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Atomic Layer Deposition of Molybdenum Nitride from
Bis(tert-butylimido)-bis(dimethylamido)molybdenum and Ammonia
onto Several Types of Substrate Materials with Equal Growth per

Cycle
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Atomic layer deposition (ALD) was used to deposit thin films of molybdenum nitride from a new
precursor, bigért-butylimido)-bis(dimethylamido)molybdenum, and ammonia. The optimum ALD growth
window was 266-300°C and the maximum growth per cycle 0.5 A. Deposition temperatures are lower
than with the previously reported molybdenum pentachloride as the precursor. Molybdenum nitride was
successfully deposited on silicon, electrochemically grown nickel, chromium, and quartz glass. Growth
per cycle was maintained over substrate materials of different types. Conformality of the deposited films
was as high as 98%. Films were mainly amorphous, containing small amounts @MbeN phase.
According to time-of-flight elastic recoil detection analysis (TOF-ERDA), the molybdefnitnogen
ratio was close one. Together with X-ray diffraction data this suggests the existence of a nitrogen-rich
amorphous phase in the film.

Introduction ductivity has been predicted to be as high as 2%% Khe
synthesis of the cubic phase MoN has not been reported.
The bulk modulus of hexagonatMoN phase is the highest

of any known compound materigt2”

Atomic layer deposition (ALD), formerly known as atomic
layer epitaxy (ALE), is a method of thin film deposition
developed in the 1970s by Suntola and Ant3om ALD,
vapors of precursors are alternately pulsed into the reactor
space and onto the substrate surface. On the substrate,
precursor molecules react chemically with chemically active
surface groups such as hydroxyls. Between source pulses
the reactor chamber is purged with inert gas, which prevents
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Among their several favorable properties, thin films of
transition metal nitrides have good mechanical and chemical
stability, a low coefficient of friction, and good hardnéss.
Titanium nitride has been of particular interest, both in
research and for industrial applicatioh$.Nitrides of other
transition metals have attracted much less attention. Molyb-
denum nitride has been studied for applications as cafafyst,

a diffusion barrier in microelectronicé§, high-T. super-
conductors/ 1° and tribological coating®2* For cubic
stoichiometric MoN, the critical temperature for supercon-
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tronics and catalyst preparation. A more detailed description
of the technique can be found elsewh#&re.

Metal halides and ammonia are the primary ALD precur-
sors for transition metal nitride’$:3> However, halide-
ammonia processes require relatively high growth temper-

atures, and corrosive hydrogen halides are released. Thus,

novel precursors for nitride ALD are being sought. Metal
complexes containing alkylamido and alkylimido ligands
have been introduced as potential precursors for transition

metal nitrides. These novel precursors do not release ag-
gressive side products, and deposition temperatures are lower

than with metal halides. A wider range of substrate materials,
including metals, can therefore be used. Amidmido
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Scheme 1. Route to the New Molybdenum Nitride
Precursor,
Bis(tert-butylimido)-bis(dimethylamido)molybdenum
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complexes of tantalum and tungsten have been synthesizednethod. Pyridine (99.5%, Lab-Scan Analytical Sciences) was

and successfully used with ammonia as ALD precursors for
the corresponding nitridé§:3" Bis(tert-butylimido)-bis(di-

ethylamido)molybdenum has been used as a chemical vapof

deposition (CVD) precursor for molybdenum nitride. How-
ever, the synthetic method for the precursor was not
revealed?®

Until now, alkylamido- and alkylimido-based molybdenum
complexes have not been studied as ALD precursors.
Alkylamido—alkylimido-based precursors open up the pos-
sibility for new substrate materials and new applications for
molybdenum nitride thin films. With amideimido precur-
sors, molybdenum nitride could be deposited on metal
surfaces as protective coatings. In this paper, synthesis of
new molybdenum complex bisft-butylimido)-bis(dimethyl-
amido)molybdenum and its potential as a precursor for ALD
of molybdenum nitride are explored. Deposition tests were
made on silicon, electrochemically grown nickel, chromium,
and quartz glass. Nickel is a less-known substrate material
in the ALD literature®® Deposited films were characterized
for conformality, structure, and composition.

Experimental Section

Materials and Methods. All compounds were manipulated by
the Schlenk technique in nitrogen atmosphere (99.999%, AGA) or
in an inert atmosphere glovebox (Vacuum Atmospheres Co.).
Acetonitrile was distilled over calcium hydride, and ether and

refluxed over calcium hydride, distilled, and degassed prior to use.
The tungsten analogue, bis(t-butylimido)-bis(dimethylamido)-
ungsten, was synthesized via a published procetunéhen bis-
(tert-butylimido)-bis(dimethylamido)tungsten became commercially
available (Sigma-Aldrich), the commercial product was used in the
depositions.

NMR spectra of intermediate and final products were collected
with a Bruker Avance 250 MHz spectromet&#il NMR spectra of
(‘BuN),MoCl, (1) and (BuN),MoClx(py). (2) were recorded in
tolueneds (99.5% D, Euriso-Top), and NMR data fdB(N),Mo-
(NMey); (3) and its tungsten analogu®(N),W(NMey), (4) were
collected in a glass capillary inside the NMR sample tube with
CDCl; (99.5% D, Euriso-Top) used as lock solvent. Since com-

dnoundS was found to be reactive toward chloroform, capillary setup

was used to avoid chemical reactions between the sample and the
solvent. Chemical shifts (ppm) are from TMS. C, H, and N analyses
were performed with the EA 1110 CHNS-O microanalyzer from
CE-Instruments.

Synthetic Procedure.The new molybdenum nitride precursor,
bis(tert-butylimido)-bis(dimethylamido)molybdenunmB{uN),Mo-
(NMey),, was synthesized via the three successive reaction steps
shown in Scheme 1.

Bis(tert-butylimido)-dichloromolybdenum(VI) ¥) was synthe-

sized via a published procedut®To a solution of molybdenum-
(VI) dichloride dioxide (4.88 g, 24.5 mmol) in acetonitrile (100
mL) was addedert-butyl isocyanate (4.9 mL, 49 mmol), and the
mixture was heated at 70C for 24 h. Proton NMR was used to
verify the structure ofl.

The yellowish-brown suspension was allowed to cool to ambient

hexane were distilled over sodium/benzophenone. All were degassedemperature and was placed under vacuum to remove the solvent.

prior to use. Molybdenum(VI) dichloride dioxide (97% MgCl,,
Sigma-Aldrich) and lithium dimethylamide (95% LiNMeSigma-
Aldrich) were used as receivedert-Butyl isocyanate (97%
'BUNCO, Sigma-Aldrich) was degassed using a freeze-and-pump
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15, 2969.
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To the brown residue, ether (100 mL) and excess pyridine (9.9
mL, 122.5 mmol) were added. The mixture was stirred overnight
and placed under vacuum to remove ether and remaining pyridine.
Synthesis of comple® has been reported previously, although the
starting material was different. Chiu and co-workers used MdEI
Bu),(dme) as a starting material. It was suspended in hexane, and
pyridine was added to obtaiy*! The structure o2 was confirmed

by proton NMR.

The yellow product of the second step was suspended in hexane
(100 mL). Excess lithium dimethylamide (3.75 g, 73.5 mmol)
suspended in hexane was slowly added to the mixture. The reaction
is highly exothermic.

After overnight stirring the mixture was filtered through a Celite
filtering medium to remove solid LiNMgand LiCl. The solution
was then placed under vacuum to remove hexane and pyridine.

(40) Schoettel, G.; Kress, J.; Osborn, JJAChem. Soc., Chem. Commun.
1989 1062.
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Peng, S.-MJ. Chin. Chem. Sod994 41, 755.
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From this residue the product was distilled under reduced pressure

(72°C, 8 Torr). The new molybdenum nitride precursor, tagf
butylimido)-bis(dimethylamido)molybdenum (2.594 g, 8.0 mmol,
yield 33% based on MogCl,) is an orange, highly air-sensitive
liquid, which should be stored and handled under inert atmosphere.
Yields reported in the literature for syntheses of transition metal
amido—imido complexes are usually below 50%, typically around
40%374244 14 NMR results for3: 2.14 (NC(CH)s, singlet, 18
protons), 4.17 (N(Ch)y, s, 12).13C{'H} NMR for 3: 34.0 (six
carbons), 54.9 (4), 68.3 (2). Elem composition. Calcd faHgN-

Mo: C, 44.2; H, 9.3; N, 17.2; Mo, 29.4. Found: C, 44.4; H, 9.6;
N, 17.6. For comparison, NMR analyses in the glass capillary were
also made for the tungsten analogbéH NMR results ford: 1.78
(NC(CH)s, singlet, 18 protons), 3.91 (N(G}, s, 12).13C{1H}
NMR for 4: 34.6 (six carbons), 54.2 (4), 66.6 (2).

The effect of pyridine ligands on the chlorinenolybdenum
bonding in complexed and2 was studied by density functional
theory (DFT) at the B3LYP level and LANL2DZ as the basis set.
There is a little structural information available for compliexull
structural optimization was performed for both complexes. Calcula-
tions were done by the Gaussian 03 program package.

Calorimetric Studies. Differential scanning calorimetry (DSC)
studies were carried out to find the self-decomposition temperature
with a Mettler Toledo DSC821e differential scanning calorimeter.
A sample of bistert-butylimido)-bis(dimethylamido)molybdenum
(1.388 mg) was loaded, in an inert atmosphere glovebox, into a
30uL reusable high-pressure crucible. DSC data were collected
between 25°C and 350°C. A sample of the tungsten analogue,
bis(tert-butylimido)-bis(dimethylamido)tungste#;(5.374 mg), was
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Figure 1. ALD reactor system schematics: evaporation vessel for metal
precursor (a), pulsing valve for ammonia (b), pulsing valve for nitrogen

(carrier of ammonia; ¢), syringe-tap-needle system for air-sensitive metal
precursor loading (d), substrate (e), valve collar (f), pulsing valve for nitrogen
(carrier of metal precursor; g), pulsing valve for nitrogen (purge; h), reactor
space (i), mass flow controllers (k), gas purifiers (m), alumina columns for
drying (n), and connection to nitrogen atmosphere glovebox (0).

nitrogen flow was 400 sccm. Hence, the partial pressure of ammonia
is 2.0 mbar, and the concentration is 20% in volume. The deposition

loaded in the same manner and measured in the temperature rangi€mperature varied from 21T to 330°C, while the evaporation

25—-400°C. Sample crucibles were weighed before and after DSC

temperature of the metal precursors was’@0 Metal precursors

measurement in order to trace possible leakage. In both cases th&vere loaded into the reactor with a syringe-tap-needle system in

heating rate was 3C/min.
ALD of Molybdenum Nitride. ALD tests were carried out with
a reactor system constructed in-house inside an ASM Microchem-

an air-sensitive manner (Figure 1, d). The syringe was loaded with
the precursor in a glovebox, closed with the tap, taken out from
the glovebox, and connected to another tap in the valve collar

istry F-120 reactor body. The reactor system schematics are showrPutside the reactor system under nitrogen flow. With the reactor

in Figure 1. Nitrogen (99.999% INAGA) was purified by leading

it through an alumina column (Figure 1, n) and a Mykrolis inert
gas purifier (model WPMV200SI) (Figure 1, m). Ammonia (99.98%
NHs, AGA) was dried and purified in a similar way by passing it
through an alumina column and Mykrolis gas purifier (model
WPMV200SM). Nitrogen is fed to the valve collar where valves

system at atmospheric pressure, the metal precursor was injected
to the evaporation vessel (Figure 1, a) through the needle. Both
taps were then closed, and the reactor system was driven to a
deposition pressure of 10 mbar.

Depositions were successfully made on silicon, chromium, quartz
glass, and electrochemically grown nickel. Substrates were cleaned

direct the flow to the selected source tube. Total pressure inside With chloroform to remove any traces of organic contaminants and
the reactor was on the order of 10 mbar during depositions, With 1% sulfuric acid to remove inorganics. Finally, substrates were

ammonia flow was 100 standard cubic centimeters (sccm), and finsed with deionized water and blown dry with dry pressurized
air. Substrates were inserted to the reactor chamber via the glovebox

connection (Figure 1, o).

The deposition cycle consists of the following steps: (1) metal
precursor pulse by opening valve g on Figure 1, (2) purge by
opening valve h, (3) ammonia pulse by opening valves b and c,
and (4) purge by opening valve h. Purge periods were set at 5 s,
metal precursor pulse time was varied between 1 and 6 s, and
ammonia pulse time was varied between 2 and 6 s. Blank deposition
(ammonia pulse 0 s) was executed to discover any CVD character
in the growth. After deposition, the reactor system was restored to
atmospheric pressure, and coated substrates were removed via the
connection to the glovebox (Figure 1, 0) to minimize air contamina-
tion to the reactor.

Film Characterization. Film thicknesses were determined by
variable angle spectroscopic ellipsometry (J.A. Woollam). The
Lorentz oscillator model was applied for modeling optical properties
of nitride films. Scanning electron microscopy (Hitachi S-4800)
was used to characterize film morphology and conformality. Film
composition and elemental depth profile were determined by time-
of-flight elastic recoil detection analysis (TOF-ERDA) in the
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(45) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
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K. N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone,
V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G.
A.; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R;
Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai,
H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.;
Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R.
E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J.
W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.;
Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D;
Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.; Raghavachari,
K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.;
Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.;
Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.;
Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W_;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. A.
Gaussian 03revision C.02; Gaussian, Inc.: Wallingford, CT, 2004.
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Figure 2. DSC plots for the new molybdenum compl&and its tungsten
analogued.

Accelerator Laboratory, University of Helsinki. Powder X-ray
diffraction (XRD) studies were made by the Philips MPD 1880
instrument (Helsinki University of Technology) l#+-26 scan and
using Cu Ko radiation.

Results and Discussion

Synthesis.A straightforward synthetic route (Scheme 1)
is introduced for bidért-butylimido)-bis(dimethylamido)-
molybdenum 8), a new molybdenum nitride ALD precursor.
Without the second step (addition of pyridine) and also when
addition of LiNMe, was done at—60 °C, the synthesis
produced very low vyields oB. Pyridine coordination to
molybdenum increases the electron density around molyb-
denum which increases the molybdenuahlorine bond
length. A DFT study revealed a clear difference in-Mol
bond lengths: for 'BuN),;MoCl, (1), 2.39 A, and for
(‘BuN);MoClx(py): (2), 2.53 A. The increment in the bond
length indicates weaker molybdentithlorine bonding, and
reactivity of the complexX toward lithium dimethylamide
is therefore higher.

Likewise, excess of LiINMgappears to be essential. When
stoichiometric amounts of lithium reagent were used, only
15% vyields of3 were obtained. Both lithium dimethylamide
and complex2 have limited solubility in hexane, which
reduces the rate of reaction compared to the situation wher

both of the components are dissolved. The reaction between

complex2 and lithium dimethylamide is very exothermic,

as was noticed. The low solubility of reagents and resulting
low reaction rate keeps the reaction temperature in control-
lable limits, but on the other hand to get reasonable yields
in reasonable time, excess of lithium reagent has to be used

DSC Studies.The self-decomposition temperatures3of
and its tungsten analogdenere determined by DSC to find
the maximum ALD growth temperatures. The DSC plots of
3 and4 are presented in Figure 2.

The exothermal signal sets in at 190 for molybdenum
complex3 and at 31C°C for the tungsten analogue. These
are as one would expect for maximum deposition tempera-
tures in self-limiting growth. Earlier, self-limiting tungsten
nitride ALD growth with the tungsten complex was reported
to take place below 350C.37 The slope in the baseline is

€
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Depositions. The optimum temperature range for ALD
was determined by varying the growth temperature and
determining the film growth per cycle. The pulse times and
the purge time were fixed at 5 s. Precursor evaporation
temperature was set at 3G. Growth per cycle as a function
of deposition temperature is shown in Figure 3. The
deposition temperature window was also explored for the
tungsten analogue (Figure 4). The precursor evaporation
temperature was 4%C, and the precursor pulse time was 2
s. The ammonia pulse and purge times were set at 5 s.

The ALD growth window for molybdenum nitride was
found to be 266-300 °C. This is lower than that reported
earlier®334 The temperature window for tungsten nitride
growth was 296-340 °C. Growth per cycle (Figure 4) was
lower than Becker et & have reported, most probably
because tungsten precursor pulse time and evaporation
temperature were not optimized here.

" For both precursors, higher temperatures than expected

from the DSC data were found to be suitable for atomic layer

growth. In the DSC sample pan, precursor decomposition

takes place at high pressure, whereas in the ALD reactor

the pressure is on the order of 10 mbar. Reaction side

products can cause autocatalysis at high pressure and shift
the reaction to lower temperatures.

For molybdenum nitride depositions, the growth temper-
ature was set at 280 to achieve maximum ALD growth
per cycle. In an attempt to find the optimum pulse time for

induced by a mass difference between sample and referencenaximum growth per cycle, pulse times were varied, with

crucibles.

ammonia between 0 dn7 s and with the molybdenum
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Figure 5. Growth per cycle as a function of molybdenum precursor pulse
time: ammonia pulse and purge times were fixed at 5 s, and deposition
temperature was fixed at 28C. Two precursor evaporation temperatures
were used, 40C (®, solid line) and 50C (O, dotted line).
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Figure 8. Cross section of 70-nm molybdenum nitride film deposited on
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Figure 6. Growth per cycle as a function of ammonia pulse time: Mo reduction in the growth rate as the ammonia pulse is
precursor pulse time was fixed at 5 s, purge time was fixed at 5 s, and elongated. As the adsorbed precursors decompose, the

deposition temperature was fixed at 280. Two precursor evaporation - -
temperatures were used, 40 (®, solid line) and 5CC (3, dotted line). number of active sites decreases, and so does the growth

per cycle.
precursor between 1 and 6 s. Results for these experiments Decrease in the growth per cycle as a function of pulse
are presented in Figures 5 and 6. time can also be seen in Figure 5 in the case of the

For the molybdenum precursor, maximum growth per molybdenum precursor. This can be also a result of precursor
cycle was achieved wita 5 spulse, and for ammonia it decomposition on the surface, but most likely the effect is
was acheived wit a 6 spulse. The transition point seen in caused by a too dilute precursor vapor and too low of a
both curves in Figure 6 is probably induced by thermal precursor evaporation temperature. A low deposition rate was
decomposition of the adsorbed precursor complexes, as thalso found in deposition tests without ammonia (pulse
pulse time is relatively long compared to other ALD systems sequence: 2 s Mo precursor pylées purge pulse), which
found in the literature. In most cases the pulse times are keptindicates minor CVD growth.
below 2 s with a F-120 type reacté32 Also the concentra- Linearity of the growth was studied by varying the number
tion of ammonia and resulting molar dose are an order of of deposition cycles between 100 and 1500. The molybde-
magnitude higher than reported with halide based nitride num precursor pulse time was fixed at 2 s, the ammonia
processed!3In the case of the analogous tungsten nitride pulse time was fixed at 5 s, and the deposition temperature
process, Becker et al. reported that saturation of the ammoniavas fixed at 280°C. As can be seen in Figure 7, good
pulse required over fOtimes the dose compared to the linearity was obtained, with a squared linear correlation factor
corresponding saturative tungsten precursor dose. Becker ebf 0.9992.
al. also discussed that rather than reacting with the surface Film morphology and conformality were studied by
species of the metal precursor, ammonia could act as ascanning electron microscopy. Deposited films were smooth,
catalyst” In the tungsten nitride process, however, no and film conformality was good within the tested aspect
reduction in the growth rate as a function of ammonia pulse ratios. A cross section of the patterned quartz substrate with
length was observed. Yet, in the molybdenum nitride case 70 nm deposited molybdenum nitride film is presented in
reported here, ammonia could further catalyze the surfaceFigure 8. The aspect ratio of the pattern was 3.8, and the
reaction and decompose the surface species resulting inconformality of the film was 98%.
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Figure 11. Molybdenum nitride (65 nm) on patterned silicon with
chromium etch mask (1500 cycles, all pulses 5 s, deposition temperature

280°C).
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Figure 12. XRD patterns of the as-deposited and the annealed molybdenum
nitride film. Crystalline phase is indexed as tetraggiéflooN. Reflection
Figure 10. Molybdenum nitride (65 nm) on patterned nickel (1500 cycles, denoted with * represents Ma®’

all pulses 5 s, deposition temperature 28D, precursor evaporation

temperature 40C). Table 1. Elemental Proportion of a 44 nm Molybdenum Nitride Film
on Silicon
Molybdenum nitride was also successfully deposited on element atomic percentage error
patterned electrochemically grown nickel. Films were con- Mo 38 2
formal, and growth rate per cycle was the same as with (’\)' igs ?i4
silicon and quartz substrates. The grainy structure of the c 4.7 0.7
nitride film is caused by irregularities on the nickel substrate. H 6.9 0.6

The blank patterned nickel substrate is presented in Figure
9, and a 65-nm molybdenum nitride film on nickel is
presented in Figure 10. This is one of the few examples
where nickel has been used as an ALD substrate matrial.

reflections of the tetragon#l-Mo,N phase, respectively.
Annealing has a minor crystallizing effect on the film, since
the intensity increases and full width at half-maximum values
decreases during annealing.

Film composition and the elemental depth profile were
etermined by TOF-ERDA (Accelerator Laboratory, Uni-

The patterned silicon substrate with a chromium etch mask
was used as a substrate to compare deposition rates ony

metallic and silicon substrates. As can be seen in Figqrt_a 11,Versity of Helsinki). The elemental composition for a 44-
the growth rate per cycle (0.4 A) for the molybdenum nitride 1 fijm is presented in Table 1. The precursor pulse time
film is the same on chromium and silicon. Step coverage ;g 2, the ammonia pulse time was 5, and the purge time
(film thickness on groove wall divided by the film thickness \yas 5's. The deposition temperature was set a23@nd
on flat surface) was 94%. the number of deposition cycles was set at 1500. According
XRD was measured at Helsinki University of Technology to TOF-ERDA data, the elemental distribution was uniform
by the Philips MPD 1880 instrument. Collected data of the throughout the film thickness.
as-deposited and the annealed films (880 30 min under The crystalline phase observed in XRD corresponds to a
N, atmosphere) are presented in Figure 12. According to molybdenum to nitrogen ratio of 2. However, the proportion
XRD data, films seem to be mostly amorphous, since of molybdenum and nitrogen contents in the film is close to
diffraction peaks are weak and broadened. Reflections at
2.38, 2.27, and 2.07 can be indexed to (112), (103), and (200)(46) Joint Committee on Powder Diffraction Standards, Card 24-768.
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one. This indicates a nitrogen rich amorphous phase in thenum. The structure of the new complex was determined by
film. Similar consistency of ALD molybdenum nitride thin  NMR and elemental analysis, and the results of the analyses
films has been previously reported.”Aland co-workers used  were compared with those for the tungsten analogue. DSC
molybdenum pentachloride and ammonia as precursors, andtudies were carried out to determine the self-decomposition
the crystalline phase was characterized as cybido;N, temperature, in other words, the maximum ALD growth
but the overall elemental composition ratio of molybdenum temperature. Suitable parameters for ALD of molybdenum
and nitrogen was close to offeNoticeably, molybdenum nitride from bistert-butylimido)-bis(dimethylamido)molyb-
to nitrogen ratio in the film seems to be independent from denum and ammonia precursors were identified. The opti-
the precursor system used. mum temperature range for the deposition was280°C,
Oxygen contamination is a well-known problem in ALD  which is lower than temperatures for molybdenum nitride
nitride thin films31:3248|n the case of titanium nitride Ritala ~ ALD reported earlier. Importantly, the emission of aggressive
etal. suggested three possible ways for oxygen incorporationhydrogen halides is avoided, which enables the use of a wider
into the film. Oxygen can contaminate the film from oxygen range of substrate materials and opens new applications for
and/or moisture residues in carrier and reactant gases botfmolybdenum nitride, protective coatings as an example.
during the film growth and within a cooling period or from  Depositions were successfully accomplished on silicon,
ambient air after the film is taken out from the reactor. Ritala quartz, chromium, and nickel with 0.5 A maximum growth
et al. also found that the thinner the fl|m, the hlgher the per Cyc|e_ The growth per Cyc]e was maintained over
oxygen content in the film! In this study, the air exposure  gifferent substrate materials. These findings suggest that
is minimized by handling the substrates via glovebox amido-imido type transition metal complexes have more
connection and by cleaning the gases with the chemicalyersatile surface chemistry than previously reported halide-
purifiers. Oxygen can however contaminate the film after pased ALD nitride precursors. Deposited films had high
the thin film sample is. brought out from the glovebox and conformality of 98%. The deposited films were mainly
exposed to ambient air. amorphous including a tetragonaMo,N phase.
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A synthetic procedure is presented for a new molybdenum
complex, bisiert-butylimido)-bis(dimethylamido)molybde-




