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Introduction

Since adidectric lens antenna has narrow beamwidth, low sde lobes and scanning capability,
it is congdered as the promising candidate for the antenna of future mobile communication
systems and ITS services [1]. The ray tracing method is used to edimate the radiation
characteridics of lens antenna [2], [3].  In this paper, the ray tracing method is gpplied to the
lens antennawith arbitrarily shgped inner and outer surfaces.

Formulation

Figure 1 shows the didectric lens antenna and the coordinate system for the ray tracing
method. Let the source point on the primary radiator be Py(%,,Y,,2,). The equivaent
dectric and magnetic currents J, (%, ¥, )i, ad M, (X,, Y,)i, are assumed on the source

point R,. i,, i, ad i,arethe unit vectors of the Cartesian coordinate sysem.  The inner
surfece of lensiis S and the outer surface of lensis S, and the reference plane of lens
atenna is S,.  The points of the ray on S, S, andS, are defined as B(x,,Y;,2),
Pz(X2’Y2122) and Ps(X3’Y3123)1 respectively.

Sndl'slaw is expressed asfollows.

k,sin6, =k,sin6, D

where k and k, are the propagation congtants within the outsde and insde region of lens,
and 0, and 0, aretheincident and the refractive angles, respectivdy.  Applying Eg. (1) to
the ray tracing method, the points B, P, and B, on §, S, and S, can be obtaned
graightforwardly.

Fresnd’s transmission coefficients of parald and perpendicular polarization are given by
the following expressions, respectively.

2u,ncoso
Ty =— 2L @
p,n cosel+p2\/n —sin“ g,
2u.,, coso
Te = He : €)

i, 0SB, + ;[N —sin® 6,
wheren istherefractiveindex of lens.
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By usngegs (1) - (4),theincident dectricfidd a B, isexpressed asfollows
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Figurel. Coordinate sysem for ray tracing method.
Ep =(Exi, +EXi, +EZi, )y ®)
» _ K -
Epl(xl,yl)—%Rf(xl %) (%= ¥) 3y (% Yo) ©6)
Eé()ﬁ’yl):4_];t|:{%(yl_yo)2_jwuo}Jy(Xo’yo)+%(21_zo)Mx(XOvyo):| (7)
1|k '
Eé(xl,yl)=4—n{%(yl—yo)(zl—zo)3y(xo,yo)—%(yl—yo)l\/lx(&).yo)} ®
Thedectricfiedd onthereferenceplane S, isobtained as,
Ep, =(Exi, +E3i, +E3i, )y (10
Ep, (%, ¥5) = {KiEx (% 1) + KL E (%, W) + KLES (%, 1)
(oPlIRARAKR) W
RRR; ’ s

R=PR R=RR. R=PR
K}, K, K} denote the varigbles defined by the norma vectors and the transmission
coefficients a the points B, and P,. The transmisson coefficient a each point depends on
the mode of incident ray.

The radiated field is caculated by the surface integral on the reference plane S, .
Replacing the coordinate origin to the point of intersection of S; and the z-axis, the dectric
field isexpressed by

1

E(r, 0, ¢) =EJ‘%{—jmu\y(n’x H)+(n'x E)xV'y +(n'- E)V'y}dS'

_ exp(—jkr) (12)
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(b) three-dimensiond view
Figure2. Geometry of didectric lensantenna.
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Numerical and experimental results

Figure 2 shows the geometry of the didectric lens for the numericd andyss.  The primary
radiator is the conica horn antenna fed by the rectangular waveguide. The phase center of
primary rediator islocated a the focus of lens (0, -24.09 mm, 0). Thedidectric lensisformed
from a circular cylinder with the diameter of 100 mm. The inner surface of lens is
unsymmetrical.  If the lens surfaces are given by numerica discrete data, the radiation
characteridtics is cdculated by the ray tracing method.  In the example shown in Figure 2, the
geometry of inner surface of didectric lensis expressed by the following equation.

0

+o0 4 Cy Xy + Cg X8y 0 + -+ Cg pX°y% + Cg 3By

The curvature radii of outer surface of didectric lens are 1000 mm in the xz-plane and 200 mm
in the yz-plane. The lensis made of ABS resin.  The relative permittivity of ABS resin is
2.641 a the frequency of 76.5 GHz.

Figure 3 shows the ectric fidd radiation patterns of lens antenna at the frequency of 76.5
GHz. The cdculated haf-power beamwidth in the E-plane is 3.6 degress, and the measured
oneis 3.3 degress.  In the H-plane, the caculated haf-power beamwidth is 3.25 degrees, and
the measured oneis 2.9 degrees.



Condlusion

The ray tracing method is employed to caculae the radiation characteridtics of arbitrarily
shaped didectric lens antenna. As an example of lens antenna, the circular cylindrica lens
antennawith an inner surface of unsymmetrica shapeiscadculated.  The cdculated haf-power
beamwidth agrees well with the measured result.  In the next step, we will design and cdculate
the lens antennafor the mobile communication system.
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Figure3. Electricfidd radiation patterns of didectric lensantennaat 76.5 GHz.





