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Description

[0001] The present invention is generally directed to a
method and an apparatus for measuring a lifetime of
charge carriers in a semiconductor structure.
[0002] EP 0240668A discloses an apparatus for meas-
uring carrier lifetime in a semiconductor wafer wherein a
bias voltage is applied between the bottom surface of the
wafer and the top surface of the wafer. For this purpose,
a transparent electrode is formed on a substrate which
also comprises a microwave sending/receiving antenna.
The transparent electrode may contact an electrolyte pro-
vided between the substrate and the semiconductor wa-
fer. The device may have the capability of moving the
laser diode-slotline antenna configuration laterally to per-
mit measurement of the minority carrier lifetime in a mul-
tiplicity of locations on the surface of the wafer.
[0003] Integrated circuits comprise a large number of
individual circuit elements such as e.g., transistors, ca-
pacitors and resistors. These circuit elements are con-
nected by means of electrically conductive features to
form complex circuits such as memory devices, logic de-
vices, and microprocessors. In modern integrated cir-
cuits, the circuit elements may be formed on and in a so-
called semiconductor on insulator structure. A semicon-
ductor on insulator structure comprises a layer of a sem-
iconductor material, for example a layer of silicon, which
is formed over a layer of an insulating material provided
over a substrate. The insulating material may, for exam-
ple, comprise silicon dioxide and the substrate may com-
prise a silicon wafer.
[0004] Properties of the circuit elements may be sen-
sitive to characteristics of the layer of semiconductor ma-
terial. In particular, the properties of the circuit elements
may be influenced by the recombination lifetime of
charge carriers (electrons and holes) in the layer of sem-
iconductor material. Therefore, it may be desirable to
measure the recombination lifetime of electrons and/or
holes in the layer of semiconductor material.
[0005] In a method of measuring a recombination life-
time of charge carriers according to the state of the art,
a semiconductor wafer is irradiated with microwave ra-
diation. The reflectance of the wafer for the microwave
radiation which is related to the concentration of charge
carriers in the wafer, is monitored by measuring an in-
tensity of the reflected microwave radiation. A laser pulse
is applied to the wafer to generate electron-hole pairs in
the wafer. Due to the generation of the electron-hole
pairs, the concentration of charge carriers, in particular
the concentration of minority carriers, is increased.
Hence, excess minority carriers are created in the wafer.
The generation of the excess minority carriers leads to
an increase of the reflectivity of the wafer for the micro-
wave radiation.
[0006] Thereafter, the excess minority carriers can re-
combine with majority carriers, which leads to a decay
of the reflectivity of the wafer for the microwave radiation.
A time constant of the decay, which may be related to

the lifetime of the excess minority carriers, may be de-
termined.
[0007] In one example of a method of determining a
lifetime of charge carriers according to the state of the
art, an exponential function 

may be fitted to measurement data obtained during a
period of time during which the reflectivity decays ap-
proximately exponentially, wherein t denotes the time
which has passed since the laser pulse and A, B and τ1
are parameters which are adapted such that R(t) repre-
sents the measured reflectivity values obtained during
the period of time as close as possible. The parameter
τ1 is denoted as "primary mode lifetime" and may provide
a measure for the lifetime of the excess minority carriers.
[0008] In another example of a method of determining
a lifetime of charge carriers according to the state of the
art, the time during which a difference signal represent-
ative of the difference between the measured reflectivity
and the reflectivity determined before applying the laser
pulse decays by 1/e is determined, wherein e is Euler’s
number which is well known to persons skilled in the art.
If V0 is the maximum of the difference signal, the time τe
during which the difference signal decays from V0 to V0/e
is measured. The time τe is denoted as "1/e lifetime" and
may provide a measure for the lifetime of the excess mi-
nority carriers.
[0009] The lifetime of the excess minority carriers may
be influenced both by a recombination of charge carriers
on recombination centers in the volume of the wafer and
by a recombination of charge carriers at the surface of
the wafer. The recombination of charge carriers in the
volume may be characterized by a volume recombination
lifetime, whereas the recombination of charge carriers at
the surface may be characterized by a surface recombi-
nation lifetime.
[0010] The volume recombination lifetime is defined
as the lifetime of excess charge carriers which would be
obtained if recombination would occur only at recombi-
nation centers in the volume of the wafer. It is a quantity
characterizing properties of the wafer material and may
be substantially independent of the geometry of the wa-
fer.
[0011] The surface recombination lifetime is defined
as the lifetime of charge carriers which would be obtained
if recombination would occur only at the surface of the
wafer. It may be influenced by the geometry of the wafer,
in particular by the thickness of the wafer, wherein the
surface recombination lifetime may increase if the thick-
ness of the wafer is decreased.
[0012] If the lifetime of excess minority carriers in a
wafer is determined, the measured lifetime may be ap-
proximately equal to the surface recombination lifetime,
if the recombination of charge carriers occurs preferen-
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tially at the surface of the wafer. If, however, the recom-
bination of charge carriers occurs preferentially in the
volume of the wafer, the measured lifetime may be ap-
proximately equal to the volume recombination lifetime.
If the rate of charge carrier recombination on the surface
and the rate of charge carrier recombination in the volume
are of the same order of magnitude, a measurement of
the lifetime of excess minority carrier may reveal a value
depending on both the surface recombination lifetime
and the volume recombination lifetime.
[0013] Hence, a measurement of the volume recom-
bination lifetime may require provisions to increase the
surface recombination lifetime such that charge carrier
recombination occurs preferentially in the volume of the
wafer. Such provisions are conventionally denoted as
"passivation of the surface". In examples of methods of
determining the volume recombination lifetime according
to the state of the art, it may be desirable to obtain a
surface recombination lifetime which is greater than ten
times the volume recombination lifetime. In the state of
the art, it has been proposed to reduce the likelihood of
charge carrier recombination at the surface by increasing
the thickness of the wafer, by growing a layer of silicon
dioxide on the surface of the wafer, by inserting the wafer
into diluted fluoric acid before performing the measure-
ment, or by performing the measurement while the wafer
is plunged into a iodine solution.
[0014] Measuring the lifetime of excess minority carri-
ers in the layer of semiconductor material of a semicon-
ductor on insulator structure may entail specific issues
associated therewith, as will be explained in the following.
[0015] First, a laser pulse in the ultraviolet range may
be used to selectively create excess minority carriers in
the layer of semiconductor material.
[0016] If a laser pulse having a relatively long wave-
length, for example a laser pulse in the near infrared re-
gion of the electromagnetic spectrum, is applied to the
semiconductor on insulator structure, both the semicon-
ductor layer and the substrate may be irradiated by the
laser pulse, since the absorption coefficient of semicon-
ductor materials such as silicon for near infrared light is
relatively low such that the laser pulse may penetrate the
layer of semiconductor material. Hence, excess minority
carriers, which may influence the reflectivity of the sem-
iconductor on insulator structure for microwave radiation,
are created both in the substrate and in the layer of sem-
iconductor material.
[0017] If a measurement of the lifetime of excess mi-
nority carriers in a semiconductor on insulator structure
would be performed by means of a laser pulse comprising
infrared light, both the excess minority carriers in the layer
of semiconductor material and the excess minority car-
riers in the substrate would contribute to the reflectivity
of the semiconductor on insulator structure for the micro-
wave radiation, which would make it difficult to separate
the contribution of the layer of semiconductor material
from the contribution of the substrate.
[0018] Ultraviolet radiation, however, may be ab-

sorbed to a relatively large extent in the layer of semi-
conductor material, such that excess minority carriers
may substantially be created only in the layer of semi-
conductor material. Hence, an influence of the substrate
on the results of the measurement may be reduced.
[0019] Moreover, charge carriers in the layer of semi-
conductor material may recombine both at the surface
of the layer of semiconductor material and at the interface
between the layer of semiconductor material and the sub-
strate. Hence, in order to measure the volume recombi-
nation lifetime in the layer of semiconductor material, it
may be desirable to passivate the surface of the layer of
semiconductor material to reduce the likelihood of charge
carrier recombination at the surface, and to make provi-
sions to reduce the likelihood of charge carrier recombi-
nation at the interface between the layer of semiconduc-
tor material and the layer of insulator material.
[0020] In the state of the art, it has been proposed to
apply passivation techniques similar to those described
above to the surface of the layer of semiconductor ma-
terial, and to apply a bias voltage between the layer of
semiconductor material and the substrate. For this pur-
pose, a ground contact may be provided at the surface
of the layer of semiconductor material, and the substrate
may be connected to a voltage source.
[0021] A polarity of the bias voltage may be such that
an accumulation of the majority carriers is created in the
layer of semiconductor material at the interface between
the layer of semiconductor material and the insulator lay-
er, or such that an inversion is created at the interface,
wherein a density of the majority charge carriers at the
interface is reduced. If an accumulation is created, the
electrical field at the interface may drive the minority
charge carriers away from the interface. If an inversion
is created, a density of recombination partners for minor-
ity carriers at the interface is reduced. Therefore, both
an accumulation and an inversion may help to reduce a
likelihood of recombination at the interface between the
layer of semiconductor material and the insulator layer.
[0022] A problem of the method of measuring a lifetime
of charge carriers in a semiconductor on insulator struc-
ture according to the state of the art is that the electrical
field created by the bias voltage may be properly defined
only in the vicinity of the ground contact. Hence, while a
proper accumulation or inversion may be obtained at the
interface between the layer of semiconductor material
and the insulator layer in the vicinity of the ground contact,
this may not be the case at a distance to the ground
contact. Hence, in portions of the semiconductor on in-
sulator structure located at a distance to the ground con-
tact, an undesirably high likelihood of charge carrier re-
combination at the interface between the layer of semi-
conductor material and the insulator layer may be ob-
tained.
[0023] Another problem of the method of measuring a
lifetime of charge carriers in a semiconductor on insulator
structure according to the state of the art is that the elec-
trical field applied between the ground contact and the
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substrate may create a leakage current through the in-
sulator layer. Since a relatively high bias voltage may be
required in the method of measuring a lifetime of charge
carriers according to the state of the art, a relatively high
leakage current may be obtained, and new leakage paths
through the insulator layer may even be created. More-
over, leakage may occur at the edges of the semicon-
ductor on insulator structure. The leakage current may
adversely affect the measurement of the charge carrier
lifetime, since it may provide additional carriers replacing
those that have recombined (leading to wrongly overes-
timated lifetime values) or may remove carriers that have
not recombined yet (leading to wrongly underestimated
lifetime values).
[0024] It is an object of the present invention to provide
an apparatus and a method for measuring a lifetime of
charge carriers wherein the above-mentioned problems
may be avoided or at least reduced.
[0025] An apparatus for measuring a lifetime of charge
carriers according to the present invention comprises the
features defined in claim 1.
[0026] Due to the predetermined spatial relationship
between the at least one electrode and the measuring
probe, a predetermined electric field distribution may be
obtained in the semiconductor structure at the measuring
position. Hence, a properly defined bias voltage may be
obtained at the measuring position. Since the electrode
is a part of the measuring probe, the predetermined spa-
tial relationship is maintained if the measuring probe is
moved relative to the semiconductor structure holder to
perform measurements at different locations on the sem-
iconductor structure. Thus, measurements at different lo-
cations on the semiconductor structure may be per-
formed under well-defined measuring conditions.
[0027] Furthermore, the at least one electrode may be
provided in the vicinity of the measuring position. Thus,
the bias voltage may selectively be applied in the vicinity
of the measuring position. The applied electric field is
therefore well controlled in the vicinity of the measuring
position leading to the control of the accumulation or in-
version layer at the interface between the layer of sem-
iconductor material and the insulator layer.
[0028] By providing the at least one electrode in form
of a needle adapted to puncture the semiconductor struc-
ture, an electrical connection may be provided to a layer
of semiconductor material provided in the semiconductor
structure, even if the layer of semiconductor material is
covered by a layer of electrical insulating material which
may, for example, be deliberately formed to passivate
the surface of the semiconductor structure, or may be
formed inadvertently by oxidation of the semiconductor
material when the semiconductor structure is exposed
to air and/or moisture. By providing the at least one elec-
trode such that it is adapted to provide an electrical con-
nection to an electrically conductive contact structure
formed on the semiconductor structure, an electrical con-
nection to the semiconductor structure for applying the
bias voltage may be provided in a manner alternative to

touching the semiconductor materials by means of the
electrode.
[0029] In one embodiment, the at least one electrode
comprises one electrode provided adjacent the measur-
ing position. Thus, the bias voltage may be applied in the
vicinity of the measuring position in a convenient manner.
[0030] In another embodiment, the at least one elec-
trode comprises a first electrode and a second electrode,
wherein the measuring position is located between the
first electrode and the second electrode. This electrode
arrangement may help to obtain a relatively small com-
ponent of the electric field in a direction parallel to the
surface of the semiconductor structure to be investigated.
Thus, currents in the semiconductor structure which
might drive charge carriers created at the measuring po-
sition away from the measuring position may be reduced.
This may help to improve a precision of the measure-
ment.
[0031] The at least one electrode may comprise a plu-
rality of first electrodes arranged along a first line and a
plurality of second electrodes arranged along a second
line, wherein said second line is parallel to said first line
and wherein said measuring position is located between
the first line and the second line. Alternatively, or addi-
tionally, the at least one electrode may comprise a plu-
rality of electrodes circularly surrounding the measuring
position. Thus, desirable electric field distributions may
be obtained at the measuring position.
[0032] The apparatus may further comprise a corona
wire and means for applying a voltage between the co-
rona wire and the semiconductor structure holder. Thus,
a corona discharge may be created in the vicinity of the
corona wire, which may be used to electrically charge a
surface of a layer of a dielectric material formed over the
semiconductor structure. A layer of a dielectric material
having an electrically charged surface may be used to
efficiently passivate the surface of the semiconductor
structure.
[0033] The apparatus may further comprise means for
moving the corona wire relative to the semiconductor
structure holder. Thus, substantially the entire surface of
the layer of dielectric material may be evenly charged in
an efficient manner.
[0034] In other embodiments, the apparatus may com-
prise a passivation solution supply adapted to supply a
passivation solution to the semiconductor structure.
Thus, the surface of the semiconductor structure may be
passivated by chemically modifying the surface of the
semiconductor structure.
[0035] The means for directing ultraviolet radiation to
the measuring position may comprise a pulsed ultraviolet
laser. Thus, excess minority carriers may be created in
the semiconductor structure in an efficient manner by
irradiating the semiconductor structure with ultraviolet ra-
diation.
[0036] A method of measuring a lifetime of charge car-
riers according to the present invention comprises the
features defined in claim 10.
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[0037] The layer of semiconductor material and the
layer of insulating material form a semiconductor on in-
sulator structure, such that the recombination of charge
carriers in a semiconductor on insulator structure may
be investigated. Since the predetermined spatial relation-
ship between the measuring position and the contact
point is maintained in the at least two measurement runs,
a predetermined electric field distribution may be ob-
tained in the semiconductor structure in the vicinity of the
measuring position during each measurement run.
Hence, a properly defined bias voltage may be obtained
at the measurement position whenever a measurement
is performed. Hence, when the semiconductor structure
is moved relative to the measuring position between the
measurement runs, measurements at different locations
on the semiconductor structure may be performed under
well-defined measuring conditions, and the bias voltage
may selectively be applied in the vicinity of the measuring
position, which may help to reduce the bias voltage re-
quired to reduce a recombination of charge carriers at
an interface in the semiconductor structure. Thus, leak-
age currents caused by the bias voltage may advanta-
geously be reduced. The bias voltage may be selected
in accordance with the measurement area and the thick-
ness of the layer of insulating material.
[0038] Providing the semiconductor structure may
comprise passivating a surface of the layer of semicon-
ductor material. The passivation of the surface of the lay-
er of semiconductor material may help to reduce a like-
lihood of a recombination of charge carriers at the surface
of the semiconductor structure.
[0039] In one embodiment, the passivation of the sur-
face of the layer of semiconductor material may comprise
supplying a passivation solution to the surface of the layer
of semiconductor material. The passivation solution may
comprise at least one of diluted hydrogen fluoride and a
solution of a halogen in a solvent. Applying the passiva-
tion solution may modify the chemical structure of the
surface of the semiconductor structure such that a like-
lihood of charge carrier recombination at the surface may
be reduced.
[0040] In another embodiment, the passivation of the
surface of the layer of semiconductor material may com-
prise forming a layer of a dielectric material over the layer
of semiconductor material. The presence of the dielectric
material on the surface of the layer of semiconductor ma-
terial may lead to a reduced likelihood of charge carrier
recombination at the surface of the layer of semiconduc-
tor material.
[0041] The passivation of the surface of the layer of
semiconductor material may further comprise applying a
corona discharge to a surface of the layer of dielectric
material to electrically charge the surface of the layer of
dielectric material. Since the layer of dielectric material
is electrically insulating, the surface may remain electri-
cally charged for a period of time sufficient to perform
one or more measurement runs. The electrically charged
surface may create an electrical field in the layer of sem-

iconductor material such that an accumulation of majority
charge carriers and/or an inversion is obtained in the vi-
cinity of the surface of the layer of semiconductor mate-
rial. This may help to reduce the likelihood of charge car-
rier recombination in the vicinity of the surface of the sem-
iconductor structure.
[0042] The application of the corona discharge may be
performed before each measurement run. Thus, the
measurement runs may be performed under reproduci-
ble electric field conditions in the semiconductor struc-
ture.
[0043] In some embodiments, an annealing may be
performed to cure an interface between the layer of sem-
iconductor material and the layer of dielectric material.
This may help to reduce the number of recombination
centers at the interface.
[0044] The provision of the semiconductor structure
may further comprise forming a plurality of electrically
conductive contact structures over the layer of semicon-
ductor material. In each measurement run, the bias volt-
age can be applied between the substrate and one of the
plurality of contact structures, and the ultraviolet radiation
may be directed to a portion of the semiconductor struc-
ture having the predetermined spatial relationship to the
one of the plurality of contact structures. Thus, the at
least one contact point having the predetermined spatial
relationship to the measuring position may be provided.
[0045] In another embodiment, the application of the
bias voltage between the substrate and the at least one
contact point may comprise puncturing the semiconduc-
tor structure by means of at least one electrode. Hence,
the at least one contact point may be electrically con-
nected to the semiconductor structure even in the pres-
ence of a thin dielectric layer which may be advertently
formed to passivate the surface of the semiconductor
structure, or which may inadvertently be formed when
the semiconductor structure is exposed to air and/or
moisture.
[0046] The method of measuring a lifetime of charge
carriers according to the present invention may further
comprise forming an insulation structure providing elec-
trical insulation between a plurality of portions of the sem-
iconductor structure. In each measurement run, the ul-
traviolet radiation may be directed to one of the plurality
of portions of the semiconductor structure, and the at
least one contact point may be provided in the one of the
plurality of portions of the semiconductor structure. Thus,
the bias voltage may selectively be applied between the
one of the plurality of portions of the semiconductor struc-
ture and the substrate. This may help to provide a well-
defined electric field distribution in the semiconductor
structure, and also to avoid adverse effects of leakage
currents, specially in the layer of insulating material.
[0047] The at least one insulation structure may com-
prise at least one trench, an oxidized region and a nitrided
region. The formation of the insulation structure may
comprise at least one of forming at least one of a shallow
trench isolation, forming a mesa and performing a local
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oxidation of the layer of semiconductor material.
[0048] Embodiments of the present invention will now
be described with reference to the enclosed figures,
wherein:

Fig. 1 shows a schematic perspective view of an ap-
paratus for measuring a lifetime of charge carriers
according to an embodiment of the present inven-
tion;

Fig. 2 shows a schematic cross-sectional view of a
semiconductor structure in a stage of a method of
measuring a lifetime of charge carriers according to
an embodiment of the present invention;

Figs. 3a to 3c show schematic views of a spatial ar-
rangement of a measuring position and a contact
point according to embodiments of the present in-
vention;

Figs. 4a to 4c show schematic cross-sectional views
of a semiconductor structure in stages of a method
of measuring a lifetime of charge carriers according
to an embodiment of the present invention; and

Figs. 5a and 5b show schematic top view of contact
structures formed on a semiconductor structures
during a method of measuring a lifetime of charge
carriers according to an embodiment of the present
invention.

[0049] Fig. 1 shows a schematic perspective view of
an apparatus 100 for measuring a lifetime of charge car-
riers according to an embodiment of the present inven-
tion.
[0050] The apparatus 100 comprises a measuring
probe 108. The measuring probe 108 may comprise a
light source 109 adapted to direct electromagnetic radi-
ation 118 to a measurement position 119. In some em-
bodiments, the light source 109 may be adapted to emit
light in the ultraviolet range of the electromagnetic spec-
trum, and/or can be configured to emit light pulses having
a relatively short duration. In one embodiment, the light
source 109 can comprise a pulsed ultraviolet laser, for
example a nitrogen gas laser of a type well known to
persons skilled in the art adapted to emit light having a
wavelength of about 337 nm. A duration of the pulses
emitted by the laser may have a value of about 1 ns.
[0051] The measuring probe 108 further comprises an
electrode 110 adapted to provide an electrical connection
to a contact point on a semiconductor structure 117. The
electrode 110 and the light source 109 may be fixed to
the measuring probe 108. Thus, a predetermined spatial
arrangement between the electrode 110 and the light
source 109 as well as the measuring position 119 can
be provided.
[0052] The present invention is not restricted to em-
bodiments wherein a single electrode 110 is provided. In

other embodiments, the semiconductor structure 100
may comprise a plurality of electrodes, wherein each
electrode is configured to provide an electrical connec-
tion to one of a plurality of contact points on the semi-
conductor structure 117. The arrangement of the elec-
trode 110 or electrodes relative to the measuring position
119 will be explained in more detail below.
[0053] In some embodiments, portions of the light
source 109 may be provided at a different location than
the measuring probe 108. For example, in one embodi-
ment, the light source 109 may comprise a laser adapted
for generating electromagnetic radiation. The laser can
be provided at a different location than the measuring
probe 108. , The light source 109 may further comprise
optical components connected to the measuring probe
108 for directing electromagnetic radiation emitted by the
laser to the measuring position 119 and means for guid-
ing radiation emitted by the laser to the optical compo-
nents connected to the measuring probe 108. The means
for guiding the radiation emitted by the laser may, for
example, comprise one or more optical fibers and/or an
arrangement of mirrors, prisms and/or lenses.
[0054] The apparatus 100 further comprises a micro-
wave source 102. The microwave source 102 may com-
prise a microwave sender of a type well known to persons
skilled in the art, for example a circuit comprising a Gunn
diode. In one embodiment, the microwave source 102
can be adapted to provide a microwave signal having a
relatively high frequency, for example a frequency of
about 30 GHz. Moreover, the apparatus 100 comprises
a microwave detector 104, which may be a microwave
receiver of a type well known to persons skilled in the art.
[0055] The microwave source 102 and the microwave
detector 104 can be connected to a circulator 103. The
circulator 103 can be connected to an antenna 105. A
circulator is a device well known to persons killed in the
art having a first port 120, a second port 121 and a third
port 122. The first port 120 is connected to the microwave
source 102, the second port 121 is connected to the an-
tenna 105 and the third port 122 is connected to the mi-
crowave detector 104. The microwave signal generated
by the microwave source 102 which is fed to the first port
120 is transferred to the second port 121. A microwave
signal from the antenna 105 which is fed to the second
port 121 is transferred to the third port connected to the
microwave detector 104. Thus, the antenna 105 may be
used both for directing microwave radiation towards the
measuring position 119 and for receiving microwave ra-
diation reflected at the measuring position 119.
[0056] The present invention is not restricted to em-
bodiments comprising a single antenna 105 and a circu-
lator 103 as shown in Fig. 1. In other embodiments, the
apparatus 100 may comprise a first antenna connected
to the microwave source 102 for directing microwave ra-
diation towards the measuring position 119, and a sec-
ond antenna connected to the microwave detector 104
for receiving microwave radiation reflected at the meas-
uring position 119.
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[0057] The microwave detector 104 can be configured
to measure an intensity of microwave radiation reflected
at the measuring position 119. In particular, the micro-
wave detector 104 can be adapted to measure an alter-
ation of the intensity of the reflected microwave radiation
which is obtained after the measuring position 119 is ir-
radiated with electromagnetic radiation 118 by means of
the light source 109, as will be explained in more detail
below.
[0058] The apparatus 100 further comprises a semi-
conductor structure holder 111 adapted for receiving the
semiconductor structure 117. As will be explained in
more detail below, the semiconductor structure 117 can
comprise a substrate which may, for example, be provid-
ed in form of a semiconductor wafer such as a silicon
wafer. In one embodiment, the semiconductor structure
holder 111 can comprise a wafer chuck of a type well
known to persons skilled in the art. The wafer chuck may
comprise an electrically conductive material. Hence, an
electrical connection to a portion of the semiconductor
structure 117 can be made via the semiconductor struc-
ture holder 111. In embodiments wherein the semicon-
ductor structure 117 comprises a substrate comprising
a semiconductor wafer, the semiconductor structure
holder 111 can be configured to provide an electrical con-
nection to the substrate.
[0059] In some embodiments, the semiconductor
structure holder 111 may further comprise a thermostat
(not shown) adapted to maintain the semiconductor
structure 117 at a predetermined temperature. Hence,
an influence of temperature fluctuations on the results of
measurements performed by means of the apparatus
100 may be reduced.
[0060] The apparatus 100 may further comprise
means for moving the substrate holder 111 relative to
the measurement probe 108. In one embodiment, the
means for moving the substrate holder 111 relative to
the measurement probe 108 may comprise a translation
stage 112 of a type known to persons skilled in the art,
wherein the semiconductor structure holder 111 is fixed
to the translation stage 112. The translation stage 112
can be adapted to move the semiconductor structure
holder in an x-direction and/or a y-direction, as indicated
in Fig. 1 by coordinate system 123.
[0061] The present invention is not restricted to em-
bodiments wherein the substrate holder 111 is mobile.
In other embodiments, the semiconductor structure hold-
er 111 can be provided at a fixed location, and the meas-
urement probe 108 can be moved, for example by con-
necting the measurement probe 108 to a translation
stage similar to the translation stage 112.
[0062] The measurement probe 108 may, in some em-
bodiments, comprise means for moving the electrode
110 in a direction substantially parallel to a direction of
incidence of the electromagnetic radiation 118 at the
measuring position 119 which may, in some embodi-
ments, be the z-direction indicated in coordinate system
123. The means for moving the electrode may comprise

an actuator of a type known to persons skilled in the art.
Thus, the electrode 110 may be brought into contact with
the semiconductor structure 117, or may be removed
from the semiconductor structure 117 by lowering the
electrode 110 down to the semiconductor structure 117
or moving the electrode 110 upward, respectively. In oth-
er embodiments, the apparatus 100 may comprise
means for moving the semiconductor structure holder
111 in the z-direction, for example an actuator of a type
known to persons skilled in the art.
[0063] By moving the semiconductor structure holder
111 relative to the measurement probe 108, a portion of
the semiconductor structure 117 may be positioned at
the measuring position 119 to measure the lifetime of
charge carriers in the portion of the semiconductor struc-
ture 117. Thereafter, the semiconductor structure holder
111 and the measurement probe 108 may be moved rel-
ative to each other again to position another portion of
the semiconductor structure 117 at the measurement po-
sition 119 for measuring the lifetime of charge carriers in
the other portion of the semiconductor structure 117.
Thus, spatially resolved measurements of the charge
carrier lifetime may be obtained.
[0064] The apparatus 100 further comprises a power
source 106. The power source 106 is connected to the
electrode 110 and the semiconductor structure holder
111, and is adapted to apply a bias voltage between the
semiconductor structure holder 111 and, hence, in some
embodiments, a substrate of the semiconductor structure
117, and the electrode 110. Thus, an accumulation of
majority carriers and/or an inversion may be generated
at an interface between material layers provided in the
semiconductor structure 117, as will be explained in more
detail below.
[0065] The apparatus 100 may further comprise
means for passivating a surface of the semiconductor
structure 117. In some embodiments, the means for pas-
sivating the surface of the semiconductor structure 117
may comprise a corona wire 113 and a power source
114 adapted to apply a voltage between the corona wire
113 and the substrate holder 111 and/or a portion of the
semiconductor structure 117. The voltage applied by the
power source 114 may be adapted to create a corona
discharge in the vicinity of the corona wire 113. In such
embodiments, the apparatus 100 may comprise means
for moving the corona wire 113 relative to the semicon-
ductor structure 117 and/or the substrate holder 111. For
example, the translation stage 112 can be configured to
move the semiconductor structure holder 111 below the
corona wire 113, wherein a distance between the semi-
conductor structure holder 111 and the corona wire 113
may be adapted such that the corona discharge is applied
to the semiconductor structure 117 provided on the sem-
iconductor structure holder 111. Thus, a static electric
charge may be created on the surface of the semicon-
ductor structure 117. As will be explained in more detail
below, a static electric charge on the surface of the sem-
iconductor structure 117 may help to reduce a likelihood
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of a recombination of charge carriers at the surface. Thus,
a passivation of the surface of the semiconductor struc-
ture 117 may be obtained.
[0066] In other embodiments, the means for passivat-
ing the surface of the semiconductor structure 117 may
comprise a passivation solution supply 115 connected
to a conduit 116 for applying a passivation solution to the
surface of the semiconductor structure 117. The passi-
vation solution may comprise a chemical compound
adapted to react chemically with a material on the surface
of the semiconductor structure 117. Thus, the chemical
structure of the surface of the semiconductor structure
117 may be modified such that a likelihood of a recom-
bination of charge carriers at the surface of the semicon-
ductor structure 117 is reduced. In one embodiment, the
passivating solution supply can be adapted to supply di-
luted fluoric acid to the semiconductor structure 117. In
another embodiment, the fluid supply may be configured
to supply a solution of a halogen to the semiconductor
structure 117, for example a mixture of absolute (≥
99.9%) ethanol and pure (≥ 99.8%) iodine with a iodine
concentration in a range from about 0.02 mol/I to about
0.2 mol/l.
[0067] The passivation solution supply 115 need not
be adapted to supply the passivation solution to the sem-
iconductor structure 117 while the semiconductor struc-
ture 117 is provided on the semiconductor structure hold-
er 111, as shown in Fig. 1. In other embodiments, the
passivation solution may be supplied to the semiconduc-
tor structure 117 while the semiconductor structure 117
is provided at another location. Thus, a damaging of com-
ponents of the apparatus 100 by the chemically reactive
passivation solution may advantageously be avoided.
[0068] In some embodiments, the corona wire 113 and
the power source 114 may be provided in addition to the
passivation solution supply 115 and the conduit 116.
Hence, different passivation techniques may be per-
formed in conjunction or alternatively by means of the
apparatus 100.
[0069] The apparatus 100 may further comprise a con-
trol unit 101 which may, in some embodiments, comprise
a computer 101 of a type well known to persons skilled
in the art. The control unit 101 may be connected to the
microwave source 102, the microwave detector 104, the
power sources 114, 106, the light source 109, the pas-
sivation solution supply 115, the measuring probe 108
and the translation table 112. Hence, the apparatus 100
may be operated in a substantially automated manner,
and measurement data obtained by means of the appa-
ratus 100 can be processed.
[0070] A method of measuring a lifetime of charge car-
riers according to the present invention will be described
with reference to Figs. 1 and 2.
[0071] The semiconductor structure 117 may be pro-
vided. The semiconductor structure 117 comprises a
substrate 204. In one embodiment of the present inven-
tion, the substrate 204 may comprise a wafer of a sem-
iconductor material, for example a silicon wafer. On the

substrate 204, a layer 205 of an insulating material, for
example a layer of silicon dioxide, and a layer 206 of a
semiconductor material, for example a layer of silicon,
can be formed. The layer 206 may, in one embodiment,
comprise silicon. In other embodiments, the layer 206
may comprise silicon germanium and/or silicon carbide.
As persons skilled in the art know, layers of silicon ger-
manide and/or silicon carbide may be used to provide an
intrinsic elastic stress in the semiconductor structure 117,
which may help to increase a mobility of electrons and/or
holes in the layer 206. As persons skilled in the art know,
the substrate 204, the layer 205 of insulating material
and the layer 206 of semiconductor material form a sem-
iconductor on insulator structure.
[0072] The layer 205 of insulating material and the lay-
er 206 of semiconductor material may be formed by
means of semiconductor manufacturing techniques well
known to persons skilled in the art like for example using
the Smart Cut™ technology. In one embodiment, the lay-
er 205 of insulating material can be formed by oxidizing
the substrate 204, for example by means of thermal ox-
idation well known to persons skilled in the art. Thereaf-
ter, an auxiliary wafer comprising the material of the layer
206 may be bonded to the substrate 204 using a known
bonding technique such as molecular bonding, and the
auxiliary wafer may be cleaved. A portion of the auxiliary
wafer remaining on the substrate 204 forms the layer 206
of semiconductor material.
[0073] The surface of the layer 206 of semiconductor
material may be passivated.
[0074] In some embodiments, the surface of the layer
206 can be passivated by exposing the semiconductor
structure 117 to a passivation solution adapted react
chemically with the material of the layer 206. Thus, the
chemical structure of the surface of the layer 206 may
be modified such that a likelihood of a recombination of
charge carriers at the surface of the layer 206 is reduced.
The passivation solution may comprise diluted hydrogen
fluoride and/or a solution of a halogen, for example io-
dine, in a solvent, for example ethanol. In one embodi-
ment, the passivation solution may be supplied to the
semiconductor structure 117 by means of the passivation
solution supply 115 and the conduit 116 described above
with reference to Fig. 1.
[0075] In other embodiments, the passivation of the
surface of the layer 206 of semiconductor material may
comprise forming a layer 207 of a dielectric material over
the layer 206 of semiconductor material. In one embod-
iment, the layer 207 may comprise silicon dioxide, silicon
nitride and/or silicon oxynitride. In embodiments wherein
the layer 206 comprises silicon, the layer 207 can be
formed by means of thermal oxidation and/or nitridation
techniques well known to persons skilled in the art. In
other embodiments, the layer 207 can be formed by
means of well-known deposition techniques such as
chemical vapor deposition and/or plasma-enhanced
chemical vapor deposition.
[0076] Optionally, an annealing may be performed to
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improve the quality of the interface between the layers
206 and 207, and also leading to a reduction of surface
recombination at the interface.
[0077] After the formation of the layer 207 of dielectric
material, the semiconductor structure 117 may be placed
on the substrate holder 111 and a surface of the layer
207 may be electrically charged. For this purpose, the
surface of the layer 207 may be exposed to a corona
discharge. In some embodiment, the corona discharge
can be applied to the surface of the layer 207 by applying
a voltage sufficient to induce a corona discharge between
the corona wire and the substrate holder 111 and moving
the semiconductor structure 117 relative to the corona
wire 113, for example by operating the translation stage
112.
[0078] When the corona discharge is applied to the
surface of the layer 207 of dielectric material, a static
electric charge may be created on the surface of the layer
207, as indicated by reference numeral 208 in Fig. 2. A
polarity of the static electric charge may be controlled by
varying the polarity of the corona wire 113. If the corona
wire 113 is a cathode, the charge 208 may be negative,
as shown in Fig. 2. If the corona wire 113 is an anode,
the charge 208 may be positive. Due to the capacitive
effect, the presence of the static electric charge 208 on
the surface of the layer 207 of dielectric material may
induce a formation of an opposite static electric charge
209 at the interface between the layer 207 of dielectric
material and the layer 206 of semiconductor material.
[0079] The presence of the static electric charge 209
may induce an accumulation of majority carriers or an
inversion at the interface between the layers 206, 207.
Thus, likelihood of a recombination of charge carriers at
the interface between the layers 206, 207 may be re-
duced. This may help to increase the surface recombi-
nation lifetime of charge carriers at the surface of the
semiconductor structure 117.
[0080] After the passivation of the surface of the layer
206 of semiconductor material, a measurement run may
be performed.
[0081] In the measurement run, a bias voltage may be
applied between the substrate holder 111 and a contact
point 210 in the layer 206 of semiconductor material.
[0082] In some embodiments, the contact point 210
may be provided by contacting the layer 206 of semicon-
ductor material by means of the electrode 110. For this
purpose, the electrode 110 may comprise a tip 211. Thus,
the electrode 110, or at least a portion of the electrode
110, may have the configuration of a needle. The elec-
trode 110 may comprise a relatively hard and electrically
conductive material, for example steel, tungsten and/or
tungsten carbide. In order to provide the contact point
210, the electrode 110 and the semiconductor structure
117 may be moved towards each other by lowering the
electrode 110 down to the semiconductor structure 117
and/or by moving the semiconductor structure 117 up-
wards towards the electrode 110. Thereby, the tip 211
of the electrode 110 may penetrate the layer 207 of die-

lectric material and may contact the layer 206 of semi-
conductor material Thus, the electrode 110 may provide
an electrical connection to the layer 206 of semiconductor
material at the contact point 210.
[0083] After the provision of the contact point 210, a
bias voltage may be applied between the substrate hold-
er 111 and the electrode 110 by operating the power
source 106. The layer 205 of insulating material may sub-
stantially prevent a flow of an electric current between
the layer 206 of semiconductor material and the substrate
204. Therefore, an electric charge 212 may be formed
at the interface between the layer 206 of semiconductor
material and the layer 205 of insulating material. The
electric charge 212 is due to an accumulation of majority
carriers and/or an inversion at the interface between the
layer 206 of semiconductor material and the layer 205 of
insulator material. A polarity of the electric charge 212
may be controlled by varying the voltage applied between
the semiconductor structure holder 111 and the electrode
110. In some embodiments, the polarity of the electric
charge 212 may be the same as the polarity of the electric
charge 209.
[0084] The microwave source 102 may be operated
during the measurement run to irradiate the semiconduc-
tor structure 117 with microwave radiation, and an inten-
sity of microwave radiation reflected from the semicon-
ductor structure 117 can be measured by means of the
microwave detector 104. In Fig. 2, reference numeral 201
denotes microwave radiation incident on the semicon-
ductor structure 117 and reference numeral 202 denotes
microwave radiation reflected from the semiconductor
structure 117. In one embodiment, the microwave radi-
ation may have a relatively high frequency of about 30
GHz. A reflectivity of the semiconductor structure 117 for
the microwave radiation may be influenced by a concen-
tration of charge carriers in the semiconductor structure
117, in particular by a concentration of minority carriers
in the layer 206 of semiconductor material. Hence, the
intensity of the reflected microwave radiation may pro-
vide a measure for the concentration of minority carriers
in the layer 206.
[0085] Moreover, ultra-violet electromagnetic radia-
tion 118 is directed to the measuring position 119 during
the measurement run. The electromagnetic radiation
may impinge on a portion of the semiconductor structure
117 provided at the measuring position 119. The elec-
tromagnetic radiation 118 can be generated by operating
the light source 109 of the apparatus 100 described
above. In embodiments wherein the light source 109
comprises a pulsed ultraviolet laser, the electromagnetic
radiation 118 may be directed to the measuring position
119 by operating the pulsed ultraviolet laser to provide
one or more laser pulses.
[0086] The irradiation of the semiconductor structure
117 with the ultra-violet electromagnetic radiation 118
may create electron-hole pairs 203 in the vicinity of the
measuring position 119. The presence of the electron-
hole pairs 203 may increase the density of minority car-

15 16 



EP 2 037 288 B1

10

5

10

15

20

25

30

35

40

45

50

55

riers in the vicinity of the measuring position 119. In em-
bodiments of the present invention since the electromag-
netic radiation 118 comprises ultraviolet radiation, a pen-
etration depth of the electromagnetic radiation 118 in the
semiconductor material of the layer 206 may be smaller
than a thickness of the layer 206. Therefore, minority
carriers may selectively created in the layer 206 of sem-
iconductor material, whereas the density of minority car-
riers in the substrate 204 may substantially not be affect-
ed by the irradiation of the semiconductor structure 117
with the electromagnetic radiation 118.
[0087] The alteration of the density of minority carriers
in the layer 206 of semiconductor material may lead to
an alteration of the reflectivity of the semiconductor struc-
ture 117 for the microwave radiation 201. Hence, when
the semiconductor structure 117 is irradiated with the
electromagnetic radiation 118, an alteration of the inten-
sity of the reflected microwave radiation 202, for example
an increase of the intensity of the reflected microwave
radiation 202, may be observed.
[0088] After the irradiation of the semiconductor struc-
ture 117 with the electromagnetic radiation 118, the elec-
tron-hole pairs 203 may recombine. Hence, the intensity
of the reflected microwave radiation 202 may decrease
to the value obtained before the irradiation of the semi-
conductor structure 117. A duration of the decrease of
the intensity of the reflected microwave radiation may be
related to the lifetime of the electron-hole pairs in the
layer 206 of semiconductor material. Since the surface
of the layer 206 was subjected to a passivation process,
and the bias voltage is applied between the electrode
110 and the substrate 204, a recombination of the elec-
tron-hole pairs at the surface of the layer 206 and at the
interface between the layers 206, 205 may substantially
be avoided. Hence, the lifetime of the electron-hole pairs
203 may be approximately equal to the volume recom-
bination lifetime.
[0089] Similar to the method of measuring a charge
carrier lifetime according to the state of the art described
above, the lifetime of minority carriers formed in the cre-
ation of the electron-hole pairs 203 may be determined
by fitting an exponential function to the measured inten-
sity of the reflected microwave radiation 202 to determine
the primary mode lifetime.
[0090] After the completion of the measurement run,
the semiconductor structure 117 may be moved relative
to the measuring probe 108 and the measuring position
119, for example by means of the translation stage 112.
Thereafter, another measurement run can be performed.
Since the electrode 110 is attached to the measuring
probe 108, the spatial relationship between the measur-
ing position 119 and a contact point provided by the elec-
trode 110 in the semiconductor structure 117 may be
maintained in the other measuring run. Thus, spatially
resolved measurements of the lifetime of charge carriers
in the semiconductor structure 117 can be performed.
[0091] The spatial relationship between the measuring
position 119 and the electrode 110 will be explained in

more detail with reference to Fig. 3a. In Fig. 3a, reference
numeral 302 denotes a diameter of a beam of electro-
magnetic radiation 118 impinging at the measuring po-
sition 119. The electrode 110 may be provided adjacent
the measuring position 119, at a predetermined distance
301 from a center of the measuring position 119. The
distance 301 may be greater than one half of the diameter
302 of the beam of electromagnetic radiation 302 such
that the electrode 110 is substantially not irradiated by
the electromagnetic radiation. Hence, an irradiation of
the electrode 110 by the electromagnetic radiation 118
which may lead to an undesirable generation of photo-
electrons and/or a shadowing of the electromagnetic ra-
diation 118 may substantially be avoided.
[0092] As already mentioned above, the present in-
vention is not restricted to embodiments wherein a single
electrode 110 is used to apply the bias voltage. An em-
bodiment of the present invention wherein a plurality of
electrodes is provided will be explained in the following
with reference to Fig. 3b.
[0093] In Fig. 3b, reference numerals 312-316 denote
a first plurality of electrodes and reference numerals
317-321 denote a second plurality of electrodes. The first
plurality of electrodes 312-316 and the second plurality
of electrodes 317-321 may be attached to the measuring
probe 108 of the apparatus 100 described above with
reference to Fig. 1, and each of the first plurality of elec-
trodes 312-216 and the second plurality of electrodes
317-321 may be connected to one pole of the power
source 106. The second pole of the power source 106
can be connected to the substrate holder 111, as shown
in Fig. 1. Thus, the bias voltage may be applied between
each of the electrodes 312-321 and the substrate 204 of
the semiconductor structure 117.
[0094] The first plurality of electrodes 312-316 may be
arranged along a first line 310. The second plurality of
electrodes 317-321 may be arranged along a second line
311, wherein first line 310 and the second line 311 are
substantially parallel to each other. The measuring posi-
tion 119 may be provided between the first line 310 and
the second line 311. A distance 322 of the first line 310
from a center of the measuring position 119 may be sub-
stantially equal to a distance 323 of the second line 311
from the center of the measuring position 119. The dis-
tance 322 and the distance 323 may be greater than one
half of the diameter 302 of the beam of electromagnetic
radiation 118 such than an irradiation of the electrodes
312-321 may substantially be avoided. Advantageously,
providing a plurality of electrodes 312-321 may provide
a more homogeneous electrical field in the vicinity of the
measuring position 119.
[0095] A further embodiment of the present invention
wherein a plurality of electrodes is provided will be de-
scribed in the following with reference to Fig. 3c.
[0096] Fig. 3c shows a plurality of electrodes 331-338
which are arranged on a circle 330. A center of the circle
330 may be provided at the center of the measuring po-
sition 119. Thus, the plurality of electrodes 331-338 cir-
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cularly surround the measuring position 119. A diameter
339 of the circle 330 may be greater than the diameter
302 of the beam 118 of electromagnetic irradiation. Thus,
an irradiation of the electrodes 331-338 may substantially
be avoided. Advantageously, a circular arrangement of
the electrodes 331-338 may provide a substantially sym-
metrical electrical field configuration at the measuring po-
sition 119.
[0097] In a further embodiment, two electrodes may
be provided, wherein the measuring position 119 is ar-
ranged between the electrodes.
[0098] In the embodiments described above with ref-
erence to Figs. 3a to 3c, each of the electrodes 110,
312-321, 331-338 may comprise a needle adapted to
puncture the semiconductor structure 117. Hence, each
of the electrodes 110, 312-321, 331-338 may provide an
electrical connection to the layer 206 of semiconductor
material. Thus, the bias voltage may be applied to a plu-
rality of contact points, the arrangement of which corre-
sponds to the arrangement of the electrodes 110,
312-321, 331-338. Hence, a plurality of contact points
having a predetermined relationship to the measuring
position 119 may be provided in a convenient manner.
[0099] The present invention, however, is not restrict-
ed to embodiments wherein contact points are provided
on the semiconductor structure 117 by means of one or
more electrodes 110, 312-321, 331-338 contacting the
layer 206 of semiconductor material.
[0100] In other embodiments, contact points may be
provided by forming a plurality of electrically conductive
contact structures over the layer 206 of semiconductor
material, as will be explained in the following with refer-
ence to Figs. 4a to 4c.
[0101] Fig. 4a shows a schematic cross-sectional view
of the semiconductor structure 117 in a first stage of a
method of measuring a lifetime of charge carriers accord-
ing to an embodiment of the present invention.
[0102] Similar to the embodiment described above
with reference to Fig. 2, the semiconductor structure 117
comprises a substrate 204, a layer 205 of an insulating
material and a layer 206 of a semiconductor material.
Features of the substrate 204 and the layers 204, 205,
206 and the formation of the layers 205, 206 may corre-
spond to those described above with reference to Fig. 2.
On the layer 206 of semiconductor material, a layer 207
of dielectric material may be formed for the passivation
of the surface of the layer 206, as described above. In
other embodiments, the layer 207 of dielectric material
may be omitted, and a passivation of the surface of the
layer 206 can be performed by means of a passivating
solution.
[0103] In the layer 206 of semiconductor material and
the layer 207 of dielectric material, trenches 404, 405
(Fig. 4b) can be formed for isolation. To this end, a mask
401 is formed over the semiconductor structure 117. In
some embodiments, the mask 401 may comprise a pho-
toresist, and can be formed by means of techniques of
photolithography well known to persons skilled in the art.

In other embodiments, the mask 401 can comprise a hard
mask. Techniques for the formation of hard masks are
well known to persons skilled in the art of semiconductor
processing. The mask 401 comprises openings 402, 403
which are provided at locations where the trenches 404,
405 are to be formed. Portions 420, 421, 423 between
the openings 402, 403 are covered by the mask 401.
[0104] Fig. 4b shows a schematic cross-sectional view
of the semiconductor structure 117 in a later stage of the
method according to the present invention.
[0105] After the formation of the mask 401, an etching
process can be performed. In the etching process, the
semiconductor structure 117 may first be exposed to an
etchant adapted to selectively remove the dielectric ma-
terial of the layer 207, leaving the materials of the mask
401 and the layer 206 of semiconductor material sub-
stantially intact. Thus, openings may be formed in the
layer 207 below the openings 402, 403 of the mask 401.
Thereafter, the semiconductor structure 117 may be ex-
posed to an etchant adapted to selectively remove the
semiconductor material of the layer 206, leaving the ma-
terials of the mask 401 and the layers 207, 205 substan-
tially intact. The portions 420, 421, 422 of the semicon-
ductor structure 117 between the openings 402, 403 are
protected from being affected by the etchant by the mask
401. Hence, trenches 404, 405 extending through the
layers 206, 207 can be formed. After the formation of the
trenches 404, 405, the mask 401 can be removed by
means of a resist strip process well known to persons
skilled in the art.
[0106] Portions of the layer 206 of semiconductor ma-
terial in portions 420, 421, 422 of the semiconductor
structure 401 can be separated from each other by the
trenches, such that the trenches 402, 403 provide elec-
trical insulation between the individual portions of the lay-
er 206. Thus, the trenches 402, 403 form an insulation
structure. In some embodiments, the trenches 404, 405
may be filled with an electrically insulating material such
as, for example, silicon dioxide and/or silicon nitride. This
can be done by means of techniques of oxidation, nitri-
dation and/or deposition well known to persons skilled in
the art.
[0107] Alternatively, after the removal of the optional
layer 207, the layer 206 can be oxidized, nitrated or oth-
erwise transformed into an insulating material rather than
being etched.
[0108] In some embodiments, trenches 402, 403 and
further trenches (not shown) may be formed in the layer
206 of semiconductor material and the layer 207 of die-
lectric material, wherein the trenches are arranged in a
grid pattern. A first subset of the trenches may, in some
of these embodiments, be arranged in a direction sub-
stantially perpendicular to a direction of a second subset
of the trenches. Thus, a square or rectangular lattice of
portions of the layer 206 of semiconductor material which
are electrically insulated from each other may be formed.
[0109] After the formation of the trenches 404, 405, a
plurality of electrically conductive contact structures 411,
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412, 413 (Fig. 4c) may be formed over the semiconductor
structure 117. To this end, a mask 406 may be formed
over the semiconductor structure 117. The mask 406
may comprise a photoresist and can be formed by means
of techniques of photolithography well known to persons
skilled in the art. The mask 406 may comprise openings
407, 408, 409 provided at locations at which the contact
structures 411, 412, 413 are to be formed. A shape of
the openings 407, 408, 409 may correspond to the de-
sired shape of the contact structures 411, 412, 413. At
the bottom of the openings 407, 408, 409, the layer 207
of dielectric material may be exposed or removed.
[0110] After the formation of the mask 406, a layer 410
of an electrically conductive material can be formed over
the semiconductor structure 117. The layer 410 of elec-
trically conductive material may cover the mask 410 and
portions of the layer 207 of dielectric material exposed
at the bottom of the openings 407, 408, 409.
[0111] Fig. 4c shows a schematic cross-sectional view
of the semiconductor structure 117 in a later stage of the
method according to the present invention.
[0112] After the formation of the layer 410 of electrically
conductive material, a resist strip process may be per-
formed. In the resist strip process, the semiconductor
structure 117 is exposed to a resist strip solution adapted
to selectively remove the material of the mask 406, leav-
ing other materials of the semiconductor structure 117
substantially intact. Hence, the mask 406 may be re-
moved. Portions of the layer 410 of electrically conductive
material on the mask 406 may be removed together with
the mask, whereas portions of the layer 410 of electrically
conductive material formed on the layer 207 of dielectric
material may remain on the semiconductor structure 117,
forming a plurality of contact structures 411, 412, 413.
[0113] In some embodiments, the layer 410 of electri-
cally conductive material may comprise a metal.
[0114] In some of these embodiments, the layer 410
can comprise a first sublayer comprising at least one of
Al, Er, Gd, Nd, Ti and Y, and a second sublayer compris-
ing at least one of Ag, Al, Au, Cr, Cu, Mg, Ni and Pt,
wherein the first sublayer is formed on the layer 207 of
dielectric material and the second sublayer is formed on
the first sublayer. The first sublayer and the second sub-
layer can be formed by means of deposition processes
well known to persons skilled in the art. After the resist
strip process, an annealing process may be performed.
In the annealing process, the dielectric material exposed
at the bottom of the openings 407, 408, 409 may be con-
sumed by a chemical reaction with the material of the
first sublayer, such that the layer 410 is electrically con-
nected to the layer 206 of semiconductor material.
[0115] In other embodiments, an etching process may
be performed after the formation of the mask 406 and
before the formation of the layer 410 of electrically con-
ductive material. In the etching process, the semiconduc-
tor structure 117 may be exposed to an etchant adapted
to selectively remove the dielectric material of the layer
207, leaving the material of the mask 406 and the layer

206 of semiconductor material substantially intact.
Hence, portions of the layer 207 of dielectric material at
the bottom of the openings 407, 408, 409 may selectively
be removed. Hence, the layer 410 may contact the layer
206, providing an electrical connection to the layer 206.
[0116] In embodiments of the present invention, one
contact structure may be formed in each of the portions
420, 421, 422 of the semiconductor structure 117. For
example, the contact structure 411 can be provided in
portion 420, the contact structure 412 can be provided
in portion 421 and the contact structure 413 can be pro-
vided in portion 422. The contact structures 411, 412,
413 may have substantially equal shapes.
[0117] In one embodiment, each of the contact struc-
tures 411, 412, 413 may have a substantially ring-shaped
configuration, as shown schematically for the contact
structure 412 in the top view of Fig. 5a. In another em-
bodiment, each of the contact structures 411, 412, 413
may have substantially a rectangular or square shape,
as shown schematically for the contact structure 412 in
Fig. 5b.
[0118] After the formation of the contact structures
411, 412, 413, a measurement run can be performed.
To this end, the semiconductor structure 117 may be
placed on the semiconductor structure holder 111 of the
apparatus 100 described above with reference to Fig. 1
such that the semiconductor structure holder 111 pro-
vides an electrical connection to the substrate 204.
Thereafter, the surface of the semiconductor structure
117 may be passivated by electrically charging the sur-
face of the layer 207 of dielectric material by means of
the corona wire 113, as described above with reference
to Figs. 1 and 2, and a bias voltage may be applied be-
tween one of the contact structures 411, 412, 413, for
example the contact structure 412, and the semiconduc-
tor structure holder 111.
[0119] In some embodiments, the bias voltage can be
applied by touching the contact structure 412 by means
of an electrode 110’ adapted to provide an electrical con-
nection to the contact structure 412. In one embodiment,
the electrode 110’ can comprise an electrically conduc-
tive stylus connected to the power source 106. The elec-
trode 110’ may be attached to the measuring probe 108
instead of the electrode 110 described above, or may be
provided in addition to the electrode 110. In order to touch
the contact structure 412 by the electrode 110’, the sem-
iconductor structure holder 111 may be moved relative
to the measuring probe 108 in the x-direction and the y-
direction until the electrode 110’ is located above the con-
tact structure 412. Thereafter, the semiconductor struc-
ture holder 111 may be moved upward, or the measuring
probe 108 may be lowered until the electrode provides
an electrical connection to the contact structure 412.
[0120] In such a case, with a circular, rectangular or
square shaped electrode, the bias voltage is controlled
on the whole area defined by the contact structure. It is
therefore possible to measure everywhere in this area
without having the measuring probe adjacent or in the
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vicinity of the electrode.

Claims

1. An apparatus (100) for measuring a lifetime of
charge carriers comprising:

a measuring probe (108) comprising means
(109) for directing ultraviolet radiation to a meas-
uring position (119), said measuring probe fur-
ther comprising at least one electrode (110,
312-321, 331-338) provided at a predetermined
spatial relationship to said measuring position
(119), wherein said at least one electrode (110,
312-321, 331-338) comprises a needle adapted
to puncture said semiconductor structure (117)
or is adapted to provide an electrical connection
to an electically conductive contract structure
formed on said semiconductor structure (117)
and wherein said measuring probe (108) is
adapted to maintain said predetermined spatial
relationship between said at least one electrode
(110, 312-321, 331-338) and said measuring
position (119);
a microwave source (102) adapted to direct mi-
crowave radiation (201) to said measuring po-
sition (119);
a microwave detector (104) adapted to measure
an alteration of an intensity of microwave radi-
ation (202) reflected at said measuring position
(119) in response to said ultraviolet radiation;
a semiconductor structure holder (111) adapted
to receive a semiconductor structure (117) and
to provide an electric contact to a portion of said
semiconductor structure (117);
means (112) for moving said semiconductor
structure holder (111) relative to said measuring
probe (108) for positioning at least one portion
of said semiconductor structure (117) at said
measuring position (119); and
a power source (106) adapted to apply a bias
voltage between said semiconductor structure
holder (111) and said electrode (110, 312-321,
331-338).

2. An apparatus (100) as in claim 1, wherein said at
least one electrode (110) comprises one electrode
(110) provided adjacent said measuring position
(119).

3. An apparatus (100) as in claim 1, wherein said at
least one electrode (314, 319, 331, 335) comprises
a first electrode (314, 331) and a second electrode
(319, 335), and wherein said measuring position
(119) is located between said first electrode (314,
331) and said second electrode (319, 335).

4. An apparatus (100) as in claim 3, wherein said at
least one electrode (312-321) comprises a plurality
of first electrodes (312-316) arranged along a first
line (310) and a plurality of second electrodes
(317-321) arranged along a second line (311),
wherein said second line (311) is parallel to said first
line (310) and wherein said measuring position (119)
is located between said first line (310) and said sec-
ond line (311).

5. An apparatus (100) as in claim 1, wherein said at
least one electrode (331-338) comprises a plurality
of electrodes (331-338) circularly surrounding said
measuring position (119).

6. An apparatus (100) as in any of the preceding claims,
further comprising a corona wire (113) and means
(114) for applying a voltage between said corona
wire (113) and said semiconductor structure holder
(111).

7. An apparatus (100) as in claim 6, further comprising
means (112) for moving said corona wire (113) rel-
ative to said semiconductor structure holder (111).

8. An apparatus (100) as in any of the preceding claims,
further comprising a passivation solution supply
(115) adapted to supply a passivation solution to said
semiconductor structure (117).

9. An apparatus (100) as in any of the preceding claims,
wherein said means (109) for directing ultraviolet ra-
diation to said measuring position comprise a pulsed
ultraviolet laser.

10. A method of measuring a lifetime of charge carriers
comprising:

providing a semiconductor structure (117) com-
prising a substrate (204); a layer (205) of an in-
sulating material formed over said substrate
(204) and a layer (206) of a semiconductor ma-
terial formed over said layer (205) of insulating
material;
performing a measurement run comprising:

irradiating said semiconductor structure
(117) with microwave radiation *(201);
directing ultraviolet radiation (118) to a por-
tion of said semiconductor structure (117)
located at a measuring position (119);
selectively applying a bias voltage between
said substrate (204) and at least one contact
point (210) having a predetermined spatial
relationship to said measuring position
(119); and
measuring an alteration of an intensity of
microwave radiation (202) reflected from
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said semiconductor structure (117) in re-
sponse to said ultraviolet radiation (118);
said method of measuring a lifetime of
charge carriers further comprising:

moving said semiconductor structure
(117) relative to said measuring posi-
tion (119); and
repeating said measurement run at
least once, wherein said predeter-
mined spatial relationship between
said measuring position (119) and said
at least one contact point (210) is main-
tained.

11. A method of measuring a lifetime of charge carriers
as in claim 10,
wherein providing said semiconductor structure
(117) comprises:

passivating a surface of said layer (206) of sem-
iconductor material.

12. A method of measuring a lifetime of charge carriers
as in claim 11, wherein said passivation of said sur-
face of said layer (206) of semiconductor material
comprises supplying a passivation solution to said
surface of said layer (206) of semiconductor mate-
rial.

13. A method of measuring a lifetime of charge carriers
as in claim 12, wherein said passivation solution
comprises at least one of diluted hydrogen fluoride
and a solution of a halogen in a solvent.

14. A method of measuring a lifetime of charge carriers
as in claim 11, wherein said passivation of said sur-
face of said layer (206) of semiconductor material
comprises:

forming a layer (207) of a dielectric material over
said layer (206) of semiconductor material;

15. A method of measuring a lifetime of charge carriers
as in claim 14, wherein a corona discharge is applied
to a surface of said layer (207) of dielectric material
to electronically charge said surface of said layer of
dielectric material.

16. A method of measuring a lifetime of charge carriers
as in claim 15, wherein said application of said co-
rona discharge is performed before each measure-
ment run.

17. A method of measuring a lifetime of charge carriers
as in any of claims 14 to 16, further comprising per-
forming an annealing to cure an interface between
the layer (206) of semiconductor material and the

layer (207) of dielectric material.

18. A method of measuring a lifetime of charge carriers
as in any of claims 10 to 17,
wherein said provision of said semiconductor struc-
ture (117) further comprises forming a plurality of
electronically conductive contract structures (411,
412, 413), over said lyer of semiconductor material,
wherein, in each measurement run, said bias voltage
is applied between said substrate (204) and on of
said plurality of contact structures (411, 412, 413),
and said ultraviolet radiation (118) is directed to a
portion of said semiconductor structure (117) having
said predetermined spatial relationship to said one
of said plurality of contact structures (411, 412, 413).

19. A method of measuring a lifetime of charge carriers
as in claim 18, wherein each of said plurality of con-
tact structures (411, 412, 413) has one of a ring-
shaped configuration, a square-shaped configura-
tion and a rectangular configuration and comprises
a central opening (430, 431).

20. A method of measuring a lifetime of charge carriers
as in any of claims 10 to 17, wherein said application
of said bias voltage between said substrate (204)
and said at least one contact point comprises punc-
turing said semiconductor structure (117) by means
of at least one electrode (110, 312-321, 331-338).

21. A method of measuring a lifetime of charge carriers
as in any of claims 10 to 20, further comprising form-
ing an insulation structure providing electrical insu-
lation between a plurality of portions (420, 421, 422)
of said semiconductor structure (117), wherein, in
each measurement run, said ultraviolet radiation
(118) is directed to one of said plurality of portions
(420, 421, 422) of said semiconductor structure
(117) and said at least one contact point is provided
in said one of said plurality of portions of said sem-
iconductor structure (117).

22. A method of measuring a lifetime of charge carriers
as in claim 21, wherein said insulation structure com-
prises at least one of trench (404, 405), an oxidized
region and a nitrided region.

23. A method of measuring a lifetime of charge carriers
as in any of claims 21 and 22, wherein said formation
of said insulation structure comprises at least one of
forming a shallow trench isolation, forming a mesa
and performing a local oxidation of said layer (206)
of semiconductor material.

Patentansprüche

1. Vorrichtung (100) zum Messen einer Lebensdauer
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von Ladungsträgern, die umfasst:

eine Messsonde (108), die eine Einrichtung
(109) umfasst, mit der Ultraviolett-Strahlung auf
eine Messposition (119) gerichtet wird, wobei
die Messsonde des Weiteren wenigstens eine
Elektrode (110, 312-321, 331-338) umfasst, die
sich in einer vorgegebenen räumlichen Bezie-
hung zu der Messposition (119) befindet, wobei
die wenigstens eine Elektrode (110, 312-321,
331-338) eine Nadel umfasst, die dafür einge-
richtet ist, in die Halbleiterstruktur (117) zu ste-
chen, oder dafür eingerichtet ist, eine elektri-
sche Verbindung zu einer elektrisch leitenden
Kontaktstruktur herzustellen, die auf der Halb-
leiterstruktur (117) ausgebildet ist, und die
Messsonde (108) so eingerichtet ist, dass sie
die vorgegebene räumliche Beziehung zwi-
schen der wenigstens einen Elektrode (110,
312-321, 331-338) und der Messposition (119)
aufrechterhält;
eine Mikrowellen-Quelle (102), die so eingerich-
tet ist, dass sie Mikrowellenstrahlung (201) auf
die Messposition (119) richtet;
einen Mikrowellen-Detektor (104), der so einge-
richtet ist, dass er eine Änderung einer Intensität
von an der Messposition (119) reflektierter Mi-
krowellenstrahlung (202) in Reaktion auf die Ul-
traviolett-Strahlung misst;
eine Halbleiterstruktur-Halteeinrichtung (111),
die so eingerichtet ist, dass sie eine Halbleiter-
struktur (117) aufnimmt und elektrischen Kon-
takt mit einem Abschnitt der Halbleiterstruktur
(117) herstellt;
eine Einrichtung (112), mit der die Halbleiter-
struktur-Halteeinrichtung (111) relativ zu der
Messsonde (108) bewegt wird, um wenigstens
einen Abschnitt der Halbleiterstruktur (117) an
der Messposition (119) zu positionieren; und
eine Stromquelle (106), die so eingerichtet ist,
dass sie eine Vorspannung zwischen der Halb-
leiterstruktur-Halteeinrichtung (111) und der
Elektrode (110, 312-321, 331-338) anlegt.

2. Vorrichtung (100) nach Anspruch 1, wobei die we-
nigstens eine Elektrode (110) eine Elektrode (110)
fasst, die sich neben der Messposition (119) befin-
det.

3. Vorrichtung (100) nach Anspruch 1, wobei die we-
nigstens eine Elektrode (314, 319, 331, 335) eine
erste Elektrode (313, 331) sowie eine zweite Elek-
trode (319, 335) umfasst und sich die Messposition
(119) zwischen der ersten Elektrode (314, 331) und
der zweiten Elektrode (319, 335) befindet.

4. Vorrichtung (100) nach Anspruch 3, wobei die we-
nigstens eine Elektrode (312-321) eine Vielzahl er-

ster Elektroden (312-316), die entlang einer ersten
Linie (310) angeordnet sind, sowie eine Vielzahl
zweiter Elektroden (317-321) umfasst, die entlang
einer zweiten Linie (311) angeordnet sind, wobei die
zweite Linie (311) parallel zu der ersten Linie (310)
ist und sich die Messposition (119) zwischen der er-
sten Linie (310) und der zweiten Linie (311) befindet.

5. Vorrichtung (100) nach Anspruch 1, wobei die we-
nigstens eine Elektrode (331-338) eine Vielzahl von
Elektroden (331-338) umfasst, die die Messposition
(119) kreisförmig umgeben.

6. Vorrichtung (100) nach einem der vorangehenden
Ansprüche, die des Weiteren einen Corona-Draht
(113) sowie eine Einrichtung (114) zum Anlegen ei-
ner Spannung zwischen dem Corona-Draht (113)
und der Halbleiterstruktur-Halteeinrichtung (111)
umfasst.

7. Vorrichtung (100) nach Anspruch 6, die des Weite-
ren eine Einrichtung (112) zum Bewegen des Coro-
na-Drahtes (113) relativ zu der Halbleiterstruktur-
Halteeinrichtung (111) umfasst.

8. Vorrichtung (100) nach einem der vorangehenden
Ansprüche, die des Weiteren eine Passivierungslö-
sung-Zuführeinrichtung (115) umfasst, die so einge-
richtet ist, dass sie der Halbleiterstruktur (117) eine
Passivierungslösung zuführt.

9. Vorrichtung (100) nach einem der vorangehenden
Ansprüche, wobei die Einrichtung (109), mit der Ul-
traviolett-Strahlung auf die Messposition gerichtet
wird, einen gepulsten Ultraviolett-Laser umfasst.

10. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern, das umfasst:

Bereitstellen einer Halbleiterstruktur (117), die
ein Substrat (204), eine Schicht (205) aus einem
isolierendem Material, die über dem Substrat
(204) ausgebildet ist, sowie eine Schicht (206)
aus einem Halbleitermaterial umfasst, die über
der Schicht (205) aus isolierendem Material
ausgebildet ist;
Durchführen eines Messdurchlaufs, der um-
fasst:

Bestrahlen der Halbleiterstruktur (117) mit
Mikrowellenstrahlung (201);
Richten von Ultraviolett-Strahlung (118) auf
einen Abschnitt der Halbleiterstruktur (117),
der sich an einer Messposition (119) befin-
det;
selektives Anlegen einer Vorspannung zwi-
schen dem Substrat (204) und wenigstens
einem Kontaktpunkt (210), der eine vorge-
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gebene räumliche Beziehung zu der Mes-
sposition (119) hat; und
Messen einer Änderung einer Intensität von
an der Halbleiterstruktur (117) reflektierter
Mikrowellen-Strahlung (202) in Reaktion
auf die Ultraviolett-Strahlung (118);
wobei das Verfahren zum Messen einer Le-
bensdauer von Ladungsträgern des Weite-
ren umfasst:

Bewegen der Halbleiterstruktur (117)
relativ zu der Messposition (119); und
wenigstens einmaliges Wiederholen
des Messdurchlaufs, wobei die vorge-
gebene räumliche Beziehung zwi-
schen der Messposition (119) und dem
wenigstens einen Kontaktpunkt (210)
aufrechterhalten wird.

11. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach Anspruch 10, wobei Bereitstellen
der Halbleiterstruktur (117) umfasst:

Passivieren einer Oberfläche der Schicht (206)
aus Halbleitermaterial.

12. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach Anspruch 11, wobei die Passi-
vierung der Oberfläche der Schicht (206) aus Halb-
leitermaterial Zuführen einer Passivierungslösung
zu der Oberfläche der Schicht (206) aus Halbleiter-
material umfasst.

13. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach Anspruch 12, wobei die Passi-
vierungslösung verdünntes Flusssäure oder/und ei-
ne Lösung eines Halogens in einem Lösungsmittel
umfasst.

14. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach Anspruch 11, wobei die Passi-
vierung der Oberfläche der Schicht (206) aus Halb-
leitermaterial umfasst:

Ausbilden einer Schicht (207) aus einem dielek-
trischen Material über der Schicht (206) aus
Halbleitermaterial.

15. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach Anspruch 14, wobei eine Coro-
na-Entladung auf eine Oberfläche der Schicht (207)
aus dielektrischem Material angewendet wird, um
die Oberfläche der Schicht aus dielektrischem Ma-
terial elektrisch zu laden.

16. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach Anspruch 15, wobei die Anwen-
dung der Corona-Entladung vor jedem Messdurch-

lauf durchgeführt wird.

17. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach einem der Ansprüche 14 bis 16,
das des Weiteren Durchführen einer Wärmebehand-
lung zum Ausheilen einer Grenzfläche zwischen der
Schicht (206) aus Halbleitermaterial und der Schicht
(207) aus dielektrischem Material umfasst.

18. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach einem der Ansprüche 10-17,
wobei das Bereitstellen der Halbleiterstruktur (117)
des Weiteren Ausbilden einer Vielzahl elektrisch lei-
tender Kontaktstrukturen (411, 412, 413) über der
Schicht aus Halbleitermaterial umfasst;
wobei bei jedem Messdurchlauf die Vorspannung
zwischen dem Substrat (204) und einer der Vielzahl
von Kontaktstrukturen (411, 412, 413) angelegt wird
und die ultraviolette Strahlung (118) auf einen Ab-
schnitt der Halbleiterstruktur (117) gerichtet wird, der
die vorgegebene räumliche Beziehung zu einer der
Vielzahl von Kontaktstrukturen (411, 412, 413) hat.

19. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach Anspruch 18, wobei jede der
Vielzahl von Kontaktstrukturen (411, 412, 413) einen
ringförmigen Aufbau, einen quadratischen Aufbau
oder einen rechteckigen Aufbau hat und eine Mittel-
öffnung (430, 431) umfasst.

20. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach einem der Ansprüche 10 bis 17,
wobei das Anlegen der Vorspannung zwischen dem
Substrat (204) und dem wenigstens einem Kontakt-
punkt ein Stechen in die der Halbleiterstruktur (117)
mit wenigstens einer Elektrode (110, 312-321,
331-338) umfasst.

21. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach einem der Ansprüche 10 bis 20,
das des Weiteren Ausbilden einer Isolierstruktur um-
fasst, die elektrische Isolierung zwischen einer Viel-
zahl von Abschnitten (420, 421, 422) der Halbleiter-
struktur (117) bewirkt, wobei bei jedem Messdurch-
lauf die ultraviolette Strahlung (118) auf einen der
Vielzahl von Abschnitten (420, 421, 422) der Halb-
leiterstruktur (117) gerichtet wird und der wenigstens
einen Kontaktpunkt in dem einen der Vielzahl von
Abschnitten der Halbleiterstruktur (117) vorhanden
ist.

22. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach Anspruch 21, wobei die Isolier-
struktur einen Graben (404, 405), einen oxidierten
Bereich oder/und einen nitrierten Bereich umfasst.

23. Verfahren zum Messen einer Lebensdauer von La-
dungsträgern nach einem der Ansprüche 21 und 22,
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wobei die Ausbildung der Isolierstruktur Ausbilden
einer flachen Graben-Isolierung, Ausbilden einer
Mesa oder/und Durchführen einer lokalen Oxidation
der Schicht (206) aus Halbleitermaterial umfasst.

Revendications

1. Appareil (100) permettant de mesurer la durée de
vie de porteurs de charge comprenant :

- une sonde de mesure (108) comprenant un
moyen (109) permettant de diriger un rayonne-
ment ultraviolet vers une position de mesure
(119), ladite sonde de mesure comprenant en
outre au moins une électrode (110, 312 à 321,
331 à 338) disposée avec une relation prédé-
terminée dans l’espace avec ladite position de
mesure (119), dans lequel ladite au moins une
électrode (110, 312 à 321, 331 à 338) comprend
une aiguille conçue pour perforer une structure
semiconductrice (117) ou est conçue pour éta-
blir une connexion électrique avec une structure
de contact électriquement conductrice formée
sur ladite structure semiconductrice (117) et
dans lequel ladite sonde de mesure (108) est
conçue pour maintenir ladite relation prédéter-
minée dans l’espace entre ladite au moins une
électrode (110, 312 à 321, 331 à 338) et ladite
position de mesure (119) ;
- une source hyperfréquence (102) conçue pour
diriger un rayonnement hyperfréquence (201)
vers ladite position de mesure (119) ;
- un détecteur hyperfréquence (104) conçu pour
mesurer une altération de l’intensité du rayon-
nement hyperfréquence (202) réfléchi au niveau
de ladite position de mesure (119) en réaction
audit rayonnement ultraviolet ;
- un support (111) de structure semiconductrice
conçu pour recevoir une structure semiconduc-
trice (117) et pour établir un contact électrique
sur une partie de ladite structure semiconduc-
trice (117) ;
- un moyen (112) permettant de déplacer ledit
support (111) de structure semiconductrice par
rapport à ladite sonde de mesure (108) afin de
positionner au moins une partie de ladite struc-
ture semiconductrice (117) au niveau de ladite
position de mesure (119) ; et
- une source d’alimentation (106) conçue pour
appliquer une tension de polarisation entre ledit
support (111) de structure semiconductrice et
ladite électrode (110, 312 à 321, 331 à 338).

2. Appareil (100) selon la revendication 1, dans lequel
ladite au moins une électrode (110) comprend une
électrode (110) disposée de manière adjacente à
ladite position de mesure (119).

3. Appareil (100) selon la revendication 1, dans lequel
ladite au moins une électrode (314, 319, 331, 335)
comprend une première électrode (314, 331) et une
seconde électrode (319, 335) et dans lequel ladite
position de mesure (119) est située entre ladite pre-
mière électrode (314, 331) et ladite seconde élec-
trode (319, 335).

4. Appareil (100) selon la revendication 3, dans lequel
ladite au moins une électrode (312 à 321) comprend
une pluralité de premières électrodes (312 à 316)
disposées le long d’une première droite (310) et une
pluralité de secondes électrodes (317 à 321) dispo-
sées le long d’une seconde droite (311), ladite se-
conde droite (311) étant parallèle à ladite première
droite (310) et ladite position de mesure (119) étant
située entre ladite première droite (310) et ladite se-
conde droite (311).

5. Appareil (100) selon la revendication 1, dans lequel
ladite au moins une électrode (331 à 338) comprend
une pluralité d’électrodes (331 à 338) entourant de
manière circulaire ladite position de mesure (119).

6. Appareil (100) selon l’une quelconque des revendi-
cations précédentes, comprenant en outre un fil à
effet corona (113) et un moyen (114) permettant
d’appliquer une tension entre ledit fil à effet corona
(113) et ledit support (111) de structure semiconduc-
trice.

7. Appareil (100) selon la revendication 6, comprenant
en outre un moyen (112) permettant de déplacer ledit
fil à effet corona (113) par rapport audit support (111)
de structure semiconductrice.

8. Appareil (100) selon l’une quelconque des revendi-
cations précédentes, comprenant en outre un dis-
positif d’alimentation en solution de passivation
(115) conçu pour fournir une solution de passivation
à ladite structure semiconductrice (117).

9. Appareil (100) selon l’une quelconque des revendi-
cations précédentes, dans lequel ledit moyen (109)
permettant de diriger un rayonnement ultraviolet
vers ladite position de mesure comprend un laser
pulsé à ultraviolet.

10. Procédé de mesure de la durée de vie de porteurs
de charge comprenant les étapes consistant à :

- prévoir une structure semiconductrice (117)
comprenant un substrat (204), une couche (205)
d’un matériau isolant formée par-dessus ledit
substrat (204), ainsi qu’une couche (206) d’un
matériau semiconducteur formée par-dessus
ladite couche (205) de matériau isolant ;
- effectuer une passe de mesure comprenant
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les étapes consistant à :
- irradier ladite structure semiconductrice (117)
avec un rayonnement hyperfréquence (201) ;
- diriger un rayonnement ultraviolet (118) vers
une partie de ladite structure semiconductrice
(117) située au niveau d’une position de mesure
(119) ;
- appliquer sélectivement une tension de pola-
risation entre ledit substrat (204) et au moins un
point de contact (210) présentant une relation
prédéterminée dans l’espace avec ladite posi-
tion de mesure (119) ; et
- mesurer une altération de l’intensité du rayon-
nement hyperfréquence (202) réfléchi à partir
de ladite structure semiconductrice (117) en
réaction audit rayonnement ultraviolet (118) ;
- ledit procédé de mesure de la durée de vie de
porteurs de charge comprenant en outre les éta-
pes consistant à :
- déplacer ladite structure semiconductrice
(117) par rapport à ladite position de mesure
(119) ; et
- répéter ladite passe de mesure au moins une
fois, ladite relation prédéterminée dans l’espace
entre ladite position de mesure (119) et ledit au
moins un point de contact (210) étant mainte-
nue.

11. Procédé de mesure de la durée de vie de porteurs
de charge selon la revendication 10,
pour lequel la prévision de ladite structure semicon-
ductrice (117) comprend :

la passivation d’une surface de ladite couche
(206) de matériau semiconducteur.

12. Procédé de mesure de la durée de vie de porteurs
de charge selon la revendication 11, pour lequel la-
dite passivation de ladite surface de ladite couche
(206) de matériau semiconducteur comprend la four-
niture d’une solution de passivation sur ladite surface
de ladite couche (206) de matériau semiconducteur.

13. Procédé de mesure de la durée de vie de porteurs
de charge selon la revendication 12, pour lequel la-
dite solution de passivation comprend au moins un
produit parmi un fluorure d’hydrogène dilué et une
solution d’un halogène dans un solvant.

14. Procédé de mesure de la durée de vie de porteurs
de charge selon la revendication 11, pour lequel la-
dite passivation de ladite surface de ladite couche
(206) de matériau semiconducteur comprend :

la formation d’une couche (207) d’un matériau
diélectrique par-dessus ladite couche (206) de
matériau semiconducteur.

15. Procédé de mesure de la durée de vie de porteurs
de charge selon la revendication 14, pour lequel une
décharge à effet corona est appliquée sur une sur-
face de ladite couche (207) de matériau diélectrique
afin de charger électriquement ladite surface de la-
dite couche de matériau diélectrique.

16. Procédé de mesure de la durée de vie de porteurs
de charge selon la revendication 15, pour lequel la-
dite application de ladite décharge à effet corona est
effectuée avant chaque passe de mesure.

17. Procédé de mesure de la durée de vie de porteurs
de charge selon l’une quelconque des revendica-
tions 14 à 16, comprenant en outre la réalisation d’un
recuit afin de traiter une interface entre la couche
(206) de matériau semiconducteur et la couche (207)
de matériau diélectrique.

18. Procédé de mesure de la durée de vie de porteurs
de charge selon l’une quelconque des revendica-
tions 10 à 17,
pour lequel ladite prévision de ladite structure semi-
conductrice (117) comprend en outre la formation
d’une pluralité de structures de contact électronique-
ment conductrices (411, 412, 413) par dessus ladite
couche de matériau semiconducteur,
pour lequel, à chaque passe de mesure, ladite ten-
sion de polarisation est appliquée entre ledit substrat
(204) et une structure de ladite pluralité de structures
de contact (411, 412, 413), et ledit rayonnement ul-
traviolet (118) est dirigé vers une partie de ladite
structure semiconductrice (117) présentant ladite re-
lation prédéterminée dans l’espace avec ladite struc-
ture de ladite pluralité de structures de contact (411,
412, 413).

19. Procédé de mesure de la durée de vie de porteurs
de charge selon la revendication 18, pour lequel cha-
que structure de ladite pluralité de structures de con-
tact (411, 412, 413) présente une conformation par-
mi une conformation en forme d’anneau, une con-
formation en forme de carré et une conformation rec-
tangulaire et comprend une ouverture centrale (430,
431).

20. Procédé de mesure de la durée de vie de porteurs
de charge selon l’une quelconque des revendica-
tions 10 à 17, pour lequel ladite application de ladite
tension de polarisation entre ledit substrat (204) et
ledit au moins un point de contact comprend la per-
foration de ladite structure semiconductrice (117) au
moyen d’au moins une électrode (110, 312 à 321,
331 à 338).

21. Procédé de mesure de la durée de vie de porteurs
de charge selon l’une quelconque des revendica-
tions 10 à 20, comprenant en outre la formation d’une
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structure isolante assurant une isolation électrique
entre une pluralité de parties (420, 421, 422) de ladite
structure
semiconductrice (117), pour lequel, à chaque passe
de mesure, ledit rayonnement ultraviolet (118) est
dirigé vers une partie de ladite pluralité de parties
(420, 421, 422) de ladite structure semiconductrice
(117) et ledit au moins un point de contact est dis-
posé dans ladite partie de ladite pluralité de parties
de ladite structure semiconductrice (117).

22. Procédé de mesure de la durée de vie de porteurs
de charge selon la revendication 21, pour lequel la-
dite structure isolante comprend au moins un élé-
ment parmi une tranchée (404, 405), une zone oxy-
dée et une zone nitrurée.

23. Procédé de mesure de la durée de vie de porteurs
de charge selon l’une quelconque des revendica-
tions 21 et 22, pour lequel ladite formation de ladite
structure isolante comprend au moins une opération
parmi la formation d’un isolement par une tranchée
superficielle, la formation d’une mésa et la réalisation
d’une oxydation locale de ladite couche (206) de ma-
tériau semiconducteur.
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