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Power Electronics

 This Lecture contains

» Introduction & Turning On Methods for SCR
» Static VI characteristics of SCR

» Protection of SCR

» Firing circuit of SCR



*  Syllabus:

1 Power switching devices 06
Diode, Thyristor, MOSFET, IGBT; Static characteristics of these devices; Operation of
power devices as switches and switching losses, Single-quadrant switches, two-quadrant

and bidirectional switches; Firing circuit for thyristors; Gate drive circuits for MOSFET
and IGBT.
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Thyrsitor

Combination of
THYRatron+trans!ISTOR

The definition of thyristor was
given by [EC (International Electro
technical Commission) in 1963 as

(7) It consist of 3 or more pn
junctions

(2)Has two stable states (ON &
OFF)

Example:- SCR, Triac, diac, 5CS
(silicon controlled switch), PUT,
GTO, RCT etc

aaaaaaa




Silicon Controlled Rectifier (SCR)

is made up of silicon and hence
called SCR-

It is unidirectional, Bipolar device

SCR is widely used for high power
(T0kV,3000A, 30MW)
applications-

It is a 4 layer, 3 junction, PNPN
semiconductor device
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Static -V characteristics of SCR
(7) Reverse blocking mode
(2)Forward blocking Mode
(3)Forward Conduction mode

Reverse Blocking mode:

J; & J; are Reverse biased and J,
is Forward biased

Small reverse Leakage current
(Iz.) of the order of few uA to
mA flows:

1l
1 |+
A%
Reverse Blocking Mode of SCR

Depletion
regions

Jy, J4 reverse biased
J, forward biased



As Va increses barrier width
of J, and J; increases- A
point will reach where this
junction will have avalanche
break down at Vg and
hence la increses raidly=>
heat increses=> temp=> and
SCR may damage

S0 applied voltage should be
less than VBR to avoid
damage of SCR-

After breakdown of J, & J;
current s limited only by
the load resistance
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Forward Blocking mode:
J7 and J3 are Forward

biased and J, is reverse

biased-

S0 entire voltage will be
drop across J,

Small  forward leakage
current (1) will flows-

As Va increases a point is
reached where avalanche
break down happens in J,
and SCR starts
conducting: This voltage
is called V,, (Forward

break over voltage)
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(Ill)Forward conduction mode:

As only J2 needs to be break down
in this case

Vieo<Vigr

After reachingVg, thyristor turns ON
& shifts  from point M to N and
then to a point any where between
N & K-

After breakdown voltage drop across
SCR drops to a very less value and
current s limited onlly by the load-
After breakdown la increases=> heat
increase=> temp increases=> SCR
may damage

This method is not used in practice
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. I
Holding Current Forward ON State

Thyristor turn-on method:
(1) Forward voltage triggering

(2) Gate triggering N (L;E:.t:rtl:tg
(3)dV/dT triggering bt -5 M
(4) Thermal triggering Reverse-_ Forward . N
(5) Light triggering Breakdown (L:i?'::rff Breakdown

(7) Forward voltage triggering:

Without applying gate pulse if voltage Va is increased J, will breakdown at
Vbo'

At forward breakover voltage the characteristics curve break over and shifts to
its on-state position with breakover current |,, to point N

This method is never employed in practice as they may destroyed the device
due to avalanche breakdown is huge temp produced-

As V30<VER
Vg, represents rating of SCR as applied voltage should be less than this

SCR can now be turned off only by reducing the anode current bellows a
certain value called holding current (1,)



(2) Thermal Triggering

During  forward blocking moode
entire voltage appears across J,
and small leakage current flows-

If temp of J, increases=> no of
(thermal) carriers increases=> |[L
increses=> losses increses=> temp
increases=> no of carriers
increases=>  width of depletion
region decreases=> [l increses=>
losses increases=> temp increses=>
carrires increses

This is cumulative process and
finally reverse biased junction J,
vanishes and SCR will turn On-

This method is not used in practice

Depletion
region

SCR with no any voltage
applied at the gate

Circuit Gleoe



(3) Gate triggering

It is most usual method of firing the
forward biased SCR-

When a positive gate pulse is applied, a
significant number of electrons from n2
layer crosses J3 as N2 is heavily doped as
compared to P2-

After crossing junction J3 these electrons
diffuse through P2 Layer- The electrons
are then swept across junction J2 into
the nl layer-

The electrons in nl layer reduce the
positive space charge in the nl side of J2
as a result barrier width (J2) decreases

and breakdown happens at a lower
voltage:
Higher the gate current lower the

forward break over voltage
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Once the breakdown happens 19 is not
required to keep it on and device remains
in ON state-

Latching Current is the minimum value of
anode current which must be attained
during the turn On process to maintain
conduction even when the GATE signal is
removed:-

S50, Gate pulse should have sufficient
width so that la reaches to [, otherwise
thyristor will not turn ON-

Once the thyristor Turns ON Gate loses
its control

Holding current (1) is defined as the
minimum value of anode current below

which thyristor will turn off from off
state
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(4) dv/dt triggering:

Due to space charge existing in the
depletion region J,, it behaves as a
capacitor-

. _dQ_d

=—<=——(C..V
°dt dt(‘ )

dC.
i.=C, v +V,—1
dt dt

As the junction capacitor is nearly
constant,, dc/dt=0

v,
IC = Cj dt | oC dVa

© dt

lc can play the role of gate current and
hence can turn on S5CR

Depletion
region

SCR with no any voltage
applied at the gate



A
(5) Light triggering T

A niche is made in the inner P-Layer P,
When the niche is irradiated, free charge R
carriers (Pairs of holes and electros) are R R
generated just like when gate signal is T
applied: l

A pulse of light of appropriate wave — Glass Top

length is gquided by optical fibers for /

irradiation o —

Such a thyristor is called LASCR (Light N _

HCtiVﬂted 5CR) Weldseeirain Hermetic Seal

Light  triggering  Thyristor  has  an
advantage of electrical isolation between
power and control circuit- Light Sensitive Area

™ Silicon Pellet

Widely used in HVDC transmission system Construction of Light Activated SCR




Two Transistor model of SCR

The regenerative or latching action due to
positive feedback can be explained using a
2 transistor model of sCR

S5CR s equivalent to PNP & NPN
transistor connected in regenerative or
+ve feedback

. =alg + g

I, =Pl

Cut-off=>1_ =1,

Active=> | . =al; + 14,

Saturation=>1_ =1,
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Two Transistor model of SCR
As l/,j\=>/,, T=> Barrier widthJ,=> /E'I\

l.=al;
I, =flg

If |, increase gradually => barrier width
decreases and alpha increases

region

2
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Two Transistor model of SCR

l.=al: + 14,

=l + go

|c2 :ale + Icaoz

l,=1s+1,

IA: |c1+ Ibl

IA :a1IA+ ICBOl_'_aZIK + ICBOZ

Iy =l + g+, (g +1,) + lgq,

| — %l + lepor + lea

A

If (o+0,)=0 => [s=infinite =>

1- (0‘1 + 0!2)

act as a close switch

Current is limited by load only

Thyristor
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Two Transistor model of SCR

When 19 is suddenly applied say O to
ImA:

lgp or Iy => 0y => [5 => [, => Iy => 0y =>
/62

04 varies Wlth /ﬁzlgy

o, varies with [,=15+/,
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Switching characteristics of SCR:

 Time variation of current through &
Voltage across the SCR with time during
turn-on and turn-off process is given by
dynamic or switching characteristics of
S5CR-

* (a)Switching characteristics during turn-
on:

 When a forward biased thyristor is turn-
on, thyristor takes some time to change
from blocking state to final On state

t,, = Delay time(t, ) + Rise time(t, ) +spread time(t )




Switching characteristics of SCR:

Delay time (td): It is measured from the
instant qate current reaches 90% of la
to the instant at which anode current
reaches O-1la

Also defined as time during which anode
voltage falls from Va to 0-9 Va

Delay time may be reduced by applying
high magnitude qgate current and high
forward voltage between anode and
cathode-

Gate pulse

091,

0.1,

Power
loss

Steady State
operation |




Switching characteristics of SCR:

Rise time (tr): Anode current reaches
from O-Tla to 0-9 la-

Va drops from O-9Va to O-7Va
Delay time may be reduced by applying

high magnitude gate current and high
forward voltage between anode and
cathode-
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Protection of SCR:

(a) Over current Protection

Varistor (Voltage dependent resistor)
(b) Over current protection

Circuit breaker=> overload protection

Fast acting current limiting fuse=> Short circuit
protection

(¢) Thermal protection

Heat sinks (Aluminum)
(d)dv/dt protection

Snubber circuit

di/dt protection

Series inductor

Gate protection:

R,-> Over current protection
ZD-> QOver voltage protection
C,-> To bypass noise signals

R,-> To bypass thermally generated leakage current
across junction J, ;Improves thermal stability

Over current protection di’de Snubber circuit

_fmm\induclion

Figure: Circuit components showing the thyristor
protection




_—Discharge
‘ Q/I'l/ Current
o : N

Protection of SCR:

Over voltages are due to inductance of the line
ire, V=L-di/dt when suddenly open circuited-

By increasing the rising time of V, dv/dt can be

decreased- This can be done by using a capacitor
across SCR-

When the SCR is turned on, capacitor will
discharge through SCR at a faster rate (di/dt)
and may spoil the thyristor-

S0 a resistor is connected in series with
capacitor to limit this current-

O
THYFEISTOl;Ij

Onver current protection

di’dt

Snubbeq circait

............................................

A

Figure: Circuit components showing the thyristor

pratection
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dt (Ry+R)

Snubber design:

If the voltage build up across capacitor s
assumed zero at the time of connecting supply,
then capacitor is short circuited-

L di +(R+R,)i=V, v

St . |~WV—H—‘
Vs { }where T= L + >
V.

l-er =
(R +R)) (Rs +R))

—t(Rs+R,)
:V—S|:l_etRLR :|
(Rs +R))

di Vi {e“”’} (R, +R,)

Ry

AN

R
M-
* -

L +

: “t(Rs+R.) v,
ﬂ:\ﬁ.e L

dt L




Snubber design:

; —t(Rs+R,)
ﬂ :\A .@ L
dt L

VS
di/ dt
V =i-R,
v _g.d
dt dt
o _ (dv/db)
* 7 (di/ dt)

So, L=

. LFWV_”—‘
T —

Ri+Lﬂ+1ji-o|t=vS
dt ¢
2. - -
Ld—2|+ Rﬂ+l=0
dt dt ¢

di Rdi i
— t+——+—=
dt Ldt Lc

S +2m, s+ =0

R:2§\/%



Firing circuit of SCR:
Resistance and resistance capacitance firing circuit R Triggering Circuit

— Vo —»

Simplest and economical : .
Limited range of firing angle (O to 90°) ——{ Loap |-

R7 is used to limit the gate current [, > Vm/R;

Resistance R should have such a value that @VS:Vmsm‘”t
maximum voltage drop across it does not exceed
maximum permissible gate voltage:

Firing angle is controlled using Resistance R,.
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RC Triggering: RC Half Wave Circuit

Vo
The Limited range of firing angle by resistance —r_@_.l
firing circuit can be overcome by RC firing circuit-
O,

ve=V sinwt
When capacitor s charges to gate threshold . Vem— €
voltage V,, thyristor will triggered and turned ON T

RC Full Wave Circuit
By varying the resistance R charging time of "

capacitor can be controlled and hence firing angle l+ LoAD
alpha can be varying- i o A : 1
7 VY
Vg __l.
—=C

ve=V ,sinwt fD“ % -
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UJT Relaxation Oscillator

Capacitor
discharging

s Ve Capacitor
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Synch, Vs

Transf. v, "~ Compara-| Y3 |Clock pulse
Integrator +tor 1 — |generator! Vg
>~ J JK
Ec FLIP
(1}] FLOP
-E¢ ) - ‘
. Compara-| V4 |Clock pulse ___'_.6—
: — Inverter i tora " generator 2

Fig. Cosine firing scheme for triggering thyristors.
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