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Abstract: In this paper a 3.8 GHz low voltage S-band power
amplifier (PA) was designed. Second order harmonic technique is
used at PA load to achieve high amount of output power and
power added efficiency (PAE). GaN material is used for design
purpose to satisfy tradeoff between PAE and output power. As
GaN material provides high electron mobility property, high
linearity operation is achieved. Major advantage of GaN material
is its high thermal stability and exhibits fast switch mode
operation when compared with other transistor designs. The
proposed PA is designed based on MMIC technology. In addition
to this PA output is connected to second order harmonic tuning
circuit which in turn improves the output power and efficiency. At
1V of input supply proposed PA exhibits gain of 52dB and 62.5%
PAE and output power of 54.22dB. The proposed PA is compared
with conventional power amplifiers for better performance.

Index Terms: MMIC, PAE, S-Band, Power Amplifier.

I. INTRODUCTION

The need for 5G communication has drawn high attention
today due to drawbacks of low data rate and high latency of
4G communication. In this aspect current generation power
amplifier (PA) designs are approaching towards high linear
operation and thermal stability at larger output power. In
general for very low frequency (VLF) to very high frequency
(VHF) range Class C, Class D and Class E power amplifiers
are implemented with switch mode operation. In Class C
drain current is shaped as narrow pulse due to less harmonic
reactance contents. Whereas Class E contains all negative
harmonic reactance’s and their magnitude is comparable to
load resistance [1][2][3]. In this way the major disadvantage
of these power amplifiers are their drain waveforms are
non-sinusoidal and contains harmonics. Similarly Class B
power amplifier also produces half sinusoidal waveforms
with the presence of harmonics. Finally the major drawback
of any PA is high amount of power dissipation at output due
to harmonic contents presented in input signal.
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To overcome this disadvantage class F power amplifier are
introduced with output filters consisting of multiple
resonators. These filters controls the harmonics at output and
provides high amount of collector current whenever low
voltage is obtained. In this way a flatten collector voltage or
collector current waveforms are obtained [4][5][6].

The major advantage of GaN material is having less space
occupancy during board design, lower conductance losses
and switching losses. Due to this reason GaN material is
widely using in design of RF components. Another advantage
of GaN material is providing high breakdown voltage which
allows higher impedance for large drain voltage. Many
S-band power amplifiers with GaN technology are proposed
in [4]. In this paper class F PA is designed with GaN
technology and an additional second harmonic tuning circuit
is provided to obtain better impedance matching for high
output power. Due to large band gap and high electron
mobility property of GaN material provides many application
in S-band. The basic advantage of class F power amplifier is
improved efficiency due to presence of harmonic resonators
at output stage which shapes the drain or load voltage. The
harmonic resonators network will act as zero or infinite load
impedance depending on harmonics generated by all
frequencies [7][8][9]. This paper is organized as follows:
Section |1 represents design flow of PA and the mathematical
analysis of second order tuning circuit. Section I11 deals with
the implementation of proposed power amplifier and its
operation. Similarly section IV consists of proposed PA
performance with respect to previous methods. A comparison
of output power, PAE and gain are presented. Finally section
V concludes the PA design and its future advancements.

Il. DESIGN APPROACH OF POWER AMPLIFIER
(PA):

The following flow chart Fig.1 represents the design
approach of proposed power amplifier (PA).

In order to design class F power amplifier, initial
requirements such as transistor material (GaN), device
specifications and topology are considered. Based on class-F
topology proposed power amplifier schematic is designed.
An additional second harmonic tuning stage is added for
better impedance matching at output. Designed schematic is
tested and simulated for better performance. The values of
capacitors and inductors for tuning circuit are chosen based
on required resonance frequency. In this way schematic load
circuit capacitor and inductor values are modified until better
performance and required

resonance  frequency is
obtained.
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The proposed schematic is placed for layout design for real
time implementation.

Layout for current design is carried out using MMIC
technology. GaN material is used for design of power
amplifier to meet fast switch mode operation. The designed
power amplifier is simulated to set multiple non overlapping
current and voltage waveforms. In the current design
approach both output power and efficiency are accomplished
by approximation of square wave (voltage) and sinusoidal
wave (current) with odd and even harmonics respectively

[21[2][3]-
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Figurel. Design flow of Power Amplifier

A. Second Harmonic tuning stage:

Second harmonic tuning circuit is mainly used to decrease the
dc power dissipation at drain. This is obtained by connecting
capacitor and inductor in series as shown in below Fig 2. An
appropriate capacitor and inductor values are chosen to
resonate circuit at ‘2f' (3.8GHz) at output node [6]-[8].
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Figure 2. Second harmonic tuning stage

A series of mathematical analysis for second harmonic tuning
circuit is given below based on zero voltage switching (ZVS)
condition.

inr(wt) = Igrcos(wt + 6) 1)
ir(wt) = Lycos(2ewt) (2]
By applying KCL at output node load current obtained as
iy = I; + Igreoc(wt + 8) + Iycoc(2ewt) (3)
I;=Dc current.

&=Initial phase angle.
Output power of second harmonic circuit is given as

1
. 1
IaVop = 5 IarRiges 4)

Pp=——— 5)
IIr:‘Js:icIW:ﬂ.s'

Voltage across output inductor mathematically represented
as

1 il
V; (et) = —j I (et) deat (6)
wily Sy
I; 2
5 Gn 1 3a8) ™
» (2w + 3wtd)
mweast(8)
bs=—7—— (8)
whygeq

€ :=Shunt Capacitance

Inverse Fourier transform of collector voltage is given as
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Ve = —j Ve(et) e~ 2% deat (9)
2w J;

Inverse Fourier transform of output current is given as

1 [ .
Ig=— | i(et)e 54" deat (10)
2w J;

Harmonic contents of output current represented as

iglewt) = Izr cos(wt + 8) + Icos(2awt) (12)

1 4l i
vV, (et) = — ) T(et) dt —{1 (et —7) -
lfg sin(2wt) ~Ia [sin(ewt +8) + sinB]}
2
(12)

By solving equation (9) and (10) load impedance is given as

¥

Z;_ =
I

(13)

Z;= Load Impedance.

I11. PROPOSED POWER AMPLIFIER DESIGN (PA):

Figure 3 represents the schematic view of proposed PA
(GaN). PA (GaN) is connected to second harmonic tuning
circuit to obtain high power added efficiency (PAE).

H Qut put current
= i

H ———
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%

Figure 3. Class-F power amplifier with Second harmonic
tuning stage.

Class F operation is obtained based on even and odd
harmonics variation using second harmonic tuning circuit. A
series of capacitor and inductor is placed at output section to
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compensate impedance matching for maximum power
transfer. PA (GaN) is biased with half wave sine wave current
which contains only even harmonics. At this condition odd
harmonics are useful in flattening out put voltage. For proper
wave shaping and linearity operation second harmonic tuning
circuit is utilized [7] [8].

Class-F amplifier is designed using GaN device. Since GaN
material has high electron mobility and high thermal stability
provides high linearity operation. Due to high thermal
withstand of GaN material exhibits Q-point at saturation
region with large bandwidth. The designed power amplifier is
resonated at operating frequency of 3.8GHz for many
applications in S-band [5][8][9].

IV. RESULTS AND DISCUSSIONS:

The designed PA is biased in class F condition with
Vz:=3.2V and V5 =-3.2V (Ip;=412mA). The load pull
simulation of designed Class-F provides matching load
impedance of Z;=6.205+j3.2Q. Similarly for source pull
simulation gives source impedance of Z;=2.01+j3.12Q. The
simulation test results gives out put power of 54.22dB, Gain
of 52dB and 62.5% power added efficiency (PAE)[6]-[8]. A
comparison of conventional class-F power amplifier and
designed power amplifier is shown as below.

Power | Class Class C | Convention | Proposed
Amplif | AB al Class F | Class F
ier PA PA
Out | 33.12dB | 38.4dB | 45.1dB 54.22 dB
Put
Power
Gain 31dB 35dB 43dB 52 dB
PAE 33.2% 36.4% 42.1% 62.5%
Efficie | 41.1% 49.2% 59.2% 64.3%
ncy

Table 1. Comparison and performance of different PA
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Figure 6. Input Power VS PAE
The simulated results shows that designed power amplifier
has better performance when compared with conventional
power amplifier.
V. CONCLUSION

In this paper design of class-F power amplifier with second
harmonic tuning stage using GaN is presented. The designed
PA exhibits gain of 52dB, 62.5% of PAE and output power of
54.22dB at 3.8GHz. The obtained results implies that
proposed class-F power amplifier have high efficiency when
compared with the conventional class-F power amplifier. In
addition to this proposed class F power amplifier exhibits
high linearity and gain in RF region. With this advantage
proposed class-F power amplifier can be used in satellite and
mobile communication systems.
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