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Agenda

• BJTs and FETs

• Field–Effect–Transistor Symbols

• FET Basic Physics

• Structure

• I–V Terminal Characteristics

• Biasing

• Amplifiers

– FET Taxonomy

– Pi and Tee Models

– Biasing — The Details (Current Mirrors and Steering)

– Three Amplifiers

• Logic Circuits (Next Week)
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Field–Effect Transistor (1)

• Different Physics, Some Different Equations. . .

• . . . but Many Similarities

• Similar Materials

– Silicon

– P– and N–Doped

• 3 Terminals

– Emitter ←→ Source

– Base ←→ Gate

– Collector ←→ Drain
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Field–Effect Transistor (2)

• 3 Operating Regions

– Active ←→ Saturation (Amplifiers)

– Saturation ←→ Triode (Logic)

– Cutoff ←→ Cutoff (Logic)

• 3 Amplifers

– Common Emitter t←→ Common Source (Large Av)

– Common Base t←→ Common Gate (Ai = 1)

– Common Collector t←→ Common Drain (Av = 1)
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N–FETs in a Nutshell
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P–FETs in a Nutshell
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FET Advantages
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N–FET Structure
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N–FET at Low VD (1)
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N–FET at Low VD (2)

Nov 2024 Chuck DiMarzio, Northeastern University 12521..slides10–9



N–FET Pinch–Off (1)
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N–FET Pinch–Off (1)
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N–FET Equations (1)
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N–FET Equations (2)
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N–FET Equations (3)
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N–FET Equations (4)
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Saturation Region
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Triode–Saturation Boundary
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Some Comments
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The Pi Model in Saturation
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The Early Voltage
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I–V Curves with Early Voltage
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Early Voltage in Model
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Terminal Characteristics
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REgions of FET Operation
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NMOS, PMOS, CMOS
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Depletion FET
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Circuit Symbols
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DC FET Circuit Example (5.1)
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Solution to 5.1 (1)
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Solution to 5.1 (2)
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Solution to 5.1 (3)
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FET Amplifier Concept
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Operating Point Graphically
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AC Performance (1)
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AC Performance (2)
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Small–Signal Pi Model
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Small–Signal Tee Model
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Body Effect
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Bias with a Current Source (1)
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Bias with a Current Source (2)
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Current Mirror
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Current Steering Circuit
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FET Amplifiers
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Common Source Amplifier
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CS Amplifier Operation
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CS Circuit Analysis
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Graphical Analysis
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Expanded Graphical Analysis
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Small–Signal Model for CS Amp
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Small Signal Analysis
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Some Numbers
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Common Gate Amplifier

Nov 2024 Chuck DiMarzio, Northeastern University 12521..slides10–54



CG Amp Small–Signal Model
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CG Amp Voltage Gain
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CG Amp Current Gain
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CG Amp Input Resistance
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Common Drain Amplifier
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CD Amp Small–Signal Model
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Simplified CD Amp AC Model
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CD Amp Voltage Gain (1)
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CD Amp Voltage Gain (2)
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CD Amp Output Resistance
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FET Amplifier Summary
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