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Abstract-- For the next generation applications in the mobile, radar and satellite communication we need the devices that can operate at
high frequencies and high power with minimum power consumption. There is a growing importance in the recent years for the
development of gallium Nitride (GaN) transistors. This paper presents design of the power efficient GaN based high power amplifier
operating in the bandwidth of 5GHz — 7GHz based on a 12 Watt Discrete Power GaN on SiC HEMT from TriQuint. In this manuscript
the design of radio frequency (RF) power amplifier, its stability, input and output matching impedance and performance for 5-7GHz is
presented. Design and simulations of the power amplifier are carried out using advanced design system (ADS). Simulation results of
device stability, gain and power added efficiency (PAE) shows good accordance with the specifications and parameters of the device. In
the design process, for better correlation in measurement and simulation results precision of passive element models are specially
considered. In 1 dB compression point for the designed high power amplifier, the experiment and the simulation results show a power

efficiency of 68%.
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I. INTRODUCTION

IGH power amplifier (HPA) plays a very vital role in many

communication system designs specially the mobile and
wireless communication. Particularly the application specific
amplifier designs, where the features like high gain of the
amplifier, improved efficiency wide bandwidth, reliability,
high output power, and good thermal performance are required
only the novel transistor technologies can meet such stringent
performances.

High electron mobility transistors (HEMTs) with a large
breakdown voltages can meet the requirements of wide band
wireless and mobile applications. Advancements in the
diversity of these devices like SiC MESFET, Gallium Arsenide
(GaAs), and Gallium Nitridle HEMTs are considered
appropriate for such applications [1, 2]. GaN based transistors
can provide far superior performance compared to its
counterpart like Gallium Arsenide (GaAs), and hence are of
great concern to the technologists.

The HPA has an extensive technical and economic
prominence because of a substantial outlays, in the production

of RF equipment. Devices for instance, mobile phones and
PDAs, HPA consumes most of the power. Both in base station
equipment infrastructure and portable devices, the HPA has to
placate numerous stringent requirements. In many 4G, 5G,
marine, airborne radar systems and military applications where
the DC power is limited and inadequate which needs a highly
efficient HPA designs. Most of the currently existing HPAs are
being operated at narrow bandwidths.

A. Prior Works

Gallium Arsenide (GaAs) and Gallium Nitride (GaN) are
competing for the future power devices and microwave
applications, however due to material properties GaN based
devices have more abilities to operate at high temperatures and
high voltages than GaAs. Huet et al [3], presented the design of
GaAs pHEMT power amplifier providing the maximum power
added efficiency (PAE) of 45% operating over a bandwidth
from 8-12 GHz. Chu et al [4] demonstrated the peak output
power of 12.6W with peak PAE 52.6% at 9.4 GHz.
Communication systems like radar and mobile requires an
output power levels of more than 20W [5]. The GaN based
power amplifiers have provided a better power added efficiency
than its counterpart for example Silicon (Si) and Gallium
Arsenide (GaAs) and at the frequency range 1-12 GHz.

Costrini et al [6], presented a design of X-band power
amplifier in micro-strip AlGaN/GaN technology, with the
biasing operating point 20V provided power added efficiency
(PAE) 30-40% over the bandwidth from 8-10.5GHz. In another
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research work. [7], wide band GaN HEMT power amplifier was
designed operating over 1-3GHz bandwidth, with the drain bias
point set to 28V the output power was measured to be at
41.43dBm (14W) and PAE 68.27%.

To make HPAs suitable for modern communication systems
with wide band operating frequencies at the same time offering
high power added efficiency a careful design adaptations are
required [11, 12, and 14]. A better power added efficiency
(PAE) of high power amplifier for wide band applications is a
potential area of research for the next generation
communication systems (4G/5G). The major challenges in
designing a power amplifier is the trade off in output power and
power added efficiency as well as to design an amplifier which
can operate over wide bandwidth [13]. To achieve high power
added efficiency the selection of the appropriate device is the
most important task.

In this work, to achieve a high output power efficiency 12
W GaN based HEMT on SiC from TriQuint (TGF2023-2-02)
has been used. It is a large signal model developed by TriQuint
the key specifications of the device meet our requirements as
we wanted to produce power efficiency more than 58% to use
it for wide band frequency applications. In this design we
chose the RF frequency range of 5-7GHz with the center
frequency of 6GHz.

Il. METHODOLOGY

Key steps to be followed in design phase of the power
amplifier are as follows: DC and Load line analysis:
1. Bias and Stability

2. Load Pull Analysis
3. Impedance Matching
4. PA Final Characterization

5. Optimize/Fine Tune the design

A. Bias-Network

This network is used to transmit current and the desired
voltage to the amplifier. It should have a high impedance so
that it may not overload the core transmission line. In the
presented work this type of transmission lines have a single
frequency at which it behaves like a high impedance that is
6GHz. The main reason of using a bias network is to block all
harmonic components [8].

B. Stability factor

Another imperative parameter in case of high power
amplifier design is its stability, and it is very essential that the
amplifier should be stable for the whole bandwidth available,
without the stability factor amplifier behaves like an oscillating
circuit. The stability design of amplifier is a key part of the
amplifier and it can be calculated as follows [9]:

dB(S(2,1))
dB(S(1,1)

K = 1- |511| - |522| + |511'522 - 512'521|2
218111+ 1522

>1 (1)

Equation (1) shows K > 1, this condition can be determined
through S-parameters in ADS [10]. For the analysis and to
understand the behavior of the RF device operating a particular
frequency band S-parameters are calculated.

I1l. EXPERIMENTAL RESULTS

A. Device selection

Figure 1 shows the schematic of GaN HEMT parameter
simulation to check its stability and the Figure 2 shows the
simulation results of parameters S21and S11 above 20 dB and
below O dB respectively where the S11 parameter shows the
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Fig. 1. Selected GaN HEMT parameters simulation
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Fig. 2. Selected GaN HEMT parameters simulation graph for S21 and S11

signal reflected back at port 1 and S21 shows the signal exiting
at port 2 for the incident signal at port 1.
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B. Bias Network Design

Bias circuit is realized on microstrip substrate, the
parameters are shown in Table 1. Physical and substrate
parameters are obtained from the LineCal tool for the bias

circuit at the center frequency of 6 GHz.

TABLE |
Substrate and Physical Parameters
Parameters of the Substrate Physical

Dimensions
e Relative Substrate Conductor
r permeability | thickness thickness

Mur (H) ©) W L

5.15 1 0.640 mm 17.5um 1.06 mm | 4.88mm

C. Drain Bias Network

Using the stripe line geometry the drain biasing network is
shown in the Figure 3 and its simulation results for S21 and S11
are shown in Figure 4 and 5 respectively. Figure 4 shows the
value of S21 of the sub circuit (drain bias) for the amplifier with
the frequency range of 4-8 GHz, it can be seen that the value of
S21 is near to zero for the whole band, however in this design
the band of interest is from 5-7GHZ. In case of drain biasing

and gate biasing S21 should be as low as possible.
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Fig. 3. Drain bias network for GaN HEMT power device
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. 4. Simulation result of Drain Bias (Sub circuit) for S21
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Fig.5. Simulation result of Drain Bias (Sub circuit) for S11

S11 refers to the signal reflected at Port 1 for the signal

incident at Port 1. For the stable amplifier the value of S11
should be less than -10dB. Figure 5 shows the output of S11 for
the drain bias circuit. It can been seen that the output is less than
-10dB for the band of interest (5-7GHz) and at 6GHz center
frequency the output is less than -40dB.

D. Gate biasing Network

After the drain biasing, the next step for the amplifier is to

calculate the S-parameters S21 and S11 for its gate biased

n
n

etwork, Figure 6 and 7 shows the simulations of gate biasing
etwork. Figure 6 shows the output of the sub circuit (gate bias),

it can be seen that the S21= -0.0421dB at center frequency

6
n

GHz near to zero. The Figure 7 shows the output of gate bias
etwork for S11 again the output found to be less than -10dB

for the whole band of interest (5GHz-7GHz). Results obtained
from the drain and gate biasing networks depicts the

P
u
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Fig. 6. Simulation result of Gate Bias (Sub circuit) for S21
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Fig.7. Simulation result of Gate Bias (Sub circuit) for S11

E. Small Signal Stability Analysis

To ensure the proper functionality of the designed amplifier
and its passive components, the small signal stability analysis
and its optimization is required. If the amplifier is not properly
biased it may produce the non-linear output. After completing
the biasing networks of drain and the gate the small signal

ot ol |

analysis for the device is done. The schematic of the design is
shown in Figure 8. The small signal stability analysis and small
signal gain (S21) simulation results are shown in the Figure 9
and Figure 10 respectively.
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Fig. 9. Small signal Stability factor graph
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Fig. 10. small signal gain (S21) and S11

Figure 9 depicts the stability of the amplifier for its small
signal analysis, as it is already discussed in equation (1) section
Il, the stability factor K should be greater than 1 (K>1). In
Figure 9 it can be seen that the stability factor K is greater than
1 for the whole band of interest i.e. 5-7GHz, which means that
the circuit is stable for the entire band. In the given graph,
stability factor is plotted on the left-Y axis with liner scale and
stability measure is plotted on the right-Y axis and the x-axis
shows the frequency range. The Figure 10 shows the small
signal gain (S21) greater than 10dB at 5GHz and the S11 less
than -10dB at 5GHz.

F. Large signal measurements

Figure 11, depicts the simulation result for the given input
power on the X-axis with the corresponding power added
efficiency on the Y-axis for the operating frequency band of 5-
7GHz. For every frequency component the input power is
variable. Because in the operating bandwidth the driver circuit
cannot provide similar power to the whole bandwidth. Power
added efficiency is measured to be around 68% at 6GHz and
the input power is 33dBm.
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Fig.8. Schematic for small signal analysis
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Fig.11. Power added efficiency versus input power

TABLE Il
Summary of Results

Objectives Results of this Results of Work
work done [7]
Device 12 W GaN Based 10 W GaN power
HEMT on SiC amplifier from
from TriQuint Cree
(TGF2023-2-02) (CGH40010F)
Bandwidth 5GHz-7GHz 1GHz-3GHz
center frequency center frequency
6GHz 2GHz
Amplifier type Class AB Class AB
Operation 28V-32V 28V
PAE 68%( at 6GHz) 68.27% (at 2GHz)
Stability Stable for the Stable for the
whole band whole band

IV. CONCLUSIONS

Power amplifiers are considered to be the most important
part of any communication system and transmitter/receiver
modules. The major challenges in designing a power amplifier
is the trade off in output power and power added efficiency as
well as to design an amplifier which can operate over wide
bandwidth. For this purpose, 12 W GaN based HEMT on SiC
from TriQuint (TGF2023-2-02) has been used. In this paper we
chose the RF frequency range of 5-7GHz with the center
frequency of 6GHz and calculated power added efficiency of
68%. The results obtained are compared with the already work
done on 10W GaN based power amplifiers. A comparison of
results is given in the following table in terms of operating
frequency the design is found to be stable for whole band.
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