mode conversion, because both 15 GHz and 9 GHz conditions
cannot be satisfied at the same time. The final design of the
mode converter is shown in Figure 2. Three dielectric rods are
located at the center of the waveguide. Two of these have r =
0.515 mm and the remainder have a half cross-section radius of
0.36 mm in order to decrease electromagnetic reflection. Nine
dielectric rods are placed from the center of the waveguide to
near the sidewall with increasing radius of the rods r and with
constant ¢ = 9.54 mm. Table 1 shows the relation between the
distance d and radius r. The S parameters between the input port
(Port 1) and output port (Port 2) are calculated using the HFSS
software by Ansoft and the results are shown as solid lines in
Figures 4(a) and 4(b). The electromagnetic waves pass through
as the TE;o mode for 7-11.2 GHz and are converted to the TE,
mode for 14.1-16.1 GHz under a condition of over 95% effi-
ciency. However, as the TE,; mode is not sufficiently small
under —15 dB, optimization of the design is necessary for
reduction of reflections. Although reflection as TE,, is not small
at high frequency, if a coaxial waveguide converter is used for
the introduction of electromagnetic waves to a waveguide, odd
mode may not have a strong influence on even symmetry
structure.

3. SIMPLE FABRICATION METHOD

For the fabrication of a mode converter, such as, the Type A
illustrated in Figure 5(a), it is necessary to locate the dielectric
rods in the waveguide without a gap at top and bottom. Such a
structure may be difficult to fabricate. As a solution, holes with
diameter 0.2 mm larger than the rods were fabricated at the top
of the waveguide and the dielectric rods were inserted [Type B,
Fig. 5(b)]. The S parameters were calculated using the HESS
software and the results are shown as dotted lines in Figures
4(a) and 4(b). The results for these different structural condi-
tions (solid lines and dotted lines) are almost same.

4. CONCLUSIONS

We have previously reported that single-mode propagation is
available for a metallic waveguide with dielectric rods arrayed
at the center of a waveguide using the TE;y mode and the TE,q
mode. However, a TE,j-like mode, which is propagated in the
second band, is an odd mode, and generation is not easy. In this
investigation, a mode converter is proposed, which passes
through the TE;y mode for the low frequency range and con-
verts TEy to the TE,y mode for the high frequency range by
small variation in the group velocity. It was shown that the elec-
tromagnetic waves pass through as the TE;y mode for 7-11.2
GHz and are converted to the TE,, mode for 14.1-16.1 GHz
under a condition of over 95% efficiency.

2mm; = 0.1mm
ML

T

metal walls metal walls

dielectric rod
(a)Type A

dielectric rod
(b)Type B

Figure 5 (a) Dielectric rod located in a waveguide without gaps at top
and bottom. (b) Dielectric rod inserted in a hole made at the top of the
waveguide with a diameter 0.2 mm larger than the diameter of the rod.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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ABSTRACT: A very small size planar two-strip monopole printed on a
thin (0.4 mm) FR4 substrate for 2.4/5.2/5.8 GHz triple-band WLAN
operation in the laptop computer is presented. With the aid of an
embedded chip inductor of 5.6 nH in the longer strip of the printed
monopole, a much reduced strip length for obtaining the resonant mode at
about 2.4 GHz is obtained, thereby leading to a much reduced size of the
antenna for the desired WLAN operation. When the antenna is mounted
along the top edge of the display ground, it shows a height of 9 mm and a
length of 6 mm only, which is about the smallest among the triple-band
WLAN laptop computer antennas that have been reported. Details of the
proposed antenna are described. Results of the fabricated prototype,
including the user’s hand effects on the antenna performances, are
presented. © 2009 Wiley Periodicals, Inc. Microwave Opt Technol Lett
52: 171-177, 2010; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/mop.24843

Key words: mobile antennas, internal laptop computer antennas;
printed monopoles; WLAN antennas; multiband antennas

1. INTRODUCTION

In the modern laptop computers, decreasing thickness and size
of the embedded internal antennas are demanded. This is mainly
owing to the increasing internal antennas for various communi-
cation systems required therein and the trend for the thinner pro-
file of the laptop computers. To meet the requirement, planar
printed antennas are found to be attractive, and some promising
designs for laptop computer applications have been reported
recently [1-5]. With the planar printed structure, the recently
reported promising laptop computer antennas capable of provid-
ing 2.4/5.2/5.8 GHz triple-band WLAN (wireless local area
network) operation mainly use the coupled-fed PIFA (planar
inverted-F antenna) or monopole elements [1—4]. The occupied
size of these printed WLAN antennas has been reduced to be as
small as 7 x 9 mm?> (with a 1.6-mm thick FR4 substrate) [2].
That is, with an antenna height of 9 mm, which is less than that
(about 10 mm) of the internal WWAN (wireless wide area

MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 52, No. 1, January 2010 171



/
’," 3 IIl ra \-‘\

& width = 0.3 T4 23, unit; mm .
Fs 6 1 ]
' 457 :
I" g "*-._-... Widﬂl e 0_3 ",I
: chip inductor, —{1 |
\ o 1 #[ 0.4-mm thick :
' 2 FR4 substrate y
. 50-Q mini coaxial line—| - antenna ground K

antenna mounted at the top edge of the display ground

photo of fabricated
antenna

Figure 1 Geometry of the proposed printed monopole antenna embedded with a chip inductor for 2.4/5.2/5.8 GHz triple-band WLAN operation in the
laptop computer. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com]

network) laptop computer antennas [6-9] and is suitable for
practical applications, the occupied length of the internal
WLAN antenna along the top edge of the display ground (see
Fig. 1) is 7 mm only. Such a small length is very attractive for
laptop computer applications.

In this article, we present another promising uniplanar
monopole antenna with a very small size of 6 x 9 mm? printed
on a thin (0.4 mm only) FR4 substrate for covering 2.4 GHz
(24002484 MHz) and 5.2/5.8 GHz (5150-5350/5725-5875
MHz) WLAN operation. Note that the antenna size of 6 x 9
mm? is smaller than that (7 x 9 mm?) in [2], which uses a thick
(1.6 mm) FR4 substrate. The proposed antenna is a simple two-
strip monopole, and the much reduced size of the antenna is
achieved by embedding a chip inductor in its longer strip of the
printed monopole. The embedded chip inductor contributes addi-
tional inductance to compensate for the increased capacitance
resulting from the decreased length of the radiating strip [10—
12]. Details of the proposed printed monopole antenna are
described, and results of the fabricated prototype are presented
and discussed.

In addition, effects of the user’s hand on the performances of
the proposed antenna are studied for the case of the laptop com-
puter equipped with the touch panel or touch display [13], which
is expected to become popular for future laptop computers. In
this case, as the user’s hand is considered as a very lossy mate-
rial [14-21], its effects on the radiation efficiency and radiation
patterns of the proposed antenna will be interesting and also
important for practical applications. Results obtained from the
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simulation model with the phantom hand provided by SPEAG
SEMCAD [22] are analyzed.

2. PROPOSED MONOPOLE FOR TRIPLE-BAND WLAN
OPERATION

Figure 1 shows the geometry of the proposed printed monopole
antenna embedded with a chip inductor for 2.4/5.2/5.8 GHz tri-
ple-band WLAN operation in the laptop computer. The photo of
the fabricated antenna printed on a 0.4-mm thick FR4 substrate
of relative permittivity 4.4 in the experiment is also given in the
figure. Note that when mounted along the top edge of the dis-
play ground of length 260 mm and width 200 mm (the antenna
ground electrically connected to the display ground at point C),
the antenna shows a height of 9 mm and a small length of 6
mm only. In the study, the antenna is mounted at the center of
the top edge of the display ground. For testing the antenna, a
50-Q mini coaxial line with its central conductor and outer
grounding sheath connected to point A and point B (separated
by a gap of 1 mm) is used in the experiment.

The radiating portion of the antenna is a simple two-strip
monopole. The shorter strip has a length of about 11 mm, which
is about 0.2 wavelength at about 5.5 GHz and can easily gener-
ate a wide resonant mode to cover WLAN operation in the 5.2/
5.8 GHz bands. The longer strip is embedded with a chip induc-
tor of 5.6 nH and has a total length of about 26 mm, which is
about 0.2 wavelength at about 2.4 GHz. Owing to the embedded
chip inductor, the resonant mode contributed by the longer strip
can be effectively shifted to lower frequencies by about 1 GHz,
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Figure 2 Measured and simulated return loss for the proposed
antenna. [Color figure can be viewed in the online issue, which is avail-
able at www.interscience.wiley.com]

from at about 3.4-2.4 GHz (results shown in Fig. 3 in Section
3). Note that the embedded chip inductor is effective in decreas-
ing the resonant frequency of the antenna’s lower band,
although the longer strip is meandered to achieve a much
smaller size of the antenna and the meandering usually results
in a decrease in the effective resonant length for a fixed physical
strip length, owing to the coupling between adjacent meandered
sections in the strip. With the proposed design, a wide resonant
mode contributed by the longer strip for covering WLAN opera-
tion in the 2.4 GHz band is obtained. Hence, with the shorter
strip and the chip-inductor-embedded longer strip, two wide
bands can be generated for the antenna to cover 2.4 GHz and
5.2/5.8 GHz WLAN operation. The proposed antenna was fabri-
cated and tested, and the results are presented in the next
section.

3. RESULTS AND DISCUSSION

The measured data of the fabricated prototype with the parame-
ters given in Figure 1 are presented in Figure 2. The simulated
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Frequency (MHz)
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Figure 3 Simulated return loss for the proposed antenna and the refer-
ence antenna (the corresponding design without the chip inductor).
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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Figure 4 Simulated return loss for the proposed antenna, the case
with the longer strip only, and the case with the shorter strip only.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

results obtained using the Ansoft HFSS (high frequency struc-
ture simulator) [23] are also shown, and good agreement
between the measured data and simulated results is obtained.
From the results, two operating bands at about 2.4 and 5.5 GHz
are generated, allowing the antenna to easily cover 2.4/5.2/5.5
GHz WLAN operation.

Figure 3 shows the simulated return loss for the proposed
antenna and the reference antenna (the proposed antenna without
the chip inductor as seen in the inset of the figure). It is clearly
seen that, owing to the embedded chip inductor, the antenna’s
lower band is shifted to lower frequencies, from about 3.4-2.4
GHz as stated in Section 2, to cover the 2.4 GHz band for
WLAN operation. For the antenna’s upper band, relatively small
effects on the obtained bandwidth are seen.

Effects of the two radiating strips of the proposed antenna
are analyzed in Figure 4. Results of the simulated return loss for
the proposed antenna, the case with the longer strip only, and
the case with the shorter strip only are presented. It is clear that
the antenna’s lower and upper bands are contributed by the lon-
ger and shorter strips, respectively. Figure 5 shows the effects of
varying the inductance of the embedded chip inductor on the
antenna performances. Results for the inductance L of the em-
bedded chip inductor varied from 4.7 to 6.8 nH are presented.
Results indicate that the lower band is shifted to lower frequen-
cies with increasing inductance L. This behavior is reasonable,
since a larger inductance can compensate for the larger
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——L=5.6nH
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40
2000 3000 4000 5000 6000
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Figure 5 Simulated return loss of the proposed antenna as a function
of the inductance L of the embedded chip inductor. [Color figure can be
viewed in the online issue, which is available at www.interscience.
wiley.com]
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Figure 6 Measured 2D and 3D radiation patterns at (a) 2442 MHz and (b) 5500 MHz for the proposed antenna. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com]

capacitance resulting from the longer strip with a smaller length
[10-12]. As for the upper band, again, the obtained bandwidths
are generally about the same.

Figure 6 plots the measured two-dimensional (2D) and three-
dimensional (3D) radiation patterns at 2442 and 5500 MHz for
the fabricated prototype. Monopole-like radiation patterns at the
two frequencies are obtained, and omnidirectional total-power
radiation in the x-y plane is generally seen, which is advanta-
geous for practical applications. Figure 7 shows the measured
antenna gain and radiation efficiency for the fabricated proto-
type. Over the 2.4 GHz band shown in Figure 7(a), the radiation
efficiency is about 62-80%, and the antenna gain is varied from
2.8 to 3.9 dBi. For the 5.2/5.8 GHz bands shown in Figure 7(b),
the radiation efficiency is about 60—74%, while the antenna gain
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is about 3.6—4.3 dBi. Results indicate that good radiation charac-
teristics are obtained for the proposed antenna.

The measured average antenna gain in the azimuthal plane of
the proposed antenna is also studied, which is demanded to be
better than the specification [2] given in Table 1 for practical
applications. The average antenna gain in the azimuthal plane is
defined as the average of the antenna gain over all of the ¢
angles. This specification is imposed such that there will be no
large dips or nulls in the antenna’s radiation patterns in the azi-
muthal plane to ensure good coverage in all directions of the az-
imuthal plane of the laptop computer. The measured results of
the average antenna gain for the proposed antenna are presented
in Table 1. Results for the condition including the power loss of
the long mini coaxial line (can be as long as about 70 cm)
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Figure 7 Measured antenna gain and radiation efficiency for the pro-
posed antenna. (a) The 2.4 GHz band. (b) The 5.2/5.8 GHz bands.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

connected to the internal antenna in the laptop computer are
also given in the table. The power loss of the 70-cm long
coaxial line is estimated to be —2 dB for frequencies over the
2.4 GHz band and —4 dB over the 5.2/5.8 GHz bands [2]. The
obtained results indicate that the average antenna gain of the
proposed antenna meets the specification for practical
applications.

Effects of the user’s hand in the proximity of the proposed
antenna are also studied. Figure 8 shows the simulation model

TABLE 1 Measured Average Antenna Gain in the Azimuthal
Plane of the Proposed Antenna

Proposed
Antenna
with 70-cm
Proposed Coaxial
Average Antenna Line Loss Specification

Antenna Gain (dBi) (dBi) (dBi) (dBi)
2.4 GHz band 2400 MHz 0.3 —-1.7 —4.0
2442 MHz 0.3 —-1.7 —4.0
2484 MHz 0.1 —-1.9 —4.0
5.2/5.8 GHz 5150 MHz 1.3 —-2.7 -5.0
bands 5350 MHz 1.3 2.7 -5.0
5500 MHz 1.3 2.7 -5.0
5725 MHz 1.3 —2.7 -5.0
5875 MHz 1.1 —-29 -5.0

The specification is the minimum average antenna gain required for
practical applications of the internal WLAN antenna in the laptop com-

puters [2].

DOI 10.1002/mop

MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 52, No. 1, January 2010

touch panel

Figure 8 Simulation model for the proposed antenna with the phan-
tom hand provided by SEMCAD-X [22]. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]

for the proposed antenna with the phantom hand provided by
SEMCAD-X [22]. The case of the user’s hand pointing at the
top edge of the touch panel (assume to be 8§ mm in thickness)
and just below the proposed antenna is studied; the user’s hand
at this position is expected to have the strongest effects on the
performances of the antenna. Figure 9 shows the simulated
return loss for the proposed antenna with and without the phan-
tom hand. It is interesting to note that the impedance matching
for frequencies over the antenna’s lower and upper bands is
almost not affected by the phantom hand in the close proximity.
However, from the simulated 3D radiation patterns at 2442 and
5500 MHz for the proposed antenna with and without the phan-
tom hand shown in Figure 10, some effects of the user’s hand
on the radiation patterns are seen. There are some distortions in
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Figure 9 Simulated return loss for the proposed antenna with and
without the phantom hand. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com]
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Figure 10 Simulated 3D radiation patterns at 2442 MHz and 5500 MHz for the proposed antenna with and without the phantom hand. [Color figure

can be viewed in the online issue, which is available at www.interscience.wiley.com]

the radiation patterns observed owing to the presence of the
user’s hand, especially at 5500 MHz. For the radiation effi-
ciency, a decrease of about 8% is seen at 2442 MHz, while that
at 5500 MHz is about 2% only.

4. CONCLUSIONS

A printed monopole comprising a simple shorter strip and a
chip-inductor-embedded longer strip, both together occupying a
very small size of 6 x 9 mm?, has been proposed for covering
2.4/5.2/5.8 GHz triple-band WLAN operation in the laptop
computer. The embedded chip inductor (5.6 nH) effectively
decreases the antenna’s lower mode by about 1 GHz (from
about 3.4-2.4 GHz), thus resulting in a much reduced size of
the antenna. Good radiation characteristics for frequencies over
the antenna’s lower and upper bands have been obtained. Effects
of the user’s hand in the close proximity of the proposed
antenna have also been analyzed. Results showed that the pres-
ence of the user’s hand can cause large distortions in the anten-
na’s radiation patterns and decrease the antenna’s radiation effi-
ciency by about 8% at 2442 MHz and about 2% at 5500 MHz.
That is, effects of the user’s hand on the antenna performances
cannot be ignored for the internal WLAN laptop computer
antennas.
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ABSTRACT: A simple microwave signal source is proposed by
connecting two single-longitudinal-mode erbium-doped distributed
Bragg reflector fiber lasers in series. For using same pump LD, mutual
injection locking of two fiber lasers is achieved. The two single-
longitudinal-mode lasers have 0.048 nm wavelength difference. By
beating the two wavelengths at a photodetector, stable microwave signal
at 6.17 GHz is achieved at room temperature. © 2009 Wiley
Periodicals, Inc. Microwave Opt Technol Lett 52: 177-179, 2010;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.24840

Key words: microwave signal; distributed Bragg reflector;
single-longitudinal-mode; mutual injection locking

1. INTRODUCTION

Recently, single-longitudinal-mode fiber laser attracted wide-
spread attention for its application in a variety of fields includ-
ing spectroscopy, resonant cavity frequency doubling, coherent
optics, and communication. Lots of researches were reported at
home and abroad [1, 2]. Based on a complex structured (equiva-
lent) phase-shifted FBG, dual-wavelength SLM lasing and
microwave signal (based on the two lasing wavelengths) can be
achieved [3, 4]. Some recent works [4, 5] have shown that sta-
ble dual-wavelength lasing at room temperature based on an
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Figure 1 The schematic configuration of the proposed microwave sig-
nal source

erbium-doped fiber (homogeneous gain medium) is possible.
However, it often requires some complex-structured phase-
shifted FBG (with an ultra-narrow transmission band), which is
difficult to fabricate and requires a very good writing system.

Fiber lasers are usually of multi-longitudinal-mode (MLM)
operation with mode hopping due to a long cavity and very nar-
row longitudinal mode spacing. A DBR fiber laser with a very
short linear cavity can achieve SLM lasing [6]. Chen et al. [7]
reported a dual-wavelength single-longitudinal-mode erbium-
doped fiber laser based on fiber Bragg grating pair which used
FBG pair instead of a superstructured phase-shifted FBG. In this
article, we report a microwave signal generation based on two
single-longitudinal-mode erbium-doped fiber lasers which have
0.048 nm wavelength difference. By beating the two wave-
lengths at a photodetector, stable microwave signal at 6.17 GHz
is achieved at room temperature.

2. EXPERIMENTAL SETUP AND RESULTS

The schematic configuration of the proposed microwave signal
source is shown in Figure 1. Two DBR fiber lasers with very
short linear cavity are used as SLM lasing. Laser 1 incorporates
two 1542.32 nm FBGs as the resonator mirrors with a section of
15 mm EDF as the gain medium. One of the two gratings is 11-
mm long and has a higher reflectivity of more than 99%; the
other grating is 5.8-mm long with a lower reflectivity of around
90%. In Laser 2, two 1542.37 nm gratings are linked by 15 mm
EDF. The length of one grating is 10-mm long with a higher
reflectivity of more than 99%, while the other grating is 6-mm
long with a lower reflectivity of around 90%.
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Figure 2 The optical spectrum of the two connecting lasers
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