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For The Circuit Shown Below, The Gain Is Expressed By (VA= [infinity]0) Vcc
Vina R MY" 7 - Vout RE Select. Understanding the intricacies of transistor
amplifier circuits is fundamental for electronics engineers and students
alike. In this article, we delve into the details of how voltage gain is
expressed in such configurations, focusing on the common-emitter amplifier
with emitter resistance, the role of intrinsic and extrinsic parameters, and
the practical considerations for optimizing circuit performance. Whether you
are designing a small-signal amplifier or analyzing existing circuits,
grasping these concepts is vital for achieving desired voltage amplification
and stability.

Understanding the Basic Circuit Configuration

Common-Emitter Amplifier Overview

The common-emitter (CE) amplifier is one of the most widely used
configurations in analog electronics due to its high voltage gain, moderate
input impedance, and low output impedance. The typical CE circuit includes:
- A bipolar junction transistor (BJT) with its emitter terminal grounded
(common)

- An input signal applied to the base

- A collector resistor (Rc) connected to Vcc

- An emitter resistor (Re) connected to ground

- The output taken from the collector

Key Components and Their Roles

- Vcc: The supply voltage

- Vina: The input AC voltage signal

- Vout: The output voltage

- R: The collector resistor (load resistor)

- Re: The emitter resistor, which influences gain and stability

- My: The transistor’s current gain (B or hFE)

- VA: The transistor’s intrinsic voltage parameter (early voltage), which
approaches infinity in ideal cases

Understanding how these components interact helps in deriving the voltage
gain expression.



Voltage Gain Expression in Common-Emitter
Configuration

Ideal Conditions and Assumptions

The expression for voltage gain often simplifies under certain assumptions:
- The transistor’s intrinsic voltage parameter VA is very large, tending
toward infinity. This assumption simplifies the analysis by neglecting the
Early effect.

- The transistor operates in the forward-active region.

- The signal variations are small enough for linear approximation.

Deriving the Voltage Gain

The voltage gain (AV) of a common-emitter amplifier with emitter resistance
is generally expressed as:

\[ AV = - \frac{R C}{r e + R e} \]

where:

- \( R.C\) is the collector resistor

- \( r e \) is the intrinsic emitter resistance, approximately \(

\frac{V T}{I E} \), with \( V.T \) being the thermal voltage (~25mV at room
temperature)

- \( R e \) is the external emitter resistor

In the ideal case where \( VA \to \infty \), the gain simplifies further
because the Early effect (which causes the collector current to vary with
collector-base voltage) is negligible.

Impact of Infinite VA and Its Significance

What Does VA = [infinity] Imply?

Setting \( VA = [\infty] \) in the circuit analysis implies neglecting the
Early effect, which simplifies the transistor's output characteristics. The
Early effect causes a variation in collector current with collector-base
voltage, effectively reducing the voltage gain. When VA tends toward
infinity:

- The collector current becomes independent of collector-base voltage
variations.

- The output characteristics are linear over a wider range.

- The voltage gain expression becomes more straightforward.



Advantages of Assuming VA = [infinity]

- Simplifies mathematical analysis.

- Provides an idealized maximum gain scenario.

- Useful for initial design calculations before factoring in real device
parameters.

Role of Vcc, Vina, R, MY, and Vout in Gain
Calculation

Supply Voltage (Vcc)

Vcc supplies the necessary biasing and headroom for the transistor to operate
in the forward-active region. It influences the collector current and,
consequently, the voltage gain.

Input Voltage (Vina)

The small AC signal applied at the base modulates the base-emitter voltage
(Vbe), resulting in variations in collector current and output voltage.

Collector Resistor (R)

The load resistor determines the voltage swing at the collector and directly
impacts the voltage gain magnitude.

Transistor Current Gain (My or B)

The current gain influences the collector current for a given base current,
affecting the overall voltage gain.

Output Voltage (Vout)

Vout is the amplified version of Vina, with its magnitude determined by the
circuit’s gain parameters.

Selecting the Emitter Resistance (RE) for
Optimal Gain



Trade-offs in Choosing RE

- High RE: Improves stability and linearity but reduces voltage gain.
- Low RE: Increases gain but can lead to instability and distortion.

Design Considerations for RE Selection

- Balance between gain and stability.
- Consideration of temperature variations.
- Impact on input impedance and bandwidth.

Practical Tips for Circuit Design and
Optimization

1. Ensuring Proper Biasing

- Use biasing networks to set appropriate Q-point.
- Maintain the transistor in the forward-active region.

2. Minimizing Early Effect Impact

- Select transistors with high VA if maximum gain is desired.
- Design circuits to operate within linear regions.

3. Calculating Actual Gain with Real VA Values

- Incorporate finite VA into the gain calculations for more accurate
predictions.
- Use the formula:

\[ AV = - \frac{R C}{r e + R e} \times \left(1l + \frac{R C}{V. A / I C}\right)
\1]

- Note that as VA increases, the second term approaches 1, simplifying the
expression.

Summary and Key Takeaways

- The voltage gain of a common-emitter amplifier can be expressed simply
under ideal conditions as \( AV = - R C / R e \) when VA approaches infinity.
- Assuming VA = [infinity] neglects the Early effect, leading to an idealized
maximum gain.

- Practical designs must consider finite VA, emitter resistance, biasing, and



device parameters to achieve desired gain and stability.

- Proper selection of resistor values and understanding of transistor
parameters are crucial for optimizing amplifier performance.

- The balance between gain, linearity, and stability guides the selection of
RE and other circuit components.

Conclusion

Understanding how the intrinsic parameters of a transistor, such as VA,
influence the voltage gain in amplifier circuits is essential for effective
design. The expression involving (VA = [infinity]) simplifies the analysis
and provides a theoretical maximum gain scenario, serving as a benchmark for
practical implementations. By carefully selecting circuit components like R,
RE, and considering the transistor’s characteristics (including MY),
engineers can tailor their circuits for optimal performance, ensuring
reliable operation across various applications—from audio amplification to
signal processing.

Whether you are a student learning the fundamentals of transistor operation
or a professional refining your amplifier designs, mastering the relationship
between circuit parameters and gain expression is a key step toward achieving
high-performance analog electronics systems.

Frequently Asked Questions

What is the significance of the voltage gain
expression VA = [infinity]O in the given circuit?

The expression VA = [infinity]O indicates that the voltage gain is extremely
high, approaching infinity, which typically suggests an idealized condition
such as a very high gain transistor stage or a configuration designed for
voltage amplification.

How does the resistor RE influence the overall
voltage gain in the circuit?

The resistor RE affects the negative feedback and stability of the circuit,
potentially reducing the gain if included in the signal path. Its value
determines the degree of emitter degeneration, which in turn impacts the
voltage gain and linearity.

What role does Vcc play in determining the voltage



gain of this circuit?

Vcc, the supply voltage, sets the biasing conditions and operating point of
the transistor, which indirectly influences the voltage gain by affecting the
transistor's active region and its transconductance.

Why is the input voltage (Vina) considered in the
gain expression, and how does it relate to the
circuit's operation?

Vina, the input voltage, is the signal that the circuit amplifies. The gain
expression relates Vout to Vina, indicating how much the input signal is
amplified. A higher gain means the circuit can produce a proportionally
larger output for a given input.

What is the purpose of selecting an appropriate RE
in the circuit, especially considering the gain
expression?

Choosing an appropriate RE helps balance gain and stability. A properly
selected RE can stabilize the bias point, improve linearity, and control the
voltage gain, ensuring the circuit operates as desired under varying
conditions.

Additional Resources
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Introduction

In the realm of electronic circuit design, understanding the nuances of
amplifier gain is essential for tailoring circuits to specific applications.
The phrase "For The Circuit Shown Below, The Gain Is Expressed By (VA =
[Infinity]®) Vcc Vina R MY" 7 - Vout RE Select" appears to encapsulate a
complex relationship involving voltage gain, power supply voltage, input
voltage, resistances, and output voltage. Despite its seemingly convoluted
notation, this statement hints at fundamental principles governing transistor
amplifiers—particularly bipolar junction transistors (BJTs)—and their voltage
and current gain characteristics.

This article aims to deconstruct this expression, explore its underlying
principles, and provide a comprehensive understanding suitable for both
novice and seasoned electronics engineers. We will analyze the significance
of the parameters involved, interpret the notation, and examine how they



influence the circuit's overall gain.

Understanding the Notation and Context

Decoding the Expression

At a glance, the expression appears to be:

> (VA = [Infinity]@) Vcc Vina R MY" 7 - Vout RE Select

While it seems jumbled, certain key elements can be extracted:

- VA: Likely refers to the early voltage or collector-base voltage in
transistor models, commonly used in hybrid-pi or hybrid-quad models to
represent the voltage-dependent output resistance of a BIJT.

- [Infinity]@: Presumably indicates a range or limit, possibly suggesting VA
approaches infinity, representing an ideal transistor with no output
resistance.

- Vcc: The collector supply voltage, a fundamental parameter in BJT biasing.
- Vina: The input voltage applied to the circuit.

- R MY" 7: Likely a misinterpretation or typographical error, possibly
intended to denote a resistor value, such as RY or R MY, or perhaps a
notation referencing a specific resistor in the circuit.

- Vout: The output voltage.

- RE: The emitter resistor, which influences gain and linearity.

- Select: Possibly referring to the selection of resistor values or
parameters to achieve a desired gain.

Given the context, the core focus appears to be on how various circuit

parameters—particularly resistances, supply voltage, and transistor
parameters—affect the voltage gain.

Theoretical Foundation of Voltage Gain in Transistor Circuits
The Role of Transistor Parameters
In bipolar junction transistor (BJT) amplifier circuits, the voltage gain

(A v) is a measure of how much the input voltage is amplified at the output.
The fundamental relationship often takes the form:



\[ Av =-g m\times R {load} \]
where:

- g m: Transconductance, representing how effectively the transistor converts
input voltage changes into collector current variations.

- R load: The load resistance connected to the collector or drain.

In more detailed small-signal models, the gain can also be expressed
considering the Early effect, which introduces the early voltage (V A):

\[ Av=-\frac{g m R {C}}{1 + g m R {E}} \]
or, in the ideal case where V_A approaches infinity (meaning negligible Early

effect), the output resistance is considered infinite, and the gain
simplifies.

Deep Dive into Key Parameters
1. Early Voltage (V_A)
- Represents the finite output resistance due to the Early effect.

- As V_A approaches infinity, the transistor behaves as an ideal current
source with no output resistance, maximizing gain.

- Real-world transistors have finite V_A (typically 20V to 100V), which
reduces the achievable gain.

2. Supply Voltage (Vcc)
- Provides the necessary biasing and collector voltage.

- The value of Vcc influences the maximum output swing and, consequently, the
linearity and gain of the amplifier.

3. Input Voltage (Vina)
- The small signal input applied at the base (or gate in FETs).

- The amplitude of Vina influences the linearity and the operating point of
the transistor.

4. Resistors (R Y, R MY, RE)

- Collector resistor (R C or RY): Sets the collector load, affecting voltage
gain.



- Emitter resistor (RE): Provides negative feedback, stabilizes bias point,
and influences gain and linearity.

- Biasing resistors: Establish the operating point and stability.

Practical Implications and Circuit Design Considerations
Selecting Resistor Values for Desired Gain

- Increasing R C generally increases voltage gain, given a fixed transistor
transconductance.

- Introducing RE provides negative feedback, stabilizing gain but reducing
its magnitude.

- For maximum voltage gain, minimal RE (or bypassed RE) is preferred, but
this reduces stability.

Impact of Early Voltage (V A)
- An ideal transistor with V A = » offers maximum possible gain.
- Finite V_A introduces output resistance effects, reducing gain.

- Designers often select transistors with higher V A or design circuits to
mitigate Early effect.

Analyzing the Expression in a Typical Circuit

Suppose the circuit in question is a common-emitter amplifier with bypassed
emitter resistor, biasing network, and a collector resistor:

- The voltage gain (A v) can be approximated as:
\[ A v \approx - \frac{V {CC} \times R {C}}{r {o} \times R {E}} \I]

where:

r o = output resistance due to the Early effect, approximately:
\[ r o= \frac{V A}I C} \]

- For VA - o, r 0 » o, and the gain simplifies to:

\[ A v \approx - g m R {C} \]

This aligns with the phrase (VA = [Infinity]0), indicating an ideal



transistor with no Early effect, maximizing gain.

Practical Design Strategy Based on the Expression
1. Maximize Gain:

- Use high-VA transistors or operate at collector currents where r o is
large.

- Choose larger collector resistors R C.
- Bypass emitter resistors RE with a capacitor for maximum AC gain.
2. Balance Gain and Stability:

- Incorporate emitter resistors to stabilize biasing, but accept a reduction
in gain.

- Use feedback techniques to control gain variations caused by finite V A.
3. Consider Power Supply Limitations:

- Ensure Vcc is sufficient to accommodate the desired output swing without
clipping.

4. Tune Input Resistance and Load:

- Adjust Vina and load resistances to optimize linearity and bandwidth.

Real-World Applications and Limitations

- High-Gain Amplifiers: For applications demanding maximum gain, choosing
transistors with high V_A and carefully selecting resistor values is crucial.

- Bandwidth Considerations: Increasing gain via larger resistors or bypassing
RE may reduce bandwidth due to parasitic capacitances.

- Stability and Linearity: Incorporating emitter resistors and feedback
mechanisms enhances stability but at the expense of some gain.

- Finite Early Effect: No real transistor has infinite V A, so practical
designs must account for this limitation, often through circuit compensation.

Conclusion



The phrase "For The Circuit Shown Below, The Gain Is Expressed By (VA =
[Infinity]0®) Vcc Vina R MY" 7 - Vout RE Select" encapsulates the complex
interplay of transistor parameters, circuit resistances, and power supply
considerations that determine the voltage gain of an amplifier.

Achieving optimal gain involves understanding the role of the Early voltage,
selecting appropriate resistor values, and balancing stability with
performance. While idealized models assume VA - », real-world devices and
circuits must account for finite V_A, which influences the maximum obtainable
gain.

Through meticulous analysis and strategic component selection, engineers can
design circuits that meet specific gain requirements while maintaining
stability and linearity, leveraging the fundamental principles outlined in
the expression.

In essence, this expression underscores the importance of a holistic approach

in amplifier design—integrating device physics with circuit topology-to
achieve desired performance metrics.
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