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Cobalt nitride films produced by reactive pulsed laser deposition
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The nitrides of magnetic metal are becoming important due to their potential technological applications. In this work cobalt nitride thin films
are deposited by reactive pulsed laser deposition (nitrogen environments) on silicon substrates at room temperature. The resultant films are
characterizedin-situ by Auger, X-Ray Photoelectron and Electron Energy Loss Spectroscopies. The chemical bond of the CoNx is strongly
linked to the stoichiometry, and it can be controlled by the N background pressure. We conclude that this deposition method offers a means
for fine-tuning the properties of cobalt nitride.
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Los Nitruros de metales magnéticos han tomado gran importancia debido a sus potenciales aplicaciones tecnológicas. En este trabajo se
han depositado capas delgadas de Nitruro de Cobalto usando la técnica de ablación láser pulsado reactivo en ambiente de nitrógeno. Se han
usado sustratos de silicio a temperatura ambiente. Las capas resultantes se caracterizaronin situ por espectroscopias Auger, de foto-emisión
de rayos X y de ṕerdida de energı́a. El enlace qúımico y la estequiometrı́a est́an fuertemente correlacionados, y ambos son controlados
simult́aneamente por la presión durante el deṕosito. Concluimos que este método de śıntesis permite tener un control muy fino de las
propiedades de capas delgadas de Nitruro de Cobalto.

Descriptores:Nitruro de Cobalto; espectroscopia de electrónes fotoemitidos; espectroscopia de perdidas de energı́a; capas delgadas; ablación
láser.

PACS: 79.60-i; 75.70-i; 77.84.Bw

1. Introduction

Since the fabrication of the first magnetic data storage de-
vices, thin films of magnetic materials have been of consid-
erable interest. Reducing the dimensions of the magnetic do-
mains that store the minimal element of information is the
key issue to increasing the capabilities of any magnetic stor-
age device. Thus, a suitable control of chemical and physical
properties of magnetic thin films might permit the enhancing
of the storing capacity of present storage devices. Nitrides
of magnetic metals are receiving special attention in this re-
search field. Magnetic-nitrides are catalogued as new mate-
rials for high performance magnets because of their strong
uniaxial anisotropy and high saturation magnetization [1].

A wide range of thin films are produced mostly by reac-
tive sputter methods; however, it is known that highly fer-
romagnetic materials are difficult to produce by this tech-
nique when a magnetron-type source is employed. Using a
ferromagnetic material as a sputtering target gives an unpre-
dictable magnetic flux in front of the magnetron target sur-
face [2], resulting in of poor-quality, inhomogeneous films.
Therefore, alternative deposition techniques for magnetic
thin films need to be developed.

One technique that has emerged promisingly for the film
deposition of magnetic materials is pulsed laser deposition
(PLD). PLD has been used advantageously to deposit many
different materials ranging among metals, dielectrics, ferro-
electrics and superconductors [3]. Unlike sputtering tech-
nique, PLD does not depend on magnetic fields to deposit

thin films, being thus advantageous for magnetic film pro-
cessing (for a review, see [4]). In recent times, PLD has been
observed to be the preferred method in manufacturing mag-
netic homogeneous films [5] or heterostructured films [4].
Nowadays, the technology associated with PLD has been de-
veloped in such a way that PLD is now considered a reliable
and predictable technique. Although much work has aimed
at understanding the laser deposition process, transference of
PLD technology to industry has been slow [3, 6].

The purpose of this work is to show that PLD is a reliable
technique for magnetic-nitride film deposition. In order to ac-
complish this goal, cobalt nitride thin films were prepared by
ablating a high purity Co target in the presence of molecular
nitrogen.

2. Experimental

All films were deposited at room temperature in a laser ab-
lation system, Riber LDM-32, within-situ Auger electron
spectroscopies (AES), electron energy loss (EELS) and x-ray
photoelectron (XPS) spectroscopies facilities. The deposi-
tion was accomplished by ablating a cobalt target at 99.9%
in a background of high-purity molecular nitrogen. Nitrogen
pressures, PN , were in the 1×10−9 ≤ PN ≤ 1.2×10−1 Torr
range (1 Torr = 1.33×102 Pa). Layers were deposited on as-
received (111)n-doped silicon wafers,i.e. without any clean-
ing process. Target ablation was accomplished by means of a
KrF excimer laser (λ = 248 nm) focused on a target at 50◦ off
the surface normal. Laser energy, deposition time and pulse
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repetition rate were fixed at 400 mJ, 10 minutes and 10 Hz,
respectively, for a total of 6,000 laser pulses for each film.
Considering the loss at one laser window, the energy density
at the target surface is estimated to be 2 J cm−2.

AES and EELS spectra were collected using an electron
beam with incident energy of 3 and 1 KeV, respectively. XPS
measurements were collected using the Mg Kα line of an
x-ray source with energy of 1253.6 eV. The energy scale
was calibrated against the Cu2p3/2 and Ag3d5/2 references,
at 932.67 and 368.26 eV, respectively.

X-ray diffraction (XRD), Scanning Electron Microscopy
(SEM), Atomic Force Microscopy (AFM) and perfilometry
was carried out on every film to determine crystalline status,
thickness, roughness, particulate density and in general, film
surface quality.

3. Results and discussion

The XRD analysis does not show any noticeable peak, ex-
cept those related to the substrate. The only exception was
for the film processed at PN = 0 mTorr, showing a notorious
peak at 2θ = 51.8◦. This peak was identified as the (111)
plane of cubic cobalt, powder diffraction file # 15-0806. The
film thickness was kept on average near 90 nm (± 10 nm),
enough to obtain a good signal if the rest of films were crys-
talline; thus we conclude that the cobalt films processed at
room temperature in a nitrogen environment are habitually
amorphous.

The film surfaces are very smooth, near the limits of SEM
resolution, as can be appreciated in Fig. 1 for a typical film.
The splashing-density was relatively low for this deposition
technique, except for the film growth at PN = 0 mTorr, which
shows large melt-shaped droplets on the film’s surface. The
AFM image, Fig. 2, shows that the films are composed of a
granular structure. The films have roughness typically on the
order of 10% of the film’s thickness (RMS values,∼10 nm).

FIGURE 1. Typical SEM micrograph of a CoNx layer deposited by
laser ablating a cobalt target in a nitrogen environment. In this case
it corresponds to a film grown at PN = 40 mTorr.

FIGURE 2. AFM image of the film grown at PN = 40 mTorr.

XPS and AES analyses performed on the ablated films
revealed cobalt nitride compounds that are free of contam-
inants to the limits of detection of these techniques (close
to 1% atomic). Figure 1 shows a typical XPS spectrum of
the cobalt nitride films, where only photoelectron emissions
from Co and N are observed. Relative atomic concentrations
of Co and N are calculated from the areas under the Co2p3/2

and N1s peaks after Touggard background subtraction. The
sensitivity factors were calculated using the same procedure
described in a previous report [7].

Atomic concentration of Co and N plotted as a function
of nitrogen pressure is illustrated in Fig. 2. This graph shows
a monotonic increase of N concentration in the films with
the N pressure. Nitrogen incorporation into the ablated Co is
almost linearly bore in the range of 25-120 mTorr of N pres-
sure. The linear behavior of the N curve allows fine-tuning
of the cobalt nitride stoichiometry by simple control of the
nitrogen pressure. Stoichiometry of films produced by PLD
has been established to depend on the total gas pressure [8].
Co2N, CoN and Co2N3 stoichiometries are estimated to take
place at PN of 40, 90 and 120 mTorr, respectively.

Monitoring the peak positions of Co2p3/2 and N1s lines
can reveal any chemical state change that Co and N might
suffer during the ablation process. Plotting the positions
of maximum intensity of the Co and N lines as a function
of the relative nitrogen concentration, x = [N]/[Co], in the
films shows a gradual shifting of the Co2p3/2 and N1s peaks
(Fig. 3). These relative displacements are not a consequence
of charge-induced artifacts because the difference in Co and
N energy levels does not shows a constant value as a function
of x. Thus the peak shifts must be related to changes in the
chemical state.
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FIGURE 3. XPS spectrum of a film grown by reactive ablating a
cobalt target at PN = 120 mTorr.

The change in position of the peaks is the result of a
charge-transference between the Co and N atoms. Cobalt
atoms acquire an ionic character asx is increased, slowly
shifting the binding energy of Co2p3/2 electrons from a neu-
tral state at 777.8 eV, towards a state with a certain ionic
character, at 778.3 eV. In the case of nitrogen atoms, these
are incorporated into the films with a higher ionic character,
observing a change in the binding energy of N1s electrons
from 398.5 to 396.8 eV in the entirexregime analyzed. The
shift to lower binding energies of the N1s electrons is related
to an electron gain of the N atoms at the expense of the Co
atoms. This tendency is observed as more nitrogen atoms are
incorporated into the films. In particular, the measured bind-
ing energies for the nominal stoichiometries of Co2N, CoN
and Co2N3, were 778.0, 778.2 and 778.4 eV for Co2p3/2

electrons, and 398.0, 397.4 396.8 eV for the N1selectrons,
respectively (Fig. 4).

FIGURE 4. Atomic concentration determined by XPS as a function
of the nitrogen pressure.

FIGURE 5. Co2p3/2 (squares) and N1s (circles) peak positions de-
termined from XPS as a function of relative nitrogen concentration
in the film,x= [CN ]/[CCo].

FIGURE 6. Comparison of the N1s and Co2p3/2 XPS peaks deter-
mined for Co, Co2N, CoN and Co2N3.

FIGURE 7. EELS spectra of CoNx films with different nitrogen
concentrations.
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EELS can provide information more directly about
changes in the electronic state in solids. A modification in the
electronic structure leads to strong modifications in the EELS
spectrum. There are many papers focused on the loss spec-
tra of transition metals [9], with Co among them. Although
the theoretical background of this field has been extensively
discussed in other papers [10-15], the interpretation of loss
spectra remains unclear for Co. Figure 5 shows the EELS
spectra taken to several films prepared at the following val-
ues: PN = 0, 40, 90, 100 and 120 mTorr. The loss spectrum of
metallic Co shows a main peak at 25 -27 eV which has been
catalogued by Barbieret al. [16] as the volume plasmon (ωv)
even thoughωv is smaller than the value expected from di-
electric theory (34 eV). The less intense peak at 8 - 9 eV is
cataloged as a peak with a volume-type behavior. The sur-
face plasmonωs = ωv/

√
2 that should appear at∼18-19 eV

is not observed in the spectrum. It is important to note that the
ωs = ωv/

√
2 rule is valid only for atomically flat surfaces. In

this case the films are terminated in distributed spherical-like
particles of variable size; accordingly, this is a possible rea-
son to justify the disappearance of the surface plasmon. In the
case of CoNx films, the energy-loss structure in the 5-30 eV
range changes drastically, and each cobalt nitride stoichiom-
etry presents its own characteristic loss structure. As the ni-
trogen concentration is increased in the nitride, theωv peak

shifts to lower energies. This fact indicates a reduction in the
electronic density of the nitride phases [17].

4. Conclusions

In summary, cobalt nitride thin films have been grown by ab-
lating a cobalt target in an N2 atmosphere at different back-
ground pressures. The difference of 0.5 and 1.5 eV in the
binding energy of Co2p3/2 and N1s electrons, respectively,
is evidence that the reaction between nitrogen and cobalt
was effectively made. The stoichiometry can be adjusted by
varying the nitrogen pressure, it being feasible to produce
the nominal stoichiometries of Co2N, CoN and Co2N3. At
higher pressures the stoichiometry seems to remain practi-
cally unchanging. PLD can be a very valuable method for de-
positing nitrides of ferromagnetic materials, offering a means
of tuning the properties of the material produced.
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