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1. Please solve the initial value problem. (10 %)

y" 3y 43y 4y = sinn /0)=2,5/(0)= 0, 0)=-1 (7 =22
X

2. Please find the Laplace transform of the function e'u(t-2). (10 %)

3. Please find a basis of eigenvectors and diagonalize. (15 %)

5 10 -10
A=|10 5 -20
5 -5 =10

4. Find the Fourier transform of the function f(x). (10 %)

xe ¥ if x>0

f(x)={

0 if x<0
14277 11 = _
5, Show that when 0<lz[<1 SR Z—3+—Z—+ Zl(—l)nz(zn Y 15 %)
: z n= )
22
[
6. Please integrate the function m over the given contour C, where C consists of

lz]=2 (counterclockwise) and |z=1 (clockwise). (10%)

7. Evaluate the integrals. (15%)

@ kb Q+20eVdyde ) [

cosxdx p
a>b>0
(2 +a?)x2+b%) )

8. Find and plot the sample regression line of y on x and also find y at room temperature
66°F. (15%)

Temperature x [°F] 32 50 100 150 212
Conductivity y [Btw/hr ft °F] | 0.337 | 0.345 0.365 0.380 0.395
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(1) An n-type Si bar is fabricated in a IC circuit, serving as a resistor. The donor
concentration (Ng) is 7x10"cm™. And the resistor is 0.lmm long with a rectangular
cross section of 20pmx10um. The measured material parameters of Si at 300°K are
shown in table 1. Please answer the following questions:

(2)(5%)Determine the conductivity of such n-type Si material. Why the conductivity can
only be counted by the electron concentration? o

(b) (5%) Find the resistance of such n-type Si bar.

(¢) (5%)Use the parameters of table 1 to verify the Einstein relation.

Table 1 :
Properties (300°K) Values
Relative permittivity (dielectric constant) 12
Electron mobility, i, 1500 con®/(V - 5)
Hole mobility, p, 475 cm*(V - s)
Intrinsic concentration, n; 1.46x10" cm”
Electron diffusion constant, D, 34 cm’/s
Electron diffusion constant, D, 13 cm’/s
Boltzmann constant, k 1.381x10™ J/K
Electron charge, q 1.602x10°" coulan

(2) Figure 1 plots I-V characteristic of a diode (left) and a voltage-chipping circuit (right). In

the circuit, V=3V, R; =1kQ, and Ry=11€. o

(a) (5%)Please find and explain the equivalent circuit models for the diode at the
forward and reverse biases.

(b) (5%)Describe the operational principle of the voltage-chipping circuit. When the
input voltage is Vi=A - sin(2 - - { - 1), use the equivalent circuit model from (a) to
find and plot the Vo(t), where A=5V, f=1KHz.

(c) (5%)If a two level of clipping voltage is needed in the circuit, please plot the circuit

layout.
Diode current (mA)
A | ;

16 ;
14
12 II
10 I
8

Slope~02MQ)Y* ¢ /
pEEE
- r-v=¢/ >

02 04 0.6 0.8 1.0 12 14
O3uh Diode bias

Figure 1
(3) (2)(5%)In a Bipolar Junction Transistor (BJT), what are the common-base forward short-
circuit current gain (o) and common-emitter forward short-circuit current gain (Br).
And derive their relation between oy and Pr using Ebers-Moll model.
(b)(5%)Draw and explain the equivalent circuit model of BJT at low-frequency and
high-frequency regimes. '
(c)(5%)Define and explain the threshold voltages (Vr) of JFET (Junction Field-Effect
Transistor) and MOSFET (Metal-Oxide-Semiconductor Field-Effect Transistor).
And state their operational principles (you should include the Ohmic region and

Saturation region).
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(4) Figure 2 shows a circuit based on a JFET which works as an amplifier. Also, the I-V
characteristic of JFET is shown in the right. The circuit has Vpp=30V, Rp=2kQ, Vge=-
1.5V and Rg=20kQ, V; (t)=0.2xsin(w - t).

(2)(5%) Define and explain the equivalent circuit of JFET and plot the overall 01rcu1t
What is the main factor leading to a finite output resistance (rgs)?

(b)(10%) Please define and find the transconductance (gy) and rgs of JFET, if Vgg=-0.5V,

-1.5V, and -2.5V. Are g, and rgs linearly related with Vgg? Why?

(c)(5%)Find the voltage gain of the circuit when Vgg=-1.5V.

(d)(10%)Define the high-frequency equivalent circuit (you should explain all the
parameters you assume). And derive the equation for the frequency response of the
voltage gain in terms of the parameters you-set. :

. VDD . .
i l R, ip(mA) | A slope=3.3x 10°(Q)"

-0.
10 |f 1o
-1.5

Iy
3 - -2.5

+
—_ g feorsaessaisis : E— 4 _30
v L = 15 30 Vos®v)
G
g Figure 2

(5) Figure 3 shows a logic circuit which includes two identical enhancement-mode NMOS-
FETs and one depletion-mode NMOS-FET. The input ports are A and B. The output
port is defined as C.

(2)(5%)What is the function of this circuit? Please verify it by truth table.
(b)(5%)What is the function of the enhancement-mode NMOS-FET? Can it be replaced
by a resistor?

(6) Figure 4 shows a circuit with an ideal OP amplifier.

(a) (5%) Please define an ideal OP amplifier.
(b) (5%) Find the relation for V, and V; (i=1,2,3,..,n) using the parameters of R, R,
Ry, ...and Ry If R=R; (i=1,2,3....n), then what will be the result?
(c) (5%) If the electrical polarity connecting with the OP amplifier is reversed, the results
of (b) will be the same? Why?
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(G 15 ) EERSBNETYES, KT EENEA ST kR T
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&(5 5, FRIRHEDE BB RS (55
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(F257) BREEEER: () F LIL I ERSEATRRERRDEK, 75
x<0, 0<x<a,x>a (5 4)) (b) f& Schrodinger HTEZ, I EEFGRME, 55
R(ERFBEEERBAVIRERM(10 2)? (o) BHARSLRSE n EFEE FRE
n B2 Vo BVEfR (S43) (d) FESREARIT Vo BIKEE, RUEENSTIVFEGRE
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2. (#£154%) fE:EPRF( harmonic oscillator) HY Hamiltonian B[EE F:

L~ P? 1 p
H =3+ — ’ Z= = :/E\: = N = A s |
- 2ma> %%, (a) EH% B op T g h EEWHA p

SesesR e Hamiltonian (5 4) (b) BIA 4= J—(é+i*ﬁ),
ae%@—i*m, sy b‘r=hw<fz+&+—> (10 43)

3. (£20%) () EEBREG L=rxp=i,+L, +L,, EEH L,L,L
2P commutation Btk (553) WEv, B LKL EAEE B

L xi*L,, 557

f'z |v/lm > l(l + 1)h |W[m > > mh| Wlm > %ﬁé’fﬁ% Lt

) B L(L|Lm) FsE

L, BAI’ commute, (BRELIL, commute (54y) (c) FERIAEFEERT L
commute, E¥HE FIIEZE(S 7)

m)=Ci|lmz1) (543, LR




