EP O 218 344 Bl Description The present invention relates to sem conductor

| asers and finds application in optical conmunications, particularly in
coherent systens. 5 The radiatioEPOéH&3Mthptical comuni cations i s not
necessarily in the visible region, and the words "optical" and "light" when
used in this specification are not to be interpreted as inplying any such
li nmitation. PergHeRHen |f S|I|ca optlcal fibres are used as the transm ssion
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of maxi mumeg&pP.Aeataxt he t hreshold current, [err] whereby said neans does not
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Embodiments of the present invention will now be described, by way of example only, with reference to
the accompanying Figures in which:
Figure 1 shows a three-quarter view of a laser according fo an embodiment of the present invention; and
50 Figure 2 shows in graph form the relationship between the linewidth enhancement factor « and photon
energy in a laser.
It should be noted that Figure 1 is schematic and is not drawn to a scale.
In the following description, and elsewhere in this specification, terms such as "on top of" and
"underside” are used. These terms are used for convenience only and should not be taken to denote a
s5 particular orientation of any device unless it is clear from the context that a particular orientation is intended.
Referring to Figure 1, the laser is of the type described in our European patent application number
85301599.8, ie. a DFB ridge waveguide laser.
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equi val ent of Byusing a combination of structures which in themselves narrow the emission linewidth of a laser, and
working at an emission wavelength less than A max, narrower linewidths can be achieved than those quoted
above. For instance, a DFB ridge waveguide laser equipped with a suitable external cavity may shown an
85 emission linewidth of 10mW ouput power of less than 100 KHz.
1t should be noted that structures which can be used to select at emission wavelength for a laser can
affect the emission linewidth independently of «. For instance, if an external cavity with a mirror is used, the -
linewidth may be significantly broadened if the round trip path for radiation in the cavity causes it to be out

5



material of the active layer, as stated, is [err] In a Fabry-Perot |aser

Wi thout a grating, this material 30 would show a wavel ength of maxi mum gain
at the threshold current [err] max)ERO02]&344|BTTherefore the DFB ri dge
wavegui de structure emts radiation having a wavel ength which is 60 nm | ess
than the X max of the material of the actlve | ayer. Other |aser structures

may give a%‘?ﬂ%é’?d'%'ﬁ'? gsgt"%sﬁgrvt%w han the one descri bed above. For
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in accordan G\NHHn§ J?Ectﬂé g& th | \%g .Iﬁ e{he £8 fur?@% above i's
designed to em t at one of the opt| ma ve engt err use with

silica optical fibres. A laser designed to emt at the ot her opti mal
wavel enggh, [err] has the foIIowng_ 40 nodifications: (i) the quaternary
material of the active Iaye corrp05|t| ons sel ecggyl such that its band
gap equival ent wavel ength is [er r]‘ﬂ equi valent to 855 neV) X nmax being
[err] and (ii) the grating conprises corrugations which have a period of
398 nm and are about 142 nm deep. This laser structure, at a |ength of
[err] witsl aghifice bpib reshandimagingryanarnsd of thenrefsadtiveindex rmeedunctiont of thp injacted 4&rieridprsity
| i newi dt h W & s egyausHally@iverfast he order of 10 MHz at an out put power of 10mwW
If the length of the laser is increased to [err] its em ssion |linew dth
will drop to about 1 WHz at an out put power of 10mW In an alternative
construction to the DFB | asers dé’s’cﬂnbﬁﬂl above, an ex®rnal cavity or a
di strt»,._mff’ed Bragg refl ector may Lég gy t 0 reduce a, and therefore narrow
the emssion inewdth of a |as according to the present invention. Both
structures can be used to sel ect the em ssion wavel ength of a laser. by
using 50 i ength shorter than [err] max, an
ext er nal g’\r}%rtpthgﬂagg&gtﬁ??ﬁs%lg%&%r agg ?’Leflect or can be used to achieve the
obj ect o? hhe igwgntion. By using a conbination of structures which in
t hensel ves narrow the em ssion 1inewdth of a |l aser, and working at an
em ssi on WaEal M0 Al desmEted Bady/aNahd dn8RXMwougRl r ower | i newi dths can be
achi eved than those quoted above. For instance, a DFB ridge wavegui de | aser
equi ppedowi th a suitable external cavity may shown an 55 em ssion |inew dth
of 10mW ouput power of | esgg hanclO&Kbm It shoul d b&3hoted that
structures which can be uséf to sel t t em ssion wavel ength for a |aser
can affect the em ssion |i dth i ndently of a. For instance, if an
external cavity with a mrror is used the linewdth may be significantly
broadene® if the round tr|p aLhd‘og r%ataon in thetgawty causes it to
be out 5 EP0218344B1 of -pﬁse W tdrr tron oscillating within the
laser. It is possible to edtli mate atat "? fdr ent operating wavel engths for
t he sg structure. Referring to Fi gure 2, a has been determned fromthe
Fabry I ot Q SI on m hel ow t hreshol d
current 46y 'ﬁ%ggugrmé]%&?ehcog}mﬁ'ﬂemg%m P h”s °%f°"p r§1P v&'"% g"feh@ r esonant
wavel ength [err] wlth current I. Gwas 5 determ ned by the nethod of
Hakki and Paoli disclosed in "Gain Spectra in GaAs Doubl e Heterostructure
| njunction Lasers", Journalnofs Apbl(led Ehydnbs 1975 4&3pages 1299- 1306
Witing &he refractive index of the | asar gq\tlve region as n' + jn" then a
is defined as 10 [err] 15 Si nce both réal and i magi nary parts of the
refractive index are functions of the injected carrier density N, a is nore
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25 [err] d@dl and [err] are related to dg/dN and dn'/dN through 30 [err]
40 where Cis the node confinenent factor and n is the group refractive
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the em ssi on nadipihal Githdérbission\WRNEBOrEHAE b vavblehgth whitEies inthd fafhe1ANG ¢.69und, td Sberate
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shorter t hagiveXarsigrifi¢apt reductian it iemissiar linewigih Iwitsdut incrbasing .theTthieshoi culént af the laser too
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below [err] max is generally of the order of 50% Cainms 1. A laser
assenbly co Mssi ng a sem conduct or | aser structure and neans for selecting
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duct t mr% se?n ug r ru ure e lies
sem conduct or iy gag gﬁh& Faﬁé&@ 1l2rt§’l 35 5 fith, and in that the selected wavelength is shorter

than A max by an amount such that the linewidth enhancement factor at A max, amax, and the linewidth
45 enhancement factor at the wavelength of the emitted radiation, as, are related in the manner

g tm,x%E: poei

a8 S 0.9 amax.

2, A laser assembly as claimed in claim 1, wherein the selection means comprises a grating formed within
50 the semiconductor structure. -

3. Alaser assembly as claimed in claim 2, wherein said laser structure is a distributed feedback laser and
wherein said grating provides distributed optical feedback within said laser structure.

65 4. A laser assembly as claimed in any one of the preceding claims, whersin « max and ae are related in
the manner

ae £ 0.8 a max.



in one of the ranges 1.2 to 1.35 [err] and 1.48 to 1.65 [err] and in that
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structure is a distributed feedback | aser and wherein said grating provides
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[err] are related in the manner EP 0 218 344 Bl where L is the
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heat - st abi b§ skalow nmayje peneratiinof theordeneff®%: echni ques. 30 It is optimal, if
the em ssion radiation has a wavel ength which lies in the range 1.1 to
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shorte han X nax for a art | cu ar | aser

% cﬁq ha;r ﬁ s for eectmg the emission
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2. A laser assembly as claimed in claim 1, wherein the selection means comprises a grating formed within
50 the semiconductor structure.

3. A laser assembly as claimed in claim 2, wherein said laser structure is a distributed feedback laser and
wherein said grating provides distributed optical feedback within said laser structure.

s5 4. A laser assembly as claimed in any one of the preceding claims, wherein « max and ae are related in
the manner
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Fabry Perot resonator fornmed between two end facets of the se
| aser structure, that [err] lies in one of the ranges 1.2 to ;ﬂmlﬂmnw"’”m
1.48 to 1.65 [err] and in that theEB®218344Blavel ength i s short®er ¢t ha

max by an amount such that the |linew dth enhancement factor at[err] and the
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claingd in clai ?71 wherein the sel ection neans conprises a grating forned
Wi t hin 50 &0 8K conduct or structure. 3. A |aser assenbly as cl ai ned

in cl a| t f
oo el YR RAcEA Ll s U548 bk AR bl
| aser structure. | aser asse y as clainmed in any one of the

precedi ng ¢! ai gy aéé@lﬁﬂlﬁh@clﬁnéﬁam cRiffls, [vhbroth @il et farinBiccompride @ dIERIBIREY febdbadk] 7
5. Alaser agmapgply as clainmed in cl'aim4 wherein a nmax and [err] are

relateds;y n the manner [err] 5 6. A laser assenbly as clained in any one of
t he preceds.ng ehébiwpticahe@i@riunicdiibe sysmancnipasingsa |lestt dna gerhibandaatrr $asbroassembly as
wavel engt h ofclainted in ang efie cfickinstius 2 conpri ses an external cavity. 7. A laser
assenbly as clainmed in claim®6, wherein said neans further conprises a

di stribut eBatemsawpricke gr at i ng. 10 8 A coherent optical conmunication system
conpri sitng at | east one semi conductor |aser assenbly as clained in_any one
of clains 1 tlesemnorpmng tiexsing,Halbiitaasarsirultur ynd-gine Fiwictngrrym Apswinion qlar Emissions-
Hal bl ei t er | adelesiEpgadeider Lssarsigikive alléf’?'ﬁ‘u‘t?ﬁ?'% gRvAnts Welpnidnge Mirzer als;dies\Vellge-

wel | enl I nge @gﬂHP”I%@%W%W?h&Y?F“%PM? B‘i"e"ﬂlsgm%\l?%gewAhl te

Vel | enl fi nge Khen ral ene dkrliteallflé

a h e
Ver styings 48 EUEE gﬁﬁ% e it b e
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die Einricht

. alsx 'Betrag, s
Zvei Endkr'stL#f b\ ﬁrm b Jeaeﬁamﬁﬁaagz in
ei nem der Ber |u$|g dy,pﬂ, o stehde am l'iegt, und daB d
gewAhl t g; Vel I en ange kUrzer a S max |st un zwar um ei nen Betrag, so daB
der Lini enbrepkapamaharf ef akt or amax bei Xmax, und der
Li ni enbrei ten-Scharfefaktor ae bei der Wellenllnge der emttierten
Strahl ung &.n Ld@Fanbrohu@e ASEAMANNMRICR A, WiboRitd Alswameitrichteysin Bfterasdfwis) Bascli@rhalb Der
Laser anor dnumgibpassruiiirgebildetistl, wobei di e Auswi ahl einrichtung ein Gtter
auf wei stsg das innerhal b der Hal bl ei terstruktur gebildet ist. 30 3.
Laser anor d8urigsereaotinuAg sah fosprith 2nwedbei dielLagerstadktar ain kagartroit vedpilter Béekkopplyng (DFB)
verteilter Riskiodppheiday GitRFe)e vegeilte aptisthe\Blivkkoppleng il derd aspestryidyr beroitsfalit
opti sche RUckkoppl ung i nnerhalb der Laserstruktur bereitstellt. 4.
Laser anor dfu Rgserﬁaerﬁm@g meeh efeam Jesrveprgelivaded Msplichpr wabpicxmargBeire At AYClgRTEe e
in der ®®lge imBelation sifgkj se in Rel ation sind: ae S 0,8 anax. 5.
Laser anor dnung nach Anspruch 4, wobei anmax und ae in der fol genden Wise in
Rel ation stel&F084M%%e S 0, 7 amax.

Loy 5. Laseranordnung nach Anspruch 4, wobsi amax und ae in der folgenden Weise in Relation stehen:
40
ae £ 0,7 amax.

6. Laseranordnung nach einem der vorhergehenden Anspriiche, wobei die Einrichtung zum Auswéhlen
der Emissionswellenlinge der Halbleiterstruktur einen externen Resonator aufweist.
45
7. Laseranordnung nach Anspruch 6, wobei die Einrichtung weiterhin ein Gitter flir verteilite Rlickkoppe-
lung aufweist.

8. Kohdrentes optisches Kommunikationssystem, das mindestens eine Halbleiterlaseranordnung nach
&0 einem der Ansprliche 1 bis 7 aufweist.

Revendications

1. Un ensemble de laser comprenant une structure de laser & semi-conducteur et un moyen de choix de

55 la longueur d'onde d'émission, \e, de la structure laser, la longueur d'onde choisie étant plus courte
que la longueur d'onde du gain maximal au courant de seuil, \max, caractérisé en ce que ledit moyen

ne consiste pas en résonateur de Fabry Pérot formé entre dsux facettes d'exirémités de la structure

laser 3 semi-conducteur, que Ae est située dans I'une des plages de 1,2 & 1,35 um et de 1,48 & 1,65
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