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6 Multilayers−structure and
interfaces

6.1 Introduction

Bilayers of [Cu3N/γ′−Fe4N] and [γ ′−Fe4N/Cu3N/γ′−Fe4N] multilayers were
grown on (001) MgO substrates by atomic N−assisted molecular beam epitaxy.
Based on an almost perfect lattice match, it is expected that these two phases
can be grown epitaxially with no defects at the interface. Additionally, the
intermixing at the interface, commonly observed at metal/metal interfaces
[96], is expected to be reduced due to the Fe−N and Cu−N bonding [55].
Based on these properties, the motivation of growing such multilayers is the
prospect of growing a magnetic tunnel junction structure that is epitaxial and
has sharp interfaces. Different bilayer and trilayer structures were grown by
varying the growth parameters for the copper nitride layer as well as for the top
iron nitride layer. The properties of the as−grown structures were investigated
and are discussed in relation to the desired properties.

As an alternative system, [Cu3N/Fe] bilayers were also considered and in-
vestigated. In this system, the lattice mismatch is as high as 25% if the
corresponding (001) planes and the [001] directions are parallel, and it re-
duces to ∼5% if the [001] direction of Cu3N is 45◦ rotated with respect to the
same direction of Fe, while the (001) planes remain parallel. These bilayers
were also grown on (001) MgO substrates. Furthermore, [Fe/Cu3N/γ′−Fe4N]
and [Fe/Cu3N/Fe] multilayers were grown and investigated. In this chapter
we describe preliminary experiments and the results on the growth of various
bilayers and multilayers.

6.2 Experimental details

Thin films of iron nitride and copper nitride were grown in an UHV chamber
(base pressure of 10−10 mbar) by molecular beam epitaxy (MBE) of iron and
copper in the presence of atomic nitrogen obtained from a radio−frequency
(rf) atomic source. The growth of γ ′−Fe4N and Cu3N films was optimized
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82 6 Multilayers−structure and interfaces

first on (001) MgO substrates. In all cases, before growth, the MgO substrates
were cleaned by annealing at 600◦C in 10−6 mbar O2. As reported earlier, this
method proved to be very effective for the growth of epitaxial films of iron
nitride [52] and copper nitride [49]. The growth and the properties of single
layers of γ ′−Fe4N and Cu3N grown on (001) MgO were discussed in detail in
chapter 4 and chapter 5, respectively. The optimal substrate temperatures for
the growth of γ ′−Fe4N films on (001) MgO substrates were found to be in the
range of 350◦C−400◦C. At such substrate temperatures, the obtained films
were of high crystal quality and rather smooth (for a ∼33 nm thick film the
rms roughness was 0.4 nm).

Having the growth of smooth and pure γ ′−Fe4N films on MgO substrates
well under control, these films were subsequently used as templates for the
growth of Cu3N thin films. The Cu3N layers were grown at temperatures
ranging from room temperature (RT) to 150◦C, using the optimal growth pa-
rameters as found for the growth of single layers of copper nitride directly on
(001) MgO substrates. For the growth of [Cu3N/Fe] bilayers, thin iron films
were first grown by MBE on (001) MgO substrates. The deposition tempera-
ture was chosen to be between 50◦C and 250◦C. Subsequently, Cu3N films were
grown using the same growth conditions used to grow Cu3N films on γ′−Fe4N.

After in−situ cooling to RT, the bilayers were investigated ex−situ by
means of X−ray diffraction (XRD and 2D−XRD), atomic force microscopy
(AFM), Rutherford backscattering spectroscopy (RBS)/channeling , X−ray
photo−electron spectroscopy (XPS), Mössbauer spectroscopy (CEMS) and vi-
brating sample magnetometry (VSM). XRD was used as a tool to identify the
phases grown in the bilayer structures while 2D−XRD was used to get insight
into the structural symmetries. On the other hand, from the CEMS experi-
ments important information on the type an the purity of iron nitride phases
formed was obtained. Moreover, it could also be used as a tool for probing
the interfaces in the grown bilayers and multilayers. All the magnetic layers
(γ′−Fe4N and Fe) were grown with 57Fe. Consequently, CEMS spectra with
very good statistics were measured. The thickness of the layers was obtained
from fitting the RBS spectra, comparing the content of the Fe or Cu peak with
the yield measured for Mg.

6.3 Bilayers

6.3.1 [Cu3N/γ′−Fe4N] bilayers

Due to the low decomposition temperature, the Cu3N layers in the bilayer
structures had to be grown at temperatures below 250◦C. First, copper ni-
tride layers of different thickness were grown at a deposition temperature of
150◦C on γ′−Fe4N films. The result of a θ−2θ XRD scan for a bilayer struc-
ture of [17 nm Cu3N/15 nm γ′−Fe4N/MgO] is shown in Fig. 6.1 (a). When
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Figure 6.1: (a) X−Ray θ−2θ scan for a [17 nm Cu3N/15 nm γ′−Fe4N/MgO] bilayer.
The corresponding pole ψ−φ scan is shown in (b). In the pole scan the 2θ angle
is fixed to the (111) reflection of Cu3N. The same 2θ angle corresponds also to the
(111) reflection of γ ′−Fe4N.

Cu3N is grown on a γ ′−Fe4N underlayer, the (002) reflections overlap, which
results in a slightly broadened peak at 2θ=47.76◦. However, Cu3N can still be
recognized by the presence of a rather intense (001) peak at 2θ=23.3◦, as com-
pared with the one of γ ′−Fe4N (for Cu3N the intensity ratio of the (001) and
(002) reflection reflections is 1.16 whereas for γ ′−Fe4N this ratio is only 0.028).
This XRD scan is typical for all the grown [Cu3N/γ′−Fe4N] bilayers, indepen-
dent of the deposition temperature for the top Cu3N layer. In all scans, only
(00k) reflections corresponding to copper nitride and iron nitride are present.
Therefore, we conclude that both the nitride films have a well−defined ori-
entation with the [100] direction normal to the (001) substrate. As reported
earlier [52], γ ′−Fe4N films grow epitaxially on (001) MgO substrates with no
in−plane rotation. To determine the in−plane orientation of the copper ni-
tride film with respect to the crystal orientation of the substrate (underlayer),
we performed 2D−XRD ψ−φ pole scans with 2θ fixed at the (111) reflection of
Cu3N. Note that the Cu3N (111) reflection is very close to the (111) reflection
of γ′−Fe4N and therefore they cannot be separated. The resulting pole scan
corresponding to the [17 nm Cu3N/15 nm γ′−Fe4N/MgO] bilayer is shown in
Fig. 6.1 (b). This result is also typical for all the bilayer structures in which
the Cu3N film was grown at a deposition temperature between RT and 150◦C.
Only four sharp peaks corresponding to the (111) reflections of both Cu3N and
γ′−Fe4N are present. Consequently, as expected, the copper nitride film is epi-
taxial and monocrystalline with the same symmetry as the iron nitride layer
with respect to the MgO substrate (no in−plane rotation).

The surface morphology of Cu3N films of different thickness (6 nm and 17
nm) grown on γ ′−Fe4N substrates was studied in air with AFM in contact
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Figure 6.2: AFM topographical images measured for Cu3N films of different thick-
ness (t) grown under similar conditions on γ ′−Fe4N substrates. (a) t=17 nm, 1×1
µm2 image (vertical range 25 nm; rms roughness ∼2.6 nm). (b) t=6 nm, 1×1 µm2

image (vertical range 10 nm; rms roughness ∼0.7 nm).

mode. In both cases, the Cu3N layer was grown at a deposition temperature
of 150◦C. AFM topographical images are shown in Fig. 6.2 as follows: (a) for
a 17 nm thick Cu3N film and (b) for a 6 nm thick Cu3N film. As seen in the
figure, the thicker film (∼17 nm) is rough on a nm scale having a corresponding
rms roughness of 2.6 nm (Fig. 6.2 (a)). On the other hand, the thinner film
(∼6 nm) is rather smooth with a rms roughness of only 0.7 nm (Fig. 6.2 (b)).
It is interesting that despite the rather low deposition temperature, thin layers
of Cu3N can be grown as smooth layers with a uniform granular appearance.
The difference in smoothness between the thin (6 nm) and the thicker (17 nm)
Cu3N film could be explained assuming a Stranski−Krastanov (S−K) growth
mode, with a critical thickness for the transition from the 2D growth regime
(layer−by−layer) to the 3D growth regime (islands) between 6 and 17 nm.
Similar or higher values of the critical thickness for the transition from 2D to
3D growth were observed also in different systems (e. g. YBa2Cu3O7−δ [97]).
Additional X−ray photo−electron spectroscopy (XPS) measurements showed,
as expected, that the Cu3N films grow as complete layers (without holes).

As measured by XRD, the bilayers grown so far are epitaxial structures.
However, this method does not give any information on the interface between
the metal nitride layers. To probe this interface, we applied CEMS. In the
[Cu3N/γ′−Fe4N] bilayer structures, only the iron nitride layer grown with 57Fe
is Mössbauer active. As previously shown (see chapter 4), the [γ ′−Fe4N/MgO]
interface can be considered as very sharp and clean. The CEMS spectra mea-
sured for two types of bilayers are shown in Fig. 6.3 as follows: (a) [17 nm
Cu3N/15 nm γ′−Fe4N] structure with the Cu3N layer grown at 150◦C ([Bilayer-
1]) and (b) [16 nm Cu3N/40 nm γ′−Fe4N] structure with the Cu3N layer grown
at room temperature (RT) ([Bilayer-2]). The measured spectra were fitted with
Lorentzian−shaped lines. The main intensity in both spectra could be very
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Figure 6.3: Room temperature CEMS spectra: (a) [17 nm Cu3N/15 nm γ′−Fe4N]
structure with the Cu3N layer grown at 150◦C ([Bilayer-1]) and (b) [16 nm Cu3N/40
nm γ′−Fe4N] structure with the Cu3N layer grown at room temperature (RT)
([Bilayer-2]).

well fitted with three magnetic sextets (FeI, FeII−A and FeII−B). The FeI and
FeII components can be unmistakeably assigned to the γ ′−Fe4N phase (the
fitting parameters corresponding to the γ ′−Fe4N phase were discussed in chap-
ter 4. This result confirms the presence of the γ ′−Fe4N phase, in accordance
with the XRD measurements. Additionally, the spectrum of [Bilayer-1] had to
be fitted with two extra singlet lines (total relative abundance of ∼25% which
corresponds to ∼10 ML) with an isomer shift of 0.07 mm/s (the S1 component)
and 0.62 mm/s (the S2 component). Based solely on the Mössbauer parame-
ters, the two singlet lines, S1 and S2, can be interpreted as the γ ′′−FeN and
the γ′′′−FeN phases. Both phases contain 50% N [36, 37] and are believed
to be paramagnetic at room temperature. The N−rich phase at the inter-
face can be formed during the growth of the Cu3N layer due to the diffusion
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process of atomic N in the underlying γ ′−Fe4N layer. This interpretation
of the Mössbauer spectra implies that there is no visible component due to
the Fe−Cu intermixing. Such a component would be well recognizable [98].
Therefore we conclude that no intermixing of Fe and Cu takes place at the
iron nitride/copper nitride interface.

The spectrum of [Bilayer-2] corresponds to an almost pure γ ′−Fe4N phase.
It is rather difficult to fit the extra component in a unique way. Assuming a
quadrupole doublet for fitting the extra component, we can estimate a relative
abundance (areal fraction) of ∼3% (∼3 ML). As argued before, there are two
interfaces in the bilayer structures. For both of them, the local symmetry
is broken which corresponds to a different surrounding for the 57Fe nuclei as
compared with the bulk γ ′−Fe4N. Therefore, it is possible that part of the
extra component we observe appears due to the interfaces but it cannot be
excluded that a small fraction of a N−rich phase also contributes.

A more definite answer could be obtained if only a probe layer (few ML)
of γ′−Fe4N is grown with 57Fe at the Cu3N/γ′−Fe4N interface while the rest
of the γ′−Fe4N layer is grown with natural Fe. In this way, in the CEMS
measurements, only the interface would be probed.

The absence of intermixing is a very important issue in multilayers designed
to be integrated in devices such as spin valves or magnetic tunnel junctions.
Both the giant magnetoresistance (GMR) and the tunnel magnetoresistance
(TMR) are known to be specifically sensitive to the local properties of the
interface. Also because of this, the hypothesis proposed above was checked
in a simple way. Freshly grown γ ′−Fe4N films were cooled down in−situ to
150◦C, and subsequently exposed to a flux of atomic nitrogen. The working
parameters of the rf atomic source were chosen such that they were identical
with the ones used for the growth of Cu3N films on the γ ′−Fe4N templates.
The total exposure time was 1h. After the post−nitriding step, the films were
cooled down to RT and capped with a thick layer of natural Fe and measured
ex−situ with CEMS. A typical CEMS spectrum is shown in Fig. 6.4. It is
interesting to note the close resemblance between this spectrum and the one
shown in Fig. 6.3 (a). Indeed, the same set of CEMS parameters could be used
to fit the spectrum of the post−nitrided γ ′−Fe4N film. This result suggests
that the extra phase in the [Cu3N/γ′−Fe4N] bilayer structures is indeed formed
at the interface between the copper nitride and the iron nitride layer, and is
formed due to the diffusion of part of the atomic nitrogen, present in the system
for the growth of the Cu3N layer, into the underlaying γ ′−Fe4N layer.

6.3.2 [Cu3N/Fe] bilayers

It is well known [99, 100, 101] that Fe grows epitaxially on (001) MgO sub-
strates with an in−plane rotation of 45◦. This rotation takes place to minimize
the mismatch between the two cubic phases. If the same criteria would ap-
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Figure 6.4: Room temperature CEMS spectra for a 15 nm γ ′−Fe4N film exposed
to a flux of nitrogen at 150◦C for 1 h. After cooling to RT, the film was capped with
5 nm natural Fe.

ply for the growth of Cu3N films on Fe underlayers, it would be expected that
Cu3N grows also with an in-plane rotation of 45◦ with respect to Fe. Therefore,
the Cu3N would have no in−plane rotation with respect to the (001) MgO sub-
strate. Two types of [Cu3N/Fe] bilayer structures were grown. For [Bilayer-1]
type the Cu3N layer was grown at a deposition temperature of 100◦C whereas
for [Bilayer-2] type, the copper nitride was grown at room temperature (RT).
For both type of bilayers, the θ−2θ XRD scans showed only (00k) reflections
corresponding to the Fe and the Cu3N phase (not shown). The symmetry of
the structure was investigated with 2D−XRD. A pole scan ψ−φ corresponding
to a [Cu3N/Fe] bilayer with the Cu3N layer grown at RT is shown in Fig. 6.5.

Figure 6.5: X-Ray θ−2θ pole ψ−φ scan for a [16 nm Cu3N/11 nm Fe/MgO]. In the
pole scan the 2θ angle is fixed to the (111) reflection of Cu3N.
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In this pole scan the 2θ angle is fixed for the (111) reflection of Cu3N. The
scan reveals only four sharp spots at a φ angle of 45◦ in each quadrant from
which we can conclude that the Cu3N films grow epitaxially on the Fe/MgO
substrate, with no in−plane rotation with respect to the (001) MgO substrate.

The CEMS measurements corresponding to the two types of bilayers are
shown in Fig. 6.6. The spectra were fitted with Lorentzian−type lines. As
seen in Fig. 6.6 (a), the measured spectrum clearly deviates from the signal
of a pure Fe phase. A reasonable fit was obtained with a combination of
magnetic components and a doublet. Based on the combination of isomer
shifts and hyperfine parameters we identified one of the magnetic components,
with a relative abundance of 33.3% (∼10 ML) as corresponding to a pure Fe
phase, whereas the rest is believed to correspond to a mixture of iron nitride
phases with different nitrogen content. The iron nitride phases must be formed
upon the growth of the Cu3N layer, due to the diffusion of atomic nitrogen in
the underlaying Fe. On the other hand, the spectrum in Fig. 6.6 (b) clearly
shows only one magnetic component as expected for a pure Fe phase. From
these measurements it can be concluded that the diffusion of nitrogen in Fe is

Figure 6.6: Room temperature CEMS spectra: (a) for a [9 nm Cu3N/8.5 nm Fe]
bilayer with the Cu3N grown at 100◦C, and (b) for a [16 nm Cu3N/40 nm Fe] bilayer
with the Cu3N grown at room temperature.
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dependent on temperature and is completely absent at room temperature. This
makes possible to grow [Cu3N/Fe] bilayers with a sharp and clean interface.

6.4 Multilayers

For the growth of an all−nitride magnetic tunnel junction, γ ′−Fe4N films
have to be grown on Cu3N/γ′−Fe4N bilayers. The first approach to this sys-
tem was to use the same growth conditions for both the top and the bottom
γ′−Fe4N layer. Note that for the bottom γ ′−Fe4N layer, the optimal growth
temperature on (001) MgO substrates was found to be 400◦C. At this tempera-
ture, high quality single phase γ ′−Fe4N films were grown. Also, the films were
grown as very smooth layers, with the smoothness increasing with decreasing
film thickness. For γ ′−Fe4N films of about 33 nm, the typical rms roughness
was around 0.4 nm. Due to the low decomposition temperature of Cu3N, for
growing the top γ ′−Fe4N layer, the growth temperature had to be below 250◦.
As concluded earlier, Cu3N films with a thickness below 6 nm grow as smooth
and epitaxial layers on γ ′−Fe4N films. As measured by AFM, the rms rough-
ness was ∼0.7 nm (for films grown at 150◦). Based on these findings, it was
expected that the epitaxial growth of pure γ ′−Fe4N films on [Cu3N/γ′−Fe4N]
bilayers would be easily obtained.

In the trilayer structures, all the layers had to be grown in the same run.
Three types of trilayer structures were grown. For all of them, a bottom
γ′−Fe4N layer of about 17 nm thickness was grown at a deposition temperature
of 400◦C (T1), growth rate of 57Fe∼0.08 Å/s and a 50% N2+50% H2 gas
mixture in the rf atomic source (total pressure of 1×10−2 mbar). These growth
conditions correspond to the growth of a pure γ ′−Fe4N phase. After growth,
the film was cooled down to the deposition temperature corresponding to the
Cu3N layer (T2) and the mixture in the atomic source was changed to 90%
N2+10% H2 (total pressure of 5×10−2 mbar). The third layer was usually
grown at a higher deposition temperature (T3 >T2). The growth rate of 57Fe
was kept constant at ∼0.08 Å/s as for the bottom layer (same growth time)

Table 6.1: Growth conditions for the three types of trilayers: T2(
◦C)−deposition

temperature for Cu3N, T3(
◦C)−deposition temperature and N:H−the nitrogen to

hydrogen ratio in the atomic source for the growth of the third layer.

sample T2 T3 N:H CEMS
(◦C) (◦C) ratio components (%)

Trilayer-1 100 100 50:50 54.1% γ ′, 7.6% Fe, 38.3% extra
Trilayer-2 250 250 50:50 17% γ ′, 53% ε−Fe2.5N, 30% extra
Trilayer-3 100 200 80:20 76% γ ′, 15.7% Fe, 8.3% extra



90 6 Multilayers−structure and interfaces

Figure 6.7: Room temperature CEMS spectra: (a) [Trilayer-1], (b) [Trilayer-2] and
(c) [Trilayer-3].

while the growth rate of Cu was ∼0.022 Å/s. This value can be translated in
a thickness of 8 nm Cu3N (for the applied growth time of 45 minutes). The
growth parameters for the three trilayer structures grown are summarized in
Table 6.1. After growth, the samples were measured ex−situ with CEMS. The
room temperature CEMS measurements are all shown in Fig. 6.7. The amount
of different phases in the films, as obtained from fitting the measured spectra,
are also given in Table 6.1. In these trilayer systems, all the iron nitride layers
were grown with 57Fe. Consequently, for the CEMS measurements both the
top and the bottom layers are Mössbauer active, and the measured spectra
are a combination of the signal corresponding to the bottom layer and the top
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layer. Samples [Trilayer-1] and [Trilayer-2] had no cap layer and therefore, the
top iron nitride films were oxidized. It is known that the oxidation of an iron
nitride films results in the formation of a top oxynitride layer of about 5 nm
thickness. [Trilayer-3] was capped with 5 nm of natural Fe.

First we compare the results corresponding to [Trilayer-1] and [Trilayer-
2]. The sole difference in growth conditions between the two types of trilay-
ers is the deposition temperature for the Cu3N layer as well as for the top
γ′−Fe4N layer, which is 100◦C for [Trilayer-1] and 250◦C for [Trilayer-2]. As
clearly seen in the CEMS spectra, the top iron nitride phase doesn’t grow as
a pure γ′−Fe4N phase but as as a mixture of phases (γ ′−Fe4N, Fe and para-
magnetic ε) for a deposition temperature of 100◦C, or as a magnetic ε for a
deposition temperature of 250◦C. Additional X−ray diffraction measurements
on these structures (not shown), show that for the [Trilayer-2] structure, the
copper nitride layer is decomposed into Cu and Cu3N upon annealing at 250◦C
during the growth of the top iron nitride layer. This decomposition does not
take place for the [Trilayer-1] structure. Moreover, reflection peaks correspond-
ing to an ε phase were found implying that too much nitrogen is present for
the growth of the top iron nitride layer. To prevent the formation of an ε
phase, for the growth of the top γ ′ layer, the mixture of gases in the rf atomic
source (N:H) was changed to 20:80. With these new parameters, a [Trilayer-3]
structure was grown. The corresponding CEMS spectrum is shown in Fig. 6.7
(c). Comparing this spectrum with the ones for [Trilayer-1] and [Trilayer-2],
we can clearly conclude that the ε phase is indeed absent but a small amount
of pure Fe (15.7%) is present.

These results suggest that a further optimization of the growth parameters
could lead to the growth of a pure γ ′−Fe4N phase also as a top layer. Also,
it can be concluded that the growth of a pure γ ′−Fe4N phase on a Cu3N un-
derlayer proceeds in a more complicated way than on (001) MgO substrates,
despite the much better lattice match. As shown earlier, the growth of a pure
γ′−Fe4N phase on an MgO substrate is obtained at 400◦C as well as 200◦C,
while all the other growth parameters are kept identical. On the other hand,
on Cu3N underlayers, similar growth condition (growth rate of 57Fe, gas mix-
ture and pressure) and deposition temperatures of 100◦C, 250◦C or 200◦C, all
resulted in the growth of a mixture of phases. Apparently, the nucleation and
growth of a pure γ ′−Fe4N phase is more difficult on Cu3N underlayers than
on MgO substrates. The same conclusion was obtained from investigating the
growth of γ ′−Fe4N on [Cu3N/(001) MgO].

As an alternative type of trilayers, [Fe/Cu3N/γ′−Fe4N] structures were
grown. Both the Cu3N and the Fe layers were grown at a deposition temper-
ature of 100◦C. The CEMS measurement corresponding to a [10 nm Fe/8 nm
Cu3N/10 nm γ′−Fe4N] structure capped with 5 nm of natural Fe is shown
in Fig.6.8. The spectrum was fitted with 37.8% γ ′−Fe4N, 53.9% Fe and
an extra component of about 8 %. The extra component corresponds to a
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Figure 6.8: Room temperature CEMS spectra for a (9.5 nm Fe)/(8 nm Cu3N)/(10
nm γ′−Fe4N) trilayer structure.

γ′′−FeN+γ′′′−FeN phase, and its amount coincides with the amount of an
extra phase found at the interface in a [Cu3N/γ′−Fe4N] bilayer in which the
Cu3N layer was also grown at a deposition temperature of 100◦C. This sug-
gests that in the trilayer structures, the Fe/Cu3N interface is clean and no
intermixing takes place.

As discussed, Cu3N grows epitaxially on γ ′−Fe4N layers with no in−plane
rotation and with a 45◦ in−plane rotation on Fe layers. Thus, both types of
bilayers are epitaxial on MgO substrates. Furthermore, the in−plane orienta-
tion in the trilayer structures was also investigated. Here we show the results
obtained from 2D−XRD measurements on a [15 nm Fe/5.3 nm Cu3N/15 nm
γ′−Fe4N] trilayer. The γ ′−Fe4N layer was grown at 350◦C on the MgO sub-
strate, whereas both the Cu3N and the Fe were grown at RT. Figure 6.9 shows
two φ scans measured for the bottom γ ′−Fe4N layer (a) and the top Fe layer
(b) in a [Fe/Cu3N/γ′−Fe4N] trilayer. The scan in Fig. 6.9 (a) is taken at a
2θ angle for the (220) reflection of γ ′−Fe4N and the one in Fig. 6.9 (b) at
a 2θ angle for the (110) reflection of Fe. Both scans reveal only four sharp
peaks. These results clearly show the epitaxial nature of both layers and the
45◦ in-plane rotation present between the [110] directions of Fe and γ ′−Fe4N.

6.5 Conclusions

Nitride−based bilayers and trilayers were grown by N−assisted MBE on (001)
MgO substrates. As concluded from X−ray pole measurements, the [Cu3N/Fe]
and [Cu3N/γ′−Fe4N] bilayers are fully epitaxial. The interface was probed
by Mössbauer spectroscopy. No intermixing of Fe and Cu was found at the
interface. However, part of the metal underlayer (γ ′−Fe4N or Fe) is being
nitrided when the Cu3N layer is grown at elevated temperatures (above RT).
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Figure 6.9: XRD pole measurements showing the φ cross−sections taken at a ψ
angle of ∼45◦ and a 2θ angle corresponding to the (220) reflection of γ ′−Fe4N [scan
shown in (a)] and the (110) reflection of Fe [scan shown in (b)].

For [Cu3N/γ′−Fe4N] bilayers, this results in the formation of a non−magnetic
layer at the [Cu3N/γ′] interface. The non−magnetic phase can be identified
as the γ′′−FeN+γ′′′−FeN phase and is being formed due to the diffusion of
nitrogen from the Cu3N layer in the γ ′−Fe4N underlayer. It is surprising that
despite it’s epitaxial nature, the γ ′−Fe4N phase is not stable upon exposure
to a flux of nitrogen. When the deposition temperature is reduced to room
temperature, the diffusion of N is reduced. The smoothness of Cu3N layers
grown at 150◦C on γ′−Fe4N underlayers was found to increase with decreasing
the film thickness. For Cu3N films of ∼6 nm, the rms roughness was ∼0.7 nm.
It is expected that films of similar thickness grown at RT are even smoother.

In the case of [Cu3N/Fe] bilayers, the diffusion of nitrogen results in the
formation of an interface layer containing different iron nitride phases if the
copper nitride is grown at elevated temperatures (higher than RT). If the
growth temperature is reduced to room temperature, no diffusion takes place
and a clean and sharp interface is obtained.



94 6 Multilayers−structure and interfaces

Contrary to the growth on (001) MgO substrates, the growth of a pure
γ′−Fe4N film (as top layer) on a [Cu3N/γ′−Fe4N] underlayer proved to be
rather difficult. However, by optimizing the growth parameters, the top layers
could be grown as mixtures of γ ′−Fe4N and Fe. A further optimization of these
growth parameters could lead to the growth of pure [γ ′−Fe4N/Cu3N/γ′−Fe4N]
trilayer structures. A good alternative system to the [γ ′/Cu3N/γ′] trilayers are
the [Fe/Cu3N/γ′−Fe4N] trilayers. In this case, the [Fe/Cu3N] interface is clean,
and the structure is also fully epitaxial.




