
obtained. From the simulation and experimental results, it consid-
ered that the flare angle is a dominant factor for wideband match-
ing. In case of 120° flare angle, almost less than �10 dB matching
is observed for the wide frequency bands except for some slight
mismatch throughout entire bands.

The first resonant frequency is occurred at near 380 MHz,
which is attributable to radial stub mode formed by current distri-
bution on outer peripherals. It seems that the truncated or cutouts
effect degrades matching performance near the first resonant fre-
quency. As we can know in Figure 4, the proposed HSC antenna
shows better wideband matching performance than log-periodic
multiband performance of previous Sierpinski carpet antenna.

Figure 5 shows the radiation patterns of the HSC antennas
measured in anechoic chamber at several frequencies. Almost the
patterns shows omni directional but some shows directional prop-
erty. It is considered that several class of different sized cutouts
work like many different frequency selective loop radiators adding
more freedom for antenna design.

Since each annular sector has a reduction in the scale of
one-third, the fundamental resonant frequency triples as the itera-
tion number goes up. An important geometric feature compared
with classical Sierpinski carpet is a series of different sized cut-
outs. The measured gain of the HSC antenna is shown in Figure 6.

We obtained the gain of the HSC antennas: �0.1 � 0.5 dBi,
1.6 � 0.3 dBi, and 2.6 � 3.5 dBi, respectively. Especially, the
HSC-2 antenna shows almost flat gain of �0.3 dBi.

4. CONCLUSION

In this paper, a novel design of the printed HSC antenna is
presented. From the simulated and measured results, the microstrip
feeding and partial ground methods have been well functioned for
wideband impedance matching performance. All of these proposed
antennas have provided the return loss of less than �5 dB through-
out 1.2–20 GHz frequency band. Especially the HSC antenna with
120° flare angle shows almost �10 dB impedance matching
(1.8–20 GHz). We have also obtained the moderate antenna gain
of �3.5 to 6 dBi.
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ABSTRACT: In this letter, we present a technique that employs pho-
torefractive crystals for all-optical diode. We theoretically designed a
structure using two-pieces of photorefractive crystals, this special crys-
tals set show significantly potentials for applications in unidirectional
diffraction beams. © 2007 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 49: 1092–1095, 2007; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.22360

Key words: Optical diode; photorefractive capital; grating diffraction;
unidirectional diffraction beams

1. INTRODUCTION

The possibility of achieving anisotropic transmission through a
nonlinear device is not only novel and interesting, but also poten-
tially useful in the fields of optical isolation and all-optical pro-
cessing [1]. Such unidirectional action was demonstrated theoret-
ically in a set of photorefractive crystals, this structure is a spatially
nonreciprocal device that allows unidirectional diffraction of
beams. Although the parameters used therein were not exact in
reality, the preliminary model served the purpose of demonstrating
that all-optical diode behavior is possible.

2. THEORY OF GRATING DIFFRACTION

2.1. Diffraction of Two Input Beams at Bragg Conditions
We must know the diffraction characteristics of gratings in pho-
torefractive crystals. Following the coupled-wave analysis of Ko-
gelnik [2], Suppose used the lower intensities, this minimizes the
chance that the grating is further optically damaged during readout.
When in the process of readout, we obtained the following cou-
pled-wave equations [3]:

r�� z� � f� z�s� z� � 0

s�� z� � f *� z�r� z� � 0 (1)

Figure 6 Measured gain of the HSC monopole antenna. [Color figure
can be viewed in the online issue, which is available at www.
interscience.wiley.com]
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where f�z� � i exp�i�g��IR�z,T�IS�z,T��1/ 2 exp��i��z,T���.
We elect to readout at same frequency as at recording and the

readout beams were incident at the angle of recording angle, as
shown in Figure 1, we obtained

r� z� � N� z,T�� r�0� cosh�a�

� �2
�IR�0�Is�0��

1
2

�0

exp��i��0,T��s�0� � r�0�
	0

2�0
�sinh�a�� (2)

where N�z,T� � cosh��z sin��g��
i cot��g��1

2 , a � i�z exp�i�g�/2,
	0 � IS�0� � IR�0�,, �0 � IS�0� � IR�0�.

If two beams that satisfy the Bragg condition to be symmetri-
cally incident on grating, we can derive its diffraction intensities.
Taking r�0� � A exp�i�1� and s�0� � B exp�i�2� leads to dif-
fraction intensities

Dr � r� z�r*� z� � g�u � v � w� (3)

g �
1 � m0

e�k � m0e
k

u �
r�0�r*�0�

2 ��5

4
�

m0

�1 � m0�
2� cosh k � �3

4

�
m0

�1 � m0�
2� cos l �

1 � m0

1 � m0
sinh k�

v � 2 AB
m0

1/ 2

1 � m0
��1 � m0

1 � m0
�cosh k � cos l � � sinh�k��cos


� sin l sin
�
w �

s�0�s*�0�

2

4m0

�1 � m0�
2�cosh k � cos l �

where k � �z sin��g�, l � �z cos��g�, 
 � ��0,T� � �1

� �2.
In the simple case, 
 � �(0,T) � �1 � �2 and m0 � 1. It

indicated writing grating in crystal used equal writing intensities,

and then two beams r(0) and s(0) incident on grating subsequent,
we have [4]:

Dr �
r2�0�

2 �1 �
cos l

cosh k��r�0�s�0� tanh k �
s2�0�

2 �1 �
cos l

cosh k�
(4)

The beams coupled in crystal, so that changed intensities of one
beams will lead to changed intensities of the diffraction beams.
Suppose s(0) is a variable and Eq. (5) is a quadratic equation, then
for the special case �g � �/2, Eq. (4) has the character:

�r�0�s�0� tanh k�2 � 4
r2�0�

2 �1 �
cos l

cosh k�s2�0�

2 �1 �
cos l

cosh k� � 0

(5)

This indicated equation has minimal value zero. If the minimal
value in readout is met, the relationship of r(0) and s(0) must fit

r�0� �
ek � 1

ek � 1
s�0� (6)

So, we can change the intensities of Dr by adjusting the intensities
of s(0).

Under the same conditions, we similar derived the diffraction
intensities of other beams.

Ds � s� z�s*� z� �
s2�0�

2 �1 �
cos l

cosh k� � s�0�r�0� tanh k

�
r2�0�

2 �1 �
cos l

cosh k� (7)

2.2. Diffraction of Two Input Beams Come from the Opposite
Direction
For understanding the diffraction character of grating, we must
study writing grating forward and the readout beams come from
the opposite directions, as shown in Figure 2.

In these conditions, modify the coupled-wave equations
[Eq. (1)]

f� z� � i exp�i�g��IR�d � z,T�IS�d � z,T��1/ 2 exp��i��d � z,T���Figure 1 Configuration for the grating writing and readout

Figure 2 The direction of readout is opposition
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which has the solution

r� z� � N� z,T�� r�0�cosh�a�

� �2 exp��2i�g�
�IR�d�Is�d��

1
2

�0

exp��i��0,T��s�0� � r�0�
	0

2�0
�

� sinh�a��
N� z,T� � cosh���d � z� sin�g�

i cot�g�1

2 (8)

and have the same simplified diffraction intensities:

Dr �
r2�0�

2 �1 �
cos l

cosh k� � r�0�s�0� tanh k

�
s2�0�

2 �1 �
cos l

cosh k� (9)

Although the writing beams and readout beams are opposite
directions, If allows beams that satisfy the Bragg conditions, the
diffraction character of grating in both sides fit similar equations.

2.3. Numerical Analysis
We obtain the curves from Eqs. (5) and (8), taking �z � 10. In
Curve 1, s(0) � 1, where the diffraction intensities changed
depending on r(0); in Curve 2, r(0) � 1, where the diffraction
intensities changed depending on s(0).

Figure 3 shows that the intensities of Curve 1 have the minimal
value zero, because of the different direction of optic axis. We
have founded the diffraction character of grating in both sides to fit
similar equations. It can be said that the minimal value point
symmetrically between the two distributed sides. So the two curves
can prolong to the negative axis. In the forward direction (Fig. 1),
as the intensities of r(0) increase [s(0) fixed], the transmitted
intensities fall down first and then increase, but the other trans-
mitted intensities increase straight. So, here we can control the
intensities of one beam by the other beam by choosing the direc-
tion of optic axis.

If the two beams according with equation (7), symmetrically
incident on the grating on the reverse side, Figure 2 line 2 to 4,
because c axis turn around, the grating have the character of that
diffraction beams break over in one direction, cut-off in the other
direction. The shortcomings are here must have another fixed
beams and the ratio of beams intensities must precision.

2.4. Design Structure of Unidirectional Diffraction
Taking m0 � 1, �g � �/2, r(0) � 0, s(0) � 0, we consider the
intensities of diffraction and transmission beams. In this situation,

the ratio of intensities of two beams is
�

1 � �
; we founded that this

is just equal to the Eq. (7). It means where are other same writing
grating crystal, if the angle of diffraction beams and optic axis is
a blunt angle, the two beams symmetrically incident on the same
grating, the transmitted intensities of diffraction beams is zero.
Although we can increase the intensities of s(0), but the ratio of
two beams intensities is fixed, it determine by the character of
material, the transmission of diffraction beams is zero always.

Taking two pieces of crystal, neglect the layer between crystal
and boundary. The optic axis direction is opposite, the ratio of
writing intensities is 1, �g � �/2, the readout beams just like s (0)
show in Figure 4. The ratio of transmission and diffraction beams
intensities in readout keeping a fixed value, keeping the transmis-
sion of diffraction beams is zero if the grating of crystal 2 writes
in the equal intensities. Now thinking about the reading beams
come from the other side just like s (1) show in Figure 4, for the
diffraction efficiency independency of the direction of optic axis,

the ratio of two beams intensities is also
�

1 � �
, but here the angle

Figure 3 Calculated diffraction intensities of two beams
Figure 4 Configurations for two-piece of crystal

Figure 5 Experimental setup; M1, M2: mirrors; BS1: beam splitters; D1,
D2: detectors; R: reference light; S: signal light
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of diffraction beams and c axis compare with the forward direction
is reverse, so the intensities of diffraction beams increase in crystal

1, we can calculate the value, taking r �
ek � 1

ek � 1
s into equation

(8), obtain Ds � s2�0� tanh2 k, it is diffraction intensities of
opposite direction.

Diffraction beams of the structure have the unidirectional dif-
fraction character. Neglect the grating is optically damaged during
readout, k is stabilization, and so the diffraction and input inten-
sities are linearity proportion.

3. EXPERIMENTAL RESULTS

Figure 5 shows the experimental sketch of measuring the structure
that is described above.

Thickness of every piece of crystals is 2 mm; the optic axis
direction of two crystals are opposite; the crystals are same Fe:
LiNbO3; the polarization of beams is normal to the plane of incidence;
after writing grating, shut down the reference beams; we can adjust
the wave plate to change the intensities of readout beams; record the
intensities D1 and D2, and draw the curve using the recorded D1 and
D2 values as shown in Figure 6(b). Next, shut down the signal beams,
and by recording the intensities of reference and diffraction beams,
draw the curve as shown in Figure 6(a).

The figures show the asymmetry of diffraction of layered
lithium niobate, the shape of curve obtained is similar to that
obtained theoretically. For the coupling of beams in Crystal 1, the
ratio of writing intensities is not 1 in Crystal 2, the intensities of
transmission of diffraction beams are not zero. If writing in grating
on both sides use ratio of intensities of 1, it will improve the
results. There are further experiments to prove the diffraction
intensities that readout beams come from the opposite directions.

4. CONCLUSION

From the study of the diffraction beams of grating we have
founded the following: (1) The diffraction efficiency is indepen-
dent of optic axis; (2) Because of the different directions of optic
axis, it is determined that the diffraction intensities are different
when the two beams are incident on the grating; (3) When the
beams come from opposite directions, it fit to the similar equations
that described forward. So, it can achieve beams of unidirectional
diffraction. We reported it is possible that all-optical diode in two
pieces of photorefractive crystals. Unidirectional diffraction was
demonstrated theoretically, and experiment proved asymmetry dif-
fraction in one side.
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ABSTRACT: A meandering probe-fed circularly polarized stacked
patch antenna with truncated corners is studied. The antenna has a
wide 3-dB axial ratio bandwidth of 12%. It exhibits a stable radiation pat-
tern across the axial ratio bandwidth. The antenna has low cross polariza-
tion and high gain, which are �14 dB and 10 dBi, respectively. © 2007
Wiley Periodicals, Inc. Microwave Opt Technol Lett 49: 1095–1098, 2007;
Published online in Wiley InterScience (www.interscience.wiley.com).
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Key words: circularly polarization; wide axial ratio bandwidth; probe
feed; high gain

Figure 6 Experiment results
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