
that of normal bile samples and the increased level of bicarbonate
ions and bile salts.

The results of the case study have shown a great correlation
between the laboratory results and bile diagnosis using micro-
waves.

6. CONCLUSION

The microwave characterization of the bile samples is done using
cavity perturbation technique. The cavity perturbation technique is
quick, simple, and accurate and it requires very low volume of
sample for measuring the dielectric properties of tissue samples
and biological fluids. It is observed that in the specified band of
frequencies, there is an appreciable change in the dielectric prop-
erties of patient samples with the normal healthy samples. These
results prove an alternative in-vitro method of detecting bile ab-
normalities based on the measurement of the dielectric properties
of bile samples using microwaves without surgical procedure.
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ABSTRACT: A promising compact ceramic chip antenna capable of
generating two wide operating bands at about 900 and 2000 MHz for
covering GSM850/900/1800/1900/UMTS WWAN (wireless wide area
network) operation is presented. The antenna comprises a ceramic chip
base of high relative permittivity 40 and small volume 2.5 � 5 � 40
mm3 (0.5 cm3) and a simple metal pattern embedded therein. The metal
pattern is of an asymmetric T-shape with two different simple radiating
arms; no meandering in the metal pattern is used, which is different
from the meandered-type metal pattern used in conventional chip anten-
nas. Without meandering in the metal pattern, the possible large cou-
pling between the adjacent portions in the metal pattern can be avoided.

TABLE 2 Variation of Constituents in Normal Healthy Bile
Samples and Cholestatic Jaundice Samples

Sample
Cholesterol

(mg/dl)
Bile Pigments

(mg/dl)
Bicarbonate Ions

(mg/dl)
Bile Salts
(mg/dL)

bN-1 170-195 50-95 28-40 32-66
bN-2 168-205 45-88 32-45 40-60
bN-3 160-185 69-78 40-56 25-45
bN-4 155-180 65-85 38-54 30-58
bCJ-1 412-440 242-322 322-373 129-135
bCJ-2 423-461 205-292 307-327 114-127
bCJ-3 440-476 244-273 346-360 122-140
bCJ-4 413-455 269-292 356-377 130-138

Figure 3 Variation of dielectric constant in normal healthy bile samples
and cholestatic jaundice samples

Figure 4 Variation of conductivities in normal bile and cholestatic
jaundice samples
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Large operating bandwidths are hence promising to be achieved. Also,
without meandering in the metal pattern, the proposed chip antenna can
still occupy a small volume for WWAN operation. The small volume
allows it easy for the proposed antenna to incorporate the possible elec-
tronic elements such as the speaker and the lens of the embedded cam-
era at the top portion of the system circuit board of the mobile phone to
achieve a compact integration. Details of the proposed ceramic chip
antenna are presented and studied. © 2008 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 51: 103–110, 2009; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
24020

Key words: ceramic chip antennas; internal mobile phone antennas;
WWAN antennas; penta-band operation

1. INTRODUCTION

It has been a demanding requirement for achieving a more com-
pact internal antenna for WWAN operation in the mobile phone.
Moreover, multiband operation, usually penta-band operation to
cover GSM850/900 (824-894/890-960 MHz) in the antenna’s
lower band and GSM1800/1900/UMTS (1710-1880/1850-1990/
1920-2170 MHz) in the antenna’s upper band is demanded for the
employed internal antenna in the mobile phone. To meet the
requirements, the ceramic chip antenna can be a promising choice,
owing to its high relative permittivity of the ceramic chip base that
can result in a large decrease in the required antenna volume for a
fixed operating frequency [1–7]. However, there are very few or no
reported ceramic chip antennas that are suitable to operate as an
internal antenna and also capable of GSM850/900/1800/1900/
UMTS penta-band WWAN operation in the mobile phone. This is
largely because it is not an easy task to achieve two wide operating
bands at about 900 and 2000 MHz to cover GSM850/900 and
GSM1800/1900/UMTS operation when the antenna volume is
greatly decreased.

In this article, we present a promising WWAN ceramic chip
antenna for internal mobile phone antenna application. Different
from the conventional ceramic chip antenna that usually uses a
meandered-type metal pattern embedded in the ceramic chip to
achieve a much decreased antenna volume, a simple asymmetric
T-shape metal pattern with two radiating arms of different lengths
for controlling the two desired wide operating bands at about 900
and 2000 MHz is applied. The meandering in the metal pattern is
avoided in the proposed antenna, which reduces the possible
coupling between two adjacent portions in the metal pattern; in this
case, wide operating bandwidths for GSM850/900/1800/1900/
UMTS operation are found to be easily achieved for the ceramic
chip antenna. At the same time, much decreased antenna volume
(2.5 � 5 � 40 mm3 or 0.5 cm3 only) can still be obtained with the
use of the high-permittivity ceramic chip base (�r � 40) for the
proposed antenna.

The proposed antenna is suitable to be surface-mounted per-
pendicularly at the top no-ground portion of the system circuit
board of the mobile phone. In this case, the antenna shows a low
profile of 5 mm only on the system circuit board, which can find
applications in thin mobile phones [8, 9]. Details of the proposed
ceramic chip antenna are described in the article, and results of the
fabricated prototype are presented and discussed. In addition,
owing to the compact volume of the proposed antenna, it is
promising for it to incorporate the associated electronic elements
such as the speaker [10, 11] and the lens of the embedded camera
[12, 13] to achieve a compact integration in the mobile phone.
Characteristics of the proposed ceramic chip antenna incorporating
the speaker and the lens of the embedded camera are also studied.

2. PROPOSED WWAN CERAMIC CHIP ANTENNA

Figure 1(a) shows the geometry of the proposed ceramic chip
antenna for WWAN operation in the mobile phone. The antenna is
enclosed by a 1-mm thick plastic housing (relative permittivity 3.0
and loss tangent 0.02), which is treated as the housing of the
practical mobile phones. The antenna is fabricated using LTCC
(low temperature cofire ceramic) [1, 2] technology and occupy a
volume of 2.5 � 5 � 40 mm3. The antenna is surface-mounted at
the top edge of the no-ground portion (size 10 � 40 mm2) of the
system circuit board of the mobile phone with its metal pattern
perpendicular to the circuit board. Note that a 0.8-mm thick FR4
substrate (relative permittivity 4.4 and loss tangent 0.0245) of size
40 � 110 mm2 is used as the system circuit board in this study. On
the back side of the circuit board, there is a printed ground plane
(size 40 � 100 mm2) considered as the system ground plane of the
mobile phone, leaving a no-ground portion of size 10 � 40 mm2

at the top of the circuit board. A 50-� microstrip line printed on
the system circuit board is used for testing the antenna in the study.
The microstrip line is extended through the no-ground portion to
the soldering point at point B. Inside the no-ground portion, there
leaves an unoccupied space of 7.5 � 40 mm2 between the chip
antenna and the system ground plane, which can be utilized to
accommodate the possible electronic elements such as the speaker
and the lens of embedded camera (see Fig. 9). Detailed results of
the antenna incorporating the speaker and the lens of the embedded
camera will be presented and discussed in Figure 10 in the next
section.

The antenna mainly comprises a high-permittivity ceramic chip
base (relative permittivity 40 and loss tangent 0.002) and an
asymmetric T-shape metal pattern embedded therein. Detailed
dimensions of the metal pattern inside the ceramic chip are shown
in Figure 1(b). The T-shape metal pattern can be divided into three
parts: a central strip, a longer arm (Arm 1), and a shorter arm (Arm
2). Both Arm 1 and Arm 2 have a widened open-end portion,
which can lead to a more uniform excited surface current distri-
bution at the open end and is helpful for achieving enhanced
impedance matching over the desired operating bands [14]. The

Figure 1 (a) Geometry of the proposed ceramic chip antenna for
WWAN operation in the mobile phone. (b) Dimensions of the metal pattern
inside the ceramic chip. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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central strip is bent into a simple inverted-L shape to increase the
effective resonant paths for the antenna. There are two major
resonant paths controlled by Arm 1 and Arm 2. The longer path
has a length of about 46 mm (starting from point A to the open-end
of Arm 1) and supports the quarter-wavelength mode at about 900
MHz and a higher-order mode at about 2100 MHz. The shorter
path has a length of about 36 mm (starting from point A at the top
edge of the system ground plane to the open-end of Arm 2) and
generates a quarter-wavelength mode at about 1800 MHz. Note
that the high permittivity of the ceramic chip base used in the
proposed antenna decreases the required resonant length for the
desired quarter-wavelength modes. The excited quarter-wave-
length mode of the longer path at about 900 MHz covers GSM850/
900 operation, whe reas the higher-order mode of the longer path
at about 2100 MHz incorporating the quarter-wavelength mode of
the shorter path at about 1800 MHz form a wide operating band to
cover GSM1800/1900/UMTS operation.

Also note that by adjusting the lengths (a and b) of the widened
open-end portions of Arms 1 and 2, their corresponding excited
resonant modes can be controlled. Further, the lengths a and b can
control the two modes generated by Arms 1 and 2 to cover
GSM1800/1900/UMTS operation, with the quarter-wavelength
mode of the longer path at about 900 MHz very slightly affected.
This makes it easy to fine-adjust the desired resonant modes for the
antenna’s lower and upper bands in practical applications. Detailed
effects of the lengths a and b on the antenna performance are
discussed in Figure 4in Section 3.

3. RESULTS AND DISCUSSION

The proposed ceramic chip antenna with dimensions given in
Figure 1 was constructed and tested. Figure 2 shows the measured
and simulated return loss for the constructed prototype. The sim-
ulated results are obtained using Ansoft HFSS [15], and an agree-
ment between the measurement and simulation is observed. With
the definition of 3:1 VSWR (6-dB return loss), which is generally
used for internal mobile phone antenna design, the lower band at
about 900 MHz controlled by Arm 1 shows an impedance band-
width of 142 MHz (822–964 MHz), allowing the antenna to cover
GSM850/900 operation. The upper band centered at about 2000
MHz controlled by both Arm 1 and Arm 2 shows an impedance
bandwidth of 750 MHz (1662–2412 MHz), covering GSM1800/
1900/UMTS operation. That is, the proposed antenna can cover
GSM850/900/1800/1900/UMTS penta-band WWAN operation.

Figure 3 shows the simulated excited surface current distribu-

Figure 2 Measured and simulated return loss for the antenna. [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]

Figure 3 Simulated excited surface current distributions at 900, 1800,
and 2100 MHz for the proposed antenna. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]

Figure 4 Simulated return loss as a function of (a) the length a of the
widened end portion of arm 1 and (b) the length b for the widened end
portion of arm 2. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]
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tions at 900, 1800, and 2100 MHz for the proposed antenna. At
900 MHz, it is clearly seen that the longer path controlled by Arm
1 dominates the excitation; that is, the antenna’s lower band is
indeed supported by the longer path or Arm 1. At 1800 MHz, it
shows that the shorter path controlled by Arm 2 dominates the first
mode in the antenna’s upper band. While at 2100 MHz, the longer
path again dominates the excitation; that is, the second mode in the

antenna’s upper band is a higher-order mode generated by the
longer path. These excited surface current distributions agree with
the discussion in Section 2 for the resonant modes excited for the
proposed antenna.

Figure 4 shows the simulated return loss as a function of the
lengths a and b of the widened end portions of Arm 1 and Arm 2.
Results for the length a varied from 10 to 14 mm are presented in

Figure 5 Measured radiation pattern for the proposed antenna. (a) 859 MHz, (b) 925 MHz. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]
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Figure 4(a); other dimensions are the same as given in Figure 1.
Results indicate that when the length a is decreased, the quarter-
wavelength mode of the longer path at about 900 MHz is very
slightly affected, whe reas the higher-order mode of the longer
path (the second mode in the upper band) at about 2100 MHz is
shifted toward lower frequencies. This is mainly because the
effective resonant path for the quarter-wavelength mode of the
longer path is about the same for some small variations in the

length a. However, the higher-order mode of the longer path is
more sensitive to the variations in the length a (also see the
comparison of the surface current distributions at 900 and 2100
MHz), and hence relatively larger shifting for the higher-order
mode of the longer path is observed. Figure 4(b) shows the results
for the length b varied from 9.5 to 11.5 mm. When the length b is
decreased, the quarter-wavelength mode of the shorter path (the
first mode in the upper band) at about 1800 MHz is shifted toward

Figure 6 Measured radiation pattern for the proposed antenna. (a) 1795 MHz, (b) 1920 MHz. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]
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lower frequencies. That is because the effective resonant path is
lengthened by the decrease in the length b. As for the resonant
modes at about 900 and 2100 MHz controlled by the longer path,
they are very slightly affected. This behavior also agrees with the
discussions in Figure 3.

Radiation characteristics of the constructed prototype are also
studied. Figure 5 plots the measured radiation patterns at 859 and
925 MHz, the central frequencies of the GSM850 and the GSM900
bands. Monopole-like radiation patterns are observed, which is
similar to those of the conventional internal mobile phone antennas
for GSM operation. Figure 6 plots the measured radiation patterns
at 1795 and 1920 MHz, and those at 2045 MHz are plotted in
Figure 7. The frequencies shown in Figures 6 and 7 are the central
frequencies of the GSM1800, GSM1900, and UMTS bands. Sim-
ilar radiation patterns compared with those of the conventional
internal mobile phone antennas operated at the corresponding
frequencies are also observed. Figure 8 shows the measured an-
tenna gain and the simulated radiation efficiency of the constructed
prototype. Over the GSM850/900 band shown in Figure 8(a), the
antenna gain is varied from about �0.5 to 1.8 dBi, and the
radiation efficiency is varied from about 74% to 90%. Over the
GSM1800/1900/UMTS band shown in Figure 8(b), the antenna
gain ranges from about 3.7 to 5.1 dBi, and the radiation efficiency
is about 63% to 96%. The obtained antenna gain and radiation
efficiency are acceptable for practical applications in the mobile
phone for WWAN operation.

Figure 9 shows the configuration of the proposed antenna
incorporating the possible electronic elements in the mobile phone.
A large portion of the lens of the embedded camera is mounted on
the front side of the top no-ground portion of the system circuit
board, whe reas the speaker partially shielded by the system
ground plane is mounted on the back side of the no-ground portion
of the circuit board. The simulation model of the speaker is the
same as that used in [11] and that for the lens of the embedded
camera is shown in Figure 10. The lens can be decomposed into a
plastic part for the housing, lid, and holder and a glass part for the

Figure 7 Measured radiation pattern for the proposed antenna at 2045 MHz. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

   

Figure 8 Measured antenna gain and simulated radiation efficiency for
the proposed antenna. (a) GSM850/900 band. (b) GSM1800/1900/UMTS
band. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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lens itself; the relative permittivity and loss tangent of the plastic
and glass parts are given in the figure. Figure 11 shows the
comparison of the simulated return loss of the proposed antenna
with and without the speaker and the lens of the embedded camera.
Very small effects on the return loss are seen when the speaker and
the lens of the embedded camera are incorporated with the pro-

posed antenna. Figure 12 shows the comparison of the simulated
radiation efficiency of the proposed antenna with and without the
speaker and the lens of the embedded camera. A decrease in the
radiation efficiency is seen. However, the radiation efficiency of

Figure 9 Configuration of the proposed antenna incorporating the
speaker and the lens of the embedded camera. [Color figure can be viewed
in the online issue, which is available at www.interscience.wiley.com]

Materials εr tanδ

Plastic (housing, lid, holder) 3.0 0.02 

Glass (lens) 2.5 0.002 

Simulation model 

Figure 10 Simulation model of the lens of the embedded camera. [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]

Figure 11 Simulated return loss of the proposed antenna with and
without the speaker and the lens of the embedded camera. [Color figure can
be viewed in the online issue, which is available at www.interscience.
wiley.com]

Figure 12 Simulated radiation efficiency of the proposed antenna with
and without the speaker and the lens of the embedded camera. (a)
GSM850/900 band. (b) GSM1800/1900/UMTS band. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.
com]
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the proposed antenna incorporating the speaker and the lens of the
embedded camera is still larger than 60% over the desired oper-
ating bands, which is promising for practical applications for
WWAN operation in the mobile phone.

4. CONCLUSION

A WWAN ceramic chip antenna suitable for mobile phone appli-
cations has been proposed and studied. The proposed ceramic chip
antenna, although occupying a small volume of 2.5 � 5 � 40 mm3

(0.5 cm3) only, can provide two wide operating bands at about 900
and 2000 MHz for covering GSM850/900 and GSM1800/1900/
UMTS operation, respectively. By using a high-permittivity ce-
ramic chip base (�r � 40) in this study, the occupied volume of the
antenna can be greatly reduced. In this case, the use of a simple
asymmetric T-shape metal pattern embedded inside the ceramic
chip base can result in wide operating bands obtained for WWAN
operation for the proposed antenna. For frequencies over the
operating bands, good radiation characteristics have also been
observed. In addition, the proposed antenna is very suitable to
integrate with the associated electronic elements like the speaker
and the lens of the embedded camera in the mobile phone, and
good radiation efficiency of larger than 60% can still be obtained
for the proposed antenna.
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ABSTRACT: A multiwavelength source incorporating a semiconductor
optical amplifier (SOA) and a erbium-doped fiber amplifier (EDFA) in a
ring-cavity configuration was demonstrated. The multiwavelength source
was able to generate more than 13 channels at �27 dBm and above at
a SOA bias current of 300 mA and 980-nm pump power of 92 mW. The
number of wavelengths generated can be controlled by adjusting the
birefringence of the ring cavity using the polarization controllers. The
proposed laser has constant channel spacing of 0.8 nm, which is suit-
able for communication and sensing applications, and shows stable op-
eration at room temperature. © 2008 Wiley Periodicals, Inc. Microwave
Opt Technol Lett 51: 110–113, 2009; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.23970

Key words: multiwavelength fiber laser; semiconductor optical ampli-
fier; ring cavity; loop mirror

1. INTRODUCTION

Multiwavelength fiber laser sources have recently attracted many
interests because of their potential applications in optical compo-
nent testing, optical fiber sensor networks, and dense wavelength
division multiplexing (DWDM) transmission systems [1]. There
are many methods available to generate a multiwavelength source;
one method is the use of a super-continuum multiwavelength
source that is generated by injecting a high repetition rate mode-
locked optical pulse into a nonlinear fiber [2, 3]. This, however,
requires a complicated configuration with expensive mode-locking
device, which is not cost effective. The multiwavelength comb
output can also be achieved by utilizing the comb filter in an
erbium-doped fiber (EDF) laser at liquid nitrogen temperatures [4,
5]. Unfortunately, because of the homogeneous broadening mech-
anism of the EDF gain medium, it is difficult to obtain the
simultaneous operation of closely spaced multiwavelengths in the
EDF laser at room temperature, thus making this method unsuit-
able for practical applications.

Alternatively, a multiwavelength comb source can be generated
using an inhomogeneous gain medium such as semiconductor
optical amplifier (SOA) which is capable to effectively suppress
the mode competition [6]. However, SOA possesses relatively
large insertion loss and high sensitivity to polarization. In this
article, a multiwavelength fiber ring laser is demonstrated by
incorporating a erbium-doped fiber amplifier (EDFA) into the
SOA-based ring laser. The EDFA is used to increase and flatten
the gain in the cavity and, as a result, a stable simultaneous
multiwavelength laser operation at room temperature can be
achieved. Two 3-dB couplers and polarization-maintaining fiber
are used to form an interference comb filter, which functions to
slice an amplified spontaneous emission (ASE) into multiple
wavelengths.
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