
1

ECE 315 – Spring 2005 – Farhan Rana – Cornell University

Lecture 10 

Simple FET Circuits and Small Signal Models

In this lecture you will learn:

• The operation of simple MOS FET circuits

• Small signal circuit models of the MOS FETs
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A NMOS Transistor in 3D
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A NMOS Transistor: A Review
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NMOS Transistor: A Review
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NMOS Transistor: A Review
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NFET Voltage Amplifier and Inverter
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NFET Voltage Amplifier and Inverter: A Graphical Solution
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NFET Voltage Amplifier and Inverter: A Graphical Solution
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NFET Voltage Amplifier and Inverter: Transfer Curve
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NFET Voltage Amplifier and Inverter: Transfer Curve
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NFET Voltage Amplifier and Inverter: Transfer Curve
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In the high gain region, the slope                  can be much larger than unity!

This means a small change in the input voltage will produce a large change in the 
output voltage

The circuit can therefore be used as a voltage amplifier!
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NFET Common Source (CS) Voltage Amplifier
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NFET Model with Channel Length Modulation Included
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NFET Small Signal Model
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NFET Small Signal Model – Part I
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NFET Small Signal Model – Part II
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NFET Small Signal Model – Part III – The Complete Model
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NFET Model
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NFET: Transconductance
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NFET: Backgate Conductance
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NFET Common Source (CS) Voltage Amplifier
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A Note on Small Signal Modeling

When making a small signal model out of a complicated nonlinear signal 
remember that:

1) All DC voltage sources in the circuit become short circuits

2) All DC current sources in the circuit become open circuits
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NFET CS Amplifier: Limits of Output Voltage Swing
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The Diode-Connected NFET
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The Diode-Connected NFET
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Finding VOUT:

The above equation can be solved for VOUT

ECE 315 – Spring 2005 – Farhan Rana – Cornell University

Including Parasitic and Overlap Capacitances
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PFET Voltage Amplifier and Inverter
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We need to find the relation 
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input voltage
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PFET Voltage Amplifier and Inverter: A Graphical Solution
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PFET Voltage Amplifier and Inverter: Transfer Curve
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A high input voltage produces a low output voltage

A low input voltage produces a high output voltage

The device can therefore be used as a logical inverter!

DDV

ECE 315 – Spring 2005 – Farhan Rana – Cornell University

PFET Voltage Amplifier and Inverter: Transfer Curve
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In the high gain region, the slope                  can be larger than unity!

This means a small change in the input voltage will produce a large change in the 
output voltage

The circuit can therefore be used as a voltage amplifier!
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PFET Common Source (CS) Voltage Amplifier
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The Standard CMOS Process
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The NFETs and the PFETs can be realized on the same P-substrate by making a 
N-well inside the substrate for the PFETs
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The Double-Well CMOS Process

Epitaxial Layer (undoped)

P Well
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