
VVoolluummee--99  ••  NNuummbbeerr--22                    JJuunnee  22001177--DDeecc  22001177                  pppp..  114444--114499        aavvaaiillaabbllee  oonnlliinnee  aatt          wwwwww..ccssjjoouurrnnaallss..ccoomm    

AA  UUGGCC  RReeccoommmmeennddeedd  JJoouurrnnaall                               Page | 144 

 

Microwave attenuation of Co-V substituted 

M-type Ba-Sr hexagonal ferrite 
Rajat Joshi

a
, Charanjeet Singh

b 
, Dalveer Kaur

c
 

a,c
Research Scholar, Department of Electronics and Communication Engineering,  IKG PTU, Punjab, India 

b
Department of Electronics and Communication Engineering, LPU Jalandhar, Punjab, India 

Corresponding Author: Email: charanjeet2003@rediffmail.com 

 

 
Abstract: In this investigation, we have reported microwave attenuation characteristics of M-type Ba0.5Sr0.5CoxVxFe(12-2x)O19 

hexagonal ferrite (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0).The microwave characteristics have been measured from 8.2 GHz to 12.4 

GHz using vector network analyzer. The substitution of Cobalt Co2+ and Vanadium V4+ ions renders increase in attenuation and 
total loss tangent and composition x = 0.2 shows large attenuation with 53.94 dB at 12.4 GHz. 
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I Introduction:  

The gigantic growth in the field of wireless devices or information technology has produced electromagnetic and 

wireless pollution. The electromagnetic interference (EMI), caused by electromagnetic contamination, brings about 

the failing of electronic gadgets and it is harmful for electronic frameworks. The microwave safeguards or EMI 

silencers are utilized to expel or lessen this EMI or stray electromagnetic signs. Ferrites are fused in electrical, 

electronic and remote applications, for example, wideband transformers, gyro magnetic gadgets, radar absorbing 

materials etc. [1-9]. Their good dielectric and attractive properties render them preferred EMI 

suppressers/attenuators over ordinary dielectric materials. M-type hexa ferrites are ferrima gnetic by nature and 

utilized as microwave safeguards or EMI diminishment attributed to their inherent properties. In the present paper, 

we have reported microwave attenuation characteristics of M-type Ba0.5Sr0.5CoxVxFe(12-2x)O19 hexagonal ferrite 

(x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0). 

 

II. Experimental 

The M-type Ba0.5Sr0.5CoxVxFe(12-2x)O19 hexagonal ferrite compositions were synthesized using standard ceramic 

method (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0). The mixes were blended in stoichiometric proportion subsequent to 

weighing. The powders were grounded in an agate pestle and mortar for 8 hours in refined water and presintered at 

800°C for 10 hours in an microcontrioller based electric heater. The blends were then grounded again under similar 

conditions. The sieving was performed subsequent to include polyvinyl alcholol and blends were changed over into 

pellets utilizing hysdraulic press under uniaxial weight of 75 kN/m
2
. The last sintering was done at 1000°C for 2 

hours. The attenuation (α) of compositions was calculated from the measurement of complex permittivity (ε’ - jε”) 

and complex permeability (µ
’
- jµ

”
) (where ε’, ε” µ

’
and µ

”
 represent permittivity, dielectric loss, permeability and 

magnetic loss respectively) at X-band (8.2-12.4 GHz): these complex parameters were derived from S-parameters 

which were measured using vector network analyzer (VNA), Agilent model N5225A.   

 

 

 

 

 

 

  

 

 

  

 

 

 

Figure 1. Block diagram of Microwave Absorption Measurement Set-Up 
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Before measurements, network analyzer was calibrated to check permittivity and permeability of air.  Figure 1 

shows the experimental set-up to measure microwave attenuation: VNA is connected to rectangular waveguide as 

two port network. The ferrite sample is placed across the output port and VNA sends microwave signal to the input 

port. The signal characteristics, after passing through ferrite sample, are measured by VNA at the output port. 

 

The attenuation (α) was calculated using following formula: 

 

 

 

Where λo is the microwave wavelength in free space and ε', ε'', µ' and µ''represent permittivity, dielectric loss, 

permeability and magnetic loss respectively 

 

Total loss tangent (tanδt) was calculated using the relation: 

 

  

 

III. Results and Discussion 
The M-type crystal structure is confirmed from X-ray diffractograms. 

Figure 2 represents the variation of attenuation (α)  and total loss tangent (tanδt)  as a function of for frequency in 

undoped M-type Ba0.5Sr0.5Fe12O19 ferrite (x = 0.0). The different peaks of α and tanδt are seen encompassing the 

investigated frequency region: Both parameters undergo non-linear variation with frequency and show up high α and 

tanδt in the high frequency frequency. The composition displays highest and lowest α of 48.67 dB and 7.52 dB at 

10.97 GHz and 9.96 GHz respectively.  

 

 
 

Figure 2. Variation of α and tanδt  as a function of frequency in Ba0.5Sr0.5Fe12O19 ferrite (x = 0.0). 
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Figure 3. Variation of α and tanδt as a function of frequency in Ba0.5Sr0.5Co0.2V0.2Fe11.6O19 (x = 0.2). 

 

Figure 3 shows α and tanδt characteristics as a function of frequency in M-type Ba0.5Sr0.5Co0.2V0.2Fe11.6O19 ferrite (x 

= 0.2). Both parameters do not vary much with frequency from 8.2 to 10.88 GHz, however, large increment is 

observed from 10.88 GHz to 12.4 GHz. The composition owe highest and lowest α of 53.94 dB and 32.85 dB at 

12.4 GHz and 8.62 GHz respectively.  

 

 
 

Figure 4. Variation of α and tanδt  as a function of frequency in Ba0.5Sr0.5Co0.4V0.4Fe11.2O19 ferrite (x= 0.4). 
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Figure 4 displays plots of α and tanδt versus frequency in M-type Ba0.5Sr0.5Co0.4V0.4Fe11.2O19  ferrite (x = 0.4). In this 

case, the different peaks of α and tanδt are seen in low as well as high frequency region, however, peaks are more 

pronounced in former. highest and lowest α of 41.76 dB and 18.26 dB at 9.46 GHz GHz and 8.95 GHz respectively, 

while tanδt  is highest (0.344) and lowest (0.0215) at 9.46 and 12.23 GHz respectively. 

 

 
 

Figure 5. Variation of α and tanδt  as a function of frequency in Ba0.5Sr0.5Co0.6V0.6Fe10.8O19 ferrite (x= 0.6). 

 

Figure 5 shows variation of α and tanδt characteristics as a function of frequency in M-type 

Ba0.5Sr0.5Co0.6V0.6Fe10.8O19  ferrite (x = 0.6). It is ascribed that two peaks of both parameters are seen in the low 

frequency region: one peak has lagging part visible while its’ leading part presumably lies outside the investigated 

region. The highest and lowest values of α of values 30.31 dB and 28.18 dB are seen at 9.71 GHz and 8.95 GHz 

respectively. Similarly highest tanδt of  value 0.101 is seen at 8.2, while lowest value is 0.0591 at 11.72 GHz. 

 

 
Figure 6. Variation of α and tanδt  as a function of frequency in Ba0.5Sr0.5Co0.8V0.8Fe10.4O19 ferrite (x= 0.8). 

 

Figure 6 depicts variation of α and tanδt characteristics as a function of frequency in M-type 

Ba0.5Sr0.5Co0.8V0.8Fe10.4O19 ferrite (x = 0.8). Various peaks in the attenuation and total loss tangent observed. The 
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attenuation and total loss tangent varies nonlinearly with frequency in undoped compositions of x = 0.8. The highest 

and lowest values of α of values 35.19 dB and 10.01 dB are seen at 10.88 GHz and 9.96 GHz respectively. Similarly 

highest tanδt of  value 0.1305 is seen at 10.88 GHz, while lowest value is 0.008 at 9.96 GHz.  

 

 
Figure 7. Variation of α and tanδt  as a function of frequency in Ba0.5Sr0.5Co1.0V1.0Fe10O19 ferrite (x=1.0). 

 

Figure 7 shows variation of α and tanδt versus frequency in M-type Ba0.5Sr0.5Co1.0V1.0Fe10O19  ferrite (x=1.0). Both 

parameters exhibit distinct peaks in low and high frequency region; large values are seen in high frequency region. 

Highest α with 40.60 dB at 11.14 GHz and lowest α with 4.80 dB at 9.88 GHz. Highest total loss tangent with 

0.2512 at 11.14 and lowest 0.0045 at 9.88 GHz. 

 

Table 1. Maximum and Minimum Attenuation (α) and Total loss tangent (tanδt) in Ba0.5Sr0.5CoxVxFe(12-2x)O19 

ferrite (x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0)  

Composi

tion 

x 

Maximum 

α  

(dB) 

Frequency 

(GHz) 

Maximum 

tanδt 

Frequency  

(GHz) 

Minimum 

α (dB) 

Frequency 

(GHz) 

Minimum 

tanδt 

Frequency 

(GHz) 

0 48.679 10.972 0.640 10.972 7.522 9.964 0.006 9.964 

0.2 53.940 12.4 1.043 12.4 32.856 8.62 0.110 9.964 

0.4 41.769 9.46 0.345 9.46 18.266 8.956 0.022 12.232 

0.6 30.315 9.712 0.101 8.2 28.184 8.956 0.059 11.728 

0.8 35.196 10.888 0.131 10.888 10.017 9.964 0.008 9.964 

1 40.600 11.14 0.251 11.14 4.809 9.88 0.005 9.88 

 

Table 1 lists the maximum attenuation (α) in M-type Ba0.5Sr0.5CoxVxFe(12-2x)O19 ferrite (x= 0.0, 0.2, 0.4, 0.6, 0.8 and 

1.0). The highest attenuation 53.940 dB in composition x = 0.2 is observed at 12.4 GHz and lowest attenuation 

(4.809 dB) in x = 1.0 at 9.88 GHz.  Similarly total loss tangent is maximum (1.043) in composition x = 0.2 at 12.4 

GHz and minimum total loss tangent (0.008) in x = 1.0 at 9.88 GHz respectively. 
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IV. Conclusions 

The microwave attenuation and total loss tangent increases with substitution of Co
2+

 and V
4+

 ions in M-type 

Ba0.5Sr0.5CoxVxFe(12-2x)O19 ferrite. Composition x = 0.2 carries with highest microwave attenuation of 53.940 dB and 

total loss tangent of 1.043 at 12.4 GHz. The undoped composition x = 0.0 also has considerable attenuation of 

48.679 and total loss tangent of 0.640 at 10.972 GHz. The investigated compositions have apt scope for microwave 

absorber applications as well as reduction of electromagnetic interference.  
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