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ABSTRACT: In this paper, using a GaN transistor, a class AB single-ended power
amplifier with 30-512 MHz frequency band and 100 W saturated output power has been
designed and implemented. An electromagnetic and a thermal CAD by CST have been
employed to design the amplifier matching networks and the heat remova assembly,
respectively. For 30 dBm input power, the measured gain is 19 dB +/- 1 dB, the average
PAE is 61% and the return loss is always better than -7.5 dB. The measured responses
are state of art results and are in good agreement with simulations performed with a
circuital CAD by NI AWR.



. INTRODUCTION

High Power amplifiers (HPA) are the costly part of radio communication systems so that
accurate design is recommended [1], [2]. In particular, HPA operating in the 30 MHz-
512 MHz band are employed for mobile radio communications, radio and television
broadcasting, air traffic control, marine communications, weather forecasting systems
[3], [4]. For these applications, a significant cost reduction is achieved if a single
broadband amplifier is used. To this end, GaN HEMT devices are of interest because of
their high breakdown voltage, saturation velocity and permittivity. This leads to higher
powers for a given device area with respect to other technologies. Moreover, the
parasitic capacitances are small enough to maintain these properties at high frequencies
[51-[7].

In radio-communication systems, the efficiency of the power amplifier is a
fundamental requirement. High efficiency means reduced lost power and hence
“greener” amplifiers. Moreover, a high efficiency reduces the power consumption of the
cooling system necessary to remove the dissipated energy [4].

In this paper, using a GaN transistor, a high efficiency 30-512 MHz HPA with 100
W output power is designed and implemented. Its block model is shown in Fig.l.
Among the various blocks, the transistor, the matching networks and the heat removal
are particularly critical and will be discussed in more detail in the next paragraphs.

. VBIAS
T ~. Heat Bias  |_|.| Decoupling
Removal Network | ~| Network

RF - ¥ RF

Input . Output

Input npy Stabilization . R " Output
— Matching » » Transistor » Matching ——
Network
Network Network

Figure 1: Block model of the considered power amplifier



II. OPTIMISED TRANSISTOR MODEL

In this design, the GX3442 GaN HEMT by Polyfet has been used [8]. For this transistor
a model constituted by two CURTICE FET [9] is available in the microwave office
element libraries. The model parameter VTO and BETA of the CURTICE model have
been optimized to give a current Ids = 17 A with Vgs = 2 V and lds = 400 mA with
Vgs=-2.15V as reported in the transistor specifications [8], [10]. The optimized values
for the two transistors of the GX3442 model are VTO1=-2.53, BETA1=3.8, VT02=-5,
BETA?2=35. Fig. 2 shows the achieved transistor trans-characteristic achieved with the
microwave office (MWO) by NI AWR circuital CAD.
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Figure 2: Trans-characteristic of the optimized GX3442 GaN

1. COAXIAL TRANSFORMERSMODELING

Wideband matching network for RF power amplifiers have been theoretically studied in
the past and many schematic and design equations have been reported [11]-[13]. Here,
the coaxial transformer used as matching network for the amplifier has been numerically
simulated inside the electromagnetic CAD Microwave Studio by CST, by using the
FEM solver (see Fig. 3). Fig. 4 shows the transformer implemented by using binocular
ferrite 61 by Amidon with relative permeability equal to 125.



Figure 4. Transformer realization by using binocular ferrite 61 by Amidon

The typical frequency behavior of ferrite 61 has been interpolated with the Debye
model [14] with f;=40-10° Hz;
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Finally, the transformer has been implemented inside the circuital CAD Microwave
office (see Fig. 5).
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Figure 5: Transformer implementation in the CAD microwave office by NI-AWR

This circuit model takes into account the presence of the binocular ferrite modeled
with the series of an inductance (LF) and a resistance (RF) related to the real and
Imaginary part of the relative permeability of the ferrite, respectively. In particular, LF
and RF expressions are:

LF = 1210771 | (2) - 1] 2)
RF = p" @ 210771 [ln (271) - 1] 3)

In the circuit model two series inductor (L1 and L2) have been added to ssimulate the
presence of wires between the component ports and the coaxial cable.

Fig. 6 shows a comparison among the S,; parameter of the coaxia transformer,
evaluated with the CST mode, the MWO circuit, and measured on the realized
transformer of Fig. 4. In particular, the presence of a 3 nH inductance at the input and
output terminals allows for a better agreement between MWO simulations and
measurements.
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Figure 6: Abs(S;,) of the coaxia transformer as a function of frequency. Comparison
among simulations with CST, MWO model, and measurements on the realized
transformer

V. POWER AMPLIFIER THERMAL MODELING

The mechanical structure hosting the amplifier board and dissipating the heating
produced by the transistor has been designed asin Fig. 7.
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Figure 7. Spreader and heat sink structure
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When a power “P” is dissipated inside the transistor, the temperature variation between
the transistor junction (T;) and the air (T,) is given by:

AT =T; =Ty = P * (Rjc + Rp + Rpq) 4)

where R;¢ is the junction-to-case thermal resistance, R, the spreader to heat sink thermal
resistance and Ry, is the heat sink to air thermal resistance.

For the Ric parameter of the GX3442 transistor, a value of 1.9 °C/W is given by the
factory [8]. In order to estimate the other two thermal resistances, the spreader and heat
sink thermal responses have been simulated inside the CAD Microwave studio by CST
(see Fig. 7). CST implements a finite difference solution of Fourier equation [15]-[17].
A 50 W thermal source has been impressed in the transistor flange. At the ventilated and
non-ventilated surfaces, convective coefficients of 30 W/m?K and 5 W/m?K have been
imposed, respectively [18]. Fig. 8 shows the thermal simulation result. The maximum
thermal variation at the flange is about 24 °C hence from (4) it is. R¢y + Rna = 0.48. In
conclusion, the expected transistor temperature increment is 114°.

Figure 8: Temperature distribution in the heat sink-spreader structure at the steady state

For a transistor maximum temperature of 200 °C and by considering a safety margin of
20 °C, 50 W of dissipated power are tolerated for ambient temperature up to 66°C.



V POWER AMPLIFIER DESIGN AND MEASUREMENTS

Fig. 9 shows the single ended amplifier schematic. The optimal load impedance for a
100 W amplifier with 48 V drain voltage is 12.5 Q and this value is easily reached with
the coaxial transformer previously described [11], [19]. In this design, the GX3442
transistor has been stabilized with an input series and parallel resistances of 12 Q and 20
Q, respectively.

A shunt capacitance of 47 pF has been added in parallel to the series resistance to
improve the flatness of the amplifier gain. It is worth noting that the amplifier stability is
strongly influenced by the transformer losses modeled with the RF resistors (see Fig. 5).
This is confirmed by the results reported in Fig. 10 where the stability Rollet factor [1]
for the amplifier with and without the RF resistors is reported. The figure shows that the
presence of parasitic resistors makes the amplifier unconditionally stable over all the
frequency bandwidth.

Fig. 11 shows the amplifier layout and Fig. 12 its realization over a RO4350B 30 mil
substrate. It is important to note that, in order to respect the simulated thermal
performances, care must be placed in a proper treatment of the spreader surface.
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Figure 9: Amplifier schematic
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Figure 10: Stability Rollet factor for the amplifier with and without the parasitic resistors

Figure 11: Amplifier layout
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Figure 12: Amplifier realization: Top view (a) and lateral view (b)

Fig. 13 shows a comparison between the small signal scattering parameters
simulated on the circuit of Fig. 9 and those measured with a PNA E8363B on the
realized PA (see Fig. 12). A very good agreement between simulation and measurement
Is evidenced. In particular, the obtained agreement indicates that all the parasitic
components of the structure have been properly taken into account.
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Figure 13: Comparison between simulated and measured small signal scattering
parameters

For high power measurements, the experimental set up depicted in Fig. 14 has been
used. In the figure, together with the used components, the power budget is aso
reported.

Fig. 15 shows Gain, Return Loss and PAE of the amplifier evaluated for 30 dBm of
input power. The measured gain is 19 dB +/- 1 dB, and the return loss is lower than -7.5
dB with a good agreement between measurement and simulations. Concerning the
measured PAE, its average value is about 61% with 15% oscillations. The simulated
average PAE (61% + 7%) is similar to the measured one but with a different frequency
behavior.

Finally, Fig. 16 shows the 2nd and 3rd order harmonic power with respect to the
carrier for 30 dBm of input power. The figure shows that measurement exhibit the same
frequency behavior of simulations with values comparable or a bit better.
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Figure 14: Experimental set up used for high power measurements
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Figure 16: Simulated and measured 2™ and 3" harmonics powers relative to the carrier
for 30 dBm of input power

VI CONCLUSIONS

A class AB single ended power amplifier with 30-512 MHz frequency band and
100 W saturated output power has been designed and built with Vds =48 V and Idg =
400 mA. Simulations performed with the CAD microwave studio by CST have been
employed to design the amplifier matching networks and the heat removal assembly.

The use of electromagnetic ssmulations has allowed to extract an accurate model of
the matching coaxial transformer taking into account all the losses and parasitic
elements. This model has been inserted in to the circuital CAD NI AWR alowing the
optimization of the stability and matching networks.

With the aid of thermal simulations the spreader to heat sink and heat sink to air
thermal resistances have been estimated and the maximum power that can be dissipated
In the transistor as afunction of the ambient temperature has been evaluated.

For 30 dBm input power, the measured gain was 19 dB +/- 1 dB, the average PAE
was 61% and the return loss was aways better than -7.5 dB. The measured responses
were in good agreement with simulation results.
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With respect to other kinds of HPAs operating in the 30-512 MHz band the
proposed single ended GaN realization shows good performances in terms of Gain,
Return Loss and PAE but higher values of harmonics. However, the non-linearity of the
amplifier can be improved by combining two identical amplifiers in phase opposition or
by using linearization techniques such as the feed-forward or the digital predistortion.
So, the proposed amplifier can be efficiently used when linearity performance are not
required but also as an useful device to test linearization techniques and algorithms.
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