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1. (20%) 1t is required to design a Zener shunt regulator to provide an output voltage of 10 V as shown in
Figure 1. The raw supply available varies between 15 V and 25 V and the load current varies over the
range of 0 to 20 mA. The available 10 V Zener diode is specified to have 10 V drop at a test current of 25
mA. At this current its rz is 7Q. Design for a minimum Zener current (Izx) of 5 mA. (a)Find the required

value R. (b)Find the line regulation (AVo/AVs)

R

L_I
Vs A v |Load

Figure 1

2. (20%) For the common-emitter amplifier shown in Figure 2, let Vec= 15 V, R1=27 kQ, Ro= 15 k€,
Re= 2.4 kQ, and Rc= 3.9 kQ. The transistor has = 100. If the amplifier operates between a source for
which Rsig= 2 kQ and a load of 2 kQ, find the value of Rin and the overall voltage gain (Vo/Vsig).

sig
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Q3. (20%) In common-gate amplifier circuit shown in Figure 3, Q and Q3 are matched. kn(W/L)n=

kp’(W/L)p=4mA/V 2_and all transistors have [V{=0.8 V and [V a|=20 V. The signal vsig is a small sinusoidal

signal without dc component. Please answer the following questions.

(a) Find the value of Rin.

(b) Find the value of Rout.

(c) Calculate the voltage gain (Vo/vi).
(d) How large can vsig be (peak-to-peak) while maintaining saturation-mode operation for Q1 and Qa.

3.3V Vee

Figure 3 Figure 4

Q4. (20%) A bipolar differential amplifier shown in Figure 4 with I= 0.5 mA uses transistors for which
V=50 V and p= 100. The collector resistance Rc= 5 kO and are matched to within 5%. Find the

common-mode gain and the CMRR if the bias current I is generated using a simple current source.

Q5. (20%) A discrete MOSFET common-source amplifier has Rg=2MQ, gn= 5 mA/V, 1o~ 100 kQ, Rp=
20 kO, Cg= 3 pF, and Cga= 0.5 pF. The amplifier is fed from a voltage source with an internal resistance
of 500 kQ and is connected to a 20 kQ load. Find (a) the upper 3-dB frequency (fi1) and (b) the frequency

of the transmission zero (fz).
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1.

10.

The dielectric constants of silicon and silicon dioxide (SiO2) are 11.7 and 3.9, respectively.

The permittivity of vacuum is 8.85 x 107" F/em.

Energy bandgap of Si: Eg = 1.12 eV, charge q = 1.6 x 10 C, kT=259meVatT=300K
Electron affinity of Si: qy, = 4.01 eV. Intrinsic concentration of Si at T =300 K: nj = 1.5 x 10'° cm™.

(10%) Consider a semiconductor sample at T = 300 K in which donor concentration Na = 2.5 x10M
em™ and acceptor concentration Ny = 1.5 x10'* cm™. Assume that n; = 5x10" cm™. Calculate the
thermal-equilibrium electron and hole concentrations.

(5%) Assume that the donor concentration in an n-type semiconductor at T =300 K is given by Na(x)
=106 — 10'°x cm™, where x is given in cm and ranges between 0 < x < 1 pm. Determine the induced
electric field in a semiconductor in thermal equilibrium at x = 1 pum.

(5%) Consider n-type GaAs doped at Ng = 10'® cm™. Assume that 10'* electron-hole pairs have been
uniformly created per cm® at t = 0, but assume that generation rate g’ = 0 for t > 0, and assume the
minority carrier hole lifetime is tpo = 50 ns. Determine the time at which the minority carrier hole
concentration reaches 5% of its initial value.

(10%) Consider silicon at T = 300 K doped at concentrations of Na = 10'® cm™ and Na = 0. Assume
thatn'=p’=ni= 1.5 x 10'° cm in the excess carrier recombination rate equiation and assume parameter

values of oo = Tpo = 5 x 107 5. Calculate the recombination rate of excess carriers if 8n = ép = 101
3

cm™.
(20%) A silicon pn junction at T = 300 K has the following parameters: Na =5 % 10" em™, Na=1 x
10" em, Dy = 25 cm¥s, Dp = 10 em?s, o =5 x 107 s, and tp0 = 1 x 107 s. The cross-sectional area
is A = 107 cm? and the forward bias voltage is Va = 0.625 V. Calculate the (a) (5%) depletion width in
n-type silicon, (b) (5%) maximum electric filed, (c) (5%) junction capacitance, (d) (5%) total current
in the pn junction diode. .

(10%) Please explain the physical origin of the energy bandgap in a semiconductor and describe its
relationship to crystal bonding from the perspective of atomic orbital overlap.

(10%) Describe the physical mechanisms through which lattice defects in a semiconductor influence
the electrical behavior of a pn diode, particularly under forward and reverse bias conditions, and explain
how these effects are incorporated into the -V characteristic equation.

(10%) Please describe the fundamental differences between a Schottky diode and a pn diode, with
emphasis on carrier transport mechanisms and the magnitude and origin of reverse leakage current.
(10%) (a) (5%) Please describe the differences between the high-frequency and low-frequency Cc-v
characteristics of a MOS capacitor, and explain the underlying physical mechanisms responsible for
these differences. (b) (5%) Please compare the high-frequency C—V characteristics of a MOS capacitor
under two-terminal biasing and those of a MOSFET under four-terminal biasing, and explain the
physical reasons for the observed differences.

(10%) Please describe the phenomena of (a) (5%) the deep depletion effect and (b) (5%) the
polysilicon-gate depletion effect in a MOS capacitor, and explain the physical mechanisms responsible

for each effect.
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1. (30 pt) For the circuit in Fig. 1, it is required to determine the value of the voltage Vps that results in
the transistor operating
(a) in the active mode with Ve =5V (10 pt)
(b) at the edge of saturation (10 pt)
(c) deep in saturation with Brorced = 10 (10 pt)
For simplicity, assume that Vge remains constant at 0.7 V. The transistor B is specified to be 50.

Vee= 10V
VBB A
Re=10kQ
-
Ry = 10kQ

Vge = 0.7V

Figure 1.

2. (20 pt) For the circuit in Fig. 2, assume that Bmin = 30, and find (a) Ve (5 pt), (b) V& (5 pt), (c) lcz (5 pt),
and (d) Iz (5 pt).

+5V

10 k&
+10V 0 WVWVV—1

1 kO

Figure 2.
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3. (20 pt) For the circuit in Fig. 3, a full-wave bridge-rectifier circuit with a 1-kQ load operates from a 120-
V (rms) 60-Hz household supply through a 12-to-1 step-down transformer having a single secondary
winding. It uses four diodes, 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 pt) (b) For what fraction of a cycle
does each diode conduct? (5 pt) (c) What is the average voltage across the load? (5 pt) (d) What is the
average current through the load? (5 pt)

121
(}
+
¢
120 \frm.\‘ “ ]‘O V;Iﬂ.\
Ug
O-
Figure 3.

4. (30 pt) In the circuit of Fig. 4, the NMOS transistor has |[V¢| =0.9 V, and V; =50V, and operates with
V, = Vs = 2 V. (a) What is the voltage gain v, /v; ? (10 pt) (b) What does V, become when [increase
to 1 mA? (10 pt) And (c) what is the new gain? (10 pt)

"“VDD
A
() 1= 5004
Rs ©
===t
oo | 10 MQ
o l gRL
+ 10 kQ
v;
Figure 4.
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1. Leta,, ay az a, d € R™ Define the matrices
B= [31, dy, ag] S Rnxg, C= [al, dy, ds, 34] € IRHX4.

Assume that the linear system Bx = d has no solution for x € R3, and the linear system Cy = d has
at least one solution for y € R*. Let [B,d] = [a,, a,, a3, d] € R™*. Which of the following
statements are true? (Select all that apply.)

(A) The set {a,, d} is linearly dependent.

(B) The set {a,,a,, a3, d} is linearly dependent.
(C) The set {ay, 2y, a3, a4} is linearly independent.
(D) rank(C) > rank(B).

(E) rank(C) = rank([B, d]).

2. Let A € R™*", For any matrix M, let R(M) denote the column space and N (M) denote the null
space. Which of the following statements are true? (Select all that apply.)

(A) Ify € R(AAT) and y = 0, then ATy = 0.
(B) Ify € R(A), then ATy = 0.

(C) If m = n, then R(A) = R(AT).

(D) If m = n, then N(A) = N(A").

(E) Ifx € R™ and Ax # 0, then x € R(AT).

3. LetA € R™™ B e R™¥ and C € R**" such that A = BC. For any matrix M, let R(M) denote the
column space and N (M) denote the null space. Which of the following statements are true? (Select
all that apply.)

(A) R(B) is a subset of R(A).

(B) N(A) is a subset of N(C).

(C) Ik > rank(A).

(D) If k > rank(A), then rank(B) = rank(C).
(E) If k = rank(A), then rank(A) = rank(B).

4, Let
3 0 3 0 3
0 2 0 2 0
A=|3 0 3 0 3
0 2 0 2 0
3 0 3 0 3

Which of the following statements are true? (Select all that apply.)

(A) A is diagonalizable (over R).

(B) rank(A) = 2.

(C) 2isan eigenvalue of A.

(D) 3is an eigenvalue of A.

(E) The number of positive eigenvalues of A is 2.

RBHFEEME FYETORTFAE




SEANIPE DGR F 3.2 -Es £ 2P E X ot

AEAH TRUET [ERARALELLES] M © 431001
AR BRAFERE "o, AT SR (R~ HETH) (EFE) #A5RHE2R

5. Let
1 1 2
v1=[0], vz=!0], x=[3
1 -1 1

and define the subspace W = span{v;,v,} € R3. Let p be the orthogonal projection of x onto .
For any vector u, let [|u|| denote the Euclidean norm: [lu| = vu"u. Which of the following
statements are true? (Select all that apply.)

A) lpll = 2.
B) lIx—pll =3.
(C) wi(x—p)=0foreveryw e W.

D) x—peW.
(E) p is orthogonal to v;.
1 1 0 2
0 0 1 3
Define a linear transformation L: R* — R? satisfying
L(b;) = 2b;, L(by) = by, L(b3) = —bs.

Let L°(x) = L(L(L(L(L(x))))). Suppose that, in standard coordinates (with respect to the standard
basis of R3), I°(x) = [v1, V2, ¥3]" € R3. Let A be the matrix representation of L with respect to the
ordered basis {b;, by, b3}. Which of the following statements are true? (Select all that apply.)

9

6. Let

(A) y, = 33.
B) y, =31
©) y;=-3.

(D) det(A) = —2.
(E) rank(A) = 2.

7. Let A € R***, Suppose the following ranks are given:
rank(A —I) = 3, rank(A —2I) =2, rank(A?—1I) = 2.
Which of the following statements are true? (Select all that apply.)

(A) A is symmetric.

(B) A is not diagonalizable (over R).
(C) det(A) = 4.

(D) trace(A) = 4.

(E) rank(A) = 4.

8. Let K € R®*3 and define a linear mapping L: R**® — R¥*3 by L(x) = xK. Let c be such that the
ordered set E = {c, cK, cK?} is a basis of R**3. Suppose c satisfies cK* — 5¢K? + 7cK — 9¢ = 0.
Let A be the matrix representation of L with respect to E. A is defined by [L(x)]r = A[x]g, where
[x]z € R? is the column coordinate vector of X in the basis E. Denote the last two rows of A by
[az1, @22, G53] and [as,, az;, ass], respectively. Which of the following statements are true? (Select

all that apply.) |
(A)az;; =0, B)az =1, (C)azg; =0, (D)az, =-7, (E)azz = 5.
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10.

11

12.

Let u, v € R" be nonzero vectors with n > 2 and u’v # 0. Define
" T,
M=1—-—-uv'.
Which of the following statements are true? (Select all that apply.)

(A) vis an eigenvector of M.

(B) 1 is an eigenvalue of M.

(C) M is invertible and M~ = M.
(D) Every eigenvalue of M is real.
(E) M is symmetric.

Let V = R®*? with inner product (A, B) = trace(A”B) and define ||A|| = +/(A, A). Consider the
following set {U;, U, U3, U,} © V, which is orthogonal with respect to the given inner product:

0. = [i ﬂ Uz = [i j] Us = [—11 —11] Ca= [31 _11]
Suppose M € V satisfies
(M,U;) =8, (M,U,) =—4, (M,U;) =0, (M,U,) = 4.

Let P be the orthogonal projection of M onto span {U, U,}. Which of the following statements are
true? (Select all that apply.)

(A) P =2U, —U,.
®B) lIP]I? = 20.

(C) M=2U, +U,—U,.
(D) [IM]|? = 20.

(E) (M,P) = 24.

Given the differential equation (DE) (x? + x)y’ + (xy — 1) = 0, where x is the independent
variable. Which of the following is/are INCORRECT?

(A) This DE is nonlinear.

(B) This DE is nonhomogeneous.

(C) The solution of this DE is y =

(D) The solution interval is (—1, c0).
(E) Provided the initial condition y(e) = 1, there exists a unique solution.

In(x+1) c
x+1 x+1

Given the differential equation (DE) (x? + 2y*)dx — (xy)dy = 0, where x is the independent
variable. Which of the following is/are INCORRECT?

(A) This DE is exact.

(B) Consider M(x, y) = x* + 2y%and N(x,y) = —(xy). M and N are homogeneous functions.

(C) One of the solutions of this DE is x* = (x? + y?)/2, which is an explicit solution.

(D) Consider the initial condition y(—1) = 1, the solution interval is (—oo, o).

(E) There exists a singular point.
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13. Given X' = (142

(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 Ky = (

—69) X, which of the following is correct? Assume t is the independent variable.

3t+2Y _ —6t
2t+1)e :

14. Consider the differential equation (DE) y’ = y? — 3y + 2. Which of the following is/are correct?
(A) There is an attractor.
(B) y(x) = 2 is a singular solution.
(C)y(x) = (ce* — 2)/(ce* —1) is a one-parameter family of solutions, where c is an arbitrary
constant.
(D)Provided y(0) = —1, the largest interval is [0, o).
(E) Given y(0) = 4, there exists an interval centered at 0 on which the DE has a unique solution.

15. Here is the differential equation y' = y%e ™%, with x being the independent variable. Which of the
following is/are correct?
(A) This DE is exact.
(B) There is no singular solution.
(C) The solutions y(x) > 0 or y(x) < 0.
(D) The solution of this DE isy = e';+G

(E) Given the initial condition y(0) = 1, the solution interval is (—oo, 0).

16. Which of the following is/are INCORRECT?
(A)Consider xy" + (sinx)y = 0. x = 0 is a regular singular point.
(B) Consider x*y" — xy' + y = 0. x = 0 is a regular singular point.
(C) Consider x3y" — xy' + y = 0. There exists one solution that is analytic at x = 0.
(D)Consider y” +In(x + 1) y" + y = 0. x = 0 is a regular singular point.
(E) Consider y" + In(x + 1) ¥’ + y = 0. The solutions centered at x = 2 must converge between
[—1,1].

17. Given the differential equation (DE) 2xy" + (1 + x)y’ + y = 0, where x is the independent variable.
On the way to finding infinite series solutions around x = 0, which of the following is/are correct?
(A) There is no trivial solution.
(B) One of the indicial roots is 0.
(C) One of the solutions is a power series.
(D) The solution interval is (0, o).

(E) Given the form of a solutiony = 2,

E:’l:'l xP, where n is a nonnegative integer, A + B = 1.
18. Consider the differential equation (DE) 2y" — 3y? = 0. Which of the following is/are correct?
(A) This DE is linear.
(B) This DE is autonomous.
(C) There exists a trivial solution.

(D)Provide y(0) = 1 and y'(0) = 1, the solutiony =
(E) Provide y(0) = 1 and y'(0) = 1, the solutiony =

(x—2)2°

(x+2)2°

HAFRALD FUYEFTOREAA




IPLARE IS REFRERALHARANER AL HRNE

#FELH: TRUPL [EMARLTHLAES] M - 431001
MAMABRMERZ "I, EAHTR (BUR -~ hFH) GEFAR) A5AXSRA

19. Consider the differential equation (DE) y" — y = (e* + ™) /2, where x is the independent variable.
Provide y(0) = 2 and y'(0) = 12, which of the following is/are correct?
(A) The particular solution is [Ax (Be* + Ce™™)]|/D,where A+ B+ C+ D =5.
(B) The particular solution is [Ax (B sinhx + C coshx)]/D, where A+ B+ C+D = 4.
(C) The complementary function is Ae* + Be™, where A+ B = 12.
(D) The complementary function is Asinh x + B cosh x, where A + B = 14.
(E) The general solution is Ae* + Be™, where A+ B = 2.

20. Consider the differential equation (DE) x?y"” — 4xy’ + 6y = g(x), where x is the independent
variable. Which of the following is/are correct?
(A)If g(x) = 0, y(—2) = 8 and y'(—2) = 0, the general solution is Af; (x) + Bf;(x), where A +
B = 8. fi(x) and f,(x) are functions in x.
(B) If g(x) = 0, the solution interval is (—oo, c0).
(C)If g(x) = In(x?), the solution interval is (—oo, c0).
(D)If g(x) = In(x?), the particular solution is Af (x) + B, where A+ B = 11.
EB) If g(x) = In(x?), y(1) = 5/18 and y'(1) = —2/3, the general solution is Af; (x) + Bf>(x) +
Cfz(x) +D,where A+ B+ C+ D =8/9.
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[LERE 30 77+ B/NeE 15 57

AT U HEEARBRERGEE S TR T A8 (container) ; » F1 : (&5 (array) Bl
B8 o BERIETIRVAE (capacity) K n > #8H k<n {HXE B F BN EEITRIVTFS
FFfE L& ) -
@ #AIfT > EFMIF open addressing YT B F hash table i » AIFRES MR IREIE £
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© iRt B —E R RRHY T ARG LIRS -

[LRE 30 4y 5 /R 15 47 ) 48 EfET A BER n EHEA n {EEEE - HFTTEH
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@ 5 A 2 T k-BLFF (k-displaced) | - IREIEHE CRIEEREHPEFRARAMIENES £
@AZESME » HF kAEE - HEFEEERT » insertion sort FYRFTHEE T'(n) K ? A big-O
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[ 7(n) Ffa] ? FH big-O B HRFER
1 IEENEREHMIER  EFESE ) 07 - 512 1 F O(f(n) B TR R
f(n) NEFEIRSFEE simplest £2 tightest FYEI, - Tightest (VAITUEHE 1 BT (m) K O(f(n) » H
T (n) BEREEE R O(g(m) » e lim, ., f(n)/g(m) =0 -

[HRE 154 ]) 45EfEFIA = {3, 2, 1, 6, 5, 7, 9, 11, 14, 18} FRIPTTH
build_max_heap(A)> % » FEFI A YNZS (A 2 5 455EFES] A » build_max_heap BREHAY
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[ 155E 15 43 ) —{H graph &£ simple graph » F/R1E#% graph 258 @ (£ B FEE RE 1%
edge fHIE - /NIFERSEE RIS RERIE 2 18 » B F] divide-and-conquer SRESAE simple weighted
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T TE5HL G © BRI VAR B AR TES VRV | Fy,| Bt 1 -
S E = {(u,v) ek ] u,ve K}EEZ = {(u,v) eE | u,ve Vz} o {5% E1# Ex Y minimum cost

spanning tree 73755 T1Fl T2 - < E, ={(u,v)e E I uelV, Hve VZ} ) S (a, f) T Ex EE
weight B2/ NYHE - APEE G #EFEAY minimum cost spanning tree 7' &7, UT, U(a, ) - 25/ © /N
E{fﬁjﬁ minimum cost spanning tree 7' #J recursive J5iAE A [LHE 7 YIRAREE A NIV ITIAIE
R > 58 TIERE ) B ROMERIER © MRIREER/NBRYJTASER - LKA - B/ INA
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5. [BbRE 1043] 3% —#R binary search tree » #EBEF(E node {{FR—EE I key (B » H key
1B Ry 100~ 1000 Z [EIRYIERER] - (BERIRIMTASTEE(H binary search tree #FHZEL key
F 350 HYER - AREE NIIRERF - WREERF TAERAEN ? k&S - WEEEH -
@ 137—>250—430—>380—324—>365—>350
® 820—+125->765—>269—>542—>311—>350
© 127--633—>278—423—251—>365—>350
@ 935—>198—430—>248—>521—>264—>350
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1. What is the probability that, among all possible topological sort starting from node A, node F is visited
before node E while nodes F and E are not visited consecutively? Please justify your answer to receive full
credit. Failure to provide justification will result in 0 points. Additionally, write your final answer at the
leftmost part of the answer paper using “Ans:” on a new separate line. Failure to follow this instruction

will result in a penalty of =5 points. (10pt)

2. Select any 2 digits from 1,3,5,7, and 9. Then, select any 2 digits from 0,2,4, and 6. How many distinct
four-digit numbers can be formed using these digits without repetition? Please justify your answer to
receive full credit. Failure to provide justification will result in 0 points. Additionally, write your final
‘|answer at the leftmost part of the answer paper using “Ans:” on a new separate line. Failure to follow this
instruction will result in a penalty of —5 points. (20pt)

3. Given x = 19, what is 22" mod x? Please justify your answer to receive full credit. Failure to provide
justification will result in 0 points. Additionally, write your final answer at the leftmost part of the answer

paper using “Ans:” on a new separate line. Failure to follow this instruction will result in a penalty of —5

points. (20pt)

4. Let R be aring. If there exists a positive integer n such that na =0 for all @ € R, then the smallest positive
integer n is called the characteristic of R. If no such positive integer exists, R has characteristic zero. The
characteristic of R is denoted by C(R). Let R be a commutative ring with identity, and let C(R) = 3.
Compute and simplify (a+b)°, b € R. Please justify your answer to receive full credit. Failure to provide
Justification will result in 0 points. Additionally, write your final answer at the leftmost part of the answer
paper using “Ans:” on a new separate line. Failure to follow this instruction will result in a penalty of —5

points. (20pt)
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5. Compute Om + Cnp1 + Cryo + Crs + Crlpa if (Cn) ™ — (€)™ =07x(Ch) | Please justify your
answer to receive full credit. Failure to provide justification will result in 0 points. Additionally, write your
final answer at the leftmost part of the answer paper using “Ans:” on a new separate line. Failure to follow

this instruction will result in a penalty of =5 points. (10pt)

6. Find all the solutions in positive integer of the equation x™ + y™ = z™, where n > 1. Please justify your
answer to receive full credit. Failure to provide justification will result in 0 points. Additionally, write your
final answer at the leftmost part of the answer paper using “Ans:” on a new separate line. Failure to follow
this instruction will result in a penalty of =5 points. (10pt)

7. Find all the solutions in prime of the equation p* = p? + g2 + r2. Please justify your answer to receive
full credit. Failure to provide justification will result in 0 points. Additionally, write your final answer at
the leftmost part of the answer paper using “Ans:” on a new separate line. Failure to follow this instruction
will result in a penalty of —5 points. (10pt)
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1.

(12 pt) Voltage divider depicted in Figure. 1 is commonly applied as an adjustable voltage source. The
ideal output voltage is equated as (1). However, in fact there is power dissipation at output. Assuming
that the current consumption I is fixed at 1 mA and 1 V<V, <11V, but the user still expects that output
Vo is proportional to Rbc/Rac. Suggest maximum Rqc such that the output voltage error (|Vo_idear -
Vo reall/Vo_ideat) s lower than 2%.

R
Vvo_.‘dean’ szRbC V (1)

ac

Figure. 1

(8 pt) In the circuit of Figure. 2, find the voltage v, and current 7.
+ Va =

 E R

Figure. 2

(12 pt) Derive the output voltage v, in the circuit of Figure. 3. Besides, assuming ideal output resistance
of op amp is zero, find the input resistance Rip.

R, R,
Rin
~
I o } 3;
—Figure. 3

(8 pt) For the circuit in Figure.4, determine the resistance r such that the maximum power transferred
to load Ry is 12 mW. Note that please use source transformation to solve the problem!

.f’
r O
r R
v 2v(®) 1v(®@) ‘

Figure. 4
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5.

10.

(10 pt) Find i; and iz in the circuit of Figure.5 for ¢ = 0.
i 3Q 0.5H I7

Tu(t) V(D 1Q§ 0.2H

Figure. 5

(10 pt) A series RLC passive filter with R=1Q, L=1H, and C =1 F. Using Scaling to calculate new
values of R and L to accomplish the same quality factor but the center frequency at 1 kHz. Use a 10uF
capacitance value.

(10 pt) A series RL low-pass filter with a cutoff frequency of 10 kHz. Using R = 10 k€2, compute the
inductance value and the voltage gain of the filter at 50 kHz.

(10 pt) A load works with the following voltage and current:
v(t) = 100cos(50t) V
i(t) = 10sin(50t + 30°) + 10cos(250t — 45°) A
Please find:
(a) average power of the load. (5%)
(b) power factor of the load. (5%)

(10 pt) A balanced three-phase power system supplies two loads in parellel connection: a wye-
connected load consuming 12 kW at 0.886 power factor lagging and a delta-connected load consuming
10 kKVA at 0.6 power factor leading. If line voltage is 220 Vims, find line current and power factor of the

combined loads.

(10 pt) Recently, a power system with 800V HVDC architecture was announced for the next generation
high-power Al servers. 800V HVDC is generally supplied from a medium-voltage AC system around
11 kV or 22 kV by using the so-called solid-state transformer. Please explain and discuss the solid-state
transformer compared with the traditional line-frequency transformer, including circuit topologies and
efficiency.
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1. (5%) Suppose a communication channel has bandwidth W. Let the symbol (sampling) interval be
ts = % Which of the following pulse waveforms does not satisfy the ISI-free (Nyquist)

criterion?
(A) p; () = 2Wsinc®(2Wt) + Wsinc(Wt)
(B) po(t) = 4Wsinc(4Wt) — Wsinc?(Wt)
(C) ps(t) = 2Wsinc(Wt) cos(2ntWt)
(D) p,(t) = 2Wsinc* (2Wt) — Wsinc? (Wt)
(E) None of the above '

2. (5%) An M-ary communication system transmits at a rate of 2000 symbols per second. What is the
equivalent bit rate in bits per second for M = 16?
(A) 4000
(B) 6000
(C) 8000
(D) 10000
(E) None of the above

3. (5%) Consider a 3-ary communication system in which each transmitted message is chosen from one
of three symbols, m_4, my, and m,. These symbols are transmitted using the waveforms —p(t), 0,
and p(t), respectively, where the pulse p(t) has duration Ty,. At the receiver, a matched filter
matched to p(t) is employed. Let  denote the output of the matched filter sampled at time T),.
Assume that the messages are quiprobable, i.e., P(m_,) = P(my) = P(m,). The energy of the pulse
p(t) is E}, and the channel noise is additive white Gaussian noise (AWGN) with two-sided power

spectral density N/2. Determine the symbol error probability P, using the optimum decision
thresholds. (The Q-function is defined as Q (x) = % fxm e 212 dz.)

@k =fo( [22)
® £ =10([2)
©r=0( %)
®r=q(f2)

(E) None of the above

4. (5%) Let g(t) be a signal with Fourier transform G (f). Define G, (t) as the inverse Fourier transform
of the frequency-domain function g(af — f;). Which of the following expressions correctly gives

G, (1)?
(A)Ifa>0,G,(t) = -j;c;(_t Ja)el?mht/a
B)Ifa <0, G (t) = %G(t/a)eﬂnfct/a
©Ifa=0,6® = g(/)s)
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(D) Ifa =0, G,(t) = g(1/£,)8(t)
(E) None of the above

5.(5%) Consider a narrowband FM signal that can be approximated by
s(t) = A, cos(2nf.t) — BA, sin(2nfy,t) sin(2nf.t),
where A, is the carrier amplitude, f. is the carrier frequency, f,, is the modulating frequency, and
f < 1 is the modulation index. Which of the following statements is correct?

(A) The minimum value of the signal envelope is A,/1 — B2
(B) The maximum value of the signal envelope is A.+/1 + 2

2 2
(C) The total average power of the FM is —(Hi A

2) 42
(D) The total average power of the FM is (a+£7)at

4
(E) None of the above

6.(5%) Consider a signal

_(9—t% |t/ <3
x(t) = { 0, otherwise
with its Fourier transform X (f). Which of the following statements is wrong?
(A) The imaginary part of X (f) is zero.

(B) The value of [ X(f)df is 9.
(C) The value of X(0) is 36.
(D) The value of [*|X(f)]?df is 324.

(E) The value of [ f - X(f)df is 0.

7.(5%) The signals x;(t) undergo sampling with sampling period Ty = 0.02 second. Which of the
following signals can be recovered perfectly from the sampled signal.

sin(40mt)
xl (t) = ot L]

sin(40mt) sin(20mt)
x, (1) = P

GO =50,
x4(t) = x,(t) - cos(20mt),

x5() = -, (8),

(A) %1 (8), %3 (2).

(B) x,(£), x5(¢)

(C) x2(8), x4 (D).

(D) x4 (£), x3(2), x5 (2).
(E) x3(£), x4 (1), x5 (0).

8. (5%) Let X(t) = A - cos(2nf,t + ©) be a real-valued random process, where 4 is a constant, 0 is a
random variable uniformly distributed between 0 and 27r. Which of the following is wrong.

(A) X(t) is wide-sense stationary (WSS).

(B) Mean value of X(t) is zero

2
(C) Autocorrelation function of X(t) is Ry(7) = %—cos(Zn f.1)

(D) Power spectral density function of X(t) is Sx(f) = f‘; [6(f=f.)+6(f+ f)]
(E) Average power of X(t) is A2
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9. (5%) Consider an amplitude-modulated signal expressed by
s(t) = A (1 + k,m(t)) cos(2rf,t).

Which of the following is wrong.

(A) The amplitude sensitivity k, can be any positive real number

(B) The message m(t) can be recovered from an envelop detector

(C) We may apply DSB-SC (double sideband- suppress subcarrier ) to reduce transmission power

(D) We may apply SSB (single sideband) scheme to reduce required transmission bandwidth

(E) The transmission bandwidth of VSB(vestigial-sideband) is between those of the SSB and DSB-SC.

10. (5%) Consider an Frequency-modulated signal expressed by
t

5(t) = A cos lanCt + 21k f m(‘c)d‘r},
0

where the message m(t) has the maximum amplitude of A, and the highest frequency F,,. Which of the
following is wrong.

(A) The instantaneous frequency of s(t) is fz + kym(t)

(B) The transmission power of is A%/2

(C) If we connect an FM modulator with an integrator, we can generate a phase-modulated signal

(D) The maximum frequency deviation is kgA,

(E) The transmission bandwidth of s(t) is approximately 2k;A., + 2,

=~ B % B A
1. (10%) Consider the following baseband signal g(t):

g(t):{t/z, 0<t<T

0, otherwise
(A)(5%) Determine the impulse response of a filter h(t) matched to the signal.
(B) (5%) Plot the matched filter output go(t) = g(t) * h(t) in the absence of noise.

2. (15%) Consider the frequency demodulation scheme shown as Fig.1, where the incoming FM signal is
given by
s(t) = A, cos[2rf.t + B sin(2rf,,t)].

The delay line produces a delayed signal s(t — T'), and leads to a phase-shift of /2 radians at the carrier
frequency f, i.e., 2rcf,T = m/2. Assume that § < 1 and T is sufficiently small, s.t.

cos(2nf,T) = 1

sin(2nf,,T) = 2nf,,T.
Find the output signal of the demodulator.

i W Envelope Output

wave Delay-line >, Jetectar > signal
s(1) \T/+

Fig.1 Frequency demodulor
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3. (10%) Consider antipodal signaling with amplitude imbalance. That is, a logic-1 symbol is transmitted
as a rectangular pulse of amplitude A,, and duration T, and a logic-0 symbol is transmitted as a
rectangular pulse of amplitude —A,, where A; = A, > 0. The receiver employs a fixed decision
threshold at zero. Define the ratio p = 4,/A,, and note that the average signal energy, for equally
likely 1s and Os, is

E= AT +42 T

The channel noise is additive white Gaussian noise (AWGN) with two-sided power spectral
density N, /2. Show that the resulting probability of bit error can be expressed as

1 2 2E\ 1 2p% 2E

— |+ e,
2 1+p2N, | 2 1+ p? N,

4.(15%) Consider a real-valued message signal m(t) whose spectrum is nonzero over the frequency
range 200 Hz to 3 kHz, as illustrated in Fig. 2. This message is SSB modulated to produce the
transmitted signal

s(t) = A;m(t) cos(2nf.t) + A (L) sin(2mft),

Where 7i(t) denotes the Hilbert transform of m(t). At the receiver, s(t) is demodulated using a
carrier of the form cos(2m(f, + Af)t). Assume that the lowpass filter is ideal with unity gain and
extends over [—4k, 4k] Hz, and f, = 20 kHz.

(A) (5%) Derive the expression for the demodulated signal at the output of the lowpass filter.
(B) (5%) Plot the specturm of the demodulated signal when Af = 20 Hz.
(C) (5%) Plot the specturm of the demodulated signal when Af = —10 Hz.

Fig.2 Message Spectrum

HAFEAMD FYTTOAETHA







RibP L A2 110 245
UES:E W FEE R

FBE44: TRESET [ERAFELHEREES ke  BMmAELHCE
B TP ASAELHESE]

—VEAE B EE—

ZRXEFR] ¢ 100 4542

FRHLLETAFEHNEE  ERFETE e -HE - FoEL
BH5 (F) 2BZHFH - 2ARS BRAFHEBATEH# » wA RFEIL
BPifEsX A B R IF o

BEEBRAE - ZaER49H)TE HHIAB T THEPERLE -
EEREXTRER Y RABER (F) ~ FHEGEKMRITESS) - BA
HHRER — M EELE  FHEHIEL -
KEFFU2BAFE R ATMERMSGER (F) B KEH 2B 45
R ARAERTRERLLH MBS EL B RBF4LHE -
KEE (F) BRFFERYE  AEME2 BB R ERUEA B IRBRME
o ONAGEEEAMYL BEEEERALXEEPZIAMIFRG
IE o

T EAE A AR AT AR EAE > o T {ER 0 BAE -~ 5
REAY R ABERZE S K7k (EXBERFHTESRETE) - BF4E
R AR RN B E ST TFE LR B ARG RE  F
HATFZEBEHNS - |

MBERERE (F) BAHLSE - RYEEZBREUZSEE -
AEEIREmEIIE - ZEEFTIEHERMEEFS -
ERERARBEZEANHSRAFEREENSEE -




R AP -BIGE -E3: 2732 W T EE 2t ]

HFELE  TEEET [THAFALHEAEESY - B - BWAARATHLEES - EABSHEL
B2 ) A5k ¢ 431002

MAEFBRMERE T, ERAFESR (B HEFRH) GRER) £5RF 1R

i

T&1-10 MAREM  BH50 8500 - BRFLMER > AVEDA—BRERLR -
B 1ERFAAL 735 SH2EERL A 15 SHIR2EAZAIAMSE > SERE
el

Let a;,a,,as, a,, d € R™. Define the matrices
B = [al, dp, a3] € Rnxa, C= [al, az, 33,34] = RHXQ.

Assume that the linear system Bx = d has no solution for x € R3, and the linear system Cy = d has
at least one solution for y € R*. Let [B,d] = [ay, a,,a5,d] € R™* Which of the following
statements are true? (Select all that apply.)

(A) The set {a,, d} is linearly dependent.

(B) The set {a,a,, a3, d} is linearly dependent.
(C) The set {a;,a,,a3,a,} is linearly independent.
(D) rank(C) > rank(B).

(E) rank(C) = rank([B,d]).

Let A € R™*" For any matrix M, let R(M) denote the column space and N (M) denote the null
space. Which of the following statements are true? (Select all that apply.)

(A) Ify € R(AAT) and y # 0, then ATy # 0.
(B) Ify € R(A), then ATy = 0. |
(C) If m = n, then R(A) = R(AT).

(D) Ifm = n, then N(A) = N(AT).

(E) Ifx € R"™ and Ax * 0, then x € R(AT).

Let A € R™" B € R™** and C € R**™ such that A = BC. For any matrix M, let R(M) denote the
column space and N (M) denote the null space. Which of the following statements are true? (Select
all that apply.)

(A) R(B) is a subset of R(A).

(B) N(A) is a subset of N(C).

(C) k = rank(A).

(D) If k > rank(A), then rank(B) = rank(C).
(E) Ifk = rank(A), then rank(A) = rank(B).

Let

O W o w
N O NO
O W oW
N O DNO
O W o w

3 0 3 0 3
Which of the following statements are true? (Select all that apply.)

(A) A is diagonalizable (over R).

(B) rank(A) = 2.

(C) 2isan eigenvalue of A.

(D) 3 isan eigenvalue of A.

(E) The number of positive eigenvalues of A is 2.

HAFHEME > FYET ORATAA
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5. Let
1 1 2
el w=[o} =< [
1 -1 i

and define the subspace W = span{vy,v,} € R®. Let p be the orthogonal projection of x onto /.

For any vector u, let ||u|| denote the Euclidean norm: [Ju]| = vu”u. Which of the following
statements are true? (Select all that apply.)

(&) llpll =2.
(B) llx—pll =3.
(C) wi(x—p) =0 foreveryw € W.

(D) x—peW.
(E) p is orthogonal to v;.
1 1 0 2
1], bZ:’_l], b; = 10|, x= 0].
0 0 1 3
Define a linear transformation L: R® — IR satisfying
L(b;) = 2b;, L(b;) = by, L(b3) = —bs.

Let L5(x) = L(L(L(L(L(x))))). Suppose that, in standard coordinates (with respect to the standard
basis of R%), L3(x) = [y1,¥2,¥3]7 € R3. Let A be the matrix representation of L with respect to the
ordered basis {by, b,,b3}. Which of the following statements are true? (Select all that apply.)

6. Let

b]_:

(A) y1 = 33.
B) y, =31.
€) y3 =-3.
(D) det(A) = —2.

(E) rank(A) = 2.

7. Consider the surface z = x2? + y? at the point P(2,—2,8). Which of the following is/are correct?
Assume t below is a scalar. The i, j, k are unit vectors along the x-, y- and z-axis, respectively.
(A) The gradient vector is 2xi + 2yj — k.
(B) The tangent plane equals 4x — 4y — z = 8.
(C) The normal vector to the surface at P is 4i — 4j — 8k.
(D) The greatest rate of increase in the direction of the normal vector is \V32.
(E) The parametric equations of the normal lineare x = 2 + 4t, y = -2 —4t, z = 8 —t.

8. Consider a space curve defined by the intersection of the surface z = cot™*(x/y) and the cylinder
x? 4+ y2 = 1. Assume cot™* denotes the principal value with the rage (0, ) and restrict to the branch
where y > 0. The i, j, k are unit vectors along the x-, y- and z-axis, respectively. Which of the
following is/are correct?

(A) The arc length between (1,0,0) and (1,0, 7/2) is V2.
(B) The curvature is 2.

(C) The radius of curvature is 2.

(D) The unit tangent vector at (0,1,7/2) is (—i + K)/v2
(E) The unit normal vector at (0,1 ,7/2) is .
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10.

L1

12.

13.

14.

Find a solution u(x, y) of the differential equation (DE) xuy, + 2yu = 0. Assume x > 0. The ¢ and
k below are constants, and A, B, E and F are integers. Which of the following is/are INCORRECT?
(A) u = cxke®¥D/FI) where A+ B =0

(B) u = cx4ke®YH/FI) where E+ F = 3

(C) This DE is parabolic.

(D) This DE is elliptic.

(E) This DE is homogeneous.

Consider the differential equation (DE) ¥’ = y* — 3y + 2. Which of the following is/are correct?

(A) There is an attractor.

(B) y(x) = 2 is a singular solution.

(C) y(x) = (ce* = 2)/(ce* + 1) is a one-parameter family of solutions, where c is an arbitrary
constant.

(D) Provided y(0) = —1, the largest interval is [0, c0).

(E) Given y(0) = 4, there exists an interval centered at 0 on which the DE has a unique solution.

T 11-15 A4 FiRM - 85 20 5 - FAEH 45 BHELRMEEER 053 -
For the following problems, let j = +/—1 denote the imaginary unit.

If z =3 — 4j, what is | z|?
A) 1

(B) 5

< 7

(D) V7

The function f(z) = Z is:
(A) Analytic everywhere
(B) Analyticonly atz = 0
(C) Not analytic anywhere
(D) Entire

Let f(z) = z2, find f'(1 + ).
(B L+]

(B) 2+2§

(C) Z 27

D) 4

Let z = x + jy. Which of the following functions satisfies the Cauchy—Riemann equations?

(A) f(z) =x%+y?

B) f(2) =x% -y +j(2xy)
(C) f(2) =x%+jy?

D) f(z) = |z|*

RERGANE  FUETBABAA
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15.

16.

17.

18.

19.

Evaluate

1
jg — dz.
1z|=2 2

(A) 0
®) 1
©) 2n
(D) 2mj

T @ 162104 BB 0 3305 « SHMEHSH » Ko R R LSR5 -

If f(t) = cos(3t) + 3tsin(3t), then its Laplace Transform is given by?

s+3 27 s(s?2+27)
@) s—3 B 7oy (s%+9)? (C)W

(D)Does not exist

Consider three continuous-time periodic signals whose Fourier series representations are as follows:
100 100 100

k
Xy (L) = Z (%) ejkg_gt,xz(t) = z cos(km) ejk:‘zo’—gt,xg(t) = Z jsin (%TE) ejk%%t
k=0 k=—100 k=—100
Which of the three signal is/are even?
(A) x1(t)
(B) x,(t)
(©) x3(8)

(D) x,(t) and x5(t)
Let x(t) be a periodic signal with Fourier series coefficients defined by

2y k=0

=11
“ G,k # 0

Which of the following statements is true?
(A) x(t) isreal.

(B) x(t) is even.

(©) &0 is even.

(D) None of the above.

The Fourier Transform of e~ —2|tl9
A 4 B 2 C 2 D i
()4+m2 ()4+w2 ()24—(02 ()2+w2
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21.

20. For each of the following Fourier transforms, use Fourier transform properties to determine which

of the corresponding time-domain signal is purely imaginary and odd. Do this without evaluating
the inverse of any of the given transforms.

(A) X(jo) =u(w) —u(w—2)

(B) X(jw)= cos(2w) sin (%)

(C) X(jw) = A(w)e’@), where A(w) = (sin2w)/w and B(w) = 2w + ;—r

1

Ikl .
©) X(w) =35 o (2)" 8w -5

2.
Determine the inverse Laplace transform x(¢t) = L7{X(s)} for t = 0:

% s—1
(s) T s243s+2°

(A) x(t) = 3e~Z—2e~H)u(t)

(B) x(t) = (2et=3e2)u(t)

(C) x(t) = (Be t—2e 2)u(t)

D) x(t) = (3e~2t+2e~Hu(t)

AAFESHE > FHEFTODATAA
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L,

(25%) In a charge-free region, the electric field intensity is E = (x + 3y - k1z)ax + (kox + 5z)ay + (2x -kay
+ kaz)a;. Please determine the values of the constants k1, &2, k3, and k.

(25%) A planar rectangular loop with length a and width b carries a direct current /. Find the magnetic
flux density at the center of the rectangle.

(10%) Please describe in detail the boundary conditions of electromagnetic fields at the interface
between two dielectric media.

(15%) In seawater, a uniform plane wave propagates in the +z direction. At z = 0, the electric field
intensity is given by E = ax100cos(10zr) (V/m). The relative permittivity & of seawater is 72, the
relative permeability y is 1, and the conductivity o is 4 S/m. Please derive in detail the polarization of
this uniform plane wave, its phase velocity, and the instantaneous expression of the magnetic field
intensity at z= 0.8 m. |

(10%) As shown in Fig. 1,

Consider a coaxial cable that operates in the TEM mode. The inner conductor has radius a, and the
outer conductor has radius b; the thickness of both conductors can be neglected. The region between
the inner and outer conductors is filled with a dielectric material with permittivity & and permeability
1. Please calculate the surface current density on the two conductors and the characteristic impedance
of this coaxial cable, respectively.

(15%) Consider a circuit that includes a signal generator with an internal resistance of 50 Q, producing
a sinusoidal voltage of 10 V at 300 MHz. The signal generator is connected to a transmission line off
length 2 m and characteristic impedance 50 Q. The end of the transmission line is terminated with a
load impedance of (30 - 405) Q. Please derive in detail the reflection coefficient at the load end of the
transmission line and the expression for the voltage along the transmission line. In addition, to
maximize the average power delivered to the load, what should the load impedance be set to?

RAFHAME  FEEHORTAA
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Part I. Multiple-choice questions (Single answer).
Only one option is correct for each question in this part.

L.

(2%) Which component is the main contributor to power consumption in a CMOS circuit during
normal operation?

A. Static leakage power

B. Dynamic switching power

C. Short-circuit power only

D. Gate-oxide tunneling power

(2%) If the supply voltage Vjp is reduced by 50%, how does dynamic power change (all other
parameters constant)?

A. Reduced by 50%

B. Reduced by 75%

C. Reduced by 40%

D. Reduced by 25%

(2%) Why is static power consumption ideally very low in CMOS circuits?

A. NMOS and PMOS are never ON

B. There is no DC path between V), and GND in steady state

C. CMOS circuits operate at low frequency

D. CMOS transistors have zero resistance

(2%) Which technique is most effective for reducing both dynamic and static power in CMOS
systems?

A. Increasing transistor width

B. Clock gating only

C. Power gating idle blocks

D. Increasing supply voltage

(2%) Lowering Vpp in a CMOS circuit generally leads to which trade-off?

A. Lower power and higher speed

B. Lower power and increased delay

C. Higher noise margin and lower power

D. No change in circuit behavior

(2%) In a 2-input CMOS NAND gate, how are the NMOS transistors connected?

A. In parallel

B. In series

C. One in series, one in parallel

D. Cross-coupled

(2%) Why are PMOS transistors typically sized wider than NMOS transistors in CMOS logic gates?
A. PMOS has higher mobility

B. NMOS has higher threshold voltage

C. PMOS has lower carrier mobility

D. PMOS must carry leakage current

(2%) Which logic function is most expensive to implement using static CMOS in terms of transistor
count?

A. NAND

B. NOR

C. XOR

D.NOT

RAFHEEBED  FUEATORATAA
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B,

10.
11.
12.
13.
14.

15.

16.

17.

(2%) What does propagation delay of a CMOS logic gate represent?

A. Time for input voltage to change

B. Time for output to reach 50% after an input transition

C. Clock-to-output delay

D. Setup time of a flip-flop

(2%) If the load capacitance of a CMOS gate doubles, the propagation delay will approximately:
A. Remain unchanged

B. Double

C. Be reduced by half

D. Increase logarithmically

(2%) Which design change most effectively reduces propagation delay?

A. Increasing threshold voltage

B. Increasing transistor width

C. Lowering supply voltage

D. Increasing logic depth

(2%) In a multi-stage CMOS logic path, total propagation delay is best approximated as:
A. Maximum delay of any single gate

B. Average delay of all gates

C. Sum of delays of gates on the critical path

D. Delay of the first gate only

(2%) Why do CMOS logic gates generally have larger noise margins than TTL gates?
A. CMOS operates at higher frequency

B. CMOS has lower threshold voltage

C. CMOS has rail-to-rail output swing

D. CMOS uses resistive pull-up networks

(2%) Which parameter directly affects the noise margin of a CMOS logic gate?

A. Load capacitance

B. Output resistance

C. Input threshold voltages

D. Switching frequency

(2%) Which design change most directly improves noise margin in a CMOS inverter?
A. Increasing load capacitance

B. Increasing transistor channel length

C. Balancing PMOS and NMOS strengths

D. Increasing switching frequency

(4%) Given the circuit in Fig. 1, transistors My and Mz have identical process parameters: {nCoy (T) ,

=200 pA/Vz, V=07 V,A=0.01.Rs=1 k), while V| and V3 are DC bias voltages. Assume lo =
400 pA, and both M; and Mz operate in the saturation region. What is the value of Vi?
A 11V

B.4.0V

C.31V

D.20V

(4%) Based on Question 16, what is the minimum value of V2?7

A.51V

B.3.1V

C.2IV

D.44V
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18.

19.

20.

74

22,

(4%) Based on Question 16, which of the following is closest to the value of the small-signal output |
resistance Ro? :

A. 100 MQ
B. 10 MQ2
C.1MQ
D. 100 k2
I Ro C;
N 1+
Vz_l ]Mz P v,
—
Vs o
Vl_l Ml § C]J:— OPA jl'-:_-CZ
R =3 = =
- Fig. 2
Fig. 1

(4%) In the circuit shown in Fig. 2, Rsig =10 kQ, C1=0.1 pF, C2=3 pF, C3=1 pF, and the amplifier
gain is A = —100. Assume the operational amplifier (OPA)’s input resistance is infinite. which of the |
following is closest to the value of the small-signal equivalent capacitance seen at node V?

A. 0.1 pF

B.1pF

C.4pF

D. 100 pF

(4%) Based on Question 19, which of the following is closest to the value of the small-signal
equivalent capacitance at node V2?

A. 0.1 pF

B.1pF

C.4pF

D. 100 pF

(4%) For an NMOS transistor, which of the following statements is correct?

A. The gate capacitance is mainly determined by the channel width W.

B. Reducing the drain current Ip can increase the voltage gain.

C. Increasing the channel width W can increase the voltage gain.

D. The small-signal impedance seen looking into the source terminal is ro.

(4%) In the circuit shown in Fig. 3, the input voltage is Vi= 1.0 V and the output voltage isVo=
0.99 V. What is the magnitude of the voltage gain of the operational amplifier (OPA)? Choose the
closest value.

A. The voltage gain is infinite.

B. The voltage gain is 100.

C. The voltage gain is 10.

D. The voltage gain cannot be determined.
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23. (4%) Regarding a PN diode, which of the following statements is incorrect?
A. As the forward bias voltage increases, the diffusion capacitance increases.
B. The saturation current Is of a PN diode increases as the temperature rises.
C. The saturation current Is is generally a constant and is independent of the junction area.
D. Breakdown phenomena mainly occur in the depletion region.

Part II. Multiple-choice questions (Multiple answers).
Each question is worth points only if all correct answers are selected; otherwise, the question will

receive zero points.

24. (2%) Which techniques can reduce static (leakage) power?
A. Power gating
B. High-threshold voltage transistors i
C. Clock gating |
D. Lowering temperature
25. (2%) Which statements about CMOS power scaling are correct?
A. Dynamic power scales quadratically with Vpp
B. Static power is independent of technology scaling
C. Leakage power becomes dominant in advanced nodes
D. Lowering Vpp, always improves performance
26. (2%) Which statements about static CMOS logic gates are correct? |
A. They provide full rail-to-rail output swing
B. They consume zero power during switching
C. They have good noise margins
D. They use complementary PMOS and NMOS networks
27. (2%) Which techniques improve performance of CMOS logic gates?
A. Increasing transistor width
B. Reducing load capacitance
C. Lowering supply voltage
D. Reducing logic depth
28. (2%) Which issues become more severe as CMOS logic gates scale to advanced technology nodes”
A. Leakage current
B. Process variation
C. Noise margin
D. Interconnect delay
29. (2%) Which factors increase the propagation delay of a CMOS logic gate?
A. Larger load capacitance
B. More transistors in series
C. Higher supply voltage
D. Smaller transistor width
30. (2%) Which statements about CMOS propagation delay are correct?
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A. Delay limits maximum clock frequency ]
B. Delay is independent of temperature
C. Higher temperature increases delay
D. Delay affects setup time constraints :

31. (2%) Which statements about CMOS noise margin are correct?
A. Larger noise margin improves reliability
B. Noise margin depends on load capacitance
C. Noise margin can be obtained from the VTC
D. Noise margin affects tolerance to interference

32. (2%) Which issues become more critical for noise margin in advanced CMOS technologies?
A. Reduced supply voltage
B. Increased process variation
C. Improved output swing
D. Device mismatch

33. (2%) Which statements regarding noise margin and system design are correct?
A. Noise margin affects timing only
B. Noise margin impacts functional correctness
C. Larger noise margin improves tolerance to crosstalk
D. Noise margin is unrelated to reliability

Part ITL. Essay Questions
You must show all calculation and derivation steps for each question. Answers without supporting

work may receive zero points.

34, (9%) The op amp (OPA) in the circuit of Fig. 4 has an open-loop gain of 10° and a single-pole
rolloff with wsgg = 10 rad/s.
(a) Sketch a Bode plot for the loop gain. (3%)
(b) Find the frequency at which |[AB] = 1, and find the corresponding phase margin. (3%)
(¢) Find the closed-loop transfer function, including its zero and poles. (3%0)

Ryg= 100k NOFA
+ Vo
|
v, _
100 kO

Fig. 4
35. (9%) Fig. 5 shows a circuit suitable for op-amp applications. For all transistors § = 100, Vgg =
0.7V, and ry = .
(a) For inputs grounded and output held at 0 V (by negative feedback) find the collector currents of
all transistors. (3%)
(b) Calculate the gain of the amplifier with a load of 10 k(2. (3%)
(c) With loads as in (b) calculate the value of the capacitor Ci required for a 3-dB frequency of |
KHz. (3%) ]
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