EPI%AXIA¢ EROMH METHOD OF SEM CONDUCTOR BACKGROUND OF THE | NVENTI ON The
present invention relates to an epitaxial growh nmethod of sem conductor

for use in manufacturing a semniconductor |aser made of |1-VlI conpound
sem conductor and |ight-emtting devices suth as a light-emtting diode,
for exanple. 11-VI conpound sem conductors are epitaxially grown by

nol ecul ar .beam epi t axy EPBEAXIAT,NERONTRIMETHOD CF SEMICONBICTOREPOSI ti ONn
(MOCVD). When a I1-VI compound sem conductor light--emtting device nade of

[1-VI conpound seni conductor, e.g., sem conductor |aser is manufactured, a
ZnCdSe/ ZnSSe het eroi nterface or ZnMySSef SnSe heterointerface is forned on a
GaAs substrate. The ZnCdSe | ayBRCRGRQINGE OFaTEE BESENTIGNt i ce mi smat chi ng

for the GaAs substrate and a stress is generated in these heterointerfaces.
Thi s stress increases Theepresentnioveataonsrebates ko amepitaiads growthess
reduces a critical thickness of a filmwherein a satisfactory epitaxy can

be carried &®thod of SeRACPRANEEEJILQY sl HhPaaufaCturdng 2 EPBACORGUEERE,

easily: Furthernore, the above stress is one of_ factors fqr, increasin
defect s vherl A9RF BB GiaBiryE FOmBPURd SEGRAAAFEDS ABd LHGNE-EALEES: | ng

devi ce nade(ﬁgviéégﬂsd% rr%.%ugdlight-emitting diode, for example.

II-VI compouqd'semiconductqrs are epitaxially érown by
molecular beam epitaxy (MBE) or metal organic chemical vapor
deposition (MOCVD). When:a II-VI compound semiconductor light-
emitting device made of II-VI compound semiconductor, e.g.,
semiconductor laser is manufactured, a zZnCdSe/ZnSSe
heterointerface or ZnMgSSe/SnSe heteroinﬁerfaée'is formed on a
GaAs substrate. The ZnCdSe layer or zZnSe layer has a lattice
mismatching for the GaAs substrate and a stress is generated in
these heterointerfages. This stress increases when the .

- interface is not flat. The increased stress reduces a crit;qél_m
thickness of a film- wherein a satisfactery epitaxy. cgﬁ S ‘ a
-bé éarriéd-éut. iiiéo;'the iqcreased stress causes a crystal
defect to occur easili. Furthermore, the above stress is one of
factors for increasing~defects when the semiconductor.laser is
conducted. | |

Since the iight-emitting'device made of II-VI compouhd
semicpnductor, e.g., sémiconductor_laser can emit laser beam of
short Wavelength} it receiﬁes a remarkable attention as a high-
density optical recording and reprbducing light.source and a

demand for extending its lifetime becomes increasingly high.



sem conductor, e.g., sem conductor |aser can emt |aser beam of short
wavel ength, it receives a remarkable attention as a high- density optical
recording and reproducing |ight source and a demand for .extending its
lifetine becomes increasingly high. 22SUMMARY OF THE | NVENTION I n vi ew
of the aforesaid aspect, it is an object of the present invention to

provi de an epitaxial growh net LGQn L3 whi ch the occurrence
of irregularities can reliably %@ﬂﬁ%ﬁ ?M“eg&gﬁﬁ?? conpound

semi conductor is epitagxi 4 t bj ect s@f akh £ €5

i nvention to provide gﬁ ‘_Z%H‘a%a gr%éﬂ%és_rfdgfqﬂo _ c%ccﬁjs'Je%%c%%daEclt gtr)ﬂév\ﬁewiégﬁfcan
obtain a sephaoREUELRE Liviliie £5) 1d M ciale BnBpsRaksat geben néthdd for and
l'ight-em-tting tharacteristic en dpplied to a manufacturing method of a
seni conduct genk £8REnEELE! LAGTEMN Ghe SRRUIrreneel ¥f Ihesgalativiesoegound
sem conductor 1s epitaxially grown, if a conpound sem conductor and a

het er oj unct pgnjapeyepét axoided wenwa I-wancompbung semiipphgacyor is

epitaxially grown.
| It is another object of the present invention to’

provide an epitaxial growth method of semiconductor which can
obtain a semiconductor light-emitting device which is excellent
in life and light-emitting characteristic when applied to a
manufacturing method 6f a semiconductor light-emitting device.

Specifically, when .a II-VI compound semiconductor is
epitaxiaily grown, if a compound semiconductor and a
heterojunction are epitaxially grown by controlling a supplying
ratio of VI-group element and II-group element for fabricating
II-VI compound semiconductor, i.e., VI/II ratio, then there can
be obtained an excellent flatness. Therefore, the present
invention is to provide an_epitaxial growth method of —
semiconductor based on such researches.

Apdording to an aspect of the present invention, when
a II-VI compound semiconductor is epitaxially grde, a VI/II
ratio in tﬁe epitaxial growth, i}é., a supplying ratio of VI-
group element and II-group element is selected in a range of
from 1.3 to 2.5.

In accordance with an aspect of the present invention,
a II-VI compound semiconductor layer with an excellent flatness

wherein a root mean square surface roughness is 10 nm or lower



ratio of VI-group element and Il-group elenment for fabricating II-VI |
compound sem conductor, i.e. , VI/II ratio, then there can be obtained an
excel l ent flatness. Therefore, the present invention is to.provide an
epitaxial growth nethod of semi conductor3based on such researches.
According to an aspect of the present i.nvention, when a Il-VI conpound

sem conduct or_ i I taxiall g l./Ll. ratio in the epitaxial grow h,

i . Ie. ,tadsppﬁpyﬁagggaﬂ:%bﬁf %ﬂﬂaa?vﬁuﬁ%&\é&ﬁgﬁt arid I|1-group el ement i g
selected in a range o L 1. cal @?&?ﬁ%ﬁ%@c ' : f the
present. i nvention, a FPgﬁﬁggdn%%ﬁﬁagggﬁ?g%% uct or Ia?gr%&?tﬁﬁéﬁag§§%+'ent

fl at ness wh ' . -
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3 could be abl'y relia , although a tenperature of the
epi taxi al | yyedb@WRrelyOai Al ehPethtus) t 22é 2] I AVranive of Ezbmd260°Dea
relatively high tenpératire, i.e., in a range of fromf[err] to [err], a
I1- VI conpogndes pna CONMIT ebmpbdny avendxesiduetbrf watheas excellent flatness
could be stably reliably-épitaxiaily groﬁn. |

Furthermore, Qhen a ZnMgSSe semiconductor light-
emitting device is manufactured, a semiconductor iight—emitting
device, e.g., semiconductor laser which can emit light with a
shor£ wavelength over a long period of time could be
constructed. The reason for this was that, when an excellent
flaﬁness was obtained'on'each heterointerface, a stress within
the crystal could be reduced. _

BRIEF DESCRIPTIOﬁ OF. THE DRAWINGS

FIG. 1‘is a graph showing measured results of a
relationship between a VI-II ratio and a root-mean-square
surface roﬁghness obtained when a II-VI cqmpound semiconductor
is epitaxially grown;

FIG. 2 is a schematic cross-sectional view of a
semiconductor light-emitting device obtained by the
manufacturing method of the present invention; and

FIG. 3 is a schematic diagram showing an example of
MBE apparatus for carrying'out the manufacturing method of the
present.invention.

DETAILED DESCRIPTION OF THE: PREFERRED EMBODIMENT

P:ior to describing the embodiment of the preséﬁt

invention, a fundamental principle of the present invention will



could be stably reliably epitaxially grown. Furthernore, when a ZnNgSSe
sem.conductor light- emtting device is manufactured, a sem conductor
light-emtting device, e.g., sem conductof | aser- which can emt |ight with
a short wavel ength over a long period of tinme could be constructed. The
reason for this was that, when an excellent flatness was obtai ned on each

BEEEE?L?Tgﬁﬁ%ﬁ£ﬁ?§?fﬁé§$§$¥%éiggbéégaJ:ryStay coul d be reduced. BRI EF

I's a graph showi ng neasured results of .a

relationship between gaVhnhl ahdiyfednsl dry@oir et ossehfiackindugiiness
obt ai ned when a I1-VI conpOund sem conductor is epitaxially growm; -FIG 2

I s a schemafbfpiehbAdactsr! 1 PFRE- et Dig ASAIBECORMect O | agbligaset 6L nthe
devi ce pbtalneé by the manufacturing nethod of the present invention; and
FIG 3is ap&ébéﬁat ap?n!iaatﬂmsfwmgtm ax hetlerodhtbBEaappwithin &ofilm
carrying out the manufacturing.nmethod of the present invention. DETAILED
DESCRI PTI ONepi t aiiEaPREFGRBED BivBoHl My MBBris modeadwaysn§lateandbbas nent

of the present invention, a fundamental principle of the present ‘i nvention
wil | periodic irregularities and clarified that the resultant
irregdlarities are one of factors for shortening a life of the
-semiconductor iight—emitting device. Thén, the ~ assignee of
the éresent application has clarified that such irregularities
are produced remarkably when an epitaxial growth temperature,
i.e., a heating temperature of an epitaxially-grown substrate is
selected to be 250°C or higher in order to effect an epitaxial
grown with excellent crystallinify.

A method of the present invention will now be
described wifh reference to the drawings.

According to .the present invention, when a II-VI
compound semiconductor_is epitaxially grown, a VI/II ratio,
i.e., a éupply ratio of VI-group element and II-group element is
selected in a rénge of from 1.3 to 2.5. | | |

. In a ZeSe II-VI compound semiconductor light-emitting

device, e.g., semiconductor laser, a ZnSe layer formed on a GaAs

substrate as a buffer layer, a ZnMgSSe layer formed across

active layers as a cladding layer and a ZnSSe (ZnSo.075€0.93)

layer formed as a guide layer were crystallized and grown by MBE
with the VI/II ratio being changed and a flatness on the topmost
surface was evaluated by a transmission electron microscope

' ('I‘EM') .



4 be described briefly bel ow. Having anal yzed a crystal structure of this
ki nd of ‘sem conductor l|ight-emtting device, the assi gnee of the
present application found that a heterointerface within a filmepitaxially
grown by ordinary MBE is not always flat .and has peri-odic irregularities
and clarified that the resultant irregularities are one of factors for

e gnee of 'hiefSrste&f?l B EPECIEroh Rakle My Agy AREesRlatacsel B npione

|rregu ritres .

d
ﬁ;gtPLS ?gﬁg ripgre o &hé 5&'-@%& eriQMoE ﬁﬁ”ﬂﬁﬁahuﬁﬁe érgstal

aX|aI y-grown substrate 1s selected to be
Lerr] or N ghetacd ander ;m;féffé e EPLLGHK] AlTrisn LV esaeikaBedE that

crystallinity e present i1nvention will now be described with
reference t @ thatdedy AgSdefeeobeabadl O WHen RIRS exn/nmwainoom,asmanaarangyl

conpound sem conductor is epitaxially grown, a VI/Il ratio, i.e., a supply
rati o of VI of Gaorchiedesd 208, | thgrexystdkmntfdace demonstrated an
éxcellent flatness. |
Table 1 shows measured results of a relationship
between the VI/II ratio and a root-mean-square surface roughness
(rms roughness (nm)). The following table 1 indicates. respective
measured numerical values concretely. While a substrate

temperature was 280°C, almost similar measured results were

obtained at a substrate temperature ranging from 250°C to 300°C.

TABLE 1
VI/II ratio rms roughness
(nm)
0.68000 "~ 5.7000
0.95000 - 4.5000
1.3000 1.5000
1.9000 “ 1.5000
2.6000 2.3000 “
©.3.0000 ©3.0000 “

From study of table 1, it was confirmed that the flat
layers could be epitaxially grown according to the method of the

present invention wherein the VI/II ratio was selected in a



selected in a range of from1l.3 to 2.5.. In a ZeSe Il-VI conpound

sem conductor light-emtting device, e.g., sem conductor |aser, a ZnSe

| ayer fornmed on a GaAs substrate as a buffer |layer, a ZnMySSe |ayer fornmed

across active layers as a cladding |ayer @nd a ZnSSe [err] |ayer forned as

a guide |layer were crystallized and grown by MBE with the VI/Il ratio being

changed and a fl atpess on t t st surface was evaluated by a
transn}ssi053%9%$?ﬁd€F%WgiﬁggﬁbgﬂggEN). 5 Wien the VI/IIl ratio was 1.2,
irregularities o ei polellly - ehiaadpaf

the crystal surface iﬁﬂé @é&%?géQ?gmﬁéﬁ%@%lon. 'ﬁ%?tﬁf@ &g@ ggn?ﬁ?ﬁgghgﬁgt

a flatness LﬁedgégéiéﬁéﬁEﬁ*s%ﬂ?ﬂbﬂdﬂ%ﬁ%&’hﬁghﬁLbﬂiﬂﬂénbndéviéégae%%b{fO”‘1-3

to 2.5, the Crys ace nonstrated an excel l ent “f | at ness. el

shows m”ﬁﬁsggﬁﬁ%éséﬂﬁgggf 18568 GiRNE Wi RAWRSBHONA Yh/ FIGLa2| ofend a
n- s ghness (rms roughness (nm). The foll ow ng
table 1 indpgahfse! esafdhyeactured. . -
| As shown in FIG. 2, a n-type Cl-doped ZnSSe buffer
layer 2, a Cl-doped ZnMgSSe firs; cladding layer 3, a cl-doped
ZnSSe first guide layer 4, a ZnCdSe active layer 5,.a p-type ﬁ-
doped ZnSSe second guide layer 6, a N-doped ZnMgSSe second
cladding 1éyer 7, a N-doped ZnSSe capping layer 8, a quantum
well structure portion 9 formed by repeatedly laminating N-doped
ZnSe layers and N-doped ZnTe layers and a N-doped ZnTe contact
layer 10 are continuously epitaxially grown on a n-type Gaas
substrate 1 at a substrate temperéture ranging from 250°C to
300°C, e.g., 300°C by MBE or MOCVb, in that order.
| Then, a groove is formed across the contact layer 10
and the quantum well structure portion 9 at both sides of a

central stripe portion and insulating layers 11 made of

polyimide resin or Al1,0; is formed. Then, the insulating layers

11 are formed on the stripe-shaped contact iayer 10 to make an
ohmic-contact, thereby forming an electrode 12 to which Pd, Pt
and Au are deposited sequentially. Another electrode 13 made of
In is formed on the rear surface of the GaAs substrate to make
an ohmic-contact. |

The method of the present invention used when the
semiconductor light-emitting'deVice showh in FIG. 2 will be

described more in detail below.



measur ed nunerical values concretely. Wile a substrate tenperature was
[err], alnbst simlar neasured results were obtained at a substrate

tenperature ranging from[err] to [err]. TABLE 1 VI/II ratio r ms
roughness (nm 0.68000 . 5.7000 0.99000 4.5000 1.3000
1. 5000 1.9000 1. 3000 2. 6000 2.3000 3.0000 3. 0000

From st ud f table 1, it fi th he fl |, ay. |
epi taii ;I I>/y0gr oa/n gccmlr%mé@cwf%gteﬁaﬁeﬁziﬁvﬂiéﬁﬁwrtg%l\%ﬁgﬁei n

the VI/I11 r
of the pres
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a g.ht -em tt'f',g APVt & Yower butfer layer 2A of the buffer layer 2 and

having a thickness of about 20 nm is epitaxially grown with a -
supplying ratio of S, Se and Zn ranging from 1.0 to 1.2 and theﬁ
the remaining upper buffer layer 2B and the following respective
semiconductor layers 3 to 10 are epitaxially grown with the
VI/II ratio ranging from 1.3 to 2.5, e.g., 2.0. In pérticular,
the first cladding layer 3, the first guide layer 4, the active
layer 5, the second guide layer 6 and the second cladding layer
7 are epitaxially grown with a supplying ratio of VI-group
element and II-group element supplied from molecular beam
sources of respective elements to the substrate 1; i.e., VI/II
ratio selected from 1.3 to 2.5, e.g., 2.0. Specifically, when
the first cladding 1ayer'3 and the second cladding layer 7 ére
grown epitaxially, a ratio between a total supplying amount of
S, Se and a total supplying amount of Zn, Mg are selected to be
2.0. When the first guide layer 4 and the second guide layer 6
are grown epitaxially, a ratio between a total supplying amount
of S, Se and a total supplying amount of Zn is selected to be
2.0. When the acti#e layer 5 is epitaxiélly grown, a supplying
ratio between the total supplying amount of S, Se and the total
supplying amount of.Cd is selected to be 2.0.

The respective compound semiconductor layers are
epitaxially grown by MBE with an MBE apparatus schematically
shown in'FiG. 3. '

As shown in FIG. 3, the MBE apparatus includes a



sem conductor |aser with a structure showm in FIG 2, for exanple, is

manuf actured. As shown in FIG 2, a n-type O -doped ZnSSe buffer layer 2, a
Cl -doped [err] first cladding |layer 3, a_cl-doped ZnSSe first guide |ayer

4, a ZnCdSe active layer 5, a p-type N Hoped ZnSSe .second gui de | ayer 6, a
N-doped ZnMySSe second cl adding |ayer 7, a N-doped ZnSSe capping |l ayer 8, a

t | | ' L
TS | ayer yagRRmEARBAPZAdRRe g & Fiipek YRR, SnhsR Tloty Rz

ayer 10 are

COn | 100Ul SSRELRLA! b BEpBa s VAU N SU ISHEAE chasoh aubst 11 <

t hat orderFF;?%gedawggggﬁethé {60 &8 t4xe, contact |ayer 10 and the

guant um we tructure portion at both sides of a central stripe portion

and insulating |ayer spyel vl chagiheirmagde ineshaesr aABPEBal sty osfred. Then,
the insulating layers 11 are forned on the stripe-shaped contact |ayer 10

to make an pRlEcrIcEN beein sbigtey (kocellly) awhitkcaredspidsed whitdte Pd, Pt
and Au are deposited sequentially. Anather electrode 13 nade of Inis
forned on tdubgtamites I hacmatbriihd Sodscesbsf rBI-VI compaurnkh semdiconduaton.

The nethod of the present invention used when the
The chamber 40 is provided with a plasma generating chamber 44
for irradiating plasma N'(nitrogen) to the substrate 1. Magnets
45 are disposed within the plasma generating chamber 44. The
plasma generating chamber 44 is provided with a microwave
terminal 46 for supplying microwaves to the vacuum chamber 44
and a nitrogen gas conduit 47 for supplying a nitrogen gas into
the vacuﬁm chamber 40.

With the above-mentioned arrangement, the II-VI

compound semiconductors are epitaxially grown on the substrate 1
with irradiation of molecular beams from the molecular beam
sources 43 to the substrate 1. When a N-doped p-type II-VI
semiconductor substrate is epitaxialiy grown on the substrate, a
nitrogen Qas is excited as a plasma nitrogeh gas due to electron
cyclotron resonance cauéed by application of magnetic field and
microwaves in the plasma chamber 44. Then, the plasma nitrogen
is introduced from a plasma inlet 48 of the plasma generating
chamber 44 and irradiated on the substrate 1 togéthér with the
irradiation of molecular beams, whereby the N-doped coﬁpound
semiconductor can be epitaxially grown on the substrate 1. 1In
FIG. 3, reference numeral 49 depicts a substrate compartment,

i.e., so-called reserve compartment by which the substrate 1 is



sem conduct’or light-emtting device shown in FIG 2 wll| be described nore
I n detai'l bel ow. 7 Wiile the buffer layer 2 having a thickness ranging

from20°nmto 1.00 nmis epitaxially gron on the GaAs substrate 1, at

| east a | ower buffer |ayer 2A of the buffer layer 2 and having a thickness
of about 20 nmis epitaxially gromn with a supplying ratio of S, Se and Zn

ranging from1..0 to 1.2 and n the remainin ff I 2B and

t _her']f oIhI owi ﬁ&iﬂé@ﬁégt PO ﬁ%ce}b‘? nggaﬁggfo I’eerepi ?éiir al | yagr own
wth the VI/IIl ratior I th
firstdcladging | ayer gﬁm?ﬁg% Sr ?58885%9?é?%?u%ngyhéﬁggeﬁ§%r%gégkcg,a[he °
second gui Cc 7 t I

wth a suppERiSRat1y Sredf. BYcEHRe MRt Uilthr AN, (W8 PRl R/ L rafig

from o eculiy SAIABRY! 43S ated éPEEﬁréfeo:‘?'ae'&ﬁbibtl% tbe ABRELAG!&nd,
i.e., VI/Il Tatio seledteé ron1 .3 to 2.5 e.g., 2.0. Specifically, when

the first clagfidiadiaerad ﬁﬁ@e&'ﬂ&l§e6ﬂrtﬁb1‘écﬁﬂﬁmméaﬁv gbufcaseofr the
epitaxially, aratio betweenh a total supplying anount of
molecular beam sources 43 is controlled, then the ratio with
which II-group element and VI-group element are supplied to the
substrate 1 within the chamber 40 can be controlled.

The epitaxial growth method of semlconductor according
is not limited to the case that the II-VI compound semiconductor
is ep1tax1ally grown by MBE and can be applied to a case that
the II-VI compound semlconductor is epitaxially grown by MOCVD.

A semiconductor light-emitting device made by the

- method according to the present invention, e.g., eemiconductor
laser demonstrated excellent flatness on each heterointerface
across the active leyers and could emit light stably over a long
~period of time. '

While the method aocording to the present invention is
applied to the semiconductor light-emitting device of so-called
SCH (separate confinement heterostructure) structure in which
the first and second cladding layers 3, 7 are formed across the
ective layer 5 through the firet and second guide layers 4, 6, a
fundamental principle of the present invention can be similarly -
applied to a semiconductor light-emitting device having a
double;heterostructure without guide layers formed thereon and a
variety of eemiconductor_devices.' |

According to the epitaxial growth method of



S, Se and a total supplying amount of Zn, My are selected to be 2.0. Wen
the first guide layer 4 and the second guide layer 6 are grown epitaxially,
a ratio between a total supplying amount of S. Se and a total supplying
amount of Zn is selected to be 2.0. Wienpohe active layer 5 is epitaxially
grown, a supplying ratio between the total supplying amount of S, Se and

th | i f i ; ) j
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(not shown) Fﬁﬁ?léggzgfg&,@hhfg ctear%tglr?o%édﬂ tine Suf&ﬁhrﬂggﬁé Patiot heresTedted

di sposed w vactum ¢cha The vdcuum c er 40 includes a

Dbt o SEaTH EFHToPERACLIS S (X ekl Wichcnbgsnanoen copuber

chanber 40 pgyReaYi §a8£ubENaRd PLiRS HewaREdriaceh e beddncreased.
Therefore,'a stress within the crystal can be reduced and the
reéulfing semiconductor can be‘extended in life. Further, when
a substrate temperature is selected in a.range of from 250°C to
300°C wherein excellent cryétallinity,can be obtained in.this
epitaxial growth, an excellent flatness can be obtained. Thus,
when the epitaxial growth method of semiconductor of the present
invention is applied to the case that an excellent
charécteristic, e.g., seﬁiconductor light-emitting device is
obtained, it is possible to obtain a semiconductor light-
emitting device with excellent light-emitting characteristics.

Furthermore, since the semiconductor 1ight-emi;ting'
device which can emit light with a short wavelength over a long
‘period of time can be fabricatéd by manufacﬁuring a ZnMgSSe .
semiconductor light-emitting device accofding to the method of
the present invention, a high-density optical recording or high-
density reproducingllight source can be realized.
| Having described a preferred embodiment of the

invention with reference to the accompanying drawings, it is to
be understood that the invention is not limited to that precise
embodiment and that various changes and modifications could be
effected therein by one skilled in the art without departing

from the spirit or scope of the invention as defined in the



for irradiating plasma.N (nitrogen) to the substrate 1. Magnets 45 are

di sposed within the plasma generating chanber 44. The plasnma generating
chanber 44 is provided with a mcrowave term nal 46 for supplying

m crowaves to the vacuum chanber 44 and allhitrogen gas conduit 47 for
supplying a nitrogen gas into the vacuum chanber 40. Wth the
above-nenthagﬂéﬁ&&gggﬁﬂﬁgg, the I1-VI conpound sem conductors are
epitaxially own on the substrate 'l with irradiation of nol ecul ar beans
fromthe nol-ecul ar beam sources 43 to the substrate 1. Wien a N-doped
p-type I1-VI sem conductor substrate is epitaxially grown on the substrate,
a nitrogen gas is excited as a plasma nitrogen gas due to el ectron
cyclotron resonance caused by application of nmagnetic field and m crowaves
in the plasma chanber 44. Then, the plasma nitrogen is introduced froma
plasma inlet 48 of the plasma generating chanber 44 and irradiated on the
substrate 1 together with the irradiation of nol ecul ar beans, whereby the
N- doped conpound seni conductor can be epitaxially grown on the substrate 1.
In FIG 3, reference nuneral 49 depicts a substrate conpartnent, i.e.
so-call ed reserve conpartnent by which the substrate 1 is



9 delivered into and fromthe vacuum chanber 40. The above respective
sem.conductor |ayers are epitaxially grown by this MBE apparatus. Wen the
VI/Il ratio is selected, if a tenperature of a crucible for heating and
evaporating raw materials of nolecul'ar bed® sources of the nolecul ar beam
sources 43 is controlled, then the ratio with which Il-group el enent and

VI -group el enment are supplied to subs E#ﬁ Mt hin the chanber 40 can
be controlled. The epitaxial gromﬁﬁgﬁe¥€d%io é%&*%bnductor according is

not limted to the case that the I1-VlI conmpound sem conductor is
epitaxially grown by MBE and can be applied to a case that the 11-VI

conpound sem conduct of i%g%i%ﬁﬁ%ﬁ}x%mm&hm@ sémbE5haRBEHE! Or

light-emtting device nm od according to the present

i nvention, GofipriSend cenduiays lorzer denonstrated excel lent flatness on
each heterointerface across the active layers and could emt |ight stably

over a long period of epitaxidblyegtdweingtahdd-Vacgroupgsemitbndpcesent and

invention is applied to the sem conductor light-emtting device of

so-cal | ed SCH (separ aselechfingeaeWl /TR tmatois il és &t ratior with which’
VI-group element and II-group element are supplied when said II-
VI-group semiconductor is epitaxially grown such that said VI/II

ratio falls in a range of from 1.3 to 2.5.

2. An epitaxial growth method of semiconductor
according to claim 1, wherein a substrate temperature at which
said II-VI-group semiconductor is epitaxially grown is selected

in a range of from 250°C to 300°C.

3. An epitaxial growth method of semiconductor
according to claim 1, wherein said II-VI-group semiconductor is

a compound semiconductor made of three elements or greater.

4. An epitaxial growth method of semicondﬁctor
according to claim 3,  wherein said II-group element is Zn and Mg

and said VI-group element is S and Se.

5. An epitaxial growth method of semiconductor
according to claim 3, wherein said II-group element is Zn and

said VI-group element is S and Se.

L



the first and second cladding layers 3, 7 are formed across the active

| ayer 5 through the first and second guide layers 4, 6, a fundanental
principle of the present invention can be simlarly applied to a

sem conductor light-emtting device havingza doubl e-heterostructure w thout
gui de |l ayers formed thereon and a variety of sem conductor devices. '
According to the epltaX|aI %ﬁpyﬂh nmet hod of 10, sem conductor of the

present invention, tﬁﬁléénﬁﬁﬁﬂﬂh§%%?@%%dﬂ%ﬁﬁm¥QQQQ&qﬁﬁﬁeﬂIy
grown, if the VI/. r in_t sta is control

VITI rati o968 Jétq&? Sadm 3n uhgrefn hid hgoud digment s, Foandopa
the topnost ¢ t al rf a het 0|nterface can be increased.

Ther ef or e, aar@/%ggéi %it-ﬁ?%%?hgigwgf:af's $* be reduced and the resul ti ng
semi conductor can be extended in life. Further, when a substrate
tenperature is selected in a range of fron1[err] to [err] wherein excellent
crystallinity can be obtained in this epitaxial growh, an excellent

fl atness can be obtained. Thus, when the epitaxial growh method of
sem conductor of the present '

| AR O



invention is applied to the case that an excellent characteristic, e.g.,
sem,conductor light-emtting device is obtained, it is possible to obtain a
sem conductor light- emtting device with excellent light-emtting
characteristics. Furthernore, since the sem conductor light-emtting device
which can emt light with a short wavel eagth over a long period of tinme can
be fabricated by manufacturing a ZnMySSe sem conductor light-emtting .

devi ce accoERLFAXIAL: GROWTHH METHOD: QF SEMIEQNDUGTFOR: i on, a high-density

optical recording or high- density reproducin Ii%ht source can be
real i zed. Having described a p#%ﬁ%#@QiiQﬁﬁ?ﬁﬁ ﬁgﬁp OFURKe i nvention with
reference to the acconpanying drawings, it is to be understood that the
invention is not limted to that precise enbodi nent and that various

e oLt oL Wi B PHadab o FOHER A A A el (e

in the aggiggﬁﬁychgbﬁa'irregularities from being produced when a II-VI
compound semiconductor is grown epitaxially. When this method
is applied to a method of manufacturing a semiconductor light-
emitting device, it is possible to obtain a semiconductor light-~
emitting device having a long life and excellent light-emitting
characteristic. When a II-VI compound semiconductor is grown
epitaxially, a VI/II ratio, i.e., a supplying ratio of VI-group
element and II-group element used in the epitaxial growth is

selected in a range of from 1.3 to 2.5

Figure 1



12 'What is claimed is: 1. An‘epitaxial growmh nethod of sem conductor

conprisi'ng the steps of: epitaxially growing a Il-VI-group sem conductor;
and selecting a VI/Il ratio which is a ratio with which VI-group el ement
and I1-group elenment are supplied when said Il-_ VI-group sem conductor is

epitaxially grown such that said VI/Il ratji@falls. in a range of from1.3
to 2.5. 2. An epitaxial growth nmethod of sem conductor according to claim
1, wherein a substrate tenperature at which said Il-VI-group sem conduct or
is epitaxially grown gd-s,sglectged in a range of fromJ[err] to [err]. 3. An
epi taxial growth netﬁ;q/d§;§e conductor according to claim1, wherein said
I1-VI-group sem conductor_is a conpound sem conduct or made of three

el enents or greater. 4. An[eprraxrargrowtnh method of Sem conduct or
according to claim3, wherg¢in saidgll-group elenent is Zn and My and said
VI -group elenment is S,and $e. 5. Ar\epitaxial growth nmethod of :
sem conduet or accordigng to|claim 3, erein said Il-group elenent is Zn and
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sai d \il-group element is S and Se. 13 6. An epitaxial growth nethod of
semi.conductor according to claim3, wherein said Il -group element is Zn and
Cd and said VlI-group element is Se.
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