
New Molecular Compound Precursor for
Aluminum Chemical Vapor Deposition
Tsutomu Shinzawa1*, Fumihiko Uesugi2, Iwao Nishiyama3, Kazumi Sugai1,
Shunji Kishida4 and Hidekazu Okabayashi5
1ULSI Device Development Laboratory, NEC Corporation, 1120 Shimokuzawa, Sagamihara, Kanagawa
229-1134, Japan
2Device Analysis Technology Laboratories, NEC Corporation, 1753 Shimonumabe, Nakahara, Kawasaki,
Kanagawa 211-0011, Japan
3Silicon Systems Research Laboratories, NEC Corporation, 34 Miyukigaoka, Tsukuba, Ibaraki 305-8501,
Japan
4Resources and Environment Protection Research Laboratories, NEC Corporation, 4-1-1 Miyazaki,
Miyamae-ku, Kawasaki 216-0033, Japan
5Research and Development Group, NEC Corporation, 34 Miyukigaoka, Tsukuba, Ibaraki 305-8501, Japan

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 SiO2 mask, a 3.0mV 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.1 The first success in metallic aluminum growth
and blanket Al-CVD was reported using tri-
isobutylaluminum (TIBA) as a CVD precursor.2,3

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.4 Morphology problems
have been partly overcome by using the double-
wall CVD system,5 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).6,7

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
addition the vapor from the mixture showed almost
the same properties, such as selectivity, sheet
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resistance,andfilm contaminationlevel, asa pure
DMAH vapor. Therefore,the liquid mixture was
found to havegreatadvantages(low viscosityand
goodfilm quality) asa CVD precursor.However,
thereasonwhy theliquid mixtureshowsalmostthe
samepropertiesasDMAH is not clear.

The vaporpressureof TMA is ten timeshigher
thanthatof DMAH at roomtemperature.If thegas-
phaseprecursorof the mixture consistsof DMAH
andTMA gasin proportionscorrespondingto their
partial vapor pressure,TMA gas will be the
dominant ingredientof the precursorvapor. This
should result in poorly conductive Al film but
actuallywefoundthatthefilm hadalmostthesame
conductivityasthatobtainedby usingpureDMAH.
We think that this wascausedby a newmolecular
productbeingformedin themixturegas.Therefore
we investigatedthis newmolecularproduct.

Thispaperprovidesadetailedcharacterizationof
the new molecular compound. The TMA and
DMAH vapor mixture was investigated, using
quadrupolemassspectroscopy(QMS) and FTIR
(Fouriertransforminfraredspectroscopy)analysis.
The quadrupolemassanalysisrevealedthe frag-
ment patternsof the new compoundin the vapor
mixture and was usedto determineits molecular
weight,which, in turn, suggestedits structure.The
molarfractionof thenewcompoundin themixture
vaporwasestimated,basedon the FTIR analysis.
The total energyand vibrational frequencyof the
new compoundsuggestedby massanalysiswere
evaluatedby ab-initio molecular orbital calcula-
tions.

EXPERIMENTAL

DMAH and TMA were preparedby Tosoh–Akzo
IndustriesLtd andusedwith no furtherpurification
in this work. Vapor pressureswere 1.9Torr for
DMAH and 11.6Torr for TMA at 298K.8,9 For
QMS andFTIR analysisandCVD, the mixture of
TMA and DMAH was preparedby mixing liquid
TMA and liquid DMAH in a nitrogengasatmos-
phereat room temperature,andwasnot submitted
to purification.

The CVD apparatusconsisted of a growth
chamberwith a mechanicalboosterpump system
and a load-locked preparationchamber with a
turbo-molecularpump system.6 When the growth
chamber was pumped out by the mechanical
booster pump system, its base pressure was
1.33� 10ÿ2 Pa.The substrate,placedon a carbon

susceptor,was heatedto 450°C. The substrates
were 4-inch (10-cm) Si wafers.A subsetof these
wafershadSiO2 patternsonthesurface.Thewafers
were treated just before deposition by dipping
briefly in dilute HF solution (H2O / HF = 60:1) to
removenativeoxideon Si, rinsingwith de-ionized
waterandblowingdry with aN2. After awaferhad
been placed in the load-locked chamber, the
chamberwas pumpedto 1.33� 10ÿ5 Pa, and the
wafer was transferredto the growth chamber.To
reduce the water on the wafer it was baked at
300°C in purified H2 gas. The vapor mixture
carriedby hydrogenwas then introducedinto the
growthchamberto depositaluminum.

In order to identify the new compoundin the
DMAH and TMA mixture in the gasphase,mass
spectrawere measuredusing a molecular-beam
typeof ultra-highvacuumapparatus.10,11Theliquid
DMAH, TMA or a DMAH/TMA mixture was
bubbledwith a He carriergas(researchgrade)and
thenthevaporwasinjectedthrougha nozzleinto a
vacuum chamber. To avoid the formation of
clustersby adiabaticexpansion,a large-diameter
(1 mm i.d.) nozzle was used.The effusive mol-
ecular beam was collimated with three orifices
which were pumped separately,and then intro-
ducedinto theQMSchamber.TheQMSionization
energywas70eV. The backgroundandoperating
pressuresof the masschamberwere 10ÿ10 and
10ÿ8 Torr.

In orderto confirmthenewcompoundstructure
andevaluateits concentrationin thevaporfrom the
TMA and DMAH mixture, FTIR spectra were
measuredfor thevaporfrom TMA, DMAH andthe
DMAH/TMA (70:30mol/mol) mixture. In these
measurements,about0.2ml aluminumalkyl com-
poundswere injected into a cell 10cm long with
KBr windowsin anitrogenatmosphere.Eachvapor
hadasaturatedvaporpressureat roomtemperature.
The infrared absorptionspectra for these com-
poundsweremeasuredby anFTIR spectrometer,in
thewavenumberrangebetween400and4000cmÿ1

at roomtemperature.

MOLECULAR ORBITAL
CALCULATIONS

The equilibrium geometryof eachmoleculewas
fully optimizedastheHartree–Focklevel usingthe
analyticalgradientmethod.12 Theelectroncorrela-
tion energy was estimatedby the second-order
Moller–Plessetperturbationtheory.13,14 The basis
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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.15 The vibrational
frequencyanalysiswas performedto obtain zero-
point vibrational energiesand to assign the IR
vibrational spectrum as discussedbelow under
‘FTIR calculation’. The program for ab-initio
molecularorbital calculationswasGaussian94.16

RESULTS AND DISCUSSION

CVD characteristics using new
precursor

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

dual CVD experimentswerecarriedout underthe
following conditions: total pressure270Pa, pre-
cursorvesseltemperature30°C, substratetempera-
ture 240°C, and depositiontime 100s. Using the
vaporfrom the mixture asthe CVD precursorgas,
Al-CVD revealedgood selectivity betweenthe Si
and the SiO2 mask, as shown in Fig. 1. The
aluminum grains show a facet-like shapegrown
overthecontactholes,which impliessingle-crystal
growthon theSi. Eachfacetplanedoesnot always
havethe sameorientation,which suggeststhat Al
graingrowthwasnot epitaxialon Si. Al deposition
ratesfrom both the TMA/DMAH mixture andthe
pureDMAH showedthesameorder.

To obtain the electrical resistivity, the sheet
resistancewas measuredwith a four-point probe
andthe film thicknesswasmeasuredby the stylus
method.The aluminumfilm depositedon Si using
thenewprecursorshowsa ratherlow resistivityof
3.0�V cm (bulk Al resistivity is 2.7�V cm at
roomtemperature).

Impurities included in the grown Al film were
measuredby secondaryion mass spectroscopy
(SIMS). The SIMS depthprofile of the Al film is
shownin Fig. 2. Atomic concentrationsareshown
for hydrogen,carbonandoxygenon the left-hand
ordinate,andsecondaryion countsareshownfor Si
and Al on the right-hand ordinate. Depth was
evaluatedby Ar sputtertime,anddimpledepthwas
measured by the stylus method. Significant
amountsof H, C andO atomsareobservedin Al
thefilm from thesurfaceto adepthof 0.2�m.From
0.2 to 0.35�m, bothC andO contaminationlevels
werelower than100ppmwhensurfacecontamina-
tion, causedby exposureto the atmosphere,was
avoided.This level of contaminationin Al film is
the sameas in films using DMAH. Theseresults
showthatthisnewprecursorhasthesamepotential
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 m/z= 17 (OH�), 18 (H2O

�), 19 (F�), 28
(N2
� or CO�) and 44 (CO2

�) come from back-
ground impurities, becausethesepeaksappeared
whenthevaporhadflowedaway.Otherpeaksthat
appearedin themassnumberrangebetween12and
57 for thesevaporsarenot includedin theanalysis
in the following discussionbecausethesevapors
havecommonfragmentmassnumbers.

Figure 1 SEM micrographof CVD aluminum for contact
holesusing a DMAH/TMA mixture as precursorgas.Al was
selectively depositedon the contact-bottomsilicon surface,
while no film wasgrownon SiO2 mask.
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Figure 2 SIMS depthprofile for Al film depositedusingtheDMAH/TMA mixture.
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In the massnumber range above 60, a major
fragment of TMA appears at m/z= 129, and
fragmentsof DMAH appearat massnumbers101,
115 and158, asshownin Fig 3(a) and(b). These
fragmentsarealmostthesameasthosereportedin
Refs17 and18. Sincethe parention massnumber
of the TMA dimer is 144 and that of the DMAH
dimeris 116,eachparention doesnotappearin 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.18 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
liberatingamethylgroupandahydrogenatom.The
vapor from the mixture shows major peaks at
m/z= 115, 129 and 158, as indicatedin Fig. 3(c).
This pattern differs from the TMA and DMAH
patternsuperimposition,becausethe superimposi-
tion spectrumwould havea higher101 peakthan
the115peak.Thisdifferencestronglysuggeststhat
the mixture vapor contains the new molecular
compound,basedon the following considerations.

First, the DMAH dimer should contribute only
slightly to thepeakat 115,becausethepeakat 101
from DMAH is very low, asindicatedin Fig. 3(c).
Secondly,evenif the total contributionto thepeak
at 129 in themixture comesfrom TMA dimer, the
TMA dimerdoesnot contributeto thepeakat 115.
Therefore,most of the peakstrengthat 115 must
comefrom anewcompound,otherthantheDMAH
dimeror theTMA dimer.Themassnumberof 158
comesfrom trimeric DMAH in themixture.

Quadrupolemass analysis can determine the
massof thenewcompound,asfollows. Weutilized
a commonproperty of TMA and DMAH, which
appearsin bothfragmentationpatterns:H andCH3
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 summing 1 or 15
with the 115 or 129 fragments.Of these,the mass
number 116 can be excluded, becausethe 101
fragmentappearsin a very small amount in the
mixture vapor.The massnumber144 canalsobe
excluded,becauseit doesnot causethe observed
115 fragment.Therefore,the new compoundhas
beendeducedto havethemassnumber130,which
cancontributeto both 115and129 fragments.For
the 129 fragmentsof the vapor in the mixture, the
contribution from the TMA dimer and the new
compoundcannotbeelucidatedby this quadrupole
massanalysisalone.

Thechemicalformulafor thenewcompoundhas
been deducedas follows. The structuresfor the
TMA andDMAH dimershavebeenreported(Fig.
4).19,20At roomtemperature(about300K), thermal
energy is not sufficiently high to causedrastic
chemical structural changes in the TMA and
DMAH mixture.For example,at 333K, TMA gas
consistsof morethan97% dimers;evenat 588K,
TMA gas consists of 96% monomers, which
indicatesthatbelow500K theTMA decomposition
rateis very low.19 Therefore,only small structural
changesin TMA dimers and DMAH dimers, to
form other types of aggregates,should be con-
sidered.Generally,(TMA)x (DMAH)y-type aggre-
gationmay occurin the mixture.Accordingto the
deduced mass number of 130, TMA–DMAH,
(CH3)3Al–(CH3)2AlH, is themostprobablechemi-
cal formula for the new compound.Hereafter,this
compoundis referredto as TDMA (trimethylalu-
minum dimethylaluminumhydride molecularag-
gregate).Oneof theTDMA conformersis shownin
Fig. 4(c).

Although the stability of TDMA was not

Figure 3 Quadrupolemassspectrafor vaporof: (a)TMA; (b)
DMAH; (c) aDMAH (50mol%)/TMA (50mol%)mixture.Ion
currentvaluesweremultiplied by 10 abovea 60 massnumber.
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investigatedprecisely,QMS samplesof the same
batchof liquid mixture at different times showed
almostthesamefragmentationpatterns.Therefore,
TDMA is consideredto bestablefor severalweeks
at least.

Ab-initio calculations
To investigate more precisely the molecular
structureof the new compound,ab-initio orbital
calculationswerecarriedout.It is knownthatTMA
existsasa dimer with two methyl groupsforming
bridgesbetweenthe aluminumatoms.19 It is also
known that DMAH exists as a dimer with two
hydrogen atoms forming bridges between the
aluminum atoms.20 It is, therefore,interestingto
seewhat will happenwhen thesealkylaluminum

compoundswith two different bridging atomsare
mixed.Ab-initio calculationsfor TMA andDMAH
dimersperformedby Hiraoka et al.21 provedthat
the dimersare more energeticallystablethan the
two monomers. We have calculated the total
energiesof individual moleculesof TDMA, TMA
and DMAH (Table 1); conformers of dimeric
DMAH havebeenevaluatedby their total energies.

We have evaluatedthe total energiesfor five
conformersof dimeric DMAH: (1) dihydrogen-
bridged; (2) monohydrogen-and monomethyl-
bridged; (3) dimethyl-bridged and dihydrogen-
terminatedon oneAl; and(4, 5) dimethyl-bridged
and monohydrogen-terminated on both Al (trans-
and cis-) (Table 2). The results show that the
dihydrogen-bridgedDMAH dimer is the most

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

Table 1 Total energiesandzero-pointvibrationalenergies(hartree)

Total energy
Zero-pointenergy

HF/6–31G**//HF/6–31 G** MP2/6–31G**//HF/6–31 G** HF/6–31G**

TMA ÿ360.7709367 ÿ361.2778035 0.112034
DMAH ÿ321.7208202 ÿ322.082333 0.081453
(TMA)2 ÿ721.5488354 ÿ722.5866061 0.228609
(DMAH)2 ÿ643.4832318 ÿ644.220014 0.168776

Table 2 Energydifferencefor DMAH2 conformers(HF/6–31G**//HF/6–31 G**)

Structurea Total energy Zero-pointenergy DE (a.u) DE (kcal molÿ1)

1 ÿ643.483232 0.168776 — —
2 ÿ643.467248 0.168144 0.015352 9.6
3 ÿ643.449968 0.167794 0.032282 20.3
4 ÿ643.449899 0.167922 0.032479 20.4
5 ÿ643.450196 0.167933 0.032193 20.2

a 1, dihydrogen-bridged;2, monohydrogen-andmonomethyl-bridged; 3, dimethyl-bridgedanddihydrogen-terminatedononeAl; 4,
5, dimethyl-bridgedandmonohydrogen-terminatedon bothAl (4, trans; 5, cis).
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stable;this coincidesthe experimentalstructure.20

Therearetwo conformersof TDMA, of which one
is dimethyl-bridged (structure 1) and the other
hydrogen–methyl-bridged(structure2). We found
that the latter is energeticallyfavorable(Table3).
Dimerization or aggregationenergiesof TMA,
DMAH and TDMA are listed in Table 4. The
DMAH dimer hasthe largestdimerizationenergy,
31.1kcal molÿ1 (130kJmolÿ1), thenext is TDMA
with 24.4kcal molÿ1 (102kJmolÿ1), and the
smallest is the TMA dimer, 16.5kcal molÿ1

(69kJmolÿ1). Thereforedimerization of DMAH
is consideredto bemorestablethanthatof theother
species mentioned above. From these energy
values,the energydifference(D E0) is evaluated
for the following equilibrium:

1
2
�TMA�2�

1
2
�DMAH�2 � TDMA

ÿ 0:6�kcal molÿ1�
�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
equilibriumshouldbebiasedto theright-handside.

FTIR analysis
Figure5 showsinfraredabsorptionspectrafor (a)
TMA, (b) DMAH, and(c) a TMA/DMAH mixture
(3:7 in liquid mixture).Thespectrumin Fig. 5(a)is
essentiallythesameasthat for TMA dimersin the
gas phasein Ref. 22, but the FTIR spectraof

DMAH andthemixtureweremeasuredfor thefirst
time in this experiment.

In orderto assigntheseIR spectra,theharmonic
frequencieswere calculatedat HF/6–31G**. The
assignmentsarelistedin Table5 for TMA, Table6
for DMAH and Table 7 for TDMA. Frequencies
calculatedat HF areknown to showlarge values.
Thescalingfactor recommendedis 0.8929for HF/
6–31G*.23 We employed this value for HF/6–
31G** becauseit bestresemblesthebasissets.The
vibrational modeassignmentin the presentstudy
was determinedby using a visualization of the
normal mode. There are some discrepancies
betweenour assignmentand Kvisle’s in Ref. 22.
TMA’s IR spectrumshowsthecharacteristicCHb

3(b
meansbridge,hereafter)deformationat567.1cmÿ1

and CHb
3rocking modes at 775.4cmÿ1, which

provide evidence of methyl crosslinks between
two Al atomsin theTMA dimer.

When the FTIR spectrumfor DMAH (Fig. 5b)
was comparedwith that for TMA (Fig. 5a), CH3
asymmetric stretching modes (at around
2950cmÿ1) and CHt

3(t meansterminal, hereafter)
deformation (707.9cmÿ1) were commonly ob-
servedin both spectra.On the otherhand,the Al–
Cb-stretchingandCHb

3deformationmodesobserved
in theTMA dimerwerenotobservedin theDMAH
spectrum.Therefore, the DMAH dimer had no
bridging methyl, and had crosslinks through
hydrogen atoms, which agreeswith the results
obtainedby gas-phaseelectron-beamdiffraction,20

andalsowith thoseof our total energycalculations
asdescribedabove.

Characteristicvibrationspectrafor DMAH have

Table 3 Energydifferencefor TDMA conformers(HF/6–31G** //HF/6–31G**)

Structurea Total energy Zero-pointenergy DE (a.u) DE (kcal molÿ1)

1 ÿ682.517003 0.198581
0.017164 10.8

2 ÿ682.499544 0.198286

1, H,CH3-bridged;2, CH3,CH3-bridged.

Table 4 Energetics

DE (hartree)
DE0 (kcal molÿ1)

HF/6–31G** //HF/6–31G** MP2/6–31G** //HF/6–31G** HF/6–31G**

2 TMA → (TMA)2 ÿ0.006962 ÿ0.030999 ÿ16.6
2 DMAH → (DMAH)2 ÿ0.041591 ÿ0.055345 ÿ31.0
TMA � DMAH → TDMA ÿ0.025247 ÿ0.043943 ÿ24.4
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also beenfound at 1790, 1424, 1352, 1206, 934,
852, 791, 708 and 570cmÿ1. Al–H–Al bending
modes, 852 and 570cmÿ1 (out-of-plane) and
CHt

3deformation (1425, 1352, 708cmÿ1) agree
within 5 cmÿ1 error. Although the frequencies
differ by 60, 150, and 210cmÿ1, the 791, 1206
and934cmÿ1 peaksmaybeassignedto theAl–H–
Al bendingmode(the first out-of-plane,the latter
two in-plane).A broadpeakat1790cmÿ1 couldnot
be assignedto the DMAH dimer, becausethereis
no predictedfrequencyaroundhere.We havealso
estimatedvibrational frequenciesfor DMAH tri-
mersby ab-initio calculations,which showthereis
a strong Al–H–Al degeneratebending peak at

1754cmÿ1. Thereforewe attributedthe1790cmÿ1

peakto the Al–H–Al degeneratebendingpeakof
theDMAH trimer.

Thespectrafor theTMA andDMAH mixtureare
expectedto bea superimpositionof thespectrafor
the TMA dimer, the DMAH dimer and TDMA,
weightedby eachmolarfraction.In orderto extract
theTDMA spectrum,thespectrafor pureTMA and
pureDMAH havebeensubtractedfrom thatfor the
mixture,asmuchaspossible,underthe restriction
that the resultant spectrum should not yield
negativeoptical densityin the wavenumberrange
between400and4000cmÿ1. TheTMA component
in themixturespectrumwasestimatedat 0.52with
the pureTMA spectrumasthe unit. Similarly, the
DMAH componentin the mixture spectrumwas
estimatedat0.83,with thepureDMAH spectrumas
theunit.

The difference spectrum in Fig. 6 shows
characteristicpeaksat 1414,1339,1207,820 and
703cmÿ1. The assignmentsare 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
820cmÿ1, can be assignedto Al–H–Al bending
modes;the former two in-planethe last an out-of-
plane mode. A very strong peak at 703cmÿ1 is
assignedto CHt

3deformation.The 1207cmÿ1 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 assume that TDMA is a single residual
ingredient in the difference spectrumin Fig. 6.
Thenhow manyTDMA moleculesaretherein the
TMA and DMAH mixture? Following the Beer–
Lambertlaw, the TDMA molar concentrationC is
representedby Eqn [2],

� � �CL �2�
where a, " and L representthe optical density,
molar absorptioncoefficient and absorption-cell
length. The TDMA C–H asymmetricstretching
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 assumedthat the
molar absorptioncoefficientfor C–H stretchingis
proportional to the number of methyl groups.
Especially since a TMA dimer has six methyl

Figure 5 Infraredabsorptionspectraat roomtemperaturefor
vaporof: (a) TMA; (b) DMAH; (c) a DMAH (70mol%)/TMA
(30mol%) mixture.
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groups, and a DMAH dimer has four methyl
groups,TDMA is consideredto havefive methyl
groups,from thediscussionof theTDMA structure
in sectionsonQMSandFTIR analysis.Individual"
valuesfor TMA andDMAH wereobtained,based
on the observed optical density for the C–H
stretchingband and the concentrationcalculated
from its vaporpressure(TMA: 11.6Torr;9 DMAH:
1.9 Torr8), assumingthe ideal gas laws. Molar
concentrationC for TDMA canbeestimatedusing

Eqn [2]. The TDMA molar fraction in the DMAH
(70mol% as a monomer)� TMA (30mol% as a
monomer)vapor mixture was estimatedto be at
least 50mol%. If there are 30mol of TMA and
70mol of DMAH andall theTMA wereconsumed
to produceTDMA, and 30mol of DMAH were
consumedto leave40mol of DMAH, then20mol
of (DMAH)2 wouldbeproduced.Sothemolarratio
of TDMA to (DMAH)2 should become 60:40.
Althoughnotall theTMA is consumedin thiscase,
it is consistentthat the equilibrium in Eqn [1]
proceedsto the right side.

The reaction probability of the TDMA is
consideredto be of the sameorder as that of the
DMAH, becausethe CVD precursorof the vapor
from the liquid mixture of TMA andDMAH (3:7
fraction) contains11% of DMAH at most,andthe
CVD rate was of the sameorder as that from the
pureDMAH. In addition,sinceTMA is known to
causenoCVD reactionatasubstratetemperatureof
240°C, the TDMA in the vapor from the mixture
mustcontributeto theAl deposition.

So far, we have discussedthe existence of
TDMA in gas phase.A liquid mixture of TMA
andDMAH haspreliminarily beenanalyzedby an
NMR (nuclearmagneticresonance)method,and
somehydrogenpeakswhich confirm the existence
of TDMA havebeenobservedin themixture.

Table 5 Vibrational frequenciesfor (TMA)2

Obs. Int. Wavenumber(calc.)* sf† Calc.int. Our assignment Their assignment*

478.3 m‡ 518.91 119.8 Al–Ctstr. Al–Cbstr.

567.1 s 579.99 203.0 CHb
3def: Al–Ctstr.

600.5 m 608.53 38.7 Al–Ctstr. CHt
3rock

650.0 vw 622.52 53.5 CHb;t
3 def: CHt

3rock

702.1 vs 702.27 202.7 CHt
3rock: Al–Ctstr.

702.51 238.4 CHt
3rock

775.4 s 762.29 212.3 CHb
3rock CHb

3rock

1207.4 s 1234.66 33.0 CHt
3wag: CHt

3sym:def:
1235.64 87.7 CHt

3wag:

1253.7 m 1257.33 67.7 CHb
3wag: CHb

3sym:def:

2839.2 w 2856.96 28.4 CHb
3asym:str: 2xCH3 asym.def.

2900.9 m 2867.21 125.2 CHt
3asym:str: CH3 sym.str.

2941.4 s 2871.82 120.5 CHt
3asym:str: CH3 asym.st.r

*Ref. 22.
†Scalingfactor of Ref. 23.
‡Abbreviations:vw, 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.

Figure 6 TDMA infrared absorptionspectrum,obtainedby
subtracting pure TMA and pure DMAH spectra from the
spectrumof aDMAH (70mol%)andTMA (30mol%)mixture.
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SUMMARY

A new type of precursor, whose viscosity is
substantiallylower than that of DMAH, hasbeen

developedfor Al-CVD by blending dimethylalu-
minum hydride (DMAH) and trimethylaluminum
(TMA). The precursorvapor has been found to
contain a new molecular compoundbetween a

Table 6 Vibrational frequenciesfor (DMAH)2

Obs. Int. Wavenumber(calc)* sf Calc.int. Assignment

570.0 m 563.17 3.99 Al–Hbop.bend
707.9 vs 705.72 318.2 CHt

3def:
790.8 w 731.70 0.0002 Al–Hbob.twist
851.6 s 849.69 473.5 Al–Hbop.bend
933.5 w 1147.13 482.2 Al–Hbip.bend

1205.5 s 1353.27 1695.7 Al–Hbip.str.
1352.1 s 1411.75 4.8 CHt

3def:
1423.5 s 1417.79 2.8 CHt

3wag:
1788.0 bs Al–H(DMAH) 3
2904.8 w 2818.08 32.9 CHt

3sym:str:
2818.51 24.4 CHt

3sym:str:
2951.1 m 2876.17 108.5 CHt

3asym:str:
2960.7 s 2887.80 84.0 CHt

3asym:str:
2889.98 25.3 CHt

3asym:str:

Abbreviations;bs,broadstrong;op, out-of-plane;ip, in-plane;bend,bending;twist, twisting; wag,wagging:seealsoTable5.

Table 7 Vibrational frequenciesfor TDMA

Obs. Int. Wavenumber(calc)* sf Calc.int. Assignment

461.4 m 427.21 43.2 Al–Cbstr. or (TMA)2
540.1 m 500.86 96.8 CH3def. or (TMA)2
703.1 vs 696.33 149.2 CHt

3def:or�TMA�2
819.7 s 808.64 313.3 Al–Hbop.bend

1207.4 m (TMA)2
1253.7 w 1233.38 59.7 AlCHt

3def:or�TMA�2
1338.6 m 1293.99 297.2 Al–Hbip.str.
1413.8 s 1378.04 788.6 Al–Hbip.str.
1518.0 m 1417.19 47.8 Al–Hbip.str.� CH3def.
2839.2 w 2813.91 24.9 CHt

3sym:str:
2900.9 m 2871.74 87.4 CHt

3asym:str:
2945.3 s 2879.11 35.3 CHt

3asym:str:
2881.78 55.7 CHt

3asym:str:

Abbreviations;seeTables5 and6.

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

a
"

(l molÿ1 cmÿ1)
C

(mmol lÿ1) Molar fraction

TDMA 0.78 190 0.410 0.50
(TMA)2 0.85 265 0.321 0.39
(DMAH)2 0.10 116 0.086 0.11
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DMAH monomeranda TMA monomer(TDMA).
QMS analysis revealedthe structureof TDMA.
FromFTIR analysisthemolarfractionof 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.Goodapplicability to Al-CVD of the
precursorhasbeenrevealed.
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