ECE 225, Hw#2, Winter 2009 Prof. Kaustav Banerjee

UNIVERSITY OF CALIFORNIA, SANTA BARBARA
Department of Electrical and Computer Engineering

ECE225 High-Speed Digital 1C Design

Homework #2
Due Date: Feb 23 by 5:00pm

1. Reading Assignment: Chapter 4 and 9 of the book:
Digital Integrated Circuits. A Design Perspective (2nd Edition), Jan M. Rabaey et al.,
Prentice Hall, 2003.

2. Draw the transistor level schematic of a 4-1 Mudtier with;
a) transmission gate
b) pass transistor logic
C) pass transistor with restoring logic
d) static CMOS
e) Implement all above logic families in Hspice, u&erdn technology. Compare power,
delay and power-delay product of different multygles in room temperature.
f) Change temperature to 0D and repeat part (e).

3. A dynamic logic gate is shown below. During the-pharge phasep(= 0) output F is
charged to VDD and it is given that A = B = C =@V. During the evaluate phasg £
1), any of these inputs may or may not change.
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a) What is the worst-case combination of input trams# in terms of charge sharing? That
is, what input combination will corrupt F the magten the output is supposed to remain
high?

b) For the worst-case identified in part (a), whathis final voltage at node F? Use
VDD = 1.5V, NMOS model VTHO = 0.5Y,= 0.4V, 2pF = 0.6V, assume that Cdb =
Csb = 1fF for all transistors and igngate capacitance.

¢) In addition to the charge sharing calmadan part (b), now assume that there is
also a constant leakage current of @is8harging node F to ground. What is that
minimum clock speed that this gate can operate at if tregate has VIH = 1.0V?
Assume that clogkis high and low for equal periods of time.
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Consider the CMOS logic circuit in figure below, isfnis a simple Domino circuit. Node X
is connected to a CMOS inverter so that the outpthe inverter can be directly fed to the
next stage of the domino circuit.
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a) Explain how the voltage level at node X, aftesipre-charged to 5 V, can be affected during

b)

“evaluate” by the charge sharing between node Xrardk Y. Express the final voltage at
node X in terms of the initial voltage at node Yhem the charge sharing is completed
following the full pre-charge operation. During frearge, the gate terminal of the transistor
M2 is fixed at O V.

Determine the ratio between device transconductpameters, kand k, of the inverter to
prevent any logic error due to charge sharing betwa&odes X and Y under all

circumstances. Assume that the magnitudes of thlésioltages in the inverter are equal to
1.0V.

Multi-core designs are being adopted for future egations of high-performance ICs
including microprocessors (seaww.intel.con). For multi-core architectures, which
alleviate power dissipation problems, interconneate going to play a key role in
determining the design and performance of such Wrdte a report § page, |EEE style)
detailing the main philosophy behind multi-core iges and its various challenges. In
particular, discuss the role of interconnects.udela comprehensive list of all previous and

related works in the literature. Discuss (and ¢jfianf possible) various implications of
interconnect variations on multi-core architectures
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