
SEMICONDUCTOR LASER                 The present invention relates to a
semiconductor  laser, particularly a II - VI compound semiconductor laser, 



for short-wavelength emission, e.g., blue or ultraviolet  laser emission.
There is a growing demand for semiconductor lasers  which emit blue or
ultraviolet radiation to meet re-  quirements for high packing density and
high resolution in  the recording of data on and reproduction of data from
op-  tical disks and magneto-optic disks.            Semiconductor lasers
for blue or ultraviolet  emission are required to be made of a material
having a  



large direct transition band gap Eg. Particularly, double-  heterojunction
semiconductor lasers are required to have a  cladding layer made of a
material having a greater band gap  than the material of an active layer.
Semiconductor lasers have substrates on which  various semiconductor layers
are deposited by way of epi-  taxial growth. Such substrates should
preferably be of a  monocrystalline material of GaAs or GaP that is widely
used  in various compound semiconductor devices, and is highly
crystalline, can be produced at a high rate, is available   



2   easily, and inexpensive.           Heretofore, II - VI compound
semiconductor mate-  rials, especially IIb - VI compound semiconductor
materials  or their mixed crystals, are promising as optical device
materials because they are of a direct transition band  



structure.            IIa-VI compounds having a large indirect transi-
tion band gap Eg as fluorescent materials are also attract-  ing attention.
However, the IIa-VI compounds are unstable  as they are hydrolyzed in air,
and have unknown basic prop-  erties.            Therefore, it is
considered advantageous to con-  struct optical devices of IIb-VI
compounds.  However, it is  difficult to select materials having different
band gaps  from a range of IIb-VI compounds and even their mixed crys-
tals for active and cladding layers. 



FIG. 1 of the accompanying drawings shows the  relationship between the
lattice constants and band gaps Eg  of typical compound semiconductor
materials. Since mixed  crystals of IIb-VI compounds have large bowing
parameters,  difficulty has been experienced in combining materials which
have large band gaps while achieving lattice matching  relatively to each
other.            Presently proposed semiconductor materials for   emission
in the blue wavelength range are ZnSe for an active   layer and a
superlattice of ZnSSe and ZnSe for a cladding  



3      layer, and ZnCdS for an active layer and ZnSSe for a    cladding
layer. These materials are however problematic in    that the difference
between the band gaps of the active and    cladding layers is 100 meV or
less, preventing the cladding  



layer from properly performing its function, i.e., optical    and carrier
confinement.             Japanese laid-open patent publication No. 1-169985
discloses a blue semiconductor laser comprising a substrate   of GaAs, an
active layer of ZnSeS[err], and a cladding layer   of Zn[err]Mg[err]Te.
Japanese laid-open patent publication No. 63-   233576 discloses a
p-n-junction light-emitting device. The   disclosed materials are based on
MgTe, MgSe, and MgS   crystals which have heretofore been known as
fluorescent   materials. The MgSe, and MgS crystals are of an NaCl or
hexagonal crystalline structure. It is impossible to grow 



these MgSe, and MgS crystals on a substrate of GaAs, ZnSe,   or GaP which
is of a zincblende structure.             For the above reasons, there have
not been put to  practical use any double-heterostructure semiconductor
lasers having a band gap Eg [err] 2.7 eV, and there have not   been
developed any semiconductor lasers having a substrate   of GaAs,  ZnSe, or
GaP and capable of continuous excitation   at room temperature.
It is an object of the present invention to pro-    



4     vide a double-heterojunction semiconductor laser which has a
compound substrate of GaAs, ZnSe, or GaP and is capable of   emitting
radiation highly efficiently in a short wavelength.             An active
layer of ZnSSe, ZnCdS, or ZnSe having a   band gap Eg of 2.7 eV or higher
is lattice-matched to a  



compound semiconductor substrate of GaAs, ZnSe, or GaP for  producing a
laser emission at a wavelength shorter than that  of a blue emission, and a
compound ZnMg[err]S[err]S[err] which is a  mixed crystal of elements in.the
IIa-VI and IIb-VI groups,  is capable of producing a band gap difference
that is high  enough for the active layer to perform its function of
optical and carrier confinement. These materials are used  to construct a
double-heterojunction semiconductor laser or  light-emitting diode for
producing a short-wavelength  emission.             Furthermore, in order
to construct p-type and n- 



type cladding layers of different II-VI compound semicon-   ductors, i.e.,
in order to construct an n-type cladding   layer of a II-VI compound
semiconductor that tends to be of   the n-type and also to construct a
p-type cladding layer of   a II-VI compound semiconductor that tends to be
of the p-   type, part of the II-group element of the p-type compound
semiconductor is composed of a compound semiconductor con-   taining Be
which has a small tetrahedral covalent bond ra-      



dius. In this manner,  the p-type cladding layer is reliably produced.
According to the present invention, there is provided a semiconductor light
emitting device, comprising: a semiconductor substrate; a first cladding
layer of a first conductivity type disposed on said semiconductor substrate
by epitaxial growth; an active layer disposed on said first cladding layer
by epitaxial growth; a second cladding layer of a second conductivity type
disposed on said active layer by epitaxial growth; and at least one of said
first cladding layer and said second cladding layer being made of a
compound semiconductor material of a zincblende crystal structure
comprising ZnMgSSe. 



The other of the first and second cladding layers may be made of a compound
semiconductor of ZnMgSSe, ZnMgS, or ZnMgSe.            The substrate is
preferably made of GaAs, or ZnSe having a lattice constant close to that of
GaAs, or GaP.            If the substrate is made of GaAs or ZnSe, the
first and second cladding layers may have a composition
Zn[err]Mg[[err]S[err]Se[err] y where x, y are an atomic ratio and selected
in the ranges  of:    [err]  



According to a second aspect of the present invention, there is provided a
semiconductor light emitting device comprising: a substrate of GaP; a first
cladding layer of a first conductivity type disposed on said substrate by
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epitaxial growth; an active layer disposed on said first cladding layer by
epitaxial growth; a second cladding layer of a second conductivity type
disposed on said active layer by epitaxial growth; and at least one of said
first and second 



cladding layers having a composition Zn[err]Mg[err]S[err]Se[err] where x, y
are an atomic ratio and selected in the ranges of:    [err]
According to a third option, there is provided a semiconductor light
emitting device, comprising: a substrate of GaP; a first cladding layer of
a first conductivity type disposed on said substrate by epitaxial growth;
an active layer disposed on said first cladding layer by epitaxial growth;
a second cladding layer of a second conductivity type disposed on said
active layer by epitaxial growth; and both of said first and second
cladding layers having a composition ZnMg[err]S[err]Se[err] where x, y are
an atomic ratio and selected in the ranges of:    [err] 



In these cases, where the substrate is made of GaP, the first and second
cladding layers may have a composition ZnMg[err]S[err]Se[err] where x, y
are an atomic ratio and selected in the ranges of:
0.5 [err] x < 1.0,                       0.4 [err] y < 1.0.            One
of the first and second cladding layers, which is of the n-type, may be
made of a compound semiconductor of ZnMgSSe, and the other cladding layer,
which is of the p-type, made of BeZnSTe or BeZnSeTe. The p-type cladding
layer                               This is the replacement sheet      



preferably has a composition BeaZn[err]SbTe[err] or BeaZn[err]SebTe[err]
where a, b are an atomic ratio and selected in the ranges of:
0.1 [err] a < 0.8,                        0.2 [err] b < 0.9.
The value x is less than 1, and a mixed crystal of elements in the IIa-VI
and IIb-VI groups, the element in the IIa-VI group containing Mg in the IIa
group. Actually, therefore, Mg may have an atomic density of 1 x 1019
(atoms/cm3) or more.            According  to  yet  another  aspect  of
the  present 



invention, there is provided a semiconductor light emitting device,
comprising: a semiconductor substrate; a first cladding layer of a first
conductivity type on said substrate; an active layer on said first cladding
layer; a second cladding layer of a second conductivity type on said active
layer; and at least one of said first cladding layer and said second
cladding layer being made of a compound semiconductor material  of  a
zincblend  crystal  containing  Mg  and  being substantially
lattice-matched to said substrate.            As described above, at least
one of the cladding layers is made         
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of ZnMgSSe which is a mixed crystal of elements in the IIb-  VI and IIa-VI
groups. Since Mg has a large covalent bond  radius though its atomic number
is smaller than Zn, Cd, the  compound ZnMgSSe can be lattice-matched to
GaAs, ZnSe, or  GaP and have a large band gap.            Furthermore,
inasmuch as part of the II-group  element of the p-type cladding layer is
composed of a com-  pound semiconductor containing Be which has a small
tetra-  hedral covalent bond radius, Be is most liable to escape  from the
compound during the epitaxial growth. Therefore, 



the cladding layer becomes the p-type stably and reliably in  the
fabrication process.            Measurement of band-end emission peaks in
the  spectrum of photoluminescence of the compound
Zn[err]Mg[err]S[err]Se[err]  with different values x, y shows that the band
edge emission  peaks shift toward a high-energy side when the proportion of
Mg increases.  However, as the proportion of Mg increases,  the surface
morphology becomes poor. Nevertheless, it is  possible to provide a lattice
constant for allowing the  compound Zn[err]Mg[err]S[err]Se[err]  to
lattice-match GaP, or GaAs or ZnSe  



which has larger lattice constants than GaP, through the  selection of the
values x, y, and also to increase the band  gap up to approximately 4 eV.
It has been confirmed that the compound ZnMgSSe in   the above composition
range is stable as it is not hy-                                      8   



drolyzed when left at room temperature for 3 to 4 months.           Even if
the band gap Eg of the active layer of the  double-heterojunction
semiconductor laser is 2.7 eV or  higher, the cladding layers have a
sufficiently high band  gap Eg which exceeds the band gap Eg of the active
layer by  at least 100 meV and also have a composition that allows  itself
to be well lattice-matched to the substrate of GaAs,  ZnSe, or GaP.
Therefore, the cladding layers are highly  crystalline and can reliably
perform their function. That  is, the short-wavelength semiconductor laser
according to  



the present invention has a high emission efficiency and a  low threshold
current.            The above and other objects, features, and advan-
tages of the present invention will become apparent from the  following
description of illustrative embodiments thereof to  be read in conjunction
with the accompanying drawings, in  which like reference numerals represent
the same or similar  objects.              FIG. 1 is a diagram showing the
relationship be-  tween the lattice constants and band gaps of typical com-



pound semiconductor materials;            FIG. 2 is a fragmentary
perspective view of a  semiconductor laser according to an embodiment of
the pre-  sent invention;            FIG. 3 is a fragmentary perspective
view of an-               9 



other semiconductor laser according to another embodiment of  the present
invention;            FIG. 4 is a diagram showing the values x, y  (atomic
or composition ratio) with band gaps and lattice  constants;
FIG. 5 is a diagram showing the dependency of  band-end emission/deep
emission on lattice constants;            FIG. 6 is a diagram showing the
dependency of  band-end emission/deep emission on the value x; and  



FIG. 7 is a diagram showing the relationship be-  tween the intensity of a
pumping laser emission and the in-  tensity of an output laser radiation.
As shown in FIG. 2, a semiconductor laser ac-  cording to an embodiment of
the present invention comprises  a substrate 1 of a single crystal of GaAs,
ZnSe, or GaP. If  necessary, a buffer layer (not shown) is deposited on the
substrate 1 by way of epitaxial growth. The semiconductor  laser also
includes a first cladding layer 2 of the p-type  or n-type, an active layer
3 of the p-type, n-type, or 



intrinsic i-type which has a sufficiently low impurity  concentration, and
a second cladding layer 4 of the n- or p-  type.  The first cladding layer
2, the active layer 3, and  the second cladding layer 4 are successively
deposited on  the substrate 1 by way of MBE (molecular beam epitaxy) or
MOCVD (metal organic chemical vapor deposition).          



10              FIG. 3 shows a semiconductor laser according to  another
embodiment of the present invention. The semicon-  ductor laser shown in
FIG. 3 is a semiconductor injection  laser, and has a substrate 1, a first
cladding layer 2, an  active layer 3, and a second cladding layer 4, which
are  identical to those shown in FIG. 2. If necessary, a cap  layer (not
shown) of the same conductivity type as the sec-  ond cladding layer 4 is
deposited on the second cladding  



layer 4 by way of epitaxial growth. The semiconductor laser  shown in FIG.
3 additionally has an insulating layer 5 as of  silicon nitride deposited
on the second cladding layer 4 or  the cap layer. The insulating layer 5
has a stripe-shaped  window 5W defined therein. An electrode 6 is disposed
on  the insulating layer 5 and electrically connected through  the window
5W to the second cladding layer 4 or the cap  layer thereon through ohmic
contact.            Another electrode 7 is joined to the reverse  surface
of the substrate 1 through ohmic contact.  Alternatively, a heat sink
doubling as an electrode may be 



joined to the reverse surface of the substrate 1 through  ohmic contact.
In each of the semiconductor lasers shown in FIGS.  2 and 3, the first and
second cladding layers 2, 4 are made  of a compound semiconductor of
ZnMgSSe, and can be doped  with Cl, Ga, or the like into the n-type or with
N, O, Na,  or the like into the p-type.         DEC 1996 



11             In FIGS. 2 and 3, a laser emission end 8 may be  defined by
a cleavage plane.            FIG. 4 shows various values x, y (composition
ratio) of the compound Zn[err]Mg[err]S[err]Se[err] which are plotted at
different points each accompanied by a band gap Eg (eV) ob-  tained from a
band-end emission in the spectrum of photolu-  minescence of a composition
ratio and also by a lattice  constant a ([err]) obtained from a (400) peak
of X-ray diffrac- 



tometry. The compound ZnMgSSe is lattice-matched to GaAs  along a straight
line A in FIG. 4.            The straight line A is given by the following
equation:            y = - 1.158x + 1.218.            The range of lattice
matching which exhibits  sufficiently good optical characteristics and is
determined  in view of the difference between coefficients of thermal
expansion between growth temperature and room temperature,  is given as
follows:  



- 1.158x + 1.118 < y < - 1.158x + 1.318.            In FIG. 4, the symbol *
indicates no data mea-  sured.             FIG. 5 shows that the optical
characteristics are  improved in the range in which the compound ZnMgSSe is
lattice-matched to GaAs. The lattice constant of GaAs is  5.653A. In FIG.
5, using materials having different band         



12   gaps Eg ranging from 2.99 to 3.00 eV, band-end emissions
(I[err])/deep emissions (which reflect the optical characteris-  tics of
crystals) were measured with respect to different  lattice constants. Study
of FIG. 5 indicates that the op-  tical characteristics are best when the
lattice constant is  close to that of GaAs.            FIG. 6 also shows
band-end emissions/deep emis-  sions which were measured as the amount of
Mg was varied. 



It can be seen from FIG. 6 that when the substrate of GaAs  is used, the
value of x should be in the range of:            0.85 < x < 1.0.  Example 1
In FIG. 2, a substrate 1 of GaAs had a thickness  of 100 [err]m. A first
cladding layer 2 of ZnMgSSe having a  thickness of 1.5 [err]m, an active
layer 3 of ZnSe having a  thickness of 50 [err]m, and a second cladding
layer 4 of ZnMgSSe  having a thickness of 150 nm were successively
deposited on  the substrate 1 by way of MBE, thus producing a  



semiconductor chip having a length (resonator length) of 400  [err]m and a
width of 600 [err]m. The values x, y of the material of  each of the first
and second cladding layers 2, 4 were x =  0.94 and y = 0.17. The
semiconductor chip were mounted on a  heat sink 21, and an N2 laser
emission Le having a  wavelength of 337 nm was applied from the side of the
second  cladding layer 4 to pump the semiconductor chip. As a         



13   result, the semiconductor chip emitted a laser radiation L  having a
wavelength of 470.5 nm from the laser emission end     FIG. 7 shows the
relationship between the intensity of  the pumping laser emission Le and
the intensity of the  emitted laser radiation L.  Example 2            In
FIG. 2, the substrate 1 was made of a single  crystal of GaAs. Each of the
first and second cladding  



layers 2, 4 was 1 [err]m thick and made of Zn[err]Mg[err]S[err]Se[err]
where x  is about 0.8 and y is about 0.3. The active layer 3 was 0.1
[err]m thick and made of ZnSSe[err] where z is about 0.06.            An
electron beam was applied from the side of the  second cladding layer 4 to
pump the semiconductor laser,  which then emitted a laser radiation having
a wavelength of  about 470 nm.            The band-end emission at 4[err]K
of photoluminescence  of the material of the cladding layers 2, 4 in
Example 2 was  measured. The band end BE was about 3.1 eV. The band end  BE
of the active layer 3 was about 2.8 eV. The cladding 



layers 2, 4 and the active layer 3 deposited on the  substrate 1 by
epitaxial growth were well lattice-matched.            It can be understood
that the difference between  the band gaps of the cladding layers 2, 4 and
the active  layer 3 was of a high value of about 300 meV as is apparent
from the difference between the band ends BE thereof (the          



14   band end BE is slightly smaller than the energy gap).  Example 3
A semiconductor chip of the same structure as that  of Example 2 was
fabricated, and the electrodes 6, 7 shown  in FIG. 3 were attached to the
semiconductor chip. When a  forward voltage was applied between the
electrodes 6, 7, a  similar laser emission was radiated from the
semiconductor  chip.  Example 4           In FIG. 2, the substrate 1 was
made of a single 



crystal of GaAs.  Each of the first and second cladding  layers 2, 4 was 1
[err]m thick and made of Zn[err]Mg[err]S[err]Se[err] where x  is about 0.8
and y is about 0.3. The active layer 3 was 0.1  [err]m thick and made of
Zn[err]Cd[err]S where z is about 0.42.            An electron beam was
applied from the side of the  second cladding layer 4 to pump the
semiconductor laser,  which then emitted a laser radiation having a
wavelength of  about 450 nm.            The band-end emission of
photoluminescence of the  material of the cladding layers 2, 4 in Example 4
was  



measured. The band end BE was about 3.1 eV. The band end  BE of the active
layer 3 was about 2.85 eV. The cladding  layers 2, 4 and the active layer 3
deposited on the sub-  Strate 1 by epitaxial growth were well
lattice-matched.             It can be understood that the difference
between             



15       the band gaps of the cladding layers 2, 4 and the active
layer 3 was slightly less than about 300 meV.      Example 5
A semiconductor chip of the same structure as that       of Example 4 was
fabricated, and the electrodes 6, 7 shown       in FIG. 3 were attached to
the semiconductor chip. When a       forward voltage was applied between
the electrodes 6, 7, a       similar laser emission was radiated from the
semiconductor       chip.                 In Examples 1, 2, 3, 4, 5, the
substrate 1 was 



made of GaAs. If the substrate 1 was made of GaP, then the       cladding
layers 2, 4 were well lattice-matched to the sub-       strate 1 and the
band gap was large if the values x, y in       Zn[err]Mg[err]S[err]Se[err]
were selected in the ranges of:                 0.5 < x < 1.0,
0.4 < y < 1.0.       Example 6                 In FIG. 2, the substrate 1
was made of a single       crystal of GaP.  Each of the first and second
cladding lay-       ers 2, 4 was 1 [err]m thick and made of
Zn[err]Mg[err]S[err]Se[err] where x is  



about 0.85 and y is about 1. The active layer 3 was 0.1 [err]m       thick
and made of ZnS[err]Se[err] where z is about 0.84.                 An
electron beam was applied from the side of the       second cladding layer
4 to pump the semiconductor laser,       which then emitted a laser
radiation having a wavelength of                                      16
about 400 nm. 



Example 7            A semiconductor chip of the same structure as that  of
Example 6 was fabricated, and the electrodes 6, 7 shown  in FIG. 3 were
attached to the semiconductor chip. When a  forward voltage was applied
between the electrodes 6, 7, a  similar laser emission was radiated from
the semiconductor  chip.  Example 8             In FIG. 2, the substrate 1
was made of a single  crystal of GaP.  Each of the first and second
cladding lay-  



ers 2, 4 was 1 [err]m thick and made of Zn[err]Mg[err]S[err]Se[err] where x
is  about 0.85 and y is about 1. The active layer 3 was 0.1 [err]m  thick
and made of ZnCd[err]S where z is about 0.9.            An electron beam
was applied from the side of the  second cladding layer 4 to pump the
semiconductor laser,  which then emitted a laser radiation having a
wavelength of  about 400 nm.  Example 9             A semiconductor chip of
the same structure as that  of Example 8 was fabricated, and the electrodes
6, 7 shown  in FIG. 3 were attached to the semiconductor chip. When a 



forward voltage was applied between the electrodes 6, 7, a  similar laser
emission was radiated from the semiconductor  chip.
17    Example 10           In FIG. 2, a n-type substrate 1 was made of
GaAs. 



An n-type first cladding layer 2 of ZnMgSSe doped with an  impurity of Ga
or Cl and having a thickness of about 1 [err]m,  an active layer 3 of ZnSSe
having a thickness of 0.1 [err]m, and  a p-type second cladding layer 4 of
BeZnSeTe doped with an  impurity of N or P were successively deposited on
the  substrate 1 by way of epitaxial growth, thus fabricating a
semiconductor laser.            One electrode (not shown) was attached to
the  reverse side of the substrate 1, and another electrode is  attached in
a stripe shape to the second cladding layer 4.  



The semiconductor laser was pumped by a forward voltage ap-  plied between
the electrodes or an electron beam applied  from the side of the second
cladding layer 4. As a result,  the semiconductor laser produced a blue
emission.  Example 11            In FIG. 2, a n-type substrate 1 was made
of GaP.  An n-type first cladding layer 2 of ZnMgSSe doped with an
impurity of Ga or C1 and having a thickness of about 1 [err]m,  an active
layer 3 of ZnCdS having a thickness of 0.1 [err]m, and  a p-type second
cladding layer 4 of BeZnSSe doped with an  impurity of N or P were
successively deposited on the 



substrate 1 by way of epitaxial growth, thus fabricating a  semiconductor
laser.                                       18             Electrodes are
attached to the semiconductor laser  in the same manner as Example 10.
Then, the semiconductor  laser was pumped by a forward voltage applied
between the 



electrodes or an electron beam applied from the side of the  second
cladding layer 4. As a result, the semiconductor  laser produced a violet
emission.            In Examples 10, 11 the GaAs or GaP substrate may  be
of the p-type, and the first and second cladding layers  2, 4 may be of the
opposite conductivity type.  Specifically, the first cladding layer 2 may
contain Be, and  the second cladding layer 4 may be contain Mg.
The present invention is not limited to the above  structures.  In addition
to or in place of the stripe-shaped  



electrode, a current constricting region may be formed in  each of opposite
sides, defining a stripe-shaped resonator  centrally in the active layer 3,
by introduction from the  side of the second cladding layer 4 of an
impurity having a  conductivity type different from that of the second
cladding  layer 4 or proton implantation for higher resistance.
With the arrangement of the present invention, as  described above, since
the substrate 1 of GaAs, ZnSe, or GaP  is available easily, can be produced
at a high rate, and is  inexpensive to fabricate, and the cladding layers
2, 4 are  well lattice-matched to the substrate 1 with a large band 



gap, the semiconductor laser has good emission charac-  teristics such as
high emission efficiency, can operate
20   What is claimed is:        1.  A   semiconductor    light   emitting
device, comprising:      a semiconductor substrate; 



a first cladding layer of a first conductivity type disposed    on    said
semiconductor    substrate    by epitaxial growth;      an active layer
disposed on said first cladding layer by epitaxial growth;      a second
cladding layer of a second conductivity type disposed   on   said   active
layer   by    epitaxial growth; and      at least one of said first
cladding layer and said second  cladding   layer  being  made  of  a
compound semiconductor material of a zincblende crystal structure
comprising ZnMgSSe.        2.  A semiconductor light emitting device
according to  claim   1   wherein   said   semiconductor   substrate is
made of one of the elements selected from the group consisting  of   GaAs
and   ZnSe,  at  least   one  of said first and second cladding layers
having a composition ZnMg[err]S[err]Se[err]    where    x,   y    are    an
atomic ratio and selected in the ranges of: 



0.3<x<1.0,                        0 [err]y<1.0.        3.  A semiconductor
light emitting device according to  claim   1  wherein   said
semiconductor   substrate is made of one of the elements selected from the
group consisting  of  GaAs  and  ZnSe,  both  of  said  first
This is the replacement sheet                       21  



and second cladding layers having a composition ZnxMg[err]
[err]S[err]Se[err]   where   x,   y   are   an   atomic   ratio   and
selected in the ranges of:                         0.3<x<1.0,
0 [err]y<1.0.   4.  A semiconductor light emitting device according to
claim 2 wherein said first cladding layer is of the n-type and said second
cladding layer is of the p-type, said first    cladding     layer    having
a    composition Zn[err]Mg[err]S[err]Se[err] where x, y are an atomic ratio
and selected in the ranges of:                     0.3[err]x<1.0 ,
0 [err]y<1.0,   and wherein  said  second  cladding  layer  is made  of  a
semiconductor   of   one   of   the   elements   selected 



from the group consisting of BeZnSTe and BeZnSeTe.        5.  A
semiconductor light emitting device according to claim 4 wherein said
second cladding layer has a composition of one of the elements selected
from the group    consisting    of    Be[err]Zn[err]Se[err]Te[err]    where
a, b are an atomic ratio and selected in the ranges of:
0.1[err]a<0.7,                        0.5[err]b[err]0.9.        6.  A
semiconductor    light    emitting    device comprising:      a substrate
of GaP;      a first cladding layer of a first conductivity type disposed
on said substrate by epitaxial growth;
This is the replacement sheet   



22        an active layer disposed on said first cladding layer by
epitaxial growth;      a second cladding layer of a second conductivity
type disposed    on    said    active    layer    by    epitaxial growth;
and      at least one of said first and second cladding layers having
a         composition           Zn[err]Mg[err]S[err]Se[err] where x, y are
an atomic ratio and selected in the ranges of:
0.5[err]x<1.0,                              0.4[err]y<1.0.  



7.   A   semiconductor    light    emitting   device, comprising:      a
substrate of GaP;      a first cladding layer of a first conductivity type
disposed on said substrate by epitaxial growth;      an active layer
disposed on said first cladding layer by epitaxial growth;      a second
cladding layer of a second conductivity type disposed    on    said
active    layer    by    epitaxial growth; and      both of said first and
second cladding layers having a     composition
Zn[err]Mg[err]S[err]Se[err]    where      x,     y are an atomic ratio and
selected in the ranges of:                              0.5[err]x<1.0,
0.4[err]y<1.0.        8.   A semiconductor light emitting device according
to claim 6 wherein said first cladding layer is of the n-type and said
second cladding layer is of the p- 



type, said first cladding layer having a composition
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Zn[err]Mg[err]S[err]Se[err] where x, y are an atomic ratio and selected in
the ranges of:                       0.5<x<1.0,
0.4<y<1.0,  and wherein said second cladding layer is made of a 



semiconductor   of   one   of   the   elements   selected from the group
consisting of BeZnSTe and BeZnSeTe.        9.  A semiconductor light
emitting device according to claim 8 wherein said second cladding layer has
a composition of one of the elements selected from the group consisting of
BeaZn[err]SbTe[err] and BeaZn[err]SebTe[err] where a, b are an atomic ratio
and selected in the ranges of:                        0.1<a<0.8,
0.2<b<0.9.        10.   A   semiconductor   light   emitting   device,
comprising:      a semiconductor substrate;      a first cladding layer  of
a first conductivity type on said substrate;      an active layer on said
first cladding layer;      a second cladding layer of a second conductivity
type on said active layer; and 



at least one of said first cladding layer and said second  cladding   layer
being   made   of  a   compound semiconductor material of a zincblend
crystal containing Mg  and  being  substantially  lattice-matched  to  said
substrate.                                          23    



8. A semiconductor laser according to claim 6,  wherein said first cladding
layer is of the n-type and said  second cladding layer is of the p-type,
said first cladding  layer having a composition Zn[err]Mg[err]S[err]Se[err]
where x, y are an  atomic ratio and selected in the ranges of:
0.5 < x < 1.0,            0.4 < y < 1.0,  and wherein said second cladding
layer is made of a semi- 



conductor of BeZnSTe or BeZnSeTe.              9. A semiconductor laser
according to claim 8,  wherein said second cladding layer has a composition
BeZn[err]S[err]Te[err] or BeZn[err]SebTel[err] where a, b are an atomic
ratio  and selected in the ranges of:            0.1 < a < 0.8,
0.2 < b < 0.9.    






