; hi e3eXU( 6T<B#15 March 2004 1 "BURI ED HETERO STRUCTURE OPTO ELECTRONI C

DEVI CE" THI'S INVENTION rel ates to buried hetero-structdfMaph 30 ectronic
devices, and in particular to buried hetero-structure sem conductor |asers
Buried hetero-structure sem conductor |asers have becone w del y-used in
recent years as |aser sources for, FOR exanple, optical conmmrunication
systems. In a conventional buried heterg-structure sem conductor |aser, an
active layer (i.e. the layer in which the photons constituting the |aser
are actually generated) of a sem conductor material is buried within a

| ar ger bandgap sem conductor material. Sem conductor |ayers surrounding the
active | ayer “BURIEDWETERO-SERVCTURE HREOELECTRONK mquﬁ’e active

| ayer being positioned in a gap in the reverse biased junction. In
operation of the device, electrical current flows across the sem conduct or

| ayers, substantially perpendicularly thereto. The reverse biased junction
provi des resiRNAEVENTION Srelaftl do tHigicd | HeWr@Etnedhire &pto-tisctebnie deddes) hr ough
the gap in the reverse-biased junction, and hence through the active |ayer.
Thi s st ruct uraaddopaticieneburicd beiefoestruriushscariequsseiRE1aserh t hat, under hi gh
tenperature and hi gh out put power operation, the flow of current across the
device can be sufficient to drive electrons across the reversed bi ased
junction, thereby drastically reducing the effectiveness of the device. A
further drawgggledoteitiRestakaie-daswnibact $86isCcandubt@nd adddlyused hat the
conventional fabrication process of such a device is rather conplicated, as
suf fici ent | apems yedrs ap pasepsouzaes [for, fupxamplenoplicad gemprunieatien F¥8leMS create a

p-n 15 March 2004 2.p-n.thyristor must be gro in the cor. rder
during nmanuf ;[Bt%F@VSFn‘FIWE bﬂré%ﬁ h%tgrofs[tmlc@reaﬁe%ig?lé&év@mé? asteﬂeanp?%lggﬁléye?nventi on
to seek to aldevindifesAWhieh tiRlphoRins cbAdRutHigHae KR A0 8QualACEAE ALYl Yy, one

aspect of the present invention provide a nmethod of manufacturing a
sen conduct orofopsémiabndietor aeaterinlps betiedy within s darger andggrr samigendycar subst rat e

havi ng an active .l ayer .t hereon; providi al um ni unbearing | ayer, the
al umi ni um bea’?‘f‘tﬁﬂalr ¥§§8}1°°&§Fﬂaf ‘é&%&é‘&ﬁquﬂ?ﬁ’é%ﬁ%?‘itvgﬁﬁryﬁﬂff ;gr%\vﬁ'bl%o%qvi?si ng the
al um ni um beay kQQrse WiedSURSIAN theahéticCfdr Blivg phdMaRdamEP YSp Yin thbe met hod
further conprises the step of providing a nesa on the substrate and wherein
the step of peousabingedjumaton.vdn|appetion afphé sesicehdedtieg) axfrepr oweli ng an
active |ayer z?c?osts htﬁe rgggn?éonductor layers, substantially perpendicularly thereto. The

reverse biased junction provides resistance to this, and the flow of current is

directed through the gap in the reverse-biased junction, and hence through the

active layer.

This structure does, however, suffer from drawbacks, in that, under high
temperature and high output power operation, the flow of current across the
device can be sufficient to drive electrons across the reversed biased junction,

thereby drastically reducing the effectiveness of the device.

A further drawback of the above-described semiconductor laser is that the
conventional fabrication process of such a device is rather complicated, as

sufficient layers of appropriately doped semiconductor material to create a p-n-



Preferably, the step of providing a nesa on the substrate conprises the
steps of: providing a substrate; and wet etching the stbMareh forma
mesa. Conveniently, the step of providing a nesa on the substrate conprises
the steps of: providing a substrate; and reactive ion etching the substrate
to forma nesa. Advantageously, the method further conprises the step of
etching at | east one groove in the devi %e to a depth at |east equal to that
of the alum niumbearing |ayer. Preferably, the step of etching at | east

one groove | ?"‘t’ hRyriedt! @BstCUTRIdwAL R tHRCooticePordef dufih® mahufi@iuad ofttkhi ng mask
an upper surface of the device, the etching 15 March 2004 3 mask havi ng

an el ongat e gkpictherein; and applying an etching process to the device.
Conveniently, the nethod further conprises the step of providing at |east
one further groove in the device, the at |east one further groove being

substanti al | arallel to the first groove., Advant ageousl t net hod
further corrp?lli Ese@ ehiect of dhe BEsent Wieﬁ‘lg%maseﬁlf gﬂ@}?et’(ba%rgéw? ngﬁu Pgﬁie&’f t he

active | ayer el dgm%#gum' nium bearing | ayer. Preferably, the nmethod further
conprises the &Y ep providing a contact |layer on the uppernost |ayer of
t he devi ce.

Accordingly, one aspect of the present invention provide a method of
manufacturing a semiconductor optical device comprising the steps of:
providing a substrate having an active layer thereon; providing an aluminium-
bearing layer, the aluminium bearing layer being adjacent the active layer; and

oxidising the aluminium-bearing layer substantially entirely.

Advantageously, the method further comprises the step of providing a mesa on
the substrate and wherein the step of providing an active layer comprises the

step of providing an active layer on the mesa.

Preferably, the step of providing a mesa on the substrate comprises the steps of:

providing a substrate; and wet etching the substrate to form a mesa.

Conveniently, the step of providing a mesa on the substrate comprises the steps

of: providing a substrate; and reactive ion etching the substrate to form a mesa.

Advantageously, the method further comprises the step of etching at least one
groove in the device to a depth at least equal to that of the aluminium-bearing

layer.

Preferably, the siep of etching at least one groove in the device comprises the

steps of: providing an etching mask an upper surface of the device, the etching



Conveniently, the nethod further conprises the step of Erovidin a first

el ectrode on the device. Advantageously, the nethod fuddMarck i ses the
step of providing a second el ectrode on an opposite side of the device from
the first electrode. Preferably, the step of providing an al um ni um bearing
| ayer or the step of providing an active |layer conprises the step of growth
by a low pressure netal organic vapour ghase epitaxial technique.
Conveniently, the nethod further conpriSes the step of depositing a

di el ectric fij}paoivine &Y 8bnghe LS udedthCad Asprang ageahidg/probhis tsttkp of
depositing a di el ect?g”l c filmconprises the step of deposition by a plasnma

cheni cal vapalgvicdepositi on net hod. 15 March 2004 4 Preferably, the step
of oxidising the alum niumbearing |ayer substantially entirely conprises
the step of heating the device in water-containing environment at a

t enperature of about 350 to 550C.. Convenjentl t wat.er - gqnt ai ni n
en\r/r}) ronment i&onyepentht dhe B\fﬂpﬁefu;tpgvgog;pnéesg@gys}qpr%ﬁaﬂvweaﬁqﬁaggpg% '? o about

80 to 90C for RP&L%O&%! ih B0 IOAY. heLar 3R bnd RrlbBHEDovAvditis sianfiamect of the

present invention provides a sem conductor optic evice conprising: a
substrate hayarglebt e firstgrdoay.er formed thereon; and an al um ni um bearing

| ayer, wherein the alum niumbearing |ayer is adjacent the active |ayer and
i s oxidised substantially entirely.

Advantageously, the method further comprises the step of providing a cladding

layer on top of the active layer or the aluminium-bearing layer.

Preferably, the method further comprises the step of providing a contact layer on

the uppermost layer of the device.

Conveniently, the method further comprises the step of providing a first

electrode on the device.

Advantageously, the method further comprises the step of providing a second

electrode on an opposite side of the device from the first electrode.

Preferably, the step of providing an aluminium-bearing layer or the step of
providing an active layer comprises the step of growth by a low pressure metal-

organic vapour phase epitaxial technique.

Conveniently, the method further comprises the step of depositing a dielectric

film on a layer of the device.

Advantageously, the step of depositing a diclectric film comprises the step of

deposition by a plasma chemical vapour deposition method.



Advant ageously, a nesa is fornmed on the substrate, the active_|ayer being

| ocated on the nesa. Preferably, the device further cor*ﬁrM@fé%z@Q st and
second el ectrodes on opposing sides thereof. Conveniently, the device
further conprises a cladding |layer provided on the active |layer or the

al um ni um bearing | ayer. Advantageously, the alum niumbearing |ayer is
substantially continuous apart fromtheyregion of the substrate on which
the active layer is fornmed, thereby allowi ng electric current to flow from
a first side mbfelapsy, dﬂviﬁ? 00 cxidisiag e wleeindfm bbaimgekyee sobstantially ough t he
active | ayer. 15 'March 2004 5 In order that the present invention may be
nore readi |y entickdy scamptiseentiodsiepnob heating othewidpYich ol DEAISOBIAIHBY, by way

of exanple, and,with reference to.the i ng drawi ngs, in which:
Figures 1 to %Vgﬂlawl}tiaféﬁ“f’@&"@?‘%t"ﬁa‘%‘%“égé‘i%.%Et %’e fabrication of an
opto-electric device enbodying the present invention. Turning firstly to
Figure 1, the first step in the manufacture of a device enbodying the

present invention is the provision of a n-(negati vel'?é/3 doped)_ I nP.substrate
1 which i s pr@émenionyy,fthe mattr-epntainingn¢nviraamentols gensrated dy. thaflewgeld ng

trati f . th b te 1.1 f |y in ' '$ 3.
The.subst r at cess ot retnedr Goapblel § RS Iorgooft e R Muphe 6 5 o

el ongated, ragjsged strip, along the <011> direction of the substrate. The
hei ght of the nesa is preferably less than 2pm and the width of the nesa
is preferably in the region of 2-2.Swmm A top surface 3 of the nesa 2 is
substantially parallel to that of the substrate 1, and the side walls 4 of

the nesa 2 preferably subtend an angle .0 0 W th the
surface of tHg @f‘gﬁeépgﬁbgfﬂlft Breffm %H‘éeng@gﬂ%r%%ﬁ% rét e§1§%é}§g&§r%§8%%¥l achi eved
by the use of @ideV@nirRmgMatsuBitld AR afifa¥live Rydrofohhvd thelyonp aiiBan H3POa

m xture. Alternatively, reactive ion etching (enploying, for exanple,

CHg/ HZ) coul calbminigradeaniugayenr whereimilie alpainduradeaning lyprelsadincelithted in t he
art that many t.echni ques nay.b I d for the creation of the nesa 2. A
buf fer |ayer @,Wﬁﬂﬁyﬁ‘h ’1% SB’?‘é’fsg‘fﬁ"ﬁﬂggnﬁ%lfyn@&r%? n-1nP seni conductor materi al,
is then grown on the substrate 1, as shown in Figure 2. The doping
concentration of the buffer layer 5 is preferably in the region of 8*10~8cm
3. The depth of the buffer layer 5 is less than the height of the nesa 2,

so that a topAgmntigesustif, a mestrds dormegr on rthel substiblsy dhe petiguiayer beigger 5. A

separate portllogﬂe(?gnﬂf‘crﬁehsg‘ buf fer 15 March 2004

Preferably, the device further comprises first and second electrodes on opposing

sides thereof.

Conveniently, the device further comprises a cladding layer provided on the

active layer or the aluminium-bearing layer.

Advantageously, the aluminium-bearing layer is substantially continuous apart
from the region of the substrate on which the active layer is formed, thereby
allowing electric current to flow from a first side of the device to a second side

of the device only through the active layer.



6 layer 5 is deposited on the top surface 3 of the nes . however the
separate portion 5a has no contact with the renai nder 3§iﬁﬁéhﬁﬁﬁ4f er |ayer
5. The depth of the buffer layer 5 is preferably in the region of 0.3wm
Fol |l owi ng the deposition of the buffer layer 5, an active layer 6, which
preferably conprises I nGaAsP sem conductor material, and an

al um ni unbearing layer 7 are forned on tshe buffer layer 5 as shown in
Figure 2. The alum niumbearing material is preferably formed of

Al xGay| n/ _x_yIAs ohigr kthat\l thé&apiesdnt X inwAstioN xfiay|be/ mory (eedibei wylerstoadne range
of >0.4 and y being between 0 _and 1) m xed |tiple |ayers or Al AsSb

seni conduct oremhodirents theref wilhapwsher Aescabet tyhway of RXAmBlF 584 YHY | ayer 7

is, after depgsiti fer r. the active |ayer 6,

appr oxi mat el yrg?éeaedleg?%{rﬁl‘gﬁ%&lbg?{{aﬂ{{%gfiﬁaém%bgfw@g&f ace 3 of the nesa 2. As the
active layer 6 and the alum niumbearing |layer 7 are deposited on the
buffer layer 5, central portions 6a, 7a, of these layers will be deposited
on top of the central region of the buffer layer Sa on top of the nmesa 2,
the central paELEODSo&RshokR iR $ixAP IR fiBthe!tibrRaléd of Bn oBicke@ss to those
deposited on the main region of the substrate 1. The central portions 6a,
7a of the actdevielempedyiGg drdredest imbentioni um bearing | ayer 7 are grown
separately fromthe portions of these |ayers grown on the nain regi on of
the substrate 1, due to A preferential crystal regrowth mechanism The
materials conprising the active layer 6 and theal um ni umbearing |ayer 7
wi [l not grow on-the (111)B facets of the mesa 2 (i.e. the side surfaces

t hereof ), andleoinghfirstlg ffiooRigurst 1t thes irsiestes iit|the grapwrachie (Hhea WdepiCsur f ace 3

of the mesa 2 _ar hysical ly.separate.from.tho r .on.t [ region
of the subet rerpiey MR BRotnt iR BRHG It RGP §Fs HRMARLy doBel I, (RO <
preferably foqpeehiof wiidhiB phgerabl9 TekusldQIT aBinRIoh@bctor hateleNOTht @epiag t op of
the previously-forned | ayers. The doping concentration of the, cladding

layer 8 is presineemitatign jofi thehsubsisafe dnisqirefSrablylinr the region PHAOC|camidi A§e | ayer 8

is of significantl reater thickness than.the buffer layver 5 the active
layer 6, or tH Stéar%%%F%h?c[)éoa?’ioﬁﬁicggﬁ?sa% "?iﬂﬁ tlé“?é)i?éiflie\f/‘%ﬁg@teg’r%agfgdept h of
the cl addi ng diayeflof kiR LOTI3eEQVBh of NES SullstiR! SThel heigh' sS®BBGResafist he
raised nesa 2 and the central portions of the buffer layer Sa, active |ayer

6a and al uni npraferdbdalesnthah ey, aid tcowidtuof themessa iy preteratdy & therregian bul ge 9
in the top of cl addi ng | aye due t.a eve osition of this |ayer
over the pnev%f[ri]gaw’a t%’fsufﬁge %Pgt}ﬁedﬁ?ﬁ Af 8‘1‘9’?&5‘ @@S@a}rgﬁe?lg) ﬁla} W%hﬂs cont act
llayer 10 is G5 @WRuON, idaGhtBREWaRYA bRAR hdsa LRefelaBHHuBnt 3 GhglBeqddl®

cl adding | ayer 8 and contact |ayer 10 are shown in Figure 3. An oxidation

protecti on nawkoridss them WA wikh the sxfréacalof thefetrhee qubistratg: 107 heretelimg\af thi s

subsequently forned on to he coptact |ayer 10. e .oxi dati on

rotect s on egserney 6 yobfedby hecist 85 B Nel erPipe @ Rlofge,
surface of they ¢BAAIPOAMBIturd0. AMrhitivel}e r&a &P tdnO8tchg (MRPIBRANE OWr St ri pes
12, the stripes 12 belng substantially parallel with t%e nesa and one
stripe 12 bei ¢xgmple, Kdly/Hi)deouldfbet ksed. mbwavegeradt wibldwncléar tEiagerson4killgdchi ng of
the top surface, of . the deposjt.ed |layers is then perforned. Due to the
bresence. of |+ ahea IAF mBRY febbigise i Tradlated THhPe cRioT YigheTesbs 12 of
exposed contact |ayer nay be etched. Etching continues until two parallel

grooves 13, corresponding to the positions of the two stripes 12, are
formed through all the deposited | ayers, and penetrate the top surface of

t he substrate .8/ ; f . et chi ng,
t he etching séﬁbﬁltff;gg%y%’%ﬂl%rls%geqﬁé@'?g%gwf& @E?glhgméﬁ%c&gq?ﬂélﬁ%ers once
t he two groovesn jbviravetHeaabstfaty Tted shéven @i Rigutet2, Whd ddpingiguncestiatioad t hat a
surface of each of the 15 March 2004 8 d_eposigkqulayers S, 6, 7, 8, 10
will be expos®dthefuierdaysr >dis peedemrblymn thearegion o 8510 3m ThEhsdaptis obthet he
grooves 13 nm t: L Vi . i ot e ers (as
shown in Fi gu%‘%f?eg)l@éggv{g\%s%ﬁi iﬂs]é)ﬁéelg@1 n&ﬁé‘b‘fég%g %Oh@%cggygﬁﬂéﬁﬁpgﬁ@xml | s may
be inclined i meei?peotrudey simivi ol buife 1mex 5. A egpardic phrdiopsawgsle bfdro utilise
a native oxidation technique to oxidise the alum niumbearing |ayer 7. The
oxidation is preferably carried out by heating the device in a

wat er - cont ai ni ng environnent at a tenperature of around 350 to 550C. Such a
noi st environnent may be generated by flowi ng a gas, for exanple, nitrogen,
t hrough water heated to about 80 to 90C. The flow of water vapour is
continued for about half an hour to ten hours. The oxidation process
continues until substantially all of the al um nium bearing |ayer 7 has been
oxi dised. Clearly, the atnosphere above the device cannot cone into contact
with the portions of the buffer |layer 5a, the active |ayer 6a and the

o — a1 L T - . - - ~ Y M



15 March 2004 9 Figure 6. A further layer of conductive netal 16 is applied
to the |ower surface of the substrate 1 Preferably, thdSMaovk20htioned

epi taxi al sem conductor |ayers are grown by a | ow pressure netal -organic
vapour phase epitaxy (mOVPE) technique. The dielectric filmis preferably
deposited by a plasma chem cal vapour deposition (CVD) nmethod. However, the
present inventionis not limted to these nmethods. In use of the finished
device, a current is applied to the device, and made to flow fromthe
positive el egty -t f 2 GeReHGithy Sedipftal 15 on
the top surfgé}éeqé??lstqﬁgg&%%gt%cﬁ%l a gl?yaf%?e?ﬂoﬁtxﬁgesgeéati ve el ectp;igf:ie t her eof
(formed by therii@y$sr hasfnocontacwitl eherremainddrtoffthe bufter dayet he Thodepthofir f ace of
t he substrate 1%. Current-carrying ﬁl ectror}sc{)ass t hrough the contact | ayer
10 and the clthelbulie lpsy ans preferghheingpe 480 dM®ns are not able to pass

t hrough the oxidised alum niumbearing |ayer 7, due to the dielectric
properties of oxidised alumnium As a consequence, the vast nmajority of
the current-carrying electrons are forced to pass through the |ayers Sa,

6a, 7a f th 3 f 2, t fact, that th
por 1 on of |t HERY b Rgas eGSO dpSoua” ARES (o i BB Uifhace 5 of
the mesa 2 is,pRiabRXicindAsks IntiadsPaydficdifudop mAieHial Dbac kant Amdiest rons and

allows themto pass into the active |layer 6a formed on the top surface 3 of
the mesa 2. Afeasng hayer Aprpdosed ahtheuytifer hayen StasvshowayiarFigere 2 hdhe

Chat 15 dopoctlBBHTBA ReHBErEHeE B PBUGHIY nE Bhbely AN g e the
negative el ec @gﬁnﬁxg{quﬂgﬁ%lsng_pegﬂ BURY iPthe GAHRE WEIOVLariE} Bbind BediRBRSI ted on

the | ower surface’ of tate 1. As the el ectrons pass through the
active | ayer ®and gxmitedtmoltipkrdyas oeAtA$Sht seoncanectos matiak ehhewepper def i ned
energy levels in thte aci}{ ve, | ayer, 6% Iegd t th .15 Maflcg t%0(14 10

emi ssion of phetagnel b amighm-pearag 1wy Il%rﬁ"gtf"h,epé’?\?f’ﬂg?nrt SRUHE ‘W aser beam
which may | e j t ; Bk AMET: oft he
active | ayer a%gm% {shg ag‘?‘é’:‘% %lﬁjﬁﬁﬂgﬁgfaﬁugﬁﬂﬁg%ﬂ %%ggﬁggﬂgrlﬁpgnl y a:Ei@giongl e
transver se nowie neka the | aser photons. Due to the concentration of the
current flow ng through the device by the oxidised alum nium bearing | ayer

7 through the active layer 6a, the device has a | ow | asing current
threshold. In addition, the fact that the oxidised alum ni umbearing |ayer

7 blocks the passage of current therethrough by virtue of the insulating
properti es thés ¢wf agtivatliyer 6t arainthp abumigiumybearing\layes dbarg slegossiediasiohduct or

junction) the oye-nentioned dra Kk t he provisiqn of such junctions
(e The dr ORGP o1 GRER s paete: phines el S Bt Sehofie e RRlang
currents and gheNRATAL HERY) ofMHe! bRl 1865 Wa of Ubp REthAGYRANTAGRS casttaiconferred
by the structure of thé device of the present invention, in that

opposi t el y- dop@tosseda, Zohefog approkimataly equab inr ipkness do thos¢ depesided on the

reversed- bi ased. semi conduct or,_junction. |n contrast nJ ne.l ayer need be
deposited to ‘F‘_B‘rnrﬁe%'ﬁnioﬁglﬂ %gft#.egxi f&%‘&faEP&ﬁPm E?n?ﬁé)grﬂi]%%&'lvgﬂlﬁygand

devi ces enmbodyidhe tGnRNESBRHdg MG T QR FBWNDRpIBRIT BEMULE Govidnl dfever

epi taxi al deposition steps than conventional sem conductor '|asers. A

reduction in thege layerbgrovaf or fliet mxinatgide pb Hict substrate dpduei to Aiptgiergntdidsi r abl e,
as these steps %re di ff'hcul t.o cantrol ar]d ti me-.corl%um'.nglto Berform The
present i nventWHR &P IR MGERINTRY NS BYRUYS GUPPIREE Hesactive layerbiande s Fp

| asers, opti cakaldfbilhliRhfing BRYEDWINGS: oroW JrCihe $1 PNBRARE of ME aRkabed
devi ces, and i s not Ilmtedgto t he above enbodinents. It will be clear to a

person ski | | ef-ei thetdide surfaceshihierepPeanst s thatregineof those mbleoals gréwen on
construction Qf sem conductor |asers w t.h. ] ow | asi.n hr eshol ds and whi ch
o or m conei St PyTr TR meSPLh alb vty R o s Bptpun S BT,

present main region of the substrate 1.




15 March 2004 11 invention also allows the construction of such

hi gh-qual ity semi conductor |asers with fewer epitaxial 10&ash 20@h st eps,

| eading to a significant reduction in the tine and cost required to
construct the device. In the present specification "conprises" neans
"includes or consists of ' and "conprising” nmeans "including or consisting
of" The features disclosed in the foregai ng description, or the follow ng
claims, or the acconpanying draw ngs, expressed in their specific forns or
in terms of ayORansi Ll HQyLJrCS[ RHh Ishprefblsbe asarldf o tiPOsmiesndactdet hod or
process for attailning tﬁe I sClosed result,” as appropriate, may,

separat el y, anaterialaiy depositedani op aff the ywhvibesly-foresd layersit i Thes depingr
realising the invention_ in diverse forns thereof. 15 2004 12 CLAI M5
1. A net hod d%onﬁﬂ‘dmfl%f)&merfgad&hf%lﬁw HJE‘%%WE’?Y i the e Nﬁwci ofPY i si ng t he
steps of: pr o dhng i 2 Sighied (Bt KReds BT tht BEfI&ARyer ] OVi di ng
an al um ni umogléaegérhlﬂgiét?ﬁ %gég?ls%;glggﬁ&%&%i %ﬁ%g‘gari n%sl ayer bei ng )z;eéj acent the
active | ayer;tho¥étiliedhyrg 6 bethalaluminiutibdaeiag laygr 7,2andra slabis¢lpgtaandépthentirel y;

and providing a nmesa on the substrate, .
of the cladding layer 8 is formed over these layers. The presence of the raised

mesa 2 and the central portions of the buffer layer Sa, active layer 6a and
aluminium-bearing layer 7a fomred thereon lead to a central bulge 9 in the top
of the cladding layer 8, due to even deposition of this layer over the uneven
surface of the previously-formed layers. A p-InGaAs contact layer 10 is grown
on the upper surface of the cladding layer 8. The cladding layer 8 and contact

layer 10 are shown in Figure 3.

An oxidation protection mask 11, which is preferably formed of S:0; or S:3Ny,
is subsequently formed on top of the contact layer 10. The oxidation protection
mask 11 is formed to cover substantially the entire upper surface of the contact
layer 10, with the exception of two narrow stripes 12, the stripes 12 being
substantially parallel with the mesa 2 and one stripe 12 being either side of the
mesa 2 as shown in Figure 4. Etching of the top surface of the deposited layers

is then performed.

Due to the presence of the oxidation protection mask 11, only the two stripes 12
of exposed contact layer may be etched. Etching continues until two parallel
grooves 13, corresponding to the positions of the two stripes 12, are formed
through all the deposited layers, and penetrate the top surface of the substrate 1.
The parallel grooves are preferably formed by wet etching, the etching solution
being Br or HC1 based. Figure 5 shows the layers once the two grooves 13

have been formed therein. It will be appreciated that a surface of each of the



wherein the step of providing an active |ayer conprises _the step of
providing an active layer on the nesa 2. A method accordiMgchél® ai m 1,
wherein the step of providing a nmesa on the substrate conprises the steps
of : providing a substrate; and wet etching the substrate to forma nesa. 3.
A nmethod according to Caim1l, wherein the step of providing a nesa on the
substrate conprises the steps of: provigi ng a substrate; and reactive ion
etching the substrate to forma nesa. 4. A nethod according to any

precedi ng cl aefosifedNiyeey 5,001MP8] Hi will bhexppb&bowt valladfieach af the gasiveone groove
in the device to a depth at |east equal to that of the al um ni um bearing
layer. 15 M cAheowlsid the groowss Hddmax berwbpanttadly ppespsndiculafietbs n t he

or ovi di ng an SPeRIeAd SRR S TioTh AEF Rty hAwart fig HATRLOWR RO RS T
havi ng an el opQ3hewsRPmbNEE RichnedanditBdditéttich. an et ching process to the
S?VI ce. 6. A nethod according to Caim4 or 5, further conprising the step
The next step in the process is to utilise a native oxidation technique to oxidise
the aluminium-bearing layer 7. The oxidation is preferably carried out by
heating the device in a water-containing environment at a temperature of around
350 to 550°C. Such a moist environment may be generated by flowing a gas,
for example, nitrogen, through water heated to about 80 to 90°C. The flow of
water vapour is continued for about half an hour to ten hours. The oxidation
process continues until substantially all of the aluminium-bearing layer 7 has
been oxidised. Clearly, the atmosphere above the device cannot come into
contact with the portions of the buffer layer 5a, the active layer 6a and the
aluminium-bearing layer 7a that were deposited on the top surface 3 of the mesa
2, as these layers are contained within the cladding layer 8. Hence, the portion
of the aluminium-bearing layer 7a that was deposited on the top surface 3 of the
mesa 2 does not become oxidised. In a preferred embodiment of the invention,
the aluminium-bearing layer 7 has a concentration in the region of 5*10'7 Al
atoms cm”. A high concentration of aluminium expedites the oxidation

process, thereby shortening the production time of the device.

In the final stage of the manufacturing process, a dielectric film 14 is deposited
over the majority of the upper surface of the contact layer 10. The only region
of the contact layer 10 that is not covered by the dielectric film 14 is the bulge 9
on the top surface of the contact layer 10 directly above the mesa 2, and a region
to one side thereof. A layer of a conductive metal 15 is deposited on the region

of the contact layer 10 that is not covered by the dielectric film 14, as shown in



providing at | east one further groove in the device, the_at |east one
further groove being substantially parallel to the flréﬁh@ﬂﬁ%3@y17 A

met hod according to any preceding claim further conprising the step of
providing a cladding |layer on top of the active |layer or the

al um ni um bearing layer. 8. A method according to any preceding claim
further conprising the step of providing a contact |ayer on the uppernost
| ayer of the device. 9. A nmethod according to any preceding claim further

conpri sing t hgst@p Afurfiediyeh sftoadidtive metdl @6tis ajdicdno thedowenswetace 10. A

met hod according to aim9, further conprising the step of providing a
second el ect rafdke tmbstaiﬁeéppom te side of the device fromthe first

el ectrode. 15 March 2004 14 11. A nmethod according to any preceding
claim wherein the step of providing an alum niumbearing |ayer or the step
of providing an active layer conprises the step of growth by a | ow pressure

et al - or gani cPreREMIY, tlpdﬂmee;ﬁnnham@épmamhsunnmdu&@r la&en‘smtragxdmam)oa ding to
any preceding claim further conprising the step of depositing g dielectric
filmon a | aylew PESSUFR meta)ogganic vapour phase epitaxy (mOVPE) technique.” The

dielectric film is preferably deposited by a plasma chemical vapour deposition

(CVD) method. However, the present invention is not limited to these methods.

In use of the finished device, a current is applied to the device, and made to
flow from the positive electrode thereof (formed by the layer of conductive
metal 15 on the top surface of the contact layer 10} to the negative electrode
thereof (formed by the layer of conductive metal 16 formed on the lower surface
of the substrate 1). Current-carrying electrons pass through the contact layer 10
and the cladding layer 8. However the electrons are not able to pass through the
oxidised aluminium-bearing layer 7, due to the dielectric properties of oxidised
aluminium. As a consequence, the vast majority of the current-carrying
electrons are forced to pass through the layers 5a, 6a, 7a formed on the top
surface 3 of the mesa 2. Due to the fact that the portion of the aluminium-
bearing layer 7a deposited on the top surface 3 of the mesa 2 is not oxidised,
this layer 7a does not block the electrons and allows them to pass into the active
layer 6a formed on the top surface 3 of the mesa 2. After having passed through
the active layer 6a, the current-carrying electrons pass through the part of the
buffer layer 5a that is deposited on the mesa 2, through the substrate 1 and into
the negative electrode formed by the layer of conductive metal 16 deposited on

the lower surface of the substrate 1.

As the electrons pass through the active layer 6a, excitation and de-excitation

events between well-defined energy levels in the active layer 6a lead to the



13. A method according to Caim12, wherein the step of depositing a
dielectric filmconprises the step of deposition by a pbaareh 20¥m cal
vapour deposition nmethod. 14. A nethod according to any preceding claim
wherein the step of oxidising the alum niumbearing | ayer substantially
entirely conprises the step of heating the device in water-containing
environnent at a tenperature of about 3 to 550C. 15. A nethod according
to Claim14, wherein the water-containing environment is generated by the

flowof a gasiaah pHebes of a3l ABAMgR) divindQiefiora RROUbedna! f an

hour to about 16. A sem conductor optical device conprising: a
substrat e hawiigh amaydedvievibe Ideyiee throrgheah eiveofoda activel Biyinbx htheggva 5 an

al um ni unm beari | , in th | um ni b ' I ' ' t
the act e I dpisr Sari preserabiy ciraalencgs esippa POy d e Rt mee 8L %7 o7 e
on the subst rtg% gags%I@@t&g IN& loAKe LolRBhPLidnafahe cuiht iR aRough the A devi ce

according to urther conprising first and second
device by the oxidised aluminium-bearing layer 7 through the active layer 6a,

the device has a low lasing current threshold. In addition, the fact that the
oxidised aluminium-bearing layer 7 blocks the passage of current therethrough
by virtue of the insulating properties thereof (rather than providing a reverse-
biased semiconductor junction) the above-mentioned drawback of the provision
of such junctions (i.e. the driving of electrons across the junction at high

operating currenis and temperatures) will not occur.

Further advantages are conferred by the structure of the device of the present
invention, in that oppositely-doped semiconductor layers are required to form a
reversed-biased semiconductor junction. In contrast, only one layer need be
deposited to form an insulating oxidised aluminium-bearing layer, and devices
embodying the present invention may be manufactured with fewer epitaxial
deposition steps than conventional semiconductor lasers. A reduction in the
number of epitaxial deposition steps is highly desirable, as these steps are

difficult to control and time-consuming o perform.

The present invention may be employed to construct DFB lasers, DBR lasers,
FP lasers, optical amplifiers, waveguides, switches or other integrated devices,

and is not limited to the above embodiments.

It will be clear to a person skilled in the art that the present invention allows the
construction of semiconductor lasers with low lasing thresholds and which

perform consistently at high operating temperatures and currents. The present



el ectrodes on opposing sides thereof. 18. A device according to any one of
Clainms 16 or 17, further conprising a cladding |ayer pildWMatell2®H t he active
| ayer or the alum niumbearing |ayer. 19. A device according to any one of
Claim16 to 18, wherein the alum niumbearing |layer is substantially
continuous apart fromthe region of the substrate on which the active |ayer
is formed, thereby allowi ng electric cugeent to flow froma first side of
the device to a second side of the devi only through the active |ayer.

20. A net hod JsTalNTes mi@ude&osld&ss antial |y
as herei nbef olir?‘;ee gg}s?gfrslg‘%égﬁ vn\?tcﬁnsr?e el{rﬁgnce %g{g[h&gﬁg@?grrpanyl ng draw ngs. 21.
A sem conductwith @ptdr @pltaxisivdepesisioi stepstiealding toas sigeificantbrefliortondedhe i bed,

with reference to the acconpanying draw ngs. 22. Any novel feature or
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forms thereof.
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the steps of:

providing a substrate having an active layer thercon;

providing an aluminium-bearing layer, the aluminium-bearing layer
being adjacent the active layer;

oxidising the aluminium-bearing layer substantially entirely; and

providing a mesa on the substrate,

wherein the step of providing an active layer comprises the step of

providing an active layer on the mesa

2. A method according to Claim 1, wherein the step of providing a mesa on
the substrate comprises the steps of: providing a substrate; and wet etching the

substrate to form a mesa.

3. A method according to Claim 1, wherein the step of providing a mesa on
the substrate comprises the steps of: providing a substrate; and reactive ion

etching the substrate to form a mesa.

4. A method according to any preceding claim, further comprising the step
of etching at least one groove in the device to a depth at least equal to that of the

aluminium-bearing layer.
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5. A method according to Claim 4, wherein the step of etching at least one

groove in the device comprises the steps of:

providing an etching mask an upper surface of the device, the etching
mask having an elongate gap therein; and

applying an etching process to the device.

6. A method according to Claim 4 or 5, further comprising the step of
providing at least one further groove in the device, the at least one further

groove being substantially parallel to the first groove.

7. A method according to any preceding claim, further comprising the step
of providing a cladding layer on top of the active layer or the aluminium-bearing

layer.

8. A method according to any preceding claim, further comprising the step

of providing a contact layer on the uppermost layer of the device.

9. A method according to any preceding claim, further comprising the step

of providing a first electrode on the device.

10. A method according to Claim 9, further comprising the step of providing

a second electrode on an opposite side of the device from the first electrode.
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12. A method according to any preceding claim, further comprising the step

of depositing a dielectric film on a layer of the device.

13. A method according to Claim 12, wherein the step of depositing a
dielectric film comprises the step of deposition by a plasma chemical vapour

deposition method.

14, A method according to any preceding claim, wherein the step of
oxidising the aluminium-bearing layer substantially entirely comprises the step
of heating the device in water-conlaining environment at a temperature of about

350 to 550°C.

15. A method according to Claim 14, wherein the water-containing
environment is generated by the flow of a gas through water heated to about 80

to 90°C for about half an hour to about 10 hours.

16. A semiconductor optical device comprising:

a substrate having an active layer formed thereon;
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17. A device according to Claim 16, further comprising first and second

electrodes on opposing sides thereof.

18. A device according to any one of Claims 16 or 17, further comprising a

cladding layer provided on the active layer or the aluminium-bearing layer.

19. A device according to any one of Claim 16 to 18, wherein the
aluminium-bearing layer is substantially continuous apart from the region of the
substrate on which the active layer is formed, thereby allowing electric current
to flow from a first side of the device to a second side of the device only

through the active layer.

20. A method of manufacturing a semiconductor optical device substantially

as hereinbefore described, with reference to the accompanying drawings.

21. A semiconductor optical device substantially as hereinbefore described,

with reference to the accompanying drawings.

22, Any novel feature or combination of features disclosed herein.



