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Abstract— In Modern Base station, at the transmitter side, a
power amplifier is used to increase the signal power and
allow longer distance transmission. The rapid growth in
wireless communications and radar applications creates
many challenges in performance of power amplifiers.
Microwave L band is very useful in Long Distance Radar,
Private  Radio, Navigation system and Mobile
communication so it is desirable to use high efficiency
Power amplifier at transmitter side because most of power
dissipation take place at active devices used in amplifier. In
this paper Class E Switched mode topology is discussed
because of high efficiency and low switching loss.
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. INTRODUCTION

The Power Amplifier is one of the most critical components
in Wireless communication whose main task is converting
dc input power into a significant amount of RF/microwave
output power. It is final stage of transmitter stage so it is
desirable to achieve this RF power with less distortion but
due to non-linearity and switching effect of circuit part of
input power is lost. However, due to its inherent nonlinear
behavior, the properties of high efficiency operation and
linear amplification often come at the expense of each other
which also represent one of the main challenges in power
amplifier design. Classical linear power amplifier classes
like A, B, AB and C cannot provide higher efficiency
because in these amplifier current flow only for certain
interval.

Switching-mode power amplifiers use transistor as
switches which is either fully ON or fully OFF so we get
either Current or Voltage at output side so ideally 100%
efficiency could be achieved. Among different switching
amplifier class E Power amplifier has several advantages
over other class like,

— At low voltage design, the class-E amplifier has a
better performance than other class.

— It has simple load structure.

— Device utilization factor is low as compared to
other class of amplifiers so it feels less stress
during operation.

Il. CLASS E POWER AMPLIFIER

A. Working Principle:

Class E Power amplifier was proposed by Sokal's in 1975
and it became very popular due to simple design and high
efficiency [4]. Figure 1 Show simple topology of Class E
power amplifier.
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Fig. 1: Simple Topology of Class E Power Amplifier
The transistor is used as a switching element. When
it is ON the current flows through it and the voltage over the
transistor will reduced to zero. When the transistor is "OFF",
a voltage appears across |t but no current flows through |t
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Fig. 2: Class E Waveform
The series-tuned output circuit consists of an LC
resonant circuit which passes required fundamental

frequency signal and an additional reactance [8]. The
additional reactance is used for providing additional phase
shift between the current through the tuned circuit and the
voltage at the input of the tuned circuit. This phase shift is
necessary to obtain the maximum efficiency. The load
resistor shape output voltage and current waveform.

B. Design Equations:

When the transistor switch is turned on, the current flows
entirely through the switch (transistor) and the voltage is
zero [4]. This current can be expressed as

isw® = Ipc(1 + asin(wt + ¢) 1)

When the switch is turned off, the current flows
entirely  through the capacitor which is charged
simultaneously. During this off-state, the voltage on this
parallel capacitor is given by

Ve (D) = IDTC (1 + a(cos(wt + ) —cosd)  (2)
®tp

There are two boundary conditions for the ideal Class-
E operation which prevent simultaneously rising of voltage
and current they are referred as zero voltage switching
(zVvS) and zero voltage derivative switching (ZVDS)
conditions [4]. Assume the switch is turned off at t=0 and
turned on at t=T/2, those two conditions are given by

Veu (t = 3) =0 3)
Ta(=3)=0 4)
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Where T denotes the time period of one Class-E
duty cycle. The value of a and @ can be determined
uniquely by applying these two constraints, leading to

- it .

¢ =— tan_li (6)

C. Specification Parameter:

The performance of amplifier is measured in term of power
efficiency, drain efficiency and power added efficiency [9].
The drain efficiency is defined as the ratio of the RF output
power (Prroy:) t0 the dc input power (Pp().

P ou
Npe =100 - "R /- [%] U]

However it is necessary to take into account the
incident RF power at the device input. Thus, for a better
overview power added efficiency can be used which is
defined as the ratio of the difference between the RF output
power (Prroy:) @nd RF input power (Pggi,) to the dc input
power (Pp¢).

P, — Prri
Npag = 100 - ( RFout RFm) /PDC [%] (8)

From these equations we see that we can express
the power added efficiency a

npAE: Mpc (1 - I/G) [%] (9)
Where G is the power gain in linear scale

I1l. DESIGN OF CLASS E POWER AMPLIFIER

For implementation of our power amplifier it is necessary to
choose proper transistor. Proper impedance matching
network design is also important because if there is
mismatch between input and load section power loss occur
which can damage device [2] [9].

A. Selection of Transistor:

There are various vendors available with variety of
transistor models. In this work Cree corporation transistor
CGH 40120F is used which is GaN packaged transistor. It
operates up to 2.5 GHz frequency range it operates at 28V
and provides general broadband solution for different RF
and microwave applications.

B. DC Simulation:

DC simulation is carried out to find optimum bias point for
amplifier [10]. Figure 3 show DC setup and I-V curve.
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Fig. 4: DC I-V Characteristic
From I-V curve the optimum bias voltage VDS is 28 V and
VGS is -3 V which is also given in datasheet.

C. Load Pull Analysis:

Load pull analysis is used to construct set of contours on
smith chart which determine maximum achievable output
with a given load impedance [10]. Load Pull analysis is
performed to find out load impedance which gives optimum
results. In Load pull analysis method the source impedance

Fig. 5: Setup of Load Pull Analysis

The derived value of the optimum load impedance
from load pull analysis is used for designing a matching
network. The simulation setup of load pull simulation is
shown in figure 5.The load pull analysis has given an
optimal output power of 47.324 dBm, PAE of 87.284 % for
the input impedance of Zi = 0.409- j*0.560 and output
impedance of ZL=3.675+j4.513 Q.

D. Matching Network:

For maximum transfer of input power to load there should
be proper matching between input and load side. If there is
mismatch then standing wave is present on line which can
loss the device. There are several ways to design matching
network like L matching and Pi matching network [10]. The
simplest way is to use LC components because there is no
real power loss in these components. But at higher
frequency usage of inductor and capacitor can cause
difficulties so for that transmission line sections are perfect
choice for microwave frequency due to various advantages

[2].
The input matching network can be designed using
Smith chart utility available in ADS software. The value of
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input impedance as per load pull simulation is Zi = 0.409-
7*0.560 Q. This input impedance has to be matched with
50Q source impedance by using series and shut configured
transmission line sections. The input matching network
designed at 1GHz using transmission line is shown in figure
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Fig. 6: Input Matching Network at 1 GHz

The series transmission lines are equivalent to
inductors and shunt transmission lines are equivalent to
capacitors [6]. The value of output impedance is ZL=
3.675+j 4.513 Q. The output matching network is shown in
figure 7.
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Fig. 7: Output Matching Network at 1 Ghz
IV. SIMULATION RESULTS
After design of input and output matching network section
the final schematic looks like as shown in figure 8. Here two
1uF value capacitors are used as blocking capacitor to
prevent DC voltage from reaching at source side as well as
load side. The biasing voltage sources are connected through
two 1nF inductors. Here it is important to provide proper

bias to network otherwise we get power loss which reduces
performance of overall system.
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Fig. 8: Final Schematic of Power Amplifier in ADS

A. Drain Simulation:

The waveform of drain voltage and drain current is shown in
figure 9. If we observe both waveforms then there is some
overlapping but most of part there is no overlapping
between voltage and current waveform.
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Fig. 9: Drain Voltage and Current Waveform

B. PAE and Transducer Gain:

Our main is to obtain higher PAE and Gain .The obtained
graphs are shown in figure10. The maximum value of Power
Added Efficiency (PAE) is 82.318 % at 35 dBm input power
and transducer gain is 15.12 dB. The different graphs for
both quantities are shown in figure 10.
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Fig. 10: PAE and Transducer Gain For Given RF Power

Both results are obtained by keeping fundamental
frequency as 1 GHz.

Power level of second and third harmonics is also
low as compared to fundamental component. Second
harmonic is obtained at 2 GHz frequency which is low as
compared to fundamental component as shown in figure 11.
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Fig. 11: Spectrum of Harmonic Component

The output power level for different input power is

shown in figure 12.Here the output power is continuously
increasing. At 35 dBm input power level we get output
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power of 50.12 dBm. After 35 dBm the output power
remain steady i.e it achieve saturation condition. If there is
further increment in input power the transistor may burn out.

£n
T

Fundamental Output Power, dBm

e

i

(L]
[

0 15 20 2 A 35 40 45

BEErmmuar

Fig. 12: Fundamental Output Power

V. CONCLUSION

A simple class E topology using transmission line has been
proposed in this work. At both side of transistor impedance
matching networks are connected. At 1 GHz frequency for
35 dBm input power level the obtained value of power
added efficiency is 82.318 % with transducer gain of 15.12
dB. Higher efficiency can be obtained by proper tuning of
components. These procedures can be applied to other
frequency component to find optimum results.
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