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; 

The present inventio_n reiates to tine· packag.ing of 11n optica:i device in 

1iignme1!'frt with an optical fibre.· 

6 The importance of accurate alig~11ment of am optiea! fibire with other 

eompommts in opt:Ocai devices is well known. ~n auro optooiectrnnic device such eis 

~ tli'arnsmatter or receiver. for examp~e. alignment of sin optical fibre with 1 ~aser or 

receiveli' chi~ as neces11ry to attain optamUJm coypUng of light energy. This is. 

«tspoci1liy true for tnmsmitters, where, for examp~e. good optical coupling permits 

l 0 1 las.er to be operated using minimum ctuirirent, thus reducing the heat . genell'ated 

durnll'flg lasing alfTidl extending the iife of the iasell'. Thermal expansion problems 

inh~rent on tiransferr~ng heat from the ~ase11' are i!ilso minimised and, for some 
• 

applications, packaging costs cam b~ reduced through eliminataon of the need for a 

tfileirmoeiectiic cooler.· 

· 15 frB'll fabrication, mot oniy must the fobre be aligned in three co·ordiniates for 

cptimum coupiilftlg, but this alignment mOJst 21lso be fixed by a rogid secuirement and 

must not lbe a~teired by shrinkage forces during faxation or subsequent processing. 

IFoir a sinig~I mode fobre, for example, fill'flaii a~tignmctnt must gomm1lly be heid to 

withhi plus er minus one~half micmmeteir on dimensions radial to the i!bre 1md to 

20 withill'fl one to two micrometers axially. 

Co:rwentiona~iy, packages which incorporate ell'Tlvironmemaliy sensitive 

cemponenrn:s such as lasers, for examp~e, are hel"metica~iy saaied to provide the 

component with liJ closed and protected envoronmell"llt. It is customary to intiroduce 

~ communicating optica~ fibre into such paicllcages via a suitab~e feed-through 

25 eoinnoctioro. in fabrication, the fibre is fiirst inserted into the feed-through and the 

feod0 thro0Jgh is secured to the package. The portion of fibre imernal to the 

paiclkage is then aligll'Tled with the iaser, or other component, and separoteiy fixed in 

position. US 4615031, foll' example, disc~osos ena such f,abrication technique ilTTI 

~\.hich allli. anchorage clamp welded over the fibm insido the package is used to fix 

30 tho ~lignmen'1lt. 

A samilar 1ppiroach to packeg~ll'Tlg an o~tica~ dovico is descrabed in European 

paitent appliem:~on EP-A·0286319, wheli'e aD'TI optics~ fnbre is lutli'metical~y sealed ill'11 1 

fotH.°' 0 tlhmtJJglh tube which !s a~igned with 1 lctseir through am aponure in a ·wall of ill 

package. The feed-through tube has two supporting paims, mou1T11t&d en an inner 
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surface of the package, at which the tube can be manoeuvred to align it with. the 

optical device. The fibre in the tube is actively optically aligned with the laser by 

powering up the laser and monitoring the level of light Which passes along the fibre 

as the position of the fibre relative to the laser is altered. When the optimum 

5 alignment is achieved, the tube is secured in a fixed relationship to the laser. 

Using this app~oach requires that the package and the walls of the package do not 

deform due to changes in temperature, otherwise the fibre and the optical device 

could move out of optical alignment. 

The cost of packaging optical devices is one of the key economic barriers 

10 to the deployment of a FTTH (fibre to the home) telecommunications network, f 
since the devices are responsible for a significant proportion of the cost· of the 

equipment to be installed in. subscribers' premises .. Of particular significance is the 

cost of optoelectronic components and assemblies such as, for example packaged 

semiconductor lasers. The largest component of th.e cost of, for example, a 

15 packaged semiconductor laser is incurred in the packaging of t~e device and not in 

the cost of the laser itself. One major cost for the packaging is for the 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 

humidity and _other contaminants. Another contributi.on to the packaging cost is 

· 20 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 appreciated by 

25 tl)ose skilled in the art that the 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 semiconductor laser comprising: a semiconductor laser; an optical fibre; 

30 and a supporting member, the laser being carried by 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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Prmeralbly. the optical iibll'e is bonded to the loHr facet wath an index 

m~tclhiill1lg adhesive, torr axampije tm epoxy based adhenive. The fibre may be 

bonded d!reetiy to the iaseif facet, in which case there would only be 1 thin ~ayer of 

boindong 1Jdhesive between tho iibre 1md the ~aser facot. Altemativo!y, the fibre 

· 5 m~y be bcndool indirectly to the lasor facet. fol!' example by bonding a iens or ether 

light tra~smitting means between the fibre and the laser facet. Attachment of the 

fobra to th~ facet, eather directly or !ndill'ect~y, cuts down on undesirablo reflections 

bgtween the facet and the fibre. 

Altomativeiy, refieetions between the facet and optical fiblfe may be 

~ 0 minimised by !known methods, for examp~e by forming a ions en the cmd of the 

optical fibre, anti~reflection coating the &lfTld of the fibrn, oli' polishing Bil!'Ti angle on 

the fiblfe elf1ld. However; the method usiing adhesive has the edvantage cf adding 
• 

strnngth to the assambJy. 

Preferably, the coupling efficiency between the laser facet and optical fibre 

15 is increased by using a high NA fibre, foli' example a fibre heving a NA cf greater 

than 0.25 «compared! to a st~ndard fabrn having a NA of abom O. 1 ~, which has an 

tflceoptamce . angle which better matches the radiation beam ang~e. typica~ly 

30°x40°, oi the laser. 

A~temativeiy, the a~ig11nrmtnt tolerance, al!'lld thus co1U1pling efficiency 

20 between the laser facet and the optical fibrn, is increased by using a large spot size 

~aisell' las described in cur co~pending Euiropeilln patent applicaitooll'il, numberr 

94301309.4, filed on 24 februall'Y 1994} which has a large spot size ou.utput 

rilld!at!an beam which more cloHly matches the spot size of standard single mode 

ttl~~communications optics~ fab~e (the spot sizo of a standard single mode 

25 t~!ocmmmtmicetlons optical iibm is approximlflteiy 1 Oi.mu at a w~velength of 

1.56y.q,m, whereas the spot size et the output facet of a typicai double 

~etfirOstructure semiconductor iasar is 1.0µm by 1.5g.m11). A !arge spot size 

semiccmdluctor laser is fabricated with B waveguiding atmetme which !has been 

modified to . plfovide all"!l output which ~s. typieaiiy, ~ergerr than a standard 
. . 

30 semicooom:torr iaser and has less divergence. 

!Both a high NA fibr8 and a huglt spot sizo laser may be used in 

comibinetiol!'ll, however the inventors have shown thlllt the use of a ~arrge spot size 
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laser with a standard telecommunications optical fibre provides extremely good 

coupling efficiency for the present invention of up to 66%. 

One purpose of the supporting member is to hold the optical fibre in 

accurate optical alignment with the laser. This may be achieved in several ways, 

5 for example the supporting member may comprise a substrate, into one surface of 

which is formed a precision V groove reference surface. Preferably the precision V 

groove is formed by etching, especia.lly by etching a mono-crystalline substrate. 

The optical fibre would be fixed into the V groove to maintain the alignment of the 

optical fibre. Additionally, this assembly may be strengthened by inverting another 

10 V grooved substrate over the fibre. The laser would be held in optically coupled C 
relationship. With the optical fibre against a second reference ·surface· on the 

supporting member. Alternatively, the supporting member may be a precision 
• 

ferrule into which the optical fibre is received to maintain its alignment. The 

internai surf ace of the ferrule bore provides a reference surf ace 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 surf ace in the ferrule bore 

20 which provides an accurate support for the optical fibre. The rim of the ferrule is 

used as a reference surface to align the laser with the optical fibre. 

Alternatively, the supporting member may be micro-machined into a silicon 

substrate, wherein the alignment of the laser on th~ supporting member is 

achieved by fabricating an alignment bump, typically comprising Si02, on a 

25 reference surface using lithographic mask and etch techniques, which guides the 

positioning of the laser relative 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 \/-grooved substrate for 

example. 

30 Conventionally, a semiconductor 1.aser needs a heatsink to dissipate heat 

generated during operation. Preferably, the supporting member itself acts as a 

suitable heatsink. Alternatively, the laser may be m()Unted on a device mount, 

which is itself attached to the supporting member, where the device mount acts as 
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~ hoif:!lts!ni< alone or in combination with the suppotrting member. A device mount 

heatsink would typically be of co1ive11tionel type, fer example one comprising ill 

goid co1ted diamond onto which the iEmser is mounted. Typically. however, cost 

muy be reduced by r,p!acing the diamond with, for example, a diamond coated 

5 Slil!bstrato, cir a compound such as aluminium nitride or simlillrly heat--cc.mductlng 

mntoriel. 

Preferab~y, e~ectricol contacts for the semiconductor !ast;tr are provided as 

iiru:egrail parts of the supporting n·utmber. Preferably the contacts are also an 
connection with PCB board pins Untegrai with the supporting member~ to aiiow the 

10 whole packaged device to be mounted reedily on a standerd PCB arrangement. 

in use, the laser is provided with some form of ~ow cost protective cap in 

order to protect it from humidity and otll'oer ·contaminants. In a preferred 
• 

embodiment of the present invention. the iaHr is ccatoo with ai smcone sealing gei 

which acts as sll.!lch a cap. The invontoll's have shown t~at, surprisingly, silicone 

15 sealing gei1 are able to protect the loser f~om humidity and other contaminants 

sufficientiy weii, even for telecommunications eippiications ~where the lifetime 

requirements are severe». that the lasers need not be contained in Ill hermetically 

sealed box, thus removing one of the maill11 packaging -cost overheads ~lf'I know1111 

pm::kage production. 

20 lll'!I embodiments of the Dnvention, the protective cap, for exampae a smcon 

. saaling gel, ~s index matching between the optica~ device and the optica~ fibre and 

eicu an pi1~e of &&'.l index matching adhesive to bond the fibre to the device. 

In accordance with a second aspect, the present onvention prnvodes a 

mothod of packaging a semiconductor laseir. the method comprising, positioning 

2.5 .i!ll!'td mounting a semiconductor ~aser en a supporting member, and fixang one end 

of an optical fibre to the supporting member, wherein the ~emiconductor ~aser is 

potSitioned to -be extemai to the supporting member and in am opticai~y coupled 

ralmiorH1hip with the optiea~ fibre. 

Preferab~y, the method f11Jrther comprises the step of bonding the end of 

30 tlhi9 optical fibre to a facet of the iesor usirng am index matching adhesive. 

Profell'~lbiy, the adhesive is an adhesive which is c1.malbie without the need for 

liioatlng, for example a UV rndliation curabie adhesive. 
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In the case of a semiconductor laser, active alignment may be used to 

accurately align the semiconductor ·laser and device· mount by turning the laser on 

and using the laser beam to position th_e components relative to, for example, the 

centre of a bore in the optical fibre supporting member, the laser beam, for 

5 example, impinging on an optical sensor when the correct position is achieved. 

10 

15 

Alternatively, the laser may be passively positioned by a mechanical 

alignment system, and bonded into position. To obtain precise positioning, the 

laser is preferably bonded against alignment features, for example one or more 

groove(s), edge(s), shoulder(s) or bump(s), on the supporting member. 

The laser may be manually positioned on the supporting member or, 

preferably, the laser may be positioned by an automatic placing and ·bonding 

machine which applies pressure to the laser to urge it against the alignment 
• 

features on· the supporting member during the bonding of the laser to the 

supporting member. 

A drawback of passive alignment techniques is that the distance from an 

alignment edge of a laser body to the position of the laser mesa, criticaliy affects 

the alignment of the laser with the optical fibre. For example, if the distance from 

the alignment edge to the active area can only be defined to micron accuracy, it 

may be impossible to optically align the optical fibre and the laser active area with 

20 sufficient accuracy by passive alignment techniques, particularly if the optical fibre 

is single mode. 

Hitherto, techniques for fabricating accurately dim.ensioned lase.r chips 

have only achieved accuracies down to 1- micron. Typically, the dimensions of the 

substrate define the dimensions qf the laser chip. These dimensions are typically 

25 defined by cleaving 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 present invention . provides a 

semiconductor laser comprising a semiconductor substrate and, deposited thereon, 

30 a plurality of epitaxial layers, wherein at least one of the epitaxial layers has an 

edge which defines an alignment edge of the laser. 

c 
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Preferably, the alignment edge of the or Heh epitlflxi11I layer as dDfinad by a 

~athogrephac mask and etch procedura, which typicau~y has ain aiccull"acy down. to 

.0.25µm. 

In a preferred embodiment the a~ignment edge is separate from the edge of 

5 . the substrate which latter is defined by a cloave. Thorttforo, reg1rd!oss cf how 

acc~rate or inaccurate the dimensions of the cleaved substrnte are, the dimensions 

of th.a la~er .11rro determined to sub~micmn 1ccuir1cy by the aiignmell'Tit edge defined 

l!:>y tho or each opitaxia~ layoli'. 

Preferably, the a~ignment edge oni the iaiiell' co--c!P@r~es with a/TIJ alignment 

~ 0 fHture on a supporting member onto which the ~aser is to be mounted. 

The alignment feature couid be ili"fl the foll'm of, far example, one oir more 

b1JJmps, or a ridge or radges, on a reference surface o1 the supporting member, 
• 

@giaiinst which tlt'oe alignment edge cf the ~aser &:n.utts to maintain the !aser in a 

required lillignment in re~ation to the supporting member. 

15 Preferably, the alignment feature on tho supporting member is detuned by a 

20 

simiilJ!r st1mdl8rd lithographic mask and etcl!il pmceduli'e, using the same mask as for 

th«t alngnmont edge on tho laser, to ensure sub0 micron alignment between the 

tainished i!ilignmont features on the supportiITTig member and the alignment edge on 

tho laser. 

!in accordance with 1 further aspect, the p1rcuent invention provides a 

method Qi fabricating a semicand1UJ.ctor ~Her, the laser comprising ei semiconductor 

$1!.libstrate and deposited thereon B plurality of 1pitaxa11ly grown ~ay@rs, and &ll'fl 

aligunment edge, the method including the step oi, forming et ~east one epitexiai 

layer having an edge determining the position of the alignment edge cf the laser. 

Coinvenientiy, the epitaxial . layor«s> edge, which defines the alignment 

edge, is formed using a standa1rd lithogr~phic m.ask and otch procedure suitable for 

determining the locatiori oi the edge of tlh!e epitaxial iayer{s) to sub-micmn 

aimcuracy. 

IProferably, the epitaxial layer(s) which defines the alignment edge is 

30 sepl'!llfme fmm the edge of the semicond~ctor substrate, the edge of the substrate 

typically bRing defined by a cleave piem~. 
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It will be appreciated that the foregoing references to a semiconductor 

laser apply, mutatis mutandis, to other semiconductor optical devices, for example 

detectors, modulators, amplifiers, filters, etc. · 

Embodiments of the present invention will now be described in 

5 detail, by way of example only, _with reference to the accompanying drawings in 

which: 

10 

Figure 1 illustrates a first embodiment of the present invention; 

Figures 2 and 3 illustrate a second embodiment of the present invention, in 

front elevation and exploded view respectively; 

Figures 4a to 4i illustrate the steps involved in fabricating a semiconductor 

laser chip for use in the second embodiment; 

Figure 5 shows a frorit elevation of a cleaved laser chip fabricated by the 
• 

steps according to Figures 4a to 4i; 

Figure 6 shows an alternative chip fabrication layout for the steps 

1 5 illustrated in Figures 4a to 41; 

Figure 7 shows. in more detail an example of the second embodiment; 

Figure 8 is a graph of coupling results 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 Figure 1, the semiconductor laser 10 with a facet 1 5 is fixed to a 

heatsink 50 which is in turn fixed on a fibre supporting tube 20. The fixing means 

comprise a thermally conducting UV-curable adhesive. Such adhesive is used 

since there is no requirement to heat the device to form a bond as would be the 

25 case for solder joints or for thermo-compression bonding methods. The supporting 

tube 20 houses the optical 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 supporting tube with an index matching UV-curable adhesive 90. 

Electrical contacts 60 and 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 and 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 laser 10 is completely covered in a silicone gel cap 40, for 

~ I 
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examp~e Wecker lmanufactuii'eli'} 905, to protect It from humidity ·and other 

coll'!Jteiminants. 

"fho 11!bll'e support tube 20 is a precision mimuiaeturltd ce1rl11mic fem.1~e. for 

ex~mpio ®fem.lie available 11mm Kyocorn {J1p1m), which is mermfsctured to within 

5 1 micron tolenmce. llhie pll'ecision of the feirmle 20 enables it to act sis e substrate 

for the who!e !Her package. Therefore, accull'ate positioning of the semiconductolf 

IBJsor 10 and the lhleatsink 50. ilfTI ru!etioll'!J to tho rim· on the f8rrule 20, ell'llabies the 

optica~ filbrn 30 to be brought ilftlto optic8ily coupled 11iiginm@~'rt with the laser. 1!1cet · 

15 by sampiy insening the optical fibir~ into the 11erruio. tilfl this way 11u> active 

1 O a~igll'!lment is needled to aiign the optical fibre 30 with the facet 15. 

Tests using this arrangement hive bean Cl'llll'riad cut and harve provided the 

rn~mlts shown on Table 1. For these tests, the optical fibro 30 was anserted into 
. . 

tlhe 11erru!e 20 with the UV-cur.able adhe$h.~0 90. The i1mser 10 and the optical fibre 

30 were a~ngned using active alignment iro which the laser was poworedl-'Ulp and 

~ 5 aiigned with the 11ibire 30 on a sta!f'ldard ~~ognm<mt bench. Once a~ignedl, the 

lheatsftni< 50 was added to support ~he iasor 10, and the heatsrrnk was bonded to 

tha ferru~e 20 using UV~cured adhHive by exposing the all'rangemell'flt to UV 

rndi11tioll'!J, Measurements of optical coupling efficiency were taken illt various 

stages of manufacture of each devfice, as shown in Tabla 1. 

Average 44.925 

Table 1 

![}'\) Tab~e 1, 'Lillser Number' identi11~es the laser on test, 'Pre fixing' os the . 

25 iraotial co11.Dp!ang efficiency due to active alignmeli"flt, '1He11tsinlk fixed' is the coupling 
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efficiency when the heatsink was added and -'Epoxy Cure' was the coupling 

efficiency after the device had ·been cured. 

The results in Table 1 show that the average coupling efficiency is nearly 

45%, using a large spot size laser having a maximum theoretical maximum 

5 efficiency of 66%. 

Subsequent tests have been. carried out using a very large spot size laser 

having a theoretical maximum efficiency of 76%.. In these tests, coupling 

efficiencies in excess of 62% have been achieved. The applicants believe that 

coupling efficiencies approaching the theoretical maxima for the laser davices will 

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-mount,. 200 which 

includes a Si02 alignment ridge 210 against which a semiconductor laser chip 220 

15 is aligned. An advantage of using silicon· for the sub-mount 200 is that it can be 

etched accurately taking advantage of its anisotropic properties to provide 

accurate etch depths and etch angles. A solder pad 230 is plated onto the sub­

mount 200, onto which the laser chip 220 is mounted. The solder pad 230 

provides thermal and electrical contact for the laser 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 Si02 alignment ridge 210 to ensure accurate 

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 aligns 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 curable adhesive or other suitable known -

adhesive. 

30 As indicated previously, it is desirable to be able to employ a passive 

rather than an active alignment technique. Passive alignment techniques can be 

used with the above identified embodiments provided that the laser chip alignment 

edge is an accurately defined distance from the light emitting area of the laser 

• 
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facet, orr mesa. Hitherto, techniques ior febricat!ng accurm:eiy dimenaicmed ~aser 

chips have only achieved accuracies down to 1 micron. Howevel!', tho inventors 

1'u1Jvo developed a technique for fabricating laser chaps with subamieron domension 

!ilccunmy. This method finds particular appiicatlon in fabricating ~users for use Im 

5 tho prasoi'11t inveirntion, but is also of more general application. 

Tho process for iabricating subsmicran accuracy, ;m diode laser chnps is 

de~cribed, by way of example only, with reference to FagurH 4a to 4i. Figure 4a 

shews a !nP substrrate 400, with two epitaxaerny grown 1urf1ee ~ayerrs 402 illnd 404 

1l!lllld a layGr of smcoll'll dioxide (Si02~, which has been etehod to form an 011.1ti!ne from 

10 which the ~aseir chip is to be fabll'icated. lll"O figures 4a to 41, the layers 402 and 

404 ~shown inset in Figure 4a andl 4b) are repl!'asented as a sing~e. 11.11n-shaided iayer 

for clarity. • 
Tho substrate 400 is typacaily S..doped to I iavei of between 3x101111cm"3 

li!lnd 1x10~!llcm·3 .. 1'he layers comprise an lnwGaxAs.,P:i! quaternary active (Q-active> 

~ 5 iaver 402, typically 0. 1 5!Jlm thick. which is capped with 11 prot@ctive lnP iayer 404, 

typicaiiy 50nm thick, doped w!th Zn to ai level of amurad 6x1017cm·3
• The 

wavelength l!lt which the laser chip eveintua!Ily h1sos is dotormined by the ratio of 

componell'ilt amounts in the a-active layer. Typically, to iasa at 1300nm, the 

eompcnent ratios for w:x:y:z would be:G 0.14:0.28:0.58:0.44, or at 1550nm, the 

2.0 rntios wouid be:- 0.61 :0.39:0.83:0.17, The etching was carried mJtt, using 

standard photoiithographic and etching procedures, by coating the substrate an 

Si02 410 and covering the Si02 with a standard positive photoAresist, typicarny a 

chromium coated quartz glass, to define outline areas for a buried heterostructure 

'8H} iaHr mesa 420 ( - 3.5!Mfl wide) and V gmove opcm:ures 430 ( - 5.0µm wide~ 

25 c:n the s1Ubstrate 400. The outtane was firstly etched into tho So02, 4 i O typica~nv 

m~ing a standard reactive ion etch «RllE), for example CF4 p&asma @ 10mT and 

150w, or a wet etch in HF based etchlllnt, for example 10: 1 tmffered HF {isoclean 

grade @ 20°Cl. The remaining Si02 41 O was thtm used as a mask to etch the 

11..1lfllderlyilfllg semiconductor 400 t:o a depth of 11pproximatoly 1· .Oµm, using a suitable 

30 cry~taiicgraphic etchant, for example e crystallographic wet etch of 14: 1 :9 {DI 

H20:~17:1 H9r:Br2):HBr} @ 5°C, or am RIE of CH4/H2 plasma@ 70mT and 200w. 

Tlhe rem~ining photo-rtHlist was removad usilFlg, typJcally, acetone followed by 

ccl!leentlfated sulphuric ac!d. . At this stage, the dist11nca from tho cell'lltre of the 
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lase~ mesa 420 to the edge of the v groove aperture 430 is defined by the 

accuracy of the photolithographic process, which is typically within + /-0.25µm 

accuracy; 

Figure 4b shows the second stage of fabrication in which the laser mesa 

5 420 is protected with a suitable protective resist ".1-50, typically chromium coated 

quartz glass, whilst the remaining Si02 410 is removed with CF 4 from plateau 

regions 460 left after the first stage of photolithography, leaving the lnP cap layer 

404 exposed. First and second stages of overgrowth are shown iri Figures 4c and 

4d in which a conventional blocking structure 4 70 and contact layers 480 are 

10 epitaxially grown onto the structure respectively. 

The blocking layer comprises two layers, one of p-lnP. 472, typically 

0.5µm thick, doped. with Zn to a level of 5x1017 and one of n-lnP 474, typically 

0.4µm thick, doped with S to a level of 1-2x1018
• The blocking layers ar~ 

arranged in. reverse bias to the n-type and p-type layers of the pn diode laser chip 

15 (usually with the n-type layer on top). 

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

(which in fact comprises two layers:- a lower layer 0. 7µm thick, doped to a level 

of 5x1017
, and an upper layer 0.7µm thick, doped to a level of 1-2x1018

). The 

other contact layer 484 is of lnGaAs, · 0. 1 µm thick, doped to a level of > 4x 10 19
, 

20 to provide a near metallic p + + surface layer for electrical contact. 

The lnGaAS contact layer 484 is then patterned lithographically (Figure 4e) 

to reduce the current path and minimise capacitance effects by etching areas of 

the contact layer away. This is achieved using an Si02 mask 486 and etching the 

lnGaAs in a wet etch, comprising:- H2504 (1 part); H20 2 (1 part) and H20 125 

25 parts). 

In practice, the patterning removes all bl.it a small area of the lnGaAs layer 

484, leaving an area typically 15µm 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, typically 

30 Si02, and etchant, for example a wet etch, comprising:- H3P04 (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 
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blocking stmcture 470, thus permitting high speed laser operation iD'TI. the absence 

©f such cepeicitance effects. 

After the trenching stage, the maskong· Si0:11 492 is removed from the slice 

and tlhe s~ice is ro~coated irri a 'fresh ~ayer of Si02 502. A contact window - 1 Oµm 

5 widct as thelf1l opened ever the laser meH to 1iiow electrical contact to be mlllde to 

tha laser. During thas process, windows over the V groove apertures 430 are 

egenrn opened. 

Figure 4g shows formation cf p side comact metaiisation {Ti.Au) for the 

electrical contact windows 600 and the pmtoetion of the windows with a layer of 

10 r®sist 510, tor example a standard positive photo-resist SiUJch as Hoechst 

AZ52141E, H the mask for a further pattemit'Ug step. The AILII layer is etched in a 

wet etch1tnt based on Kl and the To is etched by RIE in a CF4 piasma using 
• 

stl!lndard conditions. The same metalisationi is pnated onto the bottom of the siice 

~li"lot shown~ to form the n side contaict, after the siice bas been thinned to - 90µm 

~ 5 l!lsing a st~ndard wet etchant (Brlmeti·u111'M>O. 

Note: during the V groove ot~hing (described beiow), ll!Sing HBli, tlhe resist 

mask used to pattem the p meta~ is left: cm the metal to act as a protective iayer 

alfild ~s rnmoved after the V gll'ooves have beeli11 etched. 

Figure 4'11 shows how the V grooves 520 are further etched using HBr 

~O which emdes the inP substrate but not the Q-iayar 402. The apertures 430 at the 

mouths ct the V _grooves 620, and hence the distance between the edge of the V 

gmove SJll1ltil the mesa 420, are accurHte!y defined to within 1µm by the previously 

etched 0.-layer 402 which was defined on tlhle first stage (figure 4a). The V groove 

520 pmfoie has a diamond shape, ll'esulting from crrysta~lcgr1phtic. etching properties 

25 . cf HIBr in the < ~ 10 > In? crystal direction. figuure 4i shows the resulting stmcture 

with c~eava planes 630 defined et the bottoms of the V groovos 620. 

Once cleaved, as showll'll in Fagure 5, this strm:tull'e pll'ovides two possible 

alignment mechanisms for the laser chip. firstly, there is the 0°tH:!lga 240, whnch 

potentia~ly provides sultMTlienm accuracy between tho centre of the laser mesa 

30 420 and the a-edge 240. Secol!ldty there as the cie1vagG plane 530 emanating 

from the bottom of the V groove 620, which should be accurate tc within ~ 

micron. 
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· Alternative cleaving arrangements used to cleave. laser chips can take · 

advantage of the fact that the cleaving mechanism is no longer an essential feature 

of the alignment process. if the a-edge (which is ·not cleaved) is used for 

alignment. 

5 Thus, Figure 6 shows muc_h wider apertures 435 ( ~ 50µm wide) which 

10 

can easily be fabricated on the semiconductor. In this case the laser chips would 

be separated by cleaving in the conventional way using a diamond scribing tool 

550, however the accurate non-cleaved alignment edge would then be the one 

used for actual alignment purposes. 

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. 
• 

Figure 8 shows in more detail an example of the invention described above 

in relation to Figures 2 arid 3. A 1550nm Fabry-Perot laser 220 is shown mounted 

15 on a micro-machined silicon optical bench 200. The laser 220 is a large spot size 

laser which has an 8 well compressive strained active layer, the planar design 

having been previously reported in the Applicant's prior patent application number 

94301309.4. 

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

2.0 the passi.ve guide (not showri) of the large spot size laser and channels (not 

shown) a_t 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 

± 0.2µm. 

25 In this embodiment, scribe lanes 435 buried by further layers resulting 

from subsequent fabrication steps are exposed and the scribe lanes etched using 

4: 1 H3P04 :HCL. The result of this etching is a substantially U-shaped channel 

approximately 20µm deep and 5µm wide, the precision cleaved edges 240, or top 

corners, of which are defined by a 1 . 1 µm quaternary of the passive guide of t.he 

30 laser. The fabricated devices are cut from a common substrate into devices 

1. 1 mm long by 300µm wide (defined by the scribe lanes). The length of the 

device comprises 340µm of un-tapered active. region, a 460µm tapered region and 

a 300µm passive region. 

• 
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Optimised coupling maasul'emel'lt3 of a number cf devices, manufactured 

@llccordlrrng to the above method, mounted on eonventionaU l'HH.tdors yieldgd coupling 

@fficicmc!es of IUIP to 62% to cleaved endod silftlgte mode optical fibre. 

in Figura 8, the ~aser devico 220 as mounted on the silicon optical bench 

5 · 200 woth an inteNening solder bond~pad 230 which provides th«5mru1i and electrical 

ecmt1ct between the laser 220 SJnd the smcon optical bench 200. The laser 220 is 

~~ogned lby butting the precision quatomery edge 240 against a silica (Si02) 

~~ognment stop 210, said stop havftng previously been formed Olf'fl thG bench as 

described lbolow. 

10 Silicoll'fl micro-machinirng techniquos are used to fabricate the smccm optical 

belf'llclhl 200 en which the iaseir 220, is passive~y aligned. The maotrt features of the 

~mcoll'!I optical bench 200 lire a Vsgroove 250 for fibre attachment and a smca stoP-• 
210 egaimrt which the precision cte1rved odgo 240 of the fiasftr chip 220 is aligned. 

Tho silica stop 210 is ~ 5i.c.m high· and is foooed lby piasmai enha1ru:ed chemical 

15 Villpoiur ·deposition and etched by a combination of roactnvo oon etching and wet 

~homical etching. The solder bond~pad 230 us formed. by •bc!iam evaporatioll'!I of 

50rnim titanium, 200nm platinum and 200nm gold, and as pettemed usong lih-cff. 

3µm gold-tin solder is then thermally evapornted onto the res11.llti111g metal bond-pad 

230, and as also patterned using !Oft-off. The fnbre V-groove 250 is fomied by 

20 mlfTlisotmpoc etehing of <100> silicon wafers using ethylene dl!0;11mine and 

pymcatecho~. using a silicon nitll'ide mask. 'fhe V.;groove 250 has a depth such 

t~att tlho cortt of a suitable single mode optical fibre ~60 substantially optically 

~ligns with the Daser. The exact depth of the V-groova 250 on practice is 

determined by experiment with the etchants, silicon substrata .111nd cpticC»i fibre 260 

25 a;:stld. 

A groove n 0 is etched perpeiidicuiar to the V-groove 250 to enable gh.10 

used to ho!d the fibre 280 in place to f~ow _flfee!y underneath the f!blfe, Also, a 

· shallow sow~cut 700 is made at tho eli1ld cf tha V..groove 260 ad]acell'ilt the laser 

220 11:0 nimove the sloping end face of the V..grnove, which remeins after the V-

30 gmova as etched!. lhis to al!ows the fibre 260 to be brought close to the !eser 220 

facet. 

Fabrication of the package is as fo~~ows. Tho iaser 220 is boD1d~c against 

tll'n9 silic81 alignment stop 210 on the siioeon bench 200 using a co1rwentional ~aser 
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die bonder. A cleaved single mode optical fibre .260 is then laid in the V-groove 

250 on the optical bench 200 and is glued in place with a UV-cured adhesive. 

Further to this, a lid (not shown) made ~rom a ·piece of silicon with an etched V­

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 .comparison. These 

10 diamond-mounted arrangements were found to have very uniform characteristics. f 
Their output powers at 50mA and 20°C, were found to be in the range of s·-smw. 

The coupling efficiencies of the devices on the silicon optical benches 
. . 

were estimated by comparing the output power 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. 

20 

As shown in. Figure 8, reproducible yields of packaged devices 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. 

As can be seen from Figure 9, the thermal properties of the lasers 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 the diamond 

mounting compensates for the lesser thermal conductivity of the silicon. 

Initial assessment of the modulation capability of a device according to 

25 this invention shows back to back bit error rate measurements indicating that the 

device is capable of modulation at rates in excess of 300MBit/s. 

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

packaging, 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 IFTTH). 

While the laser chip fabrication technique described above finds 

particular application in the method of forming a packaged semiconductor laser 

I 
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device accordill'flg t.o the 1:mtsent !nvemiolll, it will be apparent that the technique 

finds important applicataon ill'fl the general fie~d of semiconductor device fabricilltion 

and a~ignmcmt. 111'11 particular. the method is not iimitmi to the steps described 

above for fBlbricating tf standard pn diodt> ~aseli". The method finds application in 

e tho fabriemnon of other types of laser, for example MOW ~asors or large spot size 

~asors, or indeed any type of semicoll'lldm:tor devoce wlhiich requires sulb-microl\11 

iiJ!ngnment. f&Ti11JJs the precise detaois of ~ayer compcsation, doping, thiek~1ess and of 

ovoral~ device dimernsions are given by way of example only. Other devices, 

whether laisell" Oil' otherwise, eiccording to this 1u11pect of. the iinvelJiJtion wiil typically 

~ 0 have very different chillrBlcteristics to those descrubool above. illil plilrticuiar, the 

quatemarry ~ayerr which pli'ovides the non~c~e~ved a~ignment edges also provides the 

devnce 's active layer. in other devices, the «H.iJUiva~ernt ~ayer might we~~ li'IOt be ill 
• 

q1UJ~temall"y, pcssalbiy lbenng a temafl"Y, binary or other compositooll'!i. M~reover, the 

lflyer which pirovides tlhe non~cieaved aiognment edge might be one other tha11rn theJt 

16 which provides the device's active layer~ nindeed the device may have llilO readily 

odentafaable active ~ayell". Neverthe~ess. the appiicataon of this aspect of tlhie present 

i:nvonticn to tlhe easing of alignment problems wm be clear to those slldiled in the 

~n:. 
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CLAIMS 

1. A semiconductor device incorporating an alignment feature, said device 

comprising a semiconductor substrate and deposited thereon one or more device 

5 layers, wherein at least one of the device layers has a boundary defined by a 

photolithographic mask and etch process and wherein said boundary defines said 

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 f 

15 

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

3. An optical device package comprising: 

a) an optical fibre; 

bl an optical device having an alignment feature defined in accordance 

with claim 1 or 2; and 

c) an optical fibre supporting member, the optical fibre supporting member 

providing a reference surface with respect to which the alignment feature of the 

optical 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 supporting member acts as a heatsink for the optical device. 

25 < 

5. An optical device package 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 package according to claim 5, wherein the supporting 

member further comprises a strengthening member having a strengthening V 

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. 

: I 
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1. An optical device pacllu1ge compll'ising an optical dlevoce, am optical iibre 

ind a support member, said support membor providing a bar~ imo which the 

optacal fabre is received and a refenmce s1L.11rh1ce an rolaition to which said optica~ 

6 device is mounted to effect alignment with tho ond of said optica~ fnbll'e received in 

Hid bor@. 

8. A111 optics~ device accordarig to ci1im 7, wheirean the device is mounted on 

a lhieatsi11k and the heatsink is mounted cm said referorma suriace. 

9. ABil optical device package accordang to claim 7 or c~aim S, · whereill'11 

~ioct1rical contacts to power the opticai device sure provided on the s11.1pportirnig 
• 

mC11mber. 

15 10. An opt1c1I device package according to any one of claims 7 to 9, wherein 

the s1J.1Jpportang membeli" us further provided with PCB pons whiclh ali"e in e~ectricai 

iemitact with respective eiactriea! ccmtact~. 

11. An optical device package according to any one of claoms 7 to 10, whell'ein 

20 th® supporting member comprises a fanule. 

1 2, An optical device package 111ccmrding to claim 1 1 , wlherein thle rfm of the 

fell'ruie provides the reference sµrlace. 

25 -~3. An optical device package 1ccordnrng to ci11im 11 or claim 12. wherein the 

cpticai fabro is received ill"ll the born of the ferrule, which bom holds the optical fibre 

Dii't optica~ly coupled a~ignment with the optic111I device. · 

14. · An optical devir;:e package eccoli'diing to llill"OY one ciaims 3 to 13. whereill"O 

30 the opticel device hes a silicone go~ coating. 

-----
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15. An optical device package according to claim 14, wherein the silicone gel 

is index matching and forms a bond between the optical device facet and the end 

of the optical fibre. 

5 16. An optical device package according to any one of claims 3 to 14, wherein 

the end of the optical fibre is bonded to the optical device facet using an index 

matching adhesive. 

17. An optical device package according to any one of claims 3 to 16, wherein 

1 O 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 

1 5 fundamental mode spot size of a single mode optical 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 defines 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 layer of material and etching away unmasked areas to 

30 provide 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. 
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22. A metl'llodl according to lllouY one ot elanms ~ 9 to 21, whereilfl) the Oil' ait least 

(1llOm® ©f tlhi® !~yern of materia~ is or are deposited by epitaxia~ gmwth. 

23. A method of packaging ain opticail device, sand method comprising 

a) mo11mting an optica~ fibre Oil11 a support member, sand support member 

pmviding a rnf~mmce suriace for said! optical fibrn; and 

b~ mounting on said s1U1pport member an optical device having an alignment 

f eat11J1re defined in accordance wfth c~aim 1 Oil' 2 s1Uch that Hid a~lgnimernt featull'e is 

ull'ged against a rnference sull'face provoded on sand ·support member to effect 

10 ~!igrnment lbetw~en the device and the optica~ filbrn. 

support member uising a UlV-curndl adhesive. 

@llignmelilt featurn provided !Dii accordance woth c!aom ~ ©r claim 2, th~ method 

c:ompds~Dilg tlh~ st~ps i0f: 

al moum:iing an optoca~ fibre on ~m cptocaJ f ibrn !lluµponing member, the 

$U..~pporto~~ member having ll! first reference surlai::®, against wlhiich th® optica~ fibre 

20 is fox~d; 

25 

b) posrti©ning tlhie a~ognment feat1U1rn of the cptocal dev~c~ agaifil$t ill second 

rnfenmc~ ~mrlac~ of the supportong membell'; 

c) seciull'ong the devoce ll!nd t!'te fobrn togetherr i~ opticarnv co1U1p~ed 

rn~3tlor1shl~ without actov~ «:a~ignment; and 

d) ~ncf.!psu!ating tlhe devoce t~ pmvid® a non-hermetic p3ckage. 

RECTIFIED SHEET (RULE 91) 


