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Abstract

In this letter, a planar Ultra WideBand (UWB) antenna su#ator the integration in wireless Universal Serial Bus (USB
dongles is described. The antenna has a bandwidth eq@aGBlz from 3 GHz up to 5 GHz with return loss values below
—10dB in the whole frequency range. To comply with UWB system ne#us antenna presents good distortionless properties
when employed in a TX/RX system. Moreover, thanks to its $nghape and miniaturized geometry, the proposed protatgpe
be easily integrated and printed on dongle PCBs. In ordeissess the reliability and efficiency of the antenna, a sedeset
of results from the experimental validation are shown anehared with the outcomes of the numerical simulations edrdut
during the synthesis process.

Index Terms

Miniaturized antenna, UWB antenna, Wireless USB dong|diegdjon.

|. INTRODUCTION

Recent advances in the design and production of electr@vices have enabled the development of miniaturized coenput
peripherals with very high performances in terms of bothrade and communication rate. In such a framework, a great
attention has been paid to the development of UniversabBBrs (/S B) dongle peripherals based on the Ultra Wideband
(UW B) communication standard [1][2] able to provide high dati naireless connectivity [3] to the hosting PC. To achieve
such an objective, a challenging issue is obviously coregbrmith the design of the antenna system. It is is expectectto b
miniaturized for the integration in a dongle board layoud aat the same time, to have electrical parameters suitabheitie-
band high-speed communications. While in narrow-band camaoation systems the description of the behavior of anrarge
in terms of return loss and radiation patterns is usuallygadée to evaluate its reliability and efficiency, UWB systeraquire
a more complex analysis. In particular, the time domain bieimaf the antenna must be considered since the commuoicati
is based on the exchange of very fast time-domain pulseseleetw receiver and a transmitter. For this reason, the ssisthe
of the proposed antenna has been carried out by considezgrements and constraints on the impedance matching and
radiation patterns and also on the transfer function andytbap delay of a pair of identical antennas. Towards this, ¢mel
antenna prototype has been synthesized using the splgestimaethodology preliminary assessed in [6] to deal withreege
FCC-UWB radiator without hard geometrical constraints dmebretically detailed in [7].

This letter is thus aimed at describing the design and rat#diz of a planar UWB antenna to be integrated in wireless USB
dongle devices by fully exploiting the spline-based systh@pproach [6] also when facing hard size constraints.

II. THEUWB DONGLE ANTENNA DESIGN

In the working bandGHz < f < 5GHz [2], the UWB antenna was designed to comply with the follayvépecifications:
(a) impedance matching: |si1| < —10dB; (b) distortionless behavior: A |s21| < 6dB and Ar, < 1nsec, wherer, (f) =
—-L (/S5 (f)} is the group delayA |s21| and A7, being the maximum variation in the whole frequency bandsef| and
of 74, respectively. Moreover, a very challenging requirememttioe antenna size was imposed as the prototype had to be
integrated in dJSB dongle peripheral.

The geometry of the synthesized UWB antenna is shown in Eiguaind, for sake of space, its geometrical parameters are
reported on the photographs of the prototype. The antensa mainiaturized planar structure of maximum extension etpa



(b)

Fig. 1. UWB Dongle Antenna geometry - (a) front view and b) back view.

39.2 x 19.2 mm? because of the presence of the ground plane shown in FigblreHdgwever, it should be noticed that such a
ground plane is common to the ground plane of the dongle P@Brefore, the part of the dongle device only concerned with
the radiator turns out to be limited to an areal6f2 x 19.2 mm?2. The UWB dongle antenna has been printed on a two-sided
dielectric substrate (Arlors, = 3.38, thicknesd).78 mm) and it shows symmetrical properties along an axial platieogional

to the dielectric substrate. According to the indicatioggarted on the picture in Fig. 1, the geometry of the antesmiefined

by means of the following set of values of the descriptiveapaaters:p; = 39.2mm (length of the dielectric substrate),
w2 = 9.6 mm (half width of the dielectric substrategs = 2.1 mm (width of the input section)ps = 23.0 mm (length of

the ground plane). According to the spline description [BE remaining parts of the antenna geometry are determiged b
the coordinates, expressed [imm], of the following control points:P, = (2.1, 25.0), P> = (6.6, 29.5), P3 = (8.6, 29.4),

P, = (7.3, 35.9), P5s = (6.9, 34.9), Ps = (2.2, 32.4), P; = (0.0, 33.8).

IIl. NUMERICAL AND EXPERIMENTAL PERFORMANCEANALYSIS

In order to experimentally test the reliability and efficdymof the synthesized radiator in an UWB communication syste
a pair of antenna prototypes has been built. Moreover, theiving and transmitting antennas have been connectéd @
rigid coaxial cables equipped with SMA connectors. More @tadl, each input coaxial cable has been placed orthogonall
to the dielectric substrate (i.e., to the planar structuréhe antenna) and soldered across the gap between the iegtidrs
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Fig. 2. UWB Dongle Antenna - Amplitude of s11 vs. frequency.
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Fig. 3. UWB Dongle Antenna - Amplitude of s2; vs. frequency.

of the antenna (with widtl2¢3) and the ground plane. This arrangement has been verifieé teuttable to minimize the
coupling effects with the antenna and also the contribsttonthe pattern of the cable radiation. The measurements tgen
performed with a vector network analyzer in a real environtr{ge., a non-controlled measurement scenario).

As for the electric parameters, thg; parameters have been measured at the equivalent two potte afhole TX/RX
system by placing the two antennas at a distanc&saein [4] (i.e., at the same distance used during the synthesisedroe
to check the distorsionless transmission of the time pllsks shown in Fig. 2 , both measured and simulated values of
the |s11| parameter turn out to be compliant with the project constsaiThe differences between the two plots are due to
different causes:d) the reflection contributions added by the non-controllegasurement environment)(the non-uniform
values of the dielectric properties of the substrate in thgBJbandwidth. Concerning the,; parameter, Figure 3 shows the
plots of experimental and numerical values of the amplitliglg|. As expected, the maximum variations of the amplitudes of
the mutual scattering coefficient lie within the specifioas (i.e.,A |s21];,, = 5dB, A|sa| = 6dB). For completeness,
Figure 4 pictorially describes the behavior of the groupagiel, (f) in the working band. As it can be observed, the project
requirements are satisfied sincgjry| . = 0.1nsec andA|ry| = 0.5nsec and there is an acceptable matching between
numerical and experimental results. However, some disereips can be observed because of both reflection contritzuiin
the measurement site and the dispersive behavior of theatliel substrate.

As far as the radiation properties of the UWB antenna are e, the radiation patterns of the synthesized geomatrg h
been numerically assessed by means of a set of simulationseccaut with Method-of-Moment [8][9] based code develdpe
at the ELEDIALab of the University of Trento. As represeivatexamples, Figure 5 shows the normalized horizontabtauti
patterns in correspondence with three different repredimet frequency values within the band of operatigh £ 3.0 GH z,
fo = 4.0GHz, and f3 = 5.0 GHz). The radiation properties of the antenna have been expatatly evaluated, as well.

meas
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Fig. 4. UWB Dongle Antenna - Group delayr, vs. frequency.
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Fig. 5. UWB Dongle Antenna - Simulated H-plane radiation pattern.

Figure 6 shows the normalized measured horizontal radigiadttern. Whatever the operating frequency, the antenesepts
an omnidirectional behavior. For completeness, Figure87 9 and 10 give the normalized simulated and measured akrtic
patterns at two orthogonal sections (i¢+ 0° and¢ = 90°). From these plots, a monopole-like behavior can be infergeich
a conclusion further confirm the reliability and suitalyilitf the designed antenna for mobile-like wireless donglgliagtions.

IV. CONCLUSION

In this letter, the structure and the performances of a rinized UWB antenna suitable for the integration in wirsl€sSB
dongle devices have been described. Both numerical andimgrdal values from a TX/RX UWB system composed by a pair
of identical prototypes have been analyzed to assess tlogerffy of the synthesized antenna as well as to further confir
the flexibility and the reliability of the spline-based UWBtanization. From the obtained results, besides a quitsfaatory
agreement between numerical prediction and experimergakarements, a positive judgment on the antenna designviiis U
dongle devices can be drawn.
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Fig. 6. UWB Dongle Antenna - Measured H-plane radiation pattern.
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Fig. 7. UWB Dongle Antenna - Simulated E-plane radiation patters & 0°).

Wireless USB Promoter Group [Online], Available at httpwAv.usb.org/developers/wusb/.

]
] X. Qing, Z. N. Chen, and M. Y. W. Chia, "Characterization ofralvideband antennas using transfer functiof@atiio i., vol. 41, RS1002, 2006.
] C. de Boor,A Practical Guide to Spline. Springer, New York, 2001.

]

L. Lizzi, F. Viani, R. Azaro, and A. Massa, "Optimization ofspline-shaped UWB antenna by PSTEEE Antennas Wreless Propagat. Lett., vol. 6,
pp. 182-185, 2007.

5
[

[7] L. Lizzi, F. Viani, R. Azaro, and Andrea Massa, “A PSO-drivepline-based shaping approach for Ultra-WidebabdVB) antenna synthesis/EEE
Trans. Antennas Propagat., in press.

[8] R. F. Harrington,Field Computation by Moment Methods. Malabar, FL: Robert E. Krieger, 1987.
[9] C. A. Balanis,Advanced Engineering Electromagnetics. New York, NY: John Wiley & Sons, 1989.



20 ‘ ‘
Simulated (3.0 GHz) —
Simulated (4.0 GHz) -~
10 Simulated (5.0 GHz) - 1

[dBi]

Gain

0 90 180 270 360
0 [deg]

Fig. 8. UWB Dongle Antenna - Simulated E-plane radiation patters & 90°).
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Fig. 9. UWB Dongle Antenna - Measured E-plane radiation patter £ 0°).
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Fig. 10. UWB Dongle Antenna - Mesured E-plane radiation patterg £ 90°).
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