cl-C6 al kyl; each 127
is independently selected fromanmong Cl-C6 al koxy,

(‘Lf)\ll%g%algadleﬁﬁ dop) Ghithdohy }(;f'npomg 8drfln BREP nfetyidsh thengmﬁlﬁg
121 is independently selected fromH, Cl1-C6 al kyl

C5- C10 cycl oal kyl, C6-C10 aryl, -Si(R3)3, and GE(RS)B

wher ei nFeach R3 is independently selected from Cl1-C6

nd nis an integer from0 to 3; (Q

yl guani dates of the fornul a:

MC(NR3R4) N) 13-. wherei n: each of 12

endently selected fromanong H Cl1-C6

C10 cycl oal kyl, C6-C10 aryl, and -Si (R9)3

] h RO is independently selected from Cl-C6

al'kyl; eadhh of R3 and R4 is independently sel ected

fromH Cl1-C6 al kyl, C5-C10 cycloal kyl, C6-Cl10 aryl,

and -Si (R9) 3 mhereln each RO is independently seIected

fromCl-C6 al kyl; each R5 is independently sel ected

f r om vdrwonga@lof B6 RalRed3«ynd RINR6 boflie sagmds or@(ffeR@) fBym the others,

M%Q&'lﬂn&?&ﬁerﬁ se'ﬁféted |f_'fom aﬁ&% h@@r ée% ¢ r@eﬂl@m@e@ulaﬁ?rlammo Cs-

sel ect ed
©s 21ch §1-Gre plkoxy. C‘sr(E6R§<y1311yl &n za%em@) % rV@ieﬁme%eﬁ RIR; s

madependenisloy disakaebadné smom:Ghd &6h alikpendampseRctbSir@nC, -

SRR gt i BlosGLESREn SRR ayegotyinaion o

the antimony central atom, and selected from among aminoalkyl, alkoxyalkyl, aryloxyalkyl,

and

imidoalkyl, and acetylalkyl, having the following formulae:

Fiy Bs
: ’ % .««“\y
I T S | g
,l,\ F” .}lﬂ T e ‘R?]: N\
. Bs
e Ry
LY
|, UG
KA T 3\_ B
T e S LOHz 3
DO Y Fmr s & R
TN
N M)H'\ﬂ
Re Ry
aminoalkyls

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;-C¢ alkyl and Cs-C,p aryl; each of Rs and Rg is
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wherein: each X is independently selected from anong

Cl-C6 al koxy, -N121122, and -C(R3)3, wherein each of
wa22008/0R@81@nd R3 is i ndependently sel ected fronP¢El/USDOTEE3830

al kyl, C5-C10 cyclo alkyl, C6-C10 aryl, and -Si (R5)3

wherein each R5 is independently selected from Cl-C6

al kyl; each R4 is independently sel ected from anong

fd sa% aﬁt])rk:ﬁﬁ%)/ent il d dd e, wig ¥cir l@(ngi})dgpenm Riche€BEGH arﬁ)(fng Ci-

nd R3 endent | seJ ected from 1-

G 08 P ] S5 R P Yy g ST ok e
pr@e(oFﬁEn)t B andhe rahat bed athheRbmé Gmd, aldiespembetadi frym3 el Bt ed
fromCl-C6 alkyl; Eis either O or S; and n is an
mtegeerroggO to 3; (1) beta-diketonates,
di ket oi mi nat|€s, and di ketiimi nates, of the fornul ae:
[ 0Q(R3) £(X) & R2) 0] 3Sh( R5) "
[ OC(R3) T(X) G( R2) N( 121F] 3Sb(R5) "
[ RANC(123) X) C(R2)N(121)]3"Sb(R5)"
[(RS) 0C¢=0) €¢X) C(R2) S| 3" Sb(R5) " where each of 121, R2,

and R4 is independently selected from anong H,
&O’kaéﬁ%wry 0&‘3‘“‘@@0 cycl oal kyl, C6-C10 aryl, and
wirdiiR@)cB MhRrRj B ®achndes bs difféﬂ:&tp&ﬂ[d aﬁhHayiotB@J e@h edch being

?degender#%/ S€ ec%f@égi aérreo%g %%glerilﬁle ?2%19 ?%ﬁeﬁ@t (IE.%/ g%tsgected from
e 61K dlsod; hind K6 aryR: ahd and IRSrelssleqtqdd@bEnd@m hsyhaving a value
&q}OglCd:tgg xlﬁlthﬁ@ ﬂ_!bwsglilagﬁa@clrk%hnotgﬁzg’lhg sﬁﬂ(ectln% al kyl,

0 aryl, and -Si (R6)3 wherein each R6 is
|ndependently sel ect ed fromCl-C6 al kyl; each R5 is
i ndependent |y sel ect e fr8m anong guani di nat e,
am ni date, isoureate, Talli , Cl-C6 al koxy, -NR91216,
and -C(1211) 3, t:EQN—Ranand 1211 is
i ndependent |y sel ecte Cl-C6 al kyl, C5-C10
cycl oal kyl, C6-C10 ar RSI( )3, and Ge(R6)3
wherein each R6 is mdependent?y sel ected from Cl1-C6
alkyl; and nis an integer fromO to 3. (J) allyls of
t he for mul ae:

and
D
T)m_(?rN_C
Rl
R, Ry 2
imidoalkyl

wherein each of R;, R, Rs, Ry, Rs is the same as or different from one another, with each being
independently selected from among hydrogen, C,-Cs alkyl, and Cs-Cyy aryl; each of R;’, R’ is
the same as or different from one another, with each being independently selected from C;-Ce
alkyl, and Cs-Cyg 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 time;
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(i): RAnSb [ RINC(X) C(R2R3) 13, (ii):
RA0Sb[ (1210) NC( X) C(R2R3) )13, (iii): R4nSb
WORRDBOFMNG{ X) C( R2R3) ) 13, (ivVv): R4ASbRONC( X) C( R2R3)1/1S2007/063830

where each 121, R2, R3 and R5 is independently sel ected

fromanong H, Cl-C6 al kyl, C5-Cl10 cycl oal kyl, C6-C10

aryl, and -Si (R6)3 wherein each R6 is independently

selected from Cl-C6 al kyl; each X is independently

sel ected fromanmong Cl-CG§ al koxy, -N121122, and

-C(R3) 3, wherein each of112'ﬁ R2 R3is

i ndependently sel ected ( omb, CyC6 al kyl, C5-C10

cycl oal kyl, C6-C10 ary Ctﬁﬁgﬁﬁii )3 wherein each R6

i s i ndependently selecteh frpm Cl1- al kyl; each R4 is

i ndependent |y sel ected fRomPRurong guani di nat es,

am ni dates, isoureates, beta- diketonates,

di ket oi m nates, diketiimnates, Cl-C6 al koxy, -Nele,

and - C(R9) 3, wherein ea@ﬁﬁﬁ?kéﬁ, R8 and RO is

wingkép emdlestt RyR sl etseck hy omdifere@] 166 @k kayidther CoitlCBch being
I i - C1 o= S , d~- Ce( R6)

B Ceq b shel Horort, ELEFNE sp S 9% B g fom

hdog Cy-Caalleh L i§s1Cp agyh apch@e@seqlkof(y; oy roang @ BWe se(eEt}ad independently from

6% QRent AN ) AR HED I LRPRHAdS Wherein the

Cp noiety is of the fornul ae: wherei n each of

Rl, R2, R3, R4 and R5 can be the sane as or different

#hedgin idneCpaighelss of tRadhti@agCp cBmpdude papiinhlly)indel égihad

fro no hydr ogen 1- Cl2 al kyl., .Cl-Cl2 al.kyl am no,
R I e i A

dkdt@ntgd, dikRIRPIINRIND dikpimainates]®d, R2 and R3 nmy be the

same as or different from one another and each is

i ndependently selected fromCl- C6 al kyl, and pendant

I i gands i ncluding functional group(s) providing

Dural Ry aneeREdhdatyisith ended Bgand, b vyt ral at om and

sel ected from anong am noal kyl, al koxyal kyl ,

aryl oxyal kyl, i m doal kyl, and acetyl al kyl, having the

folR’ ShiRGHNETHMICERIR)LC st - N nt P2FR4 R1

(ii): R’.Sb[(R'R)N(CH.,),Si(R'RM];.,
(iii): R’%Sb[(R'R*)N(CH,)nOl5.

where each of R! and R? is independently selected from among H, C,-Cg alkyl, Cs-Cyq
cycloalkyl, Cs-Cp aryl, and -Si(R3)3 wherein each R is independently selected from C,-Cs
alkyl;

each R’ is independently selected from among guanidinates, aminidates, isoureates, beta-
diketonates, diketoiminates, diketiiminates, C;-Cs alkoxy, ~NR®R’, and -C(RY);, wherein each
of R®, R” and R%is independently selected from H, C,-Cs alkyl, Cs-Cy cycloalkyl, Ce-Cy aryl, -
Si(R3)3, and -Ge(R3)3 wherein each R® is independently selected from C,-Cs alkyl;

n is an integer from 0 to 3;

m is integer from 0 to 4.

95. An antimony precursor selected from the group consisting of:
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U I G T T A0 I U0 I B I am no
al kyl s wherein: the nethylene (-CH2-) noiety could
W@baeosmté vel y be anot her dival ent hydr ocar byl PEDUS2097/063830
each of RL-R4 is the sane as or different from one
another, with each being i ndependently selected from
anong hydrogen, Cl1-C6 al kyl and C6-Cl10 aryl; each of
R5 and R6 is the sane as or different fromthe other,
wi th each being i ndependently selected from anong Cl-
C6 alkyl; n and mare each sel ected i ndependently as

CI-Co alkyl, and Co-Cl0 aryl; and n and mare selected
i ndependently as having a value of fromO to 4, with
the proviso that mand n cannot be 0 at the sane tine;
RIR3 1 1.1 C=NR"
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1l RRRAR5 and RIRB RL ' -( i Cnrnk_i . N=Cz I\ R2
R2R4 i m do al kyl wherein each of Rl, R2, R3, R4, R5 is
WO h@sesises as or di fferent from one anot her, w PET/E807/063830

bei ng i ndependently sel ected from anong hydrogen,
Cl-C6 al kyl, and C6-Cl0 aryl; each of R1', R2' is the
sane as or different fromone another, with each being
i ndependently selected from Cl-C6 al kyl, and C6-C10
aryl; and n and mare sel ected i ndependently fromO to
4, with the proviso that mand n cannot be 0 at the
sane tinme; WO 2008h05%63H6RP€:.T/ US2007/ 063830 RiR3 | | ,
-(Cflfr(Qi.o I'l\ IR RR45 acetylal kyls
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wherein each of RlI-R4 is the sane as or different from
one another, with each being independently sel ected

W0 e@asmsong hydr ogen, Cl1-C6 al kyl, and C6- C10 BET/US20RB063830
is selected fromanong Cl-C6 al kyl, C6-Cl10 aryl, and
C1-05 al koxy; and n and m are sel ected independently
fromO to 4, with the proviso that mand n cannot be 0O

&4 A_tﬂib@loﬁ @fﬂ%p&s'ﬁtfﬂi@ antiMJ)ﬁi %i)rﬁprﬁiﬁ@ 'C(Qihc{lﬂggﬁsﬁﬁs(r&} wath a bld&rsor vapor

anti.non can nal |y jnclude |igands
Tttt Do e ST ot Tt M PR Selected
1510011 Iﬂie@tu@f;pnslss@n’f&lacﬂreﬁn, A /pyli;m}a, arbmtsadmlkeel lodaties, silanes, silyl

kol A A EhIGE Wloabsj And (M alkyls.

es an pendént |gands of the
formulae: (i): R5"Sb [(121122)N(CH2)" C(R1IR2)] 3-.

§i. iT)le ma@)'cspf d4ifR B2 ) NCGHHLd codtebdihR) dpdr H)n(phkels Moy oR@f Slermane
N(CH2) 01 3-n where each of 12" and

[ (Rl
Prﬁ%‘égﬁre%ﬁ‘ﬂié???’f%faé“élr‘%‘&‘i} BEY¥Pom anong H, C1- 06 al kyl
C5- ClO cycloalkyl C6- C10 aryl and SI(R3)3 mherein

inde entIX cte%» -rom C
g 2

p rso§ composition. con vent solutionor ST er%elson of a¥1l dntimony
eaé% RS epend%ﬂ?fy se ec rom anong

gqampdﬁnhméy; am ni dates, isoureates, betadi ketonates,
diketoininates diketiininates Cl- C6 al koxy, -NR6R7,
and -C(R8)3, wherein each of R6, 127 and R8 is

™hd Ef‘p%fﬁneﬁf foppesifon of S4int P hpiein He el ey sRipon cemprisga solvent
S‘e}éeﬂe@&lofﬁ)/the gﬁﬁp Gﬂ{@lsﬁfg)/(bf alkanegl (1&31)&3 hep@aﬁhél, ccﬁﬁé R3y :f)entane aryl

erein each ect.ed
vlentf benzene toluene an%lnes rll‘l %?y?aml te{t%u%ﬁmlne 1m1nes atng ﬂ%draz%nes

an i'nteger
O to 4. 95 An anti nmony precursor selected fron1the

HoOHR RIS l)isetlalnﬂ 96 Qf)m s ésoh\@@ehvery of the antimony precursor.
2008/057616PCT/U320d%/ 063830

101. A method of depositing antimony, comprising contacting a substrate with a precursor
vapor comprising vapor of an antimony precursor of claim 95 and vapor of a co-reactant
selected from the group consisting of hydrogen, H, /plasma, amines, imines, hydrazines,

silanes, silyl chalcogenides, germanes, ammonia, alkanes, alkenes, and alkynes.

102. The method of claim 101, wherein said co-reactant vapor comprises vapor of a germane

precursor and vapor of a tellurium precursor.

103. A precursor composition comprising a solvent solution or suspension of an antimony

precursor of claim 95.

104. The precursor composition of claim 103, wherein the solvent solution comprises a solvent
selected from the group consisting of alkanes, hexane, heptane, octane, and pentane, aryl
solvents, benzene, toluene, amines, triethylamine, tert-butylamine, imines and hydrazines.

105. The method of claim 101, comprising solid delivery of the antimony precursor.

106. A tellurium complex comprising tellurium having beta-diketiminate ligands coordinated

therewith.
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96. A nethod of depositing antinony, conprising
contacting a substrate with a precursor vapor

W@ vpis®iicg vapor of an antinony precursor of BCEHUS2097063830
and vapor of a co-reactant selected fromthe group
consi sting of hydrogen, H2 /plasma, am nes, im nes,
hydr azi nes, silanes, silyl chal cogeni des, gernanes,
BTMANh@hod K koafias a tedhi@N@S indRdilial JMP@Sng usddt-a tdiRBum complex

% of .cl %n196, wherei n said co-reactant vapor
?6%%? é%@mWég r of a germane precursor and vapor of a

telluriumprecursor. 98. A precursor conposition
R%”pﬁl% Sle0ga 8 SQLVBRL. foﬁlg{ sH'&g‘ b Bf A%%%@%d%mﬁﬁm Anplex as a
antinony precursor o al'm 94. he precursor
penposhtien of claim 98, wherein the sol vent sol ution
conprises a solvent selected fromthe group conS|st|ng
of al kanes, hexane, heptane, octane, and pentane,
109) Janietodefibihd0s. pEFtie S lypeRn e Sh g i one
bfepitnabiutphadntimegy. | M nes and hydrazines. 100. The
nmet hod of claim 96, conprising solid delivery of the
antinmony precursor. 101. A nethod of depositing
Bt iArmeiled of emyesigiarrgelbonn ddeimigataprowirt Fatpaismg tdg ofa lithium
2 &F WS PlineVét I%Oﬁga&Pﬂ'EH fe§dt1919 wHROX, @ﬁercfimXa-nﬁ BPMY I, to generate
recursor of claim9 vapor a co-reactant
E¥e by &Y eFIP’é‘ﬁ‘;fOPffé”‘ﬁ‘FB Hba E?awgv #ith ﬁ@lercﬁ lith{yy Py Epgnadpeagent to
prpdu@SDEeR; afdréiLR = Ay, AEE amidy,df agi. nes, sil anes, silyl
chal cogeni des, gernmanes, ammoni a, al kanes, alkenes,
and al kynes. 102. The nethod of claim 101, wherein
sldi dhcwethalat tlaint 110 agereingbnimandsie seleggp rrm ¢ife gaoug egnymtime of iso-
BT UGN, Y AR uiRidieh i1l pPr ecur sor. -~ 103. A
precur sor conﬁBS|t|on conprising a solvent solution or
suspensi on of an antinony precursor of claim95. 104.
e TRY 1BERYdSOE iGN Ghkrein@ik 1@5ndGd dlilyBnd Bidethvia@mel N t he
sol vent solution conprises a solvent selected fromthe
group consisting of al kanes, hexane, heptane, octane,
aiid Apehtian egmpixyskle gl froerisnpg apkendavitgha®melacding§):
triethylamne, tert- butylan1ne |n1nes and hydrazi nes.
105. The method of cl &i'm 16% ~conptising solid
delivery of the antinony precutisor. 106. A tellurium
conpl ex conpri si ng teIIurlun1hQV|ng bet a- di keti m nate
| i gands coor di nat ed thereWAtug

ﬁ&

wherein R;, R, and R; they be the same as or different from one another, and each is

independently selected from C,-Cs alkyl, Cs-Cyp aryl, silyl and C,-C,, alkylamine; and
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107. A nethod of formng a telluriumcontaining film
conprising use of a telluriumconplex as clained in
w@k@B0sh06. 108. The met hod of claim 107, conPei/Eb19g7/063830

CVvD or ALD with said telluriumconplex as a precursor

therefor. 109. The nethod of claim 108, wherein said

telluriumcontaining filmconprises at | east one of

gernmani um and antinony. 110. A nmethod of synthesizing

a telluriumdiketimnpate precursay, conprising use of

alithiumsalt or free‘ﬁ«p‘rne"af aligand L in reaction

wth TeX4 wherein X = d: Br, or |, to generate LTeX3

by salt elimnation, foI{sovved \b\y a reaction with

either a lithiumor asi gnafd regagent to produce

LTeR3 wherein R = alkyl, aryk, amde, or silyl. 111.

The nethod of claim 11“0\»f\/\her ®i-h the ligand is

sel ected fromthe group EonS| gting of isopropyl,

n-butyl, tert-butyl and sa\r\n ne: aaubstltut ed al kyl

groups. 112. The methodd oOf<*Cl ai'm 110, wherein the

ligand is ethyl ene-di methylgm ne. 113. A tellurium

corrpl ex sel ected from anong conpl exes having the

BT ARk 8"l bl i sk o SRR o S B o0 i

indepprgigetlyerierdadtiiop (S dls elsyles-§r wph @yl ama Capleylkylame C10

aryI sinI and Cl-Cl12 al kyl am ne; and QA) wherein
and R3 they be the same as or different from

blﬁle Aaﬁ‘Btfl‘Hje?f makipg aé%lb‘ﬁuri“ SOPRigfe ﬁ%‘m’éﬁ? ISX}“@gT”é%:T B fikgpinate

lighn 06y tBd feHdwindGhocedie:ar yl , silyl and Cl-Cl2 al kyl ami ne

114. A nethod of making a tellurium cqupl ex
conp [ thesi zing a bet aadi ketim d by
the follfow ng roceggq@m theS| |ng sal d
tellurigmco ex by the T Illl% reactNon
O O
with R = alkyl, aryl, silyl, alkylamine
/BuLi

and synthesizing said tellurium complex by the following reaction:
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NNR3\ RER4 -rel R4 R4
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Ry
: N
1 1
] ]
] ]

1

or alternatively by the following synthesis reaction:

R Ry

X
_CH,

| +TeMey —

N HN
R3/ \R3

Ri, Ry, Ry = alkyl, aryl, silyl, alkylamine

or by the following synthesis reaction:

Ri

Rs Rs

115. A germanium complex selected from among:
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or alternatively by the follow ng synthesis reaction:

or by the follow ng synthesis reaction: RLR2 21 NHN R3
W0 AR8/0R61RL, R2, R3 = al kyl, aryl, silyl, alkyP@musmo7/063830

RIR2 r1 11 11 11 11

l“ \"\.\l R E‘:r_rtgi 3 5&‘19'}
Y < *, A
e
{ H—Ge-i ) CH—Gs-08
5, & 5 N 5

: REN Hitde,

wherein the R groups in the second formula may be the same as or different from one another,
and each is independently selected from among H, C,-C¢ alkyl, C¢-Cyy aryl, C;-Cq cycloalkyl,

heteroatom groups, and other organo groups.

116. A method of forming a germanium-containing film on a substrate, comprising use of a
digermane or a strained ring germanium precursor in a chemical vapor deposition or atomic
layer deposition process, wherein said deposition process is carried out at temperature below

300°C.

117. A method of forming a germanium-containing film on a substrate, comprising use of a
germanium complex comprising ligand selected from the group consisting of isopropyl,
isobutyl, benzyl, allyl, alkylamino, nitriles, and isonitriles, in chemical vapor deposition or

atomic layer deposition conducted at temperature below 300°C.

118. A germanium complex selected from among complexes of formulae (I) — (I1I):

(I) alkyldigermanes of the formula

R—1is G B
B R

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;
(II) alkyl(dialkylamino)germanes of the formula
X(RZRlN)R}xGe'GeR’3—y(NR1R2)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
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NNRe\ Trt RBR3/ 11 11 11 11 1) R2RL . 115. A
ger mani um conpl ex sel ected from anong: ..----
wWOR@AONG616 pe Cie:CnCH i 3e-CH ::".. 1 wherein th@r/ti&zomlowsm
groups in the second formula may be the sanme as or
di fferent fromone another, and each is independently
sel ected fromanong H, Cl1-C6 al kyl, C6-Cl0 aryl, C3-C8
cycl oal kyl, heteroatom groups, and ot her organo
groups. 116. A nethod of formng a

mani um cont ai ni n n a substrate, conprising
&ﬁﬁm@FaﬂﬂﬁﬁagPﬁﬁﬁgm%F”8 @T$HWWbd ring gernani um

precursor in a chenical vapor deposition or atomc

| ayer osition process, wherein said deposition

i FEied out at tenperature bel ow 300C.

.of formng a germani umcontaining film
on a substrate, conpri sing use of a germani um conpl ex
conprising ligand selected fromthe group consisting
of isopropyl, isobutyl benzyl, allyl, alkylam no,

Qhetré‘lﬂ l:a%]?of Iglplg ks&ﬁ' lir{ § FSthe b lﬁle%pglrﬂlf?e?ént HaR e oth S, and each is

GDOSI I on or a om C ayer pOSItI on conduct e
méqm@plab/uqe@c%m@w goog, H, Ci-Cs alkyl, C4-Cyp aryl, Cs5-Cq cycloalkyl, or a

heteroatom group.

119. A single-source germanium-tellurium precursor, comprising a dialkylgermanetellurone.

120. A method of making a dialkylgermanetellurone, comprising conducting an oxidative

addition reaction of germanium (II) dialkyls with elemental tellurium powder.

121. The method of claim 120, wherein said oxidative addition reaction is conducted in a

solvent medium comprising tetrahydrofuran.

122. A method of forming a GST film, comprising conducting a chemical vapor deposition or

atomic layer deposition process using a germanium telluride precursor.

123. The method of claim 122, wherein said germanium telluride precursor comprises:

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

groups, and other organo groups.

124. The method of claim 122, wherein said chemical vapor deposition or atomic layer

deposition process is conducted at temperature below 300°C.
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118. A germani um conpl ex sel ected from anong conpl exes
of formulae (1) - (Il11): (1) alkyldigernmanes of the
W0 a0aism1IR- R wherein each R may be the sanme asPOF/US2007/063830
different fromthe others, and each is independently
sel ected from anong isopropyl, isobutyl, benzyl,
allyl, alkylamno, nitriles, and isonitriles; (I1)
alsky bérahbabk 1@tk Be)garmmanese Rimtiie fornmul a
8( R2RLN) R3_8Ge- GeR 3(NR1122), wherein each R may be
the same as or different fromthe others, and each is
i ndependgnt|y sel ected from anong isopropyl, isobutyl,
benzyks al hulng gl kyl anino, nitriles, and isonitriles;
and‘(llh% St rai'ned-ri ng ger mane conplexes of the
formul a: “wherein eacheach of Rl, R2, R3 and R4 may be
the sane as or different fron1the others and each is
i > I Y.
ARABRERAEPHL ¥ SELEA ol 0P ARG o unhs Rty oo
mdependpntlyj splgdtesl feyureane gbﬁmﬁn ﬂllsm Celib vk Gnfpeyeloakddreteroatom
g@ﬂgnm§&ﬁgo%mgh$&5ylgernanetelIurone 120. A nethod
maki ng a di al kyl germanetel | urone, conpri si ng
conducting an oxidative addition reaction of gernanium
l(ﬂql) dialkyls with elenental tellurium powder
e Ar?E‘E“P?B‘Bmde@F’h PICES Fom ametesPiPleses of fgkiudat ¥ (H)
addition reaction is conducted in a solvent nedium
conpr|S|ng tetrahydrofuran. 122. A nethod of form ng
a GST f8lm conprising conducting a chemical vapor
dep03|d|on or atomc | ayer deposition process using a
BarmapNum tel luride precursor. 123. The nethod of
52\\ Mﬁw%ﬁh said germaniumtelluride precursor
erein each of the R substituents may be
t he sanzéag&( different fromone another, and is
[ endgntly Bel ected fromanong H Cl-C6 al kyl,
ryl, C3-C8 cycloal kyl, heteroatom groups, and

ot her grgano groups. 124 The nethod of claim 122,
mherelg sai d chem cal gor deposition or atomc |ayer
deposi t#on processFPEuBshiet ed at tenperature bel ow

300C. 125. A germaniumtelluride conplex having the
fornmul a:

Rs

| N
/

R4 Formula (1),

NRsRg

wherein R;, Rs, R;, Ry, Rs, Rg 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-Cyo aryl, silyl,

alkylsilyl, hydrogen and halogen, or wherein in lieu of -NRsR, the substituent coordinated to
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wherei n each of the R substituents may be the sane as

or different fromone another, and is independently
w@00805®tb from anong H, Cl1-C6 al kyl, C6-Cl0 arRCT/UEROTR3830

cycl oal kyl, heteroatom groups, and ot her organo

groups. 126. A germani um conpl ex, selected from anong

conpl exes of fornmulae (I) and (Il): R3 R /NRSR6 /Ge

fh &ngﬁun%ngﬁ Rt i@inktkad; sel8ddsd fro%h%oﬁﬂ%&%né & dlkBZlkﬁZC3-Cg
cycloalkyl, Cs-Cy5 aryl, and halide.

127. A germanium complex according to claim 126, of Formula (I).
128. A germanium complex according to claim 126, of Formula (II).

129. A method of depositing germanium on a substrate, comprising contacting the substrate

with a germanium precursor as claimed in claim 126.

130. The method of claim 129, wherein said germanium precursor comprises a germanium

complex of Formula ().

131. The method of claim 129, wherein said germanium precursor comprises a germanium

complex of Formula (II).

132. The method of claim 129, wherein said contacting is conducted in a chemical vapor

deposition process.

133. The method of claim 129, wherein said contacting is conducted in an atomic layer

deposition process.

134. The method of claim 129, further comprising delivering the germanium precursor to said

contacting, by a liquid delivery process.

135. The method of claim 134, wherein the germanium precursor in said delivering is in a
solvent medium comprising a solvent selected from the group consisting of alkanes, hexane,
heptane, octane and pentane, aromatics, benzene, toluene, amines, triethylamine and tert-

butylamine.

136. The method of claim 134, wherein the germanium precursor in said delivering is in a neat

liquid form.

137. The method of claim 129, further comprising delivering the germanium precursor to said

contacting, by a solid delivery process.
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R4 Formula (11), wherein Rl, R2, R3, R4, R5, R6 and
R7 may be the sane as or different from one another,
W@ eesesmhe i s | ndependent |y sel ected from t he gr@UpsS2007/063830

consi sting of Cl1-C6 al kyl, C6-C10 aryl, silyl,

al kyl silyl, hydrogen and hal ogen, or wherein in lieu

of -N128126, the substituent coordinated to the

ORI MBA nbtd CARIMRH 372N h Said BEY BAFer§ Bloe&GE dnphik@RhgoRation of

@%Q%g conS|st|n%>of.$%;CB alé%l, - C8 qﬁcloalkyl, ¢ ih
EEPFIYP PieCUrghE hghe a1 # 54PPYRAGRE AN URFEBIR S Kipor of the

S0 preputsor fednadaitsdphy, padfagdHor sidldalivetiye. 128. A

ger mani um conpl ex according to claim 126, of Formula

(I1r). 129. A nethod of depositing germani umon a

Qb shihe atethod ebeipmi ISP nghessdntasicionAying ecamigh Sty s teappiers bglow

gerdrani um precursor as clainmed in claim126. 130. The

nmet hod of claim 129, wherein said gernmani um precursor

conprises a germani um conpl ex of Formula (1). 131

the Tetkodd of clghaiton vli@in sfdetoethdiing &i cdndyeredrind ptidess including

RS0 SRURLL R85, RLITILHI GOIRL S AL 2

contacting is conducted in a chem cal vapor deposition

PO Q"ﬁestﬁethod%_@glaim-ﬁng ﬁ@&iﬂ@ﬁd 91()06@4 &hﬂh&?&nmi’é@l%d%é @ep%ﬁﬂ:i&il.

contacting is conducted in an atom c | ayer osition
process. 134. The method of claim 129, further

CONWhd 18¢tg ol @hiinviel, iwhgreinRfid POESIBIdINPMRePLt@GId a§&Tdefositisiai d
contacting, by a liquid delivery process. 135. The

nmet hod of claim 134, wherein the gernmani um precursor

144. Blgingtthghe of sl@milAl wihsrenpaid poodsyie ndrrigvedi uihedampatios ohgphase
gﬁ&¥gghmﬁgkg&;ed fromthe group consisting of alkanes,
hexane, heptane, octane and pentane, aromatics,

benzene, toluene, amnes, triethylamne and

1431 tabucyddarinfaing 4 3@manlhie cd'ﬁﬁiléipa)rr@fisiﬂ\é BieiBridBdlectd 86:8 lafong
t he gerpani um precursor in said delivering is in a

asp Pf%gﬁ@oYﬁgﬁ?“mi “™The method of claim 129,

further conprising delivering the gernmani um precursor
to said contacting, by a solid delivery process.

115



138. The nethod of claim 137, wherein said solid

delivery process conprises vaporization of the
wW@eqoamsionin precursor in a solid form in a supptHUS2007/063830

package, and di spensi ng of vapor of the germani um

precursor from said supply package for said

delivering. 140. The nethod of claim 129, wherein

said contacting is carried out at|tenperature bel ow

300C. 141. The nethod of claim 140, wherein said

contacting TS [conducted in a procgss including

deposition of lantinony and tellurjumto forma

ger mani um an rﬁQ\y tglluriumfil 142 ywdhe met hod of
cl aim 141, ere n,éald cess[ co béés chem ca
vapor dep03|t|on HMM%nethod nja|n1141
wher ei n sai r cessdconprlses c | &er

deposi tion. 4. The method of c ain1141, wherein
said process ils carried out in the fabrication of a
phase chan y device. 1

ger mani um conpl ex, conprising a } action selected f
anong reactions of the foll ow ng reaction schene:
\ /A THF zGe\ LiNMveX\ / C N /N /Nwe2

LiN(SiMes) N T

nmet hod of making a
rom
/ N\

\\\ N(SiMeg),
A

+
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Ge\ N LiN(SiMe3)2 THF /N /N(SiMe3)2 /G \C \N
146. A telluriumnitrogen |igand conpl ex, selected
W0 e@aismsong conpl exes of the fornmulae: N A \PCT/US2007/063830

M . !
»‘@ py {\”R
§/l’/ %\( - 4 {;{':C\Ia: E \\\“v /,w S
§§ ;‘\ ) R ‘.Ks(‘. \
:. . § F
N, yd W Sibtag
y M
H
\" t

Y S T el Na K Mg

146. A tellurium-nitrogen ligand complex, selected from among complexes of the formulae:
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z-C,tSTe- R3 / NI R RLI /NN ZCe N\'" /1' | R
(R3)4-x x R1R2

WO 2008/057616 PCT/US2007/063830

Z—C% TeT—(Ralax

wherein Ry, Ry, 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,-C4 alkyl, C;-C; cycloalkyl, C4-Cyg

aryl, silyl, alkylsilyl, hydrogen and halogen, and wherein x is an integer having a value of from
1to 3.
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ri 11 11 1 1 N)10 RB\Te' / I \ RR4A R5 6 wherein

Rl, R2, R3, R4, R5, R6 and Z nay be the sane as or
waledoBesmné from one anot her, and each is i ndeprCESL0Y063830

sel ected fromthe group consisting of Cl-C6 al kyl,

C3-C8 cycl oal kyl, C6-C10 aryl, silyl, alkylsilyl,

hydr ogen and hal ogen, and wherein x is an integer

having a value of from1l to 3. 147. A nmet hod of

p elluriymon a substrate,
B8 bR det bt SRR Plabiiie iiecor B e v
cleBurimadtomplexcisalameli4tclaim14@. The net hod of claim 147,
wherein said contacting is conducted in a chenica
vapor deposition process. 149. The nethod of claim
1487  Thatreather of shaind [ ¥e herein ishig chyactiem i rerdeered i mpheaiicahyagor
fﬁMgbng%gg§ltlon process. 150. The net hod of claim
further conprising delivering the tellurium
conplex to said contacting, by a liquid delivery
WOEBSBl.ethocﬂ.Sﬂ.claﬂth7m516id sail dohtadtiny 15 Egndwde@rieian didigic layer
felhuriumconplex in said delivering is in a solvent
meadl U conprising a solvent selected fromthe group
consi sting of al kanes, hexane, heptane, octane and

PRNRB &he B Qﬁ@l&hﬁm tj‘aﬁlﬂ% @&@pms&é’ LB RS BMERM complex to said
triethyl am ne and tert-butyl am ne. f52 The net hod of

EIAF eI @ IO A7FH PRRES t el T uri um conpl ex in said
delivering is |n a neat liquid form 153. The method

e1I ﬁ“he mgflrﬁ]dc g tlai rSB h qlrereg:no tgll(l)ufr]l rr;]l i)m}ﬁ!:xl 1% ?a[l Qe%g%gg (1:? in a solvent
dedijny ecrn}prl}smg) e e@@nt setbadd frd'rh ¢hergetup @thxatﬁngcplf alkmed.B8xane, heptane,

8%%5 g{ldrf)er?té}fe dar(ﬁlgaltlbsdbquéné lehe RREE ﬁ%th?lgm% 'ar?deért butylamine.
vaporlzatlon of the telluriumconplex in a solid form

in a supply package, and di spensi ng of vapor of the
12l ITuE ndidd COmamie X 56, ObR S AlelelfRR |cYmPack age déifkri%at th a neat

ldquldI fger I ng.

153. The method of claim 147, further comprising delivering the tellurium complex to said

contacting, by a solid delivery process.
154. The method of claim 153, wherein said solid delivery process comprises vaporization of
the tellurium complex in a solid form, in a supply package, and dispensing of vapor of the

tellurium complex from said supply package for said delivering.

155. The method of claim 147, wherein said contacting is carried out at temperature below

300°C.

156. The method of claim 147, wherein said contacting is conducted in a process including

deposition of germanium and antimony to form a germanium-antimony-tellurium film.
157. The method of claim 156, wherein said process comprises chemical vapor deposition.

158. The method of claim 156, wherein said process comprises atomic layer deposition.
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155. The nethod of claim 147, wherein said contacting
is carried out at tenperature bel ow 300C. 156. The
woreaoBosreod cl ai m 147, wherein said contacting PGI/US2007/063830

conducted in a process including deposition of
germani um and antinony to forma
germani um anti nony-telluriumfilm 157. The nethod of

eJoariPndeEfd ot18mabe) whddekl sRA PLESSis CAARN duSBSheaM@RAGAbS a phase
éﬂ@%r deposi.ti on. 158. The net hod of cl ai m 156,

SRS &Y r ocess comprises atonic | ayer
deposition. 159. The nethod of claim 156, wherein
e.

a@lée%g: & gicldﬁrg T%D%I‘a&jl glg f%&ejéon Ellglgll %{ﬂcﬂl@éd 1?1%&3 dp%@sF 90fr Idﬂ)losmon
ﬁl#SURhéﬁéﬁﬁﬂ§ald contacting is conducted in a process
for deposition of GeSbTe or GeSbInTe 161. A nethod
of forn1n a chal cogenide netal alloy filmon a .
Klbstr lﬁ‘it oltprirs  igleshtidc r Al allOPi ele%lu‘H’sf‘ PR EAG CAPEYNE
alntayting need aﬁbstl’ajfd Wviithl €n Pl C LifeO hydrde Gifecalsdeydr dnedla}l rhiadlidBde

recurs r.a. chal cogeni de netal all oy
RrR ot aslﬁetﬁ Esaldng%l'ﬁ)éd“&fm glf%%%%l, wher ei n sai d
precursor conprises an aIkyI nmet al hydri de precursor

igac! pdi Mho@%%hmr@qg{ Qx;heﬂfnosmﬁl pr@éu}gbﬁl co%h&ﬁ&% iah l&ﬁtgf: Metal hydrlde
163. The nethod of claim1 wherei n said al kyl netal

HyAFPR gy 5BF/oRRePy Héylflt?ﬁtfﬂzﬂnﬁ i Pr8VH, wher ei n:

x>1; y = oxidation state of the netal (M center; and
}S/6a?.)l ﬁg?‘{nee&haé) (S)fo crglalrélol62;r gereegg}egald aﬁilfyg m'etalnlggtdniie ]?]reciursvmhas ?heqformula
Pr&di sdereinmedl uds wgdabmt sydte dﬂd/rmltal MOopytbr; @l kyd may = 0.
substituents. 165. The nethod of claim 164, wherein
said al kyl metal halide precursor has the fornmula

168 SW mefpsly @ff faimyd 64, pzherml salcgrprecg(% cog;pr;sesogq dlkylj B¢tal halide
srbatser idludidy®utyBindlor frbflyl aRNb@kGweaARd y-x may = 0.  166.

A nmethod of forming a germaniumcontaining filmon a
substrate, conprising contacting the substrate with a
lﬁSg ei‘hﬁmmﬁlop roé clains ¢, wha&Gi said hkkylnme¢tld ddlidsf prebadmhal @6, formula

d di P -X

e e A e R L L G
@Py TR2Et 6. Ge2i Pr6, Ge2tBu6, Ge2(Si Me3)6 and Ge2Ph6,
in which Me = nethyl, Et = ethyl i Pr = isopropyl, tBu
= (-butyl nd Ph = A nethod of forn1n
5669‘6 PR 8%@’618?& %ngeﬁli“?%b]’ %/ﬂ“f‘?f fg“‘ ShBstrEte cCoRYpE F%ﬁta%@“g
Lo nibaate Wity atdipernsubgtduabe Wi t h a ger mani um precur sor
sel ected from anong: conpounds of the fornula Ge2R6,
wherein each of the Rs can be the sane as or
Hi7f f Eheaprthofl rof iglatnh @6 twiherels , said ridesapod piesurion deiprrieien tliggrmane
é?ekt@&fr&ﬁi thfe R&[ﬁ% @JEQRQEQG%I]Q SR %Ybeﬁ%(}e@@rjd}é{t@%ab&yﬁl d3)6

fluoroar
@§ Geé’h@ V’CWIBCW%W@BYI@I‘ .ethyl, B’ﬁp 638Pif61§,yl SPuE h'@‘tﬁflrﬁnﬁélil 5 plienyl.
CGe2R4 wherein each of the R s can be_the sane as or
it O S P  500 BRI v
ﬁﬁam@mE\amymgﬂ@@m@ﬁﬁmﬁkmsﬁmadﬁmna@@%ﬁchclo al kyl, and
é;)%l_pgﬁldg yﬁh@foflﬁuﬁ%gﬁé, &Méréin 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, Ce-
Cy; aryl, Cs-Cy; fluoroaryl, C;-Cq cyclo-alkyl, and C5-Cg cyclo-fluoroalkyl;
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Ge2Ph4; 5-nenber ring conplexes with Ge in the ring;

cycl opent adi enyl conpounds of the fornula Ge(Cpl25)2
wob@sesie1Cp i s cycl opentadi enyl and each of t hRBCTRUS200H§63830

be the sane as or different from one another and each

IS independently selected fromanong H C1-C8 al kyl,

Cl-C8 fluroal kyl, C6-Cl12 aryl, C6-Cl2 fluoroaryl,

63613@ yﬁh@@%ﬁe&w@eﬁRm%éegﬁea%om&rtk ﬁcaglbg Qfe@fihej_(ééloi digbr@ﬁ/t@ﬁom
n | . e ne (0] .M ,
G e Lt Bot R b Ry tet B A E ks Bgatist. O

@apol, CdepdsirddrgnC:pl;opdsakyl, aldO;-Cskhdo-fimdrbrdigl;of cl ai m
%@§h¢mherein said contacting is conducted in an atomc
ayer deposition process. 171. A process for
%@p@éﬁrrinm@mhwmitrlﬁsﬁyth@@rﬁponent of and
Feﬁ{ﬁﬁ%n}@ Q&B@)ﬁﬁﬁs%@ ﬂ{elfbxmuﬁmécﬁﬂgﬁ%ﬁe@éﬁcp %%Bﬁeﬁiaﬁlgn 1 and
contacting the substrate with triphenyl anti nony,

PR O @6Bé§?y&Fﬂ€P§Wﬁ?ﬁﬁih‘ﬁﬁbﬁ@?ﬁn%ﬂp e%%ﬂ?ﬁ@ﬂ?ﬁﬁnghmh
@&ﬂdﬂﬁhﬁdnmmgﬂrcacgmmﬂimﬂg1hMQM®1oxcgN&ﬂaauagﬂ@ﬁomﬂ C;-Cy
e position of antinony from said

?wﬁaﬁgh %(S%%ﬁgo orOaﬁlielélatlon to deposition in the
&bsem@e of said actlvatlng [ight or UV radiation.
ddenvbmt hod of formng a chal cogenide alloy filmon
a substrate conprising contacting the substrate with
precursor conpositions for said chal cogeni de all oy,
V@9E I'Be MneBiRdt Gf BRI 068, GAEPIh is5i8 So@enOfs:coltubbd @r a dehiicdevagor
Les Eptlve ones of said precursor conpositions for
'8 fcogenlde alloy; liquid injection of said
precursor conpositions in mxture with one another;
Hoe 'flﬂce IH%tﬁi)tdqu ec?ang f16§| e\@ﬁere &H Qo%taQ?hEHE Icg‘ddncgedsi?ll aq atomic layer
precursor conpositions; use of “sol vent
EHPH8 PIFBhs of said precursors or sel ected ones
thereof 174. A net hod of fornrng a chal cogeni de
@ | o on a.substrate, nErls g contactin H

db Prg‘feés ‘?eﬁosbt}né éh F‘%‘P“&B °f PIoWE 2pigpong agrging fim on a
ﬁhﬂh@o@ﬁmnﬂmyaMMmygmmh&mamemammmmﬁmmndwconpr|ses one
of : use of continuous CVD and thermal node, optionally
wi th reduci ng gas as an anbi ent; enpl oynent of pul sed
b dboprioessy Ayl depwBirgif enifd coptagimp dy anductad pirdecaghwgng light or
00S8distlo8 RefEdiiOMAe ek %%EI%H e)f zﬁﬁ@rbr@y H@Iﬂtsal@ftrlﬁl@nylantlmony, in
activation technique conpri or other 1ight

SHtide depraton g the Erbﬁ%‘tf}e ploig a?ﬁ’rvét&lé |h§18 PrUNRII¥e of a
reductive co-reactant di spensed from a sub-atnospheric

P7r3.e S urtheod o? kolrr\I/n%gE X aycogen{;rl]e alloy film on a substrate, comprising contacting the

8680

substrate with precursor compositions for said chalcogenide alloy, wherein said method
comprises one of:

bubbler delivery of respective ones of said precursor compositions for said chalcogenide alloy;
liquid injection of said precursor compositions in mixture with one another;

use of mixtures of neat liquids comprising said precursor compositions; and

use of solvent compositions of said precursors, or selected ones thereof.

174. A method of forming a chalcogenide alloy film on a substrate, comprising contacting the
substrate with precursor compositions for said chalcogenide alloy, wherein said method
comprises one of:

use of continuous CVD and thermal mode, optionally with reducing gas as an ambient;
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175. The nethod of claim 174, wherein said reductive

co-reactant conprises germane. 176. The net hod of
W@ L@BMNSHIE, conprising deposition of said chal BOGESIAE063830

alloy filmon the substrate at tenperature bel ow 300C
177. The nethod of claim 174, conprising deposition of
sai d chal cogenide alloy filmon the substrate at
&fpIBaleatdg p@sdaek e8mRBAer depdsitfdn tPsepBL @ Gre@frsof @Jsmstelgfr&n a co-
%ernanlun}contalnlng filmon a substrate, conprising

git'icting the substrate with germani um net hyl
anlgnnratof an Actianion ot cabmBBp BT @ odeniph Siurrg thanismmedto a
égm[ga%hant 179. The nethod of claim 178, wherein

gernanlun}contalnlng filmconprises germani um
¥ oF 4 igdictivergaeactmt gispensea famhapreditipsplaric peeste deldgryfsyem-
the group consisting of [{NbC(lPrN)Z}ZGe]
Me2N(i PrN) 2} 2CGel , Ef nBuC(i PrN)212GCet mﬂ[{

bgca" N’C‘ﬁﬂ?}d? jum 171 g&ilerel'& sgi(é ]:eﬂlécﬁ LI rmc@&tlfpglgr}ses germane.
conpri si ng [{NEC(lPrN)Z}ZGE] in toluene solutlon
FRT A RS LA £ GELTRU ANLALAL OB AT e
Mhﬁhwat®mE%@msbﬁmB@m€éted fromthe group conS|sting of
GE(II) and Ge(lV) precursors each having at |east one
of the follow ng |ligands: am di nates, guanidinate

}7§0 lTIh% alf:tggd of(ﬁlakrétlz)éh é?rgglsma idﬂ)@fl%(fnrﬁf ﬁgfl éléalcogemde alloy f11m on the
dbkateiannpd f#5¢ bdar @P@t es, thi ocarbamates, silyls, and
am notroponi m nate. 183. The nethod of clain1182,
wherein the precursor also includes at |east one

H@dA tiedndbf foingendgersaiimct@dininedimtche sgistup cognsing tontrgting
ﬁlg su@LtﬁYe w1th%k1%lal§1¥1ln %pamﬁlxgg 1|[1 qu amlﬁé?lg atﬁlgi 9&' g El)nq;théja?mmoma

. A met hod ger nani unt aﬁ
?@FF&Pﬁun}contalnlng f|In1on a substrate, conprising
contacting the substrate with a gernmani um precursor
d tel lurium precursor, in the presence of a

DA pliemsiiane” Sarolb e PG Ry B G waR Py Rgrecrmanium
hyde.ogen, ammoni a, plasm, al kyl am nes, silanes, and
germanes. 185. The nethod of claim 184, conduct ed at

t enperature bel ow 300C. 186. A germani um precursor,

58| edtastnapppnpreqieog seeqrdcismsithst gronp ephsisting of @é\(lqc\(afrmz 2Ge],
AN Rt ESC IHABLAMRL ), MDA MeRUTHAIRY Of the

formul a: wherein each R group is independently

sel ected fromanong H, Cl1-C6 al kyl, C3-Cl0 cyclo

B 1kA berm@iburChdovddoy, kompaiilg f{SieCRPING, }my‘:‘fned)lﬁbne sbltiolR 1S

i ndependently selected from Cl-C6 al kyl; and each Z is

i ndependent|y sel ected from anong Cl-C6 al koxy,

L1§IRA RzthogHof foimigesa gdrkapium-ERLa@Ig iy oh e attkiydte. c@apEDS contacting
AL ¥hbserAO it SI {)Bé)rér Whesdl for @ich gIB.lAp b(§131|stn1%ecge@gﬁﬁ by Ge(1V)
sel ected from Cl1- al kyl ; each

PRYERe ndeh thmngs &l E&Sf ed° f°|f d]i*ﬁ é"ﬁlﬁl"i’@‘g %@% éfPllg’é‘?('ﬁs guanidinates,
tsOWrhiRR, dllata)dat@ld@mﬁﬂirkyé!;, dikSlirhiRdys3 carbuitteh ahibA@amités, silyB and
310&00 Wwherein x is integer fromO to 4; (2) Ge

pe P BKE Fonates di ket oi m nat es, dlket|n1nates of the
f or nul ae:

183. The method of claim 182, wherein the precursor also includes at least one additional

ligand, selected from the group consisting of alkyl, dialkylamino, hydrido, and halogen groups.

184. A method of forming a germanium- and tellurium-containing film on a substrate,

comprising contacting the substrate with a germanium precursor and a tellurium precursor, in
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0 "si /I 77 R wherein each R group is independently

sel ected fromanong H, Cl1-C6 al kyl, C3-Cl0 cyclo
W@LMWsh576C66- C13 aryl, and -Si (R )3; each Y gr oupCTi/BS2007/063830

i ndependently sel ected fromanong Cl-C6 al kyl, C6- C13

aryl, Cl-C6 al koxy, NRLR2, Si(R4)3, and halides (O,

Br, 1), x is integer fromO to 4, Z atons are the sane

OF pidichde@F £8) reactl BLE OO @OLBup BnsidNEoMRirofRni nmonia, plasma,

iefectedlfronnfl-CB al kyl, C3-C10 cycl oal kyl, C6-C13
PYAInes; splpgey 30d ggManes- o1 2 0p gl kyl, CB-C13 aryl; (3) Ge

car bamat es, thi ocarbamates of the fornul ae: wher ei n

c (S ) ng H Cl-C6
A R R e B R R, o s
aryl, and -Si (R4)3 wherein each R4 is independently
53| ACkRthn fufnQrachedor GBle@ddiim B8 orabpybnsis@REH: Y group is
i ndependently sel ected from anong Cl-C6 al kyl, Cl1-C6
al koxy, NR1R2, C3-C10 cycl oal kyl, C6-C13 aryl,

&) GEIVY)Amidaaets, radniditess, (afd isouBfates df)the férniuta: | Nt eger from O
to 4, and Eis either 0 or S; (4) silylgermanes of the
gforrrulf%?ﬁ TS"TMS TMS' S 4. _x. 3L+("I M5"), X,

Pk

7

wherein each R group is independently selected from among H, C;-C¢ alkyl, C5-Cyy cycloalkyl,
Cs-Cy5 aryl, and -Si(R"); wherein each R' is independently selected from C;-Cg alkyl; and
each Z is independently selected from among C,-C4 alkoxy, -NR;R,, H, C;-Cs alkyl, C;-Cy
cycloalkyl, Cs-Cy5 aryl, and -Si(R,); wherein each R, is independently selected from C;-Ce
alkyl;

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

(2) Ge beta-diketonates, diketoiminates, diketiminates of the formulae:

v =
o i

§ R%. pe ! R ;"\1 E':?

H s ; _

VoS s = £ ""“‘,.‘l': ‘5—‘.,‘";

§ {v"\ 3& ‘T 5 {’\ p & 3 \{\ ; S e
; \{tmw 5 - \\ 3 a\ ; ] ,\1'\ Bl S =)
I i [

§ 3 & - .

b R S5 g.\! g F‘\

wherein each R group is independently selected from among H, C,-Cs alkyl, C5-Cyy cycloalkyl,
Cs-Cy5 aryl, and -Si(R");; each Y group is independently selected from among C;-Cs alkyl, Ce-
Cy;5 aryl, C;-Cg alkoxy, NRjR,, Si(R4);, and halides (Cl, Br, I), x is integer from O to 4, Z atoms
are the same or different, selected from O, S, and NR; R is selected from C;-C¢ alkyl, C;-Cyg
cycloalkyl, Cs-Cy5 aryl, Si(R");, R' is C;-C alkyl, Cs-Cy5 aryl;

(3) Ge carbamates, thiocarbamates of the formulae:
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(NRR. wherein TM5 is Si(R')3; each Rgroup is
i ndependently selected fromanong H, Cl-C6 al kyl,
weX0gusrete/cl oal kyl , C6-Cl2 aryl, and x is inteR@r/us200mi63s830
0 to 4; (5 mxed cycl opentadi enyl gernmanes of the
formul ae: R CpGe(am di nate) CpGe(guani di nate)
CpCGe(bet a-di keti m nate) CpGe(bet a-di ket onat e)
CpGe(i spureate) wherein each R group is independently
Sel ectEe@I fromanong H, Cl-C6 al kyl, C3-Cl0 cyclo
al kyls, \@6 Cl3 aryl, apd - SL_(R')3 vvhereln qach R is
mﬁ“egen@,eﬂnt‘ty sel ect eEI\fr/Gr 1-C6 al kyl; ,and each Y
gr oupd’s mdepenéeﬁtly s& ec;[ -3 r om &n sg CL=€6
al kyl,~ €1- 06 al koxy,\alglﬁlR\Z,, €3-C10 cycl 0dlKyl, CB-Cl13
aryl , %R4)3 and hal'ides(d, Br, I), x7s an
i nt eger havi ng a val ue of from 0 to 4, and Cp |igands
may al so i ncl ude: (6) Ge(ll) am no-al koxi de of the
Wiorainutaah Z isshdzpaidentle saddsteRfigmampngd 1§, G, 1l elbgin@edib Eycloalkyl, C;-Cs

'ﬁﬁkgq\t{ﬁﬁ Er %ﬁ aQ}FQFCQ S'i-(le%ﬁe 0 Qa)Lﬁ(Nl i\!}\ﬁl%gpelga]egﬂ ngﬁét&l froimS C,-Cs

elrn
tod ep il eash Ingf?}H?I ig exﬂ@dnqem&yme@ect%oramwg Cignalkl CsCaikoxy,
NRIREAEIC, f@Vibiigylac @l 48, QfR. . BdhAidQch Br,(y k iOhR&% from 0 to 4,

N- h r I rnmyl en f the fornul
andEelggthngCygrgc germyl enes of the formulae:

(4) silylgermanes of the formula:

o
\
\ex..‘-‘

TS

v\.‘-"

g g TiAR
THE Wi

wherein TMS is Si(R");; each R group is independently selected from among H, C;-Cs alkyl,
C;-Cy cycloalkyl, Co-Cy; aryl, and x is integer from 0 to 4;

(5) mixed cyclopentadienyl germanes of the formulae:

CpGe(amidinate)  CpGe(guanidinate)
CpGe(beta-diketiminate)
CpGe(beta-diketonate)

CpGe(isoureate)

wherein each R group is independently selected from among H, C;-C¢ alkyl, C5-Cyy cycloalkyl,

Cs-Cy5 aryl, and -Si(R"); wherein each R' is independently selected from C;-Cg alkyl; and
each Y group is independently selected from among C,-Cs alkyl, C,-Cs alkoxy, NRiR,, C5-Cy
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wherein each R group is independently selected from
anong H, Cl-C6 al kyl, C3-Cl0 cyclo al kyl, C6-Cl3 aryl,
wWaeesHSiefR ) 3, wherein each R is independent|BCT/US2007/063830
sel ected from C1-C6 al kyl; and each Y group is
i ndependently sel ected from anong Cl-C6 al koxy, NRLR2,
H Cl1-C6 al kyl, C3- Cl10 cycl oal kyl, C6-C13 aryl,
?!CK)B@L&%-(Q{ ar!'/l@ﬁi:(mﬁ,sanﬂ ﬁlli,desEECI, BL)I)', x el ir(t&)sr lﬁ)&anESalue of from 0
t|4th|d&| %fgeﬁ, t hi oca[?gqnat es of the fornulae: wherein
QAcH9RPRENIE MR SENTENt | y sel ected from anong Cl- C6
al kyl, C3-Cl10 cycl oal kyl, Cl-C& al kbxy, NRLR2, C6-Cl3
d - Si (R4) 3 wherein each ‘84\:@ s i ndependently
from, GE:.(6 ‘\'Jaklg}gl‘w or aryl, iand halides (C,
and E~P¥ eifher“0%or 8. “187% The ger nani um
. of claim 186, selectedsfrom anong precursors
(1). 188. The gernmani um precursor of claim 186,
sel ected from anong precursors (2). 189. The germani um
precursor of claim 186, selected from anong precursors
63y (N Hdino-Ahexidgef thforrda: pr ecur sor of cl ai m 186,
sel ected from anong precursors (4). 191. The germani um
precursor of claim 186, selected from anong precursors
(5). &92. The germani um precursor of claim 186,
sel ectgd from anmong precursors (6). 193. The germani um
p_r“sh@.,um\or,éﬂ*cl aim 186, selected from anong precursors
(7).~#194. The germani um precursor of claim 186,
sel ectged from anong precursors (8). 195. The ger mani um
precursor of claim 186, in a solvent solution. 196.
The germani um precursor of claim 195, wherein the
siranedith R @loup isaitief-aigatly Sestedr&0hMaitH, §elcesik @ dC fa omcbiieyl,
roup _consi std.ng .of . al kanes,. hexan ept.ane t ape,
SR B S P e S P RC R B 0Ty ARH ARG GBEL 3 and
t siaentpgérdpvires vaRnd! frar 2 tolput yl am ne.  197. A net hod of
form ng a germaniumcontaining filmon a substrate,
conprising contacting the substrate with a gernmani um
i &b Nshserasyelie pampeaes of the fpg@ilaethe et hod of cl ai m 197,
conpri sing chem cal vapor deposition. 199. The net hod
of claim 197, conprising atom c | ayer deposition.
H »*’“"\"“\\” N,

{
{

b
2, Lo o R
Wl ]

¥
fay
5

wherein each R group is independently selected from among H, C;-C¢ alkyl, C5-Cyy cycloalkyl,
Cs-Cy5 aryl, and -Si(R");, wherein each R' is independently selected from C,-Cs alkyl; and
each Y group is independently selected from among C;-C¢ alkoxy, NR;R,, H, C;-C alkyl, Cs-
Cyp cycloalkyl, Cs-Cy; aryl, Si(Ry)s, or halides (Cl, Br, I); and

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

{ . S ECOTS o
) P R RED
SR Y M\‘"p ANE LY
nivtad} R lkal
SENIFOATT - " §
b &= i
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200. The method of claim 197, conprising liquid

delivery chem cal vapor deposition. 201. The nethod
w@pooslostioms 197, conprising solid delivery chemn RPEI/US2PT063830

deposi ti on. 202. The nethod of claim 197, conprising

liquid delivery atom c | ayer deposition. 203. The

nmet hod of claim 197, conprising solid delivery atomc

| ayer deposition. 204. The nethod of claim 197,

BRSSO A ERT R Rt R Py Coret sCr g BT <
Qkoxp, M RUCH-Saiagt,"and ;St(Rai whegsdl 6&dh KaYindepRiRiRntR sRRtted from C;-Cs
Qky? or alllryl, Ad halides (Cl, Br, D), and E is either O or S.

187. The germanium precursor of claim 186, selected from among precursors (1).

188. The germanium precursor of claim 186, selected from among precursors (2).

189. The germanium precursor of claim 186, selected from among precursors (3).

190. The germanium precursor of claim 186, selected from among precursors (4).

191. The germanium precursor of claim 186, selected from among precursors (5).

192. The germanium precursor of claim 186, selected from among precursors (6).

193. The germanium precursor of claim 186, selected from among precursors (7).

194. The germanium precursor of claim 186, selected from among precursors (8).

195. The germanium precursor of claim 186, in a solvent solution.

196. The germanium precursor of claim 195, wherein the solvent solution comprises a solvent
selected from the group consisting of alkanes, hexane, heptane, octane, and pentane, aromatics,

benzene, toluene, amines, triethylamine, and tert-butylamine.

197. A method of forming a germanium-containing film on a substrate, comprising contacting

the substrate with a germanium precursor of claim 186.

198. The method of claim 197, comprising chemical vapor deposition.

199. The method of claim 197, comprising atomic layer deposition.

200. The method of claim 197, comprising liquid delivery chemical vapor deposition.
201. The method of claim 197, comprising solid delivery chemical vapor deposition.
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e ,..Crel: 1. . ,-be)":"'pel" ' =
\.:- 0o Rl R’RR’R— = akyl . IelereHleT Et, t-Bu,
war®sesioRy| ani cl e, hydTt.:e., Z =d kllla;;; oxmi@rlﬁsmm/i]'msso

M5,'T M5 f> TMS"TMS R 4.), Ge: TMB1,, NRR3e{Tk1l3),

202. The method of claim 197, comprising liquid delivery atomic layer deposition.
203. The method of claim 197, comprising solid delivery atomic layer deposition.
204. The method of claim 197, conducted at temperature below 300°C.

205. A germanium precursor, selected from the group consisting of:
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Ge p, RCElI Ce. whareC reprserts C. Q34., arte ottef
C :-C6 cycilapentadldta;v- :11;ands, an;f::

W@ RRBA3H16 CGeONRR N. : 7- " | eCui nc_kdes ansa- r; dgedr/us2007/063830
cermanes ad ai kO-:flalky:alr:nes ,(elxam;;,:es sht-No
b&IW . Ge MAUD precursors GOV) precursors =
Me". E.t;TMBR 7 Me.. Et, .:Pr, IM5 Ge(ll) prectwsors

CELBU TRE
i, i3 3
Tigks:, ]

Rytoeip, RizeCa

RRNAe0n, RRNGeCH
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RR riN..,..;-cii: N R4 vo:-tem:= nut:eopMR7.) R=

Me, Et :Pr, TMS G SCH315 ,r4 Me-aCie' TM3 206. A
woreaoRoseod f orm ng a germani unm cont ai ni ng fi |l NP@IIUS2007/063830

substrate, conprising contacting the substrate with a

germani um precursor as clainmed in claim205. 207. The

nmet hod of claim 206, conducted at tenperature bel ow

300C. 208. A netal precursor, selected from anong

nmetal silylam des having a disily-azacycl oal kyl

l'i gand, of the fips QWERALD precursors

R50/ 111\ 1] (R1R2) SI (CH2) nBI ( R3R4) | 1ox-n; net al

silylam des having asymetric elenments in the

si | yPHM @tpcHisgEnds, of the fornula R50/11124N Si ( RIR2

R3)] lox- n; guanidinate conpl exes. tﬁr med by

carbodi i mi do insertatign re{actl on with said

silylam ez "6t | goner$§ O{J@t he abovLe \dtescussed net al

silylam d&$, ¥&f the fopmul ay” W NR;

[ RSnML1\ 1[ ( R1R2) Si (CH2) nSi ( R3R4) ] loxcr}x or [ R5nM R4N

[Si( RL 2 } oX-ni X where X is anlnteger havi ng

a val ue“‘U‘f" Bt East 2; precursor $AEtH TGPEA- st ruct ured

silazane ligands in which at | east one of the Rs has a

functional group selected from anong am do, al koxyl,

sil ogthEgg,gﬁgJ;genyl , of the fornula

R50/ 11(RARSR6) Si N[ Si ( RIR2 R3)]1 ox-n, and

correspondi ng guani di nat es ther eof; ofr;gomsrs of said

precur sor_éu’vvl t h-fapen- strict uregsi I azane |igands, of

the for mJI a —ERBO/ 11( R4R5IR6),SHN[ Si ( F{th};eRS)] | ox-n] x

wherei n x s anint eger-thavi ngi-a val e of at |east 2;

wherein each of each of Rl, R2, R3, R4%H:R6 and R7 may

be the sane as or dlfferent fromthe others, and each

i s independently sel eclfed fir om anong H, C1-C6 al kyl,

C3- C10 cycl oal kyl, 6 “‘aryl .. - Si (R8) 3 and Ge(R8)3

wherein each R8 is mﬁ penden/_Ly sel ected from Cl1-C6

al kyl ; and -Si (R9)3 whérein each RO is independently

sel ected fromCl-C6 al 3/ .. Opftionally wth pendant

|i gands at t acH&d 13 PHE SOV s nidtit i'Bhed RL, R2, R3,

R4, R6 and R7 i ncl uding: &unctisonal group(s) providing

further coordination to the metal center sel ect ed

from anmong_am noal kyl, al koxyal kyl, I oxyal kyl ,
i mi doal kyI E‘“é?frd acet yl ai’k‘g}i of the f ¥ owi ng
f Or m,ll ae 3!1» / \{“ .-:J’\;» ‘».‘Qﬂ% .
"-‘ “2'-“'\“\ 2, B I Az
LicHs}

206. A method of forming a germanium-containing film on a substrate, comprising contacting

the substrate with a germanium precursor as claimed in claim 205.
207. The method of claim 206, conducted at temperature below 300°C.
208. A metal precursor, selected from among metal silylamides having a disily-azacycloalkyl

ligand, of the formula RSnM{N[(R;R,)Si(CH;)mSi(R;R,)]}ox-n; metal silylamides having
asymmetric elements in the silylamido ligands, of the formula RSnM{R4N[Si( R1IR2 R3)]}ox-
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wherein each of RLI-R4 is the sane as or different from
one another, with each being independently sel ected

W0 e@asmsong hydrogen and C -C6 al kyl; each of IRSI/HSIH0RE3830
is the sane as or different fromthe other, with each
bei ng i ndependently selected fromanong C-C6 al kyl; n
and m are each sel ected i ndependently fromO to 4 with

ﬁ rg@arﬁ)c[i&‘t’ej ShBRxds h&heﬁbﬁ%@b&ﬂllﬁ%n@ertﬁi@n Qaddon twi@ sﬁamlamldes
and. x i.s sel ec kox Iky

mlto 5, al
g}gylfn%r?(yaij&yl glev\héli‘oé? 15%1558 et?%l- Fﬁaylﬁlgﬁfshe ‘as 8
BRISHAFIEN [ERIR 2§ Si @2 it RAROI }h@l’l]x oM [RAnM BRAN[KieRIRP R3)]}ox n]x where
4 PRERRREANN Y o 3Pl F3RBORE Bl A O e Sk i
Hicls legst R¥A of thekg h@@f@feoralr gFpup selprdedrroarpenong anigo, 91@59@& sidagyl
érﬁdlﬁﬂ@l%n dﬁnthcl, YorﬁlﬁlQ rﬁSQMt{ ﬂ(4ﬂ5R6’)@§1Ntsl(t Rerp R?\f JoRinO Bl aﬁrespghdmg

nd n cannot be sane tine; ereln in the
SRR AP B SRS RS B TP HUBRHELERye s of e
Bahec [RSaMf (RORIRNTIN Bi(HR 1 RC RBY1GE6-1gk kylereinG3is @b intsgerl aaihk y balue
Gl | koxy, -NRLR2, and -C(R3)3, -Si(R8)3 and
-@bfﬁé?s wherein each R3 is independently sel ected
fromd-C6 al kyl; and each of R8 and R8 is
%ﬁ@&lp@iaﬁj Qtrga&yofslﬁl RE tR%dRi r@%él'lR7 gl:!i @th@Lszr)élas o@ff&ét@ from the

c cl oal ky -C10 ary mhereln each R4
ptlers, ﬁ'&‘b?ﬁ’élh &éFﬁeP‘iPd%“élV é?}iCéed f’foﬁ’o%ﬁm@t% H c%l &0 Wyl C3htp cyeloalkyl,
oher®@irl, ISARSBeNd NRARY)3 PRI SN B is ﬁdmepemaehﬁa} sedcte® from C1-C6

| ecﬁe§j (%9 3on?1etregne 63%4; %B 1sYln86i£)end%|21 sg]fi{f%ed fronil CYC& Kylptoptionally
@th pem@ant EBmndsAdttach§i to t@abo@cmeﬂﬁone@rRl R2, R35B4, R6 and R7 including
%u?&ﬂ)&ﬁ‘%{o%&%’ Ibg@dmgcﬂlrthe!}" cooréﬁaﬂo% ml%etamenteé%ele% frcﬁg ’among

oxl dation state of the
snipegliarh alkoryalpdrandenyilhyg: midpalkydendcep o, of ﬂeeofoléﬁwm%fﬂram}ee
is hal ogen. 209. A nethod of forming a
netal-@QntaRnlng filmon a substrate, conprising

cont act subst -e with a netal precursor as

ai . 210. The nethod of claim 209,
coﬁﬁggf %ﬁ% érature bel ow 300C. 211. The net hod
of cl ai mhepétn said contacting is conducted in
the pregsencg of a c & eactant selected fromthe group
consi st 1<ng ﬁ hydr ogen, FQ/pIasna am nes, i m nes,

hydrazi nes, silanes, say' chal cogeni des, (Nb$Si)2Te,

ger manes, H4, ammpni a, al kanes, al kenes, am di nes,

guani df nes, %boraneshand thelr correspondlng

derlvaglvesyaddugps ynes. 212. The net hod of
kd'si ng

5%31 gU|d delivery of said netal
prec t ont v 213. The nmethod of claim
209, c nprl ing so o “del iAery of said metal precursor
to th@;cont Act i ng. 44. The method of claim 212,
wherein said nmetal precursor is transported in said
delivery in a sol uti@mdkmpprising a solvent sel ected
fromthe group consisting of al kane sol vents, hexane,
hept ane, octane, pentane, aryl solvents, benzene,
vigraiereh ANRIARS |is thei etk yab amidiféerent @Dmbmf:ydnamrn@,ith each being
e
n@@@lﬁ%ﬂt%yg&%dcﬂoﬂl a?nolngfg%dgdé@\fﬁld@%m [ @Qh%?ﬁS and21g6515 thAs e

ecursors se rom-t roup consi st ng 0]
gs or @ffg_rglt 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;
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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; and

wherein in the metal precursors, each RS can be independently selected from among H, C1-C6
alkyl, C3-C6 cycloalkyl, C1-C6 alkoxy, —NR1R2, and -C(R3)3, -Si(R8)3 and -Ge(RS8)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; and

wherein in such metal precursors, the metal M is selected from the group consisting of 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, N1, Zn, Cd, Te, Hg, Au, Cu, Ag, Sr, and Ru; OX is the oxidation state

of the metal M; n is an integer having a value of from O to ox; and X is halogen.

209. A method of forming a metal-containing film on a substrate, comprising contact in a

substrate with a metal precursor as claimed in claim 208.
210. The method of claim 209, conducted a temperature below 300°C.

211. The method of claim 209, wherein said contacting is conducted in the presence of a co-
reactant selected from the group consisting of hydrogen, H2/plasma, amines, imines,
hydrazines, silanes, silyl chalcogenides, (Me3S1)2Te, germanes, GeH4, ammonia, alkanes,
alkenes, amidines, guanidines, boranes and their corresponding derivatives/adducts and

alkynes.

212. The method of claim 209, comprising liquid delivery of said metal precursor to the

contacting.
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213. The method of claim 209, comprising solid delivery of said metal precursor to the
contacting.

214. The method of claim 212, wherein said metal precursor is transported in said delivery in a
solution comprising a solvent selected from the group consisting of alkane solvents, hexane,

heptane, octane, pentane, aryl solvents, benzene, toluene, amines, triethylamine, tert-

butylamine, imines, guanidines, amidines and hydrazines.

215. A metal precursors selected from the group consisting of

Rvssranes

Y

b

Py

1A {8
1A far 151 = ROVCNER
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e e , ...t -~ e....:::0 KR,,s 4 216. A
rret al precursor sel ected from anong:
W 2aosastoks/ | guani di nat e and ketim nate conpl exeBCTHS1007063830
a tetraal kyl guani di ne ligand, of the formula
(R5)0/ 111\ 1=C[ (NR1R2) (NR3R4) ]l ox-n; oligoners of said
t et raal kyl guani di nate and keti m nate conpl exes, having
the formula [(R5)0, 411\ 1=CRNR1R2) ( NR3R4) ] 1ox- n] X,
where x is an integer having a value of at |east 2;
guani di nat e«eeorrﬁt exes of the formula RS nM 1 R6NC 1
N=C [{ NR1R?) GNR3R4)] 1INR7 1 ox-n; oligoners of the
i di nafe | exies, having the formla [ RSnM 1126NC
[ (NRLR2) ( Nf ])ﬂwl R7 1 ox-n ]x, where x is an
i nteger ha%ing a vaal ue of "at |east 2; guani di nat e
conplexes for rrgsd byE fetraal kyl guani d| ne insertion
reacti on W h fetal “ani des; ketim nates of the fornula
(R5) nM N=C[ (R1#2) ]! ox-n and correspondi ng guani di nat e
conpl exes of the fornmul a RSNMLR6NC] N=C( RLR2) ] NR7I 0x- n;
and ol i goners &f the formul a
[ RSnMLR6NC] N=C( RLR2) ] NR7l ox-n] x, where x is an integer
having a value of at least 2; wherein in said netal
precursors, ‘eaewtef-rREIS'R2, R3, R4, R6 and R7 is
i ndependently selected fromanong H, Cl-C6 al kyl,
C3-C10 cycl oal kyl, C6-Cl10 aryl, -Si(R8)3 and -Ge(R8)3
wher ei n each is independently selected from Cl-C6
al kyl; and -Si[{R9)3 wherein each R9 is independently
selected fromfl-C6 alkyl; optionally with pendant
ligands attached to Rl R2 R3, R4, R6 and R7
i ncl udi ng ’?’uncf’i ‘onal ;gr oup(s) providing further
coot.di nq;r__qn teo t he n*et | center, selected from anong
am pnoal kyI koxyaly kyk.,i aryl oxyal kyl, imdoal kyl, and
acetyl al kyI }rs«twh& for ﬁujﬁ&g;; wherei n each of Rl-R4
is {he sane.as/or drxffer‘ent fr’'om one another, wth
each bei ngs Lﬂ@lependeht I y sel ected from anong hydrogen
and d -C6 al kyl eacr{a of "R5 and R6 is the sane as or
di fferent fromthe oRher, with each being
i ndependently selegted fromanong C-C6 alkyl; n and m
are each sel ected independently fromO to 4 with the
provision that mafd n cannot be 0 at the sane tine,
and x is selected from1 to 5 alkoxyal kyls and
aryl oxyal kyl s wher g¢in each of RI-R4 is the sane as or
di fferent from onejanithew®’ W th each being
ndepegdengfy sel ef ted from anong hydrogen, C 1-C6
| kyl, and C6-C10 aryl; R5 is selected from anong
1- B! ‘ar“ByI -C10 aryl and n and m are sel ected
ndependently ;_‘{ mQ{ wrth the provision that m
nd nwrc,annot g0 "at é‘érre tine; wherein in said
t al pregurs rs, each R5 can be independently
sel ected from among H, d-C6 al kyl, C3-C6 cycloal kyl,
Cl- C6 al kg QXY -NR1R2, and -C(R3)3 -Si (R8) 3 and
- Ge(R8) 3 itherein eheh 13 g ‘Tndependently sel ected
fromd-C6 al kyl; and each of R8 and R8 is
i ndependent |y sel ected from H, C1-C6 al kyl, C5-C10
cycl oal kyl, C6-Cl10 aryl, and -Si (R9)3 wherein each R4
?$. Amgappmdesat. ssleced [front aang: eyl Bl guaddingd kgl ketinainge complexes
having a tetraalkylguanidine ligand, of the formula (RS)nM{N=C[(NR1R2)(NR3R4)]}ox-n;

oligomers of said tetraalkylguanidinate and ketiminate complexes, having the formula

[RSNM{N=C[(NRIR2)(NR3R4)]}ox-n]x, where x is an integer having a value of at least 2;
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wherein in such netal precursors, the netal Mis
sel ected fromthe group consisting of Ta, V, Ti, Nb,

weRosms7616N Ca, Ba, In, Y, La, Zr, Hf, , Ir, RCT/B82007/063830

C, M, G; A, S, &, Sc, V, C, Fe, Sb,
| ant hani des, M1, Co, N, Zn, Cd, Te, Hg, Au, Cu, Ag,
Sr and Ru; OXis the oxidation state of the netal M n
h&nidiatt thRPETes NAVth GorfiuM AR 3R RENE {'M[@IHIRZ)@XR3R&§]¢NR<7}b)Sn
t]alo en. f217 A net hod of formn % tal -con alnltn

on a%subdl at XS i siAYPESTIt act ' a dlfbst r'8
WShM{l%ﬁNmNaC[(NRH(ﬂ)I(MGR4)a}N R} @imigdwliere xcib @i ime 2t 6aving238lue of

-Eg%(sf@etglga%gmgm% C&hﬂ‘eﬁ g%‘xz @qwﬁlg&_gﬂm&ﬁmgﬁgnﬂk%g?n Qﬁﬂ a1
soifedetnmges o tedoaule RV N 1R | BPBlssmesd efregonding guanidinate

[e%@%tf 8 tforfﬁ@lla @@ﬁl‘@ FkéfNUPl{Tﬂ-@(ﬁ ﬁ%gfmﬂ)oxqp ﬁl%! o‘h%brﬂegs &fthe formula
y razi nes,

@%pﬁg Sz A N e dueis x(n S oArne e dast 2

GeH4, ammoni a, al kanes, al kenes, am di nes, guani di nes,

wger in 1|n 320 rr}lgtafpr}%lﬁ%orgo%c!‘h &F E? %df{]% que[fé z}/natszg/lsn/deg‘)g dcfént y selecéed
frqnq whehede Cil-€6nikylof3-6 4 dcimeindl Coff Waut.sHifR Y band H@e(RS)3 wherdin
&a@lmR@CJsllﬁkaend%%} selg-&e% H&Br@d&ptﬂkﬁl %dms%i@ﬂ %’é%?ﬁ leSh N is

solid deli sai d aﬁr ecursor to
e%erl?tﬂ%?ewm@lectedzfz*zl Crhe almélt ‘I’RS‘S“ ¥ v g k@andwefhéii fp R1, R2,
Balpd Retidl RPheadiiS finctiosal tgfoaﬁ(S)p;ﬁdS\ﬁ(Bﬁig ﬂuﬂheS ad)dﬂdmhﬁbﬂl 6Ethey metal

céenter gestﬁé i g nrn Ca?m r I ZI%IIE 1 SOl}(OXé %yl xga gllf IE]I’I? g]?atlkﬁ/ 5 and
@@WQHIEI Ofphzerfblarmele ar yl soI vent S, benzene t ol uene,

amnes, triethylamne, tert butyl am ne, imnes,
guani di nes, am di nes and hydrazi nes. 223. A netal
precur el ected from anong conpl exes in the
foll ovv??v‘ fction %&hene

“"G‘H‘?‘“‘f

j ﬁ.ﬁ
R R‘\ ’
Hy Ry Ha
g:: {:; s T N §
& }n € ] ti\ i“’Hw)
Rs 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;
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;

135



NH " NU V...S 4. "">,

WO 2008/057616 PCT/US2007/063830

73
e
o

TS W - T .
LR U i L AN

B
e £

Ry K
X

4

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;

wherein in said metal precursors, each R5 can be independently selected from among H, C1-C6
alkyl, C3-C6 cycloalkyl, C1-C6 alkoxy, —NR1R2, and -C(R3)3, -Si(R8)3 and -Ge(RS8)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; and

wherein in such metal precursors, the metal M is selected from the group consisting of 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 and Ru; OX is the oxidation state

of the metal M; n is an integer having a value of from 0 to ox; and X is halogen.

217. A method of forming a metal-containing film on a substrate, comprising contact in a

substrate with a metal precursor as claimed in claim 216.
218. The method of claim 217, conducted a temperature below 300°C.

219. The method of claim 217, wherein said contacting is conducted in the presence of a co-
reactant selected from the group consisting of hydrogen, H2/plasma, amines, imines,
hydrazines, silanes, silyl chalcogenides, (Me3S1)2Te, germanes, GeH4, ammonia, alkanes,
alkenes, amidines, guanidines, boranes and their corresponding derivatives/adducts and

alkynes.

220. The method of claim 217, comprising liquid delivery of said metal precursor to the

contacting.
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vyft3,1":" it;0 ), -5 ,e" " 4 224. A netal
precursor, selected fromanong: netal precursors with
waelr@shsnic chel at e guani di ne |igands of the forPEITIUS2007/063830

(R4)0, 4{ (RL)N=C[ (NR2) (NR3)]}(0ox-n)/2; oligonmers of
said netal precursors with dianionic chelate guanidine
I i gands, of the fornula

[(RA)nM (R1) N=C[ (NR2) (NR3) ]} (0x- n)/2]x where x is an

t eger haV| ue o re| each R1,
10 RSl oo ] b s 1 Qe ot R o g e
@hm&ﬁlgal kyl, C3- Cl10 cycl oal kyl, C6-C10 aryl, -Si (R5)3
and - Ge(R5)3 wherein each 128 is i ndependent I y
selected from Cl-C6 al kyl; and -Si (R6)3 wherein each
13 The mﬁbﬁ‘jﬁé pleiard2) ywhg@}né@ltj aytaf presysony 1%anaqokt§,q in said delivery in a
Qb &ﬁlllﬂrﬂ(mg’vh tsavéﬁﬁmt@& ﬁ{)ﬂng@&gi F{f&)h@ﬁh@gf il@an@ Efvents, hexane,

above- nenti oned i ncl udi ng unctl onal
GPBEp (X2 0pr BRT nﬁy]f a‘?l‘feﬁtér b&r&ﬁlﬁdltﬂ‘é\‘?“Foﬁml“BS tHehygping. tert
Beylingife, insisds gotiedndsrafidigerpmichyamiimeal kyl , al koxyal kyl ,

aryl oxyal kyl, im doal kyl, and acetyl al kyI , of the
fornmula: wherein each of RI-R4 is the sane as or

Wi3f Aanad tprdcriem giveted from perong winpexesaio thdboillpging reaction scheme:
i ndependently sel ected fromanong hydrogen and C 1-C6
al kyl ; each of R5 and R6 is the sa as®aowi di fferent
fromthe other, with each being ingd pendent‘}uy;ig,_glxe)gt ed
from anong d - O&iak.knxl n apd-m" arél eachwssl ect bd..

i ndependently fromQ, tev:él"\mth the provi sion that m
and n cannot be-&~at the" Saﬁ?e,eﬁ‘\ne and x isgsel ected
from l“t@ 5T

“
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R2rt 4 al koxyal kyl s and aryl oxyal kyl s wherei n each of
R1-R4 is the sane as or different from one another,
wWowRaR/0Emth bei ng i ndependently sel ected from aP@R{S2007/063830
hydrogen, C 1-C6 al kyl, and C6-Cl10 aryl; R5 is
sel ected fromanong Cl1-C6 al kyl, and C6-Cl10 aryl; and
n and mare sel ected i ndependently fromO to 4, with
the provision that mand n cannot be 0 at the sane
time; wherein inmxhe nmetal precursqrsfwiach 5 can be
.ndependent |y sel ected Fr0n1annng , C X-C6 al kyl,
%3 6 cgcloglk§{ C1- CB¢a1koxy “NRLR2, ~BAd CI%B)S
-Si (R8) 3 and GéﬁRS)s wherei n each R8s }s |ndependently
selected fromd -C6 al kyl; and each of R8 and R8 is
I ndependent |y sel ected fron1H, Cl1-C6 al kyl, C5-C10
cycl oal kyl, C6-C10 aryl, and -Si (R9)3 wherein each R4
is |ndependently\sejected fromd -C6salkyl; and
wherei.n in, the vet al précﬁrsors thé met'al hﬂis
selected ffom tThe group tONSTETi ng f Ta*“”g M5 Rb,
Pb, NN, W Ca, B& In, Y, La, Zr, Segt v, RU, Pt,
Cr, Nb, Ge; A, Si, &, Sc, V, cr, Fe Sb,
| ant hani des, Mh, Co, Ni, Zn, Cd, Te, Hg, Au, Cu, Ag,
Sroand Ru; OX is the allomed OX|dat|on state of the
ZZtal M n iis_an integer having, a ¥$Iue of ffomoO to
OX,

and=xf Falogen =""925. A ot hod of Eorinmrigigie,

Bancontalnlng filmon a substratg,xConpriSing
contact in a substrate with a netal precursor as
claimed in claim?224. 226. The nethod of claim 225,
conducted a tenperature bel ow 300C. 227. The net hod
of claim 225, wher#ih said. contacting, it&2¢onducted in
thewpresenpeﬁaf .a’ co- reagggmiég;ecteh frdultgﬂmqroup
consi sting of” hyd%ogen FQ/pIasna am nes,* es
hydr azi nes, sil ane's’ say' chalcogenldeé\ ‘(Me3Si ) 2Te,
ger manes, CGeH4, ammoni a, al kanes, al kenes, ami di nes,
guani di nes, , b&tapes angd their correspondlng
derlvéﬁ&vesladducL§m@nﬁmalkynes 228. The net hod of
cl ai m 225, conp{13|ng fiquid delivery of said metal
precursor to"the contacting. 229. The nmethod of claim
225, conmprising solid delivery of said netal precursor
to the contacting. 230. The nethod of claim 228,
wherein said netal precursor is transported in said
delivery in a solution conprising a solventysel ected
fromthe group consisting of alkane quntsx hexane,
hept ane, oct ane, ¥peéitane, aryl-- vents,ibenzewe“d' IR,
tol uene, amines, triethytdm.nne, tertbutyliagine, e
i m nes, guanldwnes““an1d|ﬁbs*éﬂd hydedzi nes. 231. A
met al preewf§or synt hesi zed by the’follomnng rreacti on
scheaé A is akJ ndai, XH#'A7, hg&e”; dLth. i owdati m
gtigzte: ofwMEw 232. PrlNzC(PrlNH)Z 233. A phase
chaﬁge menor y devi ée” cﬁnpr|5|ng a phase change menory
mat er'ital in a vi @®of indy ating material and in
contact with pective el ectrode el enents. 234. The
phase change nory device of claim 233, wherein said
phase chap menory material conprises a
gerianium anti nony-tel lurium material. 235. The phase
change nenory device of claim 233, wherein said phase
change nenory material is in a plug formin said via.
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236. The phase change nenory device of claimof 233,

wherein said insulating material conprises silicon
W®@20080576%6 | i con nitride or low k dielectric naR€r/U81007/063830

237. Ge(Nme2)4. 238. A microelectronic device

structure, conprising germani um deposited thereon from

a germani um precursor conprising Ge(Nwe2)4. 239. A

met hod of making a mcroel ectronic device structure,

conpri sing depositing gernmaniumfrom a gernahlum

precursor on a substgate, wherein saad“gerwam

precursor conprises GE(NNBZ?&J&\&4Q THe nethod “of.

EPaHim239, wher®imigai d SubaLLaLgpcohprl&§&¢awﬁetal:g&g;

nitride surface and® Silicon oxide sugface 241,

vi a-si zed and vi a- shaped body of GST material, dﬁap'ed

to fit inaviain a mcroel ectronic device st%ucture

242. A method of selective deposition of a netal on a

surface including conductive material and N

non- conductive material, conprising contacting the

surface wwth a netal precursor conprising said netal

wherein said netal precursor conprises a

st % feRPY g:'cﬂ% edd-l-gand, %ﬁl)r%c tn%@al qu‘éeﬁ?sctrp &ifl" @MBonic chelate
consistin N- coordi nati ng am des m di nat es,

@,@gﬁ]ina}l s§§ the f@rlﬁ@ﬁ G%E%K N—%%@}fé)]}(ox -n)/2; ohgomers of said
hata- ﬂ‘bdﬁﬁbﬂsm Wial €8ianibiid lcheeme lgﬁdardmter |ﬁg€1§is of the formula

B AL FOROR SRR R3RE YR PP SRRk R Gier e Ry
whﬁreﬁm chels R1.ak Royaad B enllcaphneemw selecteQAIl@m anteeg Fe€ChO4d alsfl, C3-
oaﬁlgx S\Mﬁﬁ %ﬂ %ﬂk%g &k abe@B)aS@thlma&l RE eﬁluglpél%nﬂy

I S se ec fromth grou consisting o
@ctec}\/ﬁom l- C6\;]ky@|and -ﬁﬁ 6)ﬁ:ézherm|‘n eac@l_}w 1ZH1dep7ndeg}y selﬁﬁed Ijvﬁn Cl-
&Iaﬂi)ﬁd’bptl&ﬁlly Ah pdabant fﬁnds'—a&ach&'f to tﬁEaabO\)éVmeB&)éw(gl R2[R3 Eﬂd R4
n |

i fﬁPCéIP,‘E?ﬂ §f8PP(i9Pf‘)cv}‘i‘é“gﬁl‘bf}‘ﬁﬁ‘f"afdmlﬁné% “\m@faéfeﬁtew%%mg from
madng hmsedllet tabdxyalkgimrgnoaylGayidosthylaimd adegylaligh df Be fosmada:

i gand sel ected fromthe group consisting of al

| i gands di sclosed in the specification hereof, and y +
X equal s the oxidation state on netal M 245. A

met hod &ty foriRkng a netal -containing filmon a
substratje, cofprising ﬁantactlng the substrate with a
nmet al re«urs‘rEas c¥ainmed in claim?244. 246. The

mettrodtal fobal B, conprising conducting said
cont actijng’ i*n} a’€henNgal vapor deposition process.
247. Thg net hpd of claﬁn1245 conpri sing conducti ng

sai d coﬁlactlm@ in an atom c |ayer deposition process.
248. The ‘et hod of claim 246, wherein said chenica
vapor deposition process conprises |liquid delivery or
solid ?f"vﬁﬁﬁ of the‘ﬁetal precursor to the

cont ac 49. The-ﬁEthOd of claim 247, wherein
sai d a1§n1c 1ayer de tig orocess conprises |iquid
del i veryyyorf gohid ¥ he netal precursor to
t ‘%zﬁ? §Fm 250. Thellabthod of claim 245, wherein
sai d tal -c ntalnl ari ses a GST film and
said cdntacting is coldiicted at tenperature bel ow
300C. Hz Ry

'J’.

aminoalkyls

wherein each of R1-R4 is the same as or different from one another, with each being
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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;
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;

Ry Ry
B !ﬂ\
YR f'{g

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;

wherein in the metal precursors, each RS can be independently selected from among H, C1-C6
alkyl, C3-C6 cycloalkyl, C1-C6 alkoxy, —NR1R2, and -C(R3)3, -Si(R8)3 and -Ge(RS8)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; and

wherein in the metal precursors, the metal M is selected from the group consisting of Ta, V, Ti,
Nb, Pb, N1, 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 and Ru; 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.

225. A method of forming a metal-containing film on a substrate, comprising contact in a

substrate with a metal precursor as claimed in claim 224.

226. The method of claim 225, conducted a temperature below 300°C.

227. The method of claim 225, wherein said contacting is conducted in the presence of a co-

reactant selected from the group consisting of hydrogen, H2/plasma, amines, imines,

hydrazines, silanes, silyl chalcogenides, (Me3S1)2Te, germanes, GeH4, ammonia, alkanes,
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alkenes, amidines, guanidines, boranes and their corresponding derivatives/adducts and

alkynes.

228. The method of claim 225, comprising liquid delivery of said metal precursor to the

contacting.

229. The method of claim 225, comprising solid delivery of said metal precursor to the

contacting.

230. The method of claim 228, wherein said metal precursor is transported in said delivery in a
solution comprising a solvent selected from the group consisting of alkane solvents, hexane,
heptane, octane, pentane, aryl solvents, benzene, toluene, amines, triethylamine, tert-

butylamine, imines, guanidines, amidines and hydrazines.

231. A metal precursor synthesized by the following reaction scheme:

]
5
%
+

A& To wlenil ; T e o d o ar et SRR PR, 1. S NCUREEN, SN S Y
A by akadi meedals, X s Balogens snd o s the dtowed oxidation staede of AL

232. PriN=C(PriNH)2.

233. A phase change memory device comprising a phase change memory material in a via of

insulating material and in contact with respective electrode elements.

234. The phase change memory device of claim 233, wherein said phase change memory

material comprises a germanium-antimony-tellurium material.
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235. The phase change memory device of claim 233, wherein said phase change memory

material is in a plug form in said via.

236. The phase change memory device of claim of 233, wherein said insulating material

comprises silicon oxide, silicon nitride or low k dielectric material.

237. Ge(NMe2)4.

238. A microelectronic device structure, comprising germanium deposited thereon from a

germanium precursor comprising Ge(NMe2)4.

239. A method of making a microelectronic device structure, comprising depositing
germanium from a germanium precursor on a substrate, wherein said germanium precursor

comprises Ge(NMe2)4.

240. The method of claim 239, wherein said substrate comprises a metal nitride surface and a

silicon oxide surface.

241. A via-sized and via-shaped body of GST material, adapted to fit in a via in a

microelectronic device structure.

242. A method of selective deposition of a metal on a surface including conductive material
and non-conductive material, comprising contacting the surface with a metal precursor
comprising said metal, wherein said metal precursor comprises a metal-coordinated ligand
selected from the group consisting of N-coordinating amides, amidinates, guanidinates, N-
heterocycles, halogens, beta-diketiminates, nitriles, isonitriles, aminotroponiminates, carbonyls,
phosphidos, imidos, amines, pyridines, nitrosyls, silyls, stibenes (R3Sb), sulfides, and

cyclopentadienyls.

243. The method of claim 242, wherein said metal of said metal precursor is selected from the
group consisting of 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, Ir, Pt, Au, Sn, Pb, As, P, Bi, Al, Ga, In, T, and Si.

244. A metal precursor 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 in the

specification hereof, and y + x equals the oxidation state on metal M.
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245. A method of forming a metal-containing film on a substrate, comprising contacting the

substrate with a metal precursor as claimed in claim 244.

246. The method of claim 245, comprising conducting said contacting in a chemical vapor

deposition process.

247. The method of claim 245, comprising conducting said contacting in an atomic layer

deposition process.

248. The method of claim 246, wherein said chemical vapor deposition process comprises

liquid delivery or solid delivery of the metal precursor to the contacting.

249. The method of claim 247, wherein said atomic layer deposition process comprises liquid

delivery or solid delivery of the metal precursor to the contacting.

250. The method of claim 245, wherein said metal-containing film comprises a GST film, and

said contacting is conducted at temperature below 300°C.
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