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Abstract; This paper presents an active receiving patch antenna at 1500MHz-2000MHz band (it has been
obtained a flat G/T parameter with a value of around -20dB/k), Then, G/T has been increased over 10 dB
compared with the measured value for the passive antenna. An increase in EIRP between 13-15 4B (with
the ATF34143) has also been measured, depending on the bias conditions, for a bandwidth between 1500
and 2200 MHz. The proposed active antenna has been designed from a stacked patch antenna and directly
feeds the input of a resistive equalised broadband ampiifier.

I. INTRODUCTION

The demand on integrating efficiently several communication services in the same antenna (for insiance
DCS and UMTS) has made antenna engineers design multifrequency or broadband antennas, Several
techniques have been used to increase the bandwidth of a patch radiator [1]: external matching cireuit,
matching in the radiating surface of the patch, inclusion of coplanar parasitic elements, inclusion of
regonant disturbances and use of stacked elements. The last one has been very popular in broadening an
antenna bandwidth or in constructing multifrequency antennas. Figure 1 has been taken from (2],
comresponds fo the asymmetric stacked patch antenna (with a positive displacement) and represents its
reflection response. 1t can be seen its behaviour as a dual frequency antetina.
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Figure 1: Dual frequency passive asymmetric stacked patch antenna
The use of active antennas improves radio links parameters as EIRP (in transmission) or G/T {in
reception). Most active antennas designs are narrowband due to both the patch filtering properties and the
amnplifier input matching netwark, In additian to the advantage of increasing the EIRP, the inclusion of a
resistive equalised broadband amplifier, feeding directly the antenna, broadens greatly the reflection
antenna bandwidth and also presents wider gain bandwidth compared to the passive counterpart. The
main problem on designing a broadband reception antenna is to keep the noise under reasonable level so
that the amplifier itself would be very near the minimum noise figure of the FET and a clear increase in
G/T can be increased.
This article presents a new approach for the design of amplifier-type active broadband receiving antenna:
the output of the attenna is divectly connected ta the taput of the broadband amplifier. The amplifier has
been done by using a resistive equalisation technique high impedance lines. The input line (and the
resistor congected to it) equalises low frequencies and doees not affect the noise behaviour at the work
frequency. The output impedance line (and its corresponding resistor) equalises upper frequencies but its
effect on the overal! noise power is very low. In this way, the proposed aatenna increases its bandwidth
ihanks 10 the resistive loading and #ts gain thanks to the active antenna and mainains a reasonable noise
level thanks to the input high impedance line. The design of broadband active amplifier radiators is an
innovative topic of research. In [3] a broadband reactive equalised active antenna was presented. That
active antenna was not directly fed to the amplifier what increased the losses in the corresponding radio-
links, Besides no measurements of the aclive antenna noise were presented (amplifier noise
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measurements were only presented). In [4] an active broadband transmmmg patch antenna was presented.
It was directly connected 1o the amplifier so an increase in the tr jon radio link par was
obtained. In this paper the technique presented in [4] has been modified to be used in low noise
broadband active receiving antennas.

iH. ANALYSIS OF ACTIVE ANTENNAS

Other topic in fashion is the use of active antennas to improve radio links patameters as EIRP or G/T.
This concept provides a new paradigm for designing modem microwave systems and can be explained
from either the circuit or the antenna point of view [4-5]. From the microwave engineer’s point of view an
active antenna integrates the active RF front-end on the antenna directly. It can be seen that the active
device and the antenna are treated as a single entity. From a circuit point of view, the active antenna can
be considered as an RF amplifier connected directly to the antenna load; then, a “realized gain™ has
sometimes [3] been defined as follows

Ga(9a¢):GT'Grad(9r¢) M

where G is the transducer gain of the amplifier with the radiator as its load, &, (9, ¢) is the gain of

the passive radiator. In [3] it is said that “this gain definition can result in a gain valuc substantially larger
than the passive radiator directivity”. However, this definition can not be accepted from the antenna
theory point of view since the antenna gain can never be larger than the directivity of the antenna. Then,
for an active transmitting or receiving antenna, a concept of the increase of EIRP (Equivalent Isotropic
Radiated Power) could be applied. This definition is coherent since it is comparing the EIRP transmitted
by a passive antenna and its counterpart transmitted (or received) by the active antenna. Besides, the
separation proposed in (1} can not be made for two reasons: first, the two members of the product in (1)
can not be measured since they can not be physmal]y separated. Second, the expression is only corvect
when the imped of the radi is real and matches the amplifier through a matching
network. Then the increase or EIRP can be given as:
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EIRP
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where sub indices acr and pas correspond to the active or passive link parameters.

The other parameter to be studied in active receiving antennas is G/T, For a receiving system it can be

estimated from individual measurement of its differcnt components. Unfortunately, this is not the case for

a receiving active antenna, where the vadiator and active circuitry can not be separated and an individual
measurement is not pessible. Then, the measurement procedure can be summarised as follows:
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Figure 2: Measurement system outline

First: measurement of the received power with the generator OFF (P, = k(T; + T,)G,B ). Secondly:
measurement of the power with the generator ON (£, = k(Ta +T, )G,B + i 4x. Gy G\ 8y ). Third:
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Do the quotient between Pox and Pogs: ¥ = P, /Py =l+(;1'.2/4ﬂ,'-GRxSn V(T, +7.)B . Then, e

merit figyre G/T is given as: »
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Sy is directly measured with a knowmn passive antenna,

. DESIGN OF BROADBAND ACTIVE RECEIVING ANTENNAS

From the model of a FET amplifier [5] it can be shown that the minimum noise figure is given as:
4
Fop =142, R, +2yR,-G,+(C, R} @

where subindex n comresponds to the internal impedance or admittance of the noise generators and
subindex cor refers to the comrelation between noise generators. It can be shown that for a broadband
matching of the optimal source impedance which results in the minitum noise figure we need a circuit
that approximately imitates the behaviour of a negative capacitor, It has also been seen that the input
impedance of ATF34143 moves clockwise with frequency and, therefore, the optimal source to obtain
minimum neise should move counterclockwise with frequency. This counterclockwise measurement can
be obtained with matching network with resonances. Then, a lossy resonant circuit can imitate the
behaviour of a negative capacitor or inductor. Then, on the Smith chart the trajectory of the resonant
circuit approaches the minimum noise impedance. This resonant circuit can be done with the patch itself.
In this way, it could be said that input patch impedance presents an optima! behaviour for the construction
of broadband low noise active antennas.

Unfortunately this is not exactly as it has been presented in the previous paragraph and it is very difficult
the patch impedance with the minimum noise impedance for a great frequency bandwidth tnargin. In
order to increase that margin a modification of equation 4 could be done. In this way, Niclas proposed to
modify G, and ¥ g to design broadband amplifiers. In [5] it can be seen that this modification, for the
case of low noise amplifier, is mainly affected by the value of the gaic conductapce. If this gate
conductance would be connected to the via high impedance lines, its effect at higher frequencics
would be significant less important than at lower frequencies. In this way one of our critical design
parameters is the gate conductance and the high impedance input line and the amplifier will be optimised
attending these values. Then, a neise figure lower than 0.5 dB has been obtained for a bandwidth between
1.6 GHz and 2.45 GHz.

Figure 3: Noise and gain of the amplifier with the antenna as source impedance

IV. MEASUREMENTS OF THE ACTIVE RECEIVING ANTENNA

Measurements have been done with an auxiliary log-periodic antenna that covers the whale bandwidth
(GSM1800 and UMTS). One passive antenna (identical to the passive radiator used for the active
integrated antenna) and one active antenna have been used 12 the link p Measurements
of the reflection coefficient and the transmitted parameter for the same radio link as in the passive antenna
have shown good agreement with the simulation results. Figure 4 shows the transmission parameter
where an improvement in EIRP increase of 13-15 dB has been achieved, depending on the bias
conditions, over a band from 1500 to 2220 MHz (this implies a band of 35% in frent of the 20%
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bandwidth of the original passive antenna). The reflection coefficient has been improved by the active
element resulting is lower than 10 dB for a bandwidth from 1GHz to 3 GHz.
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Figure 4: Measured transmission coefficients Figure 5: Measured reflection coefficient for the

between reference antenna and passive or active active microstrip receiving antenna
microstrip antenna

The noise performance of the amplifier type receiving microstrip antenna is of great importance in

practical applications and it has been measured via the G/T parameter. It can be seen that G/T is -20dB/K

i a bandwidth between 1600 and 2000 MHz, That implies an increase of more than 10 dB over the

corresponding parameter of the passive antenna.
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Figure 6: G/T measurements for the active microstrip receiving antenna for four bias conditions

V. CONCLUSIONS

The technique of resistive loading for construction of active antennas has been shown as a suitable one to
increase both the bandwidth of the antenna, EIRP and G/T parameter. An antennz working in the DCS-
UMTS has been presented with an equivalent gain of 13-15 dB (depending on bias conditions) and 2 gain
bandwidth of 35%. Relative pianar G/T of around -20dB/K has also been obtained.

REFERENCES

[i] D. Pozar, A Review of Bandwidth Enhancement Techniques for Microstrip Antennas; Microstrip
Antennas, The Analysis and Design of Microstrip Antennas and Arrays, D.M. Pozar and D. H.
Schaubert (Eds.) IEEE Press, New York, 1995, pp. 157-166.

[2) E. Rajo-lglesias, D. Segovia-Vargas, J.L. Vazquez-Roy, V. Gonzilez-Posadas and C. Martin-
Pascual, Bandwidth Enhancement in nen: d stacked patcl Microwave and Optical
Technology Letters, oct. 2001, pp. 53-36.

[3] H. An, B. Nauwelaers and A.Van de Capelle “Broadband Active Microstrip Antenna Design with the
Simplified Real Frequency Technique”, IEEE Transactions on Antennas and Propagation, vol. AP-
14, Dec. 94, pp. 1612-1619.

[4] D Segovta-Vargas, V. Gonzaiez Posadas, J.L. Vazquez-Roy, L. Inclan and C. Martin: Equalised

dband active transmitting patch 1EEE Symposium on AP, Columbus, June 2003.

[5} K. B. Niclas; On Design and Performance of Lossy Match GaAs MESFET Amplifiers; [EEE

Transactions on MTT, vol. MTT-30, nov. 1982, pp. 1900-1907.

3938



	footer1: 


