Ph.D. Preliminary Examination Solutions
Fall 2010

Instructions:

1. Please check to ensure that you have a complete exam booklet. There are 25
numbered problem#&ote thatProblem 1 occupies2 pagesandProblem 3 occupies
2 pages Including the cover sheet, you should h&@epages 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 twgd 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 numbeéviUST APPEAR ON EVERY SHEET. This
includes this cover sheet, the problem statement sheets, and any additional work
sheets you turn inDO NOT write your name on any of these sheets. Use the
preprinted numbers whenever possibleMRITE LEGIBLY!!!

6. Under therules of the examination, you must cse 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 therbnt of the exam roonDO NOT TURN IN ANY SHEETS 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 Numbeni&VERY sheet you are turning in.

(c) On the section at the bottom of this paG&RCLE the problem numbers that
you are turning in for grading.

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

(e) All other material is to bglaced 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:VSDD-ECE2030) Code Number:
(a) Rewrite the functiorF =A{(B + (E {(C + D))) using only OR gates and inverters.

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

(b) Simplify the expression F AB + ABC+ BC so that F can be implemented with no
more than one OR gate-{2put), one ANDgate (2input) and one inverter.

F= A+(BC)

c) Fill in the K-map for the Boolean expression

F = ABC D + ABC + ABD+ ABCD+ ABCD
below. Give the minimized sum of products form and product of sums form expressions
for F from the kmap.

CD

AB\ 00 01 11 10
00| ; 1
01
11 1 1
10 1 |1 |1

Sum of products form:
F = AD+ ABC + ABD

Product of sums form:
F=(A+D)(B+D)(A+C+D)
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Problem 2 (Core:VSDD-ECE2030)Code Number:

Complete each design below. Be sure to label all si

Part A: Implement the following expression using

N and P type switches (NFETs and PFETSs).
out,=(A-B+C)D

Out

gnals.
Part B: Implement a transparent latch using only
basic gates (AND, OR, NAND, NOR, and NOT).
IN Y |ouT ouT
A0[lQ Q
A1l A A

ouT

ouT

EN

Part C: Determine the appropriate expression for
this mixed logic design. How many transistors are
required?

Qut

# transistors =8+ 6 +4 +4 x 2= 26T

ECE Prelim Fall 2010

Part D: Reimplement the design in Part C using
only NAND gates. How many transistors are
required?

Qut

*)

# transistors =6+2x4 +2x2=18T
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Problem 3 (Core:CSSECE3055) Code Number:
ECE3055 problem Fall’2010 solution

Given a 32-bit MIPS processor consists of five pipeline stages (shown in the next page) is
executing the following program. Also given is the MIPS ISA encoding. The corresponding
ALUop control signals are provided in Table 1. Currently, the PC of the instruction in the WB
stage (addi) is 0x1401BCDS. Please fill the blanks with the resulting values. Assume each data
memory byte is loaded with the least significant byte of its own address. For example, a byte at
OxFFFFFFO1 contains 0x01. Assume that each register is initialized to the value equal to its own
register ID number prior to the execution. Also assume that a “register write” takes place (the first
half cycle) prior to a “register read” (the second half) when accessing the same register in the ID
stage. Assume there is no branch prediction mechanism and also assume that there is a pipeline
tflush mechanism (not shown) to turn speculative instructions to NULL.

Xor $2, $1, s1
0x%1401BCDS : addi $5, $2, 0x12DC
Ll: beg $5, $2, L2
1w $22, 8(55)
add $23, $15, $16
add $22, $23, $22
addi $6, $5, 0x100
sw $22, (s8)
3 Ll
L2: sub  $22, $23, $10
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Please fill “Hex” for data signals and binary for control signals and ‘x’ for don’t care.

Input value to the “PC” in the IF stage

0x1401BCEC

“Read Data 17 in the ID stage

0xF (or 15)

Output of the MUX3 in the EX stage

0x16 (or 22)

Output of the main ALU in the EX stage

0x000012E4

“PCSrc” in the IF stage

0

EX[3:1] (3 bits) in the EX stage

0

OpMux1[1:0] in the EX stage

b’10 (or 2)

OpMux2[1:0] in the EX stage

b’01 (or 1)

M[2:0] in the MEM stage

WB[1:0] in the WB stage

b’100 or 4 b’10 (or 2)
Instruction ALUop[1] ALUop[0]
Arithmetic | 0
“Tw” 0 0
“sw” 0 0
“bne” 1 1

Table 1. ALU Signal Definition
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IF D EX MEM WB
MEX
3 By
»{Control f m_MLJ] MEM/WB
[ be o F—
e 2] ‘ M1 wE——WB[1]
[FID EX[0) ] M[0] ] WBI0]
A Branch
L
U
i [RegWrite
| Rd Regl L L4
Read MemWrite
[ —pwiRd Reg2 dara 1] ® l}en(_ -l
. P Address data
Write Reg
. Read
i Write data 2 1 Data ]
p [Fefadde data Memory
[
Instruction c Write
Inst[25:21] Ppata
Memory MemRead
Fy
Inst[15:0] -
% Ctrl
=
Inst[20:16] )
U
Tast{15:11] X l
3 | I— I
4&0{1\'3{[{ |
Logic
31 25 20 15 10 5
R Format | op | 18 | It | rd ‘ shamr| func | rd=rs op 1t
31 25 20 15 — A FR .
rt = offset(rs) or
I Format | op | 18 | 1t | offset | (
rt=r1s op offset
31 25
J Format | op | 26-bit address | op address
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Problem 4 (Core:VSDD-ECE3060)Code Number:

Problem
Consider the following Boolean network. Assume that the load at all inputs is C;,, and
the load at all outputs is 18C;,, where Cj, 1s the input capacitance of a minimum size
inverter. Use fanout for branching factor calculation.

— » T oT——
P %

>O M g
o Do—jo_—oz

The logic circuit

0 T 0 Qa

Consider P=a+bc+d .

(a) First consider P needs to be implemented as a single CMOS complex gate. Draw the
complex gate implementation (CMOS circuit only) and compute the logical effort of
input ‘a’. You need to size the NMOS and PMOS devices in P so that the output
resistance is the same as that of an inverter with an NMOS W/L = 1 and PMOS W/L
= 2 (You can put the numbers on the transistor diagram).

(b) Compute the path effort (F) for the path from Il to O2. Note ‘a’ input of P is used in
the path. Remember the path effort (F) is defined as F=GBH where, G is the path
logical effort, B is the path branch effort, and H is the path electrical effort.

(c) You are now allowed to implement P as a network of gates (you can use NOR2,
NAND2, and INV gates). Provide a design for P that can reduce the path effort from
I1 to O2 as much as possible [compared to the result in part (b)].
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Solution
P=a+bc+d
Part (a)

— ~ pp

L —IC6 € Jb—c
d—-—olc

= 933-3
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Part (c)

We need to reduce as much as possible. Since NAND?2 has the lower logical effort than
NOR2 and inverter has logical effort of 1, we want to ensure the only gate between ‘a’
and the output of P are NAND2 and INV.

b— be

d_>o_,73) Dobc+d
o Dians

P=a+bc+d=a+bc+d =a(bc+d)
g . =4/3

F=§><2xi><2x§x2x18
3 3

3

:§x2><4x2><5x2x2:@=533.33
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Problem 5 (Core: E&M-ECE3025) Code Number:

Prelim Problem, ECE 3025

Consider an air-filled coaxial transmission line having inner radius a, outer radius b, and unit length
in the z direction. Compare this to an air-filled parallel-plate transmission line having plate width,
w, plate separation d, and having unit length in z.

a. Express the ratio b/a in terms of the ratio d/w, such that the two structures will store the
same energy for a given applied voltage.

EW«[&N il =D {’”«J/(Z«-/Mw—uza

SL' 2W€ _ é‘:(i’ — i B C\?NTC‘/W
L (v ) a

b. Suppose that w >> d. Find the approximate coaxial conductor spacing, b — a, such that the
capacitances of the two structures are the same. How do the capacitor volumes compare in
this case?

¢ Kd/w

i 2ccd b
L\HJJI % <L e GO B i:, = e
I S N — L~ d iﬁa‘>
2 X © Tewe b-a ( W

&
Pow Vo= -CBal = -G
b ©

f,: *—, Conelek y /,‘1 Ascreanas, «—\,V“j c 2

3 >E (= €=<)

ECE Prelim Fall 2010 10 Georgia Institute of Technology



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

- LA
3. AP

In lossy, dielectric medinm, a 300-MHz plane wave is characterized by the magnetic

field phasor
=(%-j48) e e d% [A/m)
(a) Assuming that the complex dielectric constant of the medium can be expressed as
€ = € — j€' = €,(€]. — jeif), calculate the parameters €, and €/
[Use pto =4 % 7 x 1077 [H/m] and €, = 1079 / (36 7) {F/m} |

d=2 VM B vadlm §* (A+jR) = —w r& =>

2 2 ’
=)§‘2.-*(3 :-—-wt\)“é = - lr\E Er :mé-r: Cg’—.lﬁ'“"— =195
Zap = " zi’?“’ Fo €. &x " wOY g
ZE =& = 23R ~ o a4
w-;'?_h'-? = 21 oo x40® Y‘GJ(M Wz,"\géa -

(b) Calculate the complex intrinsic impedance of the medium, nc:
a w 42,6
«, :r_—(—’_“‘“_..o__,_____: pen o)
CTVET Ve Gr-1ed) € L]

(c) Calculate the phasor expression for the electric ﬁeld

o . 9
2. GxH = 2s6e3® §x (R-j4D)e e
37 J\'LG

/K

—25¢.9 (2 +) ) o~ o™

(d) Determine the dls’cance at which the magnetic field amplitude has been reduced by 40 dB.
=2y _ -2y
~40db =30 Lag | (‘E \) Qobs, () =2 =l (e )

-"'—7--2 = —Z\r Qo&:e) =) \{ -

= — = 2 30w
+ta&°e

(e) Determine the distance at which the power density has been reduced by 40 dB.

~hody = 108y, (3 )=10g, () 24 = b (e7)

~2.30wm

-4 = Uyl e) = 1=t g e
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Problem 7 (Core: EDA-ECE2040) Code Number:
Find i (t) for t>0 in the following circuit whenvs(t):2u(t) Vv, VC(O')Zl V, and

i(0)=0A

I (tL
1H .
vs(t)CD %Fmvc_(t)
3W

2

+
nlk

Therefore,

Consequently,
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Problem 8 (Core: EDA-ECE3050) Code Number:

a. In less than six words, state the purpose of C. (1 pts)
Answer: Couples ac signals.

b. (Circle your choice.) C; introduces a zere / a pole / both a zero
and a pole / neither of these to ac gain vy, / vy, (2 pts)

Answer: Both a zero and a pole

c. Assuming capacitances are infinitely high, draw the ac-
equivalent circuit. (Label all circuit components and replace Qg
with its ac equivalent.) (4 pts)

Answer:
Veb
o
GAM \/—'—T*:
Vin L
R

d. (Circle your choice.) In mapping the circuit to the ac equivalent shown below, the test condition that must be
applied to the circuit above to derive Royr is ¥iv.=0/vin=0open /viN'=0/vix' = open /vo=0/vo=open. (1 pts)

ity

N % v Answer: viy' =0

e. Assuming capacitances are infinitely high, derive an expression for small-signal gain v, / vy. (2 pts)
Vo Ve benvJulRIRY) g, RS IR,)

Answer: —= = =
vo voov. e v ERGIR=v, g [ RR 1
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Problem 9 (Core: PowerECE3070) Code Number:

1. A 3-phase. 60 Hz. Y-connccted, 2Z-pole. 100 MV AL 24 kV synchronous generator 1s
synchronized w0 a 24 RV network. following which its active power output is increased 1
73 MW 1 no other changes are madde. 1ts synchronous reactance is X = 0.5 Ohms pes
phase. and stator resistance is negligible. calculate by what percentage should the rotor
current be increased so that the generator operates at unity power factor, Also, caleulate
what was the reactive power produced prior 10 the adjustment of the rotor current

T v
P S 000, M o 1, ROVRE A

(":) FasVE B T = 2. 2. (2Y,2%9/\V2)
E = v+ (=@ = \) (%’93—4— (o.siilsow.zzf: [2,88%.7Y v

DE e i |3,€8S.=}v.-(2"<°"°/ﬁ)_ 6.00 2
[ " S 2yee0/2 e
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o/o (‘uor(o-y'— - o,

Q Q =2
VPR Y 3ingc
~ 5‘EV

—V _ [,g03.8] /I.%S"

> & b
T R

1 & B

—
-

J
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<R

SR
0 e 05 VA
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Problem 10 (Core: PowerECE3070) Code Number:
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Problem 11 (Core: MicrosystemsECE3040) Code Number:
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Problem 12 (Core: MicrosystemsECE3080) Code Number:
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Problem 13 (Core: DSPECE2025) CodeNumber:
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