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Agenda

• Modes of Operation

• DC Models

• DC Circuits

• AC Parameters

• AC Models

• Example AC Circuit for Amplifier

• Linearity

• Amplifier Circuits

• Frequency Analysis

• Cutoff and Saturation Regions

• Not, Nor, Nand
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Slides 7

• Basics

• Modes of Operation

• DC Models
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Transistor as 3–Terminal Device
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Circuit Symbols
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I–V Curves

3 Modes: Active, Saturation, Cutoff
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Physical Model: Active Mode
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Modes of Operation

• Active Mode

– EBJ Forward Biased

– CBJ Reverse Biased

• Other Modes (Discussed Later)

– Saturation Mode

Both Forward Biased

– Cutoff Mode

Both Reverse Biased

Nov 2024 Chuck DiMarzio, Northeastern University 12521..slides11–7



DC Pi and T Models
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Slides 8

• DC Circuits

• AC Parameters

• AC Models
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Example: 4.2 (1)
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Example: 4.2 (2)
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Example: 4.2 (3)
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Small–Signal (AC) Model

• Parameters

– Transconductance: gm =
I
(DC)
C
VT

from Taylor Series

– Base Parameters: β given, rπ = β
gm

for Pi Models.

– Emitter Parameters: α = β
β+1,

re =
VT

I
(DC)
E

= re/(β +1)

for T Models.
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DC Pi and T Models
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AC Pi Model with Early Voltage

Nov 2024 Chuck DiMarzio, Northeastern University 12521..slides11–15



Slides 9 (and 9b)

• Example AC Circuit for Amplifier

• Linearity

• Amplifier Circuits

• Frequency Analysis

• Cutoff and Saturation Regions

• Not, Nor, Nand
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Example 4.9: DC Analysis
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Example 4.9: AC Parameters
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Example 4.9: AC Pi Model
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Example 4.9: Conclusion
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An Example: 4.10
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Common Amplifier Circuits
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Common Emitter Amplifier
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CA Amp: AC Characteristics
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CE Amp with Emitter Resistor
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CE/R: Circuit Analysis (1)

Nov 2024 Chuck DiMarzio, Northeastern University 12521..slides11–26



Common Base Amplifier
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CB Amp: Simplified AC Model
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CC Amp: Simplified AC Model
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BJT Amplifier Parameters
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Typical Applications
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Common Collector Example (1)

• Goal: AV = 1 for AC

• Solve DC

• AC Parameters: rπ

• Solve AC “Midband”

• Solve AC vs. Frequency
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Common Collector Example (2)

• Finish DC

• AC Parameters: rπ

• Start AC Solution
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Common Collector Example (3)

• Midband AC Analysis

• Then vs. Frequency

ZS = RS +
1

jωC1

ZL = RL +
1

jωC2

New A+ v multiplied by . . .

RL

ZL
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Common Collector Example (4)
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Transistor Modes

Nov 2024 Chuck DiMarzio, Northeastern University 12521..slides11–36



Cutoff
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Saturation
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Resistor-Transistor Logic
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Logic Inverter
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Logic NOR Gate
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Logic NAND Gate
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