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Outline of this Lecture

• Introduction

• High Frequency Response

– High Frequency Model of the MOSFET

– Miller’s Theorem

• Common Source Configuration

• Common Gate Configuration

• Cascode Amplifier

• Differential Pair
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Up to now the gain of the amplifier is assumed to be constant and

independent of the frequency of the input signal
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Transfer Function of an Amplifier
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Introduction

The amplifier is designed so that its midband coincides with the

frequency spectrum of the signals it is required to amplify.

Otherwise, the amplifier would distort the input signal.
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Midband
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At low frequencies, the magnitude of the amplifier gain falls off

due to that the coupling and bypass capacitors no longer have

low impedances.
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Introduction

At high frequencies, the magnitude of the amplifier gain falls off

due to that internal capacitance in the BJT and in the MOSFET

no longer have high impedances.
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High-Frequency Band
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Coupling capacitor is usually used

to couple only the AC signal from

one circuit to another.
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Low Frequency Response

Bypass capacitor removes any AC noise that present on a DC

signal. This result in a much cleaner DC signal.

In low frequency band, the gain falls off due to the effect of the

coupling and bypass capacitors

Bypass capacitor is a capacitor that shorts

the AC signals to the ground
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The value of the coupling and bypass capacitors are usually high

At midband and high frequencies, these large capacitances have

negligibly small impedances and can be assumed to be short

circuits.

In low frequency band, the impedances of these capacitances are

big and cannot be negligible
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To preform high frequency analysis, the small-signal model of the

MOSFET is modified to include the parasitic capacitances.

Dr. Mohamed Refky

High Frequency Response

High Frequency Model of the MOSFET
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Miller’s Theorem is a technique for replacing a floating

impedance by two equivalent grounded impedances.
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Amplifier Poles Estimation

The overall transfer function has three poles 
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Amplifier Poles Estimation

Each pole can be determine directly by calculating the reciprocal 

of the multiplication of the total capacitance seen from the node 

to ground by the total resistance seen from the node to ground

after shutting down the input.
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High Frequency Response

Amplifier Poles Estimation

The association of one pole with each node in the amplifier 

circuit provides an intuitive approach to estimate the poles of its 

transfer function

While calculating the pole at certain node, replace the capacitors 

at the other nodes by open circuit
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Common Source Configuration

The direct analysis (without any approximation) results in the 

following transfer function
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Common Source Configuration
The quick method gives a very good estimation of the poles of 

the transfer function. However, it does not count for the zeros.
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Common Gate Configuration

Because this amplifier has no Miller multiplication of 

capacitances, it achieves a wide bandwidth.
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Common Gate Configuration
By knowing the two poles of the 

amplifier, the transfer function 

can be written as
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Differential Pair

Passive Loaded Differential Pair

The frequency characteristics of the differential half circuit is

identical to that of the common source amplifier
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Differential Pair

Active Loaded Differential Pair

The common pole appears as a single pole in the total transfer

function


