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(54) Title: A SWITCHING DEVICE

(57) Abstract

A device having two opposite terminals (1, 2) interconnected by one

or more material layers for switching between a state of conducting current 9
and a state of blocking transport of charge carriers between said terminals

upon applying a voltage thereacross has as said material layers a first

layer (3) made of intrinsic diamond and a second layer (9, 10) arranged I
next to the first layer. The device has also means (16) for switching
to said conducting state by providing free charge carriers in said second
layer (10) for transport through the diamond layer through said voltage
and said blocking state by stopping providing said free charge carriers for '
said transport. The diamond layer (3) is adapted to take a major part of

the voltage across said terminals in said blocking state.
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A SWITCHING DEVICE
TECHNICAL FIELD OF THE INVENTION AND PRIOR ART

The present invention relates to a device having two terminals
interconnected by one or more material layers for switching be-
tween a state of conducting current and a state of blocking
transport of charge carriers between said terminals upon apply-
ing a voltage thereacross.

Accordingly, the invention relates to a switching device in the
broadest sense of this expression and is directed to all types of
devices adapted to assume a state, in which they are conducting
when a voltage is applied across the terminals and a state in
which a transport of charge carriers between the terminals is
blocked in spite of a voltage applied across said terminals. The
device may be of the type, in which the voltage in the conduct-
ing state has an opposite direction as in the blocking state, and
the simplest device of this type is a rectifying diode, but the de-
vice may also be of the type able to assume either a conducting
state or a blocking state when a voltage is applied across said
terminals in one and the same direction.

The definition “terminals interconnected by one or more material
layers” is used for delimiting the invention with respect to circuit
breakers or switching devices obtaining the switching action by
breaking and establishing a physical connection between the
terminals of the device, i.e. connecting and disconnecting them.
In contrast thereto, the physical properties of said material
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layers in connection with the availability of charge carriers and
voltage will decide the state of the device.

A device of this type finds many applications, but the use of
such a device for high power applications will hereinafter be dis-
cussed for clarification, but not in any way restricting the inven-
tion.

A device of this type may be used in equipment for handling
high electric power for switching high voltages and currents for
instance in circuit breakers, commutators, current valves, surge
diverters, current limiters and the like. The breakdown voltage of
such a device is in most of these applications considerably
lower than the voltage to be held by the position in which the
device is arranged in the equipment, so that it is necessary to
connect a comparatively large number of such devices in series
for distributing the total voltage among the devices. Said total
voltage may well exceed 100 kV, whereas a single device may
for instance have a breakdown voltage of 2-5 kV. A lot of com-
plicated and by that costly equipment is required for controlling
such devices, and the equipment for cooling them has also to be
rather sophisticated and expensive, especially in high frequency
operation, for instance when the device is used in current valves
switched according to Pulse Width Modulation (PWM) in
converter stations. In fact, the major part of the costs for a con-
verter station is caused by said controlling and cooling equip-
ment, so that it is highly desired to reduce the number of de-
vices required in such stations and other high power applica-
tions for saving costs.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a device of the
type defined in the introduction reducing the problems of already
known such devices discussed above.
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This object is according to the invention obtained by providing
such a device with a first layer made of intrinsic diamond and a
second layer arranged next to the first layer as well as means
for switching to said conducting state by providing free charge
carriers in said second layer for transport through the diamond
layer through said voltage and switching back to said blocking
state by terminating the provision of said free charge carriers for
said transport, said diamond layer being adapted to take a major
part of the voltage across said terminals in said blocking state.

The main benefit of such a device is that diamond has an ex-
tremely high breakdown field strength, which means that the
number of devices to be connected in series for holding a volt-
age of a certain magnitude may be reduced considerably with
respect to prior art devices involving important cost reduction
even if such a device itself would be much more expensive than
the prior art devices, which for the rest is not any evident fact.
Conventionally it has until now been very difficult to dope dia-
mond, and intrinsic, undoped diamond has not been used in
semiconductor devices in the current-conducting, active layers
of the device, but it has been seen as a material primarily suited
to be used in insulating layers, such as as a gate insulator, in
which it is possible to benefit from the excellent insulating
properties thereof.

However, the present inventors have realised that a layer of in-
trinsic diamond may function very well in a device of this type, in
which the extremely high breakdown field strength of diamond is
used in the blocking state of the device and the device may
nevertheless conduct a current without generating any high
losses in the conducting state thanks to the provision of the free
charge carriers in the second layer for allowing current conduc-
tion through the diamond layer which has a high conductivity
due to the comparatively high charge carrier mobility in intrinsic
diamond. “Intrinsic diamond” means that the diamond layer is
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either undoped or compensation doped or that the dopants are
not thermally activated at temperatures of interest.

Furthermore, diamond has the highest known thermal conduc-
tivity of any solid near room temperature, which makes it well
suited for high power applications, especially as a heat sink in
high frequency devices, where cooling can be a limiting factor in
achieving greater switching speeds. The high breakdown field
strength of diamond means that a diamond layer may be made
much thinner than a layer of for instance Si for the same break-
down voltage, which will considerably reduce switching losses
and problems with reverse recovery, so that the switching speed
may be increased. Additionally, short carrier lifetimes make pos-
sible higher switching speeds in a diamond device. Another ad-
vantage of the use of diamond is that it is extremely temperature
stable, in the sense that the thermal expansion thereof is very
low and it remains an insulator up to very high temperatures
owing to the large band gap (5,4 eV) thereof, which means that
it may function well under high temperature conditions, well up
to 1 000 K, so that the device may be used in such applications.

According to a preferred embodiment of the invention said sec-
ond layer is of a material having a substantially smaller energy
gap between the valence band and the conduction band than
diamond, and said means is adapted to cause said switching to
the conducting state and the blocking state by generating free
charge carriers in the second layer for injection into the first
layer and terminating said generation, respectively. An ad-
vantage of such a device is that said smaller band gap in the
second layer means that the free charge carriers may be
generated more readily and at a much lower cost, i.e. simpler
equipment may be used therefor than should the free charge
carriers instead be generated in diamond. Another advantage is
that such a device may optionally assume the conducting state
and the blocking state for the same direction of the voltage or
an identical voltage applied across the terminals thereof by sim-
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ply initiating or terminating the generation of said free charge
carriers, so that a current in a determined direction may be
switched on and off rapidly without any change in the direction
of the voltage.

According to another preferred embodiment of the invention said
means for generating free charge carriers is adapted to irradiate
the second layer with photon radiation having sufficient energy
to create free charge carriers in the second layer. This is one
preferred potential means of generating said free charge carri-
ers in the second layer enabling very fast switching of the de-
vice.

According to another preferred embodiment of the invention said
means is adapted to generate free charge carriers by irradiating
the second layer with electrons having an energy sufficiently
high for creating free charge carriers in said second layer. This
embodiment also results in the possibility of very high switching
frequencies for rapid current breaking, and an advantage thereof
with respect to the previous embodiment is that it may be easier
to obtain higher rates in the generation of free charge carriers.

According to another preferred embodiment of the invention said
means for generating free charge carriers in the second layer is
arranged to do that by injecting free charge carriers into said
second layer. This is a reliable and simple and thereby from an
economical point of view favourable way of obtaining the free
charge carriers, which may be achieved by connecting a voltage
source to the second layer.

According to another preferred embodiment of the invention the
device has two second layers separated by the first layer of
diamond. Except from the advantages of a high breakdown field
strength combined with a good conductivity discussed above,
such a device will have the advantageous feature of being able
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to optionally assume a blocking or conducting state independ-
ently on the direction of the voltage applied thereacross.

According to another preferred embodiment of the invention said
means is adapted to provide free charge carriers in said second
layer by doping thereof. Accordingly, a material being much
easier to dope than diamond may be used for said second layer,
and the excessive electrons or holes thereof may be utilised for
conducting a current through the diamond layer when the volt-
age has the “right” direction, which means that the most nega-
tive potential is applied on the terminal closest to said second
layer when this is doped by donors. This means that the device
will be in the blocking state when the voltage is applied in the
opposite direction to the direction thereof in the conducting
state. Accordingly, “providing free charge carriers” in the inde-
pendent appended claim comprises also this case in which the
charge carriers in question are always there due to said doping,
but they are not provided for said transport when the direction of
the voltage is not right. This device will function as a rectifying
diode.

According to another preferred embodiment of the invention said
second layer is at least next to the first layer made of crystalline
SiC. It is very advantageous to use SiC next to the first layer for
many reasons. An important advantage is that it is easy to form
clean interfaces between SiC and diamond, since an epitaxial
interface is formed, so that the density of charge carrier traps at
said interface will be low and by that the mobility high. Another
advantage is that the lattice-match of SiC and diamond is rather
good, and SiC has also a low coefficient of thermal expansion,
so that such a structure may withstand comparatively high
temperatures without any risk of damages at the interface as a
consequence of stresses in the interface layers resulting from
temperature gradients and thermal cycling. This also means that
it will be possible to take advantage of the high temperature
stability of diamond. Another advantage of using SiC for said
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second layer is that it is comparatively easy to dope SiC should
this be desired. SiC has also a substantially smaller band gap
than diamond, so that it will be easier to generate free charge
carriers therein by for instance irradiation by light or electrons.

According to another preferred embodiment of the invention said
second layer has two sub-layers, namely a thin first sub-layer of
SiC arranged between the first layer and a considerably thicker
sub-layer of Si. The technique of growing silicon is far
developed and high quality silicon layers may today be grown at
higher growth rates and by the use of a less expensive equip-
ment than SiC. The advantages of using SiC next to diamond
are primarily associated with the high breakdown strength of the
SiC as well as the interface conditions, so that such a structure
will in principle in operation have the same advantageous char-
acteristics as in the case of having the entire second layer of
SiC, but it may be easier to produce it with a required quality. In
fact, this structure may be obtained by growing Si, for instance
by the use of Chemical Vapour Deposition (CVD) of Si, on a
layer of intrinsic diamond, since the carbon of the diamond layer
and the Si-atoms will automatically form SiC at said interface,
and the expression “said second layer is at least next to the first
layer made of crystalline SiC” is defined to include this case.
The thickness of this layer can be controlled by thermal process-
ing steps. In the case that the second layer is doped, the intend-
ed doping may very well be outside said SiC-layer.

According to another preferred embodiment of the invention the
device has between the respective terminal and the first layer a
layer next to the first layer of a semiconductor material, and said
two layers of semiconductor material are doped according to
mutually opposite conductivity-types, n and p, respectively, for
conducting a current when a voltage is applied in a forward di-
rection across said terminals by transport of the negative and
positive charge carriers provided in said layers of semiconductor
material by said doping. A so-called p-i-n-diode with extremely
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favourable reverse characteristics is in this way obtained. Ac-
cordingly, the state of the device is dependent upon the direc-
tion of the voltage applied across the terminals of the device.

According to another preferred embodiment of the invention,
which constitutes a further development of the embodiment last
mentioned, said means is adapted to cause a switching between
a conducting state and a blocking state when a voltage is ap-
plied across said terminals in the reverse direction by generat-
ing free charge carriers in the form of minority charge carriers in
at least one of said layers of semiconductor material and stop-
ping this generation, respectively. By the possibility of generat-
ing free charge carriers in the form of minority charge carriers in
this way, a device is obtained, which will always be conducting
when a voltage is applied thereacross in one direction and which
may be either conducting or blocking, i.e. selectively turned on
or turned off, when a voltage is applied in the other direction. In
some applications it may be desired to nearly instantaneously
switch between a blocking and a conducting state without any
change of the voltage applied or in a fault situation rapidly re-
duce a voltage across a component by making a device of this
type connected in parallel therewith conducting, and a device of
this type will be suitable for such applications.

According to another preferred embodiment of the invention said
first layer of diamond has a substantially larger thickness than
the other layers of the device. Since the layer of diamond is
adapted to take the major part of the voltage over the device in
the blocking state thereof the other layers may be made thin
with respect thereto.

Further advantages and advantageous features of the invention
will appear from the following description and the other depend-
ent claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a spe-
cific description of preferred embodiments of the invention cited
as examples.

In the drawings:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

is a schematic cross-section view of a semiconductor
device according to a first preferred embodiment of
the invention,

is a schematic cross-section view of a device accord-
ing to a second preferred embodiment of the inven-
tion,

is a graph showing the extension of the valence band
and the conduction band in the device according to
fig. 2,

is a schematic cross-section view of a device accord-
ing to a third preferred embodiment of the invention,

is a graph showing the extension of the valence band
and the conduction band in the device according to
fig. 4,

is a schematic cross-section view of a device accord-
ing to a fourth preferred embodiment of the invention,

is a schematic cross-section view of a device accord-
ing to a fifth preferred embodiment of the invention,

is a schematic cross-section view of a device accord-
ing to a sixth preferred embodiment of the invention,
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Fig. 9 is a graph showing the extension of the valence band
and the conduction band in the device according to
fig. 8,

Fig. 10 is a graph of the intensity versus energy of the irra-
diation through photon radiation in the device accord-
ing to fig. 8, and

Fig 11 is a schematic cross-section view of a device accord-
ing to a seventh preferred embodiment of the inven-
tion

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
OF THE INVENTION

A device according to a preferred embodiment of the invention is
very schematically shown in fig. 1, and this device has two ter-
minals, 1, 2 for connecting the device to an electric current path.
The device has a first layer 3 of intrinsic diamond, which may
typically have a thickness of 100 um, and a superimposed sec-
ond, thinner layer 4 of a semiconductor material, here crystalline
SiC. The SiC-layer 4 could have a typical thickness of 1 ym - 10
um. A metal contact 5, 6 connects the respective terminal to the
diamond layer 3 and the SiC-layer 4, respectively. The metal
contact 6 has vents allowing for penetration of incident radiation
through the surfaces 7 of the second layer 4 located thereunder
and into this layer. Characteristics of this device having nothing
to do with the present invention, such as passivation layers,
have been omitted for the sake of clearness.

The device has also a means indicated by the arrows 8 for gen-
erating free charge carriers in the second layer 4 by irradiating
the second layer 4 with photons or electrons having a sufficient
energy for creating free charge carriers in the second layer. The
SiC-layer 4 is of any conceivable polytype, for instance 6 H, and
the energy gap between the valence band and the conductance



10

15

20

25

30

35

WO 99/62122 PCT/SE99/00916
11

band will vary with the polytype, but it will typically be
approximately 3 eV, so that the light or electrons have to have
an energy of this value or slightly exceeding it for generating
said free charge carriers. When the device is irradiated with
photons or electrons and a voltage is applied across the termi-
nals 1, 2 and the device is in the conducting state (i.e. due to
carrier generation resulting from irradiation) having a compara-
tively low on-state voltage, maybe in the order of 10 V, and the
free charge carriers generated in the second layer 4 will be
transported through the diamond layer 3 having a high mobility
to the terminal 2, and the contact 5 may be a so-called injecting
contact resulting in the creation of charge carriers of opposite
sign transported in the opposite direction to the terminal 1. This
device may be called a FTO-device (Fast Turn Off-device), since
it may be turned off in the order of us by stopping the generation
of free charge carriers in the second layer 4 by ceasing the
photon or electron irradiation. The device will then be able to
hold very high voltages, well in the order of 50 kV, built up
across the terminals 1, 2 in the blocking state thanks to the
extremely high breakdown field strength of diamond.

Fig. 2 illustrates a device according to another preferred em-
bodiment of the invention, which differs from that shown in fig. 1
only by the arrangement of two second layers 9, 10 of SiC on
opposite sides of the diamond layer 3, one of the layers 9 is of
n-type (doped with donors) and the other 10 of p-type (doped
with acceptors) and there is no means for generating free
charge carriers by irradiation or electron bombardment. The
doping concentration may typically be 10" — 10" cm™ and ex-
amples of suitable donors are N and P and acceptors B and Al.

The band diagram of the device according to fig. 2 is shown in
fig. 3. In this figure the extension of the upper limit of the va-
lence band 11 and the lower limit of the conduction band 12 is
shown from the left to the right through the n-type layer 9 of SiC,
the layer 3 of diamond and the p-type layer 10 of SiC. The
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Fermi-level 13 is shown by the dashed line and is in the SiC
layer 9 determined by the donor level and in the layer 10 by the
acceptor level. It is shown that the energy gap between the va-
lence band and the conduction band in the SiC-layers is slightly
larger than half the band gap in diamond, approximately 3,2 eV
(depending on the polytype) compared to 5,4 eV. This fact
results in good alignment of the edges of the conduction band
12 at the heterojunction between the diamond layer 3 and the p-
type-SiC layer 10 as well as a good alignment of the valence
bands 11 at the heterojunction between the diamond layer 3 and
the n-type-SiC layer 9 except for a minor thin barrier 14 at the
interfaces as a consequence of band bending. The band
bending effect can be minimised by doping of the diamond at the
interface. This band gap structure will be of importance for a de-
vice of the type shown in fig. 4 and illustrated by means of the
energy band diagram of fig. 5. It is illustrated by a symbol for a
rectifying diode 15, that the device according to fig. 2 will be in
a conducting state when a voltage is applied across the termi-
nals 1, 2 with a negative potential at the terminal 1 and a posi-
tive at the terminal 2, so that electrons from the layer 9 will
move through the diamond layer to the layer 10 and holes will
move in the opposite direction, and the device will be in a
blocking state when the direction of the voltage across the ter-
minals is changed.

The device shown in fig. 4 differs from that shown in fig. 2 by
the fact that it has a means 16 adapted to generate free charge
carriers in the form of minority charge carriers, i.e. electrons, in
the p-doped SiC-layer 10. Said means 16 may be any type of
voltage source able to inject electrons into the layer 10. It is il-
lustrated in fig. 5 that these electrons 17 will reside in the con-
duction band and are thereby active charge carriers. It is only
necessary to apply a low voltage across the terminals 1, 2 fal-
ling from the terminal 1 to 2, accordingly in the reverse direction
of the “diode” for a transport of said electrons 17 into the
diamond layer 3 by tunnelling through the barrier 14 and then
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through the diamond layer to the SiC-layer 9, where they will
create holes injected into the diamond layer for transport in the
opposite direction. Accordingly, when a voltage is applied in the
“reverse” direction over the device according to fig. 4 the device
will be in a conducting state as long as said means 16 is inject-
ing free charge carriers in the form of electrons into the layer 10
and switch to a blocking state when the injection of the minority
charge carriers is stopped. This switching process will be very
fast. Accordingly, the device will have the equivalent structure
18 shown in fig. 5, which may be very useful in some high power
applications.

A device according to a fourth preferred embodiment of the in-
vention is very schematically shown in fig. 6, and the main dif-
ference between this device and those shown in fig. 2 and 4 is
that the layers 9 and 10 are made of two sub-layers, namely a
first thin layer 19 of crystalline SiC next to the diamond layer 3
and a thicker layer 20 of silicon on top thereof. In this embodi-
ment the thin layer of SiC is used for the ability of SiC to form
an interface with excellent properties to diamond, and the
thicker layer of Si is arranged on top thereof, since it may be
considerably easier to grow a layer of that thickness of Si than
of SiC at a growth rate and under conditions making the fabrica-
tion of the device interesting from the commercial point of view.
The SiC-layer 19 may be as thin as one or a few atom layers re-
sulting automatically from depositing Si-atoms on the surface of
the diamond layer.

The device shown in fig. 7 has the same main structure with re-
spect to the layers as the device shown in fig. 4, but opposite
contact layers 5, 6 has also been shown here. However, this de-
vice has a different means 22 adapted to generate free charge
carriers in the form of minority charge carriers in the SiC-layers
9 and 10. More exactly, the diamond layer 3 of this dia-
mond-SiC-hetero structure is utilised as an optical conductor,
and the layer of intrinsic diamond is irradiated laterally with pho-
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tons scattered at the interface between the diamond layer and
the respective SiC-layer while generating free charge carriers
close to said interface. The geometry guaranties that all the
charge carriers are generated close to said interface. The en-
ergy of the photons is selected to values in the interval between
the band gaps for SiC and diamond, i.e. between about 3 and
5,5 eV. It is advantageous that 3 eV is sufficient, since these
wavelengths are easier to generate by means of lasers and
other light sources than photons having wavelengths corre-
sponding to at least 5,5 eV required for generating electron-hole
pairs in diamond.

Fig 8 also illustrates a so-called p-i-n diode having the same
general function as the diodes according to fig. 4 and 7, but with
the difference that the layer 10 here is replaced by a p-doped
diamond layer 21 which is irradiated with photons 8 for genera-
tion of minority charge carriers in the form of electrons at con-
duction band level, as illustrated in fig. 9. The layer 9 is a
n-doped SiC-layer but it could in practise be any n-doped semi-
conductor with a band gap more narrow than diamond. The
p-doped diamond layer 21 and the n-doped SiC-layer 9 can be
grown by CVD on an intrinsic diamond substrate 3, or the p-type
diamond layer may be formed by ion-implantation of acceptors
into a substrate of intrinsic diamond.

The general function of this diode is the same as thoroughly ex-
plained through fig. 4 and 5, but with another means for gener-
ating the free charge carriers. However, the device according to
this embodiment has some important advantages. This diode
could be photo-activated by UV-radiation, which would penetrate
the sample through the doped diamond surface 7. There are
some difficulties associated with absorption of the UV-light by
SiC-layers, and these may be reduced by using a p-doped dia-
mond layer thus eliminating the need to illuminate the intrinsic
layer from the side as in the embodiment according to fig. 7.
Furthermore, band bending effects are reduced and fabrication



10

15

20

25

30

35

WO 99/62122 PCT/SE99/00916
15

is simplified, since only one hetero-junction is formed, i.e. be-
tween the intrinsic diamond and the n-doped layer 9.

This reverse-bias diode can be used as photo-activated switch.
Under reverse bias the diode blocks current flow, however,
when illuminated with high intensity UV-light it can become con-
ducting due to generation of charge carriers 17 in the intrinsic
diamond layer. Such a device comprised of sandwiched diamond
and SiC-layers makes optimal use of the power input in the form
of UV-radiation to trigger the switch, since short wave-lengths
generate charge carriers in the diamond, while longer
wave-length serve to produce carriers in the SiC-layer. Thus, a
greater portion of the UV-spectrum is used for charge carrier
generation, which is illustrated in fig. 10, which is a graph of the
intensity | of the UV-radiation versus the energy E. a and b are
the lower limits for generation of charge carriers in SiC and dia-
mond, respectively, namely 3,2 eV and 5,4 eV. Accordingly, it is
now possible to use the portion indicated by the arrow c, and in
the portion indicated by the arrow d charge carriers may effi-
ciently be generated in the diamond layer avoiding the absorp-
tion problem of SiC.

Fig 11 illustrates a device constituting a minor modification of
the device according to Fig. 2 by arranging the two second lay-
ers 9, 10 and the contacts 5, 6 on the same side of the diamond
layer 3 separated by the latter. This embodiment may of course
also be provided with any of the means for generating free
charge carriers shown in Fig. 1, 4 or 8 or other such means dis-
cussed above.

The invention is of course not in any way restricted to the pre-
ferred embodiments described above, but many possibilities to
modifications thereof would be apparent to a man with ordinary
skill in the art without departing from the basic idea of the in-
vention as defined in the claims.
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It is for instance evident that the different embodiments shown
in the figures may be combined, so that for instance the minority
charge carriers in the device according to fig. 4 may be created
by irradiation of light or electron bombardment of appropriate
energies, the layers on the opposite sides of the diamond layer
in the embodiments according to fig. 2 and 4 may have the ap-
pearance according to fig. 6 and so on.
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Claims

1.

A device having two terminals (1, 2) interconnected by one
or more material layers for switching between a state of con-
ducting current and a state of blocking transport of charge
carriers between said terminals upon applying a voltage the-
reacross, characterized in that said material layers com-
prise a first layer (3) made of intrinsic diamond and a second
layer (4, 9, 10) arranged next to the first layer, and that the
device comprises means (8, 16) for switching to said con-
ducting state by providing free charge carriers in said sec-
ond layer for transport through the diamond layer through
said voltage and switching back to said blocking state by
terminating the provision of said free charge carriers for said
transport, said diamond layer being adapted to take a major
part of the voltage across said terminals in said blocking
state.

A device according to claim 1, characterized in that said
second layer (4, 9, 10) is of a material having a substantially
smaller energy gap between the valence band and the
conduction band than diamond, and that said means (8, 16)
are adapted to cause said switching to the conducting state
and the blocking state by generating free charge carriers in
the second layer for injection into the first layer (3) and ter-
minating said generation, respectively.

A device according to claim 1 or 2, characterized in that
said means (8) for generating free charge carriers is adapted
to irradiate the second layer (4) with photon radiation having
sufficient energy to create free charge carriers in the second
layer.

A device according to claim 2, characterized in that said
means (8) is adapted to generate free charge carriers by ir-
radiating the second layer (4) with electrons having an en-
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11

18

ergy sufficiently high for creating free charge carriers in said
second layer.

A device according to claim 2, characterized in that said
means (16) for creating free charge carriers in the second
layer (4, 10) is arranged to do that by injecting free charge
carriers into said second layer.

A device according to any of claims 2-5, characterized in
that it has two second layers (9, 10) separated by the first
layer (3) of diamond.

A device according to claim 6, characterized in that both
said second layers (9, 10) are arranged on the same side of
the first layer (3) of diamond.

A device according to claim 1, characterized in that said
means is adapted to provide free charge carriers in said
second layer (9, 10) by doping thereof.

A device according any of claims 1-8, characterized in that
said second layer (9, 10) is at least next to the first layer
made of crystalline SiC.

A device according to claim 9, characterized in that said
second layer (9, 10) has two sub-layers, namely a thin first
sub-layer (19) of SiC arranged between the first layer (3)
and a considerably thicker second sub-layer (20) of Si.

. A device according to any of claims 1-10, characterized in

that it between the respective terminal (1, 2) and the first
layer (3) has a layer (9, 10) next to this layer of a semicon-
ductor material, and that said two layers of semiconductor
material are doped according to mutually opposite conduc-
tivity-types, n and p, respectively, for conducting a current
when a voltage is applied in a forward direction across said
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13.

14.

15.

16.

17.

19

terminals by transport of the negative and positive charge
carriers provided in said layers of semiconductor material by
said doping.

A device according to claim 11, characterized in that said
means is adapted to cause a switching between a conduct-
ing state and a blocking state when a voltage is applied
across said terminals in the reverse direction by generating
free charge carriers in the form of minority charge carriers in
at least one of said layers of semiconductor material and
stopping this generation, respectively.

A device according to claim 11 or 12, characterized in that
the layers (9, 10) of semiconductor material are at least next
to the first layer (3) made of crystalline SiC.

A device according to claim 12, characterized in that the
second layer (21) is made of p-doped diamond.

A device according to claim 14, characterized in that the
semiconductor layer (9) next to the first layer (3) on the op-
posite side of the latter with respect to the second layer (21)
is made of crystaliine SiC.

A device according to claim 12, characterized in that said
means (22) for generating free charge carriers is adapted to
irradiate the first layer laterally with photons travelling later-
ally in said first layer while being scattered at the interfaces
to said layers of semiconductor material and having suffi-
cient energy to create free charge carriers in the form of mi-
nority charge carriers in at ieast one of said layers (9, 10) of
semiconductor material close to said interface.

A device according to claim 8, characterized in that said lay-
ers (9, 10) of semiconductor material are made of at least
two sub-layers, namely a thin first sub-layer (19) of SiC ar-
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ranged between the first layer (3) and a considerably thicker
second sub-layer (20) of Si.

18. A device according to any of claims 1-17, characterized in
5 that said first layer (3) of diamond has a substantially larger
thickness than the other layers of the device.

19. A device according to any of claims 1-18, characterized in
that it is designed for switching high voltages and/or cur-
10 rents.

20. A device according to claim 19, characterized in that said
diamond layer is designed to be able to hold voltages at
least up to 5 kV in said blocking state.

15
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