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Digital Circuits 2017-10-18 Exam

1 a) Whatterminal is the source and what terminal is the drain in a MOSFET? 2p)
b) What is the maximal value on the gate capacitance of a MOSFET? 2p)
c) Describe the operation of an NMOS inverter. 2p)

d) What restrictions are imposed on the flip-flop inputs to avoid metastability? 2p)

e) Draw a six-transistor SRAM cell schematic. 2p)

2 Consider a NMOS implemented in a 0.25 um technology. The width-to-length ratio is
W/L = 2 and the MOSFET is biased to Vgs = 1.0 V, Vps = 1.5V, and Vsg = 0.50 V. How
large is the relative error in Ip if A is assumed to be 0 instead of 0.06 VV? (10 p)

3 Draw the voltage transfer characteristic of a typical CMOS inverter. Indicate V., VoL,
Viu, Vou, and Vy in the drawing. (6 p)

4 Design a static CMOS circuit with function F = (A+B)-(C+D). Size all transistor nets to
have similar output resistance as an inverter with Wy/L, = 4 and W,/L, = 3. (10 p)

5 Design a complementary pass transistor logic circuit with function F(A, B) - AB+AB.
Assume that complements to A and B are available.

a) Implement the circuit with at most four NMOSFETS plus two inverters. (8 p)

b) Suggest a solution to reduce the short-circuit currents of the inverters. (4 p)

6 Design a 16-bit ROM with the memory content {1,1,0,0,1,0,0,1,1,0,1,1,0,1,1,0} and a
one-bit output.

a) What would be a good aspect ratio of the ROM matrix to have a short delay? (2 p)

b) Draw a block diagram over the complete ROM containing row and column decoders,
precharged bit line pull-ups, and memory matrix. (4 p)

c) Draw the transistor schematic of the NOR ROM matrix. (4p)

7 A dynamic gate with two parasitic capacitors C, and C, indicated
is shown in the figure to the right.

a) What logic function has been implemented? (2p)
b) Explain the operation of the circuit. (4p)
¢) Explain how charge sharing may occur. (Bp)

d) Suggest a way of mitigating the problem with
charge sharing. 3p)
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