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ABSTRACT: On the basis of the study of the thermal behavior of

Laser reflectance interferometry

[Mg(tmhd),(TMEDA)] (1; tmhd =2,2,6,6-tetramethyl-3,5-heptane- [Mg(tmhd),(TMEDA)]
dionate; TMEDA = N,N,N’,N'-tetramethylethylenediamine), a novel —— [Mg,(tmhd),] + TMEDA flux
procedure for magnesium oxide thin film growth has been developed — [(Mg,(tmhd),])

for chemical vapor deposition (CVD) applications. Complementary 1
studies (thermogravimetric measurements and IR and NMR spectro-
scopy) enabled revelation of the dissociation of TMEDA from 1,
confirmed by the detection of both free TMEDA in the vapor phase
and less volatile [Mg,(tmhd),] (2) as a residue after sublimation. The
effect of this dissociation is an unwanted changeable sublimation rate
of the precursor 1 during the CVD process. The endeavor of a
constant deposition rate by simultaneously exploiting the good
volatility of 1 was achieved through its synthesis in situ by using 2
with a diamine enriched carrier. Laser reflectance interferometry
(LRI) measurements testified that such a method ensured a good
and constant deposition rate throughout the growth experiment, 0
independently of the adopted processing conditions. In addition,
X-ray diffraction (XRD) measurements revealed the obtainment of textured and polycrystalline MgO coatings on sapphire and on
Si(100). The system chemical composition was investigated by X-ray photoelectron spectroscopy (XPS).
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B INTRODUCTION

Magnesium oxide (MgO) thin films have attracted great
scientific and technological interest in recent decades because of high
MgO chemical and thermal stability (melting point = 2900 °C), a

Akeyrole in determining the success of the MOCVD thin film
growth is played by the availability of highly volatile and
thermally stable precursors, ensuring a constant and reproducible
mass supply from the vapor phase to the substrate and a clean

wide band gap (7.2 V), and a low dielectric constant (9.8) and
refractive index, as well as excellent thermal conductance and diffusion
barrier properties." This material has often been used for the prod-
uction of protective coatings of dielectrics™ and as buffer layers for
superconducting or perovskite ferroelectric thin films.*””

To date, MgO thin films have been deposited by several
techniques, including sputtering," laser ablation,"' "> homogeneous
precipitation,* sol—gel,ls’16 spray pyrolysis,'” " and chemical vapor
deposition (atomic layer deposition (ALD),”*** plasma-enhanced
chemical vapor deposition (PECVD),** pulsed organometallic mo-
lecular beam epitaxy (POMBE),” metal organic chemical vapor
deposition (MOCVD)**~*"). Among these techniques, MOCVD
provides many advantages, including conformal coverage even on
complex surface profiles, simplicity in experimental apparatuses
and process control, good compositional tailoring, and suitability
for a wide range of deposited materials.*'

v ACS Publications ©2011 american chemical Society

decomposition into the target material. Various organometallic and
coordination compounds have been used as magnesium oxide CVD
sources, including alkyls,m_29 alkoxides, > (:arboxylates,32 carbam-
mates,**** cyclopentadienyls,*>*® and S-diketonates.”’~*' Among
them, -diketonates are very promising because of their stability,
easy preparation, and clean decomposition pathway.* Never-
theless, when dealing with alkaline earth metals with a coordina-
tion number > 6, the recurrent inability of 3-diketonate ligands
to saturate the metal coordination sphere may be compensated
by oligomerization processes or by solvent coordination that, in
turn, produce an unwanted increased melting point and a
depressed volatility.
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Such a problem may be tackled either by changing the precu-
rsor heating temperature or by making use of molecular engineering,
With specific reference to the former possibility, it deserves to be
emphasized that the use of high temperatures may be accompanied by
decomposition of the complex and/ or its sintering, thus leading to an
instability of the precursor delivery rate during thin film depositions.
Concerning chemical modifications, two different strategies can be
adopted to increase the [5-diketonate compounds' volatility: (i)
inhibiting intermolecular interactions by modifying the ligand
skeleton through the introduction of a sterically hindered moiety
(e.g, tmhd vs acetylacetonate) or by using fluorinated ligands such
as hfa (hfa = 1,1,1,5,5,5-hexafluoro-2,4-pentanedionate); (ii)
employing chelating ligands able to saturate the metal ion coordina-
tion sphere.”*"** Despite the presence in the literature of several
modified magnesium [-diketonates ([Mg,(tmhd),], [Mg-
(tmhd),(TMEDA)], and [Mg(hfa),(TMEDA)])"*"* em-
ployed as MOCVD volatile precursors, the majority of studies
referred to the less volatile dimeric compound 2. In this paper,
the attention has been focused on 1 and 2, whereas the use of the
fluorinated [-diketonate was discarded to Erevent possible
fluorine incorporation in the target material.**** In particular,
amethod for the CVD of MgO, based on the study of the thermal
behavior of these two complexes, is proposed.

Precursor 1, designed and used for the first time by the Marks’
group,® is easily obtainable from 2 and it has been claimed that it
possesses superior thermal properties for use in CVD applications
thanks to its monomeric structure, enabled by the complete saturation
of the Mg(Il) coordination sphere.43’46 Before going on, it is
noteworthy that the outcomes of our thermogravimetric, NMR,
and IR measurements on complex 1 ultimately testify to its instability,
which determines a nonconstant precursor evaporation rate, resulting,
in turn, in a difficult and nonreproducible process control. In other
words, even though we are perfectly aware that 1 can be successfully
used as a CVD precursor,” the effect of the above-mentioned
instability might cause a nonconstant precursor evaporation rate. In
order to afford a constant MgO deposition rate, in the present study,
we propose the in situ synthesis of the volatile complex 1 by adopting
2 as a precursor and working with a large TMEDA excess in the
carrier gas flow to prevent the possible dissociation of 1. To the best of
our knowledge, such a method has never been reported in the
literature in the case of the target Mg complexes. As shown in this
manuscript, the adopted approach results in a constant and repro-

ducible film growth rate of 4 nm/min.
Il EXPERIMENTAL SECTION

General Methods. Htmhd (Fluka) and the other starting materi-
als for the synthesis of precursors (Aldrich) were used as received. To
avoid the possible decomposition of 2 and 1, all manipulations after
drying and sublimation of the products were made under dry conditions
using a nitrogen-filled drybox. "H NMR spectra were recorded by using a
Bruker AMX 300 (300 MHz) spectrometer, and proton spectra were
referred to the protio impurities of the deuterated solvent (the obtained
chemical shifts were computed with respect to TMS). Thermogravimetric
measurements were carried out in a nitrogen atmosphere by using Netzsch
STA 449 thermoanalytical equipment (flow rate = S0 mL X min ™ '; heating
rate = 1.50 °C X min; sample weight ~ 30 mg, Isothermal mass loss
determination (195 °C) was carried out for 8 h in a nitrogen atmosphere
using heating rates of 10 and 1 °C x min™ " in the temperature ranges
20—18S and 185—195 °C, respectively.

FT-IR spectra were recorded on an ATI Mattson, Genesis spectro-
meter operating in transmittance mode at normal incidence (resolution
=2 cm ). Room temperature spectra were collected on KBr pellets,

while vapor phase spectra were collected in the 100—225 °C range using
aheated gas cell Storm 10H (Specac) with NaCl windows (path length =
10 cm, volume = 114 cm®). The temperature was measured by means of
a K-type thermocouple introduced into the cell. Prior to each measure-
ment, a glass boat with ~30 mg of the precursor was introduced into the
cell, which was filled with argon at ambient pressure. In each spectrum,
the background contribution was subtracted.

Synthesis of [Mg,(tmhd),] (2). The characteristics of 2 have
been reported to be dependent on synthesis methods and storage
conditions.”! In this work, synthesis, purification, and characterization of
2 have been carried out by adopting a procedure similar to that of Hatanpaa
et al”™ In more detail, Mg(NOs),+6H,0 (2.56 g 10 mmol) was
dissolved in 10 mL of deionized water. Subsequently, a suspension prepared
by adding Htmhd (4.12 mL, 20 mmol) to 30 mL of a NaOH solution (0.8 g,
20 mmol) in ethanol/water (volume ratio = 1:2) was added. The formed
white precipitate was filtered, washed several times with water, and dried
under reduced pressure. The product was purified by sublimation under
vacuum conditions at 100 °C/10™ > mbar and characterized by 'H NMR
['"H NMR (C¢Dy), & (ppm): 5.88 (2H, s, CH), 1.24 (36H, bs, CH3)].

Synthesis of [Mg(tmhd),(TMEDA)] (1). Analogously to 2, the
synthesis, purification, and characterization of 1 have been carried out by
adopting a similar procedure to the procedures reported by Babcock et
al.*¥*® More specifically, TMEDA (1.0 equiv) was added to a Mg-
(NO3), - 6H,0 solution in 10 mL of deionized water. The preparation of
the Htmhd suspension and the successive product purification (without
sublimation step) were carried out as described for 2. The product was
characterized by comparison of its "H NMR spectrum with literature
data® ['"H NMR (C¢Dg), 6 (ppm): 5.75 (2H, s, CH), 2.20 — 2.10
(16H, bd, TMEDA), 1.28 (36H, s, CH;)].

MgO Thin Film Growth. MgO thin films were grown in a cold-
wall low pressure MOCVD reactor. The vapors of precursor 2 were
transported into the reaction chamber through an especially designed
effusion cell maintained at 195 °C. Prior to entering the cell, N, carrier
gas (2 sccm) was fluxed through a TMEDA-containing bubbler kept at
35 °C. Coreagent gas, a blend of O, (30 sccm) and N, + H,O vapors
(2 sccm of N, bubbled through a water reservoir kept at 30 °C), was
mixed with the precursor flow immediately upstream of the susceptor
(distance = 3 cm).*’ Different substrate temperatures (550 and 670 °C)
were investigated using a 1” ceramic heater under a total working
pressure of 10 mbar. For comparison, growth processes were also carried
out starting from precursor 1. In this case, the carrier gas was not fluxed
through the TMEDA bubbler.

Before each deposition, the Si(100) substrates (SI-MAT) were rinsed
in acetone and deionized water, whereas sapphire substrates (MaTeck)
were used as purchased.

After deposition, the samples were stored under nitrogen to limit possible
film carbonatation. The reproducibility of the obtained results was checked
by repeating several deposition experiments under the same conditions.

Film Characterization. Film thickness was determined by profil-
ometer analysis and laser reflection interferometry (LRI). The former
was carried out by employing a KLA-Tencor Alpha-Step IQ surface
profiler to analyze the film height steps on partially masked samples after
the deposition, while the latter allowed a noninvasive in situ monitoring
of film growth by analyzing the number of fringes characterizing the
interferogram and by applying the following approximate equation:

ml
d = 2n; cos 0, )
where d, m, A, n;, and 6, correspond to the film thickness, the fringe
order, the laser wavelength (635 nm), the film refractive index, and the
refracted angle, respectively.*°
LRI measurements were recorded only on Si(100) (1 = 3.4), because
the similar refraction index values of MgO (n = 1.74) and sapphire
(n = 1.76) prevent the observation of interference fringes.’"
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Figure 1. Comparison of thermal behaviors of [Mg(tmhd),
(TMEDA)] (1) and [Mg,(tmhd),] (2) recorded by TGA measure-
ments.

X-ray diffraction (XRD) measurements were performed using a
Philips PW3020 powder diffractometer in Bragg—Brentano 6—260
geometry, using Cu Kot radiation (40 kV, 30 mA, A = 1.54056 A). The
patterns were collected in the 15—85° 26 range. Peak positions were
determined with a statistical uncertainty of 0.02°. Phase identification
was obtained with the support of standard ICDD files.

X-ray photoelectron spectroscopy (XPS) spectra were recorded on a
Perkin-Elmer ® 5600ci spectrometer at a pressure lower than 10 ° mbar
using nonmonochromatized Al Ko (1486.6 V) and Mg Ko (1253.6 V)
excitation sources. In particular, since in the case of the Al Kat source the
nitrogen N Is signal [ Binding Energy (BE) A 400 eV) is overlapped with the
Mg KLL one, the Mg Ko source was used to unambiguously evaluate the
presence/absence of this element. The spectrometer was calibrated by
assigning to the Au 4f;/, line a BE of 84.0 eV with respect to the Fermi
level. The estimated standard deviation for BEs was £0.2 eV. The atomic
compositions were evaluated by using sensitivity factors provided by the @
VS5.4A software. In order to obtain a more accurate evaluation of atomic
percentages, the Mg 2p signal was used in the quantification instead of the
more intense Mg 1s photopeak, due to its appreciable BE difference with
respect to the O and C peaks. This feature would imply the analysis of
photoelectrons with different escape depths, yielding thus an uncorrected
estimation. Ar* sputtering was carried out at 3.5 kV and 2 0.5 mA X cm >
beam current density, with an argon partial pressure of 4 x 10~* mbar.
Before analysis, samples were stored under nitrogen and directly
introduced into the analysis chamber using a fast entry lock system.

B RESULTS AND DISCUSSION

In order to preliminarily analyze the behavior of 1 and 2, a
series of thermogravimetric measurements has been carried out.
An inspection of Figure 1, where the thermogravimetric analyses
(TGA) of 1 and 2 are reported, clearly shows that 1 remains
almost stable up to 160 °C, while it undergoes a remarkable
weight loss (99%) above this temperature. Despite the absence of
two clearly defined steps in the TGA of 1, a careful inspection of
the experimental curve allows the identification of two different
curve slopes. In this regard, it is noteworthy that the differential
thermal analysis (DTA) curve of 1 (see Figure 1), besides the two
endothermic maxima corresponding to its melting (150 °C) and
sublimation (294 °C) temperatures, includes a further broad
peak at ~193 °C, which could be representative of a possible
dissociative process of 1.

Figure 2 shows the isothermal analysis pertaining to 1 and 2
collected at 195 °C. As regards compound 2, a sublimation with a
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Figure 2. Isothermal data collected at 195 °C of [Mg(tmhd),
(TMEDA)] (1) and [Mg,(tmhd),] (2). The corresponding weight
losses (%) at the end of the measurement (after 500 min) are reported.

17% weight loss after 500 min was observed. For compound 1,
the recorded weight loss corresponds to 31, 46, and 61% after
100, 200, and 500 min, respectively. In addition, the curve slope
becomes almost constant after 250 min, and subsequently, the
sublimation process is slower up to the end of the experiment.
The rationale for such behavior has been obtained through the
analysis of residual products. As a matter of fact, the peaks that
originated in the '"H NMR spectrum of 1 with tmhd methyl
(Figure 3a) and methine (Figure 3b) protons are shifted to lower
and higher fields, respectively, when compared to the corre-
sponding signals of 2. Interestingly, the 'H NMR spectrum of the
complex 1 sublimation residue (collected at 100 °C/10~ > mbar)
reveals the presence of two different groups of signals, possibly
due to the contemporary presence of 1 and 2. On the other hand,
the spectrum of the residue remaining after isothermal measure-
ments at 195 °C/1013 mbar shows the complete disappearance
of TMEDA peaks (2.20—2.10 ppm). In this case, the chemical
shift related to the tmhd methyl and methine protons is not the
same as that of the starting compound, since these peaks are
perfectly overlapped with the signals of 2.

Taken together, the outcomes of NMR and thermal analyses
suggest that 1 undergoes a partial dissociation during the
sublimation, involving the TMEDA ligand detachment (DTA
broad peak at 193 °C, see Figure 1). Nevertheless, such a process
cannot be the sole responsibility of the observed weight loss
related to the isothermal curve of 1 (61% in Figure 2), because for a
complete TMEDA dissociation, the mass reduction should amount
to a 23% (PMryepa: 116.208 g/mol; PM;: 507.037 g/mol). On
the other hand, the remaining 61 — 23 = 38% cannot be ascribed
only to the volatilization of 2 (formed upon TMEDA detac-
hment), because in this case the maximum weight loss would
have been less than 17% (Figure 2). Indeed, an additional weight
loss occurs, which cannot be ascribed to the sole contribution of
TMEDA and [Mg,(tmhd),]. As a matter of fact, it is reason-
able to hypothesize that even a low amount of [Mg(tmhd),
(TMEDA)] sublimes without decomposition, thus explaining
the observed behavior. After 200—250 min, the slopes of the
isothermal curves of 1 and 2 are very similar, thus suggesting that
TMEDA is completely removed and the weight loss is only due
to the sublimation of the less volatile 2.

All of the reported NMR spectra show the loss of TMEDA in 1
residue. In a different way, NMR analyses of the sublimation
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Figure 3. '"H NMR spectra of [Mg(tmhd),(TMEDA)] (1) and
[Mg,(tmhd),] (2) related to the region of (a) methyl and (b) methine
and TMEDA signals, as a function of the treatment conditions.

product of precursor 1, collected from a coldfinger surface at
100 °C/10™ > mbar,> revealed the presence of the only diamine
adduct without evidence of free TMEDA or 2 (incidentally, this
behavior was observed even by Hatampia et al.*®). A possible
explanation for this apparent contradiction (i.e., the evidence of only
1 in the coldfinger as well as the evidence of 1's decomposition in
the residue) is that only a negligible amount of 2 sublimes and
free TMEDA does not condense on the coldfinger surface, so
that only 1's signals are observed.

The presence of the free TMEDA among the sublimation
products of 1 has been ascertained using IR spectroscopy (see
Figure 4). In particular, a series of IR spectra have been recorded
at different temperatures. In the range 3800—700 cm ', the
spectra of TMEDA and complex 2 do not undergo significant
variations when recorded at room temperature or in the vapor
phase. More specifically, the comparison of the FT-IR spectra of 1 in
KBr pellets at 25 °C and in the vapor phase at 200 °C with those of
2 and of TMEDA allowed us to discriminate between 1 and 2 (note
the absence in 2 of the TMEDA C—H stretching absorption
—Veg—at 2792 cm” V). In this regard, it can be useful to point
out that, in the recent past, some of us>* ascribed the quite low
frequency of this stretching to charge donation effects from the
nitrogen lone pair (1) to the antibonding 0™ orbital of the trans
C—H bond (n—0* interaction). The blue shift (A = 14 cm ™ ")
undergone by vcy upon coordination can be explained by

[Mg,(tmhd),]
200 °C

[Mg(tmhd),(TMEDA)]
25°C

[Mg(tmhd),(TMEDA)]
200 °C

TMEDA
200 °C

-

— T T T T T T
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Figure 4. Comparison of FT-IR spectra of [Mg(tmhd),(TMEDA)]

(1), [Mg,(tmhd),] (2), and TMEDA in the range 2000—3200 em L.

referring to the N — Mg donation which strengthens the trans
C—H bond on passing from the free ligand to the coordinated one.
Finally, the comparison between the vapor phase (at 200 °C) and
room temperature FT-IR spectrum of 1 confirms its partial
dissociation. In fact, the copresence of the absorptions at 2778
and 2792 cm™ ' ultimately testifies to the coexistence of both 1
and TMEDA.>® Furthermore, despite the isothermal measure-
ments (see Figure 2) being consistent with the sublimation of
2 (weight loss = 17%), the lack of any FT-IR characteristic
intense peaks prevents the unambiguous identification of 2 in the
vapor phase.

All of the outcomes so far discussed clearly indicate the
dissociation of TMEDA from 1 at relatively mild sublimation
temperatures (NMR 100 °C/10" > mbar, vapor phase IR 100 °C/
1013 mbar): for this reason, this complex could not be a suitable
Mg source to guarantee an accurate control of the MgO deposi-
tion process and a reproducible growth rate. This is further
confirmed, under the adopted growth conditions, by the LRI*®
results pertinent to a film grown by using 1 as a precursor
(Figure S). More specifically, the increasing spacing between one
fringe and another is in tune with a decreasing growth rate during
the deposition process. In particular, the initial fast film growth
followed by a significant deposition rate reduction could be the
result of the gradual decomposition of 1 into the less volatile 2.
Incidentally, different precursor temperatures (from 175 to
220 °C in order to obtain a reasonable growth rate) generate
very similar LRI curves.

On this basis, an alternative method to improve the MgO
deposition could be that of employing 2 as precursor and a reactive
gas carrier generated by fluxing N, into a bubbler containing liquid
TMEDA. The use of a reactive gas was already reported by Buriak
et al”” and by Zhang et al,>® which introduced an ammonia flow to
improve the volatility of barium ([Ba,(tmhd)gs] and [Ba(acac),],,
with acac = acetylacetonate) and calcium ([Caz(tmhd)s]) com-
plexes, respectively. In the present work, the continuous TMEDA
ligand supply results in an in situ reaction with 2, producing the more
volatile 1. At variance with the above-discussed case, such an approach
produced an almost regular spacing among the LRI fringes
(Figure S), thus indicating that the introduction of TMEDA as a
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Figure S. Typical in situ LRI traces recorded at 195 °C during the CVD

of MgO from [Mg(tmhd),(TMEDA)] (1), from [Mg,(tmhd),] (2),
and from a TMEDA reactive gas fluxed on [Mg,(tmhd),].

reactive gas is an effective means to maintaining a constant deposition
rate as well as to improving the deposition process control. The excess
of the unreacted TMEDA is eliminated with the gas flow avoiding any
film contamination, as testified to by the XPS analysis (see below). In
a different way, the use of 2 without TMEDA (Figure S) does not
result in easily detectable fringes during the process, but only in a
slight and progressive intensity decrease. Such a behavior suggests a
limited film thickness, ie. a modest growth rate, under these condi-
tions. It can be concluded that the combined use of 2 and
TMEDA vapors increases the precursor volatility, yielding a
reproducible growth rate of ~4 nm/min.

The film microstructure was investigated using XRD measure-
ments. The corresponding pattern of the as-grown MgO thin
films on c-plane sapphire (Figure 6a) is characterized by the pres-
ence of two dominant peaks at 260 = 36.93° and 78.66° assignable
to the (111) and the (222) planes of a periclase cubic-type MgO
crystal (ICDD pattern No. 01-077-2179). This evidence is
indicative of a predominant (111) preferential orientation at
both 550 and 670 °C growth temperatures. Alternatively, MgO
thin film growth on r-plane sapphire (Figure 6b) shows only one
peak at 260 = 42.88° related to the (200) cubic-type MgO
reflection, indicating a strong (200) preferential orientation.

At variance with the deposition on sapphire, films deposited
on Si(100) are poorly crystalline and do not display any domi-
nant orientation. XRD reflections lying at 26 = 36.93°, 42.88°,
62.30°, and 78.66° are ascribed to (111), (200), (220), and (222)
planes of the MgO cubic structure. No significant variations in
the relative XRD peak intensity were observed at different
deposition temperatures (550 and 670 °C).

Purity and chemical compositions of the obtained films have
been assessed by means of XPS measurements. As an example,
Figure 7 reports representative data for a film supported on c-plane
sapphire. No appreciable N 1s peaks could ever be observed,
whereas Mg, C, and O signals were detected both on the surface
(at. % 31,24, and 45, respectively) and after Ar" erosion (at. % 39, 8,
53, respectively). It is worth noticing that, upon erosion, the C
content underwent a significant reduction. The remaining carbon
percentage (8%) could arise from a partial implantation of surface C
contaminants induced by Ar' ions in the inner sample layers,
suggesting thus that the contribution to the contamination was the
sample manipulation prior to XPS analyses.

a) MgO/c-plane sapphire
= ~~
= 8 I\
= g S
S |2 o]
—_ s = S0
E @ =
<
N
z
2 b . =
2 ) MgO/r-plane sapphire !
= o £ Q
5] =) g s
B = 2 =
17} Q =) 38
el = = =
2 % i 2
p=
T T T T T T T T T T T
30 40 50 60 70 80

26 (degrees)

Figure 6. X-ray diffraction of the MOCVD MgO film with the use of a
TMEDA reactive gas fluxed on [Mg,(tmhd),] (2) on (a) c-plane
sapphire and (b) r-plane sapphire.

MgKLL + C 1s

i e ”JL

)
T T T T T T T T T T T T
1200 1000 800 600 400 200 0
BE (eV)

Mg s

Ols

Intensity (a.u.)

Mg 2s
Mg 2p

!

)

Figure 7. XPS survey spectra of an MgO film deposited on c-plane
sapphire at 550 °C: (a) surface (Al Ko source), (b) after 10" Ar" erosion
(Al Ko source), (c) surface (Mg Kot source).

In regards to surface spectra, the C 1s signal was characterized
by a main band centered at 284.8 eV arising from adventitious
carbon,*”® whereas a further weak contribution at 288.5 eV was
related to the formation of magnesium carbonate.***"%* The O 1s
surface peak displayed an asymmetric shape, with a tailing on its
higher BE side. According to the literature, the main component
centered at 530.1 eV was ascribed to lattice oxygen in MgO, while
the latter minor contribution in the 531.3—531.6 eV energy interval
was traced back to the presence of hydroxyl species, arising from air
exposure and related to the high MgO affinity toward moisture.
Such an assignment is in agreement with an O/Mg ratio (~1.4)
appreciably higher than the stoichiometric value expected for
pure MgO. The contribution of magnesium carbonates to the O
1s photopeak (expected position $32.2—533.5 eV) was very low,
as also suggested by the C 1s peak analysis.**®' % The shape and
position of the Mg 2p (BE = 49.8 eV) and Mg 1s (BE = 1302.7—
1302.9 eV) signals were in agreement with the presence of MgO
as the main phase,*®¢!~¢300¢7
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Most of the previous considerations regarding the film surface
composition still hold after 10 min of Ar" sputtering. In fact,
the main differences upon erosion are limited to (i) an appreci-
able reduction of the carbon atomic percentage, suggesting that
the synthesized films are of good purity; (ii) a significant O/Mg
ratio reduction (A21.1), due to both preferential sputtering®> and
the removal of surface hydroxyl groups. Finally, it is important to
underline that no nitrogen signals have ever been detected, as
better evidenced by the survey spectra collected with a Mg Ko
source (N 1s peak expected at ~400 eV). Overall, these
observations highlight a high purity of the obtained MgO films.

B CONCLUSIONS

In this work, the behavior of the complex [ Mg(tmhd),(TMEDA) ]
as a potential CVD precursor of MgO films was studied using several
techniques. The obtained results evidenced the thermodynamic in-
stability of 1, which generates TMEDA and [Mg,(tmhd),] and
determines an irreproducible mass supply and an uncontrolled film
deposition rate. Such a problem has been overcome through a novel,
alternative procedure exploiting 2 as precursor and TMEDA fluxed by
N, as a reactive gas carrier, which allows a constant evaporation rate
throughout the growth duration thanks to the in situ generation of 1.
XRD patterns of the obtained deposits show the formation of a textured
MgO periclase cubic structure on sapphire and silicon substrates. The
films did not display significant incorporation of carbon and nitrogen in
the MgO phase.
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