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ABSTRACT

The next-generation wireless communication systems including satellite, radar, and mobile communications
need application-specific power amplifiers that can operate at very high frequencies and high power with the
overall minimum power consumption from the system. To meet such stringent requirements there is a rising
interest in amplifier designs based on GaN transistors. This paper presents an improved design of a high power
amplifier based on GaN HEMT transistor operating at the frequency band SGHz - 7GHz with optimized
output power level. The presented design is based on a 12 Watt Discrete Power GaN on SiC HEMT from
TriQuint. In this manuscript, we have considered the stability of the amplifier for the whole operating
frequency band, its input and output matching impedance, gain, and maximum output power. The design of
the Radio Frequency (RF) power amplifier and its overall performance are carried out using an advanced
design system (ADS). The simulation results of the device stability and the output power level achieved provides
a good comparison with the parameters and specifications of the device used. For better correlations in the
simulation results and measurements, the accuracy of passive element designs are also considered. The
simulation and experiment results show that the designed high power amplifier has achieved an output power
level of 44.5 dBm at 1 dB compression point.
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frequencies, output powers and variable thermal
conditions [3, 10].

1. INTRODUCTION

ower amplifier is considered a key module for
any mobile or wireless communication system
[1]. Therefore, its stability at the operating

The materials with large breakdown regions like GaN
High Electron Mobility Transistors (HEMTs) are

frequency band, output power level, and the Power
Added Efficiency (PAE) are always considered during
its design. The performance of many semiconductor
devices can provide a limitation over various
operational frequencies thereby reducing the
performance of the power amplifier required for the
specific application. The technologists have developed
high-performance materials to handle the high

proven to be very useful to meet the requirements of
wideband mobile applications. Moreover, other
devices like SiC MESFET and Gallium Arsenide have
also provided developments in the design of highly
efficient power amplifiers [1 - 4]. GaN-based
transistors can provide better performance as
compared to the conventional materials and hence are
of great interest to the Researchers in the
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communication domain.

GaN-based materials can tolerate high power density.
This property not only allows the development of
micro devices with similar output power performance
but also provide higher impedances as well. The
availability of higher impedance makes it easier for the
circuit designer to match the impedance of the system
which reduces extra cost requirements and the
complexity such as required by the conventional
materials like GaAs. Furthermore, the property of high
voltage can greatly reduce the requirement of voltage
conversion which may lead to high power-added
efficiency. Hence the overall cost of the system design
will also be reduced.

2. RELATED WORK

The careful design of the power amplifier make it
capable and efficient for operating in wideband
applications at higher frequency. The optimized power
efficiency and output power levels can improve the
amplifier’s performance that will lead to improving
the system’s efficiency with the limited power
conditions especially for those operating in the aircraft
and space environments. Moreover, this wide band
operation can also be very useful for future 4G/5G
mobile communication systems. Due to the promising
electrical properties of GaN HEMT power amplifiers,
it is considered to be an appropriate choice of use for
high thermal conditions and high operating voltages

[5].

The mobile communication systems and radar systems
need an output power level higher than 20W [8]. The
performance of GaN is far superior to the GaAs both
in terms of output power and power-added efficiency
operating at the frequency bandwidth 1GHz to 12GHz.
AlGaN/GaN technology-based power amplifier biased
at 20V for the X band application provided an output
power between 21W to 28.5W for the frequency range
from 8-10.5 GHz . The peak performance of this
amplifier design provided an output power of 30W for
the frequency ranging 8.5-9GHz [6, 9]. A 10W power
amplifier achieved an output power level of 42.03dBm
at 2.4GHz [9]. In one application of a GaN based
amplifier also achieved a highly efficient and stable
design which attained 35dBm output power with a

wide band of 30 to 500MHz [11]. In another work,
GaN material based amplifier achieved an output
power level of 20W for radio frequency applications
[7]1. In another work supported by the European
Defense agency GaN HEMT amplifier achieved an
output power level of 46dBm at the drain bias voltage
of 25V. Further, at 9GHz when the bias voltage was
increased to 32V the achieved output power reached
the level of 47.7 dBm. The large-signal model design
of the power amplifier presented in [12, 13] achieved
an output power of 41.43dBm while operating at the
frequency range of 1-3GHz. The drain bias voltage
was set to 28V. Using the GaN-based power devices
and by setting the drain bias voltage to an appropriate
level the optimized output power levels can be
achieved with better power-added efficiency.

3. METHODOLOGY

The major steps considered for designing a power
amplifier on a 12 Watt Discrete Power GaN on SiC
HEMT from TriQuint to achieve an optimized output
power include. (1) Calculating the stability of the
amplifier at the given frequency band, (2) Impedance
matching network design, (3) Power amplifier
characterization, and (4) Design optimization.

3.1 Stability Factor

The circuit shown in Fig. 1 is designed to obtain the
bias point for the amplifier, the DC IV characteristics
of the device are obtained as a drain to source voltage
(Vps) from OV to 50V is varied and the corresponding
drain to source current (Ips) values are obtained
respectively.

3.2 Biasing Network design

Drain and gate biasing networks are designed using a
microstrip substrate [14], where the physical and
substrate parameters are measured in LineCal, the
center frequency was set at 6GHz. The measured
values of the biasing networks are summarized in
Table 1.

3.3 Stability vs Frequency

The next step of the amplifier design is to evaluate the
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Fig. 1: Selected GaN HEMT IV Curve Setup

Table 1: Biasing Networks Simulation Results
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Fig.2: Circuit diagram for stability and maximum
gain matching

stability of the device with the frequency for
maximum gain and maximum gain matching
impedances (Fig. 2) for the load and source [16]. The
RF frequency selector is set to 6GHz and then the S-
parameters, stability factors, maximum available gain,
and stability circles are calculated through simulation.
The stability of the amplifier is very essential and the

amplifier must be stable for the whole operating
frequency band otherwise the amplifier will be an
oscillating circuit [17, 18, 19, 20]. The scattering
parameters are calculated to evaluate the stability, it
can be calculated by the following equation [15].

1-1S111-1S221+1S11.822—S12-S2112
2.1S11l-[S22l

K=

>1 (1

It can be seen that K > 1 in equation (1). These
parameters can be calculated using the Advanced
Design System (ADS) [13]. In Fig. 3 stability factor
K, and the Geometric stability factors [L_source and
U_load are found to be greater than 1 showing the
amplifier is unconditionally stable from SGHz-7GHz.
If either mu_source or mu_load is K>1, the circuit is
unconditionally stable.
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Fig. 3: p_source and p_load stability graph
4. SIMULATION RESULTS

Design and simulations of the power amplifier are
carried out using the ADS. The simulation results of
the device stability and the output power level
achieved provides a good comparison with the
parameters and specifications of the devices used.
Fig.4 shows the maximum available gain, associated
power gain, and dB (S21) when input and output
networks are matched.
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Fig. 4: Magnitude of Maximum available gain at
6 GHz

Fig. 5 shows the forward transmission (S,;) forward
transmission is a signal at port 2 for an input signal for
port 1, and the reverse transmission signals showing
Si12 = 7dB for the 5SGHz to 7GHz and S reverse
transmission of -35dB, Fig. 6 shows the constant
voltage wave ratio.
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Fig.5: Forward and Reverse Transmission
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Fig. 7 shows the final design and layout of our
amplifier combining the biasing networks and
impedance matched input and output matching

network.
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Fig. 7: Final microwave Power Amplifier circuit
Layout
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Fig. 8: Output Power Achieved

Fig. 8 shows the total output power achieved at the
available bandwidth (5-7GHz) at the center frequency
6 GHz, an output power of 44.5 dBm is obtained for
the given input power of 32dBm. For each frequency
component, the corresponding input power is variable,
because the driver circuit for the setup cannot provide
similar power for the whole band of interest.

Table 2: Summary of Results
Objectives Results of this Results of
work Work done
[13]
Device 12 W GaN- 10 W GaN
Based HEMT power
on SiC from amplifier
TriQuint from Cree
(TGF2023-2- | (CGH40010F)
02)
Bandwidth 5GHz-7GHz 1GHz-3GHz
center center
frequency frequency
6GHz 2GHz
Amplifier type Class AB Class AB
Operation 28V-32V 28V
Output power 44.5dBm 41.43dBm
Achieved
Stability Stable for the Stable for the
whole band whole band

In this design we chose the RF frequency range of 5-
7GHz with the center frequency of 6GHz and
calculated the output power of 44.5dBm. The results
obtained are compared with the already work done on
10W GaN-based power amplifiers. A comparison of

results is given in Table 2 in terms of operating
frequency and the output power levels.

S. CONCLUSIONS

Power amplifiers are considered to be a vital part of
any modern communication systems. GaN-based
HEMT power amplifier design can provide better
output power levels to meet the high operating
voltages requirements. This paper presents an
improved design of a high power amplifier based on
GaN HEMT transistor operating at the frequency band
5GHz — 7GHz with optimized output power level. The
presented design is based on a 12 Watt discrete power
GaN on SiC HEMT from TriQuint. In this manuscript,
we have considered the stability of the amplifier for
the whole operating frequency band, its input and
output matching impedance, gain, and maximum
output power. The design of the RF power amplifier
and its overall performance are carried out using the
ADS. The simulation and experiment results show that
the designed high power amplifier has achieved an
output power level of 44.5 dBm at 1 dB compression
point.
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