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For all problems, you can assume that all transistors have a channel length of
100nm and the following parameter s (unless other wise mentioned):

NMOS:
Vin= 0.2V, = 400 cm?/(V-s), Cox = 1.125 uF/cm?, Vg = le7 cm/s, L =0
PMOS.
Vol = 0.2V, i, = 200 em?®/(V-s), Cox = 1.125 pF/em?, Vi = le7 cm/s, A =0

NAME
Last First
GRAD/UNDERGRAD
Problem 1: |22
Problem 2: | 22
Problem 3: [ 22
Total: / 66
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PROBLEM 1. (22 pts) Complex Gates and Delay.

a) (6 pts) Implement the function F = ((A+B)-C+D)-E with a complex static
CMOS gate.

b) (6 pts) Assuming Ryqp = 0.5%Ryqn, size your gate so that the worst-case pull up
resistance is equal to the worst-case pull-down resistance. What is the logical
effort of this gate from the E input?
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c) (10 pts) Using the switch model for the transistors, what is the delay of the gate
shown below when B = 0V and A rises from 0 to Vpp? You can assume that Cg
= Cp = 1.5fF/pm, Ryqn = 10kQ/[], and Ryq, = 30kQ/1, and you should provide
your answer in ps.
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PROBLEM 2. Decodersand L ogical Effort (22 points)

Shown below is the critical path of a decoder for a 16x128 SRAM array. This decoder
has been implemented by a 2-4 predecoder followed by a 4-16 final decoder.
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a) (6 pts) What is the path effort from A0 to WLO0?

b) (2 pts) What EF/stage minimizes the delay of this decoder?

¢) (6 pts) Size the gates to minimize the delay from A0 to WLO.

Size | Value (Cee)
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d) (8 pts) Now design a decoder that is optimized for a 16x16 SRAM array. You
can use whatever gates you’d like to, but your input capacitance should still be
2*Cee1, and you should choose the types and number of gates in order to minimize
the total delay. You don’t need to draw the entire decoder or size the gates — you
just need to draw the critical path (like what we’ve drawn in part a). However,
you should explain why you made the choices you did for this design.
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PROBLEM 3. (22 pts) Miscellaneous

a) (6 points) How much energy is pulled out of the 1.2V power supply in the circuit
shown below when In steps from 1.2V to 0V? How about when In steps from 0V
to 1.2V? You can ignore all capacitors associated with the transistors inside of
the inverter.

1.2V

1.2V i

C, = 25fF

C1=15fF
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b) (8 pts) Using the simple switch model of the transistors with Ry = 10kQ/[1,
Rsgp = 20k, and Vin = [Vrp| = 0.3V, draw the VTC of the circuit shown
below. If the circuit is digital, provide the values of Vou, Vor, Vg, and Vy; if the
circuit is not digital, explain why it isn’t digital.
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c) (8 pts) Shown below is a circuit that your colleague claims can be used to
implement a digital gate. Using the velocity saturated model, calculate what Vout
is for all 4 states of the input signals (i.e. A=B=0; A=1, B=0; A=0, B=1; A=B=1).
What is the logic function implemented by this gate?
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