1 DI STRI BUTED FEEDBACK AND DI STRI BUTED BRAGG REFLECTOR SEM CONDUCTOR
LASERS FI ELD OF | NVENTI ON The present invention relates broadly to a

Di stributed Feedback (DFB) |aser structure, to a nmethod of fabricating a
DFB | aser structure, to a Distributed Bragg Reflector (DBR) |aser
structure, and to a nmethod of formng a DBR | aser structure. BACKGROUND
DFB and DBR Iasers are widely used as fight sources in optical fibre
comuni cati gQn opti cal Egmnxs and for _gﬁnerati ng coherent optical pul ses.
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with a narrow |linew dth. I N <EN R | asers, an optical
resonator is defined through an |n§ex grggzlhﬁg%#)?h is constructed e.g. by
a periodic corrugation of different sem conductor nmaterials with different
refractive indices in the |aser beam guiding direction. Since cleaved
mrrors are not prerequisite, DFB and DBR | asers are the preferred types

of |ight BUDA®E INVENPIOtioni cs integration applications and in materials
for which it b_ﬁpdl fficult to construct cleaved facets. Resonance in the
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a wavegui de is describe he cou I Cl ent, rel ated
to the gr&agg@eﬂe@w (DBfR) laser Bg‘actum, szbtma mbthodi off fonmingph DBR Igsat | ng
fromthe {urqee region and the refractive index difference between the two
material & ng the grating. In a conventional index coupled DFB or DBR
| aser, the grating is typically fornmed by a periodic arrangenent of

sem conductor materials with different refractive indices. The materials
used to formthe grating can be, for exanple, 2 InP with InGaAsP, GaAs
wth Al GESCKGRGUNBL with I nP, etc. The refractive

DFB and DBR lasers are widely used as light sources in optical fibre
communication, as optical pumps and for generating coherent optical pulses.

A DFB and a DBR laser typically operate at a single emission wavelength
with a narrow linewidth. In conventional DFB and DBR lasers, an optical
resonator is defined through an index grating, which is constructed e.g. by a
periodic corrugation of different semiconductor materials with different refractive
indices in the laser beam guiding direction. Since cleaved mirrors are not
prerequisite, DFB and DBR lasers are the preferred types of light sources in
photonics integration applications and in materials for which it is difficult to
construct cleaved facets.

Resonance in the optical cavity in the DFB and DBR lasers is achieved
through feedback from the index grating. The grating strength that affects light
propagation in a waveguide is described by the coupling coefficient, k, which is
related to the grating shape, the corrugation depth, the distance of the grating
from the active region and the refractive index difference between the two
materials forming the grating.

In a conventional index coupled DFB or DBR laser, the grating is typically
formed by a periodic arrangement of semiconductor materials with different

refractive indices. The materials used to form the grating can be, for example,



I ndex di fference between the two materials is small and usuall'y | ess than
10% conparatively. The resulting coupling coefficient thus requires that a
long grating length be used to achieve sufficient reflectivity and a

wavel ength selectively for a laser cavity. In a conventional DBR | aser,
the distributed Bragg reflector is separated fromthe |aser active region.
The reflector region has a band gap engrgy larger than the |aser

wavel ength_so as to avoid any absorption of the |aser light. Usually,
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overcone the node degeneracy is to introduce a gain coupling mechani sm
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through the use of quantum well intermixing, precise alignment of e.g. a SiO»
mask used is often needed, which increases complexity in the fabrication
process.

A feature of conventional index coupled DFB lasers is the existence of two
longitudinal modes, the left and right Bragg modes, across a laser stop band
having the same threshold gain. This results in poor single mode operation.

A quarter-wave phase shift may be introduced at the centre of the laser
cavity at one of the two degenerate modes. However, the yield of single mode
lasing is low due to the random facet phase by cleaving and any small changes
in mode reflectivity. Moreover, the spatial hole burning effect greatly deteriorates
the side mode suppression ratio and the output power of such lasers at high
current injection levels.

Another approach to overcome the mode degeneracy is to introduce a
gain coupling mechanism into DFB lasers. In complex coupled DFB lasers with
both index and gain coupling, a periodic optical gain or loss modulation coupled
with conventional index corrugation can effectively overcome the mode

degeneracy between the two Bragg modes around the stop band, thus providing



3 a stable single node operation. Wth'the introduction of even a snall
anmount of gain or loss coupling, the dynam c single node yield of conplex
coupled DFB | asers increases drastically. Gain or |oss coupling
effectively provides |lasing predomnantly on a preferred and fixed Bragg
node anong the two original degenerate nodes regardless of the random

di stribution of unknown | aser facet phgses. In the case of in-phase gain
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confinement | ayer
has been demonstrated that they have high single mode vield, less sensitivity to

external reflection, high modulation bandwidth and reduced wavelength chirp.
However, complex coupled DFB lasers are mostly realised by etching away part
of the active region quantum wells and then filling the gaps with another
semiconductor material with a higher band gap by re-growth. This requires the
etching to be controlled to several nanometer precision and a very deliberate
etching process to avoid any damage introduced into the active region. The
current flow through the non-quantum well region will also reduce the quantum
efficiency. Although current blocking layers can be introduced into the etched
region o reduce this problem of reduced quantum efficiency, this increases the
complexity of the re-growth steps.

SUMMARY

In accordance with a first aspect of the present invention there is provided a
DFB laser structure comprising

a planar, semiconductor material-based active region sandwiched between
first and second confinement layers; and

a grating structure formed in the active region;



a grating structure forned in the active region; 4 wherein grating regions
of the grating structure having alternating refractive indices conprise
portions of the active region and dielectric materi al -based regi ons
respectively. The active region may conprise a nulti-quantum wel |

structure. The active region may conprise an alloy fromany two or nore of
A, G, In, N P, As or Sb. The confinpenent |ayers nmay be forned by

sem conductor materials. The active region and first and second confinenent
| ayers may be WREIREWG'HRG repionk ohthe swting firustte havinoarltarmrfindasasiestiverhe
first andntﬁ@@@ﬂ&nﬁh@é’ﬁbﬂﬁnb@%éa@%é Q%:eréﬁﬂagle%tﬁ@ma@é’rfyﬁ%%ﬁered]@ﬁ§r' al's.

In accordance with a second aspect of the present invention there i1s
provi ded CePSRVR¥d of fabricating a DFB | aser structure having a grating

structure in arhé&we%@laﬁw élﬁﬁﬁriéeaé PRARGSRAGH W&l §tRAGR. thereof, the
met hod corrpr|5| formng a dielectric materital |ayer on a confi nerrent

| ayer for the th%@éﬁg'oﬂtm@bf’i?ﬁmﬂsﬂ 8P mllay froReary Breet riote @hAbréal Inl ayer
into a peyimfcorcs.rugation; and filli ng val | eys of the periodic
corrugation of the dielectric materi al er wwth the sem conductor
materi al ; wher'defUaEMEHt lXgisIARY Be f@fﬁ@%t?yawmgos@u%rt materialsvi ng

al ternating refteaGicive rdgisH CARI TRSPTHNSe sBebid Oé%fﬁgn{eh? BfisY nd PPN and
the portions of the dielectric material layer. The method may conprise
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of the sem conductor material in the valleys of the periodic corrugation.
The acti VeAt®ddPon may conprise an alloy fromany two of nore of A, Ga, In,

N, P, As or Shn accordance with a second aspect of the present invention there is provided
a method of fabricating a DFB laser structure having a grating structure in a
semiconductor material-based active region thereof, the method comprising

forming a dielectric material layer on a confinement layer for the DFB laser
structure;

forming the dielectric material layer into a periodic corrugation; and

filling valleys of the periodic corrugation of the dielectric material layer with
the semiconductor material;

wherein grating regions of the grating structure having alternating refractive
indices comprise portions of the active region and the portions of the dielectric
material layer.

The method may comprise patterning and etching the dielectric material layer
into the periodic corrugation.

The method may comprise growing multi-quantum well structures of the
semiconductor material in the valleys of the periodic corrugation.

The active region may comprise an alloy from any two of more of Al, Ga, In,
N, P, As or Sb.

The confinement layer may be formed by semiconductor materials.

In accordance with a third aspect of the present invention there is providéd a
DBR laser structure comprising

a planar, semiconductor material-based active region sandwiched between
first and second confinement layers; and



The confinenent |ayer may be forned by sem conductor materials. In
accordance with a third aspect of the present invention there is provided a
DBR | aser structure conprising a planar, sem conductor naterial-based
active region sandw ched between first and second confinenment |ayers; and
5 a grating structure fornmed on at | east one side of the active region and
providing reflection and wavel ength sekection for the DBR | aser structure;

wherein grating regions of the grati ng% structure having alternating
refractive i rfligEHBIcBRHEIPDEL emAtdeast qusyisidm @fidbarachue depign #rger of

the DBR sirbui@ingreflectiofl dhdelfrddrigin g@lb@fcbrﬁ’foﬂﬂ%@@mﬁgér%’tﬁm&ﬁ'éﬁem ively. The
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second confinement | ayers of the DBR | aser structure. The sem conduct or

mat eri al qnéiﬂ?eﬁté? myealkbasedda9ings respectivalY+ he DBR | aser structure, In

accordance W tthefadiRE rédioR PRBCEorRdride® miitR§ @M tuhmVaNsth@Audeshere is provi ded
a method of faormng a DBR | aser structure, the nmethod conprising formng a

pl anar seni condfc?GeraoIopimeY parPBHsRan;alay fiog) BRY Sun amaie ®f AbeSaeBn fir st
and secormj mqqg‘@rngmrent Iayers and formng a grating structure on at | east

one side of the active re‘%l on and_ providing reflection_ and wavel ength
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grating HohfiRémERt IE?é/I"sr&ﬂtﬁé DBRﬂaﬁérr\_QrdcﬁfréaCt ive indices conprise port i ons
of a sem conduct or materi al of the DBR structure and dielectric
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any two or nore of Al, Ga, In N, P, As Sh.
In accordance with a fourth aspect of the present invention there is provided

a method of forming a DBR laser structure, the method comprising

forming a planar semiconductor material-based active region sandwiched
between first and second confinement layers; and

forming a grating structure on at least one side of the active region and
providing reflection and wavelength selection for the DBR laser structure;

wherein grating regions of the grating structure having alternating refractive
indices comprise portions of a semiconductor material layer of the DBR structure
and dielectric material-based regions respectively.

The active region may comprise a multi-quantum well structure.

The active region may comprise an alloy from any two or more of Al, Ga, In,
N, P, As or Sh.

The semiconductor material layer may form part of the first and/or second
confinement layers of the DBR laser structure.

The semiconductor material layer may form a cladding layer of the DBR laser
structure,

The method may comprise

forming a multi-quantum well layer on the first confinement layer for the DBR
laser structure;

forming the grating structure for the DBR laser structure; and

stimulating quantum well intermixing in a portion of the multi-quantum weli

layer utilising the dielectric material-based regions, to define the active region of the



The sem conductor material |layer may formpart of the first and/or second
confinenent |ayers of the DBR | aser structure. The sem conductor materi al

| ayer may forma cladding |ayer of the DIBIR |laser structure. The nethod
may conprise formng a nulti-quantumwell |ayer on the first confi nenent

| ayer for the DBR |aser structure; formng the grating structure for the
DBR | aser structure; and stinmulating ggantumwell intermxing in a portion
of the multi-quantumwell layer utilising the dielectric material-based
regi ons, HBRdesgrrdruchie omrrsinggnerenpottive ¢ thesrultizauantus welt layer in

conpri si mﬂuaﬂﬁbbﬁresewahwanWezmﬁt@rmuinblocﬁuéntum wel | |ayer in which no or
| ess quantum wel | interm xi ng occurs. BRI EF DESCRI PTI ON OF THE DRAW NGS

Enbodi ments of the invention will be better understood and readily apparent
to one of ordinary skill in the art fromthe following witten description,

by way OofgRIEranRSERIPTION BEITHE RAWIREGS on Wi th the drawi ngs, in which:
Figure 1 is a cross section view of a DFB | aser according to one

enbodi ment of the present invention; Figure 2 is a graph show ng the

coupl i ng coef fErﬁb&ﬂheﬁ%roﬁhQFrﬁlénﬁéﬁrwlN"béfbeﬁer RS RRd efeaBfF aphrda t O the
enbodi rrent of Figure | and a laser wth a normal sem conduct’or grati ng;

Figure 3P ong ‘bfr%rﬁwaéhéﬁ”rig the art Epmethe fplleyingewsiten daseiptiony by yvaveafit h f or

DFB | asefexiriple @nlgréﬁd MGonfRlioR WaANE: BEaviiRgd e waiEpodi ment of Figure 1 and
a laser with a nornal sem conductor grati ng, Figure 4 shows a cross

section view &figwecdr ier areshy sestion DFBM #fea , DER laseri aedordiagnto one
distri bu@n%bdu?leﬁ?%f:% br\égehﬂﬂ%n gﬂrﬁt ribution and an optical field

di stribution o |"aser according to the enbodi nent of Figure 1; Figure
5 shows a crog4guwec |som graphisisdwingabie icenblind eveffitient RIrR DESCsepRithept | cal

gain di Stgrrslltli:)Ut Iayer agcér%]:nrgatcot tlh\claeerhggg%gﬁtsgfrﬁ:gg}el 10 r::an?jmadIaasrc;,r %?tthl g %lorrEIale 'd
semiconductor grating;

Figure 3 is a graph showing the reflectivity versus laser cavity length for
DFB laser with a grating layer according to the embodiment of Figure 1 and a
laser with a normal semiconductor grating;

Figure 4 shows a cross section view of a current flow in a DFB laser, an
optical gain distribution, a refractive index distribution and an optical field
distribution of a DFB laser according to the embodiment of Figure 1;

Figure 5 shows a cross section view of a current flow in a DFB laser, an
optical gain distribution, a refractive index distribution and an optical field
distribution of a DFB laser according to another embodiment of the present
invention;

Figure 6 is cross section of view of a DFB laser according to yet another
embodiment of the invention;

Figures 7a and 7b are plan views of a possible application of conventional
DFB lasers and DFB lasers according to embodiments of the present invention;

Figure 8 is a cross-section view of a DBR laser according to yet another

embodiment of the present invention;



distribution of a DFB | aser according to another -enbodi nent of the present
invention; Figure 6 is cross section of view of a DFB | aser according to
yet another enbodi nent of the invention; Figures 7a and 7b are plan views
of a possible application of conventional DFB |asers and DFB | asers
according to enbodi nents of the present invention; Figure 8 is a
cross-section view of a DBR | aser according to yet another enbodi nent of
the present invention; 7 Figures 9a and 9b are graphs show ng the band gap
tuni ng i n quartigwessta enddib BERIras shawingr ienand gaprtusing isntaantoent s of

n . T . r : . . ; . bl
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DETAI LED dpaSCRI PTI ON Figure 1 shows a schematic cross-sectional view of a

DFB | aser according to one enbodi nent of the present invention. The DFB
| aser conpri sdddyeslbis paressrsegionoview @ff addnenple HBRR laseraqoevding to a

confi nengp héraé/rﬁf)oéim oﬁgjié.cﬁéx%sfeﬁ?fn%nﬁon.an upper confinenent |ayer 5, an

upper cladding layer b, ntact layer 7 and a grating |ayer 8. The
active region 4 further conprises a plurality of quantumwells 100, each
separated by a barrier 101. The grating |layer 8 conprises a plurality of
grating periods 11. Each grating period 11 further conprises a dielectric
mat er i al DETALESIDESCRIBRIONO a seniconductor material 10. The substrate
can be any sem conductor substrate available for epitaxy, for exanple,
GaAs, InP, GaSh, GaN and sapphire. The active region can be realised

t hrough the usdégue bsidwsratsehealatic aqosssectionall viegw oflaDFBriaser ascardingjuant um

dots. The foll owi ng co nds of Si02,.Si XNY, AN, A1203, Ti 02 and Ti 205
can be u&&@@r’%%ﬂ”@l"%gﬁl‘aﬁr@s%"t'BY‘?@!O"Q. In one enbodi ment, the DFB | aser

I's construct edHe PFBAaSelRtAgidd a substrate 1, a lower cladding layer 2, a lower
confinement layer 3, an active region 4, an upper confinement layer 5, an upper
cladding layer 6, a contact layer 7 and a grating layer 8. The active region 4
further comprises a plurality of quantum wells 100, each separated by a barrier
101. The grating layer 8 comprises a plurality of grating periods 11. Each
grating period 11 further comprises a dielectric material 9 placed adjacent to a
semiconductor material 10.

The substrate can be any semiconductor substrate available for epitaxy,
for example, GaAs, InP, GaSb, GaN and sapphire. The active region can be
realised through the use of bulk materials, quantum wells, quantum wires or
quantum dots. The following compounds of SiO;, SikNy, AN, Al,O3, TiO; and
Ti2Os5 can be used for the dielectric material 9.

In one embodiment, the DFB laser is constructed from a n-doped InP
substrate 1, upon which a 1 ym n-doped InP lower cladding layer 2 is grown in a
growth chamber. In another embodiment, the n-doped InP lower cladding layer 2
has a different thickness.

The lower confinement layer 3 is then grown using n-doped lattice
matched InGaAsP quaternary material. The lower confinement layer 3 further
comprises an outer and an inner layer. The outer layer has an energy band gap
wavelength of 1.15 ym and a thickness of 80nm. The inner layer has an energy



substrate 1, upon which a 1 pm n-doped InP | ower cladding |ayer 2 is grown
in a growh chanber. In another enbodi nent, the n-doped InP | ower cladding
| ayer 2 has a different thickness. The | ower confinenent layer 3 is then
grown using n-doped lattice matched InGAsP quaternary material. The | ower
confinement |ayer 3 further conprises an outer and an inner |ayer. The
outer layer has an energy band gap wagelength of 1.15 pmand a thickness

of 80nm The inner |ayer has an energy 8 band gap wavel ength of 1.24 pm
and a t hikatdegap ovavalengih ¢in1y2k ueEh@ntea thiskbess wEnt0 nnhe louyedr aretber nner
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structure further conprising four 7 nmthick 1 % conpressively strained
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wafer is then noved out of The growh chan%er for grating ?a rica
50nm t hi @dSii @24 um nespeatively. ddpowiateer emtwmdimentyether adtivepteiom 4 endnanced
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Si02 |ayer b\é pl asma etching or wet chem cal etching. oped | nP upper
cl addi nglayatyér iss ggawiLhithe edepad 2uppari sorfinamentolayebys t having ohreigpiler of
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di el ect r ircovaat euni aflth® gaowithl elmber for grating fabrication.
A 50nm thick SiO: thin film is deposited onto the wafer by plasma
enhanced chemical vapor deposition (PECVD), in the example embodiment. A
grating pattern with an appropriate period, generated by either laser holographic
method, e-beam lithography or nano-imprinting, is then transferred to the SiO»
layer by plasma etching or wet chemical etching. P-doped InP upper cladding
layer 6 of thickness 1.2 pm is then grown by the technique of selective area
growth and epitaxy lateral overgrowth. As a resuit, the grating layer 8 is formed
comprising a periodic corrugation of SiQO, dielectric material 9 and InP
semiconductor material 10. The refractive index of the SiO; and InP is 1.46 and
3.19 respectively. The wafer is finally capped with a heavily p-doped InGaAs
contact layer 7 with a thickness of 200 nm.
In other embodiments, the SiO; thin film may have a different thicknesses.
A different material other than SiO; may be used. The upper cladding layer 6
may have a different thickness and a material other than p-doped InP used
instead. The grating layer 8 may also comprise of materials other than SiO, and
InP, the other materials having different refractive indices.



sem-conductor material 10. The refractive index of the Si02 and InP is 1.46
and 3.19 respectively. The wafer is finally capped with a heavily p-doped
InGaAs contact layer 7 with a thickness of 200 nm In other enbodi nents,
the Si02 thin filmmy have a different thicknesses. A different materi al
ot her than Si 02 may be used. The upper cladding layer 6 nmay have a
different thickness and a material othegr than p-doped |InP used instead.
The grating layer 8 may al so conprise of materials other than Si02 and

I nP, the otherTheageatingl layrad agisdas tewanelength aelective imidioc.esThe graingyr at i ng
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determned by the following formula: A= % where Ais the period of the

grating; deteignipad bydbe follpygeg &gira: and n is nodal refractive index. The
grating strength/g fecting the light propagation in the waveguide is

descri bed by the opl i ng coefficient, K, which is related to the grating
shape, the <corrugation depth, the distance of the grating layer 8 fromthe
active regi on ware Alie thepedodiofdhergrelingti 4 fie the dascsevawsdengthe andon is

mat eri al s chirlm' tthe 8rati ng layer 8 K can be described in the foll ow ng
formul a: MPFRIZSRENHNERS (X)) dX GO (1) where Eis the optical field
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the sol i th %Yrgcti\%o?r)dqu dwé?ence between the two materials forming the grating

tayer 8. k can be described in the following formula:

DE
-2

- j:A[nz(x,z)] E2(x)dx

(1}

, Where E is the optical field distribution
Aln*(x,z)] is the change in the refractive index of the grating layer
& is the permittivity of free space and
@ is the light frequency

Figure 2 compares the coupling coefficient versus the grating depth for a
conventional grating (represented by the dashed curve, 202) and for a grating
representative of the grating layer 8 (represented by the solid curve, 200) of the
above embodiment of the invention. The conventional grating is formed by
periodic corrugation of InP and InGaAsP with a refractive index of 3.19 and 3.33
respectively. As described earlier, the grating layer 8 is formed by periodic
corrugation of SiOz and InP with a refractive index of 1.46 and 3.19, respectively.
The laser emission wavelength is targeted at 1.55 um. Both the conventional
grating and the grating representative of the grating layer 8 are grown above a
confinement layer.

It can be deduced from Figure 2 that the grating layer 8 in the example

embodiment will produce a higher coupling coefficient than the conventional



above enbodi nent of the invention. The conventional grating is formed by
periodic corrugation of InP and InGaAsP with a refractive index of 3.19 and
3.33 respectively. As described earlier, the grating |layer 8 is formed by
periodic corrugation O Si02 and InP with a refractive index of 1.46 and
3.19, respectively. The |aser em ssion wavelength is targeted at 1.55 pm
Both the conventional grating and theq@rating representative of the
grating |layer 8 are grown above a confinenment layer. It can be deduced
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Figure 3 conpares the reflectivity versus |aser cavity length for DFB
| asers \GreRer HiCkRasPent i onal grating (curve 300) against DFB lasers with

ti tat.i ' 4Of ' 302).
To obtain | o0s T Lpiifafts AonBER iy veriR BXBFEafyABRIN BFHIFE BB U0
need a cawiilt yhe | @ryehtiohalagmating? (€urpen 36dWwegainst t DEBDEBelrsaseth wratingshe

ti dipg. t t he. enbad] t of the . inyentjon only needs a cavit
Pengt h-of SBSRTIEYe 7 SrERRGE, Otaheo Bl SRR B (Ve 1R0)ad 6y ORla 1y

| engt h i 9086 hepyaility! !‘H’ne:?FBFFP?allaserCWifHUé‘g&%ivbﬁﬂémaldé{a%ﬁb WRdNESd ia°!&a§iﬂ?id of

the DFB | aser is paftially constrained by the device"RC |imtation.
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distribution 40, an optical gain

communications, direct modulation speed of the DFB laser is partially

constrained by the device RC limitation. A smaller laser length will reduce the

RC retardance and thus improve high frequency performance. A smaller device

size in photonics integrated circuit applications leads to an increase in the device

density and a reduction in the circuit size.

Figure 4 illustrates a current flow distribution 40, an optical gain
distribution 42, a refractive index distribution 44, and an optical field distribution
46 along the laser beam guiding direction of the embodiment of the DFB laser
shown in Figure 1.

In a DFB laser with a conventional grating structure, the conventional
grating is formed using both InP and InGaAsP material that are p-doped and
have similar conductivity. The quantum well active region is pumped evenly
during current injection. The optical gain distribution and the optical field
distribution are uniform along the laser cavity direction.

However, in the embodiment of the DFB laser shown in Figure 4, the
optical gain distribution 42 and the optical field distribution 46 are not uniform as

current flow 40 inside the active region 4 is not uniform. Current flow 40 to the



distribution 42, a refractive index distribution 44, and an optical field
distribution 46 along the |aser beam guiding direction of the enbodi nent
of the DFB laser shown in Figure 1. In a DFB laser with a conventi onal
grating structure, the conventional grating is formed using both InP and
| NnGaAsP material that are p-doped and have simlar conductivity. The
quantum wel | active region is punped eyenly during current injection. The
optical gain distribution and the optical field distribution are uniform
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osci | | at igptribstidiPdei bl e in the exanple enbodiment with no phase shift

region and no _anti-reflection filmat the end facets of the laser cavity,
as needed in dhsuelere.ndestableupingte DRBle sseillatien liarppssitie dhsthenexampleal so

s, EinddheRt VI Ao, A864 56 B50H8 b8 AMErRREoneRY St o e
oper at i ofatets ph3ise Mer Raviddah geddéd i 8ffuestihdek aneblbd TFB ¢ddetCA lafe
coatings régis%a%%e itsmaﬁsg %%gfjrséd for the external back reflection into the laser cavity.
Moreover, since the laser is not sensitive to the facet coatings, high output
operation is possible by adding anti-reflection and high-reflection coatings to the
two facets.

In another embodiment of the present invention, the grating layer 8 can
also be put within the active region 4, as shown in Figure 5. This can be realised
by either etching the multi-quantum well active region 4 into a periodic
corrugation after the active region 4 growth and then filling the grooves with
dielectric material 9. Alternatively, the dielectric material 9 can be grown above
the lower confinement fayer 3, followed by the patterning and etching of the
dielectric material @ into a periodic corrugation. A plurality of quantum wells 100,
each separated by a barrier 101 can then be grown.

Since the dielectric material 9 is a good electricity insulator and the grating
layer 8 is within the active region 4, the injected current 50 will mainly flow
through the quantum wells 100. There is little current leakage to other portions in
confrast to the current leakage experienced by conventional gain coupled DFB

lasers. There is also little current dispersion through the active region 4. The



I n anot her enbodi nent of the present invention, the grating |layer 8 can

al so be put within the active region 4, as shown in Figure 5. This can be
realised by either etching the multi-quantumwell active region 4 into a
periodic corrugation after the active region 4 growh and then filling the
grooves with dielectric material 9. Alternatively, the dielectric material
9 can be grown above the |ower confingpent |ayer 3, followed by the
patterning and etching of the dielectric material 9 into a periodic

cor r ugat iaphicalgginis ainched 1 trpuauantomaell 400 o rtionsawlthisdpagaated layea8barri er

101 t i .di el ectri terial 9 i d ..

ol ect 11 ci 1P i GaR Soad iy 469, 2bhls B Enfracs, 2ufeBaUeeion egi on
4, the i nifficiémel, thug emiardhguid ligRicehyelsicivefitizhey o tidpFrauaséum vel ['s 100.
There is little current | eakage to other portions in contrast to the

current | eakadad¥Rpér alsAc dlskiataso e murmil o distihuiped5@Fepticals @gin  Ther e
SR T . o : .

opt hoal StibEHS2E RERALTRS IRIeR d HERER, 54 BB BBl 8 s tiontdR &5, at i ng
| ayer 8. aldig theplasenbeanygoidirgpdinectivth. i Cdmpaged b ithg paado g Raimriment r ent

I njection, efficiency hus, enhanci ng the |ight conversion efficiency of
the DFB 104408 .'nVﬁngaPé"L@gf@f%m IOHES Pathecrefiastiie indsk diEiTSHtian v ansL e n 50,

opti cal i histid ; r j ' ' [ ' pti cal
rel d i SPCRL TR dAbiARres Botf ARG RIdNEE priiey: Flrdieh AL Botu i C)' 0
t he previgagsoketieodietantitic mutetiale9iiaweny ilangej lanushergly gubtentidi iguthe laterbhe
refractivg ipdex . distribution 54 and the . optigal gajn distribution 52 both
nave i griiechomil b Foregt Bits AnoBRfes ehuied FontRemeGhi Be A PB4 T i ¢
material gdithuy e/ qlantafm efiidiepr gy potential in the lateral direction
will be forned. This enhances carrier confinenment in the active region 4

and thus the duanaihereembodineyt of thamsesent nsoinmethe gratingelapeeSeist
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of an en%%gi:rrlrgg agc];vé.he present invention is
An application example of an embodiment of the present invention is
shown in Figures 7a and 7b. A perspective schematic diagram of monolithically
integrated multi-wavelength laser sources constructed by the combination of
several separate DFB lasers using conventional gratings is shown in Figure 7a,
while Figure 7b shows the laser sources constructed by DFB lasers using grating
layers according to embodiments of the present invention. The series of lasers
13, 14, 15 and 16 produce lasers with wavelength 71, 72, 73 and ?4 respectively.
In Figure 7a, the series of lasers 13 and 14 are placed along one arm of a Y-
coupler 12, while the series of lasers 15 and 16 are placed along the other arm of
the Y-coupler 12.
In Figure 7b, the series of lasers 71 and 72 are placed along one arm of
the Y-coupler 12, while the series of lasers 73 and 74 are placed along the other
arm of the Y-coupler 12. For both Figures 7a and 7b, the outputs of the laser
sources 13, 14, 15 and 16, along with the outputs of the laser sources 71,72, 73
and 74 are combined into a single respective output waveguide through the Y-

coupler 12. The periods of the gratings differ so as to provide a certain amount



shown in Figures 7a and 7b. A perspective schematic di agram of
nmonolithically integrated nulti-wavel ength | aser sources constructed by

t he conbi nation of several separate DFB | asers using conventional gratings
is showmn in Figure 7a, while Figure 7b shows the |aser sources constructed
by DFB | asers using grating |ayers according to enbodi ments of the present
I nvention. The series of lasers 13, 143 15 and 16 produce lasers with
wavel ength ?1, ?2, ?3 and ?4 respectively. In Figure 7a, the series of
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DBR | aser shown in Figure 8bis simlar to. B laser depicted in
Fi gure 1.abayadbeuppen clagdingakeer 6f buheulpsantiallyepceupias theawangndaipéihe does
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ohmic contact 18 is the cathode, or vice versa. There is no grating layer 8 below
the contact 17, where current is injected. Isolation trenches 19 are etched to
reach into the upper cladding layer 6 to reduce the current dispersion.

In a conventional DBR laser, the quantum wells in the reflector sections
e.g. 80 are etched away after active region growth and then refilled with
semiconductor material having higher band gap energy. For example, the
InGaAsP quantum wells are etched away from the central laser section and [InP
is re-grown across the whole wafer. The grating layer is then made by etching
certain portions of the re-grown InP layer. The interface where etching and
regrowth occurs can cause problems as it introduces exira phases and intensity
loss to the propagating light.

In contrast, in an embodiment of the present invention shown in Figure 8b,
the active regions e.g. 82 below the grating layers 8 are blurred or eliminated by
post growth quantum well intermixing (QWI) technology to form regions 4a.
Region 4a now has a band gap shifted to be transparent to the laser wavelength.

However, the active regions 4 and the region 4a share substantially the same



are two ohmc contacts 17 and 18, ohm c contact 17 being the anode, while
ohm c contact 18 is the cathode, or vice versa. There is no grating |ayer 8
bel ow the contact 17, where current is injected. Isolation trenches 19 are
etched to reach into the upper cladding |layer 6 to reduce the current

di spersion. In a conventional IDBR |aser, the quantumwells in the
reflector sections e.g. 80 are etchedjgpway after active region growth and
then refilled with sem conductor material having higher band gap energy.
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can provide, as an addltlonaP advant age, ease of manufacture tfor such a
DBR | aserPLsstﬁdtum &or theqag @rogdn. quantuet walls LCurves ﬁaoﬁﬂtamdp%@ ahowdhe PL
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well's. Curves 92, 94 and 96 show the PL
occurs at 1.562 pym or 0.794 eV in terms of energy, while the PL peak
wavelength for the “SiO;” curve 96 occurs at 1.387 pm or 0.894 eV. The blue
shift of the bandgap energy between these fwo curves is about 100 meV. The PL
intensity and the Full Width at Half Maximum of the PL spectrum for the “SiO,”
curve 96 are comparable to the PL intensity and the Full Width at Half Maximum
of the PL spectrum for the “as grown” curve 90.

Figure 9b illustrates the room temperature blue shift of the PL peak
wavelength for annealing at 750 °C and 800 °C with SiO,, SiN, and no covering,
over a time period from around 30 seconds to around 180 seconds.

It can be seen from Figures 8a and 9b that SiO; is effective in enhancing
quantum well intermixing. A net blue-shift of nearly 135 nm and 120 nm in PL
peak wavelength can be achieved for the DBR laser encapsulated with SiO, to
those with SiN or no encapsulation after annealing at 800 °C for 100s. This band
gap difference for the DBR laser annealed with SiO; is large enough for the
fabrication of the passive transparent regions e.g. 82 used in the DBR laser of
Figure 8b. In the embodiment shown in Figure 8b, the SiO; used in constructing

the dielectric grating will also be used as the quantum well intermixing enhancing



spectra under Si N encapsul ation, w thout any encapsul ati on, and under Si 02
encapsul ati on respectively. The PL peak wavel ength of the "as grown" curve
90 occurs at 1.562 pmor 0.794 eV in ternms of energy, while the PL peak
wavel ength for the "Si 02" curve 96 occurs at 1.387 pmor 0.894 eV. The bl ue
shift of the bandgap energy between these two curves is about 100 nmeV. The
PL intensity and the Full Wdth at Hak§ Maxi num of the PL spectrum for the
"Si 02" curve 96 are conparable to the PIL intensity and the Full Wdth at
Hal f Maximateriabf Thigeerablep eastifr-alignimentt ofe theagegiooans.gc @2y o dbe reflgotirg 9b
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aligned quantum well intermixing technology, described in the embodiment
illustrated by Figure 8b in which SiO, is used as the intermixing enhancing
material, can be used to blue shift the band gap energy of the tuning section.

The embodiments of the present invention can be applied in the
fabrication of DFB or DBR lasers based on (In)GaN materials. Most of the short
wavelength lasers using GaN alloys are grown on sapphire substrate, which is
very tough and difficult to cleave. It is also not an easy task to obtain a cleaved
facet to form the resonant cavity in a GaN substrate. As such, the use of the
gratings described in the above embodiments provides not only the reflector
needed for lasing to occur, but also to produce a laser with a purer spectrum.

In embodiments of present invention, a dielectric grating formed by
periodically corrugation of dielectric material and semiconductor material is used
to replace the traditional grating formed by periodically corrugation of two
different semiconductor materials. The dielectric material can be, for example,
any of SiOz, SkNy, AIN, Al,Os, TiO2, Ti,0s, etc., while the semiconductor material

can be an alloy from any combinations of atoms from group I or group V. Due to



a wavel ength selective reflector. The refractive index of the tuning
section can be changed either by quantum confined Stark effect or by
changing the injection current 12. This will in turn change the nodal
refractive index of the grating layer 8 and thus change the emtted | aser
wavel engt h. The tuning section should have a band gap energy | arger than
the | aser section. Simlarly, the one-g§ep self- aligned quantum wel |

i nterm xi ng technol ogy, described in the enbodinment illustrated by Figure
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d to bl hift the,b the t t
orbod menEl ot Btet il e eI r i Hrafl o 6OS pit S & RO bioNes£Peting on of
DFB or DRgefiracritanaanad ntdke the) deta 8 eetuRl esiR Phorefidxitfe STEK dxani@ue! engt h

| asers using GaN al |l oys are grown on sapphire Substrate, which is very
tough and® BIuch; ghartertdsating iangth (can; gvethe same taflestivty naeded to mathe a

cl eaved the resonant cavity in a GaN substrate. As such, the
use of tk!éegé:rg'rgg{”?anrg[gd’a Lcribed in the above embodi ments provi des not onl y

the reflector Innesthedirhents| aBithg frvention thd UdieRickit tg?amg)déﬁﬁo@sl gaer with
a purer spectrum In enbodjnents of present invention, a dielectric grating

formed b Ong@wm'@aﬂm bgloM|gaEPeR the aef@ eegiph dn PR laserrue to the
sen Condﬁal | Eﬁ}c‘RH %nté%egrtpb%égey CRatdtl ;g,%ﬁﬁ cbggm%n%c%hmn formed

by perio y cor | on o er en con matertals. The
di el ectr ||ntr<umlcedi ab aantd)@nhboceebtmmuﬂemce aingleXmBde 2yield »ad? efishl, thl203,

T102, T| ag whi |l e the sem conductor material can be an alloy from
any conbi ﬂt&"(c'cf 100 FIPCe¥%ns from group 111 or group V. Due to 16 the |arge
refractive i ndgenibddificPRe8f WW@Htlérﬁ‘ethg'cﬁé[%‘éfrfc' §ra f?é M?Hha@ﬂ{b Ebﬁv

sem conductor material, the dielectric grating can pr de a nuc | gher

coupl i ng regiosf ¢fi 8il2NB laner. t Fhareniakro gain dredhe aligieciict malﬁnmaacgmmmn a

et oot oeg s EERACRL e e ARl Bl 488 o8 Halp A e Bt Rl S o

t he i nverjoupling ake nitx@heet! The 3adri difoy<LRigACRRatNR efﬁ@@ﬁ@ﬁbsﬁml adftad i ng

bel ow or on the active region in a DFB l'aser. Due to the current
bl ocki ng ﬁéﬁ@geﬁe@"r‘@fbbf%@ QﬂfélPléétCPP@"rﬂﬂaU@Chén’,S”gal n coupling nechanismis

in embodiments of the invention, the SiO, gratings are used to replace the
conventional gratings in the reflector sections in a DBR laser. The bandgap of the
reflector sections are tuned to be transparent to the laser wavelength by one-step
quantum well intermixing technology using the SiO; gratings themselves as the
intermixing enhancement masks. This will save the etch-regrowth process to
fabricate the distributed reflector in a DBR laser.

In embodiments of the invention, the SiO; grating is used in the reflector
section in a two-section tuneable laser. The bandgap of the reflector section is
tuned to be transparent to the laser wavelength by one-step quantum well
intermixing technology using the SiO. grating itself as the intermixing
enhancement mask. The changing of the refractive index in the reflector sections
will change the peak position of the Bragg wavelength and thus change the laser
output wavelength. The refractive index in the reflector section can be changed
by means of either current injection or the application of electric field.

Embodiments of the present invention may be beneficial for the

InGaN/GaN material system, because of the difficulties in Qetting a cleaved facet.



i ntroduced so as to enhance the device single node yield and ease the
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enbodi mrents nmay be used to replace the two mrrors required for a resonant
cavity. The grating in enbodi nents of the present invention may be nmade in
the formof chirped grating, sanpling grating, etc., and can be applied to
sem conductor |asers consisting of any I1l-V materials in the active
region. It will be appreciated by persons skilled in the art that numerous
vari ations



and/ or nodifications may be made to the invention as shown in the specific
enbodi nents without departing fromthe spirit or scope of the invention as
broadl y descri bed. The present enbodi nents are, therefore, to be considered
in all respects as illustrative and not restrictive. 18 CLAIMS 1. A DFB
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4. The DFB laser structure as claimed in any one of the preceding
claims, wherein the confinement layers are formed by semiconductor materials.

5. The DFB laser structure as claimed in any one of the preceding
claims, in which the active region and first and second confinement layers are
sandwiched between first and second cladding layers.

6. The DFB laser structure as claimed in claim 5, wherein the first and
second cladding layers are formed hy semiconductor materials.

7. A method of fabricating a DFB laser structure having a grating
structure in a semiconductor material-based active region thereof, the method
comprising

forming a dielectric material layer on a confinement layer for the DFB laser
structure;

forming the dielectric material layer into a periodic corrugation; and

filling valleys of the periodic corrugation of the dielectric material layer with
the semiconductor material;

wherein grating regions of the grating structure having alternating refractive
indices comprise portions of the active region and the portions of the dielectric
material layer.

8. The method as claimed in claim 7, comprising patterning and etching
the dielectric material layer into the periodic corrugation.



filling valleys of the periodic corrugation of the dielectric materi al

| ayer with the sem conductor nmaterial; wherein grating regions of the
grating structure having alternating refractive indices conprise portions
of the active region and the portions of the dielectric mterial |ayer. 8.
The method as clainmed in claim7, conprising patterning and etching the
dielectric material |ayer into the perijgdic corrugation. 19 9. The nethod
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indices comprise portions of a semiconductor material layer of the DBR structure
and dielectric material-based regions respectively.

13. The DBR laser structure as claimed in claim 12, wherein the active
region comprises a multi-quantum well structure. '

14.  The DBR laser structure as claimed in claims 12 or 13, wherein the
active region comprises an alloy from any two or more of Al, Ga, In, N, P, As or Sb.

15. The DBR laser structure as claimed in any one of claims 12 to 14,
wherein the semiconductor material layer forms part of the first and/or second
confinement layers of the DBR laser structure.

16.  The DBR laser structure as claimed in any one of claims 12 to 14,
wherein the semiconductor material layer forms a cladding layer of the DBR laser
structure.

17. A method of forming a DBR laser structure, the method comprising

forming a planar semiconductor material-based active region sandwiched
between first and second confinement layers; and

forming a grating structure on at least one side of the active region and
providing reflection and wavelength selection for the DBR laser structure:

wherein grating regions of the grating structure having alternating refractive
indices comprise portions of a semiconductor material layer of the DBR structure
and dielectric material-based regions respectively.



16. The DBR |l aser structure as clained in any one of clains 12 to 14,
wherein the sem conductor material |ayer fornms a cladding |ayer of the DBR
| aser structure. 17. A nethod of formng a DBR | aser structure, the nethod
conprising formng a planar sem conductor material -based active, region
sandwi ched between first and second confinenment |ayers; and formng a
grating structure on at |east one sidesgpf the active region and providing
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mul ti-quantumwel |l |ayer in which no or |Iess quantumwel | interm xing
occurs. forming the grating structure for the DBR laser structure; and

stimulating quantum well intermixing in a portion of the multi-quantum well
layer utilising the dielectric material-based regions, to define the active region of the
DER laser structure comprising another portion of the multi-quantum well layer in
which no or less quantum well intermixing occurs.



