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GOOD LUCK!
1) Consider a buffer shown below. Use the following equations for your calculations.
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Saturation region current-voltage equation: I, = Ek o T(VGS —VTOM)2
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Linear region current-voltage equation: I, = > K T [2(\/GS ~Vr0pn)Vos —VDZS]

Transistor parameters: Kp'=ppCox=54UAN?, kn'=unCox=96UA/NV?, VTN=1V, V1p=-1V,
Wn-1= WN-2:12U, Lp=Ln=1u.
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Buffer
a) Find the minimum value of R1 if Vin=5V results in Vou= 5V.
b) Find the value of Wp-1 if Vin=0V results in Vou= 0.5V.
c) Find the buffer’s static power consumption values when Vin=0V and Vin=5V.
d) Using the values found in a) and b), find the value of Vout if Vin=2.5V.



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?, o= 7,=1ps, Wn1=2u, Wp1=4u, Wn2=2u, Wp,=6U,
Whiz=1u, Wps=4u, and Lni1=Lp1= Ln2= Lp2= Lnz= Lpz=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.
tpre = (CL/CN) m Cn= CoxWnLn
trLn = (CL/Cp) 1p Cp= CoxWpLp
Suppose that Ces.n= Cn, Css-p= Cp, and each inverter has an internal input capacitor of
(Ces-N + Cas-p).
a) Neglect the inverters’ internal output capacitors and find total propagation delay
values at output-1, output-2, and output-3.
b) Suppose that each inverter has an output internal capacitor Ci.out= Cox(Wn+Wp)(0.5um).
Find total propagation delay values at output-1, output-2, and output-3.



3) Consider f = x1X,X%3%, + X1X,X3X4 + X1 X3 X3X4.
a) Implement f with a CMOS circuit using minimum number of transistors. Draw the
circuit. How many PMOS and NMOS transistors do you use?
b) Suppose that both NMOS and PMOS transistors have equivalent resistance values of
1kQ2; a total output load capacitor is 2 fF (Neglect all other internal capacitors). Find the
worst case (largest) tpL and tpinq Values.



