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. (10%) About classifying differential equations.
(a) (4%) How do we know if a differential equation is linear? And why do we need to confirm

whether a differential equation is linear?
(b) (6%) Identify the order, linearity, and homogeneity of each differential equation below,

5y"" + 3y’ — 4sin(y) + cos(x) = 0
4y"" 4+ 2y" = e*y

. (10%) Solving (3xy —y?)dx + x(x —y)dy =0
. (15%) Solving y" 2y’ +y =5
. (15%) A system of differential equation is as follows,
{y{ =+1y; + 2y,
Y2 = +3y1 + 2y,
(a) (5%) Find the solutions
(b) (5%) Draw the phase portrait of this system

(¢) (5%) Identify the stability of this system and give your reasons.

. (15%) Perform the indicated operation, give that
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(a) (A+B)T (b)2A-B)C (c) If 2X+4(4-B)=0 , Find X

. (10%) Find the eigenvalues and eigenvectors of A.
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. (15%)If A=2i+j-k, B=i+3j—k,Find(a) AeB (b) AxB (c) The projection of 4 on

B

. (10%) Find the normal vector of the surface z° = 2()62 4 yz) at the point P: (1, 0, 1)
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1.(10 43) Suppose in Fig. P1, the diodes carry a current of 4 mA and the load, a current of 18 mA. If
the load current increases to 19 mA, what is the change in the total voltage across the three diodes?

Assume R; is much greater than 3rqand the thermal voltage (Vr) is 26 mV.
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Fig. P1
2. Compute the input resistance of the circuits depicted in Fig. P2. Assume Vs = 0.
(@) (5 47) find the input resistance of Rini

(b) (10 47) find the input resistance of Rina
(c) (10 47) find the input resistance of Rin
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(b) (c)
Fig. P2
3. (15 57)The integrator of Fig. P3 must operate with frequencies as low as 1.2 kHz while providing

an output offset of less than 19 mV with an OPA offset of 3 mV. Determine the required values of
Riand Rif C1=< 120 pF.
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4. Fig. P4 shows a negative feedback loop circuit.

(a) (10 43) Find the loop gain 4 for which the sensitivity of closed-loop gain to open loop gain
(1+ Ap)™" is -20 dB.

(b) (10 43) What is the 45 value when the sensitivity becomes 1/27?

Ry
MV

I“l
|
«0

;
'»—'C}"
+
III-— re

Fig. P4

5. As shown in the circuit diagram in Fig. PS5, if its voltage gain is 0.8, the transistor channel's
width-to-length ratio is 200 (W/L =200). Its transistor parameters are: fin Cox = 200 pA/V?,
Rs=0.5kQ, and V'ru=0.4 V, A=0, then:

(a) (10 43) What is the name of this circuit?

(b) (10 43) What should the transconductance gm from the MOS small signal model be?

(¢) (5 4y) What should the Ip current be in this case?

(d) (5 47) What should be the appropriate VBias?

Vln?
VBias
1

Fig. P5
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1. (10pt.) Convert the following hexadecimal representations of 2's complement binary numbers to
decimal number.

(a) xFO

(b) xF77

(c) x16

(d) x8000

(e) x1

2. (10pt.) Convert these decimal numbers to 8-bit 2's complement binary numbers.
(a) 102

(b) 64

(c) 33

(d)-128

(e) 127

3. (20pt.) Implement a 4-to-1 mux using only 2-to-1 muxes 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.

4. (10pt.) A symbol of 2-to-1 mux is listed below. Please draw the gate-level circuit of 2-to-1 mux.
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5. (10pt.) Assume that the scheduling of a processor is shown in the following table. There are three
procedures to be done. The scheme of the shortest job first (SJF) for procedure arrangements is
adopted. The procedure P1 first arrives, and then the procedure P2. Finally, the procedure P3 arrives.

The execution times of the procedures are 7, 3, and 5 milliseconds (ms), respectively. What is the

average waiting time for a processor?

Procedures Orders of arrival Execution time
Pl 1 7
P2 2 3
P3 3 5

6. (8 pt.) Show the single precision representation to the decimal number 250.12510)

7. (20 pt.) William always encrypts texts using the RSA encryption when communicating with Judy.
At this time, William selects two distinct prime numbers p =7, ¢ = 17, and the public key e =5
(a). (10 pt.) Assume d is between 75 and 80; what value is modular multiplicative inverse d ?

(b). (10 pt.) Assume that the encrypted information(ciphertext) is 3, what is the original information?

8. (6 pt.) What is the difference between SRAM and SDRAM?

9. (6 pt.) How does the CPU use the pipeline technique in the operating system to decode a series of

instructions?
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h=6.63x107J-s,k=8.62 x 10° eV/K, m.=9.11 x 1073! kg,g=1.6x107°C,
In10=2.3, n;=10"" cm™3, g5= 12%8.85%x107“F/cm

1. Consider a simple cubic lattice structure. Draw the following lattice planes: (a)

(100), (b) (110), and (c) (111). (10%)
2. Consider a single-crystal silicon lattice.
(a) What is its crystal structure? (3%)
(b) For any silicon atom in the crystal, how many nearest neighboring atoms
does it have? (3%)

(c) What is the bonding type between two neighboring silicon atoms? 4%)

3. Assume that f(E) is the Fermi-Dirac probability function and gA(E) is the density
of quantum states in the conduction band. '
(a) What is the distribution of electrons n(E) as a function of energy E in the

conduction band? (5%)
(b) What is the total electron concentration no in the conduction band? (5%)

4. The Fermi-Dirac, probability function can be expressed as:

1

1(B)= (E—E)
I1+exp
kT
(a) What is the form of the Boltzmann approximation? (5%)
(b) What is the probability that a quantum state at the energy £ will not be
occupied by an electron? (5%)

5. Consider a silicon semiconductor, where the intrinsic carrier concentration is n; =
10'° cm™, Impurities have been added with the acceptor concentration being N, =
10" cm™ and the donor concentration being N; = 10' ¢cm™3,

(a) Isitann type or a p type semiconductor? 2%)
(b) What is the majority carrier? 2%)
(c) Calculate the electron and hole concentrations. (6%)
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. Explain or define the following terms:

(a) Shockley-Read-Hall Recombination (5%)
(b) Fixed oxide charge (5%)
(c) Duality properties (5%)

. For a silicone p-type with N;=10'3cm™ and n;=10"° cm find Quasi-Fermi levels for
electrons and holes refer to intrinsic Fermi-level, if 10"cm™ excess carriers are
introduced. (15%)

. The charge distribution of a pn diode is given as in Fig.1. (a) Draw the field and
voltage distributions. (b) Find the built-in voltage and the applied voltage.
(¢=1.6x107°C, n;=10'%cm?, kT=0.025¢V, In10=2.3) (20%)

f;
p(x)

q1015
1 um
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Useful physical constants: &, ®

1.

-9
360 (F/m); p, =47 x107 (H/m)

7HIK AXB : (a) A=5a,+ 12a,, B=13a,;
(b) A=ar+4ap+ 2ay, B=2ar+8ay ° (1043)

ERREAERIRBEREER 00=10nC/m > AR Y 8 - STHEILER
TAREALE (0.0, 0.0, 4.0 m) ERRAVESHRE E > GEEAV/NETTE - (10 53)

. FETYIRFERNRE - oFIRENVRIEE LRRE RIFERE  FES R RHER,

(Ri<R;) > SHEEERH Q-

@R FEMEE LRAIREEREE 0 BENEE 0, SRS 7

(o)t EERIEE L3 S AR T BHRE B 4RI -

(BRI TIEE L SR RS e SRR BEET
5 - BASERHORGTR - BB - PO ETEE SR b
SHIHEER Q1+ Q2 - (20 59)

. AR ERIEN 4 {H Maxwell’s equations HYFE 73 B o3 HI = .’ A fErEEY)

HEZ - (1097)

. (RS RS R H= 20" a,(A/m) > FHHEE Gm, 1m,2m) (IENER

BE - (BEFJREMWL (59)

e /B | HUBEEAR (permeability) p = 6000 » F1VE 2 HYHEEZR p, =2000
MBS M ERVER R z=0FE - VB 1 E£2<0 g > HUSEHREL

H; = 6ax + 3ay + 2a, (A/m) ° 55515 2> 0 BEHIE 2 IHLEEE H, -

(20 77)
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