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A b str a ct — a t h e o r eti c al a n al y sis is c o n d u ct e d t o u n d e rst a n d t h e 
r ol e of di el e ct ri c l oss c o m p o n e nt i n t h e d esi g n p r o c ess of a 
mi c r o w a v e a bs o r b e r. T h e a n al y sis st a rts wit h t h e d et e r mi n ati o n of 
i n p ut i m p e d a n c e of t h e a bs o r b e r a n d e q u ati n g t his t o f r e e s p a c e 
i m p e d a n c e i n o r d e r t o d e v el o p t h e i m p e d a n c e m at c hi n g e q u ati o n. 
T h e r e s ult of a n al y sis s h o w e d t h at a bs o r bi n g m at e ri al m u st h a v e 
s o m e a m o u nt of l oss c o m p o n e nt f o r i m p e d a n c e m at c hi n g at a 
c e rt ai n f r e q u e n c y a n d f o r p e rf e ct i m p e d a n c e m at c hi n g a s p e cifi c 
v al u e of l o ss f a ct o r is r e q ui r e d al o n g wit h s p e cifi c v al u e of 
di el e ct ri c c o nst a nt a n d m at e ri al t hi c k n es s.   

K e y w o r d s — mi cr o w a v e a b s o r b er, fr e e s p a c e i m p e d a n c e 
m at c hi n g, di el e ctri c l o ss f a ct o r 

I. IN T R O D U C TI O N

Mi cr o w a v e a b s or b er is a si n gl e or m ultil a y er s h e ets of 
di el e ctri c m at eri als st a c k e d o n e a b o v e a n ot h er wit h o n e si d e 
c o v er e d wit h a m et al pl a n e. T h e i n p ut i m p e d a n c e of a 
mi cr o w a v e a b s or b er, w hi c h d e p e n d s o n t hr e e p ar a m et er s 
s u c h as di el e ctri c c o nst a nt, l o ss c o m p o n e nt a n d t hi c k n es s, is 
a c o m pl e x q u a ntit y w h er e a s fr e e s p a c e i m p e d a n c e is r e al 
n u m b er. As a r es ult, t o d et er mi n e a s p e cifi c m at eri al 
p ar a m et er b y s ol vi n g t h e i m p e d a n c e m at c hi n g e q u ati o n is 
n ot str ai g ht f or w ar d a n d e x a ct s ol uti o n of o n e p ar a m et er 
m a y n ot b e f o u n d f or p erf e ct i m p e d a n c e m at c hi n g b e c a u s e 
of t h e c o nstr ai nt s t o ot h er t w o p ar a m et er s of t h e m at eri al. 
T h er ef or e, b est i m p e d a n c e m at c hi n g s uffi c e s if p erf e ct 
m at c hi n g i s n ot a c hi e v a bl e.   

II. M A T E RI A L &  M E T H O D

A. T h e o r y

A c c or di n g t o tr a ns mi ssi o n li n e t h e or y, t h e i n p ut i m p e d a n c e
of a mi cr o w a v e a b s or b er ( Fi g. 1) c a n b e gi v e n b y ( 1). 
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Fi g. 1. Tr a n s mi ssi o n li n e m o d el of mi cr o w a v e a b s or b er. 

B. A n al ysis

C a s e of l o ssl es s n o n m a g n eti c di el e ctri c m at eri al 

I n t hi s c as e,  
 = 1, di el e ctri c l o ss t a n g e nt t a n  =

 
  

 = 0⁄ ,   m a g n eti c l o s s t a n g e nt t a n  =  
  

⁄ = 0 , a n d
( 2) ta k es t h e f oll o wi n g f or m a s s h o w n i n ( 3). I n ( 3), t h e l eft h a n d
si d e is a c o m pl e x q u a ntit y c o n sist s of a n o n- z er o r e al a n d a n o n-
z er o i m a gi n ar y c o m p o n e nt a n d c a n n e v er b e e q u al t o z er o a n d
as a r es ult, n o s ol uti o n e xi sts.
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C a s e of l o ss y n o n m a g n eti c di el e ctri c m at eri al 

I n t his c a s e,  
 = 1, m a g n eti c l o ss t a n g e nt t a n  =

 
  

⁄ = 0 , a n d ( 2) t a k es t h e f oll o wi n g f or m as s h o w n i n ( 4).
Wit h  f urt h er m a ni p ul ati o n ( 4) t a k es t h e f or m of ( 5), ( 6) a n d t h e n 
( 7) as b el o w
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1 −   +    = 0  ( 5) 

 1 −   +   = 0  ( 6) 

  +   = 0  ( 7) 

N o w, t h e l eft h a n d si d e of ( 7) is a c o m pl e x q u a ntit y i n w hi c h 
t h e r e al a n d i m a gi n ar y c o m p o n e nt c a n b e z er o or cl o s e t o z er o 
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simultaneously to make a solution possible. A numerical 
example is provided below to explain the solution process and 
the role of loss component in impedance matching and absorber 
design. 

III. NUMERICAL RESULT 

Let’s design a microwave absorber with absorption 
frequency (f) 10.3 GHz and the material that was chosen had 
thickness d=2.0 mm,  = 9.0, but considered as a variable,  = 4.5,tan  =  ⁄ = 0.50,    =1.0,   = 0,tan  = ⁄ = 0, and speed of light is c=3.0x108 m/s. Plugging all 
these parameters into (4), the magnitude of the quantity √ +   was plotted against   as shown in Fig. 2. From this 
plot, it was seen that best impedance matching occurred at  =13.2 for absorption frequency of 10.3 GHz. Now, to enhance 
the value of   from 9.0 to 13.2 periodic insertion of metal 
strips into the material was necessary [1]. Inserted metal strips 
were considered to have very high conductivity and did not 
contribute to the overall loss factor tan . 3D electromagnetic 
simulation software HFSS was used to extract material 
parameters   and   as shown in Fig. 3. 
Reflection/transmission method was adopted in the extraction 
process [2]. The simulation result showed that with the 
enhancement of  , the loss component also increased from 
4.5 to 6.81 (Fig. 3) to keep dielectric loss tangent tan  = ⁄  almost constant.  

  

 

 

 

 

 

 

 

 

 

Fig. 2. Determination of   from governing equation. 

As expected, the increase in   value from 4.5 to 6.81 
should not affect the operational frequency or absorption 
frequency. This could be attributed to the facts that dielectric 
loss tangent tan  remained almost constant and presence of    
in the numerator and denominator of the major term in (4) 
canceled out the effect of enhancement in the value of  . As a 
result, absorption frequency (f) remained unchanged which was 

verified in Fig. 4 by plotting the quantity √ + in (7) with 
respect to the frequency (f).  

However, the increase in   value slightly affected the 
impedance matching at the desired absorption frequency 10.3 
GHz. This little impedance mismatch was displayed in Fig. 4, 
where it was seen that best absorption occurred at 10.3 GHz but 
the absorption point was somewhat far from frequency axis 
showing poor impedance matching. This was due to the fact 
that according to (4), perfect impedance matching at a certain 

frequency (f) occurred for particular values of ,  , , tan . 
Inserted metal strips although did not change tan , but   and   changed significantly (Fig. 3) to cause impedance 
mismatch. 

 

 

 

 

 

 

 

 

 

Fig. 3.  and  values with and without metal strips 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Demonstration of absorption frequency and corresponding impedance 
matching 

IV. CONCLUSION 

The theoretical analysis conducted here supports the fact 
that a microwave absorber can never be fabricated with a 
lossless dielectric material as incident signal gets fully reflected 
because of impedance mismatch. With a lossy dielectric 
material, reasonably good impedance matching can be obtained 
although practically perfect matching might be a case of very 
rare instance because of the constraints in available material 
parameters.  
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