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INTI INTERNATIONAL COLLEGE PENANG
DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)

EEE1103 : ELECTRONIC DEVICES .AND CIRCUIT THEORY 2
FINAL EXAMINATION : JANUARY 2014 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the answer

booklet provided. All questions carry equal marks. The marks allocated to each sub-question
are shown in square brackets at the right-hand margin.

Question 1

a. 1L A power amplifier delivers a peak-to-peak voltage swing of 12V across an 8Q load.

Determine the AC power delivered to the load. 3]

ii.  If the input power drawn by the power amplifier in part (a)(i) is 8W, determine the power
efficiency of the amplifier. [3]

b, i State the limiting factor that forbids an op-amp-based non-inverting amplifier to drive a
low impedance load such as an 8C) speaker. 2]

ii.  Figure-Q1(b) shows a solution to the problem in part (b)(i). State the type of amplifier
that is used to drive the load. [2]

iii. Components Ry, Ry, Dy and D, are there to provide a small amount of biasing to the two
transistors Q; and Q,. Explain why it is necessary for such an arrangement. (2]

iv.  Explain how resistors R; and R, help to improve thermal stability of the circuit. [4]
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c.  Figure-Q1(c) shows an improved version of the circuit in Figure-Q1(b).
1. Explain how crossover distortion can be eliminated with such a configuration. 3]

ii. KR, =27kQ and R; = 3kQ, calculate the expected voltage across the load when a 0.2V
peak-to-peak sinusoidal voltage is applied at the input. (3]

iii. State two advantages of the circuit configuration in Figure-Q1(c) as compared to the one
in Figure-Q1(Db) in terms electrical characteristic. [3]

R 1 Ve
Vin : + >
: Load
D WRRVAY
I =
R, R,

Figure-Q1{c)

Question 2

a.  Figure-Q2(a) shows an AC circuit model of a single supply rail capacitive-coupled amplifier

C: R ‘ : CU
’ 1 . ° il ol
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Amplifier
Figure-Q2(a) | _
i, State the function of the capacitors used in the cucun N R EA Sy 5

i 'Staic_:_on'e.maj_or.limitatio_h'ofthis'i')‘f}_')e..(t}'f amplifier. .~ . o B V)
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iii.  If the input frequency is below the mid-band frequency range, explain the behavior of the
input RC network formed by C; and R;. [3]

iv.  Draw the model of the circuit in Figure-Q2(a) at both mid-band and high-band frequency
range. ‘ [3]

v.  If alow resistance load is connected across the output terminal of the amplifier in Figure-
(Q2(a) and ground, how would it affect the frequency response of the amplifier? [31

Figure Q2(b)(i) shows a FET based amplifier circuit. At the operating quiescent point,
transistor Q; has a transconductance of 2mS.

The mid-band and low-band frequency response of the amplifier is shown in Figure-Q2(b)(ii).
The corner frequencies, fcy, foo and fo3 are contributed by capacitors Cg, Cp and Cg
respectively.

1. Draw the low frequency band AC circuit equivalent circuit for the amplifier. 2]

ii.  Determine the capacitance value for capacitor Cg [4]

iii. Determine the capacitance value for capacitor Cg [3]

iv.  Determine the capacitance value for capacitor Cp (2]
Vi, = 20V
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Figurg-QZ(b)(i)
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Figure-Q2(b)(ii)

Question 3

a.

State the ideal value for the following op-amp characteristics:
i.  Open-loop gain

ii.  Drift

iii.  Bandwidth

iv.  Input Impedance

v.  Output Impedance



b.
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Make use of the given worksheet for this question, sketch the output voltage (Vo) timing
diagram for the circuit shown in Figure-Q3(b). The input voltage Vi, is as shown in the
accompanied worksheet and assume ideal op-amp operation. [5]

ko2 3kQ

1

Figure-Q3(b)

1. Explain "slew rate” of an op-amp. [2]

. When a pulse is applied to an op-amp and its output voltage goes from ~7V to +8V in
0.6us, what is the slew rate of the op-amp? [3]

Figure-Q3(d) shows a non-inverting amplifier. The op-amp has the following characteristics:
Open-loop voltage gain = 90dB
Output impedance = 60Q
Input impedance = 200MQ

Dertve the ouiput impedance expression of the amplifier circuit seen from the output terminal
and show that with negative feedback, the output impedance of the amplifier is very much less
than the internal output impedance of the op-amp itself. {10]

F}gme—QZ’;(d) T ' .
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Question 4

a L How are the Q-factor and the bandwidth of a band-pass filter related? 2]
ii.  Explain how the selectivity of a band-pass filter is affected by the Q-factor. | [2]
1. What is thel main purpose of cascading two low pass filters? [2]
b, i Identi.fy the type of filter implemented by the circuit in Figure-Q4(b). 2]
1. Explain why the frequency response of the filter does not exhibit peaking. (5]
1. Determine the maximum gain of the filter at pass-band frequency range. [2]
3k 27kQ
I
oy s o

ic j:-c

Figure-Q4(b)

c. L Show that the voltage transfer function of the circuit in Figure-Q4(c) can be expressed as,
V K/CR)s R : o
= q( [CR) , where K =—*+1 is the circuit gain value.
V. 2 3-K 1
N e I e ’ )
CR - CR £3]
ii.  Hence identify the filter implemented by the circuit in Figure-Q4(c). [1]
1i.  State one advantage of the circuit in terms of determining the Q-factor. 2]
iv.  State one disadvantage of the circuit in terms of varying the gain value X, 2]
R
| IS |

. Figure-Qd(c)
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Question 5
a. 1 What type of input is required for an oscillator? (2]

ii.  What are the basic circuit configurations of a feedback oscillator? [4]

b.  Figure-Q5(b) shows a Wien Bridge oscillator circuit.

i State the factor that limits the value of the circuit’s oscillation frequency [2]
ii.  State the main function of the two diodes in the circuit. 2]
iii.  State the expression for the circuit’s oscillation frequency'in Hertz. [2]

iv. If R, =0.1R, and C; = 2C,, suggest appropriate values for Ry, Ry, C; and C; so that the
oscillator produces a sinusoidal wave of 1kHz. (4]

R, ] Z [sz :
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Figure-Q5(b)

c. I Briefly explain the operation of the circuit in Figure-Q5(c). [4]
1. Sketch the timing diagrams for V. ¥, and ¥, of the circuit in Figure-Q3(c) on common

time axes. [6]

c |

) . : 2 : i

| Figure—QS(c)
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Question 6

a.  Figure-Q6(a) shows a voltage regulator circuit. Transistor Q; has a current gain, § = 200 and
its B-E junction barrier voltage is 0.6V.

i. Identify the type of voltage regulator implemented. [2]
1. State one major drawback of the voltage reguia‘zor. [2]
#i.  State the function of zener diode D) [2]

iv.  If 10V is to be regulated across resistor Ry, calculate the required resistance for R, and
the zener voltage for Dy, assume that the nominal current for the zener diode 1s 20mA. [6}

v.  1f 0.25W power rating is chosen for resistor Rg in the design in part (a)(iv), determine the

smallest load resistance Ry that can be connected. Assume that transistor Q; does not
saturate and the zener current remain unchanged. [4]

+20V

Figure-Q6(a)

b.  Figure-Qo6(b) shows extracts of the LM78L05 voltage regulator datasheet.

1. Determine the maximum dropout voltage of the device. f3]
1i.  Determine the lowest resistance that can be connected across the device output terminal. [3]

1ii. - An inconsistent load draws current from the regulator ranging between 10mA to 40mA,
determine the worst case output voltage of the regulator. - (3]
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LM78LOS

Unless otharwise sheoif%eﬁ, W = 10V

Symbol Parameter Conditions fikiny Typ Hax Linits
Ve Cuiput Yoltage 48 5 5.2
TY 2, < 20V
TmA £ 1 5 40mA 4,75 528 Y
{Mote 3}
1mh £ |, < TOmA
Note 8) 478 5.25
AVq Line Regulation TV £ Ve £ 20V 18 75
BV < Wy < 20V 10 84 -y
AV Load Regulation oA £ Iy € 100mA 20 80 '
TmA < | € 40mA 5 30
Iy Quiescent Current 3 5
Al Culescent Current Changs BY & Ve = 20V 1.0 mA
A £ 1y & 40mA 0.1
¥n Output Noise Voltage = 10 Hz fo 100 kMz
n ; g _ 40 1Y
{Note 43
AV Rinple Rejection f = 120 Hz
SVour BV £V 2 16V 47 62 dB
1 Peak Ouiput Current 140 mA
Average Quiput Voltags Ternpoe by = B i
AVg v ° 065 EWEC
AT
o (MDY Mintmum Value of Input Voltage 57 7 v
Reguired © Maintaln Line Begulation '
&, Thermal Resistance .
; ‘ 2308 onad
{8-Bump micro SMD}
Absolute Maximum ﬁﬁ'ﬁﬂgg Note 1) Operating Junction Temperaturs
HoMilitary/Aerespace specified devices are required, S0-8, TG-82 0'C e 125°C
please contact the National Semiconductor Sales Officef oo SO LAY i 8570
Disbrisutors for availability and specifications, St e e
Sotdaring Information
Powsy Dissipation {Note §) fnternaly Limdted Infraved or Convection (20 sac.i DR
fnput Voltage 35Y Wave Soldering (10 s2e) 2EOC fead time)
Storage Temparalure -850 0 +150°0
ESD Susheptibility (Mote 2) kY
Note t: Absond cate imits beyend which damage o the device may accur, Electrical spacificalions go not apsity when operat i3

siislcle of i
Note 2o
MNote 30 Pn

isfance valuss for the
230 CAN

2308CIW

ticre SHD Package: 8, =

. Figure-Q6(b)

_ .~ THEEND -
CBEELIO3F) / }anua.ryQO_M / Chan Tse Wei / 18-12-2013
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