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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 hiéh packing density and high resolution in
the recording of data on and réproduction of data from op-
tical disks and magneto-optic disks.

Semiconductor lasers for blue or ultraviolet

\ emission are requiréd 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 laéers have substrates on which
various semiconductor layers are deposited by way of epi-

taxial growth. Such substrates should preferébly 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 évailéble
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easily; and inexpensive.
Heretofore, II - VI compound semiconductor mate-~
rials, especially IIb - VI cbmpound semiconductor materials

or their mixed crystals, are promising as optical device

materials'because they are of a direct transition band
structure.

. I7a-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-
erﬁies.

Therefore, it is considered advantageous to con-
struct optical.devices_of IIb—VI compounds. However, it is
difficult to selecﬁ 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 accompanyipg drawings shows the
relationship between the lattice constants and band gaps Eg
of typical compound semiconductor matérials. Since mi#ed
crystals of IIb-VI compounds have large bowing parameters,
difficulty has been experienced in combining materials which
have large band gaps while achieving lattice matdhing
relatively to each other.

Presenfly proposed semiconductor materials for
emission in the blue wavelength range are ZnSe for an aétiVe
layer and a superlﬁttice of ZnSSe and ZnSe for a cladding
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jayer« and ZnCdS for an active layer and ZnSSe for a
djdding 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
jayer 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 ZnSe,S,,, and a cladding layer
of ZnMg_ 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 ﬁgSe, and MgS crystals on a substrate of GaAs, ZnSe,

% or GaP which is of a zincblende structure.

For the abbve reasons, there have not been put to
; practical use any double-heterostructufe_semiconductor .

% lasers having a band gap Eg 2 2.7 eV, and there have not

| been developed any semiconductor lasers having a substrate
of GaAs,  ZnSe, or Ga? and capable of continuous excitation

at room temperature.

It is an object of the present invention to pro-
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gide 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 ofiZnSSe, ZnCdS, or ZnSe having a
pand 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 wévelength shorter than that
of a blue emission, and a compound Zn/Mg,.S,Se;,, 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 ﬁo perform its function of
optical and carrier confinement. These materials are uséd
to construét 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 lajers of different II-VI compound semicon-
ductors, i.e., in oxrder to construct an n-type cladding
layer of a II-VI compound gemiconductor 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 semicondudtor con-

taining Be which has a small tetrahedral covalent bond ra-
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faius. In this manner; the p-type cladding layer is reliably
Produced.

According to the present invention, a double-
peterojunction semicondqctor laser has a first cladding
jayer of a first conductivit&lfype, an active layer, and a
second clédding layer of a second conductivity type, which
are successively deposited on a semiconductor substrate by
epitaxial growth.

| The first and second cladding layers are made of a
compound semiconductor of ZnMgSSe, 2ZnMgS, or ZnMgSe..

The substrate is made of GaAs, or zﬂSe 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 have a composition-

ZnMg, ,.S,Se, , where x, y are an'atomid ratio and selected in
the rahges of:

0.3 £ x < 1.0,

0 <y <1.0.

According to the present invention, furthermoré, a
.semiconductor laser has a first cladding layer, an active
lafer, and a second cladding iayer, which are successively
deposited on a substrate of GaAs by epitaxial growth. One
of the first and second Cladding layers, which is of the n-
type, is made of a compound semiconductor of ZnMgSSe, and

the other cladding layer, which is of the p-~type, is made of
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* peZnSTe or BeZnSeTe. The p-type cladding layer has a

composition Be,Zn, S,Te,, or Be,Zn,,Se,Te,, where a, b are an
atomic ratio and selected in the ranges of:

0.1 <a <0.7,

0.5 < b < 0.9.

In the case where the substrate is made of GaP,
the first and second cladding layers have a compﬁsition
Zzn,Mq, .S,Se, , where x, y are an atomic ratio and'selected in
the ranges of:

0.5 £ x< 1.0, . -

.0.4 £y < 1.0.

One of the first.and ﬁecond cladding layers, which is of the
n-type, is made of a compound semiconductor of ZnMgSSe, and
the other cladding layer, which is of the p-type, is made of
BeZnSTe or BeZnSeTe. The p-type.clédding layer has a
composition Be;Zn,_.S,Te,, or Be,Zn, . Se,Te,, where a, b are an
atomiC'rétio and selected in the ranges of:

0.1 <a<0.8,

0.2 <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
ITa-VI group containing Mg in the IIa group. Actually,_
thérefore, Mg may have an atomic density of 1 x
10! (atoms/cm’) or more.

As described above, the cladding layers are 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 2n, Cd, the
compound ZnMgSSe can be lattice-matched td'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 becrmes the p-type stably and reliably in
the fabrication process.

Measurement of band-end emission peaks in the
spectrum of photoluminescence of the compound Zr.1,=Mg1_,‘S,,Se,_y
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 inéreases,
the surface morphology becomes poor. Nevertheless, it is
possible to provide a lattice constant for allowing the
compound Zn,‘ligl.xS,Se,_y to lattice-match GaP, or GaAs or -Z'nSe
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-
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drolyzed when left at room temperature for 3 to 4 months.

Even if the band gép Eg of the active layer of the
double-heterojunction semiconductor laser is 2.7 eV or
nigher, 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, sr GaP. Therefore, the cladding layers are highly
crystalline and can reliably perform their function. That
is, the short-waveleng;h semiconductor laser according to
the present invention has a high emission efficiency and a
low'threshold current.

The above and other objects,,featﬁres, and advan-
tages of the present invention will become apparent from the
following description of illustrative embodiments thereof to
be read in conjunctidn 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 latﬁice constants and band gaps of typical com;l
pound semiconductor méterials;

FIG. 2 is a fragmentary perspectlve view of a
semiconductor laser accordlng to an embodlment of the pre-
sent invention;

'FIG. 3is a fraémentary perspective view of an-
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other semiconductor laser accordiﬁg 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 eﬁission 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 iow 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).
. | - 9 -
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FIG. 3 sﬁows a semiconductor laser according to
another embodiment of the preéent invention. The semicon-
ductor laser shown in FIG. 3 is a semiconductor injection
laser, and has a substrate l, 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 inqnlaﬁing_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 inéulating layer 5 and electrically cdnnected through
the window 5W to the second.ciadding layer 4 or the cap

layer thereon through ohmic cdntact.

Another electrode 7 is joined to the reverse
surface of the substrate 1 through'ohmic contact.
Alternatively, a heat sink doubling as an eléctrode 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 éladding layers 2, 4 are made
of a ¢ompound 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.

‘\
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| In FiGS. 2_énd 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 ZanMgl__xS,,-Se,__y 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 (A) 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 rangé of lattice matching which exhibits
sufficiently good optical charactefistics 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-ma;ched to GaAs; The lattice constant of GaAé is

5.653A. In FIG. 5, using materials having different band

- 11 -
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gaps Eg ranging from 2.99 to 3.00 eV, band-end emissions
(Iz)/deep emissions (which reflect the optical characﬁeris—
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 ym. A first cladding layer 2 of ZnMgSSe having a

thickness of 1.5 um, an active layer 3 of ZnSe having a
thickness of 50 pm, 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 produciﬁg a
semiconductor chip having a length (resonator length) of 400
pm and a width of 600 um. 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 N, laser emission Le having a
wavelérigth of 337 nm was applied from the side of the second

cladding layer 4 to pump the semiconductor chip. As a

.= 12 -
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:result, the semiconductor chip emitted é laser radiation L
-having a wavelength of 470.5 nm from the laser emission end
g. FIG. f shows the relatidnshiplbetween 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 um thick and made of Zn,Mg,_.S,Se, , where x
is about 0.8 and y is about;0.3. The active layer 3 was 0.1

pm thick and made of 2ZnS,Se,, 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,

i

which then emitted a léser radiation having a wavelength of
about 470 nm.

The band-end emission at 4°K of photélumiﬁeécence
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 qf 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

| - 13 -
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.wﬂd end BE_is slightly smaller than the enexgy gap).
grample 3 | '

A semiconductor chip of the same structure as that
‘ﬂof Example 2 was fabricated, and the electrodes 6, 7 shown
ifin FIG. 3 were attached to the semiconductor chip. Wwhen a
;forward'voltage was appiied between the electrodes 6, 7, a
?similar laser emission was radiated from the semiconductor
-;chiP-
F}Example 4
| In FIG. 2, the substrate 1 was made of a Sihgie
gcrystal of GaAs. Each of the first and second cladding
ilayers 2, 4 was 1 um thick and made of Zn,Mg,-_,S,Se,_, where x
is about 0.8 and y is about 0.3. The.active layer 3 was 0.1

pm thick and made of Zn,Cd, .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 bahd-end emission of photoluminescence of the
naterial of the cladding layers 2, 4 in E%ample 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
\ -4 -
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the band'gaps of the cladding iayers 2, 4 and the active

.'1ayer 3 was slightly less than about 300 meV.

gxample 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 éf 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,Mg, ,S,Se, , 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 léy—
ers 2, 4 was 1 pm thick and made of Zn,Mgl_xS,Sel_y where x is
about 0.85 and y is about 1. The active layer 3 was 0.1 pm
thick and made of 2ZnS,Se, , 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

\ | - 15 -
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apout 400 nm.
gxample 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.

Exampie 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 umthick and made of ZnMg, .S,Se,, where x is
about 0.85 and y is about 1. The active layer 3 was 0.1 pm
thick and made of 2Zn,Cd, .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

lA 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 ffom the semiconductor
chip.

\ - 16 -
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gxample 10
| In FIG. 2, a h—type substrate 1 was made of GaAs.
An n-type firsﬁ cladding layer 2 of ZnMgSSe doped with an
impurity of Ga or Cl and having a thickness of about 1 um,

én active layer 3 of ZnSSe having a thickness of 0.1 pm, 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
attéched 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 electfon beam applied
from the side of the second cladding iayer 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 netfpé first cladding layer 2 of ZnMgSSe doped with an
iméurity”of Ga or Cl and having a thickness of about 1 um,
an active layer 3 of 2ZnCdS haviﬁg a thickness of 0.1 um, and
a p-type éecond cladding layer 4 of BeZnSSe doped with an
impurity of N or P were successively deposited on the
substrate 1 by wéy of epitaxial growth, thus fabricating a
semiconductor laser.

- 17 -
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Electiodes'are attached to the semiconductor laser
in the same manner as Example 10. Then, tﬁe semicoﬁductor
laser was-pumped by a forward voltage applied between the
electrodes or an electron beam applied from the side of the
second éladding layer 4. As a result, the semiconductor
1aser 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
électrode; 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
sidg of the second cladding layer 4 of an impurity having a
condﬁctiVity type different from that of the second cladding
layéi 4. or proton implantation for higher resistance.

With the arrangeﬁent of the present invention, as
described above, since the substrate 1 of GaAs, 2ZnSe, or GaP
is available easily, can be produced at a high rate, and is
inexpenéive 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 bigh emission efficiency, can operate

- 18 -
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' gtably at room temperature, and can oscillate continuously

for laser emission at short wavelengths.

‘ When the semiconductor laser according to the
present invention is used as a light source for recording
and reproducing optical information, it allows the informa-
tion to be recorded with high packing density and reproduced
with high resolution, and also permits optical recording and
reproducing devices to be manufactured inexpensively.

The semiconductor laser according to the présent
invention is also effective to reduce the cost of display
devices which scan three R, G, B laser beams to display
visible images. |

Having described preferred embodiments of the in-
vention with reference to the'accompanying drawings, it is
to be underéfood that the invention is not limited to that
precise embodiments and that various changes.and modifica-
tions could be effected by one skilled in the art without
departing from the spirit or scope of the invention as

defined in the appended claims.

- - 19 -
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_What is claimed is:

1. A semiconductor laser comprising:
a semiconductor substrate (1);
~a first clad&ing layer (2) of a first conductivity
type disposed on said sémicondﬁctor substrate by epitaxial
growth;

an active layer (3) disposed on said first cladding
layer by epitaxial growth; and

a second cladding layer (4) of a second conductivity
type disposed on said active layer by epitaxial growth;

said first cladding layer (2) and/or said second
; cladding layer (4) being made of a compound semiconductor mate-

rial of a zincblende crystal structure containing Mg.

2. A semicoﬁductor laser according to claim 1,
wherein said semiconductor substrate is made of-GaAs of
ZnSe, one of said first and second cladding layers having a
composition ZnMg, .S, Se, , where x, y are an atomic ratio anc'i
selected in the ranges of:

0.3 £ x< 1.0,

0 £y < 1l.0.

3. A semiconductor laser according to claim 1,

wherein said semiconductor substrate is made of GaAs or

- 20 -
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ane, both of sa= first and second cladding layers having a
composition ZnMc S, Se, , where x, y are an atomic ratio and
sélected in the =nges of:

0.3 <:<1.0,

0 <y -<1.0.

4. 2 sa:i.condﬁctor laser according to claim 2,
. wherein said fir= c':laddir‘xg_ layer is of the n-type and said
second cladding'_"-:yer is of the p-type, said first cladding
layer having &z coposition 2ZnMg, .S,Se, ; where x, y are an
-atomic ratio and m=mlected in fhe ranges of:

0.2 £2<1.0,

-

0 <v <1.0,

IA

.and wherein szid :=cond cladding layer is made of a semi-

conductor 0% Z=ZrTe or BeZnSeTe.

5. * s=iconductor laser according to claim 4,

wherein szic s=cod cladding layer has a composition

Be,Zn, S;Te;; == RzIn, ,Se,Te,, where a, b are an atomic ratio

and selecteg Iz +t=

r
0.2 <22 0.7,
0.2<tz20

5. 2 s=mconductor laser comprising:

& =x=s—=te of GaP;

- 21 -
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a first dladding layer of a first conductivity
type disposed on said substrate by epitaxial growth;
an'éctive layer disposed on said first cladding
jayer by epitaxial growth; and
a second cladding layer of a second conductivity
type disposed on said active layer by epitaxial growth;
one of said first and second cladding layers
; having & composition ZnMg, .S ,Se, , where x, y are an atomic
iiratio and selected in the ranges of:
0.5 < x <1.0, - -

1 . 0.4 <y < 1.0.

7. A semiconductor laser comprising:
a substrate of GaP;
a first claddihg 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; and
a second cladding layer of a second conductivity'
type disposed on said active layer by epitaxial growth;
| both of said first and second cladding layers
having a composition 2nMg,.S,Se,, where x, y are an atomic -
ratio and selected in the ranges of:
| 0.5 = x < 1.0,
.0.4 £y < 1.0.

. - 22 -
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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
jayer having a composition anMgl,xS,Sel_,. 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,

1 wherein said second cladding layer has a composition
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‘ Be,2n,_,S,Te,, or Be,Zn, ,Se,Te,, where a, b are an atomic ratio
and selected in the ranges of:
& | 0.1 <a<0.8

a
0.2 < b < 0.9.
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