
 

 

Chapter 5 

Controlling the structure in Fe-Zr-N films for ultra-
high frequency applications 

 
 

5.1. Introduction 

The increasing demand for small-size/light-weight communication products and 
the continuously increasing storage capacities and data rates in the magnetic 
recording industry have been motivating research on magnetic films for ultra-
high frequency (UHF) applications. Nowadays, the attention is focused on Fe-X-
N (X = Ta [Via96], Zr [Cha96], Al [Rog92]…) systems due to their high 
saturation magnetization, excellent magnetic softness and good corrosion 
resistance. The primary role of the alloying element X is to improve the thermal 
stability of binary Fe-N compounds, but its presence will also influence the 
magnetic properties. 

Ultra-soft magnetic behavior at GHz frequencies can be obtained in thin 
nanocrystalline Fe-X-N films when nanocrystals with a size smaller than the 
ferromagnetic exchange length are coupled by exchange interaction [Her95] and 
an overall uniaxial magnetic anisotropy is present. Such materials will have a 
well-controlled domain pattern with the magnetization, in the absence of an 
external magnetic field, oriented in most of the domains parallel or anti-parallel 
to the direction of the anisotropy axis. The hysteresis loop will be a rectangle in 
the easy direction (domain wall movement) and a straight line in the hard 
direction (spin rotation). When an external AC field is applied perpendicular to 
the easy axis, the magnetization oscillates with the field. The permeability in this 
case is given by the ratio between the saturation magnetization (MS) and the 
anisotropy field (HK). For thin films, where the eddy current losses can be 
neglected, this value can be maintained up to a frequency close to the 
ferromagnetic resonance (FMR) frequency fr ~ (MSHK)1/2 [Chi97]. In order to 
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push this limit into the GHz range, films with high MS and HK in excess of 20 Oe 
are desired. 

Nitrogen plays a crucial role in the process of fine-tuning the structural 
and magnetic properties of Fe-X-N materials. In the first place, it was 
demonstrated that incorporation of N in Fe films leads to lattice expansion and 
grain refinement [Rog92]. In the second place, N is the source of the induced 
uniaxial anisotropy in N containing films [Rie97]. Several phases can be formed 
in a Fe based alloy as a function of N content. N can be dissolved in octahedral 
interstices of the bcc α-Fe up to 11 at%. If the N-filled octahedra within a grain 
are randomly oriented in the three perpendicular <100> directions the grains are 
cubically dilated and the phase is called α-Fe. If the N-filled octahedra are 
preferentially oriented in one of the three crystallographic directions, the lattice 
becomes tetragonally distorted and the phase is called α′-FeN. At 11 at% N in Fe 
a stoichiometric tetragonal phase can be formed, the famous α″-Fe16N2 (bct) 
[Jac51]. The γ′-Fe4N phase contains 20 at% N and has a fcc structure. At higher 
concentrations of N a hexagonal phase ε-FexN (2 ≤ x ≤ 5.7) can be formed. The 
α, α′, γ′ and ε phases are magnetic with the saturation magnetization decreasing 
as the N content increases. The ε phase with x lower than 3 is paramagnetic at 
room temperature (RT). 

However, in the films made exclusively from Fe and N the optimum 
balance of soft magnetic properties for UHF applications was never obtained. 
Only when in the system an extra metallic element was introduced, usually with 
higher affinity to N than Fe, useful films were made. If one wants to keep a 
relatively high value for MS the extra alloying element must be present in a low 
concentration (a few at%). Usually, in the optimization process, the N content in 
the film is varied by changing the Ar/N2 ratio of the reactive sputtering gas while 
the deposition temperature is kept constant at room temperature (RT). With this 
procedure the lowest coercive field is obtained at 6-8 at% N in the films for 
almost any type of the alloying element X. At the same time the reported values 
for the uniaxial induced anisotropy vary wildly from almost zero to values as 
high as 90 Oe [Jin97a] for the same N content. It appears that small variations of 
the deposition conditions have a tremendous impact on the value of the induced 
anisotropy. The very low values of the induced anisotropy are attributed to 
anisotropic distribution of interstitial N [Rie97] while the very high values are 
related to additional structural effects like inclined columnar structure with 
respect to the plane of the film [Hos96, Jin97b]. The degradation of the soft 
magnetic properties at higher N concentrations is sometimes attributed to the 
formation of the γ′-Fe4N iron nitride phase. In contrast with this, other reports 
suggest that the reduction of the magnetocrystalline anisotropy required for 
ultra-soft magnetic properties appears in materials composed from a mixture of 
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α and γ′ phases because the two phases have magnetocrystalline anisotropy with 
opposite signs. 

The purpose of this article is to present a new method for obtaining soft 
magnetic materials with excellent UHF properties. This method enables a good 
control and reproducibility of the induced anisotropy. First, an experimental 
study of the effects of the different sputtering conditions on the composition and 
morphology of the film is presented. Next, an overview of a number of magnetic 
properties is reported. Finally, the relationship between the microstructure and 
magnetic properties of the films is discussed. 

5.2. Experimental 

Fe-Zr-N films with thicknesses between 50 and 1000 nm were deposited by DC 
magnetron reactive sputtering. Different temperatures were used in the range 
between -60 ºC and 200 ºC. The targets were pure (99.96%) Fe sheets covered 
with Zr wires. For the depositions at constant temperature of the substrate 
different growth rates and different Ar/N2 ratios were used in order to vary the N 
and Zr concentration in the samples. When the deposition temperature was 
varied the sputtering mixture contained 16 vol% N2. An 800 Oe magnetic field 
was applied in the plane of the substrate during deposition. The composition and 
thickness of the films were determined by Rutherford Backscattering (RBS) and 
Elastic Recoil Detection (ERD). The phases, lattice spacing and nitrogen content 
were determined by standard X-ray diffraction (XRD) measurements. Two-
dimensional (2-D) XRD measurements were performed for texture analysis. 
Quantitative phase determinations were obtained by Conversion Electron 
Mössbauer Spectroscopy (CEMS). Transmission electron microscopy (TEM) 
was used for structure analysis. Hysteresis loops were recorded using a vibrating 
sample magnetometer (VSM). The volume saturation magnetization was 
determined using Ferromagnetic Resonance (FMR). For RBS, ERD, CEMS, 
XRD, cross-section TEM and VSM measurements the films were deposited on 
Si and glass substrates. For plane-view TEM observations the films were grown 
on thin Si3N4 TEM-transparent windows or on dissolvable underlayers like 
polymers or Cu. 

5.3. Results 

Standard θ-2θ XRD scans were systematically performed for phase and 
microstructure analysis. The as-deposited films are nanocrystalline and present a  
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Fig. 5.1. Planar view BF (above), SAD pattern (inset) and DF (below – using the (110) 
reflection) images of a 50 nm Fe90Zr2N8 film deposited at 200 °C showing an average 
grain size of 25 nm. 
 

 
Fig. 5.2. Cross-section DF image of a 200 nm Fe90Zr2N8 film deposited at 200 °C 
showing the columnar structure. 
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Fig. 5.3. Comparison between XRD line broadening and TEM direct observation of the 
average grain size. The continuous line represents the Scherrer relation. The composition 
of the films (in the order of decreasing grain size) is Fe92Zr2N6, Fe91Zr1N8and Fe82Zr1N17. 
 
strong (110) texture for N concentrations lower than 15 at%. The average grain 
size in the samples was estimated from the width of the diffraction peak using 
the Scherrer relation [Cul56, Che92]. In this estimation we ignored other sources 
of line broadening like inhomogeneous stress fields. For several films, we have 
determined the in-plane average grain size using TEM observations. In Fig. 5.1 
plane-view bright field (BF) and dark field (DF) images of the same area of a 50 
nm thick film are shown. The BF image (above) has a complex contrast, typical 
for nanocrystalline materials with grain sizes smaller than the film thickness and 
with defects present inside the grains. In the DF image (below) two types of 
crystallites are visible. Large crystallites with sizes of the order of 20 nm and 
small crystallites with about 5 nm average grain size. The irregular boundaries of 
both type of crystallites suggest the existence of transition regions between the 
grains composed of distorted material. The selected area diffraction (SAD) 
pattern presented in the inset shows that there is no in-plane preferred orientation 
of the crystallites. A typical structure in cross section of the Fe-Zr-N films is 
presented in Fig. 5.2. Here it is visible that the nanocrystallites are grouped in 
columns oriented parallel to the deposition direction. The size of the grains in 
the transversal direction is comparable with the size determined from in-plane  
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Fig. 5.4. Correlation between the N content determined by ERD/RBS and the lattice 
dilation determined by XRD. 
 
observations. Here we assume that the nanocrystalline grains have an almost 
cubic shape and that the estimate of the grain size in the transversal direction is 
representative for the average size of the grain. 

There is a clear correlation between the average grain size and the 
broadening of the diffraction line (Fig. 5.3). The relationship is similar to that 
given by the Scherrer relation. Therefore, we will use in this article the value for 
the average grain size determined from XRD measurements as an estimate of the 
“degree of nanocrystallinity” of the films. 

The presence of interstitial N and substitutional Zr in the bcc Fe lattice 
gives rise to a dilation of the lattice. This dilation is visible as a shift of the XRD 
lines. For all the films presented in this chapter, we did not find any evidence of 
zirconium nitride phases. Due to the high affinity between Zr and N, ZrN pairs 
are probably formed [Sal76]. However, due to the relatively low temperature (< 
250 ºC) at which the films were produced the ZrN pairs did not form ZrN 
clusters. Therefore, we assume that in all the films the distribution of Zr in Fe is 
similar to that found in a substitutional solid solution. We have determined 
experimentally the effect of the addition of Zr in solid solution in the Fe matrix  
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Fig. 5.5. XRD patterns for sputtered Fe-Zr-N films with different concentrations of 
nitrogen: (a) 0 at%, (b) 10 at%, (c) 16 at% and (d) 24 at%. The films were obtained 
varying the Ar/N2 ratio at constant temperature of the substrate (RT). The Zr content is 3 
at % for all these films. 

 
on the lattice parameter of the Fe-Zr alloy in the range of small concentrations (< 
4 at%). The lattice parameter of the Fe-Zr alloy increases linearly with Zr 
content from 0.2864 nm to 0.2888 nm at 4 at% Zr. We have used these 
determinations in order to separate the effects of N and Zr on the lattice dilation 
in the α-bcc Fe-Zr-N films. For these films, the proportionality between the total 
N content and the lattice dilation is evident (Fig. 5.4). The proportionality 
coefficient, practically equal to that found in Fe-N alloys [Fer83], suggests that 
the majority of the N is in solid solution in the bcc phase. Consequently, we use 
the lattice parameter determined from XRD as a measure for the interstitial N 
content in the bcc phase. 
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Fig. 5.6. The corresponding Mössbauer spectra of the samples of Fig. 5.5. 

Deposition at room temperature 

The route for optimization of the structure of the Fe-X-N films used in most 
published articles is to keep the substrate temperature constant at RT and to vary 
the Ar/N2 ratio in the sputtering mixture or the growth rate of the film. As a 
result, films with different N concentration can be obtained. When pure Ar is 
used as sputtering gas, no nitrogen is present in the film (Fig. 5.5a) and the 
diffraction line is narrow, pointing to an average grain size of 100 nm. At 10 at% 
nitrogen in the film (Fig. 5.5b) the line broadening indicates an average grain 
size of the order of 15 nm. Diffuse scattering at the high-angle side of the 
diffraction line suggests that part of the material forms an amorphous 
intergranular phase. As the nitrogen content in the films is further increased, 
films containing a mixture of α-Fe and γ′-Fe4N are formed (Fig. 5.5c). The γ′ 
grains are of the order of 20 nm. At about 24 at% N, the films become 
practically amorphous (Fig. 5.5d). 



Structure and composition of sputtered layers 91

Fig. 5.7. Variation of average grain size and coercive field as a function of nitrogen 
content for films deposited at constant temperature (RT) of the substrate and varying the 
Ar/N2 ratio or the growth rate. The data have been obtained for films with thickness 
between 50 and 1000 nm. For samples thicker than 200 nm in the range of the N content 
between 6 and 12 at% the effect of the perpendicular anisotropy is visible (are indicated 
by the dotted circle). The Fe/Zr ratio for these samples is 98/2. 

 
Information about the phase ratio and distribution of interstitial N atoms 

can be extracted from Mössbauer spectra (Fig. 5.6). Additional atoms, other than 
Fe, in the fist two coordination shells of the absorbing Fe atoms will produce 
modifications of the hyperfine parameters of the well know pure Fe sextet. Non 
magnetic elements like Zr of N reduce the hyperfine field and modify the isomer 
shift of the Fe atoms situated in their vicinity. The result is the appearance of 
other sextets with hyperfine parameters characteristic for the type of the impurity 
atom. For diluted solutions (a few at%) the relative area of these sub-spectra can 
be correlated with the quantity of the impurity atoms present in the Fe matrix 
[Vin73]. The two sextets visible in Fig. 5.6a can be attributed to (1) the pure Fe 
sextet and (2) Fe atoms with one of two Zr atoms as nearest neighbor (nn) or 
next-nn (nnn). The relative area of the sextet labeled (2) can be explained by the 
effect of 4 at% Zr in random solid solution in Fe. Since the same value for Zr  
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Fig. 5.8. XRD patterns of Fe-Zr-N films deposited at different substrate temperature: (a) 
200 ºC, (b) 100 ºC, (c) 20 ºC and (d) -60 ºC. The composition of these films it is given 
by (Fe98Zr2)1-xNx where x = 0.07 (a), 0.1 (b), 0.14 (c) and 0.17 (d). 
 
concentration was found from RBS measurements the MS result proves that in 
the as-deposited films Zr is monoatomically dispersed. In the spectrum of a Fe-
Zr-N sample presented in Fig. 5.6(b) three types of features can be observed. 
The spectrum (1) corresponds to the pure Fe sextet. The spectrum (2) can be 
attributed to Fe atoms with one of two Zr or N atoms as nn or nnn [Gav00]. The 
spectrum (3) indicates that about 5 % of the Fe atoms form a non-magnetic 
amorphous phase. The spectrum presented in Fig. 5.6(c) indicates that the 
sample is formed from a mixture of α and γ′-Fe4N phases in a 50/50 ratio. Apart 
from the pure Fe sextet (1) (α phase) the three γ′ sextets are visible (2) [Sch98]. 
Also in this sample a small amorphous fraction is present (3). The broad lines of 
the spectrum in Fig. 5.6(d) suggest a high structural disorder, typical for a quasi-
amorphous material. 
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Fig. 5.9. Mössbauer spectra of the samples (a) (above) and (d) (below) of Fig. 5.8. The 
average grain size in these films are 20 nm (above) respectively 2 nm (below).  
 

The variation of the average grain size, determined from XRD 
measurements, is presented as a function of the total nitrogen content in Fig. 5.7. 
The easy axis coercivity is presented in the same figure. As the N content in the 
film increases from 0 to 4 at% there is a significant reduction of the average 
grain size. Adding more N in the films has little influence on the size of the bcc 
grains. For the samples containing a mixture of α and γ′ phases only the size of 
the bcc grains is indicated. The fcc grains have a larger size of about 20 nm. 
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Fig. 5.10. The influence of the deposition temperature on: (a) the relative variation of the 
corrected lattices parameter and the N concentration and (b) the broadening of the X-ray 
diffraction line and the corresponding average grain size. Since log (FWHM) = –log 
(grain size) the dependence on temperature of the grain size as well as of the FWHM can 
be represented on one graph. The dotted lines connect the samples with the same Zr 
content. 
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Fig. 5.11. Dependence of the coercive field on the average grain size. The dotted line 
represents the power law fit. 

 
The sample containing no N is isotropic from the magnetic point of view with a 
coercive field above 20 Oe. In the composition range corresponding to the strong 
decrease of the average grain size the easy axis coercivity also decreases. The 
minimum of the coercivity, 1 Oe, is at 4.5 at% N. This sample has a well-defined 
anisotropy direction. The magnitude of the induced anisotropy field is 7 Oe. For 
higher N content and film thickness below 100 nm the coercivity increases to 
values above 5 Oe and the anisotropy axis is still well defined for N 
concentrations up to about 8 at% N. Above this value of the N concentration, the 
hard axis coercivity increases, preventing the determination of the anisotropy 
field. The sample with the smallest grain size deposited at room temperature has 
a large value of the coercivity in both easy and hard directions. 
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Fig. 5.12. Variation of the induced uniaxial anisotropy as a function of interstitial N. 
 
The morphology of the films does not change if the film thickness 

increases but the magnetic properties change with increasing film thickness. This 
is due to the columnar structure, which affects the magnetic properties. For films 
with N concentration in the 5 to 11 at % range and thickness above 200 nm a 
perpendicular component of the anisotropy appears [Cra02a]. These samples 
present the so-called magnetic “stripe domain” structure. The effect of the 
perpendicular anisotropy is responsible for the corresponding high coercivities 
(area surrounded by the dotted circle in Fig. 5.7). 

Variable temperature 

The influence of the deposition temperature on the XRD patterns, at constant 
Ar/N2 ratio and constant sputtering rate is presented in Fig. 5.8. As the 
deposition temperature decreases, the bcc (110) diffraction line broadens and 
shifts to lower 2θ values. These two effects are univocally correlated with the 
reduction of the average grain size and the increase of the N content in the films 
as given in Fig. 5.3 and 5.4. 
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Fig. 5.13. Variation of the N concentration with 1/T. 
 
The Mössbauer spectra for the extreme deposition temperatures, 200 ºC 

(20 nm) and -60 ºC (2 nm), are presented in Fig. 5.9. Only magnetic sextets are 
visible in these spectra indicating that the large majority of the Fe atoms are 
situated in magnetic environments, or, in other words, the non-magnetic fraction 
in these samples in practically negligible. No fcc (γ′) or hcp (ε) phases are 
present in these films. The lines of the sample with very small grains (2nm) are 
broad indicating the existence of structural disorder. 

The results of the XRD measurements for different temperatures and 
two Zr concentrations are presented in Fig. 5.10. Increasing the Zr content in the 
films leads to an increase of the N uptake and to a reduction of the grain size. 

The variation of the coercivity as a function of average grain size is 
presented in Fig. 5.11. The dotted line represents a power law fit of the data. On 
a double logarithmic scale, the fit is a straight line with the slope equal to the 
exponent, which in this case is practically equal to 1. 

The induced uniaxial anisotropy increases linearly with the interstitial 
nitrogen content in the sputtered Fe-Zr-N films as suggested by Fig. 5.12. Due to 
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the high affinity between Zr and N, Zr-N pairs are formed in the sputtered films 
[Sal76]. In Fig. 5.12 one can observe a systematically lower value of the induced 
anisotropy for films containing 2.5 at% Zr as compared to films containing 1 
at% Zr for the same amount of total N content. This suggests that Zr atoms trap 
useful N atoms and annihilate their contribution to the induced anisotropy. 

For the thinnest samples (< 100 nm) deposited at low temperatures we 
have measured the thickness using X-ray reflectivity. From RBS and ERD we 
have estimated the mass of the samples. From these two types of measurements, 
we have found that the average density is smaller by about 15 % than the density 
calculated using Bragg’s rule. We attribute this effect to a certain porosity of the 
fine-grained samples. This effect introduces systematic deviations between the 
values of the MS values determined by VSM and FMR. The 4πMS determined 
from FMR decreases with decreasing grain size from 21 kG at 20 nm to 17 kG at 
2 nm. 

5.4. Discussion 

N uptake 

Several factors influence the N incorporation during reactive sputtering of Fe-X-
N films: the ratio of the atomic fluxes of N and Fe arriving at the surface 
[Jon90], the growth rate [Bai00], the presence of the alloying element X [Via96] 
and, without exhausting the list, the temperature during deposition [Che02]. 

The sputtered film grows as a result of the arrival at the surface of Fe 
and N fluxes. The average kinetic energy of the Fe atoms sputtered by 1 keV 
incident Ar atoms is about 30 eV (estimated using the SRIM 2000 code). 
Consequently, the film growth can be described as a low energy implantation 
rather than a “soft landing” process. The kinetic energy of the N2 molecules at 
RT is about 40 meV and their implantation is practically negligible.  

The N uptake is the result of sticking of N2 molecules at the surface of 
the growing film and dissociation and burying of these molecules by the 
collisions with the arriving Fe atoms. The concentration of N in the film is 
controlled by the back-diffusion process and the rate of desorption of N during 
the film growth. The back diffusion takes place because the equilibrium 
solubility of N in the Fe matrix is very small compared to the N concentration at 
the surface of the growing film. The diffusion coefficient of the N atoms in Fe is 
strongly influenced by the temperature [Rie97] and by the presence of the 
alloying element X [Sal76]. In the Fe-Zr-N films deposited at different substrate 
temperatures, the quantity of Zr is constant. Therefore, we ascribe the variation 
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of the N content in the film to the temperature dependence of the diffusion 
coefficient. This correlation is also suggested by the exponential variation of the 
N concentration with the inverse of the absolute temperature (Fig. 5.13), similar 
to that of the diffusion coefficient. The highly reactive atomic N plays a minor 
role in the growing process because the flux of atomic/ionic N arriving at the 
surface is small compared to the N2 flux. 

The reduction of the deposition temperature below RT has a remarkable 
effect on the uptake of N in Fe. The samples produced at low temperature 
present an unusually large concentration of N in α-Fe (up to 18 at%), well above 
the 11.7 at%, corresponding to the α″ phase. At the same time these samples do 
not contain γ′ or ε iron nitride compounds. The composition of the sample is 
stable at RT for periods of time larger than 1 year and at 50 ºC for more than 1h. 
This high N uptake is probably related to the nanocrystalline structure of the 
samples and to the presence of Zr. Further investigations are required to clarify 
this aspect. 

Grain size effects 

The mean grain size in the sputter-deposited Fe-Zr-N nanocrystalline films is 
influenced by a complex interplay of a number of factors. The most important 
growth parameters influencing the grain size are the substrate temperature and 
the ion bombardment rate and energy [Ban02]. Lower substrate temperatures 
result in a decreased adatom mobility as well as a reduced migration of the grain 
boundary. At the same time, the condensation process is improved because the 
low temperature reduces the probability of re-evaporation or sputtering. The 
decrease of the diffusion of the atomic species as a result of the low temperature 
leads to an increased structural disorder. 

Numerous experimental examples in the literature indicate that the 
presence of certain gases in the environment in which the film grows can 
significantly influence the nucleation and growth process. This complicated 
mechanism is not completely explained. The sputtering gases bombard the 
surface of the growing films and at the same time, if these gases are reactive 
(e.g. N, O) an important gas uptake takes place. The presence of gases in the 
growing film also contributes to an increase of the structural disorder.  

Both factors, low temperature and presence of gases, produce structural 
disorder that leads to an increase of the number of nucleation sites [Kal01] 
resulting in shorter grain growth intervals. This phenomenon prevents further 
grain coarsening. 
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Phase formation and magnetic properties 

When the N content in the sputtered Fe-Zr-N films deposited at RT increases 
above 11 at%, the γ′-Fe4N compound starts to be formed. In epitaxial Fe-N films 
this effect is explained by the fact that above this concentration the tetragonal 
lattice distortion transforms in an energetically more stable fcc lattice [Mij01]. 
The γ′-fcc grains which are formed have sizes lager than the α-bcc grains. When 
large grains are formed the number of the grains inside the magnetic coupling 
volume decreases and consequently the local magnetocrystalline energy 
increases. This effect explains the increase of the coercive field observed in Fig. 
5.7. 

In materials with grains smaller than the ferromagnetic exchange length, 
the magnetocrystalline anisotropy is efficiently averaged out, resulting in very 
low values for the coercive field. In such materials it was demonstrated 
theoretically and experimentally that the coercive field is proportional to Dα, 
where D is the average grain size [Her95]. In materials where grain size 
variations can be obtained without the modification of the composition α = 6. 
When an additional uniaxial anisotropy larger than the residual 
magnetocrystalline anisotropy is present α = 3 [Suz98]. In the Fe-Zr-N films 
deposited at different temperatures α ≈ 1 (Fig. 5.11). The approximately linear 
dependence of the coercive field reflects a more complicated situation where 
variations of both residual magnetocrystalline anisotropy and of the induced 
uniaxial anisotropy as a function of composition should be taken in account. 

There is a clear linear dependence between the induced anisotropy and 
N content in the Fe-Zr-N films deposited at different sputtering temperatures. 
This important effect will be the subject of the next chapter. According to the 
high frequency measurements [Cra02] the nanocrystalline Fe-Zr-N films with an 
induced anisotropy as high as 25 Oe present a high value of the permeability up 
to 1.8 GHz. 

We have also found that the reduction of the deposition temperature 
below RT has the same remarkable effect on the structure and soft magnetic 
properties of a Fe-Co-Ta-N alloy. A Fe58.3Co25Ta1.7N15 film produced -10 ºC 
presented a saturation induction of 17 kG, an anisotropy field of 48 Oe and a 
FMR frequency of 2.5 GHz. More details about this material are given in 
Chapter 7. 

5.5. Conclusions 

We have found that the temperature of the substrate during deposition is a 
crucial parameter for obtaining materials with high permeability in the GHz 
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range. Reduction of the deposition temperature leads to a high N uptake and to 
the suppression of the formation of iron-nitride phases such as cubic γ′-Fe4N. 
The temperature offers a possibility to control the film composition and thereby 
the magnitude of the induced uniaxial anisotropy. The films containing 18 at% N 
have an ultra-fine grain structure, low coercivity, saturation induction of 17 kG 
and an induced anisotropy as high as 25 Oe. 
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