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1. INTRODUCTION

Communication requirement in radar systems and wireless technologies have allowed development
in research to make an improvement in the design of wideband RF power amplifier (RF PA). In the near
future, a wide bandwidth and a low power RF PA would be an important aspect of the communication
technology to cater the need for microcell network topology. A wider bandwidth in an RF PA could improve
the spectral efficiency of the communication and at the same time satisfy the real time communication
requirements [4], [12]. Besides that, the efficiency of the RF PA should also be taken into consideration
regardless of the wide bandwidth nature of the RF PA. A low efficiency RF PA would increase the cost to
maintain a base station [6], [11]. In order to design an efficient and wideband RF PA, correct design
approach considering the harmonic frequencies should be followed to achieve the wide bandwidth of the RF
PA. Matching netwok of the RF PA should be designed carefully in order to achieve the desired bandwidth
[2], [10]. Furthermore, the stability of a wideband PA is also very important because transistors can be
potentially unstable during wideband operations [5]. Therefore, the stability simulation should be performed
before proceeding to the design procedure of the RF PA. In this work, a wideband class AB PA is designed
using Load-Pull and Source-Pull approach. A 10 W GaN HEMT CGH4001F device from Cree was selected
because of its property as a high band gap semiconductor which allows it to operate at high power.
Comparison between the performances of the designed RF PA in this paper with state-of-art results of high
efficiency wideband RF PAs in the literature are summarized in Table 1.
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Table 1. State-of-Art Wideband RF PAs

Reference BW(GHz) Gain(dB) Drain Efficiency
(%)

2012 [7] 1.45-2.45 10-12.6 81

2014 [8] 1.6-2.8 10-15 55

2015 [9] 0.5-0.9 18-20 75

This work 0.5-15 15-17 36

2. RESEARCH METHOD
2.1. Design approach

In this work, the Source-Pull and the Load-Pull technique were used to design the RF PA. In this
technique various impedances were presented to the transistor to assess its performance. Optimum impedance
was chosen for a compromised performance between power delivered and the PAE. Figure 1 shows the
Load-Pull simulation result with optimum impedance point for a compromised PAE and power delivered for
1GHz and 1.5GHz.
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Figure 1. Optimum point at 1 GHz and 1.5 GHz

2.2. Design methodology

The target bandwidth of the designed RF PA is set to be from 0.5GHz - 1.5GHz. The Load-Pull and
Source-Pull approach is used to design the input and output matching networks. In a wideband RF PA
design, the second harmonic frequency influence should be taken into consideration especially in the multi
octave PA design in which the harmonic frequencies are in band. Extra design effort is needed to either
follow waveform engineering approach or Load-Pull approach [1]. In this paper, the Load-Pull approach is
presented. Load-Pull simulations for different frequencies within the bandwidth are carried out to obtain
optimum load impedence trajectories at the output of the active device [1]. Therefore, the first step to design
the RF PA is to find the optimum source and load impedence that will maximize the performance of the PA
in terms of the PAE and the output power delivered as mention in the previous section [3]. Since the
harmonic frequencies of 0.5GHz fall in the targeted bandwidth, therefore 1.0GHz and 1.5GHz, which are the
second and third harmonic frequencies, are chosen to be the optimum fundamental frequencies for the
following Load-Pull simulations to find the optimum source and load impedances. By designing matching
network from the harmonic frequencies, the harmonics effect from 0.5GHz can be compensated along the
targeted bandwidth. Optimum Load and Source impedances are found from the simulation results. The values
of the impedance are conjugated and the Smith chart utility tool in ADS is used to design the matching
network. Transmission line is used as a matching network in this work. The transmission line of the matching
network at 1GHz is cascaded with the transmission line of 1.5GHz matching network. The input matching
network and output matching network of each frequency is simulated using the S-Parameter simulation tool
in ADS to ensure the S11 and S22 is matched [2]. In order to study the performance of the RF PA, the
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harmonic balance simulation tool is used by sweeping the input power to determine the gain, drain efficiency
and PAE. Flowchart 1 shows the design process ofthe matching networks.

Select Target Bandwith

Perform Load - Pull and Source -
Pull simulations

Select optimum impedence

Use smith chart utility tools to
design matching networks

Perform S - parameter simulation
for matching networks

Perform Harmonic Balance
Simulation

Flowchart 1. Matching network design process

3. RESULTS AND ANALYSIS
3.1. Matching network design

As mentioned earlier, the Load-Pull technique is used to design the output matching network. Load-
Pull simulation is performed for 1GHz and 1.5GHz. An optimum load impedance of
Z, 16z = 32.934 + j29.307 for 1 GHz and Z, ; 561, = 19.733 + j11.344 for 1.5GHz are achieved. Then, the
value is conjugated to design matching network using the Smith chart utility tool. The matching networks for
1GHz and 1.5GHz are cascaded. The output impedance of the device, Zge, is found to be 24 — j11 and the
impedence of the output matching network, Z. at 1.5GHz is found to be 29.6 + j16.4. Both of these values
are found to be close, therefore a matching network that gives a wideband cascaded performance can be
obtained. Figure 2 shows the simulated device impedance and cascaded matching network impedance.
S-parameter simulations of the matching networks are also performed to ensure the Load impedence and
Source impedence is matched perfectly. Figure 3 shows the optimized output matching network for the RF
PA.
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Figure 2. Device impedehce Zgey and the cascaded matching network impedence Zg
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Figure 3. Output matching network after optimization

3.2. Stability analysis

Stability is an important aspect in microwave circuits. Microwave circuits can produce oscillation
which will drastically increase the gain of an amplifier resulting in damaged transistor [4]. Therefore,
stability simulation or K factor should be performed to ensure the stability of the amplifier. Since the
amplifier can be described in S-parameter as two port network, it can be realized as the Equation (1).
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Figure 4. Graph of K factor against frequency

As can be observed from the Figure 4, the stability factor K is greater than 0 for frequency range of
0 to 10GHz. This proves that the amplifier is stable for the desired operating frequency. However, it is
noticed that, the stability factor K is closed to zero at low frequencies. This effect can be stabilized by adding
a resistor at the input port of the device.

3.3. RF PA design and performance

The RF PA is biased in deep class AB. DC sweep analysis is performed in the ADS software to
obtain bias voltage. The harmonic balance simulation in ADS is used to optimize and simulate the
performance of the RF PA. Figure 5 shows the schematic diagram of the wideband RF PA.

The drain bias voltage of the RF PA in Figure 5 is set as 28V and the gate bias voltage is -3V. For
power sweep simulation purpose, the operating frequency of the RF PA is set to 1.5GHz following the LTE
frequency band. The harmonic balance simulation results are presented in Figure 6, Figure 7, and Figure 8. It
is observed that from Figure 6, the RF PA delivers linearly an output power of 40 dBm from an input power
of 30dBm which satisfy the requirement of the design to have an output of 10W. The drain efficiency of the
RF PA with respect to delivered output power of 40dBm is observed to be about 36% as shown in Figure 7.
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This results from a careful design of the matching networks during the design process. In Figure 8, the RF
PA is observed to have a compression point at input power of 30dBm when the power gain is 10dB. The RF
PA also shows a good wideband characteristic as expected from 0.5GHz to 1.5GHz with gain ranging from
15dB to 17dB. Figure 9 shows the S21 simulation of the RF PA across targeted frequencies.

Figure 5. Schematic of the class AB RF PA
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4. CONCLUSION

In this paper, a wideband 0.5GHz to 1.5GHz Class AB RF PA design is designed. A method to

compensate the harmonic frequencies in designing a wideband PA using the Load-Pull method is presented.
The simulation results showed that the design is stable and have an overall good performance on the
bandwidth, gain and efficiency. This paper has also presented a new way to compensate harmonics effect in
a wideband PA by designing matching networks considering the in band harmonic frequencies by cascading
it in the matching network in the order of lowest matching frequency to the highest. Although the efficiency
achieved in this paper is moderate, for future works, this RF PA efficiency can be improved by improving the
matching design technique and by incorporating the efficiency enhancement technique such as Doherty or

Enve

lope Tracking. To validate the simulation results, the RF PA will be fabricated and tested.
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