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1 }\ ALUM NUM COMPLEX DERI VATI VES FOR CHEM CAL VACUUM

EVAPORATI ON' AND THE METHOD OF PRODUCI NG THE SAME ( /{C Background of the

| pvention”® 5 This invention relates generally to the field of

chem cal’ vapor deposi tion. In particular, this invention relates to the
use of certain al um num conpounds forl use in the chem cal vapor

deposi tion of al um numfil ns. In the sem conduct or industry,

t echnol ogi cal

i ni atur | zat i ﬁ»&@hﬁﬂﬁm&%ﬂ%ﬁﬁéﬂ%&% RO CHACAL VACHTY, and
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circuits. Wth t evel opnent o nufacturi ng process o

sem conduct or devices, the devel oprrent of inproved nenory devices, such as
dynam ¢ random access nenory ("DRAM'), has been rapid. Currently, 64 nega
DRAM i s undgr s 990. |vn and, in the year 2,000, it is anticipated

that 15 w el ng nmet hods of the next generation

sem conduct or devi ces t roduct on

capabi | i%ies, 25Bnisdg%entiofze elates geHEﬁ%'} V\i‘blg}ﬁ %éé ns V&P?’éﬁ?@smégn'v\el I
as 1 giga (fﬁirti’d?ﬂaﬂ tﬁ':lsolb%ﬁn@ﬁ %lates to ﬁHéWe)bf@@i-t’aﬁ?ﬁlummum compound$'€
next generation menory devices, those having high nenory capacity, 20 are
the result for use i she chemidal waper demsmmpﬁzabwnum Blmeuits; specifically,

narrowing the line widths to 0.25, 0.18, and 0.15 microns ("[err]n1'),
The current wi rihgtheaemidonducttmeimstm mnlnmh)gicadramdymd’aaria;lebvakipmpnt

| pLhe t | iti i e ..th
Sputter i ng. have reubieddnthe dryniapastongibn, BIGH relalbiey, high st bigh s used 1or
deposi t gpn fzﬁlc@iohahfy %na%gﬁ%@gfééﬂoﬂlhtégﬁnbﬁlofﬁevﬁemwnQLsIsbmlész;ddwor

manuf act uri ng process technol ol)ll achi eving the narrow ng of the
line width u@gmtgéalramﬁewltht e developmpnt ofthemannfasturing pregess of nega

DRAM usi ng ?#gggouse dL}n%E& ca#xe dev?loﬁ%r é?%f 1&990@8%58%&9e&@&4ﬂ'%q[:ﬂ%§ been

the sole nme eposi al um nu rom an m num

target. In ﬂ&tﬁaﬁﬁﬁaxﬂbneaaies@memrwmg;ah‘aéﬂeeiewdbe}imsém\m 64 vega

circuit ling wdth would be | ess than err] mand, t he aspect
DR\.XM is under mass production anc? in the year 2,000, it is antlc?pated that

15  with the new manufacturing methods of the next generation semiconductor
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,
20 are the result of miniaturization of the memory device circuits; specifically,

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, i.e. aluminum, itself is used for deposition to attain a

25 desired thin film. This method limits the manufacturing process technology in

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

30  described above, the circuit line width would be less than 0.25 pm and the aspect



rati o (depth/diameter) of contact and via hole is | arge in the vapor
depasited - netal, thus, the use of sputtering in the vapor deposition
process woul d be unsui t abl e. To all eviate such a problem
dn aluminum wiring process using chemicaj 5 vapor deposition ("CVD')

met hod has been studied for a long tine.” This nethod has a high step
coverage and has an inproved burying process-of contact/via hol e, which
i s an advapy; gﬂ@legih/aﬁ%émf&tonmﬁndahurﬂowm Mokgd ngtﬁermporambsned
deposition o m num or -al um num chenj cal vapor i tion)
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conpounds westhotd deI y used in the industry. The typi cal al kyl al um num 25
conpounds commonly used were trinethylalumnum as represented by the
chem cal fornul Qn@lurﬁirﬁﬁﬂ[ﬁﬁf ﬂlépdsﬂidd usmgd;h'e rchieaxidaltvalpat depositipn asethod,

ted by th f
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chemi cal vapor depasrtion pr S was very active in Japan 30 resulting in

t he dewval omnt thodf CHDmtdcy&aﬁmdrthaynaﬁeyhhmmest 1mmmrq1men§s imHide process.
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t he devel o
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
20 deposition process using CVD method has developed concurrently with the use of
the process in the manufacture of the next generation semiconductor devices.

For this reason the development of the precursors for A1-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
25 compounds commonly used were trimethylaluminum, as represented by the
chemical formula of A1(CH3) 3, and triisobutylaluminum, as represented by the

chemical. formula of [(CH3)sCHCH_z]3Al.

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

chemical formula of [(CHs)2A1H]2, and in the USA resulting in the development



of di rret'hyfl"et hyl am neal ane, represented by the chem cal fornula of
Herr]Ar:N(CH err])[err]C[err]Herr]. These conpounds were |eading

precursors in the Al-CVD = process. _-Anbng t he chem cal
conpounds -exani ned, di met hyl et hyl am neal ane was 5 synthesized by Wyne
d adfelter of the University of M nnesot in 1989, after the report
2263 !'?h Ruf f ﬁt al. in the Journal of the Ameri can Chem cal Society,
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tB&b (cNe ChbaYidd EbRhtdaGdter r1 Herr])
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are liquid room tenperature, which are their 20 advantages.  However,
the above- nenslkghamhine lmdnmn@mevUSsBamnp BAHILOAY (Gladfalfeset @ledisslosese

precursors j.n rocess The f]i tenperature is
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These compounds have been fully commercialized and used in many
industrial areas prior to the nineteen-nineties. They can be obtained
economically, and they are liquid at room temperature, which are their

20 advantages. However, the above-mentioned compounds have some problems
when used as the precursors in the Al-CVD process. The film deposition
temperature is above 300° C and near 400°C. Due to this high deposition
temperature, the vapor deposition process becomes very difficult and the high
temperature deposition results in the inclusion of carbon impuﬁties__ which |

25 increase the electric resistance of the deposited film, which are thedetnmental

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
30  torr at 25°C) and its vapor deposition rate is high and it is a colorless liquid-

compound at room temperature. Also, advantageously, it provides very pure



akum num f4 | m deposi ti on. However, dinethyl al um num hydride is an
al kyl al um num conpound that explodes when it conmes into contact with air.
Therefore, it is very difficult to handle and has high degree of difficulty

i*n tthe © . manufacturing process which results in a low yield and high
cost. Moreover, the 5 vapor deposition tlenperature is 260-300[err] C,
whi ch is a conparatively high tenperature, and results in the high

possi bility of .the incl.usion of jnpuritj.es i . M RER which is .
al so a di s@dyEipugiim deposition. ﬁ°%"8h‘*éﬂ%§§\?é“%%‘té‘@§rﬁ GFs an aﬁ)]e Al - CVD
process, tharAdRitv dofigolihd that efsibllédivhenst veihes iito dohirt ddth air.
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room 5 t@pdRdepbsitioandmpasattrs &4 260-800 yChwhich/iapotompamsively highs torr at
25[err] Q. In co arison.vvith,dirrethl,alurp um hydride, the . .

f1 ammabi | | ttgmperetirewand resadts inthehighpossipHity ol the I2AES10R OF Ippugities

conparatively sLmhe Wfﬁﬁf%ﬁ%%ﬁﬁg@%[ err] whi ch is advant ageous.

Equation 1 Cerr]Herr] -> Herr]A +

N( CH H - | Ho :
0 1ot byl &1 hyl am AL AIRHATE PREPSErs 5 HRALGVE ik hhe aliith atiy OMEVEC
vel | as dur §agvitieseerer usddiesides dimptlgdahfminsih dydritlec Dne eftheutlane  at

30 C. Hence, during the storage the precyrsor gradually,.dec oses .in the
cont ai n&} . denivatdyes; rivnewkrthy}%me@&% forms & vapex gﬂ@%@agﬁ&i t age.

deposi 1 on B A5 i tAHGRRE 100300 CRERRHEILHe dheltefinion fodaitea iaherm cal
manuf act ur i Rguptiof 4s SPfmethylethylamifuaimmie)is af coldrtesschemticad rompound at room | t
has now beepergggrg(tj:uxt'ehgxd Sé Eaarie atgrlefynll{]glilnw]rgp%gpp%gggﬁ'e ??.|5vt%r1t Qte 25°C). In
comparison with dimethylaluminum hydride, the flammability is somewhat less
15  and it can be manufactured by a comparatively simple process at a low cost,

- which is advantageous.

Eguation 1

HsALN(CH3)2CeHs — HsAl + N(CH)eC:Hs' — Al +3/2 H'

20 However, dimethylethylaminealane is thermally unstable at room
temperature as well as during the vapor deposition process, which is.carried out
at 80°C. Hence, during the storage the precursor gradually decomposes in the
container. This difficulty in room temperature storage is a disadvantage. For
this reason, development and reproducibility of the vapor chemical deposition

25 process has been difficult in semiconductor device manufacturing processes.

Summary of the Invention

It has now been found that certain aluminum compounds solve the

problems of the known aluminum precursor compounds for Al-CVD applications.



pkobl ens of the known al um num precursor conpounds for Al -CVD applications.
5 . . The present invention provides an organonetal lic conpound of
t he , formul a -Herr]A :L[err] ()
wher'ein'L.is one or nore Lewi s bases capable of providing an unshared
electron 5 pair to the aluminumand is Selected fromthiophene, thiopyran
or an organi.c amne of fornmula Il or |11

[err] gk inFeftion kovidépih BeghonfstAlR: dUMPAINf thet 0 4; R,
R', Rerr], R[err%,ﬁg[gbedr%r] aﬁﬁolg Rl err] a?ge each i ndependently hydrogen
(H) or an dbkmyhlagr oup havi ng carbon nunbers of 1 to 2; X is oxygen or
an al kyl group containing nitrogen; mis an integer from2 to 8; k and
-1 are each independently integ#sAlfmom 1 to 3; andIn is 1 or 2.

The present invention also provides a vapor deposition precursor 15

conposi t i ORye&eRi Lk 0ge b nosrgdmaviebakés capabipof prviding encundhegted plectron

The present invention also provides a_ process for uminum filmformation
conpri sidng Rﬂﬁét‘sﬁl@p&]&mm&ﬂbﬁn@éﬁbﬁéﬁﬁeﬂgr% tg’r"@&?‘?ﬂﬁr PRVTRBIPT 2 UFE ™It e,

wherein the, sourga of ol HgyWM in the alumnum filmis a vapor deposition
precursor conprising an organonetal lic conmpound of the formula

Herr]A :L[err]; 20 wherein L is one or nore Lq&\f'{ssksqkases capabl e of
provi di ng an unshared £l ect &Q‘r? pair_to vhe al umyym and is sel ected

from thi ophene, thi OW or gani ¢ R_'N\am' ne 3pf/f'ér mula Il or 111
[err] R

(CR
an | (I1I)

wherein R is an alkyl having a carbon number of 1 to 4; R, R”, R35, R36, R37 and

10  R38 are each independently hydrogen (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 1 are each independently integers from 1 to 3; and nis
lor2.

The present invention also provides a vapor deposition precursor

15 composition comprising an organometallic compound as described above.

The present invention also provides a process for aluminum film formation
comprising the step of vapor depositing an aluminum film on a substrate,
wherein the source of aluminum in the aluminum film is a vapor deposition
precursor comprising an organometallic compound of the formula H3zAl:Ln;

20 wherein L is one or more Lewis bases capable of providing an unshared electron
pair to the aluminum and is selected from thiophene, thiopyran or an organic

amine of formula II or III

Y (CROSR36),

~
RN {CRR")q R—N X
N N ey, <~
i) (1)

25 wherein R is an alkyl having a carbon number of 1 to 4; R’, R”, R35, R3¢, R37 and

R38 are each independently hydrogen (H) or an alkyl group having carbon



25° wherein’Ris an al kyl having a carbon nunmber of 1 to 4, R, R', Rerr],

Rerr],: Rlerr] and Rl err] are each independently hydrogen (H) or an
al kyl group having carbon

6 . nunmbers of 1 to 2; X is oxygen or an al kyl group containing
nitrogen; mis an integer from2 to 8& k and 1 are each independently
integers from1l to 3; and nis 1 or 2. The present
invention further provides a process for preparing an 5 organonetallic
conpound ofnumbelf@frmoeﬂ B &g edyen|or ey 3lky wnmaimnan@tr@eenmes aBwi s
bases capa V, g nshar ectr and is
sel ected frlgﬁ‘?geﬁi e%g, §t}%i 5183 i eg?gétﬁ& gg}l@?éﬁfeﬁgg& #rgﬁlo ?]aE# of 111
[err] ﬂ.Qrzyvherei n Ris an al kyl having a carbon nunber from1l to 4,
R, R, Rerr], Rerr], Rerr] and R[err] are each independently

hydr ogen (H) or ’H’.ibﬁfé@éht ﬁi%%oh%ﬂ]ﬁr‘iﬁéﬁﬁ@s a procddd Toepfepating 40 2. X i
oxygen or an al kyl group containing nitroge mis an I nt'eger from 2

to 8; k fandorzampme compopnd O hh¢ @rmmgar&d’d Iin; wthereindl &3 ommo.lr morg Lewis 1

or 2, conpr S|n S RENS chlorlde
U5 “and 1T b ety st Rt B e HaRi R £ O e
suspensi on gslécted Eins t&@phene thiopyrabet ainl crgabRsdrhingt dfdormbla nebrIIniI/e ntion

Thi's invention pertains to organometallic conpounds useful as precursors 20

in the vapor deposition alumnumfilmas wi F@RQR?Q sem conduct or devi ces
and met hods of pari Nggpgdle precurgor e/rrpoun Ny
N N RSy,
dn 11

10 wherein R is an alkyl having a carbon number from 1 to 4; R’, R”, R35, R36, R37
and R are each independently hydrogen (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 1 are each independently integers from 1 to 3; and n is
1 or 2, comprising the steps of: a) forming a suspension of aluminum chloride

15 and lithium aluminum hydride in hexane or pentane; and b) adding to the |

suspension said Lewis base.

Detailed Description of the Invention

This invention pertains to organometallic compounds useful as precursors
20 in the vapor deposition of aluminum film as wiring on semiconductor devices and

methods of preparing the precursor compounds.

Lewis bases capable of providing an unshared electron pair to the
aluminum metal center are useful in the present invention Suitable Lewis
bases include thiophene, thiopyran, and organic amine derivatives of Formula II

25 or Formula III. For example, the organic amine derivatives include one or more
heterocyclic amines selected ﬁ:orﬁ alkylaziridine, alkylazetidine,
alkylpyrrolidine, alkylpiperidine, alkylhexamethyleneimine,
alkylheptamethyleneimine, alkylmorpholine, 1,4-dialkylpiperazine.



Lewi s bases capabl e of providing an unshared electron pair to the

al umi nym netal center are useful in the present invention Suitable Lewi s
bases include thiophene, thiopyran, and organic am ne derivatives of

Formul a-11-25 or Formula I11. For exanple, the organic am ne derivatives

I ncl ude one or nore het erocycli c am nes sel ected from al kyl azi ri di ne,
al kyl azeti di ne, al kyl pyrrolidine, alkylpiperidine,

al kyl hexamnet hyl enei m ne, al kyl hept anmet hyl enei mi ne, al kyl nor phol i ne,

1, 4- di al kyl pi per azi ne. [err]

In the above Forrmula I, Ris an alkyl having a carbon nunber of 1 to 4, R
and R' are each independently hydfogdx (H) or an al kyl group having carbon
5 nunbers of 1 to 2, and mis ainted®RBf 2 to 8. In conpounds of Fornula

I, it is preferred that R i yl or ethyl.

[err] In the above Formula 111, Ris an al kyl group having
carbon nunbers of %helﬁ?bo OFéivm o Rois 'é’hearlk}l hzﬁ[iﬁ? Glcadbéh Bubbel oo R R’

i ndependent |y hy rogen ( ky1 group avrng a carbon nunber ¢

to 2, X is axddrarereash mdégelndgntiyrhymhugem (Hrar an alkylllgmmgehavmgobakbmd 1
are each |nde ndeng&x?lnte ers of ounds

expr essed 2 f"r’l m R H“@gei 8#1% §ufadn °°mp°3PgD 8? E9¥‘ﬁ9f3?ﬁ) i nes

havi ng Formﬁéf&rwqhﬂgxgmag?l@gﬁﬁlhaw ng Fornmula 15 V. Anobng the
conpounds expressed by Formul a the preferred conpounds are

aIkyInDrphollnes havi ng Formul a VI and al kyl pi perazi nes havi ng Fornul a
VI, '

CR3R?
/ ( 6)k x
\ CRR, e )
In the above Formula III, R is an alkyl group having carbon numbers of 1
10  to 4, R35, R36, R37 and R38 are each independently hydrogen (H) or alkyl group
having a carbon number of 1 to 2, X is oxygen or an alkyl group conta.inihg

nitrogen, and k and 1 are each independently integers of 1 to 3.

Among the compounds expressed by Formula II, the preferred compounds
are alkylpyrrolidines having Formula IV and alkylpiperidines having Formula
15 V. Among the compounds expressed by Formula III, the preferred compounds
are alkylmorpholines having Formula VI and alkylpiperazines having Formula

VIL
R! R? ps
R‘
RN 25
R5
® ¥ a)
20 In the above Formula IV, R is an alkyl group having a carbon number of 1

to 4, R! to R3 are each independently hydrogen or alkyl group having a carbon

number of 1 to 2. Preferred compounds of Formula IV are those wherein Ris -



[err] =~ = 20 In the above Formula IV, Ris an alkyl group having a

carbon nunber of 1 to 4, Rerr] to Rerr] are each independently
hydrogen or al kyl group having a carbon nunber of 1 to 2. Preferred
conpounds .of Formula IV are those wherein Ris

8 " nethyl or ethyl and Rerr], Rer&], Rerr], Rerr], Rerr] and

Rl err].are each i ndependently hydrogen or : met hyl .

[err] ' t F aV, Ris a kyl .group
havi hg a cmetrh on ket Rh e, B3 RE Rand R are pain idebp ot zasbitior
independeq&hmggydrogen or an al kyl group having a carbon nunmber of 1
to 2. Preferr conpounds of Formula V are those wherein R I s net hyl
or ethyl and Rlerr], Rerr], MMepr], Rerr], Rerr], Rerr] and Rerr] are
each i ndependently hydrjogeph or nethyl.

R17 R16 (V)
In the above Formula V, R is an alkyl group having a carbon number of 1
5 to 4, and R? to R18 are each independently hydrogen or an alkyl group having a
carbon number of 1 to 2. Preferred compounds of Formula V are those wherein R
is m'ethyl or ethyl and R?, R19, R12, R14, R16, R17 and R!8 are each independently
hydrogen or methyl. '

R0 g2

R‘ 9 Rzz

2
(=

RZG R23
10 R25 R24 (VI)
In the above Formula VI, R is an alkyl group having a carbon number of 1
to 4, and R19 to R% 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 R19, R20, R21, R22 R23, R24, R25 and R26¢ are each
15- independently hydrogen or methyl.

R28 R29

 R® gR (VID)



[err] = =~ In the above Formula VI, R is an alkyl group
havi.ng.a carbon nunber of 1 to 4, and Rerr] to R err] are each

i ndependent |y hydrogen or an al kyl group having a carbon number of 1
to 2. Preferred conpounds of Fornula VI are those wherein R is nethyl

or ethyl and Rlerr], Rerr], Rerr], Refr], Rerr], Rerr], Rerr] and
Rl err]-are each 15 independently hydrogen or. et hyl .

[err] . 9 : "~ In
t he above Fornul a VII R is an al kyl group having a carbon nunber of 1
to 4, and Rerr r hgi:ndep. ]ng

group having a in%ﬂ%éﬂr’%ﬁn*%@n@gﬁflhggg %gg%“érre gﬁ‘%ﬁé\%gﬂg@ Eor mul a

VI are thase 4AaddRatd R3‘the$amht1h&épeifdeﬁtllyyﬂy&ibgbIR{)Ean ]alkﬂ[gbut haRimya],

ydr ogen oarhsmphmbe of 1t 2! Préfbprademppda.s ipsme VILarn oo regrein |
sui t abl ? L@Wssmgﬁﬁ'q%ﬁ o1 R27, Fzgﬂl\lzﬁylﬁgﬁrliﬁl RI2 1ERS g U 928 each
pyrrol1dne

1- net hy aving Fornmh -butylpyrrolldlne haV|ng

For mul a | Xindepehdéntlyhtdrysemyor methiilne; 10 al kyl pi peri di nes, such as
1, 2, 2, 6, 6-pent anet hyl pi peri di ne, 1-nethyl piperidine having Formul a X
and 1- et hyl pi pelh dheabbeyé¢ompduniduhaving Foainia i rspitablebewis bases include:

alkylpyrrolidines, such as 1-methylpyrrolidine having Formula VIII,

1-butylpyrrolidine having Formula IX and 1,4-dimethylpyrrolidine;

10  alkylpiperidines, such as 1,2,2,6,6-pentamethylpiperidine, 1-methylpiperidine
having Formula X and 1-ethylpiperidine having Formula XI; alkylmorpholines,
such as 4-methylmorpholine having Formula XII and 4-ethylmorpholine having
Formula XIII; and alkylpiperazines, such as 1,4-dimethylpiperazine having
Formula XIV. These compounds are preferred for use as the precursors in the

15 chemical vapor deposition of aluminum film. Especially preferred organic
amines are 1-methylpyrrolidine, 1-methylpiperidine, 1-ethylpiperidine,
4-methylmorpholine, and 1,4-dimethylpiperazine.

-

(VILI)
C4H9'—N®

ax
CHs';‘N | >

X)

20



stich as 4- et hyl norphol i ne having Formula Xi| and 4-ethyl nor phol i ne havi ng
Formul a Xl I1; and al kyl pi perazi nes, such as 1, 4-di met hyl pi perazi ne havi ng
Fornmula XIV. These conpounds are preferred for use as the precursors in the
15 chenical vapor deposition of alumnumfilm Especially preferred organic
am nes are 1-nethyl pyrrolidine, 1-nethyl# peridine, 1-ethyl piperidine,

4- et hyl nor phol i ne, and 1, 4-di net hyl pi per azi ne.

[err] 20 [err]
[err] 10
[err] - GHs™N  [epr]
XI)
CHz——N 0
N/ )
CoHg— o]
5 \\——J/ (XIII)
CHz——N N—CHs
XIV)

An aluminum compound represented by Formula I used for aluminum
film vapor deposition can be readily prepared according to the chemical reaction
10 represented by Equation 2. To a mixture of aluminum chloride powder and -
lithium aluminum hydride (LiAlH4) in a reactor; hexane or pentane was added
at room temperature to form a suspension and then a Lewis base, L, such as
alkylpyrrolidine, alkylpiperidine, alkylmorpholine or alkylpiperazine, was added

at room temperature to obtain the compounds of the present invention.

15
Eguation2 :
3LiAlH4 + AICl3 + 10L — 4H3ALLs + 3LiCl
In the above Equation 2, L is a Lewis base as defined in Equation 1 and n
20 islor2.

" Among the Lewis base compounds, alkylpyrrolidine, such as

1-methylpyrrolidine, and alkylpiperidine, such as 1-methylpiperidine, are



[err]  ° [err] An al uni num conpound

represented-by Fornmula | used for al um num fil mvapor deposition can
be readily prepared according to the chenmical reaction 10 represented by
Equation 2. To a mixture of alum num chloride powder and l'ithium

alunihun1hydride (LiAlH err]) in a reactdi, hexane or pentane was added
at roomtenperature to forma suspension and then a Lewis base, L, such as
al kyl pyrrolidine, alkyl i di_ne, al kyl mor phol i ne or al kyl pi perazi ne, was

. ip,
added %Pe@égbhst“éﬁ%ﬁgq-a_ refors, thy Winical preeusprs fon she FRemicap vaRYNt

i nvent i on. " f%ﬁ][?m i ial i ' ' i th
AlC[err] +de}%E1t3°>n % e#fr}11 ) era rS ]w13r'mog|_rln&t erial in sem1cox§i-dcﬁ%:'r;ﬁﬁ§sa gvee
Equati on 2,compoumisirepiesehtesebyaForiafilan KV and FormtilaoR VI, sandithe @ention witlr 2.

Anong t he Lew,s base .conpounds, . al kyl pyrrolidine, such as :
1- met hyl pyr’ %ﬁ%‘?ﬁ?,ﬁ 13,1;5?32} odihsss }/‘Hgﬁ%‘,np%ﬂis'as 1- net hyl pi peridine, are

. CHj
@
H3A1: N :
5 XV)
CH3
H3Al: N
: XVI)

In the present invention, Formula XV and Formula XVI represent

1-methylpyrrolidinealane and 1-methylpiperidinealane, respectively, and their

10  effects as precursors for aluminum film deposition are described below.

First, these compounds provide aluminum film deposition like
dimethylethylaminealane, which is a well known precursor for aluminum film
vapof deposition. The aluminum film was deposited according to the reaction
path show below in a vapor deposition process and, thus, it is possible to form an

15 aluminum film free of impurity inclusion at a low temperature, 100-200°C.

The reaction mechanism of 1-methylpyrrolidinealane in a vapor deposition

process is shown in Equation 3.

Equation 3

CHj

\
HiAl: N : > HAl + CHa—"NO T —_— Al + 3/2H21

In the above Equation 3, the volatile reaction byproducts, such as

20

1-methylpyrrolidine and Hz, do not decompose at the vapor deposition
temperature and the impurities are removed cleanly from the aluminum film

and the silicon substrate. The reaction path of 1-methylpyrrolidinealane vapor



especi all y» suitable. Therefore, the typical precursors for the chen cal

vapar °~ deposition of alumnumfilmas wiring material in sem conductor
dew»ces, are the conpounds represented by Formula XV and Fornul a XVi,
and the invention wll be di scussed '{n relation to these two conpounds.
[err] 5 In the pres«gnt I nvention, Forrmula XV and

Eor rrulhaI XVI represent . 1-met hyl pyrrolidineal ane and

- et hyl pi | di- ' 2N A=] RV ' S precursors
Foral um nagppiipEEds B GISARE S AE it ial Pas peddous bréthsont?, e B Hese

gorrpoEnds Armetitdpgirolidinesldnd, wabtcfedsnta ameagtieand was adsorbed as a gaseous

I met hyl et hyl am neal ane,, which is a | 1 . known,pr f al um 1
vapor depod gﬁ:ntq-ﬂge sHhsLEaLe ﬁi‘ﬁsaf’?n %Q t&@ﬁ&ﬁ%&%ﬁ%ﬁﬁﬁp@{o}l@ﬁ%&#%g i (T n
path show Beh aiblitafh Ji3RSs (48RO 1nbERY 1R R6RAMERE GasbdussLowis Baisepahidthl € {0

forman 15 alum num i ree of inmpurity inclusion at a | ow tenperature,
100- 200 5C. subsequently isolBtes a%a@ﬁ%%t&dﬂ%ﬁemih%hﬁﬁwpﬂﬁlqhéi neal ane

Lor 2y V2P0 sgefiiRinlg Aline, the (R Ty 3B HikPclsiop i bhipyreolidindalli, O 3
byproduct s,js $mdva® and an dlubEhGid flth 19 fdrthatPortite siiiestrdte. da aeHemieabnpose

at the.vapor deposition. tenperature and the inpurities are_ renoved
cleanly fr orapondenpsitionpregassnthe compgypdsiod the PF%EPW%@?Y‘h?e reaction

path of 1- %Eatp%z@i rb&%gﬂhﬁ?@ﬁ&%& YBf}{a or a bias applied on the substrate. It is
10  preferred that the substrate be heated to 100° to 200° C during the deposition

process.

In the above Equation 3, in the dissociation stage of the
1-methylpyrrolidinealane adsorbed onto the substrate surface to
1-methylpyrrolidine gas, the rate determining factor is the formation of

15  1-methylpyrrolidine, a Lewis base. Hence, the dissociation to gas phase

1-methylpyrrolidine determines the rate of low temperature vapor deposition.

The aluminum film vapor deposition temperature of the known |
compounds, such as dimethylaluminum hydride, triisobutylaluminum hydride
and trimethylaluminum, is 250° to 400° C, and the deposition temperature of

20 one of the invention compounds, 1-methylpyrrolidinealane, is 100° to 200° C, and
the invention compound provides a high vapor deposition rate of aluminum film

at such a low temperature.

The low temperature vapor deposition technology of aluminum film is very

important in semiconductor device manufacturing which requires multilayer '
25 metal wiring by metal vapor deposition, especially in the diffusion barrier during

the upper layer metal vapor deposition process. As shown in Equation 3, the

reaction path of 1-methylpyrrolidinealane produces 1-methylpyrrolidine and

hydrogen (Hz) as the byproducts, and the hydrogen produced can be readily

removed from the vapor deposition substrate as a gas. Also, 1-methylpyrrolidine
30 does not decompose further in the vicinity of the vap01" deposition temperature

and can also be removed from the substrate as a gas. Therefore, a high purity



12 " deposition is the followng: in the initial stage the gaseous
precursor, - 1- met hyl pyrrolidineal ane, was fed into a reactor and was
.adsorbed as a gaseous phase onto the substrate surface, then the

adsor bed 1-nethyl pyrrolidineal ane on the substrate di ssociates to
1-met hyl pyrrolidine, a gaseous Lewis bas®, which 5 subsequently isolates
as a gaseous byproduct. Then, the hydrogen in the remai ni ng al ane, the
resi due fromthe di ' di neal ane

ti f .1- et hyl al | . is d
and an al URTHRRUR ISR SGRAEEDBHEY FRAUSIBEY pheithes GRFoR AE pitgapen S §E0CT
deposi ti O“Bi;{at‘iﬁ@&.s TPE ggeé‘éﬂw eeisuAtiet BE tRE BRANRVill M¢Adtsk Ahe BRICLHE

vapori zed erma ergy, plasma or a bias applied on the substrate. It
is 10 prebesisimmce bfithe Amnsinvst metel wirihg coogequenthp the pignabiragenissoni ng

t he deposition, 1y P OCESS. .Lhn_th s ' ' e
di ssoci at i Bﬁf%%té{dlé‘uoﬁe f%@rsed' Tﬁqrﬁ@gﬁﬁbggl}gwﬁ{ ﬁ.g1§|1 F‘\S'% ggg%xﬁgretgngﬁbga{]he
substrage $HHI@REIA film vagor Bipbyitiown, r ol i di ne gas, the rate deternining
factor I's the formation of° 15 1-nethyl pyrrolidine, a Lewi s base. Hence,

the dissociati Ofl*hfecbog%%u RERE the prosdntivastioselsidilas tdtickbwas the rate
of | ow tenperature vapor deposition. The al um num fil m vapor

deposi t i on compoandtdimethyletiydaiimsalane, whichhasihegn used for the precursor in

di met hyl al ugi num hydride, tgiisgbutylalum num hydr |

trimet hyl a@?m‘h?ﬂ ¥apor ‘?FPA’G?}‘%’ %a‘ﬁéﬂ?-h%" d%lg)és‘iro | gorllmtdg rlrlﬁg’rggﬁ?rrgveo 20
one of the thBMAAT biabilig @EetHEFosition Bibiviglyhsabi isbarake)in, conspaifiédn with00 C,
and the invention conpound provides a high vapgr. def)osi_t i OB t e of
al uni nuid f ithemknown @qmmmrgSa Fosexemplerifdpethylpyrrolidinealanerina pyhpler

t enper at ure_vapor o i ) ' ' T
[ rrprrgr tant iN?% ﬁ?tggﬁg%g’t ?r‘%}é%/iﬁégf %&%g%égg‘r&%ﬁg}é\%ﬁﬁif#%%?? glrgr% otsi1t|1%1§/er
25 nmetal Vabtudd pdcedB téthperitare 635080 t C)Y) Rhafmexistaddlly, itnddesenadi f f usi on

barrier during t he upper. | ayer metal vapor depqsition progess. As
shown in Eclesompass, Thege charactesistics provide HTGPr@q‘Pgﬁﬂ ‘b‘?}‘?‘g‘f‘;ﬁ%eal ane

produces 1 ge i b ISRI scrome I AIBIE bt iAot s, and

t he hydroge can be'rea enove rom-t

substraie amadufasuriAksas welmatprytidyglong telinn etoiage dimbilityott mevonpose
further in the vicinity of the vapor deposition tenperature and can
al so be ren®RRETAFY® t he substrate as a gas. Therefore, a high purity

The conventional aluminum CVD precursor compounds, such as
dimethylethylaminealane, trimethylaluminum and dimethylaluminum hydride,
and the like, ignite explosively when in contact with water or air. The invention

20 compounds are flammable but they do not ignite. explosively or they are less
ﬂammable than the conventional precursors, so the risks of fire and personal
injury are reduced. Additionally, the production cost, when compared with that
of dimethylaluminum hydride, is very low. Thus, it is expected that the low cost

and high quality aluminum film vapor deposition precursor will be obtained.

25 The invention compounds are a liquid at room temperature, and 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 carried out easily,

30 which is an advantage.

e vapor deposition



13 “aluminum filmwi thout inmpurity inclusions of either carbon or
nitregen can be obt ai ned. The presence of inpurities in the filmwll
i ncrease the electric resi stance of the alum numnetal wring,
consequentiy, the signal transm ssion velocity will be retarded.
Therefore, a high purity filmis a very thportant factor 5 in alumi num
fil mvapor deposition. The conpounds of the present invention

are simlar to e .known compound .di hyl et hyl agi neal ane, whi ch has
been_used for ¢ MATEREREoRs AR STHo Kasirt He L TIRYE OV RIaRRLR e B but ¢ he
i nventi on cQMpRundSsoldichd WRICAVAE more KRR thhA Kinbwn/predefdrRERitidnaN
during long-termstorage) in conparison with 10 the known conpounds. For

exanmpl e, i fustdriptdelivery systens sueh anditeqt Hawidvinegtors and liguiddeliveay t o

45[err]Cto_attain uf figtent.vapor presswe for t d i fol_on
(actual pr quRlery cahadtfocy S LhinkWEE wRLERR HAE s0100nt BF P BElo A RRRR A 0,
deconpose. pheeamsos Baldivnefor the a6liwre\of tRe PrécRpsciciotipruardslof Fosmmril4 L 48
deposition process, which is extrenely inportant. in seniconductqr device 15

manuf act ur i g, solitenint # dgliveryowistrm| FixgmulespEiher hejerogyelic amige selverbom

t enper at ur . a : ﬁ.rﬁ@%r Ul . sor conpounds,
such as eindc}lldr?e]t ﬁlye It}é¥]ﬁ§%§)%d%g§é?ﬁ?§1%, ri ?rlzt?l%?/]l g#ﬁéﬁg’ﬁ? éﬁgﬂ{e’
di net hyl al ulrethylpipedidine 4-methylarmipholiné,idkethylmorplolinepl osi vel y when in

contact wt ter,qr.air.. The invention 20 0 nds,. are, fl anmabl e but
Chey do_ not LuimesbeRiesaring gadiic o i & nrebe et Hat th sobise & han ¢ he
convent ’1(9nai-uﬂ{tﬁ?%%lﬁiiné.oﬁg%oIdtégﬁn&fthé kbIgeAfttaRais®@nflvarious I NjUrYy are

reduced. Additionally, the production cost, when conpared wth that of
di met hyl al usrinmbimatipds, afe thesresulting almwminms cornpourd eslusione ¢an hetusedasl ow
cost and high gquality. al,um.num fil myapor. deposition precursor will be
obtai ned. - Dtectivd breifzebta B vandk deBBSioR BRHeRT G Bt °F oom

tenperature, and the contr f the precursor,.conpound delivery rate,
wht oh (s o osel yin rg Bl vapes dedeitiof dBe duts e peltions afiaw i the
achi eved | NgdRoptRON of P pidceSdbsRI RGE ST PiredSwitl tAat of coneRBibRAl Al SO, in
ot her chem cal vapor deposition processes that use a direct liquid
i nj ect of5 or precirspyisdlutigusduetoshetvade selestion of precursorsbe carri ed out
easily, 30 which is an advant age.

Solutions of the above new compounds represented by Formula I were

prepared using a heterocyclic amine as the solvent. The new precursor
compound solution can be prepared by dissolving the invention compound
represented by Formula I in a heterocyclic amine which is free of water, a

20 purified solvent, and a Lewis base. The entire reaction is carried out under an
inert gés atmosphere, such as a nitrogen or argon stream, to prevent the

deterioration of the compound.

The invention compounds and the preparation of solutions of the

compound will be discussed with examples.

25

Example 1: Synthesis of l-methzlpzrrolidinealane

170 g (2.0 moles) of colorless l-methylpyrroiidine was added dropwise at
room temperature, while stirring, to a powder suspension consisting of 67 g (0.5
mole) of aluminum chloride and 65 g (1.7 moles) of lithium aluminum hydride in

30 hexane under nitrogen stream. (The heat of reaction accompanied by the



14 Coe Furthernore, as an added feature, the inventors devel oped
precursor - conpound sol utions which are nore beneficial than known
precursor sol utions used in delivery systens such as direct |iquid
ihjectors and |iquid delivery syste A heterocyclic am ne was used as
the solvent for the preparation of a 5 precursor solution for the delivery
of t’he-precursor conpounds of Formula |, as . the solute, in a delivery
system Exagplisy Afmbd\eiHeH 6 6t hecedBhiyto\@bY Y reactor difd thitheat may
1-met hyl pyrrolidine, 1-butylpyrrolidine, "1-nethyl pi peridine,

1- et hyl pi pexiddin tke reaotionhy After the laddisionoftthiey]-methylpyrredidine, the reaction

1, 4-di net hyl pi. perazin the JLke. It is ferred t.hat, the solvent .is
To" 1 et nyRBy RO W AR SHEReuHoE 2B0rE b S6uzs b rovblefs B eckpl vt B £R0 §EMas <
conbi nat i ORsericdNéhd FehctiRarodtgt, 8Ll 126HBRIdAThretdgahGBTosgilabe Used as
effective precursors in alum num vapor deposition processes. In

al uni nurd f igradvaly withe s redctantsiand thensettled Inthe sestleddayeswaneilytlager
devel opnent .of e d with that of conventional 15
precur sor Soﬁ#%%ﬁr%ﬁ?gfﬁsa%%@%@%?se ée(gt i on of precursors.

Sol utions of the, aboye new,c ounds_represgnted by Formula L were
prepared using aAﬁ%rt oceﬁql?ﬁggﬁ?&ée ’ée&"?lﬁa'ﬁbﬁwww%ﬁ%m}?&w% ecur sor
conpound so]-wdtBflpFarblidendulane we@ deyasited Foth fHe kékttionAkEtusd b GIRAvidd

represented by Formula | in a heterocyclic amine which is free of water, a

20 purifi d risrogenstregmiteobtain 8 fiystaltraiee Bhe byprodugietonothe Bltemwered out
under . ; ; i to
pr event 1 nerinsed Bhibe 5 BLIHANK Goa i belnatyl, 4P 00N Bl AR4RR SLUIAR |
conpounds awglret dddedrtofthe firso filtphtes Al bf dﬁsvﬁlﬁtﬂ&a)mponenlt@ D Gk ﬁlwfﬁtel wbre f
di scussed with exanp]es. 25 ) . ., Exanple 1: Synthesis o
1- et hyl pyr’feé‘?“?v&fylﬁgﬁieér‘{écuum to obtain a golgrigss Hiapidyp| es) of col orl ess

1- net hyl pyrrolidine was added dropw s roomtenperature, while

\ e at . A
stirring, to a posidred gelorless GHratnwns distdlegratedt ‘& poder vacuumngl Qs togr)
al um num ch] ord de A, es) - of 4t hlum. al urnu i in 30
hexane undeér0 é}% r%%ggng‘%‘rz%aéﬁjsup‘?ﬁg%éétl 9%?@%@3?‘%%%@%%%%& %%tt he
15 filtrate was distilled in a similar manner at 40° C to obtain 180 g of high purity

1-methylpyrralidinealane.

The reaction shown in Equation 4 is the preparation of
1-methylpyrrolidinealane, and the highly purified 1-methylpyrrolidinealane was
analyzed by proton nuclear magnetic resonance (“NMR”) and the data and

20 properties are listed in Table 1.

Equation 4
_ CHg
3LiAIHg + AICK; + 4| cHp— — 4 |y Ak\@ + 3LiCl
25 Example 2: Synthesis of 1-methylpiperidinealane

To a suspension of aluminum chloride and lithium aluminum hydride in
hexane prepared according to Example 1, 198 g (2.0 moles) of 1-methylpiperidine

were added dropwise at room temperature in a nitrogen stream and the mixture



15 ‘reaction is minute and it is not necessary to cool the reactor and
t he heat may aid in the reaction). After the addition of the

1- nethylpyrrolldlne the reaction m xture was stirred for about 5 hours
to conplete the reaction, by the end of {gat period, the reaction
product, 3-nethyl pyrrolidineal ane began to coagulate 5 gradually with the
reactants and then settled. In the settled layer, an oily |ayer of

1- met hyl py @l theh Reidalfor \Fsourer rseﬂular to Example 1, fih¢ susgensioncvpigutdted of
the reaction, the invention conpoun rolldlﬂealane was

r
separ at ed iandrih wieshylpineridinestpre @P@l%%ﬂ? the %%ttt?’ﬁn&]tgg reaqlor, SROMER st r eam
to obtain The I £hel bdwneed
twice wt h %P#‘P %hﬁ%ﬁg}l}tl Fodd 1?&%‘1&@13% (}hgf"lﬁeelrﬁ1 ffﬁgwgﬁm ngmgol utions
wer e added of BxhBfplé i1 Thef héﬁalh@tsalveﬁtlwam‘retﬁmredoimiemlvacunnp@ﬁérbpsr)|aﬁ t he
filtrate were renoved under Yacuumto obt.ai n

col ar. S
The dri 6d @8 &I This pertipllydaiegdsoluion Wasstored 1R %P?ﬁeé%ngé C, % & to
(10[err] tor I [ elgeh@hllled
receiver. H%Qtall S essﬂflp ?I%tri:@gg%ae %&gﬁéﬁmg%ﬁlgl%{l% T%&fl}] ca simlar
manner at é@{xﬁi’oﬁh@ Iloneiﬂnyhnpaﬁ&meglmie lthg supermiatynt, whlch resulted from the

1- et hyl | i | t h 4
the. pr bpar aFveRLiFRGon 3t 2050, Fge sgpeeataendata rabandc e dretHBBBER, £ o3
1- met hyl py Ja%% {E@Aﬁ{kﬁzwg of colorRBgliyasyl by proton nuclear magnetic

" an e d

resonance ta and 20 “properties are listed in Table 1.

Equati o d was distilld@*Ad8 € dndSyPadiffm S - of
1- net hy{bpl peri di nea‘l'l'l[lglai bdlorless h&éﬁ canopounsuvgas’énssl on of alum num chloride -
and | it hi ungefusin)amdreptisited ihm rece1vehehﬂled vmthldaryecb @eq extoptain Eﬁﬁpl e

1, 198 2.0 nol es) of 1-nethyl piper.idine
9 ( of high punty distillate orpi ylpiperidinealane.

The reaction shown in Equation 5 is the preparation of
1-methylpiperidinealane, and the synthesized compound was analyzed by proton
15 nuclear magnetic resonance and the data and the observed properties are listed

in Table 1. The results confirmed the compound as 1-methylpippridinealane.

Eguatidn 5

CHj
3LiAlH, + AICl; + 4| cH;—N Y — 2 H Al.\{ > + 3LiCI
3 .

Example 3: Synthesis of 1-ethylpiperidinealane

20

To a suspension of aluminum chloride and lithium aluminum hydride in
hexane prepared according to Example 1, 226 g (2.0 moles) of 1-ethylpiperidine
were added dropwise. at room temperature under a nitrogen atmosphere

25 following the procedure of Example 1. According to the Example 2 procedure,
the partially dried filtered solution was stored in a freezer at -20° C to precipitate

crystals and then distilled to obtain 118 g of high purity 1l-ethylpiperidinealane.



wer e added dropwi se at roomtenperature in a nitrogen streamand the

m xture ' 16 was then
stirred for 5 hours. Simlar to Exanple 1, the suspension coagul ated

and 1- net hyl pi peri di neal ane settled on the bottomof the reactor showi ng a
| i qui d phase separation. A colorless |iqujsd was obtained follow ng the
procedur e of Exanple 1. The hexane sol vent was renoved under vacuum
(10-2 torr) at 5 20[err]C This partially dri-ed solution was stored in a
freezer at -20 CThue'éad:ugnhi smmmEquaﬁbﬁldliszmebrepéﬁayioaid!eridi neal ane from

its liquid st ct th npound, 1-nmethyl pi pari di neal ane, the
super nat ant kﬁp?’é eﬁiadleﬁ PB&tbhBrOduCt@PWPEPmW#QﬁJfY%& bypreter] C, was
separated a 3%0 ri f
colorless | P%u?%glﬁ?% ¥es cgdrl ed&H}gIEHonr the | qui Cﬁr%g%%eﬁs‘ %ezﬁsqe@l&
distilled atTabld aeram]dCthnrpteductanammnﬁrmed(aﬂs()l-athylprﬁerahdea:iahé ected in a
receiver chilled with dry ice (-78 C to obtain 155 g of high purity
di still ase of 1-nethyl piperidi neal ane. The reaction shown in
Equation 5 is the preparation of 1- net hyl pi peri di neal ane, and the

synt hesi zed conpound was anal yzed by proton. 15 nucl ear nagnetic resonance
and the data and the observed properties are listed in Table 1. The
results confirmed the conpound as 1-nethyl pi ppri di neal ane. Equat i on
5 [err] 20 Exanpl e 3: Synthesis of

1- et hyl pi peri di neal ane To a suspension of alum num chloride and
l'ithium al um num hydride in hexane prepared according to Exanple 1,
226 g (2.0 noles) of 1-ethyl piperidine .



wer e added ‘dropwi se at room tenperature under a nitrogen atnosphere 25
foll owi ng the procedure of Exanple 1. According to the Exanple 2 procedure,
the partially dried filtered solution was stored in a freezer at -20[err]C
to precipitate crystals and then dIStI||ed to obtain 118 g of high
purity 1-ethyl piperidineal ane.

17 : The reaction shown in Equation 6 is.the preparation of

1- ethylplpqé:ghﬁ) ane, and the product conpound was anal yzed by proton
nucl ear sonance. The data and the observed properties are listed
In Table 1 and the produc was ¢ Lrred as 1- et hyl pi peri di neal ane.

18 Equation 6 [ery CaHs e 4.

Synt hesi s of WAt hiGheot gifelis ekl ane /6 — T gﬁ'ﬁ ensi off 3li€lm num
chloride and lithium al um{num hy¥Wci i n hexan pre are ccording to
Example 1, 202 g (2 nol es) of 4-nethyl norphol i ne wer ded dropw se at
roomtenperature under a nitrogen atnosphere according to the procedure
of Exanple 1. After the conpletion of the reaction, t he product was

obtai ned by the sane nanner as in Exanple 1 and was 10 separated to obtain
4- et hyl nor phol i neal anExample 4: Synthesis of 4-methylmorpholinealane

5 To a suspension of aluminum chloride and lithium aluminum hydride in
hexane prepared according to Example 1, 202 g (2 moles) of 4-methylmorpholine
were added dropwise at room temperature under a nitrogen atmosphere
according to the procedure of Example 1. After the completion of the reaction,
the product was obtained by the same manner as in Example 1 and wé.s

10 separated to obtain 4-methylmorpholinealane.

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

15
Equation 7
B . CH,
3LiAIH, + AICl; + 4| CH;—N of — 4|4 Al\ / \o + 3LiCl
. 3AL N /
Example 5: Synthesis of 1.4-dimethylpiperazinealane
20 To a suspéhsion of aluminum chloride and lithium aluminum hydride in

hexane prepared according to Example 1, 228 g (2 moles) of
1,4-dimethylpiperazine were added dropwise at room temperature under a
notrogen atmosphere according to the procedure of Example 1. After the
completion of the reaction, the product was obtained by the same manner as in

25 Example 1 and was separated to obtain 1,4-dimethylpiperazinealane.



Fhe reaction shown in Equation 7 is the preparation of
4- et hyl pi peri di neal ane, and the product conpound was anal yzed by proton
~nucl ear magnetic resonance. The data and the observed properties are |isted

in -Table 1 and the product was config med as 4-net hyl nor phol i neal ane.

15 Equation 7 [err]

Exanple 5: Synthesis of 1.4-dinethyl piperazineal ane 20 To a
suspensi on of ghemeachior thawn de Exwitiont isuthegireparationhofdr i de i n - hexane

d di t Ex | 1, 2 | f
D P al oot Ao A mEp Rera B REa S e oot TR pormhnd was apalyzed by zeron,
not r ogen é}fmnﬁﬁgn&msghﬁﬂcet OTk'8atdf AsEEhY &éé}ve@(dﬁft;ﬂ?b&iés ard ligted ke

conpl etion of the rfeaction, the product was obtai ned the same manner as
in 25 Eahié @ andahe praductowas confirmerd ap i A-dintethyltiipenazineslane. azi neal ane.

19 The reaction shown in Equation 8 is the preparation of
1, 4- di set TBdystper&zi neal ane, and the product conpound was anal yzed by
pr ot on nucl ear magnetic resonance. The data and the observed
properties are |isted[in /_Iaﬂe 1 dnd the prpdygf was confirmed as
1, 4-di et hﬁliAE)Plhp"'eRl%l% o gfllagﬂe > N"E%%a Iin—g 41 HALN N—-CHs | + 3Licl
Table 1
Phase NMR Analysis
Example Compound (20°C) Color (CsDs, ppm)
1 1-Methylpyrrolidinealane liquid colorless & 1.40 (m, 4H)
§2.04 (5, 3H)
5 2.41 (s, br, 4H)
5 4.09 (br, 3H)
2 1-Methylpiperidinealane liquid colorless & 1.04 (p, 2H)
5 1.39 (m, br, 4H)
§2.07(s, 3H)
82.32 (m, br, 4H)
§ 4.02 (br, 3H)
3 1-Ethylpiperidinealane liguid colorless §0.99 (t, 3H)
5 1.16 (m, 4H)
51.42 (m, 4H)
62.32 (m, 6H)
5 4.12 (br, 3H)
4 4-Methylmorpholinealane liquid colorless & 0.87 (t, 3H)
52.15 (m, 4H)
5 3.59 (m, 4H)
6 4.21 (br, 3H)
5 1,4-Dimethylpiperazinealane liquid colorless & 2.12 (s, 6H)
5 2.50 (br, 4H)

54.09.(br, 3H)




[err] ‘ Table 1

Phase : NVR Anal ysi s Exampl e Conpound
(20[err]C) Col or (derr]Derr], ppm 1 :
t- Met hyl pyrrol i di neal ane liquid colzcarl ess 8 1.40 (m 4H

8 2.04 (s, 3H

8 2.41- (s, br, 4H) .

8 4.09 (br, 3H) 2 1- Met hyl pi peri di neal ane l'iquid
colorless 8 1.04 (p, 2H)

Lerr] 339 (0 515 *P Example6: Solution of l-methylpvrrolidinealane

[err] 2.32 b 4 . . 1

[err % 4. 02 E g]r %Q_@ oH)punﬁed 1-meth¥31pyrrohf1%ef H’;‘?Fep?ﬁ%‘?q 9 % glog ne

|[ 'e?‘rji dl 18°h%&1§1§7§pyr[r@l&d1he91a913 dbtaindby the procedure of Example 1 to obtain the
[err] 1.82 (nn;equp colorless solution.

[err] 2.32 (m 6H)

[err] 4.12 (br, 3H) 4 4- Met hyl nor phol i neal ane
liquid colorless [err] 0.87 (t, 3H
[err] 2.15 (m 4H) Example 7

[err] 3.59(m 4H)

[err] 4.21 (br, %Hp compounds of the invention, 1-ndetBylpytrrolidinpslnaz iprepdredean
liquid col orl ess er rg %._12 (s, ?H) )

[err] 2.50 Exampleyl, 1-me hylpiperidinealane prepared in Example 2, and the

[err] 4489 (Bhetidhyrrolidine solution of 1-methylpyrrolidinealane prepared in Example20

6, were tested for aluminum vapor deposition.

Test 1

The compounds synthesized in Example 1 and Example 2,
15  1l-methylpyrrolidinealane and 1-methy1piperidinéa1ane, respectively, were each
added to a stainless steel bubbler. Argon or nitrogen gas was bubbled through
the solution at a flow rate of 100-600 SCCM (standard cubic centimeters per

minute or cm¥minute) while maintaining the bubbler at 30-40°C.

‘The vaporized precursor compound was diluted by the carrier gas and

20 passed through a stainless steel tube at 40-50° C into a reactor containing a
substrate for film vapor deposition. The walls of the reactor were heated to '
40-50° C to prevent the condensation of the precursor. The substrate, 2,000
Angstrom thick SiOz coated with a 900 Angétrom thick TiN layer and heated at

© 100-200° C, was coated with a high purity aluminum film by vapor deposition

25 process. The vapor deposited aluminum film was measured for the impurity
content by Auger electron spectroscopy and it was confirmed that the vapor
deposited aluminum film is a high purity film. The sheet resistance was
measured by a 4-point probe. The vapor deposition conditions and the

analytical data are listed in Table 2.



Exanpl e 6: Solution of 1-nethyl pyrrolidineal ane 20 g of
purified 1-nmethyl pyrrolidine were added to 80 g of

1-nmet hyl pyrrolidi neal ane obtai ned by the procedure of Exanple 1 to obtain
the 5 -.invention colorless solution.

Exampl e 7 ' The conpounds of 2the inventi on,

1- net hyl pyrrolidi neal ane prepared in Exanpl e 1, 1-nethyl pi peridi neal ane
prepared in Exanple 2, and the 10 .1@1&2{' pyrrolidine solution of

1- net hyl pyrrolidineal ane prepared in anpl e 6, were tested for

al um num deposTtTom TSt ¥ T IS

synt hesi zgﬁ&fgr' Fxgumpl e 1 amLF)(ar]i-p Y 3Edm%a_1a};r1‘gr hyl pyllﬂdj%ﬁm%ﬁgpa P She and

1- met hy| pRenepition GenfitigRe . respectively, were each added to a stainless

steel bubbl &arriedi@e@n or nitrogen gas Wisodedbbl ed t hrough Argdnhe sol ution

at a flowr of,.100- 600 .éfio\/l (standa ubic centineters r m nut e
or cnferr]/ Y 1l’}f‘re em\ﬂﬁ’falggeﬁa nt ai ni ng té(g"g)ubbl er at 30-40 CI.%'40

The vapor i z&gaqterdempemsture Spound was di#?tdld by the carrier 48as0 and 20
passed t hr ougBstahtsTempats (@) eel tube 19§.48-50[err] C i nto aopedgt or

cont ai ni ng rate for filmvapox deposition. The I of the
react or V\ergvl‘?’fverﬂee@tjpo 40- 50[err]1§8’t%§)°prevent t he condl\gﬁég I on of the

precursor. TeectenRyegsnrgt(torr) 2, 000 Afgsttrom thick SiJerr]0lcdated with a
900 Angstromthick Ti N |ayer and heated at 100- 200[ err] C, was coated
with a hi g %ﬂri ty alum num fil mby vapor deposition 25 process. The vapor
deposi ted um filmwas nmeasured for the inpurity content by Auger
el ectron S Pl b %(ﬁﬂﬁnﬂt was confis0fe®ophat t he vapor 1300-6@8posited
alumnumfilmis a high purity film The sheet resistance was measur ed
by a 4- poi ntRefeEEE tobRer®apor  deposi tidh-8Bnditi ons and the28-38 anal ytical
data are |i 9tepdrityn Tabl e 2. None (by AES) None (by AES)

21 Adhesion Excellent on Titanium nitride Excellent on Titanium nitride

Surface Reflectivity Good Good

Test 2

The precursor compound solution prepared according to Example 6 was
5 used to form an aluminum film by chemical vapor deposition method. The
silicon substrate was the same as the one used in Test 1 and the substrate
temperature was 100-200°C. The reactor vessel, a glass tube having 5 cm
inside diameter and 30 cm length, had one closed end and the open end was
connected to a vacuum pump (10-2 torr). The precursor solution was filled in a
10 2 milliliter (“mL") glass container and the glass container was placed in the
closed end of the reactor. Several thin silicon pieces were placed in the reactor.
The precursor solution and the substrate ';ére maintained at 40°C and
100-200° C, respectively, using independent heating wire and, while heating
the solution and the substrates, the reactor was evacuated by vacuum pump to
15 102 torr to obtain a vapor deposited high purity aluminum film. The vapor
deposited film was tested by Auger electron spectroscopy (“AES”) and a 4-point
probe test. The results, which confirmed that the aluminum film is high

purity, are listed_ in Table 3. This further shows that the invention solution is

BN



Jable 2 -~ Precusor: ' 1- Met hyl pyrrolidi neal ane
1- Met hyl pi peri di neal ane Deposition Condition Carrier Gas

Ni trogen Ar gon Bubbl er Tenperature ([err] O

30 - 40 - 30 - 40 React or Tenperature ([err] O

40 - 50 40 50 92 Substrate Tenperature (O

100 -- 200 100 - 200 Fl ow rate (SCCM

100 - 600 100 - 600 - Reactor Pressure (torr)

0.1 - 6 suitable for direct liquid fjéctor #nd liquidldeélivelry Isystem as the lifpejibsi ti on Rate
(A min) 1500 - 7000 1300 - 6000

Resi st i vi PyeqUraey Jediiery gystem. 2.8 - 3.5 2.8 - 3.5

| mpurity None (by AES) None (by AES)
Adhesi on Excel | ent ohabletdani um nitride Excel | ent on
Titaniumpitride Surface Reflectivity Coad

Good Prgquggor The pr ecur sdrMetbriprruriidinsalang diesalved mgdar ed
according to Exanple 6 was 5 used to form an alMgthwemroilieey by cheni cal
vapor depOSdgotifth Ostidited. Ihe SIT1con substrate was the sane as the one
used in Test an ‘thlﬁz sub trfgﬁée tenperature was ;40- 200 C. The reactor
vessel , a gl av&PYare 5’\9?‘??5“% h i nsi de di ameter aid 30 cmlength, had
one cl osed erfubsirate Témpepgpure (MNd was connect ed t d0@-208cuum punp (10[err]
torr). The prirgibSmessiRl@khon was filled in a 10 2omiljliliter ("n")

gl ass contai ner and the glass container was placed in the cl osed end

of the reactor. Several thin silicon pieces were placed in the reactor.
The precurBginFal uti on and the substrate were maintained at 40[err]C and
100- 200 C, r%Q%ﬁHyV(EM&EcMSi ng independent heating wgegand, while heating
the solution and the substrates, the reactor was evacuated by vacuum punp
to 15 10[errpPeB®r to obtain a vapor deposited hiXgme@yrABS) al umi numfilm

The vapor Adheggpsited filmwas tested by ApgRledtlof Titaitm apeas r oscopy

("AES") and a 4-point . probe test. The resul ts,ﬁeﬁqﬁ_i_%{b confirnmed that
t he al um num PdpbsitiorsRdte Yimin) purity, are listed in Ta & 3. This further
shows t hat—tteTrnventTormrsotutTomTr TS

5 As discussed in Example 1 and Example 2, the invention compounds can

be vapor deposited to form thin films at a low substrate temperature, namely
100-200° C. Also, the deposition rate of the aluminum film on a silicon
substrate, resistance, impufity, adhesion strength, and reflectance are superior
to the use of known precursors. Moreover, the invention precursor can be used
10  in direct liquid injector or liquid delivery system in the vapor depositibn process,

which is an advantage. -



22 sui t abl- e for--di rect I | qui d-injector and liquid delivery system as

the |iquid system
Tabl e 3 Pr ec M il I!II
*1- Met hyl pyrrolidine in 1-

TH
Met hyl pyrroli di ne Dep05| t | on Condi 3 va{%gi FT HAS BEEN
Tenperature ([err] C A5 EIE_
Tenperatu rkl. . 100 - 200 React or-
Pressure E(t[ cizh@ed. 0.1 -1 Thin Film
Fﬁ;hff It ;I ty ([?rﬂx rganorgxetalhc compound of the formula Non(Za' (5b;/ iEé)
Adhesi on . Excellent on Titaniumnitride
Deposi ti on Rate (A nin) H3AlLn 1700 - 5000 5
As di scussed in Exanple 1 an nple 2, the jnvention conpounds can
be vapor d8sseinkds pre pHEare eww bams capahlq Qﬁ/?r%@étlg afléargg#ﬁ@f electran

nanely g 3au~"&0th%0a(iulnbﬁﬁlncanﬂssébleét a0 Phib n%h@ﬂbt rtﬁiogwaﬂén Bpﬁng#gen@”m film

on a sili strate, resistance, esi on gth, and
refl ect anamiaceffomeuladd or III to the use of known precursors. Moreover, the
I nvention precursor can be used 10 in direct liquid injector or I[quid

delivery systemin thg—wapor deposition procege¥r¥*y which is an
advant age. " (CRRY R / Ny
\ (CR¥TR®), -~

an | (I

wherein
10 R is an alkyl having a carbon number of 1 to 4;

R, R”, R35, R36, R37 and R38 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 8; |
15 k and 1 are each independently_ integers from 1 to 3; and

nis1or?2.

2. The compound of claim 1, wherein the organic amine is one or more
selected from alkylaziridine, alkylazetidine, alkylpyrrolidine, alkylpiperidine,
20 alkylhexamethyleneimine, alkylheptamethyleneimine, alkylmorpholine, or
1,4-dialkyipiperazine.

3. The compound of claim 2, wherein the organic amine is one or more
selected from 1-methylpyrrolidine, 1-butylpyrrolidine, 1,4-dimethylpyrrolidine,
25  1-methylpiperidine, 1-ethylpiperidine, 1,2,2,6,6-pentamethylpiperidine, 4-
methylmorpholine, 4-ethylmorpholine, or 1,4-dimethylpiperazine.

This Sheet Has Been Replaced
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-23- * THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: - 1.

A vapor depositio Ition conprising an organonetallic
conpound r““{“ﬂ“"j""cmmr H err] AI : L[ err]
f | P

Wwherein L-is one or=noreclew ssbases capable of prgv TS
el ectron pair to the alum num and B$ sel ected Tg@%‘ﬁ%&é e‘ﬁ.‘,

t hi opyran or an organic amne of fornmula Il de—Jd 1

[err] wherein 15 R is an al kyl having a carbon nunber
of 1 to 4 R, R, Rerr], Rerr], Rerr] and R err] are each
|ndependently hydr ogen or an_al kyl group, havrng carbon nunmbers of 1 to
2; 4 As’amly@@?sworanresmw cgmpesitioneomprisiggan exggapmepallic
mis an intege o) 01 k and | are each independently

I nt egers fréﬁ%ﬂPthcgkﬁgﬁh ) nis 1lor 2. 25 2. The conposition of
claim1l1, further conprising a heterocyclic am ne sol vent. - 3. The

conposition of claim2, wherein the heterocyclic am ne solvent is one or

nor e sel ect om 1-net.h r. ol , 1-buty olidin )

TP et hylSor e | o e The Soripositipth of Hlei: 4$*H$er&°mrﬁyf%bﬁ=ﬁ fc amine

4- et hyl mor plypddrte, or 1, 4-di met hyl pi per azi ne. : A process for
al um num fil m formation conprising the step of vapor deposr ting an

6. The composition of claim 5, wherein the heterocyclic amine solvent is
one or more selected from 1-methylpyrrolidine, 1-butylpyrrolidine,
10 1-methylpiperidine, 1-ethylpiperidine, 4-methylmorpholine, 4-ethylmorpholine,
or 1,4-dimethylpiperazine.

7. A process for aluminum film formation comprising the step of vapor
depositing an aluminum film on a substrate, wherein the source of aluminum in
15  the aluminum film is a vapor deposition precursor comprising an organometallic
compound of the formula H3Al:Ln; Wherein L is one or more Lewis bases capable
of providing an unshared electron pair to the aluminum and is selected from

thiophene, thiopyran or an organic amine of formula II or III
N/ )k\x
AN (CRYR3), -~

20 an | (D)

RN (CRR")y R—

wherein
R is an alkyl having a carbon number of 1 to 4;

R’, R”, R35, R36, R37 and R38 are each independently hydrogen or an alkyl

group having carbon numbers of 1 to 2;
25 - X is oxygen or an alkyl group containing nitrogen,;

m is an integer from 2 to §;

This Sheet Has Been Replaced
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Substitute sheet - 27 June 2001 - '
-24- ' - alumnumfllmonasubstrate wherein the Qurce of alum numin

the al'uminumfilmi Eposmlon precur sor EAgREEs-Re-an,

or ganonetal | ic co m\mm‘ “l“gﬁﬂm Herr]A: Wh&ASi BEEN T S
one or nore Lewi s bases capabl € of" provi &ng an unsharéte 8

to the al um num and |s sel ected fromthiophene, thiopyran or an organi

am ne of 5 for . . 10 wher ei n
R is an al kyl ha aﬁ& %5?%%#%8%%?‘1%4{ nltefggrsélf;roxgaef £J 3; and R, R, Rerr],
Rerr], R[err;;ll Rlerr] are each independently hydrogen or an al kyl group

havi ng car bBr rs of 1 to 2; 15 X is oxygen or an al kyl group
cont ai ni ng nitrogen; mis an integer from2 to 8;

and | are each independently integers from1l to 3; and nis | or?2. 20
5. The process of claim4,_ wherein the organorret allic conpound is

vaporized by 8 {Theprasessqbelgym bvheraintheongrnemepallic sampruntlds
bstrat g
Spbstrate. venoripedy thorPl oBBRSS plAin bR ApFePLORO R SILEC, COTROLT

ne or nore Lew s bases
capabl e of providing an unshared el ectron pair to the 25 alum numand is
sel ected fromthiophene, thiopyran or an organic amne of formula Il or

I 9. A process for preparing an organometa]lié &)rnrqlound of the formula
H3Al:Ln; wherein L is one or more Lewis bases capable of providing an unshared
electron pair to the aluminum and is selected from thiophene, thiopyran or an

10  organic amine of formula II or ITI

/ (CR3SR36)k
RN (CRR"p, R— \ cn /x
an | )
wherein

R is an alkyl having a carbon number from 1 to 4;

15 R’, R”, R%5, R36, R37 and R38 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 iﬁteger from 2 to 8; |
k and 1 are each independently integers from 1 to 3; and

20 nislor2, comprisi.ilg the steps of: a) forming a suspension of aluminum
chloride and lithium aluminum hydride in hexane or pentane; and b) adding to

the suspension said Lewis base.

10. The process of claim 9, wherein the organic amine is one or more

25 selected from 1-methylpyrrolidine, 1-butylpyrrolidine, 1,4-dimethylpyrrolidine,

Sheet Has Been Replaced
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=25 - wherein . R is an al kyl having a carbon number froml to 4;
R.,-R', Rerr], Rerr], Rerr] and Rlerr] are each independently hydrogen

or an al kyl group having carbon nunbers of 1 to 2; r an
al kyl group containing nitrogen,; mis an int ege”"llmmmﬂunﬁrmm

k and | are each independently integers fggom 1l to 3; and i's Mors 2
conprising the steps of: a) formng a suspension of alum num chl ori de and

| ithium al um num hydri de in hexane or pentane; and b) adding to the
suspensi on b—majhzmp@mbme1-ethy1p1pend1ﬁe, 22, Q)SmemSmethsdlpmgmcﬁne wvherein the
organi ¢ am ne,i L cte t rrol.i di ne

1- but yl pyr rIBFFIH’a °hn%|4rr%tPP{§PBm%PgPF %idi F‘r@lbﬂg pﬁf?ﬁf‘?’dl ne,
1-ethy|p|per|d|ne, 1 2, 2,6, 6-pent anet hyl pi peri di ne, 4- nethyl nor phol i ne,

4- et hyl nor phol i ne or 1, 4-di met hyl pi per azi ne.
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