Ph.D. Preliminary Examination Code Number K

Fall 2003

Instructions:

1. Please check to ensure that you have a complete exam booklet. There are 25 numbered
problems, with problems 1, 4, 21 occupying 2 pages each. Including the cover sheet, you
should have 29 pages. There should be no blank pages in the booklet.

2. The examination is closed book and closed notes. No reference material is allowed at your
desk. A calculator is permitted.

3. All wireless devices must be turned off for the entire duration of the exam.

4. You may work a problem directly on the problem statement (if there is room) or on blank
sheets of paper available from the exam proctor. Do not write on the back side of any sheet.

5. Your examination code number MUST APPEAR ON EVERY SHEET. This includes this
cover sheet, the problem statement sheets, and any additional work sheets you turn in. DO

NOT write your name on any of these sheets. Use the preprinted numbers whenever
possible, or WRITE LEGIBLY!!! '

6. Under the rules of the examination, you must chose 8 problems to be handed in for grading.
Each problem to be graded should be separated from the rest of the materials, stapled to the
associated worksheets, and placed on the top of the appropriate envelope in the front of the
exam room. DO NOT TURN IN ANY SHEETS FOR THE OTHER 17 PROBLEMS!!

- 7. The examination lasts 4 hours, from 9:30 AM ton1:30 PM.

8. When you hand in the exam:

(a) Separate the 8 problems to be graded as explained above.

(b) Check to see that your Code Number is in EVERY sheet you are turning in.

(c)  On the section at the bottom of this page, CIRCLE the problem numbers that you are

' turning in for grading. ; _

(d) Tum in this cover sheet (containing your code number) and the 8 problems to be
graded.

(e) All other material is to be placed in the discard box at the front of the room. You are
not allowed to take any of the exam booklet pages from the room!
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2. Solutions:

2.1. Fill up the contents of the stack memory below when the program reaches label “1.22”.
You might not need all the blank boxes. You want to keep track the contents of registers
that are used, at least register $2 for the next question.

4 bytes wide

$sp starts at Ox7fffe788 > < >
(7]
ox7fffe784 > 0x400100c B
ox7£ffe780 > | 2 g
0x400f028 8
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2.2. What is the value stored inside register $a0 when you finally return to the syscall
instruction, i.e. PC address = 0x4001014?

$a0=3



2030 Prelim Problem Solution

Part A Implement a two-input AND gate in the light gray box below using only a 2-to-1 mux.
Label all mux signals.

out

Part B Implement a two-input XOR gate using only a 2-to-1 mux and an inverter. Label all mux
signals.

out

ng— out

Part C Implement a level-sensitive transparent latch using only a 2-to-1 mux and inverters.
Label all mux signals.

out




This problem is concerned with memory and cache accesses within a computer system. Consider
a system with a 4 Kbyte 4-way set-associative cache with 128-byte lines. Now consider accesses to
a 1024 word array where each element is a 32-bit word. When a program accesses this array with
a stride df D it means starting with the first element, the program accesses every D*! element. For
example, for D=1 the program accesses every element, for D=2 the program accesses every other
element, for D=3 every third element and so on. Assuming a cache that is initially empty, and a
program malkes one pass over this array with a stride of D, what is the miss rate generated for each
of the following values of D? You must show work and/or explain your reasoning to receive any
partial credit.

a. D=4

With 128 byte lines we have 32 words/line. There will 32 misses as there are 32 lines. With
D=/ there are 8 references/line out of which 7 are hits. The miss rate is 1/8.

b.D=8

Again 32 misses. However there are only a total of four references to each line since the
program only accesses every 8th word. Therefore the miss rate is 1/J.

c. D=16

Following the same argument we compute the miss rate as 1/2.

3055 problem - David Anderson
borrowed from one originally developed by Dave Schimmel long ago (I think)



4_ §  Far the 5-input, 2-output functionF = (f, f,), where
1 = ByXaXgXs+ X XpXyXy + X XpXaXeXs + X XpXeXs X, X;X3%,Xs and
fa = xpX3XyXs+ X X3XeXs + X Rpkas
a. Generate all the minterms of F.
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" d. Generate a matrix A for f, where the rows are minterms and the columns are prime
implicants. ‘
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e. Use the branch and bound algorithm to minimize the cover for fi-

Pemove essextial
Prime, LM P\’\(ar\'tS 0(, 6«(—[,\ ‘[S
gnd inCident fows ¢
D A s evered Ly

(£,8)




Consider the symmetric 2-port network made from a quarter-wave length of lossless
transmission line as shown, for use in a 50 Q system:
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“The incident and reflected voltage waves defined at the indicated ports are related by

Vil Sa SulV)
where the 2 by 2 matrix is known as the scattering matrix or S-matrix.

(a) Find the S-matrix for the above system.

Zin= (25—)1 l.s Su=Sye=[la=
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(b) If port 2 is terminated in a load resistor with R = 25 Q, what is the reflection
coefficient looking into port #1?
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Sy = ﬁ“ " Zs+so 3
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Problem on Feedback - ¢

Use the methods of feedback analysis to find
the numerical values of vy/vy, v{/i}, and vy/i,.
For Q1, assume that hfe =100, g,,, = 50mS and
r, = . For M2, assume that g,, = ImS and

rds == 00,
Solution

Quasi-ac model of this circuit.

. R4 =10kQ —4-

. : I + The feedback Bis given as
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The open-loop circuit to calculate A is given as,
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100
= (5)(-50K)(10/12) = -208.33kQ (r;1 =50ms =2k<Q)

Vi A -208.33K 20833K 20833K _ .
AF=T,= T+AB =T+(-208.33K/-10K) = 1+20.833 = 21.833 = 9-342kQ
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Problem 8 (Core)

a.) For the following circuit below, C, =

Code Number:

1pF and C, = 4pF. Furthcr Vou =2V when V;, = 1V

Solve for the expression for V,, as a function of -t C
Vin- <7 1
Uowr = 1:‘ - + Yottsa v, I Vou
sc., + S, ”
Y, = v, 3% ¢
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vv@c_ewt:h%v Ugpy = 0.2 U;N-f-l %
b) Consider the following circuit below. C, = IpF, C; = 3pF, and R, = IGQ ‘ Rl
, - e ~
What is the order of the differential equation - !
describing this cirouit? s [ , [F34iR,
Usur _ <G 1+4S¢4R, ! I ?
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3ero =R ¢y =3ms T 7 1 .
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c.) Draw the step response, on the same scale given below, for the circuit in part (b).
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1. An inductor is to be designed using the magnetic core . ) T a
The core is of uniform cross-sectional area A, = 0.75 in? and of mean

length [, = 8 in, It has an adjustable air gap of length g and will be wound

with a coil of N turns. c_i

Calculate g and N such that the inductance is 15 mH and so that the j Nturns
inductor can operate at peak currents of 5 A without saturating. o—— ’
Assume that saturation occurs when the peak flux density in the
core exceeds 1.7 T and that the core has permeability x = 3000.
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Pro.bleni 10 (Core) " Code Number:

The flux density in the air gap of a four pole, salient pole synchronous generator is sirfisoidally
distributed, with a peak value of B,, = 0.6 Tesla. The rotor turns at a speed of 1500 rpm. The
stator has a single concentrated coil of 150 turns. The axial length L of the stator and its inside
diameter D are both 100 mm.

(a) Calculate the frequency of the voltage induced in this coil.

(b) Calculate the rms value of the voltage induced in this coil. (Hint: The maximum value of
the flux which links with this coil, as the magnetic field rotates past it, is given by
2LDB,/p where p is the number of poles).

~ (c) The coil has an inductance of 19.1 milli-H, and a negligibly small resistance. A load
;- resistance of 8 ohms is now connected across the terminals of this coil. Calculate the
magnitude of the voltage across the load.

«

S.OLUT-ION
(a) Frequency =(4 x 1500)/60 = 50 Hz
(b) Max flux = 2LDB,/p = 2(0.1}0.1)(0.6)/4 = 3 milli-Wb
RMS of the induced voltage E is the well known equation
E= 4.44(frequency)(tums)(ma$cimilm value of flux)
=4.44(50)(150)(0.003)- = 99.9 volts
© Coil inductance = 2(3.1416)(50) = 6 ohms
- Total circuit impedance = 8+j6 and mégnitude of current is é',99.9/(8+j6) =999 A.
| Magnitude of voltage across the load is 9.99 x 8= 79.2 volts

.
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ECE3040 question

Silicon is uniformly doped with 10" As atoms/cm’. For all of the calculations below,
assume the silicon is at room temperature.

(a). For this silicon sample, calculate the Fermi level relative to the intrinsic Fermi level,
and draw the band structure indicating the position of the conduction band, valence band,

Fermi level, and intrinsic Fermi level. ’

(b). If the mobility of majority carriers at this doping level is 700 cm?/Vs, calculate the
diffusion coefficient of majority carriers.

(c). The sample is illuminated such that at steady state, 5x10' excess electron hole pairs
are generated. Calculate the quasi-Fermi levels for electrons and holes relative to the
intrinsic Fermi level.

Solution:

(@). n=n;exp (E;— E)KT => E; - E, =kT In (n/n;) = 0.026 In (10'/1.5x10'°) = 0.409 eV
(b). D/p =kT/q=> D = p * (kT/q) = 700 cm*Vs * 0.026 V = 18.2 cm?/s

(c). Since the concentration of photogenerated EHPs greatly exceeds that of doping or
thermally generated carriers, we can say that n = p = 5x10", so:

E,.~ E;=kT In (n/n)) = 0.026 * In (5x10"*/1.5x10'%) = 0.570 eV o
E, - E;, = kT In (p/n)) = 0.026 * In (5x10'*/1.5x10"°) = 0.570 eV
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ECE3040 question .

A certain silicon sample is doped with 10'® boron atoms/cm®, 5x10"® arsenic atoms/ci?’,
and is raised to a temperature such that the intrinsic carrier copcentration is 3x10"®
carriers/cm’. Assuming space-charge neutrality holds, calculate the concentration of
electrons and holes per cubic centimeter at equilibrium.

Solution:

Space-charge neutrality: sum of positive charges = sum of negative charges

(holes) + (ionized donors) = (electrons) + (ionized acceptors)

Since T is high, all donors and acceptors are ionized

(holes) + 5x10' arsenic atoms/cm’ = (electrons) + 10" boron atoms/cm®
Also (holes) * (electrons) = (3x10'$)A2

Solving simultaneously for (holes) and (electrons):

(holes) = 1.6x10"%cm? -
(electrons) = 5.6x10"% cm™ '

' 9

e
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Figure 1: Satisfying angle condition at s = —5 + j4 for cancellation of pole
at s = —-20 ’ '

solution
a.

If we cancel the pole at s = —20 we have the situation shown in Figure 1
Then to satisfy the angle condition at s = —5 + j4 we must have

—91 - 02 - 03 = —-1800,
or

8; = 1800"‘7- oy - 6,
= 180° - 140.2° - 126.9°
= -87°

The angle is negative, meaning that we cannot satisf); the angle condition
to place poles at s = —5 % j4 if we cancel the pole at 5 = —20.

b. .

Il we cancel either the pole at s = —0.2 or s = —2 we can satisfy the angle
condition at the desired closed loop pole locations, as is easily verified. The
pole at s = ~0.2 is more like an integrator ( a pole at s = 0) than the pole
at s = —2. So to get the largest K, we should preserve the pole at s = —0.2
and cancel the pole at s = —2.

4
c.



