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@ 9@ & 013 [ Silicon Controlled Rectifier]
& Insuen [TRIAC]
F pd % 1oa [ Silicon Controlled Switch]

& 37 1o [ Gate Turn — Off Device]

Y] A Y] a d
“ ﬂﬂymzﬁﬂlﬂﬂ!!’iﬁﬂu!!ﬂzﬂ’ﬁz!!ﬁ"llﬂﬁulﬂ'ﬁﬁ!ﬂ@'ﬁ \
P[NP [N

Anode (A) Cathode (K)

I Forward
+1 A Current
+ —0 - Forward
B ON State Bias
l Gate (G)
—_— “knee”
Corventional Current Flow Holding
Curent Breakover
Voltage
-V +V
Reverse Forward
Voltage Gate Voltage
Triggered ON
Reverse Voltage (Conduction)

Reverse Blocking OFF State

B reakdown Forward Voltage

Voltage Blocking

Reverse
Bias Reverse
IY curent




Fanou noulnsa 5an 1l0os
SILICON CONTROLLED RECTIFIERS [ SCR|

I J o .
SCR 1iluginsaidinin Solid —
o Y A4 9w  a o v
state viINAa1enuaIny seuli

7 v v
/&jﬁ ng nszua lvariudesnvaue Tua nu
S g ualna Taglmaaadyaaaninuunm
. SCR e lamilounuaing
0 o o = o o
6 _ Teem ) Tagdarersluvaanielwady
it daanuila vieszdunssduin landeda
X sCR dlulage Taimein Rectify 160
G

9
#28 uoNIINULAITINIAINMTAIA TV
Y
2995 lud SCR fanadesiuagniuaiian
lunmsnzilvnszuasiog Tnaald

(Y] [} 4 J
Taseade dudnval toa®ens

)

T092 105 A (Anode) A (Anode)
K G T
A N
10220 STUD G(Gate) o— P G [Gate)
K
O G N
l K (Cthode)

E T K (Cthode)
K




o v ¢
fed19339515119n3as SCR ediadig

lumsaivanlvan

Conduction

4,/“./ //" \'\

Lamp Load D h L_
VAC ser oy ‘ L L P
® 'S A iovanve
’ L h b
] \ 1\ \
AV
. Lk h

I Gate Trigger Pulse

Static Characteristics of a Thyristor

e Thyristors are semiconductor devices that can operate only in
the switching mode.

e Thyristor are current operated devices, a small Gate current
controls a larger Anode current.

e Conducts current only when forward biased and triggering
current applied to the Gate.

e The thyristor acts like a rectifying diode once it is triggered “ON”.
e Anode current must be greater than holding current to maintain
conduction.

e Blocks current flow when reverse biased, no matter if Gate
current is applied.

e Once triggered “ON”, will be latched “ON” conducting even when
a gate current is no longer applied providing Anode current is
above latching current.
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DC Thyristor Switching Alternative DC Thyristor
Circuit Circuit
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AC Thyristor Circuit Half Wave Phase Control
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Insuen Triacs

A TRIAC (triode for alternating current; also bidirectional triode
thyristor or bilateral triode thyristor!!l) is a three terminal electronic
component that conducts current in either direction when triggered.
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triggering modes of operation

I + Mode = MT, current positive (+ve), Gate current positive (+ve)
Y
*lll + Mode = MT, current negative (-ve), Gate current positive (+ve)

*lll - Mode = MT, current negative (-ve), Gate current negative (-ve)

o A “Triac” is another 4-layer, 3-terminal thyristor device similar to the
SCR.

e The Triac can be triggered into conduction in either direction.

e There are four possible triggering modes for a Triac, of which 2 are

preferred.

Triac Applications

Triac Switching Circuit
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Triac Applications

Modified Triac Switching
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Triac Phase Control
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Diac

The Diac is a two-junction bidirectional semiconductor
device designed to break down when the AC voltage across
it exceeds a certain level passing current in either direction

Diac Symbol and I-V Characteristics

Diacs are primarily used as trigger devices in phase-triggering and
variable power control applications because a diac helps provide a
sharper and more instant trigger pulse (as opposed to a steadily rising
ramp voltage) which is used to turn “ON” the main switching device.
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Diac AC Phase Control

When the charging voltage reaches the breakover voltage of
the diac (about 30 V for the ST2), the diac breaks down and the
capacitor discharges through the diac.

The diac is commonly used as a solid state triggering device
for other semiconductor switching devices, mainly SCR’s and triacs.
Triacs are widely used in applications such as lamp dimmers and motor
speed controllers and as such the diac is used in conjunction with the
triac to provide full-wave control of the AC supply as shown.
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Insulated Gate Bipolar Transistor

Circuit
Symbol

Simplified
Equivalent Circuit

PNP

Transistor
Ie

N-channel
MOSFET

Emitter

The /nsulated Gate Bipolar Transistor, (IGBT) combines the
insulated gate (hence the first part of its name) technology of
the MOSFET with the output performance characteristics of
a conventional bipolar transistor, (hence the second part of
its name).
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Insulated Gate Bipolar Transistor

The /GBT Transistortakes the best parts of
these two types of common transistors, the high
input impedance and high switching speeds of a
MOSFET with the low saturation voltage of a
bipolar transistor, and combines them together to
produce another type of transistor switching device
that is capable of handling large collector-emitter
currents with virtually zero gate current drive.

The result of this hybrid combination is that the
“IGBT Transistor” has the output switching and conduction

characteristics of a bipolar transistor but is voltage-
controlled like a MOSFET.

IGBT Characteristics

Fully
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( eglon (.VIP\)

—— _ Fully
OFF
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IGBT Comparison Table

Device Power
Characteristic Bipolar
Voltage Rating High <1kV High <1kV Very High >1kV
Current Rating High <500A Low <200A High >500A
Input Impedance Low High High
Output Impedance Low Medium Low
Switching Speed Slow (uS) Fast (nS) Medium
Cost Low Medium High

NEC

PACKAGE DIMENSIONS
in millimeters

10.5 MAX.

aupeey

f<

.54 254

Pin Connection
@' Cathode

2 Anode

3 Gete

THYRISTORS

5P4M, 5P5M, 5P6M

The 5P4M to 5P6M are a P gate all diffused mold type Thyristor granted
S5Amp On-state Average Current (To=103 °c)

FEATURES

Easy installation by TO-220 AB package.

® 80 A surge current.

High Voltage.

: Vprm. VRRm =400 V (5P4M)
* Voam. Varm = 500 V (5P5M)
: Voam. Vrrm = 600 V (5P6M)

APPLICATIONS

.
.
.
L

Motor speed control for household appliance.

Temperature control for heater and constant temperature box.
Constant voltage power source and battery charger.
Automotive application such as regulator.

Various solid state relay etc.

16



MAXIMUM RATINGS

CHARACTERISTIC } SYMBOL SRAM
Nan Repetitive Peak Reverse Voltage | Vesw T |
Non-Rapatitive Peak Off-State Voltage Vosm | 500 )
Rapetitive Pe;k_ﬁw«;_.\«'_?-'zg.e T _}_vﬁﬁm | a0 _. 500 | 600 v ]
Reputitive Pask Off-State Voltage Vs a0 | s | 500 [ v [ 1
Average On-State Current Ivawy | 51Te=103°C,a =180 ° Single phase half wavel [ Y | See Fig, &
| Surgs OnState Current [ T w | A | seFmz
F et T fipeat | Bl ms St E 10 ms) | A
[ Peak Gate Power Dissipation [ B 50 Hz, Duty S10%] w -
Av_zﬁgu é.atu Pc;we‘rTJ‘iésip;:}on A { P.".;-tA\u'p ) “os A W Sen Fig. 3
| Peok Gate Forward Current | lrcw 21250 Hz, Duty 10 %) A |
Peak Gate Revarss Volteps  Veow | 10 v |
Junctian Temperature 1'] { f s, s _—4_[) tu_ﬂ?i | 2 = 2
Storage Temperature | Tetg 40 10 +150 i
Weight | 2 |
ELECTRICAL CHARACTERISTICS (Tj=25 °c)
CHARACTERISTIC [ symeoL CONDITION MIN. | TYP. | MAX. [unit|  noTe
ﬂ::p;vr::: Peak Reverse 1 _— Vaw = Vaam. Tj - 125°C _ 2 I A
Hecn:::e Peak Off-State ‘ Vi Vo = Vom, T) = 125°C | 2 | ma 1
| Onsww Voltags l Vi | la=10A [T - T7a [ v | seeFig.1
GateTrigger Cumont | lar | Vom=6V.R_=1000 - = - [ 10 |ma )
Gate-Trigger Voltags | Ver Vom =6V, R =100 02 - - 15 | V | SeeFig.3
Eu Non-Trigger Voltage | Vo | Vow =1/2 Vomm, T = 126°C 02 | - . v
c';"i:; c:::ﬂ: Fissiof OfF: dv/dt Vowm = Voam. Tj = 126°C - a0 - | wies
Holding Current l Iy Vo-24V — |10 mA ]
v k T rm-5A.vRzsV T T
gl Commtad Turm Ot tq Von = 2/3 Vo, diR/dt = 16 Alus { - 30 = us
‘ dv/dt =10 V/us, Tj = 125°C |
Thermal Resistance | Ay Junction to case o - 1- 5 |"cw | seerie7 |

/A

BTA40, BTA41 and BTB41 Series

Table 1: Main Features

Symbol Value Unit
I1(RuS) 40 A
Vorm/VRRM 600 and 800 \
laT (Qy) 50 mA
DESCRIPTION

Available in high power packages, the BTA/
BTB40-41 series is suitable for general purpose
AC switching. They can be used as an ON/OFF
function in applications such as static relays, heat-
ing regulation, induction motor starting circuits... or
for phase control operation in light dimmers, motor
speed controllers, ...

Thanks to their clip assembly technique, they
provide a superior performance in surge current
handling capabilities.

By using an internal ceramic pad, the BTA series
provides voltage insulated tab (rated at
2500VRs) complying with UL standards (File ref.:
E81734).

A
A2 L
@

(BTA41)

TOP3 Insulated

A2
G
Al
Af
G o _’AZ
-~
RD91
(BTA40)
A‘l:
A2
G
TOP3
(BTB41)




Table 3: Absolute Maximum Ratings

Symbol Parameter Value Unit
[E—— RMS on-state current RD91/TOP3 T=05°C 40 A
( ) (full sine wave) TOP Ins. T, =80°C
| Non repetitive surge peak on-state | F =50 Hz t=20ms 400 A
TSM current (full cycle, T initial = 25°C) TE Z go Hz T—1867 ms 420
Ft I*t Value for fusing ,=10ms 280 A’s
Critical rate of rise of on-state cur- -
dl/dt rentlg =2 x lgT , t; = 100 ns F=120Hz TJ=125 C 50 Alus
Non repetitive surge peak off-state _ _ oEe, Vpsu/Vasm
Vosu/Vesm| Vothoa t,=10ms T)=25°C il
lam Peak gate current t,=20us Tj=125°C 8 A
Paav) Average gate power dissipation Tj=125°C 1 w
Tstg Storage juncticn temperature range -40to + 150 o
TJ Operating junction temperature range -40to + 125
Tables 4: Electrical Characteristics (Ti = 25°C, unless otherwise specified)
Symbol Test Conditions Quadrant Value Unit
I-1r-1m 50
lat (1) MAX. mA
a7 Vp=12V R_=33Q % 100
Var ALL MAX. 1.3 \
Vap Vb=Vprm RL=8.3kQ T;=125°C ALL MIN. 0.2 \
Iy (2) It = 500 mA MAX. 80 mA
I-1-1v 70
| Ig=1.21 MAX. mA
t g at i 160
dV/dt (2) | Vp= 67 %Vppu gate open Tj=125°C MIN. 500 Vips
(dVv/dt)c (2)| (di/dt)c = 20 A/ms Tj=125°C MIN. 10 Vips
esMsIFaOulasuen
o
Ve -
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Light Activated SCR Opto-TRIAC
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OPTO-Isolator

OPTO-COUPLERS are also called OPTO-
ISOLATORS or PHOTO-COUPLERS.

An opto-coupler is an optical link and it
connects two circuits via this link.

The optical link is contained within a chip. A
Light Emitting Diode inside the chip shines on a
photo-diode, photo-transistor or other photo
device. When the photo device sees illumination,
the resistance between its terminals reduces. This
reduced resistance can activate another circuit.

OPTO-Isolator
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http://talkingelectronics.com/ChipDataEbook-1d/html/OptoList.html
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Fig. 9.
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