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1. Introduction

While designing a mobile phone antenna, the obthimandwidth results from a trade-off
between several objectives subject to various cangs. For example, the antenna designer tries to
maximize the total free-space efficienay) (and simultaneously reduce the Specific Absorption
Rate (SAR), while a smaller and smaller volume ésagally required. Comparing with adding
parasitic elements, adding reactive matching dirtitween an antenna and its feed line is
becoming more and more used recently, since swglcait is small-volume, easy to implement,
and low-cost. The aim of this article is to compéetween the two mentioned methods of
bandwidth enlargement, not only in terms of occdpielume and design complexity, but also of
reflection coefficient &) and radiation performance. The two methods are lmplemented
experimentally on a PIFA antenna-chassis combinatigth goal to transform a not well covered
tri-band terminal into a penta-band one.

2. Antenna configurations

The initial antenna is a PIFA - chassis combimais shown in Figure 1 (a). It occupies a
volume of 35*22*8 mm The PCB card is 40*100 nfrwith reserved place for lumped elements
(Figure 1 (b)). The antenna is made with coppee tapd placed on a plastic support. Then
bandwidths are broadened in two different ways:fits¢ one is to add a matching circuit (up to
seven lumped elements are implemented in the redgiace inside the black circle of Figure 1 (a));
the second is to add parasitic patches (Figuré,ltie reserved place for lumped elements is not
used here, it is simply strapped by tin solder)e §bal is to transform the initial antenna (a netlw
covered tri-band GSM 850 / DCS / PCS antenna)perda-band antenna (GSM 850 / GSM 900 /
DCS / PCS / UMTS) by introducing additional resates The input impedance of the initial
antenna is shown in Figure 2 (a).

Adding a matching circuit -- The feasibility of adding a matching circuitander to cover
all the five bands with a maximum allowed reflentiooefficient amplitude is studied first. The
minimum achievable amplitudes &f; (|Su|wn) in certain bands are estimated. It can be coreide
that there are two non-contiguous bands: GSM 8%5M 900 bands and DCS + PCS + UMTS
bands. Each of the two bands has only one reson@hegyuality factor@) of the initial antenna is
calculated by using the expression@fdeveloped by Yaghjian & Best for a single — restna
system [1]. Next, by using the relationship betw&end 1|, according to the results in [2], it is
possible to obtainS)y|.,» about -20dB in both GSM 850 + GSM 900 bands ands BCPCS +
UMTS bands by adding an infinite number of losskssnents. Then the measuf&gdof the initial



antenna is imported in AWR MicroWave Office (MWQ)dadifferent numbers of lumped elements
are added as matching circul;| smaller than given values, over two separate \altlds, has
been set as the optimization goal. A gradient-badgdrithm is launched and the values of the
various lumped elements have been obtained aceptdithe different goals. The ideal elements
are then replaced by the realistic model of elem¢aken from the library of the manufacturer.
Finally the elements are implemented on the iniiatenna. The simulation results and the
measured results agree well (as shown in Figub3)3 (

Adding parasitic patches -- Two additional resonances have been createadding two
parasitic patches. The long patch aims to creatdditional resonance at GSM 900 and the short
patch aims to create a resonance at the high fnegu&he shape of the initial antenna has to be
changed a little because adding parasitic patchedifies the current distribution. The long
parasitic patch occupies a volume of 22*4*5tin 33*2*4mnT and the short parasitic patch
occupies a volume of 15*5*4min

(b)

Figure 1: (a) A PIFA - chassis combination with fped elements. Inside the black circle: matching
circuit. (b) Reserved place for lumped elements A®PIFA - chassis combination with parasitic
patches.
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Figure 2: (a) Input impedance of the initial PIFARassis combination of Figure 1 (a). @pf the
initial PIFA — chassis combination of Figure 1 é&cording to the expression Qfdeveloped by
Yaghjian & Best [1].



3. Experimental resultsand comparisons

Figure 3 (a) shows)| (dB) as a function of frequency for the initiakt@nna of Figure 1 (a)
and after adding the parasitic patches as well asching circuit (six and seven elements
respectively). The four dashed vertical lines iaticthe GSM 850 + GSM 900 bands (824MHz —
960MHz), and DCS + PCS + UMTS (1710MHz — 2170MHahdts. ;1| of the initial antenna is
indicated with black dashed curve. With the twoagdic patches, two additional resonances have
been created (grey curve with squares). The bartkdsviare not well covered at the beginning of
GSM 850 band and DCS band. For the other frequenG8M 850 + GSM 900 bands are covered
with |Sy| inferior to —5.5dB, DCS + PCS + UMTS bands areeced with $4| inferior to —7dB.
With six lumped elements, GSM 850 + GSM 900 bamdscavered under -5dB and DCS + PCS +
UMTS bands are covered under -7dB (red curve wigingles). With seven lumped elements, all of
the five bandwidths are covered under -7dB butrmameaessary resonance appears around 0.5GHz
(blue curve with circles). Note that it is then mefcessarily interesting to have a larger number of
elements because the improvement in bandwidth WR3apidly reaches saturation. Comparing
with adding the parasitic patches, it is more comet to create new resonances by adding a
matching circuit. There are two reasons: 1) a f@apatch requires a large volume at low
frequency. 2) when adding a new parasitic elemend, needed to readjust the shape of the other
patches because current distributions are modified.
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Figure 3: (a) $u| (dB) of the initial antenna in Figure. 1 (&), lwiparasitic patches and with
matching circuit (6 and 7 lumped elements respelstjv(b) Simulated and measured resultsSgf |
(dB) of the initial antenna in Fig. 1 (a) with hiped elements.

2.5

The total efficiency represents how well a mobil®pe converts the input power at the antenna
feed into radiated power (with mismatch includee total efficiency measurements at different
frequencies (Figure 4) have been performed in SAGEMeasurement facility, inside a fully
anechoic chamber (2-D pattern measurement in xyepénd yz-plane, the orientation is indicated
in Figure 1 (a))e, at GSM band are globally better than at DCS + PCBATS bands, even though

a worseS;; is obtained in GSM band. It is generally the ctesethe mobile phones whose PCB
length is near half wave length at GSM center feeqy. With parasitic patches, goedare
obtained at almost all the frequencies excepteabtyinning of GSM and DCS bands. Not enough
power is transferred to the antenna at 824MHz atidNMHz according to th&; in Figure 3 (a).
For most of the frequencies, the smaller is 8, the better the total efficiency. However, at the
end of UMTS band, especially at the last three Uesgies,e of the antenna with 7 matching
elements is low even though a very go8d| jis obtained. Transmission coefficie®,] from the
beginning of the matching circuit to the feed of #mtenna has been calculated at the considered
frequencies in simulation with realistic circuieslent models. The second port is not terminated
with 50Q but with the impedance corresponding to that ef ithitial antenna at the considered
frequency. It has been found that for the matckinguit with seven lumped elements at 2170MHz,



the By| is only 0.69 in linear an@}| is 0.32, the sum o8} and $uf is 0.58, which is far away
from the ideal lossless case 1, which means thatrdnsferred power is largely reduced by the
imperfection of the real elements. At 2100MHz ad@@VHz, smaller losses due to the matching
circuit are found.
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Figure 4: Total efficiency of the initial antennathvparasitic patches and with matching circuit (6
and 7 lumped elements respectively).

4. Conclusion

This article presents a comparison of two diffen@ethods of bandwidth enlargement, in
terms of potential impact on antenna total freezepetficiency. Adding parasitic patches results in
a good total efficiency provided that the convemdiiomaximum $;;| of -6dB is obtained. Patches
indeed radiate. On the other hand, adding a majatincuit enables a significant increase of the
bandwidth even when the antenna size is fixed: gbistion is globally more wide-band, compact
and convenient to implement than parasitic eleméwWwwertheless, though the larger decrease of
|Si;| can sometimes help in gaining total efficienayjtations due to elements losses may appear at
particular frequencies.
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