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Design of Analog CMOS 
Integrated Circuits

<Chapter 8>
Feedback
양병도
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8.1 General Considerations
 Negative Feedback

 feedback 특징: Gain이공정온도에덜민감해진다.
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H(s) : open-loop transfer function
Y(s)/X(s): close-loop transfer function
H(s) represents an amplifier
G(s): feedback factor (β), frequency-independent.
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Closed-loop Gain

Computation of loop gain:
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 Example: CS Amplifier with feedback 

 Vout / Vin = -gm1ro1

 온도와공정에의하여 gm1와 ro1가변한다. 
 Gate bias voltage  not shown
 출력에서 C2의영향을무시하면, Vout= - gmVXro1

 (Vout-VX)C2s = (VX-Vin)C1s
 커패시터비율은온도와공정에영향을덜받는다.
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 feedback 특징: impedance가바뀐다.
 CG circuit with feedback (λ=0)

 Calculation of Rin

Open-loop circuit
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 CS stage with feedback
 Calculation of Rout (λ=0)
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 feedback 특징: Bandwidth가바뀐다.
 Bandwidth modification as a result of feedback

 Gain 감소
 3dB 주파수증가
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 Example: Amplification of a 20-MHz square-wave
 (a) 20-MHz amplifier Av=100, f3dB=10MHz로신호왜곡
 (b) cascade  feedback으로만들어진Av=10, f3dB=100MHz의 amp를
두개사용하여전체 gain=100, f3dB=100MHz로신호전달
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 Types of amplifiers 
 다른형태의 amp에서도 feedback 사용가능하다.

 Simple implementations of four types of amplifiers

 Voltage-voltage type이가장많이쓰인다. 
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8.2.1 Voltage-voltage feedback
 Block diagram: series-shunt feedback

 Example
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 Effect of voltage-voltage feedback on output resistance

 Calculation
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 effect of voltage-voltage feedback on input resistance

 Calculation
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8.2.2 Current-voltage feedback
 Block diagram: series-series feedback

 Calculation of loop gain
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 Calculation of output resistance

 Calculation of input resistance
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8.2.3 Voltage-current feedback
 Block diagram: shunt-shunt feedback

 Calculation of (a) input and (b) output impedances
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8.2.4 Current-current feedback
 Block diagram: shut-series feedback

 Example
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8.3 Effect of Loading
 Two-port network models
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 Loading in voltage-voltage feedback
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 Loading in current-voltage feedback
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 Loading in voltage-current feedback
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 Loading in current-current feedback
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 Summary of loading effects


