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Outline
• Exercise 1

– Op-Amp
– Feedback
– Bode plot

• Exercise 2
– Semiconductor physics

• Exercise 3
– Device structures and operation

• BJT & MOSFET
– Large signal operation (DC operating point)
– Small signal operation
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Outline
• Exercise 4

– Multi-stage amplifier analysis
• Inspection analysis
• Miller effect
• Mid-band gain
• High corner frequency (OCTC)
• Low corner frequency (SCTC)
• Small-signal limitation and output swing

• Exercise 5
– Differential pair analysis

• Digital circuit overview and CMOS logic circuit design
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Exercise 1 – Ideal Op-amps
• Ideal Op-amp laws
1.

2.

3.
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Exercise 1 – Basic Op-amp Configurations

1. Inverting Amplifier 

2. Non-inverting Amplifier

3. Integrating Amplifier
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Exercise 1 –Op-amp Nonidealities

Input offset voltage
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Exercise 1 –Op-amp Nonidealities

Finite Gain
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Exercise 1 –Op-amp Nonidealities

Input Bias Current (& Offset)
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Exercise 1 –Frequency Response & Bode Plots

Generic 1 & 2-pole systems
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Exercise 2 –Semiconductor Physics

N & P-Type Semiconductors
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Exercise 2 –Semiconductor Physics

PN Junctions
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Exercise 2 –Semiconductor Physics

PN Junctions with external energy
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Exercise 3
• Exercise 3

– Device structures and operation
• BJT & MOSFET

– Large signal operation (DC operating point)
– Small signal operation
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Regions of 
operation:






Exercise 3
• Large signal operation (DC operating point)
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𝑀𝑀1

500 kΩ

75 kΩ1.4 MΩ

27 kΩ

+18 V

• Assume in saturation
• Solve for the drain current
• Check the assumption
• If not in saturation, assume in linear region
• Solve for the drain current
• Check the assumption
• If not in linear region, M1 is cut-off



Exercise 3
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Iin vs. Vin

𝑰𝑰 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝑽𝑽𝟐𝟐 + 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝑽𝑽

Iout vs. Vin

𝑰𝑰 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝑽𝑽𝟐𝟐 + 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝑽𝑽

Iout vs. Vout

𝑰𝑰 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎(𝟐𝟐𝑽𝑽)

• Generate small signal model @ Vin = 1V

DUT
IN OUT

GROUND



Exercise 4
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• Exercise 4
– Multi-stage amplifier analysis

• Inspection analysis
• Miller effect
• Mid-band gain
• High corner frequency (OCTC)
• Low corner frequency (SCTC)
• Small-signal limitation and output swing



Exercise 4
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Exercise 4
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Exercise 5
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• Find 𝐴𝐴𝑣𝑣,𝑑𝑑,𝐴𝐴𝑣𝑣,𝑐𝑐,and CMRR



Exercise 5
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• Find 𝐴𝐴𝑣𝑣,𝑑𝑑,𝐴𝐴𝑣𝑣,𝑐𝑐,and CMRR



Exercise 5
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• Find 𝐴𝐴𝑣𝑣,𝑑𝑑,𝐴𝐴𝑣𝑣,𝑐𝑐,and CMRR



Digital circuit overview
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• Digital circuit component
– Inverter
– Latch
– Flip-flop
– Pass-gate
– …



Digital circuit overview
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• Ring Oscillator



Digital circuit overview
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• CMOS logic
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