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Abstract. This paper proposes the research of a single stage Broadband Solid State Power
Amplifier (BPA) based on ATF13786 transistor, using GaAs process. This BPA operates
in the frequency band ranging from 1.35 GHz to 3 GHz which covers the mainstream
communication standards running in L and S Bands. The design approach is based on the
real frequency technique. The simulated results are obtained by using ADS circuit
simulator. In order to improve the broadband response, a multi-section quarter wave
impedance transformer combined with an approximate transformation of a previously
designed lumped elements into a transmission lines are used. The simulation results show
a saturated output power of 17.85 dBm, with PAE of the 11% and a maximum power gain
of 16.68 dB.
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1 Introduction

At the present, almost every communication system has some sort of transceiver, and
inherently a Radio Frequency Power Amplifier (RFPA), running in one of the following bands
(defined by IEEE standard 521-1984): L — S — C — X or Ku bands, from 1 GHz to 18 GHz,
operating at Ultra-High Frequencies (UHF) and Super-High Frequencies (SHF) [1-7].

Nowadays, power amplifiers are used everywhere in our life, we are driving cars that are
smarter, equipped with new technologies such as parking radar sensor system and GPS. We
receive signals from satellites in our home with satellite TV receivers and in our cars or phones
from Global Positioning System (GPS) [8-11].

Essentially, Power Amplifiers are critical components for many applications, among which
communication systems, Magnetic Resonance Imaging (MRI), semiconductor manufacturing,
microwave heating, radars, avionics, medical microwave imaging, electronic warfare and
navigation systems represent just a few examples [12-17]. Given such enormously spread fields,
power amplifiers sets may greatly differ in technology, design and operating requirements [18].
As a consequence, a widespread architectures of PA have been realized in the past 2 decades,
from travelling-wave tube power amplifiers for very high power systems such as radars or
satellite payloads, to solid state power amplifiers for medium and low power systems like
wireless communication handsets [19].

On the other hand, the improvement in broad bandwidth demands is primarily driven by
the next generation of communication systems, which require significantly wide bandwidth. As
a result, the interest in the power amplifiers with broad bandwidths and with good performance
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has grown immensely over recent years. Such systems involve stringent requirements from
broadband amplifiers in terms of high gain, high stability, high Power Added Efficiency (PAE)
and high output power over a wide frequency ranges [20].

The design of broadband power amplifiers is basically equivalent to build an appropriate
circuit able to convert DC power supplied to microwave transistor, into Microwave/Radio
Frequency power, successively transferred to an external load, in a given band or a range of
frequencies of interest [21].

Various approaches, configurations and techniques have been developed and explored for
this purpose, trying to meet at the same time several contrasting requirements in terms of gain
flatness vs broadband matching, efficiency vs linearity or low distortion vs high output power.
Among such configurations of BPA, balanced structures, distributed structures and Doherty
configurations that use various matching network schemes as well as reactive filter synthesis,
shunt or series feedback and resistive/reactive matching [22].

The reactive/resistive matching technique gives a virtuous power performance and a
moderate bandwidth. Thus, the wideband design is difficult. This scheme also has poor VSWR
and gain flatness. The shunt/series feedback topology results in lower power density and higher
noise figure. However, this configuration is good for VSWR, multi-octave bandwidth and gain
flatness. The distributed power amplifiers have the capability of broad bandwidth and achieves
excellent gain, but shows weak points in limitation of output power, poor PAE and requiring
large area for circuit realization [23].

The work presented in this paper is basically based on the Real Frequency Technique
(RFT), in combination with other broadband matching techniques such as multi-section quarter
wave impedance transformer, approximate transformation of previously designed lumped
element matching circuits into the transmission line matching networks and both single and
double stub tuners.

Comparing the matching techniques adopted in this work, with similar contemporary state
of the art broadband matching techniques, the RFT is probably the best circuit design available
for the design of broadband power amplifiers. The RFT has being pertinent for all matching
problems and permits optimizing many performance factors of single or multi-stage RF power
amplifiers [24].

In this paper we present the design of a broadband solid state power amplifier, operation in
the frequency range from 1.35 GHz to 3 GHz which compromise the mainstream applications
and communication standards running in L and S bands. The proposed BPA reaches a saturated
output power of 17.56 dBm and a maximum power gain of 16.85 dB. The design architecture
achieves a simple configuration with an excellent matching performance over 1650 MHz
bandwidth.

2 Broadband Power Amplifier circuit design

Regardless of its characterization as narrowband, wideband, high power, low noise or else,
all power amplifiers have in common feature of converting the DC power supplied to their active
devices, into RF power as well as providing a positive power gain at the requested frequency or
rang of frequencies.

The design of Broadband Power Amplifier requires an accurate active device, appropriate
bias and matching networks, stability during operation and easiness of circuit implementation.
The effectiveness of the design approach is evaluated by its aptitude to achieves high output



power, maximum power gain across a broad bandwidth with minimum stages of PA and under
stable operating conditions. The exigency for linearity or high efficiency can be reviewed where
it is needed. Keep in mind that, for the stability requirement, it is indispensable to examine the
frequency ranges in which the RF transistor may be unstable.

The simplest possible single stage power amplifier consists of a single RF transistor —be it
a BJT, FET or otherwise — DC supplied through a DC bias network, and connected through an
input and output matching networks, to a source and load respectively, both having same
impedance Zo, as shown in Figure 1.
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Fig. 1. Single Stage Power Amplifier Block Diagram

At high frequencies, to provide maximum power transfer of the RF power available from
the RF source to the load, an accurate input and output matching networks are required as well
as a specific DC bias.

2.1 Biasing circuit of the BPA

At high frequencies, biasing networks takes an important parts of power amplifiers design,
and they must be designed carefully to avoid low frequency oscillations due to high device gain,
high capacitance and low substrate resistivity. Despite the biasing parameters depends on the
active device technology, the design approaches of biasing circuit are basically the same [25].

In practice, there are many basing schemes available for RF power amplifiers. According
to the designer choice, the biasing circuits could be integrated in the matching circuits or they
stand-alone.
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Fig. 2. The proposed microwave biasing circuit.




However, when the DC bias voltage supplied to the active device, the RF energy must not
break through the bias port, otherwise degradation of RF performance in terms of PAE, noise
figure and power gain takes place.

Basically, a biasing circuit consists of RF choke and a DC block. The DC block can be
either a 3-dB backward —wave coupler or chip capacitors, and must be present a short circuit at
the operating frequency. The value of the capacitor must be selected in such a way that wC =
2nfC is very large.

The configuration of the proposed biasing network is illustrated in Figure 2. The active
device -ATF786- is supplied with a single supply voltage VCC of +3.5V. the biasing network
is synthesized by using a radial line section terminated by a RF choke. This configuration is
smaller in size and provides better bandwidth than A/4 open circuited stub.

2.2 Broadband matching networks design

The impedance matching networks takes a major part in the design process of the BPA.
Basically, the active device is mismatched with the source and the load. Consequently, the RF
energy available from the source is not delivered to the load, and this makes a loss of RF energy.
In other words, to provide a maximum power transfer of the RF energy from the input port to
the active device, from the active device to the output port or between devices, an accurate
matching circuit should be designed at the interface between two sections having mismatched
impedances, otherwise, a portion of the electrical signal propagated in the circuit will be
reflected. In a broad sense, the matching network can be defined as a circuit that transforms a
given impedance into a desired impedance.

Essentially, the matching network design depends on the operating frequency of the PA.
According to the broadband design approach, there are various impedance matching schemes
and techniques that can be deployed to match two given mismatched impedances, regardless of
whether the matching is accomplished with transmission lines or lumped elements.

The selection of an appropriate matching technique might not always be clear, however, it
is basically determined by the following factors: bandwidth, complexity and implementation.
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Fig. 3. Equivalence between lumped elements and transmission lines.

In this work, a combination of matching techniques is deployed to achieve the broadband
bandwidth of the proposed BPA. The first one is an approximate transformation of lumped
elements into transmission lines. At high frequency, excepting an MMIC (Monolithic
Microwave Integrated Circuit) design, the implementation of lumped elements such as
capacitors and inductors is very difficult where they can be considered as distributed elements.
Thus, in this work, the design of the input and output matching networks is based on an



approximate transformation of lumped elements into transmission lines, which can be
established by applying Richard’s transformation.

Figure 3 shows the equivalence between lumped elements and transmission lines. The value
of Z1, 61, Z,, 62 can be obtained by using the following equations:
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From the equation (1) and (2), the variables are Z1, Z,, 81, 62. As a results, there are two
degrees of freedom in implementation of a capacitor or inductor respectively.

The second technique used in the design of the matching networks is the Multi-Section
Quarter Wave Impedance Transformer (MSQWIT). Typically, there are two widely known
MSQWIT: Chebyshev and Binomial. In this paper we adopt the second transformer. A
schematic diagram of a binomial transformer is shown in Figure 4.
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Fig. 4. four-section quarter-wave impedance transformer.

The sections impedances can be calculated approximately by using the following equations:
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Where CY are the binomial coefficients. Z, and Zn.; are the impedances of the nth and
(n+1)th sections and pn is the reflection coefficient of the junction between Z, and Zj...

By using the concepts mentioned above, the proposed BPA schematic is illustrated in
Figure 5.

3 Simulation results and discuss

3.1 Stability analysis

According to the stability criterion of PA, the unconditionally stability is achieved when
the following Rollett and Bodway equations are simultaneously validated:
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K is the Rollett stability factor and B; is the Bodway stability factor. As shown in Figure 6,
the stability requirement of the proposed BPA is established over the operating bandwidth.
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Fig. 6. Curves of K and B Factors versus frequency.

3.2 Small Signal Simulation

The RF performance of the proposed BPA is examined using small signal two port
scattering parameters simulations which consists of measuring the reflected, transmitted and



incident waves. We note that the S-parameters simulations are done in 50 Q source and load
impedances. Figure 7 shows the curves of input and output return loss over the bandwidth
ranging from 1.35 GHz to 3 GHz. As we can see, the maximum value that can be reached by
the input return loss Sq: is -13dB, where the output return loss Sy, reaches a maximum value of
-15dB over the operating frequencies. As a result, the good broadband matching of the proposed
BPA is performed.

The internal feedback of the active device is represented by the parameter Si. In order to
improve the degree of isolation between the output and input as well as the stability of the
proposed BPA, it is more required to have Si as small as possible.

The simulated revers isolation Si2 and small signal gain Sz are illustrated in Figure 8. As
we can observe, the revers isolation Si, reaches a maximum value of -20 dB. The small signal
gain Sy varies between a maximum value of 16.78 dB and a minimum value of 10 dB. Then,
for the proposed BPA, we can clearly assume that the unconditionally stability is assured, the
broadband impedance matching is accomplished with a good power gain performance over a
broad bandwidth of 1650 MHz.
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Fig. 7. Curves of Si1 and Sz, from 1.35 GHz to 3 GHz.
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3.3 Large signal simulation

From energetic standpoint, a power amplifier can be considered as a device able to convert
DC power supplied to the active device, into an RF energy. The efficiency of this conversion is
performed by means of Power Added Efficiency (PAE), defined as the ratio between the added
power and the supplied DC power, which the added power is the subtraction of the input power
from the output power.
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Fig. 9. PAE and Output Power versus frequency.
As shown in Figure 9, at 2.15 GHz, the proposed BPA achieves a maximum value of PAE
of 11.19 % with a saturated output power of 17.85 dBm, thus corresponding to 60.95 mW of
output power.

Table 1. Performance comparison between the proposed PBA and other BPAs

Ref Freq Psat Gain PAE S11 S22 Supply
' [GHZ] [dBm] [dB] [%] [dB] [dB] V]
[26] 2015 1.9-2.7 28.1 11 13.7 - - 25
[27] 2016 1.8-2.8 28 25 6.1 -12-25  -09]-19 5
[7] 2018 1.75-2.15 8 - 117  -11]-22 -13]|-19 12
[1] 2018 1.1-3 17.14 14.9 149 -10]-35 -10]|-25 3

This Work 1.35-3 1785 16,78 1119 -10|-24 -15|-34 3.5

By comparing the proposed BPA with the similar contemporary state-of-the-art broadband
PAs, we can clearly see that the matching techniques deployed in this work are very sufficient
and permits to achieve a broad bandwidth. From Table 1, the proposed BPA exhibits excellent
bandwidth, high gain, good output power and excellent matching across the operating
bandwidth as well as simple circuitry when it is compared with the other BPAs.



4 Conclusion

This paper introduces a Broadband Power Amplifier operating in the frequency ranges from
1.35 GHz to 3 GHz with simple circuit configuration. The effectiveness of the designed
matching networks was verified by the simulation results.

The large signal simulation shows that the proposed BPA reaches a maximum output of
17.85 dBm, with a PAE higher than 11%. This BPA is unconditionally stable over the whole
operating bandwidth. A power amplifier with those features is more suitable for various
microwave applications running in L and S bands such as cellular communication standards,
medical microwave imaging, digital television broadcasting, avionics and navigation
applications represent just a few examples.
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