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1) Consider a buffer shown below. Use the following equations for your calculations.
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Saturation region current-voltage equation: |, = 2 Ko m Vss —VTop,n)2
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Linear region current-voltage equation: |, = > K'on T[Z(VGS ~Vi0p0)Vos —VDZS]

Transistor parameters: Kp'=1pCox=54UA/N?, Kn'=1inCox=96UA/N?, VIN=1V, V1p=-1V,
Whi-1= Wn-2=12u, Lp=Ln=1u.
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Buffer
a) Find the minimum value of Rz if Vin=5V results in Vou= 5V.
b) Find the value of Wp-1 if Vin=0V results in Vour= 0.5V.
c) Find the buffer’s static power consumption values when Vin=0V and Vin=5V.




2) Consider a circuit with three CMOS inverters and three outputs shown below. External
capacitors with values of 2fF, 4fF,and 6fF are connected to output-1, output-2, and output-
3, respectively. A signal switching from high to low is applied to the input.
Transistor parameters: cox=1 fF/um?, m= 7p=1ps, Wn1=2u, We1=4u, Wn2=2u, Wp2=6U,
Whiz=1u, Wp3=4u, and Ln1=Lp1= Lno= Lpo= Ln3= Lp3=1u.
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Digital circuit with three CMOS inverters

Propagation delays of an inverter are formulized as follows. C. represents the total
(internal and external) load capacitor of an inverter.

a)

b)

tprL = (CL/CN) m Cn= CoxWnLn

trLn = (CL/Cp) 1p Cp= CoxWeLp

Neglect the inverters’ internal output capacitors and find total propagation delay
values at output-1 (delay of 11), output-2 (delay of I1+delay of 12), and output-3 (delay
of I1+delay of 12).

Suppose that each inverter has an input internal capacitor Ci.in= Cox(Wn+Wp)(1um) and
an output internal capacitor Ci.out= Cox(Wn+WHp)(0.5um). Find total propagation delay
values (by considering both internal and external capacitors) at output-1, output-2, and
output-3.




