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Abstract—The advent of new, multistandard mobile phone de-
vices is an important challenge for antenna designers, as they have
to implement integrated antennas with multiband operation within
a volume that is rapidly shrinking. In the paper, research results
concerning the input return loss, radiation characteristics and ef-
ficiency of novel internal, planar, multiband patch antennas are
presented.

Index Terms—Handset antennas, multiband antennas, small
antennas.

I. INTRODUCTION

THE constant evolution of the mobile phone market de-
termines more stringent constraints for terminal antenna

design, as the size of the terminals shrinks rapidly, while the
functionalities of the handsets are ever increased. Multiband op-
eration, which is nowadays almost a common standard, requires
the use of enhanced radiating elements. Moreover, other aspects
such as small size, weight, and integration have a great relevance
for the final design, while material and assembling costs must
be kept as low as possible [1].

The preferred antenna solution to deal with multistandard is-
sues is the use of radiating patches with multiple resonances
covering different bands, which are easily adapted to the shape
of the handset, and can therefore be integrated within the back
cover. The solution has a number of advantages: terminal de-
signers can forget about the antenna when designing the external
cover, the phone becomes more robust as there are no external
radiating elements that could break off, and the antennas can be
produced in a more cost-effective way. On the other hand, the
antennas must operate in two or more frequency bands, but still
be confined within a volume that becomes ever smaller, and the
chassis acquires importance in the design process. Therefore,
the up-to-date main challenge for the mobile antenna designer is
to achieve the miniaturization of the radiating structure without
loss of efficiency while keeping an adequate input return loss
( dB) within each band of operation.

Coverage of GSM900, GSM1800, PCS1900 and ISM2450
bands were reported in [2], [3]. multiband was achieved starting
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from a dual-band design consisting of a PIFA antenna with an
inserted slit at its shorting strip edge, following the C-patch
basic design [4]. Four bands were covered with a total volume
of 36 16 9 mm and by two additional folded strips, which
mainly controlled the higher resonance for the ISM2450 system.
The additional strips, however, were located at different height
levels and required orthogonal plate orientation between them.
A volume reduction to equal that reported in [5] was achieved
in [6] for both quad- and a five-band designs.

The reduction was possible by using a stub extending from
the folded patch to enlarge GSM900 and GSM1800 bandwidths
and also by inserting an additional folded direct-feed metal strip,
both added to the basic antenna reported in [5], which was used
as a starting point. A fifth resonance was achieved within the
same volume by inserting an additional folded direct-feed metal
strip that was required to be orthogonal to both the main patch
and the first additional folded metal strip. In an ultimate effort, a
six-band element to also cover the GPS band is reported in [7],
wherein only an increase in 1 mm in width compared to previous
designs was required. Unfortunately, no efficiency figures were
provided for any of these quad-, five- or six-band elements.

Good results for a quad-band antenna were also reported in
[8], yet occupying a 38.5 28.5 8.5 mm volume. Excellent
VSWR measured results were obtained for GSM900, GSM1800,
PCS1900 and UMTS2000 with the use of a dual-band PIFA as
a basic element, a wide V-shape slot and two end-positioned
folded capacitive patch loads plus three quarter-wavelength par-
asitic shorted elements located around the main patch. Parasitic
elements were shorted by shorting walls. One parasitic element
helped increasing GSM900 bandwidth, while the other two
helped increasing the UMTS200 band.

The location of the parasitic elements, surrounding the main
radiator, is the reason for the increased size in comparison to
other quad-band elements available in the literature [5], [6],
[9]. Likewise, the end-positioned folded patches and the three
parasitic patches shorted with shorting walls increase manufac-
turing costs compared to planar designs. Finally, good efficiency
values above 69% were only computed. The quad-band design
in [8] was further optimized to include a fifth resonance for
WLAN5400 by a second slot etched perpendicular to the first
slot in [10]. With a careful design the new band was accommo-
dated without a decrease on any of the other bands performance,
yet keeping the total occupied volume of 38.5 28.5 8.5 mm
and the end-positioned folded capacitive patch loads. Moreover,
the time efficiency was measured using a Wheeler-cap tech-
nique, and measured efficiency values showed reduced results,
although good efficiency over 60 % was achieved.
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Fig. 1. Integrated antenna structure.

In the paper, some novel design concepts and measured re-
sults concerning novel triple and quad-band planar integrated
antennas for mobile phones are presented.

II. DESIGN METHODOLOGY

Printed antennas are nowadays an interesting alternative for
mobile terminals, as current requirements are focusing on min-
imization of the size and weight of the handsets. Moreover, the
development of new standards and the user’s mobility require-
ments make it necessary to extend the operation of a handset to
cover two or more standards. Thus, it becomes crucial to develop
terminal antennas that implement different combinations of fre-
quency bands. In many cases, one single feed point is required.
Therefore, different resonant modes must be excited, each of
them tuned to fit the centre frequency of the band of interest.
Unfortunately, some of these bands overlap, like the GSM1800
and PCS1900 bands, thus requiring the use of radiating elements
with broader bandwidth.

In the paper, a triple band and a quad-band antenna for mobile
handsets will be presented. To keep a realistic configuration, the
antennas were developed within the limits of a 16 mm 36 mm
rectangular area, with a height of 8 mm over a 36 mm 100 mm
ground plane of FR-4 material, as depicted in Fig. 1. The total
volume reserved for the antenna is then 4.608 cm .

There are two possible alternatives to cover two standards
with overlapping bands. One can excite a single mode with
a sufficient bandwidth or, alternatively, two mutually coupled
modes. If the latter strategy is chosen, it is essential to be able to
perfectly control the coupling mechanism, since any modifica-
tion in the geometry of the patch can result in an important loss
of bandwidth. The main concern is then how to tune one of the
bands without interfering with the performance of the others.
Indeed, to implement these integrated multiband antennas, it is
common to use structures that include parasitic elements, or a
combination of patches and radiating slots.

As the volume available is significantly reduced, quarter
wavelength concepts are employed based upon the Planar In-
verted-F Antenna (PIFA) [11], [12]. The performance of the
designed antennas was first investigated with the FDTD-based
field solver Empire [13], and then the input return loss of the
prototypes was measured using a HP8719D network analyzer.
To assure the mechanical stability of the structure, the antennas
were attached to an 8 mm-thick foam block, which has no sig-
nificant effect on the performance of the radiating structure.

In a multipath environment, and considering handsets with
unknown spatial orientation, efficiency has become an impor-

tant matter when designing mobile phone antennas. Indeed, in
order to optimize the use of the power available, high efficiency
must be achieved. This represents an important parameter when
determining the radiation performance of a mobile handset, as
it gives the ratio between the power delivered to the antenna and
the power that is actually radiated. A distinction should be made
between radiation efficiency, determined by the patch itself, and
the total efficiency, which includes the effect of matching losses.
If the matching were perfect, both values would be identical.

The radiation efficiency , defined as the ratio between the
radiated power and the power delivered to the antenna
[14], describes the losses in the structure, and it is given by

(1)

The radiation efficiency can be calculated using the 3-D pattern
integration method, for instance [15]. Yet, to include the effect
of mismatching, the total efficiency must take into account
the input return loss, and can be obtained from the radiation
efficiency as

(2)

where represents the return loss at the antenna feed point
at the frequency of interest. In [16], [17], Wheeler presented a
method, focus on antennas which are built over relatively large
ground planes, like loops or patches, for determining the radia-
tion efficiency of antennas.

When dealing with antennas integrated in personal commu-
nications devices, however, the size of the ground plane is re-
duced. With the antenna typically mounted on the top or the
back side of the handset, the whole device acts as an active
counter-pole for the antenna, and has to be considered in order to
properly determine the radiation efficiency. Thus, an improved
Wheeler-cap method [18]–[20] was employed to measure the
efficiency of the novel elements described in the paper, wherein
a sliding cap size is used to directly calculate the transmitted
power and hence the radiation efficiency by measuring the an-
tenna input return loss. A circle appears then in the Smith Chart,
as depicted in Fig. 2. The radiation efficiency can thus be
extracted from the transmission coefficient as

(3)

Where the coefficients and are determined
from the input return loss with and without cap.

The variation of the ratio can be replaced by a fre-
quency sweep, and the circle in the Smith chart can be obtained
directly by measuring over a certain frequency range [21], which
was the procedure chosen in this work, as it is easier to imple-
ment and leads to the same results.

III. NOVEL ELEMENTS AND RESULTS

A. Triple Band Antenna (GSM900/GSM1800/PCS1900)

The novel triple band antenna design consists of a probe-fed
metal plate with a shorting pin, which provides a double reso-
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Fig. 2. Procedure for total efficiency measurement.

nance around 900 MHz and 1800 MHz. The antenna is based on
previous dual-band concepts [21]–[23]. The shorted patch was
designed for a resonant frequency of 1800 MHz. A spur-line
filter embedded in its perimeter introduces a new resonant mode
with a resonant frequency lower than that of the rectangular
PIFA. The length of the spur-line filter is tuned to produce a new
resonance at 925 MHz. The technique allows a dual-band oper-
ation without incrementing the total size of the antenna. Since
the spur-line is made parallel to the patch edges, its influence
upon the fundamental mode of the patch is not signifi-
cant, while the new generated mode has similar characteristics
to those of the main mode. The spur-line technique to obtain
a dual-band operation was successfully applied to printed an-
tennas of different shapes [24].

The resonant frequencies of the antenna can be further tuned
by varying the position of the feed point and/or the shorting
pin along the upper side of the patch. Earlier results available
in the literature demonstrated the inherent narrowband nature
of spur-line multiband antenna concepts [25], envisaging
difficulties for common requirements at mobile
frequencies.

With the relaxation of the VSWR commercial requirements
in exchange of an ever-decreasing available

volume for the antenna designer, these concepts for multiband
integrated antennas can be back into the scenario providing good
total efficiency can be obtained. In addition to the dual-band
patch used on those works, a shorted parasitic plate, capacitively
coupled to the main radiator, was cut out of the main radiator in
order to introduce a new resonance in the upper band, in a sim-
ilar way to that described in [26], allowing thus to cover both the
GSM1800 and PCS1900 standards. The final triple-band layout
is depicted in Fig. 3.

Fig. 4 shows the simulated and measured input return loss of
the triple band patch over the 36 mm 100 mm FR-4 ground

Fig. 3. Triple-band antenna layout (units in mm).

Fig. 4. Input return loss of the triple-band integrated antenna.

plane. The effect of the ground plane was taken into account
for the design, as it has a major influence on the overall per-
formance of the system [27]. Simulated and measured results
are in good agreement, with slight discrepancies that can be
attributed to the required discretization for practical simulation
purposes.

In both cases, the triple resonance is clearly visible. Band-
widths of 93 MHz for the GSM900 band and 238 MHz for the
GSM1800/PCS1900 band are obtained. The resonant frequen-
cies lay slightly above the ones defined by the standards, to ac-
count for the effect of the plastic casing of the handset, which
will slightly drop the resonant frequencies. Therefore, the an-
tenna without cover is designed for higher frequencies, in order
to minimize the utter need for tweaking.

Fig. 5 shows the electric and magnetic field distribution over
the triple band antenna surface. It can be seen that the external
branch of the patch is responsible for the GSM900 radiating
mode. Coupling between the branch, the central part of the main
patch and the parasitic patch produce an alternative double res-
onance covering GSM1800 and PCS1900 bands.

The measured radiation patterns of the antenna at the resonant
frequencies of each frequency band are displayed in Fig. 6. Only
the cuts through the azimuth plane are depicted here, normalized
to their maximum value. The antenna shows a quasiomnidirec-
tional pattern, which is a desirable feature in a handheld personal
communications device. The attained gains were 0.5 dBi in the
GSM900 band, 0.1 dBi in the GSM1800 band, and 2.7 dBi in
the PCS1900 band.

Regarding measured antenna efficiency, the results for the
triple band antenna are displayed in Fig. 7. As radiation effi-
ciency is higher, and more constant over frequency than total
efficiency, bandwidth restrictions are not caused by the antenna
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Fig. 5. Electric (left) and magnetic (right) field distribution for the triple-band
integrated antenna for (a) GSM900 band, (b) GSM1800 band and (c) PCS1900
band.

design itself but rather by mismatching and chassis length. The
effect is especially clear for the GSM1800 band.

In this case, the use of a passive matching network would en-
hance antenna efficiency. The efficiency performance of the an-
tenna, however, can be classified as good since it remains above
60% for dB , which is consistent with
other results available in the literature [1].

B. Quad-Band Antenna (GSM900/GSM1800/PCS1900)

In order to be able to use the antenna on third generation
multiband terminals, a fourth resonance at UMTS frequencies
is also required. In an ultimate antenna design effort to bring
bandwidth to its maximum without increasing antenna volume,
a slot was etched within the perimeter of the main patch of the
triple band antenna, as shown in Fig. 8. The slot has a dimension
of for the UMTS band and has a width of 0.5 mm, which
does not disturb the GSM900 mode excited in the branch of the
patch. The novel element can in this way cover the frequency
bands of four different standards, namely GSM900, GSM1800,
PCS1900 and UMTS (FDD), without increasing the overall size
of the structure. For UMTS, only the downlink frequency band
was considered, as the uplink band overlaps with the PCS1900
band.

Fig. 9 shows a comparison between the 3D electromagnetic
simulation and measured results. A good prediction of the res-
onant frequency was obtained for the GSM900, GSM1800 and
PCS1900 bands.

Yet, a frequency shift between simulated and measured re-
sults appears for the UMTS band, which corresponds to the op-
erating principle of the inserted slot. This is explained by both

Fig. 6. Measured radiation patterns of the triple-band integrated antenna in
the azimuth plane for (a) GSM900 band, (b) GSM1800 band and (c) PCS1900
band.

the discretization of the structure, which was fine enough to give
an approximate estimation of the behavior of the slot mode, but
not so detailed as to predict the exact resonance frequency, and
to the use of Perfectly Matched Layer (PML) walls as bound-
aries for the simulation space, which have more influence on
this mode than on other patch resonances.

Fig. 10 shows the electric and magnetic field distribution over
the patch surface for the different modes excited in the quad-
band antenna. The GSM900, GSM1800 and PCS1900 bands
portrait similar distributions than in the triple-band structure.
Only the slot effect located in the GSM900 branch is signifi-
cant. Nevertheless, capacity coupling does not suffer significant
differences from that of the triple band antenna, and quad-band
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Fig. 7. Antenna efficiency versus input return loss for the triple-band inte-
grated antenna for (a) GSM900 band and (b) GSM1800 and PCS1900 bands.

Fig. 8. Quad-band integrated antenna layout.

antenna performance at the GSM900 band is similar. Fig. 10(d)
shows the new mode created by the slot introduced in the patch
to cover the UMTS band. It is clearly demonstrated that the slot
dominate the resonant mode.

Fig. 11 shows the measured radiation patterns of the antenna
at the resonant frequency of each frequency band. Since the in-
troduction of the slot along the perimeter does not significantly
alter the field distributions, the antenna depicts similar char-
acteristics to those of the triple band antenna in the GSM900,
GSM1800 and PCS1900 frequency bands, with nearly omnidi-
rectional patterns in the azimuth plane.

The antenna performance at UMTS frequencies features a
more irregular radiation pattern, due to the shape and the orien-
tation of the slot. Nevertheless, this is not a main drawback for
its use in mobile terminals, since their spatial orientation is to-
tally arbitrary. The measured gain for the UMTS band is 2.8 dBi.

Fig. 9. Input return loss of the quad-band integrated antenna.

Fig. 10. Electric (left) and magnetic (right) field distribution for the quad-band
integrated antenna for (a) GSM900 band, (b) GSM1800 band, (c) PCS1900 band
and (d) UMTS band.

The efficiency of the quad-band antenna was also measured,
and results are presented in Fig. 12 without the casing. Again,
the total measured efficiency remains over 60% in the GSM900,
GSM1800, and PCS1900 bands, which correspond to the patch
spur-line operating modes, and do not differ significantly from
those of the triple band antenna. A slightly worse matching
performance is observed for UMTS FDD frequencies. Worse
matching values lead to a lower total efficiency. Nonetheless,
total efficiency remains above 40%. The effect of the plastic
casing reduces measured efficiency in a 5%. The is also con-
sistent with the fact that when bandwidth reaches its maximum
for the same available space, a decrease in radiation efficiency
is expected [28], making the use of both impedance bandwidth
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Fig. 11. Measured radiation patterns of the quad-band integrated antenna in
the azimuth plane for (a) GSM900 band, (b) GSM1800 band, (c) PCS1900 band
and (d) UMTS band.

and efficiency including mismatch losses essential for a proper
antenna evaluation.

Fig. 12. Antenna efficiency versus input return loss of the quad-band inte-
grated antenna for (a) GSM900 band and (b) GSM1800, PCS1900 and UMTS
bands.

IV. CONCLUSION

Two novel integrated planar multiband antennas for small
personal communications handsets have been presented, which
could be use to cover the frequency bands of three and
four standards, respectively. Triple multiband operation was
achieved by combining spur-line techniques with active and
parasitic patches, while the use of an additional slot introduces
a fourth resonance with acceptable performance without in-
creasing antenna volume so that a quad-band antenna is ob-
tained. The measured results show a good behavior of the
novel antennas, regarding matching, radiation properties and
efficiency.

The new planar quad-band design has inherent lower man-
ufacturing cost than other reported elements which make use
of multilevel orthogonal parasitic patches, single-level parasitic
shorted patches with shorted walls or end-positioned capaci-
tively folded patch loads, while demonstrating similar efficiency
and radiation patterns performance.

The design flexibility of the spur-line slot-combined planar
multiband strategy introduces the concept of frequency-agile
integrated antennas, making the antenna ideal for Bluetooth,
WLAN or other wireless applications like Distributed Smart
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Monitoring Services (DSM), where devices are able to memo-
rize different events that may happen during part of the lifetime
of a moderately complex object or even an entire system. Other
possible applications is on Secure Mobile Systems (SMS) or
Distributed Intelligent Automotive Control (DSAC), for which
additional performance tests are required to evaluate the ability
of these novel elements to conform to the strict thermo-mechan-
ical stress specifications of the abovementioned applications,
with operating temperatures sometimes in excess of 150 C and
harsh electromagnetic environments.

For applications regarding ambient intelligence, the Specific
Absorption Rate (SAR) performance of the novel antennas is
currently under evaluation.

REFERENCES

[1] J. Villanen et al., “Compact antenna structures for mobile handsets,” in
IEEE 58th Vehicular Technology Conf., vol. 1, 2003, pp. 40–44.

[2] Y.-X. Guo et al., “Compact internal multiband antennas for mobile
handsets,” in Proc. 33rd European Microwave Conf., Oct. 2003, pp.
1260–1261.

[3] , “Compact internal multiband antennas for mobile handsets,”
IEEE Antennas and Wireless Propag. Letters, vol. 2, pp. 143–146,
2003.

[4] G. Kossiavas et al., “The C-patch: A small microstrip element,” Elec-
tronics Letters, vol. 25, no. 4, pp. 253–254, Feb. 1989.

[5] M. Martínez-Vázquez et al., “Quad-band antenna for handheld personal
communications devices,” IEEE Antennas Propag. Int. Symp. Digest,
pp. 455–458, 2003.

[6] Y.-X. Guo et al., “Miniature built-in multiband antennas for mobile
handsets,” IEEE Trans. Antennas Propag., vol. 52, no. 8, pp. 1936–1944,
Aug. 2004.

[7] Y.-X. Guo and H. S. Tan, “New compact six-band internal antenna,”
IEEE Antennas and Wireless Propag. Letters, vol. 3, pp. 295–297,
2004.

[8] P. Ciais et al., “Design o fan internal quad-band antenna for mobile
phones,” IEEE Microwave and Wireless Components Letters, vol. 14,
no. 4, pp. 148–150, Apr. 2004.

[9] Y.-X. Guo et al., “Miniature built-in quad-band antenna for mobile hand-
sets,” in IEEE Int. Symp. on Antennas Propag., 2003, pp. 91–94.

[10] P. Ciais et al., “Compact internal multiband antennas for mobile phone
and WLAN standards,” Electronics Letters, vol. 40, no. 15, pp. 920–921,
Jul. 2004.

[11] K. Hirasawa and M. Haneishi, Eds., Analysis, Design, and Measurement
of Small and Low Profile Antennas. Norwood, MA: Artech House,
1992, ch. 5.

[12] K.-L. Wong, Planar Antennas for Wireless Communications.
Hoboken, NJ: Wiley, 2003, ch. 2.

[13] User and Reference Manual, 2000. EMPIRE, IMST GmbH.
[14] H. A. Wheeler, “Fundamental limitations of small antennas,” in Proc.

IRE, vol. 35, Dec. 1947, pp. 1479–1484.
[15] H. Arai, Measurements of Mobile Antenna Systems. Boston, MA:

Artech House, 2001, pp. 56–57.
[16] H. A. Wheeler, “The radiansphere around a small antenna,” in Proc. IRE,

Aug. 1959, pp. 1325–1331.
[17] E. H. Newman et al., “Two methods for the measurement of antenna

efficiency,” IEEE Trans. Antennas Propag., vol. 23, no. 4, pp. 457–461,
Jul. 1975.

[18] D. M. Pozar and B. Kaufman, “Comparison of three methods for the
measurement of printed antenna efficiency,” IEEE Trans. Antennas
Propag., vol. 36, no. 1, pp. 136–139, Jan. 1988.

[19] K. P. van der Riet and B. A. Austin, “Limitations of the wheeler method
for measuring antenna radiation efficiency due to cavity resonant
modes,” Trans. SA Institute of Electrical Engineers, 1987.

[20] R. H. Johnson and J. G. McRory, “An improved small antenna radiation-
efficiency measurement method,” IEEE Antennas Propag. Mag., vol. 40,
no. 5, pp. 40–48, Oct. 1998.

[21] M. Geissler et al., “An improved method for measuring the radiation
efficiency of mobile devices,” in IEEE Int. Symp. Antennas Propag. Di-
gest, vol. 4, 2003, pp. 743–746.

[22] D. Sánchez-Hernández and I. Robertson, “Analysis and design of a dual-
band circularly polarized microstrip patch antenna,” IEEE Trans. An-
tennas Propag., vol. 43, pp. 201–205, Feb. 1995.

[23] M. Martínez-Vázquez et al., “Compact dual-band antenna for mobile
handsets,” Microwave and Optical Technology Letters, vol. 32, no. 2,
pp. 87–88, Jan. 2002.

[24] M. Martínez-Vázquez and M. Geissler, “Planare Mobilfunkantenne,”
Patent DE 100 54 192, 2002. in German.

[25] M. Martínez-González et al., “A comparison of dual-band spur-line
printed antennas for handheld terminals,” Microwave and Optical
Technology Letters, vol. 30, no. 3, pp. 205–207, Aug. 2001.

[26] C. D. Liu and P. S. Hall, “Dual-band antenna for handheld portable tele-
phones,” Electronics Letters, vol. 32, no. 7, pp. 609–610, Mar. 1996.

[27] D. Manteuffel et al., “Design considerations for integrated mobile phone
antennas,” in Proc. IEE Int. Conf. on Antennas and Propagation, vol. 1,
2001, pp. 252–255.

[28] O. Kivekäs et al., “Bandwidth, SAR and efficiency of internal mobile
phone antennas,” IEEE Trans. Electromagnetic Compatibility, vol. 46,
no. 1, pp. 71–86, Feb. 2004.

Marta Martínez-Vázquez was born in Santiago
de Compostela, Spain, in 1973. She received the
Dipl.-Ing. in telecommunications engineering and
the Ph.D. degree from the Universidad Politécnica
de Valencia, Spain, in 1997 and 2003, respectively.

In 1999, she received a grant from the Pedro Barrié
de la Maza Foundation for one-year postgraduate re-
search at IMST GmbH, in Germany. Since 2000, she
is a full-time staff member of the Antennas and EM
Modeling department of IMST. Her research inter-
ests include all aspects of the design and application

of integrated multiband antennas for mobile communications, as well as elec-
tromagnetic bandgap (EBG) materials. She is involved in the ACE (Antennas
Centre of Excellence) Network of Excellence, in which she leads and activity
on “Small terminals and Smart Antennas” and the COST 284 Action.

Dr. Martínez-Vázquez was awarded the 2004 “Premio Extraordinario de
Tesis Doctoral” (Best Ph.D. Award) of the Universidad Politécnica de Valencia
for dissertation on small multiband antennas for handheld terminals. She is a
member of the Technical Advisory Panel for the Antennas and Propagation
Professional Network of IEE.

Oliver Litschke was born in Oberhausen, Germany,
in 1974. He received the Dipl.-Ing. (M.S.) degree in
electrical engineering from the University of Duis-
burg, Germany, in 2001.

Since 2001, he has been with IMST GmbH,
Kamp-Lintfort, Germany, working at the Antennas
& EM-Modeling department. His main research
interests include electronically steerable antennas
for satellite communications, radar antennas, mo-
bile phone antennas, and efficiency measurement
techniques for antennas.

Matthias Geissler was born in Tauberbischofsheim,
Germany, in 1968. He received the M.Sc. degree in
electrical engineering from the University of Karl-
sruhe, Germany, in 1995 and the Ph.D. degree from
the University of Duisburg, Germany, in 2003.

In 1995, he joined IMST GmbH in Kamp-Lintfort,
Germany, and was engaged in the design of planar an-
tennas and antennas for mobile applications. His re-
search focussed on fundamental limitations and exact
characterization of small antennas. Since 2003, he is
heading the department of Antennas & EM Modeling

at IMST GmbH. the current research interests are EM modeling of passive com-
ponents and phased array design.

Authorized licensed use limited to: Penn State University. Downloaded on September 25,2025 at 04:18:02 UTC from IEEE Xplore.  Restrictions apply. 

Samsung Ex. 1021, Page 7 of 8



MARTÍNEZ-VÁZQUEZ et al.: INTEGRATED PLANAR MULTIBAND ANTENNAS 391

Dirk Heberling was born in Lünen, Germany, on
August 15, 1961. He received the Diploma and
the Ph.D. degree in electrical engineering from the
RWTH Aachen, Aachen, Germany, in 1987 and
1993, respectively.

Since 1993 he is working in the field of antennas
for the IMST GmbH, Kamp-Lintfort, Germany, a fa-
mous research and development company in the field
of mobile and satellite communication. From 1993 to
1995, as head of section antenna techniques he was
responsible for the establishment of the antenna lab-

oratories of the company. In 1995 he became head of the department antennas
and EMC. Since 2003 he is head of the department of Information & Communi-
cation Systems. The function includes the responsibility for a public co-funded
research project C21 at IMST that aims fundamental developments of future
communication systems. Since two years he is a lecturer of the RWTH Aachen
and gives the course antenna engineering for the master course communication
engineering.

Dr. Heberling is a member of the VDE, where he was Chairman of the sub-
working group antennas of the ITG.

Antonio M. Martínez-González received the Dipl.-
Ing. in telecommunications engineering from Univer-
sidad Politécnica de Valencia, Spain, in 1998 and the
Ph.D. degree from Universidad Politécnica de Carta-
gena, in early 2004.

From 1998 until September 1999, he was em-
ployed as technical engineer at the Electromagnetic
Compatibility Laboratory of Universidad Politécnica
de Valencia, where he developed assessment activ-
ities and compliance certifications with European
directives related with immunity and emissions to

electromagnetic radiation from diverse electrical, electronic and telecom-
munication equipment. Since September 1999, he is an Assistant Lecturer
at Universidad Politécnica de Cartagena. the research interest is focused on
electromagnetic dosimetry and radioelectric emissions.

Dr. Martínez-González was awarded the Spanish National Prize from Foun-
dation Airtel and Colegio Oficial de Ingenieros de Telecomunicación de España
to the best final project on Mobile Communications in 1999.

David Sánchez-Hernández (M’00) obtained the
Dipl.-Ing. in telecommunications engineering from
Universidad Politécnica de Valencia, Spain, in 1992
and the Ph.D. from King’s College, University of
London, in early 1996.

From 1992 to 1994, he was employed as a Re-
search Associate for The British Council-CAM at
King’s College London where he worked on active
and dual-band microstrip patch antennas. In 1994,
he was appointed EU Research Fellow at King’s
College London, working on several joint projects

at 18, 38 and 60 GHz related to printed and integrated antennas on GaAs,
microstrip antenna arrays, sectorization and diversity. In 1997, he returned
to Universidad Politécnica de Valencia, Spain, where was co-leader of the
Antennas, Microwaves and Radar Research Group and the Microwave Heating
Group. In early 1999, he received the Readership from Universidad Politécnica
de Cartagena, and was appointed Vice Dean of the School for Telecommu-
nications Engineering and leader of the Microwave, Radiocommunications
and Electromagnetism Engineering Research Group. In late 1999, he was ap-
pointed Vice Chancellor for Innovation & Technology Transfer at Universidad
Politécnica de Cartagena and member of several Foundations and Societies for
promotion of R&D in the Autonomous Region of Murcia, in Spain. In May
2001, he was appointed official advisor in technology transfer and member of
The Industrial Advisory Council of the Autonomous Government of the Region
of Murcia, in Spain, and in May 2003 he was appointed Head of Department.
He has published over 35 scientific papers and over 70 Conf. contributions,
and is a reviewer of several international journals. the current research interests
encompass all aspects of the design and application of printed antennas and
MMIC’s for mobile communications, microwave heating, electromagnetic
dosimetry issues and MIMO techniques for wireless communications.

Dr. Sánchez-Hernández is a Member of the Institution of Electrical Engi-
neers (IEE), London, U.K., a Chartered Engineer (Stage 1), Ampere Board
member, CENELEC TC106X member, and is the recipient of the R&D J.
Langham Thompson Premium, awarded by the IEE, as well as other national
and international awards.

Authorized licensed use limited to: Penn State University. Downloaded on September 25,2025 at 04:18:02 UTC from IEEE Xplore.  Restrictions apply. 

Samsung Ex. 1021, Page 8 of 8


	toc
	Integrated Planar Multiband Antennas for Personal Communication 
	Marta Martínez-Vázquez, Oliver Litschke, Matthias Geissler, Dirk
	I. I NTRODUCTION

	Fig.€1. Integrated antenna structure.
	II. D ESIGN M ETHODOLOGY
	III. N OVEL E LEMENTS AND R ESULTS
	A. Triple Band Antenna (GSM900/GSM1800/PCS1900)


	Fig.€2. Procedure for total efficiency measurement.
	Fig.€3. Triple-band antenna layout (units in mm).
	Fig.€4. Input return loss of the triple-band integrated antenna.
	Fig.€5. Electric (left) and magnetic (right) field distribution 
	B. Quad-Band Antenna (GSM900/GSM1800/PCS1900)

	Fig.€6. Measured radiation patterns of the triple-band integrate
	Fig.€7. Antenna efficiency versus input return loss for the trip
	Fig.€8. Quad-band integrated antenna layout.
	Fig.€9. Input return loss of the quad-band integrated antenna.
	Fig.€10. Electric (left) and magnetic (right) field distribution
	Fig.€11. Measured radiation patterns of the quad-band integrated
	Fig.€12. Antenna efficiency versus input return loss of the quad
	IV. C ONCLUSION
	J. Villanen et al., Compact antenna structures for mobile handse
	Y.-X. Guo et al., Compact internal multiband antennas for mobile
	G. Kossiavas et al., The C-patch: A small microstrip element, El
	M. Martínez-Vázquez et al., Quad-band antenna for handheld perso
	Y.-X. Guo et al., Miniature built-in multiband antennas for mobi
	Y.-X. Guo and H. S. Tan, New compact six-band internal antenna, 
	P. Ciais et al., Design o fan internal quad-band antenna for mob
	Y.-X. Guo et al., Miniature built-in quad-band antenna for mobil
	P. Ciais et al., Compact internal multiband antennas for mobile 

	K. Hirasawa and M. Haneishi, Eds., Analysis, Design, and Measure
	K.-L. Wong, Planar Antennas for Wireless Communications . Hoboke

	User and Reference Manual, 2000. EMPIRE, IMST GmbH.
	H. A. Wheeler, Fundamental limitations of small antennas, in Pro
	H. Arai, Measurements of Mobile Antenna Systems . Boston, MA: Ar
	H. A. Wheeler, The radiansphere around a small antenna, in Proc.
	E. H. Newman et al., Two methods for the measurement of antenna 
	D. M. Pozar and B. Kaufman, Comparison of three methods for the 
	K. P. van der Riet and B. A. Austin, Limitations of the wheeler 
	R. H. Johnson and J. G. McRory, An improved small antenna radiat
	M. Geissler et al., An improved method for measuring the radiati
	D. Sánchez-Hernández and I. Robertson, Analysis and design of a 
	M. Martínez-Vázquez et al., Compact dual-band antenna for mobile
	M. Martínez-Vázquez and M. Geissler, Planare Mobilfunkantenne, P
	M. Martínez-González et al., A comparison of dual-band spur-line
	C. D. Liu and P. S. Hall, Dual-band antenna for handheld portabl
	D. Manteuffel et al., Design considerations for integrated mobil
	O. Kivekäs et al., Bandwidth, SAR and efficiency of internal mob





