Chapter 11: Thyristors

11. Thyristors

B Thyristors are semiconductor devices characterized by 4-layers of
alternating p- and n-material. Four-layer devices act as either open or closed
switches; for this reason, they are mostly used in control applications.

B Some thyristors and their symbols are
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11. Thyristors

B The concept of 4-layer devices is usually shown as an equivalent
circuit of a pnp and an npn transistor. Ideally, these devices would
not conduct, but when forward biased, if there is sufficient leakage
current in the upper pnp device, it can act as base current to the
lower npn device causing it to conduct and bringing both transistors
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11-1: The Four-Layer Diode

B The 4-layer diode (or Shockley diode) is a e

type of thyristor that acts like an ordinary diode ?

but conducts in the forward direction only after a ”

certain anode to cathode voltage (V,y) called the ’

forward-breakover voltage, Vg ), 18 reached. )

B The 4-layer diode has two leads, T
Cathode (K)

labeled the anode (A) and the cathode
(K). The symbol reminds you that it

acts like a diode.

B When a positive bias voltage is applied,
the base-emitter junctions of and ( pn
junctions 1 and 3) are forward-biased, and
the common base-collector junction ( pn
junction 2) is reverse-biased = at low
level bias voltage = very little current
(Z,) pass from A to K (can be neglected) . ...-
-> the diode is in off state (it has very ' Catiode
high resistance) @
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(a) Basic construction
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(b) Schematic symbol




11-1: The Four-Layer Diode: characteristic curve
B As bias voltage increases = V , increases =
leakage current (/; = Iy,) increases and hence
anode current, /,, increases very little until
reaching the switching current /g at Vi = Vgg(p)-
B the region at which the current /, is very little
(can be neglected) is called the forward blocking
region = the device has very high resistance >
it is in its off state and act as an open switch.
B When current reaches /g, the forward
voltage V', suddenly decreases to a low
value, and the 4-layer diode enters the
forward-conduction region at holding
current /;;~> the device has very low

<— Forward-
conductior
region

resistance > itis in the on state and acts ~ Is[ 77T AT T <—— Forward-
as a closed switch. " Ak blocking
B When the /, drops back below the e
holding value I, the device turns off A 4-layer diode

and enters the forward blocking region. characteristic curve.

This is the only way to stop conduction.

11-1: The Four-Layer Diode: Examples

Example: A 4-layer diode is biased in the forward-blocking region with
Vi =20 V. If the anode current is 1 yA. Determine the resistance of the
diode in the forward-blocking region.

Vak 20V
Rag = K = =2~ _ M0
IA ljJ.A

Example: Determine the value of anode current in the diode D shown
below when the device is on. Vg = 10 V. Assume the forward voltage
dropof Dis 0.9 V.

R S
Wy

1.0 k€2

=19.1mA =L Vs
Ry 150 D T 20V




11-1: The Four-Layer Diode: Application

B An application for the 4-layer diode is relaxation oscillator, shown in

the circuit below
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B When the switch is closed—> C charges through R - capacitor voltage and
hence Vi increases until its voltage reaches the Vg r) of the 4-layer diode
-> Diode switches on, and the capacitor rapidly discharges through the diode
-> V,x decrease = Discharging continues until the current through the diode
falls below the holding value /;;. At this point, the diode switches back to the
off state, and the capacitor begins to charge again. The result of this action is
a voltage waveform across C like that shown above.

11-2: The Silicon-Controlled Rectifier (SCR)

B The SCR had its roots in the 4-layer " |

diode. By adding a gate connection, the 7

SCR could be triggered into conduction. .

This improvement made a much more — - jl

useful device than the 4-layer diode. - (
T

Cathode (K) K

(a) Basic construction (b) Schematic symbol

B The SCR equivalent circuit shows i g

that the gate current is applied to the

third p-region of the device providing ! 7 2]

a current pulse (a trigger) to the base A | 4

Ofgzr G:::{ p ]

- SCR can be turned on by . e P e

exceeding the forward breakover T '

voltage or by gate current. K Cathode




11-2: The Silicon-Controlled Rectifier (SCR)

B At low level Vi when /; = 0> the SCR is oft and no forward

current will pass.

B When a positive pulse of current (trigger) is applied to the gate,
both transistors turn on (there must V> V) = I, turns on Q,,
providing a path for 7, into the Q, collector, thus turning on Q,.
The collector current of O, provides additional base current /5, for
0, so that Q, stays in conduction after the trigger pulse is removed

from the gate

(a) SCR off

(b) SCR triggered on

(c) SCR stays on after trigger pulse

11-2: The Silicon-Controlled Rectifier (SCR):
B At /; = 0, the characteristic curve it typically like the four-layer Diode.
W as /; is increased above 0 V > Vg, decreases 2 we can have the

SCR turns on at a very low V, as /; 1s is increased to suitable
value> the /;; controlled the value Vg required for turn-on.
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11-2: The Silicon-Controlled Rectifier (SCR):

Turning the SCR Off
B Like the 4-layer diode, the SCR will
conduct as long as forward current exceeds
I;;. There are two ways to drop the SCR out
of conduction: anode current interruption
and forced commutation.
1) Anode current can be interrupted by breaking
the anode current path (shown here) or
providing a path around the SCR-> dropping the
anode voltage to the point that 7, <1};.

+V +V
2) Force commutation uses an external circuit ! i
(like the shown) to momentarily forcing current ¢ ZR c ZR
through the SCR in direction opposite to the 1{ *H+ *HHO
direction of forward conduction current / O_}L W O_/!L sw

B SCRs are commonly used in ac circuits,
which forces the SCR out of conduction l
when the ac reverses.

Ill AAA
I|I AAA

(a) On (b) Off

11-3: SCR Applications

The SCR is used in many applications, including motor
controls, time-delay circuits, heater controls, phase controls,
relay controls, and sawtooth generators.
- On-Off Control of Current
The figure shows an SCR circuit that permits
current to be switched to a load by the
momentary closure of switch SW, and .
G

removed from the load by the momentary W
closure of switch SW,. Vg 2 36K SV

ERY

Example:

Determine the gate trigger current and the anode current when the switch, SW1, is

momentarily closed in Figure 11-16. Assume Vag = 0.2V, Vgg = 0.7V, and
Iy = SmA.
Viric — Yok 3V — 07V
Jn = = = =410 nA
g R 5.6k K
Va — Vak I5V — 02V
[ =2 Ak _ = 448 mA

Ra 330




11-3: SCR Applications

-Half-Wave Power Control 1
R,
B A common application of SCRs i
is in the control of ac power for ~ 120vac
different applications like lamp i
Ry

dimmer, electric heaters, and
electric motors

B A half-wave, variable-resistance, phase-control circuit is shown in
figure above; R| represents the resistance of the load. Resistor R, limits the
current, and potentiometer R, sets the trigger level for the SCR.

B The SCR conduct at positive half cycle (because V,>V,). At
negative half cycle = The SCR does not conduct (because V,<Vy).

B By adjusting R,, the SCR can be made to trigger at any point on the
positive half-cycle of the ac waveform between 0° and 90°

11-3: SCR Applications

-Half-Wave Power Control ~ L,, " C n3Z
W In figure (a) R, is adjusted at highest n;/ \ . == |
Vik =2 I is max. = the SCR is conduct R’ nE v
near the beginning of the cycle > RL is l > 1
conducting for approximately 180° - 150 oo " -
max power delivered to R, .
B In figure (b) R, is adjusted at s . .
intermediate Vg > I is less than in /D ‘ J;_ L |
(a) = the SCR is conduct near the "\ . - "

i g

peak of the cycle = R, is conducting
for approximately 90° > less power
delivered to R, .

B In figure (c) R, is adjusted at Vi
between that in (a) and (b)> 1 is between
that in (a) and (b) = the SCR is conduct
midway between (a) and (b) = R is
conducting for approximately 45°.

i€) 1357 conduction




11-3: SCR Applications

- Backup Lighting for Power Interruptions

R, D,
D, On
»l
120V - “p, "1
ms == ‘
[ v | '
»l Ry
l +
{ ? R eV T
(a) ac power on (b) Backup battery power (ac power off)

B The figure shows a full-wave rectifier used for providing power to a low-
voltage lamp. As long as the ac power is available, the battery charges through
diode R, and D;. Also C is charged to voltage higher than anode = V> (V.=
+6V of the battery)

B When there is an interruption of ac power, the capacitor discharges through
R|, D, and Ry, V<V, or gate > SCR begins to conduct = Current from the
battery is through the SCR and lamp—> lamp maintaining illumination,

11-3: SCR Applications

- Sawtooth generator

Sawtooth wave

444

R

1
oA
Yy

M The circuit is
shown is used to .

A Cll R,Z
produce the I
RJ

sawtooth wave

B The time constant is set by R, and C,, and the voltage at which the SCR
triggers on is determined by the variable voltage-divider formed by R, and R,
B When the switch is closed, the capacitor begins charging increasing the
Vi =2 at VBR(F), the SCR turns on. When the SCR turns on, the capacitor
quickly discharges through it=> V. decrease = the anode current then
decreases below the holding value, causing the SCR to turn off. As soon as
the SCR is off, the capacitor starts charging again and the cycle is repeated.
B By adjusting the potentiometer, the frequency of the sawtooth waveform
can be changed.




11-4: The Diac and Triac

B The diac and the triac are types of thyristors that can conduct current in
both directions (bilateral). The difference between the two devices is that a
diac has two terminals, while a triac has a third terminal, which is the gate

for triggering A Al
The Diac ﬂ?

B The diac acts like two back-to-back 4-layer "

diodes. It can conduct current in either direction. ;

It is constructed of two back to back pnpn as T N
shown. Because it is bidirectional, the terminals (2 Basic construction  (b) Symbol

are equivalent and labeled A, and A,

B The diac conducts current after the breakdown
voltage is reached with either polarity across the
two terminals, as shown in the characteristic curve.
At break points, the diac goes into avalanche
conduction, creating a forward (/) or reverse
(Iz)current . The diac remains in conduction as long
as the current is above the holding current, /. It

Diac characteristic curve.

Laf-
\/BRLRV |
T

Ve

11-4: The Diac and Triac
The Diac -

2

B The equivalent circuit of a diac consists of four
transistors arranged as shown in Figure (a) @

Qs

(a)

B When the diac is biased as in Figure (b), the pnpn
structure from A, to A, provides the same operation as
was described for the 4-layer diode. In the equivalent
circuit, O, and Q, are forward-biased, and O, and Q,
are reverse-biased = device work in upper portion of
the characteristic curve

B When the diac is biased as in Figure (b), the pnpn
structure from A, to A, = O, and Q, are forward-
biased, and Q, and Q, are reverse-biased > device
work in lower portion of the characteristic curve
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11-4: The Diac and Triac

The Triac s

B The Triac acts like a diac with a gate

terminal used to trigger the device on so

that it conducts at lower break voltage than []

Gate

in the diac

(a) Basic construction (b) Symbol

B Basically, a triac can be thought of simply as two
SCRs connected in parallel and in opposite directions
with a common gate terminal = it conduct current in
both direction when triggered on, depending on the
polarity of the voltage across 4, and 4,

M The characteristic curve is

Ia

Iy 1 1

Ver®ro) VBr®D VBR®R2)
T T

shows that the breakover potential
decreases as the gate current
increases (like the SCR). The triac
turns off when the anode current
drops below I

1
I Ver@) VR VBR(F0)
~Ip

BN

11-4: The Diac and Triac
The Triac

B The mechanism of conduction for a triac in both direction is shown on

equivalent circuit for two shown voltage polarities

(b) Q; and O, on

B

(d) Q3 and Q, on

The conduction of current in both direction for the diac is very

similar to the conduction of current in the SCR
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11-4: The Diac and Triac
The Triac: An application

Triac on
I
—
Delay
angle

B Triacs are used for control of ac 1 C
power by the method of phase control

as shown. It is used in applications like
electric range heating controls, light
dimmers, and small motors.

Conduction
angle

B phase control using a triac Basic triac phase-control.

is illustrated in Figure (a).

B During the positive half-cycle, D,
conducts = G and 4, are +ve with
respect to 4, The value of R, sets (RO
the point on the positive half-cycle
at which the triac triggers.

During —ve half cycle, D, conducts
- G and A, are +ve with respect to
A~ triac conducts during —ve
cycle at a trigger point set by R,

Trigger point
/

/

/
Trigger point
(adjusted by R))

(@) (b)

Triac phase-control circuit

11-5: The Silicon controlled switch (SCS)

B The SCS is similar to an SCR but with two gate: Anode (A)
(cathod gate, Gy, and Anode gate, G, ) that are usc Anode
trigger the device on and off. SCS is also used in :»-‘(‘}'“l
similar application for SCR, but with faster turn of Cathode -
B Turning on SCS; +ve pulse on Gy drive Q, into ~ &'°

conduction => it provide path for O, to switch on
(like SCR). Also, -ve pulse on G, drive Q, into
conduction—> provide current for O, base 2> O,
switch on.

(Gy)

Cathode (K)

B Turning off SCS; +ve pulse
on G, makes EB junction of
O, reverse biase = Q,turns
off = O, also cut off

Also, -ve pulse on Gy makes

BE of Q2 reverse biase 2 Q,

tums Off and hence Ql W]ll (a) Turn-on: Positive pulse on Gy (b) Turn-off: Positive pulse on G,

b ff or negative pulse on Gy or negative pulse on Gy
€come O1l.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


