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Abstract 
       This paper presents an analysis and evaluation of two designs of flat aperture antenna based on 
Huygen's principle and Fresnel diffraction theory ; therefore, this antenna type is called Fresnel zone 
plate antenna. The two designs include Soret and Wood types which are different in shape, design 
procedure and the manufacturing techniques; thus in radiation characteristics. Using the exact solution, 
the radii of Fresnel zones (rings), directive gain and aperture efficiency of the antenna designs are 
calculated and the radiation patterns are obtained. It is found that the antenna with odd zones is better in 
radiation characteristics than the antenna with even zones. It is also determined that the focusing 
efficiency of Wood antenna design is very good and four times higher than that of Soret type. The 
obtained results from the two antenna designs are discussed and evaluated. 
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1.Introduction 
   The simplest Fresnel zone plate antenna 
is the circular half-wave zone plate 
invented in the nineteenth   [1,2]. The 
basic idea is to divide a plane aperture into 
circular zones with  respect to a chosen 
focal point on the basis that all reflection 
from each zone arrives at the focal point 
in phase within 2/π±   range. If the 
radiation from the alternate zones is 
suppressed or shifted in phase byπ , an 
approximate focus is obtained and a feed 
can be placed there to collect the received 
energy effectively. Despite its simplicity, 
the half-wave zone plate remained mainly 
as an optical device for a long time, partly 
because its efficiency is low and the side 
lobe level of its radiation is high to 
compete with conventional dishes and 
partly because antenna cost was not a 
crucial issue for military equipment. 
Following the development of Direct 
Broadcasting Satellite (DBS) services in 
the eighties, however, antenna engineers 
began to consider the use of Frenesel zone 
plates as candidate antennas for DBS 
reception, where the antenna  cost is an 

important factor[3]. A British firm 
Mawzones Ltd. was inspired by the 
simplicity and ease of fabrication of zone 
plates and started marketing zone plate 
antenna products in the late 1980's [4]. 
This, to some extent, promoted the 
research on Fresenel zone antennas which 
the authors and their colleagues carried 
out between 1997-1999 at the university 
of Radford  United Kingdom. It proved to 
be fruitful; several novel antenna 
configurations were developed, offering 
higher efficiency and lower side lobes [5]. 
Number of papers were published about 
the optimum design of millimeter Fresnel 
zone plate lens and antenna  and about the 
focusing characteristics and properties  of 
near half open Fresnel plate antenna and  
their applications [6,7]. 
    The present paper introduces an 
analysis of Fresnel zone plate antenna for 
Soret and Wood types based on the 
geometrical characteristics of offset 
Fresnel zone. Also it studies the 
approaches used to calculate the radiation 
pattern and the effect of change of the 
design parameters like the focal length 
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and the number of rings. The results are 
discussed and evaluated. 
 
2.Antenna Design 
     Fig.1 shows the planar Fresnel zone 
plates; Soret or Wood zone plate. The 
following sections summarize these 
antenna designs. 
(a) Soret zone plates 
      Three half-open or Soret zone plate 
configurations are illustrated in Fig.(2). 
They consist of open and opaque Fresnel  
zone annuli[8]. In the classical microwave 
Soret zone plate, the opaque zone 
elements are thin metal rings.   
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: Planar Fresnel Soret or Wood zone 
plates 

 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 2: Cross-sectional view of Scort zone 
plate 
 (a) metal-ring positive Soret zone plate, 
(b) metal-ring negative zone plate and (c) 
Soret zone plate with metal rings fixed on 
thin dielectric plate. 

Depending on which Fresnel zones are 
open, with a positive or negative phase, 
the Soret zone plate is sometimes named 
as a positive Soret zone plate when the 
first ring is made from dielectric material 
as shown in Fig.(2a); or; a negative 
Fresnel zone plate when the first ring is 
made fom absorbing material as shown in 
Fig.(2b). Metal elements are usually fixed 
on a thin dielectric plate or substrate if the 
zone plate is made by printed microstrip 
technology (see Fig.(2c)). The focusing of 
the Soret zone plate is a result of two 
wave phenomena: diffraction by the open 
zone apertures and interference of 
diffracted waves at the focal region. 
Almost half of the electromagnetic energy 
illuminating the Soret zone plate is 
blocked by the opaque zones, and the 
phase in the open aperture is not constant. 
In radial direction, it varies smoothly from 
zero to π  radian [8].  
 
(b)Wood zone plate: 
    The original half-wave Wood zone 
plate is almost entirely transmissive for 
the incident light or microwave plane 
front[8]. It is obtained by making the 
Soret zone plate opaque zones 
transmissive  and phase-reversing for the 
waves going through them. More 
precisely, in each Wood zone plate 
aperture, the phase also varies  from zero 
to π  radians as in the Soret zone plate. 
The Wood zone plate for optical or 
microwave/millimeter waves originated as 
a single-dielectric phase reversing 
transmission zone plate as shown in 
Fig.(3) a and b . The phase reversing is 
made  by means of  Fresnel zone annular 
grooves cut in dielectric flat plate with a 
permittivity ε  transmissive  for the light 
or microwaves. As a result, each groove is 
alternately by a dielectric rib. The Wood 
zone plate can be modified as a two-
dielectric combination of Fresnel zone 
concentric rings of equal thickness (see 
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figure 3 c, d and e). These planar Wood 
zone plate varieties have the same 
focusing quality as the original Wood 
zone plate. They were proposed for 
microwave/millimeter waves [9]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3: Wood zone plates with (a) negative-
phase grooves, (b) positive-phase grooves, 
(c) solid rings alternated by air regions, (d) 
three-layer sandwich structure, and (e) two 
kinds of solid rings ( 1ε alternated by 2ε  
rings). 
 
3.Analysis 
   Fig.4 represents the geometry of  Soret 
zone plate antenna illuminated by an 
axially symmetric feed field. The feed 
gain pattern  )(ψaG is modeled by the 
cosine equation [3]: 

  (1) 

 
where Ga0=Ga(ψ =0)=2(m+1) is the 
maximum antenna gain , m=1,2,3,…. is a 
positive number and ψ is illumination 
angle. Beside the axial radiation 
symmetry, the antenna feed has Huygens 
source polarization properties and the 
field at the zone plate in the  xy-plane  has  
an  electric  vector expressed as [10]:   
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Fig.4: Geometry of  Soret zone plate 
antenna illuminated by an axially 
symmetry feed field 
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constant. Pt is the feed radiation power 
and πηεμη 120/ 0 ===  for free 
space, and the polarization unit  is 
written as:  
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ξψ ξξξψ eee f ˆsinˆcos),(ˆ +−=          (3) 
From the geometrical consideration[9]: 

ψψρ cos/)( F=                               (4) 
where F is the focal length. Now, for the 
zone plate illuminated by the electric 
vector field given in Eq.(2), the far-
electric field at the observation point (p) 
can be expressed by transformation of the 
factorial Kirchhoff diffraction integral to 
the following [11-13]: 
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and the normal unit-vector is oriented 
along the z-axis (ie: = ). The unit 
polarization vector has rectangular 
coordinates given for short in the 
following matrix form[8]: 
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and the vector product yields : n̂ × ),(ˆ ξψfe
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reversing  transmission zone plate as 
shown in Fig.3a and b. The phase 
reversing is   made    by the unit vector 

),(ˆ φθre points to far-field region and its 
rectangular components are given by: 
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The vector r̂ defines the position of the 
elementary area point on the zone plate 
plane and can be written as: 
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The aperture elementary area is easily 
found as : 

Sd ˆ

ψ
ψ

2

2

cos
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The scalar product in the phase factor 
is given by :  )ˆˆ( rej re ⋅β

    ),cos(tansinˆˆ ξφψθFrer =⋅         (12) 
 
After substituting Eqs. (11) and (12) into 
(5) and carrying  out  the  ξ -integration  
in  closed  form, only ψ -integration 
remains. Finally the components and 

of the total far-field vector are 
obtained: 
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where: 

ψ
ψψψ

cos
tan),(),( FmGmO a=            (15)                        
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where n=1,2,…,N; is the ring number, N: 
total no. of zones and  is radius of nth 
ring  and :  

nb

)),(()1(cos),( 0 ψθψψθθ RJI +−=     

               )),(()1(cos 2 ψθψ RJ−+       (18) 
 

  )),(()1(cos),( 0 ψθψψθφ RJI +=  

                 )),(()1(cos 2 ψθψ RJ−+     (19) 
and 
     ψθβψθ tansin),( FR =                 (20) 
The antenna directive gain can be 
calculated from[10]: 

 )),(ˆ2log(10),(
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where is the electric far-field and 
is expressed as: 

),(ˆ φθE

       =),(ˆ φθE ),(),( φθφθ φθ EE +        (22) 
 
Far-field of Wood zone plate antenna: 
 The Soret zone plate illustrated in Fig.4 
can be modified into a phase-reversal one 
simply by the metal/absorbing rings by 
phase–reversed dielectric or dielectric like 
rings.  As  a result, each   full-wave   zone  
will consist of a free-space inner half-
wave zone with and a solid dielectric 
ring with filling the out half-wave 
zone. In this zone plate, the half-wave 
thickness (d) is given by[14]: 

1rε

2rε

 
       ))(2/(

12 rrd εελ −=                (23) 
 
For normal incidence, the dielectric plate 
with permittivity 

1r
ε becomes fully 

transparent for 
              )2/(

1r
kd ελ=                      (24) 
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where (k=1,2,3,…….) accounts for the 
number of standing half-waves in the 
dielectric medium . From  Eq.(24) it is 
obtained that: 
        )2/(

1
dkr λε =                            (25)  

Putting Eq.(25) into (23) we get:  
          )2/()1(

2r
kd ελ+=                  (26)  

From (25) and (26), a relationship 
between

1r
ε and 

2r
ε is easily found[15]: 

         2)1(
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= εε                          (27)   

The feed of axially symmetric pattern is 
supposed by the model given in Eq.(1) 
and the incident free-space ray 

)(ψρ associated with the spherical wave 
extended through the phase-correcting 
dielectric ring as refraction ray. The focal 
distance-to-aperture diameter ratio is 
assumed to be large enough that the 
incident spherical wave is treated as a 
local plane wave. Ray tracing through the 
Fresnel zone comprising solid-dielectric 
and air-transparent zones is illustrated in 
Fig.5. The vectorial field at the input 
plane II ′− (point ) is given by Eq.(2). 
At point in the output or aperture plane 

Q′
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IIII ′−    the refracted ray gives rise to an 
electric field ),,( mEd ξψ and can be 
expressed as [15,16]:  
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  ξψ ξξξψ eTeTPd sinˆcos),(ˆ ↵+−= a

                                                           (29) 
and aT , ↵T  are the multiple complex 
transmission  coefficients  for the wave of 
parallel, perpendicular polarization 
respectively through  the dielectric ring.  
If the multiple reflection transmission 
coefficient of dielectric ring is 
approximately assumed to be the same as 

that of the infinite dielectric plate and for 
particular case, the zone plate thickness is  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Ray tracing through solid-
dielectric/air-transparent zone plate (Wood 
zone plate). 
 
chosen, equal to 2/λ , then transmission 
coefficients 
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amplitude divergence factor )(/1 ψρ ′′ may 
be expressed as[14]: 
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Putting )(ψρ and )(ψρ ′′ from Eq.(4) and 
(31)respectively into Eq.(28) and it 
becomes: 
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 , Eq.(32) gives the 

vector field distribution over the dielectric 
zone aperture. It accounts for the 
amplitude, phase and polarization changes 
due to the multiple transmission 
(refraction) process. The far-field vector 
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radiated by a dielectric aperture can be 
calculated as: 

[ ]
dF
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The vector product )  projected  
in a rectangular coordinate system        can 
be represented in matrix form:    
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The unit vector   ),(ˆ φθre , the vector  r ′ˆ , 
the aperture elementary surface Sd ′ and  
the phase factor  are the same as in 
the previous sections. After setting :                                                                                   
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and performing  ξ -integration in a closed 
form, the spherical components of the far-
field vector due to all dielectric 
apertures are: 
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Finally, the total far-field components are 
found : 

),(ˆ),(ˆ),(ˆ )0( φθφθφθ θθθ
dEEE +=       (42)  
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where  referred to the far-field 
component radiated by air-transparent 
apertures that are given by Eqs.(13) to 
(20); with replacing F by F+d only.     The 
antenna aperture efficiency

),(
)0(ˆ φθE

 can be 
expressed as:                                               
                        (44)    

where  represents the antenna 
directivity and is given by[8]: 
                                   (45)   

where  is the radiation intensity 
( ) and is the total radiated power 
and D is the diameter of antenna aperture.  
    The radiation intensity can be 
calculated as:                                    
              U( )=           (46) 

 where  is given by eq.(22). 
      
4. Results and Discussion 
     (a)  In order to understand the effects 
of the design  parameters (like N, F, D and 
frequency) on the radiation characteristics, 
theoretical study is achieved for different 
numerical examples cases using Eq.[22] to 
calculate the field pattern of Soret type 
assuming the operating frequency 
(f=11.1GHz), the focal length ( F=2m ) 
and the umber of Fresnel zones ( N=5; 
odd zones ). The aperture diameter is 
chosen as D=1.14m so that it is 
approximately equal to the diameter of the 
last ring . Since the change in the angle φ  
has no effect because the shape of the 
antenna is circular, it is assumed . 
Feed radiation power is chosen equal to 
be one unit and the value of r is selected to 
satisfy the condition of the far region. The 

045=φ

tP
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shapes of the radiation pattern for the 
given parameters are   found for N= 
5,6,7,9 and these results are summarized 
in Table.1. Some of   the shapes  of  those  
patterns  are plotted  in Fig.6 ,  Fig.7 and 
Fig.8 for  N= 5,9 and 6 respectively. The 
change of the gain, the directivity and the 
efficiency with respect to number of zones 
is found  and shown in Fig.9  . It can be 
noticed that the gain, the directivity and 
the efficiency increase as the number of 
zones  (even or odd)  is increased, but the 
values of  the gain, the directivity and the 
efficiency for the odd zones greater than 
those for the even zones. 
(b)Using Eqs.(42), (43) , the radiation 
characteristics of the Wood  type  are  
found  for  and  . 1

1
=rε 4

2
=rε

 
Table 1: Summary of the obtained 
results for Sort type. 
 

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
Fig.6: Directive gain of Soret type with 5 
zones(3  transparent/ 2 absorbing). 

 
Fig.7: Directive gain of Soret type with 9 
zones (5  transparent/ 4 absorbing). 
 

 

 

Fig.8: Directive gain of Soret type with   6 
zones (3  transparent/ 3 absorbing). 
 
 

 
 
 
 
 
 
 
 
 
Fig.9: Change of gain, directivity and 
efficiency with respect to the number of 
zones (odd and even) for Soret type. 
 
The radiation patterns for N=5,6,7 and 9 
are obtained  and  the results are also 
summarized in Table 2. Some of the 
patterns are plotted in Fig.10, Fig.11 and 

N 
D 

meter 
3dB 

degre
e 

SLL 
dB 

Directiv
e Gain 

dB 

Efficie
ncy 
apη % 

5 1.14 1.5 -15.7 28.2 8.84 
6 1.15 1.5 -13.2 27.9 6.90 
7 1.24 1.3 -17.9 30.4 10.48 
9 1.41 1.2 -19.6 32.1 11.86 
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Fig.(12) for N=5,9 and 6 respectively. 
Also   the    response   of  the   gain,    the 

 

 
 directivity and the efficiency with respect 

to zone number is illustrated in Fig.13 . 
 

 
  
Table 2: Summary of the obtained results 
for Wood type. 

 
 
 

 

 
Fig.10: Directive gain of Wood type with 5 
zones(3  transparent/ 2 absorbing). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.11: Directive gain of Wood type with 9 
ones (5  transparent/ 4 absorbing). 

 
 
 
 

 
 
 

 
N 

D 
met
er 

3dB 
degr

ee 

SLL 
dB 

Directiv
e Gain 

dB 

Efficien
cy 
apη % 

5 1.14 1.5 -14.7 34.2 35.38 
6 1.15 1.3 -12.8 33.8 27.12 
7 1.24 1.3 -18.4 36.4 42.88 
9 1.41 1.2 -20.2 38.2 46.60 Fig.12:  Directive gain of Wood type with 6 

ones (3  transparent/ 3 absorbing). 
 
It can be seen that (from Tables 1 and 2), 
for the Wood type, the aperture efficiency 
is very good and four times higher than 
that of  Soret type and the antennas with 
odd zones is better in gain, efficiency and 
side lobe levels (SLL) as compared with 
those of antennas with even zones. 
 
 

 
 
 
 
 
 

 
 
 
 
Fig.13: Change of gain, directivity and 
fficiency with respect to the number of 
zones(odd and even) for Wood type. 

 
5. Conclusions 
    The radiation characteristics of Fresnel 
zone plate antenna are analyzed for both 
Soret and Wood designs. The focusing 
efficiency of the Wood zone plate is found 
four time higher than the Soret efficiency. 
The Wood zone plate has much reduced 
thickness, weight and dielectric losses 
compared to traditional dielectric lens. 
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