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1.  Find the solution of the equation 3x(xy — 2)dx + (x® + 2y)dy = 0. (10 %)
2. Find the solution of the equation y"" — 2y’ — 3y = 3t? + 4t — 5 with y(0) =9 and
y'(0) = —4. (15 %)
) , X3 =5x;—3x,+8 {xl(O) =2 ~
3.  Find the solution of the system {xg = %, + 2, + 32t h 1,(0) = 0 (15 %7)
4.  Find the solution of the equation y" — 3y’ + 2y = 4e?' with y(0) = —3 and y’(0) = 5.
(10 47)
(a) Prove that the Laplace transform of 4e?¢ is S%.
(b} Solving the differential equation by using Laplace transform.
5. Perform the indicated operation, give that (10 %")
0 -2 2 3 0 b2
1 _
A:{z 2 3} B{o 2 4} €=+ 3
- 0 -1
(a) (A+B)C  (b) If 2X-6(2A-B)=0, Find X.
6. Find the eigenvalues and eigenvectors of A. (10 %)
2 0 1]
A=10 1 0 ‘
2 0 3|
7. (a) A real square matrix A=[aj]. Define the following terms: (using by AT, A, A)
(1) Symmetric matrix (2) Skew-Symmetric matrix (3) Orthogonal matrix (6 %)
(b) Determine the nature (Symmetric or Skew-Symmetric or Orthogonal) of the following
matrices. (8 %)
W3- ) _ |
_— — | 0 9 -12 /7 3/7 2/7
a=|! 2= 2 2 9 0 20 /7 217 5/
= ~ = ~C=| = ~D=\3/7 2/7 5/7
2 3 1 3
-~ T 12 20 0 2/7 5/7 3/7
| 2 2 - -
8 If A= 214 ] — k, B=1-3] -5k Find (3) A-B (b) AXB (c) the cosB between A and

B (d) the projection of A on B. (16 %)
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Explain the following terms

(a) Heterojunction (5%)
(b)Fixed Oxide charge (5%)
(c) Schottky barrier potential of a metal/p-type junction (5%)
(d) Threshold voltage (5%)

For a pin junction, the charge distribution is shown in Fig.1. Draw the field
and voltage distributions and find the applied voltage. (15%)
(0=10"%cm’, kT=0.025¢V, 1n10=2.3)

r(x) ¢
- - -] gx10* (C/cm?)
1 2

2
2 (wm)
-gx10% |- -~ -

Fig.1

Describe the reasons the dominate current is electron or hole current of (a)
p'nand (b) p'N junctions, where + and N mean high doping concentration
and wider band gap, respectively. (15%)

Explain or define the following terms:

(a) N-type dopants for Silicon (5%)
(b) Depletion region of p-n junction (5%)
(c) Hole carriers in a semiconductor (5%)
(d) Electron mobility (5%)
Describe the advantages of direct bandgap for semiconductors. (15%)

Describe briefly the formation of the build-in potential in a p-n junction
diode. (15%)
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1. Convert the following 2's complement binary numbers to decimal. (20%)
(a) 1010

(b) 0110

(c) 01011010

(d) 11111110

(e)0011100111010011

2. Implement the XOR function by means of : (10%)
(a) NAND gates only.

(b) NOR gates only.

Please draw the gate-level circuit.

3. Implement a 4-to-1 mux using only 2-to-1 muxes making sure to properly connect
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. (10%)

4. A symbol of 2-to-1 mux is listed below. Please draw the gate-level circuit of 2-to-1
mux. (10%)

I,
2x1
MUX Out
L
S

5. Given an array of 100 elements. Write an algorithm or C program with comments
to do bubble sort. Draw a flowchart. How many comparisons and how many swaps
the algorithm will take at worst? What is the time complexity of this algorithm?
Which sorting algorithm is faster than bubble sort? (13%)

6. Describe a Turing machine. What are the similarities between a Turing machine
and a personal computer? What are the differences? (13%)
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7. Write an algorithm to find all the prime numbers less than or equal to n. Use
comments to explain your program and draw a flowchart to illustrate the algorithm.
Show that your algorithm work for n=25 (12%)

8. Write down the Euclidean algorithm to find the greatest common divisor between
two positive integers a and b. You cannot use any division or mod function but you
can use subtraction. Write down a recursive version of the Euclidean algorithm. This
recursive version can use the mod function. Show that both algorithms work with two
examples for each algorithm? (12%)
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From the Voltage Transfer Characteristic (VTC), we can find four parameters of the VTC

(Von, Vo, Vi, and Vig). Determine the noise margins:
(@) (5 57) NMy and
(®) (5 7)) NM;

. For the instrumentation amplifier of Fig. P2:

(a) (10 47) find the voltage v; and v;. n
(b) (10 47) find the voltage vz and v.. . 10KQ
1-0.01sinwt
(©) (5%3) find the voltage vo. — : Wy
= ¢ 0K Ltk |,
My =
2 ke e
vz p>
sooke | 1OReS L

14+0.01sinewt

Fig. P2
. Assume the forward voltage of the diode
which shown in Fig. 3(a)(b)and(c) is 0.1V with no leakage current.
(@) (5 47) Find the values of 1; and ¥; in the circuits shown in Fig. P3(a).
(b) (5 47) Find the values of I> and V> in the circuits shown in Fig. P3(b).
(¢) (5 47) Find the values of /5 and V3 in the circuits shown in Fig. P3(c).

+3.7V _
b avil——
Vi
— +2.5V ;
9 +1.8V @——« s
4.5KQ 10KQ

3.7V
Fig. P3(b) Fig. P3(c)
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4. (20 47) The operational amplifiers are ideal. Please (a) calculate the voltage gains of
the circuits shown in Fig. P4(a), where R1=10kQ and R2=100Q. (b) Write down
Vout in terms of V,,V;,R,,Ry, and R, as shown in Fig. P4(b).

R1
AN
R2
>
Vin
= Fig. P4(a)
Re
W' —
Ra
Va —AW—
Vs —W >—_Vom
Re |
= Fig. P4(b)

5. (30 43) All MOS transistors are biased in the saturation region. Neglect the body-effect
of the NMOS transistors. Calculate (a) open-loop gain, (b) loop gain, and (c) closed-
loop gain of the feedback amplifier shown in Fig. P5. A, =A,=0.1V".
g =10x10"A/V. g, =25x10"A/V. I =2mA. R1=100kQ. R2=100kQ.

Vop

e e

Vout

_ Rl
Vino|” MN MN

= Fig. P5
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Useful physical constants: &, ~

1.

-9
367

FH A EES PR HEABHEN 4 @R ORI - e ETTER
PR - (12%)

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

B8 V=3x%z (V) x,y,z RFHEFEE-FEHES EHES UEHHEAEEE G
m, 2m, 1m) EAYELE - (10%)

TE[FBEE (8 20.0-nC HYBEEEET -

(a) EEZEHRE T » BT HEMAE 10m F > ES EHEBFEFED -

(b) EILER R ABEN KRS (= 81 - FHETEMEE 1.0m &> BHE
HEREFRED -

(BERIEREEAR) (20%)

B—EREBE » FEE L NEETEBREONBE 0 SR - B EIRESEYT
BRI SA AN BB BAEE 8 F ) HMARNEEMEME » BEMEE R 320F - R
A BRI 1 88 & B (dielectric constant/relative permittivity) %%/ ? (8%)

—EHEAVAER B 108 Hz SR B 2m >

(a) KILBRONHVFHIREE -

(b) BB HIRE Ry Ao cos(wt — 2) » K o FOI B BYE -
(20%)

sEanHd

(a) FSEVERATL

(b) HEEFEAIEAL -

(c) BEEAOHE B AR (4 -

(12%)
‘Z
=z FE—HREEE  EBEER I +2 5 \
(a) 3R y @l ERY (0,7, 0) B HREE I - I
(b) 55389 (0, r, 0) (I BHREA/NE r GIFEZ - (0, 7, 0)

(18%) /\-\. )

X




