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Tunable Handset Antenna:
Enhancing Efficiency on TV White Spaces

Samantha Caporal del Barrio, Ehsan Foroozanfard,
Art Morris and Gert F. Pedersen

Abstract—With the future LTE auction for TV white spaces
at 600 MHz, there is a strong need for efficient handset antennas
operating at very low frequencies. This paper shows a tunable
antenna covering the LTE bands from 600 MHz to 2.6 GHz.
The antenna uses state-of-the-art MEMS tunable capacitors in
order to reconfigure its operating frequency. In this work, the
design mitigates the tuning loss with a tunable extended ground
plane. The resulting dual-resonant antenna exhibits a peak total
efficiency of -3.9 dB at 600 MHz.

Index Terms—Antenna efficiency, Reconfigurable antennas,
Mobile antennas, Multifrequency antennas, Eigenvalues and
eigenfunctions, Microelectromechanical devices.

I. I NTRODUCTION

The ever increasing thirst for data rate lead to the standar-
dization of the 4th Generation (4G) of mobile communication,
featuring Long Term Evolution (LTE) and LTE-Advanced
(LTE-A) technologies. The specifications for 4G extend the
bandwidth, increase the number of antennas and define Carrier
Aggregation (CA) combinations, among others. The band-
width enhancement includes bands ranging from 699 MHz
to 2.690 GHz. In particular, low-bands are challenging to
address on a handset, given the well-known antenna design
trade-off between size, bandwidth and efficiency [1]. The
number of bands allocated to 4G keeps increasing, as a result
of the spectrum release that occurred with the transition to
digital television (TV), thus opening up the TV White Spaces
(TVWS). The Federal Communications Commission (FCC)
currently holds an auction for the bands at 600 MHz [2]. These
frequencies offer attractive features like high building penetra-
tion and wide range coverage. The work in [3] shows that the
coverage is improved from 94% to 100% when using TVWS
instead of legacy carriers. However, handset manufacturers
are concerned about designing small antennas for such low
frequencies, apprehending low antenna efficiency. This paper
presents a handset antenna covering LTE bands, including the
new 600 MHz-bands, with very good performance.

The proposed design uses frequency-reconfigurability. It is
a promising technique to enable low frequency operation on
small antennas. Tuning can involve different components such
as PIN diodes, varactor diodes, Field-Effect Transistor (FET),
switching with variable transmission line lengths, switching
with different matching circuits, switched capacitors, switches
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using Micro-Electro-Mechanical Systems (MEMS) technol-
ogy or MEMS tunable capacitors, among others. Exhaustive
overviews are given in [4], [5]. The authors choose to use
MEMS tunable capacitors, in light of their low insertion
loss, high voltage handling, very low power consumption
[6]. However, tuning decreases the antenna efficiency [7].
Indeed, as the radiating element is tuned further away from
the resonance of the ground plane, the unloaded Quality factor
(Q) increases, thus leading to higher currents on the board [8].
Power is dissipated through the Equivalent Series Resistance
(ESR) of the tuner, the dielectric material (e.g. Fr-4) and the
copper, i.e. non perfect electric conductor (PEC) [9].

The contribution of this paper is to efficiently address
the 600 MHz-bands on a handset. While the work in [10]
presents the advantages of using an independently tunable
dual-resonant design to cover such low bands on a handset,
this paper presents a new antenna design that has no cut-back,
covers the LTE high bands and yields a higher peak efficiency.
The following details the antenna principle which is here to
continuously tune the ground plane resonance simultaneously
with tuning the antenna element, in a dual-resonant manner.
Indeed, while a typical smartphone ground plane exhibits a
resonance around 1 GHz [11], [12], loading it lowers its
resonance frequency [13], [14]. This work pays a particular
attention to the resonance frequency of the ground plane with
the unique insight provided by The Theory of Characteristic
Modes (TCM) [15]. The design focuses on preventing the
unloaded antenna Q from rising too rapidly with tuning, in
order to mitigate loss. This paper shows how tuning the ground
plane resonance to the antenna operating frequency enhances
efficiency, i.e. 2 dB at 600 MHz with the proposed design.

II. T UNING PRINCIPLE

In the low bands, adjusting the chassis resonance enhances
the efficiency at the operating frequency. To tune the ground
plane, a metallic element− named Ground Plane Extension
(GPE)− is connected to it through an inductor. The electrical
length of the ground plane varies with the value of the
inductor. Simultaneously, the antenna is tuned on the feeding
line. The schematics of the tunable antenna and the tunable
ground plane are given in Fig. 1. The values for L1, L2
and Cm are detailed in the next sections. In practice tunable
inductors are very bulky and lossy, therefore a high-Q fixed
inductor is used in parallel with a MEMS tunable capacitor
for the measurements. However, for the proof of concept, the
simulations are conducted with a tunable inductor. It is worth
noting that simulating the tank circuit of the corresponding
reactance values leads to overlapping results.

A. Impact of ground plane loading on the mode behaviour

The scattering electromagnetic fields of a conducting body
can be changed by impedance loading [16]. To show the
impact of reactive loading on the scattering fields of a large
conducting body, the TCM [15], [17] is used. Consider a
conducting body with a loaded surfaceS, the impressed
electric fieldEi induces a currentJ on S and it is related
to the surface current by a linear operatorL(·). Moreover,
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Fig. 1: Antenna and GPE tuning concept: the tank circuit combining L2 and
bank 1 of the MEMS tunes the antenna; L1 and bank 2 of the MEMS tune
the GPE. The fixed capacitor Cm matches the antenna to the feed line. There
is no connection between the feed line or the antenna and the GPE.

[L(J) − Ei]tan = 0, where the term−L(J) gives the
scattered field intensityE at any point in space as a result
of the induced currentJ on S. The operatorL(·) has the
dimension of the total impedance matrix of the surfaceS.
The notation(Z + ZL)(J) = [L(J)]tan is introduced, where
Z is the Method of Moments (MoM) matrix of the surface
S and ZL is the impedance matrix of the reactive load. In
[18], Harrington introduces a modal solution by selecting
[L(J)]tan = (1 + iλn)R(Jn) which leads to

(X +XL)(Jn) = λnR(Jn), (1)

where X and XL represent the imaginary part of the
impedance matrix andR the real part. The vectorλn is defined
as the eigenvalues of thenth mode across frequency and its
sign indicates the type of stored energy for each mode. That
is to say, the mode is inductive for a positive value ofλn

and capacitive for a negative value ofλn. Furthermore, the
resonance of each mode occurs whenλn equals zero.

The following considers inductive loading of the PEC
ground plane with ideal loads located on each MoM basis
function [19]. The diagonal entries of the load matrix are given
by XL,i = wLie

2

i , wherew is the angular frequency,Li the
ith inductance andei the edge length of theith element.

B. Analysis of the ground plane tuning

The aforementioned theory is applied to a 120 mm× 55
mm ground plane, connected to a GPE with no cut-back. Fig 2
shows the current distribution of the first mode (dipole mode)
on the ground plane and on the GPE at resonance. The first
mode is dominant in the low bands and the current distribution
is calculated by the MoM method with 1037 triangle basis
functions [20]. The study of the modal behaviour of the loaded
GPE is conducted by placing the inductive load in an edge
element located between the ground plane and the GPE. By
varying the value of the inductor connecting the ground plane
and the GPE, the resonance of the ground plane can be tuned.
Fig. 3 shows the eigenvalues of the first mode (λ1) across
frequency. The ideal inductor varies from 6 nH to 26 nH,
leading to a resonance shifting from 930 MHz to 600 MHz.
For reference, the eigenvalues of the ground plane alone (no
GPE) and the unloaded GPE (L=0 nH) are also plotted.

The unloaded Q (Qunloaded) refers to the Q when the
metallic plates are modeled with PEC and the tuning is made
with ideal components. It is calculated for the ground plane
with a feed and an antenna on according to:

Q(ω0) =
ω0 |Z

′(ω0)|

2R
, (2)

Fig. 2: Current distribution of the first resonant modeJ1, i.e. the dipole mode,
on the ground plane and on the GPE at resonance in the low-band region.

Fig. 3: Eigenvalues of the first mode (λ1) of the tuned ground plane.

where ω0 is the frequency, Z is the impedance and R is
the resistance [8]. The antenna geometry is described in the
following section and detailed in Fig. 4. The calculation step
size is 0.25 MHz and the first mode is largely dominant in the
radiation mechanism at low frequencies. The addition of the
GPE decreases the Qunloaded of the resulting antenna from
12 to 7 at 900 MHz and from 288 to 135 at 615 MHz. That
is a reduction of 42% and 53% respectively. The significant
decrease in Q at the lowest tuning stage leads to the efficiency
enhancement that will be seen in the following sections.

III. T UNABLE DESIGN

The proposed design shows that mobile communications
are feasible on bands around 600 MHz and that the antenna
can provide sufficient total efficiency. Moreover, the antenna
volume is fair, as the total thickness amounts to 9.6 mm, which
is in line with the most recent phones in the market [21]. No
cut-back on the Printed Circuit Board (PCB) is needed, that is
an optimization of the phone dimensions to address the LTE
real-estate challenge and place the many amplifiers− e.g. PAs
and LNAs− and the many filters its bandwidth requires.

A. Antenna and GPE geometries

The dimensions of the antenna are shown in Fig. 4. Both
radiators are identical in their geometry. The design has been
patented in [22] and comprises three elements, namely the
antenna, the ground plane and the GPE. The antenna is
connected to the feeding line, whereas the GPE is not. The
TCM applied to a rectangular ground plane indicates that the
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Fig. 4: Antenna and GPE geometries (dimensions in mm).

best location for a capacitive exciter of low frequencies is
along the short edge of the ground plane, as it is the minima of
the current distribution for the first eigen mode [23]. Moreover,
a center feed provides maximum bandwidth potential [24].
In order to use a single tuner to tune both the antenna and
the GPE and to minimize insertion loss, the antenna and the
GPE are co-located. However, there is no direct connection
between the antenna and the GPE. The matching and tuning
components are inserted between the feeding line and the
antenna, as well as between the feeding line and the GPE.

B. MEMS tunable capacitor

A MEMS tunable capacitor is used on the antenna structure
in order to tune it, from the bands in the GSM-900 region down
to the bands in the 600 MHz region. The work uses a state-of-
the-art packaged MEMS tuner from wiSpry, namely the 1040
tuner. It comprises four high resolution tunable capacitors,
grouped into two independent banks. Its dimensions are 2.2
mm × 2.6 mm and it includes a series inductance Lseries of
4.5× 10−4 nH and a shunt capacitance Csh of 1 pF throughout
the operating frequency range. These parasitics are mainly
responsible for the minimum capacitance of the tuner Cmin =
0.5 pF. The maximum capacitance of the whole chip is Cmax

= 11.9 pF and the resolution is Cstep = 0.125 pF. To tune the
antenna to 600 MHz, bank 1 of the tuner takes its maximum
value 5.9 pF. In that case, the Q is 164 and the ESR is 0.3Ω.
At 850 MHz for Cmin the Q is 691 and the ESR is 0.5Ω.

C. Matching and tuning circuitry

Both the antenna and the GPE are tunable. The purpose of
the design is to tune the ground plane resonance as the antenna
is tuned. The antenna schematics can be seen in Fig. 1, where
Cm=1.8 pF (ESR being 0.15Ω at 850 MHz and 0.16Ω at
600 MHz), L1=6.9 nH (ESR being 0.28Ω at 850 MHz and
0.23 Ω at 600 MHz) and L2=5.4 nH (ESR being 0.21Ω at
850 MHz and 0.18Ω at 600 MHz). The fixed inductors L1
and L2 are high-Q air inductors from Coilcraft, whereas the
fixed capacitor Cm is a typical 0402 capacitor from Murata.

IV. M EASUREMENTS

Prototypes of the antenna design were built and tested, on
a network analyzer for the return loss and in the StarLab
chamber from Satimo for the total efficiency (ηT ).

Antenna

G E

(a) ( )

Fig. 5: Demonstrator board. (a) Demonstrator with the antenna and the GPE
mounted. (b) Detailed view of the matching and tuning network for design
B. The MEMS tuner (U1) has two independent banks, one for controlling the
antenna and one for controlling the GPE.

A. Demonstrators

Pictures of the demonstrating board are shown in Fig. 5.
The antenna is soldered on the front side of the board (to
PAD1) and hides the tuning network. On the back side of the
board, there is no network and the GPE is soldered. C1-C4 and
C6-C9 are DC supply control capacitors and are not involved
with RF lines. While Fig. 5a shows the antenna and the GPE,
Fig. 5b focuses on the tuning and matching components. In
design B, each of the independent banks of the single 1040
tuner is connected to either the antenna or the GPE. L1, U1,
C5 and L2 are part of the matching and tuning network. C5
corresponds to Cm in Fig. 1. L1 is only used in design B.

B. Design A: reference design

Design A is introduced as a reference, it tests the tuning of
the antenna alone. L1 and the GPE are not mounted on the
PCB. Its purpose is to evaluate, by comparison, the benefit
of adding the GPE in design B. Having only the antenna
mounted on the board is an example of a typical antenna
tuning approach. The schematics of this design are identical
to the schematics shown in Fig. 1, except for the bank 2 that
is opened. Even though the MEMS has a resolution of 0.125
pF, the proposed designs only needs steps of 0.25 pF to cover
all the frequencies from 850 MHz to 600 MHz.

1) Return loss: The measured return loss of design A
is shown in Fig. 6. One can observe a classical single-
resonance antenna being tuned over the low frequencies of
the communication spectrum. The impedance bandwidth at -6
dB shrinks as the antenna is tuned. It varies from 51 MHz at
the highest bound to 17 MHz at the lowest bound.

2) Peak efficiency:Fig. 7 shows the measured total effi-
ciency of the demonstrator for design A and for design B.
For design A, the efficiency is only plotted for three states of
the tuner: the minimum capacitance (0.5 pF), the mid-range
capacitance (3.0 pF) and the maximum capacitance (5.9 pF).
For design B, all the states are plotted. The measured peak
total efficiency of design A decreases from -2.1 dB at 800
MHz to -2.5 dB at 700 MHz and to -5.9 dB at 600 MHz.
The power loss is due to loss in the PCB (feeding trace, Fr-
4), in the antenna (copper is not a PEC but a lossy metal),
and in the ESR of the matching and tuning components (fixed
components and MEMS tuner). Mismatch loss is negligible.

With the frequency solver of the Computer Simulation Tech-
nology (CST) software, the following data can be collected:

• At 800 MHz, the thermal loss (including the trace loss,
the dielectric loss, the conductor loss and the ESR loss)
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Fig. 6: Return loss of design A when the 1040 MEMS tuner varies from 0.5
pF to 6.5 pF in steps of 0.25 pF.
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Fig. 7: Total efficiency of design A (without GPE) for minimum, medium and
maximum capacitance of the 1040 MEMS tuner in the low bands, and of the
design B (with GPE) when the 1040 MEMS tuner varies according to IV-C.

is 1.3 dB. The peak total loss (including the thermal loss
and the mismatch loss) is 1.6 dB.

• At 600 MHz, the thermal loss is 6.2 dB. The ESR loss
(from both the tuner and the fixed components) is 2.9 dB.
Moreover, 3.3 dB of the thermal loss are due to the trace,
Fr-4 and copper. The peak total loss is 6.5 dB. This loss
decomposition is summarized in Table I.

The simulated and measured radiation efficiencies at 600
MHz (-6.2 dB and -5.9 dB respectively) are in very good
agreement. They differ by 0.3 dB, which belongs to the un-
certainty of the measurement. Related work on single antenna

TABLE I: Loss decomposition for designs A and B

Design A Design B

Loss at Loss at

600 MHz [dB] 609 MHz [dB]

Copper + trace + Fr-4 3.3 2.2

Cm = 1.8 pF <<0.1 <<0.1

L2 = 5.4 nH 1.9 1.0

L1 = 6.9 nH - 0.7

1040 bank 1 1.0 0.3

1040 bank 2 - 0.4

Total radiation 6.2 4.6

Mismatch 0.3 0.1

Total 6.5 4.7

600 700 800 900

-20

-10

0

1700 2100 2500

//

//

Fig. 8: Return loss of design B in the low and high bands of the LTE spectrum
where the tuner varies according to IV-C.

design reports similar peak total efficiencies: -6 dB at 600
MHz in [25], -4 dB at 700 MHz [26], [27] and -2.6 dB at 750
MHz in [28]. It can be noted that the trace loss can be both
simulated and measured. In both cases, the trace loss is 0.18
dB at 850 MHz and 0.15dB at 600 MHz.

C. Design B: antenna and GPE

In design B, both the antenna and the GPE are mounted
on the board. The MEMS tuner comprises two independent
banks; bank 1 is used on the antennas and bank 2 on the
GPE. In the following, 5 tuning states are considered, where
bank 1 takes the values [0.0, 1.3, 2.8, 4.7, 5.9] while bank 2
takes the values [0.0, 0.9, 2.0, 2.9, 3.7] simultaneously.

1) Return loss:Fig. 8 shows the dual-resonance resulting
form the addition of the GPE to the antenna design. The
antenna is responsible for one resonance and the GPE for
the other one, as indicated on the figure. It is worth noting
that the GPE cannot be a standalone resonance, as it is not
fed directly. The antenna resonance exhibits a harmonic in the
high bands, which can be tuned with the same settings. The
overall bandwidth at -6 dB covers LTE bands from [578 - 831]
MHz, [1756 - 2312] MHz and [2501 - 2586] MHz.

2) Peak efficiency:The total efficiency of the demonstrator
for design B is measured and shown in Fig. 7 for the low and
high bands. The peak total efficiency decreases as follows: -1.4
dB at 785 MHz, -1.8 dB at 720 MHz, -2.2 dB at 684 MHz,
-2.9 at 641 MHz and -3.9 dB at 608 MHz. The mismatch
loss in the low bands is negligible, since one can observe in
Fig. 8 that the return loss is below -15 dB. Therefore, the total
and the radiation efficiencies are indistinguishable. In the high
bands, the peak total efficiencies vary from -0.5 dB at 2520
MHz and 2000 MHz to -2.2 dB at 1800 MHz and to -3.7 dB
at 1750 MHz.

In the following, we detail the contribution of each element
to the total loss in the low bands. Using the simulation tool,
the contribution of each component to the total loss can be
isolated. It is summarized in Table I. It can be observed that
the contributions of bank 1 and 2 differ, even though their ESR
is identical. This is because they are connected to different
elements (the antenna or the GPE). Those two elements have
a different reactance and different current densities, which
explains the difference in dissipated power. Moreover, the
power dissipated by L2 differs between design A and design
B, which is due to a lower Q of the antenna (because the GPE
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is added), thus a lower current density. Similarly, the thermal
loss (copper+trace+Fr-4) is decreased for design B, compared
to design A. This is also due to the lower Q that design B
exhibits, thanks to the GPE. The total simulation loss is 4.7
dB. The simulated and measured conductor and dielectric loss
at 600 MHz (-4.6 dB and -3.9 dB respectively) differ by 0.7
dB, which is within the measurement accuracy.

Compared to design A, the use of the GPE enhances the
peak total efficiency by 1.8 dB at 600 MHz.

3) Efficiency bandwidth:The efficiency bandwidth has
been defined and investigated in [29]. When real components
are used, the efficiency bandwidth provides a more relevant
information than the impedance bandwidth. Unfortunately,
no threshold has been standardized for the measure of the
efficiency bandwidth. In the following, the authors choose an
efficiency threshold of -5 dB to read the efficiency bandwidth
in the low bands, i.e. below 1 GHz. This value is chosen ac-
cording to related work. In [30], the free space Total Radiated
Power (TRP) is reported to be between 23 dBm and 31 dBm in
the GSM-900 bands for common phones in the market today,
and the antenna total efficiency is calculated to average at -
4 dB on those bands. The conducted measurements show an
antenna total efficiency spreading from -3 dB to -7 dB in the
GSM-900 bands. In [31], the antenna total efficiency at 700
MHz has been reported to peak at -5 dB for the main antenna
and -7 dB for the secondary antenna. Therefore, a threshold
of -5 dB for evaluating the efficiency bandwidth is realistic,
though a tough requirement at 600 MHz. Naturally, the higher
the peak efficiency, the wider the bandwidth. Moreover, as the
threshold is lowered the efficiency bandwidth increases.

The efficiency bandwidths of design B are summarized in
Table II. In the low-bands, they vary from 205 MHz to 20
MHz. The standard for the channel bandwidths has not been
defined yet for the 600 MHz-bands. However, it is known
that for the 800 MHz-bands, the maximum channel bandwidth
is 10 MHz and the duplex spacing is 45 MHz, thus the
maximum required bandwidth is 65 MHz. Similarly, for the
700 MHz-bands, the maximum channel bandwidth is 10 MHz
and the duplex spacing is 30 MHz, thus the maximum required
bandwidth is 50 MHz. It can be observed that it typically
decreases with frequency.

The states 4 and 5 offer an efficiency bandwidth of 40
MHz and 20 MHz respectively, for a threshold at -5 dB.
The authors believe that in light of the maximum bandwidth
requirements for the 800 MHz-bands and the 700 MHz-bands,
a requirement of 40 MHz for the 600 MHz-bands is realistic.
Therefore, the proposed design complies down to 620 MHz.
In the eventuality that state 5 would not comply, the efficiency
threshold would lower for those particular frequencies in order
to enhance the efficiency bandwidth. For example, the -6 dB
efficiency bandwidth is 50 MHz for state 4. The high bands use
an efficiency bandwidth threshold at -3 dB. The frequencies
between 2343 MHz and 2423 MHz require a threshold at -3.5
dB. The uplink frequencies of band 3 exhibit an efficiency
between -3 dB and -5 dB whereas the downlink of band 7 is
limited by the minimum capacitance of the tuner.

TABLE II: Efficiency bandwidths [MHz] for the 5 tuning states of design B

Low bands High bands

at -5 dB at -4 dB at -3 dB at -3 dB

950 - 745 853 - 720 838 - 740 2597-2423, 2343-1949

772 - 682 760 - 688 N/A 2086 - 1839

720 - 648 711 - 659 N/A 1891 - 1785

621 - 660 N/A N/A N/A

618 - 598 N/A N/A N/A

V. USER EFFECT

Investigations on the user effect are conducted with simu-
lations only, using the transient solver of CST.

A. Phone components

The phone battery, screen glass and plastic casing are
added to the model. The relative permittivity and electrical
conductivity are respectively 3.75 and 0.001 S/m for the
screen, and 2.8 and 0.002 S/m for the casing. The battery
is a grounded metallic box. At 600 MHz, the influence of the
phone components in free space is limited: detuning of 1 MHz,
1% bandwidth increase and 0.2 dB additional loss.

B. Body loss

The head and the hands used in the following are modeled
according to CTIA specifications [32]. Fig. 9a shows the
antenna in talk mode, placed between the Specific Anthropo-
morphic Mannequin (SAM) head and the talk-mode hand grip
while Fig. 9b shows the antenna in portrait data-mode, placed
in the data-mode hand grip. In both cases, the antenna is placed
in the palm of the hand. The return loss is compared between
the Free Space (FS) and the user case in Fig. 10. At low bands
the mismatch loss is very low for both user cases. At high
bands, mismatch is significant with the user’s head and hand in
the lowest tuning state (Cmax); and the detuning is significant
with the data hand. Detuning can be compensated for, as
the proposed antenna is frequency-reconfigurable. Hence, the
relevant loss to investigate is the absorption loss. At 600 MHz,
the simulation with the user’s head and talk-mode hand yields
a radiation efficiency of -13 dB. That is 9 dB lower than in
free space. Moreover, the simulation with the user’s data-mode
hand shows a radiation efficiency of -5 dB, i.e. 1 dB lower
than in free space. This values are in agreement with typical
absorption loss due to the presence of the user [33].

C. Specific Absorption Rate (SAR)

The SAR is a measure of the user exposure to electromag-
netic radiation and should be below 1.6 W/kg over a 1-g mass
of tissue [34]. In the SAR simulations, the antenna is placed at
the bottom of the phone, the phone is oriented 60 degrees to
the vertical axis of the SAM and it is placed at 5 mm from the
ear. Considering 23 dBm power for LTE, the SAR simulations
peak at 0.4 W/kg at 600 MHz and 0.6 W/kg at 2.6 GHz. The
GSM-band simulation shows a peak SAR of 0.96 W/kg at
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(a) Head and hand. (b) Data hand.

Fig. 9: Antenna simulations with the user effect. In (a) with the CTIA SAM
head and talk-mode hand phantoms, in (b) with the CTIA data hand phantom.
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Fig. 10: Return loss in free space, in the presence of the user phantom in talk
mode (Fig. 9a) and in the presence of the user hand in data mode (Fig. 9b).

900 MHz with 24 dBm input power. The averaging method
used is IEEE C95.3 and the computed values meet the SAR
guidelines for commercial phones.

VI. CONCLUSION

This paper presents a tunable handset antenna design ad-
dressing the future bands for mobile communication at 600
MHz with MEMS tunable capacitors. Its contribution lies
in the ability to excite the structure efficiently at such low
frequencies. High efficiencies are obtained by continuously
loading the ground plane as the antenna is tuned. The design
does not require a cut-back, which is a major advantage to
manufacturers. Anechoic chamber measurements yield a peak
total efficiency of -4 dB at 600 MHz, where using the GPE
leads to a 2 dB improvement. Finally, the gain in network
infrastructure resulting from a 2 dB improvement of the mobile
antenna efficiency has a significant potential. Future work
concerns MIMO capabilities of the proposed design.
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