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[Problem 1] (15%)

[Problem 2] (20%)

[Problem 3] (15%)

[Problem 4]  (20%)

[Problem 5]  (30%)

What are the two main types of power consumption in CMOS circuits? Explain their sources and
characteristics. (5%)

How can we calculate these two power consumption types, respectively? Please list the equations
together with the required parameters and their meanings (6%)

How can we design a CMOS circuit to minimize these two types of power consumption? List and
explain two strategies for each type of power consumption. (4%)

Explain the role of PMOS and NMOS transistors in CMOS logic gates and why they are used in
complementary pairs? (5%)

Design a CMOS circuit for an XOR gate using the Boolean expression Y = AB + AB. Explain the
implementation process. (10%)

If each transistor introduces a delay of 1ns, estimate the total propagation delay of the circuit. (5%)

What is propagation delay in CMOS logic gates and why is it a critical parameter in digital circuit
design? (3%)

Explain the two types of propagation delay and their difference (4%) Why are these values often
different? (2%)

What is noise margin in CMOS logic circuits, and why is it important for reliable operation? (2%)
Define Noise Margin High (NMH) and Noise Margin Low (NML) for CMOS logic gates and how
they are calculated. Please also explain each parameter you used. (4%) :

Sketch the circuit diagram of the basic CMOS inverter. (5%)

Plot the V, — V; VTC (Voltage-Transfer Characteristic) curve of the CMOS inverter and divide the
VTC curve into several portions according to the operating region of the transistors. (Assume that
the transistors are matched.) (5%)

Indicate the boundary conditions between each portion in the VTC curve. (5%)

Sketch the current in the CMOS inverter versus the input voltage and indicate the boundary
conditions and the peak current. (5%)

Determine the logic function at the output Y of the following circuit in Fig. 1. Notably, Cz; and Cy>
represent the overall parasitic capacitance at node M and N, respectively. (5%)

What is the name of the circuit with a similar structure to the following circuit. (3%)

Explain the operation of the circuit in Fig. 1 with respect to the logic state of the signal ¢»; and ¢,.
(5%)

Assume that the circuit is fabricated in a 0.18-pm CMOS technology for which VDD = 1.8 V, Vin =
Vipl = 0.5V and p,C,, = 311, Cox =300 pA/V?2. The W/L ratios of PMOS and NMOS devices are
with 0.54 pm/0.18 pum and 0.27 pm/0.18 pm, respectively. C1; and C;2 are found to be 50 fF.
Estimate the rising time (#) of the signal at node N. (5%)

Follow Problem 5 (d) and estimate the falling time (z) of the signal at node N, assuming that the
gate drive voltages of My, ~ My; are at logic 1, simultaneously. (7%)

Describe the major problem in the circuit of Fig. 1. (5%)
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Fig. 1 The circuit diagram for P_roblem 5.
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