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A new type of precursor for aluminum chemical
vapor deposition (Al-CVD) has been developed
by mixing dimethylaluminum hydride (DMAH)
and trimethylaluminum (TMA). The new pre-
cursor has proven itself to be effective for Al-
CVD, where a good selectivity between the Si
and the SiO, mask, a 3.0p.{2 cm resistivity and a
pure Al film with low C and O contamination
levels (under 100 ppm) were achieved. Quadru-
pole mass and infrared absorption analysis have
shown that the precursor contains a new
molecular compound, consisting of a DMAH
monomer and a TMA monomer. The mixture
has lower viscosity than DMAH and can be
easily bubbled for a stable precursor vapor
supply. Copyright © 2000 John Wiley & Sons,
Ltd.
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INTRODUCTION

The filling of high-aspect-ratio contact holes with
metal is indispensable in multilevel metallization
for an ultra-large-scale integrated circuit (ULSI).
For this purpose, aluminum selective and blanket
CVDs are foreseen as hopeful candidates for
contact hole filling. In the initial stage of CVD
research, trimethylaluminum (TMA) was used as a
CVD precursor. However, only aluminum carbide
film was formed through the pyrolysis of this CVD
gas? The first success in metallic aluminum growth
and blanket AlI-CVD was reported using6 tri-
isobutylaluminum (TIBA) as a CVD precursér
However, when TIBA is used the surface morphol-
ogy is not suitable for ULSI application because its
nucleation density is low. Selective Al-CVD was
first reported using TIBA. Morphology problems
have been partly overcome by using the double-
wall CVD systent, but a low deposition rate due to
the low vapor pressure of TIBA is still a problem.
Reports have been published on aluminum-selec-
tive CVD with relatively high deposition rates and
highly conductive film using dimethylaluminum
hydride (DMAH)®”*

The disadvantage of DMAH as a CVD precursor
is its high viscosity, which causes difficulty in
bubbling DMAH in a conventional vessel. In order
to decrease the DMAH viscosity and to increase the
flow rate of the precursor, we tried to mix it with a
solvent having lower viscosity and high vapor
pressure. The liquid mixture of DMAH and TMA
showed low viscosity and high vapor pressure. In

ment Laboratory, NEC Corporation, 1120 Shimokuzawa, Sagami-2ddition the vapor from the mixture showed almost
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the same properties, such as selectivity, sheet
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resistanceandfilm contaminatiorlevel, asa pure
DMAH vapor. Therefore,the liquid mixture was
foundto havegreatadvantageglow viscosity and
goodfilm quality) asa CVD precursorHowever,
thereasorwhy theliquid mixture showsalmostthe
samepropertiesasDMAH is not clear.

The vapor pressureof TMA is ten times higher
thanthatof DMAH atroomtemperaturelf thegas-
phaseprecursorof the mixture consistsof DMAH
andTMA gasin proportionscorrespondingo their
partial vapor pressure, TMA gas will be the
dominantingredientof the precursorvapor. This
should result in poorly conductive Al film but
actuallywe foundthatthefilm hadalmostthesame
conductivityasthatobtainedoy usingpureDMAH.
We think that this was causedoy a new molecular
productbeingformedin the mixture gas.Therefore
we investigatedhis new molecularproduct.

This paperprovidesadetailedcharacterizatioof
the new molecular compound. The TMA and
DMAH vapor mixture was investigated, using
gquadrupolemassspectroscopy(QMS) and FTIR
(Fouriertransforminfrared spectroscopyanalysis.
The quadrupolemassanalysisrevealedthe frag-
ment patternsof the new compoundin the vapor
mixture and was usedto determineits molecular
weight, which, in turn, suggestedts structure.The
molarfractionof the newcompoundn the mixture
vapor was estimated basedon the FTIR analysis.
The total energyand vibrational frequencyof the
new compoundsuggestedy massanalysiswere
evaluatedby ab-initio molecular orbital calcula-
tions.

EXPERIMENTAL

DMAH and TMA were preparedby Tosoh—Akzo
Industries_td andusedwith no further purification
in this work. Vapor pressureswvere 1.9Torr for

DMAH and 11.6Torr for TMA at 298K.%° For
QMS andFTIR analysisand CVD, the mixture of

TMA and DMAH was preparedoy mixing liquid

TMA andliquid DMAH in a nitrogengasatmos-
phereat room temperatureandwas not submitted
to purification.

The CVD apparatusconsisted of a growth
chamberwith a mechanicalboosterpump system
and a load-locked preparationchamberwith a
turbo-moleculampump system® When the growth
chamber was pumped out by the mechanical
booster pump system, its base pressure was
1.33x 10 2 Pa. The substrateplacedon a carbon

Copyright© 2000JohnWiley & Sons,Ltd.

susceptor,was heatedto 450°C. The substrates
were 4-inch (10-cm) Si wafers. A subsetof these
wafershadSiO, patternonthesurface Thewafers
were treated just before deposition by dipping
briefly in dilute HF solution (H,O / HF=60:1) to
removenative oxide on Si, rinsing with de-ionized
waterandblowing dry with a N,. After awaferhad
been placed in the load-locked chamber, the
chamberwas pumpedto 1.33x 10> Pa, and the
wafer was transferredto the growth chamber.To
reducethe water on the wafer it was baked at
300°C in purified H, gas. The vapor mixture
carried by hydrogenwas then introducedinto the
growth chamberto depositaluminum.

In order to identify the new compoundin the
DMAH and TMA mixture in the gasphasemass
spectrawere measuredusing a molecular-beam
typeof ultra-highvacuumapparatus®** Theliquid
DMAH, TMA or a DMAH/TMA mixture was
bubbledwith a He carriergas(researctgrade)and
thenthe vaporwasinjectedthrougha nozzleinto a
vacuum chamber. To avoid the formation of
clustersby adiabaticexpansion,a large-diameter
(I mm i.d.) nozzle was used. The effusive mol-
ecular beam was collimated with three orifices
which were pumped separately,and then intro-
ducedinto the QMS chamberThe QMS ionization
energywas 70eV. The backgroundand operating
pressuresof the masschamberwere 10 '° and
108 Torr.

In orderto confirmthe new compoundstructure
andevaluatdts concentrationn thevaporfrom the
TMA and DMAH mixture, FTIR spectrawere
measuredor thevaporfrom TMA, DMAH andthe
DMAH/TMA (70:30mol/mol) mixture. In these
measurementgbout0.2ml aluminumalkyl com-
poundswere injectedinto a cell 10cm long with
KBr windowsin anitrogenatmosphereEachvapor
hadasaturatedraporpressuratroomtemperature.
The infrared absorption spectrafor these com-
poundsveremeasuredby anFTIR spectrometeiin
thewavenumberangebetweem00and4000cm *
at roomtemperature.

MOLECULAR ORBITAL
CALCULATIONS

The equilibrium geometryof eachmoleculewas
fully optimizedasthe Hartree—FocHkevel usingthe
analyticalgradientmethod'? The electroncorrela-
tion energy was estimatedby the second-order
Moller—Plessefperturbationtheory>®* The basis

Appl. Organometal Chem.14, 14-24(2000)
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Figure 1 SEM micrographof CVD aluminum for contact
holesusinga DMAH/TMA mixture as precursorgas.Al was
selectively depositedon the contact-bottomsilicon surface,
while no film wasgrownon SiO, mask.

setsusedin the presentstudy were the 6-31G**
split-valencepolarizationsets,which include one
setof six d-polarizationfunctionson non-hydrogen
atoms and an additional set of p-polarization
functions on hydrogen atoms*® The vibrational
frequencyanalysiswas performedto obtain zero-
point vibrational energiesand to assignthe IR
vibrational spectrum as discussedbelow under
‘FTIR calculation’. The program for ab-initio
molecularorbital calculationsvas Gaussiar94 1®

RESULTS AND DISCUSSION

CVD characteristics using new
precursor

The TMA/DMAH mixture (3:7 in liquid mixture)
was examinedin termsof its CVD characteristics
concerningselectivity and Al-film quality. Indivi-

Copyright© 2000JohnWiley & Sons,Ltd.

dual CVD experimentswvere carriedout underthe
following conditions: total pressure270Pa, pre-
cursorvessektemperaturg0 °C, substratéempera-
ture 240°C, and depositiontime 100s. Using the
vaporfrom the mixture asthe CVD precursorgas,
AI-CVD revealedgood selectivity betweenthe Si
and the SiO, mask, as shown in Fig. 1. The
aluminum grains show a facet-like shapegrown
overthe contactholes,whichimpliessingle-crystal
growthonthe Si. Eachfacetplanedoesnot always
havethe sameorientation,which suggestghat Al
graingrowthwasnot epitaxialon Si. Al deposition
ratesfrom both the TMA/DMAH mixture andthe
pureDMAH showedthe sameorder.

To obtain the electrical resistivity, the sheet
resistancewas measuredwith a four-point probe
andthe film thicknesswas measuredy the stylus
method.The aluminumfilm depositedon Si using
the new precursorshowsa ratherlow resistivity of
3.0uQ cm (bulk Al resistivity is 2.7u€ cm at
roomtemperature).

Impurities includedin the grown Al film were
measuredby secondaryion mass spectroscopy
(SIMS). The SIMS depthprofile of the Al film is
shownin Fig. 2. Atomic concentrationgre shown
for hydrogen,carbonand oxygenon the left-hand
ordinate,andsecondaryon countsareshownfor Si
and Al on the right-hand ordinate. Depth was
evaluatedy Ar sputtertime, anddimpledepthwas
measured by the stylus method. Significant
amountsof H, C and O atomsare observedn Al
thefilm from thesurfaceto adepthof 0.2 um. From
0.2t0 0.35um, both C and O contaminatiorievels
werelower than100ppmwhensurfacecontamina-
tion, causedby exposureto the atmospherewas
avoided.This level of contaminationin Al film is
the sameasin films using DMAH. Theseresults
showthatthis newprecursoihasthe samepotential
asgoodCVD precursorasDMAH.

Characterization of new precursor

QMS measurementand fragmentation pattern
analysis

Figure 3 shows massspectrafor (a) TMA, (b)
DMAH and(c) aDMAH/TMA mixture(1:1). Mass
peaksat mz=17 (OH"), 18 (H,0™"), 19 (F"), 28
(N,* or CO") and 44 (CO,") come from back-
ground impurities, becausethesepeaksappeared
whenthe vaporhadflowed away.Otherpeaksthat
appearedn themassnumberrangebetweenl2 and
57 for thesevaporsarenotincludedin the analysis
in the following discussionbecausehesevapors
havecommonfragmentmassnumbers.

Appl. Organometal Chem.14, 14—-24(2000)
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Figure 2 SIMS depthprofile for Al film depositedusingthe DMAH/TMA mixture.
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Figure 3 Quadrupolenassspectrdor vaporof: (a) TMA,; (b)
DMAH; (c) aDMAH (50mol%)/TMA (50 mol%) mixture.lon
currentvaluesweremultiplied by 10 abovea 60 massnumber.

In the massnumberrange above 60, a major
fragment of TMA appearsat m/z=129, and
fragmentsof DMAH appearat massnumbersl01,
115and 158, asshownin Fig 3(a) and (b). These
fragmentsare almostthe sameasthosereportedin
Refs17 and18. Sincethe parention massnumber
of the TMA dimer is 144 and that of the DMAH
dimeris 116,eachparention doesnotappeain the
mass spectrum. During the ionization in the
quadrupole mass filter, the TMA and DMAH
dimerseachtendsto liberatea methylgroup(mass
number 15). The DMAH dimer also liberatesa
bridging hydrogen atom® Hence, the dimeric
TMA (m/z=144) providesthe main peakat 129,
dueto lossof amethylgroup.Similarly, thedimeric
DMAH (116)yieldsmainpeaksat101and115due
to methyl group and hydrogenloss. DMAH also
showsa massnumberof 158, which comesfrom
trimeric DMAH with a massnumberof 174, by
liberatingamethylgroupandahydrogeratom.The
vapor from the mixture shows major peaks at
m/z=115, 129 and 158, asindicatedin Fig. 3(c).
This pattern differs from the TMA and DMAH
patternsuperimpositionpecausehe superimposi-
tion spectrumwould havea higher 101 peakthan
the 115peak.This differencestronglysuggestshat
the mixture vapor contains the new molecular
compound basedon the following considerations.

Copyright© 2000JohnWiley & Sons,Ltd.

First, the DMAH dimer should contribute only
slightly to the peakat 115,becausehe peakat 101
from DMAH is very low, asindicatedin Fig. 3(c).
Secondlyevenif thetotal contributionto the peak
at 129in the mixture comesfrom TMA dimer,the
TMA dimerdoesnot contributeto the peakat 115.
Therefore,most of the peakstrengthat 115 must
comefrom anewcompoundptherthanthe DMAH
dimeror the TMA dimer. The massnumberof 158
comesfrom trimeric DMAH in the mixture.

Quadrupole mass analysis can determine the
massof the newcompoundasfollows. We utilized
a commonproperty of TMA and DMAH, which
appearsn bothfragmentatiorpatternsH andCH;
loss. In the caseof the mixture, the 115 and 129
fragments appearedas main peaks. Therefore,
assumingthat the new compoundhas the same
fragmentation property, it should have mass
numbers116, 130 or 144, by summingl or 15
with the 115 or 129 fragments.Of these the mass
number 116 can be excluded, becausethe 101
fragmentappearsin a very small amountin the
mixture vapor. The massnumber144 canalsobe
excluded,becausdt doesnot causethe observed
115 fragment. Therefore,the new compoundhas
beendeducedo havethe massnumber130,which
cancontributeto both 115and 129 fragments For
the 129 fragmentsof the vaporin the mixture, the
contribution from the TMA dimer and the new
compoundcannotbe elucidatedoby this quadrupole
massanalysisalone.

Thechemicalformulafor thenewcompounchas
been deducedas follows. The structuresfor the
TMA andDMAH dimershavebeenreported(Fig.
4) 192°At roomtemperatur¢about300K), thermal
energy is not sufficiently high to causedrastic
chemical structural changesin the TMA and
DMAH mixture. For example,at 333K, TMA gas
consistsof morethan97% dimers;evenat 588K,
TMA gas consists of 96% monomers, which
indicateghatbelow500K the TMA decomposition
rateis very low.*® Therefore,only small structural
changesin TMA dimers and DMAH dimers, to
form other types of aggregatesshould be con-
sidered.Generally,(TMA), (DMAH),-type aggre-
gationmay occurin the mixture. Accordingto the
deduced mass number of 130, TMA-DMAH,
(CHg)3Al-(CH3),AlH, is the mostprobablechemi-
cal formulafor the new compound Hereafter this
compoundis referredto as TDMA (trimethylalu-
minum dimethylaluminumhydride molecularag-
gregate)Oneof the TDMA conformerds shownin
Fig. 4(c).

Although the stability of TDMA was not

Appl. OrganometalChem.14, 14—-24(2000)
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(@) (b)

investigatedprecisely,QMS samplesof the same
batchof liquid mixture at different times showed
almostthe samefragmentatiorpatternsTherefore,
TDMA is consideredo be stablefor severalweeks
atleast.

Ab-initio calculations

To investigate more precisely the molecular
structure of the new compound,ab-initio orbital
calculationswverecarriedout. It is knownthatTMA
existsasa dimer with two methyl grougsforming
bridgesbetweenthe aluminumatoms®® It is also
known that DMAH exists as a dimer with two
hydrogen atoms forming bridges between the
aluminum atoms?° It is, therefore,interestingto
seewhat will happenwhen thesealkylaluminum

(c)

Figure 4 Schematialiagramsshowingthe molecularstructuresof (a) TMA dimer, (b) DMAH dimerand(c) TDMA.

compoundswith two different bridging atomsare
mixed. Ab-initio calculationsfor TMA andDMAH
dimers performedby Hiraoka et al.* provedthat
the dimers are more energeticallystablethan the
two monomers. We have calculated the total
energiesof individual moleculesof TDMA, TMA
and DMAH (Table 1); conformersof dimeric
DMAH havebeenevaluatedy theirtotal energies.
We have evaluatedthe total energiesfor five
conformersof dimeric DMAH: (1) dihydrogen-
bridged; (2) monohydrogen-and monomethyl-
bridged; (3) dimethyl-bridged and dihydrogen-
terminatedon one Al; and(4, 5) dimethyl-bridged
and monohydrogen-termiriad on both Al (trans-
and cis-) (Table 2). The results show that the
dihydrogen-bridgedDMAH dimer is the most

Table 1 Total energiesandzero-pointvibrationalenergieqhartree)

Total energy

Zero-pointenergy

HF/6-31G**/[HF/6-31 G** MP2/6-31G**//HF/6-31 G** HF/6-31G**
TMA —360.7709367 —361.2778035 0.112034
DMAH —321.7208202 —322.082333 0.081453
(TMA), —721.5488354 —722.5866061 0.228609
(DMAH) , —643.4832318 —644.220014 0.168776

Table 2 Energydifferencefor DMAH , conformers(HF/6—-31G**//HF/6—31 G**)

Structuré Total energy Zero-pointenergy AE (a.u) AE (kcal mol™)
1 —643.483232 0.168776 — —

2 —643.467248 0.168144 0.015352 9.6

3 —643.449968 0.167794 0.032282 20.3

4 —643.449899 0.167922 0.032479 20.4

5 —643.450196 0.167933 0.032193 20.2

21, dihydrogen-bridged2, monohydrogn-andmonomethyl-bridged3, dimethyl-bridgedanddihydrogen-terminatedn oneAl; 4,
5, dimethyl-bridgedand monohydrogen-terminatesh both Al (4, trans 5, cis).

Copyright© 2000JohnWiley & Sons,Ltd.
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Table 3 Energydifferencefor TDMA conformers(HF/6-31G** //HF/6—31G**)

Structuré Total energy Zero-pointenergy AE (a.u) AE (kcal mol™)
1 —682.517003 0.198581
0.017164 10.8
2 —682.499544 0.198286
1, H,CHs-bridged; 2, CHs,CHs-bridged.
Table 4 Energetics
AE (hartree) AE, (kcal mol)

HF/6-31G** //HF/6-31G**  MP2/6-31G** //HF/6-31G** HF/6-31G**
2TMA 5 (TMA), —0.006962 —0.030999 —16.6
2DMAH - (DMAH), —0.041591 —0.055345 -31.0
TMA + DMAH - TDMA —0.025247 —0.043943 —24.4

stable:this coincidesthe experimentakstructure?®
Therearetwo conformersof TDMA, of which one
is dimethyl-bridged (structure 1) and the other
hydrogen—methyl-bdged (structure2). We found
that the latter is energeticallyfavorable(Table 3).
Dimerization or aggregationenergiesof TMA,
DMAH and TDMA are listed in Table 4. The
DMAH dlmerhasthe Iargestd|mer|zat|onenergy,
31.1kcalmol™* (l30kJ mol~1), the nextis TDMA
with 24.4kcal mol™* (102kJmol™%), and the
smallest is the TMA dimer, 16.5kcal mol™*
(69kImol™Y). Thereforedimerization of DMAH
is consideredo bemorestablethanthatof theother
species mentioned above. From these energy
values,the energydifference (A Ep) is evaluated
for the following equilibrium:

}(TMA)Z

1
5 + 5 (DMAH), = TDMA

— 0.6(kcal mol™1)

[1]
Therefore, in the TMA/DMAH mixture it is
consideredthat there is equilibrium betweenthe
TMA dimer plus the DMAH dimer and TDMA.
Additionally, becauseEqn [1] is exothermic,the
equilibriumshouldbe biasedo theright-handside.

FTIR analysis

Figure 5 showsinfrared absorptionspectrafor (a)
TMA, (b) DMAH, and(c) a TMA/DMAH mixture
(3:7in liquid mixture). The spectrumin Fig. 5(a)is
essentiallythe sameasthatfor TMA dimersin the
gas phasein Ref. 22, but the FTIR spectraof

Copyright© 2000JohnWiley & Sons,Ltd.

DMAH andthe mixture weremeasuredor thefirst
time in this experiment.

In orderto assigntheselR spectrathe harmonic
frequencieswere calculatedat HF/6—31G**. The
assignmentarelistedin Table5 for TMA, Table6
for DMAH and Table 7 for TDMA. Frequencies

calculatedat HF are known to showlarge values.
The scallngfactorrecommendeds 0.8929for HF/
6-31G*>* We employed this value for HF/6—
31G** becausét bestresembleshebasissets.The
vibrational mode assignmenin the presentstudy
was determinedby using a visualization of the
normal mode. There are some discrepancies
betweenour assignmentnd Kvisle’s in Ref. 22
TMA’s IR spectruthowsthecharacter|st|<f3H3(b
meansbrldge hereafterdeformatiorat567.1cm *
and CH? srocking modes at 775.4cm™ 1 which
provide ewdence of methyl crosslinks between
two Al atomsin the TMA dimer.

Whenthe FTIR spectrumfor DMAH (Fig. 5b)
was comparedwith that for TMA (Fig. 5a), CHs
asymmetric stretchlng modes (at around
2950cm 1) and CHY(t meanstermlnal hereafter)
deformation (707.9cm %) were commonly ob-
servedm both spectra On the otherhand,the Al-
CP stretchlngandCH deformatiormodesobserved
in theTMA d|merwerenotobservedn theDMAH
spectrum. Therefore,the DMAH dimer had no
bridging methyl, and had crosslinks through
hydrogen atoms, which agreeswith the results
obtainedby gas-phaselectron-beandiffraction 2
andalsowith thoseof our total energycalculations
asdescribedabove.

Characteristiovibration spectrafor DMAH have

Appl. OrganometalChem.14, 14—-24(2000)
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Figure 5 Infraredabsorptionspectraat roomtemperaturdor

vaporof: (a) TMA; (b) DMAH; (c) aDMAH (70mol%)/TMA
(30mol%) mixture.

also beenfound at 1790, 1424, 1352,1206, 934,
852, 791, 708 and 570cm”*. Al-H-Al bending
modes, 852 and 570cm ' (out-of-plane) and
CHideformation (1425, 1352, 708cm 1) agree
within 5cm™* error. Although the frequencies
differ by 60, 150, and 210cm %, the 791, 1206
and934cm™ -~ peaksmay be assignedo the Al-H—
Al bendingmode (the first out-of-plane,the latter
two in-plane).A broadpeakat 1790cm* couldnot
be assignedo the DMAH dimer, becausehereis
no predictedfrequencyaroundhere.We havealso
estimatedvibrational frequenciesfor DMAH tri-
mersby ab-initio calculationswhich showthereis
a strong Al-H-Al degeneratebending peak at

Copyright© 2000JohnWiley & Sons,Ltd.

1754cm*. Thereforewe attributedthe 1790cm*
peakto the Al-H-AI degeneratdendingpeak of
the DMAH trimer.

Thespectrdor the TMA andDMAH mixtureare
expectedo be a superimpositiorof the spectrafor
the TMA dimer, the DMAH dimer and TDMA,
weightedby eachmolarfraction.In orderto extract
the TDMA spectrumthe spectrdor pureTMA and
pureDMAH havebeensubtractedrom thatfor the
mixture, asmuchas possible,underthe restriction
that the resultant spectrum should not vyield
negativeoptical densityin the wavenumberange
betweerd00and4000cm*. The TMA component
in the mixture spectrumwasestimatecdat 0.52with
the pure TMA spectrumasthe unit. Similarly, the
DMAH componentin the mixture spectrumwas
estimatecht0.83,with thepureDMAH spectrumas
the unit.

The difference spectrum in Fig. 6 shows
characteristiqpeaksat 1414,1339,1207,820 and
703cm L. The assignmentsre listed in Table 7.
The scalingfactor for HF/6—-31G*is employedin
the samemanneras when the DMAH dimer was
assigned. The three peaks, 1414, 1339 and
820cm™ !, can be assignedto Al-H-Al bending
modes;the former two in-planethe last an out-of-
plane mode. A very strong peak at 703cm ™ is
assignedo CHsdeformation.The 1207cm ! peak
cannot be assignedto any TDMA vibrational
modes, so we believe there are residual TMA
components.

Evaluation of the TDMA fraction in the mixture

We assumethat TDMA is a single residual
ingredientin the difference spectrumin Fig. 6.

Thenhow many TDMA moleculesaretherein the
TMA and DMAH mixture? Following the Beer—
Lambertlaw, the TDMA molar concentratiorC is
representedby Eqn[2],

a=eCL 2]

where o, ¢ and L representthe optical density,
molar absorption coefficient and absorption-cell
length. The TDMA C-H asymmetric stretching
mode optical density was obtained from the
difference spectrumin Fig. 6. Table 8 lists the
measuredoptical density, the evaluated molar
fraction and the molar absorptioncoefficient for
eachvapor.The ¢ value for the C—H stretchingin
TDMA was consideredto be the averageof the
TMA andDMAH values,if it is assumedhatthe
molar absorptioncoefficientfor C—H stretchingis
proportional to the number of methyl groups.
Especially since a TMA dimer has six methyl

Appl. Organometal Chem.14, 14-24(2000)
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Table 5 Vibrational frequenciedor (TMA),

Obs. Int. Wavenumbelcalc.)* sft  Calc.int. Our assignment Their assignment*
478.3 mi 518.91 119.8 Al-C'str. Al-CPstr.
567.1 s 579.99 203.0 CHSdef. Al-C'str.
600.5 m 608.53 38.7 Al-C'str. CHjrock
650.0 vw 622.52 53.5 CHg"def. CHjrock
702.1 S 702.27 202.7 CHjrock. Al-C'str.
702.51 238.4 CHjrock
775.4 s 762.29 212.3 CHSrock CHgrock
1207.4 s 1234.66 33.0 CH;wag CHjsymdef.
1235.64 87.7 CH;wag
1253.7 m 1257.33 67.7 CHjwag CHjsymdef.
2839.2 w 2856.96 28.4 CHgasymstr. 2xCH; asym.def.
2900.9 m 2867.21 125.2 CHgasymstr. CHz sym.str.
2941.4 S 2871.82 120.5 CHgasymstr. CHz asym.st.r
*Ref. 22

TScaIianactorof Ref. 23.

FAbbreviationsvw, very weak;w, weak;m, medium;s, strong;vs, very strong;t, terminal; b, bridge;str, stretching;rock, rocking;

sym, symmetrical;def, deformation;asym,antisymmetrical.

groups, and a DMAH dimer has four methyl
groups, TDMA is consideredo havefive methyl
groups,from the discussiorof the TDMA structure
in sectionon QMSandFTIR analysisindividual e
valuesfor TMA andDMAH wereobtained based
on the observed optical density for the C-H
stretchingband and the concentrationcalculated
from its vaporpressurd TMA: 11.6Torr;° DMAH:
1.9 Torr®), assumingthe ideal gas laws. Molar
concentratiorC for TDMA canbe estimatedusing

CH,' def.

4.0

3.0

20

Absorbance

=)
%—~ CH, asym.str.

0.0
4000 3000 2000 1000

Wavenumbers / em’!

X & Tt ek

0

Figure 6 TDMA infrared absorptionspectrum,obtainedby
subtracting pure TMA and pure DMAH spectrafrom the
spectrunof aDMAH (70mol%)andTMA (30 mol%) mixture.

Copyright© 2000JohnWiley & Sons,Ltd.

Egn[2]. The TDMA molar fractionin the DMAH
(70mol% as a monomerH TMA (30mol% as a
monomer)vapor mixture was estimatedto be at
least 50mol%. If there are 30mol of TMA and
70mol of DMAH andall the TMA wereconsumed
to produce TDMA, and 30mol of DMAH were
consumedo leave40mol of DMAH, then20mol
of (DMAH) , would beproducedSothemolarratio
of TDMA to (DMAH), should become 60:40.
Althoughnotall the TMA is consumedn this case,
it is consistentthat the equilibrium in Eqn [1]
proceedso theright side.

The reaction probability of the TDMA is
consideredo be of the sameorder as that of the
DMAH, becausdghe CVD precursorof the vapor
from the liquid mixture of TMA and DMAH (3:7
fraction) contains11% of DMAH at most,andthe
CVD rate was of the sameorder asthat from the
pure DMAH. In addition,since TMA is known to
causeano CVD reactionata substratéemperaturef
240°C, the TDMA in the vapor from the mixture
mustcontributeto the Al deposition.

So far, we have discussedthe existence of
TDMA in gasphase.A liquid mixture of TMA
andDMAH haspreliminarily beenanalyzedby an
NMR (nuclear magneticresonance)nethod, and
somehydrogenpeakswhich confirm the existence
of TDMA havebeenobservedn the mixture.

Appl. Organometal Chem.14, 14—-24(2000)
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Table 6 Vibrational frequenciesor (DMAH),

Obs. Int. Wavenumbelcalc)* sf Calc.int. Assignment
570.0 m 563.17 3.99 Al-HPop.bend
707.9 Vs 705.72 318.2 CHidef.
790.8 W 731.70 0.0002 Al-HPob.twist
851.6 s 849.69 473.5 Al-HPop.bend
933.5 W 1147.13 482.2 Al-HPip.bend

1205.5 S 1353.27 1695.7 Al-HPip.str.

1352.1 s 1411.75 4.8 CHédef.

1423.5 s 1417.79 2.8 CHiwag

1788.0 bs Al-H(DMAH) 5

2904.8 w 2818.08 32.9 CH%symstr.

2818.51 24.4 CH§symstr.

2951.1 m 2876.17 108.5 CHiasymstr.

2960.7 S 2887.80 84.0 CH§asymstr.

2889.98 25.3 CHzasymstr.

Abbreviations;bs, broadstrong;op, out-of-plane;ip, in-plane;bend,bending;twist, twisting; wag, wagging:seealso Table5.

Table 7 Vibrational frequenciesor TDMA

Obs. Int. Wavenumbeicalc)* sf Calc.int. Assignment
461.4 m 427.21 43.2 Al-CPstr. or (TMA) ,
540.1 m 500.86 96.8 CHsdef or (TMA),
703.1 VS 696.33 149.2 CHLdef.or(TMA),
819.7 s 808.64 313.3 Al-HPop.bend

1207.4 m (TMA),

1253.7 w 1233.38 59.7 AICHédef.or(TMA)2

1338.6 m 1293.99 297.2 Al-H"ip.str.

1413.8 S 1378.04 788.6 Al-HPip.str.

1518.0 m 1417.19 47.8 Al-HPip.str. + CHgdef.

2839.2 w 2813.91 24.9 CH%symstr.

2900.9 m 2871.74 87.4 CH§asymstr.

2945.3 S 2879.11 35.3 CH?,asymstr.

2881.78 55.7 CHzasymstr.

Abbreviations;seeTables5 and6.

Table 8 Characteristicvaluesfor TDMA, TMA and DMAH in the mixture of TMA and DMAH (3:7 in liquid
mixture).

3

o (I mol~tcm™} (mmol 7% Molar fraction
TDMA 0.78 190 0.410 0.50
(TMA) 0.85 265 0.321 0.39
(DMAH) » 0.10 116 0.086 0.11
SUMMARY developedfor AI-CVD by blending dimethylalu-

minum hydride (DMAH) and trimethylaluminum
A new type of precursor, whose viscosity is  (TMA). The precursorvapor has been found to
substantiallylower than that of DMAH, hasbeen contain a new molecular compound betweena

Copyright© 2000JohnWiley & Sons,Ltd. Appl. Organometal Chem.14, 14-24(2000)
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DMAH monomeranda TMA monomer(TDMA).

QMS analysisrevealedthe structure of TDMA.

FromFTIR analysighemolarfractionof TDMA in

the mixture of DMAH and TMA was estimated.
The total energy and vibrational frequency of

TDMA, the TMA dimer and the DMAH dimer
were evaluatedfrom ab-initio molecular orbital
calculations.Good applicability to AI-CVD of the
precursotashbeenrevealed.
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