Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.167

Function generator and cathode ray oscilloscope (CRO)

Objectives: At the end of this lesson you shall be able to

+ explain the use and control of function and AF (audio frequency) generator

+ explain the function of CRO with block diagram
- state the functions of various controls in CRO
« state the use of CRO in electronic circuits.

Introduction: Afunction generatoris an equipmentcapable
of providing sine, square and triangular wave outputs at
differentfrequencies and amplitude. Ithas a maximum of
20 volts peak to peak single amplitude. A function
generator finds applications in frequency modulations,
tone control, Audio electronic, otherlaboratory and research
work.

Panel controls and features of function generator

The front panel controls of function generator. (Fig 1)
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1 Power ON-OFF switch: To turn on the function
generatorthis button should be depressed. To turn off
the same button should be pressed to release.

2 Range selectors: The range selection is of decade
frequency type. The output frequency is given by the
productofrange selected and frequency dial indication.
Forexampleifthe 10 Krange buttonin depressed and
frequency dial is at 2, then the output frequency is 20
KHz.

3 Functionselectors: These selectors selectthe desired
outputwaveform. (square, sine or Triangle)

4 Outputjack: The wave forms selected by the function
switches are available at this jack.

5 VCOinputjack: Anexternal voltage (notexceeding +
20V peak) input will vary the output frequency. The
changeinfrequency is directly proportional to the input
voltages.

6 TTLJACK: ATTL (Transistor, Transistorlogic)square
wave is available atthis jack. This outputisindependent
of the Amplitude.

7 Amplitude control: This controls the amplitudes of
the output signal.

8 Offset control: This controls the DC offset of the
output.

9 Fine frequency dial: The output frequency of the
wave forms is given by the product of the setting of this
dial and the range selected.

Operating information: The function generatoris powered
by 240V. AC mains. When the power ON switch is
depressed the LED will glow.

The desired frequency is setby depressing the frequency
range switch an positioning the fine frequency dial.

The desired wave from is selected by depressing the
appropriate function button from sine, square or triangle.

The amplitude of the selected output signalis adjusted by
Amplitude control knob. Avariation of the display amplitude
from 0-20 V peak is possible. The TTL output is not
affected by the amplitude control.

Audio Frequency (AF) Generator (Fig 2): Audio
frequency generators produce sine wave signals from 20
Hzto20kHZ. Certain type of AF generators produce sine
wave upto 100 kHZ. In addition to sine wave there may be
provision to produce square waves too.

Fig 2
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AUDIO FREQUENCY GENERATOR

These generators contain a variable amplitude control
which changes the signal amplitude from 10 mv to 20V.
With the help of this generator the audio amplifier stages
inradio, TV recorders and audio amplifier could be tested.

While the frequency range switch selects the desired
frequency range switch selects the desired frequency
range, the frequency dial is used to select the frequency
within the desired range.
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Cathode ray oscilloscope (CRO)

Introduction: The oscilloscope is an electronic measuring
device which provides a visual presentation of any wave
form applied to the input terminals. Cathode ray tube
(CRT) like a television tube provides the visual display of
the signal applied as a wave form on the front screen. An
electron beam is deflected as it sweeps across the tube
face, leaving a display of the input signal.

An oscilloscope usually consists of:

— saw-tooth generator

— gateamplifiers or Z-amplifier

— Trigger

— CRT (cathoderaytube)

— powersupply

The block diagram of a simple cathode ray oscilloscope is
shown in Fig 3.

Attenuator : The input signal should be attenuated to a

— Attenuator suitable magnitude before itis applied to the amplifier. The
_ amplifiers attenuators are employed at the input of both vertical and
P horizontal amplifiers.
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Amplifier : The amplifiers of an oscilloscope consistof a
vertical amplifier and a horizontal amplifier. The vertical
amplifiers amplify the vertical input signal before it is
appliedtothe Y-plates. The horizontal amplifieramplifies
the signal, before it is connected to the X-plates.

Saw-tooth generator: The measuring signal of any
shape is connected to the Y-input(plates) and then it
appearsonthe screen. The signal on X-plates should be
such that the image on the screen is similar to that on the
Y-plates. Hence a saw-tooth signal is required to be
connected to the X-plates which makes the image on the
screen like the signal connected atthe vertical plate. The

saw-tooth signal is called the time base signal, and is
produced by the saw-tooth generator. The shape of the
saw-tooth signal is shown in Fig 4. The time-base signal
consists of trace, retrace and hold off period.

Fig 4
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Gate amplifier or Z-amplifier: It is desirable that the
image seen onthe screen ofthe CRT mustbe continuous,
thatis, the electron beam is desired to appear only in the
trace period of the time-base signal. The retrace period of
the electron beam must not be visible on the screen.
Therefore, the gate amplifier is required to control the
electron beam in order that it appears only in the trace
period.

The signal from the gate amplifieris a square wave andis
related to the time-base signal. Thisisillustratedin Fig 5.
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Trigger (Gate amplifier output) : As mentioned earlier,
the measuring signal-wave form is connected to Y-input,
which appears onthe screen. In orderto make the wave-
form stationary on the screen, it is required that the
starting point ofthe time base signal has to be fixed related
to the signal connected to the Y-input. This is known s
‘synchronization’. The functional stage which performs
synchronization is the trigger.

Thetriggerwill produce a pulse orimpulse for triggering the
time-base. Every time the time-base is triggered, one
saw-tooth wave-formis produced.

There are three forms of triggering in an oscilloscope.

Internal triggering : The signal which is supplied to the
triggeris the internal signal of the CRO produced by using
the signal from the vertical input signal. The sequence of
signal processing is shown in Fig 6.

Fig6
‘ ‘ ! VERTICAL
INPUT SIGNAL
‘ [ [ \
[ [ [ & | ! TRIGGER
[ I | | PULSES
i e W e W /?\\_ . TIME BASE
T e
1 L’ | | I
o - - \ Yz
| \ / \ e
VAN AN AW AN AW AW/ ! imMAGEON 2
IV V \VARV/ \VARV/ SCREEN 2

External triggering : The signal which is supplied to the
triggeris the external signal, produced by using the signal
from the external, sync.

Line triggering : The signal which is supplied to the
trigger is the signal from the power supply of CRO. (Not
shown in the block diagram)

Switches are provided to select the form of triggers as
required. In a CRO, suitable timing can be selected that
causes the image on the screen to be stationary.

CRO (The Cathode ray tube): The constructional features
are explained later in this text.

Power supply: Low voltage and high voltage DC supplies
whichare requiredforthe oscilloscope functionare produced
by rectifier filters and switch mode power supply circuits.

Controls and their functions in a CRO: The operating
controls onthe frontpanel of a general purpose oscilloscope
is shown in Fig 7. The names of the controls and their
functions are listed below.
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Power-on (1): Itis toggle switch meant for switching on
power. In the ON position, power is supplied to the
instrument and the neon lamp (3) glows.

Intensity (2): It controls the trace intensity from zero to
maximum.

It controls the sharpness of the trace. Aslightreadjustment
of this control may be necessary after changing the
intensity of the trace.

X-Magnification (5): Itexpands length of the time-based
from 1 to 5 times continuously, and makes the maximum
time-base to 40ns/cm.

Square wave (6): This provides a square wave of 2 V
(p-p) amplitude to enable the user of the scope to check
the Y-calibration of the scope.
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Saw-tooth wave (7): This provides a saw-tooth, wave-
form output coincident to the sweep-speed switch withan
outputof5V (p-p). The load resistance should notbeless
than 10 k ohms.

Vertical section

Y (10) : This control enables the movement of the display
along the y-axis.

Y (13): Itconnects the input signal to the vertical amplifier
through the AC-DC-GND coupling switch (14)

AC-DC-GND coupling switch (14): Itselects coupling to
the vertical amplifier, in DC mode, it directly couples the
signalto the input; in AC mode, it couples the signal to the
inputthrough a 0.1 MF, 400-V capacitor. In GND position,
the input to the attenuator (12) is grounded, whereas the
Y-input is isolated.

Volts/cm (Attenuator) (12): Itisa 10-position attenuator
switch. It adjusts the sensitivity of the vertical amplifier
from 50 m VV/cm to 50 V/cm in 1,2,5,10 sequence. The
attenuator accuracy is +3%.

x1 or x 0.1 switch (9)

When switched in x 0.1 or position, it magnifies the basic
sensitivity to 5 m V/cm from 50 m V/ cm

CAL switch (8): When pressed, a DC signalof 15mV or
150 mV is applied to a vertical amplifier depending upon
the position of x1-x0.1 switch (9) position.

DC bal (11): It is a preset control on the panel. It is
adjusted forno movement ofthe trace when either x1-x0.1
switch (9) is pressed, or the position of AC-DC-GND
coupling switch (14) is changed.

X-Position (21): This control enables the movement of
display along the X-axis.

Trigger level (18): It selects the mode of triggering. In
AUTO position, the time-base line is displayed in the
absence of the input signal. When the input signal is
present, the display is automatically triggered. The span
of the control enables the trigger point to be manually
selected.

Time-base (19): This sector switch selects sweep speeds
from 50 ms/cm to 0.2Ms/cm in 11 steps. The position
marked EXT is used when an external signal to be applied
to the horizontal input (24)

Vernier (22): This controlis afine adjustment associated
with the time-based sweep-selector switch (19). ltextends
the range of sweep by afactor of 5. It should be turned fully
clockwise tothe CAL position for calibrated sweep speeds.

Sync. selector (15, 16, 17): The INT/EXT switch (15)
selects internal or external trigger signal. The +ve or -ve

switch (16) selects whether the wave-formis to be triggered
on +ve or-ve step. NORM/TV switch (17) permits normal
or TV (line frequency ) frame.

Stab (20): Itis a preset control on the panel. It should be
adjusted so that you just get the base line in the AUTO
position of the trigger level control (18). In any other
position of the trigger level control, you should not get the
base line.

Ext. Cap (23): This pair of connectors enables the time-
base range to be extended beyond 50 ms/cm by connecting
a capacitor at these connectors.

Hor. input (24): In connects the external signal to the
horizontal amplifier.

Ext. sync. (25): It connects the external signal to the
trigger circuit for synchronization.

Application of CRO

AC voltage measurement: The screen of the cathode
ray oscilloscope usually has a plastic gratitude overlay,
marked in centimeter divisions. The vertical amplitude of
any wave formindicates peak-to-peak voltage.

To measure unknown AC voltages the main supply AC
should beisolated through aisolation transformer and the
attenuatoris setto 50 V/ div. The AC-DC switch is set to
AC position (out). Voltage to be measured is connected
to the input and common terminal. Set the time base
switch to display several cycles of the wave form. Adjust
the V/div switch to geta wave form ata convenient height
suchthatthe positive and negative peaks appears with-in
the screen.

Measure the vertical amplitude (no. of divisions peak-to-
peak) of the voltage on the screen. Now multiply the
amplitude by the volts/div setting to find the peak-to-peak
voltage value.

Example : Assume avertical deflection of 6.4 divisions
as in Fig 8 and a volt/div setting of 5 volts.

Fig 8

6.4 DIV

Peak-to-peak voltage =6.4x5=32V
therefore peak voltage =16V
thereforeRMSvoltage =16x0.707 =11.31V
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or RMS voltage = Peak to peak voltage _ Vpp

32

_2x«/§

DC voltage measurement : The input selector switch is
set to DC position. Adjust the Y shift position to get the
trace atthe centre ofthe screen. Thisline represents zero
DC volts. Connect the +ve of the DC voltage to be
measured to input terminal and the -ve to the common
terminal. Now the horizontal line willmove up. (Down for
reverse polarity) the volts/div switch is set as required.

=11.31v

Now measure the vertical distance in divisions form the
zeroreferenceline.

The DC voltage can be found by multiplying the vertical
distance (division) with VOLT/DIV setting.

An example is worked out with reference to Fig 9
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Assume a vertical deflection of 2.6 division and a Volts/Div
setting of 20 V.

DC voltage = 2.6 x 20 = 52V.

Measurement of time and frequency : The wave-form
tobe measuredis connected tothe Vinput. The volts/Div
switchis setto display a suitable vertical amplitude of the
wave-form. The Time/Div switch is set to display

approximately two cycles of the wave-form to be measured.
Adjust the Y-SHIFT control to move the trace so that the
measurement points are on the horizontal centreline. The
X-SHIFT control is adjusted to move the start of the
measurement points to a convenientreference line.

The distance (divisions) between the points of one cycle
is measured as in Fig 10.
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The product of the divisions of one cycle and the setting of
time/div switch gives the period of one cycle.

The frequency can be determined by the formula

1

Frequency=————
g Y Time period

where frequency is in hertz and time in seconds.

Example
Time = Div x time base setting
= 5x0.2ms
= 1ms
1 1
therefore frequency = — = 3= 1000 Hz
T 1x10°

Frequency =1 kHz.
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.168

Printed circuit boards (PCB)

Objectives : At the end of this lesson you shall be able to

« state the types of etchants used for etching and preparation of etchant solution
« state the reasons for agitating the etchant solution while etching

¢ list the important points while drilling holes on PCBs

* list the advantages of marking component positions on PCBs.

Introduction

Printed circuit board in which the connecting wires are
replaced by a thin conducting path called copper or silver
foil which is moulded in one side of the insulated board.
The insulating board is generally made up of phonetic,
paper or fibre glass or epoxy.

The moulded conducting path generally known as tracks
size depend on the power of the circuit. The width of
tracks are varied few millimeters to less than one millimeter
depend on the circuit.

The thin tracks less than one millimeter made up with
silver tracks where IC circuits and micro controller circuits
are to be made. Several process moulded to make PCB
and itis explained below.

Etching

Once the required portions on the copper foil side of the
laminate is painted/masked and dried, the next step is to
remove the copper present in the unmasked portions of
the laminate. This process is known as etching.

Only after etching the unwanted areas of the copper foil,
the metal side of the laminate gets the actual shape of the
circuit connection required.

Etchingis done using any one of the following chemicals;

Alkaline ammonia

Sulpuric-hydrogen peroxide

Ferric chloride

Cupricchloride

The most popularamongstbeginners and economical way
of etching, is the manual etching process. This is done
generally using a solution of ferric chloride. Ferric chloride
is available in liquid, powder and crystal forms.

While preparing the etching solution, concentrated ferric
chloride solution/powder is mixed with lukewarm
water(27°F) and stirred well using a glass rod. This forms
adiluted acid (FeCl,) solution.

The ratio of ferric chloride and water decides the rate of
etching. The typical ratiois, 100mg of concentrated ferric
chloride powder/liquid for one litre of water. This Fecl, is
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prepared in a plastic tray of suitable size such that the
painted laminate to be etched can be fully immersed as
shown in Fig 1.

Fig 1
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Since ferric chloride is an acid solution, although diluted,
it is harmful to the skin. Hence, rubber gloves are to be
used while working with this solution.

The painted laminate to be etched is slid into the Fecl,
solution of required quantity, with the painted surface of
the laminate facing the top as in Fig 1, such that, as the
process of etching progresses, the extent of etching is
visible.

Toensure speedy and uniform etching, the etchant solution
is agitated lightly by shaking and tilting the tray as shown
in Fig 2. Too much of agitation of the solution should be
avoided, as this may peel off the ends of the painted tracks
and remove those portions which were notintended to be
etched.

Fig 2
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As the etching progresses, the copper in the unwanted
portionis gradually removed. Whenthe etchingis complete,
allthe copperinthe unwanted portion disappears and the
etched portion will have the colour of the insulator of the
laminate board.

Once the unwanted portions of copper are completely
etched, the board is taken out of the solution and is
cleaned using fresh water to remove the remaining Fecl,
solution. This stops any further etching process.

After cleaning the board using water and drying, the etch-
resistantink/paintonthe lay out patternis removed using
solvents, such as, thinner or petrol. The cleaned board will
then have bright copper stripes and pads, only in the
required portions representing the circuit as in
Fig 3.

Fig 3
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The next step after etching and removing the mask/paint
is to drill holes of required diameter at the pad centers for
inserting the components, input/outputand V__ &

ground(Gnd) connections. Extra care is to be taken while
drilling holes because carelessness while drilling may
peel off the pad area of the copper. Some hints for drilling
on PCB’s are given below;

— If the point where drilling is to be made is not clear,
punch the point again such that the drill bit sits at the
punched point before starting the drilling.

— Use a high speed drill gun/machine.

— Use drill bits of the required size. If an exact size drill
bit is not available, use a drill bit one size smaller but
neveronesizelarger.

— Fixthe PCB firmly on a vice using a wooden block so
thatthe PCB does not become loose while drilling and
peel of the pad area copper.

— Ensurethatallthe points required are drilled because,
once the components are mounted, drilling holes on
the PCB may damage the mounted components due
tovibration.

After drilling holes, clean the PCB such thatitis free from
burr and dust. Apply varnish on the layout pattern, to
protect the copper pattern from corrosion.

Preparing and marking component lay out

Atypical component side ofa PCB with the components
marked on it is in Fig 4.
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COMPONENT SIDE LAYOUT

Marking the position of the components on the component
side of the PCB has two main advantages,

— Increases the speed of mounting the components as
the need of searching for the correct place for mounting
the component is eliminated.

— Polarities ofthe components’ terminals can be marked
on the board itself such that the possibility of polarity
errors committed while assembling the board is
eliminated.

The standard procedure of component marking is to mark
either the symbol of the component along with its code
number or justthe code numberacross the pads as shown
in Fig 4.

Aseparate componentlist sheet, containing the component
code number along with its value as shown below, is
prepared for reference while collecting the components
and assembling the PCB.

Component Code Specification

1K Ohms,1W, 5%
680 Ohms,1/4W,10%

Resistors R1
R2,R3

Capacitors | C1 1000uF, 50V,
axial 0.01uF,
C2to C7 100V, ceramic disc
Diodes D1,D2, 1N4007
D3,D4

For circuits using less number of components, instead of
a separate component list the component values are
marked directly on the printed circuit board as in Fig 5.

To prepare manually the component side layout of the
PCB, thereverse of the pad positions of the PCB’s solder
side lay out is traced on to a graph sheet, and the
componentpositions and polarities indicated using standard
symbols. The components are numbered and acomponent
listis prepared.
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The component side layout is then traced on to the
insulator side (component side) PC board using a carbon
sheet and pencil. The traced portions on the board are
redrawn/touched using a permanent marker pen or using
paint and a thin brush.
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.169

Power electronic devices - UJT and FET

Objectives: At the end of this lesson you shall be able to

« state the construction and working characteristics of SCR and its testing

« state the use of UJT for triggering gate circuits
 explain the function of DIAC and TRIC

state the FET principle working, biasing, applications
state the JFET principle, biasing, application as an amplifiers.

Introduction

Thyristors are four layer device which can be switched
‘ON’ or ‘OFF’ electronically to control relatively large
amounts of current for motors and other electrical
equipment. The Silicon Controlled Rectifier (SCR)andthe
Triac are examples of Thyristor. Almost all electronic
controls used in modern industries consist of electronic
circuits with Thyristors.

Construction of SCR: The cross-sectional view of a
typical SCR and the symbol are shownin Fig 1. Basically,
the SCR consists of a four-layer pellet of P and N type
semiconductor materials. Silicon is used as the intrinsic
semiconductor to which the properimpurities are added.

Fig 1
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Working of SCR: The SCR is a four-layer device with
three terminals, namely, the anode, the cathode, and the
gate. Whenthe anode is made positive withrespecttothe
cathode (Fig 1), junction J, is reverse-biased and only the
leakage current will flow through the device.

The SCRis then said to be in the forward blocking state
or off-state. When the anode-to-cathode voltage is
increased, the reverse-biased junction J, will break down
due to the large voltage gradient across the depletion
layers. Thisis the avalanche breakdown. Since the other
junctions J, and J, are forward-biased, there will be free
carriermovement across all the three junctions, resulting
inalarge anode-to-cathode forward current I_. The voltage
drop V_across the device will be the ohmic drop in the four
layers, and the device is then said to be in the conduction
state or on-state.

In the ON-state, the current is limited by the external
impedance. If the anode-to cathode voltage is now
reduced, since the original depletion layer and the reverse-
biased junction J,nolonger exist due to the free movement
ofthe carriers, the device will continue to stay ON. When
the forward current falls below the level of the holding
current I, the depletion region will begin to develop around
J,duetothe reduced numberof carriers, and the device will
go to the blocking state. Similarly, when the SCR is
switched on, the resulting forward current has to be more
than the latching current T .

This is necessary for maintaining the required amount of
carrier flow across the junctions; otherwise, the device will
return to the blocking state as soon as the anode-to-
cathode voltage isreduced. The holding currentis usually
lower than, but very close to the latching current; its
magnitude isin the order of afew milliampere(mA). When
the cathode is made positive with respect to the anode,
junctions J, and J, are reverse-biased, and a smallreverse
leakage current will flow through the SCR. This is the
reverse blocking state of the device.

When the SCRis reversed biased the device will behave
in the same manner as two diodes connected in series
with the reverse voltage applied across them. The inner
two regions of the SCR will be lightly doped as compared
to the outer layers.

Hence, the thickness of the J, depletion layer during the
forward-bias condition will be greater than the total thickness
of the two depletion layers at J, and J, when the device is
reverse-biased. Therefore, the forward break-overvoltage
V., Will be generally higher than the reverse break-over
voltage V..

SCR has two stable and reversible operating states. The
change over from off-state to on-state, called turn-on, is
achieved by increasing the forward voltage beyond V.
There reverse transition, termed turn-off, is made by
reducing the forward currentbelow I,. Amore convenient
and useful method of turning on the device employs the
gatedrive.
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Characteristics of SCR

SCR voltage current characteristic: Fig 2 shows the
voltage current characteristic ofan SCR whose gate is not
connected(open). When the anode-cathode circuit is
reverse biased a very small currentin micro ampere called
reverse blocking current flows through the SCR. Whenthe
reverse break over voltage reaches a value equivalent to
peakreverse voltage V., the SCR conducts due toreverse
avalanche breakdown and the current increases sharply
intoampere.

In most ofthe cases the SCR gets damaged in this mode.
The behaviour ofthe SCR atreverse bias mode is shown
by VI characteristic of Fig 2.

When the SCR is forward biased, there is small forward
leakage current (as in Fig 2) called forward blocking
currentwhich remains small, until the forward breakdown
voltage V. is reached. This is the forward avalanche
region.
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At that point current increases suddenly to higher
conduction level. At this point the anode to cathode
resistance of the SCR becomes very small and the SCR
acts like a closed switch. The voltage across the SCR
dropstoabout 1.4V. Hence we can say thatin forward bias
mode when the applied voltage is less than B_, the SCR
behaves as open switch and when the applied voltage
exceeds B_, the SCR behaves as closed switch. The
current through SCR is limited by the external load
resistance.

Holding and latching currents: The holding current is
the +I value necessary in the anode circuit to keep the
SCRin conduction while itis ON. The latching currentis
+| value needed to switch the SCR anode circuit ON from
the OFF condition. This T (current)is typically aboutthree
times more than the holding current. When the SCR is
switchedinto conduction, the gate voltage mustbe onlong
enough for the anode current to reach the value for
latching.

Triggering of SCR: SCR can be switched into conduction
either by increasing the forward voltage beyond V,  or by
applying a positive gate signal when the device is forward-
biased. Ofthese two methods, the latter, called the gate-

control method, is used as it is more efficient and easy to
implement for power control.

Gate-current control: Injecting gate currentintothe SCR
lowerthe break over voltage, as showninFig 3. Here T
is for zero gate current. This situation is the same as that
shown in Fig 2, but the other examples in Fig 3 are for
increasing gate current. Note that, as gate current is
increased, the break over voltage is reduced.

Fig 3

-1
ON
STATE

Veo  Veo VBo Veo  +V
EFFECT OF GATE CURRENT IN LOWERING
THE BREAKOVER VOLTAGE OF AN SCR
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Whenthere is enough gate current, the break over voltage
becomes lower than the operating voltage or the forward
blocking voltage ofthe SCR. Thatis howthe SCRis used.
The injection of gate currentlower the break over voltage
toavalue below that of the applied voltage, thereby turning
the SCRon.

Note thatthe ‘ON’ state is the same for all different values
ofgate currentin Fig 3. The gate currenttriggers the SCR
‘on’; but when the SCR conducts the amount of forward
current is determined by the anode circuit impedance.

Applications: The following are the major applications of
SCR

— Powercontrol

— Overvoltage protection

— Time delay circuit

— Soft start circuit

— Logic and digital circuits

— Pulse circuits references

— Phase control in AC power control
— full-wave control circuit

— Speed control of motors

— Regulated DC power supplies

— DC motor control

Testing of SCR by multimeter

SCR can be tested in the multimeter in the following
sequence.
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Set the multimeter to a low range. Adjust to zero and
infinity with the adjustment knob. Connect the SCR as
shown in Fig 4. The meter will not indicate any reading.
Even the test prods are interchanged because of the
junctions. The multimeter shows infinite resistance.
Connect the SCR as in Fig 4. When the gate is touched
momentarily with the anode prods, the meter reads low
resistance between 30 and 40 ohm. When the gate is
removed, the meter still continues to read the same value

of 30 and 40 ohm.
1. ANODE CONNECTS TO
/POSITIVE OF OHMMETER

! A

Fig 4

2. GATE
MOMENTARILY
CONNECTED TO
ANODE

3. OHMMETER READING
DROPS TO LOW RESISTANCE
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This means that the SCR is in good working condition. If
the meter does not show any reading, the SCR is faulty.
When the gate is given a small forward bias, the gate
switching the SCR and the internal resistance of the
junction is low, so the current can flow easily from the
cathode tothe anode. Once the SCRis conducted, even
if the gate’s forward bias is removed, the SCR anode-to-
cathode current will flow through the meter, and the
multimeter will continue to read a low resistance, ie 30 to
400hm.

The DIAC and TRIAC

Like UJTs, DIAC is a semi-conductor device used
extensively as atrigger device for triacs and thyristors gate
circuit. Inits most elementary form, DIAC is a three layer
device as in Fig 5 without gate terminal.

Fig 5
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a) BASIC CONSTRUCTION OF DIAC

As can be seen from Fig 5, DIAC is a three layer, two
terminal semi-conductor device capable of conducting
current in both directions.

DIACs resembles an NPN or PNP bipolar transistor with
no base connection. Unlike bipolar transistor, the diac
possess uniform construction. This means, N-type and P-
type doping is essentially the same at both junctions. As
in Fig 5, diac may be constructed as eitheran NPN or PNP
structure.

Fig 6a shows the experimental setup for testing the diac.
Theisolation transformeris used toisolate the circuit from
the supply mains. The variable transformer is used to
apply the variable voltage to diac under test. The
characteristic curve of a typical diac is shown in Fig 6b.

Fig 6
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As shown in the experimental setup at Fig 6a, when a
small voltage of either polarity is applied across a DIAC,
the current flow is very small as can be seen from its
characteristics in the first and the third quadrants. If the
applied voltage is steadily increased, the current will
remain at a low value until the applied voltage reaches a
value known as the breakover voltage of the DIAC as in
Fig 6b.

Once this point is reached the diac current increases
rapidly and the diac voltage falls to a low value. At this
point, the diac exhibits negative resistance characteristics
(currentconductionincreases while the voltage across the
device decreases). The diac will continue to conduct
current as long as the current is greater than the holding
currentof the device.

A diac acts in a similar manner to two zener diodes that
are connectedinreverse parallel andittherefore itis able
to rectify AC voltage during both half cycles. The symbol
used for DIAC is in Fig 5b.

Application of DIAC: DIAC can be usedtotriggertriacor
SCR at specified voltage levels.

DIAC testing: DIACs are similarto two diodes connected
back to back and break down in either direction once the
applied voltage reaches the breakdown voltage of the
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diode. While testing a diac using a ohmmeter, it should
show high resistance (infinite resistance) when checked
in either direction. The quick test only confirms that the
DIAC is not shorted; however this quick test is worth
carrying out before using the Diac in a circuit.

TRIAC

TRIAC s athree terminal gated semi-conductor device for
controlling AC ineither direction. Theterm TRIAC stands
for TRIODE AC semi-conductor. TRIAC is very similar to
that of two SCR connected in reverse parallel. A Triacis
able to conduct a large current in both directions, being
trigged ON in one direction or the other by a gate pulse of
the appropriate polarity.

UJT and its applications of triggering circuits

UJTs are employed in a wide variety of circuits involving
electronic switching and voltage or current sensing
applications. These include

— triggers for thyristors

— as oscillators

— as pulse and sawtooth generators
— timing circuits

— regulated power supplies

— bistable circuits and so on.

Letus analyse the waveform generated across the capacitor
and R, with respect to the relaxation oscillator or free
running oscillator as in Fig 7.

Fig 7

DISCHARGING

M
Ve1

UJT AS RELAXATION OSCILLATOR
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The negative - resistance portion of the UJT characteristic
isusedinthe circuitshownin Fig 7 to develop arelaxation
oscillator.

The wave form developed across the capacitoris shownin
Fig 7 as V, whereas the waveform produced across the
resistor R;, is shown as a pulse V,,.

The frequency of oscillation

1
f=ReC

Where R_is the value of variable resistorinohms and Cis
the value of the capacitorin farad.

By varying the value of R_, the frequency of the oscillator
can be varied. Although such an oscillator using a DC
supply voltage could be used to triggera SCR, there would
be trouble in synchronizing the pulses with the cycles of
alternating current. Fig 8 shows a stable triggering circuit
foran SCRin which the firing angle can be varied from 0°
to 180°.

Fig 8
Rp=39K LOAD
 —  — o
L
Re
10kQ
N
ey
o
w
2N1671 Z Q
2N1597 3
c <
0.1uF
O

UJT RELAXATION OSCILLATOR USED FOR TRIGGERING THE SCR
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Thelow outputimpedance ofthe UJT (39 ohms)is ideal for
drivingthe SCR, which has arelatively low inputimpedance
from gate to cathode.

Resistor R, is used as a dropping resistor to restrict the
peak voltage across the UJT to within its specifications.

By varying the variable resistor R_the oscillator frequency
can be varied thereby the frequency of trigger pulses which
are used to trigger the SCR. Time used for delay in
switching the SCR could be measured through a stop
watch from the time of switching on.

Basic construction of a Triac, its symbol and a typical
Triac is shown in Fig 9a, 9b and 9c. As can be noticed in
Fig 9, the electrodes of a Triac are labelled as,
— Mainterminal-1 (MT),)
— Mainterminal-2 (MT,)and

Gate (G)

Theterminals are solabelled because, this device operated
in both directions and hence the terms anode and cathode
does not apply.
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Fig 9
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CONSTRUCTION AND SYMBOL OF TRIAC

TRIAC triggering : Triac can be triggered/turned-ON by,
1 applying a gate current,

2 applyingavoltage exceedingthe avalanche breakdown
voltage V,

3 allowingthe MT, -MT, applied voltage toincrease ata
rate in excess of the maximum dv/dt figure.

Methods 2 and 3 above are not employed in normal Triac
operation but they may be considered as limiting factors
in circuit design. Hence, in all further discussion it is
restricted to triggering the Triac via the gate. Since Triac
isabidirectional device, itcan be triggeredinto conduction
by a negative or a positive gate signal. Triacs potentials
are considered with respect to main terminal - 1 (MT,).
This gives the following possible operating situations or
modes;

— MT, +ve with respect to MT, - Gate signal +ve
(1stquadrant +)

— MT, +ve with respect to MT, - Gate signal —ve

(1stquadrant—)

— MT, —ve with respect of MT, - Gate signal +ve
+(3rd quadrant +)

— MT, —ve with respect to MT,
(3rd quadrant-)

Gate signal —ve

Unfortunately, Triac is notequally sensitive in all the above
said modes. ltis leastsensitive in 3rd quadrantmode (MT,
negative with respect of MT, and triggered by a +ve gate
signal) so this mode is very rarely used in practice. When
aTriacis ON the currentflowing between MT, and MT, is
known as principal current. The TRIAC willremain ON as
long as the current flowing through it is larger than the
holding current as in the static characteristics ofa Triacin
Fig 10.
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CHARACTERISTIC OF TRIAC

h

From the Triac static characteristics. When MT,
positive with respect to MT,, the (Fig 6) Triac operates in
the first quadrant of its static characteristics, if it is not
triggered, the smallforward currentincreases slowly with
increase in voltage until the breakdown voltage V, is
reached and then the current increases rapidly. The
device can be, and usually is, turned ‘ON’ at a smaller
forward current by injecting a suitable gate currentand the
characteristics shows the effect of increasing the gate
current from zero to 4mA.

The gate current must be maintained untilthe main current
is atleast equal to the latching current. Whenterminal MT,
is positive with respect to MT, the Triac operates in the
third quadrant and the current flows in the opposite
direction.

Full wave controlusinga TRIAC: Fig 11ashowsa Triac
used for controlling the current flowing in an AC circuit.
Fig 11b shows the wave forms with different settings of
POTV,,.

Fig 11
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Note: In Triac the terms forward and reverse do
not arise since it is bidirectional.

Quick testing TRIAC: A quick test can be carried out on
triac using an ohmmeter. If the readings taken are
comparable to the one shownin table below, the Triac can
be considered as satisfactory and can be used in circuit;

Meter polarities + Resistance
MT, MT,>1M
MT, MT,> 1M
MT, G>1M
G MT,> 1M
MT, G > 300Q
G MT,>300Q

Field-effecttransistor (FET)

The main difference between a Bi-polar transistor and a
field effect transistor is that,

Bi-polar transistor is a current controlled device

In simple terms, this means that the main current in a bi-
polartransistor (collector current)is controlled by the base
current.

Filed effect transistor is a voltage controlled device

This means that the voltage at the gate(similar to base of
a bi-polar transistor) controls the main current.

In addition to the above, in a bi-polar trasistor (NPN or
PNP), the main current always flows through N-doped and
P-doped semiconductor materials. Whereas, in a Field
effecttransistor the main current flows either only through
the N-doped semiconductor or only through the P-doped
semiconductor as in Fig 12.

Fig 12
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If the main current flow is only through the N-doped
material, then such a FET is referred as aN-channel or N-
type FET. The currentthrough the N-doped material in the
N-type FET is only by electrons.

If the main current flow is only through the P-doped
material, then such a FET is referred as a P-channel or P-
type FET. The currentthrough the P-doped material in the
P-type FET is only by Holes.

Unlike in bipolar transistors in which the main current is
both by electrons and holes, in contrastin FETs depending
on the type(P or N type) the main current is either by
electrons or by holes and neverboth. Forthisreason FETs
are also known as Unipolartransistors or Unipolar device.

There are a wide variety of FETs. In this lesson one of the
fundamental types called as Junction Field Effect Trasistor
(JFET) is discussed.

Junction Field effect Transistor(JFET)
Itis athree terminal device and looks similar to a bi-polar

transistor. The standard circuit symbols of N-channel and
P-channel type FETs are shown in Fig 13.

Fig 13
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The internal diagram of a N-channel FET is shown i
Fig 14.
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FET notation listed below are essential and worth
memorizing,

1 Source terminal: It is the terminal through which
majority carriers enter the bar(N or P bar depending
upon the type of FET).

2 Drain terminal: It is the terminal through which
maijority carriers come out of the bar.

3 Gate terminal: These are two internally connected
heavily doped regions which form two P-N junctions.

4 Channel: It is the space between the two gates
through which maijority carriers pass from source to
drainwhen FET is working(on).

Working of FET

Similar to Biploar transistors, the working point of
adjustment and stabilization are also required for FETs.

Biasing a JFET

— Gates are always reverse biased. Therefore the gate
current |, is practically zero.

— The source terminal is always connected to thatend of
the supply which provides the necessary charge carriers.
Forinstance, in an N-channel JFET source terminal S
is connected to the negative of the DC power supply.
And, the posive of the DC power supply is connected
to the drain terminal of the JFET.

WhereasinaP channel JFET, Sourceis connected tothe
positive end of the power supply and the drainis connected
tothe negative end of the power supply forthe drain to get
the holes from the P-channel where the holes are the
charge carriers.

Letus now consideran N channel JFET, the drainis made
positive with respect to source by voltage V. as shownin
Fig 15a. When gate to source voltage V ., is zero, there is
no control voltage and maximum electron current flows
from source(S) - through the channel -to the drain(D). This
electron currentfrom source todrainis referred to as Drain
current, 1.

When gate is reverse biased with a negative voltage(V ;¢
negative) as shownin Fig 15b, the static field established
atthe gate causes depletion regionto occurinthe channel
as shown in Fig 15b.

This depletion region decreases the width of the channel
causing the drain current to decrease.

IfV . is made more and more negative, the channel width
decreases further resulting in further decrease in drain
current. When the negative gate voltage is sufficiently
high, the two depletion layers meet and block the channel
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cutting off the flow of drain current as in Fig 15¢. This
voltage at which this effect occurs is referred to as the
Pinch off voltage, V..

Thus, by varying the reverse bias voltage between gate and
source(-V ), the drain current can be varied between
maximum current (with -V .=0) and zero current(with -
Vs=pinch off voltage). So, JFET can be referred as a
voltage controlled devices.

P channel JFET operates in the same way as explined
above except that bias voltages are reversed and the
majority carrier of channel are holes.
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Important specifications of typial JFETs

BF245B BFW10
Polarity of the device
(N-type/P-type) Nj Nj
Maximum drain-source
voltage, V¢ 30V 30V
Maximum gate-source
voltage, V ;¢ 30V 30V
Maximum drain current, |, | 25 mA 20 mA
Maximum forward gate
current, | 10 mA 10 mA
Pinch-off Voltage
(at1,=0), V, 8V
Maximum power
dissipation, P_ 300mwW | 300mw
Package type TO92 TO72
Pin Diagram figW141e| figW158b
(Refer 6605 data manual)
The term Nj in the specification indicates that
it is a N-type junction FET.

4 they have low interelectrode capacity.

Typical applications of JFET

One very important characteristic of JFET is its very high
input impedence of the order of 10° ohms. This
characteristicof FET, has made it very popular atthe input
stage of a majority of electroinc circuits.

As discrete components FETS are mainly used in,

+ DCvoltage amplifiers

» AC voltage amplifiers(input stage amplifers in HF and
LFranges)

» Constantcurrentsources

» Integtated circuits of both analog and especially in
Digital technology.

1 FET AC voltage amplifier

In the circuit at Fig 17, the amplification is determined by
the design. itcan be varied within certain limits of the drain
resistance and the source resistance are made variable.
Potentiometer can be connected in series for this purpose.

As discussed earlier FETs also need a proper biasing
arrangement foritto work. Like transistors, FETs canalso
be connected in different configuration. Fig 16 gives a
summary and comparision of basic FET configurations.

Advantages of FET

1 Sincethey are voltage controlled amplifier this makes
theirinputimpedence very high

2 Theyhavealow noise output. This makes them useful
as preamplifiers where the noise must be very low
because of high gain in the following stages.

3 Theyhave betterlinearity
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.170

Power supplies-troubleshooting

Objectives: At the end of this lesson you shall be able to
* list the initial activities involved in troubleshooting

* list the three general steps involved in troubleshooting
* list and explain the two popular methods of troubleshooting

* list the possible defects in a power supply

 state the meaning and use of Problem Trees (PT) and service flow diagram (SFD).

Introduction

Troubleshooting in any equipment or in a circuitinvolves
the following activities:

— Toidentify the exact nature of the problem.

— Toidentify the section causing the problem.

— Toisolate and arrive at the exact cause(s).

— To confirm the causes by necessary tests.

— Toreplace the problem-causing parts.

— Tore-test and confirm the satisfactory working.

The following are the general steps involved in
troubleshooting.

i Physicaland sensory tests

— Look for the most common physical faults, such as
broken wires, cracked circuit boards, dry solders and
burntoutcomponents.

— Smell for hot or burning components.
— Feel with the fingers for unduly hot components.

ii Symptom diagnosis

Learn the operation of the system to be repaired with the
help of its block diagram and its input and output
specifications.

Observe the symptoms produced by the defective system,
and determine which section or function would produce
the symptoms.

iii Testing and replacing defective components

When the probable defective section has been diagnosed,
check the probable components in that section of the
circuitthatare mostlikely to go defective in the ordergiven
below:

Components should be checked in the order given below
because thatis the order in which they fall in most cases.

— Active high power components: For example,
components such as transistors, ICs, and diodes.
High power devices are physically largein size and are
used for handling the high power, generally in output
circuits.

— Activelowpowercomponents: These arethe same
as in (a) but are physically small and can handle
smaller amounts of power.

— High voltage/power passive components: Such
components are resistors, capacitors, transformers,
coils, etc. which handle large amounts of voltage/
power. They are found in power supplies and output
circuits.

— Low power passive components: These are the
same as in (c) but are physically smaller and handle
comparatively less power and are low in value (ohm,
microfarad, microhenry, etc.)

Note: This procedure may not turn out to be
true always. Hence, do not attempt to replace
common sense and meter measurements with
the procedure.

While troubleshooting any electronic system, two main
methods are generally adopted. They are:

Step-by-step method of troubleshooting: This approach
is preferred by the beginners. In this approach, the
problem causing part or sectionis identified by testing the
parts or sections from the beginning to the end as shown
in Fig 1.

Fig 1
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Although this approach may take more time, this is the
most suited approach for the beginners.
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Shortcut or logical approach method of
troubleshooting: This method is used by the experienced
servicing people. Inthis method, the problem causing part
or section is identified from the nature of the problem
symptom. Divide and conquer procedure is adopted to
arrive at the exact cause. This method takes less time
comparatively.

Troubleshooting power supplies: All electronic systems
can be broken down into blocks, generally based on their
function. Fig 1 shows the various blocks of a simple power
supply. Each block has a particular function to perform.

Before carrying outthe troubleshooting of power supplies,
the first thing to be done is to isolate the load connected
tothe power supply. This is because the connected load
itself may be the cause of the problem as shown in the
problem tree (PT) in Fig 2.

Fig 2
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Step-by-step approach totroubleshoot power supply:
Inthe step-by-step approach of troubleshooting, the various
blocks of the power supplyisin Fig 1 and the components
of the blocks are checked one by one, starting with block
1 and in steps as given below.

Step 1: Confirm the presence and satisfactory level of the
mains supply from which the power supply is powered.

Step 2: Switch the power ON and test and note down the
exact nature of the problem. Although the nature of the
problem has been already told, it is essential to confirm
the exact nature of the problem. Thisis because, inareal
life situation, the customer may not be a technical person
to inform the exact nature of the problem.

Step 3: Carry out physical and sensory tests.

Step 4: Trace the circuit to identify any wrong polarity
connections.

Step 5: Remove the power cord of the power supply from
the mains and test the power cord.

Step 6: Test the transformer.

Step 7: Test the diode(s) of the rectifier section.

Step 8: Test the capacitor(s) of the filter section.

Step 9: Testthe bleederresistor, surge resistor and other
resistors, if any.

Step 10: Test the output indicator lamps/LEDs.

After completing all the above steps, from the defective
components identified, analyze the root cause for the
problem and confirm that the cause will not reoccur if the
identified components are replaced.

Step 11: Replace the identified defective component(s).

Step 12: Switch the power ON and testthe power supply,
first without load, and then connecting it to the load.

Logical approach to troubleshoot power supply: In
this approach steps 1 to 4 of the step-by-step approach
are the same. The next step is to refer to the Logical
Service Flow Diagram (SFD)for the identified problemand
proceed with the troubleshooting as directed in the SFD.

SFDs are very good tools in troubleshooting as they take
into account, the divide and conquer technique, thus
reducing the overall time taken to troubleshoot the defect
in the power supply.

The possible types of defects that can occur in a simple
power supply consisting of a bridge rectifierand capacitance
inputfilter are listed below alongwith their SFD numbers.

Possible defects in a power supply using bridge
rectifier and filter capacitor

i No output voltage

This defectinthe power supply may be due to one or more
componentofthe circuit. Problem Tree-1 (PT-1) given at
the end of this lesson for the causes of the problem.

This PT shows the cause-effect relationship of the defective
components with the problem. The cause is given at the
top and the effect at the bottom for the only reason that it
is a normal tendency to read a page from the top to the
bottom.

PT-1 shows two problem trees. The first in Chart 1,
indicated as Level-1is a simple tree which gives the level-
1 causes of the problem. Level-2 is an extension of the
same problem tree, which gives one more level of the
causes for the causes given in the simple tree at level-1.

Hints to Instructor: Instructor to discuss PT-1
and ensure that trainees clearly understand
the need and meaning of PTs.

Chart 2 at the end of this lesson, shows the sequence to
be adopted while servicing adefective power supply. The
Service Flow Sequence - 1(SFS-1) at Chart 2 is self-
explanatory. Howeverthe following tips make iteasy togo
through the SFS.
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— The flow is from top to bottom.

— Rectangular blocks indicate work to be done or action
to be taken.

— Follow the path of the arrow.

— Diamond blocks indicate a decision to be taken after
conducting a test or making a measurement. If the
answer to the question in the diamond block is YES,
follow the path of YES and continue. If the answer is
NO, follow the path of NO and continue.

— Rounded rectangular ;block indicates the end of the
job.

i Low output voltage/increased ripple in output

Here, note that two defects are combined. The reason
being, that these two defects generally occur

simultaneously. Ifthe output voltage is low, the cause(s)
for this also results inincreased ripple and vice versa. Of
course with one exception that, if the mains level itself is
low or if the secondary voltage of the transformer itself is
low due to shorted windings, a low output voltage is not
associated withincreasedripple. The cause for this defect
are givenin problemtree PT-2in Chart3. Chart4 shows,
the service flow diagram (SFS-2) for servicing the defect.

NOTE: The SFSs and PTs for a fullwave rectifier
with a capacitance filter is almost similar to
that of a bridge rectifier. However, it is
suggested that the trainees shall make SFSs
and PTs for a fullwave rectifier power supply
on their own for practice and better
understanding of the method.
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Problem Tree - PT1

NATUREOFDEFECT No Output voltage
TYPE OF SYSTEM : Bridge rectifier with capacitor filter
LEVEL 1

Open wire connections

Dry solder points

No voltage across Transformer |
Primary or Secondary winding

Filter capacitor

Possibility
order

OF  beeeeesssssssssssseeesssseeesssssssssassss s eessssassaass e @

shorted
Rectifierdiodes [
open
No output
Voltage
LEVEL 2
Bad soldering Mishandling No Mains supply Defective transformer
Open wire connections No voltage across
or transformer Primary or
Dry solder points Secondary winding
- Low capacitor
Ageing voltage rating Shorted load Low I_/PIVrating

Filter capacitor
shorted

Rectifier Diodes
open
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NATURE OF DEFECT

Service flow

sequence (SFS-2)

[ Start servicing )

Carry out physical defect checkings
and rectify defects found.
(Step 1 of Task 1)

v

Carry out component polarity,
trace, check and rectify defects.

(Step

2 of Task 1)

NO

Power cord may be

defective. Power-off,

Test, repair/replace

Tr. Pri.
voltage
present

v
Transformer may be
defective. Power-
off, Test, repair/

power cord. replace
transformer
Y v
Electrical : Electrician (NSQF LEVEL - 5) -

voltage

present
?

Tr. Sec
YES

Defective power supply with NO OUTPUT VOLTAGE

[Power-OFF PSUJ

v

Filter
capacitor
OK

NO YES

?

Test diodes.
eplace defective
diodes

R
[Replace capacitoa [

* (

Power ON

Power ON )
v

)
—

<

quipment serviced)

E
(Report to Instructor
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NATURE OF DEFECT
TYPE OF SYSTEM

LEVEL 1

Filter capacitor
open or leaky

LEVEL 2

Problem Tree - PT2

Low Output DC/Increased ripple

Bridge rectifier with capacitor filter

One or pair of

Ageing

Diode(s)open
Tr. Sec. voltage
low
\ 4
Low output voltage/

increased ripple in output
Low capacitor
voltage rating Shorted load

Filter capacitor
open or leaky

Mains voltage
low

Low I./PIVrating

One or pair of
Diode(s)open

Some windings of
sec. shorted

Transformer secondary
voltage low
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.171

Power control circuit using SCR,DIAC,TRIAC & IGBT

Objectives : At the end of this lesson you shall be able to

+ explain the construction and working of SCR,DIAC,TRIAC & IGBT

+ explain power control circuits using SCR
+ explain power control circuit using DIAC & TRIAC
» explain the construction and using of IGBT.

Introduction to power electronics devices

Industrial electronicsis concerned primarily with electronics
applied to industries such as industrial equipments,
controls and processes. An important application of
electronics in industries is in controlling of machinery.

In communication electronics, domestic & entertainment
electronics, generally, the electronic devices operate with
currents in the order of Microamper to Milliamper. For
industrial applications, mostfrequently, devices are required
to handle currents in the range of ampere to several
thousands of ampere. This, therefore calls for high power
electronic devices. One such high power electronic device
frequently used in industrial electronic application is the
SCR,TRIAC,IGBT and DIAC for associate triggering
circuits.

This devices can be used to run, dc motors from an ac
power source, control power tool speed,also to control
motor speeds of small appliances like, mixers and food
blenders, illumination control, temperature controland so
on.

Silicon Controlled Rectifier (SCR)

Before Silicon controlled rectifiers were invented(1956), a
glasstube device called Thyratron was used for high power
applications. Silicon Controlled Rectifier (SCR) is the first
device of the thyristor family. The term thyristor is coined
from the expression Thyratron-transistor.SCR is a
semiconductordevice. SCR does the function of controlled
rectification. Unlike a rectifierdiode, SCR has an additional
terminal called the gate which controls the rectification(gated
siliconrectifier).

The basic principle application of SCRs is to control the
amount of power delivered to aload(motor, lamp, etc.,).A
rectifier diode will have one PN junction. SCRs on the other
hand will have two PN junctions (P-N-P-N layers). Fig 1
shows the electrical symbol, basic construction and a
typical SCR packages.

Basic operation of SCR

When a gate directcurrentis applied to the gate terminal,
forward currentconduction commencesinthe SCR(latched
into conduction). When the gate current is removed, the
forward current through the SCR does not cut-off. This

means, once the SCRis latched into conduction, the gate
loses control overthe conduction. The currentthrough the
SCRcan be turned off only by reducing the current through
it(load current) below a critical value called the Holding
current.

Fig 1 ANODE ANODE
©
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CATHODE

GATE
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Fig 2 shows how an SCR can be gated into conduction or
turned off.

In Fig 2a, with switched S1 open the SCR s in OFF state
and no current is flowing through the load.

InFig 2b, when S is closed, a small gate current(around
1/1000 or less compared toload current) turns-ON (fires)
the SCR. A heavy load current starts flowing through the
SCRandloadR,.

InFig 2c, when S, is opened, gate currentbecomes zero.
This will have no effect on the currentthrough the SCRand
the heavy load current continues to flow through the SCR
in the DC gate supply.

InFig 2d, ifa shorting wire is placed across the anode and
the cathode terminals, the current though the SCR gets
by-passed and all the current starts flowing through the
shorted wire instead through the SCR. This means the
current through the SCR is reduced below the rated
holding current(minimum currentrequired through SCR to
keepitlatched). This turns-OFF the SCR. Even when the
shorting wire is removed the SCR remains to be in OFF
state.

Fig 2e shows an alternative method of turning-OFF the
SCR. In this instead of shorting the anode and cathode
terminals ofthe SCR, theload currentis cut-off by opening
the Switch S,. This reduced current through the SCR
below the holding current and thus turns- OFF the SCR.
Oncethe SCRisturned_OFF, the SCRdoes notturn-ON
eveniftheswitch S, is closed. To make the SCRfire again,
with the switch S, closed, the gate current should be made
to flow by closing the switch S..
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Since the SCR does not conduct in the reverse direction,
the anode of the SCR should always be positive with
respect to cathode for conduction.

Importantfeatures of SCR,

* Averysmallgate currentwill control the switching OFF
alarge load current.

SCR operation with AC supply

Operation of SCR with AC circuit is similar to SCR
operation . Fig 3 illustrates working of SCR in AC control
circuits.

The SCR gate circuitconsists of resistor R, potentiometer
R, and silicon diode D,. Resistors R, and R, act as a
variable voltage divider. By adjusting the value of R, the

gate current| can be suitably modified. Diode D, prevents
negative voltage being applied to the gate when the ac
supply is in the negative half cycle.

[X] During the +ve half cycle of the AC power source, as
the positive half cycle voltage increases, the gate
currentlincreases. When | reaches the triggerlevel,
SCRfires and allows current|, toflow throughthe load.

Fromthis pointonwards the SCRimpedanceislowand
current | continues to flow throughout the +ve half
cycle eventhough the gate currentreduces below the
trigger value(recall: once SCR is fired it continues to
conductevenifthe gatetriggeris decreased orremoved).

[Y]Atthe end of the +ve half cycle of AC power source, the
+ve voltage drops to zero and SCR ceases to
conduct(recall: one method of turning off SCR is to
reduce the current through the SCR to below the
holding current. This can be done by either opening the
load circuit or reducing the supply to zero). Thus the
SCRremains in off state throughout the negative half
cycle.

Cycle [X] and [Y] repeats and current through the load
flows in pulses as in Fig 3d.

Fig 3b,3c shows the voltage wave forms of source and
gatevoltage.

Fig 3 —
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Ifthe value of R, is varied, the pointat which SCR triggers
also varies changing the firing point shown in Fig 3d. Inthe
circuit shown in Fig 3a, the firing of SCR can be adjusted
any where between almost 180 degrees(maximum)to 90
degrees(minimum).
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This simple AC control circuit shown in Fig 3a using SCR
can be used to control the current through the load during
the +ve half cycle of AC. During the -ve halfcycle the SCR
remains turned off. Thus, SCR can be used as an excellent
switching device in AC control circuits.

The circuit in Fig 3 is useful only in limited
applications such as temperature control of
soldering iron etc.,

Power control using SCR

» DC Motor speed control

» AC Motor speed control

» Regulated DC power supplies

» Powercontrol

+ Circuitbreakers

» Time delay circuits

+ Soft start circuits

» Pulse, logic and digital circuits and so on.

Speed control of DC motors: In this Related Theory
information only brief outline of power circuits is discussed.
Due variation of motor load currents, inductance effectin
winding, the practical circuit should be modified to suit the
requirement. DC motors consists of field winding and
armature winding. The speed of DC motors can be varied
by two methods,

1 controlling the field current
2 controlling the armature voltage

The first method is used for controlling the motor speed
above the rated speed of the motor. The second method
is used for controlling the motor speed below the rated
speed of the motor.

Speed control of DC shunt motor by controlling the
armature voltage: This is the most popular method of
controlling the speed of DC shuntmotors. Fig4aillustrates
the speed control of a DC shunt motor with separate field
excitation. The DC supply to the field winding is given from
afullwave bridge rectifier. The DC supply to the armature
is given using a ‘symmetrical half controlled bridge rectifier’.
By controlling the SCRs 1 and 2, the DC voltage to the
armature can be varied by varying the motor speed. The
principle of operation of the circuit at Fig 4a can be
understood by examining the current and voltage wave
forms showninFig4b. SCR-1and 2 arefiredin halfcycles.

During the positive ;half cycle, SCR, and D, will conduct.
The SCR firing angle is set to desired angle as in Fig 4b.
Hence the reduced applied armature voltage is shown
shaded (Fig4b). This applied voltage to the armature can
be varied by changing the firing angle using a suitable
phase control circuit thus controlling the motor speed. A
similar operation will take place during the negative half
cycle as in Fig 4b when SCR, and D, conduct.

Fig 4
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There are few more details to be known
specially while designing and setting the firing
angles. For details refer reference books of
SCR.

Fig 5a shows another simple circuitfor speed control of DC
motors. The speed controlis based on controlled full wave
rectified supply to the armature through an SCR. This
control circuit is applicable only to shunt or separately
excited motors. The voltage and current wave forms are
givenin Fig 5b. Please note that DC series motor cannot
be controlled by this circuit. For reasons refer reference
books on motor control circuits.

Fig 5
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Fig 6 shows a speed controller by armature control
method for a separately excited 415volts DC motor.

Other DC motor's speed control circuits are discussed in
further lessons after learning afew more components that
go along with SCR in motor speed control.
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Speed control of AC motors: Phase control can be very
conveniently used for speed control of AC motors also.
Thisis achieved by applying a variable voltage to the motor
whose speed is to be controlled. As the speed of the
synchronous motors does not change when the input

voltageis varied, this method is useful only for commutator
orinduction motors.
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For AC motors, full wave phase control circuits are
required. Fig 7 shows a schematic arrangementfor speed
control of single phase and three phase induction motors.
When the firing angle of SCR are varied the RMS input
voltage to the motor can be changed thus changing the
speed of the motor.

Fig 7
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Power circuit using TRIAC and DIAC

TRIAC or SCRfor speed control of AC motors: Compared
to SCR, Triacis most popular and works satisfactorily for
lamp dimmer circuits and speed control of universal
motors. Although both SCR and TRIAC can be used to
phase control and vary the current through the lamp or
motor, TRIAC being a full wave device, symmetrically
controls the phase of both half cycles of the applied AC.

The resultant full wave current format then produces
smooth lamp or motor operation that can be attained from
the half wave rectification using SCRs. Thisis particularly
noticeable during low/dim light requirement or low speed
for motors.

The circuitat Fig 8 shows a TRIAC phase control circuit for
controlling the brightness of the lamp or speed of universal
motors.

The load shown in circuit at Fig 8 is a general load rather
than a motor symbol because, this circuit can also be
used for light dimmers and for the control of heaters.

Fig 8
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This circuit features a double time constant phase-shift
network. This reduces hysteresis in firing of the triac,
thereby making the manual adjustment of dimmer operation
or control off speed more repeatable.

The DIAC used as trigger device, adds to the reliability of
the circuit. The elemental low-pass filter comprising L.
and C_attenuates much ofthe radio-frequency interference
(RFI) that gets generated and tries to get into the power
line. This high frequency RF1 energy is generated by the
extremely rapid turn-on time of the TRIAC. Which should
be eliminated to avoid radio interference due to higher
frequency content of the rectified wave form Otherwise,
the frequency may interfere with reception at nearby
places or in the main line circuit elsewhere.

Lamp dimmers: Lamp dimmer is a circuit which controls
as AC power supplied to an incandescent lamp thereby
controlling the intensity of light emitted by the lamp from
almost zero to full brilliance.

Conventional and soft-start dimming ofincandescent
lights: Advantage of semi-conductor based lightdimmers
over the auto transformer connected light dimmers

Old technology lightdimmers used high wattage rheostats
adjustable auto-transformers or saturable reactors, which
were large, expensive generated considerable heat and
power loss. Present day semi-conductor light dimmers
have overcome these difficiencies and have therefore
become very popular for many applications.

Modern semi-conductordimmers are inexpensive, reliable,
small generate little heat, and are easy to control remotely.
These properties have notonly permitted semi-conductor
dimmers to supersede older types in theatres and
auditoriums with excellentresults, buthave made dimmers
practical for built-in home lighting, table and floor lamps,
projection equipment and other uses.

Semi-conductor based light dimmers: Two light
dimmers forincandescentlightbulbs are discussed below.
Both these dimmer circuits control light intensity by
adjusting the angle of conduction of a triac connected in
series with the bulb. The first dimmer uses a very simple
circuitthatis ideal for highly compact applications requiring
minimum cost. The second dimmer features soft starting
forlowinrush currentand consequentlong lamplife. Soft
start lamp dimmers are especially useful with expensive
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lights with short lives, such as projection lamps and photo-
graphic bulbs.

Simple light dimmer: The circuitshownin Fig9is awide
range light dimmer using very few parts. The circuit can
be operated using any mains supply source (240V, 50Hz)
by choosing appropriate value of circuitcomponents. The
circuitcan control upto 1000watts of power to incandescent
bulbs.

Fig 9
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The power to the bulbs is varied by controlling the
conduction angle of Triac. Many circuits can be used for
phase control, but the single Triac circuit used is the
simplest and is therefore chosen for this particular
application.

The control circuit for this Triac must function as shown in
Fig 9b. The control circuit must create a delay between
the time voltage is applied to the circuit and the time it is
applied to the load. The Triacis triggered after this delay
and conducts current through the load for the remaining
part of each alteration. This circuit can control the
conductionangle from 0° toabout 170° and provides better
than 97% of full power control.

Lightdimmer with soft-start option: The circuitatFig 10
is a light dimmer with soft start option. Soft starting is
desirable because ofthe very low resistance of a cold lamp
filament compared to its hot resistance. At the time of
initial switching ON, the low resistance of the lamp causes
very high inrush currents which leads to short filament/
lamp life. Lamp failures caused by highinrush currents is
eliminated by the soft start feature, which applies current
to the bulb slowly enough to eliminate high surges.

Operation of the circuit at Fig 10 begins when voltage is
appliedto the diode bridge consisting of D, throughD,. The
bridge rectifies the input and applies a DC voltage to
resistor R, and zener diode D,. The zener provides a
constant voltage of 20volts to unijunction transistor Q,,
exceptatthe end of each alternation when the line voltage
drops to zero. Initially the voltage across capacitor C, is
zero and capacitor C, cannot charge to trigger Q,. C, will
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begin to charge, but because the voltage is low, C, will
have adequate voltage totrigger Q, only nearthe end ofthe
half cycle. Although the lamp resistance is low at this
time, the voltage applied to the lamp is low and the inrush
currentis small. Thenthe voltage on C, rises, allowing C,
to trigger Q, earlier in the cycle.

At the same time the lamp is being heated by slowly
increasing applied voltage and by the time the peak
voltage applied to the lamp has its maximum value, the
bulb has been heated sufficiently so that the peak inrush
current is kept to a reasonable value.

Resistor R, controls the charging rate of C, and provides
the means to dim the lamp. Power to the load can be
adjusted manually by varying the resistance of R,. T1is
apulsetransformer. Inaddition to supplying the trigger to
Triac, this transformerisolates the high currentload circuit
fromthe low power triggering circuit (gate isolation methods
for Triacis discussed in further paragraphs).

Fig 10 LoAD
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A simple lamp dimmer cum Universal motor speed
controller: In the lamp dimmer cum universal speed
controller circuit is in Fig 11, a Triac is used as control
device. Phase control technique is used to control
conduction angle of the triac which inturn control the power
fed to the lamp.

Fig 11
LAMP LOAD
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1/4N R1 12N R2 180Q R
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240V, LAMP c R, BT136
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C, l DIAC 0.1uF |¢
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Tar |
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w

Alamp L is connected in series with AC mains supply to
the Triac. The trigger pulsesto Triac gate is given through
Diac. The Diacistriggered atthe same breakover voltage
level (30V) during both positive and negative half cycles.

Potentiometer R, provides the facility for varying the
intensity of light or speed of a universal motor.

Snubber circuit: One problemwith the Triac controlis the
sudden application of reverse voltage across the triac
immediately after it has stopped conduction. This is a
serious problem when the load is a highly inductive as in
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motors. This reapplied voltage denoted by dv/dt can
trigger-on (unwanted or false triggering) the device losing
the phase control.

Toavoid this false triggering, an Rand C series network is
placed across the circuit R, and C, as shown in Fig 11.
This RC network slows down the rate of rise of voltage
applied across the Triac. This RC circuit connected
across the Triac circuit is called snubber circuit.

Theinductance L and capacitor C, forms a low pass filter
to substantially reduce the radio frequency interference
(RF) generated by the rapid turn-on and turn-off the triac.

Fan speed regulator: The lamp dimmer circuit at Fig 11
can be used equally well as a fan speed regulator. The
only change to be made is to connectafanin place of the
lamp shown in the circuit at Fig 11. The speed can be
varied from almost zero to full speed by just rotating
POTR,.

IGBT (Insulated Gate Bipolar Transistor)

The insulated Gate Bipolar Transistor (IGBT) is the latest
device is power electronics. It is obtained by combining
the properties of BJT and MOSFET. We know that BJT
has lower on - state losses for high values of collector
current. But the drive requirement of BJT is little
complicated. The drive of MOSFET is very simple (i.e only
voltage is to be applied between gate and source). But
MOSFET has high on - state losses.

The gate circuitof MOSFET and collector emitter circuits
of BJT are combined togetherto form a new device. This
deviceiscalled IGBT. Thus IGBT has advantages of both
the BJT and MOSFETs. Fig 12 shows the symbol of IGBT.
Observerthatthe symbol clearly indicates combination of
MOSFET and BJT.

Fig 12
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The IGBT has three terminals : Gate (G), collector (C) and
emitter (E), Currentflows from collector to emitterwhenever
a voltage between gate and emitter is applied. The IGBT
is said to have turned 'ON'. When gate emitter voltage is
removed, IGBT turns - off. Thus gate has full control over
the conduction of IGBT. When the gate to emitter voltage
is applied, very small (negligible) current flows. This is
similar to the gate circuit of MOSFET. The on - state
collector to emitter drop is very small like BJT.

Structure of IGBT

The structure of IGBT is similar to that of MOSFET. Fig 13
show the vertical cross section of IGBT . In this structure
observe that there is additional P+ layer. This layer is
collector (Drain) of IGBT.

Fig 13
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This P+ injection layeris heavily doped. It has the doping
intensity of 10" per cm®. The doping of other layer is
similar to that of MOSFET. n+ layers have 10" per cm?.
P-type body region has doping level of 10'® percm3. The n-
drift region is lightly doped (10" per cm?3).

Punch through IGBT

The n+ buffer layer is not necessary for the operation of
IGBT. The IGBTs which have n+ buffer layer are called
punch through IGBTs. Such IGBTs have asymmetric
voltage blocking capabilities. Punch through IGBTs have
fasterturn-offtimes. Hence they are used forinverter and
chopper circuits.

Non - punch through IGBT

The IGBTs without n+ buffer layer are called non-punch
through IGBTs. These IGBTs have symmetric voltage
blocking capabilities. These IGBTs are used for rectifier
type applications.

Operation of IGBT

WhenV >V (threshold), thenthe channel of electrons
is formed beneath the gate as in Fig 14. These electrons
attract holes from p+ layer. Hence, holes are injected
from p+ layer into n- drift region. Thus hole / electron
current starts flowing from collector to emitter. When
holes enter p-type body region, they attract more electrons
from n+ layer. This action is exactly similar to MOSFET.

Fig 15 shows the structure of IGBT showing how internal
MOSFETs and transistors are formed. The MOSFET is
formed with input gate, emitter as source and n- drift
region as drain. The two transistors T, and T, are formed
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as in Fig 15. The holes injected by the P+ injecting layer
gotothe n-driftregion. This n-driftregionis base of T, and
collectorof T,. The holesin the n-driftregion further goto
the p-type bodyregion, whichis connected tothe emitter.
The electrons from n+ region (which is emitter) pass
through the transistor T, and further in the n- drift region.
Thus holes and electrons are injected in large amounts in
n- drift region. This reduces the resistance of the n- drift
region. This is called conductivity modulation of n- drift
region. Note that such conductivity modulation does not
existinMOSFET. The connectionof T, and T, is such that
large amount of hole/electrons are injected in n- drift
region.

Fig 14
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The actionof T, and T, is like SCR which is regenerative.
The gate serves astriggerfor T, through internally formed
MOSFET. Fig 16 shows the equivalent circuit. In this
figure observe thatwhen gate is applied (V >V (th)), the
internal equivalent MOSFET turns ON. This gives base
drivetoT,.Hence T, starts conducting. The collectorof T,

isbase of T,. Therefore T,also turns ON. The collector of
T, is base of T,. Thus the regenerative loop begins and
large number of carriers are injected in n- drift region. This
reduces the on- state loss of the IGBT justlike BJT. This
happens due to conductivity modulation of n-drift region.

Fig 16 c
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When the gate drive is removed, the IGBT should turn-
OFF. When gate is removed, the induced channel will be
vanished andinternal equivalent MOSFET will turn-OFF.
Hence T, will turn -OFF if T, turns-OFF T, will turn - OF F if
the p- type body region resistance R, is very very small.
Under such situation, its base and emitter will be virtually
shorted. Hence T, turns - OFF. Therefore T, willalso turn
- OFF. Hence structure of IGBT is organizes such that
body region resistance (R,) is very very small.

IfR, is very very small, than T, will never conduct and the
equivalent circuit of IGBT will be as in Fig 17. IGBTs are
thus different than MOSFETSs because of conduction of
current from collector to emitter. For MOSFETS, on state
losses are high since resistance of drift region remains
same. But in IGBTSs, resistance of drift region reduces
when gate drive is applied. This resistance reduces
because of P+ injecting region. Hence, on state loss of
IGBT is very small.

Fig 17
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Merits, Demerits and Applications of IGBT 2 |GBTs are costlier than BJTs and MOSFETSs.

Merits of IGBT Applications of IGBTs
1 Voltage controlled device. Hence drive circuitis very 1 AC motordrives,i.e.inverters.
simple. 2 DC to DC power supplies, i.e choppers

On - state losses are reduced. 3 UPS systems.

Switching frequencies are higher than thyristors. 4 Harmonic compensators.

No commutation circuits are required. . .
Comparison of Power Devices

Gate have full control over the operation of IGBT

The power devices can be compared on the basis of
switching frequency, gate drive circuit, power handling
Demerits of IGBT capacity etc. Table 1 shows the comparison of SCR, BJT,
MOSFET and IGBT.
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IGBTs have approximately flattemperature coefficient.

1 IGBTs have static charge problems.

Table1

S.No. Parameter SCR BJT MOSFET IGBT
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1 Symbol

O>

| | L !

s

2 Triggeredi.e Triggered orlatching Lineartrigger Lineartrigger Lineartrigger
latching or linear device

3 Type of carriersin | Majority carrierdevice | Bipolardevice Maijority carrier Majority carrier
device device device

4 Control of gate or Gate has no control Base has full control | Gate has full Gate has full
base once turned on control control control

5 On-statedrop < 2 Volts < 2 Volts < 4-6 Volts < 3.3 Volts

6 Switching 500 Hz 10 kHz up to 100 kHz 20 kHz
frequency

7 Gatedrive Current Current Voltage Voltage

8 Snubber Unpolarized Polarized Not essential Not essential

9 Temperature Negative Negative Positive Approximately
coefficient flat, but positive

at high current

10 | Voltageandcurrent| 10 kV/4kA 2 kV/4kA 1 kV/50 A 1.5 kV/400 A
ratings
11 Voltage blocking Symmetric and Asymmetric Asymmetric Asymmetric
capability
12 | Application AC to DC converters, DC to AC converters,| DC choppers,low | DCto AC
AC voltage controllers, | induction motor powers, UPS, converters, AC
electronic circuit drives, UPS, SMPS, | SMPS, brushless | motordrivers,
breakers Choppers DC motordrives UPS choppers,
SMPS etc,.
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