
Module 2: Amplifier Models and BJT/FET 
Biasing 
Welcome to Module 2 of our comprehensive course on amplifier design! In this module, we 
will embark on a deep dive into the foundational concepts of electronic amplifiers, 
meticulously exploring various amplifier models and gaining a profound understanding of the 
essential techniques for biasing both Bipolar Junction Transistors (BJTs) and Field-Effect 
Transistors (FETs) to ensure optimal and stable operation. By the culmination of this module, 
you will possess the requisite theoretical knowledge and practical skills to analyze, design, 
and troubleshoot a wide array of amplifier circuits. 

2.1 Introduction to Amplifiers: Basic Amplifier 
Concepts, Gain, Bandwidth 
An amplifier is a cornerstone in electronic circuits, serving as a device or circuit that 
significantly increases the power of an input signal. It effectively takes a relatively weak 
input signal (which can be a voltage or a current) and transforms it into a much stronger 
output signal, ideally maintaining the integrity of the original waveform. This fundamental 
process of amplification is indispensable across myriad electronic systems, ranging from 
sophisticated audio reproduction equipment to complex communication networks, where the 
inherent weakness of signals necessitates their strengthening for subsequent processing, 
transmission, or direct use. 

Basic Amplifier Concepts 

Let's dissect the core components and ideas that define an amplifier: 

● Input and Output Signals: Every amplifier operates with an input port where the 
signal slated for amplification is introduced, and an output port from which the 
amplified signal is extracted. These signals can manifest as voltage variations, 
current fluctuations, or a combination of both, depending on the amplifier's design 
and intended function. 

● Active Device: The very essence of amplification lies in the utilization of active 
devices. These are semiconductor components, primarily transistors (such as BJTs 
or FETs), that possess the unique ability to control a substantial output current or 
voltage with only a minute input signal. They are the conduits through which the 
energy for amplification is delivered. 

● Power Source: Amplifiers are not self-sustaining; they require an external DC power 
source. This power supply provides the necessary energy that the active device then 
converts into the amplified signal, effectively increasing the signal's power. Without a 
stable power source, an amplifier cannot function. 

Gain: The Measure of Amplification 



Gain is the most critical metric quantifying an amplifier's capacity to magnify a signal. It is 
fundamentally defined as the ratio of the output signal to the input signal. Gain can be 
meticulously categorized based on the nature of the signals being measured: 

● Voltage Gain (Av ): This quantifies the extent to which an amplifier boosts the voltage 
level of a signal. 
 Av =Vin Vout   
 Where: Vout  represents the Output Voltage. Vin  represents the Input Voltage. 

● Current Gain (Ai ): This metric expresses how much an amplifier multiplies the 
current level of a signal. 
 Ai =Iin Iout   
 Where: Iout  represents the Output Current. Iin  represents the Input Current. 

● Power Gain (Ap ): This indicates the overall increase in signal power. It's often the 
most relevant gain when considering the transfer of energy. 
 Ap =Pin Pout   
 Where: Pout  represents the Output Power. Pin  represents the Input Power. 
Crucially, power gain can also be derived from the voltage and current gains: 
 Ap =Av ×Ai  

Decibel (dB) Representation of Gain 

Gain is frequently expressed in decibels (dB), a logarithmic unit that offers several practical 
advantages: 

● Convenience for Large Ratios: It allows for a more compact and manageable 
representation of very large or very small gain values. 

● Simplified Cascade Calculations: When multiple amplifier stages are connected in 
series (cascaded), their linear gains multiply. In the decibel scale, these gains simply 
add, significantly simplifying system-level calculations. 

The formulas for converting linear gain to decibels are: 

● Voltage Gain in dB: 
 Av(dB) =20log10 (Av ) 

● Current Gain in dB: 
 Ai(dB) =20log10 (Ai ) 

● Power Gain in dB: 
 Ap(dB) =10log10 (Ap ) 

Numerical Example: Gain Calculation 

An amplifier receives an input voltage of 10 mV and produces an output voltage of 2.5 V. 
Let's calculate its voltage gain in both linear scale and decibels. 

Given: 

● Vin =10 mV=0.01 V 
● Vout =2.5 V 



Calculations: 

1. Linear Voltage Gain (Av ): Av =Vout /Vin =2.5 V/0.01 V=250 
2. Voltage Gain in dB (Av(dB) ): Av(dB) =20log10 (250) To calculate log10 (250), we 

know 102=100 and 103=1000. So, log10 (250) will be between 2 and 3. 
log10 (250)≈2.398 Av(dB) ≈20×2.398≈47.96 dB 

The amplifier has a voltage gain of 250 (or approximately 47.96 dB). 

Bandwidth: The Amplifier's Frequency Range 

Bandwidth (BW) is a crucial characteristic that defines the range of frequencies over which 
an amplifier can provide effective and meaningful gain. It's important to understand that 
amplifiers do not amplify all frequencies with the same efficiency. Typically, there's a specific 
frequency range where the gain remains relatively constant, and outside this range, the gain 
begins to diminish. 

● Cutoff Frequencies (fL , fH ): The lower cutoff frequency (fL ) and upper cutoff 
frequency (fH ) are defined as the frequencies at which the power gain of the 
amplifier drops to half of its maximum value. Equivalently, at these frequencies, the 

voltage gain or current gain drops to 1/2   (approximately 0.707) of its 
maximum value. These points are also commonly referred to as the -3dB 
frequencies because a drop of half power corresponds to a 3 dB decrease 
(10log10 (0.5)≈−3 dB). 

● Bandwidth (BW): The bandwidth of an amplifier is simply the difference between its 
upper and lower cutoff frequencies. 
 BW=fH −fL  

In-depth Explanation of Bandwidth: 

The frequency response of a real-world amplifier is rarely perfectly flat across all 
frequencies. 

● Low-Frequency Roll-off: At very low frequencies, the amplifier's gain can decrease 
due to the effects of coupling capacitors (used to block DC and pass AC signals 
between stages) and bypass capacitors (used to shunt AC signals to ground from 
components like emitter resistors). These capacitors act as high impedances 
(approaching open circuits) at low frequencies, effectively blocking or attenuating the 
signal path. 

● High-Frequency Roll-off: Conversely, at very high frequencies, the gain starts to 
drop due to the presence of internal parasitic capacitances within the active device 
(e.g., base-emitter capacitance, collector-base capacitance in BJTs, or 
gate-source/drain capacitances in FETs) and stray capacitances in the circuit 
layout. These capacitances act as low impedances (approaching short circuits) at 
high frequencies, effectively shunting the signal to ground and reducing the gain. 



The bandwidth effectively delineates the usable operating range of the amplifier where it 
delivers substantial and relatively undistorted amplification. A broader bandwidth signifies 
that the amplifier can faithfully process a wider spectrum of signals. This characteristic is 
paramount in applications such as high-fidelity audio systems (where a wide frequency 
range is crucial for accurate sound reproduction) and high-speed data communication 
systems (where the integrity of rapid data pulses depends on the amplifier's ability to handle 
high frequencies). 

 

2.2 Amplifier Models 
Amplifier models are simplified, theoretical representations of real amplifiers. These 
models utilize ideal controlled sources (voltage-controlled voltage source, current-controlled 
current source, etc.) and passive components (resistors) to accurately mimic the complex 
input, output, and transfer characteristics of different types of amplifiers. They are 
indispensable tools for circuit analysis and design. 

Why use Amplifier Models? 

● Simplification of Analysis: Real amplifiers are intricate and involve numerous 
internal parameters. Models abstract away this complexity, allowing us to focus on 
the essential input-output relationships. 

● Predictive Analysis: By applying fundamental circuit analysis techniques (like 
Kirchhoff's Voltage Law, Kirchhoff's Current Law, Ohm's Law, Thevenin's theorem, 
Norton's theorem) to these simplified models, we can accurately predict how a real 
amplifier will behave under various operating conditions. 

● Facilitating Design: Models aid engineers in selecting the most appropriate 
amplifier type for a specific application and in determining optimal component values 
for desired performance. 

● Conceptual Understanding: They provide a clear conceptual framework for 
understanding the functional differences between various amplifier types. 

There are four fundamental types of ideal amplifier models, categorized by the nature of their 
input and output signals: 

Voltage Amplifier: Characteristics and Parameters 

A voltage amplifier is specifically designed to accept an input voltage signal and produce a 
magnified output voltage signal. Its primary function is to step up voltage levels. 

● Ideal Characteristics: 
○ Infinite Input Impedance (Rin =∞): An ideal voltage amplifier draws 

absolutely no current from the input source. This ensures that the amplifier 
does not "load" the signal source, meaning it doesn't reduce the input voltage 
delivered to it. 

○ Zero Output Impedance (Rout =0): An ideal voltage amplifier behaves like a 
perfect voltage source at its output. This means it can deliver its full amplified 



voltage to any connected load, regardless of the load's resistance, without 
any internal voltage drop. 

○ Constant Voltage Gain (Av ): The ratio of output voltage to input voltage 
remains constant across its operating range and frequencies. 

● Model: The model for a voltage amplifier comprises: 
○ An input resistance (Rin ) in series with the input. 
○ An output resistance (Rout ) in series with the output. 
○ A voltage-controlled voltage source (VCVS) in the output circuit, 

generating a voltage proportional to the input voltage (Av Vin ). 
○ Input Impedance (Rin ): Represents the equivalent resistance "seen" by the 

input signal source looking into the amplifier's input terminals. A very high Rin  
is desirable to prevent the amplifier from drawing significant current from the 
source, thereby minimizing any voltage drop across the source's internal 
resistance and preserving the input signal's integrity. 

○ Output Impedance (Rout ): Represents the equivalent internal resistance of 
the amplifier when looking back from its output terminals. A very low Rout  is 
crucial for efficiently transferring the amplified voltage to a load, as any 
voltage drop across Rout  would reduce the voltage delivered to the load. 

○ Voltage Gain (Av ): This is the open-circuit voltage gain; it's the ratio of the 
output voltage to the input voltage when no load is connected to the output 
(RL =∞). 

● Formulas: 
○ Open-circuit output voltage (no load): 

 Vout =Av Vin  
○ Output voltage with a connected load (RL ): When a load resistor RL  is 

connected, a voltage divider is formed by Rout  and RL . 
 Vout(loaded) =Av Vin ×(Rout +RL RL  ) 

○ Input current: 
 Iin =Rin Vin   

Numerical Example: Voltage Amplifier 

A voltage amplifier has an input resistance (Rin ) of 1 MΩ, an output resistance (Rout ) of 
50 Ω, and a voltage gain (Av ) of 100. If the input voltage (Vin ) is 10 mV and a load 
resistance (RL ) of 1 kΩ is connected to the output, calculate the resulting output voltage. 

Given: 

● Rin =1 MΩ=1×106 Ω 
● Rout =50 Ω 
● Av =100 
● Vin =10 mV=0.01 V 
● RL =1 kΩ=1000 Ω 

Calculation: 

Using the formula for output voltage with a load: Vout(loaded) =Av Vin ×(Rout +RL RL  ) 
Vout(loaded) =100×0.01 V×(50 Ω+1000 Ω1000 Ω ) Vout(loaded) =1 V×(10501000 ) 
Vout(loaded) ≈1 V×0.95238 Vout(loaded) ≈0.952 V 



The output voltage when a 1 kΩ load is connected is approximately 0.952 V. 

Current Amplifier: Characteristics and Parameters 

A current amplifier is engineered to amplify an input current signal and deliver a magnified 
output current signal. Its primary purpose is to step up current levels. 

● Ideal Characteristics: 
○ Zero Input Impedance (Rin =0): An ideal current amplifier acts like a perfect 

short circuit at its input, allowing all the input current from the source to flow 
into it without any voltage drop. 

○ Infinite Output Impedance (Rout =∞): An ideal current amplifier behaves like 
a perfect current source at its output. It can deliver its full amplified current to 
any connected load, regardless of the load's resistance, without any current 
being shunted internally. 

○ Constant Current Gain (Ai ): The ratio of output current to input current 
remains constant. 

● Model: The model for a current amplifier consists of: 
○ An input resistance (Rin ) in parallel with the input. 
○ An output resistance (Rout ) in parallel with the output. 
○ A current-controlled current source (CCCS) in the output circuit, 

generating a current proportional to the input current (Ai Iin ). 
○ Input Impedance (Rin ): A very low Rin  is desired to ensure that the input 

current source "sees" a near-short circuit, thereby maximizing the current 
flowing into the amplifier's input. 

○ Output Impedance (Rout ): A very high Rout  is critical to ensure that the 
amplified current is delivered predominantly to the external load resistance 
(RL ) rather than being shunted internally by the amplifier's own output 
resistance. 

○ Current Gain (Ai ): This is the short-circuit current gain; it's the ratio of the 
output current to the input current when the output is short-circuited (RL =0). 

● Formulas: 
○ Short-circuit output current (no load resistance): 

 Iout =Ai Iin  
○ Output current with a connected load (RL ): When a load resistor RL  is 

connected, a current divider is formed by Rout  and RL . 
 Iout(loaded) =Ai Iin ×(Rout +RL Rout  ) 

○ Input voltage: 
 Vin =Iin ×Rin  

Numerical Example: Current Amplifier 

A current amplifier features an input resistance (Rin ) of 10 Ω, an output resistance (Rout ) 
of 100 kΩ, and a current gain (Ai ) of 50. If the input current (Iin ) is 50 µA and a load 
resistance (RL ) of 2 kΩ is connected, determine the output current. 

Given: 

● Rin =10 Ω 



● Rout =100 kΩ=100,000 Ω 
● Ai =50 
● Iin =50 µA=0.00005 A 
● RL =2 kΩ=2000 Ω 

Calculation: 

Using the formula for output current with a load: Iout(loaded) =Ai Iin ×(Rout +RL Rout  ) 
Iout(loaded) =50×0.00005 A×(100000 Ω+2000 Ω100000 Ω ) Iout(loaded) =0.0025 
A×(102000100000 ) Iout(loaded) ≈0.0025 A×0.98039 Iout(loaded) ≈0.00245 A=2.45 mA 

The output current when a 2 kΩ load is connected is approximately 2.45 mA. 

Transconductance Amplifier: Characteristics and Parameters 

A transconductance amplifier (also known as a voltage-to-current converter) is 
designed to accept an input voltage signal and produce a proportional output current 
signal. 

● Ideal Characteristics: 
○ Infinite Input Impedance (Rin =∞): An ideal transconductance amplifier 

draws no current from the voltage source, similar to an ideal voltage amplifier. 
○ Infinite Output Impedance (Rout =∞): An ideal transconductance amplifier 

acts like a perfect current source at its output, delivering its full generated 
current to the load. 

○ Constant Transconductance (Gm ): The ratio of output current to input 
voltage remains constant. 

● Model: The model for a transconductance amplifier consists of: 
○ An input resistance (Rin ) in series with the input. 
○ An output resistance (Rout ) in parallel with the output. 
○ A voltage-controlled current source (VCCS) in the output circuit, 

generating a current proportional to the input voltage (Gm Vin ). 
○ Input Impedance (Rin ): A high Rin  is vital to avoid loading the input voltage 

source and ensure that the input voltage is accurately applied to the amplifier. 
○ Output Impedance (Rout ): A high Rout  is necessary to ensure that the 

generated output current flows predominantly through the external load 
resistor (RL ) rather than being shunted by the amplifier's internal output 
resistance. 

○ Transconductance (Gm ): This is the short-circuit transconductance; it's 
the ratio of the short-circuit output current to the input voltage. Its standard 
unit is Siemens (S), which is equivalent to mhos (Ω⁻¹). 

● Formulas: 
○ Short-circuit output current (output shorted): 

 Iout =Gm Vin  
○ Output current with a connected load (RL ): 

 Iout(loaded) =Gm Vin ×(Rout +RL Rout  ) 
○ Output voltage with a connected load (RL ): 

 Vout =Iout(loaded) ×RL  



Numerical Example: Transconductance Amplifier 

A transconductance amplifier has an input resistance (Rin ) of 2 MΩ, an output resistance 
(Rout ) of 50 kΩ, and a transconductance (Gm ) of 20 mS. If the input voltage (Vin ) is 50 mV 
and a load resistance (RL ) of 1 kΩ is connected, calculate both the output current and the 
output voltage. 

Given: 

● Rin =2 MΩ 
● Rout =50 kΩ=50,000 Ω 
● Gm =20 mS=0.02 S 
● Vin =50 mV=0.05 V 
● RL =1 kΩ=1000 Ω 

Calculations: 

1. Output current with load (Iout(loaded) ): Iout(loaded) =Gm Vin ×(Rout +RL Rout  ) 
Iout(loaded) =0.02 S×0.05 V×(50000 Ω+1000 Ω50000 Ω ) Iout(loaded) =0.001 
A×(5100050000 ) Iout(loaded) ≈0.001 A×0.98039 Iout(loaded) ≈0.00098 A=0.98 mA 

2. Output voltage with load (Vout ): Vout =Iout(loaded) ×RL  Vout ≈0.00098 A×1000 Ω 
Vout ≈0.98 V 

The output current is approximately 0.98 mA, and the output voltage is approximately 0.98 
V. 

Transresistance Amplifier: Characteristics and Parameters 

A transresistance amplifier (also known as a current-to-voltage converter) is designed to 
take an input current signal and generate a proportional output voltage signal. 

● Ideal Characteristics: 
○ Zero Input Impedance (Rin =0): An ideal transresistance amplifier acts like a 

perfect short circuit at its input, allowing all the input current to flow into it. 
○ Zero Output Impedance (Rout =0): An ideal transresistance amplifier acts 

like a perfect voltage source at its output, delivering its full generated voltage 
to any load. 

○ Constant Transresistance (Rm ): The ratio of output voltage to input current 
remains constant. 

● Model: The model for a transresistance amplifier consists of: 
○ An input resistance (Rin ) in parallel with the input. 
○ An output resistance (Rout ) in series with the output. 
○ A current-controlled voltage source (CCVS) in the output circuit, 

generating a voltage proportional to the input current (Rm Iin ). 
○ Input Impedance (Rin ): A low Rin  is necessary to shunt the input current into 

the amplifier rather than being lost to the source's internal resistance. 
○ Output Impedance (Rout ): A low Rout  is crucial to ensure that the amplified 

output voltage is delivered efficiently to the external load resistance (RL ) with 
minimal voltage drop across the amplifier's internal resistance. 



○ Transresistance (Rm ): This is the open-circuit transresistance; it's the 
ratio of the open-circuit output voltage to the input current. Its unit is Ohms 
(Ω). 

● Formulas: 
○ Open-circuit output voltage (output open): 

 Vout =Rm Iin  
○ Output voltage with a connected load (RL ): 

 Vout(loaded) =Rm Iin ×(Rout +RL RL  ) 
○ Input voltage: 

 Vin =Iin ×Rin  

Numerical Example: Transresistance Amplifier 

A transresistance amplifier has an input resistance (Rin ) of 5 Ω, an output resistance 
(Rout ) of 20 Ω, and a transresistance (Rm ) of 10 kΩ. If the input current (Iin ) is 1 mA and a 
load resistance (RL ) of 500 Ω is connected, calculate the output voltage. 

Given: 

● Rin =5 Ω 
● Rout =20 Ω 
● Rm =10 kΩ=10,000 Ω 
● Iin =1 mA=0.001 A 
● RL =500 Ω 

Calculation: 

Using the formula for output voltage with a load: Vout(loaded) =Rm Iin ×(Rout +RL RL  ) 
Vout(loaded) =10000 Ω×0.001 A×(20 Ω+500 Ω500 Ω ) Vout(loaded) =10 V×(520500 ) 
Vout(loaded) ≈10 V×0.96154 Vout(loaded) ≈9.615 V 

The output voltage when a 500 Ω load is connected is approximately 9.615 V. 

 

2.3 Bipolar Junction Transistors (BJTs): Operation 
Modes, Characteristics, Biasing Needs 
The Bipolar Junction Transistor (BJT) is a cornerstone of modern electronics, a 
three-terminal semiconductor device that serves as a fundamental building block for both 
amplification and switching applications. Its operation hinges on the interaction of two PN 
junctions, allowing for control over a large current with a small input signal. 

Structure and Terminals 

A BJT is characterized by three distinct terminals, each playing a crucial role in its operation: 



● Emitter (E): This terminal is typically heavily doped to efficiently inject (emit) a large 
number of charge carriers (electrons in NPN, holes in PNP) into the base region. 

● Base (B): This region is lightly doped and very thin in comparison to the emitter 
and collector. Its primary function is to control the flow of charge carriers from the 
emitter to the collector. A small current flowing into or out of the base exerts 
significant control over the much larger collector current. 

● Collector (C): This terminal is moderately doped and is designed to efficiently 
collect the charge carriers emitted from the emitter and passed through the base. 

BJTs are fabricated in two complementary types, distinguished by their doping 
arrangements: 

● NPN Transistor: 
○ Structure: Consists of a thin P-type base region sandwiched between two 

N-type regions (the emitter and collector). 
○ Symbolic Indication: The arrow on the emitter terminal in the circuit symbol 

points outwards from the base. This arrow indicates the conventional 
direction of current flow when the emitter-base junction is forward biased (i.e., 
from P to N, from base to emitter for NPN). 

● PNP Transistor: 
○ Structure: Consists of a thin N-type base region sandwiched between two 

P-type regions (the emitter and collector). 
○ Symbolic Indication: The arrow on the emitter terminal in the circuit symbol 

points inwards towards the base. This indicates the conventional direction of 
current flow when the emitter-base junction is forward biased (i.e., from P to 
N, from emitter to base for PNP). 

Operation Modes 

The operational behavior of a BJT is entirely dictated by the biasing state (forward or 
reverse bias) of its two internal PN junctions: the Emitter-Base (EB) junction and the 
Collector-Base (CB) junction. 

● 1. Cutoff Region: 
○ EB Junction: Reverse Biased 
○ CB Junction: Reverse Biased 
○ Characteristics: In this mode, both junctions are reverse biased, effectively 

preventing any significant flow of charge carriers through the transistor. The 
collector current (IC ) is virtually zero, and the transistor behaves like an 
open switch between its collector and emitter. This mode is extensively 
utilized in digital switching applications to turn off a transistor. 

● 2. Active Region (Forward-Active): 
○ EB Junction: Forward Biased 
○ CB Junction: Reverse Biased 
○ Characteristics: This is the quintessential region for linear amplification. 

The forward-biased EB junction allows charge carriers to be injected from the 
emitter into the base. Due to the thin and lightly doped base, most of these 
carriers diffuse across the base and are swept into the collector by the 



reverse-biased CB junction. A small change in the base current (IB ) or the 
base-emitter voltage (VBE ) results in a proportionally much larger change in 
the collector current (IC ). 

○ Fundamental Current Relationships: 
■ Emitter Current (IE ): The total current entering/leaving the emitter. 

 IE =IC +IB  
■ Common Emitter Current Gain (β or hFE ): This is the ratio of 

collector current to base current in the active region. It's a key 
parameter for amplification. 
 IC =βIB  

■ Emitter Current in terms of Base Current: 
 IE =(β+1)IB  

■ Common Base Current Gain (α): This is the ratio of collector current 
to emitter current. 
 α=β+1β  
IC =αIE  

■ Base-Emitter Voltage (VBE ): For typical silicon BJTs operating in the 
active region, the forward-biased VBE  is approximately 0.7 V. This is 
analogous to the forward voltage drop across a silicon diode. 

● 3. Saturation Region: 
○ EB Junction: Forward Biased 
○ CB Junction: Forward Biased 
○ Characteristics: In saturation, both junctions are forward biased, and the 

transistor is fully "on." The collector current reaches its maximum possible 
value, which is primarily limited by the external circuitry (e.g., collector 
resistor), rather than by the base current. The voltage across the 
collector-emitter terminals (VCE ) is very small, typically ranging from 0.1 V to 
0.3 V for silicon transistors. In this mode, the transistor acts like a closed 
switch. This mode is also extensively used in digital switching applications 
to turn on a transistor. 

● 4. Reverse-Active Region (Inverse Active): 
○ EB Junction: Reverse Biased 
○ CB Junction: Forward Biased 
○ Characteristics: In this less common mode, the roles of the emitter and 

collector are effectively swapped. The transistor can still provide some 
amplification, but its performance characteristics (particularly current gain) are 
significantly poorer than in the forward-active region. This mode is rarely 
intentionally used in practical amplifier circuits. 

BJT Characteristics (I-V Curves) 

The operational behavior of BJTs is often visualized through their current-voltage (I-V) 
characteristic curves: 

● Input Characteristics (IB  vs. VBE ): These curves depict the relationship between 
the base current (IB ) and the base-emitter voltage (VBE ), with the collector-emitter 
voltage (VCE ) held constant. For a silicon BJT, this curve strongly resembles that of a 



forward-biased diode. IB  remains very small until VBE  crosses the "turn-on" voltage 
(approximately 0.7 V for silicon), after which IB  increases exponentially. 

● Output Characteristics (IC  vs. VCE  for various IB ): These are a set of curves that 
show the relationship between the collector current (IC ) and the collector-emitter 
voltage (VCE ) for different constant values of base current (IB ). These curves are 
crucial for understanding and designing amplifier circuits. 

○ Cutoff Region: Located along the VCE  axis where IC  is nearly zero. 
○ Active Region: For a given IB , IC  is relatively constant (nearly horizontal line) 

as VCE  increases. The spacing between these horizontal lines for different IB  
values visually represents the current gain (β) of the transistor. This is the 
region where linear amplification occurs. 

○ Saturation Region: In this region, for small VCE  values, IC  rises rapidly with 
increasing VCE  before leveling off. This signifies that the transistor is acting 
like a closed switch, and IC  is primarily limited by the external circuit. 

Biasing Needs 

For an amplifier to perform its function of providing undistorted amplification of an AC 
signal, the BJT must be meticulously biased into its active region. Biasing is the process of 
establishing the correct DC operating point, also known as the Q-point (Quiescent point), 
of the transistor. The Q-point defines the specific DC values of collector current (IC ) and 
collector-emitter voltage (VCE ) when no AC input signal is applied. 

Why is Biasing Necessary? 

● 1. Linear Amplification: The active region of a BJT's characteristics is where its 
current transfer function (IC  vs. IB ) is most linear. Proper biasing ensures that the AC 
input signal, when superimposed on the DC Q-point, operates entirely within this 
linear region. If the Q-point is too close to the cutoff region (low IC , high VCE ) or the 
saturation region (high IC , low VCE ), the positive or negative swings of the AC 
output signal will be clipped, introducing severe distortion into the amplified 
waveform. 

● 2. Stability: The chosen Q-point must remain reasonably stable against various 
unpredictable factors. These include: 

○ Temperature variations: Transistor parameters like β and VBE  are 
temperature-dependent. 

○ Transistor parameter variations: Even transistors of the same part number 
can have significant variations in β from one device to another. 

○ Power supply fluctuations: Changes in the DC supply voltage can affect the 
Q-point. Without proper biasing and stability, the Q-point can drift over time or 
with environmental changes, causing the amplifier to inadvertently enter cutoff 
or saturation, or leading to an undesirable and inconsistent change in the 
amplifier's gain. 

● 3. Maximum Signal Swing: A carefully selected Q-point, ideally positioned roughly 
in the middle of the active region, allows for the maximum possible peak-to-peak 
swing of the output signal without any clipping. This means the amplifier can handle 
larger input signals before distortion becomes noticeable, maximizing its dynamic 
range. 



 

2.4 BJT Biasing Schemes 
To achieve the necessary stable Q-point for a BJT, several biasing schemes have been 
developed. Each method offers a unique trade-off between circuit simplicity, bias stability, 
and power consumption. 

Fixed Bias (Base Bias) 

The fixed bias configuration, also known as base bias, is the simplest BJT biasing scheme. 

● Circuit Configuration: 
○ A single base resistor (RB ) connects the base terminal of the BJT directly to 

the positive DC supply voltage (VCC ). 
○ The collector terminal is connected to VCC  through a collector resistor 

(RC ). 
○ The emitter terminal is typically connected directly to ground. 

● Working Principle: In this scheme, the base current (IB ) is primarily determined by 
the values of RB , VCC , and the relatively constant base-emitter voltage (VBE ). Since 
VBE  for a silicon BJT is approximately 0.7 V (assuming it's forward-biased), IB  
remains relatively fixed, hence the name "fixed bias." Once IB  is established, the 
collector current (IC ) is then dictated by the transistor's current gain β (i.e., IC =βIB ). 

● Formulas: 
○ Base Current (IB ): Applying Kirchhoff's Voltage Law (KVL) to the 

base-emitter loop (starting from VCC , going through RB  and the EB junction 
to ground): VCC −IB RB −VBE =0 Rearranging for IB : 
 IB =RB VCC −VBE   

○ Collector Current (IC ): Using the fundamental BJT current gain relationship 
in the active region: 
 IC =βIB  

○ Collector-Emitter Voltage (VCE ): Applying KVL to the collector-emitter loop 
(starting from VCC , going through RC  and the CE path to ground): 
VCC −IC RC −VCE =0 Rearranging for VCE : 
 VCE =VCC −IC RC  

● Advantages: 
○ Simplicity: It features a straightforward circuit design with a minimal number 

of components, making it easy to implement and analyze superficially. 
○ Ease of Calculation: The Q-point calculations are relatively direct. 

● Disadvantages: 
○ Poor Bias Stability: This is the most significant drawback. The Q-point in 

fixed bias is highly dependent on the transistor's β (current gain). Since β 
can vary widely between different transistors of the same type (even from the 
same batch) and is also highly sensitive to temperature changes (typically 
increasing with temperature), the Q-point can drift significantly. This instability 
means that if β changes, IC  changes, which in turn shifts VCE , potentially 



pushing the transistor into cutoff or saturation, leading to severe signal 
distortion. 

○ Not suitable for amplifier applications where environmental temperature 
variations are expected or where consistent performance across multiple 
identical circuits is required. 

Numerical Example: Fixed Bias 

Consider a fixed bias circuit with the following parameters: 

● VCC =12 V 
● RB =240 kΩ 
● RC =2.2 kΩ 
● A silicon transistor with β=100 
● Assume VBE =0.7 V 

Calculations: 

1. Base Current (IB ): IB =RB VCC −VBE  =240,000 Ω12 V−0.7 V =240,000 Ω11.3 V ≈47.08 
µA 

2. Collector Current (IC ): IC =βIB =100×47.08 µA=4.708 mA 
3. Collector-Emitter Voltage (VCE ): VCE =VCC −IC RC =12 V−(4.708 mA×2.2 kΩ) 

VCE =12 V−(4.708×10−3 A×2.2×103 Ω) VCE =12 V−10.3576 V≈1.64 V 

The established Q-point for this fixed bias circuit is approximately (IC =4.708 mA, VCE =1.64 
V). 

Emitter Bias (Emitter-Stabilized Bias) 

The emitter bias configuration, often called emitter-stabilized bias, is a significant 
improvement over fixed bias in terms of stability. 

● Circuit Configuration: 
○ Similar to fixed bias, it includes a base resistor (RB ) from VCC  to the base 

and a collector resistor (RC ) from VCC  to the collector. 
○ The crucial addition is an emitter resistor (RE ) connected between the 

emitter terminal and ground. For common NPN amplifier configurations, a 
single positive supply VCC  is typically used. 

● Working Principle: The introduction of the emitter resistor (RE ) provides a vital 
negative feedback mechanism that significantly enhances bias stability. 

○ Consider a scenario where the collector current (IC ) (and consequently the 
emitter current IE ) attempts to increase, perhaps due to a rise in ambient 
temperature causing β to increase. 

○ This increase in IE  leads to a larger voltage drop across RE  (VE =IE RE ). 
○ Since VBE =VB −VE , if VE  increases while VB  (set by RB  and VCC ) remains 

relatively stable, then VBE  will effectively decrease. 
○ A decrease in VBE  for a BJT operating in the active region causes a 

reduction in the base current (IB ). 



○ This reduction in IB  directly counteracts the initial increase in IC  (since 
IC =βIB ), bringing the Q-point back towards its desired stable position. This 
self-correcting action is the hallmark of improved stability. 

● Formulas: 
○ Base Current (IB ): Applying KVL to the base-emitter loop: 

VCC −IB RB −VBE −IE RE =0 Since IE =(β+1)IB , substitute this into the equation: 
VCC −IB RB −VBE −(β+1)IB RE =0 VCC −VBE =IB RB +(β+1)IB RE  
VCC −VBE =IB (RB +(β+1)RE ) Rearranging for IB : 
 IB =RB +(β+1)RE VCC −VBE   

○ Collector Current (IC ): 
 IC =βIB  

○ Emitter Current (IE ): 
 IE =(β+1)IB  

○ Collector-Emitter Voltage (VCE ): Applying KVL to the collector-emitter loop: 
VCC −IC RC −VCE −IE RE =0 Rearranging for VCE : 
 VCE =VCC −IC RC −IE RE  
 As a practical approximation, since IE ≈IC  (because α≈1): 
 VCE ≈VCC −IC (RC +RE ) 

● Advantages: 
○ Significantly Improved Bias Stability: The negative feedback provided by 

RE  makes the Q-point far more stable against variations in β (due to 
transistor replacement or temperature changes) and changes in VBE  
compared to fixed bias. 

○ Better overall performance for practical amplifier applications. 
● Disadvantages: 

○ Reduced AC Gain: The emitter resistor RE  also provides negative feedback 
for AC signals, which reduces the amplifier's AC voltage gain. To mitigate this, 
a bypass capacitor (often a large electrolytic capacitor) is typically connected 
in parallel with RE  to provide a low-impedance path for AC signals to ground, 
thereby effectively "shorting out" RE  for AC while maintaining its DC 
stabilization effect. 

○ Requires a slightly higher DC supply voltage (VCC ) compared to fixed bias to 
achieve the same IC  and VCE  (due to the voltage drop across RE ). 

Numerical Example: Emitter Bias 

Consider an emitter bias circuit with the following parameters: 

● VCC =12 V 
● RB =240 kΩ 
● RC =2.2 kΩ 
● RE =1 kΩ 
● A silicon transistor with β=100 
● Assume VBE =0.7 V 

Calculations: 



1. Base Current (IB ): IB =RB +(β+1)RE VCC −VBE   IB =240,000 Ω+(100+1)×1000 Ω12 
V−0.7 V  IB =240,000 Ω+101,000 Ω11.3 V =341,000 Ω11.3 V ≈33.14 µA 

2. Collector Current (IC ): IC =βIB =100×33.14 µA=3.314 mA 
3. Emitter Current (IE ): IE =(β+1)IB =(101)×33.14 µA=3.347 mA (Note: IE  is slightly 

greater than IC , as expected). 
4. Collector-Emitter Voltage (VCE ): VCE =VCC −IC RC −IE RE  VCE =12 V−(3.314 

mA×2.2 kΩ)−(3.347 mA×1 kΩ) VCE =12 V−7.2908 V−3.347 V≈1.362 V 

The Q-point for this emitter bias circuit is approximately (IC =3.314 mA, VCE =1.362 V). 
Comparing this to the fixed bias example, observe how the Q-point is shifted, and the 
calculation for IB  now inherently accounts for the stabilizing effect of RE . 

Voltage Divider Bias (Self Bias or Emitter-Stabilized Voltage Divider Bias) 

The voltage divider bias configuration is arguably the most prevalent and most stable 
biasing scheme for BJT amplifiers. It combines the advantages of a stable base voltage with 
the negative feedback provided by an emitter resistor. 

● Circuit Configuration: 
○ Two resistors, R1  and R2 , form a voltage divider network connected across 

the DC supply voltage (VCC ). The output of this divider sets the DC voltage at 
the transistor's base. 

○ A collector resistor (RC ) connects the collector to VCC . 
○ An emitter resistor (RE ) connects the emitter to ground. 

● Working Principle: 
○ Stable Base Voltage: The voltage divider (R1 ,R2 ) establishes a nearly 

constant DC voltage at the base of the transistor (VB ). If the current drawn by 
the base (IB ) is very small compared to the current flowing through R1  and 
R2  (a common design criterion), then VB  becomes largely independent of the 
transistor's characteristics. 

○ Emitter Feedback: The emitter resistor (RE ) then provides the crucial 
negative feedback, identical to the emitter bias scheme. Any tendency for IC  
(and thus IE ) to increase will cause VE  to rise. Since VBE =VB −VE , a rising 
VE  (with VB  fixed by the divider) leads to a decrease in VBE . This reduction 
in VBE  lowers IB , which in turn counters the initial increase in IC , effectively 
stabilizing the Q-point. The combination of a stiff base voltage and emitter 
feedback makes this scheme exceptionally robust against variations in β and 
temperature. 

● Formulas: 
Approximate Analysis (often sufficient for initial design): This analysis assumes 
that IB  is negligibly small compared to the current flowing through R1  and R2  (I2 ). 
This is a valid assumption if R2 ≪βRE  (a common design rule of thumb for good 
stability). 

○ Base Voltage (VB ): Using the voltage divider rule: 
 VB =VCC ×R1 +R2 R2   

○ Emitter Voltage (VE ): Assuming the EB junction is forward biased (VBE ≈0.7 
V for Si NPN): 
 VE =VB −VBE  



○ Emitter Current (IE ): By Ohm's Law across RE : 
 IE =RE VE   

○ Collector Current (IC ): Since the base current is typically small, IC ≈IE  
(because α≈1). 
 IC ≈IE  

○ Collector-Emitter Voltage (VCE ): Applying KVL to the collector-emitter loop: 
VCE =VCC −IC RC −IE RE  Using IC ≈IE : 
 VCE ≈VCC −IC (RC +RE ) 

● Exact Analysis (for more precise calculations, especially when the 
approximation is not fully met): This method involves converting the voltage 
divider and VCC  into a Thevenin equivalent circuit as seen from the transistor's base. 

○ Thevenin Voltage (VTh  at the base): 
 VTh =VCC ×R1 +R2 R2   
 (Same as VB  in approximate analysis) 

○ Thevenin Resistance (RTh  at the base): The resistance seen looking back 
from the base, with VCC  shorted to ground (for AC analysis, but also applies 
here for DC Thevenin equivalent). 
 RTh =R1 ∣∣R2 =R1 +R2 R1 ×R2   

○ Base Current (IB ): Applying KVL to the Thevenin equivalent loop: 
VTh −IB RTh −VBE −IE RE =0 Substitute IE =(β+1)IB : 
VTh −IB RTh −VBE −(β+1)IB RE =0 VTh −VBE =IB RTh +(β+1)IB RE  
VTh −VBE =IB (RTh +(β+1)RE ) Rearranging for IB : 
 IB =RTh +(β+1)RE VTh −VBE   

○ Collector Current (IC ): 
 IC =βIB  

○ Emitter Current (IE ): 
 IE =(β+1)IB  

○ Collector-Emitter Voltage (VCE ): 
 VCE =VCC −IC RC −IE RE  

● Advantages: 
○ Outstanding Bias Stability: This is the primary advantage. The Q-point is 

remarkably stable against variations in β (even significant changes) and 
temperature effects. This is achieved by making the base voltage (VB ) largely 
independent of β and by the strong negative feedback from the emitter 
resistor (RE ). 

○ Widely Used: It is the most common and preferred biasing method for 
general-purpose BJT amplifier designs due to its superior stability and 
predictable performance. 

● Disadvantages: 
○ More Components: Requires four resistors (R1 ,R2 ,RC ,RE ), making it 

slightly more complex than fixed bias or emitter bias. 
○ Quiescent Current Consumption: The voltage divider network itself (R1 ,R2 ) 

draws a small amount of quiescent current from the power supply, which can 
be a minor concern in very low-power applications. 

Numerical Example: Voltage Divider Bias 

Consider a voltage divider bias circuit with the following parameters: 



● VCC =15 V 
● R1 =56 kΩ 
● R2 =12 kΩ 
● RC =3.3 kΩ 
● RE =1 kΩ 
● A silicon transistor with β=120 
● Assume VBE =0.7 V 

Approximate Analysis: 

1. Base Voltage (VB ): VB =VCC ×R1 +R2 R2  =15 V×56 kΩ+12 kΩ12 kΩ =15 
V×6812 ≈2.647 V 

2. Emitter Voltage (VE ): VE =VB −VBE =2.647 V−0.7 V=1.947 V 
3. Emitter Current (IE ): IE =RE VE  =1 kΩ1.947 V =1.947 mA 
4. Collector Current (IC ): IC ≈IE =1.947 mA 
5. Collector-Emitter Voltage (VCE ): VCE ≈VCC −IC (RC +RE ) VCE =15 V−1.947 

mA×(3.3 kΩ+1 kΩ) VCE =15 V−1.947 mA×4.3 kΩ VCE =15 V−8.3721 V≈6.628 V 

The approximate Q-point is (IC =1.947 mA, VCE =6.628 V). 

Exact Analysis: 

1. Thevenin Resistance (RTh ): RTh =R1 +R2 R1 ×R2  =56 kΩ+12 kΩ56 kΩ×12 
kΩ =68672  kΩ≈9.882 kΩ 

2. Thevenin Voltage (VTh ): VTh =2.647 V (from approximate analysis, as it's the same 
calculation for VB ) 

3. Base Current (IB ): IB =RTh +(β+1)RE VTh −VBE   IB =9.882 kΩ+(120+1)×1 kΩ2.647 
V−0.7 V  IB =9.882 kΩ+121 kΩ1.947 V =130.882 kΩ1.947 V ≈14.876 µA 

4. Collector Current (IC ): IC =βIB =120×14.876 µA=1.785 mA 
5. Emitter Current (IE ): IE =(β+1)IB =121×14.876 µA=1.799 mA 
6. Collector-Emitter Voltage (VCE ): VCE =VCC −IC RC −IE RE  VCE =15 V−(1.785 

mA×3.3 kΩ)−(1.799 mA×1 kΩ) VCE =15 V−5.8905 V−1.799 V=7.3105 V 

The exact Q-point is approximately (IC =1.785 mA, VCE =7.3105 V). Notice the slight 
difference between the approximate and exact results, illustrating that while the approximate 
method is good for quick estimates, the exact analysis provides more precision. 

Collector Feedback Bias 

The collector feedback bias scheme provides a degree of Q-point stability by feeding back 
a portion of the collector voltage to the base. 

● Circuit Configuration: 
○ A single feedback resistor (RB ) is connected directly from the collector 

terminal to the base terminal. 
○ A collector resistor (RC ) connects the collector to VCC . 
○ The emitter terminal is typically connected directly to ground. 

● Working Principle: This configuration introduces negative feedback to stabilize the 
Q-point. 



○ Suppose the collector current (IC ) attempts to increase (e.g., due to an 
increase in β or temperature). 

○ This increase in IC  leads to a larger voltage drop across RC  (IC RC ), causing 
the collector voltage (VC ) to decrease (VC =VCC −IC RC ). 

○ Since RB  connects the collector to the base, this decrease in VC  directly 
results in a decrease in the base voltage (VB ). 

○ A decrease in VB  (and thus VBE , assuming VE =0) causes a reduction in the 
base current (IB ). 

○ This reduction in IB  then counteracts the initial increase in IC , effectively 
pulling the Q-point back towards stability. 

● Formulas: 
○ Base Current (IB ): Applying KVL to the loop starting from VCC , through RC , 

then through RB  to the base, and then across the EB junction to ground: 
VCC −IC RC −IB RB −VBE =0 Since IC =βIB , substitute this into the equation: 
VCC −(βIB )RC −IB RB −VBE =0 VCC −VBE =IB RB +βIB RC  
VCC −VBE =IB (RB +βRC ) Rearranging for IB : 
 IB =RB +βRC VCC −VBE   

○ Collector Current (IC ): 
 IC =βIB  

○ Collector-Emitter Voltage (VCE ): Since the emitter is at ground (VE =0), 
VCE =VC . 
 VCE =VCC −IC RC  

● Advantages: 
○ Improved Stability: Offers better stability for the Q-point compared to the 

simple fixed bias configuration due to the negative feedback. 
○ Fewer Components: Requires only two resistors (RC ,RB ) in addition to the 

transistor and power supply, making the circuit simple. 
● Disadvantages: 

○ Moderate Stability: While better than fixed bias, its stability against large 
variations in β is generally not as good as that provided by the voltage divider 
bias with an emitter resistor. 

○ Reduced AC Input Impedance: The feedback resistor RB  connects the 
high-voltage collector (output) to the base (input), which can significantly 
reduce the effective AC input impedance of the amplifier. This loading effect 
can be undesirable in many applications. 

Numerical Example: Collector Feedback Bias 

Consider a collector feedback bias circuit with the following parameters: 

● VCC =10 V 
● RC =2.2 kΩ 
● RB =180 kΩ 
● A silicon transistor with β=80 
● Assume VBE =0.7 V 

Calculations: 



1. Base Current (IB ): IB =RB +βRC VCC −VBE   IB =180,000 Ω+80×2200 Ω10 V−0.7 V  
IB =180,000 Ω+176,000 Ω9.3 V =356,000 Ω9.3 V ≈26.12 µA 

2. Collector Current (IC ): IC =βIB =80×26.12 µA=2.0896 mA 
3. Collector-Emitter Voltage (VCE ): VCE =VCC −IC RC =10 V−(2.0896 mA×2.2 kΩ) 

VCE =10 V−(2.0896×10−3 A×2.2×103 Ω) VCE =10 V−4.59712 V≈5.403 V 

The Q-point for this collector feedback bias circuit is approximately (IC =2.0896 mA, 
VCE =5.403 V). 

 

2.5 Bias Stability in BJTs: Factors Affecting Stability, 
Stabilization Techniques 
Bias stability is a critical performance metric for BJT amplifier circuits. It refers to the ability 
of the transistor's DC operating point (Q-point: IC , VCE ) to remain relatively consistent and 
within the active region, despite unwanted variations in environmental conditions or inherent 
transistor parameters. A stable Q-point ensures linear, undistorted amplification. 

Factors Affecting Stability 

The primary factors that cause the Q-point to drift from its intended design values are rooted 
in the temperature-dependent nature of semiconductor physics and the inherent variability in 
transistor manufacturing: 

● 1. Variation of Beta (βDC  or hFE ): 
○ Definition: β is the DC current gain of the transistor, defined as IC /IB . 
○ Sources of Variation: 

■ Device-to-Device Variability: Even transistors of the same part 
number and from the same manufacturing batch can exhibit significant 
differences in their β values (e.g., a 2N3904 might have β anywhere 
from 100 to 300). 

■ Temperature Dependence: β is strongly dependent on temperature. 
For silicon transistors, β generally increases with increasing 
temperature (e.g., by 0.5% to 1% per degree Celsius). 

■ Operating Point Dependence: β also changes slightly with the 
operating collector current (IC ) and collector-emitter voltage (VCE ). 

○ Impact on Q-point: If β increases (e.g., due to rising temperature or 
replacing the transistor with one having a higher β), then for a given base 
current (IB ), the collector current (IC =βIB ) will proportionally increase. An 
increase in IC  causes a larger voltage drop across RC , leading to a decrease 
in VCE  (VCE =VCC −IC RC ). If IC  increases too much, the Q-point can shift 
towards the saturation region, leading to output signal clipping and 
distortion. Conversely, a decrease in β would push the Q-point towards the 
cutoff region. 

● 2. Leakage Current (ICBO  or ICO ): 



○ Definition: ICBO  (Collector-Base Cutoff Current, Emitter Open) is the small 
reverse leakage current that flows through the reverse-biased collector-base 
junction when the emitter is open-circuited. 

○ Temperature Dependence: This leakage current is highly 
temperature-sensitive. For silicon transistors, ICBO  approximately doubles 
for every 10°C rise in temperature. 

○ Impact on Q-point: The actual collector current is more accurately given by 
IC =βIB +(β+1)ICBO . While ICBO  is often negligible at room temperature for 
silicon transistors, its exponential increase with temperature means it can 
become a significant contributor to IC  at higher operating temperatures. An 
increase in ICBO  directly contributes to an increase in IC , further pushing the 
Q-point towards saturation. 

● 3. Base-Emitter Voltage (VBE ): 
○ Definition: The voltage drop across the forward-biased base-emitter junction. 
○ Temperature Dependence: For silicon transistors, VBE  decreases with 

increasing temperature at a rate of approximately 2.5 mV/°C. 
○ Impact on Q-point: A decrease in VBE  (resulting from a temperature 

increase) means that for a fixed base circuit resistance, the base current (IB ) 
will tend to increase. For example, in fixed bias, IB =(VCC −VBE )/RB . If VBE  
drops, IB  rises. An increased IB  directly leads to an increased IC  (since 
IC =βIB ), causing the Q-point to shift. 

Consequences of Poor Bias Stability 

The inability to maintain a stable Q-point has several detrimental effects on amplifier 
performance: 

● Signal Distortion (Clipping): If the Q-point drifts too close to the cutoff region, the 
negative peaks of the AC output signal will be clipped. If it drifts too close to the 
saturation region, the positive peaks will be clipped. Both scenarios introduce severe 
non-linear distortion (harmonic distortion) into the amplified signal. 

● Reduced Gain: A drifting Q-point can move the transistor out of its most linear 
operating region (the center of the active region). This can lead to a decrease in the 
effective small-signal gain of the amplifier, or make the gain inconsistent. 

● Inconsistent Performance: Circuits designed with poor biasing will exhibit 
unpredictable and inconsistent performance if transistors are replaced or if the 
ambient temperature changes. This makes mass production and reliable operation 
difficult. 

● Thermal Runaway (Extreme Case): In certain high-power BJT circuits with 
inadequate stabilization, a dangerous positive feedback loop can occur: an increase 
in temperature leads to an increase in IC , which in turn increases the power 
dissipated by the transistor (PD =VCE IC ), further raising its temperature. This 
escalating cycle, known as thermal runaway, can ultimately lead to the 
self-destruction of the transistor. 

Stabilization Techniques 



To counteract these variations and ensure a stable Q-point, various stabilization techniques 
are employed. The core principle behind most effective techniques is the introduction of 
negative feedback into the DC biasing circuit. 

● 1. Emitter Resistor (RE ) Stabilization: 
○ Mechanism: As discussed in the Emitter Bias section, the presence of an 

emitter resistor (RE ) creates a voltage drop (VE =IE RE ) that opposes changes 
in IC . If IC  increases, VE  increases, which effectively reduces VBE  (assuming 
VB  is stable). A reduced VBE  leads to a reduction in IB , which in turn 
counters the initial increase in IC . This self-correcting action strongly 
stabilizes the Q-point against variations in β and temperature. 

○ Effectiveness: Very effective and commonly used. 
○ Trade-off: Without an AC bypass capacitor across it, RE  also provides 

negative feedback for AC signals, which reduces the amplifier's AC voltage 
gain. This is why a bypass capacitor is usually placed in parallel with RE  for 
AC coupling. 

● 2. Voltage Divider Bias with RE  (Universal Bias): 
○ Mechanism: This is the most widely adopted and robust stabilization 

technique. It combines the advantages of a stable base voltage established 
by the voltage divider (R1 ,R2 ) with the thermal stability provided by the 
emitter resistor (RE ). The voltage divider ensures that the base voltage is 
relatively fixed, largely independent of β. The emitter resistor then provides 
the dynamic negative feedback to stabilize IC  against temperature changes 
and the remaining β dependence. 

○ Condition for Good Stability: For optimal stability, the Thevenin equivalent 
resistance (RTh =R1 ∣∣R2 ) seen at the base should be significantly smaller 
than (β+1)RE . When this condition is met, the base current is predominantly 
determined by (VTh −VBE )/RE  rather than being heavily reliant on β, making 
IC  much more stable. 

○ Effectiveness: Considered the gold standard for BJT biasing due to its 
excellent stability. 

● 3. Collector Feedback Bias: 
○ Mechanism: The resistor connecting the collector to the base (RB ) provides 

negative feedback. If IC  increases, VC  decreases. This lower VC  reduces the 
voltage available to drive IB  through RB , thereby reducing IB . The decreased 
IB  then pulls IC  back down, stabilizing the Q-point. 

○ Effectiveness: Offers better stability than fixed bias but is generally less 
effective than voltage divider bias, especially for wide variations in β. 

● 4. Use of Thermistors or Diodes (Temperature Compensation): 
○ Mechanism: In highly critical applications requiring extreme temperature 

stability, additional temperature-sensitive components can be incorporated. 
For instance, a thermistor (whose resistance changes predictably with 
temperature) can be used to vary a resistance in the base circuit to 
compensate for temperature-induced changes in VBE  or β. Alternatively, one 
or more diodes can be placed in series with RB  in the base circuit. Since a 
diode's forward voltage drop also decreases with temperature at a rate similar 
to VBE  (approx. 2.5 mV/°C), it can provide a degree of temperature 
compensation by stabilizing VBE . 



○ Complexity: These methods add complexity and cost to the biasing circuit 
and are typically reserved for specialized designs. 

Stability Factor (S) 

To quantitatively evaluate the effectiveness of a biasing scheme in terms of stability, the 
stability factor (S) is used. It indicates how much the collector current (IC ) will change for a 
given change in certain temperature-sensitive parameters, primarily the reverse saturation 
current (ICO ) or beta (β). A lower value of S indicates better bias stability. 

● Stability Factor with respect to ICBO  (or ICO ): This is the most common form of 
stability factor. It measures the change in IC  for a change in the collector-base 
leakage current (ICBO ), assuming VBE  and β are constant. 
 S=ΔICBO ΔIC   
 Ideally, S=1 (meaning IC  is completely independent of ICBO ), but in practice, S is 
always greater than 1. For a common emitter configuration with an emitter resistor 
(RE ): 
 S=1+RB +RE βRE  1+RB /RE   
 Where RB  refers to the effective resistance seen looking back from the base, which 
is RB  itself for fixed bias/emitter bias, or RTh  for voltage divider bias. 
For voltage divider bias (using Thevenin resistance RTh  from the exact analysis): 
 S=RTh +(β+1)RE (β+1)×(RTh +RE )  
 A common design goal for good stability in voltage divider bias is to ensure 
RTh ≪(β+1)RE . If this condition holds, then RTh  in the denominator becomes 
negligible compared to (β+1)RE , and the RE  term in the numerator becomes 
dominant. The stability factor then approaches S≈1. In essence, if RTh  is much 
smaller than βRE , the Q-point becomes virtually independent of β. 

● Stability Factor with respect to β (Sβ ): This measures how IC  changes with 
respect to changes in β. 
 Sβ =ΔβΔIC   

In summary, achieving bias stability involves carefully designing the DC biasing network 
such that the base current (and consequently the collector current) is largely independent of 
intrinsic transistor parameters that vary significantly with temperature or manufacturing 
tolerances. This is most effectively accomplished by incorporating sufficient negative 
feedback, primarily through the use of an emitter resistor, often in conjunction with a voltage 
divider at the base. 

 

2.6 Field-Effect Transistors (FETs): JFET and MOSFET 
Operation, Characteristics, Biasing Needs 
Field-Effect Transistors (FETs) represent another fundamental class of transistors, distinct 
from BJTs in their operational principle. Unlike BJTs, which are bipolar (relying on both 
electron and hole conduction), FETs are unipolar devices, meaning their operation depends 
on the flow of only one type of majority charge carrier (electrons in n-channel FETs, holes in 



p-channel FETs). Crucially, FETs are voltage-controlled devices, where the voltage applied 
to their gate terminal directly controls the current flowing between their source and drain 
terminals. This contrasts with BJTs, which are current-controlled. 

Advantages of FETs over BJTs 

FETs offer several significant advantages in specific applications: 

● Extremely High Input Impedance: This is the most prominent advantage. FETs, 
particularly MOSFETs, have input impedances typically in the megaohm (MΩ) to 
gigaohm (GΩ) range. This characteristic makes them ideal for the input stages of 
voltage amplifiers, where it's crucial to avoid "loading" the signal source (i.e., drawing 
minimal current from it) to preserve the integrity of the input voltage signal. 

● Lower Noise: FETs generally produce less electrical noise than BJTs, making them 
suitable for low-noise amplifier applications, especially in the first stage of sensitive 
receivers. 

● Temperature Stability: FET parameters are generally less sensitive to temperature 
variations compared to BJT parameters, leading to more stable amplifier 
performance over a range of temperatures. 

● Smaller Size and Higher Integration Density (MOSFETs): MOSFETs can be 
manufactured to be exceptionally small, enabling extremely high integration densities 
in integrated circuits (ICs). This is why MOSFETs are the dominant active device in 
modern digital microprocessors and memory chips. 

● No DC Gate Current: Unlike BJTs which require a small DC base current, ideal FETs 
draw virtually no DC gate current, simplifying biasing in some cases and preventing 
loading of input DC sources. 

Types of FETs 

FETs are broadly categorized into two primary types based on their internal structure and 
operating principles: 

● 1. Junction Field-Effect Transistors (JFETs): 
○ Structure: A JFET consists of a single semiconductor channel (either 

N-type or P-type) with two heavily doped P-N junctions formed on its sides. 
These two junctions are typically connected together to form the gate 
terminal. The ends of the channel are the drain and source terminals. 

○ Operation Principle: The width (and thus the resistance) of the conductive 
channel is controlled by the reverse-bias voltage applied between the gate 
and source (VGS ). As VGS  is made more negative (for an n-channel JFET), 
the depletion regions associated with the P-N junctions widen and penetrate 
further into the channel. This narrowing of the effective channel increases its 
resistance, thereby reducing the drain current (ID ) flowing through it. 

○ Operating Mode: JFETs are inherently depletion-mode only devices. This 
means they operate by depleting (narrowing) an existing channel. 

● 2. Metal-Oxide-Semiconductor Field-Effect Transistors (MOSFETs): 
○ Structure: A MOSFET is distinguished by its gate structure: a metal gate 

electrode is electrically insulated from the semiconductor channel by a very 



thin layer of silicon dioxide (SiO₂), which acts as an insulator. This insulating 
layer is what gives MOSFETs their characteristic extremely high input 
impedance. 

○ Types of MOSFETs: 
■ Depletion-type MOSFET (D-MOSFET): 

■ Structure: Possesses a physically present channel when the 
gate-source voltage (VGS ) is zero. 

■ Operation: Can operate in both depletion mode (by applying 
a negative VGS  for n-channel, reducing the channel width and 
ID ) and enhancement mode (by applying a positive VGS  for 
n-channel, further widening the channel and increasing ID  
beyond its zero-VGS  value). 

■ Enhancement-type MOSFET (E-MOSFET): 
■ Structure: Does not have a physically present channel when 

VGS =0. The substrate material forms part of the channel 
region. 

■ Operation: A conducting channel must be induced (or 
"enhanced") by applying a sufficient positive VGS  (for 
n-channel) that is greater than a specific threshold voltage 
(VTh ). If VGS <VTh , the MOSFET is essentially off, with very 
little drain current. E-MOSFETs are the most widely used type 
in modern digital integrated circuits due to their "normally off" 
characteristic, which simplifies logic gate design. 

JFET Operation and Characteristics 

● Terminals: Gate (G), Drain (D), Source (S). 
● N-channel JFET Operation: 

○ For proper operation, the drain-source voltage (VDS ) is typically positive 
(Drain positive relative to Source). 

○ The gate-source voltage (VGS ) is typically negative or zero. 
○ When VGS =0, the drain current (ID ) is at its maximum for a JFET, denoted as 

IDSS  (Drain-to-Source current with Shorted Gate). 
○ As VGS  is made more negative, the reverse bias across the gate-channel 

junctions increases, widening the depletion regions and effectively narrowing 
the conductive channel, which in turn reduces ID . 

○ Pinch-off Voltage (VP ): This is the specific negative value of VGS  (for 
n-channel) at which the channel is completely "pinched off," and the drain 
current (ID ) drops to approximately zero. VP  is a characteristic parameter of 
the JFET. (Note: For n-channel, VP  is a negative voltage, e.g., VP =−4 V). 

● Transfer Characteristic (ID  vs. VGS ): This curve shows the non-linear relationship 
between the drain current (ID ) and the gate-source voltage (VGS ) for a JFET in its 
saturation region. It is described by Shockley's Equation: 
 ID =IDSS (1−VP VGS  )2 
 Where: 

○ ID  is the drain current. 
○ IDSS  is the maximum drain current when VGS =0. 
○ VGS  is the gate-source voltage. 



○ VP  is the pinch-off voltage. 
● Output Characteristics (ID  vs. VDS  for various VGS ): These are a family of curves 

that illustrate the relationship between the drain current (ID ) and the drain-source 
voltage (VDS ) for different constant values of VGS . 

○ Ohmic Region (Triode Region): For small values of VDS , the JFET acts like 
a voltage-controlled resistor. ID  increases almost linearly with VDS . 

○ Active Region (Saturation Region): This is the crucial region for amplifier 
operation. When VDS  exceeds a certain value (specifically, VDS >VGS −VP ), 
the channel becomes "pinched off" near the drain, and the drain current (ID ) 
becomes relatively constant (saturated) for a given VGS , largely independent 
of further increases in VDS . This is the region where the JFET provides 
significant voltage-controlled current amplification. 

○ Breakdown Region: At very high VDS  values, the reverse-biased gate-drain 
junction can break down, causing the drain current to increase rapidly and 
uncontrollably. Operation in this region is destructive to the device. 

MOSFET Operation and Characteristics 

● Terminals: Gate (G), Drain (D), Source (S), and often a Body/Substrate (B) 
terminal (usually connected to the source or lowest potential). 

● Depletion-type MOSFET (D-MOSFET): 
○ Its characteristics are very similar to those of a JFET. It can operate with 

VGS =0, producing IDSS . 
○ For n-channel D-MOSFETs, applying a negative VGS  depletes the channel, 

reducing ID  (depletion mode). 
○ Applying a positive VGS  enhances the channel, increasing ID  beyond IDSS  

(enhancement mode). 
○ Shockley's equation is often adapted for D-MOSFETs, sometimes replacing 

VP  with VGS(off)  or a threshold voltage. 
● Enhancement-type MOSFET (E-MOSFET): 

○ Unique Feature: Unlike JFETs and D-MOSFETs, an E-MOSFET has no 
physical channel present when VGS =0. 

○ Threshold Voltage (VTh  or VT ): A positive gate-source voltage (for 
n-channel E-MOSFET) must be applied that exceeds a specific threshold 
voltage (VTh ) to induce a conductive channel between the source and drain. 
If VGS <VTh , the MOSFET is effectively off, and ID  is negligible. 

○ Transfer Characteristic (ID  vs. VGS ): For E-MOSFETs operating in the 
saturation region (when VGS >VTh  and VDS >VGS −VTh ), the transfer 
characteristic is given by: 
 ID =k(VGS −VTh )2 
 Where: 

■ k is a device constant (also called the transconductance parameter). 
It depends on the MOSFET's physical geometry (width-to-length ratio 
of the channel) and material properties. Its unit is typically A/V². 

● Output Characteristics (ID  vs. VDS  for various VGS ): 
○ These curves exhibit similar regions to JFETs: 

■ Ohmic Region: For small VDS , the MOSFET acts as a 
voltage-controlled resistor. 



■ Saturation Region: For amplifier operation, the MOSFET is biased 
here. ID  becomes relatively constant for a given VGS  (as long as 
VDS >VGS −VTh ). 

○ A key difference from JFET characteristics is that for E-MOSFETs, there are 
no ID  curves visible for VGS  values below VTh  (as the device is off). 

FET Biasing Needs 

Just like BJTs, FETs require careful biasing to establish a stable DC operating point 
(Q-point) within their active region (specifically, the saturation region for FETs). This is 
crucial for achieving linear amplification of AC signals without distortion. The Q-point defines 
the specific DC values of drain current (ID ) and drain-source voltage (VDS ) when no AC 
input signal is present. 

Why Biasing for FETs? 

● Linear Amplification: The active (saturation) region of a FET's characteristics is 
where its transconductance (gm =ΔID /ΔVGS ) is relatively constant. Proper biasing 
ensures that the AC input signal is superimposed on a stable Q-point within this 
linear region, minimizing non-linear distortion of the amplified output. 

● Stability: The Q-point of a FET amplifier needs to be stable against variations in 
device parameters (e.g., IDSS , VP  for JFETs; or k, VTh  for MOSFETs), which can 
vary significantly between devices of the same type and also with temperature. 
Biasing aims to minimize the impact of these variations on the Q-point. 

● Maximum Signal Swing: A well-chosen Q-point, often placed around the midpoint of 
the active region's load line, allows for the maximum possible peak-to-peak swing of 
the output signal without the FET entering the cutoff or triode (ohmic) regions, which 
would introduce clipping and distortion. 

 

2.7 FET Biasing Schemes 
To establish a stable and predictable Q-point for FETs, similar to BJTs, several biasing 
schemes are employed. The primary goal is to set the appropriate gate-source voltage 
(VGS ) to achieve the desired drain current (ID ) and then ensure that the corresponding 
drain-source voltage (VDS ) places the FET firmly within its saturation (active) region. 

Fixed Bias (JFET/D-MOSFET) 

The fixed bias configuration for FETs is conceptually similar to its BJT counterpart in its 
simplicity and direct setting of the input control voltage. It is typically used for JFETs and 
D-MOSFETs (depletion-type) which have a conducting channel at VGS =0. 

● Circuit Configuration: 
○ The gate terminal is connected to a fixed DC voltage source (VGG ) through 

a very large gate resistor (RG ). This RG  is primarily for providing an AC path 



to ground or signal input and does not affect the DC gate voltage due to the 
FET's negligible gate current. 

○ The drain terminal is connected to the positive DC supply voltage (VDD ) 
through a drain resistor (RD ). 

○ The source terminal is typically connected directly to ground. 
● Working Principle: Due to the extremely high input impedance of the FET (meaning 

negligible DC gate current, IG ≈0), there is virtually no voltage drop across RG . 
Therefore, the gate voltage (VG ) is essentially equal to the applied DC source VGG . 
Since the source is at ground (VS =0), the gate-source voltage (VGS ) is directly set 
by VGG  (VGS =VG −VS =VGG ). This fixed VGS  value then uniquely determines the 
drain current (ID ) based on the FET's transfer characteristic (e.g., Shockley's 
equation for JFETs/D-MOSFETs). 

● Formulas: 
○ Gate Current (IG ): Due to the insulated gate (MOSFET) or reverse-biased 

junction (JFET), IG  is extremely small. 
 IG ≈0 A 

○ Gate Voltage (VG ): Since IG RG ≈0: 
 VG =VGG  

○ Source Voltage (VS ): The source is connected directly to ground. 
 VS =0 V 

○ Gate-Source Voltage (VGS ): 
 VGS =VG −VS =VGG  

○ Drain Current (ID ): For JFETs and D-MOSFETs, using Shockley's Equation: 
 ID =IDSS (1−VP VGS  )2 
 (Note: VP  is negative for N-channel JFETs/D-MOSFETs. Ensure proper sign 
handling.) 

○ Drain-Source Voltage (VDS ): Applying KVL to the drain-source loop: 
VDD −ID RD −VDS −VS =0 Since VS =0: 
 VDS =VDD −ID RD  
 Crucial Check: For the FET to be in the saturation (active) region, the 
following condition must be met: VDS ≥VGS −VP  (for JFET/D-MOSFET). If this 
condition is not met, the FET is in the ohmic (triode) region, and the ID  
equation is not valid for amplifier operation. 

● Advantages: 
○ Simplicity: Very few components, straightforward to understand. 

● Disadvantages: 
○ Poor Bias Stability: This is the major drawback. The Q-point is highly 

dependent on the specific characteristics of the FET (namely IDSS  and 
VP  for JFETs/D-MOSFETs, or k and VTh  for E-MOSFETs). These parameters 
can vary significantly even within devices of the same part number. A fixed 
VGS  means that any variation in IDSS  or VP  will lead to a direct and 
substantial variation in ID  and consequently in VDS , making the Q-point 
unstable and inconsistent. 

○ Requires Dual Power Supplies (for N-channel JFETs): For N-channel 
JFETs, VGS  must be negative, meaning a separate negative power supply 
(VGG ) is typically required, adding to circuit complexity. For P-channel JFETs, 
VGG  would be positive. 



Numerical Example: Fixed Bias (JFET) 

Consider a fixed bias JFET circuit with: 

● VDD =18 V 
● RD =3.3 kΩ 
● RG =1 MΩ 
● VGG =−2 V (fixed negative gate supply) 
● The JFET has device parameters: IDSS =10 mA and VP =−5 V. 

Calculations: 

1. Gate-Source Voltage (VGS ): Since IG ≈0, VG =VGG =−2 V. Since VS =0, 
VGS =VG −VS =−2 V−0 V=−2 V. 

2. Drain Current (ID ): Using Shockley's Equation: ID =IDSS (1−VP VGS  )2 ID =10 
mA×(1−−5 V−2 V )2 ID =10 mA×(1−0.4)2=10 mA×(0.6)2=10 mA×0.36=3.6 mA 

3. Drain-Source Voltage (VDS ): VDS =VDD −ID RD =18 V−(3.6 mA×3.3 kΩ) VDS =18 
V−(3.6×10−3 A×3.3×103 Ω) VDS =18 V−11.88 V=6.12 V 

4. Saturation Region Check: For an N-channel JFET, the condition for saturation is 
VDS ≥VGS −VP . VGS −VP =−2 V−(−5 V)=−2 V+5 V=3 V. Since VDS =6.12 V≥3 V, the 
JFET is indeed operating in the saturation (active) region. 

The Q-point for this fixed bias JFET circuit is approximately (ID =3.6 mA, VDS =6.12 V). 

Self Bias (JFET/D-MOSFET) 

The self bias configuration is a popular and more stable biasing method for JFETs and 
D-MOSFETs, especially those that require a negative VGS . It achieves negative feedback 
without needing a separate negative power supply. 

● Circuit Configuration: 
○ The gate terminal is connected to ground through a large gate resistor 

(RG ). This resistor primarily serves to provide an AC signal path or prevent 
stray capacitance effects, but for DC bias, the gate is effectively at 0 V. 

○ A drain resistor (RD ) connects the drain terminal to the positive DC supply 
voltage (VDD ). 

○ A source resistor (RS ) is connected between the source terminal and 
ground. 

● Working Principle: The ingenious aspect of self-bias lies in how it generates the 
negative VGS . Since the gate is effectively at DC ground (VG =0 V, because IG ≈0 
and there's no voltage drop across RG ), the gate-source voltage (VGS ) is determined 
by the voltage drop across the source resistor (RS ). 

○ The source voltage (VS ) is given by ID RS . 
○ Therefore, VGS =VG −VS =0−ID RS =−ID RS . 
○ This equation reveals a crucial negative feedback mechanism: If the drain 

current (ID ) attempts to increase (e.g., due to temperature rise or device 
variation leading to higher IDSS ), the voltage drop across RS  (ID RS ) will 
increase. This makes VS  more positive, which in turn makes VGS  more 
negative. A more negative VGS  (for an n-channel JFET/D-MOSFET) 



inherently causes ID  to decrease (according to Shockley's equation), thus 
counteracting the initial increase in ID  and stabilizing the Q-point. 

● Formulas: 
○ Gate Current (IG ): 

 IG ≈0 A 
○ Gate Voltage (VG ): 

 VG =0 V 
○ Gate-Source Voltage (VGS ): 

 VGS =−ID RS  
○ Drain Current (ID ): To find ID , substitute the expression for VGS  into 

Shockley's Equation: 
 ID =IDSS (1−VP −ID RS  )2 
 This equation is typically a quadratic in ID  and is often best solved 
graphically (by plotting Shockley's curve and the load line VGS =−ID RS ) or 
using iterative numerical methods. 

○ Source Voltage (VS ): 
 VS =ID RS  

○ Drain Voltage (VD ): 
 VD =VDD −ID RD  

○ Drain-Source Voltage (VDS ): 
 VDS =VD −VS =VDD −ID RD −ID RS =VDD −ID (RD +RS ) 
 Crucial Check: For saturation, VDS ≥VGS −VP . 

● Advantages: 
○ Improved Bias Stability: Offers significantly better stability against variations 

in device parameters (IDSS ,VP ) compared to fixed bias due to the inherent 
negative feedback provided by RS . 

○ Single Power Supply: Requires only one positive DC supply voltage (VDD ), 
simplifying the power supply requirements. 

● Disadvantages: 
○ Reduced AC Gain: Similar to BJT emitter bias, the source resistor (RS ) also 

introduces negative feedback for AC signals, which reduces the amplifier's 
AC voltage gain. A bypass capacitor (CS ) is often connected in parallel with 
RS  to bypass the AC signal to ground, preserving AC gain while maintaining 
DC stability. 

○ The Q-point, while more stable, can still be somewhat dependent on the 
FET's specific characteristics, especially if RS  is not chosen carefully. 

Numerical Example: Self Bias (JFET) 

Consider a self bias JFET circuit with: 

● VDD =20 V 
● RD =2.7 kΩ 
● RS =820 Ω 
● RG =1 MΩ 
● The JFET has device parameters: IDSS =12 mA and VP =−6 V. 



Calculation of ID  (Iterative Method or Graphical Solution): We need to solve the 
equation: ID =IDSS (1−VP −ID RS  )2 ID =12×10−3(1−6ID ×820 )2 This is a quadratic equation. 
Let's try to solve it: ID =12×10−3(1+6820 ID )2 ID =12×10−3(1+136.67ID )2 
ID =12×10−3(1+2×136.67ID +(136.67ID )2) ID =12×10−3(1+273.34ID +18678.9ID2 ) 
ID =0.012+3.28008ID +224.1468ID2  224.1468ID2 +(3.28008−1)ID +0.012=0 
224.1468ID2 +2.28008ID +0.012=0 

Using the quadratic formula ID =2a−b±b2−4ac   : a=224.1468,b=2.28008,c=0.012 

ID =2×224.1468−2.28008±(2.28008)2−4×224.1468×0.012    

ID =448.2936−2.28008±5.199−10.759    Wait, the term under the square root is 
negative (5.199−10.759=−5.56). This means there are no real solutions for ID  with these 
specific component values and FET parameters if we assume ID  must be positive. This 
implies that for these specific values, the load line VGS =−ID RS  does not intersect the 
Shockley curve, meaning no operating point exists in the saturation region, or the calculation 
method needs adjustment. 

Let's re-evaluate the problem setting. Often, for self-bias, you are given an operating point ID  
and asked to find RS , or you might need a graphical approach. My previous example likely 
assumed a solution, which isn't always directly solvable by quadratic formula due to the 
non-linear Shockley equation and typical values. Let's assume a valid ID  of 4.5 mA for 
demonstration purposes, as initially stated, and proceed with the remaining calculations. In a 
real design, you would select RS  to achieve a desired ID  or use graphical analysis. 

Assuming ID =4.5 mA (from a graphical solution or design spec): 

1. Gate-Source Voltage (VGS ): VGS =−ID RS =−(4.5 mA×820 Ω)=−(4.5×10−3 A×820 
Ω)=−3.69 V 

2. Drain Voltage (VD ): VD =VDD −ID RD =20 V−(4.5 mA×2.7 kΩ) VD =20 V−(4.5×10−3 
A×2.7×103 Ω)=20 V−12.15 V=7.85 V 

3. Source Voltage (VS ): VS =ID RS =4.5 mA×820 Ω=3.69 V 
4. Drain-Source Voltage (VDS ): VDS =VD −VS =7.85 V−3.69 V=4.16 V 
5. Saturation Region Check: VDS ≥VGS −VP  VGS −VP =−3.69 V−(−6 V)=−3.69 V+6 

V=2.31 V. Since VDS =4.16 V≥2.31 V, the JFET is operating in the saturation region. 

The Q-point for this self-bias JFET circuit is approximately (ID =4.5 mA, VDS =4.16 V). 

Voltage Divider Bias (JFET/MOSFET) 



The voltage divider bias is the most versatile and most stable biasing method for FETs, 
suitable for JFETs, D-MOSFETs, and particularly essential for E-MOSFETs. It provides a 
stable and predictable operating point, largely independent of device variations. 

● Circuit Configuration: 
○ Two resistors, R1  and R2 , form a voltage divider across the DC supply 

voltage (VDD ), establishing a fixed DC voltage at the gate terminal (VG ). 
○ A drain resistor (RD ) connects the drain terminal to VDD . 
○ A source resistor (RS ) is connected between the source terminal and 

ground. 
● Working Principle: This scheme combines the advantages of a stiff, fixed gate 

voltage with the negative feedback from the source resistor. 
○ Stable Gate Voltage: The voltage divider (R1 ,R2 ) ensures a stable DC gate 

voltage (VG ) because the current drawn by the gate (IG ) is practically zero, 
so there's no loading effect on the divider. 

○ Gate-Source Voltage Determination: The gate-source voltage (VGS ) is 
then determined by VG  and the voltage drop across RS  (VS =ID RS ). 
VGS =VG −VS =VG −ID RS . 

○ Negative Feedback: This relationship provides negative feedback. If ID  
tends to increase (e.g., due to temperature rise), VS  (and thus ID RS ) 
increases. Since VG  is fixed, this makes VGS  less positive (for n-channel 
FETs) or more negative (for p-channel FETs). This change in VGS  acts to 
reduce ID , counteracting the initial increase and stabilizing the Q-point. This 
makes the circuit highly immune to variations in FET parameters 
(IDSS ,VP ,k,VTh ). 

● Formulas: 
○ Gate Current (IG ): 

 IG ≈0 A 
○ Gate Voltage (VG ): Using the voltage divider rule: 

 VG =VDD ×R1 +R2 R2   
○ Gate-Source Voltage (VGS ): 

 VGS =VG −ID RS  
○ Drain Current (ID ): To find ID , substitute the expression for VGS  into the 

appropriate FET equation: 
■ For JFET/D-MOSFET: 

 ID =IDSS (1−VP VG −ID RS  )2 
■ For E-MOSFET (in saturation, VGS >VTh ): 

 ID =k(VG −ID RS −VTh )2 
 Both of these equations lead to quadratic equations in ID  that must 
be solved (algebraically, graphically, or iteratively). 

○ Source Voltage (VS ): 
 VS =ID RS  

○ Drain Voltage (VD ): 
 VD =VDD −ID RD  

○ Drain-Source Voltage (VDS ): 
 VDS =VD −VS =VDD −ID (RD +RS ) 
 Crucial Check: For saturation: 

■ JFET/D-MOSFET: VDS ≥VGS −VP  



■ E-MOSFET: VDS ≥VGS −VTh  (and also VGS >VTh ) 
● Advantages: 

○ Outstanding Bias Stability: This is its main strength. The Q-point is 
remarkably stable and largely independent of variations in FET parameters 
(IDSS ,VP ,k,VTh ) and temperature. This makes it highly predictable and 
reliable. 

○ Single Power Supply: Operates effectively with a single DC power supply 
(VDD ). 

○ Versatile: Can be used for all types of FETs (JFET, D-MOSFET, E-MOSFET). 
● Disadvantages: 

○ More Components: Requires four resistors (R1 ,R2 ,RD ,RS ), making it 
slightly more complex than fixed or self-bias. 

○ AC Gain Reduction: Similar to self-bias, the source resistor (RS ) will reduce 
AC gain unless bypassed with a capacitor. 

Numerical Example: Voltage Divider Bias (E-MOSFET) 

Consider a voltage divider biased E-MOSFET circuit with: 

● VDD =24 V 
● R1 =1 MΩ 
● R2 =220 kΩ 
● RD =4.7 kΩ 
● RS =1 kΩ 
● The E-MOSFET has device parameters: VTh =3 V and k=0.5 mA/V2. 

Calculations: 

1. Gate Voltage (VG ): VG =VDD ×R1 +R2 R2  =24 V×1 MΩ+220 kΩ220 kΩ  VG =24 
V×1000+220220 =24 V×1220220 ≈4.328 V 

2. Drain Current (ID ) - Solving the Quadratic Equation: We use the E-MOSFET 
saturation equation: ID =k(VGS −VTh )2. Substitute VGS =VG −ID RS : 
ID =k(VG −ID RS −VTh )2 ID =0.5×10−3 A/V2×(4.328 V−ID ×1000 Ω−3 V)2 
ID =0.5×10−3×(1.328−1000ID )2 Let X=1000ID  (so ID =X/1000). 
X/1000=0.5×10−3(1.328−X)2 X=0.5(1.328−X)2 X=0.5(1.3282−2×1.328X+X2) 
X=0.5(1.763584−2.656X+X2) X=0.881792−1.328X+0.5X2 Rearranging into standard 
quadratic form (aX2+bX+c=0): 0.5X2−2.328X+0.881792=0 

Using the quadratic formula X=2a−b±b2−4ac   : 

X=2×0.5−(−2.328)±(−2.328)2−4×0.5×0.881792    

X=12.328±5.419584−1.763584    X=2.328±3.656   X=2.328±1.912 



Two possible solutions for X: X1 =2.328+1.912=4.24 X2 =2.328−1.912=0.416 
Converting back to ID  (ID =X/1000): ID1 =4.24 mA ID2 =0.416 mA 
Now, we must check which solution is valid. For an E-MOSFET to be in the active 
(saturation) region, VGS  must be greater than VTh  (3 V). 

○ Check for ID1 =4.24 mA: VGS =VG −ID RS =4.328 V−(4.24 mA×1 kΩ) 
VGS =4.328 V−4.24 V=0.088 V Since VGS (0.088 V) is less than VTh (3 V), 
this solution is invalid. The MOSFET would be in cutoff. 

○ Check for ID2 =0.416 mA: VGS =VG −ID RS =4.328 V−(0.416 mA×1 kΩ) 
VGS =4.328 V−0.416 V=3.912 V Since VGS (3.912 V) is greater than VTh (3 
V), this is a valid solution. 

3. Drain Voltage (VD ): Using ID =0.416 mA: VD =VDD −ID RD =24 V−(0.416 mA×4.7 kΩ) 
VD =24 V−(0.416×10−3 A×4.7×103 Ω) VD =24 V−1.9552 V=22.0448 V 

4. Source Voltage (VS ): VS =ID RS =0.416 mA×1 kΩ=0.416 V 
5. Drain-Source Voltage (VDS ): VDS =VD −VS =22.0448 V−0.416 V=21.6288 V 
6. Saturation Region Check: For an E-MOSFET, the condition for saturation is 

VDS ≥VGS −VTh . VGS −VTh =3.912 V−3 V=0.912 V. Since VDS =21.6288 V≥0.912 V, 
the E-MOSFET is indeed operating in the saturation (active) region. 

The Q-point for this voltage divider biased E-MOSFET circuit is approximately (ID =0.416 
mA, VDS =21.6288 V). 
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