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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 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 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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for shdrt-wavel ength em ssion, e.g., blue or ultraviolet |aser enission.
There i}Js a growi ng demand for sem conductor |asers which enit blue or
-ultraviplet radiation to nmeet re- quirenents for high packing density and
high regsolution in the recording of data on and reproduction of data from-
op- tifgal disks and magneto-optic di sks. Sem conductor | asers
-for blup or shsiadwyi,olatid igrexgsmsivee required to be nade of a materi al
havi ng B .
- 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 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 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
-2 -
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| ar ge § Ffr ansition band gap Eg. Particularly, double- heterojunction
sen cong s asers are required to have a cladding |ayer. made of a

. ‘materi a g a greater band gap than the material of an active |ayer.
Sem cong@s | asers have substrates on which various sem conductor |ayers

are depod by way of epi- taxial growh. Such substrates should
. preferabl ayera amdn GO fldr e retteivien| lagfexGayd oZn8B@ foatais widely
used in Us conpound sem conduct or devices, and is high

egrystalli Qeaddbadplayered Shepehimptaniiads arapwerre pro%lemat’ic 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 MgSe, and MgS crystals on a substrate of GalAs, 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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#nd | nexpensi ve. ' Heretofore, Il - VI conpound
& mate- rials, especially Ilb - VI conpound sem conduct or
r their mxed crystals, are prom sing as optical device
cause they are of a direct transition band

U1
mat eri al
mat eri al 4

-

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

B 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-

—\_“_‘_“_‘“_“\‘\_' - 4 -
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|l a- VI conpounds having a large indirect transi-

stx uct 4l 3
g as fluorescent materials are also attract- ing attention.

tion
. However a-Vl conpounds are unstable as they are hydrolyzed in air,
and havé- wn basic prop- erties. Therefore, it is

consi der ant ageous to con- struct optical devices of I1b-V
.conpounds WRver Intthss slahheeyl theopSeype! cradaing Jaiasd s drd eIy
band gaps a range of I1b-VlI conpounds and even their m xed crys-

t-al s for ¥fbda.mle¢l addi ng | ayers.

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 atomic 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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P acconpanyi ng drawi ngs shows the relationship between the
ints and band gaps Eg of typical conpound sem conduct or

ce mixed crystals of IIb-VI conpounds have |arge bow ng
ifficulty has been experienced in conbining materials which
d gaps while achieving |lattice matching relatively to each

peZnSPRe O B8R Rse }E%rﬁ’tmc‘f%ﬁ‘dm%r%%YQrf BAS 2eni ssion
wavel engt h range_are Se for .an_actjve ayer and
super | at tice ngEﬂ's'g l&ﬁﬁ%é@‘*ﬁ@%‘bl%(ﬁ%&n“‘ &,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

8 BeZnSTe 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'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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er, and ZnCdS for an active |layer and ZnSSe for a cl addi ng

| ayer. Theskt nmaterials are however problematic in =~ that the difference

bet ween t
| ess, pre

L

he band gaps of the active and cladding layers is 100 neV or
enting the cladding

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 2ZnMg,_.S,Se, , 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-

- Th:s Sheet Has Been
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active
Japanes

ﬂproperly performng its function, i.e., opti cal and carrier
Japanese | ai d-open patent publication No. 1-169985

bl ue sem conductor. | aser conprising a substrate of GaAs, an

nyer of ZnSeS[err], and a cladding |ayer of Zn[err]Ng[err]Te
‘| ai d- open pat ent publlcatlon No. 63- 233576 di scl oses a
i ogrblyredewhen Agfdewdtc @oothdempgiragiunse famtertianl s monthmeed on

, and MgJS crystals which have heretofore been known as

fluores@ent  mat erl aByenTRL Wﬁ@ebaé‘ﬁ’d IAPs Egr fi fihe Actisre dpyeciobrthe

crystf ne structure. I.S 1 npossi ble to grow
doub etero;unctlon semlcon uctor laser 1s 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-

| -8 -
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i , and MyS crystals on a substrate of GaAs, ZnSe, or GaP whi ch
Is of a

_ i nchl ende struct ure. For the above reasons, there have
not beefgput to practical use any double-heterostructure sem conduct or
| dsers ving a band gap Eg [err] 2.7 eV, and there have not been
devel opef any semiconductor |asers having a substrate of GaAs, ZnSe, or

apabpther %%m+¢ﬁn@u§texCﬂaaaronccoaﬁlmao#ptamgyhﬂnuembodlment of

It is angobject of the present invention to pro-
- 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-

8 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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“de a doubl e- heterojunction sem conductor |aser which has a

| substrate of GaAs, ZnSe, or GaP and is capabl e of emtting.

)n highly efficiently in a short wavel engt h. An active
ZnSSe, ZnCdS, or ZnSe having a band gap Eg of 2.7 eV or higher

ce-matched t0p8: 3 shows a semiconductor laser according to

conpou
radi at
| ayer

is | at

another embodiment of the present 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

s - 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;
i .or the like into the p-type.

‘\
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conpoud
| aser €
conpoun
I"l a- VI

jemi conduct or substrate of GaAs, ZnSe, or GaP for producing a
=sion at a wavel ength shorter than that of a blue enission, and a
ZnMg[err] S[err]S[err] which is a mnixed crystal of elenents in.the
ad | I b-VI groups, is capable of producing a band gap difference

sthat isghigh enough for the active layer to performits function of
optical §nd carrier cdiREGE®ENt2 Jheds?, nat basersemissiondendo &camast theet a
doubl e- et er oj uncti on seni conductor laser or |light-emtting diode for

~pr oduci a dgelfdmedidbre| @ ngl éavage splane. : Furt hernore, in order
to constfuct p-type and n-
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-
mihescence 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 gxhibits

3

sufficiently good optical characteristics and is determined

in view of the difference between coefficients of thermal
' expansion between growth temperaturé 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 GaAé is

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

\ - 11 -
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b | ayers of different I1-VI conpound semn con- ductors, i.e.,

type cl 3§ )
g-construct an n-type cl addi ng | ayer of a Il-VI conpound

i n-order?

sen1cond' yar that tends to be of the n-type and also to construct a
p-iype cl ﬁalng | ayer of a |ll-VlI conpound sem conductor that tends to be
of the p-@ type, part of the |l-group elenent of the p-type conpound

-sem condullk org&BscgﬁpGEGHlé‘H B P terd (9c9n @Yot &andnend ?%Wh@nBe

whlch has snaH/éeHrahedral coval ent. bond

eep 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 GaaAs. .

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

i ' 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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di uilie & nanner, the p-type ciadding layer is reliably produced.
Ac c O S, ¥ the present invention, there is provided a sem conductor |ight

emt fi ce, conprising: a semiconductor substrate; a first cladding
|I"aye First conductivity type di sposed on said sem conductor substrate
by e t growt h; an active |layer disposed on said first cladding |ayer
by e - 86WlE ) thessemidondadtiony dhaxe lendit tod &€ MuEEONERGLAYIEY Lype .
di sp -sald active layer by epitaxial growh; and at |east one of said
first CH | parirayea wadedendgtheodnd 70.5d i & doay ethebelidupresiei #5i6n end
conpotun m conductor- material of a zincblende crystal structure

ZpMyFHG. 7 shows the relationshiplbetween the intensity of
the pumping laser emission Le and the intensity of the
emitted laser radiation L.
o 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-w&s applied from the side of the
2 second cladding layer 4 to pump the semiconductor laser,
-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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The off Ethe first and second cladding |ayers may be nade of a conpound
’ s of ZnMySSe, ZnMyS, or ZnMjSe. The substrate is
pref er3 nde of GaAs, or ZnSe having a lattice constant close to that of

: If the substrate is nmade of GaAs or ZnSe, the
fi rst ant cond cl adding layers may have a conposition :
padds[and |BR| &5 r sLlighkdyespalyenr shan shenPRexsy §2@id sel ect ed
s of; :

[err] '

A semiconductor chip of the same structure as that
‘ﬁof Example 2 was fabricated, and the electrodes 6, 7 shown
ifin FIG. 3 were attached to the semiconductor chip. When a
;forward'voltage was appiied between the electrodes 6, 7, a
?similar laser emission was radiated from the semiconductor
-;chiP-

F}Example 4

1 In FIG. 2, the substrate 1 was made of a Sihgie
Ecrystal of GaAs. Each of the first and second clédding

ilayers 2, 4 was 1 pm thick and made of ZnMg, .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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B a second aspect of the present invention, there is prbvided a
;o |ight emtting device conprising: a substrate of GaP;, a first

cl ad fyer of a first conductivity type disposed on said substrate by

® repl acenent sheet . - 6-
gprowt h; an active | ayer disposed on said first cladding |ayer by
ir aheh band gaps ef abliengladdingofayesscdnd 4candudhieyiaCtikge

di sposedjh said active |ayer bX eEitaxiaI grow h; _.and at_| east one of said
first andikedey®r 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 of GaP, then the

3
i
;

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:
3 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 2nS,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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cl addi _iers having a conposition Zn[err]Ng[err]S[err]Se[err] where X,
are aypeeem c ratio and selected in the ranges of: = [err]
Accor k0 a third option, there is provided a sem conductor |ight

em ttindevi ce, conprising: a substrate of GaP; a first cladding |ayer of
a first’jnductivity type di sposed on said substrate by epitaxial grow h;
. an acti v aﬁﬁﬁwﬂl$®08ﬁﬂ on said first cladding | ayer by ‘epitaxial grow h;
a secondg ding layer of a second conductivity type di sposed on said
active | @erphymepet dxi al growth; and both of said first and second

cl addi ng@layers having a conposition ZnNg[err]S%Frr]Se[err] where x, y are
an atom ¢ ati o and sehegemilcondugtorachép of: t 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
similaf 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 from the semiconductor

chip.

_— - 16 -
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¥ses, where the substrate is-made of GaP, the first and second
yers may have a conposition ZnMy[err]S[err]Se[err] where x, vy

c ratio and selected in the ranges of:

< 1.0, _ 0.4 [err] y < 1.0. One

t and gecga? cl adding | ayers, which is of the n-type, may be
e conductor of ZnMySSe, and the other cladding Iayer

" the p- typeI r’r?@a of BeZnS!e or B 3__Srrea}lea &?égﬂ“%cﬁee‘%a(gg

An n-type flrst 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, andIAnother 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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*has a conposition BeaZn[err]SbTe[err] or BeaZn[err]SebTe[err]
& are an atomic ratio and selected in the ranges of:

a < 0.8, 0.2 [err] b < 0.9.
X is less than 1, and a m xed crystal of elenents in the Ila-Vi
and 11 b- groups, the elenment in the Ila-VI group containing My in the Ila
~group. Acfual ly, theref@@@anydﬁg/&nﬁuatﬂthaﬂntp(ﬁhﬁﬂﬁ%mkﬁondRC§9I91aser

(atoms/cn@) or nore. According to yet anot her aspect of
the pres§nt 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 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-

é teristics such as bigh emission efficiency, can operate

- 18 -
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g fhere is provided a senmi conductor light emtting device,

conpi; S a- senm conductor substrate; a first cladding | ayer of a flrst
conde type on said substrate; an active layer on said first cladding
ond cl addi ng | ayer of a second conductivity type on said active

ayer; | east one of said first cladding | ayer and said second
cl addi nggEKyfatly e nestEn ofempepatarad ardi candostbllateecoattimfously
zincbl en@ crystal containing My and being substantially

t cfvad lias esniainbspbon aa k. short waveledgthisscri bed above, at |east

el adding | ayers is nade
When the semiconductor laser according to the

Fatti ce-H
one of tH

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.

Mg

A nrabonn
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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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1 xed crystal of elenments in the Ilb- VI and Ila-V
g @ij ”ﬂﬂval ent. bond radius though its atonic nunber
'-han* Ne¢ ound ZnMgSSe can be Iattlce mat ched to

¥ or GaP and have a Iarge band gap. Fur t her nor e,

£ part of the II-group el enent of the p type cl addi ng Iayer S

.r }n coﬂla?ent rkgfo ;g%%ﬁt edfgg{:r%lsl @? 1‘4‘@ ape fror# the
:corrpo.__{_md‘: "-'r'&ﬂnﬁé‘@l@ﬁﬁ % M| Qré'? w@l‘?‘éeﬁorf yare an atomic ratio and
| selected in the =nges of:

0.3 <:¢<1.0,

0 <y -<1.0.

4. 2 sa:i.condoctor laser according to claim 2,
. wherein said fir= c':laddiﬁg_ 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.

(YY)

£ 2< 1.0,

-

0 <v <1.0,

IA

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

conductor of Z=ZIrTe or BeZnSeTe.

5. 2 s=iconductor laser according to claim 4,
wherein szic s=cod cladding layer has a composition
Be,Zn, ,S;Te;; == R=3n 1_.Se,,'1'e,_b where a, b are an atomic ratio

and selecteg Iz +t=

0.2

1A
a2
™

r
0.2 <22 0.7,
0

5. 2 s=mconductor laser comprising:

& zrtsz=te of GaP,

- 21 -
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hg | ayer becones Iﬂ] and reliably in the
B process. H Iﬂ"nmmlmﬁﬂmof band- end em ssion peaks in
‘um of phot ol uni nescehce of t ke tonpound
err]S[err] Se[err] wth different values x, y shows that the band

‘on peaks shift toward a high-energy side when the proportion of

S onouevel £ 3akNELRRARRAG! hDeR! oWl BILERSRInaddIa ALY AC

becones poor ver posSiblfe {70 provi | attice

nggﬁﬁogs%gigngegpguedbéeks%] Myl sb&k§k§5&] %wﬂ to
an active 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.

—
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- This Sheet 4

- IMUllﬁﬂlﬁﬁllﬂﬂﬂmst he Band  gap up-1o appr oxi nately 4 GV,

iinflrned tthat' t fie tonmpound ZnMySSe in t he above conposition

e as it is not hy- 8

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,

wherein said second cladding layer has a composition

‘ 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,
0‘2 S b 009‘

- 23 -
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en left at roomtenperature for 3 to 4 nonths. Even i f

dr ol 3

t he b',;.gaﬁ Eg of the active |ayer of the  dguble-heterojunction

semi cor@lctor |aser is 2.7 eV or higher, the cladding |ayers have a
suffici |y high band gap Eg which exceeds the band gap Eg of the active
Jayer b at | east 100 neV and al so have a conposition that allows itself
to be will |attice-matched t ABSERACIDHOF {IKE DISRIUQSURENSe, or GaP.
Theref o, the cladding layers are highly crystalline and can reliably
:per f or mg@hei r function. That 1is, the short-wavel ength sem conductor |aser
accordi @ to

A semiconductor laser has a first cladding layer (2)
of a first conductivity type, an active layer (3), and a second
cladding léyer (4) of a second conductivity type, which are
successively deposited on a semiconductor substrate (1) by epi-
taxial growth. The first cladding layer (2) and/or the second
cladding layer (4) is made of a compound semiconductor material

i of a zincblende crystal structure containing Mg.

(Fig. 2)
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tween the lattice constants and band gaps-of typicd "com
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ctor materials; FIG 2 is a fragnmeng
bw of a sem conductor | aser according to an e

i nventi on; " FIG 3 is a fragnentary pé_
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Huct or | aser according to anot her enbodi nent of the present
"FIG 4 is a diagramshowing the values x, y (atomic

_. ratio) with band gaps and lattice constants;

FL.G 51 agram showi ng t he dependency of band-end em ssi on/ deep

i ssi o ptti ce constants; FIG 6 is a diagram show ng the

$rmp CompochtionSISROOTEMBEXMYRI SSi on on the val ue x; and 3/7

FIG. 3 ’
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tween the intensity of a

tensity of an output

| aser
a substrate 1 of a single crystal

a buffer

di agram showi ng the rel ati onship be-

®T emnm ssion and the

| aser radiation.
of GaAs,

cording to an enbodi ment of

ac-

i n-
a seni conduct or

i nventi on conpri ses

FIG 2,
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# -type which has a sufficiently'IOM/inpurity
a- S eI adding layer 4 of the n- or p- type. The first cladding |ayer
2"z ve |ayer 3, and the second cladding layer 4 are successively

concentration, and

deposite@@n the substrate 1 by way of MBE (nolecul ar beam epitaxy) or

-MOCVD (el organi c chenica

vapor deposition).

Sony Corporation S93PO01EP0O B tM/ri
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FIG 3 shows a sem conduct or
e Nt of the present

B s a seniconduct or
; g Iayer 2, an

| aser according to
i nvention. The sem con- ductor

anot her
i njection |aser,

| aser shown in
and has a substrate 1, a first

active Iayer 3 and a second cladding |a

to those_s

%v%? | f necessary, a cap yé)/?(\r,\\glt(:h
y type as t

7 he sec- ond cladding |layer 4 is
EQfd on the second cladding

FIG.6
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Q
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| ayer 4 bygway of epitaxial growth. The sem conductor |aser shown in FIG

'§3additip" fly has an insulating layer 5 as of silicon nitride deposited
dn the “secpnd cladding layer 4 or the cap layer. The insulating |layer 5
Has a stri@e-shaped w ndow 5Wdefined therein. An electrode 6 is di sposed

- .on the ingul atis«myl@yﬁ-atﬁnmdpﬁlggiobiswlhy connected through the w ndow
. S5Wto. the Fecond cladding | ayer 4 or the cap |ayer thereon through ol
cont act . Anot her electrode 7 is joined to the reverse surface

-.of -the subrtrate 1 through ohmc contact. Alternatively, a heat sink
doubling as an el ectrode may be .

FIG.7
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'dd I NG Iayer

T -6e.syrface of the substrate 1 through ohm ¢, pons agt.
-&ﬁﬁac YHE T r lasers shown in FIGS. 2 and 3, the first and
4 ‘are made of a conpound sem conductor of

with d, Ga, or the like into the n-type or with

to the p-type.1 DEC 1996

SEMICONDUCTOR LASER

The present invention relates to a semiconductor
laser, particularly a II - VI'compopnd 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 meef re-
quirements for'hiéh packing density and high resolution in
the recording of data on and reproduction of data from op-

“tical d%sks and magneto-optic disks.

Semiconductor lasers for blue or ultraviolet
“emission afe required to be made of a material having a
large direct transition band gap Eg. Particularly, double-
'heterojunction §emicond£ctor lasers are required to have a
cladding léyer made of a material haviﬁg a greater band gap
than the material of an active layer.

Semiconductor lasers have substrateslon'which
various semiconductor layers are deposited by way of epi-
taxial growth. Such substrates'shquld preferably be of a
mpnqcryétaliine material of GaAs or GaP that is widely used
in various compound.semicondﬁctor devices, and is highly

crystalline, can be produced at a high rate, is a qé}gh}émwmm




&S, 2 and 3, a laser em ssion end 8 may be defined by
FIG 4 shows various values x, y (conposition
d Zn[err]My[err]S[err]Se[err] which are plotted at

acconpani ed by a band gap Eg (eV) ob- . tained froma
he spectrum of photolu- mnescence of a conposition
attice constan% a ([err]) obtained froma (400) peak

easily, and inexpensive.

Heretofore, II ; V1 compound semiconductor mate-~
rials, especially IIb - Vf compound semicqnductor materials
or their mixed crystals, are promising as optical device
materials because they are of a direct transition band
séructure. |

ITa-VI compounds havidg a large indirect transi-
tion band gap Eg as fluorescent materials are also attract-
ing attention.. Hoﬁever, 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 maferi;ls having different band gaps
from a range of IIb-VI compounds and even their mixed crys-
tals for activé and cladding layers.

- FIG. 1 of the accompanyipg drawings_shows the
: relationship between the 1attice'constants and band gaps Eg
of typical compound semiconductor materials. Sinée mixed
crystals of IIb-~VI compounds have large bowing parameteré,
difficulty has been expérienced 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 2ZnSSe and ZnSe for a cladding



-tonetrv_ The connound_ZnNgSSe I's Iattlce mat ched to GaAs along a straight

. line A\DupEA
equat i QRip—
mat chi

det er mf
- expansil
~ foll ongt

T The straight line Ais given by the follow ng
=§- 1.158x + 1.218. The range of lattice

’sufficiently good optical characteristics and is

‘hexagonal crystalline structure. It is impossible to grow

' jayers gnd 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
gcladding layers is 100 meV or less, preventing the cladding
jlayer from properly performing its function, i.e., optiéal

‘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 ZriSe: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'knqwn as fluorescent

materials. The MgSe, and MgS crystals are of an NaCl or

‘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 semicénductor -
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 GaP and capable of continuous excitation

at room temperature.

It is an object of the present invention to pro-



pi- 1.158x + 1.318. In FIG 4, the synbol *
- | sured. FI.G 5 shows that the optical
i fproved in the range in which the conpound ZnMySSe i s
4. The lattice constant of GaAs is 5.653A. In FIG
vigng di fferent band ' :
4

nBiZDEE 1936

g materials h

eI

pn————————t e L p———— e e i m————

vide a double-heterojunction semiconductor laser which has a
compound substrate of GaAs, 2ZnSe, or GaP and is capable of

emitting radiation highly efficiently in a short wavelength.

An active layer_of ZnSSe, 2ZnCdS, or ZnSe having a
zband gap Eg of 2.7 eV or higher is lattice-matched to a
§compound semiconductor substrate of GalAs, zdSe, or GaP for
-produéing'a laser emission at -a wavelength shorter than that
of a blue emission, and a compound ZnMg,.S,Se;.,, which is a
mixed crystal of elements-in.the IIa-VIL 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 sﬁort-wavelength
emission. . |
Furthermore, in order to construct g-ﬁype and n-
type cladding layers of different II-VI compound semicon-
ductors, 1.é., 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 conétruct a p—tﬁpe qladding 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-



-

band- end

bm 2. 99 to 3.00 eV, band-end eni ssi ons
st(which reflect the optical characteris- tics of

tRat the op- tical characteristics are best when the
| dse to that of GaAs. FIG 6 al so shows

enissions/deep emi s- sions whi2h were neasured as the anount of

My was!yaried:

Tdiuso In this manner, the p-type'clédding layer is reliably
produced.

According to the present invention, a double-
peterojunction semiconductor laser has a first cladding
jayer of a first conductivity type, an active layer, and a

- gecond claddingllayer of a'geéond 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, ZnMgS, or ZnMgSe.

- The substrate is made of Gals, of ZnSe having a
lattice constant close to that of GaAs, or GaP.

If the substrate is made of GaAs or 2ZnSe, the
first and second cladding layers have a composition
.ZnMqg, ,S,Se, , where x, y are an atomic ratio and selected in
the ranges of: | |

0.3 £x<1.0,

0 £y<1.0.

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

the other cladding layer, which is of the p-type, is made of

-

Has Been Replaced

R

diwith respect to different lattice constants. Study -



It can J _..;;‘;~ 16 that when the substrate of GaAs is used, the
val ue ¢R EEEEr o e he range of: 0.8 < x <1.0. Exanple 1
In FIG 3’ ubstrate 1liof GaAs had a thickness of 100 [err]m A first

cl addi ng Ia@&rDECdWéZn Se having a thickness of 1.5 [err]m an active

| ayer df ZnSe havin t hi ckness of 50 [err]m and a second cl addi ng

| ayer G g a thickness 8f 150 nm were successively

deposi tied _on te 1 by way of MBE, thus producing a

peZnSTe or B_eZnSeTe_; The p~type cladding layer has a
com;'_)osition}‘:Be,Zn,-,SbTel-,, or Be,an-.SebTe,_b. where a, b are an
atomic ratio and selected in the ranges of:
0.1 <ac<0.7,
0.5 £ b < 09

In the case where the substrate is made of Gap,

the first and second cladding layers have a composition
- Z2n,Mg,..S;8e,., 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 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
' BeZnSTe or BeznSeTe. The p-type c:lédding' layer ha;s a
composition Be,Zn,_S,Te,; or Be,an__,Se.,‘re;_b where a, b are-.an
atomic ratio and sélected in the ranges of:

0.1 <ac<0.8, - |

0.2 b =< 0.9.

The value x is less than 1, and a mi.ﬁ:ed crystal of
elements in the ITa-VI and IIb-VI groups, the element in the
ITa-VI group containing Mg in-the Ila group. Actually,
therefore, Mg may have an atomic density of 1 x

10! (atoms/cm®) or more.

As described above, the cladding layers are made

This Sheet Has Been Re‘iluced
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ng a length (resonator length) of 400 [err]mand a
e values x, y of the material of each of the first

ers 2, 4 were x = 0.94 and y = 0.17. The

mounted on a - heat sink 21, and an N2 | aser

em sgi on Ce navimg—a- \avel ength of 337 nmwas applied fromthe side of the
seco cladding layerj4 to punp the sem conductor chip. As a

of ZnMgSSe which is a mixed crystal of elements in the Iib-
VI and IIa-bI‘groups. Since Mg has a large cova;ent bond
radius though its aﬁomic number is smaller than Zn, Cd, the
compound ZnMgSSe can be lattice-matched to GaAs, ZnSe, or
GaP and havé 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 beéomes'thé p-typé stably and reliably in

1the fabrication process.

Measurement of band-end emission peaks in the

. spectrum of photoluminescence of the compound Zn,Mg,_.S,Se,.,
iwith different values x, y shows that the band edge emiésion
:peaks shift toward a high-energy side when the proportion 6f
i Mg increases. However} as the proportién of Mg increases,
the surface morphology beécomes poor. Nevertﬁeless, it is
possible to provide a lattice constant for allowing the
' compound 2Zn,Mg,_S,Se, toi lattice-match GaP, or GaAs or ZnSe
whith 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-



kﬂ';auctor chip emtted a laser radiation L having a
Py gom the | aser em ssion end FIG 7 shows the .
helintensity of the punping |aser enission Le and
nftted | aser radiation L. Exanple 2 I n
gas made of aéS|ngIe crystal of GaAs. Each of the

droiyzed when left at room teméerature for 3 to 4 months.

Even if the band gap Eg of the active layer of the
double-heterojunction semiconductor laser is 2.7 evV 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, ;r GaP. Therefore, the cladding layers are highly
crystalliné and can reliably perform their function. That
is, the short-wavelength semiconductdr,laéer 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 aéparent 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-
éound semiconductor materials;

FIG. 2 is a fragmentary perspective view of a
semiconductor laser aécording to an embodiment'of the pre-

sent invention;

FIG. 3 is a fragmentary perspective view of an-
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mﬁ§‘f’ﬁ€?r' t hi ck and made of Zn[err]My[err]S[err]Se[err]
lw(sj?@ | y i s about 0.3. The active layer 3 was 0.1
1|ck an ée of{ ZnSSe[err] where z is about O0.06. An

igd fromthe side of the second cladding |ayer 4 to

e_sem conductor lfaser, which then emtted a |aser radiation having

70 nm 9 The band-end em ssion at 4[err]K

of photolun1nescence of the material of the cladding l|layers 2, 4 in
Exanpl e 2 was neasured. The band end BE was about 3.1 eV. The band end BE
of the active layer 3 was about 2.8 eV. The cl addi ng

other semiconductor ;aser 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 gemiconductor laser ac-
cording to an embodiment of the present invention comprises
a substrate 1 of a single crfstal of GaAs, ZnSe; or GaP. If
necessary, a buffer layer (not shown) is deposited on the
substrate 1 Sy way of epi;axial 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.cledding 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).
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= i WBIEAYi ve | ayer 3 deposited on the substrate 1 by

' |1 lattice-matched. It can be understood
pefween the band gaps of the cladding |ayers 2, 4 and

of a high value of about 300 neV as is apparent

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 cohductivity type as the sec-
ohd cladding layer 4 is deposited on the second cladding
layer 4 by way of epitaxial growth. Thé_semiconductor laser
shown in FIG. 3 additiona;ly_has an insulating layer 5 as of
silicon nitride depositeq%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 ére made
of a coﬁpound 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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14 1d end BE is sflightly smaller than the energy gap). Exanple 3

A senijcdndG pECcigop df |the sane structure as that of Exanple 2 was
fabri datjed, and the elle¢trodes 6, 7 shown in FIG 3 were attached to the
sem cgnductor —chmp—wWien a . forward voltage was applied between the
electngdes 6. 7, a simjlar laser em ssion was radiated fromthe

sem conductor chip.” Exanple 4 11 In FIG 2, the substrate 1 was
made of a single ' '

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 cdmpound Zn Mg, S,Se,;, 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-
mihescence 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 GaaAs
along a straight line A;in FIG. 4.. -

The straight line A is given by the following

. equatiéné '

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 temperatﬁre and room temperatu:e,
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
1atticelma§ched to GaAs. The lattice constanf-of GaAs is

5.6534. 1In FIG. S, using materials having different band



cryst f the first and second cladding layers 2, 4 was 1

“Terr] Zn[err]My[err]S[err] Se[err] where x is about 0.8
and yji 173 active layer 3 was 0.1 J[err]mthick and made of
Zn[erf] r]S wher I s about O0.42. An el ectron beam was

appIiEd fromthe side the second cladding |ayer 4 to punp the
sem ci ~ hi ch-then emtted a | aser radiation having a
wavel engt h of about 450 nm . 12The band-end em ssi on of

phot ol um nescence of the material of the cladding layers 2, 4 in Exanple 4
was

gaps-Eg ranging froﬁ'é.99 to 3.00 eV, band-end emissions
© (I)/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 Gals.
FIG. 6 also shows band-énd emissions/deep emis-
sions which were measured as the amount of Mg was variedT
It can be seen from FIG. 6 that when the substrate of Gals
is used, the valué 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 héving a
thickness of 1.5 pm, an active layer 3 of ZnSe having a
thickness of 50 um, 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
pm and a width of 600 pm. rhe values x, y of the material of
each of the firsﬁ 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
wavelength of 337 nm was applied from the side of the second

ciadding layer 4 to pump the semiconductor chip. As a



. was about 3.1 eV. The band end BE of the active
elV. The cladding layers 2, 4 and the active |layer 3
Sirate 1 by epitaxial growth were well
It can be understood that the difference

13

result, the semiconductor chip emitted a laser.radiation L
paving a wavelength of 470.5 nm from the laser emission end
g. FIG. 7 shows the relationshié between the ihtensity of
the pumping laser emission,LeAand the intensity of tﬁe
emitted laser radiation L.
gxample 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 pm thick and. made of ZnMg,.,S,Se,, where x
is about 0.8 and y is about .0.3. Thé éctive layer 3 was 0.1

pm thick and made of 2nS.,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,
which then emitted a laser radiation having a wavelength of
about 470 nm. |

The band-end emission at 4°K of photolumiﬁescence
of the material of the ciﬁdding 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 ciadding '
layers 2,'4 and the active layer 3 déposited 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



$ than about 300 neV. Exanmpl e 5
§i fhe same structure as that of Exanple 4 was
chrodes 6, 7 shown’ in FIG 3 were attached to
en a forward vol tage was applied between
simlar |gger em ssion was radiated fromthe
_ In Exanples 1, 2, 3, 4, 5, the

sem conduct or ' chi@
substrate 1 was

iyand end BE is slightly emaller than the energy gap).
grample. 3 |
% A Semiconducter chip of the same structure as that
of Example 2 was fabricated, and the electrodes 6, 7 shown
n FIG. 3 were attached to the semlconductor chip. When a
.forward voltage was applied between the electrodes 6, 7, a

ﬁlmilar laser emission was radiated from the semiconductor
i

chip.
Example P

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 pm thick and made of ZnMg,.,5,5e,., where x
is about 0.8 and y is about 0.3. The active layer 3 was 0.1 .

pm thick and made of 2n,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 lasef,

vhich then emitted a laser radiation having amwavelength_of

about 450 nm.
The band-end emission of photoluminescence of the
material of the cladding layers 2, 4 in Eiample 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 Qere well lattice-matched.

It can be understood that the difference between



Flsubstrate 1 was made of GaP, then the cl addi ng

| attice-matched to the sub- strate 1 and the

the values x, y in Zn[err]M[err]S[err]Se[err]
F anges of : 0.5 <x < 1.0,

anple 6 In FIG 2, the substrate 1

crystal of GaP. Each of the first and second
s 2, 4was 1 [er¥ mthick and made of
Znlerr]M[err] S[err]Se[err] where x is

the band gaps of the cladding layers 2, 4 and the active
jayer 3 was slightly less than about 300 mevV.
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 atﬁached to the semiconductor chip. When a
forward.voltage'was applied between the glectrodes 6, 7, a
similar laser emissibn 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, ¥ in
Zn Mg,.,S,Se, v}ere 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 um thick 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 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 semicdnductof laser,

which then emitted a laser radiation having a wavelength of



abcEE' Saciolidi iy HEETAbout 1. The active layer 3 was 0.1 [err]m t hi ck
and wade ot ZnS[erf] Be[err] where z is about 0. 84. An '
electrquqﬂﬁgwmﬁ§ happl i ed fromthe side of the second cl addi ng | ayer
4 fofpunp the seni&o ductor | aser, which then emtted a | aser

ragi &= i vel engt h of 16

ab@ut 400 nm

about 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

'fprward voltage was applied between the electrodes 6, 7, a

similar laser emission was radiated from the semiconductor
chip.
Example 8

In FIG. 2, the substratéll was made of a single
¢rystal of GaP. Each of the first and second cladding lay-

ers 2, 4 was 1 pmthick and made of 2nMg,,S,Se,, where x is

'about 0.85 and y is about 1.. The active layer 3 was 0.1 um

thick and made of Zn,cd1¢s where z is about 0.9.

An electron beam was épplied 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
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Example 10

In FIG. 2, a n;type substrate 1 was made of GaAs.
An n-type first cladding layer 2 of ZnMgSSe doped ﬁith an
impurity of Ga 6r_C1 and having a thickness of about 1 um,
an active layer 3 of 2ZnSSe 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'epitaxia; growth, thus fabricating a

semiconductor laser.
One electrode (not shown) was attached to the
reverse side of the substrate 1, and another electrode is

attadhed in a stripe shape to the second cladding layer 4.

The semiconductor lgsef was pumped by a forward voltage ap-

plied between the electrodes or an electron beam applied
from the side of the second ciadding 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-tyﬁe first cladding layer 2 of ZnMgSSe doped with an’

impurity of Ga or Cl and having a thickness of about 1 um,
an active layer 3 of 2ZnCdS having a thickness of 0.1 um, 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.

- S : - :
iﬂﬁé@i.vﬂ,: " sem conductor chip of the sanme structure as that of
i e 6 was fabrifaked, and the el ectrodes 6, 7 shown in FIG 3 were
hche® 2DEC996eni conduct or chip. Wen a forward vol tage was applied
pegn the el ectrofdes 6, 7, a sinilar |aser enission was radiated from
sé& chj p. Exanple 8 7 In FIG 2, the substrate 1

a_sinagle Jcrystal of GaP. ach of the first and second
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{thick and made of Zn[err]My[err]S[err]Se[err] where x
s about 1. The active layer 3 was 0.1 [err]m thick

5 where z is about 0.9. " An el ectron beam

i de of the second cladding |ayer 4 to punp the

which then emttedga | aser radiation having a

00 nm  Exanple 9 A sem conductor chip of

same structure aslthat of Exanple 8 was fabricated, and the el ectrodes

6, 7 shown

in FIG 3 were attached to the sem conductor chip. Wen a
Electrodes are attached to the semiconductor laser

in the same manner as Example 10. - Then, the semiconductor
laser was pumped by a forward voltaée applied between the
electrodes or an electron beam applied from the side of the
second cladding layer 4. As a result, the semiconductor
laser produéed a violet emission. .

In Examples 10, 11, the GaAs or GaP substrate may
be of the p-type, and the first aﬁd secohd cladding layers
2, 4 méy 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. 1In Addition to or in place of the stripe-shaped

electfode, a currenﬁ 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 sécond cladding layer 4 of an impurity having a
conductivity type different from that of the second cladding
layer 4 or proton implantéfion for higher resistance.

With the arrangeﬁent of the present invention, as
described above, since the subsﬁrate 1 of GaAs, 2ZnSe, or GaP
is available easily, caﬂ 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 o?erate



formard vol tage was applled between the electrodes 6, 7, a simlar |aser
©em ssi
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GaAs.

=t m t he sem conductor chip.
19 B&f In FIG 2, a n-type substrate 1 was made of
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stably at room temﬁerature, 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 bptical 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 present
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 understood that the_invention is not linited 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.



ng Iayer 2 of ZnNgSSe doped with an | npurity of—Ga

a”?t‘ﬂgckness of about 1 [err]m an act SSe
E@ 0.1 [err]m and a p-type second umwmmﬂalm Jﬁl

impurity of N or P were successiVely depésite
dy of epitaxial growth, thus fabricating a :

One el ectrode (not shown) was attached to
he substrate 12%um another electrode is attached in

a stripe shapeto the second Watdditgladped 4s:

1. A semiconductor_lasér comprising:

a semiconductor substrate (1);

a first cladding layer (2) of a first conductivity
type disposed on §aid semiconductor 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 semiconductor laser according to claim 1,
wherein said semiconductor substrate is madé of GalAs or
inSe, one of said first and second cladding 1ayérs having a
composition Zn,Mg-l_,;S,Se,-, where x, y are an atomic ratio and
selected in the ranges of:

0.3 < x < 1.0,

0 =y < 1.0.

3. A semiconductor laser according to claim 1,

_wherein Said semiconductor substrate is made of GaAs or

This Sheet Has Been Replac

M



The n 1EN SHEET was punped by a forward vol t age ap- - pl1 ed between
‘the efe - ctron beamapplied fromthe SIC’

cl addj esult, the sem conductor |aser mﬂ“muméﬂmm‘m
erri;ss In FIG 2, a n-type subStré&tetl mass e
of Ga cl addi ng | ayer 2 of ZnMgSSe doped with an

I mpur havi ng a thi €lness of about 1 [err]m an active
| ayer '

“a thickness of 0.1 [err]m and a p-type second
‘cladding layer 4 of BeZnSSe doped with an inpurity of Nor P were
successi zpiSe ddpothtef saidhéirst and second cladding layers having a
composition 2znMg,..S,5e,, where x, y are an atomic ratio and
selected in the ranges of:
0.3 s x <1.0,

0 £y <1,0.

4. A semiconductor laser’ according to claim 2,
wherein said first cladding layer is of the n-type and said
second cladding 1ay¢r is of the p-type, said fixst 'c-ladding
layer having a composition Zn,,ug,_;s,Se;-,. where x, y arxe an
.atomic ratio and selected in the. ranges of:

0.3 £ x<1.0,

0sy<1.0,
and wherein said second claddihg ‘layer is made of a semi.-

conductox of BeZnSTe ox BeZnSeTe.

" 5. A semiconductor laser according, to claim 4,
wherein said second cladding layer has a composftion
Be,2n,.,S,Te;., or Be,Zn,_,Se¢,Te, , vhexe a,l b are an atomic ratio
and selec;ted in the ranges of:

0.1 £a<20.7,
0.5 s b s 0.9.

6. A semiconductor laser comprising:

a substrate of GaP;

//.
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a first cladding layer of a first ébndudtivity
type disposed on said substrate by epltaxial growth;

an active layer dlsposed on said f;rst 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 a composition 2ZnMg,.S,Se, , where x, y are an atomic
ratio and selected in the ranges of:

0.5 £ x < 1.0, o : -

0.4 <y < 1.0. |

7. A semiconductor laser comprising:
a substrate of GaP;
a first élaading layef of a first conductivity
type disposed on said substrate by epitaxial growth;
an éctive 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 2ZnMg,.S,Se, , where x, y are an atomic
.ratio and selected in the ranges of:
0.5 < k < 1.0,
0.4 <y <1.0.
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el eq memermpERE=E= o beam appl i ed fromthe side ofﬂﬁw_l_t‘
- cl o,"*. Apeltiv Y f-z_— result, the sem conductor |aser; produced a viole

eni slsi [oT. IIn Exanpl es 10, 11 the GaAs or GaP Fﬂﬂm mm

of tih potzggcpgg tlhd first and second cl addi ng | ayers: Imulnﬁhe
ik e conductivitly {type. Specifically, the first claddinby ltaydr 2 may

. econd cl adding | ayer 4 nay be contain M. :

The resent |nvent|on is not limted to the above structures. |In addition

to or~TT prace of the stripe-shaped - 23

8. A semiconductor laser according to claim 6,
yherein said first cladding layer is of the n-type and said
gecond cladding layer is of the p-type, said first cladding
jayer having a compositlon_ ZnMg,_,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,
and wherein said second cladding layer isl made of a semi-
conductor of BeznSTe or BeZnSeTe.

9. A semiconductor iaSer according to claim 8,
vherein said second cladding layer has a composition'
Be,Zn,_,S,Te;., or-Be.an_‘Se'b'l‘é,-,, where a, b are an atomic ratio
and selected in the ranges of:

0.1 < a s 0.8,

0.2 b < 0.9.

Thls Sheet Has Been R
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constrlctlng region may be forned in each of opposite
ripe- shaped resonator centrally in the active |ayer 3,
) t he S|de of the second cl adding | ayer 4 of an

%proton I npl antation for higher resistance.
of the present invention, as described above, since

or GaRg4is avail able easily, can be produced
S |nexpenS|ve to fabricate, and the cladding |ayers
Iattlce mat ched to the substrate 1 with a | arge band

2, 4'afe mell

SEMICONDUCTOR LASER

ABSTRACT OF THE DISCLOSURE

A semiconductor laser has a first cladding lajer(Z)
of a first conductivity type, an active layer (3), and a second

cladding layer (4) of a second conductivity type, which are
successively deposited on a semiconductor subsfrate (1) by epi-
taxial growth. The first cladding layer (2) and/or the second

cladding layer (4) is made of a compound semiconductor material

of a zinqblende crystal structure containing Mg.

.(Fig. 2)



gatRE; MENTSHERT br | aser has good enission charac- teristics such as
* hi ;EWPLWWENWW =fTiency, can operate _

20 W@ ' i nedj.is: 1. A sem conductor. | i ght emtting
deyi ¢e, %m&@ng

1 a seni conduct.or substrate; _
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er of a first conductivity type di sposed on said-

geeo: Yiaefiistrat e by epitaxial grow h; an active |ayer
psed on sald ﬂIFSt cl addi ng | ayer by epitaxial growh; a second
DE@éﬂgbf‘a second conductivity type di sposed on sai d active

i gjaji al growt h; and at | east one of said first
0 §ai d second cl addipg | ayer being mnade of a

L1 CQ duclor material of a zincblende crystal structure
conpr|5|ng ZnMySSe. 2. A sem conductor light emtting device
according to claim 1 wherein said . sem conductor substrate is
made of one of the elenents selected fromthe group consisting of GaAs
and ZnSe, at |east one of said first- and second cl addi ng | ayers
having a conposition ZnMy[err] S[err] Se[err] wher e X, y are an
atomc ratio and selected in the ranges of: '

FIG. 2
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0 [err]y<1.0. 3. . A sem conduct or
p according to claim 1 wherein sai d

SW

rate is made of one of the el ements selected fromthe
GaAs and ZnSe, both of said first
PNt sheet 21
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an ';sec_g,:%g;;.c_li'adg{igk .l ayers having a conposition ZnxMy[err]

[ §ivf BlibtciBe] ersle1 where  x, y are an atomc ratio and
sglgcted in the r nges of : ' 0. 3<x<1. 0,

- 0{[ dr rD\<DEG.1996 4. 1A seni conduct or | ight emtting device according to
cljailm 2 wherein sgid first cladding |ayer is of the n-type and said second

clfaggrrg—Tayer 15 off the p-type, said first cl addi ng | ayer havi ng
a conposition Znllerr]My[err]S[err]Se[err] where x, y are an atomc ratio
and selected in the ranges of: 477 0.3[err]x<1.0 ,
0 [err]y<1.0, and wherein said §%cond cladding layer is nmade of a
sem conduct or of one of t he el enent s sel ected
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.g;rﬁma eensi-stng of BeZnSTe and BeZnSeTe. 5. A
sem c REE;% &ﬁ@hﬁf Hi1ting device according to claim4 wherein said
secon ayerjhfs a conposition of one of the el enents sel ected
fromghe ;i;ting of. Be[err]Zn[err] Se[err] Te[err] wher e
a, b are¢ %2%%%a i and selected in the ranges of: _
0. 1] efr fa<Q.-~ O.5[err]b[err]0.9. 6. A
sem cgnduct or | i ght emtting devi ce conpri si ng: a substrate
of GaR—==—=rst—ctaddi ng | ayer of a fi rst conductivity type di sposed

on said substrate by epitaxial growth/7

This is the repl acenent
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dlsposed on said first cladding Iayer by

Ssecond cl addi ng | ayer of a second conductivity
P active | ayer - by epi taxi al grow h;
| said first and second cl addi ng | ayers having
a ==EUW‘UU i L L Zn[err]Ng[err]S[err]Se[err] where x, y are
an atquc ratio and sel gcted in the ranges of:
0. 5[ err] x<I.T, 0.4[err]y<1.0.
: 6/7 .
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l'i ght emtting devi ce, conpri sing: a
subst r ati a2 wreeeiti rst cladding layer of a first conductivity type
di sposed dn saj d substrct by epitaxial growh; an active |ayer
di sposed dn 82 DECi®96 {I 4ddi ng | ayer by epitaxial growth; a second
cl addi ng Haxer of a secdnq conductivity type di sposed on said
active | Ttayer DBy pitaxial growth; and both of said first and
second cl.adding ing a coqp05|t|on .
Zn[err]I\/g[err]S[err.]Se[err] - where y are an atomc ratio and
selected in the ranges of: 0.5[err] x<1.0,
0.4[err]y<l.0. 8. A sem conductor |ight emtting device according

to claim6 wherein said first cl adding layer is of the n-type and said
second cl adding | ayer is of the p-

FIG. 7

)
(o]

OUTPUT CASER EMISSIoN (OPTIONAL VALOE

K
)
>
~
%
&
~
2
~

1 , ' \ '
INTENSITY OF pumping ¢ASER EMISS 100/ (et fom® )




qLoszny ~§ Fo R

type, said first cladding | ayer\,haw ngt Fe corrpo;;s‘l t on
This i's the repl acenment sheet: ", cEe
Zn[err]Merr]S[err]Se[err] mhere x .y are - an &tonv
t he ranges of: 2015<x 10,
0. 4<y<1.0, and wherein said second ol-aﬁi-m lo Iayer fE _,._,...-ygrms;iE;of a
) : : Afiobk
dius. In this manner, the’ _p-type. claddlng layer is reliably

. 23
aﬂﬂo and selected in

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 claddiﬁg 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,Mg;-,SySe;-
y where x, y are an atomic ratio and selected in the ranges
of: '
0.3 £x<1.0,
0 £y <1.0.

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

This is the replacement sheet
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sem conduct or of one of t he el enent s sel ected fromthe group
consi sting of BezZnSTe and BeZnSeTe. 9. A sem conductor |ight
emtting device according to claim8 wherein said second cladding |ayer has
a conposition of one of the elenments selected fromthe group consisting of
BeaZn[err] SbTe[err] and BeaZn[err] Sebi6Ferr] where a, b are an atomic ratio

and sel ected in the ranges of: . 0.1<a<0.8,
0.2<b<0. @pitaxial 18rowtR; SEMLHNUHE Alayerd | Wlspostid tbhngsaigevfffst
conprisin Sem conduct or substraté; a first cladding layer of

: a

a first é‘gﬁédémviltayetrybé’ epifaxd adutgnomdthy; a secamd agtddaingybayen cfid
first Clgd@ 4&W@5?ductivftge%8%%(ﬁfgggggdl%xe%égdaaé %92df%¥¥¥“%§v'ty
type on said active layer; an

epitaxial growth; and at least one of said first and second

cladding layers having a composition Zn,Mg;-4S,Se;-, where x, y

are an atomic ratio and selected in the ranges of:

0.5 <x< 1.0,

0.4 £y <1.0.

According to a third option, there is provided a
k/ semiconductor light emitting device, comprising: a substrate
of GaP; a first cladding layer of a firét 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 saidlactive layer by epitaxial growth; and both of
said first and second cladding layers having a composition
ZnMgi-xSySe;-y, where x, y are an atomic ratio and selected in
the ranges of: |
0.5 £ x< 1.0,
0.4 £y < 1.0.

In these cases, where the substrate is made of GaP,
the first and second cladding layers may have a composition
Zn,Mgi-xSySe;-, 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 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
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at |least one of said first cladding layer and said second cladding

bei ng
crystal

made of a conpound sem conductor material of a zincblend
containing Mg and being substantially lattice-matched to

substrate. 23

_6‘,__

preferably has a composition Be,Zn; ,SpTe;-, or Be,sZn;-,SepTe;.p
where a, b are an atomic ratio and seleéted in the ranges of:
0.1 £ac<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 ITb-VI groups, the element in the
ITa-VI group containing Mg in the IIa group. Actually,
therefore, Mg may have an atomic density of 1 x 10%'°

(atoms/cm®) 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 cdnduétivity 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 1least one of the cladding

layers is made

ayer

sai d

This is the replacement sheet
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8. A sem conductor | aser accord| ng to claim6, wherein said first cladding

cava i - AL MR LE EZL?ngSSCSBﬁpSL??."LRQZL?Z?F] Vol or 1] Sier 1] Sofbr ]

where x, Y afe hn "atom’ ratio and selected in the ranges of:
0.5<x<10 0.4 <y < 1.0,20 and wherein said second cl addi ng
| ayer is nade of a sem -

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;

N _ 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
i_/ consisting of GaAs and ZnSe, aﬁ least one of
said first and second cladding layers having a composition
ZnMgi1-xSySe1-y where =~ - x, Y are an atomic.
ratio and selected in the ranges of:
0.3<x<1.0,
0 <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
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conduct BeZnSeTe. 9. A sem conductor |aser

accordl aim8, wherein said second cladding |ayer has a conposition
BeZn[err " wlmm” BezZn[err] SebTel [err] where a, b are an atom ¢
ratio e ranges of: 0.1 < a < 0.8,

0.2 < b < 21 : ,

and second cladding layers having a composition Zn,Mg;-
xSySei-y where X, y are an atomic ratio and
selected in the ranges of:

0.35x<1.0,

0 <y<1.0.

4. A semiconductof light emitting devicé 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
anMgl;XSySel_y where X, y are an atomic ratio and selected
in the ranges of: |
0.35x<1.0,
0 <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
(7 a composition of one of the elements selected from the
group consisting of BeyZni_sSepTei-p where a,
b are an atomic ratio and selected in the ranges of:
0.1<a<0.7,
0.55b<0.9.

6. A semiconductor iight 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
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an active layer disposed on said first cladding layer
by epitaxial growth;

a secoﬁd 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,Mgi-xSySe;-y

where x, y are an atomic ratio and selected in the ranges

of:
0.55x<1.0,
(% 0.4<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 ZnMgi-xSySei-y where X, y
are an atomic ratio and selected in the ranges of:

0.55x<1.0,
0.45y<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

This is the replacement sheet
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Zn,Mg;-xSySe1-y where x, y are an atomic ratio and selected
in the ranges of:

* 0.55x<1.0,
0.45y<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 Be,Zn;-.SpTe;-p and Be,Zni-,SepTei-p where
a, b are an atomic ratio and selected in the ranges of:

0.1£a<0.8,
0.25b<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 layér 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.
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