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*Field of the Invention The present invention relates to a distributed
f eedback sem conductor |aser device. 2. Description of the Related Art
Conventionally sem conductor | asers Have been w dely used as(ummlmmﬂmmmmm ce
for optical recording apparatuses, optical comrunications an id
state | asers. Anpbng the sem conductor |asers, in ones of DFB (disfgikduted
f eedback) type are provided cyclic bunps and dips within an optical guide
in the semiconductor |aser to foSRESIFICATION on grating, whereby the
wavel ength is stabilized using a |ight feedback effect due to mmm
diffraction grating. Because such a DFB | aser oscillates in a mu,m,mmme
nmode , no | ongitudi nal node hoppi ng phenomenon caused with a changgyih
t enper at ufdTwE|l PFoEHEr INWENTRON a node hoppi ng noi se which is observed in a
general Fabry-Perot sem conductor |aser will not be generated. Therefore,
the DFB | aser SemigansiicHdry l@seal Identicgs a | i ght source of which a | ow
hi gh-frequency noise level is required. Furthernore, the DFB t 0 ~r MAR
2002 |l aser has such excellent features that changes in oscillation
wavel ength with changes in tenperature are small and that the oscillation
wavel engt BAGKRROENBePECTHE BYVENTIPNg a cycle of the diffraction grating,
and accordingly it is suitable for |ight sources for optical comrunications
or for pudpindisdid @Lsttdee InyetdonFigs. 6 is a view showi ng an exanpl e of
a conventional sem conductor |aser device of DFB | aser type. Fig. 6Ais a
gener al per spddtd \Rrageat dmyemitdonoBeilatgspiot padissrdpasedyveedbackhow ng
a shape of a diffraction grating. A sem conductor |aser device of DFB | aser
type i s desmirpaduchogapasesedemégani ned Patent Publication JP-A
60- 66484(1985), in which are sequentially formed an n-type(hereinafter,
denoted by 'n-') Al o0.40Gao.soAs cladding |layer 103 , a non-doped
Al 0.1 0Gao. 90As active layer 104, a p-type(hereinafter) denoted by 'p-' )
Al 0, ~SGao 2, SAPegsrimtliquiate they Relag®d &aFtn- GaAs current bl ocki ng | ayer
106

Conventionally semiconductor lasers have been widely used

as a light source for optical recording apparatuses, optical
communications and pumping solid state lasers. Among the

semiconductor lasers, in ones of DFB (distributed feedback) type
are provided cyclic bumps and dips within an optical guide in
the semiconductor laser to form a diffraction grating, whereby
the wavelength is stabilized using a light feedback effect due
to the diffraction grating. Because such a DFB laser oscillates
in a stable single mode, no longitudinal mode hopping phenomenon
caused with a change in temperature will occur and thus a mode
hopping noise which is observed in a general Fabry-Perot

semiconductor laser will not be generated. Therefore, the DFB
laser is especially excellent as a light source of which a low

high-frequency noise level is required. Furthermore, the DFB



having a stripe-like w ndow, a p-Alo,,o0Go, soAs cl adding | ayer 107 and
p- GaAs contact |ayer 108 on an n- GaAs substrate 102, and el ectrocﬂel; MAR, 2002
" 109 ‘are respectively formed on the bottom face of the substrate 102 and the
top surface of the contact |ayer 108. As shown in Fig. 6B, diffraction
gratings 112, 113 conposed of cyclic-Zunps and dips are fornmed in a region
111 which is the bottomof the stripe-like windowin the top face of the
optical guide |ayer 105, and on the top surface of the current 0 ~r MAR
20~ -, _J_ Dblocking |ayer 106, respectively. The cladding |ayer 107 is
formed onleberdnd$ rsuxth @rqulaiienttgfeal:z,reslshsb clsange Heiremeeddd. atidrhe
stripe-like window In a conventional sem conductor |aser device of DFB
| aser typwadsleshgtin withigmandys dmd téBperhéurei areusmaht amsd itijecttdd i nt o
the active layer 104 through the stripe-like w ndow of the current bl ocking
| ayer 106osckdlathos eadelahgbhicam bwtseleateyl dy vVanying aurayerite iofj ecti on
region of the stripe-like wndow of the optical guide |ayer 105 is forned a
di ffract i thegiidifinag.tilom gratiossesnfl@cdondiingg vt he idifiirtmadiieofiogridighty such
as etching, however, crystalline surfaces are exposed to the atnosphere,
and as a sesutest fier sutsical egumindoa tdehiseps Hxr detmming v Icid chases nany
crystal defects . Therefore, in the structure as shown in Figs. 6A and 6B,
the cryst abksdebects concentrate in the vicinity of right above the active
| ayer 104 , which forns a portion of poor crystal property. In such a
sem conduct or Figser 6 dsi &t eriewcsheowdhgdeheekampileggéraacboveheionatr easi ng
tendency in crystal defect during the operation, resulting in remarkable
| oss of | sémicbniihetseniagsaedudtvice aserDFE-utasesr Moyps . afiigncbdads ian
internal loss in the laser oscillator occurs and causes a probl em of
i ncrease pgenesal|patrspectiveshicw angr Fdagt. 6B tlecz gqesetiigl gldnspesrtdywe
SUVMMARY OF THE | NVENTI ON

view showing a shape of a diffraction grating. A semiconductor

laser device of DFB laser type is described in Japanese
Unexamined Patent Publication JP-A 60-66484(1985), in which are
sequentially formed an n-type(hereinafter, denoted by 'n-')
Al, 0Ga, ¢As cladding layer 103, a non-doped Al, ,,Ga, ,,As active
layer 104, a p-type(hereinafter, denoted by 'p-') Al, ,.Ga,.,As
optical guide layer 105, an n-GaAs current blocking layer 106
having a stripe-like window, a p-Al, ,,G3, ,,As cladding layer 107
and p-GaAs contact layer 108 on an n-GaAs substrate 102, and
electrodes 101, 109 are respectively formed on the bottom face
of the substrate 102 and the top surface of the contact layer
108.

As shown in Fig. 6B, diffraction gratings 112, 113 composed
of cyclic bumps and dips are formed in a region 111 which is
the bottom of the stripe-like window in the top face of the

optical guide layer 105, and on the top surface of the current



It is an object of the invention to provide a sem conduct or 0 4 MAR 2002
-4 laser device having a | ow oscillation threshold current, high 0 4 MAR 2002
“oscillation efficiency, high reliability, long |ife tine and stabilized
oscillation wavel ength. The invention provides a self-aligned structure
sen conduct or | aser device conprising: an active layer; a pair of cladding
| ayers respectively formed on both faces of the active |ayer, the cladding
| ayers having a band gap wi der than that of the active |ayer; and a current
bl ocki ng | ayer having a stripe-like w ndow enbedded in one of the cladding

| ayers, WPEPEFENG HRAYSF ak?® ot @FRAG RSB - cOher GLEIgnen leyem AT &8

wavel ength is fornmed on an interface of the current blocking |ayer or

bet ween tFRrmed 1 &be ahELFAetherigratings 1dxel LY P @fetothe palbeded

wi ndow. According to the invention, a carrier is injected upon applying the
vol t age tdNtHee serFERAThEEDrWinA¥f . and the carrier is blocked by the
current blocking layer in passing through the cladding |ayers.

Consequent | y, Ifh8 €aRY$RE1IRAL SERIGARHIK tayilese AV écehef RFB d@sed ocki ng
| ayer is not fornmed, i.e._only through the_stripe-like grooves. The carrier
i nj ected tFP® 3hSheem v@ Fager @%ﬁ}ﬁgisﬁeseﬂ-écéﬁilﬁ FREReN L ol dasiaated
injection current level is increased, induced em ssion starts and finally

| aser osciPrathihh actdyeslayer k0oihrREghathe Stimgime ilike WipABWI S thet o t he

bottom of the current bl ocking |ayer
current blocking layer 106. For thisend, alsoin abottomregion,

i.e. a current injection region of the stripe-like window of
the optical guide layer 105 is formed a diffraction grating.

In processes for forming the diffraction grating such as
etching, howeyer, crystalline surfaces are exposed to the
atmosphere, and as a result the substrate surface suffers
oxidation, which causes many crystal defects. Therefore, in the
structure as shown in Figs. 6A and 6B, the crystal defects
concentrate in the vicinity of right above the active layer 104,
which forms a portion of poor crystal property.

In such a semiconductor laser, existent crystal defects
trigger a further increasing tendency in crystal defect during
the operation, resulting in remarkable loss of life of the
semiconductor laser. Furthermore, an increase in internal loss
in the laser oscillator occurs and causes a problem of increase

in oscillation threshold current or decrease in efficiency.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a semiconductor



0 ~. MAR 20~~ -s and is then guided. At the bottom of the current bl ocking
Jlayer is formed a diffraction grating forstabilization of oscillatjop MAR 2002
wavel engt h. Such types of diffraction gratings may be used that a) cyclic
bunps and dips are fornmed at either or both of the | ower and upper

interfaces of the current blocking lajer, b) a grating layer is -forned
between the active |ayer side interface of the current blocking | ayer and
the active layer. A cycle A of the cyclic bunps and dips fornmed in the

| ower region of the current blocking layer, or a cycle A of changes in

wi dt h of th@SeF feve Hpsringr @ tev eIciblabiqredthnasdhdld cowrenteqhayhon

(). A=m~~/ (2~nr) ...(1) wherein mis an integer of 1 or nore ( 1,
2, 3, ...9s¢iklationm efficianare higbx refliabélapyi cabnguildéepatimeaadd~, 0 is
an oscillation wavel ength. Wen this grating condition is satisfied, |ight

havi ng t heSt@Rel 3R PsCiglliatigyl eavedengsht.hat a singl e node oscillation
can be realized. ' Mreover, in the invention, since the diffraction
grating is for#ee dp¥enthenrpydrvhdesod usk Iy aiegredd | pecddteerer ndow and no
diffraction grating is formed in the current injection region through which
t he currengepieerductdrerlaser feviceucoaped sahiger ystal defect in this
current injection region. Therefore, there is little possibility of
probl ens of inéReadSé&iva layen; M-4R 200Z -6 oscillation threshold current
and decrease in oscillation efficiency. Furthernore, it is possible to
suppress the dedRaksefi aladdingilpyeysdirsper invmilin§oohetihen botst shcdef ect s
. The invention provides a self-aligned structure sem conductor |aser
devi ce comf it¥engctiye davers thg@laddingplayers quvied ayeand gapedidarone
face or a pair of optical guide |ayers on both faces of the active |ayer,
respect i vethan tHwmbomf ddie patdee dpyes): madi ng a band gap wider than that.
of the active layer; a pair of cladding |ayers forned so as to sandw ch the
active |ayer afdcehrenptbletking deyerydraving )a tstarigieetlvigen windve cl addi ng

embedded in one of the cladding layers,

wherein a diffraction grating for controlling an

osclllation wavelength is formed on an interface of the current

blocking layer or between the interface and the active layer

excluding the stripe-like window.

According to the invention, a carrier is injected upon

applying the voltage to the semiconductor laser, and the carrier

is blocked by the current blocking layer in passing through

the cladding layers. Consequently, the carrier passes through

regions where the current blocking layer is not formed, i.e.

only through the stripe-like grooves. The carrier injected

into the active layer recombines to emit light, and as the

injection current level is increased, induced emission starts

and finally laser oscillation occurs. Part of the laser light

is distributed into the bottom of the current blocking layer



| ayers having a band gap wi der than that of the optical guide |layer; and a

current bl ocking | ayer having a stripe-like w ndow enbedded

in at QeadARD?

* of the cladding |ayers; wherein a diffraction grating for controlling an
oscillation wavelength is fornmed on an interface of the current bl ocking
| ayer or between the interface and t#le active |ayer excluding the

stripe-like window According to the invention, since the optical guide

| ayer is disposed on either or both of the faces of the acti
| ight generated in the active layer is guided by the opti cal

ve | ayer, the
gui de | ayer.

Consequenahd, isoticemtgatded. of the light in the active |ayer can be avoi ded

and a high-power and long life 0 ~4 MAR 200Z tine |laser i

s realized.

Furthernore, iat tthe bovéeom ofi the dukteatt bbockiagi bgyes forreemeaes the

regi on excluding the stripe-like window and there exists no

diffraction

grating idaifheacticegtratipgciomatabylbrat toy sifads clicll et ioriwaneleRGER! i N
the current injection region. Therefore, there is |little possibility of
probl ens stichntypes eof mickirdd tHidnogratlagsondy chie resdd atith tlen)r @38 ilch
oscillation efficiency. Furthernore, it is possible to suppress the

decr ease bumpel andidipy ane farmpedvang ifhdher mimlofdathectiswethand

i nvention provides a self-aligned structure sem conductor, |

aser device

conpri si ngppen anteveateyesf theaturmdnoilicakirgildeydmyar)s & gratdng

respectively on both faces of the active |layer, the optical

gui de | ayers

havi ng a hapdrgbp fured beawethathefadtiveadiayes kagerinterface of the

current blocking layer and the active layer.

A cycle A of the cyclic bumps and dips formed in the lower

region of the current blocking layer, or a cycle Aof changes

in width of the grating layer are set so as to meet the following

equation (1).

A=m*"A, / (2°nr) w(l)

whereinmis an integer of 1 ormore (1, 2, 3, ..), nr isarefractive

index of the optical guide path and A, is an oscillation

wavelength. When this grating condition is satisfied, light

having the wavelength A, is selected, so that a single mode

.

oscillation can be realized.

Moreover, in the invention, since the diffraction grating

i1s formed over the region excluding the stripe-like window and
no diffraction grating is formed in the current injection region
through which the current passes, there is no occurrence of
crystal defect in this current injection region. Therefore,

there is little possibility of problems of increase in



a pair of cladding |layers formed so as to sandwi ch the active |ayer and the
optical guide layers therebetween, the cladding |ayers having a 3Z?dﬂﬂ§p
“wider than that of the optical guide |ayers; carrier blocking | ayefs r
respectively between the active layer and the optical guide |layers , the
carrier blocking |ayers having a bane-gap wi der than those of the active

| ayer and the optical guide |layers; a current blocking |layer having a
stripe-like window enbedded in at | east one of the optical guide |ayers,

~ ~ M4~ 2002 _g_ wherein a diffraction grating for controlling an

oscil | ati escnalekeant bhresholdecunnent) and eddateasd imeoSed X Batidn ocki ng

| ayer or between the interface and the active |ayer excluding the
stripe-|ik€fdchdnay . Ac Furdihegnioret, hd ti dgepbisgibla tar upbreglse¢heon or
hole) is injected upon applying the voltage to the sem conductor |aser and
the carri @ecirsabkotkerk hating tgudnento ymsdimg ofayre ¢ryPessiderddypugh the
optical guide |layer. Consequently, the carrier passes through regions where
the current blmrKiingdntyen provddekoaned]lfi-alignedoBkyuthneegh the
stripe-like grooves . The carrier injected into the active |ayer reconbines
to emt |isghticondndtas Lhsetrnfeeiconcempresingevel is increased, induced
em ssion starts and finally laser oscillation occurs . Part of the |aser

i ght is distrdrbuictd ventlaylelre bottom of the current blocking layer and is

t hen guided. On the other hand, the carrier in the active layer is confined
in the active dmyptibal guideafaydrefoamnedan dhe Eacegot ayEair bEaptidyl i n
enhancenent of reconbination efficiency of the carrier inproves. At the

bot t om of giuhdecliayeps éih addiiFaorgenti shéodgedva Ihfdr acid sye @t iatd 1ig,
forstabilization of oscillation wavelength. The diffraction grating may be

of such tytpesobpliatad) gayaei Tapenips) anav ihgsa vend afaedvideOnechad et of
the | ower and upper interfaces of the current blocking layer, b) a grating

| ayer is fodr vhe hetweenlaheracti ve | ayer side interface of the current
bl ocki ng | ayer and the active |ayer. Wen the cycle A of the
a pair of cladding layers formed so as to sandwich the active
layer and the optical guide layer(s) therebetween, the cladding
layers having a band gap wider than that of the optical guide
layer; and
a current blocking layer having a stripe-like window
embedded in at least one of the cladding layers;
wherein a diffraction grating for controlling an
oscillation wavelength 1s £formed on an interface of the current
blocking layer or between the interface and the active layer
excluding the stripe-like window.
According to the invention, since the optical guide layer
is disposed on either or both of the faces of the active layer,
the light generated in the active layer is guided by the optical

guide layer. Consequently, concentration of the light in the

active layer can be avoided and a high-power and long life-



~ M-~ zooz -9 cyclic bunps and dips or the cycle A at which the width of
the grating layer varies is set so as to satisfy the above equatﬁb@ MQR,qmz
“single node oscillation is obtained. Mreover, according to the inventi o,
since the diffraction grating is forned only over regions excluding the
stripe-like window and there is no diffraction grating in the current
i njection~region through which the current passes, crystal defects do not
occur in the current injection region. Therefore, the-possibility of
causi ng probl ens such as increase in oscillation threshold current and
decrease tim@srasdntionreffinddncy is mininzed. Furthernore, decrease in
reliability due to growing of the crystal defects can be suppressed. As
descri bed aborertheembdengitheheatnveitidoatindifarectienweeattihg astive
| ayer and the optical guide |ayer nmakes it possible to freely design the
opti cal ofdfiredpoeentarégtonexicladindefiansdent by - diké ke ncenf amEgRBEeOf t he
carrier into the active layer, and therefore it is possible to bring the
wave gui dexi@ele nd as€firac8iiohdgrdt (g 9% 8Reshapeedy i@rlaniidig ragivbee
optical guide layer. This allows a w despread selection of refractive index
and t hi ckaegstof ddfedtd fdcanbitobcguat iNgthe Tudrdnt Aageidtiont eeghenease t he
degree of freedomin design, w den the production margin and inprove the
product i oThetef sir®f thexres @Bl Tottlue tpysdiatian t yOo £t freosDétiis &yfy inkcrebBe case
where the carrier blocking layer is not formed between the active | ayer and
the opticoh ¢seiiEidyei thidsholR) euttedr ande deecease WMh osEiljlatibype node
havi ng 0 ~ MAR 2002 -10 a sharp peak. However, in the case where the
carrier béPEkdéigndryerurthermorded ihetiseppsshblactoveuppyessandet he opti cal
gui de | ayer, the wave gui de node becones the Gaussi an shape node whose
shoul der saeti¢ghse Vi telaabiad tgodpares groWinighef Mhe dmystalhde€eande, and
in which node, changes in electric field intensity becone nore gentle in
regi ons havi nghe hhgbatiehepkbiridésehdséDf easigiyed Theredotire in the
sem conductor | aser having a Gaussi an shaped gui de node, even when the
di ffracti 9emocGhdngtdoOrl &t raddidcy ddmpomisiaigngth is fornmed in a position
distant fromthe active layer, the diffraction grating sufficiently effects
. And noreovean evedvef lhgerdi stance between the active |layer and the
diffraction grating or the refractive index distribution is changed in sone
degree duri ngat peiprafivpiticalpgotédsslatdrs formedncespyct hee Thasrgdoith
suppressed because of the gentle change of electric field intensity,
resul t i ngfaceanof nti@vact ivedlagevn thelabtioal ymiidey dalyieas dasdmgcanduct or
material for formng the optical guide |ayer is preferably GaAs or Al (aAs
havi ng anb#dd cgaposwidean tdfarD thair dfeshe ke@ikeolaypBaAsP. According to the
invention, in the process of formng a diffraction grating for
stabi | i zati onagpathefosrtaddiig dayeascfamuidsotdset o paindall chutie alckyiee t o be
exposed to the atnosphere is forned of a material which is hardly
det eri or alagebyam&itths ioptical guddeeclagpersatherebetween cdripo siladddngr
containing no alumnum As a result, oxidation is suppressed 0 ~ ~1AR
2002 -1| bdayeusfhaebng a ek gapeditiert hbant bivaphef eclien dptel catlr iguddlei ke
wi ndow or the region where the diffraction grating is to be forned.
Ther ef orelayeeserystal property of each re-growi ng |ayer inproves, and a
sem conductor |aser of high reliability is obtained. Each el enent of |nGaP
or I nGAsP magaranierainockipgsilayemnsi isvhed mespectivelutbéteeemtthéng with
t he substrate. BRI EF DESCRI PTI ON OF THE DRAW NGS

active layer and the optical guide layers, the carrier blocking

layers having a band gap wider than those of the active layer
and the optical guide layers:;
a current blocking layer having a stripe-like window

embedded in at least one of the optical guide layers,



O her and further objects , features , and advantages of the invention wll
be nore explicit fromthe follow ng detailed description taken vm'tln R
"reference to the drawings wherein: Figs . |A and 1B are vi ews show nl{J 'QA 2002
first enbodi ment of the invention, which are a general perspective view and
a partial perspective view showi ng a-$&hape of a diffraction grating,
respectively; Fig . 2 is a perspective view of a second enbodi nent of the
invention; Fig. 3 is a perspective view of a third enbodi nent of the
invention; Figs. 4A and 4B are views showi ng a fourth embodi nment of the
i nvention, whigherein aa gdhlf mac o et ing vicsw candre ldadmd &n per specti ve
vi ew show ng a shape of a diffraction grating, respectively; Figs . 5A and
5B are vi ev@cisliatiinp wavelehgehblotlifegsmedodn tageinterface mietheocurmémnth are
a general perspective view and a partial perspective view showi ng a shape
of a diff reledkdmgylayiery o dspweeny she, intdrFrge andAthedaéBive elayems
showi ng an exanple of a prior art sem conductor |aser device of DFB | aser
type, whi craiwlingdiner styigmesddds wdndioww and a partial perspective view
showi ng a shape of the diffraction grating, respectively. DETAILED
DESCRI PTI ON OFAG¢iEr @REF ERREMM ENBORIINENR Newcagirderi figleotrha dranbhgs,
preferred enbodi nents of the invention are described below. In the
f ol | owi ng Ienboieabed vpoa apyXying the vipldwEigegtd $he semiconductor laser,
and the carrler i1s blocked by the current blocking layer in
passing through the optical guide layer. Consequently, the
carrier passes through regions where the current blocking layer
is not formed, i.e. only through the stripe-like grooves. The
carrier injected into the active layer recombines to emit light,
and as the injection current level is increased, induced emission
starts and finally laser oscillation occurs. Part of the laser
light 1s distributed into the bottom of the current blocking
layer and is then guided. On the other hand, the carrier in the
active layer 1s confined in the active layer because of the
carrier blocking layer, resulting in enhancement of
recombination efficiency of the carrier improves.
At the bottom of the current blocking layer is formed a
diffraction grating for stabilization of oscillation wavelength.
The diffraction grating may be of such types that a) cyclic bumps
and dips are formed at one or both of the lower and upper

interfaces of the current blocking layer, b) a grating layer

is formed between the active layer side interface of the current

blocking layer and the active layer. When the cycle A of the



prepared in any case by etching a layer formng the diffraction grating
using as a mask a resist in which a grating is fornmed by the \/\/ell-k@qvaR 2002
- interfering exposure nmethod. Mre specifically, the nmethod conprises the
steps of growing a layer in which the diffraction grating is to be forned,
thereafter applying the resist, expe8ing the resist in a grating shape by
interference exposure of |aser |ight, developing the resist, etching a
| ayer under the resist to a predeterm ned depth using the resist as a nask,
removi ng the mask of the resist) then re-growing the upper layer. During
t he stepsgydlie lbayps Baaninpstde whid ioyadiel Anagrehicy tise axiILd £t @nhthe
at nosphere. (Enbodinent 1) Figs . |A and 1B are views show ng a first
enbodi nedrafintdidayed dabies AF Is2t- sviaw dnt sanisiii tive aatove ggnatabn
perspective view and a partial perspective view showi ng a shape of a
di ffracti@n) gratdingle espectdsellylatilins isembtadishect.or | aser device is
constituted as one of DFB | aser type, in which are sequentially fornmed a
buffer | ayer RopéomeaAcqddidinignes $hie—ivéntion, 6iacel Hueddg flrageiod of
n-Al GaAs (Al composition ratio x=0. 4, t=1. 5 ~cn ) , a double quantum
v~el | actgmetimmydrs £ocmedosadyobvar nosg e e xedARI vrg [thleageripe=10k808 N. n)
/ a non-doped Al GaAs barrier layer (x= 0.2( t= 0.005 Eun), a cladding |ayer
6 of p-Avwafsow xand.thete ils hadd)ffrartdon gratdag [imyethe/ cufrren®As (t =
1.0 Nm on a substrate 1 of n-GaAs by using the MOCVD (Metal Organic
Chem cal Depsstiommegedhothmyudhhaviiidie, thendurrent gals selsgcldnygtiadyer 5 of
n-Al GaAs (x= 0.5, t= 0.1 Eun) having a stripe-like wndow is enbedded in
t he cl adddefedtaydo ot Gocthdnbidid onrfact iofjechd onubsdiat € Thame folre ,t op
face of the contact layer 7 , electrodes 8 and 9 are respectively forned.
In the Al@s\posdibibity & d¢desidlg gogbdsants gudls ds ghereatsee imand gap
tends to becone wder . In the enbodinent , the band gap of the cl adding
| ayers i sostileYatimm thedshdld hmamEntvandybecreasts ishosciillatigpn 1B, a
diffraction grating 10 conposed of cyclic bunps and dips is forned at the
active | ayfficiaecy disemintei pédt h&unthreemtors ,0d&cngakayir reliabdltihgre is
no diffraction grating at a stripe-like wi ndow 11 where the current
bl ocki ng dwayeto Sgrevirngd @f edentcecrystal aefexctturaaantbe ruppidessedegi on . On
t he 0 4 MAR 2002 -14 diffraction grating 10, the current bl ocking |ayer 5
is fornmed, andstleacrhbedl addvag pryeiding stHerqedkisr dd.doking dayeded in
t he wi ndow 11.

between the active layer and the optical guide layer makes it

possible to freely design the optical guide system in the device
independently of the confinement of the carrier into the active
layer, and therefore it is possible to bring the wave guide mode
close to an ideal Gaussian shape by employing a wide optical
guide layer. This allows a widespread selection of refractive
index and thickness of the diffraction grating, so it is possible
to increase the degree of freedom in design, widen the production
margin and improve the production yield of the semiconductor
laser. On the contrary, in the case where the carrier blocking
layer is not formed between the active layer and the optical

guide layer, the wave guide mode becomes Mt. Fuji type mode having



Next , the operation of the sem conductor |aser device wll be described.
Upon applying a positive bias voltage to the el ectrode 8 of the cgp%aﬂéR

" layer 7 and a negative bias voltage to the electrode 9 of the sub at'e] %WZ
el ectric current flows fromthe contact layer 7 to the substrate 1 , and
passes through only a region where tHi€-current blocking layer 5 is not
formed, i.e., through the stripe-like window 11, whereby the electric
current density is increased. The electric current is injected into the
active layer 4 as a carrier, and then the carrier re-conbines to emt

| i ght. Fuet BRArPaRedke Hewereroniantheicasge wherenthenearsies blioukiced

em ssion starts and finally laser oscillation occurs . Part of the |aser
light is deyeri bapE@videdupdtwern thedbhiyve dpyes and ahgi opbiedl @uisis h

faces of the active layer 4, further into the bottom of the current

bl ocki ng layer .5thewaviesguhde mgdiedeeicomys $aet Fags aiay shaps podetwhose
diffraction grating 10 so as to satisfy the equation ( 1) ( only the

wavel engt §houddessi s1agktly el W onfepy, copared Wit fjecMindeudscitianet i on i s
achieved. In this device, deterioration in crystal property is not caused

in the cumodst infedni shichghede or Chargew ntd e lact B ti%aell% ipAEnsity

sem conductor | aser of low oscillation threshold, high efficiency and | ong
life timebesomeamezeddentle~1inm 0RI2O0® hawligEnmbduighen deqingic Xield
per spective view show ng a second enbodi nent of the invention. This
sem condudndensisay. dEverefore colstthatsanipomsietolr DRBemb@vingo@ ( |
whi ch are sequentially formed a buffer layer 22 of n-GAs (thickness t= 0.
Vin, a clcag@isdign ghaped3geide -midsAsvenlwbenptbetdbffragtboxgmayngt= 1.
Eun), a double quantumwel| active |ayer 24 conposed of a non-doped Al GaAs
wel | | ayefofxeoptroliing Uos wviglengin As Eomneshdn arpeajbronp @ grarg;, t= 0.
005 ~,un) , a_first cladding layer 25 of p-AlGAs (x= 0.3, t=0.15Vim, a
second cl &@@mgheapetive dpYprA thasdikEractiontgrat nEueyfHieientlint act

| ayer 28 of p-GaAs on a substrate 21 of n-GaAs by using the MOCVD net hod or
the |ike, eff@c&ascur ranfl MOrgeNeRg ¢vgeifMediatancaetweerpthg agtdve 1 um
having a stripe-like window is enbedded between the first cladding |ayer 25
and the sééyed @ndddhggdiffespciion grathedbort bhefBeErasctive tedexrate 21
and the top face of the contact |ayer 28, electrodes 30 and 29 are

respect i véliyptirdibptdon| 4st hapedeirofcmet degres dwelng rthe RRRNGHGLAMmyer 25
functions as the opti cal %uide | ayer for guiding the light generated in the
active | aypfiocEss MsheodkBE Luenee b d-hfa shagoeAl SafdPRae 8F £l RBecanse taf becone
w der as the Al conposition is _higher. In this enbodinment, the band gap of
the first Wlenggnindel ehaprge ] @l\ﬁicgénicmhﬁl@ Hextesysiye ZeSUMELRgyER 31 | and
t he band gaps of the |lower cladding |ayer 23 and the upper second cl addi ng
| ayer 27 MPLOVes poednctden yfledRe first cladding layer 25. 0 ~ MAR , 2~
-16 Adiffraction grating 31 conposed of cyclic bunps and dips is forned at
an active | ayelnsihife inyestigdeaotenirorinG 't MAteakiadgfrayEprpEngHihe t he
diffraction grating is not fornmed in the stripe-like window 11 where the
current blRYIGH 9B Ee 28YPT ABtPTRERARLY Gads oF AREaAsr PeNirgnpRA} on
region. Next , the operation of the above sem conductor |aser device wll
be descri RIPAFIFHR Ly iOng 8Tpd&sei-vEnERRsOFolr48RSPo the el ectrode 29 of
the contact |layer 28 and a negative bias voltage to the el ectrode 30 of the
substrate 21, AFCRTELRYi kO cthe elRVENTWRR £ idintthive Af ™A% & t he
substrate 21 , and passes through only_a region where the cuyrrent bl ocking
Cayer 26 (G HAAGHSTLATATLNG Lot S0 LIFBTIPR] BE. FPRORFAUSATIEN whor eby
the electric current density is in%ésgsgd. Thg egectric cgrren% is injected
into the dAYRASIHer ticady gudhe tAgeThEOc Ry PEPOFREN *PeB8nbi nes to

emt light. Further, as_the unt_of i.njectio urre i pcreases, ., i nduced
eni ssi og AURIPRERF fi?ng?ﬂ}e‘?g’%e? Ty Vbﬁcgcﬁiﬁ’?rgaﬂaa?gﬁ ? %t?‘iser
light is distributed through the ¢ladding |ayer and fir cl addi ng | ayer
2590n bot HP¥ B e Hct &E‘%%&@i g‘ﬁ‘ﬁ&ﬁd{f’m%‘ﬁe?of"Rf’Si??ignwﬁomgof %/he
current bl ocking layer 2 and is fhen quided. By setting. th I of
the di ffra%?’?*o“’ri‘gfb’r‘h‘i/irﬁ?g i ssaat’igessf‘\iie‘vhé”‘g&i‘%tif’é‘ngf ES?STY'g%% @ t he
wavel ength T.0 oscillates selectively, so that a single-node oscillation is
achieved. In this device, deterioration in crystal property is not caused

I 1=

5
5



~ r9~R 2002 -17 in the current injection region or the window 11, so that a
DFB sem conductor | aser of |ow oscillation threshold, high efficied}} Mﬂﬂlﬂmz
long life tinme is realized. (Enbodinent 3) Fig . 3 is a perspective view
showi ng a third enbodi nent of the invention. This sem conductor | aser
device is constituted as one of DFB d{ldser type, in which are sequentially
formed a buffer layer 42 of n-GaAs (thickness t= 0.5 ~m , a cladding

| ayer 43 of n-Al GaAs (Al conposition ratio x= 0.24, t= 1.1 Eun), an optical
gui de layer 44 of n-AlGAs ( x=0. 2, t=0. 88 ~m) , a carrier

bl ocki ng lomyenrfsces ho AeGeXposSed 0o5the atngepliany inatHeudbtripeahiken wel |
active layer 46 conposed of a non-doped InGaAs well layer (In conposition
rati o y= Gidow-o0tbegs@ion vhere dhedbipEir i tGotsgbatingd s bty be foiimed.
conposition ratio x= 0.2, t= 0.006 Eun) , a carrier blocking |ayer 47 of
p- Al GaAs (Cher@f®ret,=the0Zrystpl amwopprityabfgendd rayero48ngf lpydkGaAs (x=
0.2, t= 0.88 dun), a cladding |layer 50 of p-AlGaAs (x= 0.24, t= 1.1 dun)
and a contimprdvepger adll @ sgmdsandugtarsdpserard higbf ralGabslbyyussng t he
MOCVD net hod or the like, and a current blocking |ayer 49 of n-Al GaAs (x=
0. 33) t= Gbtadwmed.habanl alemenpecfi keGap noow nGaksih auriedhave tary opti cal

gui de layer 48. On the bottom face of the substrate 41 and the top face of
t he cont actompmsdrti®h dmeofermed ditecanodestigeamdtsRingewpebt thel y. The
band gaps of Al GaAs naterials are wi der than those of InGaAs materials and
tend to besxdhsEnatésr as the Al conposition ~ ~ MAR 2042 -18 is higher

In this enbodi nent , the band gaps of the optical guide |ayers 44, 48 are
wi der than that of the active |ayer 46, the band gaps of the cladding

| ayers 43, 50 are wider than those of the optical guide |ayers 44, 48, and
t he band GERIERLDERIERIFHLON OFLITHEK DRQWINGESr s 45 , 47 are wi der than those
of the optical guide |layers 44, 48. A diffraction grating 31 conposed of
cyclic bunps adthelf @ngd furshesdoiects adeiatairiesyeangdiafivanttagdsod thhet he
current bl ocking layer 49, but the diffraction grating is not formed in the
stri pe-li kewwentden Wildhdee more expddoetltbEgsoki mhel dpdloddngsdrtaipedsent,
i.e. in the current injection region. Next, the,operation of the above

sen condudiescriptdonddaken with ref¢sencebdd. tbgodrapphgsnyharpdsiti ve bi as
voltage to the el ectrode 52 of the contact |ayer 51 and a negative bias

vol tage to theFigectlPoandshB @ire néewabshowing £1figat drkadinentuofetliest art s
flowwng fromthe contact |layer 51 to the substrate 41, and passes only

t hr ough t Hervegiiom wwdiieht agecar genrerdl e snedtting vAeW andor pactbal,

i.e., through the stripe-like window 11, whereby the electric current
density i PenRDesise View ahaving acshepet ofs a dléfragtiienogrrEiagti ve

| ayer 46 as a carrier, and the carrier then re-conbines to emt |ight.

Furt her, aeespRetiiyeddti on anmount of current increases, stinulated enission
starts and finally laser oscillation occurs . Part of the |aser is

di stributed t hFéggh tife aoperenecivecriew @fsaqgeconl embgshiquantoefobhe f aces

of the active layer 46 , and further
invention;

Fig. 3 is a perspective view of a third embodiment of the
invention;

Figs. 4A and 4B are views showing a fourth embodiment of
the invention, which are a general perspective view and a partial
perspective view showing a shape of a diffraction grating,
respectively;

Figs. S5A and 5B are views showing a fifth embodiment of the



~ 4 MAR 2002 -19 into the bottomof the current blocking [ayer 49, and is
then guided. Since the carrier within the active |layer 46 is conf i@‘QrdHA'R 2002
- the active | ayer because of the carrier blocking |ayers 45, 47,
re-conbi nation efficiency of the carrier is inproved. By setting the cycle
A of the diffraction grating 10 so ad2to satisfy the equation (1), only the
wavel ength ~. 0 oscillates selectively, so that a single-node oscillation is
achieved. In this device, deterioration in crystal property is not caused
in the current injection region or the window 11, so that a DFB
sem conduétventicer Wilcth\axss@ Deaerah parepeotive Wigh and ¢ @sayiadd | ong
life time is realized. Though in this enbodinent is described the case
wher e t heperspeativonvigwat $hpelg ia shapredfata Hd fmmdtion gratigige
interface of the current blocking layer 49 in this enbodi nent, the
diffracti saspeativelymyané forned at the contact |ayer side interface of
the current bl ocking layer 49 in the sane manner. (Enbodi nent 4) Figs. 4A
and 4B are vi &igsshohianf #Bf ane thiewsslicwdng &t aXample oft f@riomidirch are a
general perspective view and a partial perspective view showi ng a shape of
a diffracseohcgrdacher lasepedevies 9f Dif sasenitymedudhbeh larser deaeired i s
constituted as one of DFB | aser type, in which are sequentially fornmed a
buf f er | aperspective vdgasandi prrddalt pepsprEUive (Vigw Fhdwing a8 syhepe73 of
n- Al GaAs (Al conposition ratio x= 0.24, t= 1.1 Eun), an optical guide |ayer
74 of n- AbEapbe(fifHractien OguBtihg) respasfiivedry- 0 4 M 4R 2002 -~ o
bl ocking layer 75 of n-Al GaAs (x= 0.5, t= 0.02 Eun), a double quantum wel |
active layer 76 conposed of a non-doped InGAs well layer ( In conposition
ratioy=0. 2, t=0 . 008 dun) / a non-doped Al GaAs barrier |ayer (Al
conposi t i BATARLED RESQRDPTIGN (QIO(BIEI RREEERREDN EMESD IMENKi ng | ayer 77 of
p-Al GaAs (x= 0.5, t= 0.02 Eun), an optical guide |layer 78 of p-Al GAs (x=
0.2, t= 0.83 HMew) refexrrirditegthedravwingss proferyed empoddments of tthel, 1
~,un ) and a contact |ayer 81 of p-GaAs on a substrate 71 of n-GAs by
usi ng thelhvoswblapt ae desentbed Keelawmd a current bl ocking |ayer 79 of
n-Al GaAs (x= 0.24, t= 0.1 Eun) having a stripe-like windowis enbedded in
the optical gdinddheafedlpgingnemhodppensas facdliffraationbgratirg7isand the

top face of the contact |layer 81 are forned el ectrodes 83 and 82,
respect i Vp;r9pared in any case by etching a layer forming the diffraction

grating using as a mask a resist in which a grating is formed
by the well-known interfering exposure method. More
specifically, the method comprises the steps of growing a layer
in which the diffraction grating 1is to be formed, thereafter
applying the J;esist, exposing the resist in a grating shape by
interference exposure of laser light, developing the resist,
etching a layer under the resist to a predetermined depth using
the resist as a mask, removing the mask of the resist, then
re-growing the upper layer. During the steps, the layer forming
the diffraction grating is exposed to the atmosphere.
(Embodiment 1)

Figs. 1A and 1B are views showing a first embodiment of the



The band gaps of Al GaAs materials are wi der than those of InGaAs materials
and tend to beconme wider as the Al conposition is higher . In thi4 MAR 2002
enbodi ment , the band gaps of the optical guide layers 74, 78 are w der
than that of the active layer 76, the band gaps of the cladding |ayers 73,
80 are wider than those of the optical- guide |ayers 74, 78, and the band
gaps of the carrier blocking layers 75 , 77 are wder than those of the
optical guide |ayers 74, 78. Furthernore, in place of the diffraction
grating 61 for controlling the wavel ength shown in Fig. 3, a grating |ayer
91 havi ngithenthom, fwinith cire & geoerdédpensphcsieabotlewsmtd allpargriatli ng
| ayer 91 is forned by patterning p- GAs U4 r~~R 200,2 -21 (thickness t=
0. 05~un) perspeytive whewmeshowindea ogitameal ofjua diiffyertidh dgHeetigregati ng
| ayer 91 is disposed between the active |ayer side interface of the current
bl ocki ng raypectOvahy. t Ihiscisiewd coadectdd, laadri devbeereis tcopnsdsutedni f orm
t hi ckness in a region of the window 11 and to be cyclic bunps and dips in
regi ons oésbohé sf dBEBolasdre typelowirl Whidteraahy seatueng iaml 1y didrivedictai on
grating of the cycle A By setting the cycle A of the diffraction grating
10 so as bafsaetildyerd Beofq+aEaren(thicknesord=yot Baupy el engdding Aagad | | at es
sel ectively, so that a single-node oscillation is achieved. In this device,
det eri or agi @M ni-AlGapst Al pompardiyt ioch paticaus@d 4i,nté e Tum)end dotjibdet i on
region or the window 11, so that a DFB sem conductor |aser of |ow
osci | | at i gnahhueskeal U, adti e éfdvexd dncypmpndeldonf aidentdoped Galkalweddd.
(Enbodinent 5) Figs . 5A and 5B are views showng a fifth enbodi nent of the
i nvent i onlaybtchtame oasgamnerala pensfepedVvelcansvbardirpaaeal (pespecti ve
vi ew showi ng a shape of a diffraction grating, respectively. This
sem condueto0.baseumyleva celaddtmwmsliayert egl @S prelGHADRBL ap.er, tha,.6 n
whi ch are sequentially fornmed a buffer layer 72 of n-GAs (thickness t= 0.5
Eun) , a ahiddny d apatadéd ddyer A GEAp-GAAsCOtPASId iuan) oAtd Gubstrade (=
1.1 Eun), an optical guide layer 74 of n-AlGaAs (x= 0.2, t=0.83 Eun) , a
carrier blLooKi ngGaageby 78sbhgntiiée GGV xMOtal @rgdn? Chemical doubl e
quantum wel | active |layer 76 conposed of a non-doped |InGaAs wel | U4 LIAR
2002 -22 Depesition)cwepbedtdéonthatlike - dnd @ qurrert .blRE&king Dayera
non- doped Al GaAs barrier layer (A conposition ratio x= 0.2, t= 0.006 N nm
, a carrierobl meklGaps afper 0.5 ,0ft=p-0ALCAAS YavifNgSa ¢tribd2 e )windowopt i cal
gui de layer 78 of p-AlGAs (x= 0.2, t=0.83 ~.n), a cladding |ayer 80 of
p- Al GaAs (s-embedded -inl theFohaddimg alayen &t Onykhre ®btdorpfa&adsodrine
substrate 71 of n-GaAs by using the MOCVD nmethod or the |ike, and a current
bl ocki ng bubektragecl andAtlieAbor ¥aak 24, the dprtafimlayevri hg elesttrgsed i ke
w ndow i s enbedded

8 and 9 are respectively formed.

In the AlGaAs materials, as the Al composition is higher,
the band gap tends to become wider. In the embodiment, the band
gap of the cladding layers is wider than that of the active layer
4.

As shown in Fig. 1B, a diffraction grating 10 composed of
cyclic bumps and dips is formed at the active layer side interface
of the current blocking layer 5, and there is no diffraction
grating at a stripe-like window 11 where the current blocking

layer 5 is not present, i.e. a current injection region. On the



in the optical guide layer 78. On the bottomface of the substratﬁlé and
the top face of the contact |ayer 81 are forned el ectrodes 83 and¥8®, AR 2!][)2
- respectively. The band gaps of Al GaAs nmaterials are wi der than those of
InGaAs materials and tend to becone wider as the Al conposition is higher
In this enbodi ment , the band gaps ofi4the optical guide |ayers 74, 78 are
w der than that of the active |ayer 76, the band gaps of the cladding
| ayers 73, 80 are wider than those of the optical guide |layers 74, 78, and
t he band gaps of the carrier blocking layers 75 ( 77 are wi der than those
of the opdif&ragtigdn draeing 14, t8e Jdiridndr Bhoekingndyes senbaifmid, a
grating layer 91 having the sane function is provided in place of the
di ffracti andgtaehnghd ke faud e legklri 801 eomwade|sengish tasbe hembeded Hirg. 3.
The grating layer 91 is formed by patterning p-GAs (thickness t= 0.05.m
in a cycl themgin@bwi M1t he optical guide |ayer 78. The grating layer 91 is
| ocat ed between the active a ~t~AR layer side interface of the current
bl ocki ng | ayemneté: amntlet figebatioe dfayne sdmicsridoidedalserb@eey6tiwiunps
and dips in regions of both sides of the window 11, thereby acting as a
diffracti oe geatiripeal tisoryapwlvinglhe msttivg IHEs Wil tisgaao ftarg®ed in
the region of the window 11. As a nethod of formng the grating layer in
t he regi or3eetrbaths soflaheconltacni Dapsr 17 ,aral aehbgdtofeusiag kderspd ecti ve
grow h of the grating |layer or a method including the steps of grow ng the
grating | apethéne Bedtrdde regifothe naivetirg € hanwehdevragdcuer®nt NELIVE
w ndow part of the grating |ayer by ething may be exenplified. By setting
this cycl €rAmsehé@scdritat ilakert haeghat s@bstrdte 1, anldyphbsewestatqangi h ~, o
oscillates selectively, so that a single-node oscillation is achieved. In
this devi eplyt Sergiadn Rbielraythe Tudrerabbebtkingt heysed a8 abt tdwrmdardow 11
which is a current injection region, and the stripe-like wndow 11 | acks a
| ayer haviing.3 dhtbagrnthé edtmigdd Via ¥ent@niowhiich Whépgby athadadt|ae: t hat
the optical node of the oscillating laser light is not disturbed. Though
t he gui de duayehts deasfieyned ahcAb&sédd.in the above enbodi nents, these guide
| ayers are preferably formed of materials containing few al um numor no
al um num such e gl ditGCadsRendr 18l CAA8ctAl LABPOBhE | actkve OLdyer & 0. 3)
in these structures. The guide |ayer having such a conposition inproves the
ef fect of asuppeassieg, dan@geserd tthd eatxiidat rercdmbingsf 06 n@mi oM pdhi he
diffraction grating, which allows higher

Further, as the injection amount of current increases, induced

emission starts and finally laser oscillation occurs. Part of
the laser light is distributed through the cladding layers 3,
6 disposed on both faces of the active layer 4, further into
the bottom of the current blocking layer 5, and is then guided.

By setting a cycle A of the diffraction grating 10 so as

to satisfy the equation (1), only the wavelength A, oscillates

selectively, so that a single-mode oscillation is achieved. 1In
this device, deterioration in crystal property is not caused
in the current injection region or the window 11, so that a DFB
semiconductor laser of low oscillation threshold, high

efficiency and long life time is realized.



0 ~r~—~K ZQ0-2 -24 reliability. The invention may be enbodied in ot her

specific forms without departing fromthe spirit or essenti al 0 & MAR 2002
characteristics thereof . The present enbodi nents are therefore to be
considered in all respect as illustrative and not restrictive, the scope of

the invention being indicated by thel&ppended clains rather than by the
foregoi ng description and all changes which cone wthin the neaning and the
range of equival ency of the clains are therefore intended to be enbraced

t herein. 0O~ MR 2Q02 2; _LnlHA"" IS CLAIMED IS: 1. A self-aligned
struct ur e( BevodimeluctDdy | aser device conprising: an active layer; a pair of
cl addi ng | ayers respectively forned on both faces of the active |ayer, the
cl addi ng | ayeFsghagi hg a penspgepive derew aowitad fsddm@ embedimaner; and
a current bl ocking |ayer having a band gap w der than that of the active

| ayer andof she i jrevénkiomi ndtise seaddeddustone lakerh@esliaddiigg | ayers,
wherein a diffraction grating for controlling an oscillation wavelength is
formed oncemstitetddas batwef DFEhtasarrype blinckhighl ayersezgu@nithalalyaddi ng
| ayer in which the current bl ocking |layer is enbedded or between the

current bfggekéddal Byefetnthydie ZEtdV ehlGrey @toldididiss tthe ¢y iupe-,| ike

w ndow. 2. A self-aligned structure sem conductor |aser device conprising:

an acti veclagéing ataysat i Zhl off)un el dapeer( Alorgoab ol tdiom fratd corx=a opaisr, of
t= 1.5 um), a double quantum well active layer 24 composed of
a non-doped AlGaAs well layer (x= 0.1, t= 0.006 um) / an AlGaAs
barrier layer (x= 0.3, t= 0.005 um), a. first cladding layer 25
of p-AlGaAs (x= 0.3, t= 0.15 um), a second cladding layer 27
of p~AlGaAs (x= 0.55, t= 1.0 um) and a contact layer 28 of p-GaAs
on a substrate 21 of n-GaAs by using the MOCVD method or the
like, and a current blocking layer 26 of n-AlGaAs (x= 0.58, t=
0.1 um) having a stripe-like window is embedded between the first
cladding layer 25 and the second cladding layer 27. On the bottom
face of the substrate 21 and the top face of the contact layer
28, electrodes 30 and 29 are respectively formed.

In the above constitution, the first cladding layer 25
functions as the optical guide layer for guiding the light
generated in the active layer 24. Moreover, the band gaps of
AlGaAs materials tend to become wider as the Al composition is
higher. 1In this embodiment, the band gap of the first cladding
layer 25 is wider than that of the active layer 24, and the band
gaps of the lower cladding layer 23 and the upper second cladding

layer 27 are wider than that of the first cladding layer 25.



optical guide |ayers on both faces of the active layer, . respectively, the
optical guide layer (s) having a band gap wider than that of the agtprz“

" layer; a pair of cladding layers forned so as to sandwi ch the active' | ngmn
and the optical guide |layer (s) therebetween, the cladding |layers having a
band gap wi der than that of the opti-d&t guide layer; and a current bl ocking
| ayer having a band gap wider than that of the active |ayer and a
stripe-like wi ndow enbedded in at | east one of the cladding |ayers; 0 ~r
MAR -2G wherein a _diffraction grating for controlling an oscillation

wavel engt h i s? 8AFEG2GRIGNA 9o telihcd cemnesedidf cyGlienPuBPscard@iibsyer and
t he cladding |ayer in which the current blocking |ayer is enbedded or

bet ween t h& EoFPeftabl R IAFH YayRYehSidR Hieniath Rl &I GITRRE he
stripe-like wndow, 3. A self-aligned structure sem conductor |aser device
conpri si nB1oGR1iREt + J¥CF agr ; PAL pli® B GFRT AN FRatdnGidr fatofiesmed
respectively on both faces of the active |layer, the optical guide |ayers
havi ng a BRnENYaD-THRRTLIANA VIR L vhergcineecyrynt Riqsiingflayeaddi ng

| ayers formed so as to sandw ch the active |layer and the optical guide

| ayers t héPeb8t RRENPTEHRNE} atidh ngi?t ajR® sCHERATHy N IRGIL YuF8FERE- t han t hat
of the optical guide |ayers; carrier blocking |layers formed respectively
bet ween the adl&®fe FR§EPeHAFiOReCHFhiccabPoytisesicopsustombasar Gesrias ocki ng
| ayers having a band gap wi der than_those of the active |ayer and the

opti cal gUF—é}g e dessribedyr (IRAN BPRANIRY ¢ RPSL LAYG P2 S VOHT@9I§akC dibger t han
that of the active layer and a stripe-like wi ndow enbedded in at |east one
of the opfLEStTgard PayErR CORF&SE ga&eﬂi%‘af 2REt3 B IgtaVeNLesvEdiRdel | i ng
an oscillation wavel ength is formed on an interface between the current

bl ocki ng F9yEheaRieERECEDt 3¢ 0T i YRS T2t Whi AP e TS Mumeddki ng

| ayer is enbedded or between the current bl ocking |ayer and the active

| ayer excF&aBFAGEFIMR Wie FRBIAFkLAVSTIAR tO Bhe subgtrate 21, and passes

through only a region where the current blocking layer 26 is
not present, i.e., through the stripe-like window 11, whereby
the electric current density is increased.

The electric current is injected into the active layer 24
as a carrier, and the carrier then re-combines to emit light.
Further, as the amount of injection current increases, induced
emission starts and finally laser oscillation occurs. Part of
the laser light is distributed through the cladding layer 23
and first cladding layer 25 on both faces of the active layer
24, and further into the bottom of the current blocking layer
26, and is then guided.

By setting the cycle A of the diffraction grating 10 so as

to satisfy the equation (1), only the wavelength A, oscillates

selectively, so that a single-mode oscillation is achieved. In

this device, deterioration in crystal property is not caused



. 4. The semniconductor |aser device of claim2, wherein a seni conduc{lo§ ”AR/QPOZ
material for formng the optical guide layer is GaAs or Al GaAs having an

" conposition of 0.3 or less, InGP or InGAsP. 5. The sem conductor | aser
device of claim3, wherein a sem conductor material for formng the optical
guide layer is GaAs or Al GaAs havi nglan Al conposition of 0.3 or |ess,

| nGaP or I nGaAsP. .A9. A{. AH. A A AUf. Ahy. AF[f. A A f.A30. A AU. A

A A An9. AY. Al9. A . AA . A 5r. A aLr. A3?). Ay_. A A) &4Ck6 bdpg$bY ! $ ( d

rrh AN
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layer 51 of p-GaAs on a substrate 41 of n-GaAs by using the MOCVD

method or the like, and a current blocking layer 49 of n-AlGaAs

(%= 0.33, t= 0.1 um) having a stripe-like window is embedded

in the optical guide layer 48. On the bottom face of the

substrate 41 and the top face of the contact layer 51 are formed

electrodes 53 and 52, respectively.

The band gaps of AlGaAs materials are wider than those of

InGaAs materials and tend to become wider as the Al composition
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of the optical guide layers 44, 48, and the band gaps of the
carrier blocking layers 45, 47 are wider than those of the optical
guide layers 44, 48.

A diffraction grating 31 composed of cyclic bumps and dips
is formed at an active layer side interface of the current
blocking layer 49, but the diffraction grating is not formed
in the stripe-like window 11 where the current blocking layer
49 is not present, i.e. in the current injection region.

Next, the‘operation of the above semiconductor laser device
will be described. Upon applying a positive bias voltage to the
electrode 52 of the contact layer 51 and a negative bias voltage
to the electrode 53 of the substrate 41, an electric current
starts flowing from the contact layer 51 to the substrate 41,
and passes only through the region where the current blocking
layer 49 1s not present, i.e., through the stripe-like window
11, whereby the electric current density is increased.

The electric current is injected into the active layer 46
as a carrier, and the carrier then re-combines to emit light.
Further, as the injection amount of current increases,
stimulated emission starts and finally laser oscillation occurs.
Part of the laser is distributed through the optical guide layers

44, 48 disposed on both faces of the active layer 46, and further
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47, re-combination efficilency of the carrier is improved.

By setting the cycle A of the diffraction grating 10 so as
to satisfy the equation (1), only the wavelength A, oscillates
selectively, so that a single-mode oscillation is achieved. 1In
this device, deterioration in crystal property is not caused
in the current injection region or the window 11, so that a DFB
semiconductor laser of low oscill-ation threshold, high
efficiency and long life time is realized.

Though in this embodiment i1s described the case where the
diffraction grating 61 is formed at the active layer side
interface of the current blocking layer 49 in this embodiment,
the diffraction grating may be formed at the contact layer side
interface of the current blocking layer 49 in the same manner.
(Embodiment 4)

Figs. 4A and 4B are views showing a fourth embodiment of
the invention, which are a general perspective view and a partial
perspective view showing a shape of a diffraction grating,
respectively. This semiconductor laser device is constituted
as one of DFB laser type, in which are sequentially formed a
buffer layer 72 of n-GaAs (thickness t= 0.5 um), a cladding layer
73 of n-AlGaAs (Al composition ratio x= 0.24, t= 1.1 um), an

optical guide layer 74 of n-AlGaAs (x= 0.2, t=0.83 um), acarrier
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guantum well active layer 76 composed of a non-doped InGaAs well
layer (In composition ratio y= 0.2, t= 0.008 um) / a non-doped
AlGaAs barrier layer (Al composition ratio x=0.2, t=0.006 um),
a carrier blocking layer 77 of p-AlGaAs (x= 0.5, t= 0.02 um),
an optical guide layer 78 of p-AlGaAs (x= 0.2, t= 0.83 um), a
cladding.}ayer 80 of p-AlGaAs (x= 0.24, t= 1.1 um) and a contact
layer 81 of p-GaAs on a substrate 71 of n-GaAs by using the MOCVD
method or the like, and a current blocking layer 79 of n-AlGals
(x= 0.24, t= 0.1 pm) having a stripe-like window is embedded
in the optical guide layer 78. On the bottom face of the
substrate 71 and the top face of the contact layer 81 are formed
electrodes 83 and 82, respectively.

The band gaps of AlGaAs materials are wider than those of
InGaAs materials and tend to become wider as the Al composition
ishigher. In thisembodiment, the band gaps of the optical guide
layers 74, 78 are wider than that of the active layer 76, the
band gaps of the cladding layers 73, 80 are wider than those
of the optical guide layers 74, 78, and the band gaps of the
carrier blocking layers 75, 77 are wider than those of the optical
guide layers 74, 78.

Furthermore, in place of the diffraction grating 61 for
controlling the wavelength shown in Fig. 3, a grating layer 91
having the same function is provided in this embodiment.

The grating layer 91 1s formed by patterning p-Gaas
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layer 78. The grating layer 91 is disposed between the active
layer side interface of the current blocking layer 79 and the
active layer 76, and is formed to have a uniform thickness in
a region of the window 11 and to be cyclic bumps and dips in
regions of both sides of the window 11, thereby acting as a
diffract%gn grating of the cycle A. By setting the cycle A of
the diffraction grating 10 so as to satisfy the equation (1),
only the wavelength A, oscillates selectively, so that a
single-mode oscillation i1s achieved. 1In this device,
deterioration in crystal property is not caused in the current
injection region or the window 11, so that a DFB semiconductor
laser of low oscillation threshold, high efficiency and long
life time is realized.

(Embodiment 5)

Figs. 5A and 5B are views showing a £fifth embodiment of the
invention, which are a general perspective view and a partial
perspective view showing a shape of a diffraction grating,
respectively. This semiconductor laser device is constituted
as one of DFB laser type, in which are sequentially formed a
buffer layer 72 of n-GaAs (thickness t= 0.5 um), a cladding layer
73 of n-AlGaAs (Al composition ratio x= 0.24, t= 1.1 um), an
optical guide layer 74 of n-AlGaAs (x=0.2, t=0.83 um), acarrier
blocking layer 75 of n-AlGaAs (x= 0.5, t= 0.02 um), a double

quantum well active layer 76 composed of a non-doped InGaAs well
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AlGaAs barrier layer (Al comp051tlon.ratlo x=0.2, t- 0.006 um),
a carrier blocking layer 77 of p-AlGaAs (x= 0.5, t= 0.02 um),
an optical guide layer 78 of p-AlGaAs (x= 0.2, t= 0.83 um), a
cladding layer 80 of p-AlGaAs (x= 0.24, t= 1.1 um) and a contact
layer 81 of p-GaAs on a substrate 71 of n-GaAs by using the MOCVD
method or the like, and a current blocking layer 79 of n-AlGaAs
(x= 0.24, t= 0.1 um) having a stripe-like window is embedded
in the optical guide layer 78. On the bottom face of the
substrate 71 and the top face of the contact layer 81 are formed
electrodes 83 and 82, respectively.

The band gaps of AlGaAs materials are wider than those of
InGaAs materials and tend to become wider as the Al composition
ishigher. 1In thisembodiment, the band gaps of the optical guide
layers 74, 78 are wider than that of the active layer 76, the
band gaps of the cladding layers 73, 80 are wider than those
of the optical guide layers 74, 78, and the band gaps of the
carrier blocking layers 75, 77 are wider than those of the optical
guide layers 74, 78.

Furthermore, in this embodiment a grating layer 91 having
the same function is provided in place of the diffraction grating
61 for controlling the wavelength as shown in Fig. 3.

The grating layer 91 is formed by patterning p-GaAs
(thickness t= 0.05um) in a cyclic manner in the optical guide

layer 78. The grating layer 91 is located between the active
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| @ 10%&1Q¥0Both-41dds of the window 11, thereby acting as a diffraction
grating of the cycle A. The grating layer 91 is not formed in
the region of the window 11. As a method of forming the grating
layer in the regions of both sides of the window 11, a method
of using the selective growth of the grating layer or a method
including the steps of growing the grating layer in a whole region
including the window and removing the window part of the grating
layer by et-hing may be exemplified.

By setting this cycle A so as to satisfy the equation (1),
only the wavelength A, oscillates selectively, so that a
single~-mode oscillation is achieved. In this device, the
grating layer 91 1s absent in the region of the window 11 which
is a current injection region, and the stripe-like window 11
lacks a layer having a different refractive index, which brings
an advantage that the optical mode of the oscillating laser light
is not disturbed.

Though the guide layers are fqrmed of AlGaAs in the above
embodiments, these guide layers are preferably formed of
materials containing few aluminum or no aluminum such as InGaP,
InGaAsP, or AlGaAs (Al composition x: 0 = x = 0.3) in these
structures. The guide layer having such a composition improves
the effect of suppressing damages due to oxidation during

formation of the diffraction grating, which allows higher
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thereof. The present embodiments are therefore to be considered

in all respect as illustrative and not restrictive, the scope
of the invention being indicated by the appended claims rather
than by the foregoing description and all changes which come
within the meaning and the range of equivalency of the claims

are therefore intended to be embraced therein.
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WHAT IS CLAIMED IS:

1. A self-aligned structure semiconductor laser device

comprising:

an active layer;

a pailr of cladding layers respectively formed on both

faces of the active layer, the cladding layers having a band

gap wider than that of the active layer; and

a current blocking layer having a band gap wider than that

of the active layer and a stripe-like window embedded in one

of the cladding layers,

wherein a diffraction grating for controlling an

oscillation wavelength is formed on an interface between the

current blocking layer and the cladding layer in which the

current blocking layer is embedded or between the current

blocking layer and the active layer excluding the stripe-like

window.

2. A self-aligned structure semiconductor laser device

comprising:

an active layer;

an optical guide layer formed on one face or a pair of

optical guide layers on both faces of the active layer,

respectively, the optical guide layer(s) having a band gap wider

than that of the active layer:;

a-palr of cladding layers formed so as to sandwich the

active layer and the optical guide layer(s) therebetween, the

cladding layers having a band gap wider than that of the optical

guide layer; and

a current blocking layer having a band gap wider than that

of the active layer and a stripe-like window embedded in at least

one of the cladding layers;
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current blocking layer and the cladding layer in which the
current blocking layer is embedded or between the current
blocking layer and the active layer excluding the stripe-like

window.

3. A self-aligned structure semiconductor laser device
comprising:

an active layer;

apair of optical guide layers formed respectively on both
faces of the active layer, the optical guide layers having a
band gap wider than that of the active layer;

a pair of cladding layers formed so as to sandwich the
active layer and the optical guide layers therebetween, the
cladding layers having a band gap wider than that of the optical
guide layers;

carrier blocking layers formed respectively between the
active layer and the optical guide layers, the carrier blocking
layers having a band gap wider than those of the active layer
and the optical guide layers;

a current blocking layer having a band gap wider than that
of the active layer and a stripe-like window embedded in at least
one of the optical guide layers,

wherein a diffraction grating for controlling an
oscillation wavelength is formed on an interface between the
current blocking layer and the optical guide layer in which the
current blocking layer is embedded or between the current
blocking layer and the active layer excluding the stripe-1like

window.
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4. The semiconductor laser device of claim 2, wherein a
semiconductor material for forming the optical guide layer is
GaAs or AlGaAs having an Al composition of 0.3 or less, InGaP

or InGaAsP.

5. The semiconductor laser device of claim 3, wherein a
semiconductor material for forming the optical guide layer is
GaAs or AlGaAs having an Al composition of 0.3 or less, InGaP

or InGaAsP.



