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| 1. Background and Motivations I

Recently using different material as the antenna substrate
to enhance efficiency and manipulate directivity has been
widely studied. However, some limitations still exist, such
as bulky for microwave applications, not easy to realize and
so on. In order to surpass these, the motivations are:

e Which kind of property does the substrate
need to possess in order to achieve high effi-
ciency and directivity? — Reflection Phase.

e Which structure can make it easy to realize
and not too complicated for application? —
Employ Metamaterial.

‘ 2. The Role of Anomalous Refection Phase I
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Origin of xyz: A point source
Region 0: Vacuum
Region 1: Metamaterial

Region 1 Region 2: Vacuum
Region 2 ~
Employ Green’s Function to calculate E field in Region O:
B(7,w) = iwpoPyGoo(F, 0;w) - (2.1)

iIn which & is the polarized direction of point source, F; is the

intensity of point source and CHJOO(F, 0; w) is Green’s Function
in Region O (explicit form is in [1]).

2.1 Y-Polarization (& = v)
E field in the H-plane (y=0):
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in which RIE = Eﬁ'/Eﬁ” and RIM = Hﬁ”/Hﬁ” From

Eqg.(2.2) it is obvious that radiation pattern depends on both
reflection amplitude || and reflection phase .

By, 2 w) & [1 4 RTE(EH)} (2.2)

For convenience we assume R has the form |R|e'?, then

(@) lf R7E =1, j.e. |R| = 1,0 = 0, E has maxi-
mum value (PMC-like);

(b)If RTE = —1, jie. |R| = 1,¢ = 7, E has mini-
mum value (PEC-like).
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2.2 Z-Polarization (o = 2)
@) lf R”T™ =1, je. |R| = 1,0 = 0, H has maxi-
mum value (PEC-like);
(b) If RTM = _1, je. |R| =1,¢ = x, H has mini-
mum value (PMC-like).
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Summary: If Reflection Phase provided by the
substrate strongly depends on the £;,., then it can
achieve our goal — Directional Emission.

‘ 3. Realizations I

3.1 Y-Polarization — Employ Quasi-crystal[2].
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FIG. 4. (a) E- and H-plane radiation patterns of a dipole antenna (8 mm) put
above the center of the QF plane at frequency of 7.29 GHz, obtained by
experiments (symbols) and FDTD simulations (lines). (b) Measured power
enhancement of the radiation compared to that of a dipole in free space. 6
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Two dips exsit in the Return Loss spectra.
Straightforward, reflection phases are dif-
ferent at these two frequencies!
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The second resonance is just what we have
expected! J

‘ 4. Conclusions |

e Green Function predicts the existence of high efficiency and
directional emission of antenna radiations if the substrate pos-
sesses specific reflection phase.

e Two samples, namely Quasi-crystal and Cross structure, testify
our theory from both FDTD and experiment.

e Understanding the origin of this anomalous reflection phase is
required.
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