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APPLICATION NOTE

LATCHING CURRENT

An important problem concerning the utilization of
components such as thyristors or triacs is the hold-
ing of the component in the conducting state after
the trigger current has disappeared during firing.
Very often, the firing problems supposedly due to
the gate current Ig or to the firing time tgT are in re-
ality due to the latching current IL.

After a definition we will illustrate the importance of
this parameter by concrete examples. Then we will
describe how to measure it and its variation accord-
ing 1o the utilization conditions of the components.

By E. Leblanc

The study will be based on the triac. The points
treated are valid for thyristors (except for the various
conduction modes).

DEFINITION

The latching current, I, of a triac is the minimum
value of the main current (current flowing between
electrodes Az and A1) which enables the component
to remain in the conducting state after the gate cur-
rent Ig has ceased (Figure 1).

Figure 1 : Controlled by the gate pulse, IG, the triac is fired, and a current IT flows through it, impo-
sed by the main current. If the gate current |G is stopped before current IT reaches the value of the
latching current IL, the triac is blocked (as shown in the figure).
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APPLICATION NOTE

APPLICATIONS

Example 1 : Control of a low power signalling lamp by triac.

Figure 2 : Control of a Low Power Signalling Lamp by Triac.
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Current in the main circuit of the triac and gate cur-
rent. The lamp power is too low (eg. : P <10 W and
the triac BTA 12.400 B) to impose a sufficient current
(shown in dotted lines in the diagram) in the triac to
keep it in the conducting state after interruption of
the gate current lg. The triac does not conduct.

A BTA 12.400 B triac is used to control the flashing of
a 10 W signalling light. The peak current in the circuit
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will therefore be 65 mA. This value is very close to that
of the typical latching current given in the data book for
this type of triac : 50 mA (quadrant 1, 3 and 4). Thus
the user’s case could be that described in figure 2, that
is, a triac whose latching current I in the first quadrant
is equal to 70 mA. His triac will never be fired. For cor-
rect operation, the user should thus employ a sensitive
triac (e.g. TOB-6A I : 8 mA).




APPLICATION NOTE

Example 2 : Control of an inductive load by triac.

Figure 3 : Voltage Accross and Current Through the Triac.
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In dotted lines : long gate signal : the triac is fired

In continuous lines : short gate signal : the triac

does not remain in the conducting state because the and remains in the conducting state until its current

main current did not reach the value of the triac latch- falls below the holding current i after suppression
of the gate current .

ing current before suppression of the gate current.
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APPLICATION NOTE

On a highly inductive load, the inductance limits the
current rise time to :
div Va

Td L

(Va: power supply voltage at the time the gate signal
is applied ; L : load inductance).

Consider the operation on one full-wave of the
power supply voltage. If the duration t1 of the gate
current pulse lg is very small compared with a half-
wave of the power supply voltage, the triac current
cannot reach the triac latching current level in the fir-
ing mode considered (here the 1st quadrant). Thus
firing will not take place and the voltage across the

triac increases. For triggering to be steady, the dur-
ation of pulse t2 should be long when compared with
a half-wave of the power supply voltage. The current
setupin the triacis imposed by the load impedance.
The triac remains in the conducting state until the
current falls below the holding current In. It is
blocked if the g current pulse has ended.

Another method consists of applying a train of
closely spaced pulses to the triac gate instead of a
square wave.

The SGS-THOMSON Microelectronics applications
laboratories have developed a number of triac con-
trol circuits, specially designed to work on inductive
loads (see bibliography, ref. N° 1).

Example 3 : Control by triac of a load whose power varies considerably.

Figure 4 : Control of an Arc Welding Set by Triac.
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The designer of an arc welding set whose power is
adjustable by triac, chooses a.component capable
of controlling high currents. For exampile, if the maxi-
mum current to be controlled is 40 Ams, the desi-
gner, for safety, will choose a triac rated at 60 Arms,
thus a triac with a high latching current. Now, off-
load, the transformer magnetizing current could be
very low or even below the triac latching current IL
in one of the quadrants. This means that the triac
could fire correctly in the first quadrant and then not
fire if the next firing is to take place in the second
quadrant where the IL is much higher. A consider-
able unbalance then occurs, generating a DC cur-
rent heating the transformer and preventing the
equipment from operating correctly.

Since the latching current IL increases with the size

410 (37 SGS:THOMSON

of components, and thus with their rating, the user
would thus be well advised not to select an excess-
ively high rating for his triac in order to have the lo-
west possible latching current.

A.N : For this type of application, the SGS-THOM-
SON Microelectronics applications laboratories
place at the disposal of designers a number of sche-
matics meant for this type of circuit (see bibliog-
raphy, ref. N°1).

These three examples illustrate the importance of
the IL parameter and the problems that it can cause
in a circuit. To ensure stable firing of a triac or a thyr-
istor, it is absolutely necessary for the circuit which
is controlled to impose a current which is higher than
its latching current.
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APPLICATION NOTE

FAVORABLE EFFECT OF AN RC CIRCUIT ON
THE FIRING OF A THYRISTOR OR A TRIAC

In most inductive load applications of triacs or thyr-
istors, the user connects an RC network between
the anode and cathode of the device to eliminate the

risk of premature firing by transients or spontaneous
firing by (dv/dt)c (case of triacs) (see figure 5). Ca-
pacitance C and the load impedance attenuate
steep voltage transients transmitted by the mains or
resulting from switching inductive loads.

Figure 5 : Reducing the Risk of Untimely Firing on Inductive Loads : the RC Circuit (called « Snubber »).
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This RC network has also a second advantage. In
fact, the energy accumulated in capacitor C after
turning off is fed back to the triac when firing. The
speed at which the currentincreases in the triac dur-
ing discharge of the capacitor is then limited only by
the peak charge voltage of the capacitor and the in-

Figure 6 : Favorable Effect of the RC Circuit for Firing

ductance of the circuit connecting the SNUBBER to
the triac. The current amplitude is the quotient of
peak charge voltage of the capacitor by the series
resis-tance R. This circuit thus helps the current to
rise very quickly above the latching current I of the
device (see figure 6).

on a Highly Inductive Load.
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Note : When using an RC circuit, it is not advisable to work with a series resistance R which istoo low. Infact, the combined

effect during firing of kv (ligure 6) (equal to the quotient of the capacitor peak charge voltage and resistance R)
and the current slope dir/dt (equal to the quotient of the capacitance charging voltage by the inductance of the
connection between the triac and the RC circuit) could be dangerous for the triac. A value for R higher than 100

ohms is recommended.
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APPLICATION NOTE

LATCHING CURRENT (IL) MEASUREMENT

Figure 7 : Latching Current (IL) Measurement Circuit.
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The closing of contact C enables passage of the
gate current whose is selected higher than that of
the triac firing current, It to be measured. By grad-
ually decreasing the value of resistance R1, while
continuing to transmit pulses of gate current lg, the
main current It is increased. As long as the value of
the Iy current is lower than that of the device latching
current I, the device does not remain in the con-
ducting state. The value of the latching current I is
the value of the It current read as soon as the triac
remains on, after suppressing the gate current la.

Only sensitive thyristors (IgT <500 pA) are measured
with a 1 KQ resistor between gate and cathode.

Parameter Ii. varies with the width of the gate current
pulse lgT and its level. For the measurement to be
reproduced correctly, the following rules should thus
be observed :

Fix a sufficiently wide control pulse lg. The width of
the pulse should be at least equal to 1 ms.

impose a gate current Ig sufficiently high with re-
spect to that of the triggering current igT of the de-
vice to be measured.

An EGT ratio higher than or equal to 1.2 is advisable. -

6/10
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Example : BTA 12.600 C
laT max {Q V) = 50 mA therefore
lc = 60 mA

In the case of a triac, there are four latching current
IL values that correspond to the four quadrants of
triac operation :

- (IL + +) when the electrodes Az and G are positive
with respect to electrode As.

-(IL + -) when electrode A2 is positive with respect
to electrode A1 and electrode G is negative with re-
spect to electrode As.

- (IL——) when electrodes A2 and G are negative with
respect to electrode Aj.

- (l.— +) when electrode Az is negative with respect
to electrode A1 and electrode G is positive with re-
spect to electrode A1.




APPLICATION NOTE

VARIATIONS OF LATCHING CURRENT IL
WITH THE UTILIZATION CONDITIONS

a) Variations of the 1. current with sensitivity of
triacs and the various directions of conduction
(typical values).

For the low power components (thyristors and triacs
whose rated current is lower than 60A) the latching
current IL is dependent on the value of firing current
laT (see figure 8).

Figure 8 : Ratio of the Latching Current IL in the Different Quadrants to the Triggering Current IGT in the
First Quadrant, for Sensitive and Standard Triacs (typical values).

I (@ I, (Ql) I (QlIN IL(Qlv)
leT (QD) laT (QN) leT (QI) IaT (QI)
6 Arms Sensitive Triacs (T type) 3.5 15 5 3
12 Arms Standard Triacs (B type) 2 5 1.5 1.7
Example 1 : Example 2 :
then : IL (Ql) ~ 3.5 mA ; . IL typ =70 mA Qll
IL {QI) = 15 mA Depending on the production batches, parameter I
IL (QIIl) =5 mA; shows dispersion. Shown below are approximate
IL (QIVY=3 mA values :

and BTA 12.600 B if IGT (Ql) = 15 mA

then : IL (Q!) = 30 mA;

IL (Qll) = 75 mA
IL(Qlll) =22 mA ;
IL (QIV) = 25 mA

Inthe case of triacs, as opposed to that of thyristors,
note that : as underlined in the table of figure 8, the
current IL + — (electrode Az positive with respect to
electrode A1 and electrode G negative with respect
to electrode A1 —Qll) is much higher than the 1L cur-
rent in the three other quadrants.

In the data sheets two values are specified : one
value for quadrants |, lll and 1V and one vaiue for
quadrant lI. In general these values are typical.

b} Relation between the latching current I and
the holding current Iy

The holding current value I (see bibliography, note
Ne 2)is linked to the latching current value, IL. By de-
finition, the IL current value will always be higher
than the 4 current value.

The IL/ 14 ratio varies following the sensitivity of the
triacs and their ratings (see figure 9).

sensitive triacs :

IGT (Ql) <5 mA (type T):
QL LIV :2mA<IL<8mA
Qll: 10 mA<IL €40 mA

standard triacs :

IGT (Ql) < 50 mA (type B):
QLILIV:15mA< IL € 50 mA
Qll:50mA< IL £ 120 mA

Figure 9 : Ratio of the Latching Current I to the Holding Current Iy Depending on the Sensitivity and

Ratings of the Devices (typical values).

Sensitive Medium Power High Power
Triacs and Thyristors Thyristors and Triacs Thyristors and Triacs
lams < 6 A 6A < lgus < 60 A 60 A< lgys < 300 A
IL/IH
(1) 1.1 to 1.5 15 to2 2 to5
(1) 1 st quadrant in the case of triacs.
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APPLICATION NOTE

c¢) Variations of the latching current I with the
junction temperature.
The value of the latching current I is physically

linked that of the triggering current Igt. These two
parameters therefore way analogously with the

junction temperature (see figure 10).

Figure 10 : Relative variations of the fatching current if versus the junction temperature {j (typ. vaiues).

1. Quadrant 2
2. Quadrants 1, 3 and 4.
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Example 3 : Triac TO 220, type BTA 12.600 C

If IL (QI) =20 mA at Tj = 25 °C, then I (Ql) =30 mA
at Tj = — 40 °C

d) Influence of the external gate-cathode
resistor Rac

When using sensitive thyristors, the designer could
wire aresistor Rac between cathode and gate to im-
prove their voltage capability at high temperatures
(shunting of leakage currents).

This resistor affects the value of the tatching current
I_in different proportions depending on its resistive
valué and the sensitivity of the component.

1. Sensitive thyristors (IaT < 500 pA)

Resistor Rac connected between gate and cathode
(figure 11y has an importantinfluence on the latching
current I of sensitive thyristors. For some applica-
tions, the designer would be well advised to define
a high impedance triggering circuit.

Figure 11 : Variation of the latching current I. of a sensitive thyristor (e. g. TLS106-6) as a function of
the gate-cathode resistance Rac {typ. values).
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Note : The latching current of sensitive thyristors is always specified with a 1000-ohm gate-cathode resistor.

B/10 (37 $GS-THOMSON

MICROELECTRANICS

900



APPLICATION NOTE

2. Standard thyristors, sensitive and standard triacs

A resistor connected between the gate and cathode of
one of these components does not have a significative
influence on the value of its latching current IL {on con-
dition that its value is not too low Rgg > 20 ohms).

e) Variation of the latching current I with the
control conditions

The latching current I, of a triac or a thyristor rated
at less than 60 Ams varies with the amplitude and

the width of the triggering pulse Ig. With a constant
pulse width(< 50 ps), an increase in the amplitude
of Ig will lead to an increase in the latching current
I and vice versa, if the amplitude of Ig is kept con-
stant, a decrease in the width of the triggering pulse
will lead to an increase in the latching current I that
can even leadto an absence of firing of the de-
vice (figure 12).

Figure 12 : Variation of the Latching Current I versus the Width tp and the Level of the Gate Current Ig
(represented here as a multiple of the triggering current lat of the triac under consideration)
Triac BTB 16.600 B (quadrant 1) (typical values).
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Negative biasing of the gate circuit (example : shape
of the pulse in figure 13a) increases the latching
current I in considerable proportions. If the de-
creasing speed dig/dt of the gate current is low

Figure 13a : Gate Current Pulse with Negative
Current at the end of the Pulse :
Increase of the Latching Current IL.

DBYAN303-11

(example : pulse shape of figure 13 b) (less than 0.5
A/us) the value of the latching current approaches the
holding current In.

Figure 13b : Gate Current Pulse (diac controlled
type) with tailing and without Nega-
tive Current : decrease of the
Latching Current IL.
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APPLICATION NOTE

In order to obtain the lowest possible values for the
latching current IL, and thus ensure correct firing of the
device, it is advisable to work with an amplitude of Ig
equal to 1.2 IgT and a width of the control current as
high as possible. The firing technique using trains of
closely spaced pulses ensures stable firing in total se-
curity. Control pulses with smooth tailing edges and
without reverse current allo reducing the latching cur-
rent.

CONCLUSION

The choice of a thyristor or of a triac does not depend
only on the rated current, voltage and sensitivity.
Other parameters also play an important part in the
correct operation of a circuit and should be taken
into account. The latching current I is one of these.
Its value varies with :

- the way in which the device is controlled
{(shape of the gate pulse)

- the temperature
- the trigger circuit (case of sensitive thyristors)
- the direction of the current.

10/10
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Triac and thyristor applications involving highly in-
ductive loads or loads with considerable variations
of controlled power are the main applications where
the latching current I plays a determining role.
Taking these elements into account will enable the de-
signer to obtain satisfactory operation of his circuit in in-
dustrial applications.
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