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@ KiCAD AI&81|
@ OrCAD PSpice tutorials

@ (2024-02) Problem Bank for Mid-term Ex.

Lectures (Non-zero to be approved)
Lecture 01-01DC circuits

. Lecture 01-02 AC circuits
Lecture 02-01 Diode Circuits
Lecture 02-02 Transistor Circuits
Lecture 03 Amplifiers

Lecture 04 Operational Amplifiers

Lecture 05 Power Electronics

(4-1) Eiztof 2R 017 & EROIA 2ot 21Ut R

(4-2) PiZtof] 2SI 017 E ER0IA 3o} JIUBHAL.

(4-3) HiZtofl 23t 0178 2R0IA ot JIYBAR.

XX}3| 200|122 (Bl TN 23 ZAI M3} 3t
MZt2| 22|0[setS 8 (B IHA| +d S Het es)
FA FaUE el ZH
DC/AC 2|2, THO|RE, 57|, AMBEY| MEHX § 0|2 29| | MAte(z2o &4 74 of¢f 3! 7| 0|2 HE
1~6F
0|2Z9]0f L Homework Quiz 01~05, Quiz Review He HE W SEY S, SUIAL O]
= El DtH| ofolC|of gE TO|M Lot AF 58, HE8F M AL B3t
8F FZDAF (Lecture 01~05 H2) JHeIE 0|2 A 3& O3 EIt
9~16F B dxe|2 2 0N 3 Mo A S8 7|Ht 2X 2 Zat TN At 2H
1. 0|2 &&2| 7§Qlet ¥ XtE m| =t
o AV|EEEHER2 ol E oS S O[S E ZM0I0, XEE TIEYWS AT HS
o F 2N o4 HS, H1 F3 HAZ X7 FE gE XY
2.0/7 7127 44 So| olEYEE ot £ 7
o Z Lo oo EHEY 2 AIZFAE ME X MY HS
. sHo0| HEIEAL, XSt H0| 2, PR 012 2% 8 S8 U8t
3. 2|2 Al Eg[o]d & HA xtE2t X[
« Tinkercad, Multisim, PSpice@t HA &l 2|2 A|E2|0|d X}& L EH
o AVHZIE SE O|Y AQS FHSI AL 2| 32 = FH
4.PPT X HIOM = x|8
o YUHXE ME A A7t EE S5 74, O|0|X|/EN FH, Y D2 KIS
« Qo LHEL =0 HY S0z AVt 28 7t
Lectu res Ol HZ Al o 2802 shll £ sk gt 29}
T= 4 YO ot 4 njedg ¢ ol HE X 2ME = X (T Al XHE%t 1)
ZoIFH| ABE BES KIS BU U QS0 B BRAT A2 0)s) A
=2 TR AL YR 7t OA HAR S2E/EAE ZEo tist S-E W ofd T
Classes i Section 2. NPN Transistor (Page 04) 2. Common Emitter Amplifier
https It himl https:/www.electronics-tutorials.ws/amplifier/amp._2.html
@ Lecture files i B8 08 Page 02
o s ——
@ KICAD MAHIA Z2% N8Y "]\[:—[”” oy @ Ay

(2-1) Yiziof 2%e iR 2201A Ho 7|UetHL.

(2-2) giziof 2Le 0178 E20IA 20t 2|YStHR.

3. Common Source JFET Amplifier
I 3htm!
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2. BTHA M| O 2tEIA HE: Ale 2ESH A2 [aTeXE BBISI0] A|ZH o2 HESHA F|A|, Kirchhoff ¢ &
(KVL), B & HAKCHe HE3t SEx HAX

3. I 24 S AlZfok AC+DC &0 ZeE Lol of/24dt AlLHES TeS D= FE|Z AlZfetoto] Sty O[sle
s AIE SA0M AN 22 X150 R Plordlol StaXel NaE ofslg AlE
Foc e amplifn Figue 620, o T i o e ok - | o T e 0 A e o i et Tt eiors 4 AC gl o of 15 ¥ s s o DC e

of 474V, s depicted ). The approximate peak values can be calculate as ollows:

Figure 6-23

(@) Determinc the dc collector volage.
(b) Determine the ac colector volage

(©) Draw uz total collector votage waveform and th tota output voltage waveform.
o

it et e Theves ot restane

_ tmayioin o Max V) = Vo4 LAV = 47V + (45mV)(141) = 486

T+ 10K

zk

L)
Rru= g

Next, evaluate the attemuation i the base circuit. From the source, the total input rsistance is:

v o T — Min Vo = Ve - 1414V = 474V - (SL5mV)(L414) = 462V
1 .l Ry 10k
L, P The couping capacior, C;, blocks the DC level fom reachin the output, laving Vg 3 the AC
von= () e - (s ) 009 -9 ot e o gl

Fioo

Foa Fho

Fiho T

=

3

Caleulate the emiter current:

Vin = Vi
re

el |7 L00mA

a0y

Assume I % I

Nest. determine the Thevenin cquivalnt voktage:

Rty = Buclt’.+ Rey) = 175(49402) = 86,5102

¥

KO | 10K | 6.5k = .53k

dated as folows:

The attennation from the source to the base i

Vo) = (B15mV)(1414) = 119V

Thy
the firgure 3,

the total colletor voltage waveform and total output voltage waveform can be determine as

0 ctetr v

- - P—— ——
P—— T 1L ]
Problem 2: Figure 6-20 ] o s |
Sotation: (a) To find the amplifier voltage gain, the ac collector resistance R, must first be determined: i
Ol i ol " ‘
Refy _0T0T) "
% V=V +07V=1V =07V =03V Re= oo = T am = ‘
e — Rl bl a— — —
[
Vo Yoo - oo =10V - (L0GAYATKD) = 5.2V
Solution: (b) Ll
The overall voltage gain is determined by iplying the amplifier gain by the reciprocal of the B
attenuation: e
3
P PR——
o Vs) ™" a0
Give the e votage i 10 mV e e volag t the cllecte b —
R I Ve = AL¥s = (845)10mY) = 845 mV s il sollng wevicn skl apa vllgs vl
- . .
. ElH AlBI2 ES} Alx." QIE :I_LA-I al A= .
o2 202 oL =2 o X ™To .
i =E S = x| X MBI Al Ao O ™ =X Al
' C -Emitter 2= 1, QAMRARD 0 =5 43
ommon-Emitter $57| 2|22 &Y Fdot1, Le@E2AIRZ B ZEOHE A =38 T8
- &
 AlD] |_H_9. . Hol- =X 4l 2|§ XeEl ol ol =8 Mot =X _, AC 7-||O| 71|)\}
= S S |0 x pOay=| H3 X Z3 CH 30 = (i)
n |:||.0|()1A I7—|0" [[|-E L=PN VS| I» ass capacitor 1|7.| R, HHA R. &XH EO| A HA E M EFM
= a1 C oo o ,y g S, he o &= 28= C°T =© o™i
MBI = SMEO AN § 27 O|2IIZ SASIK| YL 0|2 EZSIH 3§52 KT S gl
=0 & [ o= =2 = [k BT = (= / L ©=F X
Part 1: The Common-Emitter Amplifier - Tum o e sl ecstor nd st V. o 300, 10K i e gecrstor o o e . s e Troshluksstsy R
i i ki s Y s )
Experimental Procedures and at the collector. Note tha th signal at um-m.un i ess than at the base. Use V. voltage V. b i colle
(V) to determine the ummlml \Mlii‘ gain, A.. The mwamnzm of R mlﬂ is explained in step 6 md7 V. Ax'm\,
1. Measure and record the values of the resistors listed in Table 1. Record the measured values and A, in Table 3 W
Tt Vit
Tor T T raes "
® T0kohm T003kohm - - 5 - Lt & _R
u S s AC Quantity Compucdvaoe | Meawredvae | T
= T0mv, [0, | 9. Replce €, and rcce R 1010 1, samising  chngs b od comiions, Obonrve e o sigaa votogs o e[| 1 9405 999504, 1oad estoeact: et roststanced 44 34 345 veizese onia Avb
R 100 b 99.00hm — wansistor's base, emitter, and collector. Observations for smaller load. 1oad resister™ ¥ v} REEEEES
R Toohm b ST i
© ot i . ;i
® i ot Vo,
) abrsased capcitors A 1,208 B4 S 4 Y
10 B B, ih e g 10k s apen . e e egs o e b e,
et C Quaniy Compiedvalie | Nesmudvaloe ] ‘ollockr 1 o Gnasotor e el o sundon? Explln. Wk the by capacio,C s opn, v i thttho i i, Expla by
V. EXTi 1 .78V DCAE $4 44 Col UE U $ S428 4304 Yud S84 ¢ Ue) 1000hne] H49¢, CoF
v Pt o et
; o M . . . AT e 64 Votani 4 845
v o o
. Ay oo ] s ey el v e e i e g ey |1 g0 oot ot 4204
o Vo dops o ol vl o et e Wi b cnlion V.- v s et | | 11 R . s . Mo e g et sl i '
eyt T b b ot e | D .20 oo . ’
anosded volage-divdersalyss mebod o b Vs Scbrst Y fom V t obtan Vi, spulioR. koo L measur R tnd recond st i Part 2: The Common-Colicctor Amplifier
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V. Conclusions

Part 2: Auto Intensity Control

Purpose

Method

1. Arduinot £ 4
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111, Fabrication Details

Part 1: Parking Distance Detector

IV. Results and Discussions
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Part 3: Fine dust measurement
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Quiz Problems i

71828 279 2% 235

Quiz 01 in Lecture 01
Quiz 02in Lecture 02
Quiz 03 in Lecture 03

Quiz 04 in Lecture 04

Quiz 05 in Lecture 05

® @06 06

@ Introduction of Tools for DFT calculation ...

Quiz 06 FullProf refinement of LaB6.
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@ Ball Mill process.
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Microsoft PowerPoint POF
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Scanning Probe Microscopy

SuY Y

PhotoVoltaic Cell with Keithley 2450SMU

Piezoelectric Resonance Measurements A

Hall Effect Measurements ANY: 3

Four Point Probing Resistivity Measurem. AN
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2.1 Einstein’s Calculation (1)
In one dimension, the eigenstates of a single harmonic oscillator are
En = ho(n+1/2)

with  the frequency of the harmonic oscillator (the “Einstein frequency”). The partition function
is then*

Zio = Shotn1/2)
k=
e 1
T—e# ™ Dsinh(BRo/2)
The expectation of energy is then
6= S R (22) (s + ) @1

where n is the Bose® occupation factor

np(a) =
Differentiating the expression for energy we obtain the heat capacity for a single oscillator,

-
0= 28 iy on

Quiz 1) Prove Eq. (1)

3.1.2 Electrons in an Electric and Magnetic Field (2)

The Hall coefficient Ry is defined as

Which i the Drude theory s given
v isgraty Quiz) Show that the Hall coefficient
in Drude theory from Eq. (3.1)

ot 31 Conpaivn of the vl o s et the esned b f

B

Figure 3.1 Edwin Halls 1579 experiment. The vltsge messured perpendicular
w magmetc e sned the curent is known s the Hall veltage which i
propestionsl o B and iversely propertional o the ehctron desiy (ot beast i

12.1 The Reciprocal Lattice in Three Dimensions (9)

Figure 9 This plane intercepts
the a, b, ¢ axes at 3a, 2b, 2c. )
The reciprocals of these
mumbers are £, L The
322
smallest three integers having
the same ratio are 2, 3, 3, and
thus the Miller indices of the
plane are (233). 2

A

Figure 12: Determining Miller Indices From the Intersection of a Plane vith the Coordinate
Axes. The spacing betwen lattice planes in this faily would be b = %4 £+ 5.

2.1 Einstein’s Calculation (2)

ol 0z 1 o¢ 4 07 08 45 1

Figure 2.2: Plot of Molar Heat Capacity of Diamond from Einstein’s Original 1907
paper. The ft is to the Einstein theory. The o-axis is k" in units of 7 and the
v axis s C in wnits of cal/(K-mol). In these units, 3R ~ 5.96.

Quiz 2) Caleulate the specific heat € from Eq. (2.1) and Draw it.

3.2 Thermal Transport (1)

Drude was brave enough to attempt.to further calculate the thermal conductivity  due to mobile
electrons® using Boltzmann’s kinetic theory. Without rehashing the derivation, this result should
look familiar to you from your previous encounters with the kinetic theary of gas

1
5= e

where c, is the heat capacity per particle, (v) is the average thermal velocity and A = (1) is the
seattering length. For a conventional gas the hest capacity per particl is

and

Quiz) Show that the average thermal
velocity in Drude theory

Assuming this all holds true for electrons, we obtain

o AnrkiT
Tm

12.1 The Reciprocal Lattice in Three Dimensions (10)

write the spacing between a family of planes specified by Miller

indices (h, k1)

_ (12.10)
i + bl + s

where we have assumed that the coordinate axes of the primitive latice vectors b are orthogonal.
Recall that in the case of orthogonal axes [b| = 27/|a;| where a; are the lattice constants in the
three orthogonal directions. Thus we can equivalently wite

o 1 1211
Toaol® -
Note that for a cubic lattice this simplifies to
a5 = (1212)
v

useful shorteut for figuring out the geometry of lattice planes is to look at the intersection

of a plane with the three coordin The intersections 71,73,z with the three coordinate

axes (in units of the three principle lattice constants) are related to the Mille indices via

LR W}

n'n

‘This construction is illustrated in Fig.

Quiz) Derive the general formula for the d-spacing for a hexagonal system with lattice
constants a and ¢ using Eqs. (12.8) ~ (12.10),
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