
M radio receiver modules are a standard feature in most modern 
mobile phones. Short-range FM transmission (Tx) has recently 
become a popular means of transferring audio from a portable 

MP3 player to a home or car radio, a feature that will be available 
shortly for mobile phones. Laird Technologies has developed a built-in 
antenna concept for FM radio reception in mobile phones, the RadioAnt, 
which provides performance similar to that of the obsolete earpiece 
cord antenna by integrating the radiating element with a co-designed 
pre-ampliý er. This approach has several advantages compared to 
traditional passive solutions.

One advantage is that the requirement of an antenna impedance of 
50 ɋ is effectively removed. This is important at FM frequencies, where 
the achievable radiation resistance is approximately 1 mɋ. While the 
intrinsic radiator-ampliý er impedance interface is not on the order of 
50 ɋ in the active antenna concept, the output can be adjusted to any 
impedance level, including 50 ɋ single-ended or 200 ɋ differential 
impedances, for a proper connection to the receiver input.

The gain of the pre-ampliý er suppresses the noise contribution of 
the FM receiver, which is about 6 dB. This is equivalent to using a 
passive antenna with 6 dB higher gain. This high gain of the active 
antenna provides more suitable signal levels to the FM receiver, due 
to the limited dynamic range of the automatic gain control of standard 
receivers. While the higher gain does not improve the signal-to-noise 
ratio (SNR) at RF frequencies (as noise and signal are ampliý ed 
equally), it does signiý cantly improve SNR at the downconverted au-
dio frequencies. Yet, the ampliý er does not need to be unconditionally 
stable, eliminating the need for resistive loading that would severely 
reduce the gain and increase the noise of the antenna.

This active antenna does have drawbacks, but these are manageable. 
Speciý cally, the design and characterization is more complex, and the 
pre-ampliý er consumes power and PCB area. Also, the active element 
must be protected from ESD without degrading the sensitivity. Most 
important, stability and linearity must be achieved without resistive 
loading, even though the antenna will present a nearly open or short-
circuit impedance at the ampliý er input. 

The main ý gure of merit for active antennas is the total gain 
(antenna + ampliý er) normalized by the total output noise tempera-
ture, G/T[1] (referred to as ñG over Tò). Now, if the ampliý er gain is 
increased, the output noise will increase, and there is no improve-
ment in terms of G/T. For example, the G/T for a lossless, perfectly 
matched short-dipole or loop antenna (with directivity of 1.8 dBi) 
in room temperature is -22.8 dB/K (1.8 dBi ï 10Ālog (290 K)). The 
concept presented here for G/T degradation relative to a perfectly 
matched lossless short-dipole antenna is similar to that of the noise 

ý gure (NF) in that the SNR is compared at two different nodes, but 
without the requirement of a matched source at 290 K noise tempera-
ture at the input (as is deý ned for the NF metric). Typically, as most 
electrically small antennas have a directivity of 1.8 dBi, the gain G is 
considered as an ñaverage gainò over all angles, which is identical to 
the standard antenna efý ciency (therefore, 0 dB or 100%, is maximum). 
Throughout this article, gain is used synonymously with efý ciency 
and, therefore, does not include directivity. A G/T degradation of 
10 dB, for example, gives a system performance equivalent to that of a 
passive antenna with -10 dB efý ciency (if both antennas are connected 
to noise-free receivers).

The G/T degradation value in a real application is, besides the antenna 
properties, inþ uenced by two external effects: the surrounding noise tem-
perature Ta, which will increase the output noise, and the noise ý gure of 
the receiver, NFrec, which will increase the antennaôs output noise Tout (and 
hence reduce the G/T). The value of Ta has been shown to be signiý cantly 
higher than room temperature, T0, at FM frequencies (for example, 290 K 
or -174 dBm/Hz), due to man-made RF noise[2]. The increased noise level 
means that the effect of the noise contributions from the active devices 
and resistors is reduced unless, as in the case of built-in antennas, the gain 



of the radiating element is so low that the physical temperature of the 
antenna dominates the noise temperature. Also, the high background 
noise level means that the efý ciency requirement of the radiating element 
can be reduced without as signiý cant a reduction of G/T as for the ideal 
low-noise case. This can be understood qualitatively by noting that a highly 
efý cient antenna will receive a larger signal level than an antenna 
with low efý ciency, but it will also receive more noise. Hence, the SNR 
at the antenna output is not signiý cantly better. 

The second effect, NFrec, also contributes noise to the antenna output, 
but can be made insigniý cant by selecting a sufý ciently high gain of 
the ampliý er (Gamp > NFrec), thus improving the system NF performance 
compared to using a passive antenna. It should be noted that the two 
effects of background noise and NFrec are not in general separable, as 
for example a high background noise temperature can make the noise 
ý gure of the receiver irrelevant, and vice versa.

The G/T degradation of an active antenna can be calculated if the 
efý ciency ɖ of the radiator and the gain Gamp of the ampliý er are known 
(assuming that the antenna is at room temperature, T0, and ñseesò an 
ambient noise temperature of Ta ) by the following equations (in which 
temperature is in units of Kelvins):

The SNR at the output of the active antenna compared to the SNR 
at the input (the noise ý gure) is given by: 

(1)
The SNR at the output of the passive lossless (ɖ = 1) reference 

antenna compared to at the input is given by:

(2)
with the G/T degradation being the quotient between Eq. 1 and 2 

as follows:

 (3)

In general, however, the efý ciency of the radiator and the gain of the 
ampliý er are not known separately (at least not through measurements, 
but simulations or analytical models can be used to obtain such data). 
Instead, the G/T degradation is obtained by measuring the total output 
noise power of the antenna when placed in a speciý ed environment 
(for example, where Ta = T0 in an anechoic chamber) and the gain is 
measured by a method such as comparison to an antenna with known 
gain. Care must be taken so that noise contributions from the measure-
ment equipment are removed by calibration, and that no metallic objects 
(coaxial measurement cables or voltage supply wires) are attached 

during these measurements for reasons previously explained.
To support these requirements, Laird Technologies has developed a 

cable-replacement system based on ý ber optics, which together with 
a battery-driven pre-ampliý er facilitates proper characterization of 
electrically small antennas (Figure 1). The gain of monopole antennas 
of different lengths protruding from the chassis has been measured 
with a coaxial cable and with the optical-ý ber system. The measure-
ment error is more than 20 dB for the coaxial system for lengths below 
about 10 mm, which are realistic values for built-in antennas.

Finally, it should be noted that the gain of small antennas at FM 
frequencies is enhanced by the presence of the human body, in 
particular if the antenna or chassis is touched by the user. This is due to 
the human body being a fairly efý cient antenna at around 100 MHz, as 
a half-wavelength is around 1.5 m and the human tissue is conductive 
at such low frequencies. This is in contrast to cellular antennas, which 
can lose more than 10 dB gain in talk position. The positive human body 
effect is illustrated in Figure 2, where the output spectrum of the receive 
antenna is shown with and without a user touching the antenna. The gain 
is much higher in the hand-touching case, and it can also be shown that 
the G/T degradation is improved by 10 dB to 15 dB in this case.

The design of the RadioAnt active antenna concept is shown in 
Figure 3. The radiating element is a single-turn half-loop, where the 
radiator is grounded at one short edge of the chassis and connected to 
the ampliý er at the other. By short-circuiting the antenna at one short-
edge and ac shorting (at GSM frequencies) the antenna at the other 
short edge by the shunt capacitor (to obtain resonance), the antenna is 
shorted at the E-ý eld maxima of the GSM antenna, thus ensuring low 
cross-talk. The shunt capacitance is between the gate and source nodes 
of the ampliý er input, which besides increasing the gain also provides 
a better noise match by increasing the real part of the antenna as seen 
by the ampliý er (improving stability). The ampliý er uses a microwave 
FET transistor coný gured in a common-source topology to minimize 
the noise contribution. The complete ampliý er consumes 3 mA at 3 V, 
which gives sufý cient gain and linearity for the application. The bias 




