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thsiract— In this paper, a novel planar hybrid multiband antenna formed by a loop-type antenna, o monopole slot
antenma, and a coupled planar monopole antenna for the mobile phone is proposed. The loop-type anfenna comprises
a driven monopole and a coupled strip that printed on the other side of the substrate and short-cirenited o the
ground. The 055 and 10k mode of the loop-type antenna are excited. Therefore, the .55 mode of the loop-type
antenna Torms a wide bandwidth of 326 MHz to cover the GSVIESO00 operation amd the (.25 mode of the monopale
slot antenna, the L0 mode of the loop-type antenna, and the 0.25; mode of the coupled monopole antenna provide a
wide bandwidth of 1181 MUz o cover the GPS/DCSPCSUMTSWLANZAWIMAX operation. Finally, the L5
mode of the conpled monopole antenna forms a wide bandwidth to cover the WLANS.2 operation. Morcover, the
hybrid antenna occupies o compact area of 165 % 45 mm’ and it has good radiation characteristics over the operating
brands,

Kevwords- mobite .nfmm.' aifeniay: mnfithand aptennas; plonar wostopele aureiies; T L (R T mmarstaife slos
antemmis; hyhrid anfemaes.

[, PNTRODUCTION casy fabrication compared with the 3-13 PIFA, Also,

With the prowth ol wircless COTMITTCalions,
mobile handsets that can provide multiband operation
hawe heen atractive, To achicve it several teehnigues
have heen proposed, such as Planae Inverted-I
Antennas { FEAY [1-3]. planar manopale antennas [4].
(5], loop-type antennas [6-8], and monapole slol
antenmas [9-11] The planar moenopole antenna has

the loop-type and the monapole slot (open-cnd slot)
antenna show an alirctive leature of exciting smaller
surface currents on the system ground plune of the
mahile phone eompared with the PTEA [ 121 which has
unbalaneed structure, Thus, dumension yvarsions ol
the svstem ground plane and wvser's hand and head
leaed simaller effects on the antenna perfonmances
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In this letter, we propose such a simple printed
multiband hybrid antenna that consists of one loop-
type antenna, one monopole slot antenna, and one
planar monopole antenna. Therefore, by using of
hybrid of three different antenna types, it is capable of
multiband (nine-band) operation covering the Global
System for Mobile communication: GSMB50 or
AMPS (824-894 MHz), GSM90D (#90-960 MHz),
Dyigital Communication System; DCS (1710-1880
MUz), Persenal Communication Service: PCS or

FSMI1900  (1850-1990 MHZ), and Universal —==e==simulated

Telecommunication  System:  UMTS {1920-2170 I s 8 e -
MHz) for Wireless Wide Arca Network (WWAN) ¥ . Gilz

operation and the Global Position System: GPS

(157542 MHz) operation and the 2.4 GHz and the 5.2 Fig. 2. Measured and simulated return losses of the
GHz bands (2400-2484 MHz, 5100-5900 MHz) for proposed antenni.

Wireless Local Area Network (WLAN) operation and

the 2.5 GHz band (2500-2690 MHz ) for Worldwide £
interoperability for Microwave Access (WiMAX) 5
operation [13]. In -addition, the antenna occupies a Gk o el sty T . RED ety
compact area of 16.5 x 45 mm° only. Detailed design 1of- 4/~ - ik i e R e e

considerations of the hybrid antenna and the
experimental resulls of the constructed prototype arc
presented and discussed.
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Fig. 3. Comparison of simulated return loss for the case
with monopole slot only, the case with monopole slot
and loop-type only, and the proposed hybrid antenna.

. ANTENNA CONFIGURATION

The configuration of the proposed planar hybrid
antenna printed on the top portion of the ground plane
of the system circuit board is shown in Fig. 1(a) and
the experimental photo of it is shown in Fig. 1(b). In
this study the circuit board is fabricated by using a
cheap 1-mm-thick FR4 substrate (£~ 4.4), The system
ground plane having an area of 103.5%45 mm’ is
printed on the back side of the FR4 substrate.

The loop-type structure of the hybrid antenna is
formed by a driven monopole antenna {monopale 1)
that is connected to a 500 microstrip feedline and a
coupled strip that is printed on the back side of the
substrate, One of the ends of the coupled strip {point
¢} is electromagnetically coupled to the monopole 1
and in the other end is short-circuited to the ground
(point ). Therefore, the coupled strip 1s capacitively
excited by the monopole 1 and a loop-type structure is
created with the total length of (from point @ 10 o)

(b) 109-mm and the (L5L loop resonant mode at about
Fig. 1. (a) Geometry and, (b) Experimental photo of the 860 MHz and the 1.0k loop resonant mode at about
proposed planar antenna (unit: mm, 2380 MHz are excited.
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The length of the monopole slot antenna that is
fed by 50€2 microstrip feedline is 29-mm (about 0.1 7A
in free space at 1740 MHz) which can provide a 0.25)
resomant mode [14] at about 1740 MHz, Also notice
that decreasing of the resonance length is due to the
presence of FR4 substrate. Finally, the coupled planar
monopole (monopole 2) is printed on the back side of
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the substrate and short-circuited 1o the ground plane at
point e, The length of it which is excited through the
capacitive coupling by the monopole | is l6-mm
(from point e to £) that can generate a (.254 resonant
mode at about 2660 MHz and a (L5 résonant mode at
about 4830 MHz,
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Fig.4. Simulated excited surface curtents at () 860 MHz (lop view] , (b} 1740 MHz (botwom view), (e} 2380 MHz (top
view), (d) 2660 MHz (bottom view), and (¢} 4830 MHz (hottom view,
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Fig. 5. Stmuluated retuen loss a5 o funetion of (u} the coupled strip
length £, of the loop- type, (h) the monopole slot length L, and
(¢} the coupled monopole 2 length L, Other dimensions are the
same a5 studied in Fig, 2.

1. RESULTS AND DISCUSSION

A prototype based on the design dimensions given
in Fig. 1 was constructed and tested. Fig. 2 shows the
measured and simulated return loss of it The
simulated results are obtained using HFESS [15], and
good agreement between them can be observed. For
the first band, the impedance bandwidth that is
defined by 3.1 VSWR (6-dB return loss, note that the
3:1 VSWR bandwidth definition is generally accepted
for practical applications [2]) reaches 326 MHz (762-
|88 MHz), suitable for GSMES0/900 operation and
for the second band, it 1s 1181 MHz (1542-2723

MHz) and easily covers GPS/DOS/PCS/UMTS/
WLAN2 4WiMAX and for the third band, it is 1473
MHz (4527-6000 MHz). In addition, the impedance
matching for frequencies over the GPS, the WLAN,
and the WiMAX is better than 8-dB return loss,

A comparison of simulated return loss of the
proposed hybrid antenna, the case with monopole slot
anly, and the case with monopole slot and loop-type
only is shown in Fig. 3. In the first case, the 0.254
mode of monopole slot antenna is excited. In the
second case, the 0254 and the 0.54 mode of the
monopole slot (at 1740 and 3710 MHz, respectively).
the 0.5% and the 1.0k mode of the loop-type (at 850
and 1950 MHz, respectively), and the 0.254 mode of
the monopole | (at 2350 MHz) are excited. Notice
that the monopole | has about 30-mm of length (from
point « to b} and in this case, it alone can provide a
(.25% resonant mode at about 2350 MHz Therefore,
without the monopole 2, the antenna easily covers
GSMESO00/GPS/DCS/PCS/UMTS and with  fine
tuning may bhe covered WIMAX3.S (3400-3600
MHz}.

When maonopole 2 is added. not only two
additional resonant modes at about 2660 and
4830MHz are generated, but also the 1.0k mode of the
loop-type is shifted to upper frequency and excited at
about 2380 MHz This shifting to upper frequency is
because of decreasing of the resonance effective
length of loop-type. In addition, the 0.5k mode of
monopole slot antenna isn't excited.

To study the excited resonant modes at 860, 1740,
2380, 2660, and 4830 MHz, Fig. 4 shows their
simulated excited surface currents. In Fig. 4(a), it is
seen that for the 0,50 mode of loop-type antenna,
there is one current null along the loop structure, Fig.
4(b) clearly indicates that the 0.254 mode of the
monopole slot antenna has been excited. In Fig. 4(¢),
it is observed that for the 1.04 mode of the loop-type
antenna, there are two current nulls along the loop
structure, Fig. 4(d) and 4{e) show that the 0.25) and
the .54 modes of the monopole 2 are excited at ahout
2660 and 4830 MHz, respectively,

Effects of the coupled strip length L., are studied
in Fig, 5(a}. The results indicate that, by increasing L.,
the resonant modes of the loop-type antenna (i.e. (L5
at B60 MHz and LO% at 2380 MHz) because of
increasing of resonance effective length  are
decreased. Effects of the monopole slot on the
performances are studied in Fig. 5(b). As expected,
with an increase in the length L., the resonant mode of
the monopole slot antenna (i.e. 0.25% at 1740 MHz) 15
shifted to lower frequencies and the other resonant
frequencies are almost not affected. For the effects of
the length of monopole 2 L, the results are shown in
Fig. 5(c). In this case, with an increase in the length
Ly the resonant modes of the monopole 2 (i.e. 0.254
at 2660 MHz and 0.54 at 4830 MHz) are shifted (o
lower frequencies and small variations in the other
resonant modes are seen. These results (Fig. 5 (a). (b)
and (e)) clearly confirm the presented discussion in
section 11,
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Fig. 6. Simulated retum loss as s funetion of the ground plane

length (£,1, Other dimensions are the same as studied in Fig, 2.

Effects of the ground length L, on the return loss
are also analyzed and shown in Fig, 6. It is observed
that with decreasing in L., the lower band is degraded
that is due to unbalanced resonance of 0.54 mode in
the loop-tvpe antenna. As for the upper bands, smaller
effects of the length L, on the impedance matching of
the antenna are seen. For L,=90 mm, however, the
obtained lower band can still cover GSMES/QN0
operation. However, the obtained bandwidths are
generally about the same that suggests that the
proposed antenna is suitable for application in the
mobile phones with various possible ground plane
lengths.

The radiation patterns of the proposed antenna are : et
also studied and measured radiation patterns at 925, "w w3 f-mﬁ:m’ i
1795, 2045, 2442, and 2595 MHz (center frequency i)
of GEM200, DCS, PCS, UMTS, and WLAN bands,
respectively) of the fabricated prototype are shown in
Fig. 7. Monopole-like radiation patterns with good
omnidirectional radiation in the azimuthal plane (-
plane) at 925 MHz are obtained which is similar 1o
those of the conventional internal mobile phone
antennas operated in the GSM band [ 1], For the upper
band frequencies generally similar radiation patterns
are observed, which indicates that stable radiation
characteristics are obtained over the antenna’s upper
band. The simulated gains of the anlenna at 859, 925, FIMME xay
1575, 1795, 1920, 2045, 2442, 2595, and 4830 MH: pliane
are 0,72, 0.69, 0.56, 1.22, 1.25, 1.25, 1.40, 1.32, and
2.5 dBi, respectively.

¥=0" =0

The measured input impedance on Smith chart for
the proposed antenna is presented in Fig. 8. It shows
four loops on Smith chart, corresponding 1o fve nulls
present on its return loss plot in Fig, 2,

Maoreover, with the bending of the proposed

antenna by 90" along to the lower edpe of the : : £p -
menopole 1, it can cccupy a smaller space in the SRNOMHe 2oy FARI0MHz 52
; i Fe plane e} pline
mobile phone  with  negligible  effects on  the
performance of antenna which a comparison of
simulated return loss of it and the proposed planar Fig. 7. Measured rudintion patterns af center frequency of {a)
antenna is also shown in Fig, 9, GSMMI, (b) DCS, () UMTS, () WLAN2.4, and {e) WiMAX,
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Fig. 8. Measured input impedance on Smith charl for the propused planar
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1V, CoONCLUSION

A simple hybrid planar antenna capable of
GSMESUIUIJU.-"GPSJ'IJCS.-'I’C5.-'UMTS;'WL-AN2.4."
AMAX/WLANS.2 operation (nine-band) for mobile
handsets applications has been proposed and studied.
The proposed antenna has a gimple planar structure
and is easy to fabricate. Moreover, with bending of it,
not only the antenna can occupy smaller space but
also the effect of the bending on the performance of
the antenna is negligible.

5 ——— - ——— i — — —

—— =

smmmee AL AT

— proposed planar antenaa
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Fig. 9, Simulated retum loss for the proposed planar
artenna and the benl antenna.
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