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10 a &aser io be operated using minimum current, thus reducmg the heat generated
durmg lasing and extending the life of the iaser. Thermal expansion grobiems
inherent in transferring heat from the leser are aﬁso_ minimised and, for sam'é
appicaﬁcns, packaging costs can be reduced through elimination of the need for a
‘thermoelectric cooler. | | ' '

18 in fabrication, not only must the fibre be aligﬂed- in three co-ordinates for
sptimum coupling, but this alignment muét alse be fixed by a. rigid securament and
must not be altered by shrinkage forces during fixation or subsequent processing.
For & single mode fibrs, for example, final alignment must generaiiv be held to
within plus or minus one-half micrometer in dimensions radial to the fibre and to

20 wsthm one te two micrometers axially.

Conventionally, packages which mcorp@?ate envircrunantally sensitive

components such as lasers, for example, are hermetically sealed to provide the

' c@mpoﬁem with a closed and protected environment. [t is customary to introduce

8 communicating optical fibre into such paclkges via a suiteble feed-through

25 sonnection. In fahrication, the fibre is first inserted into the feed-through and the

feed-through is secured to the package The pertien of fibre internal to the

package is then aﬁsgned with the laser, or other ccmponent, and separately fixed in

positicn. US 481 8031, for example, discloses one such fabrication mechmque im

which ar anchorage ciamp welded over the fibre inside the peckage is used to fix
30 the alignment. ' | |

A sﬁmiﬁar approach to packaging an optical device is described in Europsean

patent application EP-A-0286319, where an optical fibre is hermetically sealed in a

feed-through tube which is aligned with a laser through an épemnrs in a wall of a

package. The fsed-through tube has two supporting points, mounted on an inner

be



conmponent with a closed and protected environment. It is custonary to
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- equipment to be installed in _subscribers' premises. Of particular significance is the

deform due to changes in temperature, otherwise the fibre and the optical device
couid move out of optical alignment. - _ _

The cost of packaging optical devices. is one of the key economic barriers
to the deployment of a FTTH (fibre to the -home) telecommunications network,
since the devices are responsible for a significanf proportion of the cost' of the
cost of optoelectronic components and assemblies such as, for 'example packaged'
semiconductor lasers. The la.rgest component of the cost of, for example, a

packaged semiconductor laser is incurred in the packaging of the device and not in

'_the cost of the laser 'it_self. One major cost for the packaging is for ths special

package or box required to house the laser and the hermetic sealing requirement.
associated with the package or box to protect the. laser from the effects of
hﬁmidity and other contaminants. Another contribution to the packaging cost is
the need to use active fibre alignment techniques (i.e. techniques requiring active
monitoring of laser light launched into the fibre during the alignment process) to
align the optical fibre with the semiconductor laser.

For ease of explanation only, the following text refers to the specific case
of aligning a laser with an optical fibre. It will nevertheless be appr'eciated by

those skilled in the art that thé invention is equally applicable to the alignment of

optical fibres with other optical devices, such as_detectors, modulators, amplifiers,

filters, etc.

In accordance with a first aspect, the present invention provides a
packaged setﬁiconductor laser comprising: a semiconductor laser; an optical fibre;
and a supporting member, the laser being carried b{/ the supporting member,
wherein the optical fibre is held in optically' coupled relationship with the laser by

the. supporting member and the laser device is mounted externally of the

" supporting member.
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5 alignment is achieved, the tube is secured in a fixed relationship to the

| aser. Usi nggt.hi proach requires that the package and the he
‘package do ﬁ%@®§§¥%$n1due to changes in tenperature, othermﬁéﬁgﬁﬁ@”¢$ﬁ#e
‘and the optical device could nove out of optical alignnent. The cost of
packagi ng optical devices is one of the key economc barriers 10 to the
depl oynent of a FTTH (fibre to the hone) tel ecommunications network, since
the devices are responsible for a significang proportion of the cost of the
equi pnent to be installed in subscribers' premses. O particular

significance is the cost of optoel ectronic conponents and assenblies such
as, for exanpl e packagdtsigembive shelgotien fibse isr Bondedite tharigesstfacssith entindsx
‘the cost of, for @MY Sdnedive? fo BkerAIE hnSERExGO t i0S €1 TieS fibdaC in
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of expl anati on oBitwesh e fsaki 84 tAd sibRxt refers to the specific case of
aligning a laser with an optical fibre- It will neverthel ess be appreciated

by 25 those skilled Mterpstively: (retisptions Hhetwesre the dacatsand, patica) Hhipl mewthee
to the alignnEnt miimised by known methods, for example by forming a lens on the end of the
' ' optical fibre, anti-reflection coating the end of the fibre, or polishing an angie on
the fibre end. However, the method using adhesﬁvé has the advantage cf addin?
strength to the assembly.
Preferably, the coupling efficiency batween the iaser facet and optical fibre
18 is incressed by using' a high NA fibre, for example a fibre having a NA cf greater
than .25 {compared to a standard fibre having a NA of abeut 0.1), whick has an
acceptance angle which better matches the radiation beam angle, typically
30°x40°, of the laser.
Alternatively, the alignment tolerance, and thus coupling efficiency
20 between the laser facet and the opticat fibre, is increased by using a largs spot size
laser {as described in our co-pending European patent applibmﬁon. number
84301308.4, filed on 24 February 1984} which has a large spot size ocutput
radiation beam which more closely matches the spot size of standerd single mode
teﬂec@mwﬁumcatﬁons optical fibre (the spot size of a standard single mode
25 talecommunications optical fibre is approximately 10um at a wvelength of
1.88um, whereas the spot size at the output facet of a typical double
heterostructure semiconductor laser is 1.0pm by 1.5um). A ﬁarge spot size
semiconductor laser is fabricated with a waveguiding structure which has been
modified to provide an autput which is, typically, lerger than a standard
30 semiconductor laser and has less divergence. _
Both a high NA fibre and s large spet size laser may be used in

combination, however the inventors have shown that the use of a large spot size



optical fibres with other optical devices, such as detectors, nodul ators,
anplifie e etc. In accordance with a first aspect, the present
inventioﬁég?%@Pb%s a packaged semiconductor |aser conpri siFGd/CBYS01542

. seni conductor laser; an optical fibre; 30 and a supporting nember, the

| aser being carried by the supporting nenber, wherein the optical fibre is
held in optically coupled relationship with the | aser by the supporting
menber and the | aser device is nounted exjernally of the supporting nmenber
3 Preferably, the optical fibre is bonded to the |aser facet with an index
mat chi ng adhesi've, for exanple an epoxy based adhesive. The fibre nmay be
bonded di r ectlesertwith lrestanderd telecemmunicatidriscoptivak éibtehprogides eixtremalyygdea a

thin | ayer of | the | aser facet.

Alter na%/l vel y&@ﬂqH %ﬁg?feméﬁ”\ﬁ% Prgéé/&g g&} ndlmr V'to the laser facet,

for exanpl e by bondnegpurppsenof Ghe @Uhmmhg g'mmhafaashm beld mge nedics! Bieewmen t he
fibre and t he Aratd o{:@é\a?gh%rﬁetn@mte IQQc t H"Fns r%e hlte? ons %Eral Waxp

directly or glrect Y, down' on undesi rab e ref etwee
facet and t5hef°f pxaraple Ahe synpartingghgmberanavecamprise dsubstrate, irte ohesertfacenaf

optical

't he

fibr Swhigy l%rmed a precision 'V groove reference surface. Preferably the precision V
groove is formed by etching, especially by etching a moho-crystalline substrate.
The optical fibre would be fixed into the V groove to maintain the alignment of the
optical fibre. Addi;cionally, this assembly may be strengthened by inverting another
10 V grooved substrate over the fibre. The laser would be held in optically coupled ' (
relationship- with the optical fibre against a secon'd. reference '_surfac_:e'on the
supporting member. Alternatively, the supporting meémber may -be a precision
ferrufe into which the optical fibre is received to maintain its alignment. Thc;
internal surface of the ferrule bore provides a reference surface for the optical
15 fibre. Other. ways of holding_the optical fibre will be apparent in view of the
present disclosure. _

in a preferred embodiment of the present invention, the supporting
member is a ceramic ferrule with dimensions that are accurate enough for it to act
as a base for the laser as well as providing a reference surface in the ferrule bore

20 which provides an éccurate support for the optical fibre. The rim of the ferrule is
used as a reference surface to align the laser with the optical ﬁbré.

Alternatively, the supporting member may be micro-machined into a silicon’
substrate, wherein the alignment of_the laser on tht-_a' supporting member is
achieved by fabricatihg an alignment bump, typically comprising SiO,, on a

25 reference surface using lithographic mask and etch techniques, which guides the
positioning of the laser relativé to the end of the fibre which is held by the
supporting member. The micro-machined substrate may provide a ferrule-like
structure to receive the optical fibre, or-it may be a V-grooved. substrate for
example. - ' ' _

30 Conventlonally, a semiconductor laser needs a heatsink to dlssxpate heat
ger{er'ated during operation. Preferably, the supporting member itself acts as a
suitable heatsink. Alternatively, the laser may be mounted on a device mount,

which is itself attached to the supporting member, where the device mount acts as




10 minimsed by known methods, for exanple by forming a lens on the end of
the optical fbldgmessgnti-reflection coating the end of the f| %@m
potishing an angle on the fibre end. However, the method using adhesive has
t he advantage of adding strength to the asserrbly Preferably, the coupling
efficiency between the | aser facet and optical fibre 15 is increased by
using a high NA fibre, for exanple a fibre having a NA of greater than 0.25
(conpared to a standard fibre having a NA of gbout 0.1), which has an
acceptancé angl e which better mat ches the radi ati on beam angle; typically
30[err]x40[err], of the | Al ternativel the alignnent tolerance, and
t hus coupling eff% %?aéﬁ"% o %éqm inption. éféépafsﬁwmﬂ%hﬁ'eﬁgﬁr offt Fevige PREHe
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of 1.65um wher easatishig@. Spot size at the output facet of a typical double
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10 wheie packaged device ¢ be mounted readily on & standard PCB arrangement.
in use, the jaser is provided with some form of low cost protective cap in
order te protect it from humidity and other -!comaminams. in & preferred
smbodiment of the present invention, the laser is coated with a silicone seaiing gc.al
which acts as such a cap. The inventors have shown that, surprisingly, silicone
- 18 sesiing gels are zble to protect the laser from humidity and other contaminants
sufficiently well, evan for telscommunications aphiicatiotns {where ‘the lifetime
requiremnents are severse), that the lasers need not be contaihed in @ hermetically
sealed box, thus removing 6ne of the main packaging cost overheads in known
package production.
20 in ernbodiments of the invention, the protective cap, for example a silicon
_saaling gel, is index matching between the optical device and the optical fibre and
acts in place of an ﬁndex matchﬁng adhesive to bond the ﬁbfe to the devics.
ifg) aécordance with & second aspect, the present ﬁnvénﬁon provides a
method of packaging a semiconductor laser, the method comprising, positioning
25 and rmounting 2 semiconductor laser on @ supporting member, and fixing one end
of an optics! fibre to the supporting member, whersin the semiconductor laser is
positioned to be external to the supponﬁng member and in an optically coupled
relationship with the optical fibre.
Prefafabby, the meathod f@fthe? comprises the step of bonding the end of
30 the optical fibre to a facet of the laser using an index matching adhe#ive.
Preferably, the adhesive is an adhesive which is curable without the need for
heating, for exampie a UY rad‘_iatien surable adhesive.



Both a high NA fibre and a | arge spot size |laser may be used in

conbi nati on, however the inventors have shown that the use of a Iarzqe spot
si ze WO B0 18 PCT/GB95/0154

. PCT/ GB95/ 01542 4 laser with a standard tel ecommuni cations optical fibre
provi des extrenely good coupling efficiency for the present invention of up
to 66% One purpose of the supporting nenber is to hold the optical fibre
i'n accurate optical alignment with the I aser. This may be achieved in
several ways, 5 for exanple the supporti??é menber nmay conprise a substrate,
Into one surface of which is formed a precision V groove reference surface.
Preferably the prei sheotasé ofr @ emidondéapmniaderd)\actve hiigrgners spayc ibal Used 1y

1S Sone A B B M o B ' U b 480,
t hi s “assenbl yandaysirigeths tissen hedne ne gokition theecdmprnentsoktative 16) fol/egaropie.cthe
"ol ati onshi p SETR ¥he it iRare inpe HB AupRcit elbebOlie il bbMPIE. |
the suppor i rexampleh@npinghhd em aabptic! gensohehso tipnedriect pasitidreis achipvask a
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surface for tdignrogiti syskem, and bonded into position. To obtain precise positioning, the
laser is preferably bonded against alignment features, for exa_mple one or more
groovel(s), edge(é), shoulder(s) or bumpi(s), on the supporting member.
10 The laser rhay be manually positioned on the supporting member or, ‘
preferably, the laser may be positioned by an automatic placing and 'bonc_iing
_ machine which applies pressure to the laser to urge it against the alignmen:c
features on the supporting member during the bonding . of the laser to the
supporting member. |
15 A drawback of passive alignment techniqdes is that'thé_distance from an
" “alignment edge of a laser body to the position of the laser mesa, critically affects
the alignment of the laser with the optical fibre. For exam'ple,- if the distance from
the alignment edge to the active area can only be defined to micron accuracy, it
may be impossiblé to optically align the optical fibre and the laser active area with
20 s'ufficiént accuracy by passive alignment techniques, particularly if the optical fibre
is single mode.
Hitherto, techniques for fabricating accurately dim,ensioned laser chips
have only achieved accuracies down to 1 micron. Typically, the dimensions of the
substrate define the dimensions of the laser chip. These dimensions are typically
25 defined by cleavihg planes for single lasers cleaved from a bulk substrate.
Therefore, the dimensions of known lasers are determined by how accurate .the
cleaving process is. | _ ,
In accordance with a further aspect, the présent' invention provides a
semiconductor laser comprising a semiconductor substrate and, deposited thereon,
30 a plurality of epitaxial layers, wherein at léast one of the epitaxial layers has an

edge which defines an alignment edge of the laser.



4
15 fibre. Other ways of holding the optical fibre will be apparent in view
‘of the p_res% odfd Oosure. In a preferred embodi ment of the 1842
i nvention, the supportl ng nmenber is a ceramc ferrule with dinmensions that
are accurate enough for it to act as a base for the laser as well as
providing a reference surface in the ferrule bore 20 which provides an -
accurate support for the optical fibre. The rimof the ferrule is used as a
reference surface to align the laser with thg optical fibre. Aternatively,
~the supporting nenber rray be m cro-machined into a silicon substrate,

“wherein the alignnent t | aser on the s orting nenber is achieved by
fabricating an ali gnmf{rr%?1§ ﬁl}ﬁ’pt % gigrEent ﬁ@cﬁ%ﬂﬁ? 81 ?ﬁf%ﬁp@xm’dﬁye& ingstined by a
reference surf acithogrepific IrasRogido@bh Qratedlirep RehicH t/pidale MBS GiH Sfccuieby @awatlicdes
the positioning Qf..the laser relative to the end of the fibre which is held

by the supportin z‘ﬁﬂ"%er The i cro-nmachi ned substrate may provide a
ferrule-like structurdnlagpréfeaed Eﬁubbélﬁaeﬁpﬁab%bmﬁemre@ge wsep&ratmmmn@eage of

V- grooved sub e for exa ven conduct or
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Al ternatively ser nte on a device no whi ch |sd;eg,lself
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by the or each epitaxial (ayer.

Preferably, the alignment edge on the laser casommtes with an alignment

10 feature on & supporting member onts which the laser is to be mounted.

The alignment feature could be in the form of, for example, one or more
bumps, of a ridge or ridges, on a raference surface of the supporting member,
against which the alignment edge of the laser butts to maintain the laser in é
required alignment in relation to the supporting member.

18 Preferably, the alignment feature on the supporting member is d:feﬁned by a
similar standard lithographic mask and etch procedure, using the same mask as for
the slignment sdge on the laser, to ensure sub-micron alignment bstween the
finished aiignment features on the supporting member and the alignment edge on

~ the laser. | ' '

20 in accordance with a further aspect, the pn'esem invention pmvudes a
mathod of fabricating a semicanductor laser, the laser comprising a semaconductcr
substraté and deposited thereon a plurality of spitaxially growh layers, and an
aligntnent edge, the method including the siep of, forming at least one epitaxial
layer having an edge determiﬁing thse pnéition of the ajignmem edge of the laser.

25 ) Conveniently, the epitaxisl lsyeris) edge, which defines the alignment
edge, is formed using a standard lithographic mask and stch procedurs suitable for
determining the location of the aedge of the epitaxial iayer{s} tc sub-micron

| 8CCUracy.

. Preferably, the epitaxial layer{s) which defnnes the alignment edge is

3¢ s@izmte from the edge of the semiconductor substrate, the edge of the substrate
typicaily being defined by a cleave plane.



a heatsink alone or in conbination with the supporting nenber. A device
nmount heatsink would typically be of conventional type, for exanple one
conpri siW@9%/088d coat ed di anond onto which the | aser is PEUGBYPIS42
Typical ly, however, cost nay be reduced by replacing the diamond with, for
exanpl e, a dianond coated 5 substrate, or a conpound such as al um ni um
‘nitride or simlarly heat-conducting nmaterial. Preferably, electrical
contacts for the sem conductor |aser are provided as integral parts-of the

supporting nmenber. Preferably the contact%s are also in connection with PCB -

board pins (integral with the supporting nenber) to allow the 10 whole

pac ka?ﬁd erVI ce tontbwnngudrupafétcrﬁeaadtﬂay tAe faregblagd'afeebrEGB t6rd agrgicdmiictor! N
use e | aser rovi ded wi sone oW cost. _protectjve. ca
order to pr ot'%"'t?f aP'F'V'f mytAts aEpRdis. 3f°ef’r1iﬁerosteﬁ'é‘?°"85‘fﬂ” ﬂri’tfféﬁ?%‘"ces1 #? zfxfﬂ"glleer red
enbodi ment ofdetdifors) MmdaMbtors) \baiplifiars, filtdrs dtaser i s coated WI th a silicone
-sealing gel which acts a 3 ch a cap. The inventors have
“surprisingly, siliconeETgodimegts ﬁg tﬁwge%ﬁ‘é 'ﬁYﬁ"é"’Powl@
hunmi dity agd dakdiebyoRay afﬂeﬁ&ﬁﬁls odlyf, fuiieH eetéreycensd the ascempﬁmfng drawings in

t el econmuni catj.ons applications (where the lifetinme requirenents are
severe), t hatVRiRR¥ | asers need not be contained in a herneti cally seal ed
box, thus renoving Ftyﬂae ofilustretesai finstpambcaiirherg of aisd prevent fireadton;n  known

B?gi(ggtel 8;0223[ ! Oan gé’{(eefr&)F%d g IIEJSF? ”baogecgrl?élter%bgél |t|1'ceofl tﬂg%PetsleRt lhvénﬂ%n, in

front elevation and exploded view re_spectively;

10 Figures 4a to 4i illustrate the steps invoived in fabricating a semiconductor ‘

laser chip for use in the second embodiment; _

Figure 5 shows a front elevation of a cleaved laser chip fabricated by the
steps 'ac'cording to Figures 4a to 4i;

Figure 6 shows an alternative chip fabrication layout for the steps

15 illustrated in Figures 4a to 4l; -
' Figure 7 shows in more detail an example of the second embodlment

Figure 8 is a graph of coupling resuits achieved for packages according to
the second embodiment; and '

‘Figure 9 is a graph of a comparison between the heatsinking performance

20 of the second embodiment of the invention and a standard diamond heatsink.

In Fi'gure 1, the semiconductor laser 10 with a facet 15 is fixed to a
heatsink 50 which is in turn fixed on a fibre supporting tube 20. T.he fixing means
comprise e thermally conducting UV-curable adhesive. Such adhesive is used
since there is no réquirement to heat the device to form a bond as would be the

25 .case for solder jbihts or for thermo-c_:ompression‘ bonding methods. The supporting
tube 20 houses the opticél-fibre 30, so that the optical fibre is in an optically
coupled alignment with the facet 15 of the laser 10. The optical fibre 30 is fixed
into the supporfing ‘tube with an index matching UV-curable adhesive 90.
Elecfrical contacts 60 an‘d 70 are provided on the tube 20 to facilitate supply of

30 electricity to-the laser 10, via an electrical connection 65 and the heatsink 50,
respectively. The electrical contacts 60 ahd 70 are connected to PCB board pins
80 and 85, respectively, which enable simple connection of the laser package to a

PCB (not shown). The Ieser 10 is completely covered in a silicone gel cap 40, for

rB?‘@c O%é‘”lbﬁge’f‘ from



fsegl'i ng gel, S inde mat chi ng between the optical device and the optical

I bre and acts in ace of an index matching adhesive to bond,_t f to
t he devi ce. WQWEQ dance with a second aspgct, t he present %ﬁé@%@%ﬁ
provi des a nmet hod of packagi ng a sem conductor | aser, the nethod

- conprising, positioning 25 -and nounting a semn conductor |aser on a
supporting nenber, and fixing one end of an optical fibre to the supporting
- menber, wherein the sem conductor | aser is pgsitioned to be external 'to the
supporting nmenber and in an optically coupled relationship with the optical
~fibre. Preferably, the nethod further conprises the step of bonding the end
of 30 the opti cakarfplbr &etkeraimaméctobrit 885 & eprotest riy feam | hudeistityrzandhotngr
adhesive. Pr efer%gh\émﬁalégsﬂadhesi ve i s an adhesive which is curable w thout

t he need for heat’lng, rexanple a UV radiation curabl e adhesi ve. WO
96/ 00918 - The fibre support tube 20 is a precision manufactured cpEMicHeR/le 1572

SLn the case of uaalluCRAdNGh el Rh KyaEky (Gub JONBNs HRK BRSNS wihin

.accurately ali gne RePE & conductor T aser and devi ce mount turning the
~laser on and uBi fgrich fclesanceb damprasisinns et thefervie 20 anpbiae itite ackps & sykstiage

(for exanpl géa%heggrfe%%@ﬁg tafer}Abkadel FrafetOR! bErath pREiBomHP BPte ShehiEHi0Gr
' laser 10 and the heatsink 5O, in relation to the rim on the ferruie 20, enables the
optical fibre 30 to be brought into optically coupted slignment with the laser facet
15 by simply inserting the optical fibre inte the ferruie. In this way no active
10 alignment is needed to align the optical fibre 30 with the facet 15.

Tests using this arrangement have been carried out and have crovided the
resuits shown in Table 1. For these tests, the optical fibre 30 was inserted intP
the ferrule 20 with the UV-curabie adhesive 80. The laser 10 and the optical fibre
30 were aligned using active aiignment in which the laser was powered-up and

16 sligned with the fibre 30 on a standard alignment bench. Once aligned, the
heatsink 50 was added to support the laser 10, and the heatsink was bonded to
the ferrule 20 using UV-cured adhesive by exposing the arrangement to UV
radistion. Measuraments of optical coupiing efficiency were taken at various

stages of manufacture of each devﬁt_:a, as shown in Table 1.

20

Laser Number | Pre Fixing Heatsink Fixed | Epoxy Cure
1 85 |  55.0 41.3
2 44 | 47.9 45
3 42.5 T 42.8 42.9
4 54 T B2.7 ~ B1.3

" Average ' ﬂ i 44,928

Table 1

in Table 1, ‘Laser Number’ identifies the laser on test, ‘Pre Fixing’ is the .

25  initial cbup&ﬁng efficiency due to active _@lignmem, ‘Hesatsink Fixed’ is the coupling



5 exanple, inpinging on an optical sensor when the correct position is
achi eved. Alternatlvely the | aser may be passively positioned by a

nmechani c¥C® ¥W0¥8rent system and bonded into position. ToPEHGCEHOISARCi se
positioning, the laser is preferably bonded agai nst alignment features, for
exanpl e one or nore groove(s), edge(s), shoulders or bunp(s), on the
supporting nenber. 10 The | aser may be manual | y positioned on the
supporting nenber or, preferably, the |as may be positioned by an :
automati c pl aci ng and bondi ng machi ne which applies pressure to the |aser
to urge it against the alignnent features on the supporting nmenber during-

t he bondi ng offficiercyl aden the heatsisiupyesr bddey eediiBsoxylBure’ was thsAcdﬂ;ﬂWgack of

passive ali grmﬁa% c&eaqukl?eug& &eshaidhkl)aetep ct]leedd' stance froman alignnment edge of
€

a | aser body t | on of aser nesa, critically affects the
al i gnnent of the Ia'belreamitshn Thidle 3pshomathat ithe ev'erfgrccmpamg)bmcnen&y isheeatliyst ance

fromthe al i apmenlshdos el (e 26hd Gl 00620, ARkiRS BHASH Adlgon

“accuracy, it rnmy be Frnpos to op e op rcal
| aser act i be sificienayiaf8620 suffici ent accuracy by passi ve al i gnment

techniques, particyaldoedd teEt@%a@thIegﬁ galfn'eﬁ? out 'u§aaa Ly lﬁ?‘?pot"!n}ehlgé

techni ques for fabricating accurate I mensi oned | ase hav
achi eved acclhayipges thearetica) mammnorefflqimvwf 6%+ hen cn'hmmsesja.s coﬁplmbe

'substrate deféff’&?n{ékps fhi é%@féegﬂ%zgé h%ﬂ? bk EEh.EJHdP T {%E&cghﬁmﬂh’?b\‘?ﬁ?a@re

typically 25 defined b anes or sing asers cleaved from
bul k subst r ateeupling efflmenctes approac lng the theoretical maxnma for the laser davices wnll

10 be possible by fine-tuning the manufacturing process. : : '
Figure 2 shows a second embodiment of a packaged semiconductor laser
according to the present invention, which is shown in exploded view in Figure 3.
The drawings show a silicon supporting member, or sub-mdunt,_ 200 whicl';
includes a SiO, alignment ridge 210 againét which a semiconductor laser chip 220
15 " is aligned. An advantage of using silicon for the sub-mount 200 is that §t can be
- etched accurately taking advantage of its anisotropic properties to provide
accurate etch deﬁths'and etch anglés. A solder pad 230 is plated onto the sub-
mount 200, onto which the laser c.hip 220 is mounted. The solder pad 230
provides thermal and electrical contact for the iaser chip 220 as well as providing a
20 fixing to hold the chip in place. The laser chip 220 has a precision alignment edge
240 which butts against the SiO, alignment ridge 210 to ensure acdurate
alignment of the laser chip 220 in relation to the ‘sub-mount 200. A precision V
groove 250, which is etched into the sub-mount 200, extends from one edge of
the sub-mount 200 to the edge of the laser chip 220. The-V groove 250 has a
25 depth such that an optical fibre 260 received in the V groove optically ali.gns with
the laser chip 220. The V groove 250 is formed using known masking and
anisotropic etching techniques. The optical fibre 260 is bonded into the V groove:
250 using an index matching UV curabie adhesive or other suitable k'no_wn'

adhesive. : ' .

30 As indicated previously, it is.desirab_le to be able to employ a passive
rather than an active alignment technique. Passive alignment techniques can be
used with the above identified embodiménts prbvide_d that the laser chip .alignment

edge is an acéurately defined distance from the light emitting area of the laser
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Therefore, the dinensions of known | asers are determ ned by how accurate

the cleavin rocess is. In accordance with a further aspect ' nt
invention pMRIM?B, seni conductor | aser conprising a sem coﬁg@.@ﬁg&ﬁﬂg&e
substrate and, deposited thereon, 30 a plurality of epitaxial |ayers,

wherein at |east one of the epitaxial |ayers has an edge which defines an
~alignnent edge of the laser. WD 96/ 00918 i

- PCT/ GB95/ 01542 7 Preferably, the alignnent eid{ge of the or each epitaxial

- layer is defined by a Iithographic mask and etch procedure, which typically
' has an accuracy down to 0.25[err]m In a preferred enbodi ment the alignnent
edge i s separ at efsben v tnimsae ddichento, Sechhigues tdrfebrigatingisicedrateivt dimengiothst faserd

by a cleave. Thenglof gy, LOAUMGSPadlrdlfll ARGHER Snflor, NABRYA! Prf HGentors

di mansions of thé Cl eave e are, the-di nensions o aser are
| deternined to suhewsidaveloped auschmjausyfor Fabrigtingniesert chinsgwittl shb-micton pintensicdr

Coroperates it heAaEY] orERRMG Mt lolidn Mbrlclling R36% for woe in.
the | aser is th the pressnt Gwention, but is alse of more general application. '
| The process for fabricating sub-micron accuracy, pn diocde !asar'chips is
described, by way of example only, with reference to Figures 4a to 4i. Figure 4a
shows a InP substrate 400,' with two epitaxially grown surface ﬂayen's' 402 and 404
and a layer of silicon dioxide {Si0,}, which has been etched to form an outline from
16 which the laser chip is to be fabricated. In Figures 4a to 4i, the layers 402 and
404 (shown inset in Figure 4a and 4b} are represented as a single, un-shaded layer
for clarity. , ’
The substrate 400 is typically S-doped to a levei of between 3x10'%m™
and 1x10"%m>. The layers comprise an in,Ga,As, P, quaternary active {Q-active}
15 layer 402, typically 0.18um thick, which is capped with a protective InP layer 404,
typically 5Onm thick, doped with Zn to a level of around 5x10"7em?.  The
wavelength at which the laser chip eventually iases is determined by the ratio of
component amounts in the Q-active layer. Typically, to lase at 1300nm, the
cnmponeﬁt ratios for wocy:z would be:- 0.74:0.28:0.56:0.44, or at 1850nm, the
20 ratios would be:- 0.61:0.29:0.83:0.17. The etching was carried out, using
standard photolithographic and etching ﬁmcadures, by coating the substrate in
§i0, 410 and covering the Si0O, with a standard positive photo-resist, typically a
chromium coated quartz glass, to define outiine areas for a buried heterostructure
(BH} laser mesa 420 €m3.5m wide) and V groove apertures 430 {~5.0um wide}
25 on the substrate 400. The outline was firstly etched into the §i03, 410 typically
using & standard reactive ion etch (RIE}, for example CF, plasma @ 1CmT and
150w, or a wet etch in HF based etchant, for example 10:1 buifered HF (isociean
grade @ 20°C}. The remaining Si0; 410 was then used as a mask to stch the
underlying semiconductor 400 to a depth of approximately 1.0um, using a suitable L
30 crystaliographic etchant, for example 8 crystailographic wet stch of 14:1:9 {Dif
H,0:(17:1 HBr:Bra):HBr} @ §°C, or an RIE of CHe/H2 plasm@ @ 70mT and 200w.
The remsining photo-resist was removed usihg, typically, acstons followsd by

concentrated sulphuric acid. At this stage, the distancs from the centre of the



The alignnment feature could be in the formof, for exanple,

one or nore

bunps, or a ridge or ridges, on a reference surface of t
menber, QA8 whi ch the alignment edge of the Iaser bu{}?’.ﬁ%@ﬁ#‘ht ain the .
laser in a required alignnment in relation to the supporting nember. 15 '

Preferably, the alignnment feature on the supporting nmenber

I's defined by a

simlar standard |ithographic mask and etch procedure, using the sanme nask
as for the alignnent edge on the laser, 49 ensure sub-micron ali gnment'

bet ween the finished alignnment features on the supporting nmenber and t he
al i gnnment edge on the |aser. 20 I n accordance with a further aspect,
the present laseremesarfrdfr svitbesdge mEtthedy crorven PRl (ftPOaiss BRfneEnBi Chor

| aser, the | g.?&ﬁaaoames Fﬁkﬁoﬁhé&%tﬁ@%&&?rwﬁﬁh% rtgbigalfN@itHAP @30t Bhint her eon

y grown | ayers, and an alignnment edge, the nethod

aplurality epitaxi al

i ncl udi ng thecsragy:-of, formng at |east one epitaxial |ayer having an edge

‘determning the poﬁb&r’eqﬂw Qfov‘PshﬁieaéebWbe %@Q@or%ﬁtn&rﬁﬁ\ Wﬁi%ﬁrthe Yager mesa

Conveniently, the epitaxial ayer

eflnes t he al i gnment

edge, is for#2@ iusratectad yv-aheiawaah § PWéifg'é(ﬁ HP%S‘rﬁé‘k typigalivt %mﬁwabe'eﬂ}%

sui table. for [ I n [STeT=3
to sub-m crongggfé?g%?/mﬁtzﬁgrrgg‘lay@t ﬁgfz ‘[:.)Ttt?;iil al ‘ilég ﬁé’iriz z&;mﬁkﬂ%tg?fﬁgg(s)
e Eng

t he al i gnmentegiange?d0s

substrat e,

pl ane.

10

186

20

25

- 30

Boefres ahmfiest StaseihPhAIIHYgERPY- 8B 1@ VST

t R848506seR HildE asd Bsohdlsagky B SQérbbbvhBlaF@.sWd incriguays ac gh€ave

4d in which a conventional blocking structure 470 and contact layers 480 are
epitaxially grown onto the structure respectively.

The blocking layer comprises two layers, one of p-inP 472, typically
0.5um th_ick, doped' with Zn to a level of 53(1017 and one of n-Inf’ 474, typically
0.4um thick, doped with S to ‘a level of 1-2x10'®. The ‘blocking layers 'aré
arranged in reverse bias to the n-type and p-type layers of the pn diode laser chip
(usually with the n-type layer on top)..

The contact layer 480 comprises two layers, one of Zn-doped InP 482

- (which in fact comprises two layers:- a lower layer 0.7um thick, dope_d to a level

of 5x1017, and an upber layer 0.7pm th.ick, doped to a level of 1-231018). The
other contact Iayer-484 is of InGaAs, 0.1pm thick, doped to a level of >.4x1019
to provide a near metallic p + + surface layer for electrical contact.

The InGaAS contact layer 484 is then patterned hthographlcally (Figure 4e)
to reduce the current path and minimise capacitance effects by etching areas of

the contact layer away. This is achieved using an Si0, mask 486 and etching the

" InGaAs in a wet etch, comprising:- H,SO,4 (1 part); H,02 (1 part) and H,0 (25

narts). _
In practice, the patterning removes all but a small area of the InGaAs layer
484, leaving an area typically 15um wide above the mesa 420.

The next stage is trenching, as shown in Figure 4F, where trenches 490

are etched either side of the laser mesa 420, using a suitable mask 492, typicjally

Si0,, and etchant, for example a wet etch, co’mpr_isihg:- H3PO, (4 parts) and HCI (1
part). The operating speed of a BH semiconductor laser is dependant on many
factors, the capacitance of the blocking structure being one of the more important.

The trenches isolate the mesa 420 from capacitance effects due.to the overall



J

WD 96/ 00918 ' :
~PCT/ GB95/ 015 WE&‘M |1 be appreciated that the foregoing re%g,@
-sem conductor Taser apply, nmutatis nutandis, to other sem condUCtoOr opt
‘devices, for. exanple detectors, nodulators, anplifiers, filters, etc.
'Enbodi nents of the present invention will now be described in 5 detail, by
‘way of exanple only, wth reference to the acconpanyi ng draw ngs.in which:
‘Figure 1 illustrates a first enbodi ment of thg present invention; Figures 2
rand 3 illustrate a second enbodi ment of the present invention, in front
el evation and expl oded view respectively;, 10 Figures 4a to 4i
‘illustrate the st¥¢r&inogipIcHes 4(’% £ pesaitting highsepepd dasererastiansigdhe ehsenceor
use in the secondfeubwdigRitince@i@etse 5 shows a front elevation of a cleaved
| aser chip fabricated by the steps according to Fi %;re.s 4a to 4i; Figure 6

shows an alternative cHET thgirenchinesitages yor Masking BRls AB2dp cemoyep fram theglise

| ”anijQUf'etS 42 10 ohihithésldd i€ re cSAONV & FreBP la9els S0, 50D, R(BERAR WhddWe- $GERNT
enmbodi nent ;

& wide is then opened over the laser mesa to aliow aﬂestriéai contact to bs mads to
the laser. During this process, windows ovér the V groove apertures 430 are
agsain opened. ' .

Figure 4g shows formation of p side contact metaiisation (TiAul for the
electrical contact windows 800 and the protection of the windows with a ﬂa\}er of

10 resist 510, for example a standard positive photo-resist such as. Hcechst.
AZB214E, as the mask fcr' a further patterning step. The Au layer is stched in a
wet etchant basetd on Kl and the Ti is etched _by'RiJE in a CF,; plasma using
standard conditions. | The same metalisation is plated onto the bottom of the slice
{not shown)} to form the n side contact, after the slice bas besn thinned to ~90um

18 using a standard wet etchant (Br/methanoi).

Note: during the V" groove etching {described below), using HBr, the resist
mask used to pattern the p metal is left on the metal te éct as a protective layer
and is rernoved after the V grooves have besn stched.

Figure 4h shows how the V grooves 520 are further etched using H8r

20 which esrodes the InP substrate but not the Q-layer 402. The apertures 430 at the
meouths of the V grooves 520, and hence the distance between the edge of the V
groeve and the mesa 420, are accurately defined to within_ mr_n by the pravﬁous_iy
etched Q-layer 402 which was definad in the first stage {Figure 4a). The V groove
820 profile has a diamond shape, resuiting from crystallographic etching properties

28 of HBr in the < 110> InP crystal direction. Figure 4i shows the resuiting structure
with cleava pianes 530 defined at the bottems of the V grooves 520,

Once cisaved, as shown in Figure B, this strusture provides two possible
slignment mechanisms for thé iaser chip. Firstly, there is the O-edgs 240, which
potentiafly proviﬁes sub-micron accuracy between the centre of the laser mesa

30 420 and the Q-edge 240. Secondly there is the cleavege plane 530 emanating
from the bottom of the V groove 520, which should be accurate to within 1

IRICTOR.



Figure 8 is a graph of coupling results achieved for packages according to
the seco ﬂaﬁ ment; and Figure 9 is a graph of a conparison between the
heat si nki ng pefformance 20 of the second enbodi ment of t h&GHRBROIMA and a
standard di anond heatsink. In Figure 1, the sem conductor |aser 10 with a
facet 15 is fixed to a heatsink 50 which is in turn fixed on a fibre
supporting tube 20. The fixing nmeans conprise a thermally conducting

UV- cur abl e adhesive. Such adhesive is usqg since there is no requirement to
" heat the device to forma bond as woul d be the 25 case for solder joints
or for therno-conpression bondi ng met hods. The supporting tube 20 houses"
the optical fibre Affernativg glgaving carEpoementsfysedctoj glepye. éﬂfrebpblpeanahytakeupl ed

al i gnment Wi ta@vart8gd GOk fdct t@.;t th8 8leb @RS MmetRanish s Rpfohﬁé}l an' dsBb m?ﬁaa'nﬁ'gf i xed

into the supporting tube with an_index matchi ng UV-curabl e adhesive

El ectrical cShtthet %-gemeahcvr%saré Hieof-edae buhiehds t apseclgavedd is ausedi fost e .
supply of 30 aligimRéritl i city to the |laser 10, via an electrical connection 65
and the heatsink 50 espectlvel y. The electrical contacts 60 and 70 are

connected Po PCB boBys f igure, Bgshoxyrimych widemaearrupes ¢35 i R0mme wede) ewhichp| e
connecti on Ofcak REsilyaserabRGHRERER the sémiBERIUCER! 18 1Khse Tﬂﬁelaééf‘% élsj\podlﬁ

conpletely covered in a silicone gel cap 40, for

PCT/ GB95/ 015 22 separated by cleaving in the conventional way using a dlamond scnbmg tool
550, however the accurate non-cleaved alignment edge would then be the one
used for actual alignment purposes. -

10 In practice the relevant parts of the same mask would be used' for etching '
the sub-mount and the laser chip substrate, to ensure that they matched in terms
of accurately aligning the laser chip with the sub-mount. -

Fiéure 8 shows in more detail an example Qf the invention described above.
in relation to Figures 2 and 3. A 1550nm Fabry-Perot laser 220 is shown mounted

15 on a micro-machined silicon optical bench 200. The laser 220 is a Iargé spot size
laser which has an 8 well compressive strained active layer, the planar designl
having been previously reported in the Applicant's pri'br patent application number
94301309.4.

_ The first stage of the photolithography for the laser is used to define both

20 the passive 'guide'(not shown) of the largé spot size laser and channels (not
shown) at the edge of the device which define scribe lanes 435 by which multiple
lasers fabricated on a common substrate can be separated. A precision cleaved
edge'240 of a scribe lane may. be defined by this method to an accuracy of about
+ 0.2um. | . | _

_2'5 . In this embodiment, scribe lanes 435 buried by further layers resuiting
from subsequent fabrication steps are exposed and the scribe lanes etched using
4:1 HPO4HCL. The resuit of this etching is a substantially U-shaped channel
approxin"\ately 20um deep and 5um wide, the precision cleaVed edges 240, or top
corners, of which are defined by a 1.1.um quaternary of the passive guide of the

30 laser. The fabricated devices are cut from a. common substraté into devices
1.1mm long by 300um wide (defihed by the scribe lanes). The length of the
device comprises 340um of un-tapered active region, a 460um tapered region and

a 300um passive region.
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9 e?anple vack$r (Pagufacturer) 905, to protect it from humdity and other
- contam nantg,  The fibre support tube 20 is a precision manuf d ceramc
ferrule,_fcﬁv”’””%“e a ferrule avail abl e fronPKyocera (Japanﬁ%h%hﬁ@wgﬁ%
manufactured to within 5 1 micron tolerance. The precision of the ferrule
20 enables it to act as a substrate for the whol e | aser package. Therefore,
accurate positioning of the sem conductor |aser 110 and the heatsink 50, in
relation to the rimon the ferrule 20, enables the -optical fibre 30 to be
brought into optically coupled alignnent mﬁt% the | aser -facet 15 by sinply
inserting the optical fibre into the ferrule. In this way no active 10

alignnent is needed t@pa?hiﬁs;d dchpiir@prhbam:h’enﬁa'm; of 30hunitieh of ldevites anariSactiFedt s

: Chi .
Chong | Sal o PSRN A BB InGARE, Al of Ui Gf WIS PolBE cE il L ©
the ferrul e 20 wffidiencies dﬂ%ﬂdﬂ%&e&darwlande@eiﬂgﬁihmdem@immwand t he

power ad- Up and 15 o GG B (R PR Bpbiky 228 3b HHER o MY dltica Rn S
bench. Once abi @@&iwnth lae iftexviesing lsclber hend-pad E3@ whick ppgyides thérmal anskelecttcal and -
~the heatsink’ was,g Sg&v&et%ntt{?ﬁiasggé% &g&e;@ B8 obbadt Wb féH]e‘fﬂ’ne se1¥220 is g

exposing the arrange I'on asurenents of optical coupli

- efficiency werée aigheeh bat butting othe srecigios @faternsryf a@mﬂéooagamm cdligp @104 s
- shown in Table

]afﬂﬁggwgsm stop 210, said stop having previously been formed on the bench as
described below. ' |
10 Silicon micro-machining techniques are used to fabricete the silicon optical
bench 200 on which the laser 220, is passively aligned. The main featureé of the
silicon optical bench 200 are a V-groove 250 for fibre attechment and a silica stop
210 against which the precisien cieaved edge 240 of the laser chip 220 is aligned.
The silica stop 210 is 18um high and is formed by plasma enhanced chamical
15 vapour deposition and etched by & eombinatién of reactivs ion eiching and wet
chemica! steching. The solder bond-pad 230 is formed by e-beam evamratﬁon of
50nm titanium, 200nm platinum and 200nm gold, and is patterned using lift-off.
3um gold-tin solder is then thermally evaporated onto the resulting metal bond-pad
230, and is also pattermed using lift-off. The fibre V-groove 250 is formed by
20 anisotropic etehing of <100> silicon wafers using ethylene diamine and
pyrocatechel, using a silicon nitride mask. The V-groove 25C has a depth such
that the core of a suitable single mode optical fibre 260 substantisily optically
aligns with the laser. The exact depth of the V-groove 250 in practice is
determined by experiment with the etchants, silicon substrats and cptical fibre 260
25 used. _
A groove 710 is stched perpendicular to the V-groove 280 to enable giue
used to hold the fibre 260 in place to flow fresly underneath the fibre. Also, a
~ shaliew saw-cut 700 is made st the end of the V-groove 250 adjacent the laser
220 to remove the sloping end face of the V-groove, which remains after the V-
30 groove is etched. This to allows the fibre 280 to be brought close to the laser 220
facet.
Fabrication of the pckage is as follows. The laser 220 is bonded against

the silica alignment stop 210 on the silicon bench 200 using a ccnvemipnai laser



Laser. Nunber Pre Fi xi ng Heat si nk Fi xed Epoxy Cure 1 : 55

55.0 41.3 2 44 47. 1 ' 45 3 :
42 5 WO 96/009184> 5 42.1 4 54 : BOT/EB95/01542
51. 3 Average ' 44,925 Table 1 In Table 1,

‘Laser Nunber' identifies the laser on test, '"Pre Fixing' is the 25 initial

coupling efficiency due to active alignnent, 'Heatsink Fixed is the

coupl i ng WO 96/ 00918 ' _
PCT/ GB95/ 01542 10 efficiency when the hedfsi nk was added and " Epoxy Cure'

was the coupling efficiency after the device had been cured. The results in

ITabl el showateh&rndehe Aﬁweawesiﬁgwp’-ddagopm‘cﬁli fibrer26P is théreldid n the%¥-gttov8g a
arge spot si aser havin i mum t heor et i cal Xi 5 effjciency of

66% Subsequdnd TLre oRdkeL BRad 288 da R BPAEP XTes e ad heRves) s

| aser havi ng Farthéreor g, Galld (Maxishawn) mbdd romnapieot of Giticon witht fresrhéde At S,

coupling '

groove is applied over the top of the fibre 260 to.clamp the fibre firmly in place
5 and to provide rigidity. '
A number of packaged laser devices according to Figure 7 have been
manufactured as described above. Also, a number of laser chips from_.the same-
wafer were separated .and were bonded, junction side down, on diamonds on
conventional headers for the purposes of. performance ,compafison. These

10 diamond-mounted a'rrangerh’en_ts were found to have very uniform characteristics. ‘
Their output poWers at 50mA -and 20°C, were found to be in the range of 5-8mW.

The cbupling efficiencies of the devices on the silicon optical benches:
were estimated by COmparing the output poWér in the single mode fibre at 50mA
and 20°C, to the average value of 5.5mW. Using this technique, coupling |

15 efficiencies as high as 55% have been calculated. o
' As shown in Figure 8, reproducibie yields of packaged dévices according
to the invention have been demonstrated, mainly having coupling efficiencies
greater than 30%, but significantly there is a substantial yield at greater than 50% _
efficiency.

20 As can be seen from Figure 9, the thermal properties of the Iasers'on the
silicon bench compare favourably with the test devices bonded on diamonds. It is
suggested that the larger footprint of the silicon bench compared with thé diamond
mounting compensates for the lesser thermal conductivity of the silicon.

Initial assessment of the modulation capability of a device according to

éS this invention shows back to back bit error rate measurements indicating that the
'device is capable of modulation at rates in excess of 3OOMBitls.

Tﬁe skilled person will appreciate that the combination of low-cost

' packéging, high coupling efficiency and bandwidth in the packaged laser according

to the present invention shows this to be a viable technology for fibre-to-the-home

30 (FTTH.

While the laser chip fabrication technique described above finds

pérticular application in the method of fo_rfning a packaged semiconductor laser



e]‘*fi_ci encies in excess of 62% have been achieved. The applicants believe
that coupli enci es approaching the theoretical maxi aser
~ davices wil I& W@ possi bl e by fine-tuning the manufacturi gg’%%%@gs‘h
Figure 2 shows a second enbodi nent of a packaged sem conductor | aser
according to the present invention, which is shown in exploded viewin
Figure 3. The draw ngs show. a silicon supporting nmenber, or sub-nount; 200
whi ch includes a Si Jerr] alignment ridge 21¢;agai nst whi ch a semi conduct or
| aser chip 220 15 is aligned. An advantage of using silicon for the
sub-nmount 200 is that it can be etched accurately taking advantage of its
ani sot ropi ¢ _pr op@evi¢eegcacedipg &v thie Prsentr iayentienc i Willphe, aeafrRNt Sheth tigngriniquen

sol der pad 230 i gnéd Eﬁ{p%ﬁaﬁpéébh&&ﬁm%dﬂ%e g D of SuMhiBortidicfel deliBe kanREti¢ P

220 is nounted. The sol der pad provides thermal and el ectrical contact

for the |aser chppfd abgnmeantyeln) P%C%ﬁfo\ﬁ‘%llmﬁjh%@ $% not fipfted, 10 Ghp Steps; AescERed,

in place. The | aggdyeClat @aﬁé%&ﬁa s&eﬁaﬁﬂcmuwe%geanmtm@ﬁa@ ﬂaﬂ@ amc@ﬂmbm ts
agai nst the Si CIerrJ al ignment ridge 210 to ensure accurate al |%nmant of

the | aser chi P 2t® aﬁ”‘?@l@atﬁf(ﬂﬁh&" dvraseotsiasnr o ini prample, MEW, [asers &r d¥ee sgettiee

250, which is etglgd 'oPtu%éeQ%r@uﬁpm%afﬁn@%d&@ﬁfe&@%ﬂ Mﬁh%aun%igguw%u&&ﬁ
sub- mount 200 to the edge of the |aser ch|feu§220 The V. groove 250 has 025

depth such that afgngent.cahug therrredisrdetaiisph l8ver Gpmeraition. We tHipnees, pp

aligns with the Lassl delicP FRbhsicHiCary GUAPLY REP deeﬁampfednws' mhé&n@ém:es,
maski ng and ani sotropi c etching techniques. The og é—% flibre, 260 ﬂ% %e
into the V groov&hetyr ipspher ‘a’ﬁeﬁ“ﬁﬁfeﬁcﬁqﬁwﬁltﬂéhws Bht A5 the Hyraden, wi WWS‘F r

sui tabl e KNnoWy have very different characteristics to those described sbove. In particular, the
@uétemary layer which provides the non-cleaved alignment edges also prov sides the

device's active layer. In other devices, the eqguivalent layer might well not be

- quaternary, possibly being a ternary, binary or other compaesition. Moreover, the

layer which provides the non-cieaved alignment edge might be one other than that

15 which provides the devics's active layer - indeed the device may have no readily

identifiable active layer. Ne\)enheﬂess, the application of this aspect of the present

invention to the easing of alignment problems will be clear to those skilled in the

art.



adhesive. 30 As indicated previously, it is desirable to be able to )
enpl oy avgasm ve rather than an active alignment technique, Passive

al i gnnment ﬁues can be used with the above identified OIERIEONS: s

provi ded that the laser chip alignnment edge is an accurately defined

di stancefromthe |jght emtting area of the |aser WO 96/ 00918

PCT/ GB95/ 01542 facet, or mesa. Hitherto, techniques for fabricating

accur at g uwnmaser chi ps have o%y achi eved accuracies down to 1

m cron. entors have devel oped a technique for fabricating

| aser” chi ps with"sub-nfcron di mension accuracy. This nmethod finds

particular application in fabricating |GledMS for use in 5 the present

i nvention, but is also of nobre general application. The process. for

fabricating sub-mcron accuracy, pn diode |aser chips is described, by way

of exanpl e onfly, wiAsemidondustor deviceiinporrasating am alignmerit feature) sahdewicen | nP

substrate 400, d
layer of sili con %ig\%eﬁ'?ég?‘@qerr%% néHéﬁs& gdelrtlﬁée‘&{: 390 gerrérgé%én :
outline frdm tagerswiwherein [at least canecofi thej éch'Q? Inyensaltasi & dovadary rﬂeﬂhgﬂmb&sa 4a to
4i, the layer Bhé’tglgth pﬁ*gﬁi#sﬁ Jbﬁ‘%%ce§§ ahd gsﬁlrel':‘elrf1 @mé‘@)@uﬁm‘v Qdefines said

represented as a sin sha ayer for clarit
alignment feature

2. A semiconductor device according to claim 1, the device including an
10 active region defined in one or more device layers, wherein said alignment feature '

is defined by at least one of the same one or more layers.

3. An optical device package comprising:
a) an optical fibre; -
15 b) an optical device having an alignment feature defined in accordance
with claim 1 or 2; and ' _
¢} an _optic'al fibre supporting member, the optical fibre supporting member
providing a reference surface with respect to which the alignmént feature of the
optiéél device is positioned to effect alignment between the device and the optical
20 fibre. '

4, An optical device package according to claim 3, wherein the supporting
member and the optical device are in thermal contact with one another, such that
the suppdrting member acts as a heatsink for the optical device.

25
B. An optical device péckage according to claim 3 or claim 4, wherein the
supporting member has a supporting V grooVe providing a reference surface to

receive an optical fibre.

30 6. An optical device péckage according to claim 5, wherein the supporting
member further comprises a strengthening member having a strengfchening Vv
groove, the strengthening V groove being arranged to overlie the supporting V
groove to form a substantially square section bore to contain said optical fibre.
’//
eenkeiaced

\\\i\\\\ M,

|



The substrate 400 is typically S-doped to a | evel of between
3x10[err]cn{err] and 1x10[err]cnferr]. The | ayers conprise a

In[err] Ga[ erVPAYPEEI® | P[err] quaternary active (Qactive) 15 %quz

. typically oh15L§Lngl%b%;ELdggich is capped with a protective InP’layer
. 404, typically 50nm thitk; ed with Zn to a | evel of around :
5x10[ err] cnii¢ J. ayel ength at which the laser chip eventually | ases
i s det erm ned®nss i gH; 'Bildf conponent amouggs in the Qactive |ayer.
Typically, to | &setats I300fM the conponent ratios for w x:y:z woul d be: -
0.74:0.28:0.56:0.44, or at 1550nm the 20 ratios would be:- .
0.61:0.39:0.83:0.17. The etching was carried out, using standard

phot ol i t hogr aphi ¢ and s : ' : t A e
Sigerr] 410 and%(": over‘iﬁxr"izzjg&llf.I IE% ‘gv&ggéj#i(% ?@%ﬁ&@aﬁﬁgﬁﬁéﬁ Pﬁ?ié'vgﬁt@&;édﬂ Fibre
phot o-resi st, typgn¢a syppercmeothey nsaid suppbre)mamber girawding (& bekst inte whieh ithee

areas for a buri . t r 4 ~ r . 0e)
and v gr oove aperhiad HHnH FadEv nd B lbrerdRS" oy BREE 1 lator o wiieR dmbit el
outline was fi®stdeyiceischeuntadtoetfens afiprapentryith tpoend\afiseisl 9npicaishibig rageived in
standard reactivgai'ﬁ%?@gtch (RIE), for exanple CF[err] plasma @ 10nT and
150w, or a wet etch 1n HF based etchant, for exanple 10:1 buffered HF
(isoclean grade @20[err]C). The remaining SiJerr] 410 was then used as a
mask to etch the 8‘!”0'9?1&%'@5&%%%&9%9&& G 16 Qich T, WS BrePlevidePis riduricShey
1.0[err]m wusing a suitable 30 crystallographic etchant, for exanple a
crystal | ographi c aestsinkcandghe hastsink iq ppunipd pp paid refprencepyrfasei err ) HBr} @
S[err]C, or apgRIE of CHerr]/H2 plasma @ 70nT and 200w. The renai ni ng
photo-resist was renoved using, typically, acetone followed by concentrat ed
sul phuric acid. A& thi&nsertipel deviee daskagscesaording (taecleight/r & &?Immh% wherein

slectrical contacts to power the optical device are provided on the supponing

member.

i858 10, An optical device package according to any one of cleims 7 to 8, wherein
the supporting member is further provided with PCB pins which are in electrical

contact with respective electricai contacts.

11. ' An optica) device package according 1o any one of claims 7 to 10, wherein

20 the supporting member comprises a ferrule.

12. An optical device package according to claim 11, wherein the rim of the

ferrule provides the reference surfacs.

25 .13. An optical device package according to claim 11 or cleim 12, wherein the
optical fibre is received in the bore of the ferrule, which bore holds the optical fibre

in cptically coupled alignment with the optical davige. '

14. ' An“'omﬁéaﬂ device package according to any one claims 3 to 13, whersin

| 30 the ogﬁticaﬂ device has a silicone gel coataﬁg. '




WD 96/ 00918

PCT/ (3B95/ 01542 12 | aser nesa 420 to the edge of the V groove aperture 430
i's defi n®®WP0Ke accur acy of the photolithographic pr oc eBET/GRA1§43 -
typically - accuracy. Figure 4b shows the second stage
of fabrication in whlch the | aser nesa 5 420 is protected-with a suitable
protective reﬁm Ilﬂ3 Byily chrom um coated quartz gl ass, whilst the -
remai ni ng Si with CF4 fr, mpI ateau regions 460 left after
the first stage o p"hotol i t hogr aphy, Iea\?l ng the InP cap |l ayer 404 exposed.
First and second stages of overgrowth are shown in Figures 4c and 4d in

whi ch a conveldt i onah dpticalkdevize tackagelaceortiify @ndaicoM, amberbiayteesihé&{b gene 10
epitaxially t.u re veI The. ckin

.conpri ses t\/\g£ ﬁ‘a ’é%ﬁt&'éigmﬂ&}ﬁ% F;goﬁlzbe%&g/p cal ‘X'CB' Vécgrfo kt?{% nged
with Zn to adfelmbptuialﬁbrm[err] and one of n- InP 474, typically 0. 4[err]m
thick, doped with Sto a level of 1-2x10[err]. The bI ocking | ayers are
arranged in reverse bias to the n-type and p-type layers of the pn diode

| aser chi p5136. (usaaldpytcahdehtce eckage ppeording ¢¢ amnonepl) claifises3 oth, anterdiay er

480 conpris e%hé ¥Rd o@%ﬁé %ptl@d??lbpg lsZE'onquB'%g t"\@ pﬁgﬁ device facet using an index

matching adhesive.

17. An optical device package according to any one of claims 3 to 16, wherein
10 the optical fibre has a numerical aperture greater than 0.25. _ ' ‘
18. An optical device package according to any one of claims 3 to 17, wherein '

the optical device is a semiconductor laser having a waveguiding structure which
has been modified to provide an output which substantially matches the

15 fundamental mode spot size of a single mode opticel fibre.

19. A method of fabricating a semiconductor device, the method incorporating
steps to define an alignment feature for said device, said steps including defining
by .a photolithographic mask and etch process a boundary in one or more layers of
20 material forming part of the device, wherein said boundary defin‘es said alignment

feature.

20. A method according to claim 19, wherein an active region is defined in
one or more layers of material forming part of the device, wherein said alignment

25 feature is defined by at least one of the same one or more layers.

21. A method according to claim 20 or claim 21, including the steps of:
| a forming a layer of material on a first surface of the device; and
b masking said Iayer of material and etching away unmasked areas to
30‘ provnde a second surface lower than the first surface,
wherein the edge of the first surface above ‘said second surface provides -

said boundary and defines said alignment feature.

Sheet Has Been Repl aced

T




(which in fact corrprises two |layers:- a lower layer 0.7[err]mthick, doped

to a level rr], and an upper layer 0.7[err]mthick,

H evel of 1- 1 . The other contact |ayer 484 is of In@@%ﬁﬁ?r] m
: 4x10[err], 20 to provide a near nmetallic p + +
M Al .contact. The InGaAS contact |ayer 484 is then

'surface | aye} R e

Qpatterned |1 gy | i#ri gure 4e) to reduce the current path and

n ni ni se capaci t%m&e cts by etching ar eas?bf the contact | ayer away.
This is achieved using an SiO2 nmask 486 and etching the InGAs in a wet
‘etch, conprising: 22H[ era m@ra‘bhou@ibgparah}’,cnﬁbeewm&f@] 2( Iwvipsmsib theasvcat kst

(25 25 parts). In e, the attern n renop mal | area of
‘the InGaAs | ayer %ﬁe g{iceav?yﬁgs J%l}n aé’%?/rp?r F'F?F“fé%fe ?“f%'%:/rg’ffé” 1£§bove t he
‘nesa 420. The next stage is trenchl ng, as shown in Figure 4F, where
e o0 e B Dok H Sl Shihall ek BRLCERR: Aol SR, o1 1201 e
conpri si hg: - Hrr] P & m}ou(rnﬂng)an tepYica rfibréiGh & Sugmartt nembére saﬁpauan’mmgnwﬁmed
of .a BH sem condugt or .Qn a t he capacitance
of the blocking s Qd%ngr éénﬁaggﬁ% g‘% %ﬂggﬁ%@aﬂ%h& %&‘fant The trenches

i sol ate the nesa 420 f rodmovapraren saki eugpioftopesbers® mcaumwgmmm an zligent
96/ 00918

f o . ’ .. ! ° N .I I- . .
PCT/ GB95/ 01542 eature defined in accordance with claim 1 or 2 such that said alignment feature is

urged against a reference surface 'provﬁded on said support member to effect

10 elignment between the device and the optical fibre.

24, A method according to claim 23, wherein the cptical fibre is bonded to the
support member using a UV-cured adhasive. : . e
15 24 A method of packaging an optical semiconductor device having an

alignment feature prdvided in accorcdance with claim 1 or claim 2, the methoed
comprising the steps of:

a) mounting an optical fibre on an cptical fibre supporting _rﬂember, the
supporting member having a first reference surface, against which the optical fibre

28 s fixed;

b) positioning the alignment .?eatun'e of the optical device against a second
reference surface of the supporting member;

¢} securing the device and the fibre together in optically coupled
relationship without active alignment; and |

25 dj encapsulating the device to provide a non-hermetic package.

RECTIFIED SHEET (RULE 81)




1é bl ocki ng structure 470, thus permtting high speed | aser operation in

‘the absence of such capacitance effects.

maski ng SicﬁgfD

‘the | aser.

' (TiAu) for the electrica

.is renmoved fromthe s{}
in a fresh layer of SiJerr] 502. A contac
t hen opened over the | aser

After the trenching_st

age, the .
ce and the incePFgwﬂﬁﬁ@g%?ed
& ndow ~ 10[err]m5 wde is

mess to allow electrical contact to be nmade to
: w ndows over the V groove apertures 430 aire .
agai n.opened. Figure 4g shows formation of p side contact netalisation

“wi ndows with a layer of 10 -

During this process,

resist 510,

contact wi ndows 500 and the protection of the
for exanple a standard positive

phot o-resi st such as Hoechst AZ5214E, as the mask for a further patterning

"step. The Au layer is etched in a wet etchant based on KI and the Ti is
etched by RIRE in a CFerr] plasma using standFrf Qﬁdltions. The sane
nmetalisation is plated onto the bottom of thels gnot shown) to formthe

n side contact, ;,aftef, the,glice b beengbhinned to ~90[err]m usigg a
standard wet et chant™( Br/ fgt hanol Not e:4*during the V groove chin&
(described below)y usikng HBr, the nesist jmask uged to pattgrn the p net gl
is left on the nefal RS BT KOs rgnd is v FREHSITEN the
V grooves have begig/etdh the¢ V groo %f;f7¢7n»;~
further etched HB) . 29 « niPisubst r at ¢4 L;Jﬁdkf,;'
Q layer 402. The/ap€rifrpg ./ - e S
% | 1
. (L LLLLLLL | LLLLL }
£ NENNINSSNNY THTANANN
f! l f : ~F eL. Je
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nmout hs of the V grooves 520, and hence the distance between the edgé of the
V groove and the nmesa 420, are accurately defined to within g&g hﬁk By the
e (Frgure

WO 9600918

" previously € Q ayer 402 which was de%%yed in the first stag

. 4a). The V groove 520 profile has a di anond shape, -resulting from _

. crystall ographic etching properties 25 of HBr in the < 110> InP crystal

i direction. Figure 4i shows the resulting structure with cleave planes 630

§ defined at the bottons of the V grooves 520. Once cl eaved, as shown in

. Figure 5, this structure provides two possible alignnent -nechanisns for the

 llaser chip. Firstly, there is the Q edge 240, which potentially provides

sub-m cron accuracy between the centre of the |aser nesa 30 420 and 't he

Q edge 240. Secondly there is the cl eavage plane 530 emanating fromthe

bottom of the V groove 520, which should be accurate towthin 1 mcron.

| WD 96/ 00918

PCT/ GB95/ 01542 14 Alternative cleaving arrangenents used to cleave | aser

' chips can take advantage of ‘the fact that the clﬁgx' snechani smis no

- | onger an essential feature of the alignnent prode ti » the Q edge (which
is not cleaved) is used for alignnent. :

270

/
250



5 Thus, Figure 6 shows nmuch wi der apertures 435 (~50[err] mw de)
which can eagjd dudsys’ a0ri cated on the sem conductor. In this case the |aser
chi-ps woul d be separ at ed by cleaving in thgéconventlonal way PET/aB901542

di anond scri bing tool 550, however the acc 8te non-cl eaved al i gnnent edge
woul d then be the one used for actual alignnent purposes. 10 In
practice the relevant parts of the sanme nask woul d be used for etching the
sub-rmount and the | aser chip substrate, to ensure that they natched in
ternms of accurately aligning the laser chip with the sub-nmount. Figure 8
shows in nore detail an exanple of the invention described above in
relation to Figures 2 and 3. A 1550nm Fabry-Perot |aser 220 is shown
‘mounted 15 on a mcro-nmachined silicon optical bench 200. The laser 220 is
‘a large spot size |laser which has an 8 well conpreSS|ve strained active
| ayer, the pl anar Egslgn havi ng bdan PTEVEGUSTY IF €PDF:

prior patent appli qynber 94301 :
phot ol i t hography for The laser is j4s
(not shown) of the large spot sizddtlal

about [err] O. 2[err]n1'25 0n this enb
buried by further |a

eBrs resulting '\

=i R G A e A E

460, | - 650




from subsequent fabrication steps are exposed and the scribe |anes etched
,using 4:1 Herr]PJerr]:HCL. The result of this etching is a substantlally
- U.shaped cleoséo®ippr oxi mately 20[err]m deeg and 5[err]m wi B01542

- precision cleaved edges 240, or top corned8 of which are deflned by a
"1.1[err]m quaternary of the passive guide of the 30 |aser. The fabrlcated
. devices are cut froma comon substrate into-devices 1.1mmlong by

. 300[err] mwi de (defined by the scribe |anes). The |l ength of the device

. conprises 340[err] mof un-tapered active region, a 460[err]mtapered region
: and a 300[ err] m passive region. WO 96/ 00918

. PCT/ GB95/ 01542 Optini sed coupling neasurenments of a nunber of devices,

. manuf actured according to the above nmethod, nounted on conventional headers
- yielded coupling efficiencies of up to 62%to cleaved ended single node

. optical fibre. In Figure 8, the |aser device 220 is nounted on the silicon:
optical bench 5 200 with an intervening sol der bond-pad 230 whi ch provides
thermal and el ectri cal COntact bet ween the | aser 220 and the silicon
optical bench 200. Th&X as 20 i s aligned by butting the precision

guat ernary edge 240 agaf@h silica (Sigerr]), alignnent stop 210, said
~stop haV|ng previ ously been fornedég@ the bencﬁﬁés gescrlbed bel ow.

\

Wl 472

420

492 486 190 482




10 Silicon mcro-machining techniques are used to fabricate the
silicon opticalcbench 200 on which the laser 220, is passively aligned. The
mein features"OT%®HE silicon optical bench 200 are a V-groovePCBGBIMHSAZ bre
attachment and a silica stop 21 0 agalnstfﬂﬁlch the precision cleaved edge
240 of the laser chip 220 is aligned. The silica stop 210 is 1 5[err]m high
.and is forned by pl asma enhanced chem cal 15 vapour deposition and etched
by a conbination of reactive ion etching and wet chem cal etching. The

:sol der bond-pad 230 is forned by e-beam evaporation of 50nmtitanium 200nm
.pl ati num and 200nm gold, and is patterned using lift-off. 3[err]mgold-tin
‘solder is then thermally evaporated onto the resulting netal bond-pad 230,
and is al so patterned u5| Egg The fibre V-groove 250 is formed by
20 ani sotropic etching of g; éiﬂ I|con ers ushrg et hyl ene di anm ne and
pyrocatechol, using a silicon nitride nask he V-grqove 250 has a depth
such that the core of a SUIt-l e _single nt ihre 2

in place to flo )fr-¥=* under neath the Prbrd, \w sawcut 7400
is made at the efd of the V-groove 250 adjdﬁﬁht the Iasé?ZZZﬁﬁto r enovg
sl oping end face {of the V-groove, which remains after the V- 30 grogye is
etched. This to alTows TIe=TTbr € 288—+o~Bebrougnt—ctovse 1o thetaser 220

e T

~t
Ul
=]

530 4ok




facet. Fabrication of the package is as follows. The laser 220 is bonded
agai nst the |l i gnment stop 210 on the silicon bench 200 us

.convent i onal @@adg@@mﬁ WD 96/ 00918 : MM

PCT/ GB95/ 01542 16 di e bonder. A cl eaved S|ﬁé$e node optlcal flbre 260 is
then laid in the V-groove 250 on the optical bench 200 and i.s glued in
place with a UV-cured adhesive. Further to this, a lid (not shown) nade
froma piece of silicon with an etched V- groove is applied over the top of
the fibre 260 to clanp the fibre firmly in place 5 and to provide rigidity.
A nunber of packaged | aser devices according to Figure 7 have been

manuf actured as descri bed above. Also, a nunber of |aser chips fromthe
'sanme wafer were separated and were bonded, junction side down, on di anonds
on conventional headers for the purposes of performance conparison. These
10 di anond- nount ed arrangenents were found to have very uniform
characteristics. Their output powers at 50mA and 20[err]C, were found to be
in the range of 5- 63%5 vg;coupllng ef ficiencies of the devices on the
silicon optical ben "déj € estimated by conparing the output power in the
single node fibre at 50mA :

540
Fig.6.
55@\‘&?. o | _“&35 _ /550

rz‘%&me




and 20[err]C, to the average value of 5.5nW Using this technique,

‘coupl ing 15 effyglenC|es as high as 55% have been cal cul ated. As shown in
Figure 8, rePB0898i ¢ yiel ds of packaged devices according tRCHEBSS015462
invention have been denonstrated, mainly having coupling efficiencies
greater than 30% but S|gn|f|cantly there i's a substantial yield at greater
than 50% efficiency. 20 As can be seen fromFigure 9, the thermnal
properties of the |asers on the silicon bench conpare favourably with the
test devices bonded on dianponds. It is suggested that the | arger footprint
of the silicon bench conpared with the diafpgd nounting conpensates for the
| esser thermal conductivity of ‘the silicon. Initial assessnent of the

nodul ati on capability of a device according to 25 this invention shows
back to back bit error rate nmeasurenments indicating that the device is
capabl e of nodul ation at rates in excess of 300MBit/s. The skilled person

w | appreciate that the conbination of |ow cost packagi ng, high coupling
ef ficiency and bandwi dth in packaged | aser according to the present
i nvention shoef his to be af | e technol ogy for fibre-to-the-hone 30
(FTTH) . While I} chip fabrycation techni que descri bed above finds
particul ar lication I e _net Rod of forming a p&B&8ged seni conduct or
| aser o : .

{

f

250
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Fig. 7.



WD 96/ 00918

PCT/ GB95/ 01 vi ce according to the present invention

appar ent thgéé?ﬁénﬂﬁchnique finds inmportant application in tﬁﬁ%ﬁﬁﬁ@?ﬁﬁg
field of 'sem conductor device fabrication and alignnment. In particular, the -
method is not limted to the steps described above for fabricating a
standard pn diode |aser. The nethod finds application in 5 the fabrication
of other types of laser, for exanple MQWI| asers or |arge spot size |asers,
or indeed any type of sem conductor devig/g which requires sub-mcron
alignment. Thus the precise details of |ayer conposition, doping, thickness
and of overall device dinensions are given by way of exanple only. O her
devi ces, whet her | aser or otherw se, accordynq to this aspect of the
invention wll typld%gLy 10 have very di i 4 wcharacterlstlcs to those

descri bed above. In pdrticular, the quat
non- cl eaved allgnman dges also provi des
ot her devices, theseqyival ent |ayer m ght!
_possi bly being a tergpdiy., binary or other
whi ch provi des thesnon-geaved al i gnnent |
15 which provi de$®t hqg | ‘lce S actlvefl.
no readily identifiabriis N I8 ‘
aspect of the present |ifen! | ol du ¥ ‘
clear to those skil|@aMMEgMCrart. — & T
1529253@354@455@55
_ Coupling Percentage

. the |ayer
r than that

Fig.8. - o
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", .A 18 CLAI M5 1. An optical device package
corrprl Si ﬁg—&n—epu—eacl__dem_ce a first support nenber supporting the optical

menber suchHHE
coupl ed relatlonshlp and an encapsul ant applied to the optical device to

devi ce, a Sf d_support nenber having a bore and 5 an optical fibre
recei ved | ] ;_ second support er carrying the first support
=lay | device andth ptical fibre are in optically

seal the optical device fromthe surroungiagmgnvi ronment. 10 2. An
optical device package according to claim 1, wherein the second support
menber is a ferrule. 3. An optical device package according to either

precedi ng cl aim m%ﬁbﬁtié&%éﬁ@ﬂ%%@%ﬁﬁpﬁ%&’%fm SRR beGie,2 m@@%{,&s&x

having a m cro-nmachi ned bore evl ce packag
conpri si ng an "HEP¥AupRastingcthe pptiogtdeyige, ﬁlsgcmd)mpp@aﬂ mymbeml@wm acbowarﬁd

optical devgc fi.cal r optical devj

and an enca%s%padﬁﬁgg% @égé@g&{ ﬁ‘eé%g%’ ?geéltﬁ%%éldgg st%gggiqzﬂ% R%rp(&g&yl% edé"\?l‘:ce

from t he surr cupgidrh gnembérr sucinetiiat tit optical device and the optical fibre are in optically
coupled relationship, and an encapsulant applied to the optical device te seal the

opticat device from the surrounding environment.

10 2. An optical device package according to claim 1, wherein the second

support member is g ferrule.

3. - An optical device package according to sither preceding claim, wherein the
second support member comprises a substrate having a micro-machined bore.

18
4, An optical device package comprising an optical device, an optical fibre
optically coupled to said optical device, means to support the optical fibre and the
optical device, and an encapsulant applied to the coptical device to seai the optical
device from the surrounding environment.

20
5. An optical device package according to any one of the preceding claims,

wherein the encapsulant comprises a silicone sealant.

8. An optical device package according to any one of the preceding claims,
25 wherein the sealing compound is index-matching and forms a bond between a

facet of the optical device and the end of the optical fibre.

7. An optical device package according to any one of the preceding claims,
wherein the optical fibre has a numerical aperture greater than 0.25.

30
8. An optical device package according to any one the preceding claims,

wherein the optical device is a semiconductor laser having a waveguiding structure
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5. An—opfrea*deveee—package according to any one of the precedi ng

clai m; rerey apsul ant conprises a silicone sealant. 6.
opt i cal Micording to any one of the preceding clains, 25
wherein the LI Ty C pund i s i ndex-matching and fornms a bond between a

facet of the optlcal device and the end of f8e optical fibre. 7. An-
optical device package according to any one of the preceding clainms,

wherei n the opbigsabicé 'aﬁr&ntﬁétswﬂ f&%s%&ﬁﬁ'@]l@&%é s%thd rfﬁﬁ&%ﬁeﬁtgﬁ%oge %Bbt 8% 8

An opti cal deV| ce package according to any one the prece clal
wherein the off @c%!“giﬂ@wc@e@m@ahﬁbmm conductor |aser having a wavegui di ng
structure 19 to provide an output which substantially matches the
fundament al node spot size of a single node optical fibre. 9. An

optical devicé. pack@g‘eomnaﬂ)demna@aaké@rtmﬂnmsnr@a ogrhiile,an bptise FbACRICYREd iiH 5
t he bore of ttgﬁe%r ﬁ’@e% E%port rrenber sup Borted against the rimof the
ferrule at dné end & RelSol* U HEYARCE] Memper sUpRarisd-egaRst Ihe iy o thy ferrule
menber in opt |amlnéyer@omkm bR gpticaNg&Vide Whikidd BY Shi®RUBSEH niér{%%’madﬁc

Vi rom

encapsul ant ap |eg to said optical device to seal the optic
the surroundi § ugﬂﬁ relgtinasiio wuth said optical fibre, and an encapsu ant applied to said

optical device to seal the optical device from the surmundnng gnvironment.

10 10. A method of packaging an opticat device, the method comprising the steps
of:
a) mounting an optical fibre on or in an optical fibre supporting member;
b} positioning the optical device in pptical alignment with the optical fibre
and securing the device and the fibre in optically coupled relationship; and

18 d} applying an encapsulant to the device to form 4 substantially air-tight
saal.
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ceramic ferrule (60). The opticsl device (10) is mounted on heatsink (50), the heatsink

mounted on the ferrule (60). The optical
(60) such that insertion of the optical fibre {260) fnto the ferrule bringe
device without the need for sctive alignment technigues. The optical

device {10), in use, is encapsulated in silicon sealant (40} to seal the device from the effects of umidity.




