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Using a new and simple blade casting method, sintered NiCuZn ferrite electromagnetic wave absorber sheets, 
with lighter, thinner and high absorption properties, were first demonstrated. The electromagnetic wave  
absorption ability was enhanced by sintered NiCuZn ferrite absorbent. The experimental results reveal that 
NiCuZn ferrite absorber sheets with a thickness 0.1mm have the maximum reflection loss value above 0.74 dB 
at 11.26 MHz. A corresponding bandwidth of the reflection loss value above 0.3 dB and larger than 1.3 MHz 
is profitable for wideband electromagnetic wave absorption. The absorption properties could be controlled by 
the variation of the sintering temperature of the NiCuZn ferrite. A more homogenous microstructure revealed 
by SEM micrograph and a better crystalline XRD pattern may be responsible for the best absorption ability 
at 1150oC sintering temperature.  The absorption properties were also successfully analyzed in this work, 
which took into account both the frequency at the reflection loss minimum fr shift correlated with the value of 
inductance (L) and impedance (Z) of sintered toroidal cores and the power reflection loss (Γ) depending on ε”, 
μ” and (ε × μ)1/2, where ε and μare complex relative dielectric permittivity and permeability, respectively, for 
the attenuation material. The sintered NiCuZn ferrite could be a potential candidate as an electromagnetic    
attenuation material to meet the demand for miniaturization, broader relative bandwidths at HF (3~30 MHz), 
and beneficial for the fabrication of radio frequency identification (RFID) metal tags. 
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1. INTRODUCTION 

Sintered NiCuZn ferrites was first demonstrated as 
an electromagnetic wave absorber sheet in HF (3~30 
MHz) region. Recently, RFID components have become 
a blossoming communication technique based on high 
frequency electromagnetic waves and have been used 
for logistics management. However, poor coupling  
between tags and readers could be caused by the   
destructive interference induced by a conductive   
atmosphere. The electromagnetic absorber sheet can 
improve the cross talk of RFID tags with their readers 
in the equipment, and the miniaturization of this com-
ponent would permit a higher mounting density in 
equipment, enabling the fabrication of smaller, lighter 
and more functional electronic products.  

Ferrite sheets are also a promising material for  
absorbing undesired electromagnetic waves generated 
by nearby equipment to avoid the electromagnetic  
interference (EMI) problem. The performance of the 
electromagnetic wave absorber sheet of ferrite is 
greatly affected by its electromagnetic properties. The 
minimal reflection of the microwave power or match-

ing condition occurs when the thickness of the absorber 
sheets approximates an odd number multiple of a quar-
ter of the propagating wavelength. This phenomenon is 
due to the cancellation of the incidental and reflected 
waves at the surface of the absorber sheets. The elec-
tromagnetic absorbing properties of a sintering ferrite 
absorber sheet, including the plate thickness and the 
frequency at the reflection loss minimum (fr), are   
determined by its dielectric constant (ε and magnetic 
permeability (μ)(1-3). These electromagnetic properties 
are all controlled by the material composition, the par-
ticle size, and the content of the magnetic absorber 
sheet(3,4). The properties of electromagnetic absorber 
sheets in sintered ferrite have been observed in some 
previous literatures, but systematic research between 
toroidal cores and sheets has not been carried out yet. 
NiCuZn ferrites are potential materials for HF applica-
tion due to their high resistivity, high permeability, 
broad bandwidth, and low price(5).  In this article, the 
high absorption property of the HF absorber sheet is 
demonstrated. The correlation between sintered    
NiCuZn ferrite configurations of toroidal core and 
sheet were also addressed. A more detailed study was 
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also carried out to investigate the influences on the 
electromagnetic wave absorbing properties of sintering 
temperature, grain size and Ni content in NiCuZn fer-
rites.  For a control of magnetic permeability, the effect 
of variations of Nicole content in NiCuZn ferrite was 
examined. Appropriate sintering conditions and chemi-
cal composition produced the thinner, lighter, and 
higher absorption properties required for absorber sheet 
used in the HF region. 

2. EXPERIMENTAL METHOD 

The chemical reagent powders of Fe2O3, NiO, 
ZnO, and CuO were weighed and wet mixed in an  
attritor mill at the weight percentage (wt%) of Fe2O3/ 
NiO/ZnO / CuO = 65/6-14/15-20/4-7, respectively, as 
shown in Table 1. Several additives such as CoO for 
grain resistance improvement and Bi2O3, MoO3 for 
grain growth are added to the mixtures. After being 
pulverizing by the attritor mill, the mixtures are then 
calcined for 1 hr at 900oC to prepare the magnetic  
absorbent.  The absorber filler is composed of 95 wt% 
calcined magnetic absorbent, 5 wt% polyvinyl alcohol 
(PVA), and butanol.  PVA is used as a binding agent 
and butanol as a dispersant. They will both evaporate 
after sintering. Absorber filler is subsequently filled 
into a 9cm×4cm×0.1mm mold shown in Fig.1(a) and 
then smoothed into a thin film by the blade casting 
method to form an absorber sheet as shown in Fig.1(b). 
The mold size can be modulated to manufacture the 
desired absorber sheet. 

 

 
(a)                         (b) 

Fig.1.  (a)Absorber filler is filled into 9cm×4cm× 
0.1mm mold; (b)The picture of absorber sheet. 

After the absorber sheet had dried, it was removed 
from the mold and placed on a ZrO2 substrate. Then the 
absorber sheet was sintered at 1050~1200oC for 1hr in 
air atmosphere to form the spinel ferrite. These kind of 
sintering ferrite absorber sheets are called ‘hard    
absorber sheets’ to distinguish them from the ferrite 
composite absorber sheets without sintering (i.e., soft 
absorber sheets). To investigate the effect of sintering 
temperature on the electromagnetic absorbing materi-
als, sample C was chosen to be examined in this work. 
The phase of the sintered spinel ferrite was analyzed by 
X-ray diffraction. The grain size and shape were   
observed by scanning electron microscope. In order to 
compare the hard absorber sheet with the previous soft 
absorber sheet, we also prepared two kinds of soft  
absorber sheet (thickness = 0.1 mm) using the technique 
developed by our group(1). The magnetic absorbents (A 
and B) used for the soft absorber sheets are also shown 
in Table 1. 

The electromagnetic wave absorption ability was 
investigated by the measurement technique developed 
by our group(6) using the absorber sheet as a substrate 
for the RFID tag to evaluate its ability to suppress  
destructive interference by measuring reflection loss(6).  
An HF tag was first attached to the absorber sheet for 
the test and then placed on a metal plate surface. An 
RFID tag comprising a coil with a diameter of 2.5 cm 
and a capacitor was used in the present work, with the 
measurement setup being illustrated in Fig.2. In the 
system, a network analyzer (Agilent E5071B) was used 
to generate energy and simultaneously monitor the 
matching condition of the LC circuit from the power 
reflection loss () using a testing coil; the power reflec-
tion loss () is measured in decibels (dB). When a sin-
tered absorber sheet is inserted between the tag and the 
metal plate, the magnetic field radiated from the tag is 
unimpaired by the metal plate and the RFID tag could 
work with the reader. The diminishment in  indicates 
the occurrence of absorption or the minimal reflection 
of the electromagnetic wave power. The diminishment 
suggests that a larger portion of energy emitted from the 
readers was consumed by RFID tag, and hence mutual 

Table 1  Chemical composition of Soft/Hard absorber sheet 
Composition 

(wt%) 
Fe Ni Mo     

fr 

 (MHz) 

S11  
(dB) 

A 100 0 0     15.2 0.1 
Soft (1) 

B 17 81 2     14.5 0.2 

Composition 
(wt%) 

Fe3O4 ZnO NiO CuO CoO Bi2O3 MoO3 
fr  

(MHz) 

S11  
(dB) 

Hard(2) C 65 20 9.4 4.1 0.5 0.06 0.06 11.26 0.74 
(1) Soft absorber sheet: ferrite composite absorber sheet (thickness = 0.1mm). 
(2) Hard absorber sheet: sintering ferrite absorber sheet (thickness = 0.1mm). 
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Fig.2.  Measurement setup for measuring the reflec-
tion loss of antenna on the absorber sheet as substrate 
and metal plate. 

 

communication was activated. For HF RFID applica-
tion, the tag could perform best if the minimal reflec-
tion occurred around 13.56 MHz (the communication 
frequency for the now commercially-available HF 
RFID). In this work,  was measured by the terminated 
one-port technique using the S11 test fixture, therefore, 
=S11. The intensity and the frequency at the reflection 
loss minimum (fr) depended on the properties and 
thickness of the absorber sheet. Besides, the mixture 
after 900oC calcinations was also pressed at a pressure 
100 MPa to form a toroidal body (outer diameter of  
9.5 mm, inner diameter of 3.8 and 5 mm height). The 
toroidal cores were sintered at 1050~1200oC for 1hr in 
air atmosphere to form spinel ferrite. The microstruc-
ture of the sintered specimens was investigated by a 
scanning electron microscopy (SEM). The density and 
magnetic properties, e.g., initial permeability (μi), of 
the sintered specimens were also measured. 

3. RESULTS AND DISCUSSION 

3.1. Properties of electromagnetic wave absorber 

The electromagnetic wave absorption ability of the 
sintered NiCuZn ferrite absorber sheets as compared to 
a ferrite composite absorber sheet is shown in Fig.3. 
The absorber sheets designed with thickness of 0.1mm 
were prepared for the scaled-down RFID electronic 
components. The , which corresponds to the electro-
magnetic wave absorption ability, of the sintering  
NiCuZn ferrites (C) are obviously larger than that of 
the ferrite composite ones (A, B) due to their higher 
initial permeability(7).  The frequency at the reflection 
loss minimum (fr) of the sintering NiCuZn ferrites is 
closer to the commercially available 13.56 MHz RFID(8). 

 
Fig.3.  Electromagnetic wave reflection loss of   
ferrite composite absorber sheets (A, B) and the   
sintered NiCuZn ferrites absorber sheet (C). 

 

3.2. Effect of sintering temperature 

The electromagnetic wave absorption ability of the 
sample C sintered at 1050, 1100, 1150 and 1200oC are 
compared in Fig.4.  The reflection loss of the absorber 
sheet is found to increase with increasing sintering 
temperature and achieves its maximum value at 
1150oC. Besides, the minimum reflections of the   
absorber sheets, except that sintered at 1050oC, are all 
observed at a frequency of around 11.5 MHz.  

 

 
Fig.4. Electromagnetic wave absorption property of 
the sample C sintered at 1050, 1100, 1150 and 
1200oC. 

 
The DC resistivities (ρdc) of sample C sintered at 

1050, 1100, 1150 and 1200oC are compared in Fig.5. 
The DC resistivity (ρdc) is also observed with different 
variations in the sintering temperature. The higher the 
sintering temperature, the larger the value of ρdc. The 
very low ρdc at 1050oC is due to defects and inhomogen-
ity inside the NiCuZn ferrite film that could not be  
repaired effectively at relatively low sintering tempera-
tures(12). 
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Fig.5.  Sintering temperature versus ρdc. 

 

The SEM micrograph (×2K) shown in Fig.6   
revealed that the grain size of the sintered absorber 
sheets increases with increasing sintering temperature. 
A more homogenous microstructure in the sintered  
absorber sheet was obtained at 1150oC. The sintering 
temperature of the ferrite can lead to changes in grain 
size and the defect density, thus affecting the absorption 
properties depicted in Fig.4. Further, it may be noticed 
that intergranular pores were clearly observable in the 

1200oC sintered absorber sheet shown in Fig.6(d).   
At very high sintering temperatures, however, such as 
those above 1200oC, porosity develops in the ferrite 
materials. This phenomenon could explain why the 
reflection loss decreased at an excessively high sinter-
ing temperature.  

Figure 7 depicts the X-ray powder diffraction 
(XRD) patterns of NiCuZn ferrite (sample C) sintered 
at 1050, 1100, 1150 and 1200oC for 1 hr, respectively. 
The XRD patterns show a peak intensity as the crystal-
line phase is reached but the peak width decreased with 
the increasing sintering temperature, showing a clear 
decline at 1200oC. The sharper peaks indicate the more 
homogenous and better crystalline structure at higher 
sintering temperatures.  However, the excessively 
high sintering temperature of 1200oC lowers the peak 
intensity, which could be related to the formation of a 
lot of intergranular pores, as shown in the SEM micro-
graph in Fig.6(d). The above phenomenon supports the 
finding that the best absorption ability is achieved at 
1150oC sintering temperature, as depicted in Fig.4. 

3.3. Material constants (με) and absorption  
characteristics 

εε’- j ε” is the complex relative dielectric permit-

 

 
 

 
 

 
 

 
 

Fig.6.  SEM micrograph (×2K) of sample C sintered at (a) 1050oC; (b) 1100 oC; (c) 1150oC and (d) 1200oC. 

(a) (b)

(c) (d)
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tivity, with ε’ being the real part or dielectric constant, 
and ε” being the imaginary part or dielectric loss.    
μ μ’-jμ” is the complex relative magnetic permeabil-
ity, with μ’ being the real magnetic permeability, and 
μ” being the imaginary magnetic permeability or mag-
netic loss. 

 

 
Fig.7. X-ray powder diffraction pattern of NiCuZn   
ferrite sintered at 1050, 1100, 1150 and 1200oC for 1 
hr, respectively. 

Figure 8 shows the complex permeability (μ’, -jμ”) 
and dielectric constant (ε’, -jε”) spectra observed in the 
sintering absorber sheets (Sample C) sintered at 1050, 
1100, 1150, 1150oC, respectively. These data are meas-
ured by Agilent E4991A RF Impedance/Material Ana-
lyzer. The material constants μ’μ”ε’ and ε” are the all 
increasing function of sintering temperature.ε’ is a 
nearly constant value of about 1.5, and ε” was found to 
be negligibly small. Obvious changes in μ’μ”ε’ and 
ε” are perceived with variation of the sintering tem-
perature. The higher the sintering temperature, the lar-
ger the resulting values of μ’μ”ε’ and ε”. The larger 
μ” and ε” indicate the better absorption property of the 
absorber sheet(10,11). The results in Figs.8(b) and (d) are 
in good agreement of the absorption properties shown 
in Fig.4. Moreover, the refractive index (n) of the  
absorber sheet is influential to the absorption property 
of absorber sheet(10,11). The value of n is proportional to

 
(εμ)1/2 of the absorber sheet. Based on the impedance 
matching theory, the wavelength of incident electro-
magnetic wave passing through a medium need to be 
smaller when the thickness of the medium is thinner(11).  

 

       
 
Fig. 8. Material constants versus frequency spectra measured in NiCuZn absorber sheet sintered at 1050, 1100, 1150 
and 1200oC for 1 hr, respectively. (a) μ’bμ”cε’; (d) ε”. 

 



51 Ching-Chien Huang, Yung-Hsiung Hung, Jen-Yung Hsu and Ming-Feng Kuo6 

Besides, if the absorber sheet has a larger refractive 
index, the wavelength of incident electromagnetic wave 
becomes smaller (λ n-1). Thus, there could be more 
incident electromagnetic wave entering the absorber 
sheet to make a higher probability of the absorption 
“occurring” in the absorber sheet(11,12). The value of 
(εμ)1/2 of absorber sheet are shown in Fig.9, which  
reveals that the NiCuZn ferrite absorber sheet sintered 
at a higher temperature has a better absorption property 
(except for 1200oC due to pores induced at the unduly 
high temperature). From the above discussion, the sin-
tering temperature at 1150oC should be appropriate for 
the NiCuZn ferrite selected in this study. 

 

 

Fig.9.  (εμ)1/2 versus frequency spectra measured in 
NiCuZn absorber sheet sintered at 1050, 1100, 1150 
and 1200oC for 1 hr, respectively. 

 

The inductance value (L) and the impedance value 
(Z) data are measured by an Agilent 4294A Precision 
Impedance Analyzer. The inductance measurements 
follow the measurement method(13) and the JIS standard 
(14). The inductance value (L) and impedance value (Z) 
of sample C sintered toroidal cores with 5 turns wound 
were measured as shown in Fig.10. Both of the value of 
L and Z are the decreasing functions of the results of 
minimum reflection loss frequency (fr) shown in Fig.4. 
The above results could provide us a good reference to 
predict fr of an absorber sheet; however, the mechanism 
between L, Z and fr is not clear here. 

4. CONCLUSIONS 

Single and thin layer electromagnetic wave    
absorber sheets of 0.1 mm for use in the HF region 
were made by the simple technique of blade casting 
method with the addition of a proper selection of   
NiCuZn ferrites at the appropriate sintering temperature 
of 1150oC. The primary effect of the sintering   

 
(a) 

 
(b) 

Fig.10. Measured frequency versus (a) Inductance 
value; and (b) Impedance value of sample D toroidal 
cores sintered at 1050, 1100, 1150 and 1200oC for 1 
hr, respectively. 

 
temperature was to increase the value of impedance 
value (Z) and inductance (L) of the sintered toroidal 
cores.  Furthermore, the magnetic permeability (μ), the 
dielectric constant (ε) and the reflection loss (i.e., , 
absorption property) of the absorber sheet are also  
enhanced at the higher sintering temperature. The more 
homogenous microstructure of the absorber sheets  
revealed in the SEM micrograph and the better crystal-
line XRD pattern could explain the best absorption 
ability at the 1150oC sintering temperature. The elec-
tromagnetic absorption characteristics were also suc-
cessfully analyzed by taking into account that both the 
fr shift correlated with L and Z of sintered toroidal cores 
and the electromagnetic wave absorption ability 
|depended on ε”, μ” and

 
(εμ)1/2. In this work, the 

results of high absorption ability (|> 0.74 dB) and 
wide-bandwidth (1.3 MHz) around 13.56 MHz indi-
cates that sintered ferrite sheet could be used to effec-
tively improve the coupling between RFID tags and 
readers and reduce destructive interference. 

(ε
μ)

1/
2  
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