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LENS ANTENNA AND LENS ANTENNA ARRAY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to International 
Application No. PCT/JP00/00667 ?led Feb. 8, 2000 and 
Japanese Application Nos. 11-34216 ?led Feb. 12, 1999, and 
the entire content of both application is hereby incorporated 
by reference. 

ART FIELD 

[0002] The present invention relates to a lens antenna used 
With millimetric Wave radar, etc. for mobile units such as 
vehicles. 

BACKGROUND ART 

[0003] Radar systems for mobile units such as vehicles, 
e.g., cars and motorcycles are noW under extensive inves 
tigations for the purpose of automatic navigators, risk man 
agements, etc. Among others, radar harnessing Waves in the 
so-called millimetric Wave range enables associated systems 
to be easily reduced in siZe and Weight, and so is suitable for 
use on mobile units. 

[0004] This radar system is generally broken doWn into a 
millimetric Wave subsystem including oscillators, ampli? 
ers, etc. and an antenna. Promising for this antenna is a lens 
antenna because it is relatively simple in structure and 
control of its directivity, etc. is achievable With relative ease. 

[0005] The lens antenna itself has been investigated from 
various point-of-vieWs as typically set forth in JP-A’s 
51-100664 and JP-B 59-23483. 

[0006] A conventional lens antenna is generally made up 
of a body of rotation, as inoptical glass, With one surface 
being of geometrical shape such as plane, sphere, hyperbo 
loid, and paraboloid, and the other surface being of quasi 
optically determined shape in consideration of the perfor 
mance in demand, etc. 

[0007] HoWever, When the antenna in the form of a body 
of rotation is mounted on the surface of a mobile unit, there 
is no option but to locate the antenna on the center axis of 
the mobile unit so as to reduce damage to the external design 
thereof as much as possible. This is because most of mobile 
units are horiZontally symmetric. Moreover, since the 
antenna formed on the body of rotation is also vertically 
symmetric, the vertically and horiZontally symmetric por 
tion of the surface of the associated mobile unit, especially 
an automobile is de?ned by a very limited portion, for 
instance, the leading portion of the center of a bumper, as 
shoWn at a position F in FIG. 8 as an example. In most 
cases, hoWever, the geometrical radiation-side surface is in 
no coincidence With the surface shape that forms the surface 
of a bumper or the like of the mobile unit such as a vehicle. 
Thus, an element of an incompatible design located on the 
surface of the mobile unit is a chief factor for noticeable 
damage to the appearance thereof. 

[0008] In particular, this poses a grave problem to a mobile 
unit such as an automobile in Which design preferences are 
incorporated With importance attached to its appearance. 

[0009] Further, When a mobile unit moving at high speed 
has a portion deformed slightly from the ideal con?guration 
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given by hydrokinetics, this portion becomes a factor for a 
loWering of the motion performance of the mobile unit due 
to large resistance occurring during high-speed movement. 
As is the case With a body structure excelling in aerody 
namic properties, Which is noW intensively studied in the 
?eld of motorcars or motorcycles, therefore, the location of 
a structure that projects from or deforms the surface con 
?guration of the mobile unit must be avoided as much as 
possible. 
[0010] For an antenna capable of giving a free surface 
con?guration conforming to the surface con?guration form 
ing the surface of a mobile unit, a conformal array antenna 
or the like is noW under investigations, for instance, in the 
?eld of aviation equipments. HoWever, the arrangement of a 
number of minute elements runs counter to cost reductions. 
In addition, the directivity performance obtained by control 
of a number of such elements is dynamically less than 
satisfactory. 
[0011] Thus, to shelter this lens antenna With a resin 
radome is envisaged. HoWever, the formation of the resin 
radome using a material having improved millimetric Wave 
properties incurs an increase in the number of additional 
steps, Which is a factor for further cost increases, and is 
unsuitable for general customer-oriented, mass-produced 
vehicles, and so on. Another possible approach is to house 
a lens antenna Within a mobile unit as shoWn typically at a 
position I in FIG. 8, Which lens antenna is a body of rotation 
and so does not square With the external shape of the mobile 
unit. HoWever, re?ections and attenuations due to the exte 
rior materials of the mobile unit make it dif?cult to obtain 
the desired performance. 
[0012] J P-A 08-139514 discloses a lens antenna integrated 
With a vehicle’s bumper. In the structure shoWn in this 
publication, hoWever, a convex lens antenna is formed on 
the back side of the bumper by means of integral molding or 
a plano-convex lens antenna is located on the back side of 
the bumper, as typically shoWn at a position H in FIG. 8, so 
that Waves passing through the lens antenna portion can also 
propagate through the bumper. HoWever, it is dif?cult to 
obtain a bumper body, for Which loW-cost material is 
required on the premise of recycling and Which is exposed 
to mechanical stresses, and a lens antenna required to have 
a high degree of millimetric Wave properties and a quasi 
optical function as Well as a shape With high dimensional 
accuracy, using the same material and integral molding. 

[0013] For this reason, Waves are affected by the quasiop 
tical refractive index given by the shape de?ned by the 
bumper portion and the lens antenna portion, and so it is 
dif?cult to obtain the desired performance. In addition, the 
location of the plano-convex lens on the back side of the 
bumper structurally gives rise to a junction or gap at Which 
re?ections or attenuations occur, resulting in a dif?culty in 
obtaining the desired performance. 
[0014] Yet possible approach is to use resin for a number 
plate and alloW a part thereof to operate as an antenna, as 
shoWn at a position G in FIG. 8 and set forth in JP-A 
07-283634. HoWever, the replacement of number plates 
themselves is not realistic because of an enormous number 
of vehicles needing number place replacement and some 
considerable alternation of control of number plates them 
selves. 

[0015] US. Pat. Nos. 4,224,626 and 4,847,628 disclose an 
aspherical lens antenna. HoWever, although both publica 
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tions show improvements in F-number, frequency properties 
and directivity, they teach nothing about the use of the lens 
antenna on a mobile unit and the compatibility of the lens 
antenna With the shape of the surface of an asymmetric 
mobile unit. 

[0016] US. Pat. No. 5,264,859 discloses a lens antenna for 
radar used on mobile units. As in the aforesaid publications, 
this publication shoWs nothing about the compatibility of the 
lens antenna With the asymmetric con?guration and the 
surfaces of mobile units. 

DISCLOSURE OF THE INVENTION 

[0017] An object of the present invention is to achieve a 
high-performance lens antenna Which can be integrated With 
the external (surface) shape of a mobile unit With no damage 
to the appearance of the mobile unit, is easy to manufacture 
and assemble at relatively loW costs as Well as a lens antenna 
array comprising a plurality of such lens antennas. 

[0018] The aforesaid object is achieved by the folloWing 
embodiments. 

[0019] (1) Alens antenna mounted on a mobile unit, Which 
is in a non-body of rotation form, and in Which, at a lens 
antenna-mounted position, the direction and magnitude of 
inclination and curvature of the surface of the mobile unit as 
Well as the direction and magnitude of inclination and 
curvature of a radiation-side surface of the lens antenna are 
Within 120%, and a focal-side surface of the lens antenna is 
formed With respect to the radiation-side surface in such a 
Way that the radiation-side surface and the focal-side surface 
have a quasi-optical con?guration as a lens antenna. 

[0020] (2) The lens antenna of (1), Which is formed of a 
resin material or ceramics. 

[0021] (3) The lens antenna of (1), Wherein a constituting 
material thereof has a speci?c dielectric constant of er=2 to 
12 in a frequency range used. 

[0022] (4) The lens antenna of (1), Wherein a focal length 
thereof is 1/3 to 3 times as large as a maximum length of an 
aperture projection surface thereof. 

[0023] (5) The lens antenna of (1), Wherein a junction of 
a surface of said mobile unit body and a surface of said lens 
antenna forms a continuous surface. 

[0024] (6) The lens antenna of (1), Wherein at least the 
radiation-side surface thereof is colored. 

[0025] (7) The lens antenna of any one of (1) to (6), Which 
is used in a frequency range of 30 to 300 GHZ. 

[0026] (8) The lens antenna of any one of (1) to (7), Which 
has an antire?ection ?lm on the radiation-side surface 
thereof. 

[0027] (9) The lens antenna of any one of (1) to (8), 
Wherein the aperture projection surface thereof is of an 
elliptical shape. 

[0028] (10) The lens antenna of any one of (1) to (8), 
Wherein an auxiliary re?ector, an auxiliary lens or a radio 
prism is located on a Wave path betWeen the lens antenna 
and a primary radiator. 

[0029] (11) The lens antenna of any one of (1) to (10), 
Wherein a plurality of lens antennas, each as recited in any 
one of (1) to (10), are integrally formed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a perspective vieW of the appearance of 
a mobile unit, Wherein the position Where one lens antenna 
of the invention is mounted is illustrated. 

[0031] FIG. 2 is a perspective vieW of the appearance of 
a mobile unit, Wherein the position Where another lens 
antenna of the invention is mounted is illustrated. 

[0032] FIG. 3 is a sectional vieW of one experimental 
example of the lens antenna of the invention, Wherein Wave 
propagation paths therefor are shoWn. 

[0033] FIG. 4 is illustrative of the structure of the experi 
mental example of the lens antenna of the invention, as 
vieWed obliquely from beloW on the focal side thereof. 

[0034] FIG. 5 is illustrative of the structure of another 
experimental example of the lens antenna of the invention, 
Wherein the aperture surface thereof is of a rectangular 
shape. 
[0035] FIG. 6 is a sectional vieW illustrative of Wave 
propagation paths in a further experimental example of the 
lens antenna of the invention, Wherein an auxiliary re?ector 
is located on the focal side thereof. 

[0036] FIG. 7 is a sectional vieW illustrative of Wave 
propagation paths in the case Where a plurality of lens 
antennas, each according to an experimental example of the 
invention, are assembled in the form of an antenna array. 

[0037] FIG. 8 is a perspective vieW illustrative of the 
appearance of a mobile unit, Wherein the position Where a 
conventional lens antenna is mounted is illustrated. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

[0038] Mounted on a mobile unit, the lens antenna of the 
present invention has a non-body of rotation form. Con?g 
ured in the form of a non-body of rotation, the lens antenna 
of the invention can be integrated With the external (surface) 
shape of the mobile unit With no damage to the appearance 
of the mobile unit, and can be easily manufactured at 
relatively loW costs. The lens antenna of the invention can 
also be easily assembled While high performance is main 
tained intact. 

[0039] With the lens antenna of the present invention, it is 
preferable that Where on the mobile unit the lens antenna is 
to be mounted is ?rst determined, and the con?guration of 
the radiation-side surface of the lens antenna is then deter 
mined in conformity to the con?guration of the surface of 
the position of the mobile unit body Where the lens antenna 
is to be mounted. 

[0040] FIG. 1 is a perspective vieW illustrative of a mobile 
unit, Wherein one example of the position of the mobile unit, 
on Which the lens antenna of the present invention is to be 
mounted, is shoWn. 

[0041] Since the lens antenna of the present invention is a 
non-body of rotation, it is acceptable that the radiation 
surface thereof is axially asymmetric; it is vertically/hori 
Zontally asymmetric. For this reason, the lens antenna may 
be mounted not only at a vertically/horiZontally symmetric 
position on the leading end of the mobile unit but also at any 
given position on the leading surface of the mobile unit in 
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such a Way that it is exposed to vieW, as shown at a position 
A in FIG. 1, With no damage to the external shape of the 
mobile unit. 

[0042] For the lens antenna con?gured as mentioned 
above, it is preferable that the contour of its radiation surface 
is free from any area having a very small angle or radius of 
curvature. 

[0043] The lens antenna of the present invention may also 
be axially symmetric. It folloWs that its radiation surface, 
too, is axially symmetric. Accordingly, the lens antenna may 
be mounted not only at a vertically symmetric position on 
the leading end of the mobile unit but also at any given 
center axial position on the leading surface of the mobile 
unit, as shoWn at a position B in FIG. 1, With no damage to 
the external shape of the mobile unit. 

[0044] Further, the lens antenna of the present invention 
may be con?gured such that its aperture projection surface 
is of either an elliptic shape or a triangular or rectangular 
shape containing a rounded angle. It is here noted that the 
term “aperture projection surface” used means a projection 
surface obtained by cutting a bundle of Waves radiating from 
the focus of the lens antenna and transmitting through the 
lens antenna along a plane vertical thereto. By con?guring 
the aperture projection surface in an elliptic form or a 
triangular or rectangular form containing a rounded angle, it 
is thus possible to locate the lens antenna at a position C or 
D in FIG. 2 With no damage to the external design of a 
mobile unit. Preferably in this case, the rounded portion 
should have a radius of R=l to 100 mm, and especially 
R=about 5 to 20 mm. 

[0045] For the lens antenna of the present invention, it is 
preferable that the junction of the surface of the mobile unit 
body and the surface of the lens antenna forms a continuous 
surface. When the junction of the surface of the mobile unit 
body and the surface of the lens antenna forms a continuous 
surface, there is neither damage to the external design of the 
mobile unit nor hydrokinetic resistance even during high 
speed movement. 

[0046] To alloW that junction to keep continuity, at the 
position Where the lens antenna is mounted, the direction 
and magnitude of inclination and curvature of the surface of 
the mobile unit should be in coincidence With the direction 
and magnitude of inclination and curvature of the radiation 
side surface of the lens antenna. It is here noted that the term 
“coincidence” means that the direction and magnitude of 
inclination and curvature of the surface of the mobile unit as 
Well as the direction and magnitude of inclination and 
curvature of the radiation-side surface of the lens antenna 
are Within 120%, and especially Within 15%. 

[0047] The lens surface shape is not alWays limited to a 
sphere that can be expressed simply by curvature; it is 
understood that the lens surface may be of a more compli 
cated shape such as one given by a tWo-variable function of 
higher order or a spline surface provided that it can be 
expressed in terms of sequences of function data in general 
purpose higher-level languages such as FORTRAN, etc, as 
Will be described later. 

[0048] Furthermore, it is acceptable to color at least the 
radiation-side surface of the lens antenna of the present 
invention. By coloring the radiation-side surface, it is further 
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possible to achieve color harmony With the mobile unit body 
and, hence, make damage to the external design thereof 
more unlikely. 

[0049] With the lens antenna of the present invention as 
explained above, it is possible to determine Where on the 
mobile unit the lens antenna is mounted as desired With no 
damage to the external design of the mobile unit, resulting 
in an increased degree of freedom in style and design. 

[0050] Shape of the Aperture Projection Surface of the 
Lens Antenna 

[0051] As mentioned above, the aperture projection sur 
face of the lens antenna may be of an elliptic shape, a 
triangular or rectangular shape containing a rounded angle, 
or a round shape as Well knoWn in the art. HoWever, the siZe 
of the aperture projection surface must be determined on the 
basis of the electrical radiant properties demanded for the 
lens antenna. 

[0052] Here let 0 be the radiant half-value breadth of the 
lens antenna, a be the maximum length of the aperture 
projection surface and )L be Wavelength. Then, the siZe of the 
antenna aperture projection surface has the relation 0=k)t/a, 
Where k is assumed to be of the order of 1 to 1.5 (see 
“Antenna Engineering Handbook”, TEMA, Ohm, S55, 10, 
30). 
[0053] For instance, if the necessary radiant half-value 
breadth 0 is 3 degrees or 3/180><=0.05 radians, the frequency 
is 60 GHZ or Wavelength )»=3><108/60><109=5><10_3 meters 
and k=1, then a=k7t/6=5><10_3/0.05=0.1 meter. 

[0054] It is to be understood that the necessary radiant 
half-value breadth often varies depending on Whether in the 
horiZontal direction or in the vertical direction, and so the 
aperture projection surface may be con?gured in a form 
other than round form in consideration of compatibility With 
the external design of the mobile unit. Only the requirement 
for this case is to satisfy the siZe of the aperture projection 
surface determined depending on the radiant half-value 
breadth in each direction. 

[0055] Focal Position of the Lens Antenna 

[0056] The focal position of the lens antenna is de?ned by 
a distance from the focal-side surface thereof. In the present 
invention, the focal position is located at a distance prefer 
ably 1/3 to 3 times, more preferably 1/2 to 2 times, and even 
more preferably 2/3 to 3/2 times as large as the siZe a of the 
aperture projection surface. 

[0057] When the focal position is near to the lens, the 
depth of an antenna system including a primary radiator may 
be reduced. HoWever, not only does the thickness of the lens 
antenna increase With the result that material cost increases, 
but also a displacement of the position for mounting the 
primary radiator gives rise to large performance variations. 
Especially When the lens antenna material has a large 
dielectric constant, there are detriments such as a radiant 
ef?cient drop. 

[0058] When the focal position of the lens antenna is far 
aWay from the lens, on the other hand, the lens antenna 
becomes thin. Although there are advantages such as 
decreases in performance variations due to the position for 
mounting the primary radiator and increased radiant ef? 
ciency, there is an increased demand for the primary radiator 
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to have sharp directivity because of an increase in the depth 
of the antenna system including the primary radiator. This 
often leads to another need for the provision of an additional 
quasi-optical system such as an auxiliary re?ector, an aux 
iliary lens and a prism, thereby achieving a further depth 
reduction and giving sharp directivity to the primary radiator 
system. 

[0059] Material for the Lens Antenna 

[0060] For the material constituting the lens antenna, 
various materials may be used, including Te?on having 
improved high-frequency properties, an open-celled, porous 
crystalline polymer material as set forth in JP-A 59-23483, 
a heat-resistance, loW-dielectric polymer material as set 
forth in JP-A 09-246052, a ceramic material or a composite 
material thereof. Of these materials, preference is given to 
resin materials because they are lightWeight, and easy to 
mold and process. For instance, When the lens antenna is 
required to have some hardness and strength, hoWever, it is 
preferable to make an appropriate selection from ceramic 
materials such as alumina depending on the conditions under 
Which it is used and What purpose it is used for. 

[0061] The constituting material should preferably have a 
speci?c dielectric constant of er=2 to 12, and especially 
er=about 5 to 9 at the frequency at Which the lens antenna 
is used. A material having too loW a speci?c dielectric 
constant makes a lens antenna too thick, resulting in Weight 
increases, and the use of an expensive material incurs some 
considerable costs. When an antire?ection ?lm is provided 
for the purpose of reducing surface re?ections, the speci?c 
dielectric constant of a material selected for the antire?ec 
tion ?lm must be equal to the square root of the speci?c 
dielectric constant of the lens body. Therefore, if the dielec 
tric constant Er of the lens body, for instance, is 2, then the 
speci?c dielectric constant of the surface antire?ection ?lm 
?t therefor is 1.41. HoWever, materials having speci?c 
dielectric constants less than 2 are only available With 
dif?culty. In addition, most of these materials having very 
loW speci?c dielectric constants are not preferable for expo 
sure on the surface of the mobile unit because they are 
fragile. 
[0062] With a material having too high a speci?c dielectric 
constant, on the other hand, the thickness and Weight of an 
antenna may be reduced; hoWever, the provision of an 
antire?ection ?lm is essentially required because of 
increased re?ections. Still, the provision of the antire?ection 
?lm causes the antenna to have extreme frequency proper 
ties because the frequency range, for Which the antire?ection 
?lm is effective, is narroW. 

[0063] HoW to provide the antire?ection ?lm on the (radi 
ating) surface of the lens antenna is typically disclosed in 
JP-A’s 07-16941, 07-16862 and 07-30324. 

[0064] Focal-side Surface Shape of the Lens Antenna 

[0065] To form the lens antenna body in such a Way that 
the surface forming the radiating surface thereof and the 
focal-side surface have a quasi-optical con?guration enough 
to function as a lens antenna in the frequency range used, a 
variety of quasi-optical designing methods may be used. 
Among others, it is preferable to use an optical simulation 
program. 

[0066] This optical simulation program is commercially 
available in the form of optical design and estimation 
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programs, etc. A simulation analysis for a lens may be 
carried out by loading such an optical simulation program 
into a general-purpose personal computer (a class of per 
sonal computer With a built-in Pentium microprocessor) or 
a Workstation, etc. Any given shape of the lens surface, too, 
may be easily simulated on condition that the shape can be 
expressed in higher-level languages such as C and FOR 
TRAN With mathematical expressions (functions), data 
sequences, etc. Methods for capturing the given shape in the 
personal computer, etc. to simulate the same With math 
ematical expressions (functions) and data sequences include 
a method using the data (CAD data, etc.) on the given shape 
at the design stage as Well as a method Wherein data on an 
actual shape are captured in the personal computer using a 
3D measuring device such as a laser analyZer (a shape 
measuring device relying on laser interference), and a math 
ematical method such as a method of least squares is applied 
on the captured data to ?nd a coef?cient for a surface 
de?ning equation and formulate a mathematical expression 
of the same. 

[0067] After the shape of the lens radiating surface is 
determined in such a Way as to conform to the shape of the 
surface of the mobile unit, the shape and thickness of the 
focal-side surface is determined using such a simulation 
program as mentioned above. 

[0068] The optical simulation programs usable herein, for 
instance, include CODE V made by Optical Research Asso 
ciates Co., Ltd., USA. 

[0069] Most of these optical simulation programs for 
analyses on the basis of geometric optics are susceptible to 
large errors When used for the design of lens antennas. For 
instance, care should be taken of the fact that radiant 
ef?ciency drops in the case Where focal lengths are very 
short, radiant ef?ciency drops due to the directivity of 
primary radiators, etc. are often undetected through analyses 
based on geometric optics. HoWever, any fatal error Was not 
found in the numerical range de?ned according to the 
present invention. 

[0070] Shifting of the Focal Position due to Auxiliary 
Re?ector, Auxiliary Lens and Prism 

[0071] When the focal position is far aWay from the 
focal-side surface of the lens antenna as explained With 
reference to the focal position, there is an increase in the 
depth of an antenna system including a primary radiator, 
Which often makes it difficult to mount the antenna system 
on a mobile unit. If, in this case, such an auxiliary re?ector 
or auxiliary lens or a radio prism as shoWn in FIG. 6 is 
located on Wave paths betWeen the lens antenna and the 
primary radiator, it is then possible from the focal surface of 
the lens antenna, and the dielectric constant of a lens 
material Was 2.1. These conditions Were given to the afore 
said simulation program (CODE V, Optical Research Asso 
ciates Co., Ltd.) to ?nd the shape of the focal-side surface of 
the lens antenna. In the aforesaid optical simulation, care 
should be taken of the fact that the square root of a dielectric 
constant must be given as the index of refraction. In the 
instant experimental example, the dielectric constant is 2.1 
and so the index of refraction given to a simulator Was 1.449. 

[0072] In the instant experimental example, the lens 
antenna Was mounted on the leading end of the hood at the 
center of a car body, as shoWn at B in FIG. 1. In this case, 
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the radiation-side surface of the lens antenna Was inclined 
With respect to the focal side upwardly from below, and the 
magnitude of inclination of the radiation-side surface Was 60 
degrees With respect to the radiating direction. The curvature 
of the radiation-side surface Was in?nity; the radiation-side 
surface Was of a planar shape. 

[0073] In the instant experimental example, it is noted that 
the direction and magnitude of inclination and curvature of 
the radiation-side surface of the lens antenna are not nec 
essarily in coincidence With those of the position on the 
surface of the mobile unit, on Which the lens antenna is 
mounted. HoWever, this is believed to be enough to explain 
the embodiment of the present invention. 

[0074] FIG. 3 is a sectional vieW illustrative of the lens 
antenna designed according to the instant experimental 
example and Wave propagation paths therefor. Referring to 
FIG. 3, as incident Waves 2 enter a lens antenna 1, their 
paths are altered (3) to give Waves 4 converging to a focus 
F. FIG. 4 is a perspective vieW illustrative of the structure 
of the lens antenna 1 of the instant experimental example, as 
vieWed obliquely from beloW on the focal side, Wherein 
propagation paths for Waves 2 and 4, the horiZontal and 
vertical sections of the lens antenna and the shape of an 
aperture projection surface are shoWn. 

[0075] In the instant experimental example, the lens 
antenna is of a horiZontally symmetric (axially symmetric) 
shape. HoWever, even When the lens antenna is mounted off 
the center axis of the mobile unit, a similar design method 
may be applied While the radiation-side surface of the lens 
antenna is inclined from horiZontal in such a Way as to 
conform to the surface shape of the mobile unit. In the 
instant experimental example, the radiation-side surface of 
the lens antenna is of a planar shape. HoWever, if a similar 
design method is applied at a curvature preset in such a Way 
as to conform to the surface shape of the mobile unit, it is 
then possible to construct a lens antenna more compatible 
With the external shape of the mobile unit. 

[0076] In the instant experimental example, the aperture 
projection surface of the lens antenna is of a round shape. 
HoWever, if the aperture projection surface is of siZe enough 
to satisfy the necessary radiant half-value breadth, it is then 
possible to cut the lens antenna to any given shape, thereby 
constructing a lens antenna more compatible With the exter 
nal shape of the mobile unit. For instance, FIG. 5 is 
illustrative of the case Where the upper and loWer, and right 
and left portions of the lens antenna according to the instant 
experimental example are cut off to change the shape of the 
aperture projection surface to a rectangular shape. In this 
case, the radiant half-value breadth in both the horiZontal 
and vertical directions is determined by the maximum 
aperture siZe of the lens antenna in the horiZontal and 
vertical directions; care should be taken of the fact that the 
radiant half-value breadth is larger than that before cutting. 
Although not shoWn in FIG. 5, it is noted that chamfering 
of the sections and rounding of the angles give rise to a 
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mechanical strength increase With the result that the quality 
of the external shape, and especially the design of the mobile 
unit, is improved. 

[0077] If the at least the radiation-side surface of the lens 
antenna according to the instant experimental example is 
colored, it is then possible to construct a lens antenna more 
compatible With the external shape of the mobile unit. 

[0078] Advantages of the Invention 

[0079] According to the present invention as described 
above, it is possible to achieve a high-performance lens 
antenna Which can be integrated With the external (surface) 
shape of a mobile unit With no damage to the appearance of 
the mobile unit and is easy to manufacture and assemble at 
relatively loW costs as Well as a lens antenna array com 
prising a plurality of such lens antennas. 

What is claimed is: 
1. A lens antenna mounted on a mobile unit, Which is in 

a non-body of rotation form, and in Which, at a lens 
antenna-mounted position, the direction and magnitude of 
inclination and curvature of the surface of the mobile unit as 
Well as the direction and magnitude of inclination and 
curvature of a radiation-side surface of the lens antenna are 
Within 120%, and a focal-side surface of the lens antenna is 
formed With respect to the radiation-side surface in such a 
Way that the radiation-side surface and the focal-side surface 
have a quasi-optical con?guration as a lens antenna. 

2. The lens antenna of claim 1, Which is formed of a resin 
material or ceramics. 

3. The lens antenna of claim 1, Wherein a constituting 
material thereof has a speci?c dielectric constant of er=2 to 
12 in a frequency range used. 

4. The lens antenna of claim 1, Wherein a focal length 
thereof is 1/3 to 3 times as large as a maximum length of an 
aperture projection surface thereof. 

5. The lens antenna of claim 1, Wherein a junction of a 
surface of said mobile unit body and a surface of said lens 
antenna forms a continuous surface. 

6. The lens antenna of claim 1, Wherein at least the 
radiation-side surface thereof is colored. 

7. (Amended) The lens antenna of any one of claims 1 to 
6, Which is used in a frequency range of 30 to 300 GHZ. 

8. The lens antenna of any one of claims 1 to 7, Which has 
an antire?ection ?lm on the radiation-side surface thereof. 

9. The lens antenna of any one of claims 1 to 8, Wherein 
the aperture projection surface thereof is of an elliptical 
shape. 

10. The lens antenna of any one of claims 1 to 8, Wherein 
an auxiliary re?ector, an auxiliary lens or a radio prism is 
located on a Wave path betWeen the lens antenna and a 
primary radiator. 

11. The lens antenna of any one of claims 1 to 10, Wherein 
a plurality of lens antennas, each as recited in any one of 
claims 1 to 10, are integrally formed. 

* * * * * 
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