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ABSTRACT 

A set of composite absorbers with ultra-low loading of down to 0.017 wt.% short- cut microwires 

were prepared and investigated in terms of their magnetic and microwave properties in the X-band (8-

12 GHz). The key parameters that could factor into the performance of the present absorbers have 

been systematically studied from micro to macro scale, i.e., the domain structure modulated by 

different internal stress scenarios and relative importance of impedance matching and materials loss. 9 

mm long wires after suitable treatment lead to the enhancement of microwave absorbing property 

mainly due to the larger magnetic loss resulted from the natural ferromagnetic resonance, which is 

induced in the domain rotation and reversal process. The internal stress modification by removal of 

glass and joule annealing has profound effects in formulating the microwave absorption frequency and 

intensity of microwires composites by tailoring the domain structure and local anisotropy field. It is 

found that the composites with microwires annealed at 132 mA for 15 min obtain the minimum 

reflection loss and broadest absorption bandwidth with reference to -10 dB at 1.5 mm thickness, which 

is -25.7 dB (0.81 GHz) at 11.39 GHz caused by the relative high attenuation constant and best 

matching condition where Zreal is 1.026 and Zimag is -0.102. This indicates that impedance matching 

plays a dominant role in tailoring the microwave absorbing property. Remarkably, the unconventional 

absorption frequency - matching thickness relation violating the quarter-wavelength model offers 

possibility to address the limitation of thickness for low frequency absorbing application.  

 

1 INTRODUCTION 

With the rapid development of wireless communications, the working frequency of numerous 

consumer electronics has been shifted to the gigahertz range. To reduce the electromagnetic (EM) 

interference among different electronic devices, electromagnetic shielding or absorbing materials with 

a higher and wider working frequency range of significant microwave absorption, lower density, 

superior strength and smaller thickness are in high demand [1]. In recent years, composites with glass-

coated ferromagnetic microwire inclusions have received much attention due to their high magnetic 

permeability from MHz to GHz frequency, which are promising for applications like sensor devices 

and electromagnetic absorbers [3-5]. Glass-coated microwires prepared by the technique of Taylor–

Ulitovskiy have superior electromagnetic and mechanical properties and are the favorite fillers to form 

good interfaces with the resin since the surface tension of glass is much higher than that of the resin. It 

has been well established the internal stress plays a critical role in defining the magnetic structure and 

properties of amorphous microwires [3, 4]. The internal stresses come from two different sources, i.e., 
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the glass cover and the rapid solidification process; they also vary at axial, radial and circumferential 

directions [5, 6]. Both glass removal and joule annealing [7] can effectively relieve the internal stress. 

In particular, appropriate joule annealing [8] can define better the microstructure and domain structure 

of the wires, which leads to optimized magnetic properties.  

 

It is known that high permeability could reduce the electromagnetic penetration into the fibers at 

high frequency owing to the skin effect. Hence, such microwires with very fine thickness are desirable 

for shielding or absorbing purposes at high frequency. In another perspective, the aspect ratio and 

filling ratio of microwires play a significant role in governing the composite microwave absorption 

properties [9, 10]. According to our previous work, it’s found that wires with larger aspect ratio (9 mm 

in length in present case) show the best microwave absorbing properties due to decreasing the 

depolarization factor and axial demagnetization factor, which result in dielectric resonance and natural 

ferromagnetic resonance (NFRM), respectively. However, it is noted that most reported composites 

filled with glass-coated microwires have excellent microwave absorption properties under the premise 

of a high filling ratio [5, 11]. How exactly soft magnetic properties of the microwires affect 

microwave absorption of composites filled with low loading of microwires remains to be revealed. 

Herein, we have prepared two sets of composites filled with as-cast microwires and with treated 

microwires by joule annealing and glass removal, respectively, to explore the detailed relationships 

between the microwave properties of the composites and magnetic properties of the microwires.  

 

2 EXPERIMENTAL 

2.1 Materials 

Experimentally, the Co60Fe15Si10B15 glass-coated microwires with metallic nucleus diameter of 21 

μm and glass coating thickness of 4 μm were made by a modified Taylor – Ulitovskiy technique[12] 

(see wire sample details in Table 1). 15 cm long glass-coated wires were annealed at 66 mA (AMW-

66) and 132 mA (AMW-132) for 15 min, respectively. Electrical contacts were facilitated by 

mechanically removing the glass coating at the ends of the microwires. For glass removal (GRMW), 

15 cm long microwires were etched in a HF acid solution and then washed by deionized water. All the 

microwires were cut into 9 mm length. For the microwires composites (see composites sample details 

in Table 2), the short wires were dispersed randomly in silicone rubber and then molded as cuboid 

samples with length of 22.86 mm, width 10.16 mm and thickness 5 mm, as shown in Fig. 1c. The 

composites were cured at 125 
o
C for 20 min. 

 

Fig. 1(Color online) (a) SEM images of glass - coated microwires, and (b) microwires after glass 

removal, (c) Composites embedded with 9 mm long microwires, n = 6, 0.017 wt.% 

Sample Metallic core 

(μm) 

Glass coating 

(μm) 

Annealing current 

(mA) 

Annealing time 

(min) 

MW 21 4 -  

GRMW 21 - -  

AMW-66 21 4 66 15 

AMW-132 21 4 132 15 

Table 1 Parameters of microwires 
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Sample microwires Filling ratio 

(wt. %) 

Wire length 

(mm) 

Wire 

number 

Topological 

arrangements 

MC MW 0.017 9 6 Shown in Fig.1c 

GRMC GRMW 0.017 9 6 Shown in Fig.1c 

AMC-66 AMW-66 0.017 9 6 Shown in Fig.1c 

AMC-132 AMW-132 0.017 9 6 Shown in Fig.1c 

Table 2 Parameters of microwire composites 

2.2 Characterization techniques 

The morphology of microwires was investigated by scanning electron microscopy (SEM), Hitachi 

3400, Japan. All the samples were analyzed by using a Shimadzu X-ray diffractometer 6000 with Cu-

Ka radiation as a source. The magnetic hysteresis loops of the microwires were measured with a 

Quantum Design PPMS-VSM. Electromagnetic parameters (complex permeability  and complex 

permittivity ε) of the composites were measured by the Rohde & Schwarz ZNB 40 vector network 

analyzer (VNA) using a waveguide in TE10 dominant mode frequency range WR-90 from 8 GHz to 

12 GHz. The VNA was calibrated by the TRL (thru-reflect-line) method[13]. Microwave traveled via 

the silicone rubber layer first before penetrating the wire-composite layer. Permittivity and 

permeability were calculated by the Nicholson Ross Weir (NRW) method [14] from the measured 

scattering parameters from VNA. The microwave properties of the materials were evaluated by the 

reflection loss, which can be calculated based on the complex permeability and complex permittivity 

according to the transmission line theory [15]. The reflection loss, RL, can be calculated by [16] 

Z =  Zin Z0 =⁄  (μr εr⁄ )1 2⁄  tanh[j(2πfd c⁄ )(μrεr)1 2⁄ ];              (1) 

RL = 20 log|(Z-1) (Z + 1)⁄ |,                                             (2) 

where Zin represents the input impedance, Z0 is the impedance of free space, and Z is the 

normalized input impedance related to the impedance in free space; r and r are the relative complex 

permeability and permittivity of the absorber; f, d and c are frequency of electromagnetic wave, 

coating thickness and light velocity in free space, respectively. 

 

3 RESULTS AND DISCUSSION 

3.1 Characteristics of microwires 

3.1.1 Structural characterization 

The SEM images (cf. Fig. 1a, 1b) of a glass-coated microwire  indicates that the wire has regular 

surface, uniform diameter and, after glass removal by HF acid, the metallic core is still smooth and 

without obvious corrosion cavity, which should have little influence on decreasing the mechanical 

property of the wire. The total diameter of the glass-coated microwire is 29 μm whilst the glass 

coating thickness is 4 μm. 

 

The XRD features along with magnetic properties were summarized in Figure 2. Figure 2a shows 

the XRD patterns of as-cast microwires and treated micorwires by glass removal and joule annealing 

at 66 mA and 132 mA for 15 min, respectively. It is seen that for all the samples, only one broad 

diffuse peak is observed at the angle of 45°, which presents a typical amorphous broad halo pattern, 

except that AMW-132 which indicates that a partial cubic crystalline Fe3Si phase (JCPDS file number 

45-1207) has been formed and the grain size is about 30 nm evaluated by the JADE program (version 

5.0, Materials Data Inc., Livermore, CA). 

 

3.1.2 Magnetic properties 

Figure 2b shows the longitudinal hysteresis loops of all samples. Obviously, after low current joule 

annealing, the soft magnetic properties of AMW-66 are far enhanced compared to MW, the coercivity 

(Hc) of which is about 1208 A/m. After 15 min annealing at 66 mA, the coercivity reaches the 
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minimum value of near 47 A/m, but increases to 3900 A/m at 132 mA resulted from the presence of 

large crystalline grains. To compare with joule annealing, microwires after glass removal were 

prepared. This also softens dramatically the magnetic properties of the microwires by diminishing the 

coercivity, indicating that part of the internal stress caused by the glass coating, which is concentrated 

at the outer shell, has played a dominating role in this result. It should be also observed that, compared 

to the AMW-66, GRMW has lower magnetic susceptibility due to the inhomogeneous distribution of 

internal stresses in the metallic core while joule annealing overcomes this issue by offering energy for 

internal stress redistribution and better defined microstructure and domain structure. Thus, the wires 

can be softer. 

 

From the above analyses, it is clear that proper modifications of the internal stresses in the 

microwires by either glass removal or low current annealing can yield improvement of static magnetic 

properties. This is particularly crucial to realizing multifunctional microwire composites to meet both 

functional and structural requirements. 

 

Fig. 2(Color online) (a)  XRD patterns and (b) hysteresis loops of as-cast, glass-removed and annealed 

microwires 

3.2  Electromagnetic constitutive parameters of rubber-based microwire composites 

3.2.1 Influence of wire treatment on permittivity and permeability 

By capitalizing on the outstanding characteristics of microwires as discussed above, 

multifunctional composites can be developed for different applications, especially for the purpose of 

microwave absorption in the present work. Thus, we prepared different composites embedded with 

0.017 wt.% microwires (Fig. 1c) after different treatments and the distribution of microwires can be 

regarded as the grids with micorwires since the number of wires is countable.  

 

Fig. 3(Color online) (a) and (b) Complex permittivity and permeability spectra of composites and (c) 

Cole-Cole plot of μ” versus μ’ 

Referring to Fig. 3a-b, the samples embedded with microwires after glass removal and joule 

annealing show similar trends in both complex permittivity and permeability as the samples embedded 

with as-cast microwires. And the curves of permittivity and permeability show dielectric resonance 

and natural ferromagnetic resonance (NFMR), respectively. NFMR is mainly determined by the 

interaction of the circumferential field Hcirc generated by the electric polarization and the axial 
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anisotropy field Hax which depends on the sample length and can be several orders larger than the 

microwave field of the empty waveguide[4]. Additionally NFMR maintains the precession against the 

natural spin damping to an oscillating transverse field [17], here referred to as Hcirc. 

 

However, all the peaks of profiles of complex permeability or complex permittivity shift to lower 

frequency, in descending order of sample MC, GRMC, AMC-132 and AMC-66. The ε’’ value of 

composites decreases in the order of AMC-66, AMC-132, GRMC and MC; however, both ’ and ’’ 

decrease from AMC-132, GRMC, MC to AMC-66. Since silicone rubber is non-magnetic and can be 

regarded as transparent to the X-band microwave, the embedded micorwires are directly responsible 

for both dielectric and magnetic properties of these composites. 

 

For the complex permittivity, the dielectric resonance frequency fres,n of composites with low 

microwire concentration is given by[18]: 

fres,n = c(2n-1)/(2l√ε),                                                      (3) 

where c is light velocity, n natural number, l microwire length, and  is permittivity of the matrix 

taken as 2. Thus, in the present cases, fres, n is only related to the wire length, which should be the same. 

The inconsistency can be explained by the varying effective wire length.  

 

As for the complex permeability, Fig. 3b shows the NFMR peaks in all samples. To further reveal 

the major loss mechanism due to NFMR, we draw the Cole-Cole plots of relative permeability (Fig. 

3c), which appear as full circles for all samples[19], confirming that only the switching state[20] 

formed by magnetization reversal is dominant, during which process NFMR occurs. Details of 

associated reversal process are discussed in next section on microwave energy dissipation. The shift of 

NFMR peaks can be explained by Kittle’s law [21]: 

fFMR = g√(Ha + 4πM)(Ha + H)/2π,                    (4) 

where Ha is the magnetoelastic anisotropy field that can be estimated by the hysteresis loops, M is 

magnetization, g is gyromagnetic ratio and H is external applied magnetic field. Since there is no 

external magnetic field, fFMR should shift to higher frequency as Ha increases.  

 

Based on the hysteresis loops of different microwires in Fig. 2b, microwires obtain higher 

anisotropy in ascending order of AMW-66, GRMW, MW and AMW-132. However, AMC-132 has 

the second lowest fFMR (shown in Fig. 3b) albeit the largest anisotropy field. Such inconsistency can be 

explained by the fact that annealing generates significant redistribution of the internal stress in wires in 

addition to the stress relief. This is in contrast to the non-uniform distribution of internal stress for as-

cast and glass removed samples.  

 

3.2.2 Influence of wire treatments on domain structure 

The dispersion of electromagnetic constitutive parameters is closely linked to the magnetic features 

of the microwires. Hence, the magnetic behaviors of the wires depend strongly on the domain structure, 

which is determined by minimization of the magneto- elastic energy Kme for long wires and is given by: 

Kme  =  
3

2
λ

s
σii                                                                  (5) 

where λs refers to saturation magnetostriction coefficient , ii refers to the dominant internal stress 

component [22]. By different treatment, the internal stress of the wires can be either relieved or 

redistributed thus ii changes; and by adjusting the microstructures of the wires, the magnetostriction 

changes, and thus the domain structures (Fig. 4) of the treated wires differ from each other. According 

to the hysteresis loops in Fig. 2e, λs of all the four wires remains negative. 

 

For as-cast wires, with negative λs, and the calculated radial distribution of internal stresses of glass 

coated microwires in Ref.[22], the minimization of magnetoelastic energy controls the domain 
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structure with a radially magnetized inner core IC results from the coupling of large tensile stress z 

(positive) and negative λs, and a circumferentially magnetized outer shell OS arises from the coupling 

of circumferential compressive stress  (negative) and negative λs. The radial magnetization from IC 

would lead to severe magnetostatic and exchange interactions so that the magnetization in this region 

is also axial but with small component.  

 

Fig. 4(Color online) domain structures of different wires 

After treatment by glass removal or current annealing, as the absolute value of z (positive) 

decreases but is still dominant in the IC region, the anisotropy of IC turns to be axial with less 

coupling of negative λs as well as the absolute value of  (negative) decreases thus the circumferential 

anisotropy of OS is better modified locally. After glass removal,  is not as much relieved as z 

because the axial internal stress induced by glass coating is the largest component, so the z (zero) 

moves to the inner region, thus the volume of IC decreases more than MW, while that of the OS 

remains circumferential. For AMW-66,  is still not as much relieved as z whilst the circumferential 

anisotropy of OS is better modified by the circumferential magnetic field generated by the DC current, 

hence the volume fraction of the IC decreases further compared to GRMW. For AMW-132, similar to 

AMW-66, the OS remains circumferential. However with higher current,  is more relieved than z, 

so the  (zero) moves to the surface region, thus the volume of IC increases more than MW. It should 

be noted that the ratio of the inner core radius to the whole metallic core radius can be approximated as 

the ratio of remnant magnetization to saturation magnetization [23]. According to remanence of the 

wires shown in Fig. 2b, the volume of IC discussed above is consistent with the ratio of remnant 

magnetization of the wires.  

 

Consequently, the surface impedance is increased in ascending order of AMW-66, AMW-132, 

GRMW and MW owing to both larger volume of OS and better modified circumferential anisotropy. 

As the distribution of the wires can be regarded as grids, the composites can also be simplified to an 

equivalent material slab, the effective permittivity, eff, of which can be calculated by a theoretical 

model of Liberal et al. [24], is proportional to surface impedance[25]. Indeed, Fig.3a reveals that the 

intensity of ” is consistent with the surface impedance.   

 

On the magnetic permeability front, the IC axial anisotropy of the wire increases in the order of 

AMW-66, MW, GRMW and AMW-132, which is consistent with the magnitudes of the NFMR peaks 

of composites filled with corresponding wires.  

 

It can be concluded that the complex permittivity and permeability of microwire composites are 

related to the wire domain structure, which is mainly governed by the internal stress and their 

distribution since λs stays negative.  

3.3 Microwave absorbing properties of composites with treated microwires 

Basically, microwave absorbing property depends on dielectric loss or magnetic loss or both [1]. 

The calculated reflection loss of composites with thickness of 1 mm (Fig. 5a) shows that all composite 

samples have a similar trend, and AMC-132 has the least reflection loss of -22.8 dB at 11.2 GHz and 

broadest absorption bandwidth (0.62 GHz) with reference to -10 dB, which means 90% incident 

microwave can be absorbed. The minimum reflection losses and absorption bandwidth with reference 
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to -10 dB of GRMC, MC and AMC-66 are -18.4 dB (0.575 GHz), -12.3 dB (0.35 GHz) and -6.5 dB, in 

agreement with the magnitudes of the complex permeability in Fig. 3b. The absorption frequency 

( fpeak
RL ) shifts towards lower frequency, consistent with fFMR shown in Fig. 3b, confirming the 

absorption performance arises mainly from the magnetic loss.  

 

Fig. 5(Color online) (a) Calculated reflection loss; (b) attenuation constant; (c) Zreal and Zimag for 1 

mm thick composites; (d) variations of RL curves versus frequency for AMC-132; (e) simulation of 

dm versus fm for AMC-132 with different thickness; and (f) microscopic schematic diagram of 

microwave absorption. 

In the present study, the AC permeability is dictated by the evolution of the domain structure in the 

context of aforementioned natural ferromagnetic resonance frequency. A schematic diagram is 

interpreted in Fig. 5f. NFMR is induced during the magnetization reversal process consisting of 

domain rotation and reversal. Upon application of a high frequency electric field, the circumferential 

Hcirc triggers the rotation of magnetization in the surface circular domains to an inclined meta-stable 

state whose angle is controlled by frequency[26]. The larger the axial anisotropy, the more energy is 

needed to overcome the axial anisotropy. As the frequency becomes higher, an increase of the 

amplitude of vibration of the magnetization is induced. When this overcomes the axial anisotropy of 

the wire, the rotated domain changes its sign; which is considered as domain reversal governed by 

damping that varies with composition[22]. During magnetization reversal energy is consumed. As 

mentioned before, AMW-132 has the largest axial anisotropy, and AMW-66 the smallest, which is 

consistent with the minimum RL values of corresponding composites.  

 

Since microscopic microwave absorption is caused by the NFMR induced during magnetization 

reversal, we need to further explore the exact macroscopic mechanisms to fully understand microwave 

absorption. Three major macroscopic mechanisms are considered: intrinsic microwave attenuation 

property of materials, impedance matching mechanism and quarter-wavelength matching mechanism.  

 

For the first mechanism, according to the transmission line theory and microwave propagation 

constant, the microwave attenuation performance of materials is determined by the attenuation 

constant () [27]: 

α =  (√2πf c⁄ ) × √(μ''ε''- μ'ε') +  √(μ''ε''- μ'ε')2 +  (ε'μ''  +  ε''μ')2 .  (7) 

It is clear that  is independent of sample thickness but varies with frequency since permeability 

and permittivity frequency-dependent. Fig. 5b shows that AMC-132 has the largest attenuation 

constant in the high frequency range, exhibiting the best microwave absorption performance. The 
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order of the attenuation constant  (fpeak
RL ) is consistent with the magnitudes of reflection loss in Fig. 5a. 

Also, the peak frequency of the attenuation constant (fpeak
α ) is near fpeak

RL  except for AMC-66, indicating 

the microwave absorbing capacity is related to the attenuation constant. 

 

Apart from the intrinsic microwave attenuation property which mainly comes from the magnetic 

loss, the microwave parameter matching condition has been proven to be important for better 

microwave absorption performance, which can be defined when the normalized input impendence Z is 

unity. The peak frequencies, RL values, attenuation constant and calculated impedance at fpeak
RL  of 

samples and their corresponding fpeak
α  are listed in Table 3. When the thickness of the composites is 1 

mm, for AMC-132, the real part of impedance (Zreal) calculated at fpeak
RL  is 0.915, whist the imaginary 

part of impedance (Zimag) is 0.11, which is the most matching of four samples (Fig. 5c). Clearly, the 

matching condition gets worse in the order of AMC-132, GRMC, MC and AMC-66 at their 

corresponding frequency (fpeak
RL ). So, it is understandable that although AMC-66 exhibits the highest 

attenuation constant  (285 at 10.01 GHz), there is no absorption peak owing to the poor matching 

condition where Zreal is -0.08, and Zimag is 0.63 (shown in Fig. 5c). The relative importance of 

impedance matching over attenuation constant is further revealed in Table 4, which shows the 

calculated attenuation constant and impedance at fpeak
RL  of AMC-132 with different thickness d. 

Combining Table 4 with Fig. 5d, it is obvious that when the thickness is 1.5 mm, RL reaches the 

minimum value, which is -25.7 dB at 11.39 GHz, where Zreal is 1.026 and Zimag is -0.102, yielding the 

best matching condition. Although 1 mm thick sample has the largest attenuation constant at 11.205 

GHz which reaches a minimum RL -22.8 dB, its matching condition is not as good as 1.5 mm thick 

sample and hence offers weaker microwave absorption.  

 

Sample fpeak
RL (GHz) RL (dB) α Zreal Zimag 

MC 11.26 -12.2 201.5 0.692 0.289 

GRMC 11.255 -18.5 244.6 0.848 0.159 

AMC-66 10.995 -6.5 114.6 0.411 0.364 

AMC-132 11.205 -22.8 260.5 0.915 0.110 

Table 3 Peak frequency, RL value, attenuation constant and calculated impedance at fpeak
RL  of samples 

in 1 mm thickness 

d (mm) fpeak
RL (GHz) RL (dB) dm (mm) (dm =λ/4) α Zreal Zimag 

1 11.205 -22.8 3.5 260.5 0.915 0.110 

1.5 11.39 -25.7 3.8 255.4 1.026 -0.102 

2 11.595 -18.3 4.1 235.9 0.972 -0.24 

2.5 11.86 -16.3 4.5 201.6 0.850 -0.244 

Table 4 Peak frequency, RL value, calculated matching thickness, attenuation constant and impedance 

at fpeak
RL  of AMC-132 

Additionally, the quarter-wavelength matching mechanism has also been widely employed to 

discuss the frequency dependence of ferrite composites with thickness. The matching thickness (dm) 

and the corresponding peak frequency (fm) should satisfy the following equation [28]:  

dm =  nλ 4⁄ =  nc (4fm √|μr||εr|)⁄      (n = 1, 3, 5, … ) ,        (8) 

where |εr| and |μr| are modulus of the measured complex permittivity and permeability at fm, 

respectively. In view of the λ/4 model, when the matching thickness of absorber satisfies the above 

formula, at some special frequency, two reflected waves from the air - absorber and absorber - metal 

interfaces are out of phase by 180 and cancel each other.  

 

Figure 5d and 5e shows variations of RL curves versus frequency with different thicknesses d and 
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simulations of dm versus fm for AMC-132, respectively. Obviously, the real layer thickness d of the 

sample is far away from matching the calculated thickness dm. Another remarkable feature is that, at 

lower frequency than peak frequency, the magnitudes of ’, ”, ’ and ” are all proportional to 

frequency (shown in Fig. 3a and 3b), resulting in a thin matching thickness dm at relatively low 

frequency (shown in Fig. 5e). This differs from conventional cases and will be very useful for 

development of low-frequency absorbers which remains a great challenge. It must be emphasized that 

to obtain thinner magnetic absorbers for lower frequency applications, it is necessary to improve the 

imaginary part of permittivity and/or decrease the imaginary part of permeability slightly in order not 

to compromise the absorbing ability to reach close impedance matching. To achieve this goal, high 

dielectric loss materials such as carbon nanotubes or graphenes can be added to the present system. 

Alternatively, one of the unique merits of microwires as discussed above is that the magnitude of 

internal stress and stress distribution can be manipulated somewhat freely without necessarily 

conforming to Snoek’s law. This paves a way to a multiscale design of a microwave absorber from 

microscale (local filler) to mesoscale (arrangement of fillers) to macroscale (composite architecture).  

 

    In summary, it can be concluded that the microwave absorbing property of the wire composites 

comes mainly from the magnetic loss that is determined by both the intrinsic microwave attenuation 

property and impedance matching condition, especially the latter is more dominating than the former. 

When the matching condition is poor, microwave absorption is not good in spite of a large attenuation 

constant. By contrast, under perfect matching condition, microwave absorption can be greatly 

increased even the attenuation constant is ordinary. 

 

4 CONCLUSIONS 

In this work, we found that microwires are effective X-band absorbents dominated by magnetic loss. 

A careful selection of aspect ratio and suitable treatments of the microwires are important in 

optimizing the microwave absorption performance. Particularly internal stress modulation has shown 

profound effects in controlling the microwave absorption frequency and intensity of these wire 

composites by tailoring the domain structure and local anisotropy field which can be varied by joule 

heating and glass removal strategies. Composites with very low loading (0.017 wt.%) of microwires 

annealed at 132 mA for 15 min and large aspect ratio (9 mm length) have much better microwave 

absorption due to their better intrinsic microwave attenuation property and impedance matching 

condition. Microwave absorbing mechanism in the wire composites has been discussed (a) 

microscopically by detailing the process of domain rotation and reversal caused by the electromagnetic 

field; and (b) macroscopically by examining the relative effect of the intrinsic microwave attenuation 

property of materials and impedance matching. Most importantly, in (a), at the micro level, the 

magnitude of internal stress and stress redistribution can be manipulated readily; in (b), impedance 

matching is more important than attenuation. Finally, failure of the quarter-wavelength model to 

describe the absorption frequency versus matching thickness relationship offers possibility to tackle 

the low frequency absorption challenge imposed by thickness constraint. 
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