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14.2 SEMIKRON Pulse Transformers

Code Designation System

SK PT 27 a 10
SEMIKRON component

Pulse transformer

Case size

Radio of windings
a, i 1:1
b, k 1:1:1
c 2:1
d 3:1
e 3:1:1
f 4:1
g 2:1:1
h 1:1:1:1

Type number (approximate ∫ vdt value [µVs]/100)

1. Introduction

SEMIKRON impulse transformers are intended to be used
with the whole family of SEMIKRON thyristors and also
with non-SEMIKRON products.

In many electronic power applications pulse transformers
are generally used for firing thyristors and triacs, and for
the control of power transistors and darlingtons. In most
cases, the controlling pulse comes from a trigger circuit at
low voltage level (10 to 30 V), whilst the transformer
secondary winding normally is connected to higher volta-
ges (220 to 600 Vrms).

The galvanic isolation through the pulse transformer im-
proves the system and protects the controlling circuit
against spikes and transients from the power circuit.

The use of SEMIKRON pulse transformers offers the
following advantages:

1. High isolation between the control circuit and the power

side (2.5 - 4.0 kVrms).

2. Low coupling capacity, achieved thanks a special

winding technique, avoids transient effects from the

power line to the control circuit.

3. High value of pulse amplitude and duration, due to

special magnetic materials with high magnetic perme-

ability, and also low values of magnetising current.

4. Well coupled magnetic coils assure low stray in-

ductance levels and low rise times (high di/dt values).

5. Very compact sizes and very low core losses due to

special magnetic material (Ferrite able to work up to

150 kHz).

According to the application the specified technical data
may differ from case to case, as follows:

- output voltage with no load 5 - 15 V
- trigger current 100 mA - 1 A
- rise time 0,5 - 5 µs
- pulse width 10 µs - 1 ms
- operation frequency 5 - 10 kHz

The simplified model of a pulse transformer and its para-
meters is shown below:

Fig. 1 Model of an impulse transformer

Lsp = primary stray inductance
Cps = coupling capacity between primary and secondary
Rs = secondary wiring resistance
Lss = secondary stray inductance
Rp = primary wiring resistance
Lp = magnetising inductance
Rcp = core power losses

2. Explanations of Technical data

• Transformation ratio: shows the number of coils and

their relation, e.g. 3:1:1.

• Voltage-time integral ∫ vdt, pulse width tp

The voltage which is induced in the secondary winding of
a transformer is given by the product of the inductance Lp

and the rate of change of current in the primary winding. 
A constant current flowing in the primary will produce no
secondary voltage. When a rectangular shaped current
pulse is applied to the primary winding a voltage is induced
in the secondary during the rise time of the pulse. This
voltage does not immediately decay when the primary
current reaches its constant value but remains for a time
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tp which is inversely proportional to the voltage V. More
exactly expressed: the voltage-time integral for a given
transformer is a constant K:

∫ vdt = K

The area under the curve which plots the waveform of
voltage against time gives the value of the above integral.
With a rectangular pulse this integral is given simply by the
product V ⋅ tp where V is the amplitude of the pulse and tp
is its width.

Since with thyristor firing circuits the amplitude of the pulse
is determined by the gate characteristic and by the series
resistances in the circuit, then for a given transformer, the
above voltage-time integral effectively defines the resul-
ting pulse width.

• Transfer area: or voltage-time integral is the minimum

value for the voltage-time area measured on a

secondary winding in a no-load condition for an unipolar

pulse until it reaches the saturation.

Fig. 2 ∫ v.dt = Vout ⋅ td = 331 µVs (the whole area under 
the curve)

• The example shows a SKPT 25a3 transferring a pulse

of 24 V amplitude from a pulse generator with Rg = 50 Ω
and the point where it starts to go into saturation; the

value of the integral represents the maximum pulse

width tp and the average pulse amplitude that can be

transferred before reaching saturation. In the example,

tp = 20,7 µs and Vp = 16 V (Vp ⋅ tp = 331 µs) can be used,

without going into saturation.

• di/dt, rise time tr and peak current IM: For the reliable

firing of a thyristor the firing pulse, as well as having an

adequate amplitude, must also possess a sharp leading

edge. To achieve this, pulse transformers require low

stray inductance (will be explained later) and tight

coupling between primary and the secondary winding.

The rise time tr is proportional to the time constant

formed by the stray inductance Ls and the load

resistance RL.

The load resistance is the sum of all d.c. resistances in the
gate circuit. To find the rise time and di/dt a conventional
circuit incorporating a speed-up RC network, which
produces a peak IM at the start of the pulse is used as
shown:

Fig. 3 Circuit for determining tr and IM

The rise time of the current is given by

Fig. 4 Current waveform

Fig. 5 model of a SKPT 25a3

The same circuit is used to determine the highest obtain-
able peak current IM at the load (gate circuit) resitance RL.

Fig. 6 SKPT 25a3 measurement of rise time

tr
LS

RL

-------= (1)

dIG

dt
----------

I2 I1–

tr
---------------= (2)
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When a rectifier has a load with back e.m.f., then the
thyristors can only trigger when the instantaneous value of
the alternating input voltage is higher than the back e.m.f.
In order to be sure that the commutation will be achieved,
it is necessary in this case to use comparatively wide
trigger pulses. The extreme case is the a.c. controller with
an inductive load. As a result of the phase shift between
current and voltage here it is necessary to have a pulse
duration of (180-α)°el., i.e., at 50 Hz up to 10 ms.

Fig. 7 Gate trigger characteristics (see also B 3 – 16, 
Fig. 9)

The width of the trigger pulses should not be made
unnecessarily long, since long pulses result in a significant
gate power dissipation, account of which must be taken
when calculating the overall power loss of the thyristor.
Necessarily, the limiting power values PGM as shown in
Fig.7 should in no circumstances be exceeded, otherwise
the thyristor could be destroyed. Even when the power
loss is well below these maximum values, however, ac-
count must be taken of it when the rating of the thyristor is
calculated.

In addition to the above, the trigger unit also becomes
more expensive with increased output power. Wide pul-
ses mean for the pulse transformer a large voltage-time
integral, and that means a larger transformer. For this
reason, instead of a single long pulse, a series of short
pulses (with a frequency from 5 ... 10 kHz) are often used,
the pulse train solution. lf the gaps between the pulses
cause problems, then a second chain of pulses can be
superimposed such that a continuous long pulse is still
achieved. In this case the pulse transformer needs only be
dimensioned for the short duration pulses (e.g. with 7 kHz,
tp = 70 µs).

• Circuits examples: we are showing in the following

examples two typical applications for impulse transfor-

mers.

1. The first example: simple trigger circuit with current

limiting resistor in the primary side is shown in Fig 8

Low Lp → fast decreasing of Ig

Fig. 8 Trigger circuit with SKPT25a3

The voltage-time area is found in Fig. 9 during the time tp
(e.g. ≅ 56 ms) and must be smaller than the maximum
value ∫ U.dt given in the data sheet (e.g. 350 µVs for SKPT
25a3).

Fig. 9a Input current Iin
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Fig. 9b Input voltage Vin

Fig. 9c Output voltage vg (curve 2) and output current ig
(curve1) of SKPT 25a3 (see Fig. 8)

2. The second example: The pulse transformer is

intended to deliver long pulses without using big pulse

transformers (tp ≥ 1 ms) as needed for inductive loads

up to tp = 180° - α). The solution is as follows

Superposition of two pulse trains 1 and 2 of 5 to 7 kHz
using 2 SKPT 25a3.

Fig. 10 Circuit of the superposition of two pulse trains of 
short pulses of two SKPT 25a3

Fig. 11 The two pulse trains of gate current overlapping 
over tp = 180° - α for inductive loads

14.3 Fans

Type Designation System

SK F 16 B -230
SEMIKRON Component

Fan

Suitable heatsink type (P16)

Version: B

Input voltage (230 V AC)

Captions of the Figures


