[image: image1.png]VLSL-1 — Midterm 1

Name:

® Max marks = 91, Time = 75 mins
o Open baok, open notes

* No questions will be entertained—if you feel a question is ambiguous
or incomplete, make and state reasonable assumptions

o Show your work and give explanations

* Write your answers on the exam; use the back if needed

Constants that you may/may not need:
1. Electron charge = 1.6 x 1071°C.

2. Electron mobility in n-type Silicon at room temperature = 180cm?/V 5.
3. Permittivity of free space € = 8.85 x 107 F/cm

4. Permittivity of silicon-dioxide = 3.9+ ¢,

Commonly used prefixes for Sl units: femto (£) 10~%%, pico (p) 102, nano
(m) 107, micro (1) 10-




[image: image2.png]1. You are given an nMOS transistor manufactured in a 180 nm process. Its
W/L ratio is 4/2, and the gate is of the conventional poly-SiOj-silicon
substrate type.

The drain to source current, Ips, is empirically measured at room tem-
perature for a nmumber of different voltages for Vps and Vgs, and the
results are given below.

Ips (nA) Vps (V) Vas (V)

280 1.8 18
90 12 12
150 0.6 15
35 0.3 0.9

Determine the nMOS threshold voltage for this process. 20 marks




[image: image3.png]2. For a full adder, Coyy = A- B+ A - Cy, + B - Gy, Design a single
optimized static CMOS gate that computes Cpy (.

Specifically,
o sketch the transistor-level schematic for the gate,
o sketch a stick diagram for optimized layout, and

o estimate the area from the stick diagram (in terms of A?). (Assume
that area is determined by Metal-1 width and Metal-1 to Metal-1
spacing both of which are 4 A.)

HINT: It is possible to make a gate in which there are no more than
two transistors in series in both the pull up network, and the pull down
network, and such a gate will reccive higher credit.

20 marks




[image: image4.png]3. Consider the DC transfer characteristic of a static
1 and p transistors have equal 3, as shown below.
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Figure 1: Static inverter transfer characteristic; 6,

Suppose we had one such inverter driving another, and wanted to com-
pute the high and low noise margins on the input of the driven inverter
(exactly as we did in class, and is shown in the book in Section 2.5.3).

e We defined Vpir and Vo, as being the output voltages where the
slope of the inverter characteristic was —1. We then went on to
compute the low and high noise margins on the inputs of the inverter.
What would the low and high noise margins be if Vou and Vo, were
defined as being exactly Vpp and 0 respectively? 10 marks




[image: image5.png]o Give a rigorous argument to show that the high and low noise
margins are maximized when Vo and Vo, are defined to be the
output voltage at the two points on the transfer characteristic where
the slope is —1.!

15 marks

TThe following observations may help: The slope of the transfer characteristic is 0 when Vi i 0; it is

nom-increasing with Vin for Viy 1 than Vpp,z. The slope is  when Vig is Vpp: it non-increasing s
Vin decreasos as long s Vin > Vopra





[image: image6.png]4. A 1x unit-sized inverter drives a 20x inverter at the end of a 2.5 mm
wire.
A unit inverter in this process has an cffective res

both the pull up device and the pull down device; the unit inverter has
a gate capacitance of 2 fF.

The wire is 0.32um wide;
tance to ground is 0.2 F /um.

sheet resistance is 0.05 ©/0, and capaci-

« Compute the propagation delay for the above system.

o If you could change the width of the wire, what width would you
use to minimize the propagation delay? 20 marks




[image: image7.png]5. List 3 reasons why the design of interconncet has become more important
more critical over the past few years.2

6 marks

= e
*Grading policy: you get 3 marks for not answering this question,

0 marks for giving 3 incarrect reasons,
6 marks for 3 correct reasons, 4 marks for 2 right/1 wrong, ecc.




