
Figure 3(b), the power difference varies significantly when the

distance D1 is larger than 1000 m

In the traditional OTDR test, the numerical filtration of the

signal from the noise is used to reduce the influence of the noise.

The basic idea of this approach is that the noise is randomly dis-

tributed, and the average value of the noise component contained

in the signal is zero. As a result, after many times’ repetition of

measurement process, the noise is automatically eliminated by

averaging [8]. It can be shown that after the N times repeated

measurements the signal to noise ratio (SNR) obtained by this

signal processing is [8]:

SNR ¼
1
2
SarsP0T0vge

�2ax

PNEP

N
ffiffiffiffi

N
p (6)

Here, PNEP is the equivalent receiver noise, and N is the

number of measurement repetitions. The other parameters are

the same as Eq. (1). In this coherent system, besides the noise

in Eq. (6), the SNR degradation caused by phase noise must be

considered. In this case, Eq. (6) is rewritten as:

SNR ¼
1
2
SarsP0T0vge

�2ax

P/ þ PNEP

N
ffiffiffiffi

N
p (7)

PU is the equivalent phase noise. Because real time operation is

required in intrusion detection system, the signal averaging measure-

ment in traditional OTDR is inapplicable. From Eq. (7), we know

SNR can be improved by a wider pulse. Although the greater the

pulse width the lower the positioning resolution is. When the optical

pulse width is reduced to 125 ns, as demonstrated in Figure 3, the

intrusion position L¼ 1 m is difficult to detect due to SNR reduction.

The positioning error is demonstrated in Figure 4, when the

optical pulse width is 250 ns. The positions L of disturbance are

1 m, 1008, 1084, 4392, and 6420 m, respectively. The measured

positioning errors are less than 625 m.

4. CONCLUSIONS

We have experimentally demonstrated an optical sensor system

based on nonbalanced Mach-Zehnder interferometer and OTDR.

The 625 m positioning resolution is demonstrated through ex-

perimental setup over an 8.8-km sensing fiber. A much longer

sensing fiber is also applicable because OTDR can measure fiber

of lengths up to �200 km. Although the positioning resolution

is difficult to improve due to SNR limitation when operating in

a real time processing.
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ABSTRACT: A method for simultaneously enhancing the bandwidth

and reducing the size of microstrip antennas (MSAs) using a modified
ground plane (GP) has been proposed with design formulas. A comb-

shaped truncated GP is used for this purpose. This method provides an
overall compactness up to 85% for proximity-coupled MSAs in the
frequency range of 900 MHz–5.5 GHz with an improvement in

Figure 3 Power difference between intrusion and no intrusion when

pulse width is125 ns. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]

Figure 4 The positioning error in 1, 1008, 1084, 4392, and 6420 m

with pulse width of 250 ns. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]
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bandwidth up to seven times when compared with the conventional ones.
VC 2010 Wiley Periodicals, Inc. Microwave Opt Technol Lett 52:2748–

2753, 2010; View this article online at wileyonlinelibrary.com. DOI

10.1002/mop.25592

Key words: compact; microstrip antennas; modified ground plane; wide
band; genetic algorithm

1. INTRODUCTION

There is an increase in demand for compact wideband antennas

with improved performance for wireless communication applica-

tions. Microstrip antennas (MSAs) are widely used for this pur-

pose because of their planar structure, low profile, light weight,

moderate efficiency, and ease of integration with active devices.

Almost all the important wireless applications lie in the band

starting from 900 MHz to 5.5 GHz, which includes the GSM

(880–960), GPS (1568–1592 MHz), DCS (1710–1880 MHz),

and PCS (1850–1990 MHz), UMTS (1920–2170 MHz), IEEE

802.11 b/g (2400–2484), and WLAN IEEE 802.11a bands (5.15–

5.35 GHz, 5.725–5.825 GHz). However, MSAs with normal

ground plane (GP) offer narrow operating bandwidth [1]. Various

techniques have been proposed by researchers to improve the

compactness, bandwidth, gain, etc. of MSAs [2–10] by meander-

ing or truncating the patch edges, adding parasitic patches, cutting

slots on the radiating patch, using shorting pins, etc.

Very few works have been reported in the literature about

the design of antennas to improve the compactness, bandwidth,

radiation performance, etc. together without modifying the shape

of the antenna.

In this article, a novel design technique that can be used to

design compact and wideband antennas with a good radiation

performance over various frequency bands within 900 MHz–5.8

GHz has been presented. Both regular- and arbitrary-shaped

antennas can be designed with the help of a modified GP

(MGP), which has a rectangular ring with a double-sided comb

structure. The ring structure with the strips helps in bringing

down the resonant frequency and increase the bandwidth. Based

on the study design, formulae have been obtained to find the

dimensions of the MGP and a square patch for any frequency

lying in the aforementioned band. These formulae can be

extended for any regular-shaped patch. A detailed study has

been done on the MGP for various strip lengths, widths, spac-

ing, etc. Some of the antennas were fabricated and tested experi-

mentally, which proves the validity of the design. HFSS and

IE3D simulation softwares have been used for analysis.

2. ANTENNA CONFIGURATION

The proposed GP, the proximity-coupled antenna configuration,

and the cross-sectional view along the feed are shown in Figure 1.

Figure 1 (a) Proposed double-sided comb structure on the ground plane. (b) Top view of the antenna with proximity coupling. (c) Cross-sectional

view of the antenna

Figure 2 Return loss curves of the patch on the proposed GP with

and without strips

DOI 10.1002/mop MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 52, No. 12, December 2010 2749



The MGP has a double-sided comb-like structure on the sides of

a rectangular ring structure. The overall dimensions of the MGP

are d3 � d3 mm2. The inter strip spacing is d2 mm, and the

width of the strip is d1 mm. The strip length and ring length are

d mm. The ring width is also d3 mm. The width of the feed is

w1 ¼ 3 mm, and its length d4 is fixed as d3/2, i.e., half the

length of the MGP. The ring has a uniform width of d5 ¼ 1mm.

The patch and the feed line are fabricated on a substrate of er
¼4.4 and height h1 ¼ h2 ¼ 1.6 mm. The dimension of the top

patch is d6 � d6 mm2.

3. ANTENNA DESIGN AND ANALYSIS

The comb-shaped MGP acts like a frequency shifter and lowers

the resonant frequency of the proximity-coupled MSA. The

MGPs dimension can be calculated by the designer depending

on the frequency of operation. Figure 2 shows the return loss

(RL) of a patch antenna of size 16 � 16 mm2 on a normal GP

and MGP of size (d3 � d3) 30 � 30 mm2. It is evident from the

figure that the antenna with MGP is resonating at 2.32 GHz

compared with 4.4 GHz for a normal GP. It is interesting to

note that the antenna with MGP is offering a bandwidth of 19%.

An attempt has been made to understand the shift in frequency

from 4.4 to 2.32 GHz with this proposed geometry that occupies

the same volume. The proposed antenna is analyzed with the

rectangular ring GP with and without strips. The RL curves of

the aforementioned combinations are plotted in Figure 3. From

the figure, it can be seen that the ring GP without strips brings
Figure 4 (a) Frequency vs. strip width for lesser number of strips. (b)

Frequency vs. strip width for larger number of strips

Figure 3 Return loss curves of 16 � 16 mm2 patch on normal GP and

MGP of size 30 � 30 mm2

Figure 5 (a) Effect of various GP sizes on resonance. (b) Effect of

asymmetric strips on resonance. (c) Effect of taper on resonance
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down the resonance from 4.4 to 3.75 GHz. With the addition of

strips, the resonance frequency further decreases. When the strip

width is 0.15 mm, the frequency comes down to an extreme

minimum of 2.32 GHz as shown in Figure 3 with the band from

2.1 to 2.57 GHz, i.e., 19% impedance bandwidth. The strips act

as frequency shifters.

Variations of resonant frequency with various strip widths

and spacing on the MGP are shown in Figures 4(a) and 4(b). It

can be seen for a strip width of 0.15 mm (which is a reasonable

size for fabrication) and 40 strips the resonant frequency of a

rectangular patch can be brought down to a lowest of 2.32 GHz

from 4.4 GHz. As the number of strips decreases, the frequency

of resonance increases as shown in Figure 4(a). As the number

of strips increases beyond 40, the variation of frequency with

strip width is highly oscillatory. The traditional rectangular

MSA for 2.4-GHz band requires a patch dimension of 29.5 �
29.5 mm2 on a normal GP of 50 � 50 mm2. The corresponding

patch dimensions required for the same band were 16 � 16

mm2 on the proposed MGP of 30 � 30 mm2. This shows a

reduction of 64% in the total area occupied by the patch com-

pared with the conventional antenna. The BW increased to 19%

when compared with 3% for the antenna on the normal GP.

The effect of varying MGP sizes, asymmetric strips, and

tapered strips was also studied. The results are shown in Figure

5. From Figure 5(a), it can be seen that if MGP size increases

the resonant frequency decreases. However, it is also noted that

the antenna performance is considerably influenced by the MGP

dimension. This means that there is an optimum MGP for better

radiation performance. Figure 5(b) gives an idea on the perform-

ance of the antenna when the strips on both sides of the rectan-

gular ring are asymmetric. Figure 5(c) indicates that the tapering

of the comb also changes the resonant frequency of the system.

It is found that an asymmetry of the comb increases the resonant

frequency. However, for a symmetric comb, the RL characteris-

tic is almost identical to a nontapered comb structure. It can be

observed that the resonance frequency lowers as the asymmetry

increases but the bandwidth decreases. The maximum bandwidth

occurs only when the strips are of same length. From the above

observations, the strips were assumed to be of equal length with-

out any asymmetry or taper. From exhaustive simulation and ex-

perimental studies, the following design equations were

obtained.

d3 ¼ Aþ a0:e
�b0 :f þ c0:e

�d0:f ;

where A ¼ �0.3932; a0 ¼ 67.1313; b0 ¼ 1.6406; c0 ¼ 43.0567;

and d0 ¼ 0.4370 and

d6 ¼ Bþ a1:e
�b1 :f þ c1:e

�d1:f ;

where B ¼ 7.7866; a1 ¼ 152.4821; b1 ¼ 2.5975; c1 ¼ 68.8644;

and d1 ¼ 0.5101.

Table 1 shows the comparison between the antenna dimen-

sions computed using the equation and the actual dimensions of

the antenna. From the table, it can be seen that the % compact-

ness increases with frequency and the % bandwidth initially

increases, has a peak at 1.8 GHz and then decreases, but still

the results are far better than the traditionally designed ones

operating in the aforementioned ranges.

4. RESULTS AND DISCUSSION

The comparisons of simulated and experimental RL curves of

the traditionally designed antenna and the compact antenna for

1.8 and 2.4 GHz are shown in Figures 6 and 7, respectively.

A frequency of 1.8 GHz requires a patch dimension of 39 �

TABLE 1 Antenna Dimensions d3 and d6 (Actual and Using Equations), Bandwidth, and Compactness

Sl. No. f (GHz) d6 (mm) (Actual) d6 (mm) Using Eq. (2) d3 (mm) (Actual) d3 (mm) Using Eq. (1) % BW % Compactness

1 0.90 44 44 66 66 19 56

2 1.45 29 28.7 45 44.2 20 59

3 1.80 23 22.7 36 36.7 25 64

4 2.31 16.4 16.9 30 29.5 19 69

5 3.7 8 8.3 18 18.2 15 80

6 4.4 5.7 6 15 15.1 10 82

7 4.9 4.8 4.7 13.5 13.4 8 85

Figure 6 Comparison of RL curves for normal and proposed at

1.8 GHz

Figure 7 Comparison of RL curves for normal and proposed at

2.4 GHz
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39 mm2 on a normal ground of size 60 � 60 mm2 and has a

BW of 4%. The same resonant frequency can be obtained by a

patch size of 22 � 22 mm2 on the proposed MGP of size 36 �
36 mm2 (68% reduction in area) with a BW of 25% (simulation)

and 30% (experiment). A similar improvement in bandwidth of

about 19% (simulation) and 33% (experiment) with a reduction

in area of 70% can be observed in Figure 7 for 2.4 GHz. The

Figure 8 (a) Geometry of a wide dual-band genetic antenna. (b) Compar-

ison of RL curves for a dual genetic antenna on normal and proposed GP

Figure 9 Radiation patterns for MSA designed for 2.4 GHz

Figure 10 (a) Radiation patterns for the MSA designed for 1.8 GHz. (b) Radiation patterns for the genetic dual-band MSA at 1.8 and 2.4 GHz
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performances of the antenna with other geometries are validated

using experiment and simulation. One such example is high-

lighted in the next paragraph.

A dual-frequency antenna designed using GA with a normal

GP (50 � 50 mm2) had a patch size of 36 � 36 mm2. The

antenna patch geometry is shown in Figure 8(a). The bandwidths

of the antenna in the first two bands are 2 and 2.6%. However,

it is worthwhile to note that the dimension of the antenna (with

same geometry) required to provide the same resonance bands

with MGP is only 21 � 21 mm2. In this case, the bandwidth

was increased to 15 and 10% in the two bands. This has been

demonstrated in Figure 8(b). Figure 9 shows the measured radia-

tion pattern of the proposed antenna at 2.4 GHz. The XZ and

YZ copatterns are almost omnidirectional. The radiation patterns

of the antenna designed for 1.8 GHz and the dual-band genetic

antenna are shown in Figures 10(a) and 10(b).

The difference between the measured and the theoretical RLs

in the Figures 6–8 is due to the slight reduction in dimensions

while fabricating the antennas. Even slight reductions or aberra-

tions in the dimensions tend to reduce the resonant frequency as

shown in Figure 4b. It can be seen from the figures that even

though the resonant frequencies are reduced the bands are still

maintained. The proposed antennas are compact and have a

wider bandwidth compared with antennas reported in the litera-

ture [1–14]. The efficiencies of the antennas designed were

measured using the Wheeler Cap method. The antenna effi-

ciency of an antenna designed for 2.4-GHz operating frequency

is shown in Figure 11.

5. CONCLUSION

A new method to design compact MSAs by modifying the GP

has been proposed. This method is suitable for antennas with reg-

ular and arbitrary geometries. The presented design offers added

advantage of increased bandwidth along with a compact structure.
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ABSTRACT: A novel optical switching technique based on two
symmetrically coupled semiconductor optical amplifiers operating in

reverse-bias mode is proposed and experimentally demonstrated. The
device produces both noninverted and inverted hysteresis behavior with
switching speed in MHz range. However, switch performance can be

improved by implementing this technique in a photonic integrated
circuit. VC 2010 Wiley Periodicals, Inc. Microwave Opt Technol Lett

52:2753–2759, 2010; View this article online at wileyonlinelibrary.com.
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1. INTRODUCTION

Optical switching based on the fast nonlinear behavior of semi-

conductor optical amplifiers (SOA) has drawn a great deal of

Figure 11 Measured antenna efficiency of the antenna designed for

2.4 GHz
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