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Objective

To develop a focusing dielectric lens for an
H-plane waveguide horn antenna (X-band) in
order to produce a focusing beam at 1 meter

distance from the transmitting horn aperture. The
dielectric lens will produce a focused beam for

t

ne maximum received signal power gain for the

H-plane waveguide horn antenna
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Basic Lens Design Theory

Single surface refracting lens



Single-surtace retracting lens

Lenses are used as collimating element In
microwave antenna

Dielectric lens Is a delay lens, in which the wave
velocity Is retarded by the lens material

Contour of a single-surface refracting lens Is
determined using the principle of equality of
electrical path length (Fermat'’s principle)

The field over the plane surface can be made
everywhere in phase by shaping the lens so that
all paths from the source to the plane are of equal
electrical length
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Using the Fermat’s principle, we got the followieguation;”* — ~
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The above equation can be simplified to
n-1)F —
ncoséd -1

Through some algebraic manipulation, the equataonbe expressed in Cartesian
coordinate, as

xz(n2—1)+2F(n—])x+y2 =C
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Measurement of Complex
Permittivity of the LLens Material

Measurement technique
Measurement results

Technique of minimum reflection
Simulation of the measurement



Measurement technique

Material used: Black high-pressured polyethylene
Dielectric constant is not precisely known at X-thdrequency
Measurement is done by using transmission/refle¢fidR) method

Measurement apparatus: HP8530A Microwave Receife8517B
S-Parameter Test Set and X-band rectangular waveguid

HP8530A
ecei




Measurement results ...

Frequencies of minimum reflection
and maximum transmission are 9.44
and 11.48 GHz

Technigue of minimum reflection
permits quick determination of real
value of the permittivity of low-loss
material Wasw O
This technique will give several value _*
of dielectric constant and these values

will be used in the simulation to find

the correct one
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Magnitude of S11 and S12 over X-band frequency range



Technique of minimum reflection

NA,

The transmission is maximal and the reflection madifor L = —

with n is integer, L is the length of the specmaxmi/] Is the wavelength in the loaded

waveguide, defined as A

2
|:|r ( A j
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The value ofDr is extracted from these two équa:

2 2
= A2 (L}. (i} n L,
r 2L 2a

(Relative
permittivity)

0.64

Results from the calculation;

1.11

1.90

3.00
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Simulation of the measurement

The simulation is done to get the exact value efgérmittivity of the material

By using the value of dielectric constant thatakalated before and adjusting the

value of the loss tangent in the simulation, tlseiltecan be made the same as the
measurement result

Simulation results using dielectric constant 3.00 Ess tangent 0.008;

Magnitude of S11 and S12 over X-band frequency range
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Focusing Lens Design
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Proposed lens design

2 refracting, hyperbolic surfaces in
the H-plane +IE

First surface (inside the horn |
aperture) - phase correction
refracting surface to produce plan
wave front

Second surface - focusing
refracting surface to produce M
focusing beam at 1 meter distance

The lens is designed in the H-plan
and then is ‘swept’ in E-field
direction / \
The lens contours are calculated  Prose correction \ ’

. . . refracting surfoce \
using the equation from Basic Len e .
Design Theory surface

1,32

B7.9
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HESS

Phase correction lens simulation
Focusing lens simulation
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Phase correction lens simulation

The purpose of simulation is to - <\ -
optimize the proposed lens design T \ ~ .

Simulation of phase correction lens - ... | .
Is divided into 2 categories; far field o~ % -
simulation and field simulation B P N g
Far field simulation gives the far ’ >

field radiation pattern of the horn it
antenna and the phase correctionlens . . g

Field simulation will shows the H- o \ |
field distribution of the horn antenna |
and the lens

Simulations require proper selection
of boundaries, port along with o
Impedance and calibration line to get o
the accurate results -
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‘ Simulation results

= Far field radiation pattern for = Magnitude of H-field

the phase correction lens distribution for the phase
= Radiation pattern has a wide correction lens
main lobe = There is a focusing of H-field

In front of the horn aperture
Instead of plane wave front
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Lens Design Improvement

Both results show that the
lens does not produce
plane wave front

The thickness of the lens
need to be reduced to get
plane wave front

New thickness of the lens
IS given in the following
figure

.

Phaze carrection
refracting surface

873
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Simulation results for the new phase
correction lens

= The far field radiation pattern has a narrower naoe

= Plane wave front can be seen in front of the radjdtorn
aperture in the field simulation
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‘ Complete Focusing Lens Simulation

= Focusing lens is simulated using the same technmue f
the phase correction lens field simulation

= Simulation resul Legend

= | ine[Zlinebaru Mag H)

= 1,32

0 AN A

Fhose cortectlon
refracting surfoce \5
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Analysis of the Simulation Results

The focusing lens field simulation results does not
show a focusing beam at 1 m distance

The primary factor for the failure is the ratio
between the radiating apertufeand the
wavelength Is very smakl=(2.3- 3.5/

Focusing distance of 1 m is not realistic for this
horn antenna

New focusing distance of 10 cm is chosen to test
the antenna ability to produce a focusing beam
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Simulation of dielectric lens with focusing
distance of 10 cm

The new thickness of the
focusing lens for 10 cm
distance is given in the
following figure

The phase correction 2,25 12,43
refracting surface is the
same as before

57,7

Flhozse ﬁﬁjﬁ \\\ .

correctlan
trefrocting
surfoce

\rucuﬂﬂg refrocting
surfoce
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‘ Simulation result

= At 10 cm distance, there
IS no focusing of H-field

= Simulation indicates
higher concentration of H-
fleld at the focal axis

= Higher concentration will
Increase the power density
at the vicinity of focusing
point axis
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‘ Comparison of simulation result

= Magnitude of H-field
distribution of horn
antenna without the lens

= Field diverges after the
horn aperture

= No concentration of H-
field along the focusing
distance
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Testing and Measurement

Testing of horn antenna and dielectric lens
with 10 cm focusing distance
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Measurement of average received power at variable distance
from horn aperture to the receiving antenna

This measurement is to compare detance fiom
power received by the receiving e ey
antenna at variable distance when the

H-plane waveguide horn antenna is ]
fitted with focusing lens and without
the lens
Average received power along the
distance is higher when the horn L Measurement ofoverage power at vable disance

antenna is fitted with the focusing i
lens

At 10 cm distance, the difference (3.& .|
dB) is lower than 2, 4, 6, 8, 9 and 12
cm distance

Only able to confirm higher
concentration of H-field along the
aX|S 0 5 10 15 _ 20 2 30 3 4D
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power at 10 cm distance
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Measurement of average received power at fixed distance of 8,

10 and 12 cm from horn antenna but varies in the H-plane

distance from
transmitting antenna to
receiving antena (cm)

y o~
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o8
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4 4

=

Transm itting

antenna

Receiving
antenna

This configuration is to measure and compare tleeame received power
by the receiving antenna at fixed distance fromtthesmitting horn
aperture but varies at the H-plane

For example, the receiving antenna is situated &ini from the
transmitting antenna aperture then the receivingrama is moved
horizontally to the left and to the right with teame length
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Measurement results

The first graph shows that average L [
power concentration at 10 cm distance . '
with and without the lens N “\H |

The lens produces sharper beamwidth / 'xﬁ
average power compared to the horn : /
antenna without the lens

Measurements are also taken at 8 and - -~
cm distance from the horn aperture

The second graph shows the variation = *

average received power at 8,10and 12 =~ . [
cm distance when the horn antennais - F e
fitted with the focusing lens. : Iy i

8 cm distance measurement gives a : / / IR
sharper beamwidth than 10 cmand 12 = f P
cm distance result o AN

This result does show conclusively thel
IS no focusing of field at 10 cm distance




Conclusion

The focusing distance of 1 meter is not feasibte¢Hs H-
plane waveguide horn antenna

The antenna is also failed to produce a focusiragbat 10 cm
distance based on the simulation and measurengiritge

The results can only confirms higher concentratbH-field
at the focusing distance when the horn is fittetth the
focusing distance

The failure of the dielectric lens to produce ausing of H-
field at a certain focusing distance is due tosimall ratio of
the horn aperture with the wavelength

The aperture of a horn antenna needs to be mublerhtigan
the wavelength, if the horn antenna is to be usgudduce a

focusing beam
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End of Presentation

Thank you for your attention
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