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Description

The invention relates to a semiconductor device
for producing or amplifying electromagnetic radi-
ation with a semiconductor body comprising a
highly doped semiconductor substrate of a first
conductivity type, which has a substantially flat
surface provided with at least one strip-shaped
raised portion, a blocking semiconductor region
of the second opposite conductivity type located
on the substrate on either side of the raised por-
tion, a passive layer-shaped semiconductor re-
gion of the first conductivity type forming a pn
junction with the blocking region, a thin active
semiconductor layer disposed thereon, a passive
semiconductor layer of the second conductivity
type located on the active layer, the active layer
having a higher refractive index for the said radi-
ation than the adjoining passive semiconductor
regions, and contact layers which are connected
in an electrically conducting manner to the pas-
sive layer of the second conductivity type and to
the substrate.

The invention further relates to a method of
manufacturing the semiconductor device.

A semiconductor device having the structure
described above is known from the article of H.
Blauvelt et al in Applied Physics Letters, Vol. 41,
No. 10, 15 November 1982, p. 903-905. The de-
vice described therein is a semiconductor laser in
which the strip-shaped region within the active
layer is defined at least for a considerable part by a
buried blocking region of a conductivity type op-
posite to that of the adjoining semiconductor ma-
terial. This has given advantages with respect to
double hetero-junction (DH) lasers in which the
strip-shaped active region is defined at the exte-
rior of the semiconductor crystal, for example by
means of a slot in an oxide layer, or by means of a
proton bombardment. For example, inter alia the
threshold current is generally lower than that of
DH lasers having a more conventional «stripe»
structure.

A great disadvantage of the laser structure ac-
cording to the aforementioned publication in Ap-
plied Physics Letters is, however, that in this case
the said passive layer-shaped region of the first
conductivity type cannot easily be made both very
thin and of uniform thickness, whereas in order to
prevent an excessively large current spreading a
very thin passive region is often desirable. This is
due to the fact that as a result of the process ued
the blocking layer in the proximity of the raised
portion of the substrate varies very strongly in
thickness, which results in that the passive layer
of the first conductivity type grown onto it has a
substantially planar upper surface in the proximity
of the mesa-shaped raised portion of the sub-
strate only when it is comparatively thick. Such a
planar upper surface is desirable in order to obtain
a likewise substantially planar active layer, which
is often to be preferred with a view to e.g. the sta-
bility of the laser characteristics, the symmetry of
the light distribution and a regular growth. A
further disadvantage of the known device is that it
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cannot be manufactured in a continuous growing
process, because the growing process has to be
interrupted for a «melt back» step.

This is connected with the fact that in a semi-
conductor device according to the aforemen-
tioned publication the width of the «mesa» or
raised substrate portion has to be very small be-
cause the said melt back process is very critical
and may lead to irregularities in the case of wider
mesa structures. Such very narrow mesa struc-
tures lead to high local current densities and a
higher series resistance.

The present invention has inter alia for its object
to provide a semiconductor device for producing
or amplifying electromagnetic radiation and hav-
ing a buried blocking region, in which the passive
region situated at the side of the substrate may be
very thin and no limitation need be imposed on
the width of the raised substrate portion, whilst
the whole layer structure can be realized in one
continuous growing process.

The invention has further for its object to pro-
vide a very suitable method of manufacturing
such a semiconductor device.

The invention is based inter alia on the recogni-
tion of the fact that the object aimed at can be
achieved in that at suitable areas a diffused region
is incorporated in the structure.

According to the invention, a semiconductor
device of the kind described in the opening para-
graph is characterized in that a blocking layer of
the second conductivity type is provided on the
substrate and over the raised portion in that the
passive layer-shaped region comprises a passive
layer of the first conductivity type provided on the
blocking layer, and in that the blocking region is
bounded by a zone of the first conductivity type,
which is diffused from at least the passive layer of
the first conductivity type into the blocking layer
and which connects the passive layer of the first
conductivity type to the raised substrate portion.

Due to the fact that the electrical connection
between the passive layer of the first conductivity
type and the substrate is established mainly by a
zone of the first conductivity type diffused at least
from this passive layer into the blocking layer, the
blocking layer can be grown over the raised sub-
strate portion without the necessity of interrupt-
ing the growing process for a melt back step.

According to an important preferred embodi-
ment, the blocking layer has a substantially con-
stant thickness over a distance of at least twice
and preferably at least five times the width of the
upper side of the raised portion on either side
thereof. As a result, the passive layer of the first
conductivity type may be, if desired, very thin and
there is no objection against the use of compara-
tively wide mesa-shaped raised substrate por-
tions.

The passive layer of the first conductivity type
may consist of semiconductor material of the
same composition as that of the blocking layer. In
most cases, however, the semiconductor material
of these two layers will be different not only in
conductivity type but also in composition, in
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order to obtain an optimum combination of
electrical and electro-optical characteristics.

The strip-shaped raised portion of the substrate
may be linear, but may for given applications, for
example, also be ramified or curved and/or vari-
able in height and/or width, especially when the
device is used for amplifying and/or conducting
an electromagnetic radiation beam.

According to an important preferred embodi-
ment, the strip-shaped raised portion of the sub-
strate has a groove extending in the longitudinal
direction thereof, whose depth is preferably
smaller than the height of the raised substrate
portion above the remaining part of the substrate
surface. The groove, which is preferably V-
shaped, advantageously has such a depth that the
part of the blocking layer located inside it is com-
pletely filled by the diffused zone of the first con-
ductivity type. A laser having this structure is in-
dex-guided.

The semiconductor device according to the in-
vention may be composed of arbitrary suitable
semiconductor materials. Advantageously, how-
ever, all the semiconductor regions consist of
semiconductor material having the composition
Al,Ga;_,As, where 0 < x < 1. As dopant for the
substrate and for the passive layer of the first (in
this case p) conductivity type use is then prefer-
ably made of zinc, magnesium or beryllium, which
all diffuse rapidly and permit of obtaining high
doping concentirations. Moreover, in this case, at
least one of the n-type conducting regions is
doped with tellurium or selenium in order to ob-
tain sufficiently high doping concentrations.

The invention also relates to a very suitable
method of manufacturing the device. This method
is characterized in that by means of an etching
process a highly doped semiconductor substrate
of a first conductivity type is provided with a sub-
stantially planar surface having locally at least one
strip-shaped raised portion, in that by epitaxial
growth a semiconducting blocking layer of the
second opposite conductivity type is formed on
this surface and on the raised portion, in that a
passive semiconductor layer of the first conduc-
tivity type is grown epitaxially onto this blocking
layer, in that then a thin active semiconductor
layer is grown onto this passive layer, and in that
then a passive semiconductor layer of the second
conductivity type is grown onto this active layer,
the whole epitaxial growing process being carried
out without interruption and the dopant diffusing
during the growing process from the adjoining
semiconductor material of the first conductivity
type into the blocking layer, and forming there a
diffused zone of the first conductivity type which
connects the passive layer of the first conductivity
type to the said raised portion.

The invention will now be described more fully
with reference to a few embodiments and the
drawing, in which:

Figure 1 shows partly in perspective view and
partly diagrammatically in cross-section a semi-
conductor device according to the invention,
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Figures 2 and 3 show diagrammatically in
cross-section the semiconductor device of Figure
1 at successive stages of manufacture,

Figure 3 shows diagrammatically in cross-sec-
tion another semiconductor device according to
the invention, and

Figures 5 and 6 show modifications of the de-
vice shown in Figures 1-3.

The Figures are schematic and not drawn to
scale, whilst in particular the dimensions in the di-
rection of thickness are strongly exaggerated.
Corresponding parts are generally designated by
the same reference numerals. Semiconductor re-
gions of the same conductivity type in the cross-
sections are hatched in the same direction.

Figure 1 shows partly in perspective view and
partly in cross-section a semiconductor device
according to the invention. in this embodiment,
the device is a semiconductor laser which can
emit electromagnetic radiation in a coherent beam
having a wavelength (in air) of about 780 nm.

The device comprises a semiconductor body
having a substrate 1 of a first conductivity type,
here the p-conductivity type. The substrate is
made in this embodiment of p-type gallium arse-
nide doped with zingc, and has a (100) orientation
and a doping of 10'8 zinc atoms/cm3. The sub-
strate has a thickness of about 80 pm and has a
substantially planar surface 2 provided with a
strip-shaped raised portion 3, which projects
above the surface 2 in the form of a mesa having a
height of about 1.8 pm. The upper side of the
raised portion 3 has a width of about 2 pm,

On the substrate there is further present on
either side of the raised portion 3 a blocking semi-
conductor region 4 of the second, opposite (so
here n) conductivity type. There are further pre-
sent a passive layer-shaped semiconductor region
(6, 7) of the first (p-)conductivity type forming a
pn junction 5 with the blocking n-type region 4, a
thin active semiconductor layer 8 disposed on this
region and a passive semiconductor layer 9 of the
second n-conductivity type disposed on the ac-
tive layer 8. The active layer 8 has a higher refrac-
tive index for the said radiation than the adjoining
passive semiconductor regions 6 and 9. A metal
(cathode) contact layer 11 is connected in an
electrically conductive manner via a highly doped
n-type conducting top layer 10 to the passive
layer 9 and a metal (anode) contact layer 12 is
connected electrically to the substrate 1.

According to the invention, a blocking layer 14
of the second (n)-conductivity type is provided
on the substrate 1 and over the raised portion 3.
On this layer 14 there is provided a passive layer 6
of the first (p-)conductivity type which forms part
of the aforementioned passive region 6, 7. The
blocking n-type region 4 is bounded according to
the invention by a p-type zone 7, which in this
embodiment is diffused from both the substrate 1
and the passive layer 6 into the blocking layer 14,
this zone 7 connecting the passive layer 6 to the
raised portion 3. )

The thickness and composition of the various
layers used in this embodiment are as follows:
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Layer Composition Type Thickness Doping
(nm) (cm~3)
1 GaAs pt 80 10'82n
4 AloAgGaojAS N 2 5x1 017 Te
6 Alp5GagsAs P 1 3x10'8 Mg
8 Alp.15Gag gsAs 0.1 undoped
9 AlpsGagsAs N 2 1.5x10'8Te
10 GaAS N 0.5 3x10'8Te

The boundary surfaces of the crystal are at right
angles to the longitudinal direction of the mesa-
shaped raised substrate portion 3. These surfaces
are cleavage surfaces which constitute at the
same time the «mirror facesy forming the resonant
cavity for the laser. The current through the active
layer 8 is restricted, by the n-type conducting part
4 of the blocking layer 14, to a strip-shaped active
region which is located over the raised portion 3
and which, when the passive layer 6 is thin, is
only slightly wider than this raised portion. The
upper contact layer 11 can cover, as is the case in
this embodiment, the whole top layer 10, which
results in a considerable simplification of the
manufacture. Moreover, this ieads to an efficient
and regular cooling when, as usual, the laser with
the contact layer 11 is arranged on a heat sink. If
desired, however, the contact layer 11 may alter-
natively be provided so that only a strip-shaped
region above the raised substrate portion 3 is
contacted.

~ The semiconductor layer according to the
above embodiment may be advantageously man-
ufactured in accordance with the invention in the
following manner.

The starting material is (see Fig. 2) a substrate
about 300 pm thick of p-type gallium arsenide
having a (100) orientation, a doping of 1018 zing'
atoms/cm?® and an upper surface 2 provided lo-
cally with a mesa-shaped raised portion 3 in the
form of an elongate strip in the <011 > direction,
obtained by masking and etching. The width of
the raised portion 3 is on the lower side about 6
pm and on the upper side about 2 pm. It should be
noted that at one GaAs wafer a large number of
Mesa structures 3 are present on which an equal
number of laser structures are grown. However,
for the sake of simplicity, the manufacture of only
one of these structures is illustrated with refer-
ence to the Figures.

By epitaxial growth from the liquid phase there
is deposited on this substrate 1 according to usual
techniques a tellurium-doped n-type conducting
blocking layer 14 of aluminium gallium arsenide
having the composition Alg3Gag7As and a thick-
ness of about 2 um. The thickness of the layer 14
is then considerably smaller at the raised portion 3
than beside this portion, for example, 0.2 pum as
compared with 2 pm. This depends inter alia upon
the grown material and may be realized in the pre-
sent embodiment with layers of the composition
Al,Gai_As, in which 0.1 < x < 0.8. The layer 14
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in this embodiment has a substantially constant
thickness up to 12 pm from the raised portion 3
and this thickness at larger distances decreases
slightly to a value of about 1.5 pm. ,

Without removing the semiconductor wafer
from the growing equipment, the layers 6, 8, 9
and 10 having the aforementioned composition,
thickness and doping are now successively
grown (see Fig. 3). The layer 6 is then doped with
a rapidly diffusing acceptor, such as zinc, magne-
sium or beryllium. During this growing process
and, if required, a subsequent after-heating, the
dopant diffuses from the layer 6 and from the sub-
strate 1 over a certain distance (indicated in Fig. 3
by dotted lines) into the blocking layer 14. The p-
type zone 7 diffused from the layer 6 joins the p-
type conducting raised substrate portion 3. The
part of the laser shown in Fig. 1 is located be-
tween the lines AA’ and BB’ of Figures 2 and 3.
The remaining n-type part of the layer 14 consti-
tutes the blocking region 4.

Consequently, this growing process can be ef-
fected continuously, whereby, after the substrate
1 has been introduced into the growing equip-
ment, the growing process need not be inter-
rupted for back-melting the mesa or for any other
reason. Thus a simple process is obtained in
which during the growth the contact between the
layer 6 and the raised portion 3 through the layer
14 is automatically established.

After termination of the growing process, the
substrate 1 is made thinner by grinding and etch-
ing until an ultimate thickness of 80 pm is ob-
tained for the substrate portion outside the raised
portion3.

Subsequently, the metal layers 11 and 12 are
provided, after which the cleavage surfaces are
formed by scribing and breaking, as a result of
which the wafer is divided into separate lasers and
the said mirror faces are obtained.

The laser thus formed has very favourable
electrical and electro-optical properties. The
wavelength is about 780 nm. The starting current
is comparatively low, i.e. about 70 mA at 30 °C,
and substantially does not vary in most of the
specimens manufactured even after continuous
operation of 500 hours at 5 mW power per mirror
surface at 60 °C. The threshold voltage is 1.9 V.
The laser is of the «gain-guided» type, in which
the active region within which the radiation is
generated is laterally restricted by the amplifi-
cation profile which has a maximum above the
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centre of the mesa-shaped raised substrate por-
tion 3.

Figure 4 shows diagrammatically in cross-sec-
tion an important preferred embodiment of the
semiconductor device according to the invention.
In this preferred embodiment, a V-shaped groove
20 is provided in the longitudinal direction in the
raised substrate portion 3, which also in this case
extends at right angles to the plane of the draw-
ing. The overall width of the upper side of the
raised portion 3 is in this case about 5 pm; the
depth of the groove 20 is 1 pm and is smaller than
the height of the raised portion 3 above the sub-
strate surface 2, which is about 2.3 pm. The thick-
ness of the substrate is 80 pm and the layers 4
(between the surfaces 2 and 13) and the layers 6,
8, 9 and 10 have thicknesses of 2.5 um, 0.2 um,
0.1 um, 2 pm and 0.5 pm, respectively. The com-
position of the layer 4 is in this embodiment
Alg.4Gag gAs; the other layers have the same com-
position as in the preceding embodiment.

The laser shown in Figure 4 is index-guided,
that is to say that the active region in which radi-
ation is generated is situated in the active layer
above the groove 20 and is laterally restricted by a
variation of the effective refractive index caused
by the parts of the raised portion 3 on either side
of the groove 20.

The semiconductor material within the groove
20 in this embodiment has become fully p-type
conducting by diffusion from the layer 6 and from
the substrate 1. This is mostly desirable in con-
nection with an unhindered current conduction,
although a small non-converted region within the
groove can be tolerated under given circum-
stances.

The semiconductor laser shown in Figure 4 can
be manufactured in the same manner as the laser
shown in Figures 1 to 3 after the groove 20 has
been etched into the raised portion 3.

In the embodiment described, the diffusion into
the blocking layer 14 was effected mainly from
the passive layer 6 and to a lesser extent from the
substrate. This need not be the case, however. For
example, depending upon the dopants used, the
diffusion may alternatively be effected substan-
tially only from the passive layer 6 (see Figure 5)
or mainly from the substrate and to a lesser extent
from the passive layer 6 (see Figure 6).

In the embodiments described, the blocking
layer 4 and the passive layer 6 consist of different
materials. However, these layers may alternatively
consist of the same material, which is sometimes
desirable in order to simplify the growing process.
In order to optimize the behaviour of the laser to
the largest possible extent, however, these layers
will mostly have different compaositions.

When the mirror faces are omitted, the de-
scribed device can be used to amplify a radiation
beam incident on it and can be utilized, for exam-
ple, as such in an integrated optical system. The
form of the strip-shaped raised substrate portion
need not be linear; it may alternatively have an
oblique, ramified or curved form and may also
vary over its length in height and/or in width.
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The groove 20 need not be V-shaped, but may
alternatively have, for example, a flat bottom.
Further, instead of gallium arsenide and alumini-
um-gallium arsenide, use may be made of other
semiconductor materials suitable for laser struc-
tures, such as, for example, indium phosphide. If
semiconductor materials are chosen for which ra-
pidly diffusing donor impurities are known, the
conductivity types of the various layers may also
be inverted (simultaneously). The thickness of the
various layers and the dimensions of the raised
substrate portion and the groove may also be va-
ried according to desire. For example, in the em-
bodiment shown in Figures 1-3 (the data being
otherwise the same), the layer 1 may advantage-
ously have a doping of 5 x 10'8cm3, the layer 4
may have a doping of 108 cm™3, the layer 6 may
have a doping of 4 x 10'8 cm™3, the layer 9 may
have a thickness of 1.2 um and a doping of 2 x
10'8 em=2 and the layer 10 may have a thickness
of 5 um and a doping of 3 x 108 cm=3. A thicker
top layer 10, as in this embodiment, ensures that
the active region is further remote from the solder-
ing surface so that there is a smaller risk of in-
terferences (for example, shortcircuit). In the em-
bodiment shown in Figure 4, several grooves 20
may be provided beside each other, as a result of
which several adjacent radiation beams can be
produced or amplified.

Claims

1. A semiconductor device for producing or
amplifying electromagnetic radiation with a semi-
conductor body comprising a highly doped semi-
conductor substrate of a first conductivity type
which has a substantially planar surface provided
with at least one strip-shaped raised portion, a
blocking semiconductor region of the second op-
posite conductivity type located on the substrate
on either side of the raised portion, a passive lay-
er-shaped semiconductor region of the first con-
ductivity type forming a pn junction with the
blocking region, a thin active semiconductor layer
disposed thereon, a passive semiconductor layer
of the second conductivity type disposed on the
active layer, the active layer having a higher re-
fractive index for the said radiation than the ad-
joining passive semiconductor regions, and con-
tact layers which are connected in an electrically
conductive manner to the passive layer of the sec-
ond conductivity type and to the substrate, char-
acterized in that a blocking layer of the second
conductivity type is provided on the substrate and
over the raised portion, in that the passive layer-
shaped region comprises a passive layer of the
first conductivity type provided on the blocking
layer, and in that the blocking region is bounded
by a zone of the first conductivity type which is
diffused from at least the passive layer of the first
conductivity type into the blocking layer and
which connects the passive layer of the first con-
ductivity type to the raised substrate portion.

2. A semiconductor device as claimed in Claim
1, characterized in that on either side of the raised
substrate portion the blocking layer has a sub-
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stantially constant thickness over a distance of at
least twice the width of the upper side of the
raised portion,

3. A semiconductor device as claimed in Claim
2, characterized in that on either side of the raised
substrate portion the blocking layer has a sub-
stantially constant thickness over a distance of at
least five times the width of the upper side of the
raised portion.

4. A semiconductor device as claimed in any
one of the preceding Claims, characterized in that
the passive semiconductor layer of the first con-
ductivity type consists of a semiconductor mate-
rial having a composition different from that of
the blocking layer.

5. A semiconductor device as claimed in any
one of the preceding Claims, characterized in that
the strip-shaped raised substrate portion has a
groove extending in the longitudinal direction.

6. A semiconductor device as claimed in Claim
b, characterized in that the depth of the groove is
smaller than the height of the raised portion
above the remaining part of the substrate surface.

7. A semiconductor device as claimed in Claim
b or 6, characterized in that the groove is V-
shaped.

8. A semiconductor device as claimed in Claim
5, 6 or 7, characterized in that the semiconductor
material of the blocking layer within the groove is
filled entirely by the diffused zone of the first con-
ductivity type.

9. A semiconductor device as claimed in any
one of the preceding Claims, characterized in that
the substrate is p-type conducting and in that all
the semiconductor regions have the composition
Al,Ga;_As, where0 < x < 1.

10. A semiconductor device as claimed in Claim
9, characterized in that the substrate and the pas-
sive semiconductor layer of the first conductivity
type comprise a dopant chosen from the group
comprising zinc, magnesium and beryllium.

11. A semiconductor device as claimed in Claim
9 or 10, characterized in that at least one of the n-
type regions is doped with a dopant chosen from
the group comprising tellurium and selenium.

12. A semiconductor device as claimed in any
one of the preceding Claims, characterized in that
on the side of the passive layer of the second con-
ductivity type, an electrode layer is in contact with
practically the whole underlying semiconductor
surface.

13. A method of manufacturing a semiconduc-
tor device as claimed in any one of the preceding
Claims, characterized in that by means of an etch-
ing process a highly doped semiconductor sub-
strate of a first conductivity type is provided with
a practically planar surface having locally at least
one strip-shaped raised portion, in that by epitax-
ial growth a semiconducting blocking layer of the
second, opposite conductivity type is provided on
this surface and on the raised portion, in that a
passive semiconductor layer of the first conduc-
tivity type is grown epitaxially onto this blocking
layer, in that then a thin active semiconductor
layer is grown onto this passive layer, and in that
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then a passive semiconductor layer of the second
conductivity type is grown onto this active layer,
the whole epitaxial growing process being ef-
fected without interruption and the dopant dut-
ing the growing process diffusing from the ad-
joining semiconductor material of the first con-
ductivity type into the blocking layer, and forming
there a diffused zone of the first conductivity type
which connects the passive layer of the first con-
ductivity type to the said raised portion.

14. A method as claimed in Claim 13, charac-
terized in that the substrate is p-type conducting
and in that all the semiconductor regions have the
composition Al,Ga, ,As, where0 < X < 1.

15. A method as claimed in Claim 14, charac-
terized in that the substrate and the passive layer
of the first conductivity type are doped with a
dopant chosen from the group comprising zinc,
magnesium and beryllium.

16. A method as claimed in Claim 14 or 15,
characterized in that at least one of the n-type re-
gions is doped with a dopant chosen from the
group comprising tellurium and selenium.

17. A method as claimed in any one of Claims
13 to 16 characterized in that, before the blocking
layer is grown, in the raised substrate portion
there is provided by etching a groove extending in
the longitudinal direction, and in that during the
growing process the semiconductor material of
the blocking layer within the groove is converted
entirely into the first conductivity type by diffu-
sion from the adjoining semiconductor material of
the first conductivity type.

Patentanspriiche

1. Halbleiteranordnung zum Erzeugen oder
Verstarken elektromagnetischer Strahlung mit ei-
nem Halbleiterkérper mit einem hochdotierten
halbleitenden Substrat eines ersten Leitungstyps,
das eine nahezu ebene Oberfldche mit mindestens
einer streifenformigen Erhéhung aufweist, einem
auf dem Substrat auf beiden Seiten der Erhéhung
liegenden sperrenden Halbleitergebiet vom zwei-
ten entgegengesetzten Leitungstyp, einem mit
dem sperrenden Gebiet einen PN-Ubergang bil-
denden passiven schichtférmigen Halbleiterge-
biet vom ersten Leitungstyp, einer darauf liegen-
den diinnen aktiven Halbleiterschicht, einer auf
der aktiven Schicht liegenden passiven Halblei-
terschicht vom zweiten Leitungstyp, wobei die
aktive Schicht fiir die genannte Strahlung eine
hohere Brechzahl hat als die angrenzenden passi-
ven Halbleitergebiete, und Kontaktschichten, die
mit der passiven Schicht vom zweiten Leitungs-
typ und mit dem Substrat elektrisch verbunden
sind, dadurch gekennzeichnet, dass auf dem Sub-
strat und iber die Erhohung eine Sperrschicht
vom zweiten Leitungstyp angebracht ist, dass das
passive schichtférmige Gebiet eine auf der Sperr-
schicht angebrachte passive Schicht vom ersten
Leitungstyp aufweist und dass das sperrende Ge-
biet durch eine aus wenigstens der passiven
Schicht vom ersten Leitungstyp in der Sperr-
schicht diffundierte Zone vom ersten Leitungstyp
begrenzt wird, welche die passive Schicht vom
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ersten Leitungstyp mit der Substraterhohung ver-
bindet.

2. Halbleiteranordnung nach Anspruch 1, da-
durch gekennzeichnet, dass die Sperrschicht tiber
einen Abstand von mindestens der doppelten,
aber vorzugsweise mindestens der finffachen
Breite der Oberseite der Erh6hung auf beiden Sei-
ten derselben eine nahezu konstante Dicke
aufweist.

3. Halbleiteranordnung nach Anspruch 2, da-
durch gekennzeichnet, dass die Sperrschicht Gber
einen Abstand von mindestens der flinffachen
Breite der Oberseite der Substraterhohung auf
beiden Seiten derselben eine nahezu konstante
Dicke hat.

4. Halbleiteranordnung nach einem der vorste-
henden Anspriiche, dadurch gekennzeichnet,
dass die passive Halbleiterschicht vom ersten
Leitungstyp aus einem Halbleitermaterial mit ei-
ner anderen Zusammensetzung als die der Sperr-
schicht besteht.

5. Halbleiteranordnung nach einem der vorste-
henden Anspriiche, dadurch gekennzeichnet,
dass die streifenfdrmige Erhohung des Substrats
eine sich in der Léngsrichtung erstreckende Rille
aufweist.

6. Halbleiteranordnung nach Anspruch 5, da-
durch gekennzeichnet, dass die Tiefe der Rille
kleiner ist als die Hohe der Erh6hung (iber dem
ibrigen Teil der Substratoberflache.

7. Halbleiteranordnung nach Anspruch 5 oder
6, dadurch gekennzeichnet, dass die Rille V-for-
mig ist.

8. Halbleiteranordnung nach Anspruch 6, 6
oder 7, dadurch gekennzeichnet, dass das Halb-
leitermaterial der Sperrschicht innerhalb der Rille
durch die diffundierte Zone vom ersten Leitungs-
typ vollig gefiillt ist.

9. Halbleiteranordnung nach einem der vorste-
henden Anspriiche, dadurch gekennzeichnet,
dass das Substrat p-leitend ist und dass alle Halb-
leitergebiete die Zusammensetzung haben
Al,Ga; _,As, wobei 0 < X < 1 ist.

10. Halbleiteranordnung nach Anspruch 9, da-
durch gekennzeichnet, dass das Substrat und die
passive Halbleiterschicht vom ersten Leitungstyp
einen Dotierungsstoff aus der Gruppe Zink, Ma-
gnesium und Beryllium aufweisen.

11. Halbleiteranordnung nach Anspruch 9 oder
10, dadurch gekennzeichnet, dass wenigstens ei-
nes der n-leitenden Gebiete mit dem Dotierungs-
stoff aus der Gruppe Tellur und Selen dotiert ist.

12. Halbieiteranordnung nach einem der vor-
stehenden Anspriiche, dadurch gekennzeichnet,
dass auf der Seite der passiven Schicht vom zwei-
ten Leitungstyp eine Elektrodenschicht mit na-
hezu der ganzen darunter liegenden Halbleiter-
oberflache kontaktiert ist.

13. Verfahren zum Herstellen einer Halbleiter-
anordnung nach einem der vorstehenden An-
spruche, dadurch gekennzeichnet, dass ein hoch-
dotiertes Halbleitersubstrat eines ersten Leitungs-
typs mittels eines Atzverfahrens mit einer nahezu
ebenen Oberflache versehen wird, die ortlich min-
destens eine streifenférmige Erhéhung aufweist,
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dass auf dieser Oberflache und auf der Erhéhung
durch einen epitaxialen Anwachsvorgang eine
halbleitende Sperrschicht vom zweiten entgegen-
gesetzten Leitungstyp vorgesehen wird, dass dar-
auf epitaxial eine passive Halbleiterschicht vom
ersten Leitungstyp angewachsen wird, dass dann
auf dieser passiven Schicht eine diinne aktive
Halbleiterschicht angewachsen wird, wonach auf
dieser aktiven Schicht eine passive Halbleiter-
schicht vom zweiten Leitungstyp angewachsen
wird, wobei das ganze epitaxiale Anwachsverfah-
ren ununterbrochen erfolgt und beim Anwachsen
der Dotierungsstoff aus dem angrenzenden Halb-
leitermaterial vom ersten Leitungstyp in der Sperr-
schicht diffundiert und dort eine diffundierte
Zone vom ersten Leitungstyp bildet, welche die
passive Schicht vom ersten Leitungstyp mit der
genannten Erh6hung verbindet.

14. Verfahren nach Anspruch 13, dadurch ge-
kennzeichnet, dass das Substrat p-leitend ist und
dass alle Halbleitergebiete die folgende Zu-
sammensetzung aufweisen Al,Ga;_As, wobei
0< X< 1ist

15. Verfahren nach Anspruch 14, dadurch ge-
kennzeichnet, dass das Substrat und die passive
Schicht vom ersten Leitungstyp mit einem Dotie-
rungsstoff aus der Gruppe von Zink, Magnesium
und Beryllium dotiert werden.

16. Verfahren nach Anspruch 14 oder 15, da-
durch gekennzeichnet, dass wenigstens eines der
n-leitenden Gebiete mit einem Dotierungsstoff
aus der Gruppe von Tellur und Selen dotiert wird.

17. Verfahren nach einem der vorstehenden
Anspriiche 13 bis 16, dadurch gekennzeichnet,
dass bevor die Sperrschicht angewachsen wird,
die Substraterhohung in einem Atzvorgang mit
einer sich in der Langsrichtung erstreckenden
Rille versehen wird und dass wahrend des An-
wachsvorganges das Halbleitermaterial der Sperr-
schicht innerhalb der Rille durch Diffusion aus
dem angrenzenden Halbleitermaterial vom ersten
Leitungstyp vollig zu dem ersten Leitungstyp um-
gewandelt wird.

Revendications

1. Dispositif semiconducteur de génération ou
d'amplification d’'un rayonnement électromagné-
tique, muni d’un corps semiconducteur compor-
tant un substrat semiconducteur fortement dopé
d’un premier type de conductivité présentant une
surface sensiblement plane munie d’au moins une
partie en relief en forme de bande, une région se-
miconductrice de blocage du second type de con-
ductivité située sur le substrat, de part et d’autre
de la partie en relief, une région semiconductrice
passive en forme de couche du premier type de
conductivité formant une jonction pn avec la ré-
gion de blocage, une mince couche semiconduc-
trice active située sur celle-ci, une couche semi-
conductrice passive du second type de conducti-
vité située sur la couche active qui, pour ledit
rayonnement, a un indice de réfraction plus élevé
gue les régions semiconductrices passives conti-
gles, et, finalement, des couches de contact re-
liées électriquement a la couche passive du se-
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cond type de conductivité et au substrat, caracté-
risé en ce qu'une couche de blocage du second
type de conductivité est prévue sur le substrat,
par-dessus la partie en relief, en ce que la région
passive en forme de couche comporte une couche
passive du premier type de conductivité prévue
sur la couche de blocage et en ce que la région de
blocage est limitée par une zone du premier type
de conductivité diffusée dans la couche de bio-
cage a partir d’au moins la couche passive du pre-
mier type de conductivité et reliant la couche pas-
sive du premier type de conductivité a la partie de
substrat en relief.

2. Dispositif semiconducteur selon la revendi-
cation 1, caractérisé en ce que, de part et d'autre
de la partie de substrat en relief, la couche de blo-
cage a une épaisseur sensiblement constante sur
une distance égale a au moins le double de la lar-
geur de la face supérieure de la partie en relief.

3. Dispositif semiconducteur selon la revendi-
cation 2, caractérisé en ce que, de part et d'autre
de la partie de substrat en relief, la couche de blo-
cage a une épaisseur sensiblement constante sur
une distance égale & au moins le quintuple de la
largeur de la face supérieure de la partie en relief.

4. Dispositif semiconducteur selon I'une quel-
conque des revendications précédentes, caracté-
risé en ce que la couche semiconductrice passive
du premier type de conductivité est en matériau
semiconducteur de composition différente de
celle de la couche de blocage.

5. Dispositif semiconducteur selon I'une quel-
conque des revendications précédentes, caracté-
risé en ce que la partie de substrat en relief en
forme de bande présente une gorge s’étendant
dans le sens longitudinal.

6. Dispositif semiconducteur selon la revendi-
cation 5, caractérisé en ce que la profondeur de la
gorge est inférieure a la hauteur de la partie en re-
lief par rapport a la partie restante de la surface de
substrat.

7. Dispositif semiconducteur selon la revendi-
cation 5 ou 6, caractérisé en ce que la gorge a une
forme de V.

8. Dispositif semiconducteur selon la revendi-
cation 5, 6 ou 7, caractérisé en ce que le matériau
semiconducteur de la couche de blocage, a l'inté-
rieur de la gorge, est entiérement occupé par fa
zone diffusée du premier type de conductivité.

9. Dispositif semiconducteur selon F'une quel-
conque des revendications précédentes, caracté-
risé en ce que le substrat est de type de conducti-
vité p et en ce que toutes les régions semicon-
ductrices ont la composition Al,Ga;_,As, ot 0 <
X< 1.

10. Dispositif semiconducteur selon la revendi-
cation 9, caractérisé en ce que le substrat et la
couche semiconductrice passive du premier type
de conductivité comportent un dopant du groupe
comprenant le zinc, le magnésium et le béryllium.

11. Dispositif semiconducteur selon la revendi-
cation 9 ou 10, caractérisé en ce qu'au moins
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I'une des régions de type n est dopée d'un dopant
du groupe comprenant le tellure et le sélénium.

12. Dispositif semiconducteur selon I'une quel-
conque des revendications précédentes, caracté-
risé en ce que, du c6té de la couche passive du se-
cond type de conductivité, une couche d’élec-
trode est en contact avec pratiquement [a totalité
de la surface semiconductrice sous-jacente.

13. Procédé de fabrication d'un dispositif semi-
conducteur selon I'une quelconque des revendi-
cations précédentes, caractérisé en ce que, par un
processus d'attaque chimique, on réalise un subs-
trat semiconducteur fortement dopé d'un premier
type de conductivité ayant une surface sensible-
ment plane présentant localement au moins une
partie en relief en forme de bande, en ce que, par
croissance épitaxiale, on forme sur cette surface et
sur la partie en relief une couche semiconductrice
de blocage du second type de conductivité, en ce
que, sur cette couche de blocage, on forme par
croissance épitaxiale une couche semiconductrice
passive du premier type de conductivité, en ce
qu’ensuite, on fait croitre sur cette couche passive
une mince couche semiconductrice active et en ce
qu’aprés, on fait croitre sur cette couche active
une couche semiconductrice passive du second
type de conductivité, la totalité du processus de
croissance épitaxiale se déroulant sans interrup-
tion, alors que, au cours du processus de crois-
sance, le dopant diffuse dans la couche de blo-
cage a partir du matériau semiconducteur contigu
du premier type de conductivité et forme dans
cette couche une zone diffusée du premier type de
conductivité reliant la couche passive du premier
type de conductivité a ladite partie en relief.

14. Procédé de fabrication selon la revendica-
tion 13, caractérisé en ce que le substrat est du
type de conductivité p et en ce que toutes les ré-
gions semiconductrices ont la composition Al,-
Ga;As,0u0 < x< 1.

15. Procédé selon la revendication 14, caracté-
risé en ce que le dopage du substrat et de la cou-
che passive du premier type de conductivité est
effectué au moyen d'un dopant choisi dans le
groupe comprenant le zing, le magnésium et le
béryllium.

16. Procédé selon la revendication 14 ou 15 ca-
ractérisé en ce que le dopage d'au'moins I'une des
régions de type n est effectué au moyen d’un do-
pant choisi dans le groupe comprenant le tellure
et le sélénium.

17. Procédé selon I'une quelconque des reven-
dications 13 & 16, caractérisé en ce que, avant la
croissance de la couche de blocage, on pratique
par attaque chimique dans la partie du substrat en
relief une gorge s'étendant dans le sens longitudi-
nal, et en ce qu’'au cours du processus de crois-
sance, le matériau semiconducteur de la couche
de blocage, a I'intérieur de la gorge, est entiére-
ment converti en le premier type de conductivité
par diffusion a partir du matériau semiconducteur
contigu du premier type de conductivité.
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