
indicates that the good agreement between the predicted and
measured results is observed. The small discrepancies between the
two sets of data are mainly due to fabrication error and the finite
thickness of the embedded conductors that has not been included
in the electromagnetic simulation.

The return loss over the passband bandwidth is better than 18
dB. The structure reveals �1.2 dB loss in the passband. This kind
of filter can be used in a wireless transceiver system as a harmonic
suppression filter or a part of a duplexer.

5. CONCLUSION

In this paper, a method of using admittance inverters with standard
filter synthesis technique to design modified BPF with controllable
transmission zeros in stopband is described. Using the proposed
design approach, a novel compact LTCC filter with one transmission
zero located at higher stopband is demonstrated. It is shown by
simulation and measurement that this type of filter has the advantages
of compact size and good performance, which allows a higher inte-
gration leading to a further wireless module miniaturization.
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ABSTRACT: In this study, a coplanar waveguide-fed band-selective
filter and a spiral slot antenna have been designed, fabricated, and inte-
grated for the applications of multisystem integration. The antenna mod-
ule was fabricated on the same plane of the substrate, so that the circuit
process and the position alignment could be simplified. The passband
responses of the filter ranging below 2.6 GHz and from 5.0 to 6.0 GHz
cover most of the commercial wireless communication systems. Simu-
lated results are compared with measurements performed on the an-
tenna module. © 2006 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 48: 2264 –2267, 2006; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.21915

Key words: coplanar waveguide; band-selective filter; spiral slot

1. INTRODUCTION

Wireless communication systems attract a lot of attention for the
past decades in the world because of their advantages, including
convenience, low cost, and easy operation. For most of commer-

Figure 5 EM simulated and measured frequency responses of the LTCC
filter with one transmission zero located at higher stopband: (——) mea-
sured; (– – –) simulated

Figure 1 CPW band-selective filter. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]
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cial wireless communication systems, such as the CDMA (825–
894 MHz), GSM (890–960 MHz), GPS (1227.60 and 1575.42
MHz), DCS (1710–1880 MHz), Bluetooth (2400–2484 MHz),
WLAN (2400–2483.5 MHz, 5725–5825 MHz), and HIPERLAN

(5150–5350 MHz), etc., the used bandwidths distribute over be-
low 2.65 GHz and from 5 to 6 GHz. It will be a trend for users to
access multiple services and roam several networks by using a
single handset or communication device. To receive the signals of
the above systems and reduce the noise figure, a band-selective
antenna module can be a research topic. In Ref. 1, we have
demonstrated a microstrip band-selective antenna module by com-
bining a microstrip filter and microstrip-fed spiral slot antenna, a
broadband antenna. Recently, the coplanar waveguide (CPW)
structure has gradually replaced the microstrip-line technology in
the design of filters due to the merits such as insensitive to the
substrate thickness, high circuit density, low dispersion, and radi-
ation losses, ease in series and shunt connections, suitability to
photolithographic fabrication, and no via hole, etc [2–4].

In this study, a CPW band-selective antenna module has been
demonstrated. The CPW-fed wideband spiral slot antenna is inte-
grated with the filter to achieve a band-selective bandwidth. The

Figure 2 Schematic configuration of the band-selective antenna module. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 3 Comparison of the reflection coefficients of the filter

Figure 4 Comparison of the transmission coefficients of the filter Figure 5 Lumped-element equivalent-circuit model
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LC-equivalent model of the CPW band-selective filter is extracted
and calculated. According to the measured results, the antenna
module covers the specifications of the systems of GSM, GPS,
DCS, PHS, CDMA, Bluetooth, WLAN, Hiper-LAN, and ITS.

2. DESIGN

Figure 1 shows the configuration of the proposed CPW filter,
which is designed and fabricated on high-frequency FR-4 substrate
with dielectric constant of 4.4 and substrate thickness of 1.6 mm.
To reduce the filter size, two 1/4�g open stubs are used in the form
of bent or folded stub structure [5, 6], (�g was the guided wave-
length at 3.8 GHz, the center frequency of the forbidden band from
2.6 to 5.0 GHz). The frequency response of the filter is realized by
utilizing the combination of the band-stop filter (1/4�g open stubs)
and the low-pass filter (the bent stepped-impedance line). It was
noted that the bandwidth of the forbidden band was controlled by
the characteristic impedance of the 1/4�g open stubs. The tested
antenna module, including the broadband CPW-fed spiral slot
antenna and the CPW filter, is shown in Figure 2. The feeding
structure and the spiral radiator were designed on the top plane of
the substrate, so that fabrication of the circuit and position align-
ment could be simplified. The empirical formula shown in Eq. (1)
was used to determine the initial resonant frequency of the an-
tenna.

�L � 2�rmax , (1)

where �L is wavelength of the initial resonant frequency Fini and
rmax radius of the first outer slot.

A CPW matching transformer is added between the signal input
and the spiral slot antenna to obtain a better impedance matching
condition. It is known that a nonsymmetric CPW discontinuity of
the circuit, such as a bend, excites the parasitic coupled slotline
mode. This mode propagates at a different velocity from the
dominant even CPW mode and causes a leakage of radiation to
free space. Several air bridges were bond-wired across the feed-
line, so that a leakage of the surface wave could be suppressed.

3. RESULTS

In this study, the EM simulation tool, Ansoft Ensemble V8.0 and
the high-frequency circuit-simulation software Microwave Office

TABLE 1 Equivalent L–C Values from the Approximated L–C Values and Optimized L–C Values

C1 C2 C3 C4 C5 L1 L2 L3 L4

Approximated LC-values 0.20 pF 0.49 pF 0.28 pF 0.17 pF 0.25 pF 0.76 nH 0.17 nH 3.1 nH 1.5 nH
Optimized LC-values 0.50 pF 0.30 pF 0.053 pF 0.50 pF 0.21 pF 0.38 nH 0.096 nH 2.18 nH 2.04 nH

Figure 6 Comparison of the measured reflection coefficients of the
antenna and module

Figure 7 Measured radiation patterns of the band-selective antenna
module. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com]
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2002 were utilized to calculate the S parameters of the band-
selective filter. The S parameters of the proposed circuits in this
study were measured by using an Agilent E8362B PNA series
network analyzer. Figures 3 and 4 show a comparison of the
simulated and measured S parameters of the CPW band-selective
filter. The pass-band responses operated below 2.6 GHz and from
5.0 to 6.0 GHz. Figure 5 shows the LC-equivalent model of the
proposed filter. The values of the lumped elements are analyzed
and calculated by utilizing the transmission line model. Table 1
presents the equivalent lumped-element values from the approxi-
mate L–C values and optimized L–C values. Figure 6 shows the
comparison of the measured reflection coefficients of the CPW-fed
spiral slot antenna and one integrated with the CPW band-selective
filter. The antenna module covers the frequency bands of the
wireless communication systems and filters out the out-of-band
signals, so that the received noise can be suppressed and the noise
figure can be reduced. Figure 7 presents the measured radiation
patterns of the E and H planes of the slot antenna at 1.8, 2.4, 5.2,
and 5.8 GHz. The power intensity of the cross-polarization radi-
ations of the CPW-fed antennas was similar to one of the copo-
larization radiations. This phenomenon may be attributed to the
enhancement of the surface wave because of the CPW feeding
structure and the spiral radiation aperture of the antenna. The
irregular radiation patterns measured at 5.2 and 5.8 GHz showed
that the power leakage was due to a combination of the dominant,
traveling, and surface-wave modes. The measured antenna gain
was about 1.75 dB at 1.8 GHz.

4. CONCLUSION

In this study, a CPW-fed band-selective filter is demonstrated for
the use of the wideband spiral slot antenna. By placing the band-
selective filter between the wideband antenna and low noise am-
plifier, the out-of-band signals are rejected such that the noise
figure of the communication systems could be reduced. This de-
sign of the CPW antenna module can be useful for the monolithic
microwave integrated circuit.
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ABSTRACT: A distributed hybrid-fiber Raman amplifier with a 25-km
single-mode fiber and a section of nonlinear microstructured optical
fiber (NMOF) is proposed and experimentally investigated in detail.
Three pump schemes and span configurations, as well as two NMOF
types with different parameters and length were considered. The influ-
ence of the NMOF presence on the performance of the amplifier was
analyzed. © 2006 Wiley Periodicals, Inc. Microwave Opt Technol Lett
48: 2267–2271, 2006; Published online in Wiley InterScience (www.
interscience.wiley.com). DOI 10.1002/mop.21901

Key words: fiber Raman amplifiers; microstructured optical fiber
(MOF); photonic crystal fiber (PCF)

1. INTRODUCTION

Microstructured optical fibers (MOFs), also called photonic crystal
fibers (PCFs), have attracted considerable interest in recent years
due to their unique characteristics such as endlessly single-mode
property [1], highly effective nonlinearity [2], and controllable
dispersion property [3]. Such fibers consist of a pure silica core
surrounded by a regular array of longitudinal air holes and can be
designed to have effective mode area Aeff at least as small as 1.7
�m2 at 1550 nm [4]. Hence, they can provide an effective non-
linearity per unit length which can be an order or more higher than
that of a conventional fiber. The enhanced nonlinear properties of
MOFs can be exploited for Raman amplification [5–8]. A contin-
uous-wave pumped Raman laser [5], as well as an L�-band Raman
amplifier [6] in a PCF, have already been experimentally demon-

Figure 1 Experimental setup: (a) forward-pumped configuration, (b)
backward-pumped configuration, (c) bidirectional-pumped configuration,
(d) fiber configuration of the span, (e) and (f) is the transverse structure of
NMOF1 and NMOF2
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