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1. (10%) (a) Describe the Early effect in MOSFETS and explain its occurrence mechanism (5%). (b) Define

depletion-mode MOSFETs and highlight the distinctions from enhancement-mode MOSFETS (5%).

2. (20%) A full-wave bridge-rectifier circuit with a 1-kQ load operates from a 120 V (rms) 60 Iz household
supply through a 12-to-1 step down transformer having a single secondary winding. It uses four diodes as
shown in Figure 1, each of which can be modeled to have a 0.7 V drop for any current.

(a) What is the peak value of the rectified voltage across the load (5%)?

(b) For what fraction of a cycle does each diode conduct (5%)?

(c) What is the peak inverse voltage of each diode (5%)?

(d) If the ripple voltage is to be smaller than 0.3 V, determine the required value of the filter capac1tor in
parallel with the load resistance (5%).

3. (20%) The NMOS and PMOS transistors in the circuit of Figure 2 are matched with ka=ky= 1 mA/V?
and V= [Vipl= 1 V. Please find ipn and ipp for (a) vi= 5V (10%) and (b) vi = 2.5 V (10%).

4, (30%) Figure 3 shows a three-stage amplifier in which the stages are directly coupled. For our purposes
here, we shall assume that the capacitors are large enough to act as perfect short circuits at all signal
frequencies of interest. Thermal voltage Vris 25 mV,

(a) Find the dc collector current in each of the three transistors. Assume [Vge | = 0.7 V (forward bias), f =
100, and neglect the Early effect (15%).

(b) Find the input resistance Rin and the output resistance Rou (10%).

(c) Evaluate the voltage gain vo/vi (5%).

5. (20%) The transistors in the circuit of Figure 4 have = 100, Early voltage Va =100 V, and C, = 0.2
pF. At a bias current of 0.1 mA, fr = 200 MHz. Thermal voltage V' is 25 mV. Find an estimate of the

upper 3-dB frequency fx by the method of open-circuit time constants (list each time constant),
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Please note that all calculation answers must include the unit and calculation process.

Dielectric permittivity of Si: gsi = 11.7 x 8.85 x 107 F/cm

Dielectric permittivity of $iO2: esioz = 3.9 x 8.85 x 107 F/em

Energy bandgap of Si: Ez =1.12 eV.

Charge q= 1.6 x 107 C.

Thermal energy kT =259 meV at T =300 K

Electron affinity of Si: qy =4.01 eV.

Intrinsic concentration of Si at T =300 K: nj = 1.5 x 101% em™.

1. (10%) Please explain what a degenerate semiconductor is and the freeze-out effect.

2. (5%) How to achieve ohmic contact for a metal/semiconductor junction? Please provide two methods.

3. (20%) The values of effective density of states function in the conduction band N. and valence band
Ny for a semiconductor at T =300 K are 3 x 10" cm™ and 2 x 10'? em?, respectively.

(a) Calculate the intrinsic concentration of the semiconductor at T = 300 K and 400K, respectively.
Assume the bandgap energy of the semiconductor is 1 eV and does not vary over this temperature
range. (10%) ‘

(b) Based on the previous question, if this semiconductor is doped with both donor Ny = 10" ¢cm™ and
acceptor Na = 3 x 10" em™, What are the carrier concentrations of electrons and holes at T = 400 K?
(10%)

4. (15%) A semiconductor Hall device at T = 300 K has following geometry as shown in Fig. 1: d = 107
cm, W=10.1 cm, and L = 1 cm. The following parameters are measured: I = 5mA, Vyx =10V, Vg =
~5mV, and B; = 0.1 tesla. Determine (a) conductivity type (please explain whether this semiconductor
is of n-type or p-type) (5%), (b) majority concentration (5%), and {(¢) majority carrier mobility. (5%)

5. {30%) Consider a uniformly doped silicon pn junction at T = 300 K. At zero bias, 20 percent of the
total space charge region is in the n-region. The built-in potential barrier is Vi = 0.75 V.

(a) Determine dopant concentration and depletion width in p-region and n-region, respectively. (i.e.
determine N, N, Xn, Xp) (20%)
(b) Determine the maximum electric field (Emax) and junction capacitance density Cj. (10%)

6. (20%) A MOS-Capacitor with metal work function 4.6 eV, gate insulator SiOz with thickness 15 nm,
silicon substrate with boron doped (p-type) to 1 x 10'7 cm™ at T= 300 K. Please find out (a) the ideal
flat-band voltage Vep (5%), (b) flat-band capacitance density (5%), (c) ideal threshold voltage Vru
(5%), and (d) saturated depletion. width (5%). The Vu means the MOC-Cap is biased into strong
inversion.
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Use the Fourier series analysis equation to calculate the coefficients a; (when k # 0) for the
continuous-time periodic signal

<
A {_ig‘ 2 o E : ; with fundamental frequency w, = .
(A) Ei—ﬂe’jk”/z Sin(%-r«) (B) %e‘f’m sin(km)
5 3 .k
(C) —e IR sin(lerr) D) —e Jierf2 Sm(jn)

Let x,(t) be a continuous-time periodic signal with fundamental frequency w; and Fourier
coefficients a;. Given that x,(t) = x,(1 — t) + x;(t — 1). Find a relationship between the Fourier
series coefficients b, of x,(¢t) and the coefficients ay.

(A) by = e *1(ay, + a_y) (B) by = e™/*“1(ay, — a_y)

(C) by, = jkw;(ay + a_y) (D) by = jkw,(ax — a—y)

What is the Fourier transform of e ~21t=119

(A) 2e77/9/(4 + w?) (B)4e/?/(4+ w?) (C)4e™ /(2 + jw) (D) 2719 /(2 + jo)

Use the Fourier transform synthesis equation to determine the inverse Fourier transforms of X(jw) =
2m6(w) + 6 (w — 4m) + w6 (w + 41).
(A) 1+ mcos(4nt) (B) 1 + sin(4nt) (C) 1 + cos(4mt) (D) 1 + msin(4nt)

Use the Fourier transform synthesis equation to determine the inverse Fourier transforms of
2, D2w=2
X(jw)=4-2,-2<w<0
0, |w|l>2
(A) (4jcos?t)/mt  (B) (4sin?t)/mt  (C) (4jsin’t)/mt (D) (4cos?t)/mt

What is the Laplace transform of e " 5fu(t — 1)?
(A)eCH) /(s +5)  (B)e /(s +5) (C)e CH)/(s—5) (D)e®*)/(s—5)
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7. Determine the inverse Laplace transform of
28 +.2
X(s) ( ) Re{s} > —3.

TS+ 7s+12
(A) de™Mu(=t) — 2e 3tu(—t)  (B) 4e*u(t) — 2e3tu(t)
(C) 4e*tu(—t) — 2e3tu(—t) (D) 4e~*u(t) — 2e3tu(t)

8. One corner of a rectangular parallelepiped is at (1,1, 1), and three incident sides extend from this
point to (=2,1,6), (3,5,7) and (0, 1, 6). Please identify the volume of this solid.
(A) 20 (B) 40 (C)18 (D) 42
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9. Consider the wave equation a®u,, = u,, for a string tied to the x-axis at x = 0 and at x = 7. When
the string starts to vibrate, the motion takes place in the xu-plane. Let u(x,t) denote the vertical
displacement from the x-axis for t > 0 and a? be a real constant. The initial displacement is f (x),
0 < x < m and the string is released from rest. Given the product solution u(x,t) = X(x)T(t), which
of the following is/are correct?

(A) The wave equation of this string is elliptic.

(B) All the boundary conditions belong to Dirichlet conditions,
(C) The initial condition yields T'(0) = 0.

(D) This is referred to as a boundary-value problem.

(E) One of the boundary conditions yields X (0) = 7.

10. Assume the product solution to the wave equation in Question 9 is found as u(x,t) = A-cos(B-at)-
sin(Cx). If the initial displacement £ (x) is a sinusoidal wave with the amplitude of 1/100 and the
frequency of 3/2m, which of the following is/are correct?

(A) There exists a trivial solution.

(B) B = arbitratry integer.

(C)C = 3.

(D) There is no motion at x = 21/3 and all other x points vibrate vertically over time.
(E) The vertical displacement is reversed (—f(x)) when t = kr Jo k=123

1. Consider the differential equation P'(t) = aP(t) — bP(t)?with the initial condition of P(0) = p,,
where a and b are positive real constants. Which of the following is INCORRECT?
(A) This is a linear differential equation.
(B) This is a Bernoulli’s equation.
(C) None of the critical points are attractors.
(D)When t — oo, P(t) = a/b.
(E) The solution interval is (—oo, o0),
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12. Given X' = ( 1 3) X, which of the following is correct?

(A) There are two distinct eigenvalues.

(B) The stationary point is a repeller.

(C) All solutions will converge onto the origin.

(D) One of the eigenvalues is 4, = —1.

(E) One of the solution vectors is K; = (De_“.

13. Define the matrix A as pq’, where p and q are nonzero vectors in R™*, Which of the following

statements are true?

(A) rank(A) may be 2.

(B) q is an eigenvector of A.

(C) q7p is an eigenvalue of A.

(D) The linear equation Ax = 0 has infinitely many solutions.

(E) The linear equation Ax = b with b = q has infinitely many solutions.

14. Define the matrix M as I — 2uu”, where u is a unit vector in R™*?, meaning u”u = 1. Which of the
following statements are true?

(A)M = M7,

(B)M™M = 1.

(COOM =M1,

(D)det(M) = 1.

(E) M has eigenvalues that are complex with non-zero real components.

15. Let N(A) denote the null space of A, and R(A) denote the range space of A. Suppose u € R(A), v €
N(AT), and both u and v are non-zero. Define ||x|| = /(x, x). Suppose

X, =u+2v, X, =2u—v, [|x]12 =29, ||x,]|*? =41
Which of the following statements are true?
(A) [lull = V5.
(B) [Jull = 3.
© vl =7.
D) lIvll = V5.
@) lhall + lIvll = 8.

16. Let {u;, uy, uz} be an orthogonal basis for an inner product space. Suppose ||uy|| = 2, |Ju,|| = 3,
llus|l = 5.If x = cyu; + c,u, + c3uy is a vector with the properties (x, uy) = 12, ||x]|? = 145, and
the orthogonal projection of x onto u3 is —2u5, then which of the following statements are true?
(A)Cl =12, (B) £g = 2, (C) g = -2, (D) (X, UZ) =18, (E) (X, U3) =50
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17. Let L:V — W bealinear transformation, and £ = {v,v,,v3} and F = {wy, w,, w3} be ordered bases
for V and W, respectively. Suppose A is the matrix representing L relative to E and F, and

1 2 7
3 4 8|
5 6 9

If L(vy + 2v;) = c; Wy + c;W, + c3W3, then which of the following statements are true?

(A)Cl —_ 7, (B) Cy; = 11, (C) Cy = 17, (D) Cq + Cy + C3 = 34, (E) Cq + Cy + C3 = 40

A=

18. Let
1 =2 0
1o 1 1
A‘—1 3 2|
2 0 3

Which of the following vectors are in the column space of AAT?
Ay [0.2.8,71F

B) [3,0,2,4]F

(C©) [3,1,0,4]"

(D) [5,4,-1,2]7

(E) [-1,2,4,5]"

19. Define i = v—1. Suppose fc f(2)dz = a + bi, where f(z) = (z + 2)/z and C is the semicircle
z=2e%(0 <60 < ). Which of the following statements are true?

(A)a=—4, B)a=2, (C)b=—2m, (D)b=0, (E) b =2m

20. Define i = v—1. Suppose [, f(2)dz = a + bi, where f(z) = 1/(z* + 4) and C is the positively
oriented circle [z — i| = 2. Which of the following statements are true?

(A)a=m/8, B)a=rmn/4, (C)a=mn/2, D)b=n/8, (E)b=r/4
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1. cos?x, sin? x, & are linearly independent.

{A) True (B) False
2. cosh?2x, e*,e”*, e?* are. linearly independent.
(A) True (B) False
3
3. x = 0 is an ordinary point of the differential equation vx %:6—321 + 5xz % + xﬁ = 0.
(A) True (B) False

4. Consider the differential equation y’ + 2xy* = 0, if the initial condition y(1/2) = —4 is provided, a
unique solution must exist.
(A) True (B) False

5. Following question 4, if the initial condition y(-2) =1 /2. The largest solution interval is

(A) (—00,0) ®) (o, —v2Z) (©) (==, 0) (D) (—o,—1/V2)
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6. GivenX' = (_5 4

(A) There are two distinct eigenvalues.

(B) The stationary point is an attractor.

(C) All solutions will converge onto the origin.
(D) One of the eigenvalues is 4, = 1.

(E) One of the solution vectors is K; = (125) te™t.

) X, which of the following is correct?

7. Consider the wave equation auUyy = Ug for a string tied to the x-axis atx = 0 and at x = . When
the string starts to vibrate, the motion takes place in the xu-plane. Let u(x, t) denote the vertical
displacement from the x-axis for t > 0 and a? be a real constant, The initial displacement is f(x), 0 <
x < 17 and the string is released from rest. Given the product solution u(x, t) = X(x)T(t), which of
the following is/are correct? '

(A) The wave equation of this string is elliptic.

(B) All the boundary conditions belong to Dirichlet conditions.
(C) This is referred to as a boundary-value problem.

(D) The initial condition yields T7(0) = 0.

(E) One of the boundary conditions yields X(0) = 7.
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8. Assume the product solution to the wave equation in Question 7 is found as u(x,t) = A * cos(B - at) *
sin(Cx). If the initial displacement f(x) is a sinusoidal wave with the amplitude of 1/100 and the
frequency of 3/2m, which of the following is/are correct?

{A) There exists a trivial solution.

(B) B = arbitratry integer.

(C)C =3. _

(D) There is no motion at x = 27/3 and all other x points vibrate vertically over time.
(E) The vertical displacement is reversed (—f (x)) when t = kr/a, k = 1,2,3...

9. Consider x = 1~ x* with the initial conditions of x(0) = 1 and x'(0) = 3. If the approximate
solution is in the form of x(t) = A + Bt + Ct? + Dt® + Et* + Ft5, which of the following is/are
correct?

(A) The differential equation is an autonomous equation.
(B)B +E =11/4.

(CYC+D=-7/2.

(D) The combination of A + B + € = 2.

(E) The combinationof D + E + F = 7/5.

10. Find the solution of the following equations. If ¢t is the independent variable, which of the following
is/fare WRONG?

yi=—2y1—y2—5y;
vy = 25y; — 7y,
¥3 =2 +3y3

(A) There are three distinct eigenvalues.

(B) There are three linearly independent solution vectors.

(C) The number of the corresponding eigenvectors is less than 3.

(D) One of the solution vectors is shown below where a, + b, + ¢, +d = —6.
(a1t + a,
blt + bz} edt.
NoR 2 7
(E) One of the solution vectors is shown below where e + f +y + 8 = —5.
o
ﬁ] e%,
LY
2 )
11. Consider the differential equation g—ﬁ - %% + xiz y = f(x). Which of the following is/are correct?

(A)Consider f(x) = 0. The solution interval is (—o0, o0).

(B) Consider f(x) = 0 and the initial conditions of y(—2) = 8 and y'(—2) = 0. The solution
interval is {—oo, 0].

(C) Consider f(x) = 0 and the initial conditions of y(~2) =8 and y'(—2) = 0. The solution
y(x) = 6x% -+ 2x3.

2
(D) Consider f(x) = IH}E—Z) The solution y(x) = ¢;x? + c,x® + % In(x) + %

. In(x?) . o ax , 1 5
(E) Consider f(x} = —7 - The solution y(x) = c,e®* + ce™* + SX+ o
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12. Consider y' = y? — 6y + 9. Which of the following is/are correct?
(A) A critical point is an attractor.
(B) There is one equilibrium solution.
(C) Given the initial condition of y(0) = 3/2, when x — 0, y(x) = o0,
(D) Given the initial condition of y(0) = 6, when x — 0, y(x) - 3.
(E) Given the initial condition of y(0) = 6, the solution interval is (~o0,1/3).

13. Consider the following differential equation. If the solution is in the form of A-e¥sin(y) + B
e* cos(y) + Cx? + Dy? + Ex + Fy + G, which of the following is/are correct?

e* sin(y) — 2x + [e¥ cos(¥) + 1]y’ =0

(A)A+B = 0.
(B)C+D = 0.
(C)C+F =0.

(D)A+B+C=0.
(E)D+E+F=0.

14. Define the matrix A as py”, where p and g are nonzero vectors in R™*1, Which of the following
statements are true?
(A) rank(A) may be 2.
(B) q is an eigenvector of A.
(C) q7p is an eigenvalue of A.
(D) The linear equation Ax = 0 has infinitely many solutions.
(E) The linear equation AX = b with b = q has infinitely many solutions.

15. Define the matrix M as I — 2uu”, where u is a unit vector in R™¥! meaning u’u = 1. Which of the
following statements are true?

(AYM = M".
(B)MTM =1
(C)M=M",

(D)det(M) = 1.
(E) M has eigenvalues that are complex with non-zero real components.

16. Let N(A) denote the null space of A, and R(A) denote the range space of A. Suppose u € R(A),
v € N(AT), and both u and v are non-zero. Define ||x|| = +/(x,X). Suppose

X, = U+ 2V, X; = 2u—v, |xgll? =29, [hl* =41

Which of the following statements are true?

(A lhall = V5.
(B) |[u]| = 3.
) livll = 7.
Oy |lvll = V5.

®) [full + [ivll = 8.

AT HEETBATHA




Brv LWAZ13EFERALHEE L EMEIN 4 2R

ABEME TRULT [ERratza]) A - 431001
WA BRMFERL T, RIS (R - bR ) (GEEH) RSAF4H

17. Let {uy, uy, us} be an orthogonal basis for an inner product space. Suppose ||uy]] = 2, |Ju,|| = 3,
llusil = 5. If x = cyuy + cau; + czu; is a vecior with the properties {x, uy) =12, ||x|[? = 145,
and the orthogonal projection of x onto u5 is —2ug, then which of the following statements are
true?

(A)er =12, B)c; =2, (O)c3 = -2, (D) {x, wp) =18, (E) (x, ug) =50
18. Let L:V — W be a linear transformation, and E = {v;,v;, v} and F = {wy, w,, w5} be ordered
bases for V and W, respectively. Suppose A is the matrix representing L relative to E and F, and
1 2 7
A=13 4 8|
5 6 9
If L(wy + 2v,) = cywy + ¢;W; + c3W3, then which of the following statements are true?
(A)Cl = 7, (B) Cr = 11, (C) C3 = 17, (D) Cq + Cy -+ C3 = 34’, (E) c+cy+ C3 = 40
19. Let
1 -2 0
0o 1 1
A= -1 3 2
2 0 3
Which of the following vectors are in the column space of AAT?
A 10,2,3,717
(B) [3,0,2,4]7
©) [3,1,0,4]"
(D) [5,4,—-1,2]*
(B} [-1,2,4,5]"

20. LetA € R3%3, A = —AT, and A is non-zero. Which of the following statements are true?
(A)trace(A) =0
(B) rank(A) = 2.

(C)rank(A) may be 3.
(D) All eigenvalues of A are real.
(E) A is a singular matrix.

21. Let A € R¥ have cigenvalues Ay, A;, Ay, indicating that all three eigenvalues are the same.
Suppose the dimension of N (A — A1) is 1, where N(A) denotes the null space of A. Which of the
following statements are true?

(A) A is diagonalizable.

(B) A is not symmetric.

(C) rank(A) > 2,

(D) A; must be a real number.

(E) Let x4 be an eigenvector of A. Then, there exists x, such that Ax, = x4 + A4;%,.

ﬁ%%ﬁﬁﬁ’%gﬁ@ ’ %%%ﬁﬁ%%%%
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23.

22, Let A € R™*™ and A is non-zero. Let dim(S) denote the dimension of a subspace S. Which of the

following statements are true?

(A)AAT is diagonalizable.

(B) All eigenvalues of AAT are positive. -

(C)dim{N(AAT)) = dim(N(ATA)).

(D)If AATx = 0, then ATx = 0.

(E) AAT can have eigenvalues that are complex, meaning their real parts are non-zero.

Let $2%2 be the set of all 2 X 2 symmetric matrices. Then $2%? is a subspace of R**?, Let
L:$%*% — §2%? be a linear operator defined as L(P) = BTP + PB, and £ = {8,,5,,S3} is an
ordered basis of $%%#, where

=l ohs:=lo sl ole=o 3

Let A be the matrix representation of L with respect to E. Denote the last two rows of A by
[az:, @22, az3] and {azq, @sp, Az3], respectively. Which of the following statements are true?

(Aaz; =1 B)a;; =6 (C)azg; =0 D)azg; =4 (BE)azgz; =4
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Problem 1. Consider the state equations (in Jordan Canonical Form) as follows:

3 0 0 0 0 0 07 1 0 a

0 3 00 0 0 O 0 1 2

0 0 31 00 90 0 0 0 1. 0 » 01 2 0
x=10 0 0 3 0 0 O|x+|3 0 1fju,y=|0 1 1 0 0 0 1f|x

0 00 0 2 1 0 1 3 2 2 01 0110

0 00 0 0 2 1 1 1 0

0 0 0 0 0 0 2 L3 3 0

~ {(a) Determine the value of a so that the system is not controllable. (5 points)
(b) Determine the value of 4 so that the system is not observable. (5 points)

Problem 2. The transfer function of a system is given by
L(f_)_ = G(s) = 3
U(s) (s=2)(s—H(s—=7)

where U and Y are the Laplace transforms of input « and output y, respectively.

(a) Find the state-space model if x; = vy, x, = ¥; and x5 = X,. (2 points)

(b) Design a state feedback u = —Kx + v with K = [K;, K, Kj] so that the

characteristic equation of the closed-loop system is s? + 552 + 85 + 6 = 0. (4 points)

(¢) When use the Luenberger type observer: £ = A% + Bu + L(y — C®) to estimate the

real state x, design the observe gain L = [L; L, L3]7 so that the roots of characteristic

polynomial of the error system are located at s = —3 & j and s = —2. (4 points)

(d) Use the dynamic output feedback u = —K & + v to compensate the system where K is

chosen as in problem (b), and £ is a solution of £ = A% + Bu + L(y — C%) with L as in

problem (c). Find the transfer function of the new closed loop system (from v to y). (5

points)

Problem 3. Consider the control system shown below:

R(s) 1 C'(s)
'—f¢<:::>“* Ge(®) s(s + 1)(s + 10) >

- A

(a) Draw the root-locus for the closed-loop with G.(s) being K. (5 points)

(b) When G.(s) is a PD compensator, design the compensator for the following time-
domain specifications (using approximation and the dominant poles): (10 points)

i) Damping ratio {=v2/2.

ii) Time constant 7 (defined as 1/{w,,) = 1 /2.

HBFELAUT  FUETOAEAAE
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Problem 4. A polynomial can be factored as (s* + as? + b)(s® + ¢s* + ds? + e) where
a, b, c,d and e are constants with >0 and 5>0. Find the condition on ¢ and b so that s* +
as® + b has just two roots on left half-plane. (5 points) In this case, if we know that s® +
cs* + ds? + e has two roots on imaginary axis, find the pair (L, I, R) where L, I, and R are

the numbers of its roots located on left half-plane, imaginary axis, and right half-plane,

respectively. (5 points)

Problem 5. A unit feedback system has the forward-path transfer function G(s) =
s e When K=1, find GM. (5 points) Find K>0 such that GM=0. (5 points)

$3+352425+6

Problem 6. A unit feedback system has the forward-path transfer function G(s) =
—————— Find the values of K and « to satisfy the following frequency domain
s24(a+1)s+a

specifications: M, = 1.05 and w, = 12 rad/sec . (5 points) Calculate the peak petrcent
overshoot of the step response and the bandwidth of the closed-loop system. (5 points)

Problem 7. For a transfer function with the following bode diagram, find PM. (5 points)
When the input is cos?(0.5¢)-cos(5¢) sin(5#), find the steady state output y,,. (5 points)

Bode Diagram

20 P . 1 ¥ r i | T l ) ’ I i) T L I T 1 L) |
0 o ?"?%T"“-mw»««-w_ww;“:;: S -
) ) "“mm
S <
.;% -0 e, - —
k Ty
£ ‘60 - "‘.‘M“"m ™
%‘3 : M\Nw‘
= .80 F ; Lo e -
"120 i I L | bt} r i L i I T | i b L i L ! Nl‘\\\.-\“h
. “‘“\“\_ .
I :
. \\ ' o
ud N
! 180 L ‘ Y
g e N
9 | .
8 225 pe o e
Q. T
19-1 100 10°

Frequency {rad/s)
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Problem 8. Consider the following circuit where the block represents a device with the

current-voltage characteristic function f. With x; = v, x, = i, write down the state space

model. (3 points) When v(t) = 1 is constant, determine the equilibrium point in case of

Ax)=x" — x3 + 1. (2 points) Find the linearized system at this equilibrium point. (5
points).

i(t) = f(ve)

Problem 9. Consider the dynamic equations %%—Q = Ax(t) + Bu(t), y(t) = Cx(t)

where

31 0 1
A=10 3 0],B=O,C=[l 0 al.

1 2 -1 1

Can the system be transferred into controllability canonical form (CCF)? (2 points) Find
the all possible values of a so that the system is not observable. (3 points) Find the
transformation P so that x(f) = Px(t) could transform the state equation into the
observability canonical form (OCF) when a=1. (5 points)

HEFEAND  FUETBATAA
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1. Bdex B A A1 3 100 24 o £1001/4) modx - FF A3 EBE (BRELHS) - BHe
REEARABEERANR  BAKXENEL “Ans:” s #l4o © “Ans: 1237« ZFEBERKEABFE
EBEELRUNEFELEHE  AeSs - (204)

2. 84 G BB ER (Simple Graph) » B G # N AR H M @%@ 4 ( Connected
Component) > £ G RAZH (LRERMEERSESLEN) - FEHATERE (FBER
o) c BFRELARFELRALEAHE > B AZEAEL “Ans” > fde | “Ans: 1237 « 3%
REFTRRBERERALEMAREEAHE > RlagtsSy- (204)

3. BE—EERE (SEBRERE) AR BRGETR KAl okEEz =Rz #HR (UK
BosEgE) - FEHERE (FBEFHS) - EFREERRALRMLELEE B4
BAEMZEL “Ans” > 44w 1 “Ans: 1237« ZERTRAREEFELTRERTAHE > Ao
5o (204)

b NTIRPER -G - HBIAPIIE - RGN - SHREFIE - SIREFIN > FRLZIANH
B MASBEEGAMERETARAE 5 H3tEAE (BREFHS) - LHEE
TAEEMEFANE  BALENELE “Ans™ » 4o @ “Ans: 1237« £ BRTRASEEE
AEERKRERAHE A€ 545 (204)

5. @4a F(n) = 2F(n/2) + nlogn » & Big-Theta » BpO(F(m)) - 3 % B3 K0 (HBRRH) i
FRREAFEELRLALTAHE  FAZEMNZ L “Ans™ 5 #l4w | “Ans: 1237« F HE TRk
MR ETEABHREEEEE MR S45 - (204
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1.

[HLRE 15 47]

1 BFEEM C/ICHESFrEEBAy Rz (function) - F %y maxHeapify » CHEEXIT - Bk
max-heap #E5EE n (BB - FHEBAAS KRS » fHEERS] A A[0] £ Aln-1]1Y
M5 o EEEEDL AL 118945/ N B root Y subtree EAKSE: max-heap ~ DL A[1 TRV /NEUR root BY
subtree 4 4% 2 max-heap {2 A[1]FAE3 [ max-heap order property ; ZEIEREE I T
Bzt maxHeapify (A, i, n) » TIREE DL A[ 114 root BY subtree 3¢5 max-heap -

HIE 0 42 EMF B A n TR 0 BIVIERE FEE B[0]Z Bn-1]HIHTT ;
FE%] B HETERYIE n (TS A (TAHRE - [RENESFI maxHeapify Kz » IELA recursive
#9750 258 buildMaxHeap I, » EFE ML buildMaxHeap(B, @, n)iF > ERERFR
H n{BICRIVRES B SR & root & B[@]HY max-heap °
20 (1) FREMER C ~ C++ ~ B pseudo-code 85 buildMaxHeap (R ; EAEHHANEE B
gy BEOVESRSRIIE —ERREHATERNEE - (2) 2052 buildMaxHeap EFAAZLL
recursive JT R E » BAIGAMFI maxHeapify pha - FERHDA 0 3515 -

void maxHeapify(unsigned int A[], int i, int n) {
int largest;
/* A[largest] &R AlLi], A[leftChild], A[rightChild]
E={EERRARYTTR ¢/
int leftChild; // A[leftChild] 2 A[i] FYAE/NE
int rightchild; // A[rightChild] J& A[i] FYG/NEE
while (true) {
largest = i;
leftChild = 2 * i + 1;
rightChild = 2 * 1 + 2;
if (leftChild < n and A[leftChild] > A[largest])
largest = leftChild;
if (rightChild < n and A[rightChild] > A[largest])
largest = rightChild;
if (largest == i)
break;
else {
swap(A[i], A[largest]);
/] Z#EA[L] f1A[largest] YA
i = largest;
}
}
o

E 1 : maxHeapify A=,

REREERT  FEEFRATHA
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2.

[FERE 45 53 BO/NE 154 BO/INE 155 - BO/NE 1557]
®ﬁiaﬁaﬁ:%;ga@ﬁffa%ﬁaﬁz%ﬁf(n):%+§+~;—+---+%: : -f.—=®(f(n)) » Hlin 2 1 REVAN

input size * KU f(n) * EE 1 f(n) DERHRE (simplest) H -

@ BREEE AFVREDS BIERARES O ErEREDA A THTRI A ™« HE: B
EVERTHEE] fy log(n”) » n & input size » {RE% n FYERA » I HIRFIHIFREEREHABESR
EINFE > HER IR ER R R AT 0T 7

@ 258 2 29zl FL - BERFET] ABYR/NE 1o BRF F2(A, 0, n-1) I TREIR 0) -
FL(A, 8, n-1)EVEITHIE S ©(f () « HEBHREL f(n) 3 [(n) VRRFERIF -

i B NETORARIEESRE  EEMEEE  EHEEERE  RIER00EE -

void F1(int A[], int first, int last) {
if (first ¢ last) {
int middle = (first + last) / 2;
F1(A, first, middle);
F1(A, middle + 1, last);
F2{A, first, last);
}
¥

21 Fl C/CHEEE PR AR FL

[ERE1053]) 62 A=3 B=2~C=5~D=4~E=6 KU TF&F (postfix) EHZHY
FPEAER - i IERENVREEREIEE  EEEEEE - LM 0gEE -

CDE-+ABC+ * -

[EhRE 10 53] By A TR SR IERN - BERZREM » ERE  HERETT
n{ELE  Hibn<m - IR A BNTTEOEI T - I T RRE & I LAER
binary search 7F O(log n) AP AIERET] A BIHR T H TR k « A0 » HEFFIEIE
B - BMEARE RIS EE - AR — BT ZE RN O(n) « ZRIIANE - 7£ doubly
linked lst #25 » 7S REERFENELT » MASMER—ET=ETRAERF OO - a8
TR & AR BRFIETTR B R IE50 H 248 ERFEY doubly linked list L #GHAEF binary
search » BETSTE O(logn) IYRFRETHIE L BEHREHTE £ ? SEBREVEEE - MR R
TRENTTEATREE © B HBEEE - AR - IR0 9518 -

VAFHAEE FHETERTAHA
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5. [BERE 204y 0 EQ@/NE 1045 » B5Q/NE 10 47]
Graph 2% (node) 138 (edge) FifBREVEES - [B 3 KH— undirected graph HY adjacency-
lists » EFEEIELF B node 1Y ID (435%) - |
@ B HIENTT depth-first search » { node @ FE4AFERHFIA nodes FTHRFFEELEEY node Ek -
@ 55 Hi2hfT breadth-first search + £ node @ FAAFEEHFTA nodes FTkFFEARY node 4R5%
SEE L E—{ node H%{HHE (neighboring nodes ) & » FESFEERFRDT » MERE
adjacency-list fEEEHAVFFERD -

e_-_‘;l » 5
1_:9 » 2 » 3
2__;1 » 4
3_>1 » 4
4_>2 » 3 » 6
5_>a > 6
5_>4 » 5

3 : undirected graph (1Y adjacency-lists » EL P BFFR node BY4RSE ~ T/ 4 F2/R NULL

BAFMANE HULFTERFTAHE
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1. InFig. 1, please prove that the maximum power can be transferred to Ry is V5 / 4R;, . And this
happens when Rm = Ry, (10%)

R
AN .
)1
V(O 2R
Fig. 1

2. InFig. 2, by varying R, different current values of 7 are listed in the table. (10%)
{a) What value of R is required to cause 1 =2 mA? (5%)
(b) Given R > 0, what is the maximum possible value of 7 7 (5%)

| R | i
éUn‘knm.Nn R 2kQ | 4 mA
Circuit 4 kO 3 mA

Fig. 2

3. For the circuit in Fig. 3, element 4 is a nonlinear resistor with the feature of i = v*. Please determine
the values of v and [ respectively. (10%)

I —

sAQ) 1003V [

Fig. 3

4. Asin Fig. 4, assuming that the switch has been closed for a long time, determine 71.(¢) for #> 0. (10%)

R

I

1sv() 1a(1) 802 4n ‘
Fig. 4
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5. AsinFig. 5, the switch has been open for a long time, find the output voltage v,(f) for £ > 0. (10%)

(=0
>
]

M

10 Q +
6A SQ% 1H 10mEF = Vo

Fig. 5

6. For the circuit in Fig. 6, find the input impedance Zi. (10%)
40  <10Q -j85)

T Il
~W—} 1l
20 18¢Q2
Ly, 100
30 120
20
. T
1l

Fig. 6

7. Find average power consumed on 1008 resistor in Fig. 7 if i = 20s5in(50t + 30°%) A. (10%)
2V,

— o

106
WW—]

+
i, 200< V,== 100pF gzsomﬂ

Fig. 7
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8. C.alculate the phase shift of the circuit between V; and Vin in Fig. 8. (10%)

30Q 20€) 15Q2
+ =AW VWA VWA .
Vin j5Q j20Q2 U AL
Fig. 8

9. Find the Thevenin equivalent circuit at terminals -5 in the circuit of Fig. 9. (10%)

-j4Q)
1602

130
120 £45°V C_)

i8Q2

Fig. 9

10. A three-phase transmission line has an impedance of 1 + j2 £ per phase. If it supplies a load with
4200Vrms line voltage at 1 MVA 0.75 power factor (lagging), find the power loss in the line and the line
voltage at the source end. (10%)
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1.

(25%) The radius of the inner conducting sphere and the inner radius of the outer spherlcal conductor
are R and R, respectively. The voltage between these two concentric spherical conductors is V. The
space between the conductors is filled with a dielectric medium with the permittivity . Determine the
stored electrostatic energy.

(25%) The magnetic flux density vector is B = (Skx+4)a, —(3ky+10y)ay +(8kz)a, in free space.
Please determine the value of the constant £.

(10%) Write the frequency-domain Maxwell's equations with time-varying source. Deline phase
velocity and group velocity.

(15%) The magnetic field intensity of a linearly polarized uniform plane wave propagating in the +y-
direction in seawater [&- = 80, gt = 1, 0= 4 (S/m)] is

A =a,0.1sin [1010 t —ﬂ (A/m)

aty = 0.
a) Determine the attenuation constant, the phase constant, the intrinsic impedance, the phase
velocity, the wavelength, and the skin depth. (5%)

b) Find the location at which the amplitude of A is 0.01 (A/m). (5%)
¢) Write the expressions for £ (v, ) and H (v, {) at y = 0.5 (m) as function of £. (5%)

(10%) For the case of oblique incidence of a uniform plane wave with perpendicular polarization on a
perfectly conducting plane boundary as shown in Fig. 1, write (a) the instantaneous expressions

El(x, z;1) and ﬁl(x, z;t)
For the total field in medium 1, using a cosine reference, (5%) and (b) the time-average Poynting
vector. (5%)

(5%) A standard air-filled S-band rectangular waveguide has dimensions ¢ = 7.21 (cm) and 5 = 3.40
(cm). What mode types can be used to transmit electromagnetic waves having the 5-cm wavelengths?.

(10%) Find the input impedance of the lossless transmission line shown in Fig. 2.

Reflected . Z,
wave ' "'Z . , ! = O
z=t V(z),1(z) o
O RV L ?’5' I“‘eﬂ' g
v Zo ° H Z L
Incident o V"g"?’~ ID— e—‘f " l
wave ?G&H, O ;
_— z=10 z+z'=] ]?zl
(a1 = 0) I(z") I=1'(z'=0)
=0 — 2z
Fig. 1 Fig. 2
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1.

(15%) A third-order low-pass filter has transmission zeros at = 2 rad/s and at o = co. Its natural
modes are at s = —1 and s = —0.5 + j0.8. The dc gain is unity. Find the transfer function T(s).

(15%*1)

(30%) For the common-base circuit in Fig. 1, assuming the bias current to be about 1 mA, § = 100,

Cy = 0.5 pF, 7, =25 Q, and fr = 1000 MHz:

(a) Estimate the midband gain V, /1.

(b) Use the short-circuit time-constants method to estimate the lower 3-dB frequency, f;. (Hint: In
determining the resistance seen by Cj, the effect of the 47-k) resistor must be taken into account.)

(c) Find the high-frequency poles, and estimate the upper 3-dB frequency, fy. (10%*3)
+3V

Fig. 1

(20%) For the emitter-follower circuit shown in Fig. 2 the BJT used is specified with a 3 value of 100,
find :

(a) Ig, Vg, and Vp. (10%)

(b) the input resistance R;. (5%)

(c) the voltage gain v, /vy. (5%)

+op
b A
100 kQ g
10 kQ o0
| |/
—w—— | L
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4. (35%) Consider the common-emitier amplifier of Fig. 3 under the following conditions: R; = 5 k(),
Ry =33 kO, R, =22k, R = 3.9k, R, = 4.7 k), R, = 5.6 kQ, Vo =5 V. The dc emitter current
can be shown to be Iz =~ 0.33 mA, at which B, = 120, 7, = 300 kQ, and 7, = 50 Q.
(a) Find the input resistance, Ry,. (Hint: Riy= Ry [/Rz | (rtrz)) (10%)
(b) Find the midband gain, A,;. (10%) ‘
(¢) For Cpq = Cgy =5 uF and Cp = 20 pF, estimate the low-frequency 3-dB frequency. Also find the
frequency of the zero introduced by Cg. (15%)

l (b)

Fig. 3. (a) Common-emitter amplifier stage; (b) Bquivalent circuit for the amplifier of Fig. 3(a) in
the low-frequency band.
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1. (20%) We are given the complex baseband signal x,(t) = sinc(t — 1) + j2sinc(t).

(A)(5%) Calculate the real and imaginary parts of the Fourier transform X, (f). To express the
transforms, please use the function rect(t), which is defined as a rectangle of unit height and
spanning the interval [-1/2,1/2].

(B) (5%) Plot the real and imaginary parts of X, (f).

(C) (10%) Plot the real and imaginary parts of the Fourier transform of the bandpass signal obtained

by upconverting x,(t) to the carrier frequency of 10 Hz.

2. (20%) Let x(t) = m(t) + cos(w,t). Let W be the bandwidth of m(t). Assume that the average value
of m(t) is zero and that the maximum value of |m(t)| is M. Also assume that the square-law device is
defined by y(t) = 4x(t) + 2x%(t).

(A)(5%) Write the equation for y(t).
(B) (10%) Describe the filter with input signal y(t) that produces an AM signal for g(t), where g(t)
represents the output of the filter.

C) (5%) Specify the requirement of M to ensure no distortion when using envelope demodulation.
q

3. (10%) A transmitter uses a carrier frequency of 1000 Hz, with the unmodulated carrier represented as
A cos(2mf.t). Determine both the phase and frequency deviation for each of the following
transmitter outputs:

(A)(5%) x.(t) = cos[2m(1000)¢t + 40 sin(5t2)]
(B)(5%) x.(t) = cos[2m(600)¢]

4. (10%) Consider the following three signals:
250 450 450

1 5/4

t

-7/4

(A)(6%) Use Gram-Schmidt procedure to find the set of basis functions from the three signals and

determine the dimensionality of the set.
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(B) (2%) Find the signal-space representation of the three signals based on the basis functions

obtained in (a). (Represent the signals in terms of vectors)

(C) (2%) Determine the minimum distance between any pair of waveforms.

5. (20%) Let x(t) denote a real valued WSS random process with an autocorrelation function R,(7) and
y(t) = x(t) cos(2rf.t +6),0~U(0,2m).
(A)(5%) Find R, (7).
(B) (5%) y(t) is passed through a low-pass filter with a frequency-domain response H(f)

={ éi |‘]]: || ; jj;c and J(t) denotes the filter output. Find E[y(t)?].

C)(10%) If we let 6 = Zand T(t) = s(t) cos(2nf.t) + y(t), please show how to demodulate s(t)
4

based on r(t) in detail.

6. (10%) Let x(t) = g(t) + w(t), 0 <t < T, be the received noisy signal, where g(t) denotes the

transmitted pulse that represents a binary symbol 0 or 1 and w(t) denotes an additive white noise
process with zero mean and power spectral density (PSD) % . Since the filter is linear, the result

output can be express as y(t) = g,(t) + n(t), where g,(t) denotes the response to g(¢) and n(t)

denotes the response to w(t). We know that the peak pulse signal to noise ratio of the match filter is

lgo (T2 2=
9 = E[:;ZT)} Please show that n < ED—LDO GO df .

Linear time- .. "
Signal ~ Al i o vi{s) y(7T)
\ invariant filter of - . "
g0 = (E_} =1 impulse response s |
; ) Sampie at
hin o .
timet =7

White noise
wit)

7. (10%) Consider two discrete random variables X and ¥ with the joint distribution:

P(x,y) X=-1 X=0 X=1
Y =2 0.1 0.15 0.15
Y =4 0.05 0.2 0.15
Y =6 0.05 0.05 0.1
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(A)(2%) Find the entropy H (X, Y).

(B) (2%) Find the entropy H(X).

(C) (4%) Find the entropy H (X|Y).

(D) (2%) Find the mutual information /(X;Y).
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1. [20%] In hardware, SYS-1 system has a CPU with a base CPi of X, where X is larger than zero, assuming
all references hit in the primary cache (L1) and a CPU clock rate of 2GHz. Assume that the main
memory access time is 160 ns, including all the cache miss handling. Suppose the miss rate per
instruction at L1 is 5%. Based on the construction of SYS-1 system, there are two systems shown as
foliows.

(i} 5YS-2 system includes SYS-1 and an additional secondary cache (L2). The access time of L2 is
28 ns for either a hit or a miss. Suppose the miss rate per instruction at L2 is ¥, where 0 <Y< 1,

(i) 5YS-3 system includes SYS-2 and an additional tertiary cache (L3). The access time of L3 is 44
ns for either a hit or a miss. Suppose the miss rate per instruction at L3 is 0.1%.

We know that SYS-2 system is faster than SYS-1 system hy 2 times. In addition, SYS-3 system is
faster than SYS-2 system by 1.25 times. Please answer the following questions.
(a) {4%) As regards SYS-1 system, please calculate the memory-stall cycles per instruction.
{b) (6%) Please calculate X.
(c) {696) Please calculate Y.
(d) (4%) According to the result calculated in {b), the program has three different instruction
categories, such as A, B, and C. We know that CPI for A, B, and C is 3, 5, and 6, respectively. The
instruction count of A and B is 48 and 30, respectively. Please calculate the instruction count of C.

2. [10%] A program, SVM, has the total execution time of 500 ns and can be well-divided into P1 - P4
parts. P1 - P3 can be modified to increase or decrease the individual execution time by the certain
approaches. But P4 still keeps identical without any influence. The execution time of P1 - P4 is
denoted as T1 - T4, respectively. Assume that T1 - T4 originally are 144 ns, 108 ns, 120 ns, and 128
ns, respectively. There are three different design scenarios as follows.

< Design scenario 1: If T1 and T2 are improved by X and Z times, respectively, T3 is increased to
1.34 times accordingly. The corresponding total execution time is decreased to 476 ns.
<~ Design scenario 2: If T1 and T3 are improved by Y and Z times, respectively, T2 is increased to
1.5 times accordingly. The corresponding total execution time is decreased to 490 ns.
< Design scenario 3: If T2 and T3 are improved by Y and X times, respectively, T1 is increased to
1.375 times accordingly. The corresponding total execution time is increased to 512 ns.
Which one is the possible solution of (X, Y, Z)? _______ (single choice)

(A)(1.25,15,1.4)  (B)(1.25,1.2,1.75) (C)(1.4,1.2,1.25)  (D)(1.25, 1.5, 1.6)
(E) (1.5, 1.2,1.25)  (F)(1.4,1.2, 1.5) (G)(1.75,1.4,1.5)  (H}{(1.25, 1.2, 1.25)
(1)(1.25,1.5,1.25)  (4) (1.4, 1.75, 1.5) (K){1.25,1.2,1.5)  (U){(1.4, 1.6, 1.5)
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3.

[25%] Assume that X1 — X7 and Y1 — Y7 are well- represented as the 32-hit single-precision format
in [EEE-754 standard as shown in TABLE I. We know that the relationship is calculated as follows,
W1l = X1 X Y1,W2 = X2 X Y2, ..., W7 = X7 X Y7.Please answer the following questions.
{a) {2%) If 10™ < X5 < 10™*1, wheren € Z, please find out the value of 7.

(b) (2%) If —10™ < Y2 < —10™"1, where m € Z, please find out the value of m.

{c) (21%) Please sort these seven numbers (W1 — W7) in descending order.

TABLE |

Bit Bit
31 0
x11000/0011[017106[0110[0010000000600[0000]
v1 {0110/0010[/1011/0100/t111[1000[0000[0000]
x2 0 001[0011]1010{1110[11006[1006/006006000]
v2 {1 1010001/0001[0010J0011/0000[0000[0000]
x3 [0 011/0101[0000[0110/0100[000006G00[000 0|
vi|1010[1110/10101001[1100/0000[00000000]
X¢ 11 01/1100{1101/1000[t001[0000[o0o0o[oo¢oo
v4 (0000/1001[0001[1111[1010/16000000[0000]
xs (0 0 0 1[1 1 10[0010J1100[0110[0000[0000[0000
vs [1100/0101/1000{1110[00106[0000[0000[0000]
x6 (1 100/1100[1110[11711/0001/1000[0000|0000]
ve [1 0 01[0 110001 1]1111/0110000000000000
x7 1000 1[1110/1101{1111[0006[00060[0000[0000]
v7 [0 100/0100[0001[1110]1010[1006[0000/00600|]

[20%] The following mathematical equation shows the relationship among different elements in the
array, A[ ]. After executing the MIPS codes listed in Figure 1, the value of A[i+S] can be computed
based on A[i] — Ali+3], where i and S are two positive integers. CO — C3 denote four integer
coefficients. We know that the base address of A } is stored in $s0. Please answer the following
questions.

(a) (8%) Please calculate CO, €1, C2, and C3.

(b) (4%) Please calculate iandS.

{c) (3%] Please calculate the value of A[i+S] while (A[i], A[i+1], Ali+2], A[i+3]) = {-8, 10, -11, 7).

(d)} (5%) In hardware implementation, we can utilize 5-stage pipelined MIPS CPU to execute this
program. If considering the forwarding {bypass) technique to fix or relax the possible data hazard,

what is the minimum number of total clock cycles to complete this program?
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A[i+S] = CO*AJi] + C1*A[i+1] + C2*A[i+2] + C3*A[i+3] -5

0x260  lw $a0, 128 ($s0) sub $i2, $t2, Sal
w $al, 132 (8s0) Iw $a3, 140 (5s0)
sub §t0, $a0, $al sit $t0, $a3, 2
lw $a2, 136 (3s0) 0230 sub $t0, $t0, $a3
ox210  add $t1, Sa2, $a2 add $t2, $62, $t0
sub $t1, $t1, $al sub $t1, $2, $t
add $t2, $t1, $il addi $t2, $t1, -5
add $i2, $¢2, $t0 Ox240 sw 512, 264 (8s0)
ox220 sl 82, $t2,3
Figure 1

5. [15%] Assume that a dedicated memaory system has the parameters as shown below. Please answer
the following questions. '
< 36-bit physical address
< Cache (virtuolly-addressed but physically-tagged): direct-mapped, 16KB, 128-bit block size
< TLB: fully associative, 64 entries
< Virtual Memory: 42-bit virtual address, 32KB page
(a) {5%) How many bits are needed in each tag field of this cache?
{b) (5%) How many bits are needed in each tag field of the TLB?
(c} (5%) If each entry of the TLB has three additional status bits, such as Valid bit, Used bit, and Dirty
hit, please calculate the total size of the TLB in terms of bytes.

6. [10%] Figure 2 shows a simple program based on the MIPS codes. Assume that $s3 = 25, $s4 = 31,
$s5 =19, and $s6 = 21. If $s0 > 0, $s1 > 0, and $52 > 0, please find out all the possible vailues of $s0.

ox1000 div $s0, $s1
mithi $s5
mflo $33
div $s0, 352
mfhi $s6

mflo $s4

1010

Figure 2
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