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(57) ABSTRACT

An electronic component includes a part incorporating a
transistor provided with a control electrode and with first
and second electrodes. The electronic component includes
first, second, and third electrical connection terminals
extending on a connection face of the part incorporating the
transistor, the first electrical connection terminal being elec-
trically linked with the first electrode, the second electrical
connection terminal being electrically linked with the sec-
ond electrode and the third electrical connection terminal
being electrically linked with the control electrode. The
electronic component includes a first set of electrically
conductive fingers and a second set of electrically conduc-
tive fingers, the fingers of the first and second sets of fingers
being interdigitated, at the level of the connection face, to
form at least a part of a capacitive component. The fingers
of the first set of fingers are electrically linked to the first
electrical connection terminal.
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ELECTRONIC COMPONENT HAVING A
TRANSISTOR AND INTERDIGITATED
FINGERS TO FORM AT LEAST A PORTION
OF A CAPACITIVE COMPONENT WITHIN
THE ELECTRONIC COMPONENT

FIELD OF THE INVENTION

[0001] The field of the invention relates to electronics, and
notably power electronics.

STATE OF THE ART

[0002] In the field of power electronics where there is a
search for example to form a direct current to alternating
current converter, the circuit diagram of FIG. 1 is known. In
this circuit diagram there is represented a device 100 com-
prising an electrical power supply 200 of first and second
transistors 300, 400. The electrical power supply 200 is
capable of applying a voltage —DC to the source 301 of the
first transistor 300. The drain 302 of the first transistor 300
is linked to the source 401 of the second transistor 400 to
form an alternating current output 500. Moreover, the elec-
trical power supply 200 is capable of applying a voltage
+DC to the drain 402 of the second transistor 400. The gates
303 and 403 respectively of the first and second transistors
300, 400 can then be driven to control the output 500. To
supply energy during switching, it is known practice to use
decoupling capacitors close to the components incorporating
the transistor or transistors. There is therefore a need to bring
the decoupling capacitors closer to the transistors.

[0003] The document US2015/0155377 describes just
such an implementation of a device implementing the circuit
diagram of FIG. 1.

[0004] Conventionally, an electronic component can be
formed separately, then associated with a distinct capacitive
component. For example, it is known from the document
US20080291603 to couple an integrated circuit to an exter-
nal capacitor.

[0005] The document “A Silicon Interposer With an Inte-
grated SrTiO; Thin Film Decoupling Capacitor and
Through-Silicon Vias” by Akinobu Shibuya et al,, published
in IEEE Transactions on components and packaging tech-
nologies vol. 33, no. 3 in September 2010 pages 582 to 587
describes a means of coupling a capacitor to a transistor.
More specifically, this document specifies that the stacking
of a capacitor with a chip distinct from the capacitor makes
it possible to enhance the electrical performance.

[0006] The document US20060006496 describes the for-
mation of capacitors and the interconnection of capacitors
for, for example, a transistor.

[0007] There is therefore clearly a need to develop novel
solutions to, for example, enhance the current integrations of
transistor with a capacitive component, and notably further
reduce the stray inductances to allow an increase in switch-
ing frequencies in the particular case of power electronics.

OBIJECT OF THE INVENTION

[0008] The aim of the invention is an electronic compo-
nent proposing bringing at least a part of a capacitive
component closer to a transistor to enhance the operation
thereof, notably by allowing a better decoupling.

[0009] This aim is targeted thanks to an electronic com-
ponent comprising a part incorporating a transistor provided
with a control electrode and with first and second electrodes,
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the electronic component comprising first, second and third
electrical connection terminals extending on a connection
face of said part incorporating the transistor, the first elec-
trical connection terminal being electrically linked with the
first electrode, the second electrical connection terminal
being electrically linked with the second electrode and the
third electrical connection terminal being electrically linked
with the control electrode. Furthermore, the electronic com-
ponent comprises a first set of electrically conductive fingers
and a second set of electrically conductive fingers, the
fingers of the first and second sets of fingers being inter-
digitated, at the level the connection face, to form at least a
part of a capacitive component, and the fingers of the first set
of fingers are electrically linked to the first electrical con-
nection terminal.

[0010] Particular embodiments of this electronic compo-
nent can be implemented such that said electronic compo-
nent can comprise one or more of the following features.
These features of the electronic component therefore corre-
spond to particular embodiments.

[0011] According to a feature of the electronic component,
the fingers of the first set of fingers and of the second set of
fingers extend along their length parallel to the connection
face.

[0012] According to a feature of the electronic component,
at least a part of each finger of the first set of fingers forms
a continuity of material with at least a part of the first
electrical connection terminal.

[0013] According to a feature of the electronic component,
the first electrical connection terminal comprises an electri-
cally conductive member extending on the connection face,
and the fingers of the first set of fingers form, with said
member, a continuity of material.

[0014] According to a feature of the electronic component,
the first electrical connection terminal comprises an electri-
cally conductive member extending on connection face, and
a plurality of pillars electrically linked to the member
arranged between the pillars and the connection face.

[0015] According to a feature of the electronic component,
the fingers of the first set of fingers form a continuity of
material with the electrically conductive member of the first
electrical connection terminal. Alternatively, each finger of
the first set of fingers comprises a first longitudinal part and
a second longitudinal part, the first part being arranged
between the second part and the connection face, said first
parts forming, with the member, a first continuity of mate-
rial, and said second parts each forming, with a correspond-
ing pillar of the first electrical connection terminal, a second
continuity of material.

[0016] According to a feature of the electronic component,
the fingers of the first set of fingers form a continuity of
material with the electrically conductive member of the first
electrical connection terminal, and the electronic component
comprises a third set of electrically conductive fingers and a
fourth set of electrically conductive fingers, the fingers of the
third set of fingers and of the fourth set of fingers being
interdigitated, each finger of the fourth set of fingers form-
ing, with at least one pillar of the first electrical connection
terminal, a continuity of material, and:

[0017] each finger of the first set of fingers comprises a
longitudinal part arranged between a longitudinal part
of a finger of the third set of fingers and the connection
face,
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[0018] each finger of the second set of fingers comprises
a longitudinal part arranged between a longitudinal part
of a finger of the fourth set of fingers and the connec-
tion face,

[0019] the fingers of the first set of fingers are electri-
cally linked to the fingers of the fourth set of fingers,

[0020] the fingers of the second set of fingers are
electrically linked to the fingers of the third set of
fingers.

[0021] According to a feature of the electronic component,
the fingers of the first set of fingers and of the second set of
fingers are interdigitated between the connection face and a
plane situated at a distance from the connection face and
passing through the first, second and third electrical con-
nection terminals.

[0022] According to a feature of the electronic component,
the first, second and third electrical connection terminals are
arranged at the periphery of the connection face resulting in
the presence of a volume facing the connection face within
which the fingers of the first and second sets of fingers are
arranged.

[0023] According to a feature of the electronic component,
said transistor is a first transistor of which the first electrode
is a source electrode of the first transistor, the second
electrode is a drain electrode of the first transistor, and the
control electrode of the first transistor is a gate electrode of
the first transistor, and the electronic component comprises:

[0024] an additional transistor forming a second tran-
sistor provided with a gate electrode, a source electrode
and a drain electrode,

[0025] a fourth electrical connection terminal extending
on the connection face and electrically linked to the
gate electrode of the second transistor,

[0026] a fifth electrical connection terminal extending
on the connection face and being electrically linked to
the drain electrode of the second transistor, the fingers
of the second set of fingers being electrically linked to
the fifth electrical connection terminal,

the source electrode of the second transistor being electri-
cally linked to the second electrical connection terminal, the
first electrical connection terminal being intended to be
linked to a direct current negative potential of an electrical
power supply, and the fifth electrical connection terminal
being intended to be linked to a direct current positive
potential of the electrical power supply with the result that
the second electrical connection terminal forms an output
capable of supply an alternating current.

[0027] The invention also relates to a device for convert-
ing electrical energy, this device comprising a first electronic
component as described and a second electronic component
as described, and:

[0028] the first electrode of the transistor of the first
electronic component is a source electrode, and is
intended to be electrically linked to a direct current
negative potential of an electrical power supply of the
device,

[0029] the second electrode of the transistor of the first
electronic component is a drain electrode, and is
intended to be electrically linked to an alternating
current output of the device,

[0030] the control electrode of the transistor of the first
electronic component is a gate electrode,

[0031] the first electrode of the transistor of the second
electronic component is a drain electrode, and is
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intended to be electrically linked to a direct current
positive potential of the electrical power supply of the
device,

[0032] the second electrode of the transistor of the
second electronic component is a source electrode, and
is intended to be linked to the alternating current
output,

[0033] the control electrode of the transistor of the
second electronic component is a gate electrode,

[0034] the fingers of the first set of fingers of the first
electronic component are electrically linked to the
fingers of the second set of fingers of the second
electronic component,

[0035] the fingers of the second set of fingers of the first
electronic component are electrically linked to the
fingers of the first set of fingers of the second electronic
component.

[0036] The invention also relates to a method for fabri-
cating an electronic component, preferably as described,
such a method comprises:

[0037] a step of supply of a part of the electronic
component comprising a transistor provided with a
control electrode and first and second electrodes, said
part of the electronic component comprising a connec-
tion face intended to allow the formation of electrical
connection terminals of the electronic component,

[0038] a step of formation of first, second and third
electrical connection terminals of said electronic com-
ponent at the level of the connection face such that:
[0039] the first electrical connection terminal is elec-

trically linked to the first electrode of the transistor,
[0040] the second electrical connection terminal is
electrically linked to the second electrode of the
transistor and
[0041] the third electrical connection terminal is elec-
trically linked to the control electrode of the transis-
tor,

[0042] the method further comprises a step of formation
of a first set of electrically conductive fingers and of a
second set of electrically conductive fingers such that:
[0043] the fingers of the first set of fingers and of the

second set of fingers are interdigitated, at the level of

the connection face, to form said at least a part of a

capacitive component, and

[0044] the fingers of the first set of fingers are elec-

trically linked to the first electrical connection ter-

minal.
[0045] According to a particular embodiment of the
method, the step of formation of the first, second and third
electrical connection terminals and the step of formation of
the first set of electrically conductive fingers and of the
second set of electrically conductive fingers are such that at
least a part of the first electrical connection terminal, and at
least a part of each of the fingers of the first set of fingers are
formed simultaneously.
[0046] For example, said at least a part of the first elec-
trical connection terminal and said at least a part of each of
the fingers of the first set of fingers are formed simultane-
ously by a step of formation of an electrically conductive
layer on the connection face, than a step of etching of said
electrically conductive layer.
[0047] The step of etching of the electrically conductive
layer can be such that an electrically conductive member is
formed for each of the first, second and third connection
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terminals, and that the fingers of the first set of fingers form,
with the member of the first electrical connection terminal,
a continuity of material.

[0048] The step of formation of the first, second and third
electrical connection terminals can comprise a step of pro-
duction, for each of the first, second and third electrical
connection terminals, of an electrically conductive member
topped by electrically conductive pillars, and at least a part
of each of the fingers of the first and second sets of fingers
and the pillars are formed simultaneously by growth accord-
ing to a growth mask.

BRIEF DESCRIPTION OF THE FIGURES

[0049] The invention will be better understood on reading
the following description, given purely as a nonlimiting
example and given with reference to the drawings in which:
[0050] FIG. 1 illustrates a circuit diagram according to the
prior art of an electrical energy converter whose function is
that of an inverter branch,

[0051] FIG. 2 illustrates in perspective an embodiment of
an electronic component according to one mode of execu-
tion of the invention,

[0052] FIG. 3 illustrates a part of the electronic component
of FIG. 2,

[0053] FIG. 4 illustrates a transistor according to the prior
art,

[0054] FIG. 5 illustrates a particular embodiment of the

electronic component seen in perspective,

[0055] FIGS. 6 and 7 illustrate another particular embodi-
ment of the electronic component, FIG. 7 being a view in
cross section along A-A of FIG. 6 which is a top view of the
electronic component,

[0056] FIG. 8 illustrates, by a schematic cross-sectional
view, another particular embodiment with two stages of
interdigitated fingers,

[0057] FIG. 9 represents FIG. 2 to which has been added
a layer of dielectric material,

[0058] FIG. 10 illustrates an embodiment of an electronic
component seen in perspective intended to particulate in the
formation of an electrical energy converter,

[0059] FIG. 11 illustrates, seen in perspective, the part of
the electronic component of FIG. 10 on which the connec-
tion terminals and the interdigitated fingers will be formed,
[0060] FIGS. 12 and 13 illustrate an embodiment of a
device for electrical energy conversion by perspective
views, in FIG. 12 only parts of electronic components of the
device are represented,

[0061] FIG. 14 illustrates steps of a method for fabricating
the electronic component,

[0062] FIGS. 15 to 19 illustrate cross-sectional views
making it possible to illustrate the steps of a method for
fabricating the electronic component.

[0063] In these figures, the same references are used to
denote the same elements.

[0064] Moreover, the elements represented in the figures
are not necessarily to scale to simplify the understanding of
the figures.

DESCRIPTION OF PARTICULAR
EMBODIMENTS

[0065] The electronic component described hereinbelow
differs from the prior art notably in that it proposes forming
at least a part of a capacitive component as close as possible
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to a transistor of the electronic component of which a
connection face comprises connection terminals of the elec-
tronic component linked to the electrodes of the transistor.
For that, it is proposed to incorporate this part of the
capacitive component directly with the electronic compo-
nent. Preferably, the integration of said at least a part of the
capacitive component is made during the formation of the
connection terminals of the electronic component.

[0066] As illustrated in FIGS. 2 and 3, the electronic
component 1 comprises a part 2 incorporating (that is to say
comprising) a transistor 3. The transistor 3 is provided with
a control electrode 31 and with first and second electrodes
32, 33. The electronic component 1 comprises first, second
and third electrical connection terminals 4, 5, 6 (FIG. 2)
extending on a connection face 7 of said part 2 incorporating
the transistor 3, notably extending from the connection face
7 toward a direction opposite said part 2 incorporating the
transistor. Moreover, the first to third electrical connection
terminals 4, 5, 6 can also extend longitudinally on the
connection face 7. In particular, the connection face 7 can
comprise a surface delimited by a layer of electrically
insulating material 7a and electrical contact zones. The
electrical contact zones are for example each delimited by a
corresponding surface of one of the electrodes 31, 32, 33
accessible from an opening formed in the layer of electrical
insulating material 7a. The first to third connection terminals
4, 5, 6 are formed at least on the electrical contact zones. The
electrically insulating material can be silicon nitride Si;N,,
or silicon oxide SiO,, or tantalum oxide Ta,Os, or Al,O,
(aluminum oxide) or AIN (aluminum nitride) or even
parylene, and makes it possible to insulate the internal layers
of the electronic component. In FIG. 2, the electrical con-
tract zones are not visible because they are in contact with
the first to third connection terminals 4, 5, 6 which cover
them.

[0067] The electronic component is notably a chip incor-
porating the transistor whose connection terminals are
formed at the level of one and the same face, that is to say
that they all extend on one and the same face called
“connection face”.

[0068] In particular, it is stated that the first electrical
connection terminal 4 is electrically linked with the first
electrode 32, that the second electrical connection terminal
5 is electrically linked with the second electrode 33, and that
the third electrical connection terminal 6 is electrically
linked with the control electrode 31. Notably, the first
electrical connection terminal 4 is arranged on the first
electrode 32, the second electrical connection terminal 5 is
arranged on the second electrode 33, and the third electrical
connection terminal 6 is arranged on the control electrode
31.

[0069] The electronic component 1 comprises a first set 8
of electrically conductive fingers 8a and a second set 9 of
electrically conductive fingers 9a. The fingers 8a, 9a of the
first and second sets of fingers are interdigitated, at the level
of the connection face 7, to form at least a part of a
capacitive component. The capacitive component can be a
decoupling capacitive component. The capacitive compo-
nent is also called capacitor. The interdigitated fingers 8a, 9a
of the first and second sets of fingers 8, 9 are arranged to
form a part of the capacitor. “At the level of the connection
face 7” is understood to mean that the connection face 7 is
oriented toward the fingers 8a, 9a, and preferably that the
fingers 8a, 9a rest on the connection face, notably on the
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layer of electrically insulating material 7a, or even on a
passivation layer interposed between the fingers 8a, 9a and
the connection face 7. “The fingers rest on the connection
face” is understood to mean that they are in contact there-
with. This notion of the interdigitated fingers at the level of
the connection face can also result in the fact that the fingers
8a of the first set of fingers 8 extend, along their length,
laterally from the first connection terminal 4. Moreover, the
fingers 8a, 9a extend preferentially along their height from
the connection face 7. The lateral direction is given here
according to a direction orthogonal to a vector normal to the
connection face, this normal vector giving the direction of
extension of the first electrical connection terminal 4 from
the connection face 7 moving away from said connection
face 7. The fingers 8a, 9a of the first and second sets of
fingers 8, 9 extend notably on the layer of electrical insu-
lating material 7a.

[0070] Moreover, the fingers 8a of the first set 8 of fingers
are electrically linked to the first electrical connection ter-
minal 4. It is then understood that the first electrical con-
nection terminal 4 preferentially forms a connection bus for
the fingers 8a of the first set 8 of fingers, which makes it
possible to bring them closer to the transistor compared with
the prior art by incorporating them with an electrical con-
nection terminal.

[0071] “The fingers of the first set 8 and of the second set
9 of fingers being interdigitated” is understood to mean that
a succession of fingers is formed along an axis Al orthogonal
to the directions of longitudinal extension of the fingers.
This succession of fingers comprises, notably alternately, a
finger of a first set of fingers, then a finger of the second set
of fingers, etc. In particular, the fingers 8a of the first set 8
of fingers are all electrically connected to one another by the
first connection terminal 4 and the fingers 94 of the second
set 9 of fingers are all electrically connected to one another,
notably via a connection bus 95 for the fingers 9a of the
second set 9 of fingers. Obviously, each finger 8a of the first
set 8 of fingers is away 30 from each of the fingers 9a of the
second set 9 of fingers.

[0072] The height of the fingers 8a of the first set 8 of
fingers is generally equal to the height of the fingers 9a of
the second set of fingers, the height being given along an
axis orthogonal to the connection face 7. The material or
materials of the fingers of the first set of fingers and of the
second set of fingers are preferentially the same.

[0073] The fingers 8a, 9a of the first set 8 of fingers and
of the second set 9 of fingers extend preferentially along
their length parallel to the connection face 7, and preferen-
tially so as to be in contact with the connection face 7. The
layer of electrically insulating material 7a makes it possible
to limit the leaks, and notably the short-circuits at the level
of the connection face 7 between the electrical connection
terminals 4, 5, 6, and makes it possible to participate in
increasing the capacitance value by virtue of its relative
permativity. Thanks to the electronic component as
described, it is possible to produce a decoupling as close as
possible to the transistor with a reduced stray inductance
compared to the known techniques which propose coupling
the electronic component with a capacitive component dis-
tinct from the electronic component.

[0074] Preferably, a passivation material also called
dielectric material, that can comprise, or be formed by, SiO,,
or Si;N,, or AL,O;, or Ta,Os, or AIN, or parylene is used to
fill the spaces between the interdigitated fingers, even cover
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them. The passivation material offers the benefit of increas-
ing the value of the capacitance. Indeed, the more electri-
cally insulating the passivation material is, the more possible
it is to bring the fingers close together and therefore increase
the value of the capacitance. Without interpositioning of the
passivation material, the insulation can be done by air, but
that degrades the capacitance and increases the risks of short
circuit. In this sense, the interdigitated fingers 8a, 9a will
preferentially always be separated, and notably covered, by
the passivation material. This point is illustrated notably in
FIG. 9 in which the fingers 8a, 94 of the first and second sets
of fingers 8, 9, covered by a passivation layer 13 of above-
mentioned passivation material, are represented by dotted
lines.

[0075] In the present description, when speaking of elec-
trical connection terminals 4, 5, 6 of the electronic compo-
nent, these are connection terminals, or connection pins,
which allow the electronic component 1 to be connected to
third-party elements external to said electronic component 1.
The connection terminals 4, 5, 6 are therefore, for example,
external connection terminals of the electronic component
intended to link it to at least one distinct electronic compo-
nent, for example by chip placement, or “flip-chip” in the
art, or, for example, intended to accommodate hardwiring to
make the electrical connection. At least a part of the con-
nection terminals 4, 5, 6 can therefore protrude from an outer
face of the electronic component.

[0076] Moreover, it is proposed here to use a volume, or
region, usually left “dead”, that is to say not functionalized,
to incorporate therein the interdigitated fingers 8a, 96. In
other words, preferably, the fingers 8a, 95 of the first set 8
of fingers and of the second set 9 of fingers are interdigitated
between the connection face 7 and a plane situated at a
distance from the connection face 7, said plane being
notably parallel to the connection face 7, and passing
through the first, second and third electrical connection
terminals 4, 5, 6. Notably, the plane situated at a distance
from the connection face 7 passes through ends of the first,
second and third electrical connection terminals 4, 5, 6 that
are distal from the connection face 7. These ends are said to
be situated vertically above the connection face 7 when this
connection face 7 is considered as defining the horizontal. It
is then understood that the fingers 8a, 9a of the first and
second sets of fingers 8, 9 are arranged at the surface of the
part 2 of the electronic component 1.

[0077] Preferably, the first, second and third electrical
connection terminals 4, 5, 6 are arranged at the periphery of
the connection face 7, resulting in the presence of a volume
facing the connection face 7 within which are arranged the
fingers 8a, 9a of the first and second sets 8, 9 of fingers.
Thus, it is understood that, with this particular arrangement
of the electrical connection terminals 4, 5, 6, there is the
benefit of a central space of the connection face 7 for the
interdigitated fingers to be arranged therein.

[0078] In particular, the transistor, and notably each tran-
sistor targeted in the present description is a transistor of
GaN (gallium nitride) type with high electron mobility, more
particularly known by the abbreviation HEMT for “High
Electron Mobility Transistor”. For such a transistor, the
source, drain and gate contacts are arranged at the level of
one and the same face of the chip housing the transistor. FIG.
4 illustrates, schematically and in a known manner, a tran-
sistor 3 provided with gate 31, source 32 and drain 33
electrodes. The transistor 3 is formed by a stacking com-
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prising, in succession, a substrate 34, for example of silicon
(S1), buffer layers 35 making it possible to compensate for
the parametric mismatch of the materials (Si and GaN) and
the thermal expansion coefficient differences, a layer of
i-GaN 36 (for intrinsic GaN), a layer of AlGaN 37 (for
aluminum-gallium nitride), a layer of n-GaN 38 (n-doped
GaN). The gate electrode 31 is formed on the layer of
n-GaN, the source electrode 32 and the drain electrode 33
are formed on either side of the layer of n-GaN 38 and are
in contact with the layer of AlGaN 37. The interface between
the layers of AlGaN and i-GaN allow the creation of a
2-dimensional electron gas 2DEG. Such a transistor struc-
ture is notably described in detail in the document “Outlook
for GaN HEMT Technology” by Kazukiyo Joshin et al
published in “Fuyjitsu Sci. Tech. J., Vol, 50, No, 1, pp138-
143” in January 2014. Other structures can obviously be
used.

[0079] The GaN transistors have the particular feature of
being planar, and of offering their electrical connections on
one and the same face, called front face, of a chip.

[0080] InFIG.2,abranch 40 formed in continuity with the
first connection terminal 4 extends partly along the connec-
tion bus 95 for the fingers of the second set of fingers,
notably on the layer of electrically insulating material 7a, its
role is to bring an electrical contact zone to the edge of the
electronic component in order to link it to another electronic
component.

[0081] According to a preferred embodiment illustrated in
FIG. 2, each finger 8a, or at least a part of each finger 8a, of
the first set of fingers 8 forms a continuity of material with
at least a part of the first electrical connection terminal 4.
Preferably, the fingers 8a of the first set of fingers 8 extend,
along their length, laterally from the first electrical connec-
tion terminal 4 relative to the direction A2 (FIG. 2) orthogo-
nal to the connection face 7. Thus, it is understood here that
the integration of said at least a part of the capacitive
component is advanced by situating it as close as possible to
the transistor, and preferably to the first electrical connection
terminal 4 which can be used to power the electronic
component 1, notably when the latter is used in the context
of an electrical energy conversion electronic component, or
in a more global device allowing this function as will be seen
hereinbelow.

[0082] “Continuity of material” is understood to mean a
coherent one-piece assembly, fabricated notably simultane-
ously. When things, for example two things, form a conti-
nuity of material, it is understood that they are formed in the
same material and that there is no break between these
things, the material can for example be a pure material or an
alloy comprising different compounds. These things have
notably been obtained simultaneously by deposition or
growth of the associated material. In other words, said at
least a part of the first electrical connection terminal 4 and
said at least a part of each finger 8 of the set 8 of fingers form
part of a single block: they therefore belong to a monolithic
element.

[0083] As illustrated in FIG. 2, the first electrical connec-
tion terminal 4 can comprise an electrically conductive
member 4a extending on the connection face 7, and pref-
erably in contact with the first electrode 32. The first
electrical connection terminal 4 possibly also comprises a
plurality of pillars 45, preferably of copper. The pillars 45
are electrically conductive. The pillars 46 are electrically
linked to the electrically conductive member 4a which can
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then form a support for these pillars 4b. The electrically
conductive member 4a is arranged between the pillars 45
and the connection face 7. In particular, it can also be said
that the pillars top a corresponding electrically conductive
member. Notably, the pillars 4b extend along their length or
height in a direction opposite to the connection face 7 and
notably along an axis orthogonal to the connection face 7.
The pillars 45 are not necessary, but can be useful to
facilitate the subsequent connection or mounting of the
electronic component in three-dimensional structures. A
pillar can therefore be a connection bump, or post. In the
case where the pillars are present, they can each be in direct
contact with the corresponding electrically conductive mem-
ber or with a base (not represented) coming from a layer
having been used for example for the growth of the corre-
sponding pillar as will be seen in the context of the descrip-
tion of the method hereinbelow. In the case where the pillars
45 are not present, the first connection terminal 4 comprises
only the member 4a. Notably, the member 4a is said to rest
on the connection face 7, preferably on an electrical contact
zone of the connection face 7: the member 44 is then in
contact with the first electrode 32. In particular, the fingers
8a of the first set 8 of fingers form, with the electrically
conductive member 4a of the first connection terminal 4, a
continuity of material.

[0084] According to an alternative to FIG. 2 illustrated
schematically in FIG. 5, each finger 8a of the first set of
fingers forms a continuity of material with at least one pillar
45 of the first connection terminal 4. It is therefore under-
stood that there are two levels in which the fingers can be
incorporated: the member 4a level and the pillar 45 level.
FIG. 5 schematically illustrates the principle in which a
continuity of material comprises the pillar 45, and extends
laterally to the direction A2 to also form a finger 8a of the
first set 8 of fingers. Notably, in this FIG. 5, a passivation
layer 10 is interposed between the connection face 7 and the
finger 8a. The material of the passivation layer 10 can
comprise, or be, SiO,, Si;N,, Al,O,, Ta,05, AIN or
parylene. The embodiment of FIG. 5 can be difficult to
implement and that of FIGS. 2 or 6 and 7 will be preferred.

[0085] For the embodiment of FIGS. 6 and 7 the fingers 8a
form a continuity of material with the member 4a and a
continuity of material with at least one pillar 45. Here, each
finger 8a of the first set 8 of fingers comprises a first
longitudinal part 81 and a second longitudinal part 82. The
first longitudinal part 81 of the corresponding finger of the
first set of fingers being arranged between the second
longitudinal part 82 of said finger and the connection face 7.
The first longitudinal parts of the fingers of the first set of
fingers form, with the electrical connection member 4a of
the first terminal 4, a first continuity of material, and the
second longitudinal parts 82 of the fingers of the first set of
fingers each forming, with a corresponding pillar 45 of the
first electrical connection terminal 4, a second continuity of
material. Here, each first longitudinal part of finger can be in
direct contact with a second longitudinal part of finger or
with the interposition of a material coming from a layer
having allowed the growth of the second longitudinal part.
In this case, the fingers 9a of the second set of fingers 9 (FIG.
6) also each comprise (FIG. 7) a first longitudinal part 91
situated at the same level as the first longitudinal parts 81 of
the fingers 8a of the first set of fingers and forming notably
a continuity of material with the connection bus for the
fingers 9a of the second set of fingers mentioned herein-
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above. These fingers 9a of the second set of fingers 9 also
each comprise a second longitudinal part 92 arranged above
the first longitudinal part 91 of the fingers 9a (in other words,
the first part 91 is then arranged between the second part 92
and the connection face 7), the second longitudinal parts
being obtained in a way similar to the pillars. In FIG. 7, the
reference 14 represents a passivation material covering the
fingers not represented in FIG. 6 for reasons of clarity, this
material can be like that described previously. This embodi-
ment makes it possible to increase the facing surfaces of two
adjacent fingers.

[0086] In the context of the electronic component, the
electrically conductive member 4a has a height from the
connection face 7 which can be between 1 um and 5 um, and
more particularly be equal to 4 um. The electrically con-
ductive member 4a can have a width of between 300 pm and
1 mm and the length of the member 4a can be adapted to the
space available for it to be formed. Notably, the length and
the width of an electrically conductive member are mea-
sured along axes orthogonal to one another and orthogonal
to an axis measurement of the height of said member which
is orthogonal to the connection face. Where appropriate, the
pillars can each have a height (or length) which can be
between 5 um and 30 um, and notably measured along an
axis orthogonal to the connection face, and notably equal to
10 um. The pillars can each have a width, or lateral dimen-
sion (measured orthogonally to its height), which is equal to
the height of said pillar. Obviously, the dimensions of the
pillars can be variable as a function of the fabrication
method. The height of the fingers 8a , 9a along an axis
parallel to the direction of extension A2 of the first connec-
tion terminal 4 from the connection face 7 can be equal, or
substantially equal, where appropriate, to the height of the
member 4a in case of continuity of material of the fingers of
the first set 8 of fingers with the member 4a, or where
appropriate to the height of the pillars 45 in case of conti-
nuity of material of the fingers of the first set of fingers with
one or more pillars, or where appropriate to the sum of at
least the height of the member 4a and of a corresponding
pillar. The height of a finger is therefore notably measured
along an axis orthogonal to the connection face. The length
of the fingers can be dependent on the space available for
them to be formed. The adjacent interdigitated fingers can be
separated by a distance comprised between 1 pm and 100 um
and the fingers can have a width comprised between 1 um
and 30 pm, this being dependent notably on the fabrication
techniques used. The width of a finger is notably measured
orthogonally to its length and to its height. The number of
interdigitated fingers can be a function of the structure of the
electronic component, preferably a maximization of this
number will be sought according to the space available for
them to be formed.

[0087] Moreover, a brazing bump 4c¢ (FIGS. 2 and 5), for
example made of SnAg (tin-silver) or SnAgCu (tin-silver-
copper) or AuSn (gold-tin) or AuSi (gold-silicon) or AuGe
(gold-germanium) alloy, can be formed in the extension of
each pillar 45 of the first connection terminal. To facilitate
the representation in FIG. 2, the brazing bump corresponds
to the end of a corresponding pillar. The role of this brazing
bump is to make it possible to facilitate the connection of the
electronic component by brazing to a third-party component.
It is also possible to replace the brazing bump with a
sintering paste.
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[0088] Preferably, the second and third electrical connec-
tion terminals 5, 6 are similar to the first electrical connec-
tion terminal 4. Thus, as illustrated in FIG. 2, the second
electrical connection terminal 5 can comprise an electrically
conductive member 5a extending on the connection face 7
and a plurality of pillars 55, preferably of copper, which top
the member 5a of the second electrical connection terminal
5 while extending along their length along an axis orthogo-
nal to the connection face 7. Similarly, the third electrical
connection terminal 6 can comprise an electrically conduc-
tive member 6a extending from the connection face 7 and a
plurality of pillars 65, preferably of copper, which top the
member 6a of the third electrical connection terminal 6
while extending along their length along an axis orthogonal
to the connection face 7. Moreover, a brazing bump 5S¢, 6c,
for example as described previously, can be formed at the
top of each pillar 54, 65. Notably, the first, second and third
electrical connection terminals 4, 5, 6 have been formed by
common microelectronic technological steps as will be
described in more detail hereinbelow.

[0089] In the present description, the pillars are notably
pillars made of copper of which the end opposite the
corresponding electrically conductive member is preferen-
tially covered by the brazing bump. The pillars of copper are
also known in the art by the term “copper pillar”. A
continuity of material formed by a finger, or a part of finger,
and a pillar, will therefore preferentially be made of copper.

[0090] In the present description, the electrically conduc-
tive member of one, notably of each, connection terminal
can comprise, or be formed by: an alloy of AlSi (that is to
say aluminum-silicon, for example composed of 99 at. % of
aluminum and of 1 at.% of silicon, with at. % representing
the atomic percentage, hereinafter in the description AlSi
represents the AlSi alloy), or copper with a gold finish to
avoid the oxidation of the copper, or even aluminum. In
other words, where appropriate, AlSi, or copper, or alumi-
num is involved in the composition of the material forming
the electrically conductive member: a continuity of material
comprising an electrically conductive member and fingers or
parts of fingers can then be formed by this material.

[0091] According to a particular implementation illus-
trated in FIG. 8 representing a cross-section of a portion of
the electronic component showing said at least a part of the
capacitive component, the fingers 8a of the first set 8 of
fingers form a continuity of material with the electrically
conductive member of the first electrical connection termi-
nal for example in the manner of what is illustrated in FIG.
2. FIG. 8 is a cross-sectional view at right angles to the
directions of extensions of the fingers making it possible to
see how the fingers are interdigitated according to this
particular implementation. Here, the electronic component
comprises a third set 11 of electrically conductive fingers
11a and a fourth set 12 of the electrically conductive fingers
12a. The fingers 8a of the first set of fingers 8 are electrically
linked to the fingers 124 of the fourth set of fingers 12, for
example by the member of the first connection terminal, and
the fingers 9a of the second set 9 of fingers are electrically
linked to the fingers 11a of the third set 11 of fingers for
example by the connection bus for the fingers 9a of the
second set of fingers. The fingers 11a, 12a of the third set 11
of fingers and of the fourth set 12 of fingers are interdigitated
above the fingers 8a, 9a of the first and second sets 8, 9 of
fingers to form a corresponding part of the capacitive
component. In other words, the fingers 8a, 9a of the first and
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second sets 8, 9 of fingers are interdigitated between the
connection face and the fingers 11a, 12a of the third and
fourth sets 11, 12 of fingers. Each finger 124 of the fourth set
12 of fingers can form, with at least one pillar 46 of the first
electrical connection terminal 4, a continuity of material, for
example in a manner of what is illustrated in FIG. 5. By
combining the teachings of FIGS. 2 and 5, it is possible to
make two distinct fingers superposed and each kept at a
distance from one another. Each finger 8a of the first set 8
of fingers comprises a longitudinal part arranged, or inter-
posed, between a longitudinal part of a finger 11a of the third
set 11 of fingers and the connection face represented sche-
matically here by the plane P1 at right angles to the plane of
FIG. 8. Moreover, each finger 9a of the second set 9 of
fingers comprises a longitudinal part arranged, or interposed,
between a longitudinal part of a finger 12a of the fourth set
12 of fingers and the connection face. It is then understood
that it is, here, possible to form several types of capacitances
within one and the same electronic component at the level of
its connection face. Each of the fingers 11a of the third set
of fingers is at a distance from each of the fingers 12a of the
fourth set of fingers. The fingers 11a, 12a of the second and
third sets of fingers are at a distance from the fingers 8a, 9a
of'the first and second sets of fingers. Notably, the fingers 8a
and 12a of the first and fourth sets of fingers are electrically
linked to the first electrical connection terminal, and the
fingers 94 and 11a of the second and third sets of fingers are
electrically linked to one another and are intended to be
linked to another connection terminal, notably of another
transistor. Ultimately, three types of capacitances are there-
fore obtained: one lateral at a first level relative to the
connection face between the interdigitated fingers 8a, 95 of
the first and second sets of fingers; another lateral at a second
level relative to the connection face between the interdigi-
tated fingers 11a, 12a of the third and fourth sets of fingers;
and one vertical between these first and second levels. Here,
a passivation layer 10q is interposed between the level of the
fingers of the first and second sets of fingers and the level of
the fingers of the third and fourth sets of fingers, this
passivation layer can comprise, or be formed by, SiO,, or
Si;N,, or Ta,Os, or AIN, or Al,Oj, or parylene. In particular,
here, the fingers of the first, second, third and fourth sets of
fingers are parallel to one another, and the fingers of the first
and second sets 8, 9 of fingers extend at the level of one and
the same plane which is parallel to the plane of extension of
the fingers 11a, 12a of the third set of fingers and of the
fourth set of fingers.

[0092] In particular, in FIG. 8 the adjacent fingers 8a, 9a
of the first and second sets 8, 9 of fingers are separated by
a dielectric material 13 also called passivation material as
described previously (FIGS. 8 and 9) which can even cover
the fingers 8a, 9a and thus be common to the layer 10a
described previously. Moreover, the same applies where
appropriate for the fingers 11a, 12a of the third and fourth
sets of fingers 11, 12 (FIG. 8) which are separated by a
dielectric material 14 also called passivation material as
described previously which can be deposited after the for-
mation of the fingers 11a, 12a (FIG. 8).

[0093] The choice of the dielectric material (or passivation
material) between the fingers serves to enhance the capaci-
tance formed between two adjacent fingers of two different
sets of fingers. In this sense, it is said that the fingers 8a of
the first set 8 of fingers and the fingers 9a of the second set
9 of fingers are interdigitated such that, for any pair of
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adjacent fingers, said fingers of the pair are separated by a
dielectric material. The chosen dielectric material has a role
in enhancing the value of the capacitance as is described
hereinbelow.

[0094] The value of a capacitance C between two adjacent
fingers is expressed as a function of the relative permittivity
of the material e, used as dielectric material between two
adjacent interdigitated fingers, the vacuum electrical permit-
tivity e,, the facing surface S of the two interdigitated
adjacent fingers and the inter-finger distance e according to
the relationship (eq. 1).

_ 89X XS (eq. 1)

C
e

From this equation (eq. 1) it is possible to conclude that to
optimize the value of the capacitance, it is possible to
increase the facing surface, and/or to increase the relative
permittivity of the dielectric material &, and/or to reduce the
distance e. The achievable distance e depends firstly on the
voltage withstand strength of the dielectric material. For an
electronic component intended to withstand 650V, a voltage
withstand strength of around 1000 V is desirable, the pre-
ferred insulation that can be used is Si;N, or SiO,. The dry
deposited Si;N, or the SiO, are preferred because they can
have a dielectric strength of the order of 1000 kV/mm. With
these materials, it is possible to reduce the distance e to 1 pm
to withstand the required voltage. As is known, the permit-
tivity depends on the material chosen, on the surface S, on
the resolution of the fingers (thickness and width dependent
on “aspect ratio” thickness divided by width). For a standard
method, the aspect ratio is around 2, which makes it possible
to have a finger width and an inter-finger distance two times
smaller than the deposited thickness. In the case of the
present invention, the value of the facing surface between
two adjacent fingers can depend on the height of the depo-
sition and on the resins/masks used to form the fingers of the
electronic component which influence the resolution and the
achievable aspect ratio (width of the fingers of comb and
space between two fingers (e)). For the available surface
facing the connection face 7, assuming that only the value of
the lateral capacitance, that is to say the capacitance between
facing faces of two adjacent fingers, and not the planar
capacitance value is taken into account, that makes it pos-
sible to achieve capacitance values of 600 pF. To achieve
this capacitance of 600 pF, the fingers 8a ecach form a
continuity of material with at least one corresponding pillar
and have the following dimensions: 10 um height, 5 um
wide and with 5 pm separation between fingers, and a
dielectric of permittivity of around 7 is used (such as Si;N,
which, when it is deposited dry, for example by PECVD, the
abbreviation for plasma-enhanced chemical vapor deposi-
tion, makes it possible to even lower the distance between
fingers to 1 um). In the case where the fingers are 2 um thick,
1 um wide and are separated pairwise by 1 um, the equiva-
lent capacitance value with Si;N, can reach 3000 pF, this
case is notably possible when the fingers 8a of the first set
of fingers form a continuity of material with a member 4a.
In this paragraph, a height is given along an axis orthogonal
to the connection face. In this paragraph, a width is given
along an axis orthogonal to the axes of elongation of the
fingers and to the axis orthogonal to the connection face. In
this paragraph, a separation dimension is given along an axis
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orthogonal to the axes of elongation of the fingers and to the
axis orthogonal to the connection face. The material Ta,Os,
notably deposited dry, has a permittivity four times greater
than Si;N, and can be used when the fingers of the first set
form, with the member of the first connection terminal, a
continuity of material by lateral extension of the member
because it is difficult to deposit for layers ranging beyond 1
um. In this sense, the use of Ta,O5 will be preferred when the
fingers are separated by a distance of between 1 um and 2
pm.

[0095] In other words, it is clear that the person skilled in
the art is able to adapt the fabrication method which will be
described hereinbelow to form the electronic component to
obtain the desired capacitance of the capacitive component.
[0096] According to one example, when the fingers 8a
form a continuity of material with the member 4a, the
fingers 8a and 9a have a height (or thickness) relative to the
connection face 7 of 2 um, a width of 1 um, and two adjacent
interdigitated fingers of said part of the capacitive compo-
nent are preferentially separated by a distance of 1 pm. The
dimensions are given here by way of example, the person
skilled in the art will be able to adapt them according to the
desired capacitive component.

[0097] According to one example, when the fingers 8a
each form a continuity of material with a pillar 45, the
fingers 8a and 94 have a height relative to the connection
face 7 of 10 um, a width of 5 um, and two adjacent fingers
of said part of the capacitive component are separated by a
distance of 5 pm. The dimensions are given here by way of
example, the person skilled in the art will be able to adapt
them according to the desired capacitive component.
[0098] Generally, when the spaces between the fingers 8a,
9a of the first and second sets of fingers are filled by the
dielectric material, the latter exhibits a dielectric strength
and a permittivity adapted to the dimensions of the fingers,
this material can be notably, but in a nonlimiting manner,
Si0, or Ta,Os. The person skilled in the art will be able to
choose the dielectric material according to the structure to be
covered.

[0099] Generally, the length of the fingers will be depen-
dent on the space available at the level of the connection face
7, for example, on some electronic components, it may be
possible to exploit an unoccupied zone of 25 mm?, this
obviously depending on the architecture of the electronic
component.

[0100] More particularly, depending on the applications
targeted, the dielectric material chosen to fill the spaces
between the interdigitated fingers must have the highest
possible permittivity, and its dielectric characteristics must
for example make it possible to withstand 1000 V (this
depending on the voltage rating of the component) for the
distance separating two interdigitated adjacent fingers.
[0101] Generally, when the fingers of the first set of fingers
form, with the member of the first connection terminal, a
continuity of material, the facing surfaces between fingers
are smaller than in the case where the fingers of the first set
of fingers each form a continuity of material with one of the
pillars 45, but it is possible to have a better resolution and
therefore to increase the number of fingers to increase the
value of the capacitance. When each finger of the first set of
fingers forms, with a corresponding pillar, a continuity of
material, the facing surfaces of two adjacent fingers are
increased to the detriment of the number thereof. Everything
will therefore be a process of compromise as a function of
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what is sought to be obtained as capacitance value for the
capacitive component. From a practical viewpoint, the
embodiment in which the continuity of material comprises
the fingers 8a and the member 4a is preferred, because this
makes it possible to more easily form connection pillars 454
which will not be hampered by the fingers for, for example,
producing the “flip-chip” connection.

[0102] According to an implementation illustrated in
FIGS. 10 and 11, said transistor 3 is a first transistor 3 of
which the first electrode 32 (linked to the first terminal 4) is
a source electrode of the first transistor 3, the second
electrode 33 (linked to the second terminal 5) is a drain
electrode of the first transistor 3, and the control electrode 31
(linked to the third terminal 6) is a gate electrode of the first
transistor 3. Moreover, the electronic component comprises
an additional transistor 15 (housed like the transistor 3 in the
corresponding part 2 of the electronic component 1) forming
a second transistor 15 provided with a gate electrode 151, a
source electrode 152 and a drain electrode 153. A fourth
electrical connection terminal 16 extends on the connection
face 7, and is electrically linked to the gate electrode 151 of
the second transistor 15. A fifth electrical connection termi-
nal 17 extends on the connection face 7, and is electrically
linked to the drain electrode 153 of the second transistor 15.
Here, the fingers 9a of the second set 9 of fingers are
electrically linked to the fifth electrical connection terminal
17, and preferably each form a continuity of material with at
least a corresponding part of the fifth electrical connection
terminal 17. Preferably, at least a part of the first and fifth
connection terminals and the fingers 8a, 9a of the sets 8 and
9 of fingers have been obtained simultaneously by deposi-
tion or growth of one and the same material. The source
electrode 152 of the second transistor 15 is electrically
linked to the second electrical connection terminal 5.
According to this implementation, the first electrical con-
nection terminal 4 is intended to be linked to a direct current
negative potential of an electrical power supply and the fifth
electrical connection terminal 17 is intended to be linked to
a direct current positive potential of the electrical power
supply with the result that the second electrical connection
terminal 5 forms an output capable of supplying an alter-
nating current when the gates of the first and second tran-
sistors 3, 15 are driven appropriately. Here, the first transis-
tor is also called “low side” transistor in the art and the
second transistor is also called “high side” transistor in the
art. In other words, according to this implementation, the
electronic component can be used to form an electrical
energy converter, notably capable of supplying an alternat-
ing energy when the power supply is direct. Here, the
integration is optimized since, from one and the same
electronic component, an electronic component is formed
which is capable of current conversion. The capacitive
component is formed here by the fingers 8a, 9a of the first
and second sets of fingers represented by dotted lines which
are preferentially separated and covered by a dielectric
material 13 (or passivation material), notably of the type as
described previously to produce the passivation of the
fingers. In particular, here, the electronic component can be
mounted on a control component comprising a control
system of the gates of the first and second transistors and a
direct current source linked to the source electrode of the
first transistor and to the drain electrode of the second
transistor. This embodiment is preferred because it offers a
very good integration and makes it possible to form a bridge
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branch, or inverter branch, with a part of its decoupling
capacitance, a capacitor external to the electronic compo-
nent can be added to complete the desired capacitance value.

[0103] Preferably, the electronic component or the elec-
tronic components can be used to form an electrical energy
converter allowing for current-voltage switching such that,
when a transistor is open, it no longer allows the current to
pass but holds the voltage. Typically, the electrical energy
converter admits as input a direct voltage which can reach
several kV and, to supply energy during switching, the
capacitive component, also called decoupling capacitance
(or capacitor), must be placed as close as possible to the
transistors.

[0104] To form the electrical energy converter, it is also
possible to use transistors incorporated in distinct electronic
components each having an electrode connected to a differ-
ent direct potential, and each chip or electronic component
incorporating a capacitive half-component, the capacitive
half-components of two electronic components then being
connected to form the capacitive component. Thus, accord-
ing to an alternative to the electronic component incorpo-
rating two transistors, the aim will be to form a device for
the electrical energy conversion (or inverter), hereinafter
called device, by using two electronic components as
described previously and each provided with a transistor. As
illustrated in FIGS. 12 and 13, the invention also relates to
such a device comprising a first electronic component 1000
as described previously (and therefore provided with a
corresponding transistor) and a second electronic compo-
nent 2000 as described previously (and therefore provided
with a corresponding transistor). In the art, the first elec-
tronic component can be likened to a so-called “low-side”
component and the second electronic component can be
likened to a so-called “high-side” component. The first
electrode 1032 of the transistor of the first electronic com-
ponent 1000 (notably situated under the first electrical
connection terminal 1004 of the first electronic component
1000) is a source electrode of the transistor of the first
electronic component 1000, and is intended to be electrically
linked to a direct current negative potential (-DC) of an
electrical power supply 200 of the device. The second
electrode 1033 (notably situated under the second electrical
connection terminal 1005 of the first electronic component
1000) of the transistor 1003 of the first electronic component
1000 is a drain electrode of the transistor of the first
electronic component 1000, and is intended to be electrically
linked to an alternating current output of the device (notably
via the second electrical connection terminal 1005 of the
first electronic component 1000). The control electrode 1031
of the transistor 1003 of the first electronic component 1000
is a gate electrode of the transistor 1003 of the first com-
ponent 1000, the control electrode 1031 being electrically
linked to the third connection terminal 1006 of the first
electronic component 1000. The first electrode 2032 of the
transistor 2003 of the second electronic component 2000 is
a drain electrode of the transistor 2003 of the second
electronic component 2000, and is intended to be electrically
linked to a direct current positive potential (+DC) of the
electrical power supply 200 of the device, notably via the
first electrical connection terminal 2004 of the second elec-
tronic component 2000, so it will then be understood that the
first terminal 2004 of the second electronic component 2000
is in electrical contact with the first electrode 2032 of the
transistor of the second electronic component. The second
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electrode 2033 of the transistor 2003 of the second elec-
tronic component 2000 is a source electrode of the transistor
2003 of the second electronic component 2000, and is
intended to be electrically linked to the alternating current
output, notably via the second electrical connection terminal
2005 of the second electronic component 2000. The control
electrode 2031 of the transistor 2003 of the second elec-
tronic component 2000 is a gate electrode of the transistor of
the second electronic component 2000 in contact with the
third connection terminal 2006. The fingers 1008a of the
first set of fingers of the first electronic component 1000 are
electrically linked to the fingers 20094 of the second set of
fingers of the second electronic component 2000 for
example by using at least one electrically conductive wire
1010 linking the first and second electronic components. The
fingers 1009a of the second set of fingers of the first
electronic component 1000 are electrically linked to the
fingers 2008a of the first set of fingers of the second
electronic component 2000 for example by using at least one
electrically conductive wire 2010 linking the first and sec-
ond electronic components. Here, the capacitive component
comprises the fingers of the first and second sets of fingers
of' the first and second electronic components. It can then be
said that the device for electrical energy conversion com-
prises the capacitive component.

[0105] In FIG. 13, the direct current electrical power
supply 200 that the device can comprise is schematically
represented. This power supply 200 is linked, on one side, to
the first electrical connection terminal 1004 of the first
electronic component 1000 to apply thereto a direct current
negative potential, and, on the other side, to the first elec-
trical connection terminal 2004 of the second electronic
component 2000 to apply thereto a direct current positive
potential. The device can also comprise a control system
201, 202 per transistor connected, for each transistor, to the
gate of said transistor and to the source of said transistor.
Moreover, although that is not represented for reasons of
clarity, a layer of passivation material as described previ-
ously can be formed for each electronic component to cover
the fingers and fill the spaces between the fingers notably,
the device comprises the alternating current output linked to
the second terminals 1005 and 2005 of the first and second
electronic components 1000, 2000.

[0106] The invention also relates to a method for fabri-
cating an electronic component, notably as described pre-
viously. In this sense, the method for fabricating the elec-
tronic component can comprise a step of supply E1 (FIG.
14) of the part 2 of the electronic component 1 comprising/
incorporating the transistor 3 provided with the control
electrode 31 and the first and second electrodes 32, 33 (FIG.
3). Said part 2 of the electronic component 1 comprises the
connection face 7 intended to allow the formation of elec-
trical connection terminals of the electronic component
(notably of the first, second and third electrical connection
terminals). Moreover, the method also comprises (FIGS. 2
and 14) a step of formation E2 of the first, second and third
electrical connection terminals 4, 5, 6 of said electronic
component at the level of the connection face 7 (that is to say
on the connection face) such that the first electrical connec-
tion terminal 4 is electrically linked to, and notably formed
so as to be in contact with, the first electrode 32 of the
transistor 3, that the second electrical connection terminal 5
is electrically linked to, and notably formed so as to be in
contact with, the second electrode 33 of the transistor 3, and
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that the third electrical connection terminal 6 is electrically
linked to, and notably formed so as to be in contact with, the
control electrode 31 of the transistor 3. Electrically linked is
understood to mean notably the presence of an electrical
link. Moreover, the method comprises a step of formation E3
of the first set 8 of electrically conductive fingers 8a and of
the second set 9 of electrically conductive fingers 9a of the
electronic component such that, notably at the end of the
fabrication method:

[0107] the fingers 8a, 9a of the first set 8 of fingers and
of the second set 9 of fingers are interdigitated, at the
level of the connection face 7, to form said at least a
part of a capacitive component, and

[0108] the fingers 8a of the first set 8 of fingers are
electrically linked to the first electrical connection
terminal 4.

[0109] Preferably, this step of formation E3 of the first set
of fingers and of the second set of fingers is performed
during the step of formation E2 of the electrical connection
terminals. In other words, microelectronic technological
steps will be used to simultaneously form at least a part of
each of the electrical connection terminals 4, 5, 6 and at least
a part of each of the fingers 84, 9a of the first and second sets
of fingers. This makes it possible to form the fingers as close
as possible to the connection terminals while making it
possible to use deposition or growth characteristics adapted
according to a mask to have a good alignment of the fingers
8a, 95. On the other hand, that also makes it possible to limit
the number of technological steps. In other words, the step
of formation E2 of the first, second and third electrical
connection terminals and the step of formation E3 of the first
set of fingers and of the second set of fingers are such that
at least a part 4a of the first electrical connection terminal 4,
and at least a part of each of the fingers of the first set of
fingers, and preferably at least a part of each of the fingers
of'the second set of fingers and parts of the second and third
electrical connection terminals, are formed simultaneously.
In particular, this simultaneous formation is such that said at
least a part of each finger of the first set of fingers forms a
continuity of material with said at least a part of the first
electrical connection terminal.

[0110] According to a first embodiment of the method, the
formation steps E2 and E3 are such that said at least a part
4a of the first electrical connection terminal 4 and said at
least a part of each of the fingers of the first set of fingers are
formed simultaneously by:

[0111] a step of formation of an electrically conductive
layer 18 for example by deposition of a metallic
material (FIG. 15) on the connection face 7, then

[0112] a step of etching of said electrically conductive
layer 18, notably according to a predefined etching
mask 19 (FIG. 16) formed on the electrically conduc-
tive layer 18 after the formation thereof.

The etching is stopped notably when the connection face 7
is reached (FIG. 16). The predefined etching mask makes it
possible notably for said at least a part of each of the fingers
of the second set of fingers to be connected to said at least
a part 4a of the first connection terminal 4 while forming a
continuity of material.

[0113] In the case where the interdigitated fingers are only
formed at the level of the electrically conductive members
4a, 5a, 6a (FIGS. 2,9, 10 and 13), the step of etching of the
electrically conductive layer 18 is such that: an electrically
conductive member 4a, 5a, 6a is formed for each of the first,
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second and third electrical connection terminals 4, 5, 6; and
the fingers 8a of the first set 8 of fingers form, with the
electrically conductive member of the first connection ter-
minal, a continuity of material. In other words, the step of
etching of the electrically conductive layer 18 makes it
possible to simultaneously form the members 4a, 5a, 6a of
the first to third connection terminals 4, the fingers 8a of the
first set of fingers then connected to said member 4a of the
first electrical connection terminal 4 and the fingers 9a of the
second set of fingers preferably connected to the connection
bus 95 for the fingers of the second set of fingers described
hereinabove and notably delimited also by the step of
etching of the electrically conductive layer, After that, a
layer of a dielectric material (for example the passivation
layer 13 of FIG. 17) can be formed to fill the spaces between
the fingers, and notably so as to cover them and the members
of the connection terminals, the material used can be the
dielectric material described hereinabove to enhance the
capacitance. This passivation layer 13 can also fill the spaces
between the electrically conductive members for the elec-
trical insulation of the future electronic component to be
suitable. Finally, where appropriate, the pillars can be
formed in particular after having suitably opened the passi-
vation layer 13 as in FIG. 17 in which the tops of the
electrically conductive members 4a, 6a are freed before
depositing a growth layer 20 (FIG. 18) then forming a
growth mask 21 on the growth layer 20. The growth mask
21 can be formed by lithography before growing the pillars,
for example in copper, from the bottom of the growth mask
21 from the growth layer 20. Next, the growth mask 21 is
removed and the parts of the growth layer 20 revealed by the
removal of the growth mask can be removed (FIG. 19) with
the result that a base made of material of the growth layer is
interposed between each pillar 4b, 65 and its associated
electrically conductive member 4a, 6a.

[0114] According to a second embodiment, the step of
formation of the first, second and third electrical connection
terminals comprises a step of production, for each of the
first, second and third electrical connection terminals 4, 5, 6,
of an electrically conductive member 4a, 5a, 6a topped by
electrically conductive pillars 456, 5b, 6b, for example in the
manner of what is illustrated in FIG. 2. Moreover, at least a
part of each of the fingers of the first and of the second sets
of fingers and the pillars are formed simultaneously by
growth, preferably of copper, according to a growth mask 21
(FIG. 18) whose pattern makes it possible to make pillars 45
forming said at least a part of the first electrical connection
terminal 4, notably in copper, and to electrically link each
finger 8a of the first set 8 of fingers to at least one pillar 45
of the first electrical connection terminal 4, notably by
forming, for each finger 8a, a continuity of material com-
prising said finger 8a and a corresponding pillar 45 of the
first electrical connection terminal 4. The growth, notably of
copper, is therefore performed from the growth mask.

[0115] According to a variant of this second embodiment
(FIG. 7), the steps of formation of the first to third connec-
tion terminals and of the first and second sets of fingers can
be implemented by:

[0116] a step of simultaneous formation of the electri-
cally conductive members of the first to third electrical
connection terminals and of a first longitudinal part 81,
91 of each of the fingers of the first and second sets of
fingers comprising:
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[0117] a step of formation of an electrically conduc-
tive layer on the connection face, then

[0118] a step of etching of said electrically conduc-
tive layer,

[0119] a step of simultaneous growth of the pillars and
of a second longitudinal part 82, 92 of each of the
fingers of the first and second sets of fingers according
to the growth mask. For each finger, the first longitu-
dinal part 81, 91 of the finger is interposed between the
connection face 7 and the second longitudinal part 82,
92 of said finger.

[0120] According to the variant in which only parts of
each of the fingers are formed during the formation and the
etching of the electrically conductive layer, the fingers will
be completed during the formation of the pillars. For that, a
passivation layer 13 is deposited after etching of the elec-
trically conductive layer (FIG. 17) and is opened to render
the tops of the electrically conductive members and parts of
each of the fingers of the first and second sets of fingers
formed simultaneously with the members 4a, Sa, 6a acces-
sible. Here, the tops correspond to faces distal from the
connection face 7. Next, as described hereinabove, the
growth layer 20 then the mask 21 are formed in order to
allow the growth of the pillars and the growth of the second
part of each of the fingers of the first set and of the second
set of fingers above a first corresponding part of finger.
[0121] The formation of the interdigitated fingers simul-
taneously with the formation of the electrically conductive
members of the first, second and third electrical connection
terminals is simpler to implement because the dimensions of
the patterns obtained are close to the patterns conventionally
used in microelectronics, so it is therefore then easy to
deposit a dielectric material to passivate the electrical con-
nection terminals and fill the spaces between the fingers.
Moreover, the formation of the interdigitated fingers simul-
taneously with the members does not subsequently prevent
the growth of pillars made of copper at the top of the bases
to then provide an interconnection of “flip-chip” type.
[0122] The formation of the fingers 8a, 9a simultaneously
with the formation of the pillars makes it possible to increase
the facing surfaces of the adjacent fingers to optimize the
value of the capacitance of the capacitive component.
[0123] The person skilled in the art is able to implement
the different technological steps that make it possible to form
the electronic component as described on the basis of the
method described hereinabove.

[0124] In the context of the method, the step of formation
of the electrically conductive layer 18 can be performed on
the part 2 (FIG. 15), notably on the connection face 7, by
deposition of an alloy of AISi (that is to say aluminum-
silicon, for example composed of 99 at. % aluminum and 1
at. % silicon, with at. % representing the atomic percentage)
of a thickness of between 1 pm and 5 pm (and preferably
equal to 4 um) or, alternatively, by deposition of copper with
a gold finish to avoid the oxidation of the copper, or even by
deposition of aluminum. The step of etching (FIG. 16) of the
electrically conductive layer 18 makes it possible to delimit
the electrically conductive members 4a, 6a of the electrical
connection terminals and, where appropriate, the fingers (or
parts of these fingers) of the first and second sets of fingers.
The step of etching of the electrically conductive layer 18
can be implemented after the formation of a mask 19 by
lithography on the electrically conductive layer 18, notably
by using a photosensitive resin, the openings of which make
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it possible to delimit the portions of the electrically conduc-
tive layer 18 (FIG. 16) to be removed. After etching of the
electrically conductive layer 18, the mask 19 is removed,
and the electrically conductive members 4a, 5a, 6a and,
where appropriate, fingers or parts of fingers 8a, 94, are
obtained in the image of FIGS. 2, 7, 8, 9 and 10. Next, a
passivation layer 13 (FIG. 17), notably made of dielectric
material—or passivation material—as described previously,
is deposited on the electrically conductive members, the
connection face and, where appropriate, the fingers or the
parts of fingers. One purpose of this passivation layer 13 is
to electrically insulate the electrical connection terminals
from one another, and it makes it possible to enhance the
value of the capacitance as has been described hereinabove
by filling the spaces between the adjacent fingers. This
passivation layer 13 is then opened (FIG. 17) at the level of
the electrically conductive members 44, 5a, 6a to make them
accessible. If the fingers have been formed simultaneously
with the electrically conductive members, the method can be
stopped after the opening of the passivation layer 13. To
form the pillars 45, 65 (FIGS. 18 and 19), after the opening
of the passivation layer 13, a growth layer 20 is deposited so
as to cover the passivation layer 13 and the tops of the
members of the connection terminals made accessible. The
growth layer can comprise titanium and copper, the titanium
is first of all deposited preferably to a thickness of 100 nm,
followed by the copper, preferably to a thickness of 200 nm,
the growth layer is then formed by two successive layers
respectively of titanium and of copper. Next, a growth mask
21 for the formation of the pillars is formed on the growth
layer 20 (FIG. 18) so as to delimit a plurality of openings
above each of the tops of the electrically conductive mem-
bers. The growth mask can be a suitable photosensitive
resin. Where appropriate, the growth mask 21 also has
openings making it possible to form the corresponding
fingers (or parts of fingers). After the formation of the
openings of the growth mask 21, the growth of the pillars
and, where appropriate, of the fingers or of the parts of
fingers, is performed for example by ECD, the abbreviation
for “electrochemical deposition”, from the free parts of the
growth layer 20. Finally, the growth mask 21 is removed
(FIG. 19), notably by selective etching thereof, then the
portions of the growth layer 20 made accessible by the
removal of the growth mask 21 are removed, notably by
selective etching of the material(s) used to form the growth
layer. As described, bumps of brazing material can also be
formed at the top of each pillar. The person skilled in the art
will be able to adapt the technological steps described
hereinabove to produce the different embodiments of the
electronic component as described.

[0125] It has been mentioned that the pillars were intended
to be used to, for example, make a connection of “flip-chip”
type. In this sense, the electronic component is preferentially
such that the top of the pillars forms a protrusion relative to
the rest of the electronic component to facilitate the con-
nection thereof. In this sense, when the fingers of the first set
of fingers comprise a first part in continuity with the member
4 and a second part in continuity with corresponding pillars,
it is possible to etch a part of the fingers to limit their height
relative to the connection face so as to conserve the desired
protrusion at the level of the top of the pillars formed above
the member 4a to make it possible to connect external
components to the electronic component via the tops of the
pillars. This is also valid for the embodiment of FIG. 8.



US 2020/0135638 Al

[0126] It will be understood from what has been described
above that the present invention makes it possible to form at
least a part of a capacitive component, or capacitor, at the
surface of the electronic component which is notably a
power electronic component of GaN type. As has also been
seen previously, the interdigitated fingers are formed by
using technological steps present during the formation of the
electronic component without capacitive component. In this
sense, it is possible to form said at least a part of the
capacitive component as close as possible to the connection
terminals and by using technological steps compatible with
the formation of the electronic components. The result
thereof is that the extra cost is limited and very much lower
than that linked to the formation of an additional capacitive
component independent of the electronic component hous-
ing the transistor or transistors.

[0127] By proposing bringing the capacitive component
closer to the transistor, the present invention makes it
possible to reduce the switching losses resulting from the
reduction of the overvoltages during switching and from the
acceleration of the switching. Moreover, that also makes it
possible to reduce the overall volume of the filtering com-
ponents using the electronic component as described.
[0128] Regarding the method, the deposition and etching
techniques are well known to the person skilled in the art for
the materials cited.

[0129] Everything that has been said in relation to the
electronic component can be applied to the method for
fabricating this electronic component, and vice versa.
[0130] In particular, in the context of the fabrication
method, the step of formation of the first, second and third
electrical connection terminals 4, 5, 6 can comprise a step of
production, at least for the first electrical connection termi-
nal 4 and notably for each of the first, second and third
electrical connection terminals, of an electrically conductive
member topped by electrically conductive pillars.

[0131] It will be understood from everything which has
been stated above that a continuity of material in the sense
of the present description can comprise, or be formed by,
copper, or the alloy of AlSi as described, or by aluminum. A
finger or a part of finger in the context of the present
description can comprise, or be formed by, where appropri-
ate, copper, an alloy of AlSi, or aluminum.

1. An electronic component comprising a part incorpo-
rating a transistor provided with a control elegytrode and
with first and second electrodes, the electronic component
comprising first, second and third electrical connection
terminals extending on a connection face of said part incor-
porating the transistor, the first electrical connection termi-
nal being electrically linked with the first electrode, the
second electrical connection terminal being electrically
linked with the second electrode and the third electrical
connection terminal being electrically linked with the con-
trol electrode, the electronic component comprising a first
set of electrically conductive fingers and a second set of
electrically conductive fingers, the fingers of the first and
second sets of fingers being interdigitated, at the level of the
connection face, to form at least a part of a capacitive
component, and the fingers of the first set of fingers being
electrically linked to the first electrical connection terminal,
characterized in that the first electrical connection terminal
comprises:

an electrically conductive member extending on the con-

nection face, and
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a plurality of pillars linked electrically to the member

arranged between the pillars and the connection face.

2. The component according to claim 1, wherein the
fingers of the first set of fingers and of the second set of
fingers extend along their length parallel to the connection
face.

3. The component according to claim 1, wherein at least
a part of each finger of the first set of fingers forms a
continuity of material with at least a part of the first electrical
connection terminal.

4. The component according to claim 1, wherein:

the fingers of the first set of fingers form a continuity of

material with the electrically conductive member of the
first electrical connection terminal, or

each finger of the first set of fingers comprises a first

longitudinal part and a second longitudinal part, the
first part being arranged between the second part and
the connection face said first parts forming, with the
member, a first continuity of material, and said second
parts each forming, with a corresponding pillar of the
first electrical connection terminal, a second continuity
of material, or

each finger of the first set of fingers forms a continuity of

material with at least one pillar of the first connection
terminal.

5. The component according to claim 1, wherein the
fingers of the first set of fingers form a continuity of material
with the electrically conductive member of the first electrical
connection terminal, and wherein the electronic component
comprises a third set of electrically conductive fingers and a
fourth set of electrically conductive fingers, the fingers of the
third set of fingers and of the fourth set of fingers being
interdigitated, each finger of the fourth set of fingers form-
ing, with at least one pillar of the first electrical connection
terminal, a continuity of material, and wherein:

each finger of the first set of fingers comprises a longi-

tudinal part arranged between a longitudinal part of a
finger of the third set of fingers and the connection face,

each finger of the second set of fingers comprises a

longitudinal part arranged between a longitudinal part
of a finger of the fourth set of fingers and the connec-
tion face,

the fingers of the first set of fingers are electrically linked

to the fingers of the fourth set of fingers,

the fingers of the second set of fingers are electrically

linked to the fingers of the third set of fingers.

6. The component according to claim 1, wherein the
fingers of the first set of fingers and of the second set of
fingers are interdigitated between the connection face and a
plane situated at a distance from the connection face and
passing through the first, second and third electrical con-
nection terminals.

7. The component according to claim 1, wherein the first,
second and third electrical connection terminals are arranged
at the periphery of the connection face resulting in the
presence of a volume facing the connection face within
which the fingers of the first and second set of fingers are
arranged.

8. The component according to claim 1, wherein said
transistor is a first transistor of which the first electrode is a
source electrode of the first transistor, the second electrode
is a drain electrode of the first transistor, and the control
electrode of the first transistor is a gate electrode of the first
transistor, and wherein the electronic component comprises:
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an additional transistor forming a second transistor pro-
vided with a gate electrode, a source electrode and a
drain electrode,

a fourth electrical connection terminal extending on the
connection face and electrically linked to the gate
electrode of the second transistor,

a fifth electrical connection terminal extending on the
connection face and being electrically linked to the
drain electrode of the second transistor, the fingers of
the second set of fingers being electrically linked to the
fifth electrical connection terminal,

the source electrode of the second transistor being electri-
cally linked to the second electrical connection terminal, the
first electrical connection terminal being intended to be
linked to a direct current negative potential of an electrical
power supply, and the fifth electrical connection terminal
being intended to be linked to a direct current positive
potential of the electrical power supply with the result that
the second electrical connection terminal forms an output
capable of supplying an alternating current.

9. A device for converting electrical energy, comprising a
first electronic component and a second electronic compo-
nent, the first electronic component and the second elec-
tronic component being the component according to claim 1,
and wherein:

the first electrode of the transistor of the first electronic
component is a source electrode, and is intended to be
electrically linked to a direct current negative potential
of an electrical power supply of the device,

the second electrode of the transistor of the first electronic
component is a drain electrode, and is intended to be
electrically linked to an alternating current output of the
device,

the control electrode of the transistor of the first electronic
component is a gate electrode,

the first electrode of the transistor of the second electronic
component is a drain electrode, and is intended to be
electrically linked to a direct current positive potential
of the electrical power supply of the device,

the second electrode of the transistor of the second
electronic component is a source electrode, and is
intended to be linked to the alternating current output,

the control electrode of the transistor of the second
electronic component is a gate electrode,

the fingers of the first set of fingers of the first electronic
component are electrically linked to the fingers of the
second set of fingers of the second electronic compo-
nent,

the fingers of the second set of fingers of the first
electronic component are electrically linked to the
fingers of the first set of fingers of the second electronic
component.

10. A method for fabricating the electronic component

according to claim 1, said method comprising:

a step of supply of the part of the electronic component
comprising the transistor provided with the control
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electrode and first and second electrodes, said part of
the electronic component comprising the connection
face intended to allow the formation of electrical con-
nection terminals of the electronic component,

a step of for of the first, second and third electrical
connection terminals of said electronic component at
the level of the connection face such that:
the first electrical connection terminal is electrically

linked to the first electrode of the transistor,
the second electrical connection terminal is electrically
linked to the second electrode of the transistor and,
the third electrical connection terminal is electrically
linked to the control electrode of the transistor,
a step of formation of the first set of electrically conduc-
tive fingers and of the second set of electrically con-
ductive fingers such that:
the fingers of the first set of fingers and of the second
set of fingers are interdigitated, at the level of the
connection face, to form said at least a part of a
capacitive component, and

the fingers of the first set of fingers are electrically
linked to the first electrical connection terminal.

11. The method according to claim 10, wherein the step of
formation of the first, second and third electrical connection
terminals and the step of formation of the first set of
electrically conductive fingers and of the second set of
electrically conductive fingers are such that at least a part of
the first electrical connection terminal, and at least a part of
each of the fingers of the first set of fingers are formed
simultaneously.

12. The method according to claim 11, wherein said at
least a part of the first electrical connection terminal and said
at least a part of each of the fingers of the first set of fingers
are formed simultaneously by:

a step of formation of an electrically conductive layer on

the connection face, then

a step of etching of said electrically conductive layer.

13. The method according to claim 12, wherein the step
of etching of the electrically conductive layer is such that:

an electrically conductive member is formed for each of
the first, second and third connection terminals, and

the fingers of the first set of fingers form, with the member
of the first electrical connection terminal, a continuity
of material.

14. The method according to claim 10, wherein the step
of formation of the first, second and third electrical connec-
tion terminals comprises a step of production, for each of the
first, second and third electrical connection terminals, of an
electrically conductive member topped by electrically con-
ductive pillars, and wherein at least a part of each of the
fingers of the first and second sets of fingers and the pillars
are formed simultaneously by growth according to a growth
mask.



