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(15%) A differential equation is as follows,
dy
3.,,4 A3 L 29) = =
x?*y* + (x*y® + y)dx 0

(a) Find its solution.
(b) Verify your solution in (a).

(15%) A 2"-order differential equation is as follows,
y" + 9y’ + 20y = —36e~%,y(0) =0,y'(0) =0

(a) (05%) Find the general solution of the homogeneous equation.
(b) (05%) Find a particular solution of the non-homogeneous equation.
(¢) (05%) Find the final particular solution of this non-homogeneous equation.

(20%) A differential equation system is as follows,
o 2 =2 4 2t —

(a) (05%) Find the Laplace transform of e?t.
(b) (10%) Find the solution of this differential equation system using Laplace transform.
() (05%) Determine the stability of this system and explain your reason.

(15%) Perform the indicated operation, give that:

-1 2 0 1
1 0 -1 2 1 0| C=|3 4| D=|-1 0
A = B =
2 1 3 0 3 4 0 1 2 1
(@) (A+B)T  (b) RA-B)(C+D)  (c) If 2X+3(4-B)=0 , Find X

(10%) Solve the system using either Gaussian elimination with back-substitution.

Ox+4y—-2z=2
6x—2y+z=29
4x+8y—-4z=24

(15%)1f A=7-3j+2k, B=3{ —2j+3k ,Find(@ AeB (b) AxB (c)The
projection of Aon B

(10%) Find the eigenvalues and eigenvectors of A.
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h=6.63x 10 J-5, k=8.62 x 10 eV/K, ¢ = 1.6 x 107 C, In10 ~ 2.3, &5 = 12 x
8.85 x 107 F/ecm, n; = 10!° ¢cm™

1. Explain the following terms: (a) Lattice vibration (b) Vacancy (10%)

2. What kind of impurity atom can be added to make the following intrinsic
materials to become n-type semiconductors? (a) Si (b) GaAs (10%)

3. GaAs is more suited than Si for use in optical devices. Please explain why. (10%)

4. Consider the Fermi-Dirac probability function f(E), and Ey is the Fermi energy.
Assume there are two temperatures 73 = 0 K and 7> > 0 K.
(a) Plot the curve of f/(E) vs. E for T}. (5%)
(b) Plot the curve of f{E) vs. E for T5. (5%)

5. The Hall effect can be used to distinguish whether a semiconductor is n-type or p-
type. Please describe its principle. (10%)

6. Explain or define the following terms:
(a) Miller indices (5%)
(b) Low injection level (5%)
(c) Strong inversion condition of MOS structure (5%)

7. Explain the dominant current is electron or hole current of p*n, n'p, Np and Pn
junctions, where N and P mean wider energy gap and + means high doping
concentration. (15%)

8. Asilicon pin junction has the doping profile shown in Fig. 1. The “/” corresponds
to an ideal intrinsic region in which there is no impurity doping concentration. A
reverse-bias voltage is applied to the pin junction so that the total depletion width
extends from —1.5 um to +1.5 pm as shown in follow. (a) Calculate the magnitude
of the electric field at x = 0. (b) Sketch the electric field through the pin junction. (c)
Calculate the reverse bias that must be applied. (20%)

px)
4

U — q1016

+1 +2

" a(um)

Fig. 1
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1. ( ) In C language, the semicolon (;) is used to mark the (A)start (B)end (C)separator
(D)nothing  of a statement. (10 pts)
2. () What type of loop always executes at least once? (A)for (B)while (C)switch/case
(D) do/while. (10 pts)
3.‘ () What is the value of sum after the following code has executed? (A)55 (B)45 (C) 10
(D) none of these. (10 pts)
for(sum=0,i=1;i<=10;i++) sum+=i;
4. () How to do an infinite loop? (A) int n=1; while( n!= 0) ++n; (B)while('indefinite"); (C)
while(1); (D) while(0). (10 pts)
5. Change this program so that it uses “switch...case” command instead of “if-else”. (10 pts)
if (month = =4 || month = = 6 || month == 9 |jmonth == 11)
| printf(“Month has 30 days.\n”);
else if (month == 1 || month = = 3 |month = = 5 || month = = 7 ||month = = 8 || month = = 10 || month = = 12)
printf(“Month has 31 days.\n”);
else if (month == 2)
printf(“Month has 28 or 29 days.\n”);
else
printf(“Don’t know that month.\n");
6. Write a program to do bubble sort to sort n numbers in an array Arr. You can use any
programming language or pseudo language. What is the time complexity of bubble sort?
(12.5 pts)
7. Write a program to do matrix multiplication for a r1*cl matrix and a c1*c2 matrix, resulting in
a r1*c2 matrix. What is the time complexity of your algorithm?  (12.5 pts)
8. Write a program to find the index of a number X in a sorted array of length n. What is the time
complexity of your algorithm?  (12.5 pts)

9. Write a program to find the greatest common divisor of two positive integers a and b. (12.5 pts)
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. (10 43) As shown in Fig, P1, a first-order low-pass active filter performs a low-pass STC

function. Derive the transfer function and show the DC gain is (-R2/R1) and the 3 dB frequency
Wo = 1/ CR2
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Fig. P1

In the capacitor coupled attenuator circuit shown in Fig P2, I'is a DC current that varies from 0
mA to 1 mA, D1 and D2 are diodes with n = 1, and C) and C; are large coupling capacitors. For
very small input signals,

(a) (10 47) find the value of the ratio vou / vin for I equal to 10 pA.

(b) (5 47) find the value of the ratio vou / vin for I equal to 100 pA.

(c) (5 %)) find the value of the ratio vou / vin for I equal to 500 pA.

1mA

C,
e
D, Vouit
L

Fig. P2
. As Fig. P3 shows, using Vpp = 6 V with an NMOS for which V1=1.2V, k,” W/L=2.0 mA/V?
and A = 0, provide a design which biases the transistor at Ip = 2 mA, with Vps large enough to
allow saturation operation for a 2 V negative signal swing at the drain. Use a 26 MQQ resistor as
the R, then:
(a) (10 47) find the value of Rp.
(b) (10 43) find the value of Ra1. Ro

R
(V2 = 1.414, V3 = 1.732, V5 = 2.24) WV

VD D

Rg,
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4. (20 47) The transistors operate in the saturation region. Rp; = Rp, and M; =
My . Vip =Vins = Vina, Vour = Voutz = Vours. (8) Calculate the differential
trans-conductance? (b) Neglect the channel-length modulation and body effect of
MOS transistors. Calculate the low-frequency differential small-signal voltage gain.
Some related parameters are: Rp;,= 2 kQ, p,C,, = 100 x 1076 A/VZ, (%)m,m =10,

and 1'55 =1 mA.

Vbop
=Rp1 Rp2=
Voutt o—% 9 Vout2
Vinto—{[ M4 M2 o Vin2
P
Iss
Fig. P4

5. (30 4¥) Bothi MOS transistors operate in the saturation region. Assuming neither -
transistor suffers from the body effect, Calculate the (a) low-frequency voltage gain
of the amplifier, and (b) output resistance, and (c) 3dB bandwidth of the amplifier
if C,ye =20x 10715 F | while ignoring the parasitic capacitances of both
transistors. Some related parameter values are: Rp = 10 kQ, g1 = 1.0 x 1073 A/V,
Gma =0.5%x 1073 AJV, 4, = 0.1 V™1, A, =0 V-1, and Ip;, = 1 mA.
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Fig. P5




%/ HEE /

N

ZFr BT &
FHE - ERE

Useful physical constants: €, ®

1.

-9
367

(a) A =3a,+4a,, B=5a,; (b) A=ap+2a¢+4a,, B=2ap+8a,;
K AXB - (10%)

(F/m); M, =4nx107 (H/m)

BIEERE D=20a, +10a, C/m* » FHitHEEELIT AV ESE
i © o=6m > 0<¢<90" B& -1<z<+1m° (10%)

. —EERBE BRI LR pv=pa(r/a) f£ 0<r<a H p,=0 1E r

>aq. FHEHIEFTEZER (r>0) NEEEEAT - (10%)

fEz=1om> xy PEMRATHRGEHEAEE 0= +100 nC/m’ > 3

B z=0 BRI RSB - HEEEGEE - (10%)

. 5 4 {# Maxwell’s eq’s DR FTRFRIVYEER - (10%)

{2 J5 T RN > EL kB R Ao sin(108 £ — % 2)» SRAH R (phase

velocity) » ek R EEAL R A R (m) » (10%)

- AE x-y ifi_EE — R Ay BT HEE R K= 6 a, A/m

ssTHE H(Gm,4m,5m) > (20%)

AR W = 2xy? a, A/m o SR EIERAAE J Qm, 2m, 3 m) e (20%)




