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Chapter 1

Power Electronic Devices




Introduction

Power Electronic Devices:
Any device that can be used in the power processing circuits to convert or
control the electric power.




Classification of Power Electronic Devices

— Uncontrolled device: diode
(Uncontrollable device)

has only two terminals and can not be controlled by control signal.
The on and off states of the device are determined by the power
circulit.

— Half-controlled device: thyristor
(Half-controllable device)

Is turned-on by a control signal and turned-off by the power circuit

— Fully-controlled device: Power MOSFET, IGBT,GTO, IGCT
(Fully-controllable device)

The on and off states of the device are controlled by control signals.




Types of Rectifiers

Types of Rectifiers
% ¥
Single Phase Three Phase
|
¥ 7 ¥ v ¥ L
Unconfrolled | | Half contralled | | Fully controlled Uncorfralled | | Half controlled | | Fully confralled
| S i v N T
Half wave Full wave Half wave Full Bridge Half wave Full Bridge

——

Split Supply

Bridge
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Power Conversion

CONVERSION
FROAM/TO NANME FUNCTION SYMBOL
DC to DC Chopper Constant to variable DC or —
variable to constant DC
DC to AC Inverter DC to AC of desired voltage and
frequency
AC to DC Rectifier AC to unipolar (DC) current —
AC : :

AC to AC I AC of desired frequency and/or —

Contrg\grs or magnitude from generally line —

Regulators

AC
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Diode Circuits (Uncontrolled Rectifiers)

Rectification: The process of converting the alternating voltage to direct voltage.

Performance Parameters

Rectification Efficiency: n=~P e / Pac
Form Factor: FF :Vrms /Vdc
. 2 2 2
; -V
Ripple Factor: RE :Vac _ Wrms © _ m; q
Vdc Vdc Vdc
RF = /FF%-1




Three Phase Half-Wave Uncontrolled Rectifier (£ = 37;)
V. - 3/3 Vin _ 082V, 3-¢ generator
27
| 3/3V, 082w, A Dy
® 2zR R B b,
I i
1 3/3 !
V o = =+ "V =0.8407V c D,
ms 2+ 8 m m .'I %Lﬂﬂd
08407V,
e R LoAg voliage
= ¥ mesn
I, =1g = 08407 Vin _ 04854 —/m H
R /3 R , 0- o
Diode PIV =2V, =3V, ! , Voltage
: : Waveforms




Example 1l  The rectifier shown above is operated from 460V/50 Hz supply at the secondary
side and the load resistance is /R = 20Q. If the source inductance is negligible,
determine: (a) Rectification efficiency, (b) Form factor (c) Ripple factor (d) Peak
inverse voltage (PIV) of each diode.

Solution:

V, = 400 _ 565.58 VoIt ; V _ =265.58x+/2 =375.59 Volt
3
V. - 373V 0827V i 1. - 3/3v, _0827v,
27 27 R R
V... =0.8407V _ S 0.8407 V,,
R
=77 = Pac = Ve lac =96.767 %
Pac V ms ms
V
— FF =—"™=101.657%
Vdc
2 _V 2
— RF =Ye _ Woms Vs = fm; =+FF?-1=18.28 %
Vdc Vdc Vdc
— PIV =+/3 V_ =650.54 Volt




Three Phase Uncontrolled Bridge Rectifier (f, = 6f ;)

. i i
Primary Secondary f” . . I

I at

a
Rg "

b
E —

D L L

Voltage LXK AKX XX
Waveforms W




Three Phase Uncontrolled Bridge Rectifier (f,=6f;)

V4

c
T

_3\/§Vm _3\/§VLL
T

=1.654/  =1.3505/,

V, 1654/ 1.3505/,

|, =
dc R R

R

V o= —+@Vm =1.6554V =1.3516/
2 4r

,_ L6554V,
ms R
| L8554V, oy Vo
R-/3 R
|, =0.9667-/2 VF;

Diode PIV =2V,

J3V,

Where:

V= 0.707 V;, is the rms voltage of
transformer secondary;

[,=0.7804 [ is the rms current of
one line transformer secondary;

/. = peak secondary line current,




Example 2 3¢ Bridge rectifier is operated from 460V/50 Hz supply and the load resistance is ?
= 20Q. If the source inductance is negligible, determine (a) The efficiency, (b) Form
factor (c) Ripple factor (d) Peak inverse voltage (PIV) of each diode .
Solution:
460 :
V, = — 265.58 Volt .V, =265.58x+/2 =375.5 Volt
NG
Vi = 3\/§Vm =1.654/  =621.2 Volt ; 1 :1'654‘/”‘ = 31.0613 A
T
V... =1.6554V _=621.75 Volt N :1.655; Vi =31.08 A
:>77: I:)dc — Vdc Idc =9983 %
Pac V ms ms
V
—= FF =—"™=100.08%
Vdc
2 _V 2
— RF = e _ W Vs = fm; =VJFF?-1=4 %
Vdc Vdc Vdc
— PIV =+/3 V_ =650.54 Volt




Overlap Phenomenon

Q Overlap is the phenomenon due to the effect of source inductance on the AC
side.

O Commutation current is delayed due to the source inductance which is normally
the leakage reactance of a transformer (as X >> R for a transformer, the source
resistance is usually neglected).

a The waveforms with the commutation period, denoted by [y ] during which both
the outgoing diode and incoming diode are conducting. This period is also
known as “overlap” period.

Q During the overlap period, the load current is the addition of the two diode
currents, the assumption being made that the load is inductive enough to give a
constant load current.

a The load voltage is the mean of the two conducting phases during overlap
period.

O The effect of overlap is to reduce the mean output voltage.




g VA i VA i IV
lel f -
L ) 1 v
I I / I\ I |\ ;
w IL | T ]
I | wt
| ) !
Load v LA ! :
: : ! I e Period of overlap
| | ! I =
AN Lo B
I T [ 1
! 1 | i \ :
. I 0
i m L
' t I | i T
ro Y e
! L1 v v A N -
() ] ¥ ' | 1
: . TN T e
£a : | 1 : .
-
- I, |
iy iy © —— Commencement of commutation of
v, | v current from diode D, to diode D,
D, D, :

A circulating current i can be
considered to flow in the
closed path foimed by the 2
conducting diodes D1 and D2.




The average output voltage due to overlap:

57r

33

V. _singdd@+ |V _sin—cosgdg]=—-V_(1+cos
[j j 5 C0spdg]="""V, (L+cos )

”2%

6

Vi

33

VvV, =—V  (1+cos y)
T

C

OR

V.. =V, without overlap - reduction of V,_due to overlap.

1 %%
343V
V.. without overlap = / [V, sinwt dot = V3V

2T




Example 3 A three-phase half-wave rectifier circuit is supplied from a [120/208] V, 3phase, 60
Hz source. Determine: 1) the average DC output voltage of the rectifier, 2) the
conduction angle 6., 3) output frequency £.

Solution:
208 _ Ja
Von =73 =120.2 Volt ; V . =V, =+~2/_, =170 Volt
1NV, =3 J3xYm ~140.3 Volt 2) 6. =awt, =2xf, x L 227 100
27T 3fi 3

3) f, =3f. =3x60=180Hz

Example 4 3¢ — Half-Wave rectifier with A-Y transformer is connected to 100Q resistive load.
For 220V secondary line to line voltage and 50Hz supply frequency. Calculate: 1)
The dc load power, 2) The conduction time of each diode, 3) If the input transformer

. has leakage reactance which causes an overlap angle of 20°, calculate V. .
Solution:

1) V, =0.827V  =0.827=x~/2V =O.827x\/§%:149VOIt
2 (149)°
op Ve (199 ooy
© R 100
2) .=t = t. _% _27/3 _ & 67msec OR t. = t_2
@ 27t . f 3f .

1 o 1

3) Due to overlap:V . = 3\/_ (1+ cos 20) =144.1Volt




Problems and Solutions

Question 1 A three-phase half-wave rectifier circuit is supplied from a [220/380] V, 3phase, 60
Hz source. Determine : 1) The average DC output voltage of the rectifier, 2) The
conduction time of each diode, 3) If there is an overlap phenomenon of 30°, find V.
and the reduction of V. due to overlap.

V =380 \/E/ =311 Volt
m x \/§

1) V, =0.82A/ _ =0.827x311=212 Volt

2) 0. =awt. =t, b 1 _ 1 1 = 5.56msec
w f 3f. 3x%x60

(0] 1

Solution:

3) For an overlap angle of 30° =V, = SI (1+ COS y)

~V,, = 3\@£(1+ cos30° ) =198.2Volt

47
. the reduction inV . =V, without overlap -V ,. with overlap

V, =212-198.2=13.8 Volt




Question 2 A three-phase Bridge rectifier is supplied from a [220/120] V, 3phase, 60 Hz
source. 1) Determine the average DC output voltage of the rectifier, 2) Sketch the

_ load voltage and supply current waveforms.
Solution:

V.. =120><\/7 =97.97 Volt
V3

1) V, =1.654/_ =1.654x97.97 =162 Volt

2) Load voltage and supply waveforms as below:

1 2 3

TIME —

| i §
L+ WiFid ¥ S =4




Question 3 3¢-Bridge rectifier with A-Y transformer and [1200w, 3Q] resistive load. Find :
1) The secondary line voltage, 2) The Form Factor, and 3) The efficiency of

_ rectification.
Solution:

2
VRdc — V, =3x+/1200 =60 Volt

V, =1654/,_ = V,_ =

3V,

line \/E
2) V,..=16554/_ =60.041 Volt
FE :Vrms _ 1.6554v
V 4 1.654v

3) I, :VFgc :630 =20 A

1) P, =

60
1.654

=36.27 Volt

V =44.26 Volt

=100.8%

V _ 60.041 _ 20014 A

P

dc:V
P V.,

ac

ac Vae 1200

= =99.86 %
60.041x 20.014

ms II’TTIS




Question 4 3¢ — Half-Wave rectifier with A-Y transformer and [250w, 5A] resistive load. Find

_ the value of the secondary line voltage.
Solution:

P, =V, xl, =250W =V, =250/5=50V =0.82%/ _
= V, =605V ; V., =V, /J/2=4279V;V,, =3, =74V

line

Question 5 34 — Bridge rectifier with A-Y transformer is connected to 100Q resistive load. For
220V secondary line to line voltage and 50Hz supply frequency, calculate: 1) The
Solution: dc load power, 2) The conduction time.

2
V, =1.654/ :1.654><\/§><220//§:297V:> P, =V.2 /R :(297)402883\/\/

te =60./w=1/f, =1/6f, =1/(6x50) =3.33msec

Question 6 3¢ — Bridge rectifier with A-Y transformer and [250w, 5A] resistive load. Find the
value of secondary line voltage V.

Solution:

P, =V, x|, =250W =V, =250/5=50V =1.654V _
= V, =523V; V , =V, /J2=36.98V;V,,. =V, =64V

line




Question 7 Choose the correct or best alternative in the following:

1) Power electronics is the application of.................
power.

for the control and conversion of electric
A. Conductors

B. Transformer C. Inductive load

D. solid-state electronics
2) Most power semiconductor devices are only used in

A.commutation mode B. Rectification mode C. Amplification mode D. Non of the above
3) The three phase half-wave rectifier with resistive has an average value =
A. 0.87 Wh B. 1.17Vph C. 1.41 Wph

D. 1.99 Wh
4) When voltage applied to a diode is more than PI1V, it is likely to result in
A. More distortion on output side B. Poor regulation
D._Breakdown at the junction.

C. Conduction in both direction

5) The ripple factor of a full-wave rectifier compared to half wave rectifier is
A. half that of half -wave rectifier

B. less than half that of half-wave rectifier
C. equal to that of half -wave rectifier

D. none of the above.
6) Switched mode power supplies are preferred over the continuous types, because they
are

............... and.............oeeeea
A. suitable for use in bothacand dc  B. more efficient C. suitable for low-power circuits.
D. suitable for high-power circuits.
12) Electric current is the flow of ..............
A. Neutrons B. Photons C. Electrons

D. none of the above




Question 8  Fill in the blanks with the appropriate words
1) In a rectifier, electrical power flows from the.................. sidetothe.................. side.
2) Uncontrolled rectifiers employ................... whereas controlled rectifiers employ...................
3) For any waveform “Form factor” is always................. than or equal to unity.
4) Three phase half-wave uncontrolled rectifier uses.................... diodes .
5) Three phase half-wave uncontrolled rectifier requires............ phase.......... wire power supply .
Answers:
1) ac, dc
2) diodes, thyristors
3) greater
4) three
5) three , four




Chapter 2

The Transistors




The Transistor

Transistor: It is a three-terminal, solid-state semiconductor device used to control the
electric current or voltage between two of the terminals by applying an electric current
or voltage to the third terminal.

» Transistor is an active component.

s
Hinlde

Examples of Different Transistors Packages
30




Bipolar Junction Transistor (BJT)

It is constructed with three doped semiconductor regions separated by fwo PN junctions.

A

The three regions are called emitter, base, and collector.

The base is lightly doped and very narrow compared with the heavily doped emitter and
moderately doped collector.

Al

Al

It Is used as an electrical signal amplifier or an electronic switch.

Al

Al

Bipolar: refers to the use of both holes and electrons as current carriers.

Metalized contacts Oxide

/N

Basic BJT construction BJT package Example




Types of BJTs

npn pnp
C (collector) C
Base-Collector [

junction

| H " B =|- R
(base) Base-Emitter p
junction T
£ E
npn Symbol pnp Symbol
E
BE T ' ICT Ve
Vegp > 0 "-—B B Ve <4a
. MR VIR VARV v
v
iIE V . V —V BE +l T Ig
CE — VYcC E
Vg hE

32




Examples of BJTs

A Collecton 3 Collecto 3 Collector
I
Baza
1 Emuiter 2 Emitter 1 Frriiiier
(b} SM-23 () TO-18. Emitter is closast to tab.

General-purpose/small-signal transistors

() TO-225 i) D-Pack () TO-3

Power transistors




Common Emitter BJT Circuit

In order for a BJT to operate properly as an amplifier, the two pn junctions must be correctly

biased with external de voltages.
The operation of pnp is similar to the npn except that the roles of electrons and holes, bias
voltage polanties, and current directions are all reversed.

Forward-Reverse Bias for BJT Operation as an amplifier

(a) npn

# The BE junction in both cases Is forward-biased .
» The BC junction in both cases is reversed-biased.

BC reverse- BC reverse-
K R
biased ¢ hiased ¢
s,
+ Rg \ _
—— t —
Voo == WN— Vee ==
W) T ) e
'p"' — ’ V —
85 === BE forward- %8 == BE forward-
I biased + biased




BJT Currents

R lf
Ry + _
Wy Voo == Vee 22
+ Iy N _ +
e I Van =
- I +
(a) npn (b) pnp

For Conventional current direction (holes current) we have:

[, =1,+1.
_ i _ Collector current is much greater than
[, 1s very small due to light doping | base current and hence the current gain

I, =1,




BJT Parameters

DC Beta (fp-) and DC Alpha (ap)

» The dc current gain of a transistor (Bpc ) is the ratio of dc collector current () to the dc
base current (Ig).

Bre = I_-':.‘ Typical values of B,
. from less than 20 to 200 or higher.

» In data sheets, the hybrid h-parameters are used for transistors where hee = Bpc.

» dpc is the ratio of dc collector current (I;) to the dc emitter current (Ig).

I

-c Typical values of ap,
j’E from 0.95 to 0.99 or less than 1.

Ope =




BJT Operation

Emitter is grounded and input voltage is applied to Base.
Base-Emitter starts to conduct when Vg is about 0.7V, /. flows with /.= S /5
As /5 further increases, Ve slowly increases to 0.7V, IC rises exponentially.

As /. rises, voltage drop across R, increases and V(. drops toward ground
(transistor in saturation, no more linear relation between /. and /)

Q
Q
Q
Q

In full saturation Vi =0.2V

saturation (switch ON)
reg.ion/

Ic

Collector current I¢
I proportional to Base
current lg

Common Emitter
Characteristics

(BJT works as ampilifier)

Vv No current flows
CE

«— _ (switch OFF)




BJT Operation

0 Electrons diffuse from Emitter to Base (from 77to p) With V> V5>
0 Depletion layer on the Base-Collector junction = no flow of electron allowed.

0 The Base is thin and Emitter region is heavily doped - electrons have enough

momentum to cross Base into Collector.

o Small base current /s controls large current /. through £ ;- which functioning as a

current gain of the amplifier.

O Ppc Istemperature and voltage dependent.




Example 1

(a) Fora given BJT: Ig= 50 pAand I = 3.65 mA . Find the dc current gain (B, ), I, and ag- .
(b) Ina certain BJT: Ig= 50 pAand By-= 200. Find I, I, and a,- . (HOME WORK)

SO 0

I. 3.65mA 3.65x107°
Iy 50 A 5010

Ip =T, +I.=50x10"°+3.65x10" =3.7x10" =3.7 mA

I, 3.65mA 3.65x107
I, 37mA 3.7x107

A = = 0.986

Dc




DC Analysis of BJT Circuit

Ve, = Ver — Vg

Also, by Ohm's law,

Vi, = IeRp
Substituting for Vg yiclds
+
IgRy = Ves — Ve i = Vcc
Solving for Iy, -
Ver = Vig
Ig = ———
Ry

The voltage at the collector with respect to the grounded emitter is

1"{"]: - Vij;:‘ - L'rﬂ . . . .
- DC Bias Circuit of npn Transistors
Since the drop across R s

]-'FHC = j['.ﬁ:.['

the voltage at the collector with respect to the emitter can be written as

Vee = Vee = TeRe

where Ir = Bpelp.
The voltage across the reverse-biased collector-base junction 1s

Ver = Veg — Veg




Example 2

1) For the given npn BJT circuit if g =150, find: kg, £, & Vge, Ve and Vig.
2) Repeat the problem if S =90, A5 =22 kQ, R =220 Q, Vg5 =6V, V- = V. (HOME WORK)

SOLUTION

Ve = 0.7V

Veg — Vgg 5V — 0.7V
Ry  10kQ

Ic = Bpcl = (150)(430 pA) = 64.5mA

Ie =Ic +Ig = 645mA + 430 uA = 64.9mA

= = 430 pA

Solve for Vg and Vp.

Veg = Voo — IcRe = 10V — (64.5mA)100 Q) = 10V — 6.45V
VCE = VCE - VEE =355V — 07V =285V

355V

Since the collector is at a higher voltage than the base, the collector-base junction is
reverse-biased.




BJT As Switch

OFF State
VC
When V;,< 0.7V
. . : I * Rc
= BE junction not forward biased
= Cutoff state of transistor o
n /C: /E: 0 . I PI % +
* Vour= Vee= Ve AAAY f Vee
m 0Uf= ngh + _ Vom
Vin Vae €
f
ON State

When V,, >0.7
= BE junction forward biased (Vg =0.7V)
* /= (Vin-Vee) IRs
= Saturation region
= V,.-small (~0.2 V for saturated BJT)
" Vour = Low




Example 3

Practical LED Switch: For the given 2N3904 npn BJT circuit assuming the LED
requires 20-40 mA to provide a bright display and has 2 voltage drop when forwarded
biased. Find that the circuit works properly with ON and OFF states.

Solution

= When digital output is 0V, transistor is OFF.

100 Q

= When digital output is 5V, the transistor is
in saturation (ON), with base current:

l, = (5V —0.7V)/10KQ = 0.43 mA

LED

E:

i digital device
Collector current (LED current) is 1g10mpm

limited by collector resistor as: 10kQ
. =(V -/ —0.2V )/100Q = 28 mA

Hence: LED is lighted properly




Phototransistors

» Phototransistors are solid-state light detectors that possess internal gain.

» They are photodiode-amplifier combinations (2 or 3 terminals) integrated within a
single silicon chip to overcome the major fault of photodiodes (unity gain).

» They can be used to provide either an analog or digital output signal.

Light \

g

Collector ﬁ' -
C |
“u Flat spot and
\'H., .
(‘ shorter pin
B indicate the
S emitter (E)
E Current terminal
Emitter

/ m}@i Q@ c
; NEM PMP
NPN Pholotransistors

0.25", small area, high speed > >
0.04", medium area, high sensitivity _ .
0.05", large area, high sensitivity Two and Three Terminal /4

£ d NPN PNP

Phototransistors

44
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Features and Applications of Phototransistors

+5 vdc
Features

Low-cost visible and near-IR region.

Available with gains from 100 to over 1500.

Moderately fast response times. a1
Available in a wide range of packages. 2700
Same general electrical characteristics as BJTs.

YVVVY

Applications o

» Computer/business equipment: write-protect
control and margin controls in printers.

» Industrial: security systems and safety shields. =

» Consumers: coin counters, lottery card readers,
audio/visual equipments, games, and camera
shutter control.

Circuit Diagrams for
Phototransistor Connections
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A2
10K
Qutput
Q1
Vecco
Rc
Output
Rb
Gnd



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCspDowN3LAhXrB5oKHQ8TAFsQjRwIBw&url=http://electronics.stackexchange.com/questions/86546/wiring-an-ir-phototransistor&psig=AFQjCNGGEuUh1v2HpK8CbdaaBoeq18pYiw&ust=1459052588646334�
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjb072ryt3LAhXl_XIKHbVVAzwQjRwIBw&url=http://www.radio-electronics.com/info/data/semicond/phototransistor/photo-transistor-circuits-symbols.php&bvm=bv.117868183,d.bGs&psig=AFQjCNEsYdv95tQJDAawzrOWBjDltdO4dA&ust=1459055108331165�

Problems and Solutions

Question 1  Using ideal BJT switch of 8 =200, V,c =10V and /; = 20pA.

1) Find the value of base resistor A5 required to switch the load "ON" when the
input terminal voltage exceeds 2.5V and Vg =0.7V.

2) Calculate R for point (1).

3) Find the minimum base current /; required to turn the transistor “Fully-ON"
(saturated) for a load that requires 200 mA when the input voltage is increased to
5.0V. Also calculate the new value of Aj.

Solution:
1) R, _Vin Ve _ 2.5—0._Z _ 90 kO
I 20x10
2) For ideal BJT at saturation V.. =0 Volt
V
l. = B l, =200x20x10° = 4 mA TCC
RC :VCC _VCE == 10_(33 - 25 kQ f—:?_ RC 1;\7'
I 4%10 c out
3) At ON state, the load current is equal to | Vin B j
o\ re—
|, = I :ZOOmA:1mA 2 “a
Lo 200 : ”tE
Ry =2in Vee _ 5_0'_73 =4.3 kQ
| 5 1x<10




Question 2 The BJT in the given circuit has: 50 < B < 150, Ve = 12V, Vg = 0.7V, and
Ve = 0.2V. Find Ay that saturates the BJT with the so called Over Driven
Factor (ODF) of at least 10.

Solution:

| :VCC -V ¢ _ 12-0.2 _ 118 mA 1kO \%
Csat RC 1)(103
12V

-3 R )
| ot :11.8><10 _0.236 MA B /\ —

| . =
° ﬂDC min 50 c\y @? 3\)
0.7

For OFD of at least10, we have:
. =10x1, =10x0.236x107° = 2.36 mA
_Vin _VBE _ 5-0.7

=1.82 kQ

RB

1. 2.36x107°




Question 3 Find for the given npn BJT circuit: /5 , /0, 1= Vs, Boc »apc

Solution:

We have V. =0.7 V and form the circuit V. =8V

Vg Ve  4-07

IB_

=0.7 mA

R,  4.7x10° Ry .
My — q’{.‘{.‘r
I _Vee Ve 24-8 _ 34 mA . 17k0) T 24V
R, 470 Vip —

I, =1, +1. =0.7 MA+34 mA =347 mA
Vg =V -V, =8-07=7.3V

. 34mA
- — 48,57
Poc I, 0.7mA
tp, —1c = SAMA 9708
I, 347 mA




1) Find the value of A5 and A..

Solution:

1) 1. =5x1,.5 =5x15x107° =75 mA

2) Calculate the power dissipation on Rg and A..

Question 4 For the given BJT switch circuit: g pc = 100, Ve = 5V, Vge = 0.7V, Ve = OV,
Vep = 2V and /g = 15mA. Assuming the minimum average voltage of
microcontroller 1/0 port V,,; with logical “1” is about 4.2V.

Vee=5 Volt

:(75x104)2x40=41225vv

| —tc _PMA_475mA R
Boc 100
Voo —V 4.2-0.7
- = A P P s
RB |B 0.75%1073 4.6 k2 LED1!LE;2 LEI/J'S LE/D'4 LEéS! “ V.{ED
R _Vee Vieo Ve 10-2-0 _ 400
© . 75x107° |
le
e HiE. \J
Microcontroller % - \
2) Power dissipation on R, =1 R, LEEl ? gy L 2N3004 Y
- (0.75><10_3 )2 x4.6x10° = 2.58 mW Vporr VB /
. ) oND | GND
Power dissipation on R, =1 R /7







Chapter 3

The Uni-Junction Transistor
(UJT)




The Uni-Junction Transistor UJT

UJT is a semiconductor device having only one PN junction and three

terminals, Basel, Base2, and Emitter.

o B,
Q Base 2

N
Emitter > - O_B
N
O Basel l

Bl

Symbol Structure

BASE 2

BASE 1

Equivalent Circuit

The Inter-Base Resistor: Rgg=Hg;+ 5,

52




Equivalent Circuit Of UJT
If ____________________ |
d The Vg source is generally | :
fixed and provides constant | *8,
voltage from B, to B,. | :
I I
O The UJT is normally : HE?% | +
operated with both B, and E is | | I — v
. . .2 J —¥BB
positive biased relative to B;. .\ E — | T
+— E}I X |
d B, is always the UJT ot |
. HE% | |
reference terminal and all | HEH/? ,
voltages are measured ; | |
relative to B;. Ve — | v |
T 1 - |
Q Vg is a variable voltage T
source. =
- o - Rgy Rg,
4 77 is the Intrinsic standoff ratio: |1 = = _
R.,+Rs, Ry | [~ et/




Input Forward Characteristics Of UJT

CIRCUIT DIAGRAM:

Rg Iy Rb;
——( 7} E
\_/ B;
0-100)mA B E 12V

0-10V (0-100) '
Variable T

Power VBEe1 3 Rb,
supply (0-TO)V

Standard values : Rg = 1K, Ryp= 2.2K(), Ry =220 T= 2N2646




Characteristic Curve

Ve o . 7 B2
L i // Irl:] e
Ry
ol ¥ ~
' /q? Ve —
p MVag Ry ~
Bl

V]: - D? + TI“'r]'i[!n
Vy = 0.10(Vyp)

(a) (b)




UJT Relaxation Oscillator

It provides two waveforms. +Vgg
f = 1 77 = RB]‘
RC |n(1j Rg:+Rg)
1-7n R
r=RC

Exponential sawtooth

/

VYV e




Operation of UJT Relaxation Oscillator:

R
100
Q
The RC K
determines 3
Charge'<
Time &
F —_
requency —
~
.0015 uF

35

12 VDC

s

)

/1 +

SR

C charging

RERRR

Rp1 ov
470 Q

C Charges
Q 4
Q1
2N4891 C

Discharges

2
Rb2
100 O ov




Operation of UJT Relaxation Oscillator: C discharging

12 vDC
I e
Output @ TP4
R < As P
K ] ] ] ] \] \]
C Charges : : : : : :
determin_e<s AR ; ; g ; g
Charge c ’ E : 5 5 : 5
FTlme & Discharges |; : : : ' :
requency
0015 pF ov
+ SPIKE
Output @
TP2

Output; + & - Spikes and Sawtooth at TP3




Theory of operation as an oscillator
> For satisfactory operation, two conditions for the turn-on and turn-off of
the UJT must be met as:
V.. -V V..V
BB V . R <_BB P
N I,
> The time period and, therefore, frequency of oscillation can be derived as
below.
The voltage across the capacitor during
charging is given as. V swing :V P _VV
—t/RC
Ve =V (1 —e™ ) 1 1
T — f_ — RC In 1—
_ —1]
Vo =V, +17 Vg .
_ _ -t/RC =2.3RC log,,| ——
=V =V (1-e77C) 1]




Example 1 Design a 1kHz relaxation oscillator using UJT with the following specifications:
Vgg = 10V, 7=0.56 ~ 0.75, = 5pA, and A, = 4mA.
Solution:

The value of R can be found using the following condition:
V BB _Vv v BB -V P

<R <
l, .,
R Ve Ve g Ve TV
I min

max |
P \%

V,=07+Ng| |V, =01V _, =1V

For the given UJT, the average value of  can be found as: 77 = 0.56+0.75 =0.655
=V, =0.74+0.655x10 = 7.25V
=R, = w =550kQ =R = 10_%3 = 2.25kQ
5x10 4x10
Suitable value of R can be selected between 2.25kQ2 and 550kQ as: R =10kQ
f = 1 =C = 1 T ~ 94nF

RC In(lj 1><103><10><103><In(
1

1—0.655)




Example 2 A given UJT with an intrinsic standoff ratio (7 = 0.8) is powered by a 15 volt
DC source. Calculate the emitter voltage (V4) needed to “trigger” this UJT into

_ its conductive state.
Solution:

v I = ..:I ..:I ..:I

—A

Ve =V +1Ngg =0.7+7N g5

—V, =0.7+0.8x15=12.7V

\E

}n=n.:.-;

15V

;_ 1I|IIIILIL

Example 3 A given UJT relaxation oscillator has the following: Vgg = 30V, V, = 0.6V, R=
100kQ, and n» = 0.6. What is the value of C that gives 1kHz output frequency?

Calculate the maximum value of capacitor voltage V..

Solution:
V, =V, +7M,,| =V, =06+0.6x30=18.6V
f = . 1
= 1 Y| =C-= — =1.09x10°F =1.094F
RCIn| — 1><103><100><103><|n( j
U 1-0.6
Vo)., =Ve| =), =18.6V




Programmable Unijunction Transistor (PUT):

Although UJT is expensive if obtained, the PUT is inexpensive and in production.
PUT serves similar to the UJT, But it has three terminals as the thyristor.
The PUT shares the four-layer structure typical of thyristors as shown.

The gate, an N-type layer near the anode, is known as an “anode gate”.

o 0 0 0 O

The gate lead on the schematic symbol is attached to the anode end of the symbol.

A V.

Xz

v'hn' e -

K r]“ |
Symbol v
PUT Configuration Input forward characteristics




PUT Equivalent Circuit

B2 Ripo=R1 + R2
_____________ K R1
‘ B2 B A “ 1T Rivrz
E Bl v i Vs = MNVgg
R1 ! V= Vi+ Vg
____________ E”'_ll R — RI1-R2
Unijunction PUT equivalent 7 RI+R2

PUT Relaxation Oscillator

Viag T 10V




Problems and Solutions

Question 1 Foragiven UJT of 180 mw power and inter-base resistor Ryg = 4kQ , find the
estimated value of maximum source voltage V.

Solution: VE
UJT Power = —BB

BB

—V 2 =180x10°%x4x10° = 720
- Vg5 =+/720 = 26.8Volt

Question 2 For 3 given UJT, V4, = 10 volts, 7,,, = 0.6, and 7, = 0.8, find the possible
values of 4.

Solution: V.=V, +1VWo =0.7+1M ¢

=V5s) . =07+7,Vg =0.7+0.6x10=6.7Volt

=>V5s) . =07+7..V =0.7+0.8x10=8.7Volt




Question 3 Sketch the input forward characteristics curve of UJT and indicate the regions of

operation.
W
. F 3 -
Solution: -
Ve ! Operation Region
]
i Negative
c ! resistance
O region
ol
o !
x | \
e ! -
Q1 -
+— 1 -~
ol 7
Wy po=d=——---- =
i i Saturation Region
i ! > |

ly
Input forward characteristics curve of UJT

T

Question 4 \why a UJT oscillator called relaxation oscillator?

Solution:

Because the charging time constant RC is much greater than the discharging time.
So the capacitor relax in charging state, and hence the name of relaxation oscillator.




Question 5 For the given relaxation oscillator: 1) find the output frequency if 7 = 0.65, 2) the
maximum value of V4, , and 3) the value of V/ at half value of periodic time 7.

Solution: Vbb 10y
- L I
2 RC In i : =
1-7 R éEEﬂmhm é e
o f = 1 1 =1.4kHz
68x10°x0.01x107° xln( j Q
1-0.65 N T \ﬂl: INIEAR
W
2) Ve =V +7Ngg =0.7+7N g C | natee
WO ——
=V, =0.7+0.65x10=7.2V §F£1
120ohm
(VC )max :VP — (VC )max = 1.2V v

| Ve =V (1)

—0.357x107°
1 1 (68><103 %0.01x10~8 )

ot o1 Ax10° =0.357/msec =V_. =10| 1—-e
xX1.4X

att=T N =4V
2




Question 6 Agiven UJT relaxation oscillator has the following: Vgg = 20V, A, = 10mA, f =40
A, C= 1uF, and  =0.65. Find the value of maximum and minimum frequencies.

Solution:

V,=07+1mVg| =V,=07+0.65x20=13.7V

V, =0.1V,, =2V

1
f - :>fmax: L and fmin = = 1
RC "{1_} R...C In(j R.C In(j
7 =7 -7
R :VBB Vo and R :VBB -Vy
max IP min IV

20-13.7 20-2
— Rmax 40)(10_6 157 SkQ min 10)(10_3
SF = 1 =529Hz

max

1.8x10%3x1x107° x In( 1 j
1-0.65

'.°fmin = 1 1 =6Hz
157.5x10° x1x10® xIn
1-0.65




Question 7 For the given UJT relaxation oscillator, calculate the maximum and minimum
frequencies if = 0.6

Solution:
12 vDC
V., =07+1V,,| =V, =07+0.6x12=7.9V 1
- R1 éks
V, =01V, =1.2V R_ =R, +R, =118kQ 18 KQ 470 Q
7 R2
f 1 R =R, +0=18K 100 ko d
RC In( 1 j ) / Q
_77 2N4891
1 T
:>fmax = 1 00015 uF 1009
R . Cln| —
min (1_77j ; L
= L 1 = 40kHz
18x10°x0.0015%x107° x In( )
1-0.6
= in = 1 = L ; — 6.16kHz
R Cln i 118><103><O.0015><106><|n( )
—n 1-0.6




Question 8 For the given UJT relaxation oscillator with Vg = 30V and n = 0.6, calculate the

output frequency and the voltage swing.
Solution:

V, =0.7+1V

=V, =0.74+0.6x30=18.7V

V, =0.1V,, =3V

f = 1 -
RC In(j
1-n
1
20x103x0.01x106x|n( j
1-0.6
szing :VP —VV :>Vvaing =18.7-3=15.7V

O+
R,
RV, 470 Q
20 kQ
Ves
(d.c. supply)
. C a
™~ 0.01pF 1
47 Q V°
O_




Question 9 Fill in the following blanks with suitable words.

1) UJT is also called Double Base Diode .

2) Intrinsic standoff ratio is the coefficient of UJT that has typical values lie between 0.5 and 0.8.

3) UJT interbase resistance of A block of several thousands of Ohms when positive voltage is
applied to B1 at reverse biased condition of the pn junction.

4) The condition of operation of UJT is: V¢ = 0.7+ V45 .

5) The UJT has three operating regions as, cut-off reqion, negative resistance reqion, and saturation

region.
6) The oscillation condition of UJT oscillator is:

\ BB _Vv

\Y IP

7) Capacitor voltage during charging time of UJT oscillator can be expressed as: V¢ =V gz (1—e‘t/ RC )

8) The negative resistance region in the characteristic of the UJ7 makes it useful for constructing
voltage oscillators.




Chapter 4

The Operational Amplifier
(Op-Amp)




The Operational Amplifier (Op-Amp)

» Very high differential gain G, .
» High input impedance R;, .

» Low output impedance R,

» Provide voltage changes
(amplitude and polarity).

» Used in oscillator, filter and
iInstrumentation.

» Accumulate a very high gain by
multiple stages.

V, =GV,

G, : differential gain normally very large about 10°




The Op-Amp Symbol

F-'-
o7
Inverting input 2 S B N
. oL 6 Output
Nonmverting input 3 0———— |+
1/{_‘:
415
OFFSET
nuLL L 8 JNC. V_‘\‘i
N[ T w Offset Null
AN 3 — s >‘— 6 | oUTPUT
OFFSET
14 S | NuLL

DIP-741




Op-Amp Properties

(1) Infinite Open Loop gain
- The gain without feedback equal to G, .
- Zero common-mode gain.
- Practically, G, = 20,000 to 200,000

(2) Infinite Input impedance
- Input current 4, £, ~0A
- TQn high-grade op-amp
- mAinput current in low-grade op-amp

(3) Zero Output Impedance
- act as perfect internal voltage source
- No internal resistance
- Output impedance in series with load
- Reducing output voltage to the load
- Practically, R, ~ 20-100 Q

ut

load ~—

loa

out




Single-Ended Input

VO

O + terminal : Source
U — terminal : Ground
O 0° phase change

.
AV
i,

O + terminal : Ground
O — terminal : Source
0 180° phase change

Double-Ended Input

V, =V, -V

O Differential input V.
[ 0° phase shift change between V, and V




Question:
Which of the following (A or B) is the output voltage V, if the input voltages is given as:

. nl A
V1/>V (A) >Z/ ®

Input voltage Output voltage (Aor B) ?

Op-Amp Distortion

+Ve=+5V

The output voltage never excess the
DC biasing voltage of the Op-Amp.




Frequency-Gain Relation

> ldeally, signals are amplified from DC
to the highest AC frequency

>  Practically, bandwidth is limited (Voltage Gain)

> 741 family op-amp have an limit G
bandwidth of few KHz. 0.707Gq

» Unity Gain frequency 7;: the gain at unity

»  Cutoff frequency £: the gain drop by 3dB

from dc gain G

»  Gain Bandwidth (GB) product is
represented as: 1

(frequency)

GB Product: /= G, 1.




Example 1: Determine the cutoff frequency of an op-amp having a unit
gain frequency 7 = 10 MHz and voltage differential gain G, = 20V/mV.

Solution: (Voltage Gain)
Since 7, = 10 MHz Ga @
0.707Gqf--->
By using GB production equation
h=Gyk
f.=11Gy=10 MHz /20 VImV
=10 x 106/ 20 x 103 L .
= 500 Hz 0 f f

(frequency)




Ideal Op-Amp Applications

Analysis Method :

Two ideal Op-Amp Properties:
(1) The voltage betweenV,and V_iszeroV, =V_
(2) The current into both V, and V_ terminals is zero.

For ideal Op-Amp circuit:

(1)  Write the Kirchhoff node equation at the non inverting terminal V.,
(2)  Write the Kirchhoff node equation at the inverting terminal V_

(3) SetV, =V_ and solve for the desired closed-loop gain




Non-Inverting Amplifier

KCL at the Inverting Input

|
=
—V - Vf” vm : I|
i = = ]
TR, R o/
Since v =1 =,
I. VO‘”T o v— — _1”-‘.‘;'{!'.?t o in
i R2 RZ

Solve for V_,

R R

2

_ _ R
an 4+ vom‘ Vm — 0 - vmﬁ — vm [1 -+ 2

1

Vout




Isolation or Voltage Follower

Circuit 2

The Block
r-— - - - = = I
I I
I I
| - |
+ i ) i+
Circuitl \ﬁ” I V, =V, :YO
I I

Circuit isolation with an op-amp.




Inverting Amplifier

Since the noninverting terminal is grounded

v,=v,=0

KCLat vy j =i, 3‘%-—0:0—"0
R, R,

82

—




Op-Amp Integrator

» The op-amp provides a constant-

. EE—
current source for the capacitor, R !
causing it to charge at a linear rate. A X =

» Itis used as Low Pass Filter. + " Vout
Vin /.
At point X )
+V
V:'n _ _Cl dVEHE V., OV
| | | | |
| | | | |
V 1 f V.t : /\ : /\ :
ot — RICI in V. OV : : : : : /
SN N




>

Op-Amp Differentiator

It is used as High Pass Filter.

Input signal

e

4

|
|
|
|
I
l
|
p
|
|
|
|

» |

—_—————_—— B ——

I
|
|
l
I
| Output signal
l
|
|
I
l
|
|

» The output signal is proportional to the rate of change of input signal.

At point X
ﬂ'Vm 1[’)J::me'

C = —
' dr R,

Vout




Op-Amp with Multiple Inputs

Noninverting Summer Ky V.
At the noninverting input: /+ w
i, +1,+i;, =0 K / /Jr\ W -
R e U 1
i, = 1R K-/ /+\ R,
1 V3 | | i
P = Vz —V+ i = V3 —V+ \;—/ ! Vout
2 R, 3 R3 || R Rf
At the inverting input: |I o -
i, +i,= 0 —

vV —v % v v 1 1 1 |
.V ¢ 1 2 3 , 1 1 1 1
l, =——"— +—=+ [ + + },Jr _[ i J

. 3 1 2 3
: 1




Inverting Summer

KCL at the Inverting Input

_Vl—V__Vl
| = =

R R R
vour ___fvl__fv2 _f
R ' R *> R




Example 2 Calculate V,,, for the following summing circuit.

1k
e [l s
out
Rl R2 2k0)
. 2x10° 5x10°° SmV 0o—AAA- 0 V.,
=-10x10 —+ 3
1x10 2x10 f
= —10x10°(2x10° +2.5x10° ) = 45x10°V = 45 mV v
Example 3 Determine V,, for the following summing circuit. _
\oltage gain
Ry equals (1) for
= 10 kQ all the inputs.
V., V., V ! M
Vout:_Rf 1+ 2_|_ 3 ” 10 k()
R, R, R, +3Vo—AWy +20V
R
—_13V 10 kO
+6 Vo—AA\—2 ® =
RS Vout
10 kQ "
+4V o—AAN,

-20V




Example 4 Design op-amp summing circuit to satisfy the following equation:

Voui =02V, +0.25V, -V,  (Assume R;=10kQ)

Design steps:

Draw the summing circuit that has three input voltages and three resistances and
reverse the sign of the three inputs as shown.

Calculate the values of the three resistances by matching the summer equation with the
given one as:

R R

V,, =——LV, ——ty, —Zty

out Rl 1 R2 2 R3 3 . L Rf

[ ! Wy
1 L 2
_UE 'D—.'_W; r
X
R 0252 R, _1OkQ = 40k ! 1, Rs A —0
R2 025 Va O_.'_W_ +
firtual ea Vou

R_f =1= R% = 1OkQ =10k x Shmtmilig prnt?nt

R3 o Oy O




Averaging Amplifier
Averaging amplifier — is a summing amplifier with proper input and feedback resistors, that
provides an output proportional to the average of input voltages. -
1 kQ
Example 5 3?0 VWV
Vi o—AW +V
1 1 1 e T
Vo =5V +5V,+5V, Vo0 s/{(/!\i ¢ T
3 3 3 RS Vout
3 kQ 5 :
V,+V, +V, Vs o—AM o i
B Vout — = o)
3 -V r—
Negative Impedance Converter NIC R,
—W—
- Creates a negative resistor for any signal generator. R, | 5
- The ratio between input voltage and input current —VW >—
(input resistance) is given by: L
- —VWWA—
R I Ry
R, =—R; — ) Vs
Rz




Logarithmic op-amp Vg =V,
D
Vin
=1, =1
R R D R Dl
V. o—ANN——-
ID :ls(e(\/DNT)_l)zlse(\/DNT) 1 N VDth
Voutz_VTIn Vin =
IR
Where: [ is the saturation current and V;is the thermal voltage.
Op-amp Exponential Amplifier
Considering ideal op-amp, the negative pin is
virtually grounded, so the current through the
diode is given by: R
VD ~Vin —‘ﬁf\ﬂ'—
D
o =15 (e"°M) —1) = 1 et
P ° > Vinn_DI_._>—‘r—n Vout
— — (Vin/v )
V., =-RIl, =—RIl e L




Voltage Subtractor

_ V-V
R,

Summing point V, = V,

If vV, =0, then: V., = —V{

R3
R;+R,

If V, =0, then: V ., =V, { E

V-:uut - Vnut[a]l + 1‘V;rumtlﬂzujl
Vo =~V [&] n Vz{ R,
R, R,+R,

R4

O

4

If R,= R, and R;= R,

R
Vout :R_B(VZ _Vl)
1

fR,=R, = R,= R,

Vout :VZ _Vl




Zero Crossing Detector

Zero crossing detector
supplies trigger pulses

Vi C
- - vﬂ' f 'H" hl vﬂ'.“:
¢ 11

R

RL

Vi

Vo

Vout

N/

Un OV

' - Vp — TIME, t —
4+ Ve :
ot OV

— N

TIME, t —=
Input and Outpat Waveforms
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Inverting Comparator Square wave

L output voltage
£V /
|
L
1IIIIIIIin Ay
C) % p AC input

voltage

DC reference
voltage

- |

A "clean” AC input waveform produces predictable

-V fransition points on the output voltage square wave




Example 6

Inverting comparator circuit using op-amp and threshold voltage of 2.5 volt.

VOO 5

Jutput

| — — | —
§1 Ok 10k oV nput
R2 R3
"-fin'& ~
Threshaold A
=
+ Wout 2.9¥ (\/ "~ JI'

10k0

—A
3
o
=
|
I
|

|||—




Square Wave Generator

Current flow from
Follow t_he progress K I Yout =+% o charging the
from a time when M—‘— capacitor positively.
the output is at

point &.

Thizs point charging *¥eo
toward the waltage
+d Yo atwhich the
comparator action
will flip the

output to - op

"l"uut

The walues of the
resistors and capacitor

determine the rate of R ; ——

discharge and therefore This point iz at =) fram

the period . voltage + A Yo = ——1 voltage
— R1+ Rz givider




Schmitt Trigger

Switching occurs when:

VIN =V_ :V+ :VOUT o

But,

VOUT = _I—VSAT

.. Threshold input voltage

for upper trigger point (UTP)
and lower trigger point (LTP)
Rl

VIN :ﬂ/SAT m




Problems and Solutions

Question 1
(a) Derive an expression for (V. / V) for the inverting op-amp amplifier in terms of A, and ~; .

out

(b) Inverting op-amp amplifier with 1kHz sine wave input of 2 volts peak-to-peak, R, = R = 10kQ.

1. Calculate V. 2. Draw the input and output waveforms (V;, and V).
Solution: 2 R
(a) Since the non-inverting terminal is grounded: i 0A
_ _ — - Rl V] | —
V=V, = 0 MV -
1
Also for the op-amp,we have: | =i =0 ov o
_ + v . v, + +
Using KCL at the node 1 we get: l 7
V,—-0 0-V V R, i °

out . out
=\ — = —




Question 2 For the following op-amp circuit with gain of A= -10, find the output voltage
V.« if the input voltage V;, =0.24 volt .

Solution:

V,, = —%vm = —~10x0.24 =—2.4 volt
1

Question 3 Inverting amplifier with /; = 4700Q , find the value of A, that produce gain
of A=-5.

Solution:

A

The gain of inverting amplifieris: A =——f — R =—F"=

Question 4 An op-amp has a differential gain G; = 250,000. If the output voltage V,, = 3.75
volt, find the difference between input voltages V.

Solution: V. =GV

v, =Y~ 315 15,10 yolt =15.¥
G, 250,000




Question 5 Calculate the voltage gain for each stage ( A; and A, ) of the given amplifier
circuit and then find the overall voltage gain A.

Solution:

The gain of any single stage

non-inverting amplifier is: Stage 1 Stage 2
47k 33k0 v 22k 9.1k

AN

_L VW ——/AW 1
N Al N Az —'|/out
Vin . + +

A :\/O_Ut: 1_|_R_f
V., R,

In

The gain of stage 1 is:

Vy _ (1+ 3300

A =X
Ly 4700

j:1.702

in
The gain of stage 2 is:

A, = o _ (1+ @j =5.136
Vv 2200

X

Thus, the overall gain is:

A :VOUt

:VX ><V°Ult =A xA,=1.702x5.136 =8.74

V. V. V

n n X




Question 6 For the given circuit, calculate the output voltage V/, if the input voltage
Vi,= 1.5 volt.

20k0 10kQY

10kQ)

'lHﬂ—ﬁ—g

Solution:

The t_gain of any single stage A — _R_f
inverting amplifier is: R,
When V,, = 1.5 V,The output voltage of first stage is:

v _(_ 20x10° +10x10°

) T ijin = (-3)x1.5=—4.5Volt
X

Therefore, the output voltage V. at second stage is:

out

3
_ [ﬁgﬁ& ijX — (~1)x(-4.5) = 45Volt
X
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Question 7  For the given circuit, determine V;, and V/,, and the output voltage V,

ut -

2kQ 2kQ
Solution: AT

L
> k.

The gain of any single stage
inverting amplifier is: + J_.:— Vz 1\ J/
A= 4 — N
R, g 2kQ  2kQ
3
L= - 2X103 XV, = (—l)><2 =-2Volt
2x10
For ideal op-amp we have: V,=V, = —2Volt
Also for the op-amp, we have: 1, =1_ =0

Using KCL at node V; , we get:

Vin _V2 _l_Vout _VZ
2kQ 2kQ
V.. =V,+V, V. =-2-2_(2)=-6Volt

=1_=0
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Question 8

=i_ =0
=v_=Vv, =V. =4Volt

Solution: i,

For the given non-inverting op-amp, find the output voltage V,, .

V X
Using the voltage divider equation at node “V, Vout
B 4Kk
X AKQ+1KQ )
5 5

Vou =%V, = x4=5Volt

4

out

Question 9 petermine the cutoff frequency £ of an op-amp having a unit gain frequency £ =
15MHz and voltage differential gain G, = 25V/mV. Draw the frequency response.

(Voltage Gain)

Solution: G

G, =25V/mV = ?;V = 25x10° T

f,=G,f,
a0 (I

(frequency)
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Question 10 Design op-amp subtractor circuit to satisfy the following equation: V,, =2(V, - V))
Assume the feedback resistance R; = 10kQ .

Solution:

. . R¢
The circuit diagram of op-amp subtractor is shown as: R, AAN

Vv, —/MM—
For good design R, = R, and R = R,. . ~
R VE >~i—ﬂ Vout
Then, the output voltage V;is givenas: \/ __ = _f(\/ , _Vl) R,
R
g

And we have from the given question V0 2(\/ V1)

R; :10kQ kO
2 2

R,
Then by similarity of both equations, we get R— =2=..R,=

Question 11 cglculate the voltage gain A for the voltage follower circuit.
SR 20 kQ
_Solut-lon. A \

N _ - |
Va =V _ :V+ =V in <+>Vin /].OkQ §
_ o
|

Using the voltage divider equation at node “a”: . Vout
§ 10 kO
10kQ+10kQ in |
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Question 12 For the given difference amplifier (subtractor), write the equation of output
voltage V,; . Rs
100 k()
Solution: Wy
In order to work properly, a
R v difference amplifier must have
V = _3(V2 _Vl) 1Og1k9 P valuesof R, = R,and R; = R,
ou
Rl V-| O M —
100k ot
V,
VOUt 100kQ ( 2 ) ¥ VH>2N >
. 100 kO Ay « -~V
N =V, =V, 100
Question 13 Fing v, for the given op-amp circuit. AN ——
Solution: i =i =0 6 kQ
oo 1 kQ
Since the non-inverting terminal is connected to +3 volts, we get a
— WA
v, =v_=Vv_=-3Volt / .
Using KCL at the non-inverting node “a”: C’ Vi,
- V,
V., Vv, v,V sv - (L)3v out
in a _ _a out + |
1k 6kQ _
-V, =-—51Volt =
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Question 14  For the given non-inverting op-amp, find the output voltage V.

. 2 k

Solution: i, =i =0 e >

V,=V_=V,k, =V, - +

6kQ 6 kQ § —mg
+ a | —
V, =[ ]x4=3VOIt Oav V..
6kQ+2k § . Lo
Using the voltage divider equation at node “a”: -
_
N :[ Ske2 jxvout =V, =3xV,_, =9Volt
5kQ+10kQ

Question 15 Determine both of input voltage V/, and output voltage V,, for given circuit.
Solution: i, =i_ =0

v =v,=0 =V, =2mAx1ZR 24Volt f>_ v

- out
o R, -
For the inverting op-amp we have V , = — V.
R, 5 ki 12 k)
y V. =M v AWM
"~ Vin :_Rlvout = st x 24 = —-10Volt o l=2mA
R, 12k
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Question 16 Calculate A, to produce a voltage gain of A= 15 in the given op-amp circuit.

Solution:
o | R,
The voltage gain of inverting op-amp is: A = R
1
=R, = F;f _22KQ 1 s6Ka

3

éi] k(2

Vin

Vout

Question 17 For the given op-amp circuit with two different input voltages. Determine the

differential voltage gain G, of this op-amp.

Solution:
Vout :ded
2V
V, =V, -V_ =1.00003—-1=30x10"°Volt
P
— G, Vouw _ 1.5 — = 50000 =3
A\ 30x10

106

+12 ¥ +12 ¥
V. =1.0V
i =
% >
L b
V., =1.00003V
12V

v

out

=15V




Question 18 Choose the correct alternative for the following multiple choice questions.

(1) What signal corresponds to pin 3 of this operational amplifier? { [ ® ] 8
A- The non-inverting output. B- The positive supply voltage. ) [ N ] 7
@The non-inverting input. D- The inverting input 3 [ >_L] 6
4 IE

(2) What characteristics would characterize an ideal operational amplifier?

A- An infinite voltage gain, an infinite input resistance and an infinite output resistance.
B- An infinite voltage gain, zero input resistance and an infinite output resistance.
C-. An infinite voltage gain, zero input resistance and zero output resistance.

An infinite voltage gain, an infinite input resistance and zero output resistance

(3) The graphs show input and output waveforms of an op-amp.
What is the gain of this circuit?

A) -0.4 25 C) 25 D) 0.4 VoA

SV
2V -

| VAR v VYA
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(4) A differential amplifier amplifies the ---------- between two input signals.

A- Addition subtraction C- multiplication R,

Ry
(5) In the given circuit, what value of R, is required to o—  }——-

1 k2
give a voltage gain of -50 ? - -

P I’-‘:.I
A) 49 kQ 50kQ  C)-50kQ  D)-49 kQ
2

(6) Frequency response of the differentiator is same as thatof .....................

@ high pass filter b) low pass filter c) band pass filter

(7) What is the voltage gain of the unity follower?

a) 0 1 0 -1 d) infinity

(8) What is the scale multiplier (factor) of a basic integrator?

a) RIC b) C/lR ¢) —RC _1/RC

108




(9) Choose the circuit below that would take a DC input voltage V{, =1V and produce

an output voltage V=2 V.

=
e
g

Ve

(a) (b)

I||—D-1— gq
'||-°*—§-ﬂ—g
I||—O<-—~

(10) If R, =10kQ, and R, =10 k Q, this circuit would be.................
A) buffer  B) inverting summer @ inverter
D) inverting amplifier E) noninverting amplifier

F) low-pass filter G) high-pass filter

IIoe—g*

(11) If R, =10kQ, and R, = 20 k Q, this circuit would be.................

A) buffer  B) inverting summer  C) inverter

D) inverting amplifier @ noninverting amplifier

1o ﬁ—»!:

109




	حقيبة تعليمية1
	Power Electronics Folder_2nd Year_STU
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Characteristic Curve
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Theory of operation as an oscillator
	Slide Number 60
	Slide Number 61
	Slide Number 62
	PUT  Equivalent Circuit
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Op-Amp Properties
	Single-Ended Input
	Slide Number 76
	Frequency-Gain Relation
	Slide Number 78
	Ideal Op-Amp Applications
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Op-Amp Integrator
	Op-Amp Differentiator
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Design op-amp summing circuit to satisfy the following equation:�V0ut = 0.2 V1  + 0.25 V2 – V3.     (Assume  Rf = 10kΩ )
	Averaging Amplifier
	Slide Number 90
	Voltage Subtractor
	Zero Crossing Detector
	Noninverting Comparator
	Inverting comparator  circuit using op-amp and threshold voltage of 2.5 volt.
	Slide Number 95
	Schmitt Trigger  
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109


