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Figure 7 Measured gain of the proposed UWB antenna with dual
band-notched function

gain decreases drastically at the notched frequency bands of 2.4
GHz and 5.8 GHz.

4. CONCLUSIONS

A compact UWB monopole antenna with dual band-notched
characteristics for WLAN has been designed and manufactured.
The dual band-notched characteristic at 2.4 GHz/5.8 GHz is
achieved by cutting a folded stripline slot along the boundary of
the radiation patch and by incorporating a pair of inverted-L-
shaped slot on the ground. The proposed antenna has the fre-
quency band from 2.2 GHz to 11 GHz for VSWR less than 2.0
with a rejection band in the frequency bands of 2.3-2.9 GHz
and 5.5-6.3 GHz. The proposed antenna having dual frequency
band-notched function and good electrical characters is promis-
ing for wireless communication applications.
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ABSTRACT: In this article, size reduction and harmonic suppression
in coupled-lines microstrip directional couplers is attained using
dumbbell, and reshaped dumbbell slots, as defected patterns, specifically
placed under the metering position in the ground plane. Quantitative
investigation of the performance of the directional coupler as controlled
by the variations of the DGS rectangular slots height, DGS gap length,
and the DGS reshaped rectangular slot height is presented. This concept
is further illustrated experimentally for a 12 dB coupler realized on RT/
Duroid 5880 substrate. The proposed DGS design confers size reduction
because of the shift of the operating frequency to lower values. The
measurements are in a good agreement with the simulated results and
emphasize the size reduction and the harmonics suppression of the DGS
coupled-lines microstrip directional coupler. © 2010 Wiley Periodicals,
Inc. Microwave Opt Technol Lett 52: 1933-1937, 2010; Published
online in Wiley InterScience (www.interscience.wiley.com). DOI
10.1002/mop.25410

Key words: microstrip directional coupler; dumbbell slots; metering
slots; defected ground structure

1. INTRODUCTION

Directional couplers with parallel microstrip coupled transmis-
sion lines are widely utilized for various radio frequencies (RF)
and microwave applications, because they can be easily imple-
mented with other devices and circuits. They have been applied
for microwave components such as dividers, combiners, attenua-
tors, phase shifters, balanced and double-balanced mixers, and
balanced amplifiers used in microwave systems such as beam
forming network and feed networks in antenna arrays, vector
network analyzers, spectrum analyzers, radar receivers, and
power level sensors. They have several advantages, such as
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Figure 1 Conventional microstrip directional coupler
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Figure 2 The simulated S-parameters for the conventional microstrip
directional coupler. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]

manufacturability, repeatability, and low-cost. The first direc-
tional coupler was reported in 1922 [1], and significant improve-
ments were made later [2, 3]. Numerous articles [4-9] explained
the theory and applications of the parallel coupled transmission
lines that have equal impedance terminations.

Microstrip directional couplers generally require quarter-
wave transmission lines measured at the design center fre-
quency, which leads to impractical dimensions in lower micro-
wave range applications like RFID system and the WiFi/
WiMAX RF applications that require lightweight, cost effective
and small size components. Conventionally, several methods to
reduce the size of individual transmission lines have been pro-
posed by researchers. Size reduction can be achieved by using
the folded line configurations [10]. The resultant circuit area
using such a method would be still large. Another method is
accomplished by adopting lumped element components, which
is suitable in MMIC application [11-14].

In this article, size reduction of microstrip coupled lines
using defected ground with dumbbell slots is used to yield size-
reduction for microstrip directional couplers. The defected
ground structures (DGS) are particularly added beneath the
matching points (metering positions) between the microstrip
coupled lines and the terminating transmission lines. Typically a
defected ground microstrip circuit is attained by etching in the
backside metallic ground plane [15-21]. These defections in
the ground layer disturb the current distribution in the ground
plane and increase the effective inductance and capacitance of
the microstrip line. The microstrip line with DGS pattern pro-
vides bandgap effect at certain frequencies [18-21]. Therefore,
the DGS is usually modeled by LC resonance circuit using
circuit analysis methods.
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Figure 3 The DGS directional coupler showing the rectangular slots
height (L;). [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]

In the following sections, the analysis for the effect of the
proposed DGS on the performance of the microstrip directional
coupler is presented. The effect of the rectangular dumbbell slot
heights, the slot separations, and the reshaped rectangular slot
height on the operating band shift for the microstrip directional
coupler is quantitatively investigated. These analysis are carried
out for a microstrip coupler with (—12 dB) coupling, design,
and realized on RT/Duroid 5880 (¢, = 2.2, h = 1.5748 mm) at
3 GHz operating frequency. As an example, one of the designed
DGS microstrip directional coupler has been realized, and then
its performance represented by the S-parameters were measured
and reported. The reduction in size and the harmonic suppres-
sion accomplished in the proposed DGS coupled line coupler
structure are described.

2. EFFECT OF THE COUPLED-LINES WITH DGS
PATTERN ON THE FREQUENCY SHIFT

First a microstrip directional coupler with (=12 dB) coupling
coefficient was designed on RT/Duroid 5880 (¢, = 2.2, h =
1.5748 mm) to operate at 3 GHz. The dimensions of this coupler
shown in Figure 1 are as follows: W, = 4.25 mm, S = 0.3 mm,
L. = 18.5 mm, and W, = 4.8 mm (corresponding to 50 Q termi-
nating port). This coupler was simulated using IE3D software
package and the results are shown in Figure 2. The coupler per-
formance at the operating frequency can be deduced as coupling
(S41) equal to (—12 dB) where the reflection (S;;) and isolation
(S31) are less than —30 db. The next harmonic for this coupler
is appeared to be close to 9 GHz.
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Figure 4 The frequency and bandwidth ratio (B) against the slot height (L)
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Figure 5 The simulated S-parameters for DGS microstrip directional
coupler when L; = 4.0 mm. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com]

Next, the effect of the DGS pattern location and dimensions
on the performance of the microstrip directional coupler will be
discussed. The effect of the DGS rectangular slot height, DGS
gap length, and DGS reshaped rectangular slot height on the
coupler performance will be outlined in the following
subsections.

2.1. DGS Rectangular Slot Heights Variations

By adding defected ground dumbbell slots under the parallel
coupled lines in the metering position of the above coupler as
shown in Figure 3, the performance of the coupler will be
affected and shifted to a lower frequency band. Carrying out the
design numerical simulations using different rectangular slot
heights (L;), it is observed that as the slot height (L) increases,
both of the resonance frequency and the bandwidth ratio (B) for
the DGS coupler decrease as represented in Figure 4. The reso-
nance frequency and the bandwidth ratio are calculated within
the ranges (S,; = —12 = 0.5 dB and S;,, S3; < —18 dB). The
resonance frequency of the DGS microstrip directional coupler
(1.5-2.5 GHz) is noticeably lower than that of the same size
conventional coupler (3 GHz). This indicates a remarkable size
reduction opportunity for the 12 db coupler.

Figure 5 depicts the performance of a same size directional
coupler with DGS dumbbell slots of dimension (4.8 mm x
4.0 mm) and L; = 4.0 mm. The DGS coupler shows even a bet-
ter performance with coupling coefficient (S4;) around —12 dB at
2.05 GHz and with reflection and isolation coefficients (S;; and
S31) less than —28 dB. The resonance frequency and the band-
width ratio (within S,; = —12 £ 1.0 dB and Sy, S3; < —20 dB)
are 2.1 GHz and 47%, respectively. Besides the size reduction
that can be accomplished using this DGS coupler, it also has a
remarkable harmonic suppression near the 9 GHz band.
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Frequency (GHz)
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Figure 6 The DGS directional coupler showing the slots separation
(Ly). [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com]

2.2. DGS Gap Length Variations

The effect of the gap-length (L,) on the frequency performance
of the above DGS directional coupler is investigated in this sec-
tion. The dumbbell slot dimensions are held constant (4.8 mm
X 4 mm), whereas the gap length (L) is varied as shown in
Figure 6. Figure 7 depicts the results of this investigation. As
the length of the gap between the upper and lower slots (L)
increases, the resonance frequency and the bandwidth ratio (B)
of the directional coupler decrease. The resonance frequency
and the bandwidth ratio calculations were measured within the
range of (S; = —12 = 0.5 dB and S, S3; < —18 dB). This
type of DGS microstrip coupler also achieves a good size
reduction.

The simulation results for DGS microstrip directional coupler
with slot dimensions (4.0 mm x 4.8 mm), L, = 8.8 mm, are
shown in Figure 8. It is clear that, the operating frequency of
the DGS coupler has moved to 2.1 GHz instead of 3 GHz,
which enables a good size reduction. The coupling coefficient
(S41) is nearly (—12 dB) at 2.1 GHz, whereas the reflection and
isolation coefficients (S;; and S5;) are less than (—28 dB). The
simulated directional coupler has harmonic suppression up to
10 GHz.

2.3. DGS Metering Reshaped Slot Height Variations

In this case, the defected ground slot is reshaped and brought to
be precisely under the matching position (metering section)
between the coupled transmission line and the terminating
(50 Q) lines as shown in Figure 9. The effect of varying the
length L, on the resonance frequency and the bandwidth ratio

B %

10

8.8 12.8 16.8 20.8
Gap Length (L) mm

Figure 7 The frequency and bandwidth ratio (B) against the gap length (Ly)
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Figure 8 The simulated S-parameters for DGS microstrip directional
coupler when Ly = 8.8 mm. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com]

(B) is shown in Figure 10. The resonance frequency and the
bandwidth ratio calculations were considered within the condi-
tion (S5, = —12 = 1.0 dB and S;y, S3; < —20 dB). This case
also, achieves a good size reduction for the microstrip direc-
tional coupler.

The simulation results for the reshaped DGS microstrip
directional coupler with L, = 3 mm, are shown in Figure 11.
The operating frequency of the reshaped DGS coupler has
moved to 2.25 GHz instead of 3 GHz, which enables a good
size reduction. The coupling coefficient (S41) is nearly (—12 dB)
at 2.25 GHz, whereas the reflection and isolation coefficients
(S11 and S3;) are less than (—30 dB). The reshaped DGS coupler
has harmonic suppression up to 10 GHz.

From the previous discussion, it can be concluded that size
reduction and harmonic suppression can be obtained using
dumbbell and reshaped dumbbell slots as defected patterns under
the metering position in the ground plane of a conventional
microstrip coupled-lines directional coupler. The performance of
the coupled lines and hence of the directional coupler is greatly
controlled by the variations of the rectangular DGS slots height,
DGS gap length, and DGS reshaped slot height. The resonance
frequency is moved to lower values, which achieves a noticeable
size reduction. For all investigated DGS scenarios, the micro-
strip directional coupler with DGS achieves improved harmonics
suppression too.

3. FABRICATION AND MEASUREMENTS

To illustrate the above concept and investigations of the effect of
the DGS on the microstrip directional coupler performance, the
configuration shown in Figure 9 was selected for further experi-

2.5

N 2375

u |

2 225 _ !

g ,12s \

@ ) \

2 2

o

1]

& 1.875 | _ |
1.75

01 2 3 4 56 7 8 910

Slot length(L,)

YL

Figure 9 The DGS directional coupler showing the reshaped rectangu-
lar slots height (L,). [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]

mental investigations. This (12 dB) coupler was realized on RT/
Duroid 5880 (¢, = 2.2, h = 1.5748 mm). The dimensions are W,
=425mm, S = 0.3 mm, L. = 18.5 mm, W, = 4.8 mm, and L,
= 3 mm, which are chosen as for the covenantal coupler operat-
ing at 3 GHz. The measured S-parameter for this reshaped DGS
coupler is shown in Figure 12. Within the range of (S,; = —12 *
1.0 dB and S;;, S3; < —20 dB), the resonance frequency is
shifted to 2.102 GHz, which enables the desired size reductions,
and the bandwidth ratio is 24.6%. The DGS microstrip coupler
achieves more than 30% size reduction and, at the same time,
attains a good harmonics-suppression up to beyond 10 GHz.

4. CONCLUSIONS

In this article, size reduction and harmonic suppression in
microstrip coupled-lines directional couplers is attained using
dumbbell and reshaped dumbbell slots as defected patterns, spe-
cifically, placed under the metering position in the ground plane.
The performance and the operating frequency of the coupled
lines and hence of the directional coupler is greatly controlled
by the variations of the DGS slots height, DGS gap length and
DGS reshaped slot height. This concept is illustrated by simula-
tion and experimental measurements of a realized (12 dB) cou-
pler on RT/Duroid 5880 (¢, = 2.2, h = 1.5748 mm). The real-
ized DGS microstrip directional coupler achieves a size
reduction, so the DGS coupler is less than 70% of the conven-
tional coupler. In addition, the defected ground coupler accom-
plishes a good harmonic suppression.
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Figure 10 The frequency and bandwidth ratio (B) against the reshaped rectangular slot height (L)
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Figure 11 The simulated S-parameters for the DGS microstrip direc-
tional coupler when L, = 3.0 mm. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]
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Figure 12 The Measured S-parameters for the DGS microstrip direc-
tional coupler when L, = 3.0 mm. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]
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ABSTRACT: The relations between conversion stabilities and photo-
excited electron-depletion effects have been experimentally evaluated in
a Zn-indiffused lithium niobate polarization converter, for the first time.
A simple method with a biased voltage and laser trimming was
performed to observe these phenomena. The results show that the stable
conversions for both polarities of applied polarization-conversion
voltages are achievable due to the depletion of photo-excited electrons
in the waveguides. © 2010 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 52: 1937-1941, 2010; Published online in Wiley
InterScience (www.interscience.wiley.com). DOI 10.1002/mop.25384

Key words: polarization converter, lithium niobate; photorefractive
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