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Homework 1, TP Schedule

§ Homework 1 assignment is due on Nov 8 at 20:00 

§ EDADK document is required for the first TP session
§ First TP session on Nov 11 in BC07-08 from 3:15pm to 6pm
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Review: Common-Gate

λ = 0
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Review: Common-Gate, Cascode

Cascode: cascade of a CS stage and a CG stage 
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Cascode stage: Small-signal model
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Cascode stage: Small-signal model
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Cascode stage: Small-signal model
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Cascode: output resistance

ü An important property of the cascode structure is its high output impedance 
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Cascode: output resistance

ü An important property of the cascode structure is its high output impedance 

§ A higher output impedance, but a limited headroom
§ Minimum output voltage: sum of three overdrives
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Cascode stage: gain
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Cascode stage: gain
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A method for voltage gain calculation

§ In a linear circuit, the voltage gain is equal to −GmRout where 
§ Gm is the transconductance of the circuit when the output is ac 

shorted
§ Rout represents the output resistance of the circuit when the input 

voltage is set to zero 
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Cascode stage: exact gain
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Cascode stage: exact gain
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Cascode stage: exact gain
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Cascode as a constant current source 
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Cascode as a constant current source 
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Folded Cascode

ü Cascode: to convert the input voltage to a current 
and apply the result to a common-gate stage

ü The input and cascode devices need not be of the 
same type  
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Example: Calculate the output impedance
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Example: Calculate the output impedance

ü The output impedance is lower than a nonfolded “telescopic” cascode
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Folded cascode with a cascode load
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Differential Operation
§ Differential operation 

§ An important circuit invention
§ Used in high-performance analog and mixed-signal circuits 
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Differential Operation
§ Differential operation 

§ An important circuit invention
§ Used in high-performance analog and mixed-signal circuits 

§ Single-Ended and Differential Operation:

§ A single-ended signal is measured wrt a fixed potential, usually the ground

§ A differential signal is measured between two nodes that have equal and 
opposite signal excursions around a fixed potential 

§ The “center” potential in differential signaling is the “common-mode” (CM) level 
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Differential Operation: immune to CM noise

§ Higher immunity to “environmental” noise

§ The CM level of the two phases is disturbed, but the differential output is not 
corrupted, so it “rejects” common-mode noise 
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Differential Operation: immune to supply noise

§ Higher immunity to “environmental” noise
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Basic Differential Pair 

§ Bias currents should have minimal dependence on the input CM level 
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Differential input-output characteristics

(neglecting channel-length modulation and body effect): 

Differential input-output characteristics of a diff pair 
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Differential input-output characteristics

(neglecting channel-length modulation and body effect): 

Differential input-output characteristics of a diff pair 
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Common-mode input-output characteristics 
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Common-mode input-output characteristics 
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Maximum output swing 

Single-ended peak-to-peak output swing: 


