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Abstract—This paper presents a strategy addressing the prob-
lem of selection of the class of the amplifiers to be used in future
wireless communication systems. The proposed methodology uses
a scheme based on neural networks (NN): the characteristics of
each class of amplifier (i.e., A, B, AB, C, D, F, G, J, S, T, etc.)
are determined and then the ’classification NN’ is constructed
for distinguishing various classes from each other. To validate the
method, firstly the designs of various class-amplifiers are collected
from the recently published literature, and then the specifications
of the amplifiers are extracted in terms of voltage (V), current
(I) and efficiency; finally with these data the classification NN is
trained. After building this black-box NN, providing the required
specifications of each amplifier, designer are informed about the
class of amplifier that is predicated by the classification NN and
that better fits the characteristics of the considered application.
This methodology is important as it leads the way of amplifier
class selection in the complex communication systems.

Index Terms—Amplifier, class-amplifier, neural network (NN),
classification neural network, conductive angle, efficiency.

I. INTRODUCTION

In the fifth generation (5G) and next generation technologies
as sixth generation (6G), amplifiers are one the most important
part of communication systems that lead to improve the special
specifications of systems [1]. There are various configurations
of amplifiers each one having its own main operating charac-
teristics; the types of amplifiers are named as ’class’. The term
“amplifier class’ is used for differentiate among the various
amplifier types. The different amplifiers are classified with
their own configurations and design specifications where some
of them are known as: A, B, AB, C, D, F, inverse-F, G, 1, ], S,
and T class-amplifiers. Figure 1 presents some of the various
classes of amplifiers categorized in terms of efficiency and
conductive angles.

In the following a short description of the main characteris-
tics of the different classes is provided, focusing on linearity,
and efficiency. Class-A amplifiers are simple devices with
perfect linearity, excellent gain, and low signal distortion that
can be used, for example, as the switching transistor inside the
amplifier designs. This class of amplifier is typically used in
audio amplifier designs, but it suffers from thermal stability.
The used transistor remains conducting for all the time with
the conduction angle of 360°. This type has low efficiency
of 15-35%, for this reason other classes of amplifiers have
been developed. Class-B amplifiers are more common that the
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Fig. 1. Comparison between various amplifier classes in terms of efficiency
and conductive angles.

class-A amplifiers and the maximum power added efficiency
(PAE) of this class is around 78.5%. This type uses two
complimentary transistors where each of them amplifies half
of the waveform. Here the DC power is low, as there is no DC
base bias, resulting in a much higher efficiency with respect of
the Class-A amplifier. In the necessary coupling transformer,
each of the transistors is driven by the conduction angle of
180°. Class-AB is the combination of Class-A and Class-B;
it exhibits a good linearity and an efficiency of 50% to 60%.

For the Class-C, the conduction angle is lower than for the
Class-B configuration; it has high harmonic levels and it is
employed where higher than Class-B efficiency is needed.
It has poor linearity and the conductive angle is 90° with
the efficiency of 80%. Other types as Class-D and Class-S
amplifiers can reach 100% efficiency while the Class-F can
have efficiency of more than 90%. All the classes from D to
T are like an on-off nonlinear switching with the conduction
angle of 0°.

Identifying and distinguishing the class of amplifiers among
various configurations and specifications is not straightforward
and requires additional effort. For this reason, this paper
presents an intelligent-based approach for predicting and de-
termining the class of amplifier with the acceptable accuracy.
The prediction task is performed using the classification neural
network (NN) that is trained with three specifications of
amplifiers, namely voltage (V), current (I), and efficiency.



Designers can get benefit of this study for determining the
class of amplifier that better fits the requirements for the
considered application.

The rest of paper is organized as follows: Sec. II describes
the theory of amplifier. Sec. III presents the theory of the pro-
posed classification NN for predicting the class of amplifiers
to be used. The practical implementation of classification NN
with simulation results are described in Sec. IV. Finally, Sec.
V concludes this work.

II. THEORY OF AMPLIFIERS IN A NUTSHELL

This sections devotes to describe the theory of amplifiers
in terms of 'V’, 'T’, and efficiency leading to have diverse
specifications and configurations.

Tuning the harmonic impedances and bias can enhance
efficiency in class-F [2], inverse F [3], J [4] and E [5]
up to 100%. Other type of PAs such as class-A, AB [6],
B [7], and C [8] can have maximum efficiency as 50%,
50-78%, 78.5%, > 78.5%, respectively. For achieving high
efficiency in amplifiers, voltage and current waveforms must
be non-overlapped at the internal drain. Figure 2 shows ideal
waveforms that can produce maximum efficiency in class-F
power amplifier (PA) and there is no knee voltage (Vi) in
different harmonics. In this case power is not dissipated as
heat and sum of dissipated power (Pgiss) and output power in
different harmonics are zero.
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Fig. 2. Ideal non-overlapped waveforms for class-F PA.

As described above, the drain efficiency (1) in class-F is
100%. The explanation is as follows: Fig. 3 shows the peak
magnitudes of fundamental current and voltage. In (1) by

substituting ";ak as 2 and Lak as 5 drain (or collector)
efficiency will be 100% [9].
1 I ea. V ea
= - (Reaky(Iheak (1)
2" Ipc” Vbc

As Fig. 2 demonstrates, by shaping V/I waveforms max-
imum efficiency can be obtained with the help of harmonic
termination approach. Figure 4 shows the ideal PA structure
and explains how PA receives power. In Fig. 4, it is shown how
the V/I wave forms that affect the efficiency are drain voltage
(vas) and drain current (igs). The 7 parameter is calculated by
(2) and detailed generation of each parameter is defined from
(3) to (5). Hereby, the 1 has an inverse relation with P gjgs.
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Fig. 3. Peak magnitudes of rectangular current and half-sinusoidal voltage
waveforms.
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Fig. 4. Structure of ideal PA design [10].
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The output power at the fundamental frequency is Pr, ;¢ and
the output power at the various harmonics is Pr, ,¢. And also,

Pdiss =

T

1

T /Vds(t) . ids(t)dt (4)
0

I, - cos(6y) (5)

> Prus= ZV
n=2

In (5), V,, and I, are drain voltage and current at the n'®
harmonic with intersection angle 6,,.

III. PROPOSED METHOD

This section presents the theory of the proposed method for
predicting the class of amplifiers. Firstly the suitable amount
of data is collected, then the layers of classification NN (input
layer, hidden layer, and output layer) are employed. In the
next section, it will be proved that the proposed approach is
effective and it can be used as flexible ’black-box’ modeling.

A. Data generation

Any NN for training requires training, validation, and testing
data namely as: XTyain, Xval, and Xtest and also the corre-
sponding outputs as Y Tyain, Y val, and Yest. After generating
suitable amount of data, the whole amount of them can be
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Fig. 5. Proposed classification neural network for predicting the class of amplifiers.

divided into these three parts with the ratio of 70%, 15%, and
15%, respectively.

In order to obtain training, validation, and testing data,
we provide various class of amplifiers from the previously
published literature. The selected amplifier designs for each
class is as follws: Class-A [11], [12], Class-B [13] , Class-
AB [14], Class-C [15], Class-D [16], [17], Class-E [18], [19],
Class-EF [20], Class-F [21], Class-inverse F [22], Class-G
[23], [24], Class-J [25], [26], Class-S [27], and Class-T [28].

We design each of the nominated amplifiers in the electronic
design automation (EDA) tool as ADS, AWR, and Cadence
software. Then, the components values of each amplifier are
tuned using the random iteration optimization (RIO) method in
order to gather suitable dataset for each class. Each component
of desigend amplifier is changed within the £10 and +15
range of current points. In each iteration, the outputs of each
amplifier are extrcated as the Yryain, Yval, and Yres data.
Then, the network is trained using (6):

net = trainNetwork(XTyain, YTrain) (6)

Figure 5 presents the proposed classification NN leading
to predict the class of different amplifiers. The input layer
consists of three features as *V’, 'I’, and efficiency where
the output layer demonstrates the label of various amplifiers
related to. The hyperparameters of the hidden layer is provided
using the °‘rule of thumb’ where the number of neurons are
achieved through this method. In this paper, we work on 13
different amplifiers where in Fig. 5, the corresponding labels
are presented and the related labels are as the output layer
features.

IV. PRACTICAL DEVELOPMENT OF CLASSIFICATION
NEURAL NETWORK

As described in Sec. III, the various amplifier designs
from literature are collected and designed separately. Then for
each design, 100 data are generated using the RIO method.
In this paper, we use 13 design amplifiers hence in total
13x100=1300 data can be generated for constructing the
classification NN. With these data, the classification NN
is trained and constructed with one hidden layer and with
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Fig. 6. Testing accurcay of proposed classification neural network.

provided neurons through rule of thumb method. Constructing
an accurate NN is the most important factor in training any
network. Figure 6 presents the accurcay of the classification
NN where in 200" neuron, the accurcay of the classification
network reaches 84.5%. It demonstrates that the increased
number of neurons leads to train an accurate NN.

After training and constructing the classification NN, three
specifications of various amplifiers (i.e., voltage, current, and
efficiency) are inserted to the network to validate the proposed
black-box model and recognize that to what accuracy degree
(%) it is responding to. Table I presents the accuracy prediction
of each class. As it can be observed, the proposed NN can
respond accurately with at least 72.5%, which is suitable.

V. CONCLUSION

Day-by-day, the wireless technology is improving, and
amplifiers are playing an important role in accurate com-
munication systems. There are various types of amplifiers
grouped/identified in classes. In the complex system designs,
distinguishing the class of amplifiers is not straightforward
and requires engineer experiences. To tackle this problem, we
propose the use of the classification NN for predicting the
class of amplifiers to better fit the provided specifications.
We train and construct this NN and validate that it can be
used as a black-box model in the radio frequency systems



TABLE I

ACCURCAY PREDICTION OF EACH AMPLIFIER CLASS USING THE

PROPOSED NEURAL NETWORK

H Class Accurcay (%) H Class Accurcay (%) H
Class-A [11] 78.3 Class-B [13] 74.4
Class-AB [14] 80.2 Class-C [15] 77.4
Class-D [16] 74.5 Class-E [18] 73.5
Class-EF [20] 72.8 Class-F [21] 79.6

Class-inverse F [22] 78.5 Class-G [23] 77.9
Class-J [25] 80.9 Class-S [27] 72.5
Class-T [28] 78.4 - -

designs. The presented intelligence-based network leads the
way of designers in selecting more effectively and easily the
appropriate class-amplifier.
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