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Description

TECHNICAL FIELD

[0001] This invention relates to a semiconductor de-
vice and manufacturing method thereof, and, in particu-
lar, relates to a suitable technique for improving recovery
characteristic of diodes.

BACKGROUND ART

[0002] Fig. 17 is a cross section illustrating a basic
structure of a diode. In Fig. 17, on a surface of an N
substrate 4P comprising an N+ layer 1P and N- layer 2P,
an anode region 3P is formed by diffusing P type impu-
rities. An anode electrode 5P is formed on a surface of
the anode region 3P, and a cathode electrode 6P is
formed on a rear surface of the N substrate 4P. Operation
of the diode is described as follows.
[0003] In the structure of Fig. 17, a predetermined an-
ode voltage VAK (forward bias) is applied between the
anode electrode 5P and cathode electrode 6P and, when
the anode voltage exceeds a certain threshold value
(∼0.6 V), holes are injected from the anode electrode 5P
into the N- layer 2P, and thus the diode conducts. When
a predetermined anode voltage VKA (reverse bias) is
applied between the cathode electrode 6P and anode
electrode 5P, no current flows in the diode until the re-
verse bias VKA reaches a breakdown voltage of a PN
junction comprising the anode region 3P and N- layer
2P. The mentioned situation is shown in Fig. 18. Note
that Fig. 18 is also employed in a description of preferred
embodiments of the present invention, together with Fig.
19.
[0004] Meanwhile, characteristics obtained when an
anode voltage applied to a diode is changed from forward
bias to reverse bias is called reverse recovery charac-
teristic (recovery characteristic), and it is known that the
reverse recovery characteristic shows a transition of cur-
rent with time (transient response). In Fig.19, symbol Irr
denotes a peak value of current (recovery current) Ir that
flows in the reverse direction, symbol Trr denotes time
required until the current Ir flown in the reverse direction
dissipates, and symbol If denotes a current value at the
time of forward bias.
[0005] In the reverse recovery characteristic, there has
been a desire for one in which the magnitude of the peak
current Irr of the recovery current is small and current IR
flowing in the reverse direction dissipates slowly. That is,
with time T1, T2 determined as shown in Fig. 19, it is
defined that recovery characteristic is hard when T1>T2,
and recovery characteristic is soft when T1<T2. When a
diode is used in a combination with a main switching el-
ement such as IGBT, if recovery characteristic is hard,
heat generation is caused due to the occurrence of surge
voltage and switching loss. Therefore, to avoid these,
there is a desire for characteristics having a low loss and
soft recovery (a reduction in the transition of current Ir

with time dIr/dt). Hereinafter, the peak value Irr of the
recovery current Ir is called "recovery peak current."
[0006] As to the transient response of the current Ir
following in the reverse direction, the following points are
found out by the recent researches and studies. That is,
O the recovery peak current Irr depends upon the carrier
density of a semiconductor region in the vicinity of an
anode electrode, and the recovery peak current Irr de-
creases as the carrier density decreases. In addition, P
it is known that the mentioned dissipation time Trr de-
pends upon the carrier density of a semiconductor region
in the vicinity of a cathode electrode, and the dissipation
time Trr extends as the carrier density of the cathode
region increases.
[0007] In view of these research results, a large
number of structures for improving the reverse recovery
characteristic have been proposed conventionally.

(I) In the first place, there is a technique which is, for
example, disclosed in Japanese Patent Unexamined
Publication No. P08-46221A, and pointed out as a
conventional technique in Mitsubishi Denki Giho and
Precedings of National Convention of IEEJ, Indus-
trial Application Section, 1995 (No. 136, p79), both
of which are described later. That is one in which a
heavy metal represented by platinum serving as a
lifetime killer, is doped and diffused from the anode
electrode side, so that the lifetime of an N type layer
in the vicinity of a PN junction part is controlled such
as to be short. Especially, with this technique, the
diffusion of platinum can be controlled such that the
lifetime of the carriers in the N type layer on the cath-
ode electrode side is longer than the lifetime of the
surrounding of the PN junction part on the anode
side. It is therefore possible to increase the carrier
density on the cathode side, thereby increasing the
mentioned dissipation time Trr.
Even with the first conventional technique, however,
the problem remains in the point that it is not easy
to control more shortly the lifetime of the carriers in
the N type layer on the anode side, including the
problems of homogeneity and reproducibility.
(II) A second conventional technique is one which is
disclosed in Japanese Patent Unexamined Publica-
tion No. P59-49714A. A cross-sectional structure of
a diode to which this conventional technique is ap-
plied is shown in Fig. 20. In Fig. 20, the same symbol
as in Fig. 17 denotes the same. With the second
conventional technique, an anode region 3P to be
formed on a surface is formed partially for suppress-
ing the injection of holes from the anode regions 3P,
thereby the carrier density in the surrounding region
of an anode electrode 5P is lowered to reduce a re-
covery peak current Irr.
In this structure, however, there newly arises the
problem that, although the carrier density in the vi-
cinity of the anode is controlled by the partially
formed anode regions 3P and clearances W there-
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between, a breakdown voltage lowers when the
clearance W is too large, and thus this point consti-
tutes obstruction to a sufficient control of the carrier
density in the vicinity of the anode.
(III) As a diode structure employing a third conven-
tional technique, there is one which is disclosed in
Mitsubishi Denki Giho Vol. 67. No. 9. 1993, PP94-97.
Although this is basically the same in structure as
that shown in Fig. 17, it aims to improve reverse re-
covery characteristic by changing the structure of an
anode region to be formed on a surface. That is, in
the technique of the Technical Report, by reducing
thickness of an anode region 3P shown in Fig. 17,
and reducing the surface concentration of the anode
region, injection of holes from the anode region 3P
is suppressed and thus the carrier density in the vi-
cinity of the anode is lowered to reduce a recovery
peak current Irr. It is reported that, with this tech-
nique, the recovery peak current Irr is reduced by
about 40 %, and a slope dIr/dt at the time of recovery
is reduced to about 1/2.
With this structure, it is however necessary to set
thickness and concentration of the anode region 3P
to a certain degree of value in order to ensure a
breakdown voltage, and there are limitations in re-
ducing thickness and concentration of the anode re-
gion. Therefore, as in the case with the second con-
ventional technique (II), there remains the problem
that the carrier in the vicinity of the anode cannot be
controlled sufficiently.
(IV) In addition, as a diode structure to which a fourth
conventional technique is applied, there is one which
is disclosed in Precedings of National Convention of
IEEJ, Industrial Application Section, 1995, PP79-80.
This structure is shown in Fig. 21. In Fig. 21, the
same symbol as in Fig. 17 denotes the same. Symbol
2PP in Fig. 21 shows a region that is damaged by
proton implantation. In this conventional technique,
in order to reduce loss at the time of recovery in a
pin structure, an irradiation of electron beam is con-
ducted in place of the mentioned platinum doping,
to reduce the lifetime in the carriers in an n layer and
increase a dissipation time Trr. Further, the lifetime
of an n- layer is controlled locally by proton implan-
tation, so that the carrier density in the vicinity of the
anode region is lowered to diminish a recovery peak
current Irr. Thereby, it is reported that a slope dIr/dt
was reduced to below 1/2 and the recovery peak
current Irr was reduced by about 40 %, as compared
with the case of employing an irradiation of electron
beam alone.

[0008] However, the following problem can be pointed
out against this structure. That is, as the present applicant
proves later, when the mount of proton implantation (pro-
ton dose) is raised to a practical level, a breakdown volt-
age lowers markedly, thereby the carrier in the vicinity of
the anode region cannot be controlled sufficiently as in

the case with the first, second and third conventional
techniques.
[0009] In practice, the present applicant prepared ex-
perimentally the same sample as that of the fourth con-
ventional technique by proton implantation. Fig. 22
shows the experimental result which was obtained by
evaluating the withstand voltage or breakdown voltage
of this prototype against an increase in proton dose. Fig.
22 also shows the result of measurement of the recovery
peak current Irr against forward current If that has been
flown prior to the recovery (see Fig. 19). In this experi-
ment, by adjusting the accelerated energy of proton
beam by a buffer such as aluminum foil, its dose is
changed while proton implantation is applied to the vicin-
ity of the anode, followed by heat treatment of 340 °C,
and the breakdown voltage is then evaluated to obtain
the result. In Fig. 22, the abscissa indicates a proton dose
expressed as a relative value, and the left ordinate indi-
cates a breakdown voltage Vr and the right ordinate in-
dicates a ratio (Irr/If). Hereat, as stated earlier, only proton
dose is changed while fixing the depth where proton is
implanted, or implantation position. As shown in Fig. 22,
it is apparent that the breakdown voltage Vr decreases
as the proton dose increases (see Fig. 23 for compari-
son). Note that the cause for this decrease in breakdown
voltage Vr will be described later.
[0010] The case of the fourth conventional technique
shown in Fig. 21 corresponds, in the experimental result
of Fig. 22, to the case where the relative value of proton
dose is approximately 1. However, in order that a low
lifetime region having a further shorter carrier lifetime
than that obtained by diffusion of a heavy metal or irra-
diation of electron beam, is formed effectively in an N-
layer by proton implantation, (that is, in order to further
reduce the recovery peak current Irr,) it is necessary to
increase proton dose, and a value of about 10 to 100cm-3

in relative value is practically desired as a proton dose,
as can be appreciated by the result of measurement of
ratio (Irr/If) in Fig. 22
[0011] Upon this, as shown in Fig. 22, when proton
dose is increased to such a degree of magnitude, the
influence due to the deterioration of breakdown voltage
increases to such a degree that it cannot be ignored, and
thus device characteristics will eventually have to be im-
practical. This is a serious problem of the fourth conven-
tional technique employing proton implantation. In this
sense, it can be said that the fourth conventional tech-
nique failed to make a sufficient consideration of optimi-
zation as to a local lifetime control.
[0012] EP 0 709 898 is considered as the closest prior
art and discusses a semiconductor device in which an
N- layer of a low impurity concentration is formed on an
upper major surface of an N+ layer of a high impurity
concentration in a diode. A P layer is further formed on
its upper major surface. The N- layer is in a multilayer
structure of first to third regions having carrier lifetimes
τ1, τ2 and τ3 respectively. These lifetimes are in relation
τ2 < τ1 < τ3. Due to the large lifetime τ3 of the third region,
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soft recovery can be implemented. The fact that the life-
time τ3 of the third region is large serves as a factor re-
ducing a forward voltage VF. It is possible to attain soft
recovery without increasing the forward voltage VF by
properly designing these lifetimes and thicknesses.

DISCLOSURE OF INVENTION

[0013] This invention has been accomplished for solv-
ing all the foregoing problems. That is, a first object of
this invention is to realize a semiconductor device having
a new structure characterized in that: as reverse recovery
characteristic, even if the lifetime of carriers in a first sem-
iconductor layer is controlled O such that a recovery peak
current (Irr) is further reduced by lowering the carrier den-
sity in the vicinity of a third semiconductor layer, and P
such that a recovery current dissipation time (Trr) is ex-
tended by raising the carrier density in the first semicon-
ductor layer in the vicinity of the surface side opposed to
the interface between the first and second semiconductor
layers, Q there occurs no decrease in breakdown volt-
age.
[0014] In particular, the gist of this invention resides in
satisfying the contents O and Q at the same time. In this
case, the content P is realized by applying the mentioned
first conventional technique to optimize the carrier den-
sity of the first semiconductor layer. This point is also a
secondary object of this invention.
[0015] A second object of this invention is to provide a
manufacturing method for realizing a semiconductor de-
vice having characteristics of the contents O, Q and (2).
[0016] For achieving the first object, a semiconductor
device in accordance with this invention is provided as
the following aspects.
[0017] Specifically, a semiconductor device according
to the first aspect is disclosed in independent claim 1 and
comprises: a first semiconductor layer of a first conduc-
tivity type; a second semiconductor layer of the first con-
ductive type comprising both a first main surface forming
interface together with a main surface of the first semi-
conductor layer and a second main surface opposed to
the first main surface, a third semiconductor layer of a
second conductivity type comprising a main surface
which forms a second interface together with the second
main surface of the second semiconductor layer, wherein
a second lifetime of carriers in the second semiconductor
layer is smaller than a first lifetime of carriers in the first
semiconductor layer and is obtained by diffusion of a
heavy metal through the semiconductor device, further
a resistance value in the second semiconductor layer
decreases monotonically from the second interface to
the first interface, and is obtained by ion implantation of
an ion of an atom with an atomic number from 2 to 8.
[0018] The second semiconductor layer is a low life-
time region having a high resistance value, and its resist-
ance value merely decreases monotonically. Therefore,
the impurity concentration increases monotonically from
the second semiconductor layer to the first semiconduc-

tor layer. This enables to maintain a large value without
deteriorating the breakdown voltage (withstand voltage)
of a PN junction although the low lifetime region is gen-
erated between the first and third semiconductor regions.
By such lifetime reduction, the carrier density in the vi-
cinity of the second interface is reduced sufficiently.
Thus, as compared to the mentioned first to fourth tech-
niques, a peak value of a recovery current that flows when
the bias applied to the PN junction is changed from for-
ward bias to reverse bias, can be further reduced, and
thus soft recovery characteristic can be improved con-
siderably.
[0019] A semiconductor device according to the sec-
ond aspect is characterized in that the second lifetime in
the first aspect is smaller than 1/10 of the first lifetime.
[0020] Thereby, the carrier density of the first semicon-
ductor layer is optimized. This permits on state voltage
reduction when the device of this aspect is applied to a
diode, and thus leads to an extension of recovery current
dissipation time at the time of recovery.
[0021] A semiconductor device according to the third
aspect is characterized in that a second resistibility of the
second semiconductor layer in the first aspect is greater
than 50 times of a first resistibility of the first semicon-
ductor layer.
[0022] Thereby, the carrier density of the first semicon-
ductor layer can be optimized.
[0023] A semiconductor device according to the fourth
aspect is characterized in that the thickness between the
first interface of the second semiconductor layer and the
other main surface opposed to the main surface of the
third semiconductor layer in the first aspect is set such
that a peak value of current flowing when voltage applied
between the first semiconductor layer and the third sem-
iconductor layer is changed from forward bias to reverse
bias is smaller than a peak value of the current on the
assumption that the second semiconductor layer is ab-
sent.
[0024] Thereby, thickness of the second semiconduc-
tor layer is controlled to an optimum value that is required
in view of an improvement of recovery characteristic of
a diode. Therefore, when the device of this aspect is ap-
plied to a diode, it is possible to realize a diode having a
softer recovery characteristic with a small recovery peak
current, without causing deterioration in breakdown volt-
age.
[0025] A semiconductor device according to the fifth
aspect is characterized in that the thickness in the fourth
aspect is set to a value in a range of from 15 micrometers
to 40 micrometers.
[0026] Thereby, the carrier density in the vicinity of the
interface between the second and third semiconductor
layers is reduced and the carrier density of the first sem-
iconductor layer is optimized. Therefore, the recovery
characteristic of a diode, namely, a peak current of a
recovery current, can be further reduced, and the recov-
ery current dissipation time can be further extended.
[0027] A semiconductor device according to the sixth
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aspect is characterized in that the semiconductor device
in the fifth aspect is used as a free-wheel diode.
[0028] This realizes a free-wheel diode having a large
breakdown voltage and a low loss soft recovery charac-
teristic, thus making it possible to realize a power module
having less power loss due to surge voltage or the like.
[0029] A semiconductor device according to the inven-
tion of claim 1 is characterized in that the predetermined
ion is an ion of an atom with an atomic number from 2 to 8.
[0030] Thereby, the second semiconductor layer can
be easily provided with the property serving as a low life-
time region by implanting a general-purpose ion, i.e., an
ion of an atom with an atomic number from 2 to 8.
[0031] A semiconductor device according to the inven-
tion of claim 1 is characterized in that the first semicon-
ductor layer comprises diffused heavy metals.
[0032] Thereby, the carrier lifetime of the first semicon-
ductor layer is longer than the lifetime of the second sem-
iconductor layer, and the carrier density of the first sem-
iconductor layer is optimized. Therefore, when the device
of this aspect is applied to a diode, time required until a
recovery current at the time of recovery dissipates com-
pletely can be further extended by preventing an increase
in on state voltage generated upon formation of a low
lifetime layer, during on state.
[0033] Hereinafter, the objects, features, aspects and
advantages of this invention will be described in detail
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0034]

Fig. 1 is a longitudinal cross section illustrating the
structure of a diode in a first preferred embodiment
of this invention.
Fig. 2 is a diagram schematically showing a SR
measuring method.
Fig. 3 is a diagram showing the result of SR meas-
urement of a diode when the 25 conventional third
technique is applied.
Fig. 4 is a diagram showing the result of SR meas-
urement of the diode of the first preferred embodi-
ment.
Fig. 5 is a longitudinal cross section illustrating a sim-
ulation model in this invention.
Fig. 6 is a diagram showing the result of a simulation
to the model of Fig. 5.
Fig. 7 is a diagram showing the result of a prototype
of the diode in the first preferred embodiment.
Fig. 8 is a diagram showing the result of SR meas-
urement when a recovery peak current has the min-
imum value in the result of Fig. 7.
Fig. 9 is a diagram showing the result of the prototype
of the diode in the first preferred embodiment.
Fig. 10 is a diagram showing the result of measure-
ment of a conventional diode, for comparison with
Fig. 9.

Fig. 11 is a cross section illustrating a method of
manufacturing a diode in a first example.
Fig. 12 is another cross section illustrating the meth-
od of manufacturing a diode in the first example.
Fig. 13 is another cross section illustrating the meth-
od of manufacturing a diode in the first example.
Fig. 14 is another cross section illustrating the meth-
od of manufacturing a diode in the first example.
Fig. 15 is a flowchart illustrating manufacturing steps
in a second preferred embodiment of this invention.
Fig. 16 is a cross section partially illustrating the sec-
ond step in Fig. 15.
Fig. 17 is a cross section illustrating the structure of
a conventional general diode.
Fig. 18 is a diagram showing output characteristic of
a diode.
Fig. 19 is a diagram showing reverse recovery char-
acteristic of a diode.
Fig. 20 is a cross section illustrating an example of
the structure of a diode when the conventional sec-
ond technique is applied.
Fig. 21 is a cross section illustrating an example of
the structure of a diode when the conventional fourth
technique is applied.
Fig. 22 is a diagram showing the relationship be-
tween proton dose, breakdown voltage, and recov-
ery peak current, in a diode to which the conventional
fourth technique is applied.
Fig. 23 is a diagram showing the result of measure-
ment of breakdown voltage and recovery peak cur-
rent when helium ions are implanted.

BEST MODE FOR CURRYING OUT THE INVENTION

(First Preferred Embodiment)

[0035] A semiconductor device having a new pin struc-
ture is provided in a first preferred embodiment. As a
suitable example of this semiconductor device, an exam-
ple where the present invention is applied to a diode is
described herein. A diode according to this embodiment
has a damage region characterized in that a resistance
value is monotonically decreased from an interface by
damage caused by predetermined helium ion implanta-
tion from the interface between a P layer and N layer of
a PN junction to a predetermined depth or position in the
N layer. The fact that such a damage region is formed in
the N layer in the vicinity of the interface or junction en-
ables to realize a softer recovery characteristic without
causing any influence on withstand or breakdown voltage
(it remains unchanged). Hereinafter, the diode having
the damage region is described through a more specific
analysis.

(1) Fig. 1 is a longitudinal cross section of a diode
according to the first preferred embodiment of this
invention. In Fig. 1, a first semiconductor layer (N
type substrate) of a first conductivity 1 comprises a
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cathode N+ layer 1A and N- layer 1B formed thereon.
In this embodiment, N type conductivity type corre-
sponds to the first conductivity type.
Formed on a first main surface of the first semicon-
ductor layer 1 is a second semiconductor layer 2
having the same N type conductivity type in a state
of being damaged by implantation of a light ion (e.g.,
He ion). A first main surface of the second semicon-
ductor layer 2 and the first main surface of the first
semiconductor layer 1 form a first interface S1. The
second semiconductor layer 2 is a feature of this
embodiment and, as can be understood later from
the following description, the layer 2 is a region that
has (i) a lifetime (called second lifetime) τ2 shorter
or smaller than a lifetime τ1 (called first lifetime time)
of carriers in the first semiconductor layer 1; and (ii)
a resistance value that decreases monotonically.
Hereinafter, the second semiconductor layer 2 is
called "low lifetime layer or low lifetime region."
Disposed on the second main surface of the low life-
time layer 2 (opposed to the first main surface) is a
third semiconductor layer (which corresponds to an
anode layer, and is called anode P layer hereinafter)
3 formed by diffusion of impurity of a second con-
ductivity type (P type herein). The second main sur-
face of the layer 2 and the second main surface of
the layer 3 form a second interface S2. Here, thick-
ness of the anode P layer 3 is set to a small value,
namely, approximately 3 mm.
Further, an anode electrode (first main electrode) 5
is formed on the first main surface of the anode P
layer 3, and a cathode electrode (second main elec-
trode) 6 is formed on the second main surface cor-
responding to the rear surface of the cathode N+
layer 1A.
Hereat, for example, diffusion of a heavy metal such
as Pt or Au in the mentioned first conventional tech-
nique, is applied to this diode, and diffusion time or
diffusion temperature of the heavy metal is controlled
such that the lifetime τ1 of carriers in the first semi-
conductor layer 1 is longer than that (τ2) of the low
lifetime layer 2, thereby increasing the carrier density
of the cathode side. Strictly, since the diffusion co-
efficient of the heavy metal in the first semiconductor
layer 1 has a slight slope, the lifetime (τ1A) on the
cathode N+ layer 1A side is slightly longer than the
lifetime (τ1B) of the N- layer 1B. This technique is,
of course, for increasing the recovery current dissi-
pation time Trr shown in Fig. 19.
Also, from the point of view of that the recovery peak
current Irr has a smaller value than it had conven-
tionally, and no influence is exerted on an extension
of the recovery current dissipation time Trr that is
obtained by application of the technique of diffusion
of a heavy metal, thickness of the low lifetime layer
2 or depth d from the second interface S2 is control-
led to a value in a predetermined range as described
later.

(2) Operation of a diode of this embodiment is de-
scribed as below.
In the structure of Fig. 1, a predetermined anode
voltage VAK is applied between the anode electrode
5 and cathode electrode 6, as forward bias (see Fig.
18) and, when the anode voltage VAK exceeds a
threshold value (∼0.6 V), holes are injected from the
anode electrode 5 into the N- layer 1B via the low
lifetime layer 2, and thus the diode conducts. When
the anode voltage VAK is equal to the on state volt-
age value Vf shown in Fig. 18, a rated current If flows.
On the other hand, when a predetermined anode
voltage VKA is applied between the cathode elec-
trode 6 and anode electrode 5, as reverse bias (see
Fig. 18), only the low lifetime layer 2 is formed in the
diode unless the anode voltage VKA exceeds a
breakdown voltage Vr.
The low lifetime layer 2 has no influence on the
breakdown voltage of a PN junction, as described
later. Therefore, the diode of this structure produces
the advantage that Q breakdown voltage has lesser
reduction than that of a diode in which a low lifetime
layer 2 is not formed. In addition, since the low life-
time layer 2 is formed on the anode side, the carrier
density in the vicinity of the anode is reduced con-
siderably. Thereby, there are obtained, at the same
time, O the advantage that the recovery peak current
Irr at the time of recovery (see Fig. 19) can be further
reduced than the mentioned first to fourth conven-
tional techniques. In this diode, a heavy metal is pre-
viously diffused in the first semiconductor layer 1 as
in the first conventional technique. By controlling the
quantity of diffusion, the lifetime on the cathode N+
layer 1A side is extended to increase the carrier den-
sity on the cathode side. It is therefore possible that
P the recovery current dissipation time Trr (see Fig.
19) is extended by lowing on state voltage Vf during
on state (see Fig. 18).
(3) To prove the advantage of the diode structure of
Fig. 1, as to proton implantation in the mentioned
conventional fourth technique and helium ion im-
plantation in this embodiment, the influence of their
respective implantation upon breakdown voltage
has been investigated this time. The investigation
has been performed by measuring, after implanting
a charged particle (H+, He+), a spread resistance
(hereinafter called SR) of each sample subjected to
heat treatment. Here, SR measurement means to
perform the following measurement. Specifically, for
example, a semiconductor element is polished ob-
liquely as schematically illustrated in Fig. 2 (of
course, it may be polished vertically), and two elec-
trode needles are brought into contact wit a polished
surface SS and moved along a direction D1, to meas-
ure resistance caused by a spread SP between the
needles (i.e., spreading resistance). This is a method
of finding a resistance value or resistivity within the
semiconductor element, which is a known measur-
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ing technique.
The result of SR measurement obtained by perform-
ing a conventional proton implantation, and the result
of SR measurement of the device subjected to He
ion implantation, are shown in Figs. 3 and 4, respec-
tively. The measurements shown in Figs. 3 and 4
were carried out by using a measuring instrument of
SOLID STATE MEASUREMENTS, INC., USA. The
abscissa of Figs. 3 and 4 corresponds to a position
where a charged particle is implanted, which is given
as depth L from a first main surface of the anode P
layer 3 in Fig. 1. In Figs. 3 and 4, the results of meas-
urement R, ρ and N designate a spreading resist-
ance, resistivity of an element, and impurity concen-
tration, respectively. For silicon, there are a known
reduced value between spreading resistance R and
resistivity ρ or impurity concentration N. Therefore,
if only spreading resistance R is measured, by using
the reduced value, the value of resistivity ρ, and then
impurity concentration N can be calculated automat-
ically. The ordinate of Figs. 3 and 4 is indicated by
logarithmic scale. Samples which were used in the
measurements of Figs. 3 and 4 were produced by
using the same substrate and material, and the sole
difference therebetween was a radiation source
(namely, whether H+ or He+). Their respective dose
was controlled such that both had the same electric
characteristic (recovery characteristic). The dose
was a practical value in the range of about 10 to 100
cm-3, in the relative values in Fig. 22.
In the case of proton implantation, as shown in sym-
bol R1 in Fig. 3, measurement is made on a low
resistance region between a high resistance part
damaged by proton implantation and an N- layer of
a wafer. Here, the term "damage" is understood to
mean that the resistance of a semiconductor layer
is increased by implantation of a light ion. The reason
for this seems that a damaged layer formed by proton
is turned to be a donor (impurity) by the subsequent
heat treatment. This donar phenomenon is consid-
ered to occur in practice across the damaged layer.
Hence, breakdown voltage decreases with proton
implantation.
On the other hand, in the case of helium ion implan-
tation shown in Fig. 4, as best shown by comparison
with Fig. 3, such a donor phenomenon as indicated
by a region R1 of Fig. 3 is not caused, and a spread-
ing resistance R or resistivity ρ decreases monoton-
ically with increasing depth L from the first main sur-
face of the anode P layer 3 or the depth from the
interface S2. That is, the damaged part formed by
helium ion implantation is measured as a high resist-
ance region, and it can be judged that such a donor
phenomenon as in proton implantation is not caused.
Accordingly, with helium ion implantation, only a
damage due to implantation is formed within an n
layer in the vicinity of a junction, and thus no reduc-
tion in breakdown voltage Vr (Fig. 18) is caused by

implantation. Of course, this does not depend upon
helium ion dose.
Fig. 23 shows the result of measurement as to char-
acteristics of breakdown voltage Vr and recovery
peak current Irr, to helium ion dose. The left and right
ordinates of Fig. 23 indicate breakdown voltage Vr
and relative ratio (Irr/If), respectively, as in Fig. 22.
As best shown of Fig. 22 with Fig. 23, for helium ion
implantation, hardly or no change in breakdown volt-
age Vr is observed even when implanting helium ions
of a dose of approximately 10 to 100 cm-3 (relative
value) with which a sufficiently small recovery current
value Irr can be realized in practice.
As stated above, the formation of the low lifetime
region 2 by means of helium ion implantation effects
the action of preventing the N- layer part subjected
to implantation from becoming donor even after heat
treatment, thereby making breakdown voltage Vr un-
changed.
(4) Description will now be made of reverse recovery
characteristic of the diode of the structure of Fig. 1.
In this diode, the low lifetime region 2 damaged by
helium ion implantation is formed in the vicinity of
the anode, namely, around the interface S2 that is a
PN junction surface. Therefore, O the carrier density
in the vicinity of the anode decreases markedly, and
recovery peak current Irr lowers markedly. In addi-
tion, Q there occurs no deterioration in breakdown
voltage Vr due to implantation, as stated in the item
(3).
Also, in this diode, a damage due to helium implan-
tation is locally formed in the vicinity of the anode
alone. Thus, as compared with a conventional diode
in which such a damage is not formed, it is necessary
to extend the lifetime of carriers in other regions
whereat no damage is formed, namely, the N- layer
1B and cathode N+ layer 1A in Fig. 1. The reason
for this is that, since the low lifetime region 2 is locally
formed in the N- layer 1B, if the lifetime of other N
type layers is set to the same value as in the case
where the region 2 is not formed, on state voltage
Vf during on state is increased to cause loss. To
avoid this, it is necessary to control the lifetime of
other N type layers such as to be extended for re-
ducing on state voltage Vf. This can be realized by
optimizing thickness d of the low lifetime region 2,
and applying the mentioned technique of diffusing a
heavy metal. The realization of the long lifetime in-
creases the carrier density in the vicinity of the cath-
ode, so that a recovery current dissipation time Trr
is extended.
(5) Fig. 5 shows a simulation model for analyzing
reverse recovery characteristic of a diode formed
with the low lifetime region 2. In Fig. 5, the same
symbol as in Fig. 1 denotes the same part. Note that
in this model the region corresponding to the low
lifetime region 2 of Fig. 1 is divided into a region 2S
and a region 2S1 of Fig. 5. Of these, one region 2S
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is the region that is set in consideration of the half
width of helium ion beam (610mm), and thickness
d1 of the region 2S is set to have an amount equiv-
alent to the half width. Therefore, the other region
2S1 part in the model of Fig. 5 must be actually a
damaged part subjected to helium ion implantation,
however, for convenience in simulation, the region
2S1 is merely handled as an N type semiconductor
layer having the same lifetime as the N- layer 1B. In
actual, both regions 2S and 2S1 are the layer dam-
aged by helium ion implantation. Thus, the following
relationship seems to be established: τ1 > τ 2S1 >
τ2S, wherein the lifetime of the regions 2S and 2S1
are τ2S and τ 2S1, respectively. Accordingly, in Fig.
1, both regions 2S and 2S1 of Fig. 5 are defined
integrally as the second semiconductor layer (low
lifetime layer) 2.
In performing this simulation, each parameter is set
as follows. Specifically, the model diode is set to a
diode in the breakdown voltage of 600 V class, and
the specific resistance and thickness of the N- layer
1B are set to 30 Ω. cm and 30 mm, respectively. Note
that the model is set to one which has a concentration
slope part of an approximately 100 mm between the
N- layer 1B and N+ layer (N+ substrate) in order to
correspond to the actual use of a diffused wafer.
Depth or thickness of the anode P layer 3 is set to 3
mm such as to correspond to the actual diode, and
its surface concentration is set to le 17. As to the
lifetime of a diode having no low lifetime region,
namely, corresponding to the conventional tech-
nique shown in Fig. 17, its entire region is set to 50
n sec. On the other hand, when a low lifetime region
is present, width d1 of the low lifetime region 2S in
the model of Fig. 5 is set to 10 mm such as to corre-
spond to the half width of helium ion beam, the life-
time of the region 2S is set to 8 n sec. (< 1/10 3 200
n sec.), and the lifetime of other regions (2S1, 1B,
and 1A) is set to 200 n sec. Then, a simulation of
recovery characteristic has been executed by
changing the position from the interface S2 of the
low lifetime region 2 or 2S, or depth d.
The simulation has been conducted with respect to
on state voltage Vf shown in Fig. 18 and reverse
recovery characteristic (Irr, Trr) shown in Fig. 19, by
using a commercially available simulator Medici. The
obtained result of the simulation is shown in Fig. 6.
In Fig. 6, the respective characteristics Trr, Irr and
Vf are indicated as a standard value of each char-
acteristic, which is obtained when all regions have
the same carrier lifetime (that is, in the absence of a
region 2S). Accordingly, when a relative ratio is 1,
the device shows the same characteristic as that of
a conventional one (e.g., one which is shown in Fig.
17).
Under consideration of the simulation result of Fig.
6, the following points can be understood. Firstly, on
state voltage Vf increases as the low lifetime region

2S is formed more deeply within the N type substrate.
On the other hand, recovery peak current Irr is min-
imized when its formation depth is 20 mm, and in-
creases when the position of irradiation is apart from
the position at that time. As opposed to on state volt-
age Vf, recovery current dissipation time Trr de-
creases as the low lifetime region 2S is formed more
deeply. These results show that, as the low lifetime
region 2S is formed more deeply from the interface
S2, the carrier density in the vicinity of the anode is
decreased to increase on state voltage Vf. The rea-
son why the recovery peak current Irr has a minimum
value is considered that since the regions 2S1 and
2S are set in the model of Fig. 5, as the low lifetime
region 2S becomes deeper, on the contrary, the
number of carriers in the vicinity of the anode, name-
ly, the number of carriers in the region 2S1 increases.
Further, since the number of carriers on the cathode
side is decreased as the low lifetime region 2S is
formed more deeply, recovery current dissipation
time Trr is reduced as the low lifetime region 2S be-
comes deeper.
To achieve the mentioned objects O to Q of the
invention, it is necessary to set thickness of the low
lifetime region 2 or 2S, or depth d, such as to estab-
lish the relationships of Vf61 (no change in on state
voltage Vf, i.e., an extension of time Trr), Irr<1, and
Trr>1, in the relative value in the simulation of Fig.
6. Especially, it should be regarded as significant to
establish the relationship of Irr<1. If evaluated the
simulation result of Fig. 6 in view of the foregoing, it
is understood that superior soft recovery character-
istics than was previously possible can be obtained
when thickness d of the low lifetime region 2 or 2S
is controlled in the range of 10 mm to 30 mm.
In addition, there was investigated the carrier density
in on state when helium ion implantation position d
is set to the implantation position of 30 mm of Fig. 6
where the time Trr equals that of a conventional one.
As a result, the depth of the point where a density
distribution of holes injected from the anode elec-
trode 5 and a concentration distribution on the side
of the N substrate 1 cross, that is, the position at
which the impurity concentration of the first semicon-
ductor layer 1 in on state equals the concentration
of carriers injected into the first semiconductor layer
1, is located at the position of 58 mm when viewed
from the interface S2. The helium ion implantation
position d is therefore controlled in the range of from
10 mm to 30 mm, as stated earlier. Thus, by setting
the helium ion implantation position d to not more
than half of the depth of the point where the holes
injected from the anode electrode 5 and the N sub-
strate 1 cross, it is possible to set the recovery current
dissipation time Trr to the time (the relative value of
time Trr>1) longer than that of the conventional case
where no diffusion of a heavy metal nor irradiation
of electron beam is performed (Fig. 17).
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(6) Thereafter, in view of the simulation result, a di-
ode has been prepared experimentally in practice.
In the preparation, to a pin structure in which a life-
time control to the whole has been weakened than
a conventional diode, the mentioned helium ion im-
plantation has been carried out, followed by heat
treatment (anneal). Then, like the mentioned simu-
lation, investigation has been made as to how the
respective characteristics Vf, Irr and Trr depend up-
on helium ion implantation position. Herein, the he-
lium ion implantation position is indicated by depth
L (see Fig. 1), including the anode P layer 3 (approx-
imately 3 mm thick). Helium ion implantation has
been performed under the condition that half width
of irradiated beam is 10 mm, as in the simulation,
and its dose is about 10 to 100 cm-3 (see Fig. 22) in
a practical relative value level. In the experimental
preparation, the result of SR measurement of the
diode subjected to heat treatment is also evaluated
(see Figs. 4 and 8), and the point where the resistivity
change of the damaged low lifetime region and the
resistivity change of the N substrate cross, which
corresponds to a point P in the examples of Figs. 4
and 8, is defined as helium ion implantation position
L. The result of the manufactured prototype is shown
in Fig. 7. Like Fig. 6, the ordinate of Fig. 7 is given
as a relative value to the characteristic of a conven-
tional structure in the absence of a region 2 (see Fig.
17).
As shown in Fig. 7, the prototype result is also almost
the same as the simulation result of Fig. 6, and on
state voltage Vf increases as the low lifetime region
2 (Fig. 1) becomes deeper. Recovery peak current
Irr is minimized when depth L is 28 m m, and increas-
es when the helium ion irradiation position L is apart
from that depth (=28 mm). As opposed to on state
voltage Vf, recovery current dissipation time Trr de-
creases as position L of the low lifetime region 2 be-
comes deeper. In Figs. 6 and 7, even when thickness
of the anode P layer 3 is reduced, there occurs a
difference in the change of the recovery peak current
Irr in the vicinity of the minimum value of recovery
peak current Irr, with respect to the helium ion im-
plantation position (in Fig. 7, the change of recovery
current Irr is small). This seems to be caused by the
fact that in the simulation of Fig. 6, the region 2S1
of Fig. 5 is treated as a non-damaged region. There-
fore, it is found that the region 2S1 of Fig. 5 has to
be regarded in practice as a damaged region.
From the prototype result of Fig. 7, as compared with
the conventional case, recovery characteristic is im-
proved than was previously possible, by setting po-
sition L of the low lifetime region 2 to the range of 15
mm to 40 mm (which especially gives the result that:
recovery peak current Irr<1).
Fig. 8 shows the result of SR measurement obtained
when a prototype has been manufactured by con-
trolling helium ion implantation position L from the

first main surface of the anode P layer 3 such as to
be 28 mm in Fig. 7. As apparent from Fig. 8, the
resistance of the damaged low lifetime region is over
about 50 times of that before it is damaged. It is there-
fore desirable that the resistivity of the low lifetime
region 2 is set to not less than 50 times of that of the
first semiconductor layer 1. As to lifetime, in view of
setting of the mentioned simulation conditions, it is
desirable to establish the relationship of: (lifetime τ2
of the low lifetime region 2)< 1/10 3 (lifetime τ1 of
the first semiconductor layer 1). This enables to op-
timize the carrier density of the N type substrate 1.
Fig. 9 shows recovery characteristic obtained when
helium ion implantation position L has been control-
led to the position of 28 mm at which recovery peak
current Irr is minimized, to form the low lifetime region
2. Fig. 10 shows the result of reverse recovery char-
acteristic of a diode to which no helium ion implan-
tation has been performed. In Figs. 9 and 10, symbol
Ik denotes anode-cathode current. Other symbols
are as described earlier. As best shown by compar-
ison of Fig. 9 with Fig. 10, the diode of the invention
in Fig. 9 has a smaller recovery peak current Irr and
a longer recovery current dissipation time Trr.
(7) The foregoing description is made on the case
where in a pin structure, the N type substrate 1 and
anode P layer 3 are taken as a first semiconductor
layer of a first conductivity type and a third semicon-
ductor layer of a second conductivity type, respec-
tively, an intermediate layer sandwitched therebe-
tween is taken as the low lifetime region 2, and the
anode electrode 5 and cathode electrode 6 are taken
as first and second main electrodes, respectively
(see Fig. 1). The invention is, however, not limited
thereto and applicable to a semiconductor device in
which (i) a p type semiconductor substrate is taken
as the first semiconductor layer of the first conduc-
tivity, (ii) a p type semiconductor layer formed ther-
eon which has a shorter lifetime and resistivity that
decreases monotonically, is taken as the second
semiconductor layer of the first conductivity type, (iii)
a cathode n layer formed thereon is taken as the
third semiconductor layer of the second conductivity
type, and (iv) a cathode electrode and an anode elec-
trode are taken as the first and second main elec-
trodes, respectively. In this case, the second semi-
conductor layer is a mere damaged region upon re-
ceipt of implantation of a predetermined ion such as
helium ion, and has the property of not becoming
acceptor even by the subsequent heat treatment
(thus, causing a monotonic decrease in resistivity).
(8) The diodes of Figs. 1, 6 and 7 have the structure
based on the assumption that prior to helium ion im-
plantation, a heavy metal such as platinum is previ-
ously diffused into the N- layer 1B and N+ layer 1A.
Semiconductor fabrication techniques are, however,
not limited thereto and applicable to a diode in which
a low lifetime region 2 is formed by helium ion im-
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plantation, when the heavy metal is not previously
diffused. Such a diode does not fall under the claimed
invention. In this case, the effect owing to the heavy
metal diffusion, namely, the mentioned effect P (an
increase in the carrier density on the cathode side,
no change in on state voltage Vf (to a conventional
diode subjected to a heavy metal diffusion), and re-
tention of an extension of dissipation time Trr) cannot
not obtained, however, the mentioned characteristic
effects O (a further decrease in current Irr) and Q
(no change in breakdown voltage) can be obtained.
Accordingly, even such a structure provides a ben-
eficial technique.
(9) The foregoing description based on Fig. 1 is made
on the case where the low lifetime region 2 of Fig. 1
is formed by utilizing helium ion as a representative
of light ions or predetermined ions. One other than
helium ion may be utilized as a light ion. Here, the
term "light ion" is used in a wider sense to comprise
ions of relatively light atoms, which includes ions of
atoms from helium whose atomic number is 2, to
oxygen whose atomic number is 8, except for hydro-
gen ion, namely, proton. It is especially effective to
use, as a predetermined ion, the ion of an atom such
as He, Li and Be, belonging to the class of constitut-
ing no semiconductor impurity generally called donor
or acceptor, to silicon.

(First Example)

[0036] Description will now be made of a suitable meth-
od of manufacturing a diode, however this method and
resultant diode, do not form part of the claimed invention.
Longitudinal cross sections of Figs. 11 to 14 illustrate
manufacturing steps in this example.
[0037] To manufacture the diode, in a first step shown
in Fig. 11, there is firstly prepared an N type substrate 1
comprising an N+ layer 1A and N- layer 1B (correspond-
ing to a first semiconductor layer of a first conductivity
type).
[0038] In a second step, as shown in Fig. 12, a P type
impurity is implanted from an exposed surface of the N-
layer 1B, followed by annealing, to form an anode region
3 (a second semiconductor layer of a second conductivity
type) on the N-layer surface. Thereafter, as shown in Fig.
13, an anode electrode (first main electrode) 5 is formed
on a surface of the N type substrate 1, and a cathode
electrode (second main electrode) 6 is formed on a rear
surface of the N type substrate 1. Note that the cathode
electrode 6 may be formed after a third step as described
later.
[0039] In the third step shown in Fig. 14, firstly, a pre-
determined ion source is disposed on the anode side as
opposed to the anode electrode 5. The predetermined
ion source is an implantation source of a light ion except
for hydrogen ion (proton) and, herein, that is an irradiation
source of helium ion beam that is a representative of light
ions. Then, a buffer layer 7 (e.g., aluminum foil) for ad-

justing depth of helium ion implantation without changing
its dose, is disposed in front of the anode electrode 5 (the
accelerated energy of helium ion beam is decreased by
thickness of the buffer layer 7) and, via the buffer layer
7, helium ion is implanted from an interface S2 to the N-
layer 1B at a predetermined depth d (a predetermined
depth L when viewed from one surface 3S1 of the anode
region 3 on which the anode electrode 5 is formed).
Thereafter, a heat treatment of 300 °C to 400 °C (first
heat treatment) is executed for the device subjected to
the implantation. Thereby, a low lifetime region 2 with
thickness d is formed in an N- layer 1BS in the vicinity of
the interface S2. Other N- layer part is indicated by sym-
bol 1B. At this time, by implanting helium from the surface
of the anode electrode 5, it is possible to reduce variations
in the implantation position to the anode surface (inter-
face S2), as compared with the implantation from the
cathode surface. The range of the predetermined depth
L is desirably from 15 mm to 40 mm, as stated in the first
preferred embodiment, in view of the fact that thickness
of the anode region 3 is about 3 mm.
[0040] Through the first to third steps, a new diode
structure as shown in Fig. 1 is obtainable. That is, a sem-
iconductor device having a smaller recovery peak current
Irr and low-loss soft recovery characteristic can be
formed easily without deteriorating breakdown voltage,
by using a helium ion beam generator that is a general-
purpose light ion source. In this case, the number of steps
is increased only by the step of Fig. 14.
[0041] The technical idea described in this example is
basically applicable to the case where a low lifetime re-
gion is formed in the vicinity of a PN junction surface in
an anode region.

(Second Preferred Embodiment)

[0042] Fig. 15 shows a flowchart illustrating manufac-
turing steps of a second preferred embodiment. As ap-
parent from Fig. 15, this embodiment is characterized in
adding, prior to the step of implanting helium ion, the step
of diffusing a heavy metal as shown in Fig. 16, into the
second step as described in the first example. The step
of diffusing a heavy metal itself corresponds to the men-
tioned first conventional technique. Specifically, the life-
time of carriers on the cathode N+ layer 1 A side in Fig.
1 is increased, and the carrier density on the cathode
side is increased to prevent an increase in on state volt-
age Vf that is caused by provision of a low lifetime region
2, thereby extending time Trr.
[0043] Hereinafter, a method of manufacturing a diode
in which the lifetime on the cathode side can be controlled
such as to be further extended, by referring to the
processing drawing in Fig. 16.
[0044] Specifically, in the manufacturing method de-
scribed in the first example, after the step of Fig. 12, a
heavy metal such as platinum or gold is sputtered on a
surface of an anode region 3 as shown in Fig. 16, and
then subjected to a heat treatment of 800 °C to 900 °C
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(second heat treatment) to diffuse the heavy metal into
an N-layer 1BS and N+ layer 1A. Thereby, a region hav-
ing a lifetime longer than that of the low lifetime region 2
is formed from the N+ layer 1BS to the N+ layer 1A. This
heat treatment temperature is sufficiently higher than the
heat treatment temperature after the helium ion implan-
tation in the step of Fig. 14. Therefore, as in this embod-
iment, by inserting the step of diffusing a heavy metal
between the step of Fig. 12 and the step of Fig. 13, the
lifetime in the vicinity of the anode and that in the vicinity
of the cathode can be controlled in separate steps, re-
spectively.
[0045] From the foregoing, with the manufacturing
method of this embodiment, it is possible to provide a
semiconductor device permitting a further improvement
in soft recovery characteristic (a reduction in Irr, and an
increase in Trr) without deteriorating the withstand volt-
age.

(Summary)

[0046] The diodes in the respective preferred embod-
iments of the invention enable to reduce the carrier den-
sity in the vicinity of the third semiconductor layer to fairly
reduce reverse current of reverse recovery characteristic
without causing any influence on breakdown voltage, be-
cause these have the low lifetime region 2 with a resis-
tivity decreasing monotonically which is formed from the
bottom surface of the third semiconductor layer on the
first main electrode side to a predetermined depth. In
addition, since the lifetime of the low lifetime region 2 and
the lifetime of other regions are controlled separately to
their respective optimum values, it is possible to control
in the direction of increasing the carrier density of the first
semiconductor layer on the second main electrode side,
thereby improving reverse recovery characteristic.
[0047] Accordingly, in the diodes of the invention,
breakdown voltage is determined by the first and third
semiconductor layers, because the resistance of the low
lifetime region decreases monotonically.
[0048] With the method of manufacturing of a diode in
the invention, a diode having such an improved soft re-
covery characteristic can be manufactured easily with
versatility.
[0049] The scope of the invention is given by the ap-
pended claims and not to be limited to the description in
the foregoing specification. All the modifications and var-
iants within the scope of the claims come within the scope
of the invention.

INDUSTRIAL APPLICABILITY

[0050] This invention can effectively exhibit its features
particularly when it is utilized in a pin diode among sem-
iconductor devices. Also, a semiconductor device in ac-
cordance with the invention is useable as a free-wheel
diode in a power module.

Claims

1. A semiconductor device, comprising:

- a first semiconductor layer (1) of a first conduc-
tivity type;
- a second semiconductor layer (2) of the first
conductive type comprising both a first main sur-
face forming interface (S1) together with a main
surface of the first semiconductor layer (1) and
a second main surface opposed to the first main
surface,
- a third semiconductor layer (3) of a second
conductivity type comprising a main surface
which forms a second interface (S2) together
with the second main surface of the second sem-
iconductor layer (2), wherein a second lifetime
(τ2) of carriers in the second semiconductor lay-
er (2) is smaller than a first lifetime (τ1) of carriers
in the first semiconductor layer (1) and is ob-
tained by diffusion of a heavy metal through the
semiconductor device, wherein
- a resistance value in the second semiconduc-
tor layer (2) decreases monotonically from the
second interface (S2) to the first interface (S1),
and is obtained by ion implantation of an ion of
an atom with an atomic number from 2 to 8.

2. The semiconductor device of claim 1,
wherein a second life time (τ2) of carriers in the sec-
ond semiconductor layer (2) is smaller than 1/10 of
a first lifetime (τ1) of carriers in the first semiconduc-
tor layer (1).

3. The device according to claim 1 or 2,
wherein the first semiconductor layer (1) has a first
resistivity and the second semiconductor layer (2)
has a second resistivity, wherein the second resis-
tivity is greater than 50 times the first resistivity.

4. The semiconductor device of any of claims 1 to 3,
wherein the thickness (L) between the first interface
(S1) of the second semiconductor layer (2) and an-
other main surface opposite to the main surface of
the third semiconductor layer (3) is set to a value in
a range from 15 mm to 40 mm.

5. The device according to any of claims 1 to 4,
wherein the semiconductor device is usable as a
free-wheel diode.

Patentansprüche

1. Halbleitervorrichtung, die Folgendes aufweist:

- eine erste Halbleiterschicht (1) von einem ers-
ten Leitfähigkeitstyp;
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- eine zweite Halbleiterschicht (2) von dem ers-
ten Leitfähigkeitstyp, die sowohl eine erste
Hauptoberfläche, die zusammen mit einer
Hauptoberfläche der ersten Halbleiterschicht
(1) eine Grenzfläche (S1) bildet, als auch eine
zweite Hauptoberfläche aufweist, die der ersten
Hauptoberfläche gegenüberliegt,
- eine dritte Halbleiterschicht (3) von einem zwei-
ten Leitfähigkeitstyp, die eine Hauptoberfläche
aufweist, die zusammen mit der zweiten
Hauptoberfläche der zweiten Halbleiterschicht
(2) eine zweite Grenzfläche (S2) bildet, wobei
eine zweite Lebensdauer (τ2) von Ladungsträ-
gern in der zweiten Halbleiterschicht (2) gerin-
ger ist als eine erste Lebensdauer (τ1) von La-
dungsträgern in der ersten Halbleiterschicht (1),
was durch eine Diffusion eines Schwermetalls
durch die Halbleitervorrichtung erreicht wird,
- wobei der Widerstandswert in der zweiten
Halbleiterschicht (2) von der zweiten Grenzflä-
che (S2) zu der ersten Grenzfläche (S1) mono-
ton abnimmt, was durch eine Ionenimplantation
von Ionen von Atomen mit einer Ordnungszahl
von 2 bis 8 erreicht wird.

2. Halbleitervorrichtung nach Anspruch 1,
wobei die zweite Lebensdauer (τ2) von Ladungsträ-
gern in der zweiten Halbleiterschicht (2) geringer als
1/10 der ersten Lebensdauer (τ1) von Ladungsträ-
gern in der ersten Halbleiterschicht (1) ist.

3. Halbleitervorrichtung nach Anspruch 1 oder 2,
wobei die erste Halbleiterschicht (1) einen ersten
spezifischen Widerstand und die zweite Halbleiter-
schicht (2) einen zweiten spezifischen Widerstand
aufweisen, wobei der zweite spezifische Widerstand
größer ist als das 50-Fache des ersten spezifischen
Widerstandes.

4. Halbleitervorrichtung nach einem der Ansprüche 1
bis 3,
wobei die Dicke (L) zwischen der ersten Grenzfläche
(S1) der zweiten Halbleiterschicht (2) und einer an-
deren Hauptoberfläche, die der Hauptoberfläche der
dritten Halbleiterschicht (3) gegenüberliegt, mit ei-
nem Wert in einem Bereich von 15 mm bis 40 mm
vorgegeben ist.

5. Halbleitervorrichtung nach einem der Ansprüche 1
bis 4,
wobei die Halbleitervorrichtung als Freilaufdiode ein-
setzbar ist.

Revendications

1. Dispositif semi-conducteur, comprenant:

- une première couche semiconductrice (1) d’un
premier type de conductivité;
- une seconde couche semiconductrice (2) du
premier type de conductivité comprenant à la
fois une première surface principale formant in-
terface (S1) ensemble avec une surface princi-
pale de la première couche semiconductrice (A)
et une seconde surface principale opposée à la
première surface principale;
- une troisième couche semiconductrice (3) d’un
second type de conductivité comprenant une
surface principale qui forme une seconde inter-
face (S2) ensemble avec la seconde surface
principale de la seconde couche semiconductri-
ce (2), dans lequel une seconde durée de vie
(τ2) de porteurs dans la seconde couche semi-
conductrice (2) est plus courte qu’une première
durée de vie (τ1) de porteurs dans la première
couche semiconductrice (A) et est obtenue par
diffusion d’un métal lourd à travers le dispositif
semi-conducteur,

dans lequel une valeur de résistance dans la secon-
de couche semiconductrice (2) diminue de façon mo-
notone depuis la seconde interface (S2) vers la pre-
mière interface (S1), et est obtenue par implantation
ionique d’un ion d’un atome avec un numéro atomi-
que de 2 à 8.

2. Dispositif semi-conducteur selon la revendication 1,
dans lequel une seconde durée de vie (τ2) de por-
teurs dans la seconde couche semiconductrice (2)
est plus courte que 1/10 d’une première durée de
vie (τ1) de porteurs dans la première couche semi-
conductrice (1).

3. Dispositif selon la revendication 1 ou 2,
dans lequel la première couche semiconductrice (1)
a une première résistivité et la seconde couche semi-
conductrice (2) a une seconde résistivité, dans le-
quel la seconde résistivité est plus élevée que 50
fois la première résistivité.

4. Dispositif semi-conducteur selon l’une quelconque
des revendications 1 à 3,
dans lequel l’épaisseur (L) entre la première interfa-
ce (S1) de la seconde couche semiconductrice (2)
et une autre surface principale opposée à la surface
principale de la troisième couche semiconductrice
(3) est choisie à une valeur dans une plage de 15
mm à 40 mm.

5. Dispositif selon l’une quelconque des revendications
1 à 4,
dans lequel le dispositif semi-conducteur est utilisa-
ble à titre de diode de roue libre.
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