Voltage Series Feedback Amplifier Using
Transistor

Voltage series feedback amplifier using transistor is a fundamental concept in electronic circuit design,
particularly in the realm of operational amplifiers and transistor-based amplifiers. This type of feedback
mechanism plays a crucial role in improving the performance characteristics of amplifiers, such as gain
stability, bandwidth, linearity, and input/output impedance. Understanding how voltage series feedback
operates using transistors is essential for electronic engineers and students aiming to design reliable and high-
performance amplification systems. In this comprehensive article, we delve into the principles, working
operation, advantages, disadvantages, and practical applications of voltage series feedback amplifiers
employing transistors.

Introduction to Feedback Amplifiers

Feedback amplifiers are circuits where a portion of the output signal is fed back to the input to control and
stabilize the gain. Feedback can be classified into two main types: - Voltage feedback: When the feedback
signal is proportional to the output voltage. - Current feedback: When the feedback signal is proportional to the
output current. Within voltage feedback, there are further classifications based on the manner of feedback
connection: - Voltage series feedback: The feedback signal is connected in series with the input voltage. -
Voltage shunt feedback: The feedback signal is connected across (shunt to) the input. This article focuses on
voltage series feedback, which influences the input impedance and overall stability of the amplifier.
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Understanding Voltage Series Feedback Using Transistors

What is Voltage Series Feedback?

Voltage series feedback involves feeding a portion of the output voltage back to the input in series with the
input source. This configuration ensures that the feedback signal directly influences the input voltage, thereby
controlling the overall gain and input impedance characteristics of the amplifier. Key characteristics of voltage
series feedback: - The feedback signal is in series with the input signal. - It increases the input impedance of
the amplifier. - It stabilizes the gain against variations in transistor parameters. - It improves linearity and
reduces distortion.

Operation Principle with Transistors

In a transistor-based voltage series feedback amplifier: - The transistor (commonly BJT or MOSFET) acts as the
main amplifying device. - The output voltage is sampled and fed back through a network (often a voltage
divider). - The feedback voltage is then added in series with the input voltage to control the input signal level. -
The feedback reduces the overall gain but enhances stability and input impedance.

Circuit Configuration of Voltage Series Feedback Amplifier

Basic Block Diagram

The typical configuration includes: 1. Input source (Vin): The signal to be amplified. 2. Amplifier stage: Using a
transistor (BJT or MOSFET) configured as an amplifier. 3. Output (Vout): The amplified signal. 4. Feedback
network: Usually a voltage divider (resistors R1 and R2) sampling Vout. 5. Feedback connection: The sampled
voltage (Vf) is connected in series with the input source.



Typical Circuit Diagram

While diagrams are best visualized, a simplified description: - The input signal is fed into the base (for BJT) or
gate (for MOSFET) of the transistor. - The collector (or drain) provides the output voltage. - A resistor divider
taps a fraction of Vout and connects in series with the input source. - The combined voltage (Vin + Vf) drives
the transistor's input.

Working Operation of Voltage Series Feedback Amplifier

1. Input and Amplification: The input signal (Vin) is applied to the transistor's base/gate, producing an amplified
output voltage (Vout). 2. Sampling of Output: A portion of Vout is sampled using the feedback network (voltage
divider R1 and R2). 3. Feedback Signal: The sampled voltage (Vf) is fed back in series with the input source,
effectively modifying the input voltage. 4. Impact on Input Voltage: The total voltage at the transistor's input
becomes (Vin + Vf), which influences the transistor's conduction. 5. Stabilization of Gain: As Vout increases, the
feedback voltage (Vf) also increases, reducing the net input voltage (since Vf is in series with Vin), thereby
limiting the overall gain and stabilizing the output. 6. Resulting Effect: The overall voltage gain of the system is
reduced but becomes more stable and predictable, with improved input impedance and linearity.

Mathematical Analysis of Voltage Series Feedback Amplifier

The voltage series feedback amplifier's voltage gain (Af) without feedback and with feedback can be analyzed
as follows: - Open-loop gain (A): Gain of the transistor amplifier without feedback. - Feedback factor (B):
Fraction of the output fed back to the input, determined by the voltage divider. The closed-loop gain (Af) with
feedback is given by: \[ Af = \frac{A}{1 + A\beta} \] - When A is large, the gain becomes approximately: \[ Af
\approx \frac{1} {\beta} \] which is independent of the transistor's parameters. Input Impedance with Voltage
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Series Feedback: The input impedance (\(Z_{in}\)) increases due to the series feedback: \[ Z {in} = (1 + A
\beta) Z {source} \] where \(Z_{source}\) is the source impedance. Output Impedance: The output impedance
decreases, enhancing the drive capability: \[ Z_{out} = \frac{Z_{load}}{1 + A \beta} \]

Advantages of Voltage Series Feedback Using Transistors

Implementing voltage series feedback in transistor amplifiers offers numerous benefits: 1. Increased Input
Impedance: Ideal for applications requiring high impedance input stages. 2. Reduced Distortion: Feedback
linearizes the amplifier's operation, decreasing harmonic distortion. 3. Gain Stability: The gain becomes less
dependent on transistor parameters and temperature variations. 4. Bandwidth Extension: Although feedback
can reduce gain, it often extends the bandwidth for certain configurations. 5. Improved Linearity: Linear
operation ensures fidelity in signal reproduction. 6. Enhanced Output Impedance Control: Allows better
matching with load circuits.

Disadvantages of Voltage Series Feedback Using Transistors

Despite its advantages, this feedback method has some drawbacks: - Reduced Gain: Overall gain is decreased
due to feedback. - Complexity in Design: Requires careful design of feedback network for desired
characteristics. - Potential Stability Issues: Excessive feedback can cause oscillations; stability analysis is
crucial. - Power Consumption: Additional components and feedback paths may increase power usage.

Practical Applications of Voltage Series Feedback Amplifiers

Voltage series feedback amplifiers are widely used across various electronic systems: - Audio Amplifiers: To
improve linearity and reduce distortion. - Measurement Systems: For precise voltage amplification with high



input impedance. - Operational Amplifiers: As a fundamental configuration influencing modern op-amp design. -
Sensor Signal Conditioning: Enhancing the stability and accuracy of sensor outputs. - Communication Systems:
For stable signal transmission over long distances.

Design Considerations for Transistor-Based Voltage Series Feedback
Amplifiers

Designing an effective voltage series feedback amplifier involves: - Choosing the Right Transistor: Based on
frequency response, power ratings, and linearity. - Selecting Feedback Network Components: Resistors R1 and
R2 determine the feedback factor B and thus influence gain and impedance. - Ensuring Stability: Adequate
phase margin and stability analysis are performed to prevent oscillations. - Optimizing Input and Output
Impedances: Tailoring the design to match load and source characteristics. - Thermal Management: Managing
heat dissipation for high-power transistors.

Conclusion

The voltage series feedback amplifier using transistor stands as a cornerstone in modern electronic circuit
design, offering a versatile approach to achieving stable, linear, and high-impedance amplification. By feeding
back a portion of the output voltage in series with the input, engineers can effectively control gain, improve
linearity, and enhance overall performance. While the design involves careful consideration of stability and
component selection, the benefits of increased input impedance, reduced distortion, and gain stabilization
make voltage series feedback amplifiers indispensable in various applications from audio systems to precision
measurement devices. Mastery of this concept enables the development of robust and reliable electronic
systems in an increasingly digital and interconnected world.

© italy.sandbox.xylemappliedwater.com Voltage Series Feedback Amplifier Using Transistor 5



Voltage Series Feedback Amplifier Using Transistor In the realm of electronic amplifiers, feedback
mechanisms play a pivotal role in determining the stability, fidelity, and overall performance of the system.
Among the various feedback configurations, the voltage series feedback amplifier stands out due to its ability
to enhance the voltage gain, improve bandwidth, and stabilize the output against variations in load or
component parameters. When implemented with transistors, this configuration leverages the active device's
gain properties while harnessing feedback to achieve desirable characteristics. This article delves into the
intricacies of voltage series feedback amplifiers using transistors, exploring their operating principles,
configurations, advantages, limitations, and practical applications.

Understanding Feedback in Amplifiers

What is Feedback?

Feedback in electronic circuits refers to the process where a portion of the output signal is returned to the
input. This return signal influences the input in a way that modifies the overall gain and response of the
amplifier. Feedback can be classified based on how and where the feedback signal is taken and reintroduced: -
Series vs. Shunt Feedback: Determines whether the feedback signal is connected in series or shunt with the
input. - Voltage vs. Current Feedback: Based on whether the feedback signal is proportional to voltage or
current.

Types of Feedback and Their Effects

The main types of feedback in amplifiers are: - Voltage Series Feedback: The feedback signal is proportional to
the output voltage and is fed in series with the input voltage. - Voltage Shunt Feedback: The feedback signal is
proportional to the output voltage but is fed in shunt (parallel) with the input. - Current Series Feedback: The



feedback signal is proportional to output current, fed in series with the input. - Current Shunt Feedback: The
feedback signal is proportional to output current, fed in shunt with the input. Each configuration affects the
amplifier's gain, input and output impedance, bandwidth, and stability differently.

Fundamentals of Voltage Series Feedback Amplifier

Definition and Concept

A voltage series feedback amplifier is an arrangement where a fraction of the output voltage is fed back in
series with the input voltage, effectively reducing the input voltage seen by the amplifying device. This
feedback method improves the stability and linearity of the amplifier, enhances bandwidth, and lowers
distortion.

Operational Principle

In this configuration, the output voltage (V,,) is sampled, and a portion of it (V) is fed back in series with the
input signal (V,,). The actual input to the transistor becomes: V,, - V,, Since V,, is proportional to V,,, the
feedback effectively "subtracts" a part of the output from the input, thereby controlling the overall voltage gain.
Mathematically, the voltage gain with feedback (A) is given by: A, = A/ (1 + AB) Where: - A = open-loop
voltage gain of the amplifier - B = feedback factor (portion of output fed back to input) This negative feedback
reduces the gain but improves other characteristics such as linearity, bandwidth, and input/output impedance.

Implementation with Transistors
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Choosing the Transistor Type

Both BJTs (Bipolar Junction Transistors) and FETs (Field Effect Transistors) can be employed in voltage series
feedback amplifiers. The choice depends on the desired input/output impedance, linearity, and application
specifics: - BJTs: Offer high transconductance, suitable for high-gain applications. - FETs: Provide high input
impedance and are less prone to input bias current effects, making them ideal for voltage buffer stages.

Basic Circuit Configuration

A typical voltage series feedback amplifier using a BJT may involve: 1. Transistor Stage: Acts as the main
amplifying device. 2. Output: The collector (for BJT) or drain (for FET) terminal provides the output voltage. 3.
Feedback Network: A voltage divider (two resistors) taps a fraction of V . 4. Series Connection: The feedback
voltage (V) is fed in series with the input voltage source. A simplified schematic involves: - The input voltage
source applied through a resistor. - The feedback network connected from the output to the input node. - The
transistor configured for common-emitter (BJT) or common-source (FET) operation.

Design Considerations

Designing a voltage series feedback amplifier with a transistor involves: - Selecting the biasing circuitry for the
transistor to ensure proper operation. - Choosing the feedback network resistors to set the feedback factor B. -
Ensuring that the transistor operates within its linear region to minimize distortion. - Balancing the trade-offs
between gain reduction and improvements in stability and bandwidth.

Performance Characteristics of Voltage Series Feedback Amplifier



with Transistor

Voltage Gain

- The open-loop gain (A) of a transistor can be very high (e.g., 100,000 or more in BJTs). - Feedback reduces the
overall gain to a manageable level, making it more stable. - The gain becomes less sensitive to transistor
parameter variations, enhancing reliability.

Input and Output Impedances

- Input Impedance: Increased due to the feedback, which is beneficial in preventing loading effects. - Output
Impedance: Decreased, allowing better drive capability and voltage transfer to subsequent stages.
Bandwidth and Frequency Response

- Feedback broadens the bandwidth, allowing the amplifier to operate effectively over a wider frequency range.
- The gain-bandwidth product remains approximately constant; as the gain reduces, bandwidth increases
proportionally.

Distortion and Linearity

- Negative voltage series feedback linearizes the transistor's transfer characteristics. - Harmonic distortion is
minimized, leading to high-fidelity amplification.
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Stability and Noise

- Feedback enhances stability against component variations and temperature fluctuations. - It can also reduce
the effect of noise, improving the signal-to-noise ratio.

Advantages of Voltage Series Feedback Amplifiers with Transistors

- Gain Stabilization: Less dependent on transistor parameters, ensuring consistent performance. - Enhanced
Bandwidth: Broader frequency response suitable for high-frequency applications. - Reduced Distortion:
Improved linearity and fidelity. - Increased Input Impedance: Beneficial when interfacing with high-impedance
sources. - Lower Output Impedance: Facilitates driving subsequent stages or loads. - Better Temperature
Stability: Less variation in gain with temperature changes. - Improved Reliability: Due to reduced sensitivity to
component tolerances.

Limitations and Challenges

- Reduced Gain: The feedback decreases the overall voltage gain, which might be undesirable in certain low-
gain applications. - Complex Design: Proper selection of feedback network and biasing is critical for optimal
performance. - Potential Stability Issues: Excessive feedback can lead to oscillations; stability analysis is
essential. - Power Consumption: Feedback circuitry can increase complexity and power consumption. - Offset
and Noise Amplification: Although feedback reduces distortion, it can also influence offset voltages and noise
levels.



Practical Applications of Voltage Series Feedback Amplifiers with
Transistors

- Audio Amplifiers: Where high fidelity, low distortion, and wide bandwidth are essential. - Communication
Systems: For stable and linear amplification of RF signals. - Measurement and Instrumentation: Where precision
and stability are critical. - Operational Amplifier Design: Many op-amps employ voltage series feedback
configurations internally. - Sensor Signal Conditioning: To buffer and amplify sensor outputs reliably.

Conclusion

Voltage series feedback amplifiers using transistors epitomize the synergy between active devices and
feedback control to achieve high-performance amplification. Their ability to stabilize gain, improve bandwidth,
and reduce distortion makes them indispensable in modern electronic systems. While they present certain
design challenges and trade-offs, advances in transistor technology and circuit design methodologies continue
to expand their applicability. Understanding the underlying principles, configurations, and performance
characteristics of these amplifiers is essential for engineers and technicians aiming to develop reliable, high-
fidelity electronic systems. As electronics evolve, the concepts of feedback—especially voltage series
feedback—remain foundational, ensuring that amplifiers can meet the demanding requirements of
contemporary applications.

Questions & Answers About voltage series feedback amplifier using
transistor

No Question Answer
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What is a voltage series feedback
amplifier using a transistor?

A voltage series feedback amplifier using a transistor is an
electronic amplifier where a portion of the output voltage is fed
back to the input in series, enhancing stability, linearity, and
bandwidth by controlling the gain through negative feedback.

How does voltage series feedback
improve the performance of a
transistor amplifier?

Voltage series feedback stabilizes the gain, reduces distortion,
increases bandwidth, and improves input and output impedance
by feeding back a portion of the output voltage in series with the
input signal, leading to more predictable and linear operation.

What is the effect of voltage series
feedback on the input and output
impedances of a transistor amplifier?

Voltage series feedback generally increases the input impedance
and decreases the output impedance of the amplifier, making it
more suitable for certain applications and improving overall
performance.

How is the feedback factor
determined in a voltage series
feedback amplifier using a
transistor?

The feedback factor is determined by the ratio of the feedback
voltage to the output voltage, often set by a voltage divider
network or feedback network connected in series with the output
in the circuit design.

What are the advantages of using
voltage series feedback in transistor
amplifiers?

Advantages include stabilized gain, reduced distortion, improved
linearity, increased bandwidth, and better impedance matching,
leading to more reliable and high-quality amplification.

What are the limitations or
drawbacks of voltage series
feedback in transistor amplifiers?

Limitations include reduced overall gain due to feedback,
potential complexity in circuit design, and possible stability
issues if not properly compensated, which can affect the
amplifier's performance if not carefully managed.

voltage feedback amplifier, transistor amplifier, series feedback, negative feedback, multistage amplifier,
transistor circuit, voltage gain, stability, operational amplifier, feedback network
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