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We review our works that focus on the microwave magnetic properties of metallic, ferrite and granular thin films. Soft mag-
netic material with large permeability and low energy loss in the GHz range is a challenge for the inforcom technologies. GHz 
magnetic properties of the soft magnetic thin films with in-plane anisotropy were investigated. It is found that several hundreds 
of permeability at the GHz frequency was achieved for Co100xZrx and Co90Nb10 metallic thin films because of their high satu-
ration magnetization, and an adjustable resonance frequency from 1.3 to 4.9 GHz was obtained. Compared with the metallic 
thin films, the weaker saturation magnetization of Ni-Zn ferrite thin films results in several tens of permeability at the GHz 
frequency, but the larger resistivity of the ferrite prepared in situ without any heating treatments has lower energy loss. In order 
to obtain materials with large permeability and low energy loss in the GHz range, the [CoFe-NiZn ferrite] composite granular 
thin films were investigated, where the advantage of higher saturation magnetization for the metallic alloy and the high resis-
tivity as well as high saturation magnetization for the ferrite results in a good GHz magnetic performance. 

microwave magnetic properties, metallic thin films, ferrite thin films, granular thin films, in-plane uniaxial anisotropy 
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Soft magnetic thin films with excellent high frequency 
characteristics are strongly required as core materials used 
in magnetic components for the ceaseless increase of the 
working frequency of the data transmission and multiple 
accesses in computer, mobile and blue-tooth devices [1–6]. 
The basic demands for these magnetic materials are GHz 
resonance frequency, high permeability and low energy loss 
at GHz. The investigation of GHz dynamic properties of the 
magnetic materials is currently attracting significant atten-
tion. It has been known since the work of Acher that GHz 
resonance frequency fr and high permeability can be 
achieved for thin films with in-plane uniaxial anisotropy 
[7,8]. For these thin films, high saturation magnetization 
4Ms and adjustable uniaxial anisotropic field Hk are key  
to optimizing fr and permeability which can be written as 
[9]: 
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where  is the gyromagnetic factor. However, the investiga-
tion of the thin films with adjustable GHz resonance fre-          
quency and high permeability at GHz is still a challenge, 
especially for the thin film with high resistivity at the same 
time. 

Magnetic metals (Fe, Co, Ni, and their alloys) are those 
materials with high saturation magnetization 4Ms. We 
prepared Co100xZrx and Co90Nb10 thin films to obtain high 
permeability and resonance frequency [10,11]. For the 
Co100xZrx and Co90Nb10 alloys, 4Ms is fixed. As shown in 
eq. (1), both  and fr are determined by Hk. We studied the 
adjustable behavior of Hk for thin films deposited at differ-          
ent oblique angles. Consequently, an optimization of  and 
fr for the Co90Nb10 films was achieved. However, it is diffi-
cult to reduce the eddy current loss of magnetic metals. 

As an insulator, ferrites are widely used due to their weak  
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eddy current loss at GHz. Ni-Zn ferrite thin films which 
have the highest 4Ms in ferrites were investigated. To our 
knowledge, the soft ferrite films deposited by many meth-
ods [12–17] require high temperature post-heating treat-
ments or substrate heating at least of 600°C to obtain a bet-
ter spinel structure and soft magnetic properties, which is 
impossible for electronic circuit integrations. We report the 
achievement the in-situ fabrication of Ni-Zn ferrite films 
with well-defined spinel crystal structure at room tempera-
ture without any heating treatments by magnetron sputtering 
[18,19]. Compared with the magnetic alloy, the lower 4Ms 
and more difficult control of the anisotropic field result in 
lower  and fr. 

The metallic thin films were investigated to obtain high 
Ms but with lower resistivity; the ferrite thin film was inves-
tigated to obtain high resistivity but with lower Ms. For thin 
films with both high resistivity and high GHz magnetic 
properties, most of the K−M−X structure films have been 
reported [20–25], where K stands for magnetic metals (Fe, 
Co, Ni, and their alloys), M for nonmagnetic elements (Hf, 
Mg, Al, Si, Zr, etc.) and X for second period elements (N, O, 
F) [26,27]. As the insulated phase formed in the thin film is 
a nonmagnetic material, it is difficult to realize a granular 
film with both Ms and high resistivity. Here, we used the 
NiZn ferrites with electric insulating and magnetic proper-
ties as the adulterant for granular films [28]. The high per-
meability in GHz frequency and low energy loss can be 
achieved by optimizing the component and the micro struc-
ture of the thin films. 

The rest of this paper is organized as follows. In the next 
section, the experimental details and the measurement tech-
niques employed in the characterization of thin films are 
given. In sect. 3 we give the GHz magnetic properties of 
metallic, ferrite and granular thin films and discuss the rela-                                      
tionships between structure and permeability in GHz. We 
finish with a brief conclusion where we place in a broader 
perspective the relevance of the content of this paper. 

1  Experimental details 

All the soft magnetic thin films were prepared by radio fre-
quency (rf) sputtering onto 10 mm×20 mm×0.42 mm 
(111)-oriented Si substrates attached to a water-cooling 
system at room temperature with background pressure 
lower than 5×105 Pa. A Co target, 70 mm in diameter and 3 
mm in thickness, on which Zr or Nb chips were placed in a 
regular manner, is kept and the substrate distance as 9.0 cm 
was used to deposit Co100xZrx and Co90Nb10 thin films. For 
Co100xZrx, Co90Nb10 thin films, the samples were deposited 
at an angle with substrate normal to attain uniaxial anisot-
ropy [29]. During sputtering, an Ar flow rate of 20 SCCM 
(SCCM denotes cubic centimetre per minute at STP) was 
needed to maintain an Ar pressure of 0.15 Pa, and the rf 
power density was 1.7 W/cm2. A Ni0.5Zn0.5Fe2O4 ferrite tar-

get, with 76 mm in diameter and 3 mm in thickness, on 
which NiFe2O4 and ZnFe2O4 ferrite chips were placed in a 
regular manner, was used to deposit Ni-Zn ferrite thin films. 
A Co target, 70 mm in diameter and 3 mm in thickness, on 
which Fe chips and Ni0.5Zn0.5Fe2O4 chips were placed in a 
regular manner, was used to deposit (Co0.65Fe0.35)1x(Ni0.5-          
Zn0.5Fe2O4)x composite granular films. The composition of 
the deposited films was adjusted by controlling the number 
of the chips on the targets. The samples were placed at a 
perpendicular position with the target. The RF power den-
sity was 4.4 W/cm2 and a mixed gas of argon (Ar) and oxy-
gen (O2) was used during sputtering. The sputtering pres-
sure was kept at 2.0 Pa. The (Co0.65Fe0.35)1x(Ni0.5Zn0.5Fe2-          
O4)x thin films were deposited with the same condition as 
Co100xZrx, Co90Nb10 thin films. 

The compositions of the films were measured by energy 
dispersive X-ray spectroscopy (EDS). The crystallographic 
and microstructure properties of the films were charac-          
terized by X–ray diffraction (XRD, X′ Pert PRO PHILIPS 
with CuK radiation) and a field emission scanning electron 
microscope (SEM, Hitachi S-4800), respectively. The mag-
netic hysteresis loops of the films were measured at room 
temperature using a vibrating sample magnetometer (VSM, 
Lakeshore 7304 model). The direction of the applied mag-
netic field was parallel to the film plane. 0Ms and Hc were 
obtained from the loops. Permeability spectra were carried 
out with a PNA E8363B vector network analyzer using the 
microstrip method from 100 MHz to 8 GHz with the sample 
positioned in the middle of the strip line [30]. All the above 
observations and measurements were performed on as-de-          
posited samples at room temperature.  

2  Results and discussion 

2.1  Co100xZrx and Co90Nb10 thin films 

Figure 1 shows the hysteresis loop, the magnetic spectrum 
and the morphology of the Co and Co92Zr8 thin films depos-
ited obliquely on Si (111) at 23°. The saturation magnetiza-
tion of Co film is about 1.6 T, which is slightly less than 
bulk value ~1.7 T in Co. The coercive force Hc is 19.3 mT 
along the easy axis (EA) and 16.9 mT along the hard axis 
(HA) can be obtained from Figure 1(a). The hysteresis loops 
indicate that these Co thin films do not have well in-plane 
uniaxial anisotropy. As a consequence, the permeability in 
GHz is low for these Co thin films as shown in Figure 1(b). 
The particle size of these films is about 30 nm as shown in 
Figure 1(c). However, after doping a small amount of Zr, 
the Co92Zr8 films display excellent soft magnetic properties 
and well-defined in-plane uniaxial anisotropy, as shown in 
Figure 1(d). The loop along EA is basically a rectangle, 
which indicates that in the remanence state the magnetiza-
tion aligns almost along the EA direction. The Hc along EA 
(Hce) is less than 0.15 mT, meaning that the re-orientation of  
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magnetization easily occurs by applying a relatively small 
field along that direction. The HA loop is basically a close 
curve without hysteresis, indicating that the change in mag-
netization takes place through its rotation by field. For this 
film, in-plane uniaxial anisotropic field Hk is about 11.5 mT, 
and the saturation magnetization is about 1.3 T. The results 
shown in Figure 1 demonstrate that the introduction of Zr 
into obliquely deposited Co films can significantly decrease 
Hce and simplify the domain structure and magnetization 
process. The spectra in Figure 1(e) show frequency de-
pendences of the real (') and imaginary (") components 
of the relative permeability of the Co90Zr8 films. The reso-
nance-type permeability spectra show that the natural reso-
nance frequency fr is 3.4 GHz. The average grain size of 
films decreases from 30 nm to less than 10 nm with doping 
8% Zr element as shown in Figure 1(f). 

It is speculated that such a profound improvement of soft 
magnetic properties results from the small effective mag-
neto-crystalline anisotropy in an assembly of column grains, 
which arises from the effect of exchange coupling between 
the grains. According to the random anisotropy model [25], 
the effective anisotropy constant Keff decreases with de-
creasing the crystal size D. Therefore, given that the mag-
netocrystalline anisotropy has been substantially weakened, 
the shape anisotropy of thin film and the obliquely-induced 
anisotropy which places magnetization along the in-plane 
EA become dominant. As a result, the soft magnetic proper-
ties and high permeability in GHz have been optimized.  

In order to adjust the in-plane uniaxial anisotropic field, 
we have studied the oblique angle dependence of the static 
properties of Co100xZrx thin films, as shown in Figure 2. 
Figure 2(a) shows the hysteresis loops of the hard axis with 
different oblique angles of Co93Zr7. As expected, a mono-                      
tone increase of Hk as a function of oblique angle can be 
observed. For instance, Hk for Co93Zr7 film deposited at 37° 
is about 15.8 mT, almost ten times larger than 1.6 mT found 
for the film deposited at normal incidence. Hce of the films 
keeps low values ~0.1 mT which is insensitive to the depo-
sition angle. The similar dependence can also be found for 
different Zr contents. We also investigate the oblique angle 
dependence of Co90Nb10 thin films, and the result shows an 
increasing Hk with an oblique angle similarly. Therefore, we 
can adjust the in-plane uniaxial anisotropic field by control-
ling the oblique angle in those films. And Hce of the films 
keeps low values ~0.1 mT for all the Co100xZrx and Co90Nb10 
thin films which are insensitive to the deposition angle. 

Frequency dependences of the real (') and imaginary (") 
components of the relative permeability of the Co93Zr7 films 
are shown in Figure 3. High permeability in GHz has been 
obtained for these films as shown in Figure 3(a). As eq. (1) 
indicates, the increase of Hk results in fr value in a much 
higher frequency and keeps  still at a high level. For ex-                             
ample, for the film deposited at ~0° with small Hk, ' keeps 
a high value ~500 up to 1 GHz, as shown in Figures 3(a)  

and 3(b), and fr is around 1.7 GHz, which causes a signifi-
cant magnetic loss and a sharp decrease of ' and increase 
of ". However, for the film deposited at ~37° with large Hk, 
fr can attain a value as high as 4.3 GHz, but ' remains a 
moderate value from ~150 up to 3.5 GHz, as shown in Fig-
ures 3(a) and 3(b). 

Therefore, by flexibly adjusting the oblique angle, the 
resonance frequency can be manipulated in a wide fre-
quency range, as shown in Figure 3(c). Thus, an optimal 
balance between permeability and resonance frequency can 
be achieved, which is important for soft magnetic films in 
high frequency applications. Similarly, the increase of Hk 
results in a significant enhancement in the resonance fre-
quency of CoNb films and other compositions of CoZr thin 
films, as shown in Figures 3(c) and 3(d).  

2.2  Ni-Zn ferrite thin films 

Metals are known as conductors. The resistivity is so low 
that the eddy current loss is very large. Ni-Zn ferrite thin 
films as insulators were investigated to increase the resistiv-
ity. For ferrite prepared in room temperature, well spinel 
crystal structure is the precondition to obtain well magnetic 
properties. We study the preparing condition of Ni0.4Zn0.6-          
Fe2O4 thin films as-deposited at room temperature. Figure 4 
shows the X-ray diffraction (XRD) patterns of Ni0.4Zn0.6-          
Fe2O4  thin films as-deposited at room temperature in the 
different partial pressure ratios of the argon to oxygen gas 
(PAr : PO2). It shows that all the samples are well-crystal-          
lized and single-phase with spinel crystal structure. Obser-
vation of only selected peaks is seen in all the samples 
which usually appear in ferrite films [15,31]. It is worth 
noting that with the increase of PAr : PO2 the (311) peak  
shifts to a larger diffraction angle and its width becomes 
narrow. This reveals that the larger the ratio, the better, the 
crystallization of spinel particles. It could be ascribed to the 
microstructure of films in different sputtering conditions. In 
order to investigate the microstructure of the ferrite films, 
we carried out a SEM study on all the films as a function of 
the PAr : PO2 as shown in Figure 5. It is found that all the 
samples consist of particles nanocrystalline in nature and 
the sizes increase as the ratio increases in a range of 10–25 
nm, which is consistent with Figure 4. With the PAr : PO2 as 
4:1, we prepared the NixZn1xFe2O4 (0.28 ≤ x ≤ 0.70) 
thin films with different x to study the effect of the compo-
nent. For the NixZn1xFe2O4 thin films, the XRD peaks shift 
to large diffraction angles with the Ni concentration in-
creasing as shown in Figure 6. 

We also investigate the high frequency properties of these 
thin films. Figure 7 shows the frequency dependence of the  
complex permeability spectra for NixZn1xFe2O4 (0.28x 
0.70) thin films in the range of 170 MHz 5.5 GHz. The 
real part of permeability ′ decreases from 20.5 to 7 with 
the Ni content x increasing, while the resonance frequency fr  
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Figure 1  In-plane hysteresis loops ((a) and (d)), red line for the hard axis 
and black line for the easy axis; permeability spectra ((b) and (e)), black 
line for the real part and red line for the imaginary part; and surface images 
((c) and (f)) for Co film (left column) and Co92Zr8 film (right column). 
Both of the samples were deposited at 23° [10]. 

 

Figure 2  (a) Hysteresis loops of the hard axis for Co93Zr7 soft magnetic 
films with different oblique angles. (b) and (c) In-plane uniaxial anisot-
ropic field of Co100xZrx and Co90Nb10 soft magnetic films as a function of 
oblique angle. 

around which the imaginary part of permeability ″ reaches 
a maximum increases from 1.85 GHz up to 4.3 GHz. Espe-           

 
Figure 3  Frequency dependence of the relative complex permeability of 
Co93Zr7 films deposited at oblique angles from 0° to 37° ((a) for the real 
part and (b) for the imaginary part, respectively). The resonance frequency 
of Co100xZrx (c) and Co90Nb10 (d) soft magnetic films as a function of 
oblique angle is also shown. 

 
Figure 4  XRD patterns of ferrite films deposited in the different partial 
pressure ratios of argon to oxygen gas [18]. 

cially, the ferrite film with optimized x = 0.45 has a large ′ 
of 15 and fr of 2.8 GHz because of its having the largest 
0Ms of 0.459 T. The downshift in the ′ with the increase 
of Ni content x could be attributed to the increase of Ni, 
which increases the effective magnetic anisotropy of the 
ferrite films [18]. ″ of all the films have large values in the 
gigahertz range; especially the ferrite film with x = 0.28 has 
a value of above 20 in a wide frequency range between 1.25 
and 3.65 GHz and the maximum value of 33.5 at fr = 1.85 
GHz. It is seen that the resonance frequency fr of all the 
films is much higher than the ferrite bulks and exceeding 
Snoek’s limit for the Ni-Zn ferrite bulk [18]. 
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Figure 5  SEM images for ferrite films deposited in the partial pressure 
ratios of argon to oxygen gas of (A) 1:1, (B) 2:1, (C) 4:1 and (D) 8:1 [18]. 

 

Figure 6  XRD patterns of NixZn1xFe2O4 thin films with different Ni 
content x. Indices show diffraction peaks for the spinel structure [19]. 

2.3  (Co0.65Fe0.35)1x(Ni0.5Zn0.5Fe2O4)x composite granu-
lar films 

The low permeability resulting from the low Ms limits the 
GHz application of Ni-Zn ferrite thin films. So, thin films 
with both high Ms and high resistivity need to be obtained. 
The metals have high Ms and adjustable Hk but with small 
resistivity, and ferrites have high resistivity but with small 
Ms and hardly adjustable Hk, even though Ni-Zn ferrite is 
the highest Ms material of ferrite. In order to obtain thin 
films with high resonance frequency, permeability and re-
sistivity, we prepared the (Co0.65Fe0.35)1x(Ni0.5Zn0.5Fe2O4)x 
composite granular films. Figure 8 shows the XRD patterns 
of these films with a different fraction of Ni0.5Zn0.5Fe2O4 x. 
From Figure 8, it can be seen that the bcc structure 
Co0.65Fe0.35 is the main phase in the films. Pure Co0.65Fe0.35 
films show a bcc crystalline lattice structure with the (110), 
(200) and (211) peaks. For all samples, the bcc structure can  

 
Figure 7  Complex permeability spectrums for NixZn1xFe2O4 thin films 
with different Ni content x [19]. 

 

Figure 8  GIXRD spectra of (Co0.65Fe0.35)1x(Ni0.5Zn0.5Fe2O4)x composite 
granular films with different fraction x [28]. 

be found, but no peaks seem related with oxides. This indi-
cates that the fractions of ferrite are too small to be show in 
XRD spectra, or the crystalline structure of ferrite is not 
very well. It is known that the grain sizes are in inverse 
proportion to the peak width of X-ray diffraction by the 
Scherrer Equation [32]. It can be seen that for (Co0.65-          
Fe0.35)1x(Ni0.5Zn0.5Fe2O4)x composite granular films, the 
smaller Co0.65Fe0.35 grain, the larger, the value of x gets.  
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These behaviors can also be seen in SEM patterns in Figure 
9. 

Figure 10 shows the coercivities of easy axis and hard 
axis Hce, Hch and in-plane anisotropy Hk as a function of 
fraction x. For samples with x = 0 and x = 0.030, the mag-
netic hysteresis loops show no in-plane uniaxial anisotropy 
and the large coercivities are 2.68 mT and 3.24 mT, the co-
ercivity of the latter larger than that of the former. For x = 
0.057, the samples show weak in-plane uniaxial anisotropy 
with Hk = 4.08 mT, Hce = 3.04 mT and Hch = 1.02 mT, re-
spectively. For this sample, the weak anisotropy is caused 
by the shape of grains and the exchange coupling between 
neighboring grains. For the fraction with 0.085 and 0.116, 
the strong exchange coupling between granules and small  

 

Figure 9  SEM images for (Co0.65Fe0.35)1x(Ni0.5Zn0.5Fe2O4)x composite 
granular films with different fraction x [28]. 

 

Figure 10  The coercivity of easy axis and hard axis Hce, Hch and in-plane 
anisotropy field Hk as a function of the components of Ni0.5Zn0.5Fe2O4  
[28]. 

magnetocrystalline anisotropy induce the good soft mag-
netic properties. For samples with x = 0.085 and 0.116, Hk = 
11.3 mT and 7.72 mT, Hce = 1.92 mT and 1.73 mT, and Hch 
= 0.68 mT and 1.39 mT, respectively. For sample with x = 
0.162, the thin films show very large coercivity as 25.1 mT. 
This coercivity has the same quantity with the magneto-
crystalline anisotropy field. It means that there are no ex-
change couple interactions between granules. 

The magnetic spectra of the samples with in-plane uni-
axial anisotropy are shown in Figure 11. The spectra were 
fitted by using theoretical spectra which were determined by 
the Landau-Lifshitz-Giblbert equation [33]. When x in-
creases, significant changes can be found for the magnetic 
spectrums. This behavior can be described with the Kittel 
equation (eq. 2) for magnetic resonance. With this equation, 
it is easy to know that the resonance frequency increases 
while Ms and Hk increases. For these three samples, the val-
ues of Ms are 1.59 T, 1.41 T and 1.19 T, and the values of Hk 
are 4.08 mT, 11.3 mT and 7.72 mT. Because the changes of 
Hk are much larger than Ms and the changes of magnetic 
spectrum were mainly caused by Hk, the magnetic spectrum 
of sample with x = 0.085 shows the largest resonance fre-
quency and lowest permeability. 

 

Figure 11  Dependence of complex permeability on the frequency for the samples with x = 0.057, 0.085 and 0.116. The black solid lines and red dashed 
lines show the fitting curve of real parts and imaginary parts of permeability as a function of frequency [28]. 
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The shapes of magnetic spectra also show obvious 
changes. The second magnetic spectrum shows a sharper 
shape than the other two spectra. The shapes of magnetic 
spectrums were proved strongly damped by the damping 
factor [34]. By fitting the magnetic spectra with theoretical 
spectra, the values of damping factor were found as 0.036, 
0.025 and 0.044 for x = 0.057, 0.085 and 0.116. These re-
sults are in good agreement with the shape changes of the 
magnetic spectrum. It can be seen that the real part of per-
meability is more than 100 and 150 below 2.0 GHz, and the 
imaginary part gradually increases to a maximum at f = 3.61 
GHz and 2.84 GHz for samples with x = 0.085 and 0.116, 
respectively. The high permeability and resonance fre-
quency implies that the granular films are promising for 
applications in the high frequency range. 

At last, we study the saturation magnetizations Ms and 
resistivities  of samples as a function of fraction of 
Ni0.5Zn0.5Fe2O4 x as shown in Figure 12. It can be obtained 
that Ms shows a linear decrease as x enlarges. It can be eas-
ily understood that Ms is equal to the total moment divided 
by volume and then the total moment decreases while atom 
fraction x increases. As x is the atom fraction and the mo-
lecular weight of ferrite is four times larger than Co0.65Fe0.35, 
the volume fraction is larger than the atom fraction. Resis-
tivity  increases as x enlarges, which is caused by the more 
and more insulator fractions. The relationship between re-
sistivity and x can be fitted by the percolation formula [35] 

 0 (1 )cx p       (3) 

where, 0 is the resistivity of CoFe, pc is the percolation 
threshold, and  is the critical exponent. The fitting results 
are also shown in Figure 12. 

3  Summary 

In summary, the good performance of the resonance fre-                      

 

Figure 12  (Color online) Saturation magnetization 0Ms and resistivity  
as a function of the components of ferrites for (Co0.65Fe0.35)1x(Ni0.5Zn0.5Fe2-                       

O4)x composite granular films [28]. 

quency and the GHz permeability can be realized in metal-
lic, ferrite and granular thin films with an easy magnetic 
plane in the film plane. Compared with the same bulk mag-
netic materials, the significant improvement of both the 
resonance frequency and the GHz permeability of the thin 
film were obtained from the formation of the special biani-
sotropy [8]. Besides a high saturation magnetization of the 
thin film, the adjustable in-plane anisotropic field is the key 
issue. In order to obtain a low energy loss of the thin films, 
a certain number of magnetic insulators distributed in the 
thin films seem to be a good choice. 

By doping a small amount of Zr and Nb, the static and 
dynamic magnetic properties of a Co thin film deposited by 
oblique sputtering can be significantly optimized. Such an 
optimization is obtained, most likely, from the fact that 
when the size of Co grains decreases to a value lower than 
their exchange length, the exchange coupling between those 
grains will significantly weaken the magnetocrystalline 
anisotropy of the individual grain. Therefore, the ‘obliquely 
induced’ in-plane anisotropy, which can be easily manipu-
lated by controlling the oblique deposition angle, can play a 
dominant role in determining the static and dynamic mag-
netic properties of the films. Thus, the intensity of the 
in-plane uniaxial anisotropic field as well as the high fre-
quency performance of these films can be in situ designed. 

Thus, we have succeeded in preparing single-phase NiZn 
ferrite films with different Ni contents having excellent soft 
magnetic properties with a spinel crystal structure using 
magnetron sputtering at room temperature, and showed that 
the microstructure, especial the grain size, the crystalline 
structure and growing pattern, plays a very important role in 
determining the magnetic characteristics of nanocrystalline 
NiZn ferrite films. All the films have exhibited relatively 
large ′ of 7–20.5 and high fr of 1.85–4.3 GHz. Especially, 
the film with x = 0.70 achieved the fr of 4.3 GHz, which is 
much higher than in the reports about soft ferrite films. The 
film with optimized x = 0.45 has high ′ of 15 and fr of 2.8 
GHz because of it having a large 0Ms of 0.459 T. We could 
adjust the resonance frequency fr of the ferrite films by 
changing the composition to satisfy the practical applica-
tion. 

Finally, (Co0.65Fe0.35)1x(Ni0.5Zn0.5Fe2O4)x granular films 
have also been successfully fabricated by magnetron sput-
tering, and good soft magnetic properties have been ob-
tained with high resistivity and high saturation magnetiza-
tion. For the typical samples of x = 0.085 and x = 0.116, the 
resistivity reaches 677  cm and 1371  cm and satura-
tion magnetization are 1.41 T and 1.19 T. At a frequency 
lower than 1.0 GHz, the real part of the complex relative 
permeability of these two samples are more than 100 and 
150 and the resonance frequency reaches 3.61 GHz and 
2.84 GHz, which implies that the films are promising for 
high frequency applications. These composite granular 
films show high resonance frequency, permeability and re-
sistivity.  
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