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Abstract. In this paper, the Generalized Matching Law of electromagnetic parameters was given for in the
application of radar absorbing materials, and applied in the research of absorbing properties of multi-coated
absorbing materials. We gave the power reflection formula, defined the constant of general matching law M,
and discussed the relationship of general matching constant M with power reflectivity Rp, thickness d,
relative permittivity &r, relative permeability p.. We found that the enhancement of RP was not obvious at
the €"r was optimized, but the " was primary. In short, this is consistent with panorama analysis method.

1 Introduction

The radar signature is given by the radar cross section
(RCS) that can be viewed as a comparison of the
strength of the reflected signal from a target to the
reflected signall'l.

Radar absorbing materials (RAM) can be divided
into coating material, structure composites, patch
material and other type of absorbing materials ?!. Rubber
radar absorbing materials is mainly made of rubber
matrix and electromagnetic wave absorbents. The
absorbents provide the necessary electromagnetic
performances of the RAM B¢,

Carbonyl iron can be used as a good microwave
absorbent in 1-18 GHz and even a higher frequency

range, and it has been wused in the field of
electromagnetic shielding and absorbing materials
widely™,

The camouflage of aerial, marine and ground targets
are of great interest today when the radar technology has
reached a very high level. And, in other types of target
camouflage, the use of RAM is more and more feasibly
at least for ground targets®).

A RAM must assure an attenuation of electro-
magnetic waves and a good match at the air/material
interface and these involve that the material must satisfy
two contradictory conditions!”.

The object is to match the impedance of the air at the
front surface, and slowly taper this impedance to a very
low wvalue, approaching a short circuit, at the back
surface®. Most military applications require thin
absorbent coating. A thin absorber can be theoretically
designed to give any reflectivity but it is very difficult to
manufacture. Multilayer RAMs have the best
performances but they are complicated to design®!l,
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2 The discussion on the GML

In the study of thin coating of RAM, the proposition of
the general matching law (GML) and the panorama
analysis method(PAM) were instructive on the
development of high-level coating materials, the
effective selection of materials and the optimized design
of materials.

Studies had shown that, to make the most energy
flow into the medium at the limited medium thickness,
the electromagnetic parameters of the medium should
satisfy the GML, such as &'p"-g";pt's=0.

So, we set "/e'=n"/1'—=M, and defined the M as the
generalized matching constant!'!-3],
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Fig.1. The Rp%-d curves at the given gr,&r,urand p'r values

In figure 1, the relationship curve between the
percentage power reflectance Rp% and the thickness was
given, at M =0.25, f=6GHz?!. Here, we plotted the
curves of the Rp% and d at different M values in the
figure 2. Through the analysis of the curves, it was
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obvious that if M took the different values, the decline
rates of curves were different significantly.

At the meanwhile, the figure 2 showed that the
greater of M would lead to the rapidly decreasing rate of
the curve, and some of the curves would be oscillated.
So we believed that there should be a corresponding
reflection formula to match with the GMLI41¢],

f=6GHz,M=0.25,0.5,0.75,1,2,5
10 T T T T T

R
90 1% 14,=2.0,1,"=05,6 =2.0,6,"=0.5
3] O 2.4=1.6,,"=0.8,6'=12.0,6,"=6.0
8o © B=1.8,0,°=1.0,6/=4.0,¢,*=3.0
o
Y (3| O 4 '=3.0,u"=8.0,¢'=3.0,¢ "=3.0
o 70 T 4 T T
s [ ¥ 5.41,=2.0,1,"=4.0,6,=4.0,5,"=8.0
o o E 4 r T T
§ el o & B =14u=7.0,=25,5"=125 | |
8
8 o=
® s G
9] O
& wf o
© . 0
g
2
[
8

thickness d(mm)

Fig.2. The Rp%-d curves at the given €r, €', ir, W'rand M
values

3 Derivation of the reflectivity formula

In order to a facilitate discussion, we first derived a

single layer medium situation with the metal base. As we

known that when the electromagnetic waves interacted

with the media, the reflection coefficient was defined
asl!7]

_ Zl,in _Zo

==

VATRE VN

1,in

)

Where, Z, i» was the input impedance of the dielectric
layer. The relationship between the electromagnetic
parameters of the material under the GML is &'\"-
g"n'=0, so we set

&l & =ttty =M, @)

As we known that when the electromagnetic waves

propagate in lossy media, the wave vector is complex

k =k, — jk, 3)
Where, the k{ and kln are respectively,

b =L e S0-a+VE] @
C

k=2 [ /%[A—H«/E] )
C

S (6)
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Where, the tand.; and tandm; are the tangent of
electric loss angle and the tangent of magnetic loss angle
respectively,

tand, =¢&, /¢, (8)

tand,, = 1,/ 11, ©)
Therefore, taking equation (2), (8), (9) into (4), (5)

would abtain
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And since the input impedance of absorbing medium
in the metal base would be expressed as
._ sinkd i
Zl,in:.lzl ldl =Z, tanh(jk,d,) (13)
14
the characteristic impedance of the media under the
GML can be written as the following form

Z,=2Z, /”," or Z, =2, f’u,fl (14)
grl grl

And the input impedance of lossy media should be
plural, which is,

Zl,in - jZl,in (15)

From the above derivation, we can see that

Z,.. =Z, tanh(jkd,) = Z\ i,/ €, tanh C  (16)
2xfd . —
Czj%(l‘JMl)x/gﬂuﬂ (17)

So, the equation (16) into (1) will obtain the
reflection coefficient formula

R N € tanhC—1|
1 \/,u;l/g;.l tanhC+1‘

The corresponding power reflectivity Rpi(dB) can be
given by

=7

1,in

(18)

R, =20Ig(R,) (19)

For the multilayer dielectric in the metal base, the
derivation process of the GML shows that, according to
the referencell, if we want to make the maximum energy
flow penetration into each layer of the multi-media, each
layer should satisfy the GML, which is!!!

gri /gri = /Llri /:Llri = Mi (20)
Among them, i=1,2,...,n .So the iterative formula of
the nth layer medium is

o Zyin + 2, tanh(jk,d,)
- Zn + Z(n-l),in tanh(.]kndn) !

K=k —jk =L [ a-im) @)
C

z,=2, | (23)
&
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So, the reflection coefficient and reflectance formula
of multi coating materials coating can be given
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Zn in Zo

S P (24)
Zn,in + ZO

R, =201g(R,) (25)

4 Discussion and Conclusion

According to the above derived formula of the
reflectivity, we draw the curves among the M, Rp, Rp%,
d, & and p: in Figure 3-7. Here we discussed the various
relations among them.

From figure 2, we can see that, with the thickness d
increases, at M>1, the Rp% declines rapidly in the
beginning, and soon tends to zero. At M<I, it also
declines rapidly, but with the emergence of oscillation
the d increases and tends to a certain value. And while
the inpedance of the air and the media will be up to an
exact matching, the oscillations disappear. The M=1 is a

critical situation.
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Fig.3. The Rr%-d curves at the given &'r values

1=6GHz,¢,=3.2,M=2

100 . . . . . . . . .

90 1p,=05 | o

O 2p=10

. sof « 34=5.0 | ]
B [m] 1
& ok o 4n=10| |
@
2
g eox U .
o
8
£ s O i
g
8 40 DO i
?:‘r_f> o
5 30 O 1
e o

201" o, 1

o h
10;& EDD:DDHIH\HIHH\IH\H\I\HHIHHHI\HHI\H»
00000000000 LRL0E OOOOUOOOOAOOOOOOY)
AEAAMAEALLENNRCRASAEASA O AR RO IR RN IRCRRLNNNRY
0 1 2 3 4 5 6 7 8 9 10

thickness d(mm)

Fig.4. The Rr%-d curves at the given p'r values

From figure 3 and 4, we can see that in a very small d
and the request of 1<u'<4, a greater than 1 of M value
should be taken if we want to make a greater decibel
value. And the optimization of &'". for the increase of Rp
is not obvious, while the optimization of p";is main. This
conclusion also proved the main point in the PAM.

In figure 5, it is in the band of 1-14GHz, and a thin
material of 1.0mm. Obviously, in the high frequency

range, taking the value of less than 1 of M will be able to
reach the required reflectivity decibels. But, the M value
is demanded to be greater than 1 for matching the
required reflectivity at the low frequency and the same

thickness.
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In figure 6, with the increasing of p',, the Rp(dB)
peak will be emerged. And at p'r taking certain a value
within the peak, the increasing M makes the Rp(dB)
increase significantly, and finally becomes constant.
While, at small p': and M value, there are relatively
downward-sloping and flat grid lines. In Figure 7, just at
small €'rand larger M value, the value of Rp(dB) will be
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greater. All of them prove the view proposed in the PAM
again.

Using the data in the reference 5, and taking p'=3,
g¢w=2, M=5 d=lmm, and f=1GHz, we calculate
Rp=5.51dB. However taking f=2GHz and the value of p',
€+, M and d as the above, we calculate Rp=11.38dB.
This reflectivity can completely meet the currently
military requirements on the RAM.

There are a few design parameters to be discussed, so
the theoretical formula is only given in the multi-layer
situation, and, by means of the computer, the specific
material design can be carried out.
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