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FROM CHEM CAL VAPOR DEPGCSI TI ON AND THE METHOD OF SYNTHESI S Backgr ound of
the Invention This invention generally relates to conpoung us dg r the
~chem cal vapor s deposition of metal filns. In particul ar’ R’["H'FE ent i on
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15 devices, as well as with their mass production capabilities, 256 mega class

memory devices may be available, as well as 1 giga (“G”) and 4 G class high

memory devices.

The next generation memory devices, those having high memory capacity,
are the result of miniaturization of the memory device ¢ircuits; specifically,

20 narrowing the line widths to 0.25, 0.18, and 0.15 microns (“‘um”).

The current wiring method in the semiconductor memory devices using
aluminum as the wiring material is by vapor deposition, i.e., the sputtering
method in which a metal, 1.e. aluminum, itself is used for deposition to attain a
desired thin film. This method limits the manufacturing process technology in

25 achieving the narrowing of the line width described above.

In the manufacturing of 64 mega DRAM using aluminum (Al) metal
wiring, the sputtering method has been the sole method used in the deposition of
aluminum from an aluminum target. In the next generation memory devices
described above, the circuit line width would be less than 0.25 pm and the aspect

30 ratio (depth/diameter) of contact and via hole is large in the vapor deposited
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5 March 2003 - 2 netal, thus, the use of sputtering in the vapor
" deposition process woul d be unsuitable. To alleviate such a problen) an

al um num wi ni ng process using chem cal vapor deposition (2 6&1@ hod has
» been studied for a long tinme. This nethod s has a high st ﬁé{f) e and
‘has an inproved burying process of contact/via hole, which is an advantage
of the method. Thus, alum numwi ring fromvapor deposition of alum num ("
LA -CVD Betal i dhe sres cRRtteEpEin depuapey Q@qnowww prEcthwopblihgat i on of
t he techngégg){agl r the production of the next generation class nenory
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the CVD process and they are the nost inportant elenents in the process. i5
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i nduste y. mEhkod.ypi cal aI kyl al um num conpounds commnl y used wer e
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t he chem';i,g f.or mul .a ?
15 erefore, prior to the selection of the deposition method, it is imperative that
the selection and development of the precursor are the first factors to be

considered.

In spite of the importance of the role of a precursor, the metal film
deposition process using CVD method has developed concurrently with the use of
20 the process in the manufacture of the next generation semiconductor devices.

For this reason the development of the precursors for Al-CVD has been delayed.

In the early stage of Al-CVD method development, alkyl aluminum
compounds were widely used in the industry. The typical alkyl aluminum
compounds commonly used were trimethylaluminum, as represented by the

25 chemical formula of A1I(CHs) 3, and triisobutylaluminum, as represented by the

chemical. formula of [(CH3)sCHCH:]sAl

In the nineteen-nineties, the development of precursors for aluminum film
deposition using the chemical vapor deposition process was very active in Japan
resulting in the development of dimethylaluminum hydride, represented by the

30 chemical formula of [(CHa)2AlH]», and in the USA resulting in the development

of dimethylethylaminealane, represented by the chemical formula of



5 March 2003 - 3 H ~~1:N(CH, ~) ~~C~=Ha. These conpounds were | eading
“precursors in the Al -C~~D process. Anong the chem cal conpounds exam ned,
di et hyl et hyl am neal ane was synt hesi zed by fi % sync d adfelter of the

. University of h'linnesota, in 1989, after s the repor t df Marchj2003uff et
al. in the Journal of the American Chemical Society , 1960. The synthesis
of di met hyl et hyl am ne, (N(CHs)eC~~Ha) has not been reported in the conpl ex
conpound FaeMaY §2a: ¢ 1Hym Bhesei compompds iwpae (eadipgpracrrsars wl 1 ARRVA: in t he
report. §§ fatent 5,191,099 (G adfelter et al.) discloses

di met hyl tﬂy()] am neal ane as a precursor in Al -CVD process. io O her
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t he precuy: [ : I The afi i.tion tenperature is
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flaws. To alleviate such problens in the Al -CVD process, a dinethylalum num
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chem cal conpound at roomtenperature and has a relatively high vapor io

pzessur e tempsraigre iaebom 308" C and agapaPP son e ¥ Sisbtalydenassioium hydri de,
t he

temperature, the vapor deposition process becomes very difficult and the high
temperature deposition results in the inclusion of carbon impurities which
increase the electric resistance of the deposited film, which are the detrimental

25 flaws.

To alleviate such problems in the Al-CVD process, a dimethylaluminum
hydride precursor and related technologies were developed in the early part of
the nineteen-eighties. Dimethylaluminum hydride has a high vapor pressure (2
torr at 25° C) and 1ts vapor deposition rate is high and it is a colorless liquid
30 compound at room temperature. Also, advantageously, 1t provides very pure

aluminum film that can be deposited at a low temperature (30° C) when



_flammability is sonewhat |ess and it can be manufactured by a conparatively
sinple process at a | ow cost, which is advantageous. However,

di met hyl et hyl am neal ane is thermally unstable at room ten%&[ at Hgﬁﬁs wel |

-~ as during the vapor deposition process, which is carried dDMtarg 30 to
‘40 C. Hence, during storage the precursor gradually deconposes in the
container. This dif~~ulty in roomtenperature storage is a di sadvant age.
For this reason, devel opment and reprgducibility of the vapor chem cal
depositign process has heen difficult in_sem conductor device panufacturing
proc esseg‘_y dﬁ%@%\ﬁfaﬁswssg A58 FERAEIE 1T 1o haer n%\ﬁl%té‘é{ﬁPlf‘BﬁHHmt Wé‘?“%eer tain

al um num;g QAROKPES. £ Gt &h RotlpBuAl VRS AGRSI Al w KO Wi &CHE S efR atOwidl um num
filmdepositioxr and solve the problens of these known precursors for

Al , - CVD appl Thexdforss it FverpddBevit 1o herdlei ond haokighedegane of ddheantr & i c
conpound of the 25 formula HR ')~ Al .0 " (1) wherein R is an alkyl or
per f uor c?gle l@?n“béfiwl%wor‘f@sﬁwPﬁillfeﬁ%t‘b%é&OVYA%&QIE aing }blﬁB Gl hore Lewi s
bases capabl e of providing an unabated el ectron pair to the 5 March 2003
-5 al ¥mi num adt FléeraativeraacsRn R iRe pAENED nrpcassyhealane kB2 ri di ne,

al kyi azetj dine;v.allsyl i: peridi

al hyl hexgﬁg%v%%vg%é%%x#g?ag?%%}%}@%%%%ﬁy é’g‘gllgnn]’?}ie Cxhezil QW%F% %]ﬁnﬁe) or

al kyl pi petearpianives adichathyetiylamifealdnd Herps asenpor idapesitivarfilal sfchiphovi des a
vapor dep@siti recursor_copmposition.conpri,si.ng an organonetal l.ic
conpound pdgété'ré%ggg' t&BH{?é?“ﬁ‘ﬁe_{@?zéén@ Pﬁ%lgﬁf)ilgw}’g?@bn?ﬁlg{}? ted © Of}re%ﬁ:ess_ f or
al um num dhiehd 1410008 R, RHTBR RIHE rhfife 3Ll a YARAVHaRSRIapBY an al um num
filrn on a substrate, wherein the source of alum numin the alumnumfilm
is a0 vapetwadpdsiony ah2pr ek uinseompaataeni withdlimethylgirmoimen dvdridectepound
of the fotr_ma. (R )2AL . ha; wh in R is an allLyl or perfluoroal kyl
group ha%%n?% 0 41353955?‘}?:&%?0&@’??3 bfe‘ﬁf%“%ﬁg‘ge@;%ﬁa%@g?mﬁfvﬁiﬁ ding :an
unshar ed siopdd pedeepait a low cbe, ahith RWivantykeogs.sel ected from t hi ophene,

t hi opyran or an organic amne of formula Il or IIl 15 (CR'Rz )k RN

(CR R~)~ R N (H&v&er-dirhéthy(dthylandBeA@E 8t thdimh ]2 Andabiz/ht Bdxd ng a car bon
nunber of | to 4;, R, R-) R=1, Rc', R 3 and R24 are each independently

hal ogen (JERRSTagireAsikYell g5 dUpnEINe YgremdennsitinmBracessWhick és garriedjaitoxygen
or a I rQUheqonial,pl i ; i =~ 1 hyof 8; and 1
are glasgh k%@ns epet@e?ﬁel %/i%#lgét’ér%gg sgt %t?g%glth? (FI rgc;lﬁg(r)\%%aq?%ﬂf %e?gif,%og& i th
container. This difficulty in room temperature storage is a disadvantage. For
this reason, development and reproducibility of the vapor chemical deposition

process has been difficult in semiconductor device manufacturing processes.

20  Summary of the Invention

It has now been found that certain aluminum compounds retain the
advantages of known precursors for aluminum film deposition and solve the

problems of these known precursors for Al-CVD applications.

The present invention provides an organometallic compound of the

25 formula
H(R)2AL : Ln )

wherein R' is an alkyl or perfluoroalkyl group having 1 to 4 carbons; and L is one

or more Lewis bases capable of providing an unshared electron pair to the



.25 The present invention further provides a process for preparing an
organonetal l i ¢ conpound of the formula HHR)~Al : Ln; wherein R is an

al kyl or perfluoroallzZyl group having 1 to 4 carbons; and tMi S ope _or nore
Lev, ~i s bases 5 March 2003 - 6 capable of providing an® %'PP&\/Q@%I ectron
pair to the alumnum and is selected fromthi ophene, thiopyran or an

organic amne of formula Il or Il (CRS ~ R ~)~\ RN (CR-R~)mR-N X
(CR~3Rza)i ~ (Il) (I11l) 5 wherein Ris an alkyl having a carbon nunber from
l1to4, R, R-'"'", R1, R-', Ra and R2-~ are each independently hydrogen
(H) or an al kyl group having carbon nunbers of 1 to 2; ~i is oxygen or an

al kyl group containing nitrogen; mis an integer from2 to 8, k and 1 are

each indepghggituny iaMdeder sefdcen lirbm %hi?\gﬁcﬁc,i Shioffrad) &Wiﬁ&ﬁ%the

steps of: a) formng a suspension of trialkylalumnumof to ormil a

R a. Al wherléylnzrudine agligyépymetidiaeesdkpipiperiidimey mly lnekameathydnieitaina
h : ddi th i id Lewi s base.
Dot o Ted CESTIoR PBrE Gy NS Gy BRO L PR s e et

organonetal i c gegmasds useful as precursors 15 in the vapor deposition of

alumnumfilmas wiring on sem conductor devices and nethods of preparing
the preéursor cOPHARIEESH IPBLRLEPR ARG Prowidqsr acURrBeN sleppsitisgemecitrsarhe

formation ofq BS?cidHTEBHfﬁr@EgLagf éxl%loﬁﬁgllpdqcﬂrggiounl&sﬁé)%rgfe{)d][ 4L d ayer or

adhesion | ayef on a silicon strate. Lew s es capa provi di ng an
unshaved el ect r'biae eriesent inven26n 28sal provides aepadcesenfoer abrmimsaaf filmi n t he

present inyvention Suitabl.e W s bases include.thiophene,.thiopyran, and
organi ¢ am A& \98frf%§m§fL§’|§o?tﬁBIC§eﬁpo5réﬁﬂW5 %9'1 ?‘Pmﬂ}"ru@x ¥ 3 he or
gani ¢ am nguBgetrhvat wheseinnehe dR8€ ¢If aRBAEMAAL & at¥Chhmalinealseleet ed

from al kyl aziridine) alkylazetidine, .al kyl pyrrolidine) alkylpiperidine)
al kyl héRansapgl SeROFHIAR, PEACKYSMrepATARESHYE eRciTgRAemed ¢mnpoehdne, the

1, 4-di al ky}l piper azihe.,n 1R ~CRyR ' (4 rch 2003 Ln the abpove Fornul a
1R o ootar TSRS G adiek Ruber S0 G Atrteliy g RERSE
each i ndepengentdarboydl egrhL(id) a Alewds bdeytagableust ProsidigheCah hansiargger s of
1to2) and mis an,int%ger fram2 to 8, It is preferred that R is nethyl
or ethyl . electron pair to the aluminum and 1s selected from thiophene, thiopyran

or an organic amine of formula II or I1I

15

RN (CR'RY), R —— N X
N4 I (CRPR™), ~

(1) (111)

20 wherein R is an alkyl having a carbon number of 1 to 4; R!, R?, R?!, R22,
R23 and R?4 are each independently halogen (H) or an alkyl group having
carbon numbers of 1 to 2; X is oxygen or an alkyl group containing
nitrogen; m is an integer from 2 to 8; k and | are each independently
integers from 1 to 3; and nis 1 or 2.

25 The present invention further provides a process for preparing an
organornetallic compound of the formula H(R')2Al : La; wherein R' is an
alkyl or perfluoroalkyl group having 1 to 4 carbons; and L is one or more

Lewis bases



(CR-~R')~RN\1 ~ (CR-3R?)~ ~ (Ill) 51In the above Formula Ill, Ris
" an al kyl group having carbon nunbers of 1 to 4, R1, R''', R-3 and R-~
are each i ndependently hydrogen (H) or al kyl gxoup having cqgﬁﬁg nunber
-~ of 1 to 2, Xis oxygen or an alkyl group containing nitr d@ﬁ % and 1
"are each independently integers of 1 te 8.-i0 Arong the conmpounds expressed
by Formula |11, the preferred conpounds are al kyl a2iridi nes having Formul a
1V, al kyl pay;rartdda pﬂpmsdmg\amgn%nﬁﬂleéecmcanmanaltkyh@apemumm@sldha\aemt&br mul a

VI. Anong.the co oun ressed by Fornul.a II rred conpounds
are al kyl Fhf)) HBP 35{% ) ﬁﬂloégp\lflulc aé’?'n]tﬁleﬁ ‘BF%‘eﬁl eI:[u]gs havi ng Fornul a
VIIlT. Rn R-Nl Il 15 R I\/) In the above FormJIa,IM it is preferred that R
is nethyl or ethyl a i s hydrogen or me/t/hSFI "kt_is nmore preferred that
R and R axe both nﬁWhyI RB'RR4 R5 Rs RN~ Rto ~ RE)R zo In the above
Formula V, Ris an aﬁk¥L/6roup havi ng a cafboNRﬁaﬁb of 1to A and R-S to
R1 are each independently hydrogen or al kyl group having a carbon nunber of
1 to 2. Preferred conpounds of Formula V are thoggpwherein 5 March 2003
8 R3, R, Rs, R-, Rs and Rl are each independent|sf hydrogen or nethyl,
more pEef grabliv mﬁfgegﬁlamﬁha%@lg Raadhdh HME%‘%Q%m am;g 4rpat R@rR:ef Realpzy
v~herein Ris nethyl) ethyl butyl . 1-Methyl pyrrolidine 'and

1, 4- di net hptl R aovd em’mmiteeepdﬁntﬂschydmdgynrﬁéfoeram&dkyl gﬂ‘oﬁp&lﬁmgﬁaw@ s RN

R s Rzo R- ), S 7w €o(V-.1) In e abgve Fornmu s an al kyl group
it BapibsRe B TsER Kot bxy Bl O AT S Ou B e ing SRR B et
hydrogen oitegsr fbky? t@BOM Andavira@ash aiddpendeniThenteplrd from 2to Bf ghehy Rd

conmpounds of Fornmula VI are those wherein Ris nethyl or ethyl, and R11)

R'-', Rmi om?scomslsnr&@eaﬁapﬂoﬂ ) fam@n%eﬁus@enmg’éwwkm;uhwu@g@ﬂw or
rmt hyk% 6tlj§@%omgxﬁ H&‘enge}shﬁg @éf&%r | zg[! %Qidhthl}fl%lr ?lélénmﬁzr% hﬁgls ldEVI 3

pent ame hyﬁ‘ I Ne are particul pre
in hexane or pentane; and b) adding to the suspensmn said Lewis base.

Detailed Description of the Invention

This invention pertains to organometallic compounds useful as precursors
15 in the vapor deposition of aluminum film as wiring on semiconductor devices and
methods of preparing the precursor compounds. Specifically, the precursors are
useful in the formation of an aluminum metal film layer on a diffusion barrier

layer or adhesion layer on a silicon substrate.

Lewis bases capable of providing an unshared electron pair to the
20 aluminum metal center are useful in the present invention Suitable Lewis
bases include thiophene, thiopyran, and organic amine derivatives of Formula II
or Formula III. For example, the organic amine derivatives include one or more
heterocyclic amines selected from alkylaziridine, alkylazetidine,
alkylpyrrolidine, alkylpiperidine, alkylhexamethyleneimine,
25 alkylheptamethyleneimine, alkylmorpholine, 1,4-dialkylpiperazine.

RN (CR'R?)pm



In the above Fornula VIl) Ris an alkyl group having a carbon nunber of 1
to 4 and R-'"'~ to R32 are each independently hydrogen or an al kyl group
having is a carbon nunber of 1 to 2. Preferred corrpounds f _Formula VIl are
‘those wherein Ris nethyl or ethyl and R--'S, R2s, g)MW‘ﬂb 2083 50~ Rsx
and R3'-'" are each independently hydrogen or nethyl 4- Et hyl nor pholine is
particularly preferred. P3a R35 R33 R36 RN NR Rao R3~ R 9 R3B (VIl1) 5
March 2003 _ 9n thpabone Fapowéa Hobfmslan akyl haRngsa aarbanlkeyimbenelpl bavi ng a

carbon n 1 t.o. al |, d re ea nde ndent | dr ogen
carbon nbets B o8 doteis e Bh P Rt e o8 e S PR B R e ﬁﬁaﬁhdsgof
Formul a \dhbé&kertinese aMaehas AnRntSzeiBidiy o @r8. eitmlplaﬂqréﬂ?»mqt&m R3~, R3Q
Rya, R38, R3~ and R-~~ ar a each independently hydrogen or nethyl. It is

nor e prefreﬂrheélorhbhle is nethyl and R33, R~~, R3', Rye, R3~, R3s) rlss and
R4o are each hydrogen. Anpbng the conpounds dei - |ned by Formula Il are those
wherein the Lewis to 15 base/l @rHR™R| kyl pyrrolidine. The preferred

al kyl pyrrolidine is defizned” by Forrm\ar\l ~. The preferred conpounds of

Formul a | X are those wher ei r\R@st ~Rs, R~, R9,and Rl~ are each
mdepéndently hydrogen or nethyl. The corrpounds( ined by Formula I X

i ncl ude: th roli aV|ng rnula hyl pyrrolidine
havi ng For mJI HEF’ %ﬁggkomf‘gﬁ g@ gd? ARl g}“%yé’t‘grﬁ"f‘ Ofy pum % he
conpounds, e fRiznegkz biy2sFQIdRE3, vb lo a g %&Jb@ﬁﬁe%?'}@d?oé&le(ﬁ—)edﬁ‘ kPSR UpS an

al kyl pi peri dine, having Formula Vi, and preferably an al kyl pi péri di ne
havi ng Fdravi@axarbon number abi go |3r Kflelomgien h:aantathéylagrhyp gopeindigne i s

PR A BRI TP P S
gglog 1§Ni §~ 4| H%%n%?‘e( %qlmurée%(vwrzessgé)by%‘ormm.a the pre elrlrgd %&L%und? Mar ch
are alkylaziridines having Formula IV, alkylpyrrolidines having Formula V and
alkylpiperidines having Formula VI. Among the compounds expressed by
Formula I1I, the preferred compounds are alkylmorpholines having Formula VII

and alkylpiperazines having Formula VIII.

15 R* Iv)

In the above Formula IV, it is preferred that R is methyl or ethyl and R2 is
hydrogen or methyl. It is more preferred that R and R? are both methyl.

R:’ R4 Rs
-
RN o7
10 r®
o ™)
20 In the above Formula V, R i1s an alkyl group having a carbon number of 1

to 4, and R® to R!0 are each independently hydrogen or alkyl group having a

carbon number of 1 to 2. Preferred compounds of Formula V are those wherein



5to CHB HHICHHHOCN~HH~CHCHY H(XIV) C ~HS-N Anong the conpound

"defined by Formula IIl are those wherein the Lewis base is an
al kyl nor phol i ne shown by Formula VII. The preferred conpg S i ned by
- Fornula VI1 include: 4-methyhnorpholine having Formnul a X-Wargg?%%

‘4- et hyl nor phol i ne hat=ing Fornula XVIIL.g Additionally, anong
al kyl pi perazi nes having Fornmula VII I he preferred one is

1, 4- di metly B3 Bérz fiendskd ‘ewclfréla%}eé}dméy hgdzogen or methydymaqrp CH3- N

.N-CH;, ~ ( . o O s [ 3 g .G i .are
12 mothy RS PR oT TaTas 1 RLAROEroker, R B RLAR0 AR

1, 4- di netihytipyr eldlyi dr betyll 1-MebhiWaynblid@038and 1 4-dmeethylpihpelidicieenre

l-ethyl piperidine, 1,2,'7?, G G -pentanethyl pi peridne, 4nethyl norphol i ne,

4- et hyl rrd’raﬁHGPl"‘H BFdered: di met hyl pi perazi ne. An al um num conpound
represented by Formula | used,fqr alumnumb5 io filmvapor deposition can
be readily prepared accordirg th the chenical reaction represented by
Equation 1. Hexane or pemtan s pdded to a mixture of trialkylalum num
(Al(R)3), and lithium al unynum\hydride (LiAIH. ~) in a reactor at room
tenperature to forma suspensi on)}gnd then a Lewi s base, L) such as

i di fe) "&rkyl mor phol i ne and al kyl pi perazi ne, was
added to obtain the conpounds of “t#e present invention. Eguation | LiAlHa +
AL(R)s + nL -~ H(R)~Al : Lgs i AlHs(R ) (lvlj!)the above Equation 1, R is
an al kyl or perfluoroal kyl group wwth from1l1s to 4 carbons, L is a Lews

base, and Il 4R dheUbode FAFmUE] Weﬁ i QnFacﬂ’(Wél%ulo'halvﬁné A carbon number of 1

to 4, and R!! to R?0 are each independently hydrogen or an alkyl group having a

carbon number of 1 to 2. Preferred compounds of Formula VI are those wherein
R is methyl or ethyl, and R!!, R12, R4 R!6 R!8 R1? and R20 are each
10 independently hydrogen or methyl. 1-Methylpiperidine, 1-ethylpiperidine and

1,2,2,6,6-pentamethylpiperidine are particularly preferred.

RZG R27
R25 RZB
RN 0
R32 RZQ
R31 Ran ('VII)

In the above Formula VII, R is an alkyl group having a carbon number of
1 to 4, and R?5 to R32 are each independently hydrogén or an alkyl group having
15 a carbon number of 1 to 2. Preferred compounds of Formula VII are those
wherein R is methyl or ethyl and R25, R26, R27, R28, R29, R3¢, R3! and R32 are each
independently hydrogen or methyl. 4-Ethylmorpholine is particularly preferred.
Sl
R R
RN NR
R*0 RY

RJQ RSB (VIII)



preferred that R is nmethyl. Anong the Lewi s base conpounds useful in the
present invention, the 20 25 preferred are |I-nethyl pyrrolidine and

1- et hyl pi peridine. Thus, the typical precursors for the %ﬂﬁﬁﬁ ﬁ@@@ ition of
-alumnumfilmas wiring material in sem conductor device £ e are

t he conpounds represented by Formula XX), which is
I-nethylpyrroI|d|ned|nethylalun1nun1hydr|de and Formula ~XI, which is

1- et hyl pi peri dhn@diamet o Fosmuia NI, Mareandmv E@upnmnhb@rhcmbb nien ¥hrsgFussed
inrelation to these two conp ounds, nanel e use of these conpounds as

pr ecur sorkstd 4 atdiRPHaR mm@dpmdedemtﬂy bmdrqgleia or ap(adkyl groun hanNngeHs

ol o REEpth P 8F e Pt B RS b PontRula HTI e R P SOUT SO

ni net een-@h&Rin &sis hiOMSY 6F etldylMARBIRWM, Rhs tH SRTORPORIUah 8 R4 ardbth
viscosity and solving this viscosity 5 March 2003 - 12 probl em wi | |

provi de coAepoideanilyabydiogemgr mashphelt 1@1@1q1‘9@rr9fewﬁ<bthméﬁlsambmdlaé§1 or ot her
liquid d%éﬁaﬁ5yR§y%%@nﬁthM5?Q9§§d§9@ §p8§hbggnsysten1 The ease of the

deliver y rate’coritrol i 5 veéry I enrconduct or deV|ce

manuf actur e. I ortan rod bi | i in,the a nun1f|Im
vapor depositi%ﬁogggb%ggggou% daQﬁggﬁPéEB %It%%% $ﬁ&mp& t

devel opnBiiseQé aﬁ@l&’j;l@%%o\li@@x@é UBp@sébhea &L?&ﬁ&ﬁ)h&ﬂ@i/sedfﬁﬂrﬁﬂﬁlby al um num
chem cal vapor position ("CVD') precursor conpounds, such as

di net hyl eft‘qmlalmIﬁeaTlamérefelrrnedﬁpwpanéwﬁﬁmraﬁka stalvmﬁrﬁUthﬁﬁi de,
etc. | grpd §qe P'a%ﬁ' 8! %\é@&?h&dyﬁén&é}& ﬂﬁgd%teﬁror et!h91 a'rh-e SRGoLRYENt i on

conpounds are’ Ianna | & 0 Nno nit7e expl osrvely or ey are | ess
f | ammabl aldffird YshBoxnulaell na:m\ade pr%dunsﬂrysxpyrsohaﬂme Havsiks Fcfmhilarﬁ and

personal injury. are redu ed., The pro s factu t he conpounds can
be carri eJdHtﬁE{‘YWYF’FPIQé%% aKs QII%‘E}P B\éfr#mgfé? 1151@@ vang Fogmpiyn when
conpar ed gt 4 Be 1Re mg&@ﬁaméma%ppeﬁﬁum 119 B hBYd @r'h%'f‘@lﬁltﬂb gl de.

Mor eover, the unl% production cost w’l | ess than that of

di met hyl Haseiinam dikyihpnmldmhuhavmg Eosmebl@éfdt and pheferalie apoatpplmperidinet he
present i,nventi u excel | ent cur n,al um.num fil m vapor
depo§Ft|&H“B?gggFﬁéﬁﬁﬁgyfgﬁﬂs9&58Prﬁ%§3§tﬁ?iﬁﬁ%?g9g@?en§nga*he i nventi on
conpounds], 8/266,8-gednfisind t 1k p [1R01H £ € ARSIt Kdrea ulaii v, husk thhgi éfe@mlﬁ@lhaofngt he
precursor_conpound delivery rate, which is closely related to process

r epr oduci fxmgly, }xysalé‘béreltby]é)&ﬁr@éﬁ hlaﬁllt%go%p](ﬂ'h%@pom tion process by
usi ng a bubbles. Also) in other chem cal vapor deposition processes that
use a direct liquid injector or a liquid delivery system the process can
be easily carried as out) which is an advantage. In a chem cal vapor
deposi tion process, the cg umds of the present invention nmay be vapori zed
by thernmal energy) plasm a blas applied on the substrate. Furthernore,
as an added feature, the i ¥ devel oped prech%or conmpound sol utions
whi ch are nore benefi ci alzs haniknown precursor sol ytions 30 used in
delivery systens such as di I'tT'quid injectors an iquid delivery
systenms. A heterocyclic ar s used as tH&*SoMyent|for the preparation
of a 5 March 2003 - 13® pree¢ursor solution for t del nery of the
precursor conmpounds of Formula I, the solute, in a delivery system
Exanmplees of the heterocyclicd&®n ne solvent incl g 1-rnethyl pyrrolidine,
1-butyl py rrolidine) 1-meth5~lpiperidine, 1-eth5~lpiperidine,

4- et hyl nor phol i ne, 4-ethyl norphol i ne, 1, 4-dinethyl pi perazine, and the
like. It s is preferred that the solvent is 1-nethylpyrrolidine. The

solutes and the solvents are in various conbi ions, and the
resul ting al um num conpaund—y C,Hg—N

(XD XII)




solutions can be used as effective precursors in alum num vapor deposition
“processes. In alum numfilmvapor deposition, the invention solutions allow
for the so devel opment of new processes when conpared v~ H%HBFhlzgﬁﬁ
-conventional precursor solutions due to the w de selecti S sors.
‘Sol utions of the above new conpounds rapresented by Formula | were prepared
using a heterocyclic amne as the solvent. The new precursor conpound
sol ution can be prepared by & gsol ving the |nventﬁ6m onpound is
represented by Fornul a I‘|n a eterpcycllc a is free of water, a
purified solvent, and a Rlaw's S& The entir re iqn is carried out
under an inert gas atnosp Has a ni yyogem A stream to
prevent the deterioration cogrpound due to expoguréHto air. The
i nvention conpounds andRf’ ation of sof'd 4 he ao conpound
wi Il be discussed with exanplesl,, Exanple |: Synthesis, of
1- N@thylpvrroI|d|nedlnethylﬁluﬂ%nunlby Bride To a stirred, powder
suspensi on of 198 g (2 nDIes%L?§ trimethylal um nd 95 g (2 nol es) of
l'i thi um al um num hydride in ane under nitro en a s stream at room
tenperature were added dropwi se 212 g (2.5 noles) of colorless
1-met hyl pyrrolidine. The heat of the reaction ~as mnute and it was not
necessary to coal the reactor. e heat may have aided the reaction.
Fol Il owi ng the addition of 1-methyNpyrrolidine, the reaction was allowed to
stir for about 5 hours &t erature.C2Hs5Narch 2003 - 14 After the
conpletion of the reaction, t venti on conpoun ichis
1- net hyl pyrrolidi nedi met hyl al um num hydri de, was separated fromthe
reactison m xture by filtrati@Vyjunder a nitrogenX®Vieamto obtain a
colorless, first filtrate. The byproducts on the filter were rinsed tw ce
wth a sufficient quantity of s pentane, and then the rinsing solutions
were added to the first filtrate. All of the volatile conponents in the

filtrate were H&é@g’rﬁ% LUHEBE YRR By FEARuI LTI atHE& Wheflh b8 IR wis
colorless liquid he dried colorless filtrate was distilled at 45 C under

vacuum ( lmrse is anraélyylam*phnbn@ishwn baitEormada ddhd dsarrefarred eapppyeds chil | ed
wih dry deggea BorGanoh ; PASgbRb! Sl RO R1RC AR iRE FEERREH T Andl M 1 AT

manner at puri
10  4-ethylmorpholine having Formula XVIII. Additionally, among alkylpiperazines

having Formula VIII, the preferred one is 1,4-dimethylpiperazine, shown by

Formula XIX.
CH3—"N 0O C2H5"—N 0
15 XVII) XVII)

CHy——N N——CHy

(XIX)

Thus, the preferred organic amines are 1,2-dimethylpyrrolidine, 1-

20  methylpyrrolidine, 1-butylpyrrolidine, 1,4-dimethylpyrrolidine, 1-



250 g of high purity 1-nethyl pyrrolidinedi nethylal um num hydride. The
reaction shown in Equation 2 is the preparation of

1- net hyl pyrrolidi nedi met hyl al um num hydri de, and the hig
~ 1-met hyl pyrrolidi nedi met hyl al um num hydri de was anal yzedrgoylag%t%:q%nucl ear

i5 magnetic resonance (l~~"I!R), and t-h&l data and pr operties are listed in
Tabl e | Hq +(C|—|3)3 + Lt )~AI\N "~

Li Al H3( CI-’B?HQEPIEE % 126tlf’§§/l?1‘i’ﬁ’é§}%e 6f~»%6§19‘%‘|”&\?‘i‘?t(15‘ly IHPﬁ’éd’Ft?O_g suspensi on
of trinmet @m \ ne prepared accor
ding to txﬂﬂhéilféﬁ(% ure r?éc‘ng é&énﬁﬁ?%hﬁ&?fgﬁm ? (H%ie %l:g%ag?ﬁll%- but yl pyrrolidi ne

wer e added dr opwi se_at roomte erature de en, st ream and t he
DL windero R T 088N

m xture was st'i rredmfnumgoﬁ’&?‘rlg WRP S e RS S 5 ng. ¥ afvminum

accor di ndilnovipangdpsitior ten beseddilyngrebatldd @éc@rmfg tdﬁh@@hé@u&bh@bdfh@h
colorless |iquid. 5 March 2003 ~5 The drled colorless | i quid conpound
was disst ilep&rpeatedshy @WH’@P l B a¥Eq QoPentane was 3ddeghie & B1kBEeed in a

recet ver bkl st hlin YT 8 obia Tt ﬁn%ggghf@lgér 8981 OB DY Y

1-butyl pyrro alumnu e redction own in
Equat i on & rosmt trempmreparreatol formaf bﬁpknauhwrmmre@] d Oewedbaset hy kathias num

hydri de, d the conpo d, was Iy ed by proto magneti c
resonance"ﬁp‘i’-‘l‘*’?é(r r?;lﬂi’}r?ép% &6&8}&%&@5@?@?%@4% Tl e 1. The
results Caqmeurt%%umeah%%%mdé%f M%bnm@h&@&;ﬂ met hyl al um num

hydri de. Eauation 3 c~H9 LI Al'l Nr ~- +LiIATf-1CH

) H( ) ?A (7 3 10 Exarrple 3 Synt hesi s of
1- Met hyl p@ﬁ%?‘ggﬁ'hléd' met hvl al um num hydri de To a suspensi on of

trimethylal um num gr r\gﬁ{l é@gk?szqnh]n_lum’ k@&éiﬂgm peﬂﬁﬁﬁg(ﬁfcor ding to the

procedure of Exanple imol es

In the above Equation 1, R' is an alkyl or perfluoroalkyl group with from 1
to 4 carbons, L is a Lewis base, and nis 1 or 2, as defined in Formula I. Itis

15 preferred that R’ is methyl.

Among the Lewis base compounds useful in the present invention, the
preferred are 1-methylpyrrolidine and 1-ethylpiperidine. Thus, the typical
precursors for the vapor deposition of aluminum film as wiring material in
semiconductor device manufacture are the compounds represented by Formula

20 XX, which is 1-methylpyrrolidinedimethylaluminum hydride, and Formula XXI,
which is 1-ethylpiperidinedimethylaluminum hydride. The invention will be
discussed in relation to these two compounds, namely the use of these

compounds as precursors in aluminum film vapor deposition.

CHa CoHy
\ \
H(CH3)HAl: N H(CH3),Al N

25 (XX) (XXD

Dimethylaluminum hydride is well known as a precursor in aluminum
film vapor deposition, and has been in use since the nineteen-eighties. However,

a problem with this compound is its high viscosity and solving this viscosity



is 1-methyl pi peridine were added dropwi se at room tenperature under a
‘nitrogen stream and the reaction mxture was stirred for 5 hours. After
filtration according to Exanple |, the colorless fi Itrateq S gri'@(@Spunder
-vacuum to obtain a colorless liquid. The dried colorless p%.'f ound
was distilled at 4~ C under vacuumz 03;010-2 torr) and the distillate was
collected in receiver chilled with dry ice (-78 C to obtain 280 g of

col or | essprdiilegdn wpill ptoyide exetthgllipigueainti ne giroptrhldl ale nyrr aens hynd nitdéblebhe

reaction sho in ion 4 is the eparati on of

1- et hy| pPpet eaﬂ%a?ﬁéflhwaﬁymww%a% a}é‘étla&ﬁao&tﬁég predemet T oM d was
2s anal yzegl @mlfg gtra@em @131 gaﬁ £€ &sndm%rqggl%e%fﬂ%a&da&quserVed
propertles are ted In Tab ﬁ uct was confirne

- met hyl pk\ﬂmarnnmga\emmtthylrabwahunmmtwdfu}réealuEgnam Hm4apob ddprsetio?003 - 16
(I| ~ LiAlHa - CA-(;)~ + .03 1. ~ LIAT-13(Cfi~)
Exanpl & 4PTo§GR% r?é»i#%wgf!)emrﬁmﬁsbé}lmﬁﬁ%rdﬁjfwecfwf%%?ﬁtrﬁ'} AR RGEPPS

suspensi ORefMsifibh FREdaKs al umi num and i thium al um num hydride in s hexane
prepared according to the procedure of Exanple 1) 249 g (2.2 noles) of

1-et hyl pi peri dppg, WRiemA99e6: Qe ca?itvargggo'é‘éegé’ém%%‘(&B%ﬁ%&rs&r”' trogen

stream and the reaction vvas carried out ing to
product wesmbpohiey, sach aelrdnmdthﬁam;damixidzﬂlmb ttmnosb:lhaladuﬁﬁﬁugx a@id col orl ess
di rreth | al um.num io The reaction

hi gh ity 1- d d
Chonn’ i maismsRnge] hEaE IR, et SrRIGHTIST e Phey fanbaT AR08, i num
hydride, and theiReadeatcoaIRadId rivaa naR b K2R th¥y Hb%@@gm&bﬁﬁasm@et' c

resonance. The data and the observed properties are listed in Table 1) and
t he produet theysaredess ﬂa@dnakdeih@nhyepozp\eemtmnraémmztrhqnsawthmﬁkmMnede is

Equat i on A + ~~HS ~' ~ H(CH3)~Al N + Li.Al H3(CH3)
Exanpl e SEn%fﬁ{%oéls‘@én Fy&c}?%]vlfcﬁg ~hol i ned| nmet hyl al um num hydri de a o To a

suspensi on of i_met h and hi um al,um n ent ane
prepared accor @ﬁﬁ@ 1?%33%/ ﬂg gaefg]ﬂflél otthe EQIRgPRdY ¢ ca%%’% ‘36}11(1%a QuWIl 5856

4- et hyl méab%ﬂm@tvmﬁdmgt&dywmwlgm i8thiglP WRcheoRefAbERAtNEREr a nitrogen
stream and the reaction was carried out according to Exanple 1. After the

conpl &% i oﬁlﬁffuf@ﬁélr#%d@‘toicw ofidhmetldatyminyse bydeideoPderenser, tihe uhe procedure

2 ety ol YOI SO e T e ATt ey o e e pipa Bty Thus, it i

expected that the compounds of the present invention would be excellent
precursors in aluminum film vapor deposition by using chemical vapor

deposition process.

20 The invention compounds are a liquid at room temperature, and thus, the
control of the precursor compound delivery rate, which is closely related to
process reproducibility, is easily achieved in the vapor deposition process by
using a bubbler. Also, in other chemical vapor deposition processes that use a
direct liquid injector or a liquid delivery system, the process can be easily carried

25 out, which is an advantage. In a chemical vapor deposition process, the
compounds of the present invention may be vaporized by thermal energy, plasma

or a bias applied on the substrate.

Furthermore, as an added feature, the inventors developed precursor
compound solutions which are more beneficial than known precursor solutions
30 used in delivery systems such as direct liquid injectors and liquid delivery

systems. A heterocyclic amine was used as the solvent for the preparation of a



The reaction shown in Equation 6 is the preparation of

" 4- et hyl nor phol i nedi net hyl al umi num hydri de, and the product conmpound was
anal yzed by proton nucl ear nagnetic resonance. The data and the observed
~ properties are listed in Table | and the product was con®; Matgh 290

"4- et hyl nor phol i nedi net hyl al um num hydcige. Eauation G c~H~ LiAIH ~ + (CH-)3
Al + GH5 ~ HCH),.Al: ~ '~ LIAIH3(CH3) io Exanple G Synthesis of

1, 4-Di netmyl:lpfrqoersalzlitmacfpnehmswla\rarmorﬂmm hyo:imird@ chonjzo s pe iiromlafl, the
trinmethyl al um nu ium ein ent ane [ e
nccor di ng ot R R sElel E T BB M Grod BE R TE BBRE e

1, 4- di methylephpRivagdenaer. Eue,(ﬂﬁlmonammaﬁe@iyl;m@@ﬁuhﬁmeéms mxgeﬂaﬁﬁr a
ni trogen stream and the reaction was carri ed out accordi ng to Exa 1.

After i5 4methpimpewbiobreot- ethténméamlmq 1,4- ﬁ@m@wdmp@mqon@du& theblike. nétd by
the proce of A a
1, 4-di “met %%Irgfebléerd?zhlaaﬁggso ‘ aI um nu thg &gé Imnfﬁesgr)uetg% Pgr%hgﬁ(%lv‘(ﬁn
Equat i on afeivgseting v@ﬁﬁparcammmat@dnslaﬁddheﬁéthgQﬂuaﬁhﬁﬁﬁhdﬁMcﬁl um num
hydri de, and the roduct conPound 2 0 was anal yzed by proton nucl ear
magnet i c ‘ioé‘éfé%@?él berheedyas atfeqityetnrecersory veal\snisyar VAR derosifiet ed i n
Table 1, Pﬂ%? g product was confirmed as
1, 4-di et pl pera2| nedi net hyl al um num hydri de. Equation 7 ('H ~ Li AlH4
R-/I(asglhy)ZOOS i IIg_allh]u%flemlq_%ﬁ E%\ﬁ(l%?]o% t?ébﬁ, tNe iV ertidn dorktithd lallgng) g O

: I naliyssi sdevelopnedargiaiendp 269560 mdienCeonbared with that of conventional
ppr‘r) 11- Met hyl yrrohdl negll nmet h | - 1.i qui dcaql orI essb -0.55 (s, 3H)al um num
hydri deb pr@?‘:msﬂ?r(so ut@ﬂf uego.t @“(lée Sﬁlﬁf%oﬁo BrEMYSUM) b 1.85 (s, 3H b 2.40
(br, 41-1)b 4.10 (br)21-Butyl pyrrohdi nedi met hyl -1i qui d¢ol orl essb -0.45 (s,
3H) al uni num hyARdens olpthegahoge ngp) ¢proppwElsreprasengedby Fogmuda Isjere) b | . oo

2H) b
(br) 30 veEEp b BEkShETerciRohd penill B Sodbptblls, P Bedelleunson i i
hydri deb coﬁnﬁﬁm{dSsoh’Btlrbxscambé@ré@xbdhy&ﬁs{dwmgﬁﬂi)ebnitexﬂﬁox( bompdihd . b 1.95
(s, 3Hb 2 38 (br

( br) 44- Etlﬁpriﬂeaé?d By Ebegmiei@ ﬂ&Sﬁ} a|heterogrgdic P B hicy §3reesof alPs fimi num

hydri deb ggngéec( Lolvahd), Bnd. a\oﬁex(nsrbaseH)Iﬁleleriltﬁe(f%'éctﬂlw@cargﬁd(&xt L?r{@el? a% 45 (br,
4H)b 4.15 (s, 1H)54-Et hyl nor phol i nedi et hyl - hqrdcol orl essb -0.=4
6H) al um noerthgay atdmpbe% spth agR@-nijroges okrgon 2003m, td revent the

deterioration of the compound due to exposure to air.

The invention compounds and the preparation of solutions of the

20 compound will be discussed with examples.

Example 1: Svnthesis of 1-Methvlpvrrolidinedimethylaluminum hvdride

To a stirred, powder suspension of 198 g (2 moles) of trimethylaluminum
and 95 g (2 moles) of lithium aluminum hydride in pentane under nitrogen
25  stream at room temperature were added dropwise 212 g (2.5 moles) of colorless
1-methylpyrrolidine. The heat of the reaction was minute and it was not
necessary to cool the reactor. The heat may have aided the reaction. Following
the addition of 1-methylpyrrolidine, the reaction was allowed to stir for about 5

hours at room temperature.



¢S~ 1A (m '_'H 8 ? 13 (p, -1H) 8 3.58 (p, -IH) 5 -1.17 (s, 1H) 6

1, ~- Di net hyl pi perazi nedi nethyl - solid colorless b -U.55 (s, 3H) alum num
hydride S -0.50 (s, 3H 8 -0 45 (s) 8 1.83 (s, 6H) s ~.ss S b 4.05
“(br) Exanple 7: Preparation of 1- N@thvlplperldlnedlnethv#%&U&FhEhWﬁydride
in Solution of 1-Methylpiperidine s To 89,9 of the Iiquid conpound,

1- met hyl pi peri di nedi net hyl al um num hydri e, from Exanple 3, were added 20 g
of purified 1- mé}ydmloaﬁml@lm&eom RAEEEN [ e)inGh fi18n OMPELES SwRRILULI On.
Exanpl e 8 so Anmong the conpounds of the invention,

1- net hyl py¥- mkhﬂlﬂ)m@mlmmmthwﬂhummmhyd@dpr maarqeplamﬂbrfmnmghe vederamp| e

1) 1-eth I er| t hyl.al um.num hydri de ar ed or dj o Exanpl e
2 ana 1 nRehes by REREPR ATEE FrCBr AR RO HyrT GeoBoIae: BrvsHBsar od.
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20 Example 2: Synthesis of 1-Butvlpvrrolidine

To a suspension of trimethylaluminum and lithium aluminum hydride in
pentane prepared according to the procedure of Example 1, 279 g (2.2 moles) of
1-butylpyrrolidine were added dropwise at room temperature under a nitrogen
stream and the mixture was stirred for 5 hours while heating. After filtration

25 according to Example 1, the resulting filtrate was dried to obtain a colorless

liguid.
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Example 3: Svnthesis of 1-Methvlpiperidinedimethvlaluminum hvdride

To a suspension of trimethylaluminum and lithium aluminum hydride in
pentane according to the procedure of Example 1, 218 g (2.2 moles) of
15  1-methylpiperidine were added dropwise at room temperature under a nitrogen
stream, and the reaction mixture was stirred for 5 hours. After ﬁltra\_tion
according to Example 1, the colorless filtrate was dried under vacuum to obtain a

colorless liguid.

The dried colorless liguid compound was distilled at 45° C under vacuum
20 (102 torr) and the distillate was collected in receiver chilled with dry ice (-78° C)
to obtain 280 g of colorless, high purity 1-methylpiperidinedimethylaluminum

hydride.

The reaction shown in Equation 4 is the preparation of
1-methylpiperidinedimethylaluminum hydride, and the product compound was
25 analyzed by proton nuclear magnetic resonance. The data and the observed
properties are listed in Table 1 and the product was confirmed as

1-methylpiperidinedimethylaluminum hydride.

Equation 4
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Example 5: Svnthesis of 4-Ethvlmorpholinedimethyvlaluminum hydride

20 To a suspension of trimethylaluminum and lithium aluminum hydride in
pentane prepared according to the procedure of Example 1, 253 g (2.2 moles) of
4-ethylmorpholine were added dropwise at room temperature under a nitrogen
stream and the reaction was carried out according to Example 1. After the
completion of the reaction, the reaction product obtained by the procedure of

25  Example 1 was separated to obtain 310 g of

4-ethylmorpholinedimethylaluminum hydride.
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10 Example 6: Synthesis of 1,4-Dimethylpiperazinedimethylaluminum hydride

To a suspension of trimethylaluminum and lithium aluminum hydride in
pentane prepared according to the procedure of Example 1, 250 g (2.2 moles) of
1,4-dimethylpiperazine were added dropwise at room temperature under a
nitrogen stream and the reaction was carried out according to Example 1. After

15 the completion of the reaction, the reaction product obtained by the procedure of
Example 1 was separated to obtain 260 g of
1,4-dimethylpiperazinedimethylaluminum) hydride.

The reaction shown in Equation 7 is the preparation of
1,4-dimethylpiperazinedimethylaluminum hydride, and the product compound
20  was analyzed by proton nuclear magnetic resonance. The data and the observed
properties are listed in Table 1, and the product was confirmed as

1,4-dimethylpiperazinedimethylaluminum hydride.

Equation 7
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hydride, from Example 3, were added 20 g of purified 1-methylpiperidine was

added to yield a colorless solution.

Example 8

10 Among the compounds of the invention,
1-methylpyrrolidinedimethylaluminum hydride prepared according to Example
1, 1-ethylpiperidinedimethylaluminum hydride prepared according to Example
4, and the 1-methylpiperidinedimethylaluminum hydride solution prepared
according to Example 7 were tested for aluminum film vapor deposition by the

15 following procedure.

Test, 1

The compounds synthesized in Example 1 and Example 4,
1-methylpyrrolidinedimethylaluminum hydride and
20 l-ethylpiperidinedimathylaluminum hydride, respectively, were each added to

a stainless steel bubbler, and then heated £0°40° to 50° C, Argon or nitrogen gas



8Y! 10%/V& () - g4i 445M6N5CBP5] 5uj @ ! 10%4| & ()- 10 10
109M 109&' ()-f810%& ()- F6#10%& ()-'yl.109%8232& () -

5"6e6u6} 666z X9j ©109 "()-10"109%4 % & ()-Y! " 109 'YL
110‘V§'| _lIJ_l 3& ()-ZY j @ 10%| & ()-'1010%4 % & ()-Y!'" 10%i| 4| &S(RIIa}(chZOOS
@o%| & ()-'1940% | & ()-=667N8R8V8\ 8} ~?p0 @&10%}| & () %40%4 & ()-"10%| & () -
I NF$10%p& ()-!'6F$10% |j| & ()-f, 1094 & ()-\188B999::a? _@p Y1 10%|& ()-
Y1 10%&v{9used as the carrier gas by bubbhng through the solutlon at a ﬂow 1ate of

1048 () -y L) | % 4 %[.& ()=
10% () lfgi%%“?@ iehat S iishe 3 pRY fimntd g by %
<< <B<" ?* Y 109K, 109& 109& 0% 3109 -
1098 () - *’78¥F m’KWﬁf‘gﬁ p‘r)?sz;?f)@é épf’ 1‘@&&11% te bg')d@éaufl)"b hydlocven gas
po%Z10% & 9 % 2 748% and in
S@.OO/Z?& (agr?d; Se{@s%%/&@};ﬁ“gu )hfa? 3&@%%@?&@ ?%89/&&293@0 43 ?o 86° C and into a
10886 ML 0%EAtpr mmngmwsm@i n@)zaﬁ)@Mu@ ’a | BLO%: () -G 10%: ()- &
109& ()- | 10%08 ()-: 2222NAZACA} A2-\ =!
(10%& () - $10%e(wamsml(e)aem@w&}(e}mdd (GAIYE0(60°| (R Pdleh) - CCAT AnA| AAAAIE

é} ; >|_;)5 égg%‘?&%‘éﬁ%%}%?‘;{@ geg&e%\gﬁ)ﬁ;‘lg’g‘m @%l?s%?@%ielsgd ]v'v%(;'/qe&Z(aOd Agg/sqgérom t'}Al\lBC 5
10109 (JbLnaii QVint) o BERCEROIBT 0 B0 T B A0 o100 () -

0%& ()-s 109%& ( o0& () 109 () -9 109%& () -
109 () - %Ms NatEF@Eke it 4 d 20\2095 1O SROT §- & m@/&amgr-dep@mmf(a) highX" , / 10%

(& ().-:y#! 10% %' fHHTLLTT2AD )
#10064°8" (A “C‘)‘m]fol(’j‘a @“f yVapqhdeRps) tﬁg%ﬁ‘}&”&?mfﬂni@% ReAsFRARy)
Nz X6b @ @tﬁ&@ﬁﬁ’su@ty chhtetil BYRAwger eYect LB elc)rob @y 1OAES() ah dBHARYE () -! 3,
#10%+& () - [ M@ @#10% 10 10
10! Szl)@tlmﬁwﬂﬁdm ROy Seposigerhalpmuinug Slmgyasgligh pwrioRissgemtie @ #11 1
0%&' ()-1Q9
H10 () A EGHE (TR OB D SRl L PR, TR RSO S9R S v () - 1
0%&' ()-f and the analytical data are listed in Table 2.
109 ()-sS 109 ()-410% () - ?2UUUSVMVWIEM® @ #1sFY%d0%&' () - @4109%& ()-!t 10%&
"()- 15109 ()-1s:!110% ()-10%& () - VWMNBX=Y>YaB7@
101t ! 109&' ()-1.g#10%& ()-!Sl.g#l0%& ()-s- 10%& () f*109%& ()-1&g10%& ()->Y?Y@
YNh(TYYY—ZZnN/ 3&10%' ()-F s!10%=& () TXble 2

"109%6& () -F1096& () - 1096 ()-! 109 ()- 10

Precusor: 1-Methylpyrrolidinedimethyl- 1-Ethylpiperidinedimethyl-
aluminum hydride aluminum hydride

Deposition Condition

Carrier Gas Nitrogen Argon
Reacting Gas Hydrogen Hydrogen
Bubbler Temperature (°C) 40 - 50 40 - 50
Reactor Temperature (°C) 40 - 60 40 - 60
Substrate Temperature (°C) 200 - 300 200 - 300
Flow rate (SCCM) 100 - 600 100 - 600
Reactor Pressure (torr) 01-6 0.1-6
Thin Film ‘
Deposition Rate (.:\/min) 1000 - 10,000 1000 - 10,000
Resistivity (vohm-cm) 2.8-35 2.8.3.5
Impunty None (by AES) None (by AES)
Adhesion Excellent on Titanium nitride Excellent on Titanium nitride

Surface Reflectivity Good Good
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10 reactor. The precursor solution and the substrate were maintained at 45° C and
200° to 300° C, respectively, using independent heating wires. While heating
the solution and the substrates, the reactor was evacuated by vacuum pump to
10-2 torr to obtain a vapor deposited high purity aluminum film. The vapor
deposited film was tested by Auger electron spectroscopy (“AES”) and 4-point

15  probe testing. The results, which confirmed that the aluminum film was high
purity, are listed in Table 3. This further shows that the invention solution is

suitable for direct liquid injector and liquid delivery system as the liquid

precursor delivery system.

Table 3
Precursor: 1-Methylpiperidinedimethyl-aluminum hydride
dissolved 1n 1-Methylpiperidine
Deposition Condition
Reacting Gas Hydrogen
Evaporation Temperature (°C) 45
Substrate Temperature (°C) 200 - 300
Reactor Pressure (torr) 01-1
Thin Film
Resistivity (uohm-cm) 25-3.2
Impurity None (by AES)
Adhesion Excellent on Titanium mtrde

. . 1000 - 10,000
Deposition Rate (A/min)
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wherein
5 R'is an alkyl or perfluoroalkyl group having 1 to 4 carbons; and
L is one or more Lewis bases capable of providing an unshared
electron pair to the aluminum and is selected from thiophene, thiopyran,
alkylaziridine, alkylazetidine, alkylpyrrolidine, alkylpiperidine,
alkylhexamethyleneimine, alkylheptamethyleneimine, alkylmorpholine, or
10 alkylpiperazine; and
nis 1 or 2.
2. The compound of claim 1, wherein the organic amine is one or
more selected from 1,2-dimethylpyrrolidine, 1-methylpyrrolidine, 1-
15  burylpyrrolidine, 1-methylpiperidine, 1-ethylpiperidine, 1,2,2,6,6-
pentamethylpiperidine, 4-methylmorpholine, 4-ethylmorpholine or 1,4-
dimethylpiperazine.

3. A vapor deposition precursor composition comprising an

20 organocmetallic compound of claim 1.

4. The composition of claim 3 further comprising a heterocyclic

amine solvent.

25 S. The composition of claim 4, wherein the heterocyclic amine
solvent is one or more selected from l-methylpyrrolidine, 1-
butylpyrrolidine, 1-methylpiperidine, l-ethylpiperidine, 4-
methylmorpholine, 4-ethylmorpholine, or 1,4-dimethylpiperazine.

30 6. A process for aluminum film formation comprising the step of

vapor depositing an aluminum film on a substrate, wherein the source of
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aluminum n the aluminum film is a vapor deposition precursor
comprising an organometallic compound’ of the formula H(R')2Al : Lnp;
wherein R' is an alkyl or perfluoroalkyl group having 1 to 4 carbons; and L

is a Lewis base capable of providing an unshared electron pair to the

U

aluminum and is selected from thiophene, thiopyran or an organic amine
of formula 11 or III

CR2]R22 k
/—\ _ /( ) \

RN (CR'RY)), R — N X
\ (CRBRZ“)K —

(

(1) (1)
10

wherein
R is an alkyl having a carbon number of 1 to 4;
R!, R?, R21, R?2, R?3 and R? are cach independently hydrogen or an
alkyl group having carbon numbers of 1 to 2;
15 X is oxygen or an alkyl group containing nitrogen;
m is an integer from 2 to §;

k and 1 are each independently integers from 1 to 3; and

nislor?2.

20 7. The process of claim 6, wherein the organometallic compound

is vaporized by thermal energy, plasma or a bias applied on the substrate.

8. A process of preparing an organometallic compound of the
formula H(R')2Al : Ls; wherein R' is an alkyl or perfluoroalkyl group having
25 1 to 4 carbons; and L is one or more Lewis bases capable of providing an
unshared electron pair to the aluminum énd is selected from thiophene,

thiopyran or an organic amine of formula II or III
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wherein
R is an alkyl having a carbon number from 1 to 4;
5 R', R% R*, R®, R® and R* are each independently hydrogen or an alkyl
group having carbon numbers of 1 to 2;
X is oxygen or an alkyl group containing nitrogen;
m is an integer from 2 to §;
k and | are each independently integers from 1 to 3; and
10 nislor2,
comprising the steps of: a) forming a suspension of trialikylaluminum of the
formula R';Al wherein R' is as defined above and lithium aluminum hydride in

hexane or pentane; and b) adding to the suspension said Lewis base.

15 9. The process of claim 8, wherein the organic amine is one or more
selected from 1,2-dimethylpyrrolidine, 1-methylpyrrolidine, 1-butylpyrrolidine,
1-methylpiperidine, 1-ethylpiperidine, 1,2,2,6,6-pentamethylpiperidine, 4-

methylmorpholine, 4-ethylmorpholine or 1,4-dimethylpiperazine.



