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Description

Field of the Invention

[0001] The present invention relates to solid state pow-
er control (SSPC), to such apparatus and to a method of
operating such apparatus. In particular it relates to solid
state power control for aerospace gas turbine engines.

Background

[0002] Aerospace gas turbine technology is moving to-
wards increased electric actuation and control, which
leads to a need for additional local power generation and
distribution as well as engine mounted motor drives.
[0003] To mount power management functionality in a
high vibration environment on engine typically requires
a compact solid state solution. Such solutions have to
date focused on large quantities of parallel devices to
achieve the necessary current and voltage rating and
flow under normal conditions; however the need to carry
and interrupt 10x over current faults make these simple
solutions problematic.
[0004] US 2013/0257177 A1 proposes a hybrid switch
comprising a first individually controllable semiconductor
switch in parallel to a second individually controllable
semiconductor switch. SiC Current Limiting FETs (CLFs)
for DC applications, Toumier et al, Materials Science Fo-
rums Vols. 778 - 780 (2014) pp 895 - 898 proposes a
current limiting FET design to address safety issues in
DC networks in distribution and generation plants.

Summary

[0005] The invention aims to address the current car-
rying capability of the power stage and the lower level
switch timing and energy absorption associated with turn
on and turn off events. A scalable SSPC technology may
be provided to meet these needs and may use the least
number of individual semiconductors whilst focusing on
the strengths of each semiconductor type. The invention
may provide a compact higher current intelligent load
management equipment.
[0006] In a first aspect, the present invention provides
a solid state power control apparatus according to claim
1.
[0007] In a further aspect, the present invention pro-
vides a solid state power control method according to
claim 8.
[0008] In some embodiments, as insulated gate bipolar
transistor(s) (IGBTs) are used to carry the high currents
which are often associated with load faults, since these
devices are themselves prone to failure if they attempt
to switch these currents the fault current will be commu-
tated to a field effect transistor (FET) based path to allow
the IGBT to safely switch off before the FET based path
is itself switched off in a controlled manner. The operation
of this FET path may be augmented, e.g. in the highest

power applications, by the use of Silicon Carbide CLD
(Current Limiting Diodes) which can provide much larger
energy absorption capability for the interruption of the
highest levels of fault current. Added to this, the switching
profile of the metal oxide semiconductor field effect tran-
sistor (MOSFET)/CLD-JFET (Junction field effect tran-
sistor) may feature soft switching to improve the perform-
ance of the SSPC when driving capacitive loads. The
use of a MOSFET current path additionally helps mini-
mise supply harmonics in AC applications.
[0009] The current controller may be arranged to start
shut off of the FET after the shut off of the IGBT has
finished. The current controller may be arranged to shut
off the FET at a predetermined voltage or current decay
rate.
[0010] The current controller may be arranged to start
turn on of the IGBT after it starts turn on of the FET. The
current controller may be arranged to start turn on of the
IGBT after the turn on of the IGBT has finished.
[0011] The current controller may be arranged to turn
on the FET at a predetermined voltage or current in-
crease rate.
[0012] The apparatus may further include an over-cur-
rent controller for shutting off the IGBT and FET when
current greater than a predetermined threshold is detect-
ed. The over-current controller may be part of the current
controller.
[0013] The FET is arranged in parallel with the IGBT,
so as to minimise the voltage drop in the power supplied
to the load. The voltage drop may be less than 2V under
normal load conditions.
[0014] The apparatus may further include a voltage
clamp to prevent avalanche of the FET, which may be a
function of FET control or by independent means.
[0015] The method may also include any or all of the
following optional steps:

• starting to shut off the FET after the shut off of the
IGBT has finished.

• shutting off the FET at a predetermined voltage or
current decay rate.

• starting to turn on the IGBT after starting turn on of
the FET.

• starting turn on of the IGBT after the turn on of the
IGBT has finished.

• turning on the FET at a predetermined voltage or
current increase rate.

• shutting off the IGBT and FET when current greater
than a predetermined threshold is detected.

• reducing current flow prior to start of the turn off of
the IGBT and FET.

• Use of current foldback in SiC JFET devices to re-
duce current flow prior to turn off of the MOSFET.

[0016] Embodiments of the invention aim to improve
or maximise the utilisation of the semiconductors in both
current carrying and fault clearing modes. Embodiments
may also introduce the advantages of the silicon carbide
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JFET structure with its considerably enhanced safe op-
erating area into the arena of solid state power control.

Brief Description of the Drawings

[0017] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings in which:

Figure 1 shows a typical arrangement for an SSPC.

Figure 2 shows an arrangement useful for under-
standing the present invention.

Figures 3a to 3c show the associated current flows
in the embodiment of Figure 2.

Figure 4 shows a graph indicating the safe operating
area of a MOSFET in linear mode.

Figure 5 shows an embodiment of the invention,
which includes silicon carbide JFET devices in a CLD
format.

Figure 6 shows a typical characteristic of a SiC CLD.

Figure 7 shows a typical circuit for Figure 6.

Figure 8 shows a typical CLD characteristic under
self-heating conditions.

Figure 9 shows an arrangement of an SSPC suitable
for AC.

Figure 10 shows an embodiment of the invention with
three current paths.

Figure 11 shows a further embodiment of an SSPC
according to the invention.

Figures 12A, 13A, 14A and 15A show flow charts of
different possible modes of operation of the SSPC,
and Figures 12B, 13B, 14B and 15B show graphs of
the operation in accordance with the respective flow
charts.

Detailed Description and Further Optional Features

[0018] The invention is mostly targeted at higher power
(300V DC and above) solid state power control applica-
tions where it tackles 3 key areas of operation.
[0019] The premise is that any given power semicon-
ductor has what is known as "safe area of operation"
which is characterised by the voltage across the device
multiplied by the current through the device as a function
of time which represents the physical ability of the sem-
iconductor to transport the heat generated away from the
junction and is therefore a function of the die area, thick-

ness and thermal conductivity. By using appropriate de-
vices in series or parallel with controlled turn on and turn
off timing improves or maximises the device utilisation
and significantly improved performance may be
achieved.
[0020] Figure 1 shows a typical arrangement for an
SSPC. Power stage block 1 is the driver stage driven by
a ground referenced control function that provides a
means of deriving power for a "floating" control function
block 2 that is associated with the power switch. In one
example, the power transfer mechanism is a differential
charge pump but many other alternatives such as trans-
former or optical devices may be employed at the de-
signer’s discretion. The differential signal may carry an
encoded signal to command the power switch so avoid-
ing additional signalling circuitry. It may be the role of
Block 2 to recover the encoded signal and/or recover
adequate power for the "floating control", which might
optionally include a maximum over current trip function-
ality independent of the main current signalling circuit,
as well as or instead of gate driver functions for the main
switches of Block 3. Block 3 is an IGBT and associated
FET circuitry. One or more additional optional FET(s),
represented by Block 4 may be added as necessary to
meet overall current carrying requirements but such ad-
ditions bring reduced returns since each doubling of the
current rating requires twice as many switches.
[0021] The final blocks generally common to SSPCs
are associated with indicating current flow to the low side
control function. A typical instantiation of current sense
resistor is shown as Block 5, which current controls a
frequency generator, Block 6, and low side differential
receiver Block 7. However many other options are pos-
sible including optical, transformer and hall-effect based
methods.
[0022] A problem with the implementation shown in
Figure 1 is that the high speed operation of the power
switch results in either excessive inrush currents to any
capacitor load or possible voltage breakdown of the pow-
er switch due to energy stored in the load or wiring to the
load. This turn off issue is exasperated by two more is-
sues: first any energy stored in wiring is proportional to
the square of the current; and second, with rapid turn off
of the MOSFET the breakdown current flows in the par-
asitic diode Block 3a. So if a rupture capacity of 10x load
current is required, the reactive energy is 100x that of
normal operation. With the main MOS current channel
turned off the reactive energy is concentrated in the par-
asitic diode block 3a which only has a fraction of the en-
ergy capability of the MOS structure.
[0023] Figure 2 shows an arrangement useful for un-
derstanding the invention, whilst Figure 3 shows the as-
sociated current flows in the arrangement from Figure 2.
It may be noted that this arrangement does not include
the use of silicon carbide JFET structures but does max-
imise the effective of silicon or silicon carbide MOS de-
vices.
[0024] As with Figure 1, Block 21 represents the
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ground referenced control driver function. Block 22 rep-
resents the floating switch control function and it is at this
point that the first optional difference can be seen from
the circuit of Figure 1: rather than the parallel devices
being driven from a single output, the high side control
provides two outputs that can be used to control the on/off
and Dv/Dt (or Di/Dt) timing of the two current paths
through Block 23 and Block 24. In this arrangement,
Block 24 represents a MOSFET based path with linear
voltage drop with current; Block 23 represents an IGBT
(MOS controlled Bi-Polar) current path that will limit the
maximum voltage across the SSPC and therefore pro-
vide greater current carrying capacity for the SSPC than
would be possible with the same area of MOSFET based
die.
[0025] To demonstrate the operation of the switching
operation of the SSPC, Figures 3a to 3c shows the rel-
ative current flows in the current paths, starting with turn
on at the left-hand side of the figure. Fig 3a shows the
load current, that is the current that flows from Block 29,
the DC power bus, through the combined current paths.
The load current is always the sum of the currents flowing
in the MOSFET and IGBT paths, and out to the load via
the current sensing function, Blocks 25-28. As in the cor-
responding section of Figure 1, blocks 25-28 show a typ-
ical instantiation of current sense resistor as Block 25,
which current controls a frequency generator, Block 26,
and low side differential receiver Block 27. However
many other options are possible including optical, trans-
former and hall-effect based methods. The current flows
to a load shown as Block 28.
[0026] Fig 3b shows the current flow in the MOSFET
based path; it can be seen that this current rises first and
at a controlled rate. This rate enables the SSPC to charge
capacitive loads up to a defined maximum without ex-
ceeding the peak current of the SSPC or causing disrup-
tion to the power bus so enhancing overall power quality.
Should the capacitance or load be excessive the floating
control would normally terminate the turn on attempt leav-
ing the higher level control functions to provide an intel-
ligent response to a faulted load.
[0027] Once the voltage across the SSPC is reduced
to the defined level, rapid turn on of the IGBT is initiated,
as seen in Figure 3c, and depending on the load current
the two paths (IGBT and MOSFET) will share load cur-
rent. It may be noted that limiting the current flow in the
MOSFET(s) allows the devices to cool ready for turn off
edge which will ultimately occur.
[0028] The right-hand side of the figures then show the
turn-off sequence.
[0029] The first event is the rapid but controlled turn
off of the IGBT, the timing of this turn off being dependant
on the device characteristics and may allow enough time
for charge diffusion in the IGBT structure. At this point in
the cycle the MOSFET is now carrying the full load cur-
rent, so the voltage across the IGBT does not rise to the
full bus voltage further augmenting its current carrying
potential under fault conditions. However, once the IGBT

is turned off it is desirable that the MOSFET be turned
off in a timely manner as represented by the turn off slope
over nominally 400us, although this time will be load and
device dependant it must be within the safe operating
area of the device.
[0030] It can be seen that the limiting factor in the de-
sign is now the safe operating area of MOSFET in linear
mode, illustrated in Figure 4. To overcome this limitation,
the present invention may also allow the secondary cur-
rent path through the MOSFETs to absorb more energy
without exceeding the maximum junction temperature of
silicon devices. One way of achieving this is to use a high
temperature rated silicon carbide device.
[0031] Figure 5 shows an embodiment that includes
silicon carbide JFET devices in a CLD format. Blocks 51
to 59 correspond to blocks 31 to 39 of Figure 3. Block 10
is one or more silicon carbide JFET devices, to further
augment the staged turn on and turn off concept of the
SSPC. The advantageous feature of the CLD is that it
makes use of two key physical features of the CLD; the
first is the very large safe area of the device which is
typically 3x that of a large MOSFET and the second is
the relatively high temperature coefficient of silicon car-
bide devices, which is normally a negative feature, is in
this case used to advantage to dynamically restrict the
current flow as the device temperature rises.
[0032] The SiC CLD is fundamentally a JFET structure
and can be implemented in many ways Figure 6 shows
a typical characteristic; what can be seen is that there is
no need to provide any control term in order to achieve
a constant current flow from drain to source. Instead, it
is simply necessary to connect the gate of the device to
the source, as shown in Figure 7; being a "normally on
device", a "constant current" current characteristic is
achieved. It can be seen however that the basic charac-
teristic is perhaps not optimal, as the device resistance
rises over that that would be achieved if a positive bias
were applied to the gate, but with good device design
this limitation can be minimised. Being constructed from
silicon carbide brings all the advantage of the wideband
gap semiconductor without the limitations imposed by
the SiC MOS oxide issues; such as high temperature of
operation, high voltage operation and tolerance to radi-
ation damage. In our case it is the reduction in current
flow that occurs under self-heating conditions that is key
to this optional design with careful management of tem-
perature rise.
[0033] Figure 8 shows a typical CLD Characteristic un-
der Self-Heating conditions. A low voltage 60V square
pulse is labelled 71, with the device current labelled 72
peaking at 20amps but falling rapidly due to self-heating.
In the SSPC application the device or devices may be
scaled for the maximum current flow and the MOSFET
would be timed to turn off once the current/voltage was
inside its operating region.
[0034] Presently SSPCs are expected to be normally
off devices but an alternate embodiment of the CLD as
an active JFET switch could be envisaged. If a negative
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gate voltage or normally on operation is available then
the SiC JFET without the MOSFET switch would be ad-
vantageous. Further the SiC JFET device could be used
in place of a CLD and an optimal positive bias applied to
overcome the current limitation of 0V biasing. Preferen-
tially such a voltage might be made dynamic over the
switching operation to further improve the overall SSPC
performance.
[0035] The invention is applicable to DC applications
because there is no possibility of using zero voltage turn
on and zero current turn off solutions. However, the basic
premise of using semiconductors with optimal character-
istics still applies and the reduction in current harmonic
content possible using the combination of bi-polar and
majority carried based devices could still be advanta-
geous in AC applications.
[0036] Figure 9 shows an AC arrangement of a con-
trolled turn on/off SSPC. Blocks 81 to 89 correspond to
blocks 31 to 39 of Figure 3.
[0037] As with the DC arrangement discussed above
it is desirable to create a low power control rail referenced
to the power switch. In Figure 8, Block 81 represents the
0V referenced drive circuit and Block 82 the floating con-
trol function. In this arrangement a charge pump circuit
with encoded On/Off data is shown but as previously de-
scribe many ways of achieving this functionality are pos-
sible including transformer and optical methods.
[0038] Again as previously described the floating con-
trol function will provide timing to turn off the bi-polar path
before turning the MOS and/or JFET path on or off in a
Di/Dt or Dv/Dt manner. In this arrangement, the IGBT
and MOSFET sections are doubled up, with blocks 83a
and 84a respectively, to handle the AC cycle.
[0039] Current sensing is again shown as a resistive
sensor, but this function too is open to variations including
hall-effect, thermal and transformer based approaches.
For the resistor based approach Block 86 provides a con-
venient encoding and isolation barrier with Block 87 pro-
viding a conditioning receiver but with self-isolating ap-
proaches such as the hall-effect and transformer based
approaches Block 86 may be superfluous.
[0040] What would be desired in addition to the DC
based control in Block 82 would be sensing of zero volt-
age and zero current crossing, so that these features
could be incorporated into the turn On/Off algorithm. Ul-
timately the original Dv/Dt and Di/Dt algorithm from the
DC SSPC arrangement is only required if the power stage
is unable to carry the fault current for the necessary half
cycle of the supply or the system is so demanding that
an instantaneous trip characteristic is required. Note that
for AC applications the bi-directional nature of the MOS
channels and the effects of the parasitic diodes as current
carrying elements as well as avalanche devices could be
considered as part of the design and be incorporated into
the timing and Dv/Dt and Di/Dt control.
[0041] In all the above arrangements and embodi-
ments it is assumed that the optimal performance can be
achieved using only two current paths but in practice it

may be more desirable to move to more current paths.
Figure 10 shows an embodiment with three current paths.
Such a solution may be advantageous providing the tim-
ing and Dv/Dt and Di/Dt control algorithm can be imple-
mented in a simple form that does not outweigh the ad-
vantages of the approach. This approach can be utilised
with any of the other embodiments described previously,
and/or may be used with more than three current paths.
[0042] In the embodiment of Figure 10, Block 101 pro-
vides the ground referenced control and power driver
function. Block 102 shows the block that implements the
turn on/off timing and the Di/Dt and Dv/Dt algorithms.
Power flows into the SSPC through Block 109 and leaves
the SSPC through Block 108 with Blocks 105, 106 and
107 providing current flow information to the low side
control function. The additional feature in this embodi-
ment is the three way current path that now allows the
Bi-polar IGBT path in block 103 to be turned off before a
low impedance MOS current path in Block 1011 and a
current path with CLD, Blocks 104 and 1010 are used to
achieve a final "safe" turn off. As previously described
the very large safe area of the CLD will control the final
current flow and allow for safe turn off of the series MOS-
FET Block 104.
[0043] Figure 11 is a circuit diagram of an example of
an SSPC according to one embodiment of the invention.
This diagram corresponds most closely to the embodi-
ment of Figure 10, but the principles illustrated apply to
any of the other embodiments of the invention.
[0044] Illustrated in Figure 11 is part of the control func-
tion block 102, which controls the current flow through
the IGBT(s) and the FET(s), together with (in this case)
only one IGBT and two MOSFETS. However, as in other
examples there may be more than one IGBT and/or a
different number of FETs. A CLD is shown in series with
ones of the MOSFETS. In comparison with Figure 10,
Figure 11 omits the various pairs of back to back Zener
diodes, as these are optional.
[0045] Figures 12 to 15 show flow charts illustrating
different possible modes of operation of an SSPC ac-
cording to the invention, together with graphs illustrating
the respective current flows for each mode. These four
illustrated modes are not exhaustive, and other switching
scenarios could be envisaged. These particular scenar-
ios are particularly advantageous for conserving the de-
vice thermal margin.
[0046] Briefly, the respective modes of operation
(switching scenario) are as follows:
Figure 12 - MOSFET used for turn-on and turn-off cases
with the IGBT carrying the majority of the current at 100%
and above to conserve MOSFET thermal margin during
switching.
[0047] Figure 13 - MOSFET + CLD used for turn-on
and turn-off cases with the IGBT carrying the majority of
current at 100% and above to conserve MOSFET + CLD
thermal margin during switching.
[0048] Figure 14 - MOSFET used for turn-on and turn-
off cases with the IGBT carrying all the current at 100%
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and above to further conserve MOSFET thermal margin
during switching.
[0049] Figure 15 - MOSFET used for turn-on case with
IGBT carrying all the current at 100% and above to further
conserve MOSFET thermal margin, with the MOSFET +
CLD augmented path used for final turn-off under the
highest energy case.
[0050] The invention is advantageous in all application
of industrial solid state power control. It offers the capa-
bility to reduce total silicon area and therefore cost and
weight.
[0051] The preceding description provides preferred
exemplary embodiment(s) only, and is not intended to
limit the scope, applicability or configuration of the inven-
tion. Rather, the description of the preferred exemplary
embodiment(s) will provide those skilled in the art with
an enabling description for implementing a preferred ex-
emplary embodiment of the invention, it being under-
stood that various changes may be made in the function
and arrangement of elements without departing from the
scope of the invention.
[0052] Specific details are given in the preceding de-
scription to provide a thorough understanding of the em-
bodiments. However, it will be understood by one of or-
dinary skill in the art that embodiments maybe practiced
without these specific details. For example, well-known
circuits, processes, algorithms, structures, and tech-
niques may be shown without unnecessary detail in order
to avoid obscuring the embodiments.
[0053] Also, it is noted that embodiments may be de-
scribed as a process which is depicted as a flowchart, a
flow diagram, a data flow diagram, a structure diagram,
or a block diagram. Although a flowchart may describe
the operations as a sequential process, many of the op-
erations can be performed in parallel or concurrently. In
addition, the order of the operations may be re-arranged.
A process is terminated when its operations are complet-
ed, but could have additional steps not included in the
figure. A process may correspond to a method, a function,
a procedure, a subroutine, a subprogram, etc. When a
process corresponds to a function, its termination corre-
sponds to a return of the function to the calling function
or the main function.
[0054] Furthermore, embodiments may be implement-
ed by hardware, software, firmware, middleware, microc-
ode, hardware description languages, or any combina-
tion thereof. When implemented in software, firmware,
middleware or microcode, the program code or code seg-
ments to perform the necessary tasks may be stored in
a machine readable medium such as storage medium.
A processor(s) may perform the necessary tasks. A code
segment may represent a procedure, a function, a sub-
program, a program, a routine, a subroutine, a module,
a software package, a class, or any combination of in-
structions, data structures, or program statements. A
code segment may be coupled to another code segment
or a hardware circuit by passing and/or receiving infor-
mation, data, arguments, parameters, or memory con-

tents. Information, arguments, parameters, data, etc.
may be passed, forwarded, or transmitted via any suita-
ble means including memory sharing, message passing,
token passing, network transmission, etc.

Claims

1. A solid state power control apparatus including:

(a) an IGBT (23) and a FET (24), for supplying
current to a load, wherein the IGBT and FET are
arranged in parallel;
(b) a current controller (22) for shutting off the
IGBT and FET,
wherein the current controller (22) is arranged
to start shut off of the IGBT before it starts shut
off of the FET, and
characterised in that the apparatus includes a
SiC JFET (1010) operable by the controller to
reduce the current to the load prior to shut off,
and the current controller (22) is arranged to op-
erate the SiC JFET to reduce the current to the
load prior to start of the turn off of the IGBT and
the FET.

2. Apparatus according to claim 1, wherein the current
controller (22) is arranged to start shut off of the FET
after the shut off of the IGBT has finished.

3. Apparatus according to claim 1 or 2, wherein the
current controller (22) is arranged to shut off the FET
at a predetermined voltage or current decay rate.

4. Apparatus according to any one of the preceding
claims, wherein the current controller (22) is ar-
ranged to start turn on of the IGBT after it starts turn
on of the FET.

5. Apparatus according to claim 4, wherein the current
controller (22) is arranged to start turn on of the IGBT
after the turn on of the FET has finished.

6. Apparatus according to any one of the preceding
claims, further including an over-current controller
(22) for shutting off the IGBT and the FET when cur-
rent greater than a predetermined threshold is de-
tected.

7. Apparatus according to any one of the preceding
claims, further including a voltage clamp to prevent
avalanche of the FET.

8. A method of operating a solid state power control
apparatus, the apparatus including:

an IGBT (23) and a FET (24), for supplying cur-
rent to a load, wherein the IGBT and FET are
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arranged in parallel, and a SiC JFET (1010) op-
erable by the controller to reduce the current to
the load prior to shut off,
the method including the steps of: starting shut
off of the IGBT before starting shut off of the
FET, and operating the SiC JFET to reduce the
current to the load prior to start of the turn off of
the IGBT and the FET.

9. Method according to claim 8, wherein the shut off of
the FET starts after the shut off of the IGBT has fin-
ished.

10. Method according to claim 8 or 9, wherein the shut
off of the FET is carried out at a predetermined volt-
age or current decay rate.

11. Method according to any one of claims 8-10, includ-
ing the steps of starting to turn on the IGBT after
starting turn on of the FET.

12. Method according to claim 11, wherein the turn on
of the IGBT starts after the turn on of the FET has
finished.

13. Method according to any one of claims 8-12, further
including shutting off the IGBT and the FET when
current greater than a predetermined threshold is
detected.

Patentansprüche

1. Festkörper-Leistungsregler-Vorrichtung, umfas-
send:

(a) einen IGBT (23) und einen FET (24), um ei-
ner Last Strom zuzuführen, wobei der IGBT und
der FET parallel angeordnet sind;
(b) eine Stromsteuereinheit (22) zum Abschal-
ten des IGBT und des FET,
wobei die Stromsteuereinheit (22) angeordnet
ist, um das Abschalten des IGBT zu beginnen,
bevor sie das Abschalten des FET beginnt, und
dadurch gekennzeichnet, dass die Vorrich-
tung einen SiC-JFET (1010) umfasst, der durch
die Steuereinheit betreibbar ist, um den Strom
zur Last vor dem Abschalten zu reduzieren, und
die Stromsteuereinheit (22) angeordnet ist, um
den SiC-JFET zu betreiben, um den Strom zur
Last vor Beginn des Abschaltens des IGBT und
des FET zu reduzieren.

2. Vorrichtung nach Anspruch 1, wobei die Stromsteu-
ereinheit (22) angeordnet ist, um das Abschalten des
FET zu beginnen, nachdem das Abschalten des IG-
BT beendet ist.

3. Vorrichtung nach Anspruch 1 oder 2, wobei die
Stromsteuereinheit (22) angeordnet ist, um den FET
bei einer vorgegebenen Spannungs- oder Stromab-
fallrate abzuschalten.

4. Vorrichtung nach einem der vorangegangenen An-
sprüche, wobei die Stromsteuereinheit (22) ange-
ordnet ist, um das Einschalten des IGBT zu begin-
nen, nachdem er das Einschalten des FET begon-
nen hat.

5. Vorrichtung nach Anspruch 4, wobei die Stromsteu-
ereinheit (22) angeordnet ist, um das Einschalten
des IGBT zu beginnen, nachdem das Einschalten
des FET beendet ist.

6. Vorrichtung nach einem der vorangegangenen An-
sprüche, die ferner eine Überstromsteuereinheit (22)
zum Abschalten des IGBT und des FET umfasst,
wenn ein Strom größer als ein vorgegebener Grenz-
wert detektiert wird.

7. Vorrichtung nach einem der vorangegangenen An-
sprüche, ferner umfassend eine Spannungsklemm-
schaltung zum Verhindern eines Avalanche-Durch-
bruchs des FET.

8. Verfahren zum Betreiben einer Halbleiter-Leistungs-
steuer-Vorrichtung, wobei die Vorrichtung Folgen-
des umfasst:

einen IGBT (23) und einen FET (24), um eine
Last mit Strom zu versorgen, wobei der IGBT
und der FET parallel angeordnet sind, und einen
SiC-JFET (1010), der durch die Steuereinheit
betreibbar ist, um den Strom zur Last vor dem
Abschalten zu reduzieren,
wobei das Verfahren die folgenden Schritte um-
fasst: das Beginnen des Abschaltens des IGBT
vor dem Beginnen des Abschaltens des FET,
und das Betreiben des SiC-JFET, um den Strom
zur Last vor dem Beginnen des Abschaltens des
IGBT und des FET zu reduzieren.

9. Verfahren nach Anspruch 8, wobei das Abschalten
des FET beginnt, nachdem das Abschalten des IG-
BT beendet ist.

10. Verfahren nach Anspruch 8 oder 9, wobei das Ab-
schalten des FET bei einer vorgegebenen Span-
nungs- oder Stromabfallrate durchgeführt wird.

11. Verfahren nach einem der Ansprüche 8 bis 10, um-
fassend die Schritte des Beginnens des Einschal-
tens des IGBT nach dem Beginn des Einschaltens
des FET.

12. Verfahren nach Anspruch 11, wobei das Einschalten
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des IGBT beginnt, nachdem das Einschalten des
FET beendet ist.

13. Verfahren nach einem der Ansprüche 8 bis 12, ferner
umfassend das Abschalten des IGBT und des FET,
wenn ein Strom größer als ein vorgegebener Grenz-
wert detektiert wird.

Revendications

1. Appareil de commande d’alimentation à semi-con-
ducteur comprenant :

(a) un IGBT (23) et un FET (24), pour fournir du
courant à une charge, dans lequel l’IGBT et le
FET sont agencés en parallèle ;
(b) un dispositif de commande de courant (22)
pour arrêter l’IGBT et le FET,
dans lequel le dispositif de commande de cou-
rant (22) est agencé pour commencer un arrêt
de l’IGBT avant de commencer un arrêt du FET,
et
caractérisé en ce que l’appareil comprend un
JFET au SiC (1010) pouvant être actionné par
le dispositif de commande pour réduire le cou-
rant vers la charge avant un arrêt, et le dispositif
de commande de courant (22) est agencé pour
faire fonctionner le JFET au SiC afin de réduire
le courant vers la charge avant de démarrer l’ar-
rêt de l’IGBT et du FET.

2. Appareil selon la revendication 1, dans lequel le dis-
positif de commande de courant (22) est agencé
pour commencer un arrêt du FET après la fin de
l’arrêt de l’IGBT.

3. Appareil selon la revendication 1 ou 2, dans lequel
le dispositif de commande de courant (22) est agen-
cé pour arrêter le FET à une tension ou à une vitesse
de décroissance de courant prédéterminée.

4. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif de commande
de courant (22) est agencé pour commencer une
mise en marche de l’IGBT après avoir démarré une
mise en marche du FET.

5. Appareil selon la revendication 4, dans lequel le dis-
positif de commande de courant (22) est agencé
pour commencer une mise en marche de l’IGBT
après la fin de la mise en marche du FET.

6. Appareil selon l’une quelconque des revendications
précédentes, comprenant en outre un dispositif de
commande de surintensité (22) pour arrêter l’IGBT
et le FET lorsqu’un courant supérieur à un seuil pré-
déterminé est détecté.

7. Appareil selon l’une quelconque des revendications
précédentes, comprenant en outre une pince de ten-
sion pour empêcher une avalanche du FET.

8. Procédé de fonctionnement d’un appareil de com-
mande d’alimentation à semi-conducteur, l’appareil
comprenant :

un IGBT (23) et un FET (24), pour fournir du
courant à une charge, dans lequel l’IGBT et le
FET sont agencés en parallèle, et un JFET au
SiC (1010) pouvant être actionné par le dispositif
de commande pour réduire le courant vers la
charge avant un arrêt,
le procédé comprenant les étapes consistant à :
démarrer un arrêt de l’IGBT avant de démarrer
un arrêt du FET, et faire fonctionner le JFET au
SiC pour réduire le courant vers la charge avant
le démarrage de l’arrêt de l’IGBT et du FET.

9. Procédé selon la revendication 8, dans lequel l’arrêt
du FET commence après la fin de l’arrêt de l’IGBT.

10. Procédé selon la revendication 8 ou 9, dans lequel
l’arrêt du FET est effectué à une tension ou à une
vitesse de décroissance de courant prédéterminée.

11. Procédé selon l’une quelconque des revendications
8 à 10, comprenant les étapes de démarrage de la
mise en marche de l’IGBT après le démarrage de la
mise en marche du FET.

12. Procédé selon la revendication 11, dans lequel la
mise en marche de l’IGBT commence après la fin
de la mise en marche du FET.

13. Procédé selon l’une quelconque des revendications
8 à 12, comprenant en outre l’arrêt de l’IGBT et du
FET lorsqu’un courant supérieur à un seuil prédé-
terminé est détecté.
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