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The generation of Single Sideband Suppressed Carrier (SSB-SC) wave is a
fundamental process in modern communication systems, especially in amplitude
modulation (AM) applications where bandwidth efficiency and power
conservation are crucial. Among various techniques available for generating
SSB-SC signals, the phase discrimination method stands out due to its
simplicity and effectiveness. This article provides a comprehensive
explanation of how SSB-SC waves are generated using the phase discrimination
method, complete with a detailed diagram and step-by-step insights into the
process.

Understanding SSB-SC Waves

Before diving into the phase discrimination technique, it’s essential to
understand what SSB-SC signals are and their significance.

What is SSB-SC?

- SSB-SC stands for Single Sideband Suppressed Carrier.

- It is a form of amplitude modulation where only one sideband (either upper
or lower) is transmitted, while the carrier and the other sideband are
suppressed.

- Benefits include:

- Reduced bandwidth (approximately half of conventional AM).

- Increased power efficiency.

- Less interference and noise susceptibility.

Why Generate SSB-SC?

- To optimize bandwidth utilization in communication channels.
- To improve power efficiency in transmission.
- To facilitate long-distance communication with minimal signal degradation.



Principle of Generation Using Phase
Discrimination Method

The phase discrimination method is based on the principle of generating an
SSB signal by exploiting the phase difference between two signals, typically
involving phase-shifted versions of the message signal and a carrier.

Core Concept

- Generate two signals that are phase-shifted by 90° (quadrature components).
- Combine these signals in such a way that one sideband is canceled out,
resulting in a single sideband wave.

- The process involves phase shifting, multiplication, and filtering to
obtain the desired SSB signal.

Advantages of Phase Discrimination Method

- Simpler circuit implementation.
- No need for complex filtering or high-frequency mixing.
- Suitable for low to moderate frequency applications.

Block Diagram of SSB-SC Generation Using Phase
Discrimination Method

Below is a neat and simplified block diagram illustrating the process:
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Note: The diagram depicts the process where message and carrier signals are
manipulated via phase shifting and multiplication to produce the SSB wave.

Step-by-Step Generation Process

To understand how the phase discrimination method works, we analyze each step
in detail:

1. Message Signal (m(t))

- The message or baseband signal, which contains the information to be
transmitted.
- It can be in the form of an audio signal or data signal.

2. Generation of Quadrature Components

- The message signal is fed into two paths:

- In-Phase Path: The original message signal, m(t).

- Quadrature Path: The message signal shifted by 90°, denoted as
m(t)-cos(90°) or m(t)-sin(wt).

- Implementation:

- Use a phase shifter circuit to produce the quadrature component.

- The quadrature component is often generated using a quadrature oscillator
or a phase shift network.

3. Carrier Signal Generation

- A high-frequency carrier signal, c(t) = cos(wct), is generated.

- This carrier is split into two paths:

- One path remains as the original carrier (0° phase).

- The other path passes through a 90° phase shifter to produce c(t) =
sin(wct).

4. Mixing (Multiplication) Process

- The message signals are multiplied with the carrier signals:
- In-Phase component: m(t) - c(t) = m(t) - cos(wct)



- Quadrature component: m(t) - sin(wct)

- This multiplication is achieved via a mixer or a balanced modulator.

5. Combining Signals for Sideband Cancellation

- The outputs from the mixers are combined in such a way that one of the
sidebands (either upper or lower) is canceled out.

- The phase difference ensures that only one sideband remains, leading to the
generation of an SSB signal.

6. Filtering (Low Pass Filter)

- The combined signal contains high-frequency components from the mixing
process.

- A low-pass filter (LPF) is used to eliminate these high-frequency terms,
leaving only the desired SSB wave.

7. Output: SSB-SC Wave

- The filtered output is a Single Sideband Suppressed Carrier wave, carrying
the message information efficiently.

Mathematical Explanation of the Generation
Technique

To understand the mathematical basis, consider the following:

- Message signal: m(t)
- Carrier signal: c(t) = cos(wct)
- Quadrature component of the message: m q(t) = m(t)-sin(wct)

The SSB signal can be generated by either:

Upper Sideband (USB):

\ [

ssb(t) = m(t) \cdot \cos(\omega c t) \pm \hat{m}(t) \cdot \sin(\omega c t)
\1

Lower Sideband (LSB):

\ [

ssb(t) = m(t) \cdot \cos(\omega c t) \mp \hat{m}(t) \cdot \sin(\omega c t)
\1]



where \(\hat{m}(t)\) is the Hilbert transform of m(t), which introduces a 90°
phase shift.

In the phase discrimination method, the combination of quadrature components
ensures the cancellation of one sideband, resulting in a single sideband
wave.

Role of Neat Diagram in Understanding

The diagram plays a crucial role in visualizing the process:

- It shows how message and carrier signals are manipulated.

- It clarifies the phase shifting steps.

- It helps comprehend how multiplication and filtering lead to the desired
SSB wave.

A neat diagram with labeled blocks aids in grasping the flow of signals

through the system, making it easier for learners and engineers to design and
troubleshoot the circuit.

Practical Implementation and Circuit Components

Implementing the phase discrimination method in practice involves several key
components:
1. Oscillators: To generate message and carrier signals.

2. Phase Shifters: To produce quadrature components, typically using RC
networks or all-pass filters.

3. Mixer or Multiplier: To perform the modulation (multiplication).
4. Low Pass Filter: To extract the baseband SSB signal.

5. Amplifiers and Attenuators: To control signal levels for optimal
operation.

The combination of these components forms a practical circuit capable of
generating high-quality SSB-SC signals using the phase discrimination
technique.



Advantages and Limitations

Advantages

- Simple circuit configuration.

- No need for complex filters like sharp bandpass filters.
- Suitable for moderate frequency applications.

- Cost-effective and reliable.

Limitations

- Limited to low and intermediate frequencies.
- Phase shifter inaccuracies can affect quality.
- Not ideal for very high-frequency applications requiring precise filtering.

Conclusion

The phase discrimination method remains a valuable technique for generating
SSB-SC signals due to its straightforward implementation and effectiveness.
By leveraging phase shifts, multiplication, and filtering, it produces an
efficient, bandwidth-conserving wave suitable for various communication
applications. Understanding the process through neat diagrams and step-by-
step explanations enables engineers and students to design better
communication systems and appreciate the underlying principles of amplitude
modulation.

Summary Points:

- The phase discrimination method involves generating quadrature components
of the message.

- Combines these with the carrier to cancel one sideband.

- Uses phase shifters, mixers, and filters for implementation.

- Provides bandwidth-efficient and power-efficient SSB wave generation.

- Visual aids like diagrams are crucial for comprehension.

Keywords: SSB-SC generation, phase discrimination, amplitude modulation,
sideband suppression, quadrature components, low pass filter, communication
systems, modulation techniques.



Frequently Asked Questions

What is the fundamental principle behind the phase
discrimination method for generating an SSB-SC wave?

The phase discrimination method generates an SSB-SC wave by exploiting the
phase differences between the sidebands. It uses a balanced mixer and phase
shift networks to selectively amplify one sideband while canceling the other,
based on phase discrimination techniques.

How does phase discrimination help in suppressing
the unwanted sideband in SSB-SC generation?

Phase discrimination employs phase shifts and mixers to create destructive
interference for one sideband while reinforcing the desired sideband. This
selective phase manipulation effectively suppresses the unwanted sideband,
resulting in an SSB-SC wave.

What are the key components involved in the phase
discrimination method for SSB-SC generation?

Key components include a balanced modulator or mixer, phase shift networks,
and filters. These components work together to produce a phase-shifted signal
that allows the selection of a single sideband and suppression of the other.

Can you describe the basic block diagram of the
phase discrimination method for generating SSB-SC
wave?

The block diagram typically includes a carrier generator, a balanced
modulator, phase shifters to introduce controlled phase shifts, and filters.
The input modulating signal and carrier are processed through these
components, with phase shifts enabling sideband selection.

What is the role of the phase shifter in the phase
discrimination method?

The phase shifter adjusts the phase of the carrier or sideband signals,
enabling the destructive interference of one sideband and the constructive
interference of the other. This selective phase manipulation is essential for
generating an SSB-SC wave.

What are the advantages of using the phase



discrimination method over other SSB generation
techniques?

Advantages include simplicity in implementation, good suppression of the
unwanted sideband, and relatively stable operation. It also allows for
straightforward filtering and phase control to achieve high-quality SSB
signals.

What are some common challenges faced in the phase
discrimination method for SSB-SC generation?

Challenges include maintaining precise phase shifts, managing amplitude
imbalance, and ensuring filter stability. Small phase errors can lead to
incomplete suppression of the unwanted sideband, affecting signal purity.

Can you provide a neat diagram illustrating the
phase discrimination method for SSB-SC wave
generation?

While I cannot draw diagrams here, the typical diagram includes a carrier
generator, a modulating signal input, phase shifters, a balanced mixer, and
filters. The diagram shows how phase shifts are applied to isolate the
desired sideband, with signals combining destructively to cancel the unwanted
sideband.

How does the phase discrimination method compare
with the filter method for SSB-SC generation?

The phase discrimination method relies on phase shifts and interference to
suppress one sideband, whereas the filter method uses sharp bandpass filters
to select the desired sideband. The phase discrimination method can be more
efficient in certain applications, offering better sideband suppression
without requiring extremely sharp filters.

Additional Resources

Single Sideband Suppressed Carrier (SSB-SC) modulation is a pivotal technique
in modern communication systems, renowned for its spectral efficiency and
power-saving benefits. Among various methods to generate SSB-SC signals, the
phase discrimination method stands out due to its conceptual simplicity and
practical implementation advantages. This article offers an in-depth
exploration of the phase discrimination method for SSB-SC wave generation,
supported by comprehensive explanations, neat diagrams, and critical
analysis.



Introduction to SSB-SC Modulation

Single Sideband Suppressed Carrier (SSB-SC) is a form of amplitude modulation
where only one sideband (either upper or lower) is transmitted, and the
carrier frequency component is suppressed. This technique reduces the
bandwidth by approximately half compared to conventional AM, enhances power
efficiency, and minimizes interference.

Applications of SSB-SC include:

- Amateur radio communications

- Aviation and marine communication systems

- Telephony and long-distance voice transmission
- Satellite communications

Advantages of SSB-SC include:

- Reduced bandwidth utilization
- Improved signal-to-noise ratio
- Lower power consumption

Fundamentals of SSB-SC Generation Techniques

Several methods exist to generate SSB-SC signals, such as:

- Phasing method

- Filter method

- Frequency translation method

- Phase discrimination method (the focus of this article)

Each approach has its advantages and limitations, but the phase
discrimination method is distinguished by its reliance on phase differences
to achieve sideband suppression.

Understanding the Phase Discrimination Method

Definition: The phase discrimination method generates SSB-SC signals by
exploiting phase differences between signals, typically utilizing a phase
discriminator circuit. The core idea involves combining the message signal
with a locally generated carrier in such a way that one sideband is canceled
out, resulting in a single sideband transmission.



Key principle: The method employs phase discrimination between two
signals—one being the message (modulating) signal and the other a phase-
shifted or quadrature component—to select and transmit only the desired
sideband.

Why phase discrimination? It allows the selective cancellation of one

sideband by exploiting phase differences, making it a practical choice for
systems requiring high selectivity and stability.

Block Diagram of the Generation Process

Below is a simplified block diagram illustrating the phase discrimination
method:

Message Signal (m(t))

| ----> Balanced Modulator ----> SSB-SC Output
Carrier Signal (c(t))

Phase Discriminator

Note: The actual implementation involves more components, including a phase
discriminator circuit, filters, and mixers, which will be explained in
detail.

Step-by-Step Explanation of the Generation
Process

1. Message Signal and Carrier Generation

The process begins with the message signal, \( m(t) \), which contains the
information to be transmitted. Simultaneously, a high-frequency carrier
signal, \( c(t) = A c \cos \omega c t \), is generated using an oscillator.

2. Phase Discrimination Circuit

The core of the method is the phase discriminator, which compares the phase



of the message signal with the carrier or a generated quadrature component.
This circuit produces an error signal proportional to the phase difference.

3. Balanced Modulation

The message and carrier signals are fed into a balanced modulator (or ring
modulator), which produces an amplitude-modulated wave containing both
sidebands and the carrier. This wave is then processed to suppress the
unwanted sideband.

4. Filtering and Sideband Selection

A filter, typically a bandpass or a bandstop filter, isolates the desired
sideband. The phase discriminator ensures that only the selected sideband
remains by canceling or suppressing the other.

5. Output SSB-SC Signal

The final output is an SSB-SC wave, which contains only the upper or lower
sideband, with the carrier suppressed.

Neat Diagram of the Phase Discrimination Method

Below is a simplified schematic diagram illustrating the key components:
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Note: The actual phase discriminator circuit can be a phase comparator, a
phase detector, or a quadrature demodulator, depending on design.



Detailed Working of the Phase Discrimination
Method

1. Role of the Phase Discriminator

The phase discriminator is fundamental in this method. It functions by
producing an output voltage proportional to the phase difference between the
input signals. When the message signal and the carrier are in phase or
quadrature, the discriminator's output varies accordingly, enabling the
selective suppression of one sideband.

2. Mathematical Representation

- The message signal: \( m(t) = A m \cos \omega m t \)
- The carrier: \( c(t) = A c \cos \omega c t \)

The phase discriminator compares these signals, producing an error signal:
\[ V_e \propto \sin (\phi m - \phi c) \]

where \( \phi m \) and \( \phi c \) are the phases of the message and carrier
signals respectively.

3. Sideband Suppression

By adjusting the phase difference to specific values (e.g., \( 0™\circ \) or
\( 180™\circ \)), the system cancels out one sideband. This is achieved via

the phase discriminator's control loop, which maintains the phase difference
at the desired value.

4. Generation of SSB-SC Wave
The output after filtering contains only the upper or lower sideband,

depending on the phase settings. The overall process ensures that the carrier
is suppressed, and only the necessary sideband is transmitted.

Advantages and Limitations of the Phase
Discrimination Method

Advantages:

- High Selectivity: Precise control over sideband suppression.
- Carrier Suppression: Efficient use of power and bandwidth.
- Ease of Implementation: Utilizes phase comparison circuits, which are



readily available.
- Stability: Less sensitive to amplitude variations compared to the phasing
method.

Limitations:

- Complexity: Requires precise phase control and stable phase discriminator
circuits.

- Cost: Additional components increase cost compared to simpler methods.

- Bandwidth: The phase discriminator and associated filters may impose
bandwidth constraints.

- Synchronization: Needs accurate synchronization between the message and
carrier signals.

Applications and Practical Considerations

The phase discrimination method is suitable for applications where spectral
efficiency and power conservation are critical. Its implementation in
communication systems demands careful design of phase discriminator circuits
and filtering mechanisms.

Practical considerations include:

- Ensuring phase stability between signals.

- Accurate calibration of phase discriminator circuits.

- Selecting appropriate filters to achieve effective sideband suppression.
- Managing temperature and component stability for consistent performance.

Conclusion

The phase discrimination method for generating SSB-SC signals embodies a
sophisticated approach rooted in phase comparison techniques. Its reliance on
phase differences allows for high-quality sideband suppression and carrier
elimination, making it highly efficient for modern communication systems.
While it presents certain implementation challenges, advances in circuit
design and signal processing have made it an attractive option in various
high-performance applications.

Understanding this method involves appreciating the interplay between phase
control, filtering, and modulation techniques. As communication demands grow
for spectral efficiency and power management, the phase discrimination method
remains a vital component in the engineer's toolkit for RF and



telecommunications design.
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Author's Note: This article aims to provide a comprehensive understanding of
the phase discrimination method for SSB-SC wave generation, blending
theoretical insights with practical considerations to aid students,
engineers, and enthusiasts in grasping this essential modulation technique.
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