TAPEREDrSTRIPE SEM CONDUCTOR LASER Thi s i nvention is.co ncerned with '
i‘mprovenents in or relatlng to stripe sem conductor |asers. Stripe /
‘seni conduct.er | asers are well known devices in which the injection of
-tharge carriers across one or nmore 5 semiconductor junctions results in: .
stinmul ated emission. M rrored surfaces on the device are provided to forma
cavity in which the stinul ated emi ssion w |l producelasing Wn? g&,gg
|hrected current. density is above a.certain threshold |evel.

constructlng the ‘device with nultiple. Iayers of - varylng 10 . ‘band-gap .
materials, the. reglon in.which |asing occurs may be confined, in the:

direction normal to the Junctlon plane, to a well-defined active |ayer.

The .active |l asing region may be limted Iaterally by restrlct|ng charge
inj-ection to a stripe extendlng between the mirrored surfaces. 15-

An ‘i deal ‘devi ce woul d require a Fowthreshold current. density mhlle, . y
' exhlbltlng I|near|ty in the relation between |ight ‘output and current above - .-
t he-threshol.d. .- .Hi gh out put pomer and.stable intensity di stri‘bution -

patterns are al so desi rable. .2 .- Devices known.in the prior art: o
general l'y produce nore than one. Iateral mode of . oscillation-in the Junctlon,
plane at” hlgh dr|V|ng currents: Th|s is EndeS|rabIe because

: TAPERED STRIPE SEMICONDUCTOR LASER _
_ This invention is concerned with improvements in.or
_ relating to stripe semiconduotor lasers. _
| | Stripe semiconductor lasers are well known devices o
Jin which ‘the injection of charge carriers across one ‘or more-
5 j' semiconductor Junctions results in stimulated emission. |
_Mirrored surfaces on the device are provided to form a cavity
in which the stimulated emiSSion will produce lasing when the
finjected current density is above a certain threshold level.__d
_By constructing the device with multiple layers of varying ':.-{.
10 : _band-gap materials, the region-in which 1asing occurs may bed
confined,in the direction normal to the Junction plane, to a
well-defined active layer._' whe.active 1asing region may be"
:'limited laterally by restricting'charge injection to a stripe |
_extending between the mirrored surfaces. o
'15-_ o y An ideal device would require a low threshold currentf
- .density while exhibiting linearity in the relation between o
:_light output and current above the threshold y High output
power and stable intensity distribution patterns are also
desirable. |



. it.leads to non-linearities, conmmonly called "Kinks", in-the 5 relatlon ,
efween |ight output and current, .and conpl ex and unstable far-field

ensity distribution patterns. The severity of this problen1|ncreasés
/h increasing stripe width. Some prior devices have enployed a narrow
strlpe 10 . e.g., less than 10 pm to gvoi-d Kinks. However, a narrow.

- stripe ‘produces a significant detrinenfaF .|ncrease |n the threshold current,
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- deflned by diffusion of Zn, of suffitCient depth

severity of this problem increases With increaSing stripe

.-,:'width. | | | | |
| S Some prior: de'vicﬂes"have employed a narrow ..s'tripe.,
10 .e g., less than 10 um, to avoid kinks. ' However, a narrow

o ”stripe produces a significant detrimental increase in the
.”threshold current density, and reduces the attainable output“h
power of the device..__' | |
| Another prior attempt to eliminate unwanted transverse i;-
'lsl'i'oscillation modes was the so-called SWAN laser proposed by .

H. Kawaguchi and J. - Ikegami (IEEE Journal of Quantum Electronics,_

_ Vblume QE—lG No. 1, January 1980). This deVice used a main
'stripe with narrower'"waists" or notches at the mirror surfaces. -
.The abrupt changes in stripe Width were intended to act as
20 | lossy filters for unwanted modes.n' However, these devices _ |
o 'suffer the disadvantage that the abrupt expanSion of the stripe o
" :width may cause significant conversion into unwanted higher
order modes of oscillation.1 | '
Yet another prior art attempt to achieve high power

o 25“ laser devices is concerned With a method of stripe fabrication.



T 7 .
to penevrate the active Iayer into a.conpletely n:-type sem conductor
structure.  This ¢reates a step in the re- fractive index across the
strlpe An. advantage of this 5 technlque is that an area adjacent to
each mrror surface may  be | eft undiffused, :so that absorption near the
ni[rors is reduced. . _'reported by H. Yonezu, et al. (Apptied Physi cs
Letters, Vol ume .34, hb 10,7 May 1979), thi s has been found to increase the-
‘threshol d. prwersteipe 16i gbfinaldbgadiEfi8ion oft Zal,r ofhisuffiididntd:

perm-tting operation of the laser at higher power Ievels .than devices mnth-t o

conventi onato spenewesateiouheeactﬁ.hes&ayerl,cdatoaa [monthecewyv\ma-ttgxpe at er al

modes whi ch lead to conpl ex far-fields. "Addi ti.onal 'prior. art which may. be_z".

rel evant casembeditiductéoustiruotune. fi elflisf crastiese avateguiitethe réassive
wavegui des are used for transnission of. optical signals in integrated :
optical. devixastive Windéx abressobhexstrippsr ed Anoadviand ager f Hdnies been
suggest-ed as passive coupl ers between wavegui des.. These passive devices
preverl nocdkecymiguei bs thati ag puesagdjagent b gaghvaimreom swrface may
wavegui de' t o .anot her . However, these wavegui des.are ‘not active devices,
such as | ad® sle%’hdmﬁ‘ﬁbfﬁuﬁﬁé beenthats ahgesptanni Reare the girzors 6-5
provide a tapered width in an active seniconductor |aser, stripe,

present. i:nERRYLRA proviEieEeROSERACBHHCt SPngsu, etaddr dpRlie dmrhisics
plurallty Q{eéégfg? 313§g1§2ndﬁCt'X8 May 1979),this has been found

' .to increase the threshold power level which would cause
ldh-g catastrophic mirror damage, permitting operation of the laser
at higher power levels than deVices with conventional stripes..
'._However, these devices can produce unwanted lateral modes which
lead to complex far-fields.d' |
o Additional prior art which may be relevant can be
15 | .found in the field of passive waveguides.'i PaSSive waveguides

;are used for transmission of opticalsignalsin integrated

'.optical devices,” Within this context tapered coupling hornsj"'

have been suggested as passive couplers between waveguides.
_These pass1ve devices prevent mode conversion during passage*
20 of a wave from one waveguide'&aanother. f However, these
.waveguides are not active devices, such as lasers, and there
_has been no suggestion in the prior art to provide a tapered
- -width in an active semiconductor 1aser stripe. |
| .The present invention prGV1des a semiconductor

-25 laser comprising a plurality.of 1ayers of semiconductive



I ssi on of optical radi ati on -are inducible by injection of charge carriers
t-0 said active” | ayer; ‘a first" nrrrored face and a second firror.ed face at
gopposrte 5°ends. of said active IayEr Btri pe means -extending: bet ween said
‘fi'rst and second mirrored faces for laterally confining the optical, C
' radi at i omaheritade mraltgtireqiran cpetive daxeri pp WRdRB K el 5er<=egrben of —~
; 'tapered wi dth-for substantial preventing.lasing-in nre than one node, ..
sai d strngtifmang (Pm#ﬁﬁiﬁnr@¥a92ﬁ€65&n¥a€#FF&§EdaF@gﬁBé“GﬁbgﬁfPWbrent.-"'
depth ‘to penetrate ‘said active:la ihe Ien h of sargag dopant diffused:
" region oﬂn§QQF¥94|?ﬁe?ﬁﬁﬁﬁﬁ ?E%s ?hﬁnsF BFSLYRCSWEDIe said first

- ;rdsz.eg‘rqirz% awﬁr%si céafdrﬁ-? oF o Repdcnh ERoke A BasB L GBS (e
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to the. | eéd{g%a'a%%@fs o &&tmi%,beanfaegs' a5t Rogeedilg RAREARLIaPh

ter'TaI i ncl Udi'ng an .active layer in whi ch char ge reconbi - natlon and -
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it is pretf err t Sai neans ha ractrve 1n

one’ of sgiyd, 94#{{18:}&1 yré’dia@i’&’i SanaOrhae&ﬁa{ggénaamgxsmeei@ewlw of .

-sald Iaser aser as set forthi1n elt one o He l"ast t wo
| medi at glaardy $ERANY PoFSGARNSE taperédpﬁfdéhr edrt Q%bs%%n%&'a‘ilirt ripe

means further conprises.a Second region of
' ,preventing 1asing in more than one mode, said stripe means
: 10,1ncluding a p—dopant diffused region of suffic1ent depth to
| ipenetrate said active layer, the length of said p—dopant
'diffused region of said stripe means being 1ess than the
gdistance between said first and second mirrored faces for.
_providing at 1east one region adjacent one of said first and
:15 second mirrored faces which is not p—dopant diffused for . |
. 'increa51ng the threshold power level which would cause |
Hcatastrophic mirror damage,-and electrode means whereby
'_electric current can be supplied to the 1aser._ |
| | _ In a laser as set forth in the last preceding.para—
'd20_graph-it is preferred that said stripe=means has a lower' o
refractive 1ndex than ‘one of said plurality of layers,_for
permitting leaky mode. operation of said laser.' |
| In a laser as set forth in either one’ of the last’
.two 1mmediately preceding paragraphs, it is preferred that

25 said stripe means further comprises a second’ region of



- 5 - tapered width positioned between the, first, region.of tapered width'.
-and.said second mrrored face, said second region of tapered wi dth having =~
greatest wi:dth in'the directi-on of .said second nirrored face, and said, '
“first, 5 region..of tapered width haV|n% greatest width in the dlrectlon .of -
sai‘d flrst n1rr0red face. In accordanCe® With the illustrated preferred
;enbodlnents t.he present i nventi-on provi des a stripe seniconductor | aser in
‘Wt ch the st¥aprred VhﬁbheﬁoﬁhtignﬁﬂdpﬁtweQN terofidist paregdan &f provi des:
lateral node-control, while '"a wi der sectjion pernits high power operation
and a | ow cUfaRSkedwiath Pﬂﬁe§ﬁbf3dsFGPnF3a§i §°r1"§p«§4°r?g e &PGARE and

narrow sections, substanti all | onver si Qn of t f undanent al .
“transverse ﬁﬂﬂ%lﬁﬁ ?%tbaﬂﬂﬁﬁ tgagﬁﬁghéw B84 8F gﬁb ferred

o enbodlnent rom1s

reduces t he ‘H‘rﬁ?} E-£PD 0 ig?egs%%%fibggl Ri3: °%e§elfr§i%r@gg fﬁcﬁ;‘ﬁ&ﬂ gﬁ ch is
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‘under st ood t@ﬁ% e LOESS LEss %fdhﬁig eﬁgr§?g%§;gggcn descrlptlon to

]|Ilustrate AventTon exanp of by way of limitation. .25
' ' In accordance Wlth the illustrated preferred L

embodiments, the present invention prov1des a stripe
semiconductor laser in-which the stripevis tapered in _-'
"10 width; A narrow stripe section provrdes lateral mode
control, while a w1der section permits high power _
'operation and a: low current density threshold for 1asing;-
;Tapering between wrde and narrow sections substantially
ﬁpreVents_conVersionJOf the.fundamental transverse mode -
15 into unwanted'higher'order.modes. 3in'one preferred'
| c;embodiment, a narrow stripe section near a mirrored face
_of the laser reduces the image size.
There now follows a detailed description, ‘'which -
t'is to be read with reference to the accompanying draw1ngs,
20 of two stripe semiconductor lasers according to the - |
'tinvention, it is to be clearly understood that thesel‘
,lasers have been selected for description to illustrate
ZIthe.inventionnby way of example-and not.by.way of limitation;'

25 -



.'(316 - I'n the acconpanying draw ngs:- Figure 1 shows a semiconductor |aser:

mﬁTbh the stripe has a tapered w dth; Figure 2 shows a cross-section of

- the |'aser of 5 Figure 1, taken in a plane parallel to a m'rror surhace
~ -passi ng t hrough the strlpe and Figure 3 i's a top view of another

sem conduct or. | aser having ‘a tapered strépe In Figure 1 there is shown a’

. strrpe semi conductor 10 | aser 100 wi-th a pair of nmirrored-faces 102 and ~
- 104. Current. frona thbtageompanyaﬂﬁkﬂraw1ng$c+ed into the-laser: 100. V|aw#
a stripe 108, which is forned by diffusion of a p-dopant, preferably Zn .or T
Be, into a. heterostFmgumee1lsﬁpmﬁawememxnomﬂuwm¢arya@orpbsewhlah bbeng
conposed of n-type semi- 15 conductors.. Regions 112 and 114, adj acent :to

" the nirrofeuipachasie2tapereduwidtihi eft. undiffused to reducé absorption -
near the mirrors, and thus increase the threshold power |evel. which would
cause cat astrophi ¢ WEPGP aaﬁé'gé's @rﬁ%ﬁ'@s%'rs%ﬁ@e"%e%ﬁl% lagezn@f118 of
- the str|ﬁ§ 20 10 aII a-low threshol d current den g for Iasrng ~and
per mi t s° b YAYES F’é‘t F'Bn Hplane paxallel £Q; i iEFoR3uriatepmis

preferred_ for. the sec narrower section 120 of the stripe 108,
preferabl@aﬁﬁbﬁg §ﬁ§ & rgﬂﬁhﬁﬁﬁi ’1?? rovrded to preclude oscrllatlon in

-_unmanred modes,  so %EGEre 3 is a top v1ew of another semiconductor
1aser having a tapered stripe.-"-“ o
| In Figure 1 there is shown a stripe semiconductor-”
: lollaser 100 with a pair of. mirrored faces 102 and 104. Current. |
o from a voltage source 106 is injected into the laser 100 via
la_stripe 108,.which_is formed by diffusion_of.a“pvdopant,
_ preferably anor Be, into a heterostructure 110, taken,'
for exemplary purposes;_as beinélcomposed Offn-type'semi- :
';-15 conductors. :Regions 112 and'll4; adjacent to:the'mirrored'.
' faces'lbi and 104;:are left undiffused:to reduce ahsorption'ﬁ'
tnear the mirrors, and thus increase the threshold power
level which would cause catastrophic mirror damage.
A pair of wide sections 116 and 118 of the stripe
.20'108 allows a low threshold current denSity for lasing, and
| permits high power operation of. the laser. A width of about :
- 20 um is preferred.for.these_sections. _A.narrower section-
120 of the stripe 108, preferahly. _about 2-3 um in.width_, is
iprowided to:preclude oscillation in unwanted modes, so that

25



25 ,J onIy the fundanmental transverse oscillation rmde i s obt ai ned. .‘
The sectlon 120" i s connected to the. w de secti.ons .116 .and 118 by a palr of . _
‘tapered stripe sections 122 and 124, which sections prevent conversion to - _
-hi.gher -order transversé nodes of the 5 wide sections. I'n the preferred

‘enbodi ment - shown in- Flgure 2, layers 200, ZQ; 204, and 206 form a _
ﬂcgnpletely n-type heterostructure The | ayer” 200 is .an n- t ype substrate,

. tRE | n 0 r on
15 1 ayers 26019nd0fuhendh el Bk kerids o %ﬁlﬁﬁéiéﬁpi&? 'S5 Pt ahed.
The stripe 28Bei seéoibRd1bY dif behhakiela ad é&owd gure go% Jfé’fand 3%8

“sufficient depth to penetrate the active l-ayer.

has a singl eby agepadr1bf tapé&édOBt%Q§eC%@%%¥dd§JI?ZMédeﬁﬁﬁ'(wa%ﬁ'g@éthéhs N
narrow section 306. " In this enbodi nent, the narrow stripe W dt :

mrror face Boévertiucensvensiohntouhighege c¥idet BYndvdrisatEE 2080 U dhen
a.tightly focussed beamis. reqU|red Anot her - embodi ment uses .the. stripe:

-shape'oﬁ Fugmi@esseCQbons but i s .operated in a so- cal | ed "l eaky" mode.. In
this embodinment, the stripe 300 has a | ower refractive index than the
‘surroundlng reglons soInhEheapnegarred athﬂﬁmentlshhwn in Figure 2, layers |
| 200, 202 204,_and 206 form a completely n-type heterostructure.
Ih_The layer 200 is an n—type substrate, the layers 202 and 206 |
't"-[ are preferably Al 3Ga 7As. The active lasing region is
j.:hiOf.h substantially confined tc the layer 204, which is preferably |
. Alo 06C 0 94 : The stripe 208 is formed bv diffusicn
'of a p—donant, such as Zn, of suffiCient depth to penetrate
- l_the active laver. - - | c |
| | In Figure 3, a:stripeﬁ3bo has a single‘tapered'
15 section 302 connecting a wide section 304 with a ‘narrow ]
-'hd,-section 306. In this embodiment, the narrow stripe w1dth
| near a mirror face 308.reduces the minimum image size, ‘which
is advantageous when a tightly focussed beam is required
' Another embodiment uses the stripe shape of Figure 3
' -ZOF_ but is operated in a so-called ”leaky“ mode. " In this
| | embodiment, the stripe 300 has a lower refractive index than'i
the surrounding regions so that a negative refractive index
- step is encountered at a boundary 310._ Light is refracted
out. of the stripe or "1eaks“, at- the boundary 1nto the

"25 ' surrounding region. _ This has' the effect of diluting the



ri pe

or "leaks", at the boundary into the 25 surroundi ng region.

(égep\]s encountered at a boundary 310. nght I's refracted out of the~

i $.’has .t he ef fect of diluting the: . - 8 - intensity of |ight incident on
.. the mirror face 308, which contributes to- preventing mrror - danmage, mhlle i

:'the stri pe.shape prOV|des lateral. node control. In any of these.
“ertbodi ments, tapering.of the 5  stripe8provides |ateral node control
whi ch lLeads.to sinple-and stable far-afield intensity distribution’

may .be used to lower the threshold current. density for |asing, without _
cr eat i ng camtahlortas e em’emnthagf airros dam@ge, pdiils rkhe stxipethe wide
stripe sectiaons pern1t eration at high power |evels. A further -
advantagé@@QQWﬂﬁﬂﬁlQ#St terdbomadat cPRtKCdure 3 is that a.small.
near-field inage size may- be.obtai ned without detrinental effects on the

‘threshol d current dehs?y @Ff W?ﬁeeﬁﬁgmsﬂ %F%garﬁft‘}h%h stri- 15

butgon

20 25
stripe provides lateral mode control which leads to Simple

f and. stable far—afield intensity distribution patterns. :An

additional advantageous result is that wide stripe sections -

may be used to 1ower the threshold current density for _

-v-laSing, Without creating an adverse effect on the far-field

10

15

20

25

'pattern.- Also, the w1de stripe sections permit operation at

high: power levels. A further advantageous ‘result of the
embodiment in Figure 3 is that a small near-field image size |
may be cbtained without detrimental effects on the threshold

current denSity or on the stability of the 1ntensity distri—

_bution.
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- 9--"CLAINB 1. A senrconductor | aser conprising: a pIurallty of layersy

of senvcgnductlve naterlal i ncludi.ng an active | in_which charge .
sf econbi pati on and’ em sSion of optical radiation: a n uc i njecti o
of 5 charge carriers into said active |ayer; a f| face and a - -
secorid mi-rrored face at opp05|te ends.of said actl,, @ w nmeans - .. .
wextendi ng between sdid first and secomfrnrrored faces forwl |y -

_eomflnlng t he.optical 10 radiation and the charge carriers,.said stripe -
nmeans: haV|n&¥§£&éeglon of tapered wi dt h- for substantlally preventlng | asi-ng .

h d cl ud -d di ff d = :
in more thar one mode <3l 4 SR et Elul ngog P drpgnt 1 fiused
' d d t diff d1l | t th
S p-dopant aif{used 15 Lo ole Aol 400 ERIG S0 HirhBER "
-1 f f h
5 A AN ) A e e

woul d. causeenabas bhORf %g%%mr ,aﬁ*dn?éxg&sﬂ%ﬁfﬂieé@%ﬁ%

.eIectrlc current can be pI|e to the laser
5 charge carriers into said active layer,

‘a first mirrored face and a second mirrored face
at opposite ends of said active layer, . .
| '1 stripe means extending between said first and
;second mirrored faces for laterally confining the optical 2
'_lofradiation and the charge carriers, said stripe means having _
fa region of tapered width for substantially preventing |
' lasing in more than one mode, said stripe means including |
a p-dopant diffused region of sufficient depth to penetrate -
_ isaid active 1ayer, the length of said p—dopant diffused j.*
n :lS_region of said stripe ‘means’ being less than the distance.
| _.between said first and second mirrored faces for providing
-at 1east one region adjacent one of said first and second
'mirrored faces which is not p-dopant diffused for increasing':
' the. threshold power level which would cause catastrophic
"2d_mirror damage, and . | - |
electrode means whereby electric current can be fp

_supplied to the 1aser..'



' L M S *'-10 2. A sen1conductor Iaser acc uuﬂh
@rer n*said stripe means has a lower refractive i nde m“mm‘“mml
ality of layers, for pernitting | eaky node operatlon of sai ¥ |aser _
- 3. A semiconductor |aser according to either one of clainms 1 and 2 mhereln

sai d. strlpe means. further conprlses -algecond region of tapered wdth

”‘p05|t|oned between 10 the, first; region'of taperéd w dth and said second
mrrored face, said szcondAreemﬂeoﬁaut:aacr edserdakdording @eeailedim W dth i nh—- .

the direction of said second mirrored face, and sdid, first, region of

" tapered i difedeidt Ngaid et £Epe indlahsi hasha doweet trelfrefcts.aned ifhidesd than or ed
face. 4. _A'stripe semiconductor |laser substantiatly as hereinbefore

_-descri bed umﬂ#ldﬁﬁsarﬂmpﬂmrafigmref lagents? ﬁbergmmdt%inb ﬂbachmmﬁkﬁnylng

: dramnngs The text of the specification has been reproduced by

phot ocopyi mpeatciap £ coaid basernal typescript. = It may contain a few - ..
~amendments which are difficult to read. The orlglnal typescript containing

t hese anéhdnents may. be |nspected on the pren1ses of the Patent Office 25 -

3. A semiqondnctor;iaserpaccordlng to either one
nof'ciaims'l.and_z wherein'saidcstripe means'further
comprises°t : _ | .H | o
-gg;f._ -a_,'.ﬂ - a second region of . tapered width positioned between'
llb the, first, region of tapered w1dth and said second mirrored
_face, said second region of tapered Wldth haVing greatest
width in the direction of said second mirrored face,:and
.said, first, region_ofjtapered width having_greatest_wzdth.
‘in the direction of said first mirrored face.

15

- 4. A stripe semiconductor laser substantially
-as hereinbefore described with reference to Figures 1

and 2 ox Figure 3 of the accompanying draw1ngs._

. The text of the specification has 'been reproduced by photocopying the applicants original’
-.typesoript. - - It may contain a few amendments which are difficult to read.. The original
ty'pesou'.'ipt contsining these anmendnents may be inspected on the premises of the Patent Office
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