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Chapter-1: Power Semiconductor devices

1.1 Power Diode
1.1.1 Explain the operation, construction & application of Power Diode

Power Diodes of Targest power rating are reguired 1o conduct several Kilo amps of
current i the forward direction with very little power loss while blocking severul kilo volts in
the reverse direction. Large blocking vollage requires wide depletion layer in onder to restrct
the maximum electric field strength below the “mpact wnization” level. Space charge density
i the depletion Taver should alse be low in order o vield a wide depletion Liver for a given
masimum Electne fields strength. These two requirements will be satishied moa hghtly doped
p-n junction diode of sufficient width to sccommodate the required depletion layer. Such a
wonstmcnon, however, will result in a device with high resistively in the Tarward direction.
Consequently, the power Ioss at the required rated curvent will be unacceptably high, On the
other hand 1f forward resistance (and hence power loss ) is redoced by increasing the doping
level, reverse break down voltage will reduce, This apparent contradiction in the requirements
of a power diode is resolved by imiroducing a lightly doped “drifi laver”™ of required thickness
between two heavily doped p and n layers as shown in Fig 1 (¢ Fig 1 (a) and (b) shows the
circoit symbol and the photograph of a typical power diode respectively.

(a)

()
T A Ancde melalizaton
x( ,L s
p‘ l:Hq-.] /( Anoda
- En-gmal layar
A (S (D} Fesgion )
N (N Substrale (cathada)
WA TTTE LTS TEEEETITTFETAST sl sSi
K Calhode matalization

(c)
Fig1: Diagram of a power: (a) circuit symbal (b) phatograph: ic) schematic cross
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To areive at the siruciure shown in Fig 1 (ch a bighily doped n epitazial laver of
specified width {depending on the reguired break dowo voltage) and doscr atom densaty (M) 15
grown on & heavily doped n+ sobstrate (NdK donor atoms. Cm-3) which octs as the cathode.
Finally the p=n junciion is formed by defusing a heavily doped (Nad accepior atoms, Cm=3)
p+ region into the cpitaxial layer, This p ivpe region acts as the anode,

The differem applicatons of Power Diode are i SMPs, Snubber, Chopper and
freewheeling diode elc.

1.1.2 Explain V-1 characteristics curve of Power Diode

Power Diodes take finitg time o make mansition from reverse bins (o forward bias
unditnon (switch ON) and vice versa (switch OFF). Behavior of the diode current and voltage
during these switching penods are important due to the following reazons.

1) Bevere over voltage [ over current may be cavused by o diode switching at different
pants i the cireuit using the diode,

i} Yoltage and comrent exist simultuneonsly dunng swirching operation of a dinde.
Therefrre, every swilching of the diode is associated with some energy loss, AL high
swilching frequency this may contribute significantly to the overall power loss 1o the diode.

Observed Torn ON behavior of a power Diode: Diodes are olten used in cirouts
wilh disde limiting indwctors, The rate of vise of the forward current through the diode during
Turn ON has significant effect on the forward valtage drop characieristics, A tvpical mrn on

transient is shown in Fig. 2

A

Fig. ¥ : Forward corrend and voltage wavelorms of a power diede during Turn On
operalian.



It is chserved that the forward diode voltage during turm ON may transiently reach a
spnificantly higher value Yir compared o the steady slate voltage drop at the steady current
IF . Vir (called forward recovery voltage) is given o5 a function of the forward difde in the
manufacturer’s data sheet. Typrcal valuwes Lie within the range of 10-30V. Forward recovery
time (t1) is typically within 10 us.

Ohserved Turn OFF behavior of @ Power Diode: Figure 3 shows a typical mrm ofl

behavior of a power diode assuming controlled rate of decrease of the forward current.
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Fig 3: Reverse Recovery characteristics aof a power dinde

Serlient features of this chavacteristio are:

The diodz current does not stop at rera, instead it grows in the negative direction to Irr
called “peak reverse recovery current”™ which can be comparable o IF. In many power
electronic circuits (e.g. choppers, inventers) this reverse current flows through the main power
switch in addition to the losd cwrrent. Theretfore, this reverse rvecovery current has to be

sccounted for while selecting the main switch,



Viltage drop across the dicde does nod change appreciably from iis sieady state value
il the diode current reaches reverse recovery level, In many power electric circuits (choppers.
mverters) this may create an effective shomt circuit acrnss the supply, cuorrent being limited
only by the stray wiring inductance. Also io high requency switching circwits (e.g. SMP3) if
the tme period t4 is comparable to switching cyvele qualitative modification o the cinouit
behavior is possible.

Towuards the end of the reverse recovery peniod af the reverse current falls too sharply,
(oo value of 5), stray circmt inductance may cause dangerous over voltage (Vir) across the
device. It may be required (o profect the dicde using an RC snubber,

During the peciod (5 large currend and voltage exist simultaneously o the device. At
high switching frequency this may result in considerable increase in the total power loss.



1.25CR
1.2.1 Layer diagram of SCR and operation & construction of SCR.

Thynstors (alse known as the Stlicon Controlled Beenifiers or SCH=)
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Fig. 4.1; Constractional features of a thysistor
(a) Civewit Symbal, {b) Schematic Construction, (¢} Photograph
As shown in Fig 4.1 (b) the primary crystal is of Tightly doped n- iype on either side of
which two p vpe lavers with doping levels higher by two orders of moagnibede are grown, As
in the case of power diodes and ransistors, depletion layer spreads mamly into the hghtly
doped n region. The thickness of this layer is therefore determined by the requived blocking
voltige of the device, However, due o conductivity modulation by carriers from the heavily
doped p regons on both side during ON condition the 0N slate” vollage drop s less, The

outer 0 lavers are formed with doping levels higher then both the p tvpe lavers. The top p

lver acls as the “Anode” lerminal while the baliom nl lavers acis as the “Cathode™. The
“Crate” termuinal connections are made to the bottom p layer.

For better swilching performance it is required o maximize the peripheral contact
prea of the gate and the cathode regions, Therefore, the cathode rezons are Onely distnbuted
between gate contacts of the p type layer. An “lnvolute™ structure for both the gate and the

cathde regions is a preferred design structire,



1.2.2 Explain the two transistor analogy of SCR

Basic operating principle of a thyristor

The underlving operating principle of a thyrisior is best understood in ferms of the

“tweo transistor analogy ™ a5 explained below,
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Fig. 4.2: Two transistor analegy of a thyristor construction,
(a1 Schematic Construction, (b Schematic division in compasneni
tramsdstor

icp Equivalent circuit in terms of (wo transisbors.

) Schematic construction,

b} Schematic division in component ransstor

¢) Equivalent circuit in terms of two transistors.

Let us consider the behavior of this p m p n device with forward voltage applicd. ic
anode posiove with respect @ the cathode and the gate terminal open. With this voltage
porlarity JI & J! are forwand Mased while J: reverse higsed,

Under this conditionm.

ie, =%, L +1,, (41)

if-.= :r-'l- IK-L.ENJT tll}

Where o & e, are current gains of (f._ll & () respectively while 1 & 1 e reverse

et | el

saturation currents of the CB junctions of QI & () respectively.



Now from Fig 4.2 {c).
g g =1y (43)
&I, =1, (44) (1. =0)
Combimng Eq 4.1 & 4.4
Ii.'-ﬂ i Irl:l.' . Im

|_1_-.r_1 + "'r'l} |-|:;.r_]‘ :r':]

(4.5)

I, =
Where I, 21, +1_, is the total reverse leakage current of J;

MNow as long as "5-’“_ 15 small Im i very low and both n‘:l P of e mch lower than
unity. Therefore, total anode current l,-; is only slightly greater than Im. However, as "'.-ru__ 15
increased up o the avalanche break down voliage of 1 '[~m starts incregsing rapidly due @
avalanche multiplication process. As | increases both B & o increase and e

spproaches unity. Under this condition large anode current starts flowing, restricied only by
the external load resistance, However, voeltage drop in the extemal resistance canses o collapse
of voltage across the thyristor, The CB junctions of both {JI L Qz become forward biased anc

the mtal voltage drop across the device settles down to approximately equivalent to a diede

drop. The thynstor is said o be in "ON" state
Just wfter turm 0N of Tl i% larger than a specihesd corrent called the Ladching Current IL.

u:1 andd '13 pemain high enough o keep the thyrisior in ON staie, The only way the ihyrision
n be wrped OFF is by bringing lh below a specified current called the holding currem UH]
where upon Eiq F.' ) ot starts reducing. The thyvnstor can regam forward blocking capacity once
excess stored charge at 1 is remaved by applicaton of o reverse voltuge across A & K (ie, K

positive with respect A),
It iz possible to tumn ON a thyristor by application of » positive gate current (flowing
from gaie o cathode) withowt inereasing the lorward voltage scross the device up 1o the

forward brcak-orver level, With a positive gate curment equation 4.4 can be wnilen as
I.=1,+1, (4.6)

Combining with Equs. 4. 11043 [, = I-J-r'f:‘:'-i- E‘-"} (4.7)
= i e



Dbwigusly with sufficiendly large Tu the thynstor con be twmed on for any value of Im
fangd hence 1"",,,,-,]' Thaz 13 called gate as=sisted wm on of o Thynstor, Thas 15 the wsual method
by which a thyristor is furned 0N,

When a meverse voltage is applied scross a thyostor (e, cathode positive with respect
o anose.) junctions JI and l1 are reverse hased while 1 is forward biased. OF these, the

+
Junction I_1 has & very Tow reverse break down voltage since both the 0 and poregions on either

side of this junction are beavily doped. Therefore, the applicd reverse voltage 15 almost

entitely supporied by junction I‘- The maximum value of the reverse valtage 15 restiicted by

#) The maximuum field strength i junction J | iavalanche break down)

b} Punch through of the lightly doped n lnver,

Since the p lavers on either side of the n region have almost equal doping levels the
nvalanche break down voltage of JI & | arc almost same. Therefore, the forward and the

reverse bicak down voltage of a thynstor are almost cqual. LIp @o the break down voliage ::nt'JI

the reverse current of the thyrstor remains prsctically constant and increases sharply after this
voltage, Thus, the reverse charscieristics of a thyristor is similar to hat of a single dicde.

IF a positive mate current is applied during reverse hins condition, the junciion !3
becomes forward biased. In fact, the ransistors Q: & ) pow work in the reverse direction
with the roles of their respective emitiers and collectors interchanged. However, the reverse
oe e being significantly smadler than their forward counterpants latching of the thynstor
does not occur. However, reverse leakage current of the thyristor mcreases considerably
mcreasing the OFF state power loss of the device.

i a forvard voltage i= suddenly applied acroess a reverse biased thyrisior, there will be
considerable redistnbution of charges across all three juoctions. The resuliing current can

become lorge enough o satisty the condition X HK = 1 and consequently tum on the

thynstor. This is called dvdt tum on of a thynstor and should be avoided.



1.2.3  Static V-1 characteristics & Dyvnamic characteristics of SCR.
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Fig. 4.3: Static output characteristics of a Thyristor
The circunt symbol in the left hand side inset defines the polarity conventions of the
varnables used in this fguce,

With ig = 0, “--"mi has o increase up bt forward break over voltage "'-'BM_ ba:foore

signdficant annde curment starts flowimg. However, at yu-ﬂli forwarnd break over takes place and
the voltage across the thyristor drops (o \-’chcﬂding voltage), Beyond this poim voltage across
the thyristor [\-'ij remans almost constant at "l."" (1-L5v) while the anode current is

determined by the external load,
The magmitude of gate cumrent has a very strong effect on the value of the break over
viltage as shown in the figare. The right hand side figure in the inset shows  typical plot of

the forward break over voliage Ww_] a5 @ function of the gate curren ilab

After “Turm ON™ the thynstor 15 no more aflected by the gale cunrent. Hence, any
current pulse {of required magnitude) which 15 longer than the mimmmum needed for “Tum

O™ is sufficient to effect control. The minimum gate pulse width is decided by the external

1t
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arewil and should be long encugh o allow the ancde current fo rise above the laiching cwrremt

[Il | bl

The left hand side of Fig 4.3 shows the reverse 1-v charactenistics of the thynistor. Once
the thyristor s ON the only way to turm i OFF is by bringing the thynisior cament below
holding current iI”]. The gate terminal has no control over the tum OFF process. In ac circwils
with resistive load this happens astomatically dunng negative sero crossing of the supply
voltage. This is called “natural commutation”™ or “line commutation”, However, i de circuits

some arrangement has 0 be made w0 ensure this condition. This process is called “foreed
commutation.”

During reverse blocking if ig: {+ then only reverse saturation current [ls.l tlowws until the
reverse voltuge reaches reverse break down voltage I:".-'Hm]. At thas pomi current starls nsing
sharply. Large reverse valtage and cwrrent gencrates excessive heat and destroys the device. If
i;r = 0 during reverse bias condinion the reverse saturation corrent nscs as explaingd in the

previous section. This can be avoided by removing the gate current while the thyristor is
reverse hiased.
The static owiput i=v characteristics of a thyristor depends suongly on the junction

temperalure as shown in Fig 4.4
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Fig. 4.4: Effect of junction temperature (1;) on the output
i — v characteristics of a thyristor,
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Dvnamic characteristics

Turn-on and tum-off charsctenstcs of an SCR are called the dypamic charactenstics
of the SCR.

(#)  Turn-On Charscleristic.
The turn=on time characieristic shows the variation of current and voliage during nom-on.
Tum-on tme 15 defined s the tme from the mitetion of mggenng, when the SCR offers
infinite 1mpedunce 10 the flow of wnode current, W the tme when an equilibrivm choarpe
distribution is established throughout the device together with a steady state forward voltage

drop, The jurp-on time is aboul | to 3 micro seconds for the SCR readily  availahle

commercially.
fa PEAK CURRENT
B M
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The above Frgure shows the form of corent nse donng the mansiion from the non-
conducting to the fully conducting state, The time foondicste the initiation of tum-on which is
cawsed by a step function of voliage applied o the giwe. The period gy is the delay time
between the front of the gate pulse and the beginning of o rmpid rate of increase of anode
current. During the initial interval of mm-on (L) enly a2 small area near the gate clectrode

wonducts anode correnl, §y 15 due to the charge build up time and decreases widh the increase in

12
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gate current, The rise lime, & depends on the speed ail which charges build up 1o support the
final ancde current, L. & & independent of gate current but depends upon the widths of base
oonstruction of SCR. The sum of tg ond t. gives marn-on time t,,- The turmn-on Gme i, depends
on dhe anode circuil parameters. gate current amplitgde and rise fime. The turm-on lme is

impociant in pulse riggering.

1-
] I Vee
: 2
E I
L i i _T
; - o i ¥ _ ECR
|
‘ L] ‘ "l'lmr
= A Vs
L 4l 3
An SCR Circnn!

{h) Turn-oftf Characteristic.

Turn=-cff means that all forward condeetion kas ceased and the re-application of a
positive voltage to the anode will not couse How of current without there being o goke signal.
The tum-off characteristic is shown in figure. The time & indicates the instant of application
of veverse voltage, (o i the duration for which the reverse recovery cument flows afler
spphcation of reverse voltage and t s the Bme regquired for the recombanation of all excess
carriers in the inper two layvers of the device, The sum of tme duration g and Gme durastion @
gives the turn-off Gme tyy, that 15 tyy = t, + L, . At the end of tume-off time, a depletion layer
gets developed across juncion J and now SCR is capable of withstanding forward voltage
The wrn-off time depends upon anode current, magnitude of reverse voltage and the rate of
gpplication of forward voltuge.

1.2.4 Applications of SCR

I.  Pawer Control,

Becuouse of the bistable charactenstcs of semiconductor devices. whereby they can be
switched on and off, and the cfficiency of gate control to migger such devices, the SCRs anc
pleally suied Tor many indusinal applicaiions. SCEs have gol specific advaniages ovel

13
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spiurable core reaciors and gas ubes owing o their compaciness, reliability, bow losses, and
speedy turo-on and turo-cff,

The bistahle states (conducting and non-conducting) of the SCR and the property that
nables fast transition from ope state o the other are made ose of in the control of power in
bath ac and do cirewits,

& Bwitching,

Thyristor, being bistable device is widely used for switching of power signals owing o
their long life, high operation speed and freedom from other defects associated  with
mechanical and electro-mechanical switches,

S Zero Vollage Swilching,

In some ac circmits it 15 necessary to apply the wvoltageto the load when the
imstantancous value of this voltage is going through the zeoo valee, This is oo avoad a high raee
of increase of cunent in case of purely resistive loads such w Lighting and fernace loads, and
thereby reduce the genemtion of radio nose and hot-spot lempematures in the device carying
the Joad current.

4. Chver-Valtage Provection.

SCEs can be emploved for protecting other equipment from over-voltages owing o
their fast switching action. The SCE employed for protection 15 connected in parallel with the
load, Whenever the volioge excesds a specified limii, ihe gate of the SCE will get energized
and trgger the SCR. A lorge current will be drawn from the supply mams and voltage across
the lond will be reduced. Two SCRs are used—aone for the positive half-cycle and the other for
negative half-cycle.

5. Pulse Circuits.

SCRs are wsed for producing high voltage/ocurrent pulses of desired waveform and
duratinn.

6. Battery Charging Regulator.
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1.3DIAC

1.3.1 Owperation, construction of DIAC and V-I characteristics curve

A diac 15 a two-terminal, three layer bidirectional device which can be switched from
its OFFF stake to ON state for either polarity of applied voltage.

The disc can be consiructed in either npn or pap form. Fig. (i) shows the hasic
structure of o diac i pop form. The two leads are connected o p-regions of siicon separated
by an n-region, The structure of diac is very moch similar to that of a transistor. However,
there are several important differences:

{1) There is no terminal attached o the base layer.

{11) The three regions are nearly identical in size.

(iii) The doping concemtrations are identical (unlike a bipolar ransisior) o give the

device symmetocal properiies.

Fig. (1) shows the symbaol of a disc.

i o
F
! 1
F
' =]
DIAC BASIC DIAC SYMBOL
CONSTRUCTION
Fi] ()

Operation

When a positive or negative voltage is applied across the terminals of a diac, only a
amall leakage current TRO will fow theough the deviee, As the applied voliage is inereasad,
thi Jeakage current will continee o flow unti] the voltage reaches the breakover voltage VBO.
At this pomt, avalanche breakdown of the reverse-biased junction occurs and the device
exlubits negative resistance e, cummend through the device. increases with the Jdecreasing
values of applied voltage. The vollage across the device then drops o “breakback”™ vollage
YW, Fig (1) shows the V-l charactenstics of a diac. For applied positive volige less than +
VBO and negative voltage less than — VBO, a small leakage current (£ 1BO} flows through

the device, Under such conditons, the dise blocks the fow of current and effectively behaves

3
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& -an open eireuil. The veltages + VBO and — VBLO) are the beeakdown voltages and usually
have a range of 20w 50 velts.
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&
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+ Igp fevense % (N
-V : ¢
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-y g . . >+ ¥
' 0 Vg +V¥ag
i—Igo
Fig (iii) V-I characteristics of a diac

v
-1

When the positive or negafive applied woltage is equal w or greater than the
breakdown voltage. diac begins 1o conduct and the voltage drop across it becomes a few volts.
Conduction then continues until the device carrent dmps below its holding current. Note that
the breakover voltage and holding current valves are idemical for the forward and reverse
regions of operaton. The DIAC can be wsed m many applications such ax molor speed
controls and light dimmers circuit.

1.3.2 Applications of DIAC

The digcs, because of ther symumetncal budbrecuonal switching charactenstics, ame
widely nsed as tngeenng devices in triac phase contral circnits employed for lamp dimmer,
heat contrel, universal motor speed control elc,

Although o triag may be fired into (he conducting state by a simple resistive nggenng
arcuit, but triggering devices are typically placed in seres with the gates of SCRs and triacs
as they give relisble and fast triggering. Diac i the most popular tripgering device for the
trige, This is iMostrated in the following applicanions,

16



L. Triac Lamp Dimmer Circuil.

Thie circuit for a miac controlled by an R-C phase-shift network and a diac is given in
figure, This circuil is an example of 4 simple lamp dimmer, The wiac condection angle is
adjusted by adjusting the petentiometer B, The longer the inac conducts, the brighier the lamp
will be. The disc acts like an open-arcuit until the voltage across the capacitor exceeds its
breakover or switching voltage {and the tnac’s required gate wigger vollage ).

LAKF

ROT

': Sliepy BIAL ol TS

et =

Trige Lamp Donier Cireuil

2. Heal Control Circuit.

A typical diac-triac circuit used for smooth contral of ac power o a beater is shown in
figure, The capicitor Cj in series with choke L across the wiac slows-up the voltage rise across
the device during off-state. The resistor By ocross the dine ensures smooth control at all
positions of potentiometer Ry, The tmac conduction angle s ndjusted by adjusting the
potenticmeter B, The longer the triac conducts, the larger the owipol will be from the heater,
Thus a smooth control of the heat cutput from the heater 15 obtained.

HEMIER
r——

AL SymLY

{Heat Control Circutt using Diac)
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14TRIAC

4.1  Operation, construction of TRIAC and V-1 characteristics curve

The Tnac 15 a member of the thynstor family. But unlike a thynmstor which conducts
only in one direction {(from anode to cathode) & iriac can conduct in both directions, Thus a
frigc 1= similar to two back o back (anti parallel) connected thyristose bn with only three
terminals,

Construction and operating principle

Fig. 5 ¢ay and (b} show the circuit symbol and schematic cross section of a oriag
respective. As the Trac can conduct in both the duections the terms “anode”™ and “cathode™
wre: mof used for Tnacs. The three terminals are morked ns MTI (Mmn Tenmanal 13, MT: { Man

Terminal 2 and ihe gate by G, As shown in Fig 5 (b) the gate terminal is near ]".-1'I'1 and is

connected to both

N and Pa- regions by metallic contact, Similarly MT is connected Lo r"i’2 amid F] Megios

while MT _is connected 1o N: and PI regions

T_uu

T
¥ M2 '
F: g0
}E—L W it v il
]
& MTI
lah

Flz.& Clreakt symbel nnd schematle consiruction of a Trisc
(@) Clrenit symbaol (h) Sehemathe eomstrme ion.

V-1 characteristics

From a fumctional point of view a trine 15 similar to rwo thyristors connected i anti
parallel. Therefore, 1t 15 expocted that the %=1 charactensucs of Troc m the ]jl o EM fuadraat
of the V-1 plane wall be similar to the forward characteristics of a thyristors. As shown in Fig.
G, with no signal o the gate the riae will block both half cyvcle of the applied ac voltage
provided s peak value is Toweer than the break over voltage l."'i."Eu] of the device, However, the

turning on of the tisc can be controlled by applying the gote tigger pulse at the desired
18
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instance, Mode-1 mggenng is used in the first quadeant where as Mode-3 iriggering is used in
the third guadrant

w

Fig. 6 @ Steady stafe V — 1 chavacteristics of a Triac

As such, most of the thyristor characteristics apply to the triac (i, latching and holding
current). However, in a trisc the two conducting paths (from MT: o MT: or lrom MTI to [UIT!]
mteract with cach other in the structure of the triac. Thercfore, the voltage, current and
frequency rafings of rises are considerably lower than thyrisiors, Al present inacs with
violtage and current ratings of 1200V and 300A (nns) ae avalable, Toecs also have a larges
o state voltage drop compared to a thyristor.

1.4.2 Modes of operation of TRIAC and mention the preferred modes

Since o Toac is a bidirectonal device and can have its terminals ot vanious
comhinations of positive and negative voltages. there are four possible electrode patential
combinations as given below

[. MT! positive with respect (o L-'FI'!, G positive with respect to I".-"lTI
8 2 MT: positive with respect to M’l'f G negative with respect to 1"|r!|TI
ES I".-'I'.l'J negative with respect to ]".1TI- Cr negative with respect to ['.-']'l'I
4. MT: negative with respect 1o MTI- G posilive with respect to MT|

The triggering sensitivity 15 highest with the combinations 1 and 3 and are generally

used, Howewver, for bidirectional control and uniforms gade (rigger mode somelimes ingger

LY
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modes Ioand 3 are used. Trigger mode 4 35 vsually avoided, Fig 7 {a) and (b} explain the
conduction mechanism of a triac in ingeer modes 1 & 3 respectively.

L lo
o g 8
=)
1
I S
P Le ]
S ™y ¥
H
L by ¥
I M2 { M2
'.|-|-|- ‘1-|
(a) (h)
Fig. T Do tion mechandsn of o Wise in wigger modes 1

amal 3
{a) Moade - 1, (b Mode - 3,

In igger mode-1 the gate current fows mainly throogh the P: I"H’3 Jumetion like an
mrchnary thyristor. When the gate current has injected sufficient charge intn l:"2 layer the mac
starts conducting through the PI N’J F? r'-.lJ lavers like an ordinary thyristor,

In the mgger mode-3 the gate current ]._.; forward biases the P;. J"1 junction and a lorge
number of electrons are ntroduced in the FJ region by Nj. Finally the sirociure r-‘_1 NI FI NJ

turms on compleely.

14.3  Applications of TRIAC (Phase control using TRIAC)

A riac s functionally equivalent o two anti paralle] connecicd thyristors, I can block
voltages in both directions and conduct current in both directions.

* A triag bas three lenminals like a thynstor, It can be tumed on in either half cycle by
cither a positive on a negative cument pulse at the gate terminal,

= Tracs are extensively used al power frequency ac load (eg heater, light, motors)

control applicatons.
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1.5Power BJT
L.5.1 Operation, construction of an NPN POWER Transistor as a switch

Power Bipolar Juncoon Transistor (BIT) is the first semiconductor device to allow full
comtro] over its Twim on and Tom off cperatiens, Tt simplified the design of a large number of
Power Electronic circuins that wsed forced commutated thyrisiors an that time and also helped
realize o number of new circoits. BIT was the first semiconductor device o closely

approvimate an ideal fully controdled Power switch.

/‘_‘ ||,|_':| 6;”_' 1-|_'|

"-I'.-.: "t'r:-

A junction emsistor consiaty of a semicondector crysil in which o p tvpe region s
sandwiched between two n type regions, Thas 15 called an n-p-n transistor. Alternatively ann
fype region may be placed in between two p type regions to give a p-n-p mansistor. Fig above
shows the eircull symbols and schematic representations of an n=p-n and & p-n-p Fansisior,
The terminals of o trafsistor are called Entter {E), Baze (B) & Collector (C) as shown m the
figure.

When a transistor is uscd as & controlled switch, the control curreml inpae i provided af
the base femminal, The control circunt 1s connected between the base and ematter. The power
terminals of the switch are the collector and the emitter.

The outpul characieristic is a plot of the currend fe through the swiich

versus the voliage VCE across it for a fixed valee of the current 10

Let us assume that Vo= 150 V, K = 30602 and decide o keep 10 at 064, The voltage
YCE scross the switch and the cwrent fo through 1t must be miven by a point on the
charactenstic for I0=06 A To locate this pomt, we used a second relationship by a strnght

line called the “load fine,”
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Ve =V =I.R=150V =1 -30Q

What will happen if we progressively reduce the base current 7;.

I8 Ic VCE PDIs=VcCE IC
0.6 A =5A VCE(SAT)=2.5V 12.5W
04 A =5A VCE(SAT)=2.5V 12.5W
0.2 A 3A 60 V 1 80W

Fuor [n = 0.2 A, the intersection point gives YCE = 60 V and a current of 3 A, The
transistor 15 no longer in the saturated ON stafte. Such a condition is o be avaided, because,
there is excessive power dissipation in the transistor { TRIW ), which can result in s damage,

It 15 mecessary o ensure o ssurated ON state, by providing adequate base dove
current, for the sate and sansfactory operation of the switch. Theretore, the minimum base
cumment o ensure the saturated OM state s given by IB=ICHFE where hFE is & parameics
specified in the data sheet of the transisior,

Often it will be advisable 1o use a somewhat higher value of base curment than that
indicated by the above formula, as a safoty feature, to take care of possible increases in fe
above the anticipated value,

1.5.2 Applications of BJT in Power swilching applications

There are two types of applications of BJT, switching and amplification.

Transistor as a Switch

For switching applications transisior is biased (o operate in the sauration or cutofT
region, Transistor i cutodd region will act as oo open swilching whereas m saturation will act

ns 4 closed switch.

+ 10V

Open Switch

B
ka
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I the cuiedf region (both junctions are reversed bigsed) the voligge across the CE juncticen is
very high, The mput voltage s zero o both base and collector currents are zem, hence the
resistance offercd by the BIT 15 very high (ideally infinite).
Closexd Switch

Almost 10 drop
+10V  across bulb. s
rasistance datarminas
the collactor current.

B

.= 0051002V
in saturation

1 KLl

19'- B4 ma
'I-'E= 0.6W

In saturation |both ju:m:tinn:i are forward biased) a high input voltage is applied to the
base, The value of base resistance is adjusted such that a large base current Qows, There is a
small voltage drop across the collector emitter juncton of the order of 005 o 0.2 and
collector current is very large. A very small voltage drop takes place across the BIT and it can

b said 1o be equivalent o a closed switch,
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1.6 Power MOSFET

L6.1  Operation, construction of Power MOSFET & its characteristics curve
Power MOSFET 15 s device that evalved from MOS integrated circuit technology. The
first atleimnpis to develop high voltage MOSFET: were by redesigning lateral MOSFET 1o

increase their voltage blocking capacity.

£

b A NBERES BT X RN EEEEE ¥
iCondnctor / ,

ih)

Fig.8 Schemaric consometbon of a pewer MOSFET
{a) Construction of a single cell.
b} Arrangement of cells in a device,

The resultng technology was called Internl double deffused MOS (DMOS). However
i was soon realized that much larger breakdown vollage and current ratings could be achieved
by resorting wo o vertically eriented straciure. Since then, vertical DMOS (VDMOS) sirectune

has been adapted by virually all manufacturers of Power MOSFET. A power MOSFET using
24
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YDMOE iechnolegy hos vertically onented ihree Iaver struciure of aliemating p ivpe and n

lype semiconductors as shown m Fig 8 (o which i= the schematic representation of a single

MOSFET cell structure. A large number of such cells are connected in parallel (as shown in

Fig B (b} to fomnea complete device
Dperation

The gate region of 8 MOSFET which is composed of

the gate metallizstion, the goe

isilicon} oxide layer and the p-body silicon forms a high guality capacitor. When o small

vitage 15 applicanon to this capacitor structure with gate terminal positive with respect to the

sopree {node that bedy and source are shorted) o depletion region forms at the interface

between the 510 and the sibicon as shown in Fig ¥ {a).
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= Dlepletion laver
boundary
o
=)
Vs |
dy illi 1~r o 1'|.I .
b o i ate Electrode
R
2Ctr
i a— 51y
H-"-- - -
u .I-" 4 ~— Depletion layer
3 anize
; a-.:gll:pt ! ree boundary
electron
n
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Veas | L
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| Deplenion baver
mﬁﬂuw_.-. :

Tomzed
i accepior

(c)

Fig.o0  Gate control of MOSFET conduction.
(0] Depletion laver formation:
(It} Free electron scenmulation;
(¢} Formatlon of lnversion kever,

The positive charge induced on the gate metallization repels the majority hole cammers
from the interface rogion botween the gate oxide snd the p type body. This exposes the
negatively charged aocepiors and a depletion region is cresied.

Further increase in Vm cuuses the depletion laver o grow in thickness. At the sune
e the electric feld ot the oxide-silicon interface gets larger and begins o atiract free
elecirons as shown in Fig 2 (b The immediate source of electon 15 electron-hole generation
by thermal ionizstion. The boles are repelled imo the semiconductor bulk ahead of the

depletion region. The exira holes arg newiralized by electrons from fhe source,

As ‘l-’m_ increases further the density of free electrons ot the interface becomes equal i@

the free hole density in the bulk of the body region beyond the depletion layer. The laver of
free electrons at the interface 15 called the inversion layer and is shown in Fig 9 {c). The
imversion laver has all the properties of an o type semiconductor and is a conductive path oo
“channel™ between the dramn and the sowrce which permuts Now of current between the daun
and the source. Since current condoctinn in this device takes place through an n- type
“channel™ created by the clectne field due to gate source voltage it 15 called “Enhancement
tvpe n=channel MOSTET™

The value of "I.-'H at which the inversion layer 15 considered 1o have formed is called
the “Ciate - Source threshold voltage "n"ﬂ_ (thi” As "nfm is increased hevond vmqm; the

mversion layer pets somewhat ticker end more conductive, since the density of free electrons

26
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increases further with increase in ‘h"m. The inversion laver sereens the depletion layer adjacent

Lo ot froam increasing "'."I_ﬁ- The depletzon laver tuckoess pow remains constant

Steady state output i-v characteristics of a MOSFET
The MOSFET, like the BIT is a three terminal device where the voltage on the gate

terminal controls the flow of cument between the output terminals, Source and Drain. The

source ferminal s common between the input and the output of & MOSFET. The output

characteristics of a MOSFET is then a plot of drain current I;i.u_l as a finction of the Drain —

Source vollage wn:::' with pate source voltage {vrﬁj as a parameter. Fig 10 {a) shows such a

characienstcs.
Vigs— Vs (thl = Vs
@
i i WERE
I T P ".,',II-__I::I sasing Vi
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ON) f rr——TAclE—u
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Vs Vs
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[B]

Electron Dnift
Velocity

Fig. 10 Output i-v chavacteristics of a Power MOSFET

{a) v characterstes;

(b} Components of OMN-state reskstance;
ir) Electron dvifr velocity vs Electric field;

idy Transfer
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With gate-source vollage {Vm] below the threshold voliage wm (th)y the MOSFET

operates 1 the cut=off mode. No dran current Jows i this mode and the apphed dran—source
vorltnge v, ) is supported by the body-collector p-n junction. Thercfore, the maximum

ppplied voltoge should be below the avalanche break down voltage of this junction i‘-’mwj (4]

gvoid destruction of the device,

When WV i i imcreased beyomd v i"iul.':l drain current stans flowing, For small values of

SO S {wm =¥ th) | almost propaorticnal o Yo Comsequenty this mode of operation
15 called “ohmic mode™ of operaton, In power electronic applications a MOSFET 18 operated

cither in the cut off or in the ohmic mode, The slope of the A= iIJ characieristics in this mode
i5 called the ON state resistance of the MOSFET l!rm (ON}). Several physical resistances as
shown in Fig 10 {b) contribute 1o L (OIM ), Mol it L (ON) reduces with increase in ¥ i

This is mainly dwe to reduction of the channe] resistance at higher value of

¥oii Hence, it is desirable in power electronic applications, to use as large o gate-

source voltage as possible subject to the diclecine break down Limat of the gate-oxide laver.

162 Applications of MOSFET

I MOSFET as an analog switch

Enhancement mode MOSFET based analog switches use the mansistor channel as a
[y pesistance 1o pass analog signals when on, and a5 a high impedance when off. Signals cin
flow in either direction across a MOSFET switch. In this application the dram and source of o
MOSFET exchange places depending on the woltages of each electrode compared o that of
the gate and the direction of current flow, For & simple MOSFET without an integrated diede
from source to drain [or the back gate or body terminal tied o the source). the source 15 the
mare negative side for an NMOS or the more positive side for @ PMOS. All of these switches
are limited as 1o what signals they can pass when on or block when off by their gae-source,
gate=drain and sourcesdrain vollages. and source-to=drain currents; exceeding these vollage oo

current limats will potentially damage the switch.
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2 Switched Capacitor Circuits

A swilched capacitor 15 an electronie circuit element wsed o discrete tme signal
processing systems. It works by mmansferming charge nto and oot of o capacitor when switches
are opened and closed. Usually, non-overlapping sigoals are vsed w control the swilkches,

often termed Break before Make switching, so that all switches are open for a very short time

during the switching munsitons. hscrete time filters implemented with these elements are
termed ‘switched-cupucitor filters'. Unlike contunwous time analog filters, which must be
constructed with resistors, capacitors and sometimes inductors whose values are accorately
known, switched capacitor filters depend only on the ratios between capacilances and the
switching frequency. This makes them much more suitable lor use within integrated circuits,
where the sccurately specified absolute velue of components such as resistors and capacitars

are nof cconamical to construct,
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1.7GTO
1.7.1  Construction, operation of GTO and V-1 characteristics

Constraction
Amnide
gl o w1y ulr = Contact™™ WI’
i} 1]
Anine T T -_-I_-; n
Sl — BinufTer
1} I -t_"-ﬂ n
}Z -l
ir Ji
lx . . —
fa) i

¥}

Fig. 11  Circult symibol pnd schematie eross seeilon of a GTO
{1} Circudf Symbol, (b} Asode shorted GTO structure,
{c) Buller layer GTO siructure,

Like a thynistor, a GTO is also o four layer three junction p-n-p-n device. In order o

+
obtain high emitter efficiency at the cathode end, the n cathode layer is highly doped.
Consequently, the break down voltage of the Function Js is Tow {iypically 20-40V], The p tyvpe

gute region has conflicting doping requirement. To mantain good emitter efficiency the
doping level of this laver should be low, on the odher hand, from the point of view of good
turn off properties, resistively of this layer should be as low as possible requiring the doping
level of this region to be high. Therefore, the doping level of this layer is highly gruded.
Additionally, o order @0 optimize current tarn off capabilidy, the gate cathode junction must
e highly interdigitated. A 3000 Amp GTO may be composed of upeo 3000 individual cathode
segmments which are @ accessed via a common contact, The most popular design featres
multiple segments arranged 10 concentric nngs around the device center.

The maximum forward blocking voltage of the device is determined by the doping
fesel and the thickness of the m ivpe base region next. In order 1o block several kv of Forward
viltage the doping level of this layer 15 kept relatively low while its thickness s made
comsiderably higher (a few hundred microns). Byond the maximum atloweble forward voltage

either the electric field at the mam junction (1 ) exceeds a cntical value (avalanche break

3t
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down) or the n base fully depletes, allewing iis elecine field to wouch the ancde emiiter (punch
through .
The junction between the n base and p+ anode {J.J 15 called the “anode junction™. For

goond tirn oo propemics the efficiency of this anode juncion should be-as high as possible
regquiring & heavily doped p+ anode region. However, om off capability of such o GTO will
be poor with very low maximum tom off cument and high losses. There are two basic
approaches to solve this problem

In the first metod, heavily doped n+ Jayvers are intmodeced inmo the p+ anode Taver
They make contact with the same anode metallic coptact. Therefore, electrons traveling
through the base can directly reach the anode mefal contact without causing hole injection
from the p+ anode. This 15 the classie "anode shorted GTOY structure™ as shown i Fig 11 (b,
Due fo presence of these “anode shorts™ the reverse voltage blocking capacity of GTO reduces
o the reverse break down

Voltage of junction I (20-4) volts maxamum). In addition a large number of “anode

shons™ reduces the efficiency of the anode junction and degrades the wrn on performance of
the device. Therefore, the density of the “anode shorts™ are (0 be chosen by a careful
compromise between the furn on and fum off performance.
Dperating principle of a T

GTO being a monolithic p-n-p-n strecture just hke a thryistor s basic operating
principle can be cxplained in a manner similar to that of a thyristor, In particular, the p-n-p-n
drociure of 4 GTO can be thought of consisting of ong p-n-p snd ope n-p-n iransistor
connected in the regenerative configuration as shown in Fig 12,

From the “two transistor analogy™ (Fig 12 (a)) of the GTO structure one can write,

i‘L'!I = T:} ]."I.+ IEBDI [511
jB! =i{‘:=j:n IE+IEEDI :izf

I =T, +L and I, =i+ [53)

Iﬂ oL In ]'G +{iCEﬂt+]E'BﬂJ}I {q-i]

1.:']-11. 5 3 T‘p'

k1)
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With applied forward voliage U.u-. less than the forward break over voltage both 1L_m“

and l'rmr' are small, Further 1f 1.:' 15 Eero I'n i only shghtly higher than (1 + 1 b Under

CHO ClRoa

fhis condifion bath mn and ucp::m small amd tntp + -:r:"b <], The deviee s said to be in the

forward blocking mode.
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Figi2 Carrent distribution in a 10
{a) During turnen; (b} During turn aff,

To twrn the device on either the anode voliage can be raised until Ir'um and IH!“I

moreases by avalanche muliiplication process or by mpecting o gate current. The current gain
e of silicon tronsistors nises mpidly os the emitter cumrent increases. Therefore. any
mechanis=m which causcs a momentary increase in fhe cmitter current can be used 1o turn on
the: device. NMormally, this is done by injecting current into e p base region via the external

pute contract. Ag o 4+ o approaches unity the anode current tends to infinity. Physically as e
n P n

+ & mears unity the device starts to regenerate and cach fransistor drves s companion into
n

saturation. Once in satoration, all junchons assume a torwoard bias and total potennal drop
deross the device becomes approximately cqual o that of a single p=n diode. The anode
current is restricted only by the external circwit. Ooce the device has been tomed on in this
mamner, the extemal guete coment s oo longer required o mantain conduction, simee the
regenetation process is self-mstaining. Reversion to the blocking mode occurs only when the

andde current 15 brought below the “hoelding current™ level

el
b
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To turn off a conducting GTO the gae terminal 15 biased negative with respect g the
cathode. The holes inpected from the anode are, therefore, extracted from the p base through
the gote metallization into the gate terminal (Fig 12 (b)), The resultant voltnge drop in the p

base above the nomitler stars reverse biasing the junciion J ; and electron injection siops here,

The process originates at the periphery of the p base and the n emitier segments and the aren
still injecting electron shrinks. The anode current is crowded into higher and higher density
filaments in most remote areas from the gate contact. This 15 the most critical phase in the
GTO mern o process since highly tocalized high emperatore regions can canse device failure
unless these current flaments are gquickly extnpushed. When the last filament disuppears,

clectron injection stops completely and depletion layer stans to grow on both l: nrcd Ji- At thiy

point the deviee once again sarts blocking foreward voltage, However, alihough the cathede
current has ceased the anode to gate current conbinues o Oow (Fig 12 (b)) as the n base excess
carriers diffuse wards l] Thes “tad current™ then decays exponentially as the m base excess
carriers reduce by recombination. Once the tadl corrent has completely disappeared does (he
device regam s steady state blocking characteristics. “Anode Shons™ (or transparent emitler)
helps reduce the fail cumrent fasier by providing an aliernate path oo the m base elecions o
regich the anode contact withour causing appreciable hole injection from anode.

Steady state outpul and gate characieristics

iviax

(a) by

Fig.13  Steady state characteristics of a GTO
(a) Ouiput characteristics; (b) Gate characteristies.
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This characteristic in the first quadrant 15 very similar io that of a thyristor as shewn in
Fig. 13 {a), However, the loiching current of a GTO is considerably higher than a thyostor of
similar rating. The forwoard leakage current is also considerably higher. In fact, if the gaie
current is not sufficient (o tom on a GTO i operates as & high voltage low gain dransistor with
wonsiderable anode current, 18 should be poted that 8 GTO can block rated forward voltage
mmly when the gate 1= negatively biased with respect to the cathode during forward blocking
state. Al least, a low value resistance must be conoected across the gate cathode wenminal.
Increasing the value of this resistance reduces the forward blocking voltage of the GTOL
Asyvmmeiric GTOs have small (20-30 V) reverse break down voltage, This may lead the
device o operate i1 “réverse avalanche” under certmn condibions, This condition 15 oot
dangerous for the GTO provided the avalanche nme and corrent are small. The gate voltage
during this period muos remain negative,

Fig 13 (b] shows the gate charactenstics of o GTO. The cone between the min and max
curves reflects parsmeter variation between individual GTOs. These charscteristics are valid

for DM and low frequency AC gate currents,
1.7.2  Application of GTO

The main applications are in vanable speed motor doves, high power inverters, static
VAR compensators (530S and AC/DC power supplics with high power ratings and iractiomn,
GTOs are increasingly being replaced by integrated gate=comimutated thyristors, which are s
evolutionary  development of the GTO, and msulated gate bipolar transistors, which are

members of the ransisior Famaly.

34
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L.SIGBT

1.8.1 Operation, construction of 1GBT and its characteristics curve
Constructional Features of an IGBT
Vertical cross section of a nchannc] TGET cell is shownin Fig |4 Although p chanme]

IGBT= are possible n channel devices are more Commmin

Emmtter

P I
-I_.' F}'«l'-"l;';l ]

]
e

(Gate oxide)

gt

{Gate oxide)
Body regiom

~ *— Diain drifi
Iz n region
& n o— Buffer laver
p le— lnjecting laver

T T AT TS TT TS TT T TTTTTTTTTTITTTIT T TS TTITTTEFD
Collector
Fig.14 Vertical cross section of an IGBT cell,

The major difference with the comesponding MIOSFET cell stucture lies in the
addition of a p+ mjecting baver. This laver forms a po pnction with the draim layer and injects
oty carriers into of, The » type drain Taver dsell may have iwo different doping fevels,
The hghtly doped n= region 15 called the dran doft region. Doping level and wadih of this
layer sets the forward blocking voltage {determined by the reverse break down voltage of 1 )
of the device. However, it does nod alfect the oo state voltage drop of the device due o
cimductivity modulation as discussed in connection with the power diode. This construction of
the device 15 called “Punch Trough™ (FT) design. The Non-Punch Through (NPT)
onstruction does pot have thi= added o+ boffer Tayver, The PT construction does offer lowes
o state voltage drop compared o the NFT construction particulardy for lower voltage ated
devices. However. it does so at the cost of lower reverse break down voltage for the device.

gince the reverse break down visliage of the junciion JI i small. The rest of the construction of

the device 15 very stmidar to that of o vertieal MOSFET includmg the insulated gute structure

mnd the shorted body (p type) — emitter in4 type) strocture. The doping level and physical
geometry of ihe p iyvpe body region however, 15 considerably different from thal of a
MOSFET in order o defeat the latch up action of o parasitic thynstor embedded in the IGBT

tad
i
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siruciore, & large number of basic cells as shown in Fig 14 are groswn oo a single silicon waler

and connected i parallel to form a complete IGBT device,

C

(2)

Fig. 153 Clircuit symbol of an IGBRT.
{a) Circuit symbal.
(b} Photograph.

Operating principle of an IGRT

Operating pnnciple of an MGBT can be explained in terms of the schematic cell
strocture snd equivalent circwk of Fig [aia) and {c). From the mput side the [GBT behaves
esemlially as o MOSFET. Therefore, when the gate emitter vollage is less than the thresheld
viltage oo mversion layer 15 formed i the p type body region and the device 15 in the of
state. The forward voltage applicd between the collector and the emitter drops almost entively

wross the junction J . Very small leakage current Nows through the device wnder this

condition. In terms of the equivalent corremt of Fig 16(c), when the gate ematter voltage iy
loweer than the threshold voltage the driving MOSFET of the Darlington configuration remeains
off and hence the cutput p-n-p transistor also remaing off

When the gae emitter voltage exceeds the threshald, an inversion laver forms in the p
tvpe body region under the gate. This inversion lover (channel ) shors the emmitter and the draan
drift Inver and an electron corrent flows from the emitter through this channel to the drain dritt
region, This in lurn couses substantial hele ingpctien from the p+ iyvpe collector o the drain
draft region. A portion of these holes recombine with the electrons ardiving at the drain deift
region through the channel. The rest of the holes cross the drift region to reach the p type hody
where they are collected by the source metallization,

From the dbove discussion i is clear thad the n ovpe drain drift region acis as the ase
of the output p-n-p transistor. The doping level and the thickness of this layer determines the
current gain “ec” of the p-n-p transistor. This is intentionally kept low so that most of the

device curment fiows through the MOSFET and not the output p-n-p omnsistor collector. This

36
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helps to reduced the voltage drop across the *body™ spreading resistance shown in Fig 16 (h)
gnd eliminate the possibility of statie Lach up of the IGBT.
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Fig-16 Parasitic thyvistor in an IGBT cell.
{m} Schemntic struciure
(b} Exact equivalent cirenit.
(e Approzimate equivalent circuil

The total on state voltage drop scross o conducting IGBT has three components. The
viltage drop across J. follows the wsual exponential Lvw of a pa pnetion. The next componend

of the voliage drop 15 due (o the drain drift region resistance, This component in an IGBT is
considerably lower compared o a MOSFET due o strong conductivity modulation by the
injected minonty carriers from the collector. This is the main reason for reduced voltage drop
across an IGBT comparcd (o an equivalent MOSFET, The Tast component of the vollags drop
peross an TGBT is due @ the chaonel resistance and s magnitmde s equal woihar of g
comparable MOSFET.
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Bieady state characteristics of an 1GBT
The 1-v charncteristics of an o chaonel IGBT is shown i Fag 17 {a), They appear
qualitatively similar to those of o logic level BIT except that the controlling parnmeter is not a

rase current bul the gaic-cmitter voliage,
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Fig. 17 Siatic characteristics of an BT
(2} Ouipui characteristics; (b) Transfer characteristics

When the gate enutter voltage is below the threshold volage only a very small leakapge
current flows though the device while the collector — emitter voltage slmost equals the supply
virltage (poind C in Fig 170k The device, under this condition 15 said 1o be operaling in the
cul off region. The maximum [orwand voltage the device can withstand in this mode (marked
""rl'l's m Fig 17 a)p 15 determined by the avalanche break down voltage of the body — drain p-n
Junction. Unlike a BIT. however, this break down voltage is independent of the collector
current s shown in Fig 17@). IGBTs of Non-punch through design can block a maximom

reverse vollage H"m} eoual i ‘lr"l_m m the cul off mode, However, for Punch Through IGBTs
Vm is negligible due woihe presence of the heavily doped ms deain buffer Liver,

As the gate emitter voltage increases beyond the threshold voltage the IGBT enters
inte the active region of operation, In this mode, the collector curremt i is determinad by the
transfer charactenstics of the device as shown i Fig 17(b). This charactenstic 1s guahtatively
similar to that of a power MOSFET and 15 reasonably lincar over most of the collector current

range. The ratio of |0 ["'."ﬂ -¥ -ulu’ i5 called the forward ranseomduciance {gr 1of the device

l
and 15 an important parameter inothe gate doive circuit design. The collector emitter voltage, on

the other hand, is determined by the external Joed line ABC as shown in Fig 17().

3%
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As the gate emitier voliage 15 increased funther iE also ingreases amd for a given load
resislange [RI:I L 95 decreases, At one point P becomes less than vgE - 'r'al__lilhj. Under thus
condificn ihe driving MOSFET pan of the IGBT (Fig 160c)) enters inte the chmic region and
drives the output pea-p ransistor to saturation, Under this condition the device is said o be in
the saturation mode. In the satration mode the voltage drop across the IGBT remains almost
constant reducing omly slightly with increasing v

In power electronic applications an IGBT is operated either in the cul off or in the
saturation region of the outpul charactenstics. Smce v decreases with increasing v it 15

TCE uE,

desirable to use the maxinmum permassible value of v#:jn the O state of the device. v ™ Mlnx )

= limited by the maximum collector current that should be permitled to fow in the IGBT as

dhctated by the “latch-up” condition discussed earlier. Limibing "nl'ﬂ__ also helps to limit the faut

current theough the deviee, IF a short ciecuit Fault eccurs in the lead resistance Rr_ (shown in

the tnset of Fig 17(a)) the fauh looad line 15 given by CF. Limiting v (0¥ resincts the fault

current corresponding to the operating point. F, Most KGBTs are designed 1w with stand this
faull carrent for a few microsecomds within which the device must be rumed ofT 1o preveni

destroction of the device.

1.8.2 Applications of IGBT: 1GBTs arc used in high power applications such as:
» Appliance moor drives
# Electnc vehicle motor drives
= Power factor correction converiors
s Upinternupible power supplies
» Salar inverters
= High frequency welders

s [nductive heating cookers
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Chapter — 2 SCR CONTROL CIRCUITS

SCR or siheon contralled rectifier 15 a confmolled device and 1t behoves as o shor
circut while in the on state and as open circwit when in off condition,

2.1Turn On Methods
2.1.1 Describe briefly different methods of TURN ON of an SCR

Turn-o1 method 15 otherwise known as mggenng method. The turning on Process of
the SCR is known as Triggering, In other words, furning the SCR from Forward-Blocking
state o Forward-Conduction state 15 known as Trigegenng.

The various SCR mggenng methods ane

» Forward Voltage Triggening

# Thermal or Temperature Triggenns

= Radistion or Light triggering

= dwiclt Triggering

» e Triggering

(a) Forward Voltage T irg:-

In thiz mode, an sddinonal forward voltage 15 applied "between anode and cathode.
When the anode terminal is positive with respect o cathede (Vi) |, Junciion J; and 15 s
forward brased and junction J7 15 reverse based. Mo current fows due to depletion region m J;
15 reverse biased (except leakage current). As Yy is further increased, at o voltage Vg
(Forward Break Ower ¥Woltage) the junction J: ondergoes avalanche breakdown and so a
current lows and the device tends fo furn ON (even when gale is open)

(b Thermal (or) Temperature Triggering:-

The width of depleton layer of SCK decrcases with increase injunction temperature.
Therefore in SCR when Vi is very near its reakdown voltage, the device is miggered by
increasing the junction temperature. By increasing the junction temperature the reverse biased
junction collapses thus the device starts to conduce

{c)  Radiation Triggering (or) Light Triggering -

For light mzgered SCRs a special termingl niche is made mmside the inner P laver
instead of gate termunal, When bight 15 allowed o stnke thas termanal, free charge camers ae
senerated. When intensity of light becomes more than a normal valee, the thyristor starts

conducting. This type of 3CRs are called as LASCH

(d)  dvidi Triggering:-
40
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When ihe device s forward biased, J; and J; are forward biased, J.is reverse biased,
Junction J; behaves as a capacitor, due to the charges existing across the junction. 1F voltage
rcross the device is W, the charge by () and capacitance by C then,

L=k

0=y

I=OY wde =Cod Vide+ WV .dCde

AsdCide = 0, L =C.dVidh

Therefore when the rate of change of voltage scross the device becomes large, the
device may turn OM, even il the voliage across the device 1= small.

e} Gatle Trigpering:-

This 15 most widely used SCR triggenng method. Applying a posinive voltage between
pane and catlwode can Tum ON a forward biascd thyrisior, When a positive voliage is applicd
at the gate ternunal, charge carriers are injected i the moer P-layer, thereby reducing the
depletion laver thickness. As the applied voltage incresses, the camer injection increases.
therefore the voliage at which forward break-over ocours decreases.

2.1.2 General functions to be fulfilled by gate control circuits

The gate control circuit 15 also called the firng circunt and a finng circuit should fulfill
the following two funciions,

Gy If power circoil has more than one SCR, the firing circwit should produce gating
pulses for each SCR ot the desired mnstant for proper operation of the power circuit.

These pulses must be periodic in nabure and the sequence of firing must correspond
with the type of thyristorised power controller,

(1) Before grving the voltge pulses to the hinng crcut, the volimee pulses should be
fed to o driver circnit. The renson is that the control signal gencrated by a firing circuit may

nof he able o wrn-on the SCR,
2.2 Firing Circuits
2.2.1 General lavout diagram of firing circull

The different firing circuits used ara

® R-Aring circuit

# BC-[iring circuit

o LIIT pulse trigger circuil

& Symchronaous miggering (Ramp Triggering ) circuin

2.2.2R liring circuits or Resistance triggering cireuil:
4]
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The following cirguit shows the resistance Inggering, In this method, the variahle

resistance B 15 wsed (o control (he gate current.

&

1A
AC R
Sﬂume} T C o

® o

Depending upon the value of B, when the magnitude of the gate current reaches the
sufficient value(latching current of the device) the SCR starts to conduct. The dinde [ 15
called as blocking diode, It prevents the gate cathode junction from getling damaged in the
negative half cvcle, By considerng thad the gate circut 15 purely resistive, the gale current s
in phase with the applied volage. By wsing this method wecan achieve maximim
firing angle up fo W7,

2.2 3RC-firing circuit

The following circoit shows the resistance-capacitance tiggenng.

Loan

‘:-:'L'; rceﬁ"'} L

By using this method we can achieve firing angle more than 907, In ihe positive Talf
cycle, the capacitor 15 charged throngh the vanable resistance B up o the peak value of the
applied waltage. The variable resistor R controls the charging time of the capacitor. Depends
upen the voltage scross the capacitor, when suificient amound of gute current will flow o the
circwt, the SCR starts (o conduct. In the negative half ovcle. the capacitor C 15 charped up to
the negative peak value through the dinde D2, Dinde D1 15 used to prevent the reverse break
downof the gate cathode junction in the negative half cycle,
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2.2AU0T pulse trigger circnit

e comimen application of the Uni-junction ransistor is the mriggering of the other
devices such as the SCE. triac etc. The basic elements of such a tnggening cirowt are shown in
figure. The resistor Rg is chosen so that the load line determined by R posses through the
device charsctenstic in the negative resistonce region, that is, tothe right of the peak point bl
Loy the Jeft of the valley poiot, as shown in figure. IF the load line does oot pass o the right of
the peak point P. the device cannot turm on.

For cnauring surn=con of LIT R < Vau—¥p !l

This can be established as below

Consider the peak point at which lae = lp and Ve = Ve

{the cquality Igg = Ip is valid becanse the charging current of capacitor, atb this instant is
zera, that is, the capacitor, al this particular mstant, 15 changing from a charging staie o o
discharging state ).

Then Ve = Vg —fes Be

S0, BgrMAX ) = Vi — Vo T = Vi = Vp Al ai the peak poing

At the valley pomnt, V

Ie= by and W=V so that

Ve=Van— e Re

SORAMING = Vyg— Vi / lpe = Voo — Ve /' Ty or for ensuring iuime-off,

B =Vup—- Vo ik

So, the range of resistar B 15 given 45

Veg— V! lp>Rg>Vas - Yo/ ly

The resistor B s chosen smoll enough so a3 to ensure that SCR 15 not tumed on by
voltnge Wy when emitter terminal E is openor I =0

The voltage Ve = RVepR + Rgg for open-gmitier tenminal,

e R

Sl R R "R
et

-
L

i
+
P L

% T Trggering of s SCK
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The capaciior C determines the gme inderval beiween triggering pulses and ihe itme
duration of each pulse, By varying By we can change the tme constand By © and alter the
poine at which the UIT fires. This allows us to control the conduction angle of the SCR, which
means the control of load current.,

2.2.5 Ramp-Pedestal UJT-SCR Conirol Circuit:

The circuit, shown below, uses a UIT o tmgger a SCR. The UTT 15 used to mome
sccuralely mgger the SCR. When the source voltage exceeds 20V, the zener diode {ng wiill
berin to conduct, applying o DO voltage across the base connections of the UTT. At the sune
e, diode DI will be forward biased, and the capacitor will quickly charge through RJ it Tl

B,. This represents the left-hand pedestal portion of the of the emitter voltage.

%, Sx, =
k0l <470 |_Loan |
- |
- < Ry < By
¥a (D Dy < 33kn s frr.run !_Sl:lt
Ao v Pt :
} hh o
Ka T
[Fon  Towr 2o
. IH:“.I'I" =
I-h. Inm
[--;-—-Tlr ----- TIT Trigges Levd
]
Prdeplimls:

Once the capacitor charges 1o the voltage across Ra' I'_“!IJ will become reverse brased anc
the capaciter will continue to slowly charge through R, This represents the ramp portion of

the emitter voltage.

Large BHi SEmall Ry
"lrS vﬂ 'Y
'a M
|| - - -
I ] X []
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The capacitor conbinues o charge uniil the LT fires, At this point the capacitor will
yuickly discharge through B and this represents the right-hand pedestal of the enntter
voltage. The capacitor discharge is sufficient to trigger the SCE. The point at which the UIT
fires gan be adjusted by varying the pot B3, With a large sefling on B3, the capacitor musi
charge to a larger value before D2 becomes reverse biased, This cauwses the UJT o fire faster,
resulting in more of the source voltage appeanng across the SCR. This can be seen graphically

as shown in the fig.
2. 3Turn-off methods (Communication Schemes)

The term commutation bastcally means the mansfer of corrent from one path o
snother. It 15 not possible for a thynstor to turn itself OFF; the circoit in whach it 15 connected
st reduce the thvristor current 1o 2ero (o enable it w iurn-off

2.3.1  Definition

SCOMMUTATION 15 the term to descnibe the methods of achieving thes, or 11 14
defined as the process of wrning-off a thynisior,
2.3.2  List different types of communication methods

Broadly classified into two methods:

I. Natural commutation

2. Forced comymutation

Matural communtalion

Thiz widely used method of commutation makes use of the allernating, reversing
pature of a0 voliage tooefTect the current iransfer, As the current passes twough natural zero, g
reverse voltage will ssmultaneously appear across the device. This immediately toms-off the
device, This process 15 called as natural commutation since no external circutl (s required for
this purpose.

Forced commutation

In case of doc circuits, for switching off the thyristors, the forward current should be
forced to be zero by means of some external circuits. The process s called forced
ComEmLtation,

Claszilication of forced commuiaiion iechnigques

The classification 15 based on the arrangement of commutating components and the
manner in which zero current is obtained in the SCE. The zix distinct classes by which the
SCR can be mrned off are:

Class A Self commutated by a resonating load
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Class B Self commutated by a L-C circuii

Class C C or L-C switched by another lowd carmving SCE otherwise known as
Complementary commatation

Class I Cor L-C switched by an auxiliary SCR. known as Auxiliary commanation

Clazs E An ¢xtemal pulse source for commutation, alse known as Extemal puolsc

COMImUGEIn

Class F or AC line commutation or natura] commutation
233  Difterent commutation with circuit diagram and waveforms

a)  Line commutation or Class-F commutation

H the supply 15 un alternating voltage, load current will flow dunng the posinve hall
cvele, With a highly inductive load, the current may remain continuons for some fime Gl the
energy trapped in the load indeciance is dissipaled. Durng the pegafive half ¢yele, therefore,
the SCE will turn off when the load current becomes zero "naturally’. The negative polonty of
the voltage appearing across the outgoing SCR turns it off if the voltage persists for the rated
et period of the device, The duration of the ball cyvcle must be definiely longer than the
turnodf time of the SCR. The rectifier mn the below fOgure 15 supplicd from a single phase AC
supply. The commutation process involved bere s representative of that in o three phase
converter. The comverler bas an inpul inductance L, arismg mainly out of the leakage
reactance of the supply mansformer, Tnitially, SCRs Thpand Thy are considered o he
conducting. The niggenng angle for the converter 15 around 6", The conventer is operating in
the confinuous conduction mode aided by the highlv-inductive load. When the incoming
SCRs, Th2and Th2' are miggered, the current throwgh the incoming devices cannod rise
mstantancously o the load current level. A crculating current [se butlds up i the shon-
circuited path including the supply voltage, Va-Ls-Thy~ Thy snd Vs- Ls-Thy-Th, paths. The
period when both the devices conduct is known as the ‘overlap period’, Since atl SCRs are in
conduction, the output voltage for this period is zero, I the 'fully=controlled” conventer in the
figure is used as an inverter with tnggenng angles > 90", the converter triggening  can be
delayed tll the 'margin angle’ which includes the overlap angle and the wm-off ome of the
5CK - both dependent oncthe supply voltages.

16
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Chiss F, natural commuotation by sapply voltage

b} Auxiliary voltage commutation or Class-I¥ commulation

The following circuit is used for auxiliary voltage commutation. SCK, must be
triggered First in order (o charge the upper terminal of the capacilor as posifive, As soon as C

15 charged o the supply voltage, SCR, wall furm off,

SCR py igu n n

+
i ﬂ 1 i
- e o Y [l

K
W E : . 4\
L D e D load |

D o
| o =
— —
Yila /
V J
[oad

When 5C Ry ds trigzered the cument flows in two paths:
# Load current fows through dhe load and

& The cormmatating current flows through C- SCRy -L-D network.
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The charge on T s reversed and held af that level by the diode D, When SCHE 4, 15 re-
rigeered, the voltage across C appears across SCE y vian SCR, and SCEyy 15 turned off IF the
lond cories o constant cwrrent as in Fig. the capacitor agnin charges linecarly to the dot as
posilive.
¢} Resonant commutation or Class-A commutation

When the SCE is triggered. anode current flows and charges up © with the dot as
positive. The L-C-R forms a second order under-damped civeuit. The current through the SCE
builds wp and compleies a half evele, When the inducior current will then attempl to flow
through the SCR in the reverse direction and the SCE will be turmned off, Losd can be either in
parallel with capacitance or in series with the capacitance as in fig below. The capacitor
voltage is ab ils peak when the SCE tums off and the capaciton discharges o the resistance in
wn exponenbial manner [ The SCR s reversesbiased Gl the capacitor voltages retums o the

level of the supply voliage V.

A%
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Chapter-3 CONTROLLED RECTIFIER

Introduction
Single phose fully controlled bridge converters are widely used in many industral

apphications, They can supply unidirectional current with both positive and negative voltage
polarity. Thus they can operaie either as @ oonirolled recrifier or an inverer, The inverer
mide of operation of asingle phase fully controlled mnverter is made possible by the forwiand
voltage blocking capability of the thyristors which allows the cufput voltage to go negative.
The disadvantages of the single phase fully conrolled converter are also related 1o the same
cupability.

Application

Used in high voluige DC transmission, electrometallurgical process, magnelic power
supplies, clectroplating, battery charging, speed control of Do drves, Troction.

3.1 Controlled rectiliers Technigues (Phase Angle, Extinction Angle
control & PWM)and 33 principle of phase control and definition of
firing angle (alpha) and Conduction angle (heta) with schematic diagram
and wavelorms for hall wave controlled rectilier

Erinciple of phase control
T A
L || H s
VA et
S e !
P U, et NUATE TN
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A simple controlled reclifier civcwil copsists of a single thyrister feeding de power (o o
resistive load B source voltage = v = v, sin wik

An SCR can conduct only when anode wolage is positive and a gatng signal is
applicd. A thyristor blocks the flow of Joad current i, untl itis inggered.

Al some delay angle o, a positive gate signal is applicd between gafe and cathode (s
o the SCR. hmmediately full supply voltage 15 applied w the load as v,

Firimg Angle(w): - 1t i= the angle between the instant at which the thyristor would
conduct, if it was a diode, and the instant ab which it 15 imggered.

It can alzo be defined as the angle megsured Trom the instant SCE gers Torward biased
Lo the mnstand it 15 inggered.

Conduction Angle(y): - it 15 defined os the angle during the penod i which the SCR
15 in condwction siaie,

Extinction Angle(f): - 1t 15 the angle measured froom the reference point to the st
ut which the curment extinguishes o rerm.

Relation between fi, y and o

p=u+y
3.2 Classilication of converters: -

The phase controlled converiers may be classified as semi-conventer, full converier,
dual converier, Depending on the input ac supply usad they are classified as single phase and
three phase converlers.

Semi-converter: -A semi-converter i a one quadrant comverter and it has one polarity
of owiput voltage and corrent, It contains a mismre of diodes and thynstors allowing mone
lemuted control over the de vutput voltage level than the full controlled rectifier. It 1s cheaper.
It permits power flow from AC system to DO load. It is also known as half-wave controlled
COMVETTET.

Full-converter: =& full-comverer is a two=gquadrant converter and the polarity of ifs
tutput voltage can be either posiive or negative. However, the output current of full-converter
hus one polarity ooly. Here power can be tansmitted from AC side w DC side {conversion)
and from DA side to AC side (inversion ). It uses only thyristor as rectifying clements.

Dual-comverter: -1 two full converters are connecied back (o back they form a dual
converier. Il cen operate in four quadrants and both the outpul voltage and current can be

cither positive or negative. Normually these are used in high power applications.

0
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3.4 Integral Cycle Contral (ICC)

For poswer iransfer two tvpes of controls are normally used, One is on-off contral or
integral cycle control and another is phase angle control,

In integral-cycle control, thyristor switches connect the load to the ac sonrce for o few
eycles of inpot voltage and disconnects it for another few cycles,

The ICC is otherwise koown as burst firing or zero vollage switching or cvcle
selection.

3.6 Single phase fully controlled bridge converter with Resistive load only

(with & without FI)

The figure shows the circot diagram of o single phase fully controlled bridge
comverier. 1t is one of the most popular converter cireuils and is widely used in the speed
contro] of separtely excited de machines.

The single phase fully controlled bridge converter is obtained by replacing all the
e of the corresponding uncontrolied converter by thyristors. Thyristors T1 and T2 are
fired 1ogether while T3 and T4 are fired 1207 afier T1 and T2, From the circwit diagram of Fig

1030y it is clear that for any Joad current (o flow ai Jeast one thyriztor from the top group (T1,
T3 and one thyristor from the bottom group (T2, T4) must conduct and  neither TIT3 nor

T2T4 can conduct simultanesusly. Whenever T3 and T4 are in the foreard blocking state and
g gate pulse is applied to dhem, they wen ON and o the same Gme a negative voliage is

applied across T and T2 commutating them imumediately, Similar 15 the case for T1 and T2,
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The anly possible conduction modes when the current i can Aow are TIT2 and T3T4,
It may hoppen that ot o given moment sone of the thyostors conduct. This sttuation will
typically occur when the load current becomes zern in between the finngs of T1T2 and T3T4.
e the Ioad current becomes zero all thyrisiors remain off,

In thi= mode the load current remains sece. Conseguenily the comvenler s said th be
operating in the discontinuous conduction mode. Figure shows the voltage across differem
devices and the de ouput voltage duning each of these conduction modes. [t is to be noted that
whenever T1 and T2 conducts, the voltage across T3 and T4 becomes —v,. Therefore T3 and
T4 can be fired only when v is negative ie, over the negative hall cycle of the inpul sopply
voltage, Simularly T1 and T2 can be fived ooly over the positive ball evele of the mwput supply.
The valtage across the devices when none of the thynistors conduct depends on the off state
impodance of cach device,

Under pormal operating condion of the converter the load current may or may oot
remain zero over some inlerval of the input voltage cyele. If ip 15 always greater than rero then
the converler is said to be operding in the confinuous conduction mode. In this mode of
operaticn of the convener TIT2 and T3T4 comducts for altiermarte half cvcle of the inpa
supply.

AT  Explain with circnit diagram and waveforms the operation of folly controfled
three phase bridge converter with Restive load (with & with out FIF)

I full C | ike Brider Cirenit

3 phase power supply are connected in two ways.

(1) Star connection

£23 Delta connection

In a 30 full converter bridge rectifier circuit two thyristor phases are required each
phase with & SCR in a cirewil, This configuration uiilizes bath the positive amd pegative
portion of input signal.

The tharistors are fired at an mterval of o3 at wi= (R6+a

The thymistor are fired at an mterval of @3 at wt = wfeto, thynstor T is already
conducting & thyristor T1 15 tumed on. During the interval (mo%a) < wi < (a/2+a) thvnistor
Tl & T6 are conduct the Iine to ine voltage V= Vi =¥ appears across the load, AL we =
{20 thynstor T2 15 fired & thynistor T6 reverse biased immediately T6 is turned off due o
natural commutation. During the interval {xf1+a) < wt < (Sofh+a) thynstor T1 & T2 conduct

& the Tine o line voltage Vo appears across the load. The firing sequence is 12,23,34,45.56.61
52
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LINE TO NEUTRAL YOLTAGE

Let
Vo =¥ sinavt

Vi = Vo sin iwl-2n3)
Vm = 1'!’... !ijl'! "'ﬁ"l’-l.'l'z-ﬂ.-'l'_:l

Line to line voltage is

Vi = Via- Vo= ¥3 Vo sin (win/6)
Vi = Vho— Vi = 93 Vi sinfwe-x/2)
Va=¥ou— VYo =3 Vi sinwi+n2)

The avecage op voltage

b
Vie=3m | Vab
5%

=3 [7-"V3ven sin(wt + 2)d (wt)
b

= WiV, eomaln For a=0
Voaw = 33V i1

GATING SEQUENCE:-

Cienerate a pulse

signatl @l fhe  +ve  2ero
aussing of the phase voltage
Vam delay the pulse the
desired angle o't & apply
i to the gate & cathode
erminal of T1 through o
pale isolating cki.

Cenergte 5§ mare
pulses each delaved by it
from each other for getting
TLTZTATATS & T6
mspechvely  through  gote

solatmg cht.

e T e Tl

IE‘ iﬁr{;’-_ ]
SNURIN T AN,

'\u-—-""-

J-FHASE FULL CONVERTER

53



Chapter-4 CHOPPER
4.1 Define chopper & its applications.

The fixed voltage of a de source can be converted o a variable average voltage on a
foad by placing a high speed swich betweeen the de source and the Joid. This high speed static
switch 1s called chopper. This high speed switch used may be a thyristor or a BIT or an IGBET
or 4 power MOSFET or may be 3 GTO depending on the application,

Thus a chopper is g power elecironie device thal converts o power direcily from fixed
de to varable de. In other words a chopper 15 a de to de converter.

There are three basic types of do<dc converter circaits, termed as buck, boost and
buck-boost. In all of these circuils, o power device is used as o switch. The buck convernter
ide-dc) 15 called as ‘siep-down chopper’, whereas boost converter {de-do) is a “step-up
chopper”

Applications of chopper

Choppers find their applications in traction motors, trolley cars, hoists and also in
varable speed ac and de drives

The advanteges of chopper include smooth speed control, low losses, high elficiency,
fast dynamic response and regencration capability when applied in drive contral

4.2Principle of operation of
« Step down chopper (Buck converts)

A buck converter Ddo=dc) 15 shown im the below figure, Only a switch is shown in this
figure. Also a diode (lermed as freewheeling) i= used to allow the load corrent oo flow through

it. when the switch (e, o device) 15 tarmesd off

BE

: G Switch L

T 1

=
o
S o~

Fig. 17.1{a}k Buck converser (de-de)
The lvad is inductive (R=L) one. Due to the loed inductance, the load current must be
allowed a path, which is provided by the diode; otherwise, e, in the absence of the above
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diode, the high induced emf of the inductonce, as the load careni ends o decrease, may
cause damage (o the switching device, If the switching device used is a thyristor, this circut 15
called ns a step-down chopper, as the output voltage 15 normally lower than the input voltage.

The cutput voliage and current waveforms of the circuit are shown below,

—f [

Fig. I7.1(b}: Ourput voltage and current wayeforms

The cutput voltage is same as the input voltage, ie., ¥V, =Vg, when the switch is ON,
during the period, Tey= U210 The switch is trmed on at © =0, and then wmed ofT at = T
This 15 called ON penod.

During the next time mierval, T 2 t 2 Ty, the output voltage 15 zern, i.e, Vy =0, ag
the diode Dg, new conducis,

The OFF penod 15 Togp = T =T with the tume period being

T=Tyy + Tog -

The frequency isf=1/T.

The duty ratiods k = Ty T = (Tow M (Tog +#Tapr 11

s range being 10=k=00
« Step down chopper ( Boost converts)

A boost converter (de-dc) 15 shown in below Dgure. A diode 15 used 1o series with the
nad. An inductance, L 15 assumed in senes with the input supply. First the swach, 8 (e, the
device) is put ON (or tummed 0N during the period. Tox > 1> {0 the ON period being Tow The
oput vialiage is zero if no batery (hack emf) is connected in series with the Ioad, The curred
from the source (i, ) Hows in the inductance L. The value of current increases linearly with

time in this interval, with {dif de) being positive.
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v, FOND 0
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J Switch

Fig. 17.2(a): Boost converter (dc-dc)

As the current throvgh L oincreases, the polarity of the induced eml is taken a5 sy,
positive, the left hand side of L being +ve. The equation for the circut 1=,

71 A
y g 9 - n':_,__f.

z dr © I
I! M
I

0 Ton 2T

1
= Torr =]
Fig. 17.2(b): Waveforms of source current (ic)

The switch, 8 is put OFF dunng the period. T2 2T

As the current through L decreases, with it direction being in the same ditection as
showen (=ame as in the earlier case), the induced emf reverses, ihe left hand zide of L being -
ve, 5o, the induced emf (loken as —ve in the equatdon given loter) s added with the supply
voltage, being of the same polarity, thus, keeping the current 1, =i, in the same direction. The
current i, =iy decreases linearly in the timee interval, Toge & the ouipul voltage is assumed 1o

be nearly constant. In this case, the owipul voliage is higher than the input voeliage, as

36

56



contrasted with the previous case of buck converier {de-dke), So, this is called boosi converter

(dde-dic ). when a self-commutated device 15 used as o switch.

e  Step up & Down chopper (Buck Boost converts)

The below figure shows a buck-boost conventer. The connecrion of the diode may be
e, as compared with ils connection in g boost Converler, The induector, L is connecied in
paralle] after the switch and before the diode, The Toad 15 of the same tvpe os given carlier, A
cupacitor, C is connected in parallel with the load. The polanty of the output voltage is
opposite to that of input voltage here, When the switch, 5 is put ON, the supply curreniiis)
fows through the path, V=51 during the time interval, Tos The cumenis through both source

and inductor increase and are same, with difdi being positive.

|_.unu-n|u= + I
i +Is EE \ E Switch 0 -
T : : F
.III-'IIIII’
L
§ IL .r‘. v —— l:'
l D
h 4

Fig. 17.3(a): Buck-boost converter (dc-dc)

The polarity of the induced valtage is same as that of the input voltage. The equation
for the circul is,

diy _¥.

V,=L 2y or,
it dar L

Then, the switch, 8 ix pmt OFF. The inducior current tends o decrease, with the
prlarity of the induced emf reversing, digfdt is negative now, the polanty of the output

virliage, Vi, being opposiie o that of (he inpul volfage, Vs
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2 T T~ T~

| ! l
Tox T 2T

l— Tor —+

Fig. 17.3(b): Inductor current (ip) waveform

The path of the current is through L, parallel combination of load & C, and dicde I,
during the me mterval, Tome The output voltoge remains meacly constent, as the capacitor 15

connected soross the lood.

4.3 Control Strategies of chopper (TRC & Current unit)

In all cases, it is shown that the average value of the owipar voltage can be varied. The
oo types of control strategies (schemes) are employed in all coses, These are:

{a)  Time-ratio control, and (B) Current limat control

Ti % rol (TRC)

In the time ratic control te value of the duty ratio, kK=TowT 15 vared. There are teo
wiyvs, which are constant frequency operation, umd varisble regoency operation

C ¥ ) \

In this control strategy, the OW fime, Tox is varied, keeping the frequency or dime
peniod £ = I/T constant. This is also called as pulse width modulation contral (PWM).

Two cases with doty ratios, k as (a) 023 (Z5% ), and (b} (.75 (75%) arc shown in the

below figure, Hemee, the ouiput voltage can be varied by varving ON tme, Tow
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Load-yoliage
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Wy

j— T — I =

Fig. 17.4: Palse-nidth medulation comtrel {constant freguencv)

Variuble Fregquency Operation
In this contral strategy. the frequency [ f= 1T ), or time penod T is vaned, keeping

cither (a) the OM ome, Tow constund, or (b) the OFF gme, Topp constant.

LT

T T o | ko= .32
—

Ta

| i L

F—— =

() Constami Tox

Va

Torr Ton k=033

=T =

Lawd voltage

e

e
I ton G .I Iit_ .

(b Constant Topy

FI!: 17.8: Omrpar moltage mavelorms far variabie 'I"rfr.:unc:r SYIem
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This is also called as frequency modulation conirol, Two cases with {a) the ON time,

constant, snd (b} the OFF time, constant, with variable frequency or bme pened are shown in

below figure. The output voltage can be varied in both cases. with the change in duty ratia, k=

Tow' T

4.4 Different chopper configuration
(Single guadrant class A and class B, Two guadrant class C and
class D & Four quadrant class E)

Classification (O Choppers
Depending on their operation Choppers are classified as follows.

I:

Class A Chopper

2 Cluss B Chopper
3 Class C Chopper
4. Class D Chopper
5. Class E Chopper
Singl i —

When chopper 15 ON, supply voltage ¥ 15 connecied across the lowd, When chopper 1s

OFF, vo=10 and the load current continues o flow in the same direction through the FWD (

Freewheeling diode). The average values of output voltage and current are always posifive.

Class & Chopper is a step=down chopper in which power always Mows form source o Toad,

[ L - & ¥a
Bt il s 1
s ]
= O L
V.= al = vp
T FWD o l /
| / .

Clazss A Chopper s a first quadrant chopper .

Tr b5 used o control the speed of de motor, The ouipul current equations obixined in
step down chopper with B-L load can be used 1o study the performance of Class A Chopper [t

i used to control the speed of de motor. The output current equations obtained in step down

chopper with E-L load can be used o study ihe perfermance of Class A Chopper

il
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v Danpul valtage

W

When chopper is ON, E drives o current through L and B in a direction opposite to
that shown in figure,

1]
L1 o " Ya
1™
R
4 8
Ve E | L %
—— I.--.--I
Chopper i
TE 4

Class B Chopper operates in sacond quadrant

Dunng the ON period of the chopper, the inductance L stores energy. When Chopper 15
OFF, dinde D conducts, and part of the energy stored in inductor L is retomned 1o the
supply. Average ouipnl vollzre 1= positive and average outpul current s negative, In this
chopper, power Hows from load 1o source. Class B Chopper 15 used for regenerative braking
of de motor. Class B Chopper is a step-up chopper.

il
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Two Quadrant Class-C Chopper

Class C Chopper 15 a combination of Class A and Class B Choppers. For first quacdrant
operation, THy is ON or I); conduets

.

F—

For second quadrant operation, CH: 15 ON or Dy conducts. When CH,

ig (N, the losd current 15 pasitive. The output voltage 15 equal to *V" & the load
receives power from the source, When CHy s furned OFF, energy stored in induciance L
forces current to Aow through the diode D md the outpot voltage is oo, Current continwes 1o
flow in positive direction.

When CHa is riggered. the voltage E forces current to flow in opposile direction
theough Loand CH:. The owipur voltage is sera. O purping OFF CHa, the energy stored in the
mncductance drives current through diode Dy and the supply. Outpot voliage 1= V, the inpat
current becomes negative and power flows from load to source, Average output voltage is
pasitivie, Average oculpil curment can takie both positive and negative values, Choppers CH, &
CHa should not be turned ON simultaneously as it would result in short circuiting the supply.

P
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Class C Chopper can be used both for de metor control and regenerative braking of de motor.
Class C Chopper can be used s a step-up or step-down chopper.

Lol | Gate pulee
afl CH;
-
fs2 5. Gaw polie
" wf M
! L } t
L | i ]
\ _allwipet current
r =
- i
D, jecH, D, B, ieCH, -
. 0N oN Poo |
" JOwipul valiage
=1
Two Quadrant Class-D Chopper

Clags IV is g two quadrant chopper.

r
I

Chy Ug
= L E
"'.-"—.r
= 'uc':—}
['5'1 I:_.H:

When both CHjand CH: are triggered simultancousty, the outpot voltage vig = W oand
output curred flows theoueh the load. When CH, and CH. are tumed OFF, the load ¢urmednt
continues o flow m the same direction through load, Dy and [ | due to the energy stored in
the mductor L. Output voltage v, =- ¥V . Average load voltage s positive if chopper ON time
i5 moere than the OFF time, Average oulpul soltage becomes negative if tow=< toes Henge the
direction of load current 15 always positive but load voltage can be positive or negative.,

i3
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Class E 1= o four quadrant chopper. When CH, and CH, are triggered. output current iy
flows in positive direction through CHy and CH,, and with output voltage vy = V. This gives
the first quadrant operation. When bath CH; and CHy are OFF, the enercy stored in the
ndductor L drives i, through D, and Dy in the same direction, but output voltage vy,. Therelore
the chopper operates in the founh guadrant, When CH; and CIHs we tnggered, the load current
in flows in opposite direction & output voltage vo = -V, Since both io and vio are negative, the
chopper operates in third quadrant, When both CHz and CHy are OFF, ihe load curment io
continges 1o Aow inthe same direction Ty and Dy and the ompul voliage vo=V, Therefore the

chopper operates in second guadrant as vois positive bot in is negive.
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Four Quadrant Operation

CH,-D,Conducts CH;-CH,ON
D, -D,Conducts |CH,-D, Conducts

CH;-CH, ON D,- D;Conducts
CH;-D,Conducts |CH,-D, Conducts
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Chapter-5. Inverters

The word “iverter” o the context of power-electronics denotes a class of power
conversion {or power conditioning) circmts that operates from o de voliage source oroa de
current source and converts it 1nto ac voltage or cumment. The “inverter’ docs reverse of what
ac-to=d¢ ‘convenier’ does (refer 1o ac 1o de converrers)

Inverter is @ device which converts do power to ac power ot a desired output voltage

and frequency {or at a desired current level and frequency |

5.1 Classification of inverters

Inverters can be broadly classified into two types, viz. voltage source inverter (V51)
and current scrce inverer (ST

According o the connection of semicomlucior devices they wre classified as (1) Bridge
iverter (2] Senes inverter and (3) Parallel inverter,

I nomenclature inverter” 15 sometimes also wsed for ac to de converter circuits if
the power flow direction is from de o ac side

Hloverter” 3 refared as-a circod that operates from a safl do source and generates ac
output. If the input dc 15 a voltage source, the inverter is called a voltage source inverer (V51
Similarly a current sowrce inverter (CSTh 15 one, where the inpot to the cirgust is & curreni
sEUrCe

The V&I coout has direct control over “owutput (ach voltage” whereas the OS] directly
contrals ‘output {ac) current’. Shape of voltage waveforms output by an deal V51 should be

independent of foud conmected,

5.25ingle phase half bridge voltage source inverter

A single-phase square wave type valtage source inverter produces square shaped
tutput voltage for a single-phase lowd. Such inventers have very simple control logic and the
power switches need to operate al much lower frequencies compared Lo switches in some
other types of inverters.

I i= assumed that the input de vollage (Eg ) is constant and the switches are lossless. In
half broidge topology the wput de vollage 1= split i two equal parts through an ideal and loss-
less capacitive potentinl divider. The half bridge topology consists of one leg (one pole) of

switches whereas the full bridge fopology has two such legs, Each leg of ihe inverer consisis

i
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of two series connecied elecironie swilches shown within dofied lines in the hgures, Each of
these switches consists of an IGBT type controlled switch across which an uncontrolled dicde

15 put in anti-paralle]l manner.

A 1-phase half bridge VSI

These switches are capable of conducting bi-directional current but they need to block

oty ome polarity of voltage. In hali bridge opology the single-phase ook is connected
between the mad-point of the mput de supply and the juncton poant of the two switches (in
Fig. abowve these points are marked as “0° and A’ respectively). For ease of understanding,
the switches Swl and 5w may be assumed o be controlled mechanical switches that open
and close in response (o the switch control signal. Now, if the switches S« and 5w2 ane
turned o alternately with duty rabio of each switch kept equad to 0.5, the foasd voliage {¥AQ)
will be sguare wave with a peak-to-peak magnitude oqeal to inpul de voltage (B, Fig. shows
i rypical load voliage waveform outpor by the half bridege inverter. VAQ sequires o magniiude
of +0.5 Eg when Swl is on and the magnitude reverses o <005 By when Sw2 i= inmed on,
The peak-to-peak magniude of the fundwmental frequency component of the squore wave
voltage, is egual to 4imky. . The two switches of the inverter leg are tumed on In a
complementary manner, For a genersl lead, the swilches should peither be simulianecusly on
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nor be simultaneously off. Simultanecus wrm=cn of bofh e switches will amount o shor

circut across the de bus and will cause the switch currents o nse rapidly.

Fundamental 3rd harmonic
component compenant

= 0.5
g . 4 Y Load
>

NAANAANANRN N vme
V UMUMU

Equare wave load voltage output by hali-bridge mverter

5.38ingle-Phase Full Bridge Inverter
The single-phose full bridge ciremt (Fig. shown below) can be thought of as two half

bridge circuits sharing the same de bus,

= 'Sw2 Y 'Sw4

s

N
A 1-phase full-bridge V51

The full bridge circoit will have two polesvoliages (Voo and Vo), which are similar io
the pule voltage Vao of the half bridge civowit, Both Van and Ve of the [ull bndge circut ane

sgquare waves but thoy will, in gencrul, bave some phase difference. Fig. shows those pale

iR
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voltages staggered in time by *t" seconds. 1t may be more convenent io talk m terms of the
phase displacement angle "3 defined as below!

iy =27 #71 Radians, ey e {1},

where 17 15 the time by which the two pole voligzes are staggered and “T7 15 the time

penod of the square wave pole voltages,

The pole voltage VAO of the full bridge inverter may again be wintten as in Eqnii),
used earlier for the half bndge mverter. Taking the phase chift angle “0 into account, the

pole-B voliige may be wrillen @5

-
ey = Z 2L s o wi — @)
n=13517. .= niw
Dnfference of Vanand Veo mves the line voltage Vag. In full bndge inverter the single
phase load 15 connected between pomnts *A” and "B and the voltage of interest 15 the lood

viltage W Taking difference of the vollage expressions we get

n
Vs = z .- [sin mwit — sin nlwi — :I}_}]
n=1357 . M
0.5E de
TR T o7 =
v
T s A '_/— time
v Swd - sz o 5 : #
—— H— .
v Ut BT2 T 2T a1 O3B ge
Bl | ——
0 =42k = ' 5“’3 ' i i : ﬂm&
_— - Swd -1 " Swd ' :
_~E 4
=*Ti2
vM l time
0 t T 2T 3T \-
. =
0.5T

Pole and line voltages ourput by 1-ph. full bridge inverter



5.4Three phase bridge inverter

A J=phase bridge tvpe VAT with square wave pole voliages is described below. The
output from this inverter is to be fed 1w a 3-phase balanced losd. The below fgure shows the
power circult of the three-phase inverter. This circmit may be identified as three single-phase
half-bridge inverter circuits pul across ihe same de bus, The individual pole voliages of the 3-
phase brdge arcuit are identical to the square pole voltages output by single phase half bndge
or full bridge civcuits. The three pole voltges of the 3-phase square wave inverter are shifted
iry e by one third of the owput me period

I may be seen that with the chosen numbenng the switches lum on 1o the sequence:-
Swl, Sw2, Swd, Swd, 5w, Swh, Swl, Sw2,  and so on. ldentifying the switching cycie
time as 360 degrees (2a radians), i can be scen that cach switch conducts for 180" and the
urning on of the sdjacent switch is staggered by 60 degrees, The upper and lower swiiches of
euch pole (Jeg) of the inverter conduct in o compléementary manner. To reverse the output

phase sequence, the switching sequence may simply be reversed.

B
SEoSwd =SS
¥ % F y
JK 1 -:-K \
I i | i
i‘ [
% 4
s :
‘1 - \ I x
% J.phase
'4' 1 TK | halanced load
1 I
J' f T! -
i s
i 5 = ‘-mh ”'1 =7 Sw2
n C

A d-phase Yoltage Souree Inverter (V51) feeding a batapced load

Considering (he symmetry in the switch conduction pattérn, it may be found thar at any
e three swikches conduct. It could be two from the upper group of swiches, which ae
oonnected o posiive de bus, and one from lower group or vice-versa {Le., one from opper
group and iwo Trom lower group). According 1o the conducnion paticrn indicatcd in wavelorm
diagram there are six combinations of condecting switches during an oulpur cvcle: = (Swi,
Swh, Swl), (Swo, Swl, 5w2), (Swl, 5w Swi), (5w Sw3, Bwd), (5w3, Swd, Swih), (Swd,
Swi, Swh), Each af these combinations of switches conducts for &0 in the BEQUETCC

mentionsd above (o produce cuipul phase sequence of A, B, C.

T
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Some relevaw valiage waveforms ontput by a S-phase square wave V5[

5.5 Applications of inverter

Iverters are used in vanable speed ac motor doves, induction beating, UPS
iuninterruptible power supplies), stand-by air-craft power supplies, HYDC transmission Line,
regulated voliage and frequency power supply.
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Chapter-6. CYCLOCONVERTER

The cyclo=converier 15 a tvpe of power coatroller, where an altermating voltage at
supply trequency is converted directly to an altemating voltage at load frequency (normally
fovecr, without any inlemmcdiate dc stage.

Simply, it can be defined as a device that convers ac power af one frequency 1 ac
power at a different frequency with single stage conversion.

6.1 Types of Cycloconverter

Depending on frequency oycloconverters are of teo Lypes. viz. Step=up cveloconverter
and Step=down cycloconverter.

In step-up type cycloconverter the output frequency (fa) 15 greater than the supply or
iput frequency (F) ie, B =

In srep=down type the output freguency 15 Tess than the input frequency, e, fo< 6
Sumilarly depending on supply it 1s of 3 types, viz, 1-0 to [0, 3-0 10 3- @and 3-@ w -0,
Also depending on the tvpe of connection it is of mid-pont type or bridge type.

Applications of evcloconverter

Bz vanous applications include speed control of high power ac doves. induction
hecating, static Y AR compensation. Also used for converting variable speed altemator voltage

i constant frequency outpul voltage for use as power supply in aircralt or chip=boards,

6.2 Advantages and Disadvantages of Cyclo-converter

Advantages

I. Ina cycloconverter, ac power at one frequency s converted directly o a lower
frequency in o single conversion stage.

L. Cyeloconverter functions by means of phase commutation, without auxiliary forced
comumutstion circuits, The power circuil 1s more compacl, eliminating crcuit losses associated
wilhy forced commutation.

3. Cvcloconverter 15 inherently capable of power transfer in cither direction between
source and lood. & can supply power to loads at sny power factor, and is also capable of
regeneration over the complete speed range, down to standstll. This feature makes it
preferable for large reversing drives requinng rapid acceleration and deceleration, thus sunted
for metal rolling application,

4, Commuodation failure capses a short ciccuil of ac supply, Bul, il an individual Tesc
blows off, o complete shutdown is not necessary, and cycloconvertor continues to function
with somewhat distorcd waveforms, A balanced load is presenicd 1o the ac supply with
unbalanced ootput conditions,
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5. Cyeleconverier delivers a high quality sinuscidal waveform at low  owiput
frequencics, since it is fabricated from a Jarge number of segments of the supply waveform.
This 15 often preferable for very low speed applican ons.

6. Cycloconvenier is extremely atiractive for large power, low speed drives.

Dhisad vantapes

I. Large number of thyristors is required in & evelogonverter, and its conirol cirewitry
hecomee s more complex. Tt is not justified touse it for simall installations, but is cconomical for
umits above 201 KWV A,

2. For reasonable power output and efficiency, the outpat frequency s limdted 0 one-
third of the input frequency.

3. The power factor 15 low particularly of reduced putput voltages, as phase control 1s
used with high finog delay angle.
6.3O0peration of Single-phase to Single-phase Cyclo-converter

The circuil of a single-phase to single-phase cvclo=converier 15 shown in the below
figure. Two full-wave fully controlled bridze converter circuits, wsing four thyristors for each
bridge. are connected in opposite dircction (back o back ). with bodh bridges being fed from ac
supply (50 Hz), Bridge | (P — positive) supplies load current in the positive half of the ouipu
cycle, while bridge 2 (N - pegative) supplies load current in the pegative half. The o
bridges should not conduct fogether as this will produce short-circuit at the input, In this case,
o thynistors come in series with each vollage source,

Kesistive (K} Load:

For this load, the load comrent (instantancous) goes to zero, as the input voltage at the
ciod of cach half cvele (both positive and negative) reaches zero (0],

Thus, the conducting thyristor pair in one of the badges ums of af that bme, 1.e. the
thyrstors umdergo natursl commutation. 3o, operstion with discontineous cumrent takes
placeias shown in the waveform), as current Hows in the load, only when the next thyristo
patir in that bridge is riggered, or pulses are fed ai respective gates. Taking Drst bridge |
(positive), and assuming the top pownd of the oc supply as positive with the bottom point as
negative in the positive half cyele of ac input, the odd numbered thyristor pair, Piie Py s
triggered atter phase delay (u; ), such that current starts Aowing through the load in this half
ycle. Inthe next (negabve) half cvcle, the other thymistor par (even=numbered ), P:& Pan that
bridge conducts, by triggering them atter suitable phose deloy from the start of zero-crossing.
The curred flews through the Joad in the ssme direction. with the ocutpul voltage also
remaining positive, This process confinues for one more half covele {making o wotal of thres)
of impuot voltage (=f; 50 He).
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To obtain negative output voltage, in the next three half cveles of input voltage, bridge

2 15 used. Following same logic, if the bottom point of the ac supply 15 taken as positive with
e fop point as negative in the negagive half of ac input, the odd-mambered thyristor pair, MN&
Mz comiducts, by riggering them afler switable phase delay from the #ero-crossing. Similarly,
the even-numbered thyrisior pair, Na& Ny conducts i the next half cyele.

Both the output voltage and current are now negative. As in the previous case. the

above process also continues for three consecutive half eveles of mput voltage.
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Chapter-7 Protection, Ratings & failure of Power

Electronics Devices

T.1Give specification, ratings and nomenclature of Thyristors

The performance of an SCR 15 affected by the junction temperature, because of change
in carricr densitics in the four lavers and the junction temperature naturally depends upon the
internal power losses of the device and the effliciency of heat transfer mechanism, The Factors
contnbubing toward s i juncion emperalure are

s On-state voltage drop scross the device (SCR),

» Leakage current in the blocking or off state amd

» Power dissipation af gage

There are three types of rtings for an 3CR like continuous; repetitive and non-repeti-
tive., HBecanse the SCR has a short thermal time constant, there 1z no difference beboseen
comtinuous and intermitient ratings above a few second comduction period,

(a) Confinoous Current Ratings,

Continuous current ratings of SCRs are normally given in terms of average or ms
values depending upon whether the device is wnilateral or bilateral, However, rins curreint
ating 15 more commonly used n the rating procedure for a device. The rms current rating of
the device is useful, because it is essentially independent of the conduction angle, whereas the
average curment rating decreases with the decrease in conduction angle. Also, the rms current
rabing of the device is lirger than the average current rating. This rms current flows through
the conductive part of the lead assembly, the device wiring and internal assembly pars ancd
raises the temperature, The mms curment mting must be limited o a safe value lo prevent
excessive heating in the resistive clements of the SCR, such as joints, leads ctc. The mms
urrent rating is also imporiant when SBCEs are used 10 supply large peak current oo a load
with low duly cvele.

th) Repetitive Overoad Corrent Ratings.

It is very comumon For rectifier coguipment o frequently run on o over-load, Though the
duration of oversload is shor, i is repeiifive. Tv is quite ohyvious thar the peak allowahle
Junction emperature is never 10 be exceeded under any condition. So, the magnimde. duration
and repetitive frequency of the overload current of the device should be such that under no

e the peak allowable junction fempersture 15 exeeeded, This again depends on the thermal
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resistanee and ransient thermal impedances of the device and the type and size of the heat
snk. It also depends on the method of cooling (Le naturad o cooling or forced wir coolimg),
the velocity of conling nir, ambient tempernture etc,

(e} Non-repetitive Surge Current Ratings.

Mon-repetitive surge comrent ratings of fhe SCR: are provided by the manulacturer,
such surge current is assumed o be imposed on the device when 1t 15 operating at the
nuvomum rated voltage, cument and temperature comdition ina half-wave circuit delivering a
resistive load. These ratngs are such that during the surge current, the meaximum repetitive
junction temperature of the device may be exceedad. During this briel peried, the foreard
blocking capability of the device 1= lost untl the device 1= cooled down o or below the
maximum rated operating temperature. The surge current is not a regular feature of the device
andd ocours during severe faalt condition, These ratngs provide the instantancous over=od
capacity of the device and are vsed i designing the protective devices for ik Such catings ae
usually provided in lerms of non-recuming surge corrent with respect to time duration of
occurrence and 1L The maximum surge current rating is provided for minimum time duration
of one half cvele of the supply frequency, e 10 ms; for the supply frequency of 50 Hz, T
mtings apply for non-repentive surge overloads shomer than one half cycle. At this condition
SCE behaves like o resistor with a fixed thermal capacity. The heat dissipatton duning the
amall penod is pegligible, i rafing of the device represenis the capability of the device 1o
withstand the overload current For the specified time, The cumrent 15 rms value for the e
interval t.

7.2 Over voltage and over current protection of SCR

SCEs are sensitive o high voltage, over-carrent, and any form of ransients. Fo
sutisfuctory and reliable operation they are required to be protected aguinst such abnormal
operating conditions. Because of complex and expensive protection, usually some margin 15
provided in the equipment by selecting devices with ratings higher (3 or 4 times higher) than
those required for pommal operation. But 1t 15 always oot economical o use devices of higher
ratings. hence ther protection is imperative,

Over=voltage Protection,

T
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Dheer-woltigge Profeclion

Hizh forward voltage protection 15 inherent in SCRs. The SCR owill breakdown and
start conducting before the peak forward voltage is ottsined so that the high voltage s
transfered (o another part of the circuit (usually the load). The turn-on of SCR causes a large
current i Jow and poses a problem of over-current protection.

Crver-curment Protection,

;l ]"!Rﬁ!-'

. o

—{ L0

Chpr-oprrent Y nfecfins

Dhver=current prolection can be provided by connecting a curcutt breaker and a fuse
series with the SCR | oy usunlly done for the protection of any circuit. However, there are some
reservations to their use, & semiconductor device is capable of @aking overloads for a limited
period, sothe fuse used shaubd have high breaking capacity and rapid intermaption of current.
There must be a similarity of SCR and fuse It rating without developing high voltage
transients which endanger those SCRs in the off or infinite impedance condition. These ane
contradictory  requirements  necessitnting voltnge profection when  fast-acting  fuses are
employed, Fuses when vsed, their are voltages are kept below 15 times the peak circuit
voltage, For small power applications it 15 pointless to employ high speed fuses for carcuit
protection because it may cost more than the SCE. Corvent magnitmde detection can be
amployed and is used in many applications, When an over-current is detected the gate circuils
wre controlled eifher w furn-off the appropriate SCRs, or in phase commuztion, o reduce
the conduction penod and =0 the average value of the current.

It the output to the load from the SCR cirenit is altemating current, LC resonance
prowides over-current protection as well as filiering, A curremt limiting device employing a
saturable reactor is shown in Orure, With normal currents the saturable reactor Ly offers hugh

impedince and C and L are in series resonance to offer zero impedance to the flow of current
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of the fundamental harmonic, An over-currend spiurates Ly and so gives negligible impedance.
There 1= LC prallel resonance and hence mfinte impedance o the flow of current at the

resnnant frequency.
7.3 dv/dt and di/dt protection of SCR

= For reliable eperation of BCR, it should be operated within ihe specific rafings.

# SCR= are very delicate devices and so they must be protected aganst abnormal
operating conditions. Yarious protection of SCR are

di/dt Protection

dwv/di Protection

difdi Prodection:-
o i i the rate of change of currem ina device.
v  When SCE is forward biased and is twmed ON by the gate sigma, the mmode curremnt
fliws,
»  The anode current reguires some time fo spread inside the device, [(Spreading of charge
cirriers)
o Butaf the rate of nse of anode current (du/dt) 1= greater than the spread velocity of charge
curriers then local het spots 15 crested near the gate doe to increased current density, This
localised heating may damage the device,
e Local spot heating s avoided by ensuring that the conduction spreads (o the whole arca
very rapidly. (OR) The difdl value most be maintained below a threshold (limiting) value.

o This is done by means of connecting an inductor in series with the thynistor

# The inductance L opposes the high diddt vanations,

= When the current vanation 15 high, the inductor smoaths 1t and prosects the SCR from
darvage, (Though di/di vaciation is igh, the inducior 'L smooths i because it takes some thime
o charge), L = [Vs £ {difd)]

dv/di Protection:-

= dvdditis the rate of charge of voltage in SCH.
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= We know ihat i-=C.dv/dL e, when dvidi is high, i is high.
# This high curreni{i- may turn O SCE even when gate current i= sero. This s called
s dv/dt turn O or false tum ON of SCR.

It is somenmes necessary 0 use one resistor for dv/dl and another for limiting the
discharge currcl of the snubber capacitor, This arrangement is shown in figure ek [n this
circuit, Ky and Cg are wsed for dwidy protection, while Ry + R. is used for limiting the
capacitor discharge current.

The load can alse be placed in series with the snubber components as shown in figure
(.

7.4 SNUBBER CIRCUIT:-

To protect the thyristor against false turn ON or ageinst high dvidt a “Soubber Circuit™
iy m=ed.

o o

L.

= The snubber Circuit is a series combination of resistor R and capacivor C,
# They are conpecied across the thyrisior i be profecred,

» The capacitor T'is used to imit the dv/dt across the SCR.

= The resistor R is used to limit high discharging cumrent through the SCR.
» When switch 8 is closed, the capacitor 'C* behaves ns a shart-circuit.

# Therefore voltpge across SCR 15 zero.

# As me increases, voltage across 'C'increases al a slow rate.
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s Therefore dv/di across 'C and SCE 15 Fess than maximum dv/de ratng of the device.

# The capacitor charges to full woltage Vs; after which the gaie 15 ingeered, and SCR 15
turned ON and high current flows through SCR.

= Ay diddi is high. it may damage the SCR.To avoid this, the resistor B in series with
O will Taoma ihe magoitude of difd

s The technique of ‘soubbing' can apply to any switching circuit, not only 1o
thyristonfriac circults.

s The rate of nse of wm-off wvoltage 15 determined by the Ome constant
R.C. Where Ry is the circuil minimum load resistance, for instance the cold resistance of a
heater or lamp, the windiog resistance of a motor or the ponmary resistance of 4 ransfoomer.

7.5Describe the process involved in selecting an SCR for a

particular application

The voltage and current ratings are iwnpodtant before selecting an SCR for a particular
application, The vollage ratings of SCRs rare given for both stead -siate and fransient cperation
ancd Tor hoth forward and reverse bocking conditions, Consideration mwst be given o

# Load Voltage = AC or DC, Line Voltoge,

# Load Current - AC or DC, Max and Min.

= Input Valtage - AC or DC, Max and Min.

& Ambient Temperaiore « Beguired for Derating and heatsink calculations,

s Mounting Style - PCE, Chassis or DIN Bal Mounting

= Infernational Approvals - UL, CEA, VDE, TUV, cic
7.6 Reliability of SCR and mean time between failures (MTBF)

As a silicon semiconductor device, the SCR s compact, static, capable of being
passivated and kermctically sealed, silent in operation and frec from the effects of vibration
ad shock. A properly designed and Tabrvicated SCR fuos no dnfierent failsre weckanisie, When
properly chosen and protected, it should fove virtually an operating lije without linits, even in
hursh atmosphere. Conscquently, countless billions of operations can be expected, even in
explosive and corrasive environments. All components — including power semiconductors —
have the potential of fling or degrading in ways that could impair the proper operation of
such swvstems, Wellsknown circail technigues [including fusing and  self-checking) are
wvailable to protect agamst the effects of such phenomena, For any systems where safery 15 in

question fault analysis is recommended.

il
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Mean Time Between Failures (MTRF)

Calculating Mean Time Before Falure (MTBF) for a solid state relay 15 at best, o
tricky proposition. Unlike a typical electromechanical relay, there are several vanables that
will directly impact the lile expectancy of a solid staie relay inoa given application, These
variables prmarily revolve around the clectrical characteristics of the application, such as load
curment, the duty-cycle of the load, the ambient temperature inside the panel, surge currents,
etc. However, mechanicul issues such as the mowntng method, avalable arflow, and thermal
interface between the relay and the panel heat sink also impact the relay's life expectancy,

Therefore, Crydom does not publish a “lixed” MTBF specification. Instead, we
provide an estimated MTBF specilication range based on histoncal observation. Thal 15, we
calculate the MTRBF by taking the total in-service hours over the previous two-year period and
dividing that by the aumber of retorms we have received from the field over the same period of
tme (solid state relays that were misapplied by the customer are pot considered o the
ulculation). " In-service hours® is simply calcolated by taking the pumber of products shipped
wwer the specified penod and assuming that they were in operation for cight hours per day
over @ five day work week. Then, wo ensure hat we maintain an adequate margin of error, we
assume that only 10% of all feld fallures are retumed o us for analysis and adjust the results
acoordingly.

The final resuli vields a MTBF rating of between 2 million and 40 millien howrs,
depending upon the product famuly, Howeser, for the sake of simplicity we state that the
MTRBF rating for our solid state relays is >2 million howrs.

MTBF - or Mean Time Between Failures is calculated in hrs and 1= a prediction of a
sohid state relays reliability, MTBF = L3 ( fwlwre rate)

1.7 The three failores of an SCR (Mechanical, Electrical and Thermal)
Mechanical

o Auxiliary Cothode and Gate Leads not Twisted

o [f the auxiliary cathode (small red) and gate (white) arc not twisted together properly
il can cause false wiggering or the device fuming on whin it shoold be of, The proper teisi
for these is one twist per inch, This eliminates EMFE (o k. o, nodse),

# Loose gate connection ol SCR or termina] board,

# This is vpically caused b improper or non-soldered gate connection o the device
mndfor finng board, B could also be the result of improper matching of connectors. That s,
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metal or plastic undersized male connector fitting inic female connector, There were
incidences when they wsed 3167 male with %7 female, This will create heat (40 volt
potentiol ), which in mim melts solder to the terminal boerd and breaks the connection.

® Riul snubber (R&C) network across SCR,

# Snubbers are resistor capacitor networks (circuits) which limit rapid rises in voltage
or current in short time periods. If the snubber network 15 malfunctioning or not designed to
handle the load [ as some of the older units did), spikes can be passed on to the 5CE cousing
failure.

Elecirical

» Cold sobder joint on either the gate drive circnit or the snubber netwaork are suspect 1o
poor connections, Again, it boils down o geging good connections, avoiding heat build up
und making sure there are no spurious paths for the current to take.

= Bad finng amplifier.

» A SCR may show that f 1= ool conducting when it should be. This may be caused by
insufficient, ar no gute drve coused by a bad firing amplifier.

® Small crack in the printed circuit board elecirical civeuir,

® O of the more Trostrating and hard o find problems 15 o soall crack in the printed
circuit board circuttry, This shows up as an intermittent in the system and therefore 15 difficult
o frnce.

Thermal

® Lass of cooling.

» The system cooling can either be hguid or air in conjunction with a pump and/or fan.
If the cooling system fuls, from clogged filter, loss of conlant pressure, or mrtlow, then the
entire circuil is i danger, Significant heat i generated by these components and overbealing
will eventually cause junctions to start Tuilimg.

® [sulficient gate drive to the SCR.

« SCRs need a hard drive o ger the total junction on and ready (o accept the sysiem
current. A hard drve is typically am initial gatng pulse of 25 volis af 1 amp for ]
mucrosecond then ropidly decavine o 3 wolis and 500 mulbiamps. I the pote drve s
msnfficient to get the tofal junction on thin when the system current pulse occurs it wall hit the
portion of the junction that s o, This can cause a cumrent bum through destroving the
Junction thus causing a device latlure.

» Cracked Tnsulation,
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« Old msulatton that has become cracked can cause a short circuil under nonnal
operating conditions.  This will cause massive fatlure of electronic components including the
SCR.

# [n sumunary, SCR s will nog fail by themselves, Something external causes then to
fail. Before you pullout the failed SCRs and install new ones make sure vou locate the calse
of the failure. Check the above ten possibilities. I vou still don’t know the reason. have the

failed devices analyred to see if the junctions will give you an indication of the fulure mode.
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Chapter-8 Induostrial Electronics

8.1 Power Supplies, Stabilizers and Generation voltage regulators

Power Supplies

A power supply 15 an electronic device that supphes clecinic energy 1o an clecinical
foted, The primary funetion of & power supply i5 e convert one form of electrical energy o
wrher and. as a resully, power supplies are spimetimes relerred o as electric power converters,
Some power supplies are discrete, stand=glone devices, whereas others are bult inio larger
devices along with ther loads. Examples of the loter include power supplies found in desktop
compuoiers and consumer electronics devices,

Every power supply must obiain the energy it supplies o its load, as well as any
energy it conswmes while performing that task, from an energy source. Depending on 1ts
design, a power supply may obtain encrgy from various iypes of energy sources, including
electrical energy transmission sysiems, energy storage devices such as a batteries and fuel
cells, electromechanical sysiems such as generators and allecnators, solar power converters, ot
inother power supply.

All power supplics have a power inpat, which receives energy from the cnergy: sournce.
andl 8 power outpul tht delivers energy (o the oad. Tn most power supplies the power inpat
and output consist of electncal connectors or hardwired circuit connections. though some
power supplies employ wireless energy transfer in licu of galvanie connections for the power
inpLn of ootpiel. Some power supplies have odher wvpes of inpuis and ooipers as sell, ol
functions such as external monitonng and control.

Types

D power supply

ACto=-DC supply

Linear regulator

AC power supplics

Switched-made power supply

Programmable power supply

Uninterruptible power supply

High voliage power supply
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Greneration voltage regulators

In elecimical envineenny, particulardy power encineenng, voltape repulation 15 o
measure of change in the voltnge magnitude between the sending and receiving end of a
component, such as & [ransmission of disiribution line, Voltage regulation describes the ability
of a sysiem o provide nedr constand voliage over a wide range of load conditions, The term
mary refer to @ passive property that results in more or less voliage drop under vanous oo
onditions, or (o the active interventon with devices for the specific purpose of adjusting
voltage.

A vollnge regulator is designed o sutomatically maintain & constant voliage level, A

voltage ppulator may be a simple "feed-forward” design or may wclude pegative kedback
control loops. It may use an electromechanical mechanism, or electronic components.
Depending on the design, it may b osed o regulate one of more. AC or D voltages.
Elecuonic voltage regulators are found in devices such os computer power supplies
where they stabilize the DC voltages used by the processor and other elements. In automobale
alternators and central power station generator plants, voltage regulators contrel the output of

the plue. In &n eleciric power distribution svstent, voliage regulators may be installed &t a

substation or along distribution hines so that all customers receive steady voltage independent

of how much power 18 drawn from the line.

Spring Cone . I"
w9004

-

Tyvpes

Eleciroric vallape repulators

Electromechanical regulators

Awroratic veltage regulator

Stabilizers

i iw the rvpe af voltage regulator used ax generation of veltage regulonion it may be af

hwa fvpes A vollage stabilizers and DOC vollage stabilizers.

25
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AL voltage stabifizers

This is an older type of regulitor used in the 19205 that uses the principle of o fixed-
position field coil and o second field conl that can be rotated on an axis in parallel with the
fixed coil, similar (o a variocoupler,

When the movable coml is positioned perpendicular o the Fixed coil, the magnetic
forces acting on the movable coil balance each mher out and voliage output 15 unchanged.
Rotating the oull in one direction or the other away from the center position will increase or
decrease voltage in the secondary movable coil.

This type of regulator can be automated via & servo control mechanism (o advance the
mavable ool position in order to provide voltage mceease or decrease. A braking mechanism
or high ratio geanng 15 wsed to hold the rmtating coal in place against the powerful magnenc

forces acting on the moving coil.

Al
Y e W=
| & =
Y/ ==
o e
AN voltage stabilizers

Many simple DC power supplics regulote the voltage using either scries or shumt
regulators, bul mest apply 8 voliage reference using a shunt regulaior such as a Zener dinde,
ivalanche breskdown diode, or woliage regolator wbe, Exch of dhese devices begins
conducting al a specified vollage and will conduct as much curment as required to hold its
fermnal voltage to that specificd wvoltage by diverting excess current from a non-ieal power
sowrce o grownd, often through & relatively low-=vilue resistor i dissipate the excess energy,
The power supply is designed to only supply a maximum amount of current that is within the
safe operating capability of the shont regulating device.

If the stabilizer must provide more power, the shunt regolator output s only used 1o
provide the standard voltoge reference for the elecwronic device, koown as the voltage
stabilicer. The voltage stabalizer 15 the elecdtronic device, able o deliver much larger curments

o cemmand.
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8.2 Schematic diagram of linear power supply that provides
+or— 5V and + or -15V & its operation

The simplest dual non-tracking regulator reguires 4ve & -ve non —megulated power
supply and one three terminal +ve & -ve IO regulator, The dual wnregalated DO supply may
e obtained from a transformer having o ceotre faped secondary and bwo full=wave rectificrs

Fig-a, a transtormer having two secondary and twa bndge recnfiers Fig-b.
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8.3 Schematic diagram of switched mode power supply (SMPS)

and its operation & application
SMPS (Switched Mode Power Supply)

C, o IUVE, converters and TRVE, 0 AL, Converters belong to the category of
Swilched Mode Power Supplies (SMPS). The vanous tvpes of voltage regulators, used in

Linear Power Supplies (LPS), fall in the category of dissipative regulator, as they have o

B
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vorllage condrol element usually tramsistor or zener diode which dissipates power equal o the
virltape difference between an unregulated mput voltage and o fxed supply voltage multiplied
by the corent flowing through it. The switching regulator acts as a continucusly varishle
power comverier and hence s efficiency is negligibly affected by the voltage difference.
Hence the switching regulator is also known as ‘non-dissipative regulator” In a SMPS, the

active device that provides regolation 15 always operated in cut-off or in satoeration mode.

The input D.C. Supply is chopped at a higher frequency arcund 15 to 50 kHz using an
active device like the BIT, power MOSFET or SCE and the converter transformer. Here the
s1ze of the fecrite core reduces nversely with the frequency. The lower limit 15 around 5 kHz
for silent operanion and an wpper himit of 50 kHz to limat the losses in the choke and in active
switching elements, The transtormed wave form 5 rectilied and filtered, A sample of the
oulput voltage 15 used as the feedback signal for the dave cireut for the switching transistor o

achieve regulation.

Uoregdated Input
l Chatput
Comtral
Ela grmi *
Voltage |
Referemce

sanplirg g
| Hebwouk

Blgck Dizgrarm of Switched Mode Power Supply
The vscullator in above higure allows the control element to be switched ON and OFF.
The control element usually consists of & fransistor switch, an indwctor, snd 2 diode. For each
gwitch ON, energy is pomped into the magmenc feld associated with ithe inductor which is a
ransformer winding in practice. This encegy s then released to the load at the desired voltage

[zl
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By varving the duiy cvele or fregquency of switching, we can vary the stored energy in
tach cvele and thus control the cutput voltage, Higher efficiency s chtaned since only the

encrgy required 1s pumped to maintain the load comrent hence no power dissipation.

Dty cycle, =2

wher T= Taw Toes

ol

| - oy
i hmt

W om—a

S a3 o n Dt of Baiicl el e de Poiswir ERipiely

The major Feature of SMPS 15 the climination of physically massive power
trunstormers and other power line magnetic. The net resull 18 smaller, lighter package and
reduced  manufaciuring cost, reducing  prmacily  frome the elimination of the 500 Hz
omponents. The basic conce of switching regulator in a simple Tonm is shown in this figure
below.

Tvpes of SMPS:
DC o DC Converter, Forward Converter. Flyback Converter, Self-

Oscillating Flyback Converter:

DL to DUC, Converter

Here, the pnmary power recerved from AC main 1= rectified and filtered as high
voltage D, T is then switched ot a huge rate of speed approximaiely 15 KHz 10 530 kHz and
fed to the primary side of the step-down transformer. The step-down transformer s only @
fraction of the size of a comparable 50 Hz unat thus reliving the size and weight problems. The
oiput ot the secondary side of the wansformer is reciified and filiered, Then it is senf w ihe
output of the power supply. A sample of this oulput 15 sent back to the switch to control the

output voltage,
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The bleck diagram of ILC, o DLC, converler (SMPS) is shown here,
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SMFES rely on PWM o contral the average value of the ouipin volisge, The average
vilue of the repettive pulse waveform depends on the area under the woavelorm. As load
incroases, output voltage tends to fall. Most switching power supplics regulate their output
using the methed called Pulse — Widih Modulstion (PWM), The power swiich which feeds the
primary of the step-down transformer 5 dnven by the PWM oscillator, When the duty cvele 15
af 5P, then the maxmum amounl of energy will be passed through (he step-down
ransformer. As the duty cvele decresses the power transmitted is less hence low power
dissipation,

The Pulse Widih signal given o the switch is inversely proporions] o the autpat
voltage. The width or the ON time of the oscillator is controlled by the voltage feedback from
the secondary of the rectifier output and forms a closed Joop regulator. Since switching
regulater is comples, modern [C packages like Motorela MO 342003520 or Silicon General
S0 1524 can be used mstead of discrete components,

8.4 SMPS and linear power supply comparison

LINEAR SUTPLY SMI'S
s IF g wwansformer is used, large dee o Jow Smaller due 1o higher operating
S and AT : 1 ;
s operating frequency (mains power frequency (|frequency (typically 50 kHz -
whight is at 50 or 60 Hz). Small if ransformerless. |1 MHz)
With transformer used, uny voltages
available; if transformerless, nod exceeding Aoy voltages available,
|Cl A Tt ge inpul, IF unregulated, voltage varies Yoltage varies liltle with load,
significantly with loac.
Efficiency, i regulated, output voltage is regulated by (Qutput is regulated vsing duty
cal, and dissipr.ﬂiug. excess power as heat rv:ﬁulli.ng. m {feyvele control, which draws

w1
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power a typical efficiency of 30-408%: if only the power required by the
ixs1pation unregulated, transformer iron and copper load. [n all EMPS wpologies,

losses significant, the transistors are always

switched fully oo or full y off,

Consists of a controller 10, one
o severdl power transistors
and diodes as well as a power
ey formmer, inductors, and
filter capacitors,

Unregulaed may be diode and capacior;
regulated bas a voltage regulating 1T or
discrete circuit and a noise filtering
capacitor,

{Complexity

Mild high-frequency interference may be
generated by AC rectifier dicdes unde

Radic heavy current loading, while most other
regquency supply types produce no high-frequency
interference mterference, Some mamns huom indecticn mto
unshielded cables, problematical for low-
signal audic,

EHI."H FI produced due fo the
current being switched on and
of ' sharply, Therefore, EMI
filters and RF shielding are
needed to reduce the disrupnve
intcrfercnce.

8.5 Schematic diagram of SCR battery charger and explain

Introduction to Battery Charger Using SCH:

The battery i charged with small amount of AC voltage or DC voltage. 5o if vou wamnt
iy chorge yvour bettery with AC souwrce then shoold folloe these steps, we noeed first lumt the
birge AC voltage, need w0 filter the AC voltsge to remove the noise, regolate and get the
constant voltage smd then give the resulting voltage to the battery for charging. Once charging

is commpleted the cireuit should sutomatically mrned of T

Mok Dilagram af Bagiery Charger Usiig 5CR

The AC source is given to the step down transformer which converts the large AC
source into limited AC source, filter the AC voltage and remose the noise and then give that
voltage (o the SCE where i will rectify the AC and give the resulting voltsge 1o the battery for

charging.

Circuit diagram of the Battery Charger Circuit using SCR can be seen below;

21
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Circuit Diagram Explanation:

# The AC main voltage is given o the swep down transformer the voltage should he
down 1o 20V gpprox. the step down voltage s given to the SCR for rectification and SCR
rectifies AC main voltage, This rectified voltage is used to charge battery.

« When the bamery coninecter o the charging circuit, the bamery will nor be dead
completely and it will get discharged this will give the forward bies voltage to the transistor
through the diode D2 and resistor RT which will get turned on. When the transistor is tumed
o the SCE will get off,

# When the battery voltage is dropped the forward bias will be decreased and transistor
gets tumed off. When the trunsistor s turned off astomatically the diode D1 and resistor B3
will get the curent (0 the gate of the SCRE. this will mggers the SCR amd gets conduct, SCR
will rectifies the AC inpun voltage and give (o the battery through Resisior o

# This will charge the basery when the voliage drop in the batery decreases (he
forward bias current also gets increased to the transisior when the battery s completely
charged the Transistor Q1 will be again twmed on and twmed ofF the SCR.

£.6 Schematic dingram of power supply using SCR for electrolyvtic provess in
industries and explain

57 Online UPS system and offline UPS system
8.8 Block diagram of UPS system and iis operation & application
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8.9 Draw the diagram of AC servo voltage transformer (CVT)
type &AC voltage stabilizer and explain its operation
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With the populansation of PCs, the constant voltage trunsformers (CVTs) have also
become equally popular. The CVT 15 simply o magnetic transformer of a special construction
that has a capacitor connected across the secondary winding of the iransformer, In an ordanary
fransformer, the primary and secondary windings are wound near exch other so that whenmever
there 15 a change of voltage across the pnmary there 15 a8 cormesponding change 10 the
secondary voltuge depending upon the mtio of the toms on the two windings. However, in o
CVT the primary and secondary windings are wound separately from each other, as illostrated
in figore. To set op Geld in berween the coils, o separae shont path s provided berween the
two windings bul an wirgap s formed o the shunt path. A capacitor 1= connected across

suttable tuppings of the secondary winding. The constructional details of a CVT are shown in

the figure,
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Operation of CVT.

The portion of the magnetc core over wiich the secondary winding 15 wound 15
saturnted, while the portion over which the primary is wound is net saturated. A capacitor is
connected across the secondary winding o une oul the ouipid &t a frequency very close i 50
Hz. This capacitor also makes the current in the secondary winding to increase which helps in
the saturation of the secondary flux. Since the secondary ac flux is resincted o 2 saturated
vilue for a large mange of the input voltage (170-270 V), a constant voltage is available across
the secondury winding. The output voltage will not be of a pure sinusoldal waveform but will
be an approsimate singwave with the peaks flattened approaching a square wave, Oulpast
voltage wavelorm of a CVT s shown in Ggure, In fgure, o compensating winding 15 shown
connected in series to the secondary to improve the CVT performance.

BFa CVT is placed at the ouiput of 8 square wave inverter (in the PSS, care must he
tuken (o control the frequency of the verter, since the CVT s sensitve to the freguency of its
it supply.

The reason we wse a OVT and nod a voltage stabilizer for computer applications s that
in the voltage stabilizer relays are present and when these relays operate {switch). the oaopu
voltage may be interrupted for o shorl tme. Such o trunsient may not be desirable for
compuiers which may cause the compuier to reboot. Also, the CVT provides a clean spike-
free outpul voltage, The voltage regulation possible in a CVT also is good,

The mput voltage ranges P70 to 260 W and output regalation s 230 £ 2% ot no Joad o
full-load. Distortion-approcomately 5% under full-load conditions. Ranng of 50, 150, 250,
350, 5K, 730, 10O, 2000 'V A.

A practical circut of a CVT power supply 15 given m fgure,

Applications:

The CVT's are wsed for vartous applications like compoters, data processing
equipment, awdiodvideo equipment, phofo processing equipment, bio=medical squipment,
telex, EPABX, fax, cash registers. electronic typewniters, internet application. modem & other

gcoessories like netphone, control panels, etc.
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8.10 Timer{ ON & OFF delay) Circuit using IC 555 & Duty cvcle.

The 555 timer IC 15 an mtegrated circuit (chip) wsed in o vanmety of timer, pulse
gemeration, and oscillator applications. The 555 can be used o provide fime delays, as an
vacillator, and as o Mip-flop element. Denvatives provide up o four fiming circuwits in one

package.

This circuin 355 1o the TC number an the circnit Mono Sable, Muoli Vibrator, or Delay
arcuil with operating environment that provides a second output level be The voltage 15 low
{lagie “07 ) and high-level voltage (logie *1"). When you click the switeh 51 pin 2 of the 1C
will be shot down ground. The motive for the 1C1 with low voltage (logie *07), Resulting in
the output pin 3 of IC voltage levels at higher or equivalent supply. it making light LEDI.
Expenence in the scheduling itself. And in setting up or slow down time depends on the B2,
ClAnd VR to adjust the scheduling easier.
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Muodes

Thie 535 has three aperating modes:

s Monostable mode: In this mode. the 555 funclions as a "one-shot™ pulse generator.
Applications inclode timers, missing pulse detection, bouncefree switches, touch switches,
frequency divider, capacitonce measurgment, pulse-widih modulation (PWM) and 5o on

& Mstable (free-munning ) mode; The 555 can operale as an oscillator. Uses include LED
and lamp flashers, pulse generanon, logic clocks. tonc generation, scourity alarms, pulse
position modulation ad so on, The 355 can be used as o simple ADC, converting an analog

vilue 1o o pulze length, E.g. zelecting o thermisior as timing resisior allows the use of the 355
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i a tempersiure sensorn the period of the owipul pulse is determined by the temperaiere, The
pse of a mecroprocessor based circuit can then convert the pulse penod o lempecature,
lineanize it and even provide calibration means.

= Bistable mode or Schimitl rigger: The 355 can operaie a5 a flip-Aop, if the TS pin is

oo connecied and no capaciior s used, Uses inglude bounce-free Faiched switches,
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Schematic of a 5535 in monostahle mods

The relationships of the whgger signal, the veltage on C and the pulse width in
mosstoble mods

In the monaostable mode, the 555 tmer acts as o "onc-shot” pulse generator. The pulse
begins when the 355 timer receives a signal & the migger input thag Falls below a third of the
viltage supply. The widith of the ostpuat pulse 15 determined by the fime comstant of an RC
network, which consists of a capacitor (C) and a resistor (R). The output pulse ends when the
voltage on the capacitor equals 2/3 of the sopply voltage., The owtput pulse width can be
lengifiened or shomened 1o the need of the specific application by adjusting the wvalues of R
and C.[5]
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The cutput pulse width of Gime {, which is the tme il takes o charge C o 2/3 of the
supply voltage, s given by

t= RC In(3) = 1.1RC

where t 15 in seconds, R 1% m ohms {resistance) and C 15 0 farads{capacitance ).

While using the timer IC in monostable mode, the main disadvantage 1= that the Gime

span between any (wo nggenng pulses must be greater than the BT time constant. [6]

Bistable
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Schematic of a 535 in bistable mode

In bistuble {slso called Schmitt trigger) mode, the 555 timer acts as a basic flip-flop.
The trigger and reset inputs (pins 2 and 4 respectively on & 555) are held high via Pull-up
resistors while the threshold iopot {pin &) is simply Toating, Thus configured, pulling the
rgger momentarily to ground acts as a 'set’ and ransitons the output pin (pin 3) o Voo (hugh
state ). Pulling the reset inpat fo groend acts as a ‘reset’ and trunsittons the output pin to ground
(fowe state), Mo Gming capacitors are reqeired inoa bistable configuration. Pin 5 (conirol
voltuged 15 connected (o ground via o small-value capocitor (usually 001 (o 01 uF) pin 7
idischarge) 15 left floanng. [ 7]

Astabde (Standard 555 astable cirguit)
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In astable mode, the 3535 tmer pats owl a conlinuous steeam of rectangular pulses
having a specified freguency, Besistor Bl is connected between VOO and the discharge pin
ipin 7) md another resistor (R2) is connected between the discharge pin (mn 7)), and the
rigger {pin 2) and theeshold (pin 60 pins (hat share a common node, Hence the capacitor is

charged through B1 and B2, and discharged only through B2, since pin 7 has low impedance
to ground during output low intervals of the cycle, therefore discharging the capacitor,

In the astable mode, the frequency of the pulse stream depends on the values of R1, B2

amed I
B 1

=W c (R +2Ra) 5

The high time from each pulse is given by

high =In(2)- (R + Rz)-C

and the fow time from cach pulse 15 given by:

low=In(2) - Ry - C

where Bl and B2 are the values of the resistors in ohms angd © s the valoe of the

capacitor in farads.
2

The power capability of R1 must be greater than. R
i

Particularly with hipolar 3535, Iow valoes of Hlmmt be avoided so that the ootpat
days smiursted near zero volis during discharge, as assuwmed by ihe above equation. Oiherwise
e outpul low tme will be greater than calculated above, The first cyele will take appreciably
longer than the calculated time, os the capacitor muost charge from OV to 203 of VOC from
power=up, bt only from 13 of VOO w0 23 of VOC on subsequent cveles,

To achieve o duly cvele of kess than 50% a small diode (thal is Tast eoough for the
application) can be placed m parallel with R2, with the cathode on the capacitor side. This
bypasses R2 during the high part of the cycle so that the high interval depends approximately
only on Bl and C, The presence of the disde is a voltage drop that slosws charging on the
capacitor so that the high time is longer than the expecled and often-cited In(2)*R1C = (L693
RIC, The low time will be the same ag withoot the diode as shown above, 'With a diode, the
high fime =

high = R,C - In (

2V — 3meu)
Vo = 3Vitioas
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where Viiode 15 when the diode has a curremt of 142 of Veo/R1 which can be
determmed from its datusheet or by lesting. As on estreme example, when Yee= 5 and
Vdinde= (1.7, high time = 1.O0O R1C which 15 45% longer than the "expected” (.693 R1C. At
e other exireme, when Vee= 15 and Ydiode= 0,3, the high time = 0725 B1C which is closer
fr the expecied 0,093 RIC, The equation reduces @o the expected 00693 BIC i Vidiode=1,

The operation of RESET n this mode s not well defined, some manufacturers' parts

will hold the cutput state w what it was when RESET is mken low, others will send the output
either high or low.
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Chapter-9. Applications

9.1 Temperature controlled circuit with thermistor and TRIAC

The cireuit can comire] up o8 kKW of heaing, with moderate gain, using a 25-amp
riac (SCI60D0N. Feedback 1= provided by the negative temperature co-efficient (NTC)
thermiistor, which 15 moonted adjacent to the environment being temperamure controlled. The
femperalure sel pofenticmeter is inibally adjusied o the desived heating level, As the
thermistor becomes heated by the load, its resistmce drops, phesing back the conduction angle
of the inac, 5o the load voltage 15 reduced.

HEATER LOAD
:-‘ M L
(2
Z2EK
W TEMPF SET
. 2y SC2BOCE g
BE MOV {2}
soHz JENOY H. 'y
s UG EETY ZnagBER
BUFALY LAaZ0a G:} (3
1 672 -nh(;ﬁ o
= =

(Circunt dizgram of Temperature conumller)

The 8T2 diac is used as a back-to-back zener diode, Tis negative resistance region in ils
E-1 charsctenisne provides a degree of hne voltage stabibization. As the mput hine voltage
mcreases, the diac riggers earlier in the cyele and, hence, the average charging voltage 1o the

{11 JiF capacitor, decreases,

9.2 Simple Burglar Alarm Circuit

Dwescription

Here is a =imple bui effective bourglar alaom circuit that con be fxed on windows 1@
detect break through. The cirouit wses a fine wire element fixed as o petwork through the
window glass for sensing the break through . Normally the base af Q1 is held to ground

patential by the wire element,So Q0 will be off and SCE HI will not be conducting.and hom
will be off. When the ware element 15 broken the base of Q6 will be rased io positve
potential. 01 will be on and so SCE H1 (TYN 612) will be ON making the hom to blow and

[x}
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this condition will be latched by the SCE The circuil remains OM uniil the normal condition is
restored or the power supply 15 switched OFF,
Burglar Alarm Circoil Diagram with Parts List .

1ZVDGC 4
Rz 2
i?:i E‘;lz'l?nrn
21
SPET
switch

A windew foll B +

i Burglar Alarm Circuit Diagram)

= To make the window foil make a loop of very fine wire through the window glass {
two o three lines running in both direction is enough) See figure Connect the two free ends
of the wires to point A & B as shown in circunt diagram.

= Toy setup the circmt | make 51 open and adjust B2I to get a 1V between base of (31
and grouwmnd (0.7 Y is enough o OM Q1 L.Mew transisior will be ON and horn will be blowing,

# Mow close 51 and reset the power supply The transistor 01 will be off and hom
will not be blowing. The circuit 1s ready

9.3Fire alarm circuit and explain

Duescription.

Here 1= a simple tire alarm cireuit based on a Light Dependent Resistor (LIDVR) and
lamp pair for sensing the fire, The alarm works by sensing the smoke produced during fire.
The cucunt produces an audible alanm when the fire breaks oul with smoke.

When there 15 no smoke the light {rom the bulb will be directly falling on the LIYE.
The LIDR resistance will be low and =0 the voltage across if (below 006%Y, The transistor will
be OFF and nodhing happens. When there is sufficent smoke to mazk the light from fulling on
LDE. the LDE resistance increases and so do the voltage across it. Now the transistor will
switch i OMN, This gives power to the IC1 and it outpots 53V, This powers the fone generator
1C UMaS (1C2) o play amusie, This musie will be amplified by IC3 (TDA 20025 (o drive the

{41
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speaker. Besistor Be is meani for proteciing the transisior when B4 s turped towards Jow
resistunce vaduwes, Resistor B2 and BRI forms a feedback network for the TDA2002 and C1
couples the feed back signal from the junction of R1 & R2 to the inverting input of the same
IC.

The diode D1 and D2 in combination drops 1.4V to give the rated voltage (3.5% ) 1o
UMa6. UMA6H cannot withstand more than 4%,

=1
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18 brdge = y 1
T1 I ik
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{circuit disgram of Fire alarm)

A well regulated power sapply s essential for ohis circsin Because even slight
variations in the supply voltage could alter the biasing of the trunsistor used i the fire sensing
section and this could seniously affect the cirewit’s performance,

A regulated DVSSORMA power supply that can be used far powering the basic fire
alarm circuat and s mochbed versons 1s shown above, Transformer T1 s 0 230V primacy,
12V secondary, S00mA step down ranstformer. D1 15 0 1A bridge which performs the job of
rectification, Capacitor C1 filiers the rectifier oupet and C2 s the AT by-pass capaciton. 1C1
(7809 15 a %Y fixed positive voltage regulator. The output of the rectifiec+ilter section is
comnected to the input of 7805 and o regulated steady %Y 15 obtaned ot s output. 51 15 the
ONAOFF switch. F1 s a S00mA safety fuse.

9.4 Smoke detector circuit and operation

Relies on the smoke that 15 praduced 1n the event of o fire and passes between o bulb
wil an LDR, the amount of light falling on the LDR decreases. This type of circuit is called
opiical smoke detecton

This canses the resistance of LDR 1o increase and the voltage an the hase of the transisto
s pulled high due 0 which the sopply 0 the COB (chip-on-board) is completed. The

sensitivity of the smoke delecior depends on the distance between bulb and LDE as well as

o2
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seffing of preset WRI1, Thus by placing the bulk and the LDR af appropriste distances, one

meay vary presel YR1 to get oplimum sensitivity.
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(Circwin diagram of Smoke derecior)

9.5 Proximity alarm circuit

This presence detector or proximity sensor ciroult reacts in presence of any conductor
ahject including humans. Sensiovity is adjustable with P1 which will be located at a great
distance from the rest of the presence defecior circut. This cirewit does ol detect object
mavement but can act 48 an procimity sensor!

The sensitivity of the prosimity sensor cirguit can be adjusied with P1 for the desired
“distance”, One of its obvious uses 15 1o open a door avtomatically. For this the sensor must be
placed an the front of the door.

The presence detecior is made of one oscillator with T1 and & moncstable, The
pscillator 15 a Clapp ooe. well konown for vs frequency stabality, The surface of the sensor bcis
ps @ capacitor for the oscillator circuit and in this configuration the frequency s amund 1
MHe.

The swilching time can be adjosied with P2, Tk nod bring metallic ohjects in the
prosirmdty of the circuil because if doing so the relay will sty closed! This circuit can be used
ay a detector of aggressive liquids, the advantage being that the surface of the sensor will not

come in comact willy the liquid,
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SIMPFLE PROXIMITY DETECTOR
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{Circunt dingram of Proximity detector)

9.6 Flame failure device (lame out monitor circuit)

A minimum amount of hardware is needed w bmld o simple flame or fire failure
meniior that enables you o monitor the status of the flame i a chamberfornace, Owing to ils
mtegrafed alanm generator, the interface can be casily adapied for use with a wide range of
light'heat sensors. Here a readily available photo transistor 2N3TTT (T1) works as the flame
sensor, The 5V regulated de supply for this cirenit can be derived from a 12 'V mains adapto
or 4 9V rechargeable battery.

In ihe presence of the flame, T1 conducts (resistance low) and most of the base current
of relay driver transistor T2 find an altemnative easy path via T1, As a result T2 remains cutoff.
If flame is absent. T1 behaves almost an open circust, and the current through P1oand R1 tlows
o the transistor's (T21) base.

Mext, the 5V reed melay 15 eoergised and 5V positive supply 15 extended (o the alaom
generator cirecuit built aroumd the siren generator UM3561(HCT ), Outpue signals from 107 15
amplificd by tranzistor T2 (o drive & standard 64 Ohm TW mylar speaker,

For oprimum perfomance, enclose photoiransistor (T1) in a switable Tong tube and add
an optical assembly (see fig.2). The adjustment of sensitivity et preset pot P1 15 also very

critical.
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(Circuwin diagram of fame Giilure device)

9.7 Edge resister control circuit

Current imeasurcmsent (1., monioring current flow into amd oul of clecironic circui
is an essential skill for a designer and necessary 0o wide range of apphications. Examples of
gpplications  inclede  overcurrent  protection.  &-20mA  systems.  bottery  chargers.  high-
brightness LED control, GSM base station power supply, and H-bridge motor control for
which you must knosw the ratio of current o into and ot of o rechargeable batery (that is.
the gauge function).

As more applications have become portable, demand has mercased for dedicated
current monitors thal accomplizh iheir task in a small package and with Jow quicsoent current.
The following discussion covers low=side and high-side current monitors and includes their
architectures and apphcatons.

Muost cumrent=-mcasurcment applicatons employ either the low -sidc principle, in which
the sense resistor connects in series with ihe ground path (Figure 1), or the high-side principle,
i which il connects in series with the hot wire (Figure 2). These two approaches pose o trde-
off in ditferent areds. The low-side resistor adds undesirable extrancous resistance in the
ground path, However, the circuirry associoed with the high-side resistor must cope with
relatively large common-mode signals, Moreover, of the op amp in Figure | has its GND pin
referred to the posinve side of RSENSE. then its commaon-mode input range must extend
below zero, that is, to GND - {RSENSE = ILOATD).

s
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Figure 1. Principle of the low-side current monitor,
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Figure 2, Example of a high-side currcnt moamaior,

9.8 Optocoupler devices and application

An optecoupler (or an opteelectronic coupler) is basically an interface hetween wo
circts which operate ot (usually) differeot voltage levels. The key advantage of an
optocoupler 15 the elecmeal isolanon between the mput and output circuits. With an
ipiocoupler, the only comntact between the input and the output is a beam of light, Because of
this it 15 possible o have an msulabion resistance between the two crcunts in the thousaods of
megohms. lsolation like this 1s useful in high volage applications where the potenuals of two
circuits may differ by several thousand volis.

The mest cormmon industrizl use of the opiocouplers (or apticallv-coupled isolators) is

a5 o signal converter between high-voltage pitot devices (limit switches ete.) and low voltape

[0
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solid-state logic circuits, Optical isolaiors can be employved in any situation where a signal
must be passed between two arcuits which are isolated from each other. Complete electncal
tsolation between two ciromis (e, the two circmts have no conductors in commaon) is often
necessary o prevent noise geperabed in one circuil from being passed o the other circwil. This
i= capecially necessary for ihe coupling beiween high=voliage information-gathering circuiis
and low-voltage digital logic circuns, The information circuits are almost bedly exposed 1o
nodse sources und the logic circuits cannot wolerate noise signals.

The optocouplers works well on either ac or de high-voltage zignals. For this reason,
signal comverfers emploving optical coupling are sometimes referred o the imiversal signal
COonverers.

The opto-coupler 15 a device that contains an mfra-red LED and a photodetector (such
i= 4 photodiode, photoiransistor, Darlingion paic, SCE or tnach combined in one package. The

figure of opto= coupler 1= given below
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Types of Oplocouplers:
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Slodted (hutocongler

!Iliﬂi‘:"'luw Podoreupler

1. Slotted Optocoupler - A sleied aprocoupler has a slot moolded into the package
between the LED light source and the pholotransistor light sensor;, the slot houses iransparent
windows, so that the LED light cam normally freely reach the face of transistor , bot can be
interrupred or blocked via opague object placed within the siot. The slotted optocoupler can
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thus be employved in a variely of presence delecting applications, including end-of-tape
detection, lmit switching, and Liguid level detection.

2. Reflective Optocoupler - Here the LED snd phototransistor are optically screcned
from each otber within the package. and both Face outwards (in same direction) from the
package, The construction is sech that an optocoupled fink can be sct up by a reflective object
(such ws metallic paint or tape, or even smoke particles) placed a short distance ouiside the
package, in line with both the LED . The reflective coupler can thus be employed in
spplicabons such as tape-position detection, engne-shaft revolubon coanting or  speed

megsurement, or smoke or fog detection ete,
9.9 Solid State Relays.

Solid staie relay is similar to the opo coupled devices already mentioned, but using
power MOSFET ransitors as the switching device, Solid See Relavs (55R=) can replace
many types of low power electromechanical relays.

It wses np—tx:—muplmg to provide complete electrical wiation betweon ity low power
ipur circuit and its high power output circuil, When the outpil switch is "open” (MOSFETS
of[) 1t hos o nearly wfinle resistance, and a very low messtance when “clozsed™ (MOSFETS

conducting heavily). Ir can also be vsed to switch either AC or DC currents.

Jl M channe! enhancemant
mode powar MOSFETS
il | —)
g
Low Voltage !{" | 5 AC or DC
f Gee Fig. 3 for
L — 15y - Connecions
phcitew oltaic g
urit TI‘E
l d ||

LA typical circuit of an SSR 15 shown in Frgure . )

A current of ghout A throwgh the LED s =uflicient o switch on the ootpuet
MOSFETS. The (infra red) light from the LED falls on the Photovoltoe unit) which
comprises 25 silicon diodes. Each diode produces (L6Y to give the 15% gaie potentinl necded
i furn on the MOSFETS. Figure 2 represents a basic example of a 85K, in this case the
Sigmens LHI540T
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Advantages

# Slimmer profile, allowing tighter packing.

® Tostally silent operation

« 55Ks are faster than electromechanical relays; thewr switching tume is dependent on
the ime needed (o power the LED on and off, of the order of microseconds ta milliseconds

® Increased Lifetime, even il 15 activated mony Umes, as there ae no moving parts ©
weear and no contacts to pit or buld wp corbon

» Clatput resistance remains constent regandless of amount of use
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