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(15%) The delta function is defined as follows,

(2) (5%) Find the Laplace transform L{(t —a)} = e~ %
(b)(10%) There is a differential equation y"' + 2y’ + 10y = §(¢t), y(0) = 0

and y'(0) = 1. Solve the differential equation using Laplace transform.
(10%) Solve the differential equation 2xy? + 4 = 2(3 — x2y)y’, y(-1) = 8.
(10%) Solve the differential equation y"' + 2y’ +y = 4e~%.

{y} =Tty and sketch its

15%) Solve the differential equation system
(15%) d d Y2 = Y1+ 2y,

phase portraits on the phase plane.
(15%)Perform the indicated operation, give that:

1 -2
42 3 0] L[t o2 o .
0 -1 4 2 -1 3| 0 1

(a) AT (b) (A+B)C (c)If 2X-4(24-B)=0 , Find X

. 1| [cos@ -sind | x x
. (10%)IF 217 sing  cosd . » Please find P

(10%)Solve the system using either Gaussian elimination with back-substitution.
6x—-2y+2z=29

Ox+4y—-2z=2

4x+8y—4z=24

. (15%)Find eigenvalues and eigenvectors of A square matrix.

A=

—_ e N
N W N
N =
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. A pure resistance circuit shown in Fig. P1.
(a) (5 47) find the equivalent resistance to ground, Reg.
(b) (10 43) If Rz is raised to 12kQ, what does Req become?

Hint: To do this apply a voltage Vx between terminal X and ground and find the current drawn

from Vx.

O X
R, Rs R3 E |
10 KQ 10 kQ
10 kQ Req
Rz Ra
10 kQ 10 kQ
Fig. P1

2. Consider the circuit shown in Fig. P2 with R/ = R2 = R4 =1MQ, and assume the OPA to be ideal.
Find the values for R; to obtain the following gains:
(a) (547)-10 V/V
(b) (5 43) -100 V/V
(c) (547)-2V/IV

Ry

Vi

+
vo
Fig. P2
3. An NMOS transistor having V; = 1V operated in the triode region with vps small. With Vs =
1.5V, it is found to have a resistance rps of 1kQ.
(a) (10 43) What value of Vgs is required to obtain rps = 200Q?
(b) (10 43) Find the corresponding rps values obtained with a device having twice the value of

the channel width when the Vgs = 1.5V.
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4. (30 73) Both transistors of the symmetrical NMOS differential pair operate in the saturation region.
(a) What is the output bias voltage? (b) Calculate the small-signal differential voltage gain if A=0.
(c) Calculate the small-signal differential voltage gain if A=0.2 V~!. Some parameter values are:

Vop =18 V. Iss =1.11x 107 A. Rp=360Q. pnCox = 100 x107¢ 4/, W/, = 1766.

T Vbp

Fig. P4

5. (20 47) The transistor operates in the saturation region. Calculate (a) the small-sign midband gain
and (b) 3dB bandwidth in Hz. You may ignore the parasitic capacitances of the transistor. Some

device parameter values are: A = 0. g,, =1.0x 1073 A/V. R, =10 k2. €, = 100 x 107*% F.
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1. (10 pts) Convert the following hexadecimal representations of 2's complement binary numbers
to decimal number.
(a) xFO
(b) x7FF
(c) x16
(d) x8000
(e) x1

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

mux.

Io

2x1

MUX Out

Iy —

3. (10 pts) Implement the XOR function by means of :
(a) (5pts) NAND gates only.
(b) (5pts) NOR gates only.

Please draw the gate-level circuit.

4. (20 pts) For the transistor-level circuit shown below:
(a) (10 pts) Fill in the truth table below.
(b) (10 pts) What is Z in terms of A and B?

A B C D Z

Aﬂ C:—oi

i
T




s 2 Het 2 B

BT MRS 109 2K %P BT AR
EEHEAES S FHE : sHEEBER)

. (10 pts) Given an array A of length N with sorted elements of N integers. Given a number X,
write a program in C or Java to determine whether X is an element in the array. What is the time

complexity O(N) of your program?

(10 pts) Consider an array of length N with elements of N integers. Write an algorithm to sort
the elements. What is the name of the method of your algorithm? What is the time complexity
O(N) of your algorithm?

(10 pts) Consider to write a program in assembly language to run on a computer system with an
operating system. There are three sequential steps of how an assembly language is transformed
to run on the development board. The first step is done with an assembler. The second step is
done with a linker. The third step is done with a loader.

Describe what is done at each step.

. (10 pts) Consider a MIPS processor. There are five stages in an execution cycle. Describe each
stage in detail. If you know another RISC (reduced instruction set computing) processor, then
you can answer this question with the processor you know instead of MIPS.

. (10 pts) H—HF Arduino EEEHAISTEE - B FHiE My Bl ¥ =] IS B T /8 - HE

FRTEST - ETFRABESEBREAR - EFATEAMECEUAIEEERUHIMAR EASEREE - it
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m(Si) =10 cm>, g=1.6 x 107 C, kT=0.025 ¢V, In10 = 2.3, €' ~ 2.2 x 10*

1. Explain the following terms: (a) Single-crystal (b) Polycrystalline (c¢) Amorphous (10%)

2. Assume there are five semiconductors: Si, GaAs, Ge, GaP, and Al,Ga; xAs. (a) What are
elemental semiconductors? (b) What are compound semiconductors? (10%)

3. Explain the following terms: (a) Energy band (b) Bandgap (10%)

4. (a) What is an intrinsic semiconductor? (b) If a group V element, such as phosphorous (P), is
added to pure silicon, will it become an n-type or p-type semiconductor? Why? (10%)

5. Briefly explain the following two transport mechanisms shown in semiconductor: (a) Drift (b)

Diffusion (10%)

6. Explain
(a) High injection for pn diode (5%)
(b) Avalanche breakdown (5%)
(c) Linearly grade pn junction (5%)
(d) Strong inversion of MOS structure (5%)

7. Calculate the electron and hole current densities of a silicon pr diode, with N, = 10" cm™ and
Ng= 10" cm™ by applied forward bias of 0.5V. The tn, tp, L, and L, are 1000 cm*/V/s, 100
cm?/V/s, 80 pm and 5 pm, respectively. (15%)

8. The charge distribution of a MOS structure is given as in Fig.1. Draw the field and voltage

distributions and band diagram. Where On, + Oss = gNax. (15%)

i x)
Qm- st i £(x)

X 1 i} >
___I i 'doxu X
-dps.
Figure 1. + V(x )
'doxv X.
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Useful physical constants: &, 36n (F/m);

Uy =47 x107 (H/m)

1. REWEERRRT (TR n) Ei%  BREEFRE 10.0 MHz R E 1.0
X 10° m/sec - HIZ LB HVES E WIRIE  fEE A RERRIEGREE E(z=0,
t=0)=2.0V/m; 5ZE z JFEERE 5 AR%E (2=50m) » HIRIERS
1.0 V/m  ( $&7% : In 0.5=-0.693 )

(a) KIERASHHTHZE n - (5%)
(b) BEHES E fI—fFTRE - (10%)

2. B2ENE LL y=0 BF- y<0 BF>e=4.0 HEH E, =3a,+6a,+4a, ;
y>0H0f>ex=50-¢
(a) BTESRE y=0 JZEEMAEMER > K E;° (10%)

(b) ZEFRHE y=0 BEBHEE ps=0.25nC/m? > 3K E,;  (10%)

3. A—(EFRES - EEREEE 4m® - HWEEREEZ 0.0l m  EFE

INMEEEMEENEER &= 10.0 HEEZE o= 10" S/m - Z57E Wi{E B MR

o6V HYEEE -
(a) KR ESNESE - (5%)
(b) FEFEI-HRETHFEUERZ/VERJ)? (5%)

() B-PANEEHVHFEDIRZEL (W) ? (5%)
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4. % z B EA— IR EMELS - BH ENERI=107a,(A) -
(a) SREAE AR ERIERNO, 5, 0)ERES T ¢ (10%)
(b) KENERERR EE—E(p, ¢, 2) (p = 0) HYBESA/NRITTE © (20%)

Az
I o (p,9,2)
(0,5, 0)
— %>9
/ y

5. TETHEMRERES - -
(a) 7 BIEREA(L) ~ Q) WIE R EHHEE (divergence) HANE ~ FNE - BZ
NAE? (10%)
(b) 2y BIEREA(L) ~ QWERESEE(cu)EEHE ? IRAHE » 55:5H
HFAME - (10%)

y
- M
— = = ®
X




