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(15%) Please solve for y = y(x).

@) Y +2y+5=0 O (5%)
(b) ¥ =6y +10y=0 (5%)
© x°y'-xy'=2y=0 (5%)

(15%) Find the integration factor and solution of the ODE equation
(e + ye?)dx + (xe” —1)dy =0

3x

n ! e
(10%) Solve ODE solution of ¥ —6'+9y = 22

(10%) Laplace equation:
(@) If f()=5-3e" +2> t=0, please find L[f ()]
1

(b)y F(S)= 512)(513)’ please find L'[F(S)] -
(10%) Find all solutions of the system
x + 2y + 3z = a
x + 3y + 82 = b
x + 2y + 2z = ¢

where a, b and c are arbitrary constants.
(25%) Let T be the linear transformation with respect to the standard basis and
its transformation matrix A is as follows,
A= [ 1/2 —-1/2
-1/2 1/2
(a) (10%) Find a vector v; that spans the kernel of T and a vector v, that
spans the image of T.
(b) (05%) Let B be the basis consisting of v; and v, that you found in (a).
Find the new transformation matrix of T with respect to the basis B.
(c) (05%) Describe the transformation T geometrically and explain the reason
that A is not invertible.
(d) (05%) Prove lim A™ = [_1;; "iﬁ]
(15%) Using least squares to fit a linear function of the form f = ¢y + ¢;t to the
following data points (x,y): (0,3), (1,3) and (1,6)
(a) (10%) Find f.
(b) (05%) Find the least square error.
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h=6.63 x 1074 J-s, k= 8.62 x 107 eV/K, m. =9.11 x 103! kg, In10 = 2.3, n; = 10!° cm™>

Explain the following terms: (a) Lattice (b) Lattice constant (10%)

. Explain the following terms: (a) Elemental semiconductors (b) Compound semiconductors
(10%)

. Explain the following terms: (a) Allowed energy band (b) Forbidden energy band (10%)
Explain the following terms: (a) Lattice scattering (b) Ionized impurity scattering (10%)

. The following figure plots the electron concentration (o) versus temperature (7) for an n-type
semiconductor with the concentration of donor atoms Ng = 5 x 10" cm™3. The dashed line
represents the concentration of »;. Explain why ng varies with 7 in such a way as shown in the
figure. (10%)
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. Explain or define the following terms:
(a) Schottky barrier (5%)
(b) Space charge region (5%)
(c¢) Depletion-mode MOSFET (5%)

. Find the quasi-Fermi levels for electron and hole referenced to intrinsic Fermi level if 10! ¢m™3
excess carriers are present for n-type Si with Na=10'° cm™. (n; = 10'" cm™3 for Si substrate.)
(20%)

- Explain the reasons why the low frequency C-V curve is approached to Cox and the high
frequency C-V curve is still maintaining minimum value at strong inversion condition. (15%)
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. (10 pts) Convert these decimal numbers to 8-bit 2's complement binary numbers.

(a) 102
(b) 64
(c) 33
(d) -128
(e) 127
2. (10 pts) Implement a 4-to-1 mux using only 2-to-1 mux making sure to properly connected all
of the terminals. Remember that you will have 4 inputs, 2 control signals, and 1 output. Write
out the truth table for this circuit.
3. (20 pts) Implement the XOR function by means of :
(a) (10pts) NAND gates only.
(b) (10pts) NOR gates only.
Please draw the gate-level circuit.
4. (10 pts) Complete the timing diagram of the following circuit:
Please draw the waveform of the output f.
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5. (10 pts) Consider the instruction set architecture of a processor, which can be LC-3, MIPS,
ARM, or some similar processor. Write down the stages of instruction cycle for a processor.
Given an instruction “ST Label, R0”, which is to store the content of register RO at the memory
location indicated by Label. Describe how this instruction is processed in each stage of an
instruction cycle of the processor.
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6. (10 pts) Given an undirected graph G(V, E) with vertices V and edges E, write down pseudo
code to implement depth-first search to find a path from root vertex v0 to a destination vertex vd.
Demonstrate the algorithm with an example.

7. (10 pts) Write down pseudo code to do bubble sorting of a given array of n integers into
increasing order. Demonstrate this algorithm with an example.

8. (10 pts) Write down pseudo code to implement the Euclidean algorithm to find out the greatest
common divisor of two given positive integers. Illustrate this algorithm with two examples.

9. (10 pts) Write down pseudo code to multiply two given matrices M1 with rl rows and cl
columns and M2 with ¢l rows and c2 columns, and output the result M3 with r1 rows and c2
columns, e.g., M1=([1, 2, 3], [2, 4, 6]] has 2 rows and 3 columns, M2=[[1, 2], [1, 2], [1, 2]] has
3 rows and 2 columns, the resulting output MM will be [[6, 12], [12, 24]]. Use this example to
demonstrate your algorithm.
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1. As Fig. P1 shows, a “10-mA diode D17 (i.e., one with vp = 0.6 V at ip = 10 mA) is connected in
series with a 10 kQ resistor to two supply voltages 3.3 V and 2.0 V, respectively.
(a) (5 47) Estimate the current ;.
(b) (10 77) find the value of the output voltage Vour.

)
!
-

2. When the NMOS transistor working in the saturation region, the drain current is modeled as
1, w
Ip = s kn— (Vs — V)21 4+ AVpy).

(@) (5 47) - From the Ip equation, what are the terms of k, ?
(b) (5 57) - Consider for operation in the triode region, show the Ip equation.
(©) (5 97) -Explain the term (1 + AVpg) from the Ip equation briefly.

3. In the circuits shown in Fig. P3 M; and M are characterized by |V, |= 0.4 V, kp% = 1mA/V?,

?:)d(}IO '903;) find the voltage V; Vl::_-'l_'_ 1.8V
(b) (10 47) find the voltage V> -
3 OV,
M,
V,
0.5 mA

Fig. P3
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(30 57) The transistor operates in the saturation region with a drain current of ImA. (a) What is
its trans-conductance? (b) Calculate the low-frequency small-signal voltage gain. (c) Calculate
the small-signal voltage gain at 160 MHz. Some related parameters are: A =0, Ry=10kQ, u,C,, =

100 x 1076 A/VZ’ W/L =100, and €, = 1.0 pF, while the parasitic capacitances of transistor are negligible

and ignored.

(20 53) All transistors operate in the saturation region. The sizes of both NMOS transistors are
the same. The sizes of both PMOS transistors are the same. Calculate (a) the small-signal
resistances of NMOS and PMOS transistors, respectively, due to their channel-length modulation
effect, and (b) the low-frequency voltage gain of the amplifier. Some related parameter values are:
Gy = 20X 107° ANV, g =1.0x1077 A/V, €, =100x107° F, Ay =01 V!, 4, =02 V!, and

[SS =1 mA.
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Useftul physical constants: &

1.

% 361
Wy BB feT A1 B B AT BE B 47 A1) By Q1(0.00, 0.00, 0.00) = 100. nC &4

Q2(4.00 m, 3.00m, 0.00) = 3.00 nC. EEtEERF Q2 FRIEMWIE » HHE
fa] Q1 EARVESTRE E - AfEA/NETTE - (10%)

(F/m); 4, =47 %107 (H/m)

EIEERE D=10a, +5a, C/m? > FatEiEE L THENSE RS - if
H: 0=6m>0<¢@<90°> Bl -2<z<+2m - (10%)

. ARRTEMESVSETEER 00=10nC/m > fird Y &t y=

-4.0mEly=+4.0 m - FHRELEHIMEME (4.0 m, 0.0, 0.0) R
BE55E E - GFEEAV/NETTE  (10%)

AEz=0 xy PHEFERA PRI ERZE B 0.= 100 nC/m? » FHHE

(a) 1@ 2.0-nC EFE P(-5.0, 10.0, 4.0)m FEEZE Q(2.0, 3.0, 2.0)m
FTEE AT - (10%)
(b) = L 5TEENZE Vor = Vo Ve ° (10%)

5h w9 4 {8 Maxwell’s eq’s AR FTAARAVYEEES © (10%)

(a) 5R5 SR (H) ~ BB EREBRVEAL © (10%)
(b) FEES LRSI B B F AR - (10%)

W PR ALY B S H - P —E Y z = 2.0 m» EHRZEE B K=
~5.0 a, A/m » B—(BEFFELN 2= +2.0 m » BRBEER K=+5.0 a,
A/m o RPN E B HIMES 58S H -

(@) (0,0,4m) (10%)

(b) (0,0,0) (10%)




