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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor product or ser-
vice without notice, and advises its customers to obtain the latest version of relevant information to verify, before placing orders,
that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent Tl deems neces-
sary to support this warranty. Specific testing of all parameters of each device is not necessarily performed, except those man-
dated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or severe property or
environmental damage ("Critical Applications").

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE SUITABLE
FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of TI products in such
applications requires the written approval of an appropriate TI officer. Questions concerning potential risk applications should be
directed to TI through a local SC sales office.

In order to minimize risks associated with the customer's applications, adequate design and operating safeguards should be
provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or infringement of patents
or services described herein. Nor does Tl warrant or represent that any license, either express or implied, is granted under any
patent right, copyright, mask work right, or other intellectual property right of Tl covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

Copyright © 1995, Texas Instruments Incorporated



INTRODUCTION

The 1995 SCR AND TRIAC DATA MANUAL AND APPLICATIONS INFORMATION from Texas Instruments
includes complete detailed specifications on the thyristor product line. These devices are designed to control the
power taken by altemnating current equipment, including household appliances (motor control) and industrial sys-
tems (power control). The SCRs can be used for ac half wave control of mains power circuits up to 2 kW or in dc
circuits with commutation or current limitation (e.g. gas ignitors) For full wave ac control, the triacs can be used for
mains power circuits up to 6 kW

The data book is divided into 6 chapters. Below you will find a brief description of each chapter.

Chapter 1. Selection Guide - An easy-to-use reference guide that includes specific device information. Page num-
bers are shown for easy access to the detailed specifications.

Chapter 2. Glossary/Data Sheet Structure - Defines terms and standards used throughout the book.
Chapters 3 - 4. Product specifications for over 60 thyristors are given in these sections.

Chapter 5. Applications Information - Includes thyristor electrical and therm

design tolerancing and circuit examples.
Chapter 6. Mechanical Data - Detailed package drawings and specifications are shown in this section.

For ordering information or further assistance please contact the sales representation listed in the back of this
book. For additional copies of this book please return the pre-paid order form included inside the back cover.
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SELECTION

GUIDE

SILICON CONTROLLED RECTIFIERS

DEVICE Vorm lr(rMs) "] dv/dt typ VarMax) lgT(max)
PACKAGE PAGE
NUMBER v) (A) (A) (Vius) (v) (mA)
TIC106D 400
TIC106M 600
5 30 10 1.0 0.2 TO-220 33
TIC106S 700
TIC106N 800
TIC108D 400
TIC108M 600
5 20 80 10 1 TO-220 3-9
TIC108S 700
TIC108N 800
TIC116D 400
TIC116M 600
8 80 100 15 20 TO-220 3-15
TIC116S 700
TIC116N 800
TIC126D 400
TIC126M 600
12 100 100 15 20 TO-220 3-21
TIC126S 700
TIC126N 800
TICP106D 400
2 15 10 1.0 0.2 TO-92 3.27
TICP106M 600
TRIACS
lgTmax) Vatmax)
DEVICE | Vpam | hrams) | hrsw | dvidt | dvidteymin (mA) v) PACKAGE | PAGE
NUMBER | (V) (A) (A) | (Vips) (VIus) | MT24+|MT2+| MT2- | MT2- [MT24+-| MT2-
G+ G- G- G+ G+-- G+
TIC201D | 400
TIC201M | 600
25 14 50 2 5 8 10 | 25 25 ) TO-220 | 43
Tic201S | 700
TIC201N | 800
TIC206D | 400
TIC206M | 600
4 30 50 1 5 5 5 10 2 2 T0-220 | 45
TIC206S | 700
TIC206N | 800
TIC216D | 400
TIC216M | 600
6 70 50 5 5 5 5 10 22 3 TO220 | 49
Tic216S | 700
TIC216N | 800
INSTRUMENTS
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SELECTION GUIDE

TRIACS (continued)
laTmax) VaTmax)
i (mA) \%
DEVICE | Vppm | brrmsy | hrsm | dv/dt | dv/dteymin ) PACKAGE | PAGE
NUMBER | (V) (A) (A) | (Vius) [ (V/uS) |MT2+|MT2+| MT2- | MT2- [MT2++-| MT2-
G+ G- G- G+ G+-- G+
TIC225D | 400
TIC225M | 600
8 70 50 1 5 10 10 30 2 2 T0-220 | 411
TIC2258 | 700
TIC225N | 800
TIC226D | 400
TIC226M | 600
8 80 100 5 50 50 50 - 2 2 T0-220 | 415
TIC226S | 700
TIC226N | 800
TIC236D | 400
TIC236M | 600
12 100 | 400 12 50 50 50 - 2 2 TO-220 | 4-19
TIC236S | 700
TIC236N | 800
TIC246D | 400
TIC246M | 600
18 125 | 400 12 50 50 50 2 2 JO-220 | 4-23
TIC246S | 700
TiC246N | 800
TIC253D | 400
TIC253M | 600
20 150 | 450 1 typ. 50 50 50 2 2 SOT-93 | 427
TIC253S | 700
TIC253N | 800
TIC256D | 400
TIC256M | 600
20 150 | 450 1 typ. 50 50 50 - 2 2 TO-220 | 4-31
TIC2568 | 700
TIC256N | 800
TIC263D | 400
TIC263M | 600
25 176 | 450 1 typ. 50 50 50 - 2 2 SOT-93 | 435
TIC263S | 700
TIC263N | 800
TIC266D | 400
TIC266M | 600
25 175 | 450 1 typ. 50 50 50 - 2 2 TO-220 | 4-39
TIC266S | 700
TIC266N | 800
TICP206D | 400
15 12 . - 8 8 8 10 25 25 TO-92 | 4-43
TICP206M | 600
.
INSTRUMENTS
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GLOSSARY/DATA SHEET STRUCTURE

PART 1 - THYRISTOR STANDARDS

The documents listed below have overriding authority where any conflict may occur with this book.

EIA and JEDEC Standards
Electronics Industries Association
2001 Pennsylvania Avenue, N. W.
Washington, D.C. 20006

EIA Standard RS-397: Recommended Standards for Thyristors

JEDEC Standard 77: Letter Symbols, Abbreviations, Terms, and Definitions for Discrete Semiconductor and
Optoelectronic Devices

JEDEC Publication 104: Quick reference Guide to Letter Symbols
IEEE Standards

Institute of Electrical and Electronic Engineers, Inc.

345 East 47th. Street

New York, N.Y. 10017

IEEE No. 233: Standard Definitions of Terms for Thyristors
International Electrotechnical Commission Standards
American National Standards Institute, Inc.

1430 Broadway

New York, N.Y. 10018

IEC Publication 147-IC: Essential Ratings and Characteristics of Semiconductor Devices and General
Principals of Measuring Methods

IEC Publication 148: Letter Symbols for Semiconductor Devices and Integrated Circuits

IEC Publication 191: Mechanical Standardization of Semiconductor Devices

PART 2 - CLASSES OF THYRISTOR
Bidirectional Diode Thyristor

A two-terminal thyristor having substantially the same switching behaviour in the first and third quadrants of
the thyristor voltage-current characteristic. (See Figures 2 and 4)

GRAPHIC SYMBOL MAIN TERMINAL 2
(REF. ANSI Y32.2):

MAIN TERMINAL 1

TEXAS
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GLOSSARY/DATA SHEET STRUCTURE

Bidirectional Triode Thyristor

A n-gate or p-gate three-terminal thyristor having substantially the same switching behaviour in the first and
third quadrants of the thyristor voltage-current characteristic. (See Figures 2 and 4)

GRAPHIC SYMBOL MAIN TERMINAL 2
(REF. ANSI Y32.2):

GATE
MAIN TERMINAL 1

Diac

Originally a synonym for "bidirectional diode thyristor" derived from Dlode Alternating Current semiconductor
switch. This term now refers to a diode transistor which is used in thyristor trigger circuits.

N-Gate Thyristor

A unidirectional triode thyristor whose gate terminal is connected to the N-region nearest the anode and that
is normally switched to the on-state by applying a negative signal to gate terminal with respect to the anode
terminal. (See Figure 1 and reverse-blocking triode thyristor).

P-Gate Thyristor

A unidirectional triode thyristor whose gate terminal is connected to the P-region nearest the cathode and that
is normally switched to the on-state by applying a positive signal to gate terminal with respect to the cathode
terminal. (See Figure 1 and reverse-blocking triode thyristor).

Reverse-Blocking Diode Thyristor
A two-terminal thyristor that switches only for positive anode-to-cathode voltage and exhibits a reverse

blocking state for negative anode-to-cathode voltages. (See Figure 1)
GRAPHIC SYMBOL (REF. ANSI Y32.2):
ANODE ANODE
CATHODE CATHODE
Reverse-Blocking Triode Thyristor

An n-gate or p-gate three-terminal thyristor that switches only for positive anode-to-cathode voltages and
exhibits a reverse-blocking state for negative anode-to-cathode voltages. (See Figure 1)

ANODE ANODE
N-TYPE
GATE
P-TYPE
CATHODE GATE CATHODE

1
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GLOSSARY/DATA SHEET STRUCTURE

Reverse-Conducting Diode Thyristor

A two-terminal thyristor that switches only for positive anode-to-cathode voltages and conducts large currents
at negative anode-to-cathode voltages comparable in magnitude to the on-state voltage.

GRAPHIC SYMBOL (UNDER CONSIDERATION BY ANSI):
ANODE ANODE
{ ! OR ! ;
CATHODE CATHODE
Thyristor, Reverse-Conducting Triode

A n-gate or p-gate three-terminal thyristor that switches only for positive anode-to-cathode voltages and
conducts large currents at negative anode-to-cathode voltages comparable in magnitude to the on-state
voltage.

GRAPHIC SYMBOL (UNDER CONSIDERATION BY ANSI):
ANODE ANODE
N-TYPE
GATE
P-TYPE
CATHODE GATE CATHODE
SCR

A depreciated synonym for "reverse-blocking triode thyristor" derived from “Silicon Controlled Rectifier” or
“Semiconductor Controlled Rectifier”

Thyristor

A bistable semiconductor device that comprises three or more junctions and can be switched from the off-
state to the on-state or vice versa. (Ref. IEC 147-0) (See Figures 1 through 5).

NOTE :1. A thyristor is a switch that can be switched on either for only one direction of the principal current
(a unidirectional thyristor) or for both directions (a bidirectional thyristor).

NOTE :2. The term “thyristor” is used as a generic term to cover the whole range of PNPN-type switches. It
may be used by itself for any member of the thyristor family when such use does not result in ambiguity or
misunderstanding. In particular the abbreviated term ‘thyristor” is widely used for the reverse-blocking triode
thyristor formally called “silicon controlled rectifier” or “semiconductor controlled rectifier” (SCR).

Unidirectional Diode Thyristor

A two-terminal thyristor that can switch only when the anode voltage is positive. (See reverse-blocking diode
thyristor and reverse-conducting diode thyristor.)

Unidirectional Triode Thyristor

A three-terminal thyristor that can switch only when the anode voltage is positive. (See reverse-blocking
triode thyristor and reverse-conducting triode thyristor.)

‘V) TEXAS
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GLOSSARY/DATA SHEET STRUCTURE

NOTE : In this definition, a second cathode or anode terminal for connecting to the control circuit is not
counted.

Triac
A synonym for "bidirectional triode thyristor" derived from Triode Alternating Current semiconductor switch.

Gate-Turn-Off (GTO) Reverse-Blocking Thyristor

A reverse-blocking triode thyristor that can be switched from the on state to the off state and vice versa by
applying control signals of appropriate polarities to the gate terminal, with the ratio of triggering power to
triggered power appreciably less than one. (See Figures 1 and 3)

ANODE ANODE
N-TYPE
GATE
P-TYPE
CATHODE GATE CATHODE

Gate-Turn-Off (GTO) Reverse-Conducting Thyristor

A reverse-conducting triode thyristor that can be switched from the on state to the off state and vice versa by
applying control signals of appropriate polarities to the gate terminal, with the ratio of triggering power to
triggered power appreciably less than one.

ANODE ANODE
N-TYPE
GATE
P-TYPE
CATHODE GATE CATHODE
PART 3 - PHYSICAL STRUCTURE NOMENCLATURE

Anode

The electrode by which current enters the thyristor when the thyristor is in the on state with the gate open
circuited. (Ref. RS-397).

NOTE : This term does not apply to bidirectional thyristors.

Anode Terminal
The terminal that is connected to the anode.

NOTE :1 This term does not apply to bidirectional thyristors

NOTE :2 A second anode terminal may be provided for connecting to the control circuit of an n-gate thyristor.

*“ TEXAS
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GLOSSARY/DATA SHEET STRUCTURE

GATE CATHODE GATE MT1
TERMINAL TERMINAL TERMINAL TERMINAL

1 i

ANODE AROB1AD MT2 AROG1AF
TERMINAL TERMINAL

The gate electrode may be connected to the central N-
type base region in some structures or omitted in the
case of a diode thyristor.

Figure 1. Schematic Representation of a (P-Type Figure 2. Schematic Representation of a Bidirec-

Gate) Reverse-Blocking Thyristor tional Triode Thyristor
1 1
FIRST QUADRANT FIRST QUADRANT
ANODE+ MAIN TERMINAL 2+
NEGATIVE
ONSTATE —1»| peciar)NCE +—— ON STATE
REGION
/ BREAKCVER BREAKCOVER
! VOLTAGE, VOLTAGE,
HOLDING =L __ CURRENT “-~‘§_~ CURRENT
CURRENT— S ee—— OFF STATE e~ e——
REVERSE-BLOCKING STATE b) = v, b =
+V, v +V, v
a b
REVERSE OFF STATE i S OFF STATE
BREAKDOWN SREAKOVER ~———
VOLTAGE, VOLTAGE
CURRENT CURRENT
ON STATE
THIRD QUADRANT THIRD QUADRANT
ANODE- MAIN TERMINAL 2-

Curve “a” applies for zero gate current or a diode Curve “a” applies for zero gate current or a diode

thyristor. Curve “b” applies for the case of gate trigger bidirectional thyristor. Curve “b” applies for the case of

current applied when off-state voltage is V4 gate trigger current applied when off-state voltage is
+V,

Figure 3. Principal Voltage-Current Characteristics Figure 4. Principal Voltage-Current Characteristics
of a Typical Reverse-Blocking Thyristor of a Typical Bidirectional Thyristor
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GLOSSARY/DATA SHEET STRUCTURE

Cathode

The electrode by which current leaves the thyristor when the thyristor is in the on state with the gate open
circuited.

NOTE : This term does not apply to bidirectional thyristors.

Cathode Terminal
The terminal that is connected to the cathode.

NOTE : This term does not apply to bidirectional thyristors.

ANV
MAIN TERMINAL 2
Vs
vl} @
n N GATE | MAIN TERMINAL 1
+Vg
QUADRANT I QUADRANT
Ve=+ Vg=+
Vo=- Vo=+
Vo +Vq
QUADRANT Hi QUADRANT IV
Vy=- =~
Vo=~ Vo= +
.V’

The polarities of Vg and V are with respect to Main Terminal 1.
Figure 5. Quadrant Definitions

Collector Junction
The junction across which the polarity of the voltage reverses when switching occurs. (Ref. RS-397) (See
Figures 1,3 and 5).

Electrode (Of A Semiconductor Device)

An element that performs one or more of the functions of emitting or collecting electrons or holes, or of
controlling their movement by an electric field. (Ref. IEEE Std.100).
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GLOSSARY/DATA SHEET STRUCTURE

Gate
An electrode connected on one of the semiconductor regions for introducing control current. (Ref. RS-397).

Gate Terminal
A terminal that is connected to a gate.

Junction (In A Semiconductor Device)

A region of transition between semiconductor regions of different electrical properties (e.g. N-N+, P-N, P-P+
semiconductors), or between a metal and a semiconductor. (Ref. RS-282).

Main Terminals
The terminals through which the principal current flows. (Ref. RS-397).

Main Terminal 1 (Of A Bidirectional Thyristor)
The main terminal which is named “1” by the device manufacturer. (Ref. RS-397).

NOTE : This is normally the reference terminal for all voltages.

Main Terminal 2 (Of A Bidirectional Thyristor)
The main terminal which is named “2” by the device manufacturer. (Ref. RS-397).

Terminal (Of A Semiconductor Device)
An externally available point of connection. (Ref. IEC 147-0).

PART 4 - ELECTRICAL CHARACTERISTIC AND RATING TERMS

Absolute Maximum Rating

A rating that establishes either a limiting capability or a limiting condition beyond which damage to the device
may occur. (Ref. IEC Pub. 747-1)

Anode-To-Cathode Voltage (Anode Voltage)
The voltage between the anode terminal and the cathode terminal.

NOTE : It is called positive when the anode potential is more positive than the cathode potential, and called
negative when the anode potential is less positive than the cathode potential.

Anode-To-Cathode Voltage-Current Characteristic (Anode Characteristics)
A function, usually represented graphically, relating the anode-to-cathode voltage to the principal current with
gate current, where applicable, as a parameter. (Ref. RS-397).
NOTE : This term does not apply to bidirectional thyristors.

Breakover Point

In a quadrant in which switching may occur, the point for which the differential resistance is zero and the off-
state voltage reaches a maximum value. (See Figures 2 and 4).

Characteristic
An inherent and measureable property of a device.
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GLOSSARY/DATA SHEET STRUCTURE

NOTE: Such a propertry can be expressed as a value for stated or recognised conditions. A characteristic
may also be shown as a set of related values, usually in graphical form. (Ref. IEC Pub. 134)

Negative-Differential-Resistance Region

Any portion of the principal voltage-current characteristic in the switching quadrant(s) within which the
differential resistance is negative. (Ref. RS-397) (See Figures 2 and 4).

Off-impedance

The differential impedance between the terminals through which the principal current flows when the thyristor
is in the off-state. (Ref. RS-397).

Off-State

The condition of the thyristor corresponding to the high-resistance, low-current portion of the principal
voltage-current characteristic between the origin and the breakover point(s) in the switching quadrant(s).
‘THELTHS5T? ).

On-Impedance

The differential impedance between the terminals through which the principal current flows when the thyristor
is in the on-state.

On-State

The condition of a thyristor corresponding to the low-resistance, low-voltage portion of the principal voltage-
current characteristic in the switching quadrant(s). (Ref. RS-397).

NOTE : In the case of reverse-conducting thyristors, this definition is applicable only for a positive anode-to-
cathode voltage.

Principal Voltage
The voltage between the main terminals. (Ref. RS-397).

NOTE : 1. In the case of reverse-blocking and reverse-conducting thyristors, the principal voltage is called
positive when the anode potential is more positive than the cathode potential, and called negative when the
anode potential is less positive than the cathode potential.

NOTE : 2. For bidirectional thyristors, the principal voltage is called positive when the potential of main
terminal 2 is more positive than the potential of main terminal 1.

Principal Voltage-Current Characteristic (Principal Characteristic)

A function, usually represented graphically, relating the principal voltage to the principal current with gate
current, where applicable, as a parameter. (Ref. RS-397).

Rating

The nominal value of any parametric quantity assigned to define the operating conditions under which a
device is expected to give satisfactory service. (Ref. [IEC Pub. 747-1)

Reverse-Blocking Impedance (Of A Reverse-Blocking Thyristor)

The differential impedance between the two terminals through which the principal current flows when the
thyristor is in the reverse-blocking state at a stated operating point. (Ref. RS-397).

"5’ TEXAS
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Reverse-Blocking State (Of A Reverse-Blocking Thyristor)

The condition of a reverse-blocking thyristor corresponding to the portion of the anode-to-cathode voltage-
current characteristic for which reverse currents are of lower magnitude than the reverse breakdown current.
(Ref. RS-397) (See Figure 2).

SYMBOL
dv/dt

dv/dt(c)

leo)
ii80)
hem)
ier)

Ioams)

PART 5 - SYMBOLS, TERMS AND DEFINITIONS

TERM
critical rate of rise of off-state voltage

critical rate of rise of commutation voit-
age (of a bidirectional thyristor)

static breakover current
instantaneous breakover current
static reverse breakdown current
instantaneous reverse breakdown cur-
rent

RMS off-state current

static off-state current

average off-state current
instantaneous off-state current
peak off-state current

off-state recovery current

repetitive peak off-state current

static gate current
average gate current
instantaneous gate current
peak gate current

static gate non-trigger current
instantaneous gate non-trigger current
peak gate non-trigger current
static gate turn-off current
instantaneous gate turn-off current
peak gate turn-off current

static gate trigger current
instantaneous gate trigger current
peak gate trigger current

static holding current
instantaneous holding current

DEFINITION

The maximum rate of rise of principal voltage that will
not cause switching from the off-state to the on-state.
The maximum rate of rise of principal voltage that will
not cause switching from the off-state to the on-state
immediately following on-state current conduction in
the opposite quadrant.

The principal current at the breakover point.

The principal current at the reverse breakdown voltage.

The principal current when the thyristor is in the off
state. (Ref. EIA-397)

The maximum value of the current that results from the
application of the off-state voltage during the transition
from an opposite-polarity off state, a reverse-blocking
state, or a reverse-conducting state.

The maximum (peak) instantaneous value of the off-
state current that results from the application of repeti-
tive peak off-state voltage.

The current that results from the gate voltage. (Ref.
EIA-397.)

NOTES : 1. Positive gate current refers to conventional
current entering the gate terminal.

2. Negative gate current refers to conventional current
leaving the gate terminal.

The maximum gate current that will not cause the thy-
ristor to switch from the off-state to the on-state.

The minimum gate current required to switch a thyristor
from the on-state to the off-state.

The minimum gate current that will not cause the thyris-
tor to switch from the off-state to the on-state.

The minimum principal current required to maintain the
thyristor in the on-state.
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SYMBOL TERM

I, static latching current

iL instantaneous latching current

lnams) RMS reverse current

Ia static reverse current

Incav) average reverse current

in instantaneous reverse current

lam peak reverse current

lram reverse recovery current

lram repetitive peak reverse current

lrsm nonrepetitive peak reverse current (of
a reverse-blocking thyristor)

lrams) RMS on-state current

Iy static on-state current

lriav) average on-state current

it instantaneous on-state current

lrm peak on-state current

lrmov) overload peak on-state current

[ repetitive peak on-state current

lrsm surge (non-repetitive) peak on-state
current

Ps static gate power dissipation

Pgav average gate power dissipation

Pe instantaneous gate power dissipation

Pem peak gate power dissipation

Py static on-state power dissipation

Prav) average on-state power dissipation

pr instantaneous on-state power dissipa-
tion

Prm peak on-state power dissipation

Rg thermal resistance

Rga thermal resistance, junction to ambi-
ent

Rguc thermal resistance, junction-to-case

Rgca thermal resistance, case-to-ambient

DEFINITION
The minimum principal current required to maintain the
thyristor in the on-state immediately after switching
from the off-state to the on-state has occurred and the
triggering signal has been removed.
The current for negative anode-to-cathode voltage.

The maximum current that results from a transition from
an on-state current to a reverse-blocking state

The maximum (peak) instantaneous value of the
reverse current that results from the application of
repetitive peak reverse voltage.

The maximum (peak) surge reverse current having a
specified waveform and a short, specified time interval.
The principal current when the thyristor is in the on-
state.

The maximum (peak) value of the on-state current hav-
ing substantially the same waveshape as the normal
on-state current and having a greater value than the
normal on-state current.

The maximum (peak) value of the on-state current
including all repetitive transient currents.

The maximum (peak) value of the surge on-state cur-
rent having a specified waveform and a short specified
time interval.

The power dissipation resulting from the respective
gate currents.

The power dissipation resulting from the respective on-
state currents through the main terminals or the anode
and cathode terminals.

The temperature difference between two specified
points or regions divided by the power dissipation
under conditions of thermal equilibrium.

“’? TeExAs
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SYMBOL
Ta

Te

T

Tslg

to

Vigo)
V(go)
Vier)
Vier)

Voirms)
Vo
VD(AV)
Vo

Voum

TERM

free-air temperature (ambient temper-
ature)

case temperature

virtual junction temperature (junction
temperature)

storage temperature

gate-controlled turn-on time

gate-controlled turn-off time

circuit-commutated turn-off time

static breakover voltage
instantaneous breakover voltage
static reverse breakdown voltage
instantaneous reverse breakdown
voltage

RMS off-state voltage

static off-state voltage
average off-state voltage
instantaneous off-state voltage
peak off-state voltage

DEFINITION

The air temperature measured below a device, in an
environment of substantially uniform temperature,
cooled only by natural air convection and not materially
affected by reflective and radiant surfaces. (Ref. MIL-S-
19500).

The temperature measured at a specified location on
the case of a device. (Ref. MIL-S-19500).

A temperature representing the temperature of the
junction(s) calculated on the basis of a simplified model
of the thermal and electrical behaviour of the semicon-
ductor device.

NOTE : This term (and its definition) is taken from IEC
standards. It is particularly applicable to multi-junction
semiconductors and is used in this publication to
denote the temperature of the active semiconductor
element when required in specifications and test meth-
ods. The term “junction temperature” is used inter-
changeably with the term “virtual junction temperature”
in this publication.

The temperature at which the device, without any
power applied, is stored. (Ref. MIL-S-19500).

The time interval between a specified point at the
beginning of the gate pulse and the instant when the
principal voltage (current) has dropped (risen) to a
specified low (high) value during switching of a thyristor
from the off-state to the on-state by a gate pulse.

The time interval between a specified point at the
beginning of the gate pulse and the instant when the
principal current has decreased to a specified value
during switching from the on-state to the off-state by a
gate pulse.

The time interval between the instant when the princi-
pal current has decreased to zero after external switch-
ing of the principal voltage circuit, and the instant when
the thyristor is capable of supporting a specified princi-
pal voltage without turning on.

The principal voltage at the breakover point.

The value of negative anode-to-cathode voltage at
which the differential resistance between the anode
and cathode terminals changes from a high value to a
substantially lower value.

The principal voltage when the thyristor is in the off-
state.

‘@‘ TEXAS
INSTRUMENTS

2-13



GLOSSARY/DATA SHEET STRUCTURE

SYMBOL TERM
Voam repetitive peak off-state voltage
Vosm non-repetitive peak off-state voltage
Vowm working peak off-state voltage
Va static gate voltage
Vaav) average gate voltage

Vg instantaneous gate voltage

Vam peak gate voltage

Vap static gate non-trigger voltage

Vap instantaneous gate non-trigger voltage
Vaom peak gate non-trigger voltage

Vaa static gate turn-off voltage

Vea instantaneous gate turn-off voltage
Vaam peak gate turn-off voltage

Ver static gate trigger voltage

Vgt instantaneous gate trigger voltage
Vam peak gate trigger voltage

V. RMS ravarse voltage

Viaiams) RMS reverse voltage

Vr static reverse voltage

Vaav) average reverse voltage

VR instantaneous reverse voltage
Vam peak reverse voltage

VRam repetitive peak reverse voltage
VRsm non-repetitive peak reverse voltage
Vawm working peak reverse voltage
Vr@ams) RMS on-state voltage

Vy ’ static on-state voltage

Vrav average on-state voltage

2 instantaneous on-state voltage
Viu peak on-state voltage

Vi static minimum on-state voltage

DEFINITION
The maximum instantaneous value of the off-state volt-
age that occurs across a thyristor, including all repeti-
tive transient voltages, but excluding all non-repetitive
transient voltages.
The maximum instantaneous value of any non-repeti-
tive transient off-state voltage that occurs across the
thyristor.
The maximum instantaneous value of the off-state voit-
age that occurs across a thyristor, excluding all repeti-
tive and non-repetitive transient voltages.
The voltage between a gate terminal and a specified
main terminal.
NOTE : Gate voltage polarity is referenced to the spec-
ified main terminal.

The maximum gate voltage that will not cause the thy-
ristor to switch from the off-state to the on-state.

The gate voltage resulting from the gate turn-off cur-
rent.

The gate voltage resulting from the gate trigger current.

The maximum instantaneous value of the reverse volt-
age that occurs across the thyristor, including all repeti-
tive transient voltages, but excluding all non-repetitive
transient voltages.

The maximum instantaneous value of any non-repeti-
tive transient reverse voltage that occurs across the
thyristor.

The maximum instantaneous value of the reverse volt-
age that occurs ‘across a thyristor, excluding all repeti- .
tive and non-repetitive transient voltages.

The principal voltage when the thyristor is in the on-
state.

The minimum positive principal voltage for which the
differential resistance is zero with the gate open-cir-
cuited.

{'f TEXAS
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GLOSSARY/DATA SHEET STRUCTURE

SYMBOL TERM DEFINITION
Zy transient thermal impedance The change of temperature difference between two
Zgia transient thermal impedance, junction- specified points or regions at the end of a time interval
to-ambient divided by the step-function change in power dissipa-
Zosc transient thermal impedance, junction- tion at the beginning of the same time interval causing
to-case the change of temperature difference.

PART 6 - BASIC DATA SHEET STRUCTURE

The front page of the data sheet begins with a list of key features such as trigger current sensitivity, current ratings
and voltage ratings. In addition, the top view of the device is shown with the pinout provided. Next the absolute
maximum ratings (e.g., withstand voltages, current levels and temperatures) applicable over the operating case
temperature range are presented. If the device is used outside these values, it may be permanently destroyed or at
least it would not function as intended.

The next section provides tables of characteristic information. The first table is for the electrical characteristics at
25°C case temperature (unless otherwise noted). These are presented as appropriate minimum, typical and maxi-
mum values. Next, a table of thermal characteristics is presented. Typically the maximum values of the junction to
case and junction to ambient thermal resistance are given. For TO-220 packaged unidirectional thyristors (SCRs),
there follows a table of switching times. Finally, if any specialized test circuits are used to measure device charac-
teristic values, these circuits are specified under the heading of parametric measurement information.

At the end of the data sheet additional information on typical electrical characteristics and thermal information may
be given. Details of the device package dimensions are given in the mechanical chapter.

Q’ TEXAS
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Technical Specifications

SCR Devices
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TIC106 SERIES

SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

® 5 A Continuous On-State Current
T0-220 PACKAGE
® 30 A Surge-Current (TOP VIEW)
® Glass Passivated Wafer
Ke——— |1
® 800V Off-State Voltage
Ac———" 1@
® Max Igy of 200 pA
GC———— 3
Pin 2 is in electrical contact with the mounting base.
MDC1AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
T RATING SYMBOL VALUE UNIT
i TIC106D 400
TIC106M 600
titi k off-stats It Note 1 V,
Repetitive peak off-state voltage (see Note 1) TIC106S DRM 700 \
TIC106N 800
TIC106D 400
» TIC106M 600
Repetitive peak reverse voltage TIC1068 VRaM 700 A
TIC106N 800
Continuous on-state current at (or below) 80°C case temperature (see Note 2) I7(RMS) 5 A
Average on-state current (180° conduction angle) at (or below) 80°C case temperature i a2 A
(see Note 3) ) ’
Surge on-state current {see Note 4) M 30 A
Peak positive gate current (pulse width < 300 ps) ) Iam 02 A
Peak gate power dissipation (pulse width < 300 ps) Pam 1.3 w
Average gate power dissipation (see Note 5) Pgav) 0.3 w
Operating case temperature range Tc -40to +110 °C
Storage temperature range Tsig -40to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply when the gate-cathode resistance Rgy = 1 kQQ

2. These values apply for continuous dc operation with resistive load. Above 80°C derate linearly to zero at 110°C.
3. This value may be applied continuously under single phase 50 Hz half-sine-wave operation with resistive load. Above 80°C derate

linearty to zero at 110°C.

4. This value applies for one 50 Hz half-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage
and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium.

5. This value applies for a maximum averaging time of 20 ms.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications %
per the terms of Texas Instruments standard warranty. TEXAS

ection processing does nat necessarly Inclide  [NSTRUMENTS

Copyright © 1995 Texas Instruments Limited
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TIC106 SERIES

SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted)

off-state voltage

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Repetitive peak
| Vp = rated V| Rgk = 1kQ Tc =110°C 400 A
ORM  off-state current o DRM GK ¢ "
Repetitive peak
| VR = rated V, Ig=0 Tc =110°C 1 A
RRM " roverse current R RRAM G ¢ m
gt Gate trigger current Vap =6V R = 100Q to(g) 2 20 us 60 200 pA
Var=6V R = 100 Q Tc =- 40°C 12
to(g) 220 ps Rgk = 1kQ ’
v Gato trigger voltage | "4~V AL= 1009 04 | 06| 1 v
er Galelrggervolage |\ 9220ps Rgk = 1kQ ‘ :
| PO~
Var=6V R = 100Q Tc=110°C 02
to(g) 220 s Rgk = 1kQ ’
Var=6V Rok = 1 kQ To =-40°C o
| Holding current Initiating Iy = 10 mA mA
H oiding Vaa=6V Rox= 1KQ .
Initiating It = 10 mA
Peak on-state
V- lim=5A See Note 6 1.7 v
™ oltage ™ ( )
Critical rate of rise of
iy e IR OTISE STy rated v Rgk =1k Te=10°C 10 Vis

NOTE 6: This parameter must be measured using pulse techniques, t, = 300 ps, duty cycle < 2 %. Voltage sensing-contacts, separate from
the current carrying contacts, are located within 3.2 mm from the device body.

thermal characteristics

3-4

PARAMETER MIN | TYP | MAX| UNIT
Rgyc  Junction to case thermal resistance 35 °CW
Rgya  Junction to free air thermal resistance 62.5 °C/W
resistive-load-switching characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
Gate-controlled
t = g = i 1 1.75
ot \urn-on time Ir=5A g=10mA See Figure us
. Circuit-commutated Ir=5A Ig=10mA See Figure 2 77 s
a turn-off time Iam=8A ’ s
INSTRUMENTS




TIC106 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

PARAMETER MEASUREMENT INFORMATION

Vv
6Q l h
Va
-V, 10%
but [}
Ro -
G
it g
-—_]- 90%
= = PMC1AA
Figure 1. Gate-controlled turn-on time

G1

G2

JL

G2 t, Synchronisation

NOTES: A. Resistor R1 is adjusted for the specified value

of Loy
B. Resistor R2 value is 30/l,, where |, is the

holding current value of thyristor TH1.
C. Thyristor TH1 is the same device type as the
DUT.

Pulse Generators, G1 and G2, are

synchronised to produce an on-state anode
current waveform with the following
characteristics:

to = 50 ps to 300 ps

duty cycle = 1%
F

Pulse Generators, G1 and G2, have output

pulse amplitude, V. of > 20 V and duration of
10 ps to 20 ps.

I _/[ t,
— 1 PMC1AB
Figure 2. Circuit-commutated turn-off time
‘t’? TEXAS

INSTRUMENTS



TIC106 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

AVERAGE ANODE FORWARD CURRENT
DERATING CURVE

TI20AA

. .
Fod

Continuous DC

<

g

5

3 5

B

[

£ 4

w

Y @ = 180° \
I L \
< 3 —

5 \
©

D

< S

: . \
E o°lb——180° \
x 1 [

g Conduction

's Angle

H

-

o l il
30 40 50 60 70 80 90 100 110

T, - Case Temperature - °C

Figure 3.

SURGE ON-STATE CURRENT
vs

CYCLES OF CURRENT DURATION

TI20AC

P, - Max Continuous Anode Power Dissipated - W

MAX CONTINUOUS ANODE POWER DISSIPATED
vs
CONTINUOUS ON-STATE CURRENT

TI20AB

-
(=]
=]

T T 7

E T, = 110°C A

-
=)

/

1 10 100
I; - Continuous On-State Current - A
Figure 4.

TRANSIENT THERMAL RESISTANCE
vs

CYCLES OF CURRENT DURATION

TI20AD

100 - 1 I I - 10
T,<80°C A Z
< No Prior Device Conduction T] &.’
€ Gate Control Guaranteed ]|
(4
t
3 ]
2 T~ 1
> 0 1
F] I - =1
s '~-.~_~.- = LU |1
[ £ L1
'(IE) 10 g 1 —=
- 3 —
®
T
£
[
[
a [ 1
= i
- §
&
1 01
1 10 100 1 10 100
Consecutive 50 Hz Half-Sine-Wave Cycles Consecutive 50 Hz Half-Sine-Wave Cycles
Figure 5. Figure 6.
‘b TEXAS
INSTRUMENTS
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TIC106 SERIES

SILICON CONTROLLED RECTIFIERS

APRIL 1971

- REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

GATE TRIGGER CURRENT

GATE TRIGGER VOLTAGE

vs vs
CASE TEMPERATURE CASE TEMPERATURE
TC20AA 1 TC20AB
I | I
V=6V V,,=6V
R =100Q | R =100Q
§. 1,220 ps : 0B Ry =1kQ |
5 g \ t,p 220 8
§ 100 S
o S Z 06
3 &
o
£ . \\
e N £ o4} ~
8 ~C 8
5 ~ 5
0.2
10 0
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 7. Figure 8.
GATE FORWARD VOLTAGE HOLDING CURRENT
vs vs
GATE FORWARD CURRENT CASE TEMPERATURE
10 TC20AC 10 TC20AD
il F—t—1—
[ 1,=0 V=6V ]
- T,=25°C —
> ¢ Roy = 1 k2
. t, =300 ps i il < Initiating I, = 10 mA ™|
§l [~ Duty Cycle<2 % §
3 £
s L~ o \
£ 1 2 .
£ = 5 \
[ - o
3 o N
5 - N
> \
01 mf 1
01 1 10 100 1000 50 25 0 25 50 75 100 125
14 - Gate Forward Current - mA T, - Case Temperature - °C
Figure 9. Figure 10.
3 7
EXAS
INSTRUMENTS
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TIC106 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

PEAK ON-STATE VOLTAGE GATE-CONTROLLED TURN-ON TIME
vs vs
PEAK ON-STATE CURRENT GATE CURRENT
TC20AE TC20AF
25 100 TTTTTTT T T T
L
> T.=25°C 3 R =60
. 20— ¢ =300 s 2 80 T.=25°C i
5’ Duty Cycle<2 % = See Test Circuit and Waveforms
[ o
e 15 y £ 60
U -
2 M 2 N
S e 8 ™\
i 1.0 == § 4.0 \
5 5 Ny
0.5 20 L
& ™~
0.0 0.0
01 1 10 01 1 10
I,y - Peak On-State Current - A I, - Gate Current - mA
Figure 11. Figure 12.
CIRCUIT-COMMUTATED TURN-OFF TIME
vs
CASE TEMPERATURE
16 TC20AG
1T T 1T T T°1
S 1wl Vm=30V
2 R =6Q
E ool hw=8A
S_ See Test Circuit and Waveforms
£ —
E Lt |
s 8
3
E
E 6
Q
3
-2
0
20 40 60 80 100 120
T, - Case Temperature - °C
Figure 13.
3 1
INSTRUMENTS
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TIC108 SERIES
‘ SILICON CONTROLLED RECTIFIERS

JUNE 1982 - REVISED JANUARY 1995

§ A Continuous On-State Current
20 A Surge-Current

Glass Passivated Wafer

Max Igy of 1 mA

TO-220 PACKAGE
(TOP VIEW)

K 1
::
800 V Off-State Voltage

AC—— 1@
GC——— |3

O

Pin 2 is in electrical contact with the mounting base.

MDC1AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT

TIC108D 400

- TIC108M 600
Repetitive peak off-state voltage (see Note 1) TIC108S Vorm 700 )

TIC108N 800

TIC108D 400

. TIC108M 600
Repetitive peak reverse voltage TIC1088 VRam 700 v

TIC108N 800
Continuous on-state current at (or below) 80°C case temperature (see Note 2) 1 (RMS) 5 A
Average on-state current (180° conduction angle) at (or below) 80°C case temperature v a2 A

(see Note 3) )

Surge on-state current (see Note 4) Irm 20 A
Peak positive gate current (pulse width < 300 ps) lam 0.2 A
Peak gate power dissipation (pulse width < 300 us) Pem 1.3 w
Average gate power dissipation (see Note 5) Pgav) 0.3 w
Operating case temperature range Tc -40 to +110 °C
Storage temperature range Tstg -40to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply when the gate-cathode resistance Rgk = 1 k€

2. These values apply for continuous dc operation with resistive load. Above 80°C derate linearly to zero at 110°C.
3. This value may be applied continuously under single phase 50 Hz half-sine-wave operation with resistive load. Above 80°C derate

linearly to zero at 110°C.

4. This value applies for one 50 Hz half-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage
and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium.

5. This value applies for a maximum averaging time of 20 ms.

mmx DATA information is curnnn(kn‘oof

on date. Products conform to specifications

per the terms of Texas Ir:trumomn standard mrraln;ye. % TEXAS

Prod p ing does not ily inclu

o o sl e peranetons INSTRUMENTS

Copyright © 1995 Texas Instruments Limited
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TIC108

SERIES

SILICON CONTROLLED RECTIFIERS

JUNE 1982 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Repetitive peak
| = rated V, Rgk =1kQ Tc=110°C 400
DRM  off-state current Vo = rated Vpgy GK ¢ HA
Repetitive peak
! Vg = rated V| Ig=0 Tc =110°C 1 A
RAM reverse current R © RAM G ¢ m
lat Gate trigger current Vaa=6V R = 100Q toig) 220 us 0.2 1 mA
Var=6V R_= 100Q Tc =- 40°C T; o
tog) 220 ps Rgk = 1 kQ ’
v, Gate trigger voltage | 78V A= 1000 04 | 06 | 1 v
il g X
T GaloTggervelage | | y220ps Rax = 1 kQ
Vaa=6V RL= 100Q Tc=110°C 02
to(g) 220 US Rgk = 1 kQ ’
Vaa=6V Rgk = 1 kQ T =-40°C s
| Holdi t Initiating I+ = 20 mA A
olding current m
H 9 Van=6V o= 1kQ 0
Initiating I = 20 mA
Peak on-state
V lm=5A see Note 6 1.7 v
™ oltage ™ ( )
Critical rate of rise of
dvigt oo TAE OSSO ]y rated Vp Rak = 1 kQ Te =110°C 80 Vis
off-state voltage
NOTE 6: This parameter must be measured using pulse techniques, tp = 300 ps, duty cycle < 2 %. Voltage sensing-contacts, separate from
the current carrying contacts, are located within 3.2 mm from the device body.
thermal characteristics
PARAMETER MIN TYP | MAX UNIT
Rgyc  Junction to case thermal resistance 3.5 °C/w
Rgya  Junction to free air thermal resistance 625 | °C/W
resistive-load-switching characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS MIN | TYP [ MAX | UNIT
Gate-controlled
1 It = =1 A i 2.9
gt wrn-on time r=5A Ig=10m, See Figure 1 us
Circuit-commutated
t = = i 13.
a wn-off time lr=5A lrm=8A See Figure 2 3 us
INSTRUMENTS
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TIC108 SERIES

SILICON CONTROLLED RECTIFIERS

JUNE 1982 - REVISED JANUARY 1995

G1

6Q

PARAMETER MEASUREMENT INFORMATION

Va

PMC1AA

Figure 1. Gate-controlled turn-on time

30V

0.1 uF
to 0.5 pF

G2

NOTES: A. Resistor R1 is adjusted for the specified value

of lay.

B. Resistor R2 value is 30/l,, where |, is the
holding current value of thyristor TH1.

C. Thyristor TH1 is the same device type as the
DUT.

D. Pulse Generators, G1 and G2, are
synchronised to produce an on-state anode
current waveform with the following
characteristics:

te = 50 ps to 300 ps
duty cycle = 1%

E. Pulse Generators, G1 and G2, have cutput
pulse amplitude, V. of 2 20 V and duration of
10 ps to 20 ps.

Ve /AN
b
I '[ te
0
"""" ™
v \
. . //————
0
— 1, PMC1AB

Figure 2. Circuit-commutated turn-off time

‘@‘ TEXAS
INSTRUMENTS

3-11



TIC108 SERIES
SILICON CONTROLLED RECTIFIERS

JUNE 1982 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

AVERAGE ANODE FORWARD CURRENT
DERATING CURVE

TI23AA

¢ 1

Continuous DC

\\
. 0 1-7°-| 180° \
Conduction

Angle
1

lrav) - Maximum Average Anode Forward Current - A
w

0 1
30 40 50 60 70 80 90 100 110
T, - Case Temperature - °C

Figure 3.

SURGE ON-STATE CURRENT
vs
CYCLES OF CURRENT DURATION

TI23AC
100

MAX CONTINUOUS ANODE POWER DISSIPATED
vs
CONTINUOUS ANODE FORWARD CURRENT

TI23AB

g

T T

FT,=110°C

7
V4

-
o
™N

/

/

1 10 . 100
I - Continuous Anode Forward Current - A
Figure 4.

P, - Max Continuous Anode Power Dissipated - W

TRANSIENT THERMAL RESISTANCE
vs
CYCLES OF CURRENT DURATION

TI23AD

T - 10
[ T <80°C z
< [ No Prior Device Conduction 9
€ | Gate Control Guaranteed
£
3
o -
e —
o T - "1
% '\N-.‘_‘__\ E B ___/
-
.("E, 10 g 1
bs £ —
]
T
4
[}
]
e =
2 s
&
1 0-1
1 10 100 1 10 100
Consecutive 50 Hz Half-Sine-Wave Cycles Consecutive 50 Hz Half-Sine-Wave Cycles
Figure 5. Figure 6.
? TExas
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TIC108 SERIES
SILICON CONTROLLED RECTIFIERS

JUNE 1982 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

GATE TRIGGER CURRENT

GATE TRIGGER VOLTAGE

vs vs
CASE TEMPERATURE CASE TEMPERATURE
TC23AA TC23AB
10 o 0.9 T
- v; =6V V=6V
B R, =100
< R =100Q P N X Q
E | ty220ps . \\ Rge = 1kQ
; 5 w220
5} z 07
- [
§ o Pl
5 A 0.6
] - .
8 ™ 3 N
" ~ s
5 ~J \\
N 05
01 0.4 ]
60 40 -20 0 20 40 60 80 100 120 5 25 0 25 5 75 100 125
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 7. Figure 8.
GATE FORWARD VOLTAGE HOLDING CURRENT
vs vs
GATE FORWARD CURRENT CASE TEMPERATURE
TC23AC TC23AD
100 A 0 01— 10
1 = " V=6V
A -
[CT1.=25C | Rox =1k -
> [ 200 Initiating I, = 20 mA
Q& Duty Cycle<2 % E
3 [ N
H b § N
© !
g 10 2 ® LN
o c
w o \
£ 3 N
S A D \\
s 2
/
> / 4 \
4 i N
y
1 1
01 1 10 100 1000 50 25 0 25 50 75 100 125
loe - Gate Forward Current - mA T, - Case Temperature - °C
Figure 9. Figure 10.
EXAS
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TIC108 SERIES
SILICON CONTROLLED RECTIFIERS

JUNE 1982 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

PEAK ON-STATE VOLTAGE GATE-CONTROLLED TURN-ON TIME
vs vs
PEAK ON-STATE CURRENT GATE CURRENT
TC23AE TC23AF
26 T 3.1
T.=25°C
241t =300ps S \
© 30 N\
> Duty Cycle <2 % | o N
o 22 E
o P:- \
’E 20 Q 29 \
> / £ \
o 3
5 18 =
2 / 2 28 \
S 16 £
= / €
H / 3
. 14 © ar N
a // 2 V,, =30V
> 12 ‘ ¢ R =6Q
1 S 26l 7 -250c \
1.0 e See Test Circuit and Waveforms
-
08 =1 gl L LI |
01 1 10 1 10 100
11 - Peak On-State Current - A I, - Gate Current - mA
Figure 11. Figure 12,

CIRCUIT-COMMUTATED TURN-OFF TIME
vs

CASE TEMPERATURE

TC23AG

2 T T T

a0l V=20V p
R =6Q Vv
I, =8A /

19 |- o
t,=300 ps v

18 |- Duty Cycle<2 % ,/

16 /

t,- Circuit-Commutated Turn-Off Time - ys
3

20 30 40 50 60 70 80 90 100 110 120
T, - Case Temperature - °C
Figure 13.
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TIC116 SERIES

SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

8 A Continuous On-State Current
80 A Surge-Current

Glass Passivated Wafer

Max Igy of 20 mA

Ke——— |
800 V Off-State Voltage
AC———— |
G————— |

TO-220 PACKAGE
(TOP VIEW)

O

1
®
3

Pin 2 is in electrical contact with the mounting base.

MDC1AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
B TIC116D 400
" TIC116M 600
Repetitive peak off-state voltage (see Note 1) TIC1168 Voam 700 \"
TIC116N 800
TIC116D 400
Repetitive peak reverse voltage TICTI6M Vv 600 v
TIC116S RAM 700
TIC116N 800
Continuous on-state current at (or below) 80°C case temperature (see Note 2) I1(RMS) 8 A
Average on-state current (180° conduction angle) at (or below) 80°C case temperature | 5 A
(see Note 3) TAV)
Surge on-stale current (see Note 4) [ 80 A
Peak positive gate current (pulse width < 300 ps) lam 3 A
Peak gate power dissipation (pulse width < 300 us) Pgm 5 w
Average gate power dissipation (see Note 5) Pgav) 1 w
Operating case temperature range Te -40 to +110 °C
Storage temperature range T o Tetg 4010 +125 °Cc
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply when the gate-cathode resistance Rgy = 1 k{2

2. These values apply for continuous dc operation with resistive load. Above 80°C derate linearly to zero at 110°C.
3. This value may be applied continuously under single phase 50 Hz half-sine-wave operation with resistive load. Above 80°C derate

linearly to zero at 110°C.

4. This value applies for one 50 Hz half-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage
and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium.

5. This value applies for a maximum averaging time of 20 ms.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications i
per the terms of Tex,s Instruments standard warranty.

does not ily include EXAS
;estlng of all the parameters. 4 lerRUMENIS

Copyright © 1995 Texas Instruments Limited
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TIC116

SERIES

SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP MAL UNIT
Repetitive peak -
! Vp = rated V, Rgk = 1kQ Tc=110°C 2 mA
DRM  off-state current p=r DRM eK ¢
Repetitive peak
Vg = rated V, lg=0 Tc=110°C 2 A
'RRM reverse current R = rate RRM ¢ ¢ m
loT Gate trigger current Vapn=6V R.= 100 Q thg) 220 us 5 20 mA
Vap=6V R = 100Q Tc=-40°C o5
tg) 220 ps Rgk = 1 kQ )
Var=6V R = 100 Q
V Gate trigger voltage 0.8 1.5 \
&t g 9 | tyg 220 s Rak = 1 kQ
Van=6V R = 100 Q Tc = 110°C 02
to(g) 220 ps Rgk =1 kQ i
Van=6V Aok = 1 kQ Tc=-40C 70
| Holding current Initiating I+ = 100 mA mA
jolainy
H 9 Vpn=6V Rox= 1K o
Initiating ty = 100 mA
Peak on-state
V- ly=8A see Note 6 1.7 v
™ oltage ™ ( )
Critical rate of rise of
dv/dt Vp = rated V, Ig=0 Tc=110°C 1 V/
v off-state voltage b =rated¥o G ¢ 0o Ks
NOTE 6: This parameter must be measured using pulse techniques, t, = 300 ps, duty cycle < 2 %. Voltage sensing-contacts, separate from
the current carrying contacts, are located within 3.2 mm from the device body.
thermal characteristics
PARAMETER MIN TYP | MAX UNIT
Rgyc  Junction to case thermal resistance 3 °C/W
Rgya  Junction to free air thermal resistance 625 ( °CW
resistive-load-switching characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Gate-controlled
t lr=5A Ig = 200 mA See Figure 1 0.8
9 tum-ontime T ¢ m 6 Figur bs
Circuit-commutated
= Igm = i 1
tq twmn-off time Ir=5A v =10 A See Figure 2 1 Hs

3-16
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TIC116 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

PARAMETER MEASUREMENT INFORMATION

60 l'v
VO

-V, 10%

Figure 1. Gate-controlled turn-on time

30V

0.1 uF

6Q 10 0.5 uF

of I,

DUT.

G1

G2 t, Synchronisation

90%

PMC1AA

B. Resmor R2 value is 30/l,, where |, is the
holding current value of thyristor TH1.
C. Thyristor TH1 is the same device type as the

D. Pulse Generators, G1 and G2, are
synchronised to produce an on-state anode
current waveform with the following
characteristics:
G2 (, =50 us to 300 us

duty cycie = 1%

— '
l ‘ Tvﬁ' [ (I.,.. Momlor) T ‘ ! E. Pulse Generators, G1 and G2, have output

]

Figure 2. Circuit-commutated turn-off time

t, PMC1AB

NOTES: A. Resistor R1 is adjusted for the specified value

pulse amplitude, V, of 2 20 V ana duration of
10 ps to 20 ps.

‘9 TEXAS
INSTRUMENTS
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TIC116 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

AVERAGE ON-STATE CURRENT MAX CONTINUOUS ANODE POWER DISSIPATED

DERATING CURVE vs
CONTINUQUS ON-STATE CURRENT

TI03AA TI03AB
16

= e e e

F T,=110°C

g

v 9

H

u

-
o

Continuous DC Angle

-

4 @ =180°

Ly, - Maximum Average On-State Current - A
@
P, - Max Continuous Anode Power Dissipated- W

°
e
i

30 40 50 60 70 80 90 100 110 01 1 10 100
T, - Case Temperature - °C L, - Continuous On-State Current - A
Figure 3. Figure 4.
SURGE ON-STATE CURRENT TRANSIENT THERMAL RESISTANCE
vs Vs
CYCLES OF CURRENT DURATION CYCLES OF CURRENT DURATION
TIO3AC TIO3AD
100 10
E +H
< ~ 9
§ S
5 S~
3] S~ i
o
g ™ 3 AT
& 1
£ 10 1 - s
2 - £ H
[}
4
E 3 1 L4
: 1
a D
" =
£ | 1.<80c § L ]
No Prior Device Conduction -3
Gate Control Guaranteed
1 L1l 01
1 10 100 1 10 100
Consecutive 50 Hz Half-Sine-Wave Cycles Consecutive 50 Hz Half-Sine-Wave Cycles
Figure 5. Figure 6.

‘V TEXAS
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TIC116 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs vs
CASE TEMPERATURE CASE TEMPERATURE
10 Jcoasa 1 TCO3AB
b ~
V=6V — \
< J R =1kQ ~— |
E ™ l:w, 220ps —] z e
= o
3 > os
H &
o o
o N =
< -
2 ~N § o
< s V=6V
- > 02 R, =100
’ Ry = 1 kQ
o > 2018
; 0 | |
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 7. Figure 8.
GATE FORWARD VOLTAGE HOLDING CURRENT
vs vs
GATE FORWARD CURRENT CASE TEMPERATURE
10 e . TCO3AC TCO3AD
:’x-nox“nu T :::m I ] I
[~ A7 = ]
- T.=25°C Mt
> [ t,=300ps ~ o
. - Duty Cycle <2 % < \ Initiating I, = 100 mA
o L1 €
£ o o S~
2 §10
b4 B £ —~—
g v il 3 ——
H 7 g
£ ' 2
9 01 :-:
s .
>
4
0.01 - 1
01 1 10 100 1000 50 25 0 25 50 75 100 125
I - Gate Forward Current - mA T, - Case Temperature - °C
Figure 9. Figure 10.
*3 1)
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TIC116 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

PEAK ON-STATE VOLTAGE GATE-CONTROLLED TURN-ON TIME
vs Vs
PEAK ON-STATE CURRENT GATE CURRENT
TCO3AE TCO3AF
25 T T 10
T.=25°C
t:: 300 s !,L 08
i 2 | DutyCycle<2% g o8
3 [ T ——
2 / § o7
o i1
> £
2 15 S 06
g / :
& | 2 o5
§ L 8
I £ 04
-4 AT >
' 1 $ 03— Vu=30V
> (o} _
05 'y 02| R=68
-~ T =25°C
0.1 — See Test Circuit and Waveforms
0 00 | .
01 1 10 100 100 1000
I - Peak On-State Current - A |, - Gate Current - mA
Figure 11. Figure 12,
CIRCUIT-COMMUTATED TURN-OFF TIME
vs
CASE TEMPERATURE
20 TCO3AG
LT //
E 1 /
F
S 14 >
g 12 /
=)
3 |
s 10 =
3
E s
o
€ 6l-Va=30V
8 R =6Q
© 7 i,=10A
=" 2|~ see Test Circuit and
. L

0 25 50 75 100 125 150
T, - Case Temperature - °C

Figure 13.
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TIC126 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

100 A Surge-Current
Glass Passivated Wafer

800 V Off-State Voltage

Max gy of 20 mA

12 A Continuous On-State Current

TO-220 PACKAGE
(TOP VIEW)

v
®

3
W\

Ke——— |
Ac— |
GC——— ]

O

Pin 2 is in electrical contact with the mounting base.

MDC1AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
i TIC126D 400
Repetitive peak off-state voltage (see Note 1) Tic126M Voam 600 v
TIC126S 700
TIC126N 800
- TIC126D 400
Repetitive peak reverse voltage TIC126M VReM 600 v
TIC126S 700
TIC126N 800
Continuous on-state current at (or below) 80°C case temperature (see Note 2) Ir(AMS) 12 A
Average on-state current (180° conduction angle) at (or below) 80°C case temperature | 75 A
(see Note 3) ) ’
lEvge on-slate current (see Note 4) M 100 A
Peak positive gate current (pulse width < 300 ps) lam 3 A
Peak gate power dissipation (pulse width < 300 ps) Pam 5 w
Average gate power dissipation (see Note 5) Pgiav) 1 w
Operating case temperature range o T o Tc -40to +110 °C
Storage temperature range o ) Tag 4010 +125 °C
Lead temperature 1.6 mm from case for 10 seconds T, 230 °C

NOTES: 1. These values apply when the gate-cathode resistance Rgx = 1 kQ
2. These values apply for continuous dc operation with resistive load. Above 80°C derate linearly to zero at 110°C.
3. This value may be applied continuously under single phase 50 Hz half-sine-wave operation with resistive load. Above 80°C derate

linearly to zero at 110°C.

4. This value applies for one 50 Hz half-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage
and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium.
5. This value applies for a maximum averaging time of 20 ms.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
F p ing does not ily include
testing of all the parameters.

i Copyright © 1995 Texas Instruments Limited

EXAS
INSTRUMENTS
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TIC126 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Repetitive peak
I Vp = rated V Rgk =1 kQ Te=110°C 2 A
DRM  ofi-state current D DRM CK ¢ m
Repetitive peak
Vg = rated V, lg=0 Tc =110°C 2 A
IrRM reverse current R RAM ¢ ¢ m
laT Gate trigger current Vaa=6V R = 100Q tpig) 220 us 5 20 mA
Van=6V R = 100Q Tc=-40°C 25
to(g) 2 20 ps Rgk = 1kQ :
Vap=6V R = 100 Q
V, trigger voltage . 15 \
or  Gatetriggervoltag to(g) 2 20 s Rak = 1 kQ 08
Van=6V R, = 100 Q Tc = 110°C 02
t(g) 220 ps Rgk =1 kQ :
Var=6V Rgk = 1 kQ Te=-40°C 70
| Holdi " Initiating |t = 100 mA A
olding curren m
H g Van=6V Ror = 1k o
Initiating Iy = 100 mA
Peak on-state
\ lm=12A see Note 6 1.4 Vv
™ loitage ™ ( )
Critical rate of rise of
dv/dt Vp = rated Vp lg=0 T =110°C 100 Vips
off-state voltage

NOTE  6: This parameter must be measured using pulse techniques, t, = 300 ps, duty cycle < 2 %. Voltage sensing-contacts, separate from
the current carrying contacts, are located within 3.2 mm from the device body.

thermal characteristics

PARAMETER MIN | TYP | MAX | UNIT
Rgyc  Junction to case thermal resistance 24 °CW
Rgsa  Junction to free air thermal resistance 625 | °CW

resistive-load-switching characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
' Gate-controlled L5A I = 200 MA See Figure 1 0.8
gt turn-on time T ¢ i oo o *
Circuit-commutated N
Y9 turn-off time Ir=5A lam =10 A See Figure 2 n ks

‘Q‘ TEXAS
INSTRUMENTS
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TIC126 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

PARAMETER MEASUREMENT INFORMATION

Ve

90%

PMC1AA
Figure 1. Gate-controlled turn-on time

NOTES: A. Resistor R1 is adjusted for the specified value
of lau
B. Resnstor R2 value is 30/1,, where |, is the
holding current value of thyristor TH1.
C. Thyristor TH1 is the same device type as the
DUT.
D. Pulse Generators, G1 and G2, are
synchronised to produce an on-state anode
current waveform with the following
characteristics:

t, = 50 ps to 300 ys
duity cycle = 1%

E. Pulse Generators, G1 and G2, have output
puise amplitude, V4, of 220 V and duration of

1Q

10 ps to 20 ps

(l.,.. Mom(or) l T
-

G2 t, Synchronisation

Figure 2. Circuit-commutated turn-off time

PMC1AB

b TEXAS
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TIC126 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

AVERAGE ON-STATE CURRENT MAX CONTINUOUS ANODE POWER DISSIPATED
DERATING CURVE vs
CONTINUOUS ON-STATE CURRENT
TIO3AE TIO3AF
16 3 1000 ===
< - FT1,=110C HH
2 14 8 o
g Continuous DC § 7
3 12 k4] /
p S /
s 100
& 10 N i SEssis
5 \ Py
& s &=180° K y,
g < y
L 2
§ g 10
E . £
- 4 — c
H] 0°kb—180° \ S
= @ N\ %
$ 2[ Conduction =
- Angle ot
0 1
30 40 50 60 70 80 90 100 110 01 1 10 100
T, - Case Temperature - °C I, - Continuous On-State Current - A
Figure 3. Figure 4.
SURGE ON-STATE CURRENT TRANSIENT THERMAL RESISTANCE
vs vs
CYCLES OF CURRENT DURATION CYCLES OF CURRENT DURATION
TIO3AG TIO3AH
100 — 100
. — E
< THEH o
£ N ; H
g ~
3 NN
3
> LH
o o L4
% g )/’
£ 10 o 10 7
2 - E — T
F % ANARl
x A
& £ - aal
£ | 1.<80c % e r il
No Prior Device Conduction o« o
Gate Control Guaranteed
1 AT 1
1 10 100 1 10 100
Consecutive 50 Hz Half-Sine-Wave Cycles Consecutive 50 Hz Half-Sine-Wave Cycles
Figure 5. Figure 6.
i
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TIC126 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs vs
CASE TEMPERATURE CASE TEMPERATURE
TCO3AA TCO3AB
10 T T 1
% T T \
V=6V —] N
< AN R =1kQ —] '
; N e — %%
E g ™
o
3 3 o8
3 &
8 \ g
. \\ g 04
© (4]
] .
A 5 V=6V
o R =100Q
02— p' _ike
220 us
1 ob—1 |
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 7. Figure 8.
GATE FORWARD VOLTAGE HOLDING CURRENT
vs vs
GATE FORWARD CURRENT CASE TEMPERATURE
TCO3AC TCO3AD
10 ___J..L:EDIE T FH H ] I
- '1¢=_°25 < V=6V ]
S B l:: 200 s - R?K.= 1kQ ]
2 - Duty Cycle <2 % [1T] < I~ Initiating I, = 100 mA
E 1 Zall ? \
S £
> g 10
e i1 5 —~——
< 10 o e
g 4 o
g 7 £
5 2
S o1 "
'y =
>
4
0.01 1
01 1 10 100 1000 50 25 0 25 50 75 100 125
loe - Gate Forward Current - mA T, - Case Temperature - °C
Figure 9. Figure 10.
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TIC126 SERIES
SILICON CONTROLLED RECTIFIERS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

PEAK ON-STATE VOLTAGE GATE-CONTROLLED TURN-ON TIME
Vs Vs
PEAK ON-STATE CURRENT GATE CURRENT
TCO3AH TCO3AF
25 =TT 10
T.=25°C
t:= 300 ps 3 0.9
: 2| DutyCycle<2% g o8 —
[
g / § o7 ——
2 / £
2 15 S 06
3 / 3
g 1%
x ol -
E 1 T —— (2:, 0.4
'a — § 03— Vy,=30V
> (] _
05 s 0.2 | R.=60
- T =25°C
0.1 |— See Test Circuit and ms
. o L 1
01 1 10 100 100 1000
I - Peak On-State Current - A I, - Gate Current - mA
Figure 11. Figure 12.
CIRCUIT-COMMUTATED TURN-OFF TIME
vs
CASE TEMPERATURE
TCO3AG
20
LY
o /
E 15 A
= )/
Q 14
5 p
- 12
2 //
g 0=
3
E s
o
€ sl-v,=30v
H R =6Q
S ATy ,=10A
< 2 |— See Test Circuit and Waveforms
N
0 25 50 75 100 125 150
T, - Case Temperature - °C
Figure 13.
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TICP106 SERIES
SILICON THYRISTOR

MARCH 1988 - REVISED JANUARY 1995

® 2 A Continuous On-State Current LP PACKAGE
(TOP VIEW)
@ 15 A Surge-Current G
| S ——————
® 600 V Off-State Voltage I ]
————————————13
® Max gy of 200 pA K
PACKAGE PACKING PART # SUFFIX MDC1AA
LP Bulk (None) LP PACKAGE
LP with fomed leads | Tape and Reel R WITH FORMED LEADS
(TOP VIEW)
G
\\:: 1
Ace——————H2
4 -
K
MDC1AB
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
TICP106D 400
Repetiti - Note 1 V v
epetitive peak off-state voltage (see Note 1) TICP106M DRM 600
TICP106D 400
iti \"
Repetitive peak reverse voltage TICP106M RRM 600 \"
Continuous on-state current at (or below) 85°C case temperature (see Note 2) I1(AmS) 2 A
Surge on-state current (see Note 3) Irsm 15 A
Peak positive gate current (pulse width < 300 ps) lom 0.2 A
Average gate power dissipation (see Note 4) Poav) 0.3 W
Operating case temperature range Tc -40 to +110 °C
Storage temperature range Tstg -40 to +125 °C
Lead temperature 3.2 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply when the gate-cathode resistance Rgk = 1 k€2
2. These values apply for continuous dc operation with resistive load. Above 85°C derate linearly to zero at 110°C.

3. This value applies for one 50 Hz half-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage

and on-state current. Surge may be repeated after the device has retumed to original thermal equilibrium.

4. This value applies for a maximum averaging time of 20 ms.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
F ion p ing does not ily include
testing of all the parameters.

*’:‘ TEXAS
INSTRUMENTS
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TICP106 SERIES
SILICON THYRISTOR

MARCH 1988 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Repetitive peak
1 Vp = rated V Rgk =1kQ
ORM  off-state current b DRM GK 20 pA
Repetitive peak
[ Vg = rated V| lg=0
RRM  revarse current R RAM G 200 HA
lat Gate trigger current Vapa=6V R = 100Q to(g) 2 20 ps 60 200 pA
v, Gate trigger voltage | Vaa =6V A= 1000 tp(g 220 0.4 1 v
GT 99 g AA= Rak = 1 k2 b(g) 220 bs .
[M Holding current Vap=6V Rgk = 1kQ Initiating It = 10 mA 5 mA
Peak on-state
V- m=1A see Note 5, 15 v
™ voltage ™ ¢ )

NOTE 5: This parameter must be measured using pulse techniques, to = 1 ms, duty cycle <2 %. Voltage sensing-contacts, separate from
the current carrying contacts, are located within 3.2 mm from the device body.

EXAS
INSTRUMENTS
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TIC201 SERIES
SILICON TRIACS

JANUARY 1977 - REVISED JANUARY 1995

Sensitive Gate Triacs

T0-220 PACKAGE

2.5 ARMS (TOP VIEW)
400 Vto 800V Y

MMtc————"""} 1

Max Iy of 5 mA (Quadrant 1) wz——— @ Q

G————_ |3

Pin 2 is in electrical contact with the mounting base.

MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
TIC201D 400
- TIC201M 600
Repetitive peak off-state voltage (see Note 1) TIC201S Voam 700 v
TIC201N 800
Full-cycle RMS on-state current at (or below) 85°C case temperature (see Note 2) Ir(RMS) 25 A
Peak on-state surge current full-sine-wave (see Note 3) hrsm 12 A
Peak on-state surge current half-sine-wave (see Note 4) lrsm 14 A
Peak gate current lgm 0.2 A
Peak gate power dissipation at (or below) 85°C case temperature (pulse width < 200 ps) Pam 13 w
Average gate power dissipation at (or below) 85°C case temperature (see Note 5) Pg(av) 0.3 w
Operating case temperature range Tc -40 to +110 °C
Storage temperalure range Teig -40 to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C
NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz full-sin: peration with resistive load. Above 85°C derate linearly to 110°C case temperature at
the rate of 100 mA/°C.
3. This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of on-state current. Surge
may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost.
4. This value applies for one 50-Hz half-sine-wave when the device is operating at (or below) the rated value of on-state current.
Surge may be repeated after the device has retumed to original thermal equilibrium. During the surge, gate control may be lost.
5. This value applies for a maximum averaging time of 20 ms.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
[ Repetitive peak off-

| Vp = rated V, Ig=0 Te=110°C 1

DRM  state current 0 DRM ¢ ¢ * mA
Vewpy=+12VE R =100 toig) > 20 S 5

' Peak gate trigger Vsupply = +12 VT R .=10Q toig) > 20 us -8 )

™M Crrent Veuppy = 12Vt RL=10Q toig) > 20 S a0 | ™
Veppy= 12V RL=10Q toig) > 20 HS 25
Veupply = H12 VT RL=100 toig) > 20 1S 09 | 25

" Peak gate trigger Vsupply = +12 V1 R =10Q tpig) > 20 us -1.2 -2.5 v

6™  yoltage Vuppy = 12Vt R =10Q toig) > 20 pS d2 | 25

Vepoy = -12VE R =100 tog) > 20 s 12

1 All voltages are with respect to Main Terminal 1.

PRODUCTION DATA information is current as of Copyright © 1995 Texas Instruments Limited
publication date. Products conform to specifications
ger the terms of Texas Instruments standard warranty.

T
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TIC201 SERIES
SILICON TRIACS

JANUARY 1977 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Peak on-stat t-
Viy a:: on-stale Vol | m=235A Ig = 50 mA (see Note 6) a9 v
V. =+12V lg=0 Init’" Iy = 100 mA
Iy Holding current supply = +12 Vt G nrt‘ ™ m 30 mA
Vsupply = -12VH lg=0 Init' Iy = - 100 mA .30
V, =+12V
I Latching current supply = +12 V1 (see Note 7) 40 mA
Veuppyy = 12Vt 40
v Cealrateotriseoll L Rated Vorw I =0 T =110°C 50 Vis
v off-state voltage DRM = DRM G = c= * H
Critical rise of com-
Wi o vltage, | VM = Raed Vorw Iy =235 A Tc=85°C 2 Vips

1 All voltages are with respect to Main Terminal 1.
NOTES: 6. This parameter must be measured using pulse techniques, t, = < 1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

7. The triacs are triggered by a 15-V (open circuit amplitude) pulse supplied by a generator with the following characteristics:

Rg = 100 €, tyg) = 20 s, t, = < 15 s, f = 1 kHz.

thermal characteristics

PARAMETER MIN | TYP | MAX | UNIT
Rgyc  Junction to case thermal resistance 10 °CW
Rgya Junction to free air thermal resistance 625 | °CW

4-4
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TIC206 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

MIlc———— |1

® Sensitive Gate Triacs
T0-220 PACKAGE
® 4ARMS (TOP VIEW)
y @ 400Vto800V -7 |
[ ]

Max Iy of 5 mA (Quadrants 1 - 3)

7 |
MT::(: (z) O

Pin 2 is in electrical contact with the mounting base.

MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
D TIC206D 400
- TIC206M 600
Repetitive peak off-state voltage (see Note 1) TIC206S Vorm 700 v
TIC206N 800
Full-cycle RMS on-state current at (or below) 85°C case temperature (see Note 2) trRms) 4 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 25 A
"Peak on-state surge current half-sine-wave (see Note 4) ITsm 30 A
Peak gate current lom 0.2 A
Peak gate power dissipation at (or below) 85°C case temperature (pulse width < 200 us) Pam 13 w
Average gate power dissipation at (or below) 85°C case temperature (see Note 5) [ 0.3 W
Operating case temperature range Te -40to +110 °C
Storage temperature range Tstg -40 1o +125 "C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C
NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz full-sin peration with resistive load. Above 85°C derate linearly to 110°C case temperature at
the rate of 160 mA/°C.
3. This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of on-state current. Surge
may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost.
4. This value applies for one 50-Hz half-sine-wave when the device is operating at (or below) the rated value of on-state current.
Surge may be repeated after the device has retumed to original thermal equilibrium. During the surge, gate control may be lost.
5. This value applies for a maximum averaging time of 20 ms.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
lorm ::f:‘c':‘::"‘fak of 1 v = rated Voru Ig=0 Tc = 110°C +1 mA
Voupply = +12 V1 R.=100Q tog) > 20 s 0.5 5
o Peak gate trigger Vsupply = +12Vt R =10Q tp(g) > 20 Hs 15 -5 mA
current Vsupply = -12 VH R.=10Q tp(g) > 20 HS 2 -5
Vsupply = 12Vt R .=10Q tog) > 20 S 36 10
Vsupply = +12 VT R =10Q log) > 20 s 0.7 2
Varu Peak gate trigger Vaupply = +12 VT R =10Q toig) > 20 s 0.7 -2 v
voltage Vsupply = -12 VT R =10Q toig) > 20 us -0.8 -2
Vaupply = 12Vt R =100 to(g) > 20 is 08 | 2

1 All voltages are with respect to Main Terminal 1.

publication date. Products conform to specifications

PRODUCTION DATA information is current as of % Copyright ® 1995 Texas Instruments Limited

per the terms of Texas Instruments standard warranty.
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TIC206 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Y :;fk on-stae ol 1 w=xa2.a Ig =50 mA (see Note 6) i +13 ] 22| Vv
R e S S ol I A I
I Latching current x::::z : *:z\\g (see Note 7) C;(()J mA

Critical rate of rise of
\ = Rated V, =0 Tc=110°C Vi)
dvidt off-state voltage DRM ed Vorm e c +50 Hs

Critical rise of com- o }
I Vorw = Rated V, hram = £4.2 A Te =85 _ sl v
/) utation voltage pam = Rated Vppy  Iram =+ ¢ =85C 1 | 13| 22 s

1 All voltages are with respect to Main Terminal 1.
NOTES: 6. This parameter must be measured using pulse techniques, tp = <1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.
7. The triacs are triggered by a 15-V (open circuit amplitude) pulse supplied by a generator with the following characteristics:
Rg =100 Q tyg =20 us, t, =< 15ns, f= 1 kHz.

thermal characteristics

PARAMETER MIN | TYP | MAX | UNIT
Rgyc  Junction to case thermal resistance 7.8 °cw
Rgya Junction to free air thermal resistance 62.5 °CW

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs vs
TEMPERATURE TEMPERATURE
TCOS5AA
1000 === 3 s e e =
- V=212V o
- \:.u,,., lorm Q‘L -100 = Vaupoy loru T V=212V ]
. [ . —
é =, - 1 = 20 s —| S [+ -+) 1 R =10Q 1
= ook - - . ¢ _ ] t,,=20ps 1
€ E -+ —— g A B
E 5
§ 10 21
£ == i~ 2 =
2 s « Pt —+
3 c el bk S (? ~3 —
' ~ .. .« . =
51— — - R S >
~— ]
~
01 01
60 -40 -20 0 20 40 60 80 100 120 60 -40 -20 0 20 40 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1. Figure 2.
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TIC206 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS
HOLDING CURRENT GATE FORWARD VOLTAGE
vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TCO5AD TCO5AC
'm n I » 8 T 10
P
Va=t12V ] T
Ia =0 . >.
E. Initiating I,,, = 100 mA g, I L
- 10 s 1
H s
£ B
o — - s
3 B N H 2
E . o
5 . o /|
3 ~ g
V= Vewe S 01 iz =0
= E . By Tc=25°
QUADRANT 1
01 0.01 i
60 40 -20 0 20 40 60 80 100 120 0-0001 0.001 0.01 01 1
T, - Case Temperature - °C lgr - Gate Forward Current - A
Figure 3. Figure 4.
LATCHING CURRENT
vs
CASE TEMPERATURE
100 ——p—y ——
= Vi farw V=212V
-+ 4+
< ! R
g | - .
" + —
€
£ P
5] i
2 10 ~—]
s : ==
5 AN -
\\ * <
‘\""ﬁ—-
1
60 -40 -20 O 20 40 60 80 100 120
T, - Case Temperature - °C
Figure 5.
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TIC216 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

® Sensitive Gate Triacs
® 400Vto800V
® Max Igy of 5 mA (Quadrants 1 - 3)

TO-220 PACKAGE
(TOP VIEW)

T
MItC—— | 1

M2 1(® O

GC———— |3
W)

Pin 2 is in electrical contact with the mounting base.

MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
o RATING SYMBOL VALUE UNIT
TIC216D 400
Repetiti k off-stat It: Note 1 Ticz16M V 600 \2
epetitive peak off-state voltage (see Note 1) TIC216S DRM 700
TIC216N 800
Full-cycle RMS on-state current at (or below) 70°C case temperature (see Note 2) l1(RMS) 6 A
Peak on-state surge current full-sine-wave (see Note 3) Irsm 60 A
Peak on-state surge current half-sine-wave (see Note 4) Itsm 70 A
Peak gate current lom 1 A
Peak gate power dissipation at (or below) 85°C case temperature (pulse width < 200 ps) Pam 2.2 w
Average gate power dissipation at (or below) 85°C case temperature (see Note 5) . Pgav) 0.9 w
Operating case temperature range Te -40 to +110 °C
Slorage temperature range Ts,g -40to +125 "C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz full-sine-wave operation with resistive load. Above 70°C derate linearly to 110°C case temperature at

the rate of 150 mA/°C.

3. This value applies for one 50-Hz full-sine-wave when the device is cperating at (or below) the rated value of on-state current. Surge
may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost.

4. This value applies for one 50-Hz half-sine-wave when the device is operating at (or below) the rated value of on-state current.
Surge may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost.

5. This value applies for a maximum averaging time of 20 ms.

electrical characteristics at 25°C case temperature (uniess otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
lomm Z::’;‘;:Vrfe:fak ol Vo =ratedVorm  lg=0 To=110°C 2 | mA
Voupply = +12 VT R =10Q toig) > 20 s 5
e Peak gate trigger Vsupply = +12 V1 R .=10Q to(g) > 20 ks -5 a
o current Veupply = 12Vt R =10Q torg) > 20 s 5 -
Veupply = 12Vt R .=10Q toig) > 20 ps 10
Voupply = +12 VT RL=100Q toig) > 20 1S 22
Varu Peak gate trigger Vsupply = +12 V1 R =10Q toig) > 20 ps 22 v
voltage Vsupply = -12 VT R =10Q toig) > 20 us 2.2
Voupply = 12Vt R =10Q toig) > 20 s 3

1 All voltages are with respect to Main Terminal 1.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
Pri p ing does not ily include
testing of all the parameters.

i Copyright © 1995 Texas Instruments Limited
‘U TEXAS
INSTRUMENTS
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TIC216 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Viu :::k on-state volt- Iy = £8.4 A e = 50 mA (se0 Note 6 S __21 . ”
w | vedmemn |V e o o = o o™
I Latching current z::zz:: : f:i zI (see Note 7) 52(2) mA
dvret gf;i-t:!::txera\:;::g': = Voru = Rated Vpay I =0 Tc=110"C 50 Vips
dvidt rcn::'('::"):svif ;;zm Vorw = Rated Vpmy 1w = £8.4 A Te=70°C +5 Vius

1 All voltages are with respect to Main Terminal 1.
NOTES: 6. This parameter must be measured using pulse techniques, t, = < 1 ms, duty cycle < 2 %, Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

7. The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:

Rg =100 Q, ty g =20 ps, t, =< 15ns, f = 1 kHz.
G P(g)

thermal characteristics

PARAMETER MIN | TYP | MAX | UNIT
Rgyc  Junction to case thermal resistance 25 °C/W
Rgya  Junction to free air thermal resistance 62.5 °CW

¥ 7,
INSTRUMENTS




TIC225 SERIES

SILICON TRIACS

JULY 1975 - REVISED JANUARY 1995

Sensitive Gate Triacs
8 A RMS, 70 A Peak
400 Vto 800 V

Max Igr of 5 mA (Quadrant 1)

TO-220 PACKAGE
(TOP VIEW)

MItcC——— | 1
el e—— (O]

[l om—

O

L O
Pin 2 is in electrical contact with the mounting base.
MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
— ' RATING SYMBOL VALUE UNIT
; ) - R TiC225D 400
Repetitive peak off-state voltage (see Note 1) Tic225Mm Vorm 600 v
TiC225S 700
TIC225N 800
Full-cycle RMS on-state current at (or below) 70°C case temperature (see Note 2) I7(RMS) 8 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 70 A
Peak on-state surge current half-sine-wave (see Note 4) lTsm 80 A
Peak gate current lam 1 A
Peak gate power dissipation at (or below) 85°C case temperature (pulse width < 200 s) Pam 2.2 w
A ge gate power dissipation at (or below) 85°C case temperature (see Note 5) Pgav) 0.9 w
Operating case temperature range Tc -40 to +110 °C
Storage temperature range Tag -40 to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz full-sine-wave operation with resistive load. Above 70°C derate linearly to 110°C case temperature at

the rate of 200 mA/°C.

3. This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of on-state current. Surge

may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost.

4. This value applies for one 50-Hz half-sine-wave when the device is operating at (or below) the rated value of on-state current.
Surge may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost.

5. This value applies for a maximum averaging time of 20 ms.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
lorm ::’::'c':‘::fak off 1 vy = rated Vorw 16=0 Te = 110°C 2 | mA
Vewpy = +12VE R =10Q tog) > 20 s 0.8 5
| Peak gate trigger Vsupply = +12 VT R =10Q to(g) > 20 Hs -4.5 -20 A
GT™ current Vsupply = -12 VT R =10Q toig) > 20 us -35 -10 m
Vouppty = 12Vt RL=10Q tog) > 20 s 17| 30
Vouppy = +12VT RL=10Q tg) > 20 HS 07 | 2
v Peak gate trigger Veupply = +12 VT R .=10Q toig) > 20 s 0.7 -2 v
G™  voltage Vaupply = 12Vt R =100Q tog) > 20 uS 08 | -2
Vouppy = 12 VE R =10Q toig) > 20 1S 09 | 2
1 All voltages are with respect to Main Terminal 1.
PRODUCTION DATA information is current as of o Copyright © 1995 Texas Instruments Limited
publication date. Products conform to specifications 1/}

per the terms of Texas Instruments standard warra

p g does not ily inclu
wetig of sl e peramese, INSTRUMENTS
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TIC225 SERIES
SILICON TRIACS

JULY 1975 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Peak on-state volt-

Vim a:: I = +12 A lg =50 mA (see Note 6) £1.6 | #2.1 v
V. =12V IG=0 T init Iy = 100 mA 0

In Holding current supply =+ t G ”f ™ 3 21 mA
Vsupply = -12 V¥ Ig=0 Init' gy = -100 mA 47 20
V. =+12V o

I Latching current supply = +12Vt (see Note 7) 30 mA
Vsuppry = -12Vvt -30

Critical rate of rise of

/ V = Rated V| Ig=0 Tc=110°C 50 Vi
dvidt off-state voltage DR = Raled YoM e ¢ * Hs

Critical rise of com-

dv/dtyg Vomw = Rated Vopu  hram = £12 A Te =70°C 1 | £15 | +45 | Vis

mutation voltage

1 All voltages are with respect to Main Terminal 1.
NOTES: 6. This parameter must be measured using pulse techniques, t, =< 1 ms, duty cycle < 2 %, Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

7. The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:
Rg =100ty =20 ps, t, =<15ns, f =1 kHz

thermal characteristics

PARAMETER ” MIN | TYP | MAX | UNIT
Rgjc Junction to case thermal resistance - 25 | °CW
Rgya  Junction to free air thermal resistance 62.5 °CW

TYPICAL CHARACTERISTICS

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
Vs vs
CASE TEMPERATURE CASE TEMPERATURE

1000 — TCO7AA 10 - . .
+ : T T T T I T

Vauepty larm Veos 1!2 v — lorm V=212V ]
R =10Q 1
=20 us E

Hi

+

(p(g)

e+

7 - Gate Trigger Current - mA
Vg - Gate Trigger Voltage - pA

01 01
60 -40 20 0 20 40 60 80 100 120 60 -40 20 0 20 40 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1. Figure 2.

e,

1]
INSTRUMENTS

4-12




TIC225 SERIES
SILICON TRIACS

JULY 1975 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS
HOLDING CURRENT GATE FORWARD VOLTAGE
vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TCO7AD TCO7AC
100 — 10
 E— —
Vauery ]
—] >
g ) ] ¢ m LT
= 10 3 1 3
g > -
~ B
3 — g
g ™~ o S
| o~ - ‘:
o -
T S S o
- - 5] Ht
V=212V ] > pr il
1,=0 . he=o I
o= . =25°C
Initiating I, = 100 mA | i
01 L1 1 01 LOVARRANT 1 {1
60 -40 -20 0 20 40 60 80 100 120 0-0001 0-001 0.01 01 1
T, - Case Temperature - °C I - Gate Forward Current - A
Figure 3. Figure 4.
LATCHING CURRENT SURGE ON-STATE CURRENT
vs vs
CASE TEMPERATURE CYCLES OF CURRENT DURATION
TCO7AE TIO7TAA
100 T T T T T 100 T
—— +— T.<70°C 1
Vauepry larw | S— < - "
. 4 4 V=212V 7 L ]
< + -
£ . g -
= \ - .t - © )'
g N~ T ~-— 2 /
3 . 4 2
o N — ~ &
20 - p— % 10 |- No Prior Device C
5 - ] I Gate Control
5 N I
n . ~ x
-~ Ly [
- [ ; £
‘\ ‘s
2
B~
1 1
60 -40 -20 0 20 40 60 80 100 120 1 10 100 1Kk
T, - Case Temperature - °C Consecutive 50-Hz Half-Sine-Wave Cycles
Figure 5. Figure 6.
:i
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TIC225 SERIES
SILICON TRIACS

JULY 1975 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

MAXIMUM RMS ON-STATE CURRENT
vs

CASE TEMPERATURE

TI07AB

IrAms) - Maximum On-State Current - A
o
L1

. \

0 25 50 7% 100 125 150
T, - Case Temperature - °C
Figure 7.

PARAMETER MEASUREMENT INFORMATION

-V,

L1

lan—>,

l '“T!
c1 e — lmi
T = Vur — Vo
50 Hz ouT i
RG
See
m % 0%

v
_-’I Note A w2
la u dvi/dt
i 63%

= I 1
= s LI

NOTE A:The gate-current pulse is furnished by a trigger circuit which presents essentially an open circuit between pulses. The pulse is timed
so that the off-state-voltage duration is approximately 800 ps.

. PMC2AA
Figure 8.
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TIC226 SERIES
SILICON TRIACS

APRIL 1971 - REVISED JANUARY 1995

® 8 ARMS, 70 A Peak
® 400 Vto800V
® Max gy of 50 mA (Quadrants 1 - 3)

TO-220 PACKAGE
(TOP VIEW)

MIMc—— |1
M2c——— @
G———— |3

O

I —
Pin 2 is in electrical contact with the mounting base.
MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
TIC226D 400
Repetitive peak off-state voltage (see Note 1) Tic226M Vpam 600 \
TIC226S 700
TIC226N 800
Full-cycle RMS on-state current at (or below) 85°C case temperature (see Note 2) I RMS) 8 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 70 A
Peak on-state surge current half-sine-wave (see Note 4) T o lrsm 80 A
Peak gate current lam 1 A
Peak gate power dissipation at (or below) 85°C case temperature (pulse width < 200 ps) Pom 22 w
Average gate power dissipation at (or below) 85°C case temperature (see Note 5) Pgav) 0.9 w
Operating case temperature range Tc -40to +110 °C
Storage temperature range Tog 4010 +125 T
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz full-sine-wave operation with resistive load. Above 85°C derate linearly to 110°C case temperature at

the rate of 320 mA/°C.

3. This value applies for one 50-Hz fuil-sine-wave when the device is operating at (or below) the rated value of on-state current. Surge

may be repeated after the device has returned tc original thermal equilibrium. During the surge, gate control may be lost.

4. This value applies for one 50-Hz half-sine-wave when the device is operating at (or below) the rated value of on-state current.
Surge may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost.

5. This value applies for a maximum averaging time of 20 ms.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
lorm ::f:':}“::f“k o1 Vg = rated Vorw Ig=0 Te = 110°C 2 | ma
Veupply = +12Vt R =10Q tog) > 20 s 2 50
o Peak gate trigger Vsupply = +12 VH R =10Q tp(g) > 20 us -12 -50 mA
current Vsupply = -12 Vt R .=10Q to(g) > 20 us -9 -50
Veupply = -12 VE RL=10Q tog) > 20 s 20
Veupply = +12 VT R =10Q tog) > 20 IS 0.7 2
Varu Peak gate trigger Vsuppy = +12 Vt R . =10Q toig) > 20 us -08 -2 v
voltage Vsupply = -12 VT R =10Q thg) > 20 us -0.8 -2
Voupply = 12 VH RL=100Q toig) > 20 s 0.9 2

1 All voltages are with respect to Main Terminal 1.

PRODUCTION DATA information is current as of o
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.

s

strument o TEXAS
testing of all the pmn?ohn. el lNSTRUMEm

Copyright ® 1995 Texas Instruments Limited
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TIC226 SERIES
SILICON TRIACS

APRIL 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Vew :::k on-state voit- g =212 A o =50mA (soe Note ©) ol 2 y
Iy Holding current XZ:::Z : ”12 Xi :2 :g :::i ::x : _110000";: 59 Z‘; mA
I Latching current Xz:::z i +:§ X: (see Note 7) i‘; mA

Critical rate of rise of
dv/dt Vv = Rated V, Ig=0 Te=110°C Vi
v off-state voltage DRM ORM & c 100 us

Critical rise of com-

dvidt, Vorw = Rated Vppy  fraw = £12 A Tc = 85°C 5 Vips

mutation voltage

1 All voltages are with respect to Main Terminal 1.
NOTES: 6. This parameter must be measured using pulse techniques, tp =< 1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.
7. The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:
Rg =100 Q15 =20 ps, t =< 15 ns, f = 1 kHz.

thermal characteristics

PARAMETER MIN | TYP | MAX | UNIT
Rgyc  Junction to case thermal resistance 1.8 °CW
Rgya Junction to free air thermal resistance 625 | °CW
TYPICAL CHARACTERISTICS
GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs vs
CASE TEMPERATURE CASE TEMPERATURE
1000 TCO1AA 10 ; i i L L Tcouss
Voo oru F==v,=212V] E Voo lorw V=212V
v+ R =100 ] e . - R =100 ]
< + - — - tig=200s 1 > L+ - _— 'm»=2°|‘54
E 100 oL ) g -
- -y — & . . —
H s
g — 2 .
3 ~ z
5 i g
2 49 > — 2 =
o =t = E 1 = —
L = — @ —
2 : k] — —
8 : - <
5 1 * >G
= =
B I
01 01
60 40 20 0 20 40 60 80 100 120 60 -40 20 O 20 40 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1. Figure 2.
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TIC226 SERIES
SILICON TRIACS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS
HOLDING CURRENT GATE FORWARD VOLTAGE
vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TCO1AD TCO1AC
1000 —r = = 10
— Va=z12V - -
— V, A ] -
— ;=0 3
— - Initiating I, = 100 mA ] > -
< —
: 100 §, m P
- 3 1
€ S H
g N E
3
S 10 H Y
£ b4 /
3 — s /
D S 01
il >§ i —
— AL
1,=0 Il
i 'r‘c =25°CT]
QUADRANT 1
01 0.01 - L1l
60 -40 -20 0O 20 40 60 80 100 120 0-0001 0-001 0.01 01 1
T, - Case Temperature - °C I - Gate Forward Current - A
Figure 3. Figure 4.
LATCHING CURRENT SURGE ON-STATE CURRENT
VS vs
CASE TEMPERATURE CYCLES OF CURRENT DURATION
1000 T = 100 R
Vauppy laru =F Vu=:12V 7 —L T, <85°C
+ 0+ < i —
P :
< - ] - NJ
13 - e — = 5 - N
z 100 ~ ‘; ANbIE ™
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7 10 — . — T =
- ~ &
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N R
1 1
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T, - Case Temperature - °C Consecutive 50-Hz Half-Sine-Wave Cycles
Figure 5. Figure 6.
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TIC226 SERIES
SILICON TRIACS

APRIL 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

MAX RMS ON-STATE CURRENT

vs
CASE TEMPERATURE
TIO1AB
10
« 9
g’ \
3 7
2 \
I
g © \
s
O 5
£ \
3
E 4
3
= 3
) \
0
] 25 50 75 100 125 150
T, - Case Temperature - °C
Figure 7.

MAX AVERAGE POWER DISSIPATED

Vs
RMS ON-STATE CURRENT "
32 101AC
z T T T
< T,=110°C
28— !
Conduction Angle = 360 °
= Above 8 A rms
5 24 [~ gee |, Figure /
f /
o
a /
> 16 //
T 12 //
8 //
.i .
a
0

0 2 4 6 8 10 12 14 16
Irmms) - RMS On-State Current - A
Figure 8.

PARAMETER MEASUREMENT INFORMATION

-V,
L1
l IMT2
/\) c1 == Voo
50 Hz DUT
RG
R1 See
-— Note A
[N u
) ‘_[

||||[
||”

Vie
ban—,
b
" Voo
Vi 10%
dvi/dt
63%
1 1
¢ LJ

NOTE A: The gate-current pulse is fumnished by a trigger circuit which presents essentially an open circuit between pulses. The pulse is timed

so that the off-state-voltage duration is approximately 800 ps.

Figure 9.

PMC2AA
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TiC236 SERIES

SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

High Current Triacs
12 ARMS
400 V to 800 V

Max Igy of 50 mA (Quadrants 1 - 3)

TO-220 PACKAGE

T

OP VIEW)

MMtec—— |1
Pl e—— (6]

GC———~ |3

Pin 2 is in electrical contact with the mounting base.

T

O

MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING . SYMBOL VALUE UNIT
TIC236D 400
Repetitive peak off-state voltage (see Note 1) Tic236M Voam 600 v
TiC236S 700
TIC236N 800
Full-cycle RMS on-state current at (or below) 70°C case temperature (see Note 2) IT(RMS) 12 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 100 A
Peak gate current lam +1 A
Operating case temperature range Tc -40to +110 °C
Storage temperature range Teg -40to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1 These values apply bidirectionally for anv value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz full-sine-wave operation with resistive load. Above 70°C derate linearly to 110°C case temperature at

the rate of 300 mA/°C

3. This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage

and on-state current. Surge may be repeated after the device has retumed to original thermal equilibrium.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
loAm ::f:‘:::ezfak o V- Rated Vorm  I6 =0 Te = 110°C 2 | mA
Veupply = +12 V1 RL=100Q tog) > 20 HS 5 50
| Peak gate trigger Vsupply = +12 Vt R . =10Q toig) > 20 s -1 -50 mA
GT™M current Vsupply = -12 V1 R =10Q tpig) > 20 ps -20 -50
Vouppty = 12 VE RL=100Q tog) > 20 s 28
Veuopy = 12 VT RL=10Q tog) > 20 S 07 2
v Peak gate trigger Vsupply = +12 VH R =10Q tp(g) > 20 us -08 -2 v
G™  voltage Vouppy = 12 Vi R =10Q thig) > 20 s 08 | -2
Veuppy = -12VH R =10Q tog) > 20 s 09 | 2
Vim Peak on-state voltage | Iy =+17 A Ig =100 mA (see Note 4) +1.5 | 2.1 v
" Holding current Veupply = +12 VH Ig=0 lnf(’ lym= 100 mA 12 40 mA
Veupoly = 12Vt Ig=0 Init' Iy = -100 mA 12 | -40

1 All voltages are with respect to Main Terminal 1.

NOTE 4 This parameter must be measured using pulse techniques, t, = < 1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
P ion p ing does not y inclu

testing of all the parameters.
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TIC236 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Veupply = +12 VT 80
! Latching current (see Note 5 mA
. ¢ Veuppy = 12Vt ) 80
Critical rate of rise of
Vp = Rated V, Ig=0 Te=110°C 4 Vi
vl off-state voltage o =Hated ¥p G c 00 Ius
Critical rise of Vp = Rated V, Tc=80°C
dvidt o e ° ° c 2| =2 Vis
commutation voltage | di/dt = 0.5 lygmsy/ms It =14 lravs)
Critical rate of rise of | Vp = Rated Vp
i lgt =50 mA Tec=110°C
vt on -state current dig/dt = 50 mA/us et m ¢ 0 +200 Aus
T All voltages are with respect to Main Terminal 1.
NOTE 5: The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:
Rg =100 Q, tyq) =20 ps, t, =< 15 ns, f=1kHz.
thermal characteristics
PARAMETER MIN [ TYP | MAX [ UNIT
Rgyc  Junction to case thermal resistance 2 CIW
Rgya  Junction to free air thermal resistance 625 | °C/W
TYPICAL CHARACTERISTICS
GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
Vs Vs
CASE TEMPERATURE CASE TEMPERATURE
TCOBAA TCO8AB
1000 10
< > ]
E oo _ ®
‘é g
* °
3 s — 3
] ™~ Cl o &
8 10 % X 21 —
= et = ~
Ly - ] o
£ = s : ;
< (4] e ————
‘?* Vo ! D 5[y !
o 1 ; +'uppr: aTM Ev, =212V E > | +lupyly+ o™ V=212V
Ee . - R =10Q I L &+ } R =10Q _J
| - - tg=20ps _| -t } to= 20 ps
- + — L +
01 L L 01 ) L 1
60 40 -20 0 20 40 60 80 100 120 60 -40 -20 0 20 40 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1. Figure 2.
*3 Texas
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TIC236 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS

HOLDING CURRENT

GATE FORWARD VOLTAGE

vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TCO8AD TCOBAC
100 10
ALL QUADRANTS > s
« 1
g \\ % 1
2 10— 3 1
@ > 1
E
3 | m il
o g
£ [ [ 8 / I
3 P I
L S o1 1 h=o |
= 5 T.=25°C fi
—_— — >
V=12V .
;=0 ]
Initiating 1., = 100 mA |
n atng fru " ¢ QUADRANT 1 |"
01 S —— 0.01 i -
60 -40 20 0 20 40 60 80 100 120 0.0001 0.001 0.01 01 1
T, - Case Temperature - °C Ig - Gate Forward Current - A
Figure 3. Figure 4.
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vs
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Figure 5.
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TIC246 SERIES

SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

High Current Triacs
16 A RMS

400 V to 800 V

125 A Peak Current

Max Igt of 50 mA (Quadrants 1 - 3)

TO-220 PACKAGE

(TOP VIEW)

MItcC——— |1t
M2c—— @
(] en——

O

e
Pin 2 is in electrical contact with the mounting base.
MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
TIC246D 400
Repetitive peak off-state voltage (see Note 1) Tica4sM Voam 500 \
TIC246S 700
TIC246N 800
Full-cycle RMS on-state current at (or below) 70°C case temperature (see Note 2) lt(RMS) 16 A
Peak on-state surge current full-sine-wave (see Note 3) hrsm 125 A
Peak gate current i Iom £1 A
Operating case temperature range Tc -40to +110 °C
Storage temperature range Tstg -40to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz full-sine-wave operation with resistive load. Above 70°C derate linearly to 110°C case temperature at

the rate of 400 mA/°C.

3. This value applies for one 50-Hz fuil-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage

and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium.

PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
IoAm Z:f:iﬁ:i:fak o vy =ratedVomy  lg=0 Te=110°C 2 | mA
""" Veupply = +12 VT R .=10Q tog) > 20 S 5 50
| Peak gate trigger Vsupply = +12 Vt R .=10Q tp(g) > 20 us -1 -50 mA
GT™
current Vsuppty = -12 VT R =10Q toig) > 20 us -20 -50
Vuppy = 12Vt R =100 tog) > 20 s 28
Veupply = +12 VT R =10Q toig) > 20 s 0.7 2
v Peak gate trigger Vsuppy = +12 Vt R =10Q to(g) > 20 us -0.8 -2 v
6™ voltage Vauppy = 12Vt R =10Q tog) > 20 s 08 | -2
Veupply = -12 VE RL.=10Q tog) > 20 us 0.9 2
Vim Peak on-state voltage | Iy = £#22.5 A Ig = 100 mA (see Note 4) +1.4 [ £1.7 v
) Veuppty = +12 VT ig=0 Init’ Iy = 100 mA 12 40
Iy Holding current Vsu::: - 12Vt I6=0 Nt (ry = 100 mA 12 40 mA

Al voltages are with respect to Main Terminal 1.

NOTE  4: This parameter must be measured using pulse techniques, t, = < 1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
P ion pl ing does not rily inclug

testing of all the parameters.

U

Copyright © 1995 Texas Instruments Limited
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TIC246 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
- Veuppy = +12 VT o 80
[ Latching current see Note 5 mA
L 9 Veuppy = 12Vt ¢ ) 80
Critical rate of rise of T
dv/ Vp = Rated V, Ig=0 Te=110°C 400 Vlius
dt off-state voltage ° B G ¢ * H
ritical rise of Vp=RatedVp Tc=80°C
dvidt Critial rise o 0 o c 12| 2 Vips
commutation voltage | di/dt = 0.5 lygmg)/ms It = 1.4 Iygums)
Critical rate of rise of | Vp = Rated Vpp o
i/ lgr =50 mA T =110°C 2 A
it on -state current dig/dt = 50 mA/us er m ¢ +200 Hs

t All voltages are with respect to Main Terminal 1.
NOTE 5: The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:
Ra =100 Q, tg = 20 us, t, =< 15 ns, f= 1 kHz.

thermal characteristics

PARAMETER - MIN [ TYP [ MAX | UNIT
Rgyc  Junction to case thermal resistance 19 °C/W
Resa  Junction to free air thermal resistance 625 | °C/wW

TYPICAL CHARACTERISTICS

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs Vs

o CASE TEMPERATURE CASE TEMPERATURE

100 =

10 P

I

oy - Gate Trigger Current - mA
f
[/
b
V., - Gate Trigger Voltage - V

Vaupply larm

[
supply "GTM —
Vaa=£12V o V=212V
b e — R =10Q }— R =10Q
. e e tg=20ps | } tg=20us
- +

T T TTTTT
+
+

1L

v,
+
+

+ .
01 " n L [ 01 i1 I
-60 -40 -20 0 20 40 60 80 100 120 60 -40 -20 0 20 40 60 80 100 120

T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1. Figure 2.
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TIC246 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

Iy, - Holding Current - mA

TYPICAL CHARACTERISTICS

HOLDING CURRENT GATE FORWARD VOLTAGE
vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TCOBAD TCOBAC
100 10 =
ALL QUADRANTS - —t I
— ® i 3
10 — § 1= ==l
— > —1
I § A1
- ] & T A / L
2
©
1 9 01 1,=0 H
— 5 - T =25°C
V=212V - > // i
AA
ik | |
Initiating I, = 100 mA |
PHIeting fru " ’ QUADRANT 1
01 L1 0.01 .
60 -40 20 O 20 40 60 80 100 120 00001 0.001 0.01 01 1
T, - Case Temperature - °C lgs - Gate Forward Current - A
Figure 3. Figure 4.
LATCHING CURRENT
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Figure 5.
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TIC253 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

® High Current Triacs
SOT-93 PACKAGE
® 20ARMS (TOP VIEW)
® 400Vto800V MM | %
R W
@ 150 A Peak Current
me————"12 ()
@ Max Igy of 50 mA (Quadrants 1 - 3)
[} c— ]
Pin 2 is in electrical contact with the mounting base.
MDC2AD
absolute maximum ratings over operating case temperature (unless otherwise noted)
o RATING SYMBOL VALUE UNIT
TIC253D | 400
TIC253M 600
ti k off-state 1 Not V, \2
Repetitive peak off-state voltage (see Note 1) TIC2538 DAM 700
TIC253N 800
Full-cycle RMS on-state current at (or below) 70°C case temperature (see Note 2) lt(RMS) 20 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 150 A
Peak gate current o lam +1 A
Operating case temperature range Tc -40to +110 °C
Storage temperature range ’ Tag 400 +125 °C
[ Lead temperature 1.6 mm from case for 10 seconds T T 230 °C

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz full-sine-wave operation with resistive load. Above 70°C derate linearly to 110~C case temperature at
the rate of 500 mA/°C.
3. This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage
and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Repetitive peak ofi- o T
i = Te=110°
DRM state current Vo = Rated Voau ¢ ¢ 2 mA
Vouppty = +12 VT toig > 20 s 7 50
, Peak gate trigger Vsupply = +12 VT tpig) > 20 us -15 -50 mA
G™M  current Veuoply = 12 VE tog) > 20 s 16 | -50
Vsuppyy = -12Vt to(g) > 20 s 28
Veupply = 112 VT tog) > 20 is 0.7 2
v Peak gate trigger Vsupply = +12 V1 tp(g) > 20 us 0.7 2 v
o™ voltage Vsupply = -12Vt toig) > 20 us 08 -2
Veupply = -12Vt tp(g) > 20 us 0.8 2
Vim Peak on-state voltage | Iry = +28.2 A (see Note 4) +14 | 217 v
) Veupply = +12 VT it Iy = 100 MA 6 40
| Holdi t . A
H olding curren Veupply = 12Vt Init' g = -100 mA 43| 40| ™

1 All voltages are with respect to Main Terminal 1.
NOTE 4: This parameter must be measured using pulse techniques, tp = <1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

PRODUCTION DATA information is current as of Copyright © 1995 Texas Instruments Limited
publication date. Products conform to specifications i
per the terms of Texas Instruments standard warranty.
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TIC253 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
R V. =+12 Vt 20
[ Latching current supply (see Note 5) mA
L 9 Veuppty = 12Vt 20
Critical rate of rise of
Vp = Rated V, lg=0 T =110°
et off-state voltage p = Hated Vp G c=10C +450 Vips
Critical rise of Vp, = Rated Vg Tc=80°C
dvidgy o o ° N +1 Vips
commutation voltage | di/dt = 0.5 Itpmg)/ms It = 1.4 Irams)
) Critical rate of rise of | Vp = Rated Vp -
di/dt IgT =50 mA Tc=110°C
' on -state current dig/dt = 50 mA/us eT m ¢ +200 Aus
1 All voltages are with respect to Main Terminal 1
NOTE 5: The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:
Rg =100 €, lp(g) =20 ps, t, =<15ns, f= 1 kHz.
thermal characteristics
PARAMETER MIN [ TYP | MAX | UNIT
Rgyc  Junction to case thermal resistance 152 | °CW
Rgya  Junction to free air thermal resistance 36 °C/W
TYPICAL CHARACTERISTICS
GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
Vs vs
CASE TEMPERATURE CASE TEMPERATURE
TC10AA TC10AB
1000 ————r—— 01
< S - N I S
E > |
T 100 ®
?) ~— - g’
E 0 ° —1
3 g >
(3]  — . ] [%
] ~ e~ S~ 8 ALL QUADRANTS
g 10 —— = £ 001 —
= e F )
= - )
£ I B N ®
8 ] | ¢
5 1 Vaupny lom = > = —
E+luppy+ ™M V=212V Vaa=zx12V
E. . R =100 R =100
- tyg=20Hs ] tg =208
- —
01 L L 0.001 I
60 -40 -20 0 20 40 60 80 100 120 60 -40 -20 0 20 40 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1. Figure 2.
.
P Texas
INSTRUMENTS

4-28




TIC253 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

I, - Holding Current - mA

TYPICAL CHARACTERISTICS

HOLDING CURRENT GATE FORWARD VOLTAGE
vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TC10AD TC10AC
100 10 o
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]
4
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Figure 3. Figure 4.
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TIC256 SERIES

SILICON TRIACS

JULY 1991 - REVISED JANUARY 1995

@ High Current Triacs

® 20ARMS

® 400V to 800V

® 150 A Peak Current

® Max Igy of 50 mA (Quadrants 1 - 3)

TO-220 PACKAGE

(TOP VIEW)

MUc———— |1
M2c——— |(®
GC————_ |3

O

Pin 2 is in electrical contact with the mounting base.

MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
TIC256D 400
Repetitive peak off-state voltage (see Note 1) Tic256M VpRm 500 v
TIC256S 700
TIC256N 800
Full-cycle RMS on-state current at (or below) 60°C case temperature (see Note 2) I1(RMs) 20 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 150 A
Peak gate current lam +1 A
Operating case temperature range Tc -40 to +110 °C
Storage temperature range Tsig -40to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies tor 50-Hz full-sine-wave operation with resisiive load. Above 60°C derals linearly tc 110°C case temperature at

the rate of 500 mA/°C.

3. This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage

and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | uNIT
loAm z:i’:::‘::::fak o Vo Rated Vomu  lg=0 Tc = 110°C 2 | mA
Veorpy = +12 VT RL=10Q Tog) > 20 ps 7 50
) Peak gate trigger Vsupply = +12 VH R .=10Q tpig) > 20 us -15 -50 mA
™ current Vuppy = 12Vt R =100 to(g) > 20 s 116 | 50
Vsupply = 12Vt R =10Q tp(g) > 20 us 28
Vouppy = +12 VT RL=100 tog) > 20 iS 0.7 2
v Peak gate trigger Vsupply = +12 VT R =10Q tpig) > 20 us -07 -2 v
G™  voltage Vauppy = 12Vt R =100 tog > 20 s 08 | -2
Veuppy = 12Vt R =100 thg) > 20 s 08 2
Vim Peak on-state voltage | Iy = +28.2 A Ig =50 mA (see Note 4) 14| 217 v
) Veuppy = +12 VT 6=0 Init Iy = 100 mA 6 20
‘“ Holding current v::::: - 12vt =0 Init' iy = 100 mA a8 | a0 | ™

t All voltages are with respect to Main Terminal 1.

NOTE  4: This parameter must be measured using pulse techniques, t, = < 1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas instruments standard warranty.

Copyright © 1995 Texas Instruments Limited
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TIC256 SERIES
SILICON TRIACS

JULY 1991 - REVISED JANUARY 1995

electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Veuppty = +12 VT 20
| Latching current (see Note 5 mA
: J Vaugy = 12Vt ) 20
vy Ctealrateofnseof |\ ooy, Ig=0 Te=110°C 450 Vips
off-state voltage 0= o 6= c= * H
Critical fise of Vp = Rated Vg B T =80°C
dvidygy e o ° ¢ o Vips
commutation voltage | di/dt = 0.5 lyrms)y/ms It = 1.4 Irpms)
Critical rate of rise of | Vp = Rated Vp
di/dt lgT =50 mA Tc=110°C 20 A
: on -state current dig/dt = 50 mA/us aT ¢ 200 ks
1 All voltages are with respect to Main Terminal 1.
NOTE 5: The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:
Ra =100 Q, tyg) =20 s, t =< 15ns, f = 1 kHz
thermal characteristics
PARAMETER MIN TYP [ MAX UNIT
Rgyc  Junction to case thermal resistance 1.9 °CW
Rgya  Junction to free air thermal resistance 625 | °CW
TYPICAL CHARACTERISTICS
GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs vs
CASE TEMPERATURE CASE TEMPERATURE
TC10AA TC10AB
1000 —r—x = 01
< - I
E i
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3 e I T
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Figure 1. Figure 2.
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TIC256 SERIES
SILICON TRIACS

JULY 1991 - REVISED JANUARY 1995

TYPICAL CHARACTERISTICS
HOLDING CURRENT GATE FORWARD VOLTAGE
vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TC10AD TC10AC
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Figure 3. Figure 4.
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TIC263 SERIES
SILICON TRIACS

DECEMBER 1971 - REVISED JANUARY 1995

® High Current Triacs
SOT-93 PACKAGE
® 25ARMS (TOP VIEW)
® 400Vto800V LA N c— S
® 175 A Peak Current
N e— EY ) Q
® Max Igy of 50 mA (Quadrants 1 - 3)
X cnmm—
Pin 2 is in electrical contact with the mounting base.
MDC2AD
absolute maximum ratings over operating case temperature (unless otherwise noted)
- RATING SYMBOL VALUE UNIT
. ) TIC263D 400
- TIC263M 600
Repetitive peak off-state voltage (see Note 1) TIC263S VpRMm 700 )
TIC263N 800
Full-cycle RMS on-state current at (or below) 70°C case temperature (see Note 2) I7(RMS) 25 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 175 A
| Peak gate current Iom £1 A
Operating case temperature range Te -40 to +110 °C
Storage temperature range Tsig -40to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This vaiue appiies for 50-Hz fuii-sine-wave operation with resistive ioad. Above 76°C derate iinearly to 110°C case temperature at
the rate of 625 mA/°C.
3. This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage
and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
Repetitive peak off-
| Vp = Rated V, Ig=0 Tc=110°C 2 A
ORM  state current 0 DRM G ¢ * m
Veopply = +12 VT R =100 tg) > 20 iS 7 50
\ Peak gate trigger Veupply = +12 V1 R .=10Q toig) > 20 us -15 -50 mA
™ current Veupply = 12Vt RL=100Q tog) > 20 S 16 | -50
Veupply = 12Vt R =10Q tog) > 20 s 28
Vsupply = H12 VT R =100Q toig) > 20 HS 07 | 2
v Peak gate trigger Veupply = +12 VT R =10Q toig) > 20 ps -0.7 -2 v
6™ voltage Vauppy = 12Vt R.=10Q toig) > 20 is 08| -2
S Vuppy = 12Vt R =100 thigy > 20 s oa | 2
Vim Peak on-state voltage | Ity = +35.2 A g =50 mA (see Note 4) +15 [ 17 A
. V, =+12 Vt Ig=0 Init’ Iy = 100 mA 6 40
1 supply
H Holding current Vouopy = 12 vt Ig=0 Init Iy = -100 mA 13 40 mA

1 All voltages are with respect to Main Terminal 1.
NOTE 4: This parameter must be measured using pulse techniques, t, = < 1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

PRODUCTION DATA information is current as of . Copyright © 1995 Texas Instruments Limited
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
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electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS TYP | MAX UNIT
V. =+12V
I Latching current suppyy = +12 V1 (see Note 5) 20 mA
Voupply = 12 VE ) 20
v Comealrateofiseol | | pegy Ig=0 To = 110°C 450 vi
v off-state voltage 0= 0 G~ c= * bs
Critical rise of Vp = Rated V, Tc =80°C
dv/dt g rcatr ?o o ° c +1 Vips
commutation voltage | di/dt = 0.5 lypms)/ms It =14 lypus)
Critical rate of rise of | Vp = Rated Vp
i lgT = Te = 110°C 2!
difat on -state current dig/dt = 50 mA/us GT ¢ 200 Albs
1 All voltages are with respect to Main Terminal 1.
NOTE 5: The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:
Rg =100 Q, Ip(g) =20 ps. t,=<15ns, f=1kHz.
thermal characteristics
PARAMETER TYP | MAX UNIT
Rgyc  Junction to case thermal resistance 152 | °C/W
Rgya  Junction to free air thermal resistance 36 °C/W
TYPICAL CHARACTERISTICS
GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs
CASE TEMPERATURE CASE TEMPERATURE
TC10AA TC10AB
1000 ——r—or e = 01
g >
T 100 == —— g
§ = — -
7 o
3 o z ALLau
= ~ B [ L QUADRANTS
T e S N Y — — g oo
£ = £
2 k]
3 <
v I
R 1 Vsu»ly lamn E > V., =212V —]
S Va=t12V 3 M=%
E+ _____ R =10Q 3 R =10Q
= ) l:'(11) =20ps — ‘n(q) =20ps
- ——
01 " L ! 001
60 -40 -20 0 20 40 60 80 100 120 60 -40 -20 o0 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1.
;i
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I, - Holding Current - mA

TYPICAL CHARACTERISTICS

HOLDING CURRENT GATE FORWARD VOLTAGE
Vs VS
CASE TEMPERATURE GATE FORWARD CURRENT
TC10AD TC10AC
100 10
% MAX
& A1 P T
10 — % 1 MIN
2 o
: ﬁf
2
I
3
1 S 01 ’/
6
>
:V-mw V=212V u il h=0 [l
|+ lg=0 _ T.=25°C |l
- Initiating |, = 100 mA QUADRANT 1
ol L | ot 00 oo L_2UADRANT ! 11/ I
60 -40 -20 0 20 40 60 80 100 120 0-001 0-01 01 1 10
T, - Case Temperature - °C I - Gate Forward Current - A
Figure 3. Figure 4.
LATCHING CURRENT
Vs
CASE TEMPERATURE
1000 TC10AE
<
E
€ 100
3 =
3
[3)
g :
r . .
£ =
© I o LI
< 10 — \%:
- E Veuppy larm
— + +
oL D
L— . . - V,=+12v L |
1 .[ * 1. ] .I ] T ]

60 -40 20 0 20 40 60 80 100 120
T, - Case Temperature - °C
Figure 5.
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High Current Triacs

T0-220 PACKAGE
25 ARMS (TOP VIEW)
400 Vto 800V

MTMc————"" 1
MT2ec—— |® 1 ’
GC———— |3

175 A Peak Current

Max Igr of 50 mA (Quadrants 1 - 3)

Pin 2 is in electrical contact with the mounting base.

MDC2AC
absolute maximum ratings over operating case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT
' TIC266D 400
. TiC266M 600
Repetitive peak off-state voltage (see Note 1) TIC2665 Vorm 700 \
TIC266N 800
Full-cycle RMS on-state current at (or below) 50°C case temperature (see Note 2) Fr(Ams) 25 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 175 A
Peak gate current N ) ) Iam +1 A
Operating case temperature range Tc -40to +110 °C
Storage temperature range Tstg -40 to +125 °C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
2. This value applies for 50-Hz tull-sine-wave operation with resistive load. Above 50°C derate iinearly o 110°C case temperature at
the rate of 625 mA/°C.
3. This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of peak reverse voltage
and on-state current. Surge may be repeated after the device has retumned to original thermal equilibrium.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT

IoRm Z::’:'C't‘:;:fak o Vp-RatedVorw  l6=0 Te=110°C 2 | maA
Veupply = +12 VT R =100 tog > 20 s 7 50
\ Peak gate trigger Vsupply = +12 VH R .=10Q toig) > 20 us -15 -50 A
™ current Vsupply = 12Vt RL=100Q toig) > 20 1S 6| S0 |
Veupply = -12VE R .=10Q tog) > 20 is 28
Vaupply = +12 VT R =10Q tg > 20 S 0.7 2
Varw Peak gate trigger Vsupply = +12 VT R =10Q toig) > 20 us -0.7 -2 v
voltage Vsuppy = -12Vt R .=10Q to(g) > 20 S -0.8 -2
| Veupply = 12Vt R =10Q tog) > 20 us 0.8 2
Vim Peak on-state voltage | Iy = %35.2 A Ig=50mA (see Note 4) 15| 217 Vv
Veuppy = +12VE _ 1g=0 Tnit' lym = 100 mA 6 40
il Holding current v::::Z = 12Vt Ig=0 Init' Iy = 100 MA a3 | a0 | ™

1 All voltages are with respect to Main Terminal 1.
NOTE  4: This parameter must be measured using pulse techniques, t; = < 1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

PRODUCTION DATA information is current as of o, Copyright © 1995 Texas Instruments Limited
publication date. Products conform to specifications
per the terms of Texas Instruments standard warranty.
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electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
V. =+12V
I Latching current supply = *+12 V1 (see Note 5) 20 mA
Vauppy = -12VH -20
dvict Critical rate of rise of Vo = Rated V. e =0 To = 110°C 450 v
v off-state voltage 0= o G= c= * Hs
it Critical rise of Vp = Rated Vp Tc=80°C ; v
S
Ve commutation voltage | di/dt = 0.5 It (RMS)MS I = 1.4 lypus) * W
Critical rate of rise of | Vp = Rated Vp
i lgT =50 mA Tc=110°C Ay
dirat on -state current dig/dt = 50 mA/us o1 m ¢ 0 200 ks
1 All voltages are with respect to Main Terminal 1.
NOTE 5: The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics:
Rg=100Q ty =20 ps, t, =<15ns, f=1kHz.
thermal characteristics
~ PARAMETER o MIN | TYP | MAX| UNIT
Rgyc  Junction to case thermal resistance T 152 [ °C/W
Roua _ Junction to free air thermal resistance N 36 °C/IW
TYPICAL CHARACTERISTICS
GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs Vs
CASE TEMPERATURE CASE TEMPERATURE
TC10AA TC10AB
1000 - 01 —
<
g > ———
T 100 o - — M .
£ — —— E
- = g T
2 _ 3 ALL QUADRANTS
[ [~~~ o
g 10 ] 2 o001
£ = —
2 — = T s
§ [ — °
. ' ]
5 1 Ve lem l >
= E supply V=212V 3 V=212V —
E + + -
Fe - —— R =100 -] R =100
; Co tyg=201s | Yy = 20 48
- ——
Rt - |
60 -40 -20 0 20 40 60 80 100 120 60 -40 -20 0 20 40 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1. Figure 2.
o
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TYPICAL CHARACTERISTICS
HOLDING CURRENT GATE FORWARD VOLTAGE
vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TC10AD TC10AC
100 10 m
— it Ht
i i
> MAX
£ ) v [[[]
< 10 £ MIN i
€ — S . =
£ T 7
o ]
° g
£ &
3 e
o
:.: 1 S 01 I/
3 >,&
™ Veuwsty Vau=z12V _ ,=0 :::(
|+ 1,=0 a Tc=25°C LI}l
s Initiating I;,, = 100 mA QUADRANT 1 H“ l U
01 | | 1 1 1 1 0.0 L
60 -40 -20 0O 20 40 60 80 100 120 0-001 0.01 01 1 10
T, - Case Temperature - °C lg - Gate Forward Current - A
Figure 3. Figure 4.
LATCHING CURRENT
Vs
CASE TEMPERATURE
1000 TC10AE
<
E
£ 100
g
3
(5}
2 .
b =_f-
s N -
< 10 — ‘\%:
- E vlupply larm
— + +
I V=212V
— - - ———— =z {4
e 1
60 -40 -20 0 20 40 60 80 100 120

T, - Case Temperature - °C
Figure 5.
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® 15ARMS LP PACKAGE
(TOP VIEW)
@ 400Vto600V
G
[ —————
® Max lat of 10 mA M2 ——————?2
[ —k]
® Package Options MT1
PACKAGE PACKING PART ¥ SUFFIX MDC2AA
LP Bulk (None) LP PACKAGE
LP with fomed leads | Tape and Reel R WITH FORMED LEADS
! i (TOP VIEW)
G :X
1
MT2 —————H2
3
MT1
MDC2AB
absolute maximum ratings over operating case temperature (unless otherwise noted)
o RATING SYMBOL VALUE UNIT
-~ TICP206D 400
- ’ v
Repetitive peak off-state voltage (see Note 1) | TICP206M DRM 600 \"
Full-cycle RMS on-state current at (or below) 85°C case temperature (see Note 2) l1(RMS) 1.5 A
Peak on-state surge current full-sine-wave (see Note 3) lrsm 10 A
Peak on-state surge current half-sine-wave (see Note 4) Irsm 12 A
Peak gate current Iom 0.2 A
Average gate power dissipation at (or below) 85°C case temperature (see Note 5) Pgav) 0.3 w
Operating case temperature range Tc -40 to +110 °C
Storage temperature range Tsig -40 to +125 “C
Lead temperature 1.6 mm from case for 10 seconds T 230 °C

NOTES: 1.
2.

the rate of 60 mA/°C.

3.

4.

These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1.
This value applies for 50-Hz full-sine-wave operation with resistive load. Above 85°C derate linearly to 110°C case temperature at

This value applies for one 50-Hz full-sine-wave when the device is operating at (or below) the rated value of on-state current. Surge
may be repeated after the device has retumed to original thermal equilibrium. During the surge, gate control may be lost.
This value applies for one 50-Hz half-sine-wave when the device is operating at (or below) the rated value of on-state current.

Surge may be repeated after the device has retumned to original thermal equilibrium. During the surge, gate control may be lost.

5. This value applies for a maximum averaging time of 20 ms.

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
Repetitive peak off-
| Vp = rated V| Ig=0 20 A
DRM state current 0 = ralec Yorwm ¢ * s
Vsupply = +12 VT R =10Q thg) > 20 Hs 8
| Peak gate trigger Veupply = +12 V1 R =10Q tpig) > 20 1S -8 mA
™ current Vaupply = -12VH R =10Q toig) > 20 s -8
Vsupply = 12Vt RL=10Q torg) > 20 s 10
1 All voltages are with respect to Main Terminal 1.
PRODUCTION DATA information is current as of Copyright © 1995 Texas Instruments Limited
publication date. Products conform to specifications
per the terms of Texas Instruments standard warra TEXAS
on eocessing does it necesearly eck INSTRUMENTS
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electrical characteristics at 25°C case temperature (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS MIN TYP | MAX UNIT
Veupply = +12 VT RL=10Q toig > 20 15 25
v Peak gate trigger Vsupply = +12 VE R =10Q to(g) > 20 us 25 v
G™  voltage Voupply = -12 Vt R =100 tog) > 20 s 2.5
Veupply = 12Vt RL=10Q thig) > 20 ps | 25
Peak on-state
V. lm=21A lg =50 mA see Note 6 2.2 v
™ voltage ™ el ( ) ES
| Hokding current Veupply = 12 VT I6=0 Init 1y = 100 mA 30 .
H Vouppy = 12Vt Ig=0 Init’ Ipy = -100 mA -30
V =+12V 40
I Latching current supply t (see Note 7) mA
Vouppy = ~12VE -40

1 All voltages are with respect to Main Terminal 1.
NOTES: 6. This parameter must be measured using pulse techniques, tp = < 1 ms, duty cycle < 2 %. Voltage-sensing contacts separate from
the current carrying contacts are located within 3.2 mm from the device body.

7. The triacs are triggered by a 15-V (open circuit amplitude) pulse supplied by a generator with the following characteristics:
Rg=100Q tyg =20 ps, =< 15ns,f=1kHz.

TYPICAL CHARACTERISTICS

GATE TRIGGER CURRENT

GATE TRIGGER VOLTAGE

vs vs
TEMPERATURE TEMPERATURE
1000 = — = e =
Ev 1 V=212V — R — g
E supply 'GTM R =100 ] [ Vauppy lomm 1 V=212V ]
+ + — ——t - —
o tq =20 s — + 4 R =10Q
E o - P g > —+ -1 T t,=20ps |
. 100 - - e ® T | (o) 1
E = - + —_—— g . } DT
£ 3 -
3 >
3 g
§ 10 21
= = 0 —
(= - 0 @ — .
] — ® —— o S
3 — L R . "? -
' ~ . i I 5
5 1 b = >
~ R
~
01 01
60 -40 -20 0 20 40 60 80 100 120 60 -40 -20 0 20 40 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 1. Figure 2.
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INSTRUMENTS

4-44




TICP206 SERIES
SILICON TRIACS

MARCH 1988 - REVISED JANUARY 1995

Iy, - Holding Current - mA

TYPICAL CHARACTERISTICS
HOLDING CURRENT GATE FORWARD VOLTAGE
vs vs
CASE TEMPERATURE GATE FORWARD CURRENT
TCO5AD TCOSAC
100 T+ 10
& =+ E
V=212V —
I, = B >
Initiating i, = 100 mA §, 11| - | L+
10 z 1 4
S =
14
<
— 4 ]
. 8 /
_— 2
1 = Vs S o4 1,=0
= 5 - = T =25°
QUADRANT 1
01 001 b
60 -40 20 0 20 40 60 80 100 120 00001 0-001 0-01 01 1
T, - Case Temperature - °C |g¢ - Gate Forward Current - A
Figure 3. Figure 4.
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CASE TEMPERATURE
TCOSAE
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Figure 5.
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Thyristors - Theory, Parameters and Applications

Jurek Budek
Bedford Applications Laboratory
(Edited by M J Maytum)
Bedford Power Department

ABSTRACT

The operational characteristics of the Thyristor are derived from the basic silicon structure and its equivalent circuit. Actual device character-
istics and ratings are then discussed with illustrations of the temperature and operating mode sensitivities. Based on this, design approaches
are formulated for triggering, selection and control of current and voltage, finishing with cooling requirements. Finally. some typical applica-
tion circuits are discussed

INTRODUCTION

The name of Thyristor is derived from the Greek word "n8vpo" meaning "a door”. A Thyristor is a bistable semiconductor
device that comprises three or more junctions and can be switched from the off state to the on state or vice versa. Switching
from the off state to the on state is normally initiated by a control signal. Switch off is normally caused by the current though
the Thyristor dropping below a critical level. This chapter is concerned with the two main Thyristor types called SCRs (Silicon
Controlled Rectifiers - Ref. 1.) and Triacs (Ref. 2.). Chapter 2, Glossary, should be consulted for further information on types,
terms and definitions.

The first commercial SCRs appeared in the late 1950s. They were an immediate success by providing an efficient, long life,
bounceless switch to replace relays, rheostats, thyratrons and such like. The SCR is a unidirectional Thyristor and so it can
only be controlled in one voltage polarity. To control both polarities of the ac supply either two SCRs had to be used, con-
nected in anti-parallel, or a single SCR inside a fuil wave bridge rectifier (Ref. 1, Chapter 8 - AC Phase Controiled Circuits).

In the 1960s, bidirectional Thyristors, called Triacs, where introduced. AC control was now possible with a single silicon
power device. Today, through better understanding and technology, SCRs, Triacs and their derivatives are pre-eminent in the
solid state control of ac power.

THEORY
BIPOLAR JUNCTION HIERARCHY

The Thyristor NPNP silicon layer structure can be considered the result of an evolution the basic PN layer junction rectifier
diode, Figure 1. The following treatment of bipolar junction behaviour assumes readers are familiar with basic semiconductor
theory.

Diodes

A PN junction diode has a low impedance when the P-type layer is positively (forward) voltage biased with respect to the N-
type layer. The electrode connecting to the P-type layer is called the anode, symbol A, and that connecting to the N-type layer
is cailed the cathode, symbol K. Forward conduction begins at a threshoid voitage of about 0.5 V and a junction strongiy in
current conduction will develop voltages of 0.7 V and above. The direction of this current conduction is indicated by the arrow
direction of the diode symbol.

The diode has a high impedance when the P-type layer is negatively (reverse) voltage biased with respect to the N-type layer.
The maximum value of reverse voltage that the junction blocks to will depend on the junction design. Above this voltage the
junction will breakdown, symbol (BR), cither at the surface or internally. Internal breakdowns below about 6 V are due to the

{';’ TEXAS
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"Zener" effect and above 6 V by the "Avalanche" effect. Zener voltages decrease with increasing temperature, whilst Ava-
lanche voltage increase at approximately 0.1%/°C. When the breakdown is internal, reasonable amounts of breakdown power
can be reliably dissipated. This, together with a low impedance in the breakdown condition, is the basis of reference/regulator/
Zener diodes. Such diodes are indicated by a "hook" on the diode crossbar.

Both majority and minority carriers take part in the forward conduction (bipolar action). This causes conduction delays. A fast
rising forward conduction current may initially cause a forward voltage higher than the dc value. More importantly, as the con-

duction current reverses, the stored charge in the diode prevents instantancous switching back to the reverse-blocking state.

CATHODE
TERMINAL

CATHODE
ANODE
TERMINAL
v
REVERSE-BLOCKING | [ OF WARD-
’ CONDUCTING ATHAR
/ STATE oo

Figure 1. Diodes

Transistors

Adding a second junction creates the bipolar junction transistor, Figure 2. Depending where the second junction is added the
transistor can be a PNP or a NPN layer device. Figure 2, shows the structure of an NPN transistor. By making a thin central
base layer, the majority of the carriers injected from the emitter layer travel straight through the base layer and into the collec-
tor layer. The uncollected carriers form the base current, Ig. For injection to take place the base-emitter junction must be for-
ward biased, but the base current needed to establish the bias is much smaller than the collector current, I. Thus the bipolar
transistor is considered as a current amplifier with a gain, Hgg, of I/Ig.

The voltage drop across the base-emitter junction will be similar to a diode, 0.5 V threshold and 0.7 V or above when in full
conduction. The transistor symbol marks the base-emitter junction with an arrow in the emitter, the arrow being oriented to
show the direction of current flow. An NPN transistor has the arrow pointing away from the base and a PNP transistor has the
arrow pointing to the base. Although the base-collector junction is another diode, the normal direction of collector current flow
is in the same direction as the emitter current flow, i.e. in the opposite direction to the current flow of a forward biased base-
collector junction.

When the external circuit does not allow the transistor to pass its full value of collector current, the current difference is added
to the base current. The relative increase in base current lowers the transistors gain, I/Ig, and the transistor is said to be in sat-

uration, symbol (SAT). Under these conditions the base-collector junction starts to become forward biased, which reduces its

P TExAs
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collection efficiency. If the base-collector junction is at the threshold of forward conduction, 0.5 V, and the base-emitter junc-
tion saturation voltage, Vggsat)is 0.7 V, the collector-emitter saturation voltage, Veggat). Will be the voltage difference of
the two junction drops, i.e. Veggam) = 0.7-0.5 = 0.2V. When in saturation large amounts of stored charge are developed which

delays the transistor switch off.

BASE EMITTER
TERMINAL TERMINAL

EMITTER
P BASE NPN TRANSISTOR
N
COLLECTOR
COLLECTOR TRANSISTOR
TERMINAL S
ke
L COMPLEMENTARY
VERSION
EMITTER
T Vee BASE PNP TRANSISTOR
ATHAB COLLECTOR

VCE(SA“
Figure 2. Transistors

Unidirectional Thyristors (SCR)

Adding a fourth layer creates an NPNP layer structure Figure 3. For anode voltages negative with respect to the cathode, the
PN junction connected to the anode blocks any current flow until the breakdown condition is reached. When a positive voltage
is applied, the PN junction connected to the gate blocks any current flow until a junction breakdown condition is reached. In
this polarity the breakdown voltage is not sustained. but switching into a low voltage state occurs (condition "a" in Figure 3.).
This low voltage on-state condition is maintained until the current falls below a critical value called the holding current. The
SCR may also be switched on below the breakdown voltage by applying a control current to the gate (curve "b" in Figure 3
where the anode is at an off-state bias of V).

This structure is normally analysed as an NPN transistor, TR1, and a PNP transistor, TR2, connected such that they share a
common collector-base junction. The outer N layer forms the emitter of the NPN transistor, called the Thyristor cathode, and
the outer P layer forms the emitter of the PNP, called the Thyristor anode. This connection of the two transistors forms a regen-
erative loop with the collector current of the NPN supplying the base current of the PNP and the collector current of the PNP

supplying to the base current of the NPN. This configuration causes the Thyristor to act as a switch - either off or on.

To initiate switch conduction current must be applied to a transistor base region. Connections to the base regions, gates, allow
externally applied currents to initiate switch on. Normally, the NPN transistor base is connected to and this forms a P-type
gate, or simply "gate". The control current direction is into the gate and the gate voltage value will be a transistor Vgg. There
are some SCRs where connection is made to the base of the PNP transistor, forming an N-type gate. In this case the control
current direction is out of the gate.

Q’ TEXAS
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If an external base current of Igypy) Was supplied to the NPN transistor its unlimited collector current would be
Hpgvpny*Ig(npn) Which would be the base current of the PNP transistor. The PNP transistor would amplify this current by
Hggpnpy and supply a current of Heg pnpy*Hpgnpn) *IB(npn) back to the base of the NPN transistor. For the transistor pair to

remain permanently conducting the externally supplied NPN base current must be zero, satisfying the relationship:-

GATE CATHODE
TERMINAL TERMINAL

CATHODE
P-TYPE
GATE
N-TYPE
GATE
ANODE

ANODE

TERMINAL
1
FIRST QUADRANT
ANODE+
ON STATE —| CATHODE
BREAKOVER TR R
VOLTAGE, prve .}
HOLDING CURRENT GATE
CURRENT—- T c
REVERSE-BLOCKING STATE b) -
v
+V, TR2
REVERSE OFF STATE ANODE
BREAKDOWN
THIRD QUADRANT ARGG1AC
ANODE-

Figure 3. SCRs

Ignen) - Hegene) *Hegven) *Igven) <=0

or
I'- Hrgpnp) *Hpgnpn) <= 0

The values of Hpgpnpjand Hegnpny Will be current and temperature dependent. At low currents the Hgg; product falls with

reducing current until it is below unity and the SCR switches off. As mentioned earlier, the switch-off current level is called
the holding current.

In addition to voltage breakdown and external gate current induced switch on, the SCR may also be switched on as a result of
rapid voltage rise, dv/dt. The dv/dt causes the junction capacitance, C, to pass a displacement current of C*dv/dt into the tran-
sistor bases. Values of 100 V/ps and 50 pF would cause a current of 5 mA. SCR dv/di ratings can be increased by integrating a
resistance, R, across the gate junction to bypass the capacitive current. For this example. with a gate threshold voltage of 0.5 V,
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a resistor value of below 100 W would need to be integrated. As this rcmlor will also bypass dc, the holding current will be
increased by about 5 mA.

In the on state, TR1 and TR2 will be operating in a saturated condition. The anode to cathode voltage will be the sum of one
transistors Vg sat) and the others Vg gar)- This means that the on-state voltage will be about 0.7 + 0.2 =0.9 V. The SCR
will typically switch into the on state in 1 ps, but stored charge will normally result in switch off times in 5 to 50 ps region.

Gate control will be normally lost once switching occurs.

In summary, the SCR is a three terminal device which conducts current in one direction only. It is triggered into conduction by
positive gate current, when the anode is at a positive potential. Gate control is lost once switching occurs and conduction
ceases when the current drops below the holding current. Tumn on is rapid, but turn off is an order of magnitude slower.

Bidirectional Thyristors (Triacs)

Bidirectional Thyristors are formed by integrating two NPNP structures in antiparallel (Figure 4.). Anode and cathode terminal
designations have no meaning for this structure. The terminals which conduct the switched current are called the main termi-
nals. Main Terminal 1, MT1, is the reference terminal and the gate control circuit return connection is made to this terminal.
Main Terminal 2, MT2, is the other main terminal. The circuit symbol for a Triac is shown in Figure 4.

In terms of voltage-current characteristics the Triac looks like two SCRs connected in anti-parallel. permitting switching in
both voltage polarities. The Triac structure shows that the Main Terminal 1 has NPNP and PNPN paths to the Main Terminal
2, permitting positive and negative current flow when the appropriate SCR section is switched. In the equivalent circuits, the
path for NPNP conduction is represented by TR1 and TR2, while the path for PNPN conduction is represented by TR4 and
TRS.

The gate electrode connects to both N-type and P-type regions. This enables the Triac to be switched on with only one gate ter-
minal, for positive or negative Main Terminal 2 voltage and with any polarity of gate current. The triggering operation is com-

ecgquivalent circuits are

also shown for positive and neeative Main Terminal 2 voltase nolarities. The resistive

ted, and ¢ arc posit negative Main Termin ltage po
mmponcnts are formed by the resistance of the P-type and N-type layers. Shunting resistances are produced by the shorting
produced by the Gate and Main Terminal electrodes. Triggering paths from the N-type and P-type gate regions are indicated by
the dotted boxes. The triggering transistors, TR3 and TR6 through to TR8 are formed by the gate regions and the antiparallel
SCR layers.

When the Main Terminal 2 voltage is positive the Thyristor structure formed by TR1 and TR2 can be directly triggered by a
positive gate current via the series resistance into the base of TR1. The gate voltage value will be a transistor Vg plus any
resistive voltage drops. Negative gate current triggering is also possible. In this case TR3 operates in a common base configu-
ration and feeds current to the base of TR2. Here the gate voltage value will be a transistor Vg plus any resistive voltage
drops.

When the Main Terminal 2 voltage is negative the Thyristor structure formed by TR4 and TRS can be triggered by a negative
gate current which flows through TR6, operating in common base configuration, and into the base of TR4. The gate voltage
value will be a transistor Vegsar) plus a Vgg. Positive gate current triggering is also possible, but the mechanism is complex
and high levels of trigger current are needed. In this case, the positive gate current switches TR7 on and its collector then con-
nects the base of TR8 to Main Terminal 1. In this condition, some of the positive gate current will be fed to the base of TR5 by
TR8 operating in common base configuration. The gate voltage value will be a transistor V¢gsar) plus a Vgg.

The Triac should only conduct when triggered by the gate control current. The integrated structure of the Triac means that
charge from the conducting section can reduce the dv/dt withstand of the non-conducting section. This can result in uncon-
trolled conduction of the Triac. The commutating dv/dt, dv /dt, is the measure of the device performance under these condi-
tions. It is defined as the maximum rate of rise of principal voltage that will not cause switching from the off-state to the on-
state immediately following on-state current conduction in the opposite quadrant. This parameter is particularly important with
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inductive loads, as these cause rapid rates of voltage rise.

In summary, the Triac is a three terminal device which conducts current in either direction. It may be triggered into conduction
by any polarity of gate current for either polarity of Main Terminal 2 voltage. Similar to an SCR, gate control is lost once
switching occurs and conduction ceases when the current drops below the holding current. The rate of voltage rise under
inductive load conditions needs to be lower than the commutating dv/dt. Triacs offer simplified circuitry over two Thyristors
as only one device and gate trigger circuit are needed.

PARAMETERS

The selection of a Thyristor normally starts with the necessary voltage and current ratings determined from the nature of the
load and its supply voltage (See Chapter 1, Selection Guide). Some loads will draw currents that vary with time. e.g. motor
locked, starting and running currents. Device capabilities for such conditions can be assessed by reference to the surge current
versus time curves. Inductive loads can produce rapid voltage rises and some form of dv/dt parameter will be needed.

The final device selection will depend on the relative importance of factors such as available cooling, triggering power, pack-
age and cost.

SCRs

This section covers the key parameters of SCRs. To illustrate the selection and design procedure graphs and values from the
TIC126 data sheet will be used.

Voltage Ratings

The theory section explained how SCRs can be triggered into conduction by breakdown triggering in the positive polarity.
This overvoltage protection mechanism does not happen in the reverse direction and the SCR can be damaged by reverse over-
voltage transients. Thus the SCR should be selected on the peak repetitive reverse voltage rating, Vgrp, rather than the peak
repetitive off-state voltage. Vppay. Most of the SCRs in chapter 3 are available in voltages from 400 V to 00 V. The 400 V

minimum value provides adequate safety margin on transient filtered 230 V (325 V maximum) ac supplies. In circuits where
the SCR has series rectifier diodes to block reverse voltages, the voltage selection can be made on the Vg requirements.

Current Ratings

The SCR average current rating, I y). Will be selected to be equal or greater than the normal load current. Where the load can
draw higher short term currents, the ability of the SCR to survive these can be determined from graphs of on-state current ver-
sus current duration, See Figure 5.

Operating Temperature

Adequate cooling must be provided to ensure long term thermal stability. An estimate of the SCR power loss can be made
from the power loss curve, See figure 6. This curve is plotted for continuous current, I, and a conservative estimate of the
equivalent average on-state current (180° conduction angle), Iay), can made from Ircav) = 0.6*I1. If the expected average

SCR current was 3.5 A, this would be power equivalent to a continuous current of about 6 A. The loss at this current is 8 W.
This loss level is for a junction temperature, Ty, of 110°C, and if the highest ambient temperature, Ty. is 40°C, the maximum

junction to ambient thermal resistance, R4, will be:
Roia  =(110-40)/8 °C/W
=8.75°C/W

As the junction to case thermal resistance, Rqyc, of the TIC126 is 2.4°C/W, the mounting and heat sink thermal resistance

must not exceed 8.75 - 2.4 = 6.35°C/W.
i
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This requirement could be met by a simple square aluminium heat sink plate of 9 cm x 9 cm.
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Figure 5. Figure 6.

Triggering

The typical temperature variation of gate trigger voltage and current are shown in Figures 7 and 8. Compared to 25°C, at 0°C
the voltage has increased by 10% and the current by 30%. The data sheet maximum values at 25°C are 1.5 V and 20 mA. A
trigger circuit designed to work down to 0°C should provide a gate current drive of 20*1.3 = 26 mA at a voltage of

1.5*%1.1 = 1.65 V. After allowing for trigger circuit tolerances, a design giving a nominal drive of 30 mA into 2 V should be
adequate.

Latching and Holding Current

Latching current is the minimum value of anode current required to maintain the Thyristor in the on-state immediately after
switching from the off-state to tiie on-state has occurred and the triggering signal has been removed. If a latching current value
is not specified, a reasonable assumption is to use a value of three times the holding current. The anode current must be larger
than the latching current when the trigger pulse ends, otherwise the SCR could switch off. There are two design solutions to
this potential problem. One is to ensure the trigger pulse duration is long enough at the lowest expected operating temperature
to always ensure that the latching current is reached during the trigger pulse time. The other is to have short duration multiple
trigger pulses so that the device is re-triggered until latched conduction occurs. Generally the minimum trigger pulse width
should not be less than 20 ps to allow for current propagation in the chip. Latching is mainly a problem for inductive loads,
which will have a slow initial current rise.

Holding current is the minimum value of anode current required to maintain the Thyristor in the on-state. When the load cur-
rent falls below this value, current switch off occurs and purely inductive loads will generate high values of dv/dt and peak
voltage.
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Figure 7. Figure 8.
TRIACS

This section covers the key parameters of Triacs. To illustrate the selection and design procedure graphs and values from the
TIC226 data sheet will be used.

Voltage Ratings

The theory section explained how Triacs can be triggered into conduction by breakdown triggering in both voltage polaritics.
Most of the Triacs in chapter 4 are available in voltages from 400 V to 800 V. The 400 V minimum value provides adequate
safety margin on transient filtered 230 V (325 V maximum) ac supplies. Where transients are known to occur and voltage
dependent resistors arc being used to limit the transient voltage Triac Vpry values of 600 V and above should be selected.

Current Ratings

The Triac rms current rating, It gps) should be selected to be equal or greater than the normal load current. Where the load
can draw higher short term currents, the ability of the Triac to survive these can be determined from the graph of on-state cur-
rent versus current duration, See Figure 9. Note that this graph has two curves. One curve is for the condition that gate control
is maintained and the other is for loss of gate control. Although gate control can be restored when the current level reduces, the
use of this second curve should be restricted to fault conditions.

Operating Temperature

Adequate cooling must be provided to ensure long term thermal stability. An estimate of the Triac power loss can be made
from a power loss curve or calculation based on Vymax). The basis of the calculation is to assume on-state symmetry and
approximate the on-state voltage characteristic to a threshold voltage, Vp1(). and a fixed slope resistance, rp. See Figure 10.
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Figure 9. Figure 10. Linear Approximation

The instantaneous power at current it, will be it*Vy o) + (iT)Z*rT‘ Integrating and averaging these two power components
over a whole sinewave gives the result:
2
Pr=Inav)*Vrero) + (rms) *rr
where:
P = On-State Power Loss
Itav) = Average Current per Half Cycle
Itrms) = RMS Current
For sinewave currents the equation can be rewritten as:
- 2
P = 0.9%Irrms)*V1e1o) + (I1RMs)) “*rT

The power loss, Py, at the design rms current, I gums), can be calculated provided the Triac values of Vo, and ry are avail-
able. At the maximum junction operating temperature the V0, value will be in the region of 0.7 V for the Triacs. The maxi-
mum value of ry can be calculated from Vs x, on the assumption that usually the 25°C and 110°C values are similar. Thus
the equation for ry is:

1= (Vrmax) - 0.7/Ir
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The calculated r values for the Triacs of chapter 4 are shown in the table below.

Calculated ry Values

Triac rrQ Triac rrQ Triac rp Q
TIC201 0.34 TIC226 0.12 TIC256 0.035
| TIC206 0.36 TIC236 0.082 TIC263 0.028
TIC216 0.12 TIC246 0.044 TIC266 0.028

T TIC225 0.12 TIC253 0.035 TICP206 1.5

Once the power loss has been calculated the required cooling can be determined in the same manner as described for SCRs.
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Figure 11. Figure 12.

Triggering

Triacs have four triggering combinations. The combination of negative MT2 and positive gate current is not reccommended as
it is the least sensitive and is not specified for the higher current Triacs (See the Selection Guide Chapter page 1-4). This is the
result of a design strategy on the higher current Triacs to obtain the higher dv/dt ratings (400 V/ps) needed for inductive loads
by trading gate sensitivity. Because of the reduced sensitivity, these devices are difficult to trigger with a positive gate current
when operating in the third quadrant. Consequently, the data sheet does not specify this type of operation. With the three trig-
gering combinations left, the design strategy is governed by the trigger source polarity. If the trigger source has the same polar-
ity, then negative trigger current should be used. If the irigger source is naturally the same polarity as the MT2 voltage then
this approach uses the most sensitive pair of triggering combinations and gives the lowest latching current values.

The typical temperature variation of gate trigger voltage and current are shown in Figures 11 and 12. Compared to 25°C, at
0°C the voltage has increased by 10% and the current by 30%. The data sheet maximum values at 25°C are 2 V and 50 mA. A

trigger circuit designed to work down to 0°C should provide a gate current drive of 50*1.3 = 65 mA at a voltage of
2*1.1 = 2.2 V. After allowing for trigger circuit tolerances, a design giving a nominal drive of 80 mA into 2.6 V should be ade-
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quate.
Latching and Holding Current

Latching current is the minimum value of Main Terminal current required to maintain the Thyristor in the on-state immedi-
ately after switching from the off-state to the on-state has occurred and the triggering signal has been removed. The complex
nature of the Triac triggering causes the latching current to range between two to five times the holding current (See Figures 13
and 14). The Main Terminal current must be larger than the latching current when the trigger pulse ends, otherwise the Triac
could switch off. There are two design solutions to this potential problem. One is to ensure the trigger pulse duration is long
enough at the lowest expected operating temperature to always ensure that the latching current is reached during the trigger
pulse time. The other is to have short duration multiple trigger pulses so that the device is re-triggered until latched conduction
occurs. Generally the minimum trigger pulse width should not be less than 20 ps to allow for current propagation in the chip.
Latching is mainly a problem for inductive loads, which will have a slow initial current rise. Snubber circuits will often be

used for voltage control with inductive loads and the discharge of this network can be used to increase the initial current value.

LATCHING CURRENT HOLDING CURRENT
Vs vs
CASE TEMPERATURE CASE TEMPERATURE
TCO1AE TCO1AD
1000 I T 1000 : $ ¥ ——
Veuppy form —F V=212V 3 —v Vaa=t12V 3
+ o — — +"W" l,=0 ]
+ - - — - - Initiating I,,, = 100 mA ]
< e e
E s —— T 100
E 100 ~ E
5 3
(3} ~ o ‘.
-~ )
2 ~ g 10 = S
s . . 1N 3 e e s o
3 2 P n -\. T - —
v 10 ~ "
N1 1
- \\< -
1 01
60 -40 20 0 20 40 60 80 100 120 60 -40 20 0 20 40 60 80 100 120
T, - Case Temperature - °C T, - Case Temperature - °C
Figure 13. Figure 14.

Commutating dv/dt, dv/dt

This special Triac rating was discussed in the Triac theory section. Figure 15 shows the standard test circuit. The dv/dt is con-
trolled by the RC snubber network and the peak on-state current is set by the inductor value. Setting the peak current will also
set the commutating di/dt (the rate of change of falling on-state current), a parameter which has a strong influence on the
dv/dt value. Triacs of 8 A and below are tested with a specified peak current value, Igy. Higher current Triacs are tested with
a specified value of di/dt equal to 0.5*Igpmsyms. With the exception of the TIC206, all the other Triacs have Ipgy or Iy =
L4* I rms)-

The highest di/dt of a Tp ms duration half sinewave will be p*Iygp/(Tp) A/ms. For the lower current Triacs, the off-state volt-

age duration is specified as 0.8 ms and so the on-state current duration will be 10 - 0.8 = 9.2 ms. This gives a commutating

{"’ TEXAS
INSTRUMENTS

5-14



APPLICATIONS INFORMATION

di/dt of 0.34*Irgp A/ms or 0.48* I gps) A/s. Thus the Ipgpy or 0.5*Ipgpms) specification approaches are equivalent.
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NOTE A: The gate-current pulse is furnished by a trigger circuit which presents essentially an open circuit between pulses. The pulse is timed
S0 that the off-state-voltage duration is approximately 800 ps.

PMC2AA
Figure 15. Commutating Test Circuit

APPLICATION CIRCUITS
CONTROL METHODS
Phase Control

Phase control is the technique of varying, within the cycle or half-cycle of the ac supply voltage, the instant at which the volt-
age is applied to the load and current conduction begins; current conduction continues until a zero crossing is reached which
switches off the Thyristor. This technique is extensively used for incandescent lamp dimming and the speed control of some dc
motors. Figure 16 shows a simple phase control circuit.

Burst Firing

SCRs and Triacs used in a phase control mode produce considerable radio frequency interference (r.f.i) due to the step change
in current. A solution to the problem of suppression becomes more difficult and expensive as the load increases. In domestic
appliances, particularly, the r.f.i. is acute and must be suppressed to comply with emc regulations. For domestic use phase con-
trollable power up to 500 Watts may be acceptable. However, above this value the ratio between the phase controllable power
to the total consumed power becomes significant and in addition to the expensive suppression circuit, the power factor may

cause some concermn,

Electric heaters and other loads with a long time constant may be controlled by passing through them a selected number of full
or half cycles, See Figure 17. The current, then will be in phase with the voltage and there will be no problem of r.f.i., the
switching taking place at the point when the voltage crosses zero. Such control is called Burst Firing or Zero Voltage Switch-
ing. Burst firing is not suitable for lamp dimming due to the flicker, or for Motor Speed Control and transformer input control.
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o LOAD
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AR210AA
Figure 16. Simple Phase Control Circuit
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Figure 17. Burst Firing

SCR CIRCUITS
Half-Wave Motor Speed Control

Haif-wave phase control of a universal motor allows the motor to run up to 80% of its maximum full-wave speed. Thus a use-
ful speed range is obtained with only half-wave control. The universal motor generates a back emf proportional to its speed.
By placing the motor in series with the control loop, drops in the back emf, caused by speed reduction, reduce the time of the
next SCR triggering pulsc which applies more voltage to the motor on the next cycle. This arrangement provides motor speed
regulation. The basic control circuit is shown in Figure 18.

Gas Ignitor

This is an example of an application that requires high current and voltage capability with relatively little long term power
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requirement. Typically a TO-92 TICP106 would be used as the high current switch. For time periods less than I ms the
TICP106 has the same silicon current capability as the TO-220 TIC106. The basic circuit is shown in Figure 19.

o
R2
10kQ
5W
Vs
240V At
50Hz 1kQ SCR
2w D1
MOTOR
D2
o AITHAF

Figure 18. Half-Wave Motor Control

The high voltage secondary winding of the step up transformer, T1. produces a spark across the discharge gap to ignite the gas
mixture. The high voltage is produced when the TICP106 switches on and connects the charged capacitor across the trans-
former primary. A resonance ensues which reverses the capacitor voltage and this serves to commutate the TICP106 when the

current drops to zero. The capacitor is then recharges from the rectified ac supply for the next spark.

R

R1 i
D1
c1
Vs

240V SCR !—
50 Hz TRIGGER

CIRCUIT| 1,

n
[os
AITHAG —T_ ?

Figure 19. Ignitor

TRIAC CIRCUITS
Universal Motor Speed Control

The Thyristor has an established position in industrial applications for switching and regulating power. In addition, small
SCRs are now wideiy used to give haif-wave phase-controi of universai motors in such appiications as iow-power domestic
appliances and hand-tools.

For higher power, where full-wave phase-control is necessary, the Triac has now largely replaced ‘back-to-back’ connected
SCRs. Triacs are widely used in light and heat controls; they can, however, give problems when used with inductive loads.
This section discusses the use of Triacs in phase-control circuits with inductive loads, together with protective circuitry to
ensure reliable operation. A 1000 Watt vacuum-cleaner with a universal motor is used as an example of this application.
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circuit

A basic phase-control circuit was shown in Figure 16. The potentiometer and capacitor give variable phase-shift. and the trig-
ger diode, or diac. ensures reliable triggering of the Triac. Although control is possible from approximately 0° to 180°C the
circuit has some drawbacks. It may be noticed, when using the circuit, that once the Triac has been turned ‘on’ at the minimum
voltage, the voltage may be further reduced by increasing the potentiometer resistance. In other words, the striking voltage
appears to be higher than the turning ‘off” voltage. This hysteresis type phenomenon is attributed to the trigger diode break-
down.

In order to reduce the effect on hysteresis and also extend the range of control a second RC network may be added as shown in
Figure 20. After the trigger diode has turned ‘on’, the partly discharged capacitor ‘C2" is recharged by some of the energy from
capacitor ‘C1°. This occurs during the time the Triac is conducting, hence the smaller hysteresis. This is a basic circuit recom-

mended for light dimmers and universal motors as mentioned earlier. The selection of components will be discussed later.

LOAD
s
50 Hz
R3 TRIAC
c 2kQ L. C2
0.1 uFT 0.03 uF
o ¢

AR210AF
Figure 20. Improved Phase Control Circuit

protection

To ensure the satisfactory operation of equipment using semiconductor devices. the problem of protection must be solved.
There are several points to which a designer must pay attention, i.e., the rate of rise of voltage (dv/dv), the rate of rise of cur-
rent, (di/dt), voltage surges and overloads.

commutation and critical dv/dt

When used with inductive loads, Triacs and SCRs are subjected to a rapid rise of voltage. If a device is not capable of with-
standing such fast rises in voltages, it will lose control. The problem of dv/dt becomes important especially after commutation
when the capability of a device becomes lower.

From Figure 21 it can be seen the Triac will be exposed to ‘commutation dv/dt’. ‘Commutation dv/dt” occurs when the block-
ing voltage is being stressed across the device during the time it is recovering from the principle current. Malfunctioning can
even occur due to fast voltage transients initiated at switch-on. This characteristic phenomenon of Triacs and SCRs is caused
by capacitive coupling between gate and MT2 terminal for Triacs and gate and anode for SCR. Unwanted turn ‘on at full volt-
age could bring some problems, especially when the equipment is feeding low impedance loads such as stationary motors or a
bank of filament lamps. Excessive currents flowing, even for half a cycle, could blow the protective fuses or damage some of
the semiconductors. The gates of the Triacs will resume control after half a cycle.

Solving and analysing the following equation :-

L(di/dt) + Ri (1/c) f i.d.t = Vmax (1)
gives
X3
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(dv/diymax = Vmax/ VL.C
hence
C = V2max/L. (dv/dt)max? 2)

where:
Vmax = peak supply voltage

dv/dt,,,, = values obtained from the data sheets (V/us)

If the supply reactance = X%, then
oL. 1. 100/V =X 3)

where:
I = supply current, rms
V =supply voltage, rms
Substituting L from equation (3) into equation (2) the value of the capacitor becomes :-

C = 2.V.rl/((dv/d))?.102.X) uF

assuming a frequency of 50Hz and (dv/dt) in volts/us. The discharge of the capacitor through a Triac should be limited by add-
ing a series resistor. This resistor should also be able to damp the ringing of the capacitance with the load inductance.

-] v

AITHAH

Figure 21. dv/dt with Inductive Loads

One way of slowing down the voltage rise of the switching supply voltage or transients is to bring the circuit into oscillation by
adding a CR network and inductance if required. A suitable place to connect R and C is across the Triac. The accidental turn-
ing ‘on’ of a Triac may not be harmful, but it could lead to di/dt failure or half waving which in magnetic circuits could result
in partial saturation and hence heavy overload. Because of this, precautions must be taken to avoid the possibility of turning on
the Triac by dv/dt.
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rate of rise of current - di/dt

If the rate of rise of current is very high as compared with the speed with which the current turning ‘on’ can spread across the
junction of the Triac or SCR, a local “hot spot™ may develop causing a device to fail. In most cases, there is not cause for con-
cern as sufficient inductance exists in the circuit. In low inductive circuits where motor is parallel with resistive load the value
of di/dt should be examined and related to the rate of rise which the Triac or SCR under consideration can handle. If necessary,
some inductance should be added in the circuit to slow down the rise of current.

voltage transients

Diodes and SCRs can be destroyed when subjected to excessive voltage transients, unless they incorporate avalanche charac-
teristics. The Triac, being a bidirectional switch, will simply break over in one or other direction, turning ‘on’ into conduction.
In spite of these self protective capabilities, the turning "on" of a Triac, even for one isolated pulse, may not be acceptable as
explained earlier. An effective surge absorbing device, therefore, is necessary for reliable operation. Voltage transients can be
initiated by various means such as switching transformers, inductors, from Thyristor circuits as commutation spikes, etc. The
suppression of transient voltages can easily be achieved if the sources and causes of transients are known. Voltage transients
generated by switching ‘off” transformers are known to a certain extent. The energy, E, stored in the magnetic field can be
evaluated from the equation E = Y3L12 where ‘I is the peak magnetising current. By using a CR network as a surge absorbing
device, a simple comparison of the magnetic energy with energy to be absorbed by the capacitor used (1ACV?2) will give its
required value. There are many surge absorbing devices on the market in the form of CR networks, VDR (voltage dependent
resistors) or silicon carbide units. If the magnitude of the transient is unknown, a trial and error approach to the problem is
often unavoidable

current surges

As an example a 1000 W vacuum cleaner has been chosen for evaluation to obtain typical data for the 1000 W universal motor.
Motor control was achieved with the use of double RC circuit. No excessive di/dt transients were observed but the peak start-
ing surge current was significant. At low speeds, a starting surge current of up to 50 A peak was noticed with immediate return
to a steady state condition. There were more serious conditions at higher speeds when the return to steady state took much
longer, about 20 cycles. The first switching on peak surge current is of the same order as stall current.

snubber circuit

It is necessary to have a circuit or device which will absorb voltage spikes and eliminate dv/dt switching. The simplest and
cheapest circuit for this application is a RC network connected across the Triac as shown in Figure 21.

The basic function and design of the snubber was discussed in the previous paragraph. However, after selecting a suitable
capacitor ‘C’, care must be taken not to damage the Triac by di/dt, as a result of ‘C” discharging via a resistor R.

When the Triac is in the blocking state, capacitor ‘C is being charged. At the point of turning ‘on’, the capacitor ‘C” is dis-
charged rapidly, with a current limited only by resistor ‘R’. Using a value of 0.1 uF for capacitor C, a resistor R value of 47 Q
gave a di/dt of 25 A/ps. Values of 100 Q gave 15 A/ps and 820 Q gave a satisfactory 1 A/ps.

At the point of turning ‘off” with inductive loads, a blocking voltage is stressed across the device. If the rate of voltage rise
(dv/dt) is too high, the device will turn ‘on’ again as explained previously. Using low values of resistor R was found to allow
resonance and resulted in rapid voltage rises.

bber circuit r dati

After selecting capacitance ‘C’ which would adequately absorb the voltage transients spikes and/or give sufficient slope in
voltage blocking, the following values of series resistors have been found to give acceptable results :-

0.022 pF in series with 560 Q
0.047 yF in series with 680 Q

1/
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0.1 pF in series with 820 Q
The above capacitors will cover most of the requirements ranging from small, medium to large appliances.

triac selection for 1000 W vacuum cleaner

Tt has been demonstrated that the decisive point in selecting Triacs for vacuum cleaners is the surge current capability and di/dt
rating. Surges of 50 A peak, decreasing after 20 cycles to a steady value, can be expected. However, a generous safety margin
is essential, since other factors such as commutator wear, cleanliness and lubrication of bearings, and behaviour at low temper-
atures, could all result in higher current surges.

The Triac Type TIC236M (12 A, 600 V) is therefore recommended for the application. Without a snubber network, it can with-
stand a typical dv/dt of 2 V/ps. The use of a centre gate gives the unusually high di/dt of 200 A/ps, and this allows the use of a
generous snubber network to further increase dv/dt capability. With the particular motor used, a snubber circuit consisting of

0.047 pF in series with 680 Q was found satisfactory. The basic circuit shown in Figure 20 was used. with these components :-

R1-250kQ
R2-22kQ
R3-33kQ
C1-0.1pF
C2-0.033 uF

conclusion

This section shows the importance of current ratings (steady state, surge and di/dt) when selecting Triacs to control universal
motors. Similar considerations apply with other loads, such as filament lamps, where high surge current can also be expected.
dv/dt with industrial loads, is usually less of a problem, since snubber networks can be used to improve capability. However,
care must be taken that di/dt ratings are not exceeded. Whereas occasional false triggering as a result of excessive dv/dt is sel-
dom destructive to the Triac. excessive di/dt can cause degradation and eventual failure.

In view of the many variables present in loads which Triacs are required to control. it is important to evaluate performance
thoroughly and provide a generous safety margin to comprehend normal and faulty conditions.

Lamp Dimmers

The circuit of Figure 20 is suitable for incandescent lamp dimming and this section is concerned with Triac selection. With
normal lamps the "cold" surge current is typically eight times the running current. Halogen lamps double this value and surges
of fifteen times running occur when the lamp is cold. When a lamp fails, the filament can form a progressive short which, in
bad cases, can blow the circuit fuses. If it is desirable that the Triac does not fail due to a high surge lamp failure, the Triac
surge current rating should be selected to be at least one hundred times the lamp running current.

Triac Switching using Optically Coupled Isolators

Low power optocoupled Triacs simplify the interfacing between low voltage electronics and power Triacs. Three circuits are
shown in Figure 22, which cover resistive loads and inductive loads with low and high sensitivity Triacs.

{'? TEXAS
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TIL3020 - TIL3023 RL
i 180
—
=9\ Q
230V
50 Hz
RESISTIVE LOAD
TIL3020 - TIL3023 ’ 2L
i
180 Q 24kQ
— —A\VVMH
—<=AY /D
— 0.1 F == 230V
50 Hz
INDUCTIVE LOAD WITH SENSITIVE GATE TRIAC, I, < 15 mA
TIL3020 - TIL3023
i

—
—_—
— 0.2 yF =

INDUCTIVE LOAD WITH NONSENSITIVE-GATE TRIAC, 15 mA < I, < 50 mA
AITHAI

Figure 22. Optocoupled Triac Drive
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The information presented in this book is based on the following "B" series of Application Reports written by Jurek Budek
"Triacs-Theory and General Applications", B61, July 1969

"Triacs with Resistive and Inductive Loads", B70. Revised November 1970

"Solid-State Switching using Triacs and Thyristors", B7S, October 1969

"Burst Firing Techniques using Triacs", B86, March 1970

"Power Control with Triacs", B130

"Electric Cooker Control”, B172

"Triac Speed Control of Universal Motors", B210
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MECHANICAL DATA
TO-220
3-pin plastic flange-mount package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

T0-220 4,60
aa0 ) N
104 1,32
° 3,85 < » »

w
a
B
°
— ‘—-]
NN
&8
B

15,2
17,6 TYP.
_ 5,5
O
v T
13,7
1,70 12,7

oo
g2
=
-
-
-
—
,

2,70 0,64
2,40 0,41

ALL LINEAR DIMENSIONS IN MILLIMETERS

NOTE A: The centre pin is in electrical contact with the mounting tab. MDXXAP
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MECHANICAL DATA
SOT-93

3-pin plastic flange-mount package

This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

SOT-93 4,90
4,70
41 ¢ 15,2 ) 1,37 >
e 20 \ 14,7 3% 1,17 -
\ 4,15
16,2 MAX.
12,2 MAX. C) :
l 31,0 TYP. ]
L) R
18,0 TYP. —
1,30 0,78
o ™ 0,50
11,1
250 TYP. —» —
ALL LINEAR DIMENSIONS IN MILLIMETERS
NOTE A: The centre pin is in electrical contact with the mounting tab. MDXXAW
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LP003 (TO-92)

3-pin cylindical plastic package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

MECHANICAL DATA

LP003 (TO-92)

5,21
444

3,43 MIN. —H

2,67
2,03

—

-

Seating Plane ]

1,27
(see Note A)

056
0,40

B

@ 1
| —’Lgr;*

-
“..
>

3

Lnd
]
N

n
»

. |

7

ALL LINEAR DIMENSIONS IN MILLIMETERS

an

2,67 B
20 ° r

12,7 MIN.

LP003 Falls Within JEDEC
TO-226AA Dimensions

3,17

NOTE A: Lead dimensions are not controlled in this area.

MDXXAX
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MECHANICAL DATA

LP003 (TO-92)

3-pin cylindical plastic package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

LP003 (TO-92) - Formed Leads Version LP003 Falls Within JEDEC
TO-226AA Dimensions
5,21
4,44
4,19
3,43 MIN. = ¢
- 3,17
2,67 2,67
203 ¢ 203 ° [" B
L
5,34
4,32
!
4,00 MAX.
0,56
0,40

2,90 0,41
2,40 0,35

=

2,90
2,40

-

ALL LINEAR DIMENSIONS IN MILLIMETERS

MDXXAR
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tape dimensions

MECHANICAL DATA

LP Package (TO-92) Tape (Formed Lead Version)

5,21

a8 [
3,43 MIN. —4 ~—
267
203 r_
k3
534
432
¥
4,00 MAX.
056
0,40
13,70

B
©

2

)
g
3

NN
k]
Wi~

£00
0!

050
1_0,00
vt ﬁj‘ﬁs b T
o - W oy
N |
= \ 430
2,90 370
675 R
595 l—
13,00

ALL LINEAR DIMENSIONS IN MILLIMETERS
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