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ECE4902 Lecture 11 
 
2-Stage Op-Amp 
 Finish Design Example 
 Simulation results 
 
Improving Performance 
 Cascode 
 
 
 
Handout:  
Design Example 
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Op-Amp Design 
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Open Loop Test Simulation 
 
 
 
 
 
 
 
 
 
 
 
 
Open Loop DC response 

Dec 6, 2013 DC Response
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Systematic Offset Voltage   -153 µV                             Average DC gain = 8.014V / 1.32mV = 6070 
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Open Loop AC response 
 

Dec 6, 2013 AC Response
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Closed Loop Simulations 
 
 
 
 
 
 
 
 
 
 
 
 
 
Closed Loop DC Sweep 

Dec 6, 2013 DC Response
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Closed Loop Transfer Function (Unity Gain) 
 

Dec 6, 2013 AC Response
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Closed Loop Step Response (Large Signal) 

Dec 6, 2013 Transient Response
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Rising slew rate  4V / 3.31µs = 1.21 V / µs                 Falling slew rate  4V / 3.72µs = 1.08 V / µs 
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Op-Amp Design  
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How to Increase Open Loop Gain? 
 

Parameter N-channel P-channel Units 
VTH +1.90 -1.60 V 
µCox 2.6E-5 9.1E-6 A/V2 
λ (L=10µm) 0.05 0.028 V-1 
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Cascode Current Source Development 
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Current source comparison: Simulation 
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