Ph.D. Preliminary Examlnatmn Solutlon
Fall 2008 :

InstructlonS°

1. Please check to ensure that you have a complete exam booklet. There are 25
numbered problems. Note that problem 20 has 2 pages. Including the cover sheet,
you should have 27 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 choose 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 SI-IEETS FOR
THE OTHER 17 PROBLEMS!! _

7. The examination lasts 4 hours, from 9:30 AM to 1:30 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.

(¢} On the section at the bottom of this page, CIRCLE the problem numbers that
~ you are turning in for grading.

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

(&) '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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Problem 1 (Core: CompE-ECE2030) ‘Code Number:

You are initially given the following Boolean expression.

F =(C(A +B)) + (BD)

a) Provide a CMOS implementation of the expression using p-type and n-type
transistors.

F=(C(A+B))+(BD)=C+(A+B)+B+D=A+B+C+D

Vai
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8 transistors

a
|
L

- b) Provide an implementation using only 2 input NAND gates and inverters
{preferably specified in mixed logic notation). Indicate the total number of
transistors required and compaze to part a). :

18 transistors
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Problem 2 (Core: CompE-ECE2030) Code Number:

Design a remote control Togic cireuit for o 3-channel TV using the finite state machine (FSM)
method. The controller contains 2 buttons: Up (1) and Down (0) encoded as a single bit input in
the circnit, The state itself indicates the current channel, a.g., state *10° (in binary) is Ch2. When
holding the buiton, the channe! will confinue to change for each input clock edge. When in the
terminal chaanels, Ch3 (or Chl), pressing Up {or Dowi) will not change the channel, First,
compilete the state diagram shown below for all state transitions and derive the state table based
on your stafte diagram, Then use Karnaugh map to minimize your logic, you must take don’tcare
states info account, Finally, implement your FSM with D flip-flop’s and basic fogic gates.

- Solution provided by Hsien-Hsin 8, Lee '

State Disgram

1 S1 | s0 | NSt | Nso | - NS1 _ NSo

X 0 0 X X 315y . 7 \\%130

0 0 1 0 1 1 N0 01 11 10 I ™00 01 11 10
1 0 1 1 0 olx|0]Mo olGEDlollt
B e Glipaln] 1] «lolall
0 1 1 | 1 0

1 1 1 1 ] 1
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Problem 3 (Core: CompE-ECE3055)

Virtual Memory.

The hardware design for this system uses a 2K page size (2048 bytes) and the same frame size. A sample
direct-mapped page table is given below. The entrics in the page table are Frame Numbers, not frame
addresscs. For each logical memory address specified below, give the corresponding physical memory
address. Write Page Fault if the logical memory address is invalid. The logical addresses are byte addresses.

ALL NUMBERS GIVEN ARE IN HEXADECIMAL. GIVE ALL ANSWERS IN HEX. Show wotk for

partial credit.

Logical Address :
Logical Address :
Logical Address ;

Logical Address :

12ff

£12

6800

‘ Page Table

Code Number:

Page Number | Physical Page Frame Number

1234

9fg

98ba

ff

&67abt

4321

1ff

abc

986a7

ab8g878

654a

160

8bbb

1

fffff

Hiolalolo|w|lelo|lgajn|elviviklo

def

'Physi'cal Address :

Physical Address :

Physical Address :

Physical Address :




Problem 3 (Core: CompE-ECE3055) Code Number:

Yirtual Memory.
The hardware design for this system uses a 2K page size (2048 bytes) and the same frame size. A sample
direct-mapped page table is given below. The entries in the page table are Frame Numbers, not frame
addresses. For each logical memory address specified below, give the corresponding physical meniory
address. Write Page Fault if the logical memory address is invalid. The logical addresses are byte addresses.
ALL NUMBERS GIVEN ARE IN HEXADECIMAL. GIVE ALL ANSWERS IN HEX. Show work for

partial credit.

Logical Address :

Logical Address :

Logical Address :

Logical Address :

12Ef

fi2

6800

ANSWER KEY

Page Table

Page Number | Physical Page Frame Number

(=]

1234

afs

98ba

££

&67abt

4321

1ff

abc

28&av7

aba78

654a

1060

8bbb

1

fffft

D RGIE o O | Q||| w]bdm

def

Physical Address : 4c5d42£f

- Physical Address : 91a060

Physical Address: 4E£cf12

Physical Address : 0800




Problem 3 (Core: CompE- ECE305 5) Code Number:
Prelim Problem Solution Compufmg Mechanisms

Part A: Perform the following standard compiler optimizations oa the body of the C subroutine
below by writing the optimized version (in C) to the right: strength reduction, loop invariant
removal, common subexpression elimination. You may add additional local variables if needed. -

| int foo(int x, int y} { int foo(int x, int y) {
int i, 4, z = 0; int a, b=0, i, d, z = 0;
| for (i=0; i < 5000; i++) { int x =foy;_
z =z +x*4; | : for {i=0; i < 5000; i++) {
4 =x/y + (z+y) *(z+y); = Z =2z + b; |
} . h = p + X
return z+d;} : : a = z+y;

d=r + a%*a;
}
return z+d;}

Part B: Consider the following C fragment. Assume a 32-bit integer datapath with a 32-bit
memory address space. Assuine inf datatypes are 1 word long and doubie datatypes are 2 words
long. InC syntax, “&” is the address operator and **” is the dereference or indirection operator.

int F {int &) {

int x = 5;
double v = 20.(;
int *p = &%

int Vectori{3] = {4, ¢, 16};
double G{int, *double, iat V[]}:
v = G{*p, &y, Vectoxr);

return xX+4;}

What is the total number of words of storage allocated in F's activation ﬁame for F’s input and
output parameters and local variables?

g ' words for F’s /O and local variables.

What is the total number of words of storage allocated in G’s activation frame for G's input and
output parameters?

5 words for G’s IO parameters.




"~ Problem 4 (Core: CompE-ECE3060) ~ Code Number:

1. (2pts) (Circle the correct term in each set of square brackets.) In a pMOS transistor,
we tie the n-well to [Vdd / Gnd] and apply a [negative / positive] gate-to-source voltage.
* This draws [electrons / holes] into the region below the gate which in turn results in the
channel changing to [p type / n-type]

S 2 (2pts) (Circle the correct term in each set of square brackets.) The RC delay of an
inverter (INV1) driving another inverter (INV2) increases if the width of transistors in
INV1 [increases / decreases] the length of transistors in INV1 [increases /- decreases], the
width of transistors in INV2 [increases / decreases] and the length of transistors in INV2
~ [increases / decreases].

3. (3pts) Design a half adder using two 2x1 MUXSs (and INVs if necessary) Use one of
the two operands of the addition as the MUX selection input. :

i/

4. (3pts) Draw the CMOS stick diagram of your solution. in problem 3 using the
minimum number of transistors. Assume that complemented inputs are not available.




ECE3060 Prelim Problem, Fall 2008 (Solutions)

1. (2pts) In a pMOS transistor, we tie the n-well to [Vdd / Gnd] and apply a [negative /
positive] gate-to-source voltage. This draws [electrons / holes] into the region below the -
gate, which in turn results in the channel changing to [p-type / n-type].

2. (2pts) The RC delay of an inverter (INV1) driving another inverter (INV?2) increases if
the width of transistors in INV1 [increases / decreases], the length of transistors in INV1
[increases / decreases], the width of transistors in INV2 [increases / decreases], and the
length of transistors in INV2 [increases / decreases].

- 3. (3pts) Design a half adder using two 2x1 MUXs (and INVs if necessary). Use one of
the two operands of the addition as the MUX selection input.

ow [cs N
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4. (3pts) Draw the CMOS stick diagram of your solution in problem 3 uéing the
‘minimum number of transistors. Assume that complemented inputs are not available. -




" Problem 5 (Core: E&M-ECE3025) Code Number:

- Two parallel infinite uniform line charge densities of charge per unit length .pl are

separated by dlstance d. What is the electrostatic force per unit length between the hne :
charges? :

Solution:

Call the two line charges 1 and 2. The eleciric ﬁeld distance 4 from line charge 1 due to
line charge 1is _

E@6.2) = Mreod p

In cyiind:riéal coordinates where p is a vnit vector in the p direction. Thus, the force
acting on a short length Az of line charge 2 is

2z E(d$.2),
so that the force per unit length acting on line charge 2 is
» E(d.0.2) = A(2rsed) p.

- Note that the unit vector p points from line charge 1 in direction of line charge 2.




Problem 6 (Core: E&M-ECE3065) Code Number:

Problem: A section of the Chesapeake bay-bridge tunnel is 2 kilometers long with a width of 10
meters and a height of 6 meters. In the middle of this tunnel is a small 850 MHz cellular base sta-

" tion that provides coverage for mobile users in the tunnel. This station is low-powered and uses the
tunnel like a rectangular waveguide to communicate with motonsts Answer the following questions -
based on this scenario, thch is illustrated below:

1 km

lhn

1
- Py
Cond

1

\d

Tummel Crogs-section:

8=10 m
Iﬁm

1. Find the highest value for = such that the TE;y mode still propagatc—m through this tunnel. (2
points)

2. For a cell phone user operating at the end the tunnel, what is the dispersion (difference in-

delay) in nanoseconds between the power carried by the dominant TE;y mode and the TMy;

. mode? You may approximate the tunnel to be a straight (horizontal) two kilometers, {5
" points) . :

3. What assumption are you making about the material properties of the tunnel in this problem?
(2 points)

vy = } fc (fc)mn _ ( ) (n)2 € = 8.85 x 10:%;" F/ng
\/_ ,‘tfe 2\/— po = 4w X 10-"H/m




Problem 6 (Core: E&M-ECE3065) Code Number:

Solution:

1. Below is the cut-off equation with the tunnel parameters substituted in:

' 1 fray2 (0 15x108mfs '
(felso =5 m\f'(&) ¥ (g) =222 = 850 M.

The value of 2 that satisfies this relationship exactly is 56.67. Since =z mpreseﬁts a modal
number, it must be an integer. Thus, the maximum value is 56 (57 would be cut-off).

2. First, let ua ealeulate the cot-off frequencies for the TEyy and TMer modes; -

oo = it (1Y 4 (L) = 15 v
107 3 e | A\ m gm) ~°

felrr = LR F O S 2—294%\-{3
Uelr = 5 e (mm) +(ﬁ) = ha i

We know that the group velocity for these modes will be given by:

_ 1 £\
b= o 1—(1’)

which produces a group velocity of 3.00 x 108 mys for the TE1g mode and 2.91 x 16® the
TMrzr mode. After traveling the maximum distance of 1 kilometer (from the base station in
“the center of the tunnel to a user at the end), this will result in & transit time of 3.33 ps for
the TEip mode and a transit time of 3.43 ps for the TMyr mode. The difference. 100 ns, is-
the dispersion between the two modes. :

3. You are assuming that the walls of the tanmel approximate o jierfect electric conductor {PEC).

10




Problem 7 (Core: EDA-ECE2040) Code Number:

Problem: Determine the values of the current, 7, and the voltage, v, in the following circuit.

AA—

2Q

4V

Solntion:‘ {3 simple ways)
{a) Superposition principle
If there is only the volfage source,

4

i§ z_zo.g-ﬁ$yt = 3 x4=24V
2+3 ' 243

If there is only the current source,
: 3

2+3
I there are both sources,

x(=1)=—06A,7, = ;:‘_z

i= x1=12V

i=h+i,=02A,v=v+y, =36V
(b} Mesh current analysis

2y + 30 =iy )= 4=0, 0y = —1

!
B =0.2,i) =~1
R
=i =024

v=3{f — 1, )=3.6V

1 1 i

¥y = 3.6,v, =4

U

e
j:._.!ﬁ__,’fsz,-_-_o_zg

v=1, =36V

i1




Problem 8 (Core: EDA-ECE3050) . Code Number:_.

The following circuit combines two feedbacks.

(Early voltage) Va =0, Po =100, Ve = 0.7V, Vs, = 26 mV.

g)
h)

D
k)
)

- Ca2 : |

T
Rs
5kQ2

One feedback involving R;, Ry, and R; only operates at DC but not at high fr.equency.x

Why? What type of feedback topology is this?

The other feedback, involving Rs, only operates at high frequency (HF), and not at
DC. Why‘? What type of feedback topology is this? =

The job of the DC feedback i is to set the DC potential at node A to be ~VBE1 With
this information, find the DC bias points (I¢, Vcg) for Q; and Q,.

Draw the midband small signal equivalent circuit of the entire circuit (no capacitive
effect).

For the HF feedback, indicate the feedback network and its loadlng effect at the 1nput
and output of the feed forward path.

Draw the small signal equivalent circuit of the loaded (augmented) feed forward
ampllﬁer

Find the open loop gam A. (con31dermg the type of HF feedback in part b)
For the HF feedback, find the loop-gain AB.

. For the HF feedback, find the closed-l.oop gain of this circuit.

For the HF feedback, find the voltage gain of this circuit.
Find Ry, for the closed-loop circuit. |
Find Rout for the closed-loop circuit.

12
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Problem 9 (Core:r Power-ECE3070) Code Number:

A synchronous machine has the followmg ratings: 3-phase, Y-connected, 60 Hz, 8-pole,
4,000 V, synchronous reactance is 2.5 Ohms per phase. The machine is synchronized to a
4 kV network. Following synchronization, and without any other action, its excitation
current was adjusted so that the machine produces 1 MVAr of reactive power. Calculate
the needed percent increase of excitation current compared to the value at
~ synchronization.

SOLUTION
Active power P =0

Reactive power produced by the machine will be:

' 2 2
. : 4,000 4,000 ' '
S
2 .
Q= LY os6- - BB 10° Vdr
X X 2.5 25

s . .S
‘From which we calculate the necessary increase of excitation current x

2
10° + 4,000

l4x=—— 22 —11563
4,000

2.5

which means that the exc1tat10n current should be increased by x=0.1563, or 15.63
percent.

13



" Problem 10 (Core: Power-ECE3070) Code Number:

A 460 volt (L-L) three phase 25 hp, 60 Hz, four pole Y-connected stator induction motor has the
following impedances in ohms per phase, ALL referred to the stator circuit.

R, = 0.641 R, =0332
X, = 1106 - X, =0.464

The no-load current is negligibly small.

For a rotor slip of 2.2 % ‘when the stator is supphed by the rated 460 volts (L-L) and 60 Hz,
calculate the '

(a) Rotor speed in rpm
) Stator current per phase
(c)  Power factor at the stator terminals
(d) The total three phase power flowing into the stator wmdmg

SOLUTION

(a) Synchronous speed = 120(60)/4 = 1800 rpm
Shaft speed = (1-slip)1800 = (1-0.022)1800 = 1760 rpm

) Z=R, /s + jXr ) =(0.332/0.022) + j0.464 = 15.09 + j0.464 ohm
Therefore the total unpedance Z=Zs +Z;=(0.641 +j1.106) + (15 09 + j0.464) ohm

"15.731+j1.57
15.809/ 5.7°

Stator current phasor I = Vg, / 2 =(266/_0°) /(15.809/ 5.7°y=16.83/ -5.7°

(¢) Power factor = Cos (5.7° )= 0.995 lagging

{d) Stator input power = \[3(460)16.83(0.995) = 13,343 watts

14



Problem 11 (Core: Mic.rosystems-ECE3040)_ Code Number:

PN Junction: Reverse-Bias Junction Capacity

The reverse-bias junction capacity of a silicon n* D step junction has been measured
for two applied voltages. The result is 43.4 nF/cm? at V4 = -3 V and 27.6 nF/cm? at
Va=-10V o

(a) Calculate the built-in potential Vbi.
(b) - Calculate the substrate doping Ng.

Given are the elementary charge q=1.6:10" C and the dielectric constant for silicon
- £=Ksgg=11.9-8.85-10™"* F/cm. .

Also given is the depletion layer width of a step Juncnon as a functlon of the applied

bias:
.W_lezgoN +ND({,r v)

15



Problem 11 (Core: Microsystems-ECE3040) Code Number:

Solution:
C-V Relationship:

1 2
= (Vbi_]r/;i)

(C,r4)  aNaKss

i.e. plotting 1/(C; /AY vs. V, gives a straight line with a slope proportlonal to Np™
and an intersection with the V-axis at V =Vy,;.

Given are 2 points on this straight line:
Point1: C/A=434nF/em® Va=:3V
“Point2: CyA=27.6 nF/cm2  Va=-10V

- Np and Vy; can be calculated from the resultmg two hnear equations:
= m(xo = xl) a
¥, =m(x, —x,) 7 .
withx; = -3 V, % =- 10V, y; = 1/(43.4 10°) ecm*/F?, and y; = 1/(27.6 10°®) cm¥/F*

Substracting the two linear equations yields

m= 2 - Y= ' . : (2)
' gN K&, x,—x;

Inserting (2) in (1) yields .
Xo=Vy=x+y/m 0

Using the two given points, one obtains from (2) and (3):

_ Cnd
m=1.117104 2
Fy

x,=1L75V

and the built-in voltage Vb. and the doping Np (usmg the constants given in the
problem):
V,=L75V

N, =1.0610" cm™

16



Problem 12 (Core: Microsystems-ECE3080) Code Number:

A silicon wafer has been doped with a donor concentration Np = 10'® cm™. While
maintaining room tem%)erature, the wafer is first illuminated with light for a long time
 that generates Gy, =10"% carriers cm™ per sec uniformly throughout the wafer. At time

t= 0 the light is switched off.

(a) If the minority carrier lifetime is 1, = 1jsec, derive an expression for the minority
carrier concentration in the wafer as a function of time. Calculate values for all
constants in the expression. State all your assumptions.

(b) Qualitatively describe what is happening to the minority and majority carriers-

during the process described in the problem statement.

The continuity equations for carriers are listed below.

a g d & .thermm' ﬁ ;‘:‘i’g
D1, P +é_'1’
& q @C d‘.tfle.r.v:m'.F aolher

Processes

a M
0? thermal fn
P __ A
a T

thermal P

17



Problem 12 (Core. Mlcrosystems-ECESOSO) Code Number:

Solution:

(a) We begin with the continuity equanon for holes (minority carriers in n-type
wafer):

a
other
thermal ~processes

D 1y .2

- We can reduce the equation by making the following set of assumptions:

The system is one-dimensional.

We restrict the analysis to minority carriers.

The electric field in the semiconductor is ~ zero.

The equilibrium mmonty carrier concentrations are not a functlon of
position.

Low-level injection occurs.

The only other process is photogeneration.

FSRENE

v

Thus:

o b
Jp =qu,pE _qD”E w—quE

PD_Dp

dsi +Ap > £
and since: . p=p,+Ap - &

We can combine the results to yield:
L. VJp = D, iﬁg
q &

- Since we consider low-level injection and we are limited to considering minority
carriers, the rate for thermal R-G is approximately:

@
a

thermal Tp

Since the only other process is photogeneration: -

18



Problem 12 (Core: Microsystems-ECE3080) Code Number:
@ _ G '
',0} light : :

And finally, since the equilibrium carrier concentration is never a function of time:

D _d, A _ap
a a a a

As a result, and recalling that the material is n-type, we have the minority carrier
diffusion equation:

%:DP_ﬁA‘?" _%.{. GL
a & T _

P

Now consider the two main sets of conditions:

For time t < 0, the wafer is uniformly illuminated and reaches steady-state.
Therefore:

9, _,
a

Since there is no positional variation with minority carrier concentration:

FAp,
D, =~ 5"=0

. The final relationship is of the form:

0=—Ap" + G,

7,

Just before the light is turned off, the excess minority carrier concentration is:
Ap n T GL ¢ Tp . - N

Now, when the light is turned off, the silicon will try to relax to equilibrium
conditions and the excess minority carrier concentration equation reduces to a

function of time only:
LoD 5 mp@=mu=0e
T ,

4

19



Problem 12 (Core: Microsystems-ECE3080) Code Number:
Using the excess hole concentration just before the light is turned off as the initial-

condition, and since the problem asks for the total carrier concentration as a function of
time we have:

pn(t)=GL .Tp .e%‘p +pn0

Soh}ing for the constants:
n
b=t IJCIO16 1510 hol?
N, 1Ix10 cm

¢ holes

3

Ap, =G, *7,=1x10" ¢1x107° =1x10
cm

Thus, the final expression is:

holes

-t
P, () =1x10° e A0 4 1510°
' ‘ cm

(b) Light causes the liberation of electron-hole pairs that thermally recombine. Thus
the silicon reaches steady-state (not equilibrium) where the excess minority
catrier concentration is: Ap, =G, ¢ 7,. Once the 1ight is turned-off, the material

- will attempt to return. to ethbnum cond1t10ns through the e-h thermal
reconibination process. :

20



Problem 13 (Core: DSP-ECE2025) Code Number:

~ (Note, this problem does not necessarily represent a real-time system.)

z{t | zn o n 1yl
-—(—)> C-to-D ---U—> - H(e™) 'y[ | =  D-to-C L
I fsl =5 samp les/sec i ] fsg =10 samples/sec

As shown in the figure above, a continuous-time signal z(t) =8 cos®(2nt)
is sarapled through an ideal continuous-to-discrete converter (labelled as C-
to-D in the figure) operating at a rate of 5 samples /second. The resulting
discrete-time signal z[n] goes through a linear time invariant (LT1I) system
The frequency response of the LTI system is given as :

H(e®)=1— E[d}l for [—m, @], and periodic with period of 2.

The-output of the LTI system is denoted by y[n]. ¥[n] then goes through an
ideal discrete-to-continuous converter (labelled as D-to-C in the ﬁgure)‘thet
uses a sampling rate of 10 samples/second, resulting in %(t).

a) [2 pts]- Plot the frequency spectfum of z(¢). Label all axis carefully.
b) [2 pts]--Plot the frequency spectrum of z[n]. Label all axis carefully. .
c) [2-pts].- Plot the frequency spectrum of y[n]. Label all axis carefully.
- d) [2 pts]- Plot the freqﬁency spectrum of y(t). Label all axis carefully.
] _

") [2 pts]- Write down y(t) in terms of sum of cosines.
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~ Problem 13 (Core: DSP-ECE2025) Code Number:
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Problem 14 (Core: DSP-ECE3075) Code Number:

Suppose X {t) is a continuous-time, zero mean, wide-sense stationary random process with
autocorrelation function

.Rxx(?“) = §(7).
Set. :
CZ() = X{t) — X(t~4).

(a) Find the autocorrelation function Rzz(r) for Z(£).

(b) Now suppose we pass Z(t} through an LTI system:

S | Lm
Zt)— . Y
| H(jw) o ®
with frequéncy response
H{jw) == {{23 0= le-ﬁ /8 .
otherwize

What is the power gpectral density ﬁ’y(w) of the output?

{¢) What is the power E[|Y(£)[?] of the output?

24



Problem 14 (Core: DSP-ECE3075) Code Number:
SOLUTION

(Core-DSP 3075) '
Suppose X (£} is & continnous-time, zero mean, md&senae stetionary random pmce& with
autocorralation function

Rxx(?’) == 5(1’}.

Set
Z()=X() - X(t - 9.

{a} Find the autocorrelation function Rzz(T) for Z(1).

Bzz{r}=ElZ()Z(t +7)]
=E[{X({) - Xt~ OHXE+71) -~ XE-4+7)
= Ryx(7) ~ Bxx(r) ~ Bxx(r + 4) + Rxx{7)
= —3r + 4) + 25(r) — 8(r — 4)

(b} Now suppose we pass Z(£) through an LTI system:

i

20— i)

S

with frequency response
s 2 0gwl<a/s
H = .
() _{0 otherwise

‘What is the power spectral densxty ﬁy(w) of the output? First, the P5D of the input

Z(t) 8
Pylw) = Rxx(r)e~™
e g i
= P~ 2eos(dw).
The PSD of the Qutput is then

8(1 —cos(dw)) |w| < #/8

B () = |HGa)P- wa { otherwise

(¢} What is the power E iY(t}iz] of the output?

[]Y(@F ! f ” Bofw) = 5 f 8(1— cos(éw)}dw 1- 2/xm93634
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~ Problem 15 (Core: S&C-ECE3085)  Code Number:

Given the system pictured below: (a) Sketch the root locus plot of the system including
any relevant information pertaining to the plot (i.e., asymptotes, asymptote angles, and
break-away/break-in points), (b) If there is a complex pole in the upper half of the S-
plane, determine the departure angle of that pole, and (c) ﬁnd the value of the gain K for
which the system is stable.

RE | x @
N | s(s+3)(s* +65+64)
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" Problem 15 (Core: S&C-ECE3085) Code Number:

Solution:
Step 12
Open loop Transfer Function: 7 | _
KGH = & — K |
. 55+ 35" + 65+ 6_4) s+ s+ 3~ jT4)s+ 3+ j1.4)
ZET0S none | _ _ | _

poles: s=0,-3-3+ j74,-3-774

Step2: -
Asymptote Intersection Point;

Y poles— 3 zeros (0m3~3+-j?.4-3~j?.4)—(€}) -9
- - u-;}-w-z.ZS

,03‘
n - 4

- = asymptotes intersect at =2.25

Stép 3:
Asymptote Angles
o, - Qg+ 1)180
n—m
186,
. - sl - 450
%=

4 - g;ase)- 135°

42080225

4-Lasn-315

Step 4: ,

Breakaway Point - , ' ‘
0=—1—+ ! o ! + ! m;-l+ ! ! + 1.

s s+3 s+3-j74 s+3+j74 5 s+3  [5+3-j74 5+3+j74

254+ 3 2546
| S+3 S+6s+64

=35 +1285+192 -0

~128+ 16384 - 4(3)(192) -128+119 .
= = = 5 =—1.5
23 6 ,
= Root locus has breakout pt at s==1.5, Departure angle at § =-3+ j7.4 |
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{b) Departure angle at 5, =-3+ j7.4

Usmg Angle Criterion: ZKGH =/ zerosKGH - LpolesKGH] ]
6, =>zero angles of KGH - Jother pole angles of KGH + 180

6‘ =¢=[L(-3+jTA)+L(-3+jT.4+ 3)+L(—3+J74+ 3+ j74)]+180= ~{112+90+901+180

=0, =112" or 8, =248"

s =34 jT.4

©
C(s) K
T(s) = ()= 3 3 2
R(s) s +_9s +825° 41925+ K
-RoﬁthArrayis:
st 1 82 K
$£:9 192 0
b 20
s: ¢ 0 0
2 d 0 0

_ _'(1)(1 92)-(82)(8) _ 192-738
5

=60.67




_WO-(K)9) __0-9K
9 9
¢ = - OXE) "6(;96?7)(60'67-) =-0.148K +192
PENLIORLIS
. Cl

b, =

=K

K
For stability:

 K>0 (D
—0.148K +192>0 (2)
K>0 3

Therefore, limits on K for stability is:- 0<K <1297



Problem 16 (Core: S&C-ECE3085)

Code Number:

Consider the closed-loop systerﬁ below, where the transfer function is either

1

G16) = Fr507E
| * ' G()____JW_
: ' PN P
and where u = —ky + v for some constant k.

v + | - :
—— 00— G(s) »Y
£ ia—v

Now, consider the two step responses below that were produced with a particular choice of k. Find this
% and determine which step response belongs to which closed-loop system (as defined by &4

or Gg).

Note, you must motivate your answer carefully - just giving an answer without gustification will give no

potnis, even if the answer happens to be correct.

Btrp Respurss

Amginde

Arnpllydy

SupRespinta

i

508

408

2.02F

Tima (:-‘J



Problem 16 (Core: S&C-ECE3085) : Code Number:

SOLUTION

We noté that .
G+og+8y=—ky+e
f.e. '
1

Yis)= 32+as+(5 +k)

Vis),

where 2 is either 2 or 4. . , '
From the step responses, we see that the limit is well-defined and, as such, we can apply the final
value theorem: 1 1 1

0 2 toas+(B+k)s Btk
But from the piots we see that this limit is in fact equal to 0.1 (= 1/10) and henge

hm y(f} = hm

k=35

Now, the poles and modes associated with the two systems are:

System 1: ‘
Poles; 5 +2%+10 0:}-52—1:’:«\1‘1—1 ———1:!:33
Mode: e ¥ sin{3t)

Kystem 2:

Poles: P45 +10=0 = s=~2+ V21 --—9:!:\/__7
Mode: e 2 sm(\f_ 6¢)

As & consequence, the oscillations in system 1 decay slower than those in system 2 {e™* vs. e—21),
while the oscillations in system 1 have a higher frequency than those in system 2 {3 vs. +/6}. Based on

this, combined with a careful inspection of the two step- responses, we see that step respcmse 1 belongs
to system 1, and step response 2 belongs to system 2.
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P;-oblem 17 (Specialized: Comp Science-CS3210) Code Number: |

Synchronization is an important functionality provided by an operating system to support
concurrent operations on shared data structures.
(a] (2) What is a spin-lock and how does it differ from a blocking lock, suchasa -
semaphore. Under what circumstances might one choose one over the
other? :

a spin lock busy waits to acquire a lock, as opposed to blocking. If we expect
the wait to be relatively short, spin waiting may be preferable to the high
overhead to have the OS put the process in a wait queue, even though it -
burns processor cycles doing absolutely nothing.

(b) (2) What is a read-write spin-lock, and when might its use be desirable?

A read-write spin lock aliow multiple readers to acquire a lock (i.e enter a _
critical section to read shared data), but only allows one writer to acquire the
lock. Itis used when many threads or processes need to access the shared
data concurrently.

(c] (6) Using the hardware primitive result = test-and—set(locatlon) (whlch
atomically returns the value stored at Memory[location], and then sets
Memory[location]=1), provide a pseudo-code or C implementation of a read-

- write spin-lock. Specifically, provide code for the functions _
RW_spin_acquire(lock,mode) and RW_spin_release{lock), where mode is
either read (R) or write (W), as well as the declaration for the lock data
structure. You do not need to ensure fairness, or acquisition prlOI’lty in your
implementation.

struct lock {
int flag =0; /*spin on this */

int value=1; C /* 2 is write, 1 is' free, if value < 1, [value|[+1 */

30



/* is number of readers */

¥
Problem 17 (Specialized: Comp Science-CS3210) Code Number:

RW_spin_acquire(lock,mode){
int acquired = 0;
while (acquired) {
while (test-and-set(lock.flag)) {}  /* here is where we spin */

if (mode == W && lock.value = 1) { /* get the lock in write mode */
lock.value = 2; o only one writer */
acquired =1;
) .
else
if (mode =R && lock.value <= 1) {
| ~ lock.value -= 1 ' /* decrement for each reader */
_ acquired = 1;
) ‘
lock.flag = 0;
}
RW_spin_release(lock) { . |
while (test-and-set(lock.flag)) {} /* here is where we spin again®*/
if (lock.value =2) lock.value = 1 else lock.value += 1; |
lock.flag = 0;

}
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~ Problem 18 (Specialized: Software Sys- ECE3035) Code Number:

Part A: Perform the following standard compiler optimizations on the body of the C subroutine
below by writing the optimized version (in C) to the right: strength reduction, loop invariant
removal, common subexpression elimination. You may add additional local variables if needed.

int foo(int x, int y) {

int i, d,

for (i=0;

-4

d

returri z+d; } '

z +

- x/y

int foo(int x, int y) {

5000; i++) {

- (zty) * (z+y) 5

Part B: Consider the following C fragment. Assume a 32-bit integer dafapath with a 32-bit
* memory address space. Assume inf datatypes are 1 word long and double datatypes are 2 words -
Iong In C syntax, “&” is the address operator and “*” is the dereference or indirection operator.

int F {int A) {

int X = b;
doubkle v = 20.0;
int *p = &X

int Vector([3] = {4, 9, .16};
double G{int, *double, int VI[]);-
y = G(*p, &y, Vector};

return x+A;}

What is the total aumber of words of storage allocated in F’s activation frame for F’s input and
output parameters and local variables?

words for F’s IO and local variables.

‘What is the total number of words of storage allocated in G’s activation frame for G’s mput and

output parameters‘?

words for G’s I/0 and local variables.
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Prelim Problem Solution ‘ Computing Mechanisms

Part A: Perform the following standard compiler optimizations on the body of the C subroutine
below by writing the optimized version (in C) to the right: strength reduction, loop invariant
~ removal, common subexpression elimination. You may add additional local variables if needed.

int foo(int x, int _y) { _ int feo(int x, int y) {
int i, d, z = 0; ' int a, b=0, i, d, z = 0;
for (i=0; i < 5000; i++) { int r = x/y;
Z=z +x* i; : ' for (i=0; i < 5000; i++) {
d = x/y + (z+y) * (z+y) ; Eb. z =z + b;
} _ : : _ ‘ _ b=>b + x;

return z+d;}

il
il

z+y;
d=r + a*a;
}

return z+d;}

Part B: Consider the following C fragment Assume a 32 bit integer datapath with a 32-bit
memory address space. Assume int datatypes are 1 word long and double datatypes are 2 words
~ long. In C syntax, “&” is the address operator and “*” is the dereference or indirection operator.

int F (int A) {

int ®x = 5;
double y = 20.0;
int *p. o= &x

int Vector([3] = {4, 9, 16};
double G(int, *double, int V[1);
y = G{*p, &y, Vector);

return x+A;} :

What is the total number of words of storage allocated in F’s activation frame for F’s input and
output parameters and local variables?

9 ' words for F’s I/O and local variables.

What is the total number of words of storage allocated in G s activation frame for G’s input and
output parameters’?

5 '_ words for G’s I/O parameters.




Problem 19 (Specialized: Tele_com-ECE3076) Code Number:

What is the primary advantage of a packet store-and-forward network?
‘What is the primary advantage of a circuit-switched network?
Which type of network (packet or circuit-switched) is the Internet?

How do Internet routers build a Forwarding Table that is used 10 demde what outbound network link is
best for forwarding a particular IP datagra.m‘?

How do Ethemnet switches build a Forwarding Table that is used to decide what outbound network link is
. best for forwarding a particular Ethernet frame?

£

How does your PC determine the 32-bit TP address for “www.nationalcarbuy.com™?

Once the IP address is known, how does your PC (on an Ethernet LAN) determine what destination
Ethernet address to use?

What does Flow Control do?
How does TCP implement Flow Control?

How does TCP implement Congestion Control?
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Problem 19 (Specialized: Telecom-ECE3076) Code Number:
ECE3076 Fall 2008 Prelim Question Answers
What is the primary advantsge ofa packet store—and-f&ws:d nr.twdrk?
Statistical multiplexing sllows many nsers to share the svailable bandwidth,
- 'What ig the primary advantage of a circuit-switched network? _
Usexs can be guéranﬁeed reseurces (minimem bandwidth, moaximom de!ay; "
Which type of network (packet or circuit-switched) is the Internet?
Packet store and forward. '

How do Internet routers build a meardmg Tableﬁat is ased to decide what outbound network Jink is best
_for forwarding a particutar IP datagram? .

They communicate with cach other, nsing a ronting protocol, so that they find sut ihe minimum

-cost. routes 1o other-aveas of the Infernet (address. space)..-. —

', How do Ethemet switches build a Forwarding Table that is nsed to decide what outbound network Jink is
best for forwarding 4 particulyr Ethermet frame? _

When Ethernet frames ave received, the switch remembers the souree address and which nk the
frame came from. ¥rames to that address are then seat out vver that link,

How does your PC determine the 32-bit [P address for "www.nationalcarbuy.com™?

It sends a UDP requm to the local DNS server foru mursian-mquestul !oolmp.

Ongce the IP addma:smwn,hmvdoesym:ri’(:(onm Ethernet LAN) dewmmewhatdeatxmtmn
Efhernet address to use?

H sends an Ethernet ARP broadeast frame asking "Who has IP address ...". 'l‘he loeal ronter will
answer if the IP address is not on the local network.

What does Flow Control da? 7
It stops the sender from sending soo much data and equsing the receiver's buffer to overflow.
- How does TCP implement Flow Control?

Each hyte in the sfream hos a sequence numbér. Each received TCP header has an ACK sumber
(sequence number) and Window size. Bytes with sequence nusmbers greater than or equal ACK +
‘Window can not be sent. _

How does TCP implement Congestion Control?
- The sender has a Congestion Window (CongWin) tl:at becornes smaller whenever a packet has to

be retransmitted, then grows stowly afierward. Only CongWin bytes can be sent without
ncknowledgemem, 40 the sending rate decreases when CongWin decreases.
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" Problem 20 (Specialized: Optics-ECE4500) Code Number:

Waveguide Grating Spectrometer ~ Wavelength Division Demultiplexing

A waveguide reflection grating spectrometer is used for ‘wavelength division de-
mﬂitzpiemg Three telecommunication signal waves from the waveguide are incident in
air upon the metallic grating at an angle of 15° conm;er*clockmse from the normal as
shown in figure. The three waves have frequencies of 195.5Terali Z, 196, 0TeraHz, and
186.5TeraHz which are: frequencms on the ITU standard gmd The three wavelengths
are dispersed by the grating mte +1-order backward- dxﬁ“ra,ct;ed waves as shown in. the
- ligure. The grating is desagnated as ha,vmg 800ines per ani. An array of phot;edetec-
tors is oriented normal to the 196. OTemH z (0. 2) beam as shows,

Incident
Wove 7

1) Calclﬂate showmg all work, the wavelengths in nanometers of the waves numbered 1,
2.8nd 3 in the ﬁgure |
2) Calculate, showing all work, ‘the backward-difiracted wave angles f“(maa_s'timd counter-
clockwise from the normal) in degrees for these waves: -
3) The phomdetector for the no. 2 beam-is pia.ced 10. Omm away from the pomt of ini-
dence upon. gratmg {}alculate slmwmg a]i work the ideal centerutﬁ—center distance i:h,at

of ity cormspandmg photodetector
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Problem 20 (Specialized: Optics-ECE4500) Code Number:

Express wavelerigths accurately to six significant figures. Express the angles in
degrees accurately to within 30,001° Express photodetector the center-to-center dis-
‘tances in microns accuritely: to five significant igures. Put your arswers in the spaces
provided. | ' | |

‘Wave ' Angle of Difiraction (°)
No. - Wavelength (nm) (CCW from normal)

Ceénter-to-genter distance between photodetectors for beams 1 and 2

T e : wm

Center-to-center distance between photodetectors for beams 2 and-3

= — . um
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Problem 20 (Specialized: Optlcs-ECE4500) Code
Number:

‘Wavegitide Gr&tiﬁg‘-ﬁpectmmeterw ‘Wavelength Division Demultiplexing

¢ = +15°

g = 1.000

A= 1/800¥ines/mm = 0.00125mny = 1.5 ym

D = 10.0mm N

H=155x 102 H: Ay = offy = isss.wéaaﬁm

H=1960X10%Hy Ny = offy = 1520553367

h=1965x10% Hy X = ¢/fi = 1525.661361nm

Grating equation for backward-diffracted orders |
iAo

sint + sinf] =

Ford=1andn =1"

4 == ﬁiﬂ"’{% ~ gind']

()5 = 75455562050
@) = TaTIOIEY
(M) = T4.09346288°

I?ist&ncgiﬁetmen phatodetectors nos. 3 and 2
= B~ tan{A[#)s — ()]} = 12176893502 um

Distance between photodetectors nos. Zand 1
= D« tan{A[#)s ~ (H ]} = 115.97359139 jum
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Problem 21 (Specialized: Optics-ECE4501) Code Number:

Prelim Problem — ECE4501

- A point-to-point fiber communication Hok employs  laser transmitter having an average emitted
power, F; = 10 mW, a PIN-based recelver having sensitivity P,,, = —50 dBm at the required BER.
The singleannde fiber link will consiat of two end-to-end jolned fiber sogments. The first fiber has
loss coeflicient, oy = 0.25 dB/km, length L) {to be found), and dispersion D = 5 psfmm-km.
The second fiber has Joss coefficient, ap == 040 dB/km, length Lz {to be found), and dispersion

© e 10 ps/om-km. The total length between source and recelver Is L = 150 Jon. No other ks

" sources are present.

a. Write down the power budget eguation that inclades the transmitter power and receiver sen-
sitivity (both in dBm), the fiber losses {including the unknowu lengths, £y and i), and an
aasumedmaﬂmundispem&onpemlﬁyefldﬂ.

tom — 1 Od&m |
'Qm \OdRm = ~2048m + 025L,dg Lotoladd + 1dB

3f the link were to be constructed ustng Fiber 1 alone, the dispersion-Bmited transinission distance
would be Lipuaz, 01 = 140.0 k. If the Iink were to be constructed using Fiber 2 alone, the dispersion-
Limited tranamission distance would be Lyae pe = 700 km. For this link, the dispersion-limited
distance corvespoids to an effective loss penalty of 1 dB, which is the maxivoum allowable,

b. Using the loss budget equation and sssuming a 1 4B disperson penalty, evaluate Ly and Ly,
0as L, +ouo (L-ty 1 = 40 whew L= /50kn

=D L‘ = e km
L“’ = 1okm

" ¢. With the lengths as found in part b, find the dispersion-limited transmission distance for the
total link. With this result, is the lnk viable? Explain.

Dil, #Dale _ o (3) - 1o(+0)
Lotly 150

= U ?Slhh'if—h

Lmay,i} = Mok x *é:' 3175"’-?&!

il o, ariidl o L<i15 b ond 20 ) chisfassiom el
G lowo Do, (48

38




Problem 22 (Specialized: Microsysteins-ECE4752) Code Number:

A boron diffusion into a 1 ohm-cm n-type wafer results in a Gaussian profile. The
diffusion process was 20 minutes at 1000 C in a nitrogen environment.
(A) What is the background doping concentration in the wafer?
~ (B) What is the diffusion coefficient for boron at 1000 C?
(C) What is the junction depth?
Constants: qg=1.6E-19 Coulombs, Dy=0.76 cm?/sec, E —3 46 eV, k=8.61E-5 eV/K
Un= 1350 cm2 -sec, pp—-480 cmle-sec C~1E18 cm?, 2=9.8 m/sec’

ECEA752 Preliminary Examination Problem

A boron diffusion into a 1 ohm-em n-type wafer results in a Gaussian profile. The
diffusion process was 20 minutes-at 1000 C in a nitrogen environment.
{A) What is the background concentration in the wafer?.
(B) What is the diffusion coefficient for boron at 1000 C?
“(C) What is the junction depth?

B , 750 -3
= AN 14 X/r. o

(e v 1) (1350 <7 /5)(/,12, co)

'. — 3 (;r - %
_ Eefir (500 xr5%) (12 73)

R) D= D, e =076 h)e
D= ) UEY xeT em e

5)__-_%bt ( fﬁiﬁ

= (Legy yre )(,fz“"’ s I [ Xta

14 .
3 Xfe .3
(Lf_i,.____—u T (‘ufgv;(m )(’2‘-“’)

y\J " 0..‘3 i;_/{ll.ﬂ"\ ‘
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Problem 23 (Specialized: Bio Eng-ECE4784) Code Number:

a) First sketch the full circuit model for the plasma membrane of an axon. Explain
the physiological origin of each of the components.
b) Write the differential equation for the total membrane current associated wzth the
- model.
' ¢)  Based on this model and looking at the curves from a voltage cIamp experiment

presented below, what is not right about the curve for the ionic current.

y N

g2 B[ww — \

B e TIME i)

N 62 f
z .

BE -5t .

28 ,

Sl e '
= 2k ] . S
z
£ COREe
%3 N NWARD CURRENT -

5
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Problem 24 (Specialized: Bio Eng-ECE4781) Code Number:

Describe three different electrode problems that can occur when measuring the human
EEG and ways to prevent each problem from producing an artifact.

Acceptable Answers:

1. The patient is usually not grounded, so EM noise is a huge problem. Twist the
electrode wires and move the first stage amplifier as close as possible to the patient.
High and low frequency noise can be band-pass filtered, but 60hz noise is close to the
frequencies of interest. A 60hz notch filter can produce significant phase shifts at lower
frequencies. It is better to use digital filtering as much as possible.

2. Itis very cominon for the EEG paste to begin drying during prolonged EEG
measurements, e.g. during surgery. If this happens, the EEG amplitudes will decrease. It
is important to periodically check each electrode impedance during prolonged
measurements :

3. Itis also very common for EEG electrodes to pull away from the scalp, which reduces
the area of contact. Again, the EEG signal will appear to decay. Pushing on each

. electrode at periodic intervals will help prevent this problem. Also, the electrode wires
can be clipped to the patient’s garment.

- Other answers will be acceptable, e.g. electrode polarization can be reduced by using a
high input impedance ampliﬁer that reduces the current passing through the electrode,
and common mode noise can be reduced by using a Differential Amplifier vmh high

Common Mode Rejection. .
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Problem 25 (Specialized: Bio Eng-ECE4782) Code Number:

Describe the pros and cons of using mult1p1e pulse stimuli as advocated by Volterra to
reveal time-dependant nonlinearities of a biological system.

Answer:

The Volterra method for analyzing a time-invariant nonlinear system uses Volterra
kernels to quantify how one pulse response can change the responses to other future
pulses. For example, during the absolute refractory period of a neuron, the neuron cannot.
respond to a second pulse stimulus. The main problem with the Volterra method is that it
takes too long to test a biological system with all of the possible spacings between two
pulses. Testing the system with three or more pulses is even worse. On the other hand,
the Volterra kernels are easy to interpret, e.g. the third-order kemel quantifies the system
nonlinearities associated with three pulses. Students will receive extra points for
remembering and writing the first few terms of the Volterra expansion.
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