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I. 中文摘要 
本研究計畫中，吾人設計並實作出一工

作於 37 GHz 頻段之共面波導饋入介質透鏡

天線。設計時，為了預測延伸式半球形介質

透鏡之遠場輻射場形，吾人亦發展出一簡化

之近似計算方法。我們先將整個介質透鏡表

面分成四個區域分別討論，發現只有其中一

個表面區域需要被考慮，利用該區域的表面

等效波源並套入遠場積分公式，便可輕易計

算得到其遠場輻射場形。透過與實作天線量

測結果之驗證，我們所提出的近似方法雖然

簡單卻也十分準確，相信對於未來延伸式半

球形介質透鏡天線之設計者將有所裨益。 

關鍵詞：共面波導、介質透鏡、遠場積分、

高增益天線 

II. ABSTRACT 
A simple method to approximately 

calculate the far-field pattern of an extended 
hemispherical dielectric lens is proposed in 
this project. The entire lens surface is divided 
into four regions, of which only one is 
considered in our simplified method. By 
applying the far-field integral to the equivalent 
sources on that surface region, radiation 
patterns in the E- and H-planes can thus be 
obtained. Although the presented method is 
simple and approximate, satisfactory 
agreements are obtained through a 37-GHz 
prototype lens antenna. 

Keywords: coplanar waveguides, dielectric 
lens, far-field integral, high-gain antennas. 

III. INTRODUCTION 
To achieve high radiation performances, 

such as high gain, pencil beam, and low 
side-lobe level, the dielectric lens antenna has 
been one of the most popular candidates, 
especially at millimeter- and 
submillimeter-wave frequencies [1]-[6]. The 
dielectric lens also has been often used to 
eliminate the substrate or surface-wave modes 
of planar antennas due to the finite thickness 
of the dielectric substrate used [4]-[6]. In 
addition, printed antennas placed on dielectric 
lenses tend to radiate more power into the lens 
side and reduce the backward radiation [7]. 
According to [8], the ideal shape of a 
dielectric lens is an ellipsoid. However, the 
elliptical dielectric lens is impractical 
regarding its complexity of fabrication. The 
extended hemispherical dielectric lens, which 
can be designed to approximate the ideal 
elliptical surface, is used throughout this 
project instead of the elliptical dielectric lens 
simply because of its simple structure. 

In this project, a simple method to 
approximately predict the radiation pattern of 
the extended hemispherical dielectric lens is 
presented. The method is mainly based on that 



discussed in [4]. The main difference is that 
only the central part of the lens surface is 
considered and the corresponding surface 
integrals are taken to facilitate the far-field 
integral. With this method, a 37-GHz 
prototype lens antenna is designed, 
implemented, and tested. Satisfactory 
agreements between the predicted and 
measured results are obtained. 

IV. LENS DESIGN 
The geometry of an extended 

hemispherical dielectric lens is shown in Fig. 
1. The upper part is a hemisphere of radius R, 
while the lower part is a cylinder of the same 
radius R and of length L. By properly 
choosing L and R, the upper hemispherical 
surface well approximates the ideal elliptical 
lens surface with the focus located at the 
origin. The feed antenna, which in most cases 
is of the printed type, is attached to the bottom 
of the dielectric lens and centered at the origin. 
Since the distance from the feed antenna to 
any point on the dielectric lens surface is 
always chosen to satisfy the far-field condition, 
the feed antenna is regarded as a point source 
located at the origin. Therefore, the far-field 
pattern of the specified feed antenna describes 
how it illuminates the lens surface. The 
illuminating fields radiated by the feed 
antenna are then decomposed into the TE and 
TM components to facilitate the analysis. The 
corresponding transmission formulas needed 
to obtain the equivalent sources just outside 
the dielectric/air interface are: 
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where εr is the dielectric constant of the lens 
material, θi is the angle of incidence from the 
normal of the lens surface, and Γ and τ are the 
reflection and transmission coefficients for the 
TE and TM polarizations. 

Once the electric and magnetic fields 
have been found, the equivalent electric and 
magnetic current densities are calculated just 
outside the lens surface using: 
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where n̂  is the outward normal to the 
interface. In the far-field, the transverse 
electric field is equal to: 
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where s’ is the closed surface just outside the 
lens, r’ is the distance from the origin to the 
source point, r is the distance from the origin 
to the observation point, and ψ is the included 
angle between r’ and r. The far-field pattern 
of the dielectric lens antenna can be 
determined using (1)-(8). To simplify the 
surface integrals taken in (7) and (8), we will 
neglect the surface regions that are not 



dominant in the far-field radiation. 

V. DIVISION OF LENS SURFACE 
The entire surface of the extended 

hemispherical dielectric lens except the 
bottom part is divided into four regions as 
shown in Fig. 2. The surface of the upper 
hemisphere is composed of regions 1 and 2, 
while that of the lower cylinder is composed 
of regions 3 and 4. Note that these regions as 
well as the lens structure are rotationally 
symmetric to the z axis. They are described in 
detail as follows: 

A. Region 1 
This is the main region responsible for 
the far-field radiation and is therefore the 
only one being taken into consideration 
in our simplified method. Within this 
region, rays from the origin are partially 
reflected and partially transmitted at the 
dielectric/air interface. From the 
geometry of Fig. 1, the following relation 
holds between θ and θin. 

( ) ( )[ ] θθθθθ tancossin LRR inin ++=+  

When ( )rcin εθθ 1sin 1−== , which is 

the critical angle of total reflection, we 
reach the boundary between regions 1 
and 2. 

B. Region 2 
Within this region, rays from the origin 
are totally reflected at the dielectric/air 
interface. As shown in Fig. 3, direct rays 
illuminating region 2 are totally reflected 
and would be totally reflected more than 
once by the hemispherical surface until 
going back to the cylindrical part. 
Although the fields just outside the 
dielectric/air interface of region 2 are not 
zero, they are evanescent fields that 

contribute very little to the far-field 
radiation. Therefore, they are neglected 
in this work. 

C. Region 3 
Similarly, total reflection occurs 
throughout region 3, which is a portion of 
the cylindrical surface. The total reflected 
rays may contribute to the lens radiation. 
However, the feed antenna is usually 
designed to have a sharp main beam for 
better illumination, and the field intensity 
radiated by the feed antenna degrades 
rapidly as the angle θ increases. 
Therefore, those rays totally reflected by 
region 3 are insignificant and also 
neglected in our analysis. 

D. Region 4 
As the angle θ increases beyond the 
region 3 boundary, where θ and the 
critical angle θc are complementary, or θ 
= 90° − θc, partial reflection and partial 
transmission occur at the dielectric/air 
interface of region 4. However, since this 
region is illuminated by the weakest field 
intensity part from the feed, which has a 
negligible effect on the lens radiation, we 
omit radiations from region 4 as well. 

VI. FEED ANTENNA 
A uniplanar hybrid-slot array antenna fed 

by a coplanar waveguide (CPW) is proposed 
in this project and used as the feed antenna for 
the dielectric lens. The geometry of the 
antenna is depicted in Fig. 4. It is fabricated 
on the alumina substrate with dielectric 
constant εr = 9.9, loss tangent tanδ = 0.0005, 
and thickness h = 0.254 mm. Only one layer 
of metallization is used, on which the feeding 
CPW, the radiating slotline sections, and the 
interconnecting slotline sections are etched. 

All the horizontal slotline sections of 



dimensions L1 × W1, L2 × W2, or L3 × W3 
function as the radiating elements in the 
proposed design. The lengths L1, L2, and L3 
equal approximately a half guided-wavelength 
of the slotline at resonance, while the widths 
W1, W2, and W3 are used to control the 
amplitude distribution of the slot array. To 
minimize the side lobes, the width of the 
central radiating slotline sections W2 is 
determined to be much wider than the others 
leading to a quasi-binominal excitation of the 
radiating slotline sections. On the other hand, 
all the vertical slotline sections act as the 
feeding networks. To ensure the in-phase 
excitation of all radiating elements, the 
lengths of the vertical sections D1 and D2 are 
set to be slightly shorter than a 
guided-wavelength of the slotline at resonance. 
The widths G and w are chosen to be as 
narrow as possible to suppress the 
cross-polarized radiation. With the chosen slot 
width G, the central strip width S of the 
feeding CPW can then be determined to make 
the characteristic impedance 50Ω. 

The arrangement of the radiating slotline 
sections results in very similar radiation 
patterns in the E- and H-planes (or yz- and 
xz-planes). The half-power beamwidths in 
both planes are about 52°, indicating that an 
effective illumination can be achieved through 
the presented feed antenna. On the other hand, 
the proposed uniplanar hybrid-slot array 
antenna radiates a broadside bidirectional 
pattern. However, using a high-permittivity 
dielectric substrate, say the alumina, can 
greatly reduce the front-to-back ratio of the 
bidirectional feed pattern [7]. 

VII. RESULTS 
An extended hemispherical dielectric 

lens using the aforementioned feed antenna 
was designed at 37 GHz and implemented. 

The dielectric material of the lens is the 
polypropylene with dielectric constant εr = 
2.35. Dimensions of the lens, R = 50 mm and 
L = 80 mm, are determined by means of our 
simplified method. 

The measured input return loss response 
of the 37-GHz prototype lens antenna is 
plotted in Fig. 5. Although the response shifts 
to lower frequencies than as expected, the 
input matching condition remains satisfactory 
near 37 GHz. According to the definition of 
10-dB return loss, the impedance bandwidth 
of the prototype lens antenna is about 6.5% 
ranging between 34.3-36.6 GHz. 

The calculated and measured radiation 
patterns at 36.6 GHz for the prototype lens 
antenna are compared and shown in Fig. 6. 
Reasonable agreement between them can be 
observed. It is obvious that the discrepancy 
between the measured and calculated E-plane 
patterns is larger than that of the H-plane 
patterns. The main reason may be that the 
structure and the field distribution of the feed 
antenna are less symmetric in the E-plane than 
in the H-plane. In addition, the flange of the 
K-connector, the feeding cable, and the test 
fixture required in the experimental setup are 
electrically large in size and all influence the 
E-plane pattern of the feed antenna. The 
measured peak gain is about 28.0 dBi at 
36.6GHz. 

VIII. CONCLUSION 
In this project, a simplified method for 

calculating the far-field pattern of the 
extended hemispherical lens has been 
presented. In this method, the lens surface 
excluding the bottom face is divided into four 
regions, among which only one region is taken 
into calculation. The effectiveness of this 
simple method has been demonstrated through 
a 37-GHz prototype lens antenna. The feed 



antenna used is the proposed hybrid-slot array 
antenna having similar E- and H-plane 
patterns. The measured and predicted 
radiation patterns for the prototype lens 
antenna are in good agreement. 
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Fig. 1. Geometry of the extended 

hemispherical dielectric lens. 
 

 
Fig. 2. Surface regions of the extended 

hemispherical dielectric lens. 



 
Fig. 3. Illustration of a ray totally reflected by 

region 2. 
 

 

Fig. 4. Geometry of the proposed uniplanar 
hybrid-slot array antenna. 

 

 

Fig. 5. Measured input return loss response of 
the prototype lens antenna. 
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(b) 

Fig. 6. Measured and calculated radiation 
patterns of the prototype lens antenna. (a) E- 

and (b) H-plane patterns. 
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