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INTRODUCTION

Because of its low cost, light weight, and easy fabrication , the Fresnel Zone Plate (FZP)
Antenna is becoming an important candidate for such applications.as DBS reception and mobile
communication. Since the fact of feed blockage in FZP reflector [1], the study of FZP lens is
excited. In this paper a dual-layer FZP lens (Fig.1) is proposed to enhance the aperture
efficiency, the field intensity in focal region under plane wave normal incidence is studied, and
compared with single-layer FZP lens. An improved full-wave analysis based on vector Hankel
transform and spectral domain immitance matrix approach is developed, with several attractive
features: 1) the Green’s functions in spectral domain can be derived by using equivalent
transmission line method; 2) only single integration are required; 3) only low-order matrix is to
be dealt with. Numerical results match the physical characteristics of FZP lens.

ANALYSIS

The transverse components of electromagnetic fields (E,,E,.H,,H,) in FZP structure
(Fig.1) holding hybrid modes (7As* +TE?) can be formulated by both electric and magnetic
Hertz potentials #° and #" in 7 direction with time-harmonic factor ¢/ and periodic factor
e/? ( both are omitted below) as follows:
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Introducing the vector Hankel transform pair [3]:
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Ju(*) and J,'(s) are the Bessel function and its derivative, respectively,

the fields E,, and # , in spectral domain may be expressed as:
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with the operators:
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Thus the hybrid modes in spatial domain are decomposed into independent TA4 modes
( Ezy,Epn, Hyn)dueto z°and TE modes (Hyn, Epy, Hpn) due to #" in spectral domain,
Furthermore, the vector Hankel transform of the magnetic-field boundary condition on the

patches from spatial to spectral domain are:
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where 7,, and T,, correspond to the 7M and TE modes, respectively.
By means of the viewpoint of equivalent transmission lines..(Fig.2), the propagation
constant is y? =k2-k§, the wave admittances are ¥ = jweqfy . Y =y/jauy . The Green’s

function, i.e. the electric fields produced by unit current source may be understood as
impedance elements in the matrix equation:
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Substitute (5) into electric-field boundary condition on the patches, a couple of integral
equations of T,; is modelled as :
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By the Galerkin’s procedure, the spectral current in (6) is expanded as:
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where the basis functions {E,,,»,,,,,h,,,-,,,} transformed from the eigen-functions {e,,“,,,,h,,,-,‘,}
defined on the rings bounded by ry, =245 /v+(A) and n_ = Jer-)asjv+@-y2? in

spatial domain for 7M and 7E modes[2] respectively, where i=12 means the number of layer;
{=12,--- means the number of Fresnel ring in each plate, and F; is the /-th focal of FZP.
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%'t 18 the m-th root of y/m.,m » Xnilp is the p-th root of wm.,p, the Hermitain inner-products with
{pé‘mb,,, pﬂ,,,,,,} are taken for equation (6), also the Parseval’s theorem for vector Hankel

transform should be employed. Finally a set of simultaneous algebraic equations is formulated in
the matrix form as:
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The current expansion coefficients (a;,5;) can be solved from (9). By using equivalent

transmission lines (Fig.2), we get the spectral scattered electric field components in the focal
region of a dual-layer FZP lens as follows:

liEPn:I i i E;‘;dlm(z) pmlm(z) 7|z—z,-| [I/Y: 0 ]Zpi:l (] 0)
ESL‘ k=l f=) tpmlm (Z) E ;‘:‘u!m( ) 2 0 l/ Y g' JW
Since hybrid modes in spectral domain have been decomposed into independent 7M and

7E modes, the spectral scattered magnetic components can be got as:
A =-VPES,, A =rlEX, (11)

Once the transverse components of scattered fields in spatial domain E7;,, Eg,, Hp.,.

H,,, are solved by means of the inverse vetor Hankel transform of their spectral expressions,

the z components E;;, HZ;, can also be got according to Maxwell’s equations.

NUMERICAL RESULTS
For a FZP with i/v phase complement[1],a half-wave (v=2) dual-layer FZP lens with

the focal lengths F; =020m, F, = F; -d, is designed at f =9.375GHz, each layer consists of four

24 g2
(I=1,2,3,4) rings. DenoteR:lOlg(IE”| / E"’"'I ) is scattered field level in focal region, for

single-layer ( R ) or dual-layer (R, ) FZP lens ,the difference ( R, - R)) is a function of d, which
shows the gain enhancement due to the second FZP (Fig.3); and that d =4/2 is a best choice,
while the field distributions around the focus are shown in Fig.4 and Fig.5, respectively.
Obviously, the field intensity is concentrated at focus with a region of 3dB reduction about
24x122 along and across the focal axis. The results of field distribution are matching the
physical characteristics of Fresnel Zone Plate Antenna.
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