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[57] ABSTRACT 
A radome wall with matching layers wherein a single 
layer dielectric plate having a dielectric constant of e, 
is sandwiched by two dielectric matching layers having 
the dielectric constant of VE One form of providing 
the matching layers is'wit’h strips of the same dielectric 
material as the plate. The strips may be spaced in par 
allel or parallel lattice form with a spacing pitch P be 
tween adjacent strips in order to obtain the equivalent 
dielectric constant of the matching layer V2: The 
thickness of thémcorévis'a'lsowdetermined to be an odd 
multiple of M4 in order to obtain broader frequency 
band characteristics. 

8 Claims, 11 Drawing Figures 
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RADOME WITH MATCHING LAYERS 
This invention relates to a'radoine with matching lay 

ers. Conventional radomes now in use for antennas are 

usually constructed of thin plates of material or the 
like. That is to say, they are made of dielectric plates 
having a uniform single layer with a thickness shorter 
than the wavelength of an operating wavelength. When 
the wavelength is sufficiently large as is the case with 
the VHF and UHF bands, the use of a thin dielectric 
plate for constructing'a radome which crosses the path 
of the radiation wave from an antenna scarecely affects 
the electro magnetic properties of the radiation wave. 
However, in the case of a frequency band in use in 
which the wavelength of a selected frequency is ex 
tremely short, as for example in the case of 12 GHz, if 
the radome is designed to have a single layer of a 0.4 
mm thickness of F.R.P. (Fiber Reinforced Plastic) for 
the purpose of mechanical strength for the radome 
structure, the VSWR (Voltage Standing Wave Ratio) 
for a frontal incidental wave will generally become as 
high as 1.2. 

In such a situation matching between the dielectric 
plate of the radome and the air'is hardly obtainable. 
Even if the VSWR is made lower, the matched fre 
quency band becomes very narrow and the power 
transmission loss becomes great. 
Consequently, for such single layer radomes utilized 

in this high frequency range, as the thickness of the 
layer of the radome is comparable to the wavelength of 
the operating frequency, it is not practical for use. 
On the other hand, the thickness of the layer of a ra 

dome is required to be as thick as possible with respect 
to mechanical strength. 
However, it may not be possible to increase the thick 

ness of the layer of a radome because of the restrictions 
of the VSWR, transmission loss and other requirements 
on the electric properties. As one solution of this prob 
lem, a sandwich radome is well known. It is, however, 
difficult to make such a radome, because there are vari 
ous problems in the designing and manufacturing tech 
niques. 
The present invention provides a new radome with 

matching layers which is free from the drawbacks of 
conventional techniques as mentioned above. The pur 
pose of the present invention is to provide a radome 
which has a low VSWR over a broad frequency band 
and a small transmission loss, and further has a radome 
layer thickness with sufficient mechanical strength. 
The explanation in detail of this invention will be fol 

lowed with reference to the drawings. 
FIG. 1 shows the construction of an embodiment of 

the present invention. 
FIG. 1a is a perspective view and b a view in cross 

section of the structure shown in FIG. la. 
FIG. 2 is a diagrammatic section view of the structure 

shown in FIG. 1 for explaining the electric properties 
of the radome of the present invention. 
FIG. 3, FIG. 4 and FIG. 5 are graphic illustrations 

showing the transmission loss versus frequency range 
curve and VWSR to frequency range curve in accor 
dance with changing thickness of the plate of unilayer 
radome of the present invention. 
FIGS. 6a, 6b, and 6c are cross sectional views of the 

radome wall of the present invention for explaining the 
methods of manufacturing the radome according to the 
teachings of the present invention. ' 
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2 
FIG. 7 is a perspective view in partial cross section 

showing a lattice construction of the single layer ra 
dome of the present invention. 

FIG. 8 is ‘a perspective view of an embossed type con 
struction of the single layer radome of the present in 
vention. 
FIG. la is a slant view of the radome of the present 

invention with matching layers. FIG. lb shows a section 
of the radome shown in FIG. la. In these Figures, 1 de' 
notes a dielectric plate which constitutes a single layer 
radome and 2 impedance matching layers. The match 
ing layers (2) are made of strips having width W and 
thickness 1, of a dielectric material which are arranged 
in parallel and attached to the surface of the single 
layer radome plate having the thickness t2 with the 
spacing pitch P. 

In this radome, the direction of the strips is in confor 
mity with the direction of the polarized electric ?eld. 
Where the electric field has two perpendicular com 

ponents it will be better to use thelattice like structure 
shown in FIG. 7 or 8. As shown in FIG. 1, P is the pitch 
of the strips. If P is given a sufficiently small value in 
comparison with the wavelength of an operating fre 
quency, the matching layers (2) which are made of the 

_ arrangement of strips of the material of a dielectric 
constant e,, may be equivalent uniform dielectric layers 
having the dielectric constant e... There will be found a 
relation between 6, and 6,. as follows: 

e= 1 +(€,— 1) WIP 

' (1) 

where W is the width of the strip and P is the pitch of 
strips. ‘ 

Thus the matching layer of a thickness tl may be equiv 
alently converted into a uniform dielectric layer of 
thickness t1 having an equivalent dielectric constant 69. 
The function of the matching layers is to provide an in 
termediate impedance layer between the plate (1) 
forming a single layer radome and free space in order 
to match the impedance of the plate of the radome to 
the characteristic impedance of the free space. In the 
circuit theory, such an impedance conversion is widely 
known as a 1/4 wavelength transformer. 
As is well known, the characteristic impedance of the 

dielectric plate of the speci?c dielectric constant e, 
where, that of free space is I, will be given by l/ \/T_ 
Accordingly, the characteristic impedance of the 

matching layer will be given as follows: 

€e : V 6r 

(2) 

When 6,, is given by formula (2), WIP can be obtained 
from formula (1). 

If the materials of the matching layer and the plate of 
the radome are different from each other, the e,- of for 
mula (l) is not the same as the e, of formula (2). The 
thickness t, of the matching layer being effectively ‘A 
the wavelength is given by the free space wavelength )to 
and the equivalent dielectric constant 68 or the dielec 
tric constant e, as follows. 

1, = mm W. = Air/4" V6 

(3) 



3 
The value of pitch P may be selected freely under the 

condition that P is sufficiently smaller than the wave 
length )\ in the material of the equivalent dielectric con 
stant 6,. (where A = )to/ E). 
For practical purposes, it may be around a value of M4. 5 

In an embodiment of the present invention, the plate 
of the unilayer radome and strips for the matching layer 
are made of the same material, F.R.P. (Fiber Rein 
forced Plastic), the operating frequency is 12 GHz 
and e,- is 4. v 10 
From formula (2), 66:2. From formula (1), WIP 

will be given as V3. When P is selected to be )to/4= 
6.25 mm (where AO=25 mm at 12 GI-Iz), W will be 
calculated as 2.08 mm. t1 is obtained from Formula 
3 as 4.42 mm, 7} _ 15 

We will explain about the transmission coef?cient T 
and re?ection coefficient I‘ of the radome with the 
matching layers of the present invention. 
The transmission characteristics of the radome with 

matching layers will be given by the transmission char- 20 
acteristics of a 3 layer structure having the electric 
properties 6,, and 6,, as shown in FIG. (2). 
The four-terminal constants of the circuit theory of 

the matching layer will be given by the following for 
mulae, where the transmission loss is ignored. 

A = D= cos (2 n- f'eTh/Ao) . (4) 

B=j 1/ \/a sin (2 11- Ver, tl/ko) (5) 

C=j var. sin (2 1r \féT, mo) (6) 

b) The four-terminal constants of the plate of the unilayer 5 
radome will be given by the following formulae, where 
the transmission loss thereof is taken into account; 
A = D 

= cos (2 1r ‘fer, tzlko) cosh ( ‘A 1r we?’ tzlko tan 8) 
+ j sin (2 11' ‘P5,, 120.0) sinh (% 2 1r‘ VF, 12/). tan 4° 

8) (7) 
B = l/ \/ 6,, cos (2 1r verztz/M) ) sinh (562 1r \/ 6,2 
tzlko tan 8) . 
+j l/ VET, sin (2 1r \/ arm/k0) cosh (‘k2 1r \ferztzlk 

tan 8) (8) 
C= ‘fer-2 cos (2 1r \/ GHQ/k0 )sinh (562 1r ‘Penna/A0 

tan 8) 
+j msin (2 7T verztzlko) cosh (‘#2 1r \f'gTzlz/ho 

tan8 9 ) (>50 

45 

Four terminal circuit constants A0, B0, C0 and Do 
equivalent to the three serially connected four-terminal 
circuits will be given easily from the above constants. 
The transmission coefficient T and re?ection coeffici 
ent F of the radome with matching layers will be given 
as follows: 

i/T= A0 + Bo +Co + Do/2 

(10) 60 

. . . 65 

The transmission loss in dB and the VSWR for the nor 
mal wave incident the radome of the present invention 
are calculated and illustrated in FIGS. 3, 4 and 5 over 
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the frequency range 11.0 GHz to 13.0 HGz, where the 
material of radome plate and matching layers are both 
F.R.P., P: 6.3 mm and W: 2.1 mm. 
Under such conditions, when the t2 of the plate of the 

unilayer radome is made 6.25 mm, 3 mm and 1 mm, the 
curves of the transmission loss and the VSWR are 
shown in FIG. 3, FIG. 4 and FIG. 5 respectively. 
As is easily understood from FIGS. 3, 4 and 5, there 

will be found an optimum value for the thickness 12 of 
the unilayer radome. In the examples of these calcula 
tions, when 12 is 2 mm, the broadest band is obtained. 
The fact that t2 is 3 mm shows that the thickness of the 
unilayer radome is approximately M4. It is seen from 
the above that the thickness of the plate of the unilayer 
radome will be optimum if it is approximately an odd 
number multiple of )\/4, as well as would be the thick 
ness of the matching layers. 
According to this invention, as already stated, both 

surfaces of a dielectric plate having a dielectric con 
stant of a, may be provided with matching layers made 
of the same or a different material and the surfaces are 
given a lattice-like or embossed construction as shown 
in FIGS. 7 and 8 with parts of the matching layers left 
missing so as to make the average dielectric constant of 
the matching layers R1, the thickness of the matching 
layers being equivalently made 54 wavelength. In the 
afore-mentioned examples, an instance where the di 
rections of polarization of the matching layers and elec 
tric field are made to coincide with each other was de 
scribed in detail. In the case where the electric field has 
components of two directions perpendicular to each 
other, it is preferable to use matching layers of a lattice 
like shape. See FIG. 7 for example. If convenient for 
the manufacture or for the use of the radome, the 
matching layers may be given a regular spacingly em 
bossed con?guration as shown in FIG. 8. 
The manufacturing method of the radome of the 

present invention will be briefly explained. FIGS. 6a, 6b 
and 6c are sketches for the purpose of explaining the 
manufacturing processes. FIG. 6a shows, as an exam 
ple, a method wherein matching layers (dielectric 
strips) 2 are attached to a dielectric plate I by means 
of an interposed material of an adhesive or the like. 
FIG. 6b shows a method wherein cutting is done into a 
dielectric plate of a large thickness to form the 
matched layers. FIG. 60 shows a method wherein a 
plastic material is moulded by means of metal moulds 
conforming to the shape of the matching layers. 

It is very easy to make the construction of this inven 
tion by the methods described above. It can provide ra 
domes with matching layers which are found highly ef 
fective when used for various kinds of antennas. 
What we claim is: 
l. A radome wall with matching layers comprising a 

single layer dielectric plate of any desired thickness 
having a dielectric constant of 6,, and two dielectric 
matching layers sandwiching said plate therebetween, 
each of said matching layers having the average dielec 
tric constant of V6“,- and a thickness which is an odd 
number multiple of M4 where )t is the wavelength in the 
matching layer. 

2. The radome wall with matching layers as claimed 
in claim 1 wherein said two matching layers are made 
of a dielectric material which is different from said 

plate. 
3. The radome wall with matching layers as claimed 

in claim 1 wherein said two matching layers are made 



3,780,374 
5 

with strips of the same dielectric material as the plate, 
said strips having the width W and the thickness t1 and 
arranged in parallel with each other with'a spacing 
pitch P where P is sufficiently smaller than the wave 
length of an operating frequency so as to make the 
equivalent dielectric constant of the matching layer 
w’??- > 

4. The radome wall with matching layers as claimed 
in claim 3 wherein said two matching layers are made 
of a dielectric. material which is different from the 
plate. 

5. The radome wall with matching layers as claimed 
in claim 1 wherein the thickness of the plate of the ra 
dome is approximately. an odd number multiple of M4 
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6 
where )t is the wavelength of the plate. 

6. The radome wall with matching layers as claimed 
in claim 1 wherein said matching layers have an em 
bossed configuration with regular spacing. 

7. The radome wall with matching layers as claimed 
in claim 1 wherein said matching layers have a lattice 
like structure having a distance P from center to center 
of adjacent parallel frames of said lattice where P is suf 
?ciently smaller than the wavelength of an operating 
‘frequency. 

8. The radome wall with matching layers as claimed 
in claim 2 wherein said two matching layers are inte 
grally formed with said plate. 

* * * * * 


