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Reading Assignments

• Reading:

Chapter 3 of Razavi’s book

• In this set of slides we will study low-frequency small-signal behavior of

single-stage CMOS amplifiers. Although, we assume long-channel

MOS models (not a good assumption for deep submicron technologies)

the techniques discussed here help us to develop basic circuit intuition 

and to better understand and predict the behavior of circuits.

Most of the figures in these lecture notes are © Design
CMOS Integrated Circuits, McGraw-Hill, 2001.

of Analog
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Why Amplifiers?

• Amplifiers are essential building blocks of both analog
systems.

and digital

• Amplifiers are needed for variety of reasons including:

– To amplify a weak analog signal for further processing

– To reduce the effects of noise of the next stage

– To  provide a proper logical levels (in digital circuits)

• Amplifiers also play a crucial role in feedback systems

• We first look at the low-frequency performance of amplifiers.
all capacitors in the small-signal model are ignored!

Therefore,
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Amplifier Characteristics - 1

• Ideally we would like that the output of an amplifier
function of the input, i.e., the input times a constant gain:

be a linear

y

y = α1

xx

• In real world
function:

the input-output characteristics is typically a nonlinear
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Amplifier Characteristics - 2

• It is more convenient to use a linear approximation of a nonlinear
function.

Use the tangent line to the curve at the given (operating) point.

y

•

x

• The larger the signal changes about the operating point, the worse the

approximation of the curve by its tangent line.

• This is why small-signal analysis is so popular!
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Amplifier Characteristics - 3
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Amplifier Trade-offs

• In practice, when designing an amplifier, we need to optimize for some

performance
performance

parameters. Typically, these parameters trade

with each other, therefore, we need to choose an

acceptable compromise.
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Single-Stage Amplifiers

• We will examine the following types of amplifiers:

1.

2.

3.

4.

Common Source

Common Drain (Source Follower ) 

Common Gate

Cascode and Folded Cascode

• Each of these amplifiers have some advantages and some

disadvantages. Often, designers have to utilize a cascade
of these amplifiers to meet the design requirements.

combination
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Common Source Basics - 1

• In common-source amplifiers, the input is (somehow!) connected
gate and the output is (somehow!) taken from the drain.

to the

• We can divide common source amplifiers into two groups:

1. Without source degeneration (no body
effect for the main transistor):

2. With source degeneration (have to take
body effect into account for the main
transistor):
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Common Source Basics - 2

In a simple common source amplifier:

• gate voltage variations times gm gives the drain current

variations,

• drain current variations times the load gives the output
variations.

Therefore, one can expect the small-signal gain to be:

voltage

•

= gm ⋅ RDAv
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Common Source Basics - 3

• Different types of loads can be used in an amplifier:

1.

2.

3.

4.

Resistive Load

Diode-connected Load 

Current Source Load 

Triode Load

• The following parameters of amplifiers are very important:

1.

2.

Small-signal gain

Voltage swing
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Resistive Load - 1

•

•

Let’s use a resistor as the load.

The region of operation of M1 depends on its size and the values of 

and R.

Vin

• We are interested in the small-signal gain and the headroom
determines the maximum voltage swing).

We will calculate the gain using two different methods

(which

•

1.

2.

Small-signal model

Large-signal analysis
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Resistive Load - 2
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Resistive Load - 3
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Resistive Load - 4
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Resistive Load - 5

Example: Sketch the drain current and gm of M1 as a function of VIN.

• gm depends on VIN, so if VIN changes by a large amount the small-

signal approximation will not be valid anymore.

• In order to have a
parameters like gm

linear amplifier, we don’t want gain to depend on
which depend on the input signal.
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Resistive Load - 6
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Resistive Load - 7

• Now let’s consider the simple common-source circuit
length modulation taken into account.

with channel

• Channel length modulation becomes more important as
(in the next slide we will see why!).

RD increases

• Again, we will calculate the gain in two different methods

1.

2.

Small-signal Model

Large Signal Analysis
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Resistive Load - 8

21



Resistive Load - 9
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Resistive Load - 10
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Diode Connected Load - 1
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Diode Connected Load - 2

• Now consider the common-source amplifier with
connected loads:

two types of diode

1. PMOS diode connected load:

(No body effect)

2. NMOS diode connected load:

(Body effect has to be taken into account)
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Diode Connected Load - 3
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Diode Connected Load - 4
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Diode Connected Load - 5

• For a diode connected load we observe that (to the first order
approximation):

1. The amplifier gain is not a function of the bias current. So,

the change in the input and output levels does not affect the 

gain, and the amplifier becomes more linear.

2. The amplifier gain is not a function of the input signal

(amplifier becomes more linear).

3. The amplifier gain is a weak function (square root) of the

transistor sizes. So, we have to change the dimensions by a 

considerable amount so as to increase the gain.
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Diode Connected Load - 6
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Diode Connected Load - 6
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Diode Connected Load - 7

Example (Continued):

• We observe for this example that:

1. For fixed transistor sizes, using the current source
gain by a factor of 2.

increases the

2. For fixed overdrive voltages, using the current source
the gain by a factor of 4.

increases

3. For a given gain, using the current source
diode connected load 4 times smaller.

allows us to make the

4. For a given gain, using the current source
overdrive voltage of the diode connected

allows us to make the
load 4 times smaller.

This increases the headroom for voltage swing.
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Current Source Load - 1
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Current Source Load - 2

33



Triode Load
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Source Degeneration - 1
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Source Degeneration - 2

36



Source Degeneration - 3
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Source Degeneration - 4
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Source Degeneration - 5
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Source Degeneration - 6
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Source Degeneration - 7
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Source Degeneration - 8
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Source Degeneration - 9
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Alternative Method to Find the Output-Resistance of a

Degenerated Common-Source Amplifier
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Why Buffers?
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Resistive Load - 1

46



Resistive Load - 2
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Resistive Load - 3
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Resistive Load - 4

49



Resistive Load - 5
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Current Source Load
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Voltage Division in Source Followers - 1

52



Voltage Division in Source Followers - 2
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Voltage Division in Source Followers - 3
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Voltage Division in Source Followers - 4
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Voltage Division in Source Followers - 5

56



Voltage Division in Source Followers - 6
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Advantages and Disadvantages - 1

58



Advantages and Disadvantages - 2
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Common-Gate
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Common-Gate

61



Common-Gate
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Common-Gate Input Impedance
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Common-Gate Input Impedance
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Example
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Common-Gate Output Impedance
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Example
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Cascode Stage
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Cascode Stage
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Output Impedance Comparison
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Shielding Property
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Triple Cascode
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Folded Cascode
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Output Impedance of a Folded Cascode
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