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A method and a circuit arrangement having a device for measuring the depletion layer temperature of a GTO are specified. In
this case, a measurement current (l,,) Is Impressed In the gate circuit, and the voltage (U ) between the cathode and gate Is

measured, with an applied measurement current (l,,), after the transient turn-off processes have decayed. This voltage (U.y) Is

at this time dependent on the depletior
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ABSTRACT OF THE DISCLOSURE

drabny iy q—— el

A method and a circuit arrangement having a
device for measuring the depletion layver temperature of
a GTO are specilfied. In this case, a measurement
current (Iy) is impressed in the gate circuit, and the
voltage (Unp) between the cathode and gate is measured,
with an applied measurement current (Iy), after the
transient turn-off processes have decayed. This voltage
(Ugr) 1s at this time dependent on the depletion layer
temperature of the GTO. It thus becomes possible to
measure the depletion layer temperature directly on the
element, that is to say without circuitous routes via a
heat sink temperature and calculation of the thermal
resistance or the 1like, and during operation,
continuously, and in consequence to monitor and control
the stress level on the GTO precisely. |
(Figure 2)
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METHOD AND CIRCUIT ARRANGEMENT FOR
MEASURING THE DEPLETION LAYER TEMPERATUR;
OF A GTO (GATE TURN-OFF) THYRISTOR

L4

1

BACKGROUND OF THE INVENTION

—

Field of the Invention

#
—

The 1nvention relates to the field of power

electronics.

It relates to a method for measuring the

)

Thyristor. It 1s furthermore based on a circuit

v 1}

depletion layer temperature of a GTO (Gate Turn-0Of:

rﬂ.

arrangement according to the preamble of the fourth

claim.

F

Discussion of Background

Various methods and devices for temperature

#‘

measurement of GTOs are specified, for example, 1in IEC

Standardization Proposal 747-6 dated 1983. It 1s common

g
p——

to these methods that the depletion layer temperature of

the GTO can be calculated only via the circuitous route

#

of the internal thermal resistance.

For this purpose, both this wvalue and the

Jr—

temperature and power loss of the GTOs must be measured

using additional measurement devices. However, the
actual silicon temperature of the GTO can be deduced

only approximately from the calculated values.

There 1s therefore always uncertainty on how

highly thermally stressed the GTO actually 1s.

SUMMARY OF THE INVENTION

Accordingly, one object of the invention 1is to

provide a novel method and cilrcuit arrangement for
measuring the depletion layer temperature of a GTO, it
peing 1ntended that the measurement be possible directly

on the GTO and 1n operation.
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Th-s object 1s achieved in the case of a method

and a device of the type mentioned initially by means of

the
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The essence of the method according to the
invention is thus for a measurement current to be
impressed in the gate circuit during the switched~off
phase of the GTO, and for voltage between the gate and
cathode of the GTO to be measured after the switching-
off control current has decayed. This voltage has a
specific wvalue, depending on the depletion layer
temperature of the silicon. It 1s therefore possible to
use this wvoltage measurement directly to deduce the
depletion layer temperature of the GTO.

A preferred exemplary embodiment of this method
is distinguished by the fact that a constant current of
approximately 1 mA is impressed.

The essence of the circuit  arrangement
according to the invention is that a special device is
provided which impresses a measurement current.

In a preferred exemplary embodiment, the device
comprises a current source between the gate and the
cathode of the GTO, and a device for measuring the
voltage between the gate and cathode. The current
source is in this case supplied from a supply voltage
source, which 1is 1likewise arranged in the “"gate-
cathode” path.

The GTO 1s driven by a drive circuit comprising
a switching~on circuit and a switching-off circuit. The
device according to the invention 1is connected in
parallel with the switching~off circuit. In order to

achieve an electrical decoupling, a diode can be
provided between the switching-off circuit and the
device according to the invention.

Further exemplary embodiments result from the

subclaims.

The advantages of the method and of the circuit
arrangement according to the invention are, 1in
particular, that it 1s possible to deduce the silicon
depletion layer temperature of the GTO directly from
the measured voltage. In addition, the measurement can
be carried out during operation of the installation. In

consequence, and since the measurement is carried out
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directly c¢n the element, 1t 1s for the first time

possible to control the stress of the GTO directly via

the silicon temperature.

According to a further broad aspect of the
present 1nvention, there 1s provided a method for
measuring the depletlion layer temperature of a GTO

thyristor having a cathode and a gate and which 1s used

as a semiconductor swrtch 1n an 1nstallation comprising

a load circult having a load current and a gate circuilt

having a control current, whereby the load current 1s

switched on an off by means of the GTO thyristor by
applying the control current to the gate circuilt. The
method comprises i1mpressing a measurement current on the
gate which 1s small 1n comparison to the control current
on the gate circuit. A cathode-gate voltage 1s measured

e

between the cathode and the gate of

the GTO thyristor

generated by the measurement current after the GTO

thyristor has been turned off. The depletion layer

temperature of the GTO thyristor 1s then calculated from

the cathode-gate voltage.

According to a further broad aspect of the
present lnvention, there 1S provided a cilrcult
arrangement which comprises at least one GTO thyristor
having a gate and a cathode. A drive circuilt 1s also
provided and comprises a swilitching-on circult and a
switching-off c¢ircuit, which are each connected to the
gate and the cathoce. The GTO thyristor 1s used as a
semiconductor switch 1n an installation and has a load
circuit with a load current and a gate cilrcuit. The

p— —

load current 1s switched on and off by means of a GTO

thyristor by applyving a control current to the gate

circult. A current source 1s connected between the gate

£ JP—

and the cathode of the GTO thyristor, by means of which

current soudrce, a measurement current 1s 1mpressed 1n

the gate c¢ircuit. A measurement device 1s used for
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measuring a cathode-gate voltage and 1s connected

e

petween the gate and the cathode of the GTO thyristor.

BRIEF DESCRIPTION OF THE DRAWINGS

H

D A more complete appreciation of the invention

preive T

and many of the attendant advantages thereof will be

readily obtalned as ftne same becomes better understood

by reference to the followling detailed description when

considered 1n connection with the accompanying drawings,
10 wherein:

F1g. 1 shows a circuit arrangement according to the

invention for measuring the depletion lavyer

temperature of a GTO;

-

Fi1g. 2 shows the response of the gate current and of

[5 the wvoltage between the cathode and gate when

pr— r—

the GTO 1s turned off, as a function of time;

Fi1g. 3 shows the dependency of the measured voltage on

g—

the silicon depletion layer temperature of the

GTO.

20 The reference symbols used 1n the drawings and

their meaning are l.sted 1n summarized form 1in the list

—

of deslgnations.

DESCRIPTION Of THE PREFERRED EMBODIMENTS

25 Referring now to the drawings, wherein 1like

reference numerals designate 1dentical or correspondlng

parts throughout the several views, Figure 2 shows the

time response of the gate current and the voltage

pr——
e —g—

between the cathode arnd gate when a GTO 1s turned off.

30 After turning off, the current (Ig) falls to zero
(1ndicated by a dashed-dotted line). This Dbehavior 1is
well known and —herefore regulres no further
explanations.

The voltage bketween the cathode and gate (Uggr)

P

35 rises rapidly to the time of

the gate current maximum,
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overshoots slightly ana falls again once the current

(Icr) has fallen to zero. Normally, the voltage (Ugr)
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i1s subsequently externally held at a constant value of,
for example, 15V (dotted voltage response).
According to the invention, a measurement

-

current of (IM) 1s now impressed in the gate circuit.
In consequence, the current (Ig) no longer decays to
zero, but remains at a value (Iy) after the turning-off
process. In consequence, the response of the wvoltage

(Ugr) also changes. It remains at a higher final wvalue

(dashed-dotted line).

As Figure 3 shows, this final wvalue of the
voltage (Ugr) changes linearly with the depletion layer
temperature of the GTO. A gradient. of approximately
16.5 mV/K to 16.7 mV/K was measured in the test layer,
using a measurement current of approximately 100 ma,
depending on the GTO type. In consequence, it is
possible to deduce the silicon depletion layer
temperature of the GTO preciselvy and in a simple manner
using the measured voltage.

The voltage 1is advantageously not measured
until the transient turn-off processes have decayed.
After this, the voltage has generally reached a steady-
state wvalue which is now dependent only on the
depletion layer temperature.

Figure 1 shows a circuit arrangement having a
GTO (1), which is driven in a conventional manner, for
example by a switching-on circuit (2) and a switching-
off circuit (3) . The GTO (1) may be, for 'example, part
of an installation having a plurality of GTOs. The
switching-on circuit (2) is responsible for triggering
the GTO (1), and the switching-off circuit (3) for
turning it off. The switching-on and off circuits (2,
3) are supplied from the supply voltage sources (5.1,
5.2). Both the switching-on circuit (2) and the
switching-off c¢ircuit (3) are connected between the
gate and cathode of the GTO. Their method of operation
is known, subject +to preconditions, and is not

explained in more detail here.
The device (4) surrounded by a dashed line is

essential to the invention. This device (4) allows the
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depletion layer temperature of the GTO to be measured
in operation and in the installation to which the GTO
belongs.

The device (4) 1s connected in parallel with
the switching-~on and switching-off circuits (2, 3) and
essentially comprises a current source (6), a device
(8) for measuring the cathode~gate voltage (Uggr) and a
supply-voltage source (7) for supplying voltage to the
current source (6).

Using this device (4), 1t is possible to
impress the measurement current (Iy) and at the ‘same
time to measure the voltage (Vgr) between the cathode
and gate of the GTO. In order to decouple the device
(4) from the switching~off circuit (3) and to prevent
the GTO triggering incorrectly as a result of large
du/dt values, a diode (D) can additionally be provided
between the gate and the switching-off circuit (3).

As has been explained in the context of the
method according to the invention, the current source
emits, for example, a current (Iy) of approximately
100 mA, and  the voltage (Ugr), 1is measured at a
specific time after turning off. The only essential
feature relating to the measurement time is that the
voltage (Ugr) has reached a stable final wvalue such
that 1t now depends only on the measurement current
(Im) and on the depletion layer temperature of the GTO.

Using the method according to the invention and
the device which 1is suitable for that purpose it is
thus possible for the first time to measure the
depletion layer temperature of the GTO directly on the
element, without circuitous routes via, for example,
measuring the heat sink temperature or the like, and,
above all, also during operation. It is thus possible
to control the 1installation as a function of the
thermal stress on the GTOs.

Obviously, numerous modifications and
variations of the present invention are possible in
light of the above teachings. It is therefore to be
understood that within the scope of the appended



claims, the invention may be practiced otherwise than

as specifically described herein. ' -
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CLAIMS:

1. A method for measuring the depletion layer

r’-

temperature of a GTO thyristor having a cathode and a

gate and which is used as & semiconductor switch 1n an
installation comprising a load c¢ircuit having a load
current and a gate c¢lrcuit having a control current,

#

whereby the load current 1s switched on and off by means

—

of the GTO thyristor by applying the control current to

the gate circuit, comprising the steps of:

impressing a measurement current on the gate

F

which is small in comparison to the control current of

the gate circuit;

measuring a cathode-gate voltage between the

—

cathode and the gate of the GTO thyristor generated Dby

the measurement current after the GTO thyristor has been

turned off; and

H

calculating the depletion layer temperature ot

the GTO thyristor from the cathode-gate voltage.

2 . The method as claimed 1in c¢claim 1, wherein said

step of impressing includes the step of 1mpressing a

measurement current of approximately 100 mA.

3. The method as claimed 1in claim 1 whereiln said

step of impressing the measurement current 1includes the

g—

step of impressing the measurement current Ior a

specific measurement time duration after the GTO

thyristor has been turned off.

4 . The method as claimed 1n c¢laim 2, wherein said

F

step of impressing the measurement current includes the

step of impressing the measurement current for a

specific measurement time  duration once the GTO

thyristor has been turned off.

et 1 I A A e AT A M SN W L S e
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5. A circult arrangement comprising:
at least one GTO thyristor having a gate and a

cathode;

a drive circuit comprising a swilitching-on

circuit and a switching-off <c¢ircuit which are each
connected to sald gate and said cathode;

the GTO thyristor being used as a semlconductor
switch in an installation and having a lcad circuit wilith
a load current and a gate circuilt;

ﬁ
—

whereby the locad current 1s switched on and of:

N

by means of the GTO thyristor by applying a control
current to the gate circuilt;
a current source 1s connected between the gate

gr—

and the cathode of the GTO thyristor, by means of which

current source a measurement current 1s

impressed in the gate circult; and

a measurement device for measuring a cathode-

gate voltage 1s connected between the gate and the

cathode of the GTO thvristor.

o . The circuilt arrangement as claimed 1n clailm 5,

wherein the measurement device measures the voltage

between the cathode and the gate after the GTO thyristor
has been turned off and as soon as the gate has fallen

to the measurement current.

7. The circuilt arrangement as claimed 1n claim o,

p— —
. p—

wherein the switching-on circuit and switching-off

circuit and the current source are each supplied Dby

separate vcltage source.

3 . The circult arrangement as claimed 1in claim /,

1.1

further comprising at least one diode which 1s arranged

y—

between the switching-off circuit and the gate of the
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N o
GTO thyristor, said diode decoupling the measurement
device from the switching-off circuit.
9. The circuit arrangement as claimed 1n claim 8,
whereiln the current source emits a current of

approximately 100 mA.
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