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Abstract. The signal generator is a fundamental electronic device used in a wide range of
applications, from communication systems to research fields. This paper provides a
comprehensive overview of the basic principles, applications, and development of signal
generators. Beginning with an introduction to the signal generator and its importance in various
fields, the paper delves into its basic information, including the definition, types, basic
components, and working principles. The applications of signal generators in communication,
research, and software implementation are then discussed. The development of modern signal
generators and their specifications are analyzed, followed by a comparison with previous
technologies. The design of a signal generator based on FPGA is presented, including the
working principles and advantages of FPGA, results and data, and the problems solved by FPGA.
Finally, the paper concludes with key findings, limitations, and future issues.
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1. Introduction

With the rapid development of society and technology, there is a strong demand for frequency generators
capable of adjusting frequencies according to specific situations to meet the testing requirements of
electrical devices. Typically, these applications involve the utilization of signals with varying frequency
and amplitude.

A signal generator is a device designed to produce electrical signals with precise characteristics,
including amplitude, frequency, phase, and waveform. These adjustments can be customized based on
parameters such as frequency, output voltage, impedance, waveform, and modulation [1]. This device
finds applications in various fields, including communication systems, electronic testing, research, and
medicine.

Field-Programmable Gate Array (FPGA) technology has been frequently mentioned in research that
suggests methods for creating chirp signal generators [2-4]. Through programmable interconnects, an
FPGA’s configurable logic blocks (CLBs), lookup tables (LUTS), block RAMs, and DSP blocks can be
configured or reprogrammed to meet the specific requirements of a given application.

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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2. Basic Information of Signal Generator

2.1. Definition and Types

Research proposing methods for creating chirp signal generators has frequently referenced Field-
Programmable Gate Array (FPGA) technology. A client can customize an FPGA’s configurable logic
blocks (CLBs), lookup tables (LUTs), block RAMs, and DSP blocks through programmable
interconnects to align them with the requirements of a specific application.

There are five primary categories of signal generators [5]:

1. Oscillators, which generate sine waves with a wide range of output power and modulation. They
are typically employed to test radio receivers and measure parameters like gain, bandwidth, and signal-
to-noise ratio.

2. Standard signal generators, which produce sine waves with a wide range of output power and
modulation.

3. Frequency synthesizers, capable of producing output frequencies with exceptional precision
over a broad range.

4. Pulse generators, which create pulsed signals with precise frequency and duration.

5.  Random-noise generators, used in various electronic, mechanical, and psychological testing,
generate wide-band noise.

2.2. Basic Components
A signal generator typically comprises the following components [5,6]:

1.  Amplitude Modulation (AM) section, responsible for adjusting the signal’s amplitude.

2. Frequency Modulation (FM) section, which modifies the signal’s frequency.

3. Phase Modulation (PM) section, controlling how the signal is generated.

4. Waveform generation section, responsible for creating and shaping desired waveforms, such as
sine, square, triangular, and pulse waves.

5. Power amplifier, which boosts the signal’s amplitude to an appropriate level for output.

6. Control section, in charge of configuring desired parameters and managing the signal
generator’s operation.

2.3. Working Principles
The working principle of a signal generator involves the modulation of a carrier wave through frequency
modulation (FM) or amplitude modulation (AM) to produce the desired signal, as shown in Figure 1.
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Figure 1. The block diagram of the working principles of a signal generator.
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A Voltage-Controlled Oscillator, or VCO, serves as the primary component of the signal generator.
The control voltage maintains a direct correlation with the VCO’s frequency. The oscillator’s frequency
is determined by the signal applied to its control input. When an audio input signal is applied across the
control voltage, the VCO generates a frequency-modulated signal.

The signal generator is often referred to as the source of tone, random, and digital pattern waveforms.
The fundamental distinction between a signal generator and an oscillator lies in the fact that a signal
generator produces modified output signals in addition to other signals [7]. Initially, when a signal yields
unmodulated signals, continuous-height waveforms are generated. Subsequently, complex signals such
as square waves, triangle waves, and other modulated signals are produced [7].

The modulator circuit is placed after the VCO to modulate the frequency. This circuit generates the
output AM signal, which alters the voltages at the VCO outputs [7]. In general, the oscillator generates
a fundamental frequency signal, which is then processed by the waveform generator to achieve the
desired output signal’s shape and amplitude. Finally, the signal output amplifier amplifies the output
signal before transmitting it to the test instrument [6-8].

3. Applications of Signal Generator

3.1. Communication Field

Signal generators play a crucial role in the communication field by testing and validating the
performance of various communication devices and systems, including wireless transceivers, fiber optic
links, and satellite communication systems. They provide a stable and reliable source of test signals that
simulate diverse communication scenarios, such as Gaussian noise, periodic signals, and pseudo-random
binary sequences (PRBS) [9]. These signals are used to assess the performance of communication
systems under different conditions, enabling the study of antenna frequency responses, testing receiver
sensitivity and linearity, and verifying transmitter performance. Additionally, signal generators are
instrumental in ensuring frequency synchronization and timing accuracy within communication systems

[6].

3.2. Research Field

Signal generators are essential tools in research and development laboratories for studying the behavior
and characteristics of electronic devices, including applications in electronic warfare (EW), radar
systems, sonar systems, and spectrum analysis. They aid in the analysis of electronic component
frequency responses, performance testing of filters, examination of nonlinear effects in devices, and the
execution of fundamental research on signal processing techniques.

3.3. Software Implementation

With advancements in software-defined radio (SDR) [10,11] technology, there has been a proliferation
of signal generators, as they can now be implemented using software. SDR platform implementations,
such as GNU Radio [12] and MATLAB [13], enable users to generate complex signals, waveforms, and
mathematical models through algorithms and dynamically adjust their parameters. This capability
facilitates a wide range of activities, from analyzing digital signals and their outcomes to conducting
virtual experiments and studies, as well as validating and debugging complex electronic systems before
actual implementation. These software-based signal generators are also valuable for testing
communication systems and generating complex signals for signal processing algorithms.

4. The Development of the Signal Generator

The development of modern signal generators has witnessed significant advancements in terms of
specifications and technology over the years. These advancements have been progressed through
technological advancements in areas such as high-speed electronics, precision oscillators, and advanced
modulation techniques.
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4.1. Specifications of Modern Signal Generator

Modern signal generators have advanced specifications and features that enable them to generate
complex signals and wave-forms with high precision [14]. They can generate signals with frequencies
up to several GHz, with amplitudes ranging from micro-volts to kilo-volts. Modern signal generators
also offer advanced modulation capabilities, allowing users to generate complex wave-forms such as
Quadrature Amplitude Modulation and Phase Shift Keying [15].

4.2. Comparison with the Previous Technology

Advancements in technology have led to improved performance, precision, and functionality in modern
signal generators. These advancements include enhanced frequency stability, wider bandwidths, lower
phase noise, and higher dynamic range, along with more flexible modulation capabilities when
compared to earlier generations of signal generators [6,14]. Additionally, modern signal generators can
generate more complex waveforms with higher resolution, empowering users to conduct advanced
measurements and experiments.

5. Design of Signal Generator Based on FPGA

5.1. Working Principles and Advantages of FPGA

FPGA (Field-Programmable Gate Array) is a type of programmable logic device that can be configured
to perform various logic functions after being programmed by users [2]. FPGA based signal generators
utilize FPGA chips to generate signals. The FPGA chip is programmed to act as a waveform generator,
where mathematical algorithms are implemented to generate different wave-forms such as sine waves,
square waves, and triangular waves [2].

The design of a signal generator based on field-programmable gate arrays (FPGA) offers several
advantages such as high density, low power consumption, good expand ability, and convenient
programming, which makes it widely used in fields such as data processing, communication, image
processing, and control [16]. FPGA technology also allows for efficient implementation of complex
logic functions and provides a high degree of flexibility, configuration, and fast processing change the
wave-forms and other parameters using software commands. Additionally, FPGA based signal
generators are cost-effective, as they can be reused for different applications by reconfiguring their logic
circuits [16].

5.2. Specific Design
The software aspect of this design is implemented using the VHDL language. Figure 2 shows a design
example of signal generator based on FPGA.

Figure 2. Design of Signal Generator Based on FPGA [16].
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The sine wave is generated using the direct lookup table method. All possible values of the sine
function are stored in memory, and the corresponding sine function value is indexed through the counter
value, resulting in the generation of a sine wave. Square waves are generated using a comparative
method. The square wave waveform for a single period is stored in memory, and the corresponding
square wave waveform value is indexed through the counter value to produce a square wave. Triangular
wave generation employs the recursive method. A triangle wave is generated by continuously
calculating the value of the current sample point based on the value of the previous sample point. Saw-
tooth wave generation utilizes linear interpolation. Saw-tooth waves are generated by continuously
calculating the values of two adjacent sample points and determining the values of the current sample
points through linear interpolation [17-19].

5.3. Tests and Results
FPGA-based signal generators have demonstrated excellent results in terms of waveform generation.
The signal generator designed with FPGA can produce sine, square, triangle, and saw-tooth waves. To
verify the correctness and performance of this design, Frequency Tests are conducted. These tests
examine the signal generator’s frequency range and accuracy by varying the counting rate of the counter.
The maximum frequency can reach 10 MHz, and the output amplitude can reach 5 V. The output
impedance is 50 Q, and the output port can be selected according to actual needs, either single-ended or
differential outputs [18]. This designed signal generator features a straightforward interface and can be
controlled by external microcontrollers or computers through serial ports or USB interfaces to adjust the
frequency and amplitude of the generated signal.

Table 1 presents data obtained from testing the FPGA-based designed signal generator at various
frequencies and amplitudes.

Table 1. Test data of designed signal generator based on FPGA technology [18].

Frequency (Hz) Amplitude (V) Output voltage (V)
1000 1 1.01
10000 1 1.02
100000 1 1.03
1000 2 2.02
10000 2 2.03
100000 2 2.04

5.4. The Problems Solved by FPGA
FPGAs offer excellent expandability and programmability, effectively addressing the challenges
associated with upgrading and expanding traditional signal generators [17,18]. FPGAs can be readily
programmed to generate various waveforms and frequencies of signals to suit different application
scenarios. Moreover, the utilization of FPGA technology resolves several issues inherent in traditional
signal generator designs, such as inflexibility, limitations in waveform generation capabilities, and
subpar performance.

FPGA-based signal generators find extensive use in high-speed data communication systems. They
play a pivotal role in generating complex waveforms for testing high-speed interfaces and circuits in
contemporary applications [19].

6. Conclusion

In conclusion, signal generators play a pivotal role in the testing and validation of electronic devices
across various fields, including communication, research, and software implementation. FPGA-based
signal generators offer several notable advantages, including high speed, accuracy, programmability,
and real-time signal processing capabilities. This paper has provided a comprehensive study of signal
generators and their applications, with a particular focus on the design of an FPGA-based signal
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generator. The primary findings suggest that modern FPGA-based signal generators outperform
traditional counterparts in terms of precision, speed, programmability, and real-time processing
capabilities.

The future of these modern generators holds significant promise, with a wide range of potential
applications and technological advancements. Their numerous advantages are poised to play an essential
role in electronic testing. However, it’s important to acknowledge that there are still limitations, such as
cost, power consumption, and the complexity of FPGA programming, which require attention in future
research.

Additionally, it’s worth noting that there are some limitations in the data collection process, primarily
relying on internet sources that may vary in reliability. Furthermore, the use of English, not being my
native language, may lead to some clarity issues in explanations and limitations in source availability.
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