EE241 Advanced Digital Integrated Circuits Spring 2000.
HOMEWORK 1. Due: Monday, February 21, 2000 at 5pm in 558 Cory
Thisisan individual assgnment!

1. Spice models

Use the BSIM3v3 (HSPICE Leved 49, PSPICE Level 7) modd to characterize a 0.25 nncron
CMOS process (TSMC); parameter files are on the class home page.

a) Determine the threshold voltage VT, for the NMOS and PMOS devices (for VBS=0, L =
0.25nm and W = 1mm), by extrapolating from the I-Vgs curve & low Vds. Determine aso the
body-effect parameter.

b) Determine the subthreshold dope factor S for the NMOS and PMOS devices (at VDS = 2.5V,
room temperature). Determine the leskage currentsat VGS=0 V.
Repest it at alower temperature T=77K.

¢) Determine the effects of channd length L on the threshold voltage VT between 0.25mm to

2.0mm . Draw VT of the NMOS and PMOS as afunction of L (for
VDS=25and 1.5V).

d) Determine the effects of channd width W on the threshold voltage VT between 0.5nmm to
2.0nm. Draw VT of the NMOS and PMOS as afunction of W (for
VDS=25and 1.5V).

€) Determine the effects of drain-source voltage VDS, on the threshold voltage VT between O
and 2.5 volts. Draw VT asafunction of VDS ( for L = 0.25mm).

2. Scding

Explore the modd for scaling a design from 0.35nm CM OS technology (supply 3.3V) to 0.25mm
technology (supply 2.5V), usng two TSMC modds. Using the appropriate smulations predict
the input capacitance, intrinsic propagation delay, and energy of an inverter (Wn = 2Lmin,
Wp=2Wn) in two technologies and compare the results to generdized scaling theory.

3. Logicd effort

Design a decoder for a 256-word register file, with each word being 32 bits wide, and each bit
capacitance presenting one unit inverter load. Address lines are available as both true and
complementary and may drive up to 2 unit inverter loads. Determine the optimum structure and
szing of the decoder for aminimum delay.

4. DesgnaCV3L gate with minimum number of transstors, implementing the logic function
F=ABC + AB + AD.



