2079966 HOUSI NG FOR | NTERFACI NG A SEM CONDUCTCOR DEVI CE WTH A FI BER CPTIC
CABLE This invention is concerned with inprovenents in or relating to
dggaratus for interfacing a sem conductor device with-a fiber optic cable.
Inferfacing a highly precise fiber optic cable to a 5 sem conduct or
evice requires special attention in order to mnimze any |oss, of |ight
being transmtted between the sem conductor device and the fiber optic
cakle. For exanple, if there is an angul ar m salignnent between the cable
and device as shown in Figure 1A, there is a loss of transmtted 10
l'i ght. Losses in transm ssion can al so occur when the fibe | |l e
Is axially msaligned with the sem conductor device as shown%{s%&é 1B
Additionally, there are Fresnel |osses due to reflection when Iight flux
passes fromone material to another, when the materi.als have different 15

I ndi ces of refraction. Thus, when light is transmtted fromthe
sem conductor device to the fiber optic cable, it mght pass through epoxy
on the device and through air before 20 -2- entering the fiber cable.

In an exenplary case where the sem conductor device is taken as gallium
arseni de phosphi de (GAsP), the Fresnel_l&sg may be cal cul ated by:

HOUSING FOR INTERFACING A SEMICONDUCTOR
DEVICE WITH A FIBER OPTIC CABLE

This invention is concerned with improvements in
or relating to apparatus for interfacing a semiconductor
device with a fiber optic cable.
. Interfacing a highly preciée fiber optic cable to a
5 semiconductor device requires'épecial attention in order to
‘minimize any loss of light being tranémitted between the
semiconductor device and the fiber optic cable}. For example,
if there is an angular misalignment between the cable and
device as shown in Figure 1A, there is a loss of transmitted
10 light. Losses in tfansmission caﬁ als2 occur when the. fiber
optic cable is axially misaligned with the semiconductor
device as shown in Figure 1B. Additionally, there are
Fresnel losses due to refléctibn when light flux passes from
one material to another, when the materials'havé different
15 indices of refraction. Thus, when light is transmitted from
the semiconductor device to the fibeér optic cable, it might

pass through epoxy on the device and through air before

20

¢



" n2/ni ~n/n2 where T represents the transmissivity between.two nedia with
“indices of refrdction n'and n . The index of refraction for GaAsP.is

3.6, for clear epoxy, nis 1.5, and for a fiber optic 10 cable, nis

1.5, The loss in transm ssion, according to Equation (1), can thus reach.
-approximately 1.2 dB for this typlcal ‘casep Lh addition to the C

Fresnel .1 osses when the |ight transm ssion passes through di ff erent nedla

t Rec-anount eateting the dis@pasaien of Iﬁhsn%meﬁpflhw il &S SIS OF
deV|ce itself (shown in Figure 1) contributes sone | 0Ss.” To overcone these

pr obl ens, . semdcandmatora sl devis beskendygngadliamt e senide BHosgHEad | ber
optic cable is made an integral. part of 20 - the sem'conductor device, as
il lustrat edGaﬂslPl)gurtheZE'resrilsﬂ. slessii may dbet calecallatedotyiznat i on, general l y -
referred to as a "pig-tail" construction, is dropped into a hou3|ng and
. clanped .in place within the housing. ThIS met hod assures proper ,
-allgnnent and m ni mal Fr esnel Iosses - -The main dlsadvantage 25 mﬁth .
this. épproach as w ighzal [ pi _constructions, i$ 3 the fraglllii)
‘inherent when a.delicate @hﬁwﬁ Q&rtmn§/n§on1an equally delicate : :
semi -conduct or’ device. * This necessitates special handllng and greatly

inhibits.thﬁ fleﬁlblllty i n mechani cal . desij gns- -
S : represents the transmissivity between two media with

indices of refraction nl and n2 '~ The index of refraction for
'GaAsP is 3 6; for clear epoxy,'n is 1. 5 and for a fiber optic
- 10 ._cable, n is 1.5. The loss in transmission, according to
. Equation (1), ‘can thus reach approximately 1. 2 ds for this
typical case. -
| In addition to the Fresnel losses when the light
'transmission passes through different media, the amount of
15 'axial separation of the cable from the - semiconductor dev1ce
*itself (shown in Figure 1c) contributes some loss. |
_ To ‘overcome these problems, several approaches have f"
' been advanced in’ the prior art: |
| _ The fiber optic cable is made an- integral part of
20 the semiconductor device, ‘as illustrated in Figure 2A. This 5
.semiconductor cable combination, generally referred to as a |
"pig-tail" construction, is- dropped into a housing and clamped
in place within the housing. This method assures proper
:'alignment and minimal Fresnel losses. The main disadvantage
25_'- with this approach, as with all "pig-tail" constructions, is



gures 2B and 2C. Basically, a fiber optic cable is nade to-abut a

: ;5“ 9 ~ Anot her prior art device of the pigitail'type_is'snomn-in
deffi/conduct or device and the conmbi nation is epoxied to forman integral

-unit. . In this way, . Fresnel - | osses are mi‘ni m zed. However, | osses from

" mechanical 10 - .m salingnment can neve*tﬁe#ess occur during the epoxylng

“process unless stringent control- assuring proper align- nent- -

~ enforcedtherefragiliey pnhereartt when  delkbsate stabllar ppogrudels tﬂm 0

" construction with its séniconductor device interfacing 15 with a cable
"But it MR egeally: fdelicatedsemiapndictan deviget he Thés neceseitratdshe

cabl'e for use by inserting it-into its kit for a 3-step polishing process '

and a 2- %E%i%nhee@l#rggpsaéewe@thh&mm hele t §besabigityodmed in the

prior art rcone transm ssion | oss.problens is the use of a a

- screw %%%ﬁ%ﬁ é SBﬁnector to interface, or mate, the cable with the
serg conduct or dewgn ygl al - connectors are shown in Figures 2D, 2E, and -

2F>  This approachRfikRer; cq Rfesthe paignsel h&Y®sblis nust be .
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is epoxied to_form;an,integral unit. -In-thisfway, Fresnel
losses are minimiied. _ However,-lossesffrom'mechanical
o io 'misalingment can'nevertheless occur during'the'epoxying-

process unless stringent control in: assuring proper align- _

'n'ment is enforced.
| Yet another prior art device .uses a similar pig-tail
_-type of construction with .its semiconductor device interfacing
” 15 with a cable. ". But it has the’ further disadvantage of
”'grequiring the user to prepare the cable for use by inserting
it into its kit for a 3-step polishing process and a 2-step
'connecting procedure. ' '
-Another method typically adopted in the prior art
'20;_. to cvercome transmission loss problems is the use of a screw--t
type mechanical connector to interface, or mate, the cable with
'the semiconductor device. ] Typical connectors are shown in |
'Figures 2D, 2E, and.ZF. _ This approach has its own disadvan--
”tages., Because the cable must be screwed into a connector,

25 1 cable connection is: difficult, especially if the area. in which




BX|aI f.orce, the pafti al separatlon and the resultant loss in |ight <1EJ
transmni ssion wollld-be difficult to ascertain imediately. - In other words,

yhe resul t ant degradat|on may exist for a'long period before this cause is:
“found and corrected...The present invention provides appar at us f-or

|nterfaC|ng a sen1conductor device with a fjber optic cable the apparatUS"

. conmprising a-housing for nounting a senmi colt duct or devi ce, and resilient

“Jaws formed with said housing and defi-ning an el ongated aperture for : .
i nsertion of an end portion of a fiber optic cabl e therein, the jaws being:- . -

Eenoed L0 SHS B ARG SERIED 5. BeoReRE R e e &fe'rtq%ﬁec’f’ﬁ'i
. position stchy gmtdt C%%épt%éé‘ﬁé‘e?@ﬂep{:gﬂﬂ' dad pGdAUER e

semi conduct of "dévice. | n apparatus as se prece

par agraph,. i geoh ryteld e s (K ¢é¥iné BV6L aifsé?ff bﬂuhﬂdek%e%ti‘%e""‘ttr'%&ive

fiber optic-cable whose end portion is enclosed in a sleeve having a dged
portion. In ARIVIARETS, Kte IPaEPial s65atasionr 46Q0LRE RIEAAANE lldss S
preferred that the jaws are provided with internal recesses to house a -

shoul.der por tiinon igfht Mﬁmimrmldobéoakffheuubto aed:emratﬂrpn in
sald eIongate " aperture.’

. immediately. In other words, the resultant degradation may
exist for a long period before this cause is found and
corrected. | ) - | |

'The present invention provides apparatus for
'interfacing a semiconductor device with a fiber optic cable,
| the apparatus comprising a housing for mounting a semicon-_
~ ductor dev1ce, and resilient Jaws formed with said housing
1”and defining an elongated aperture for 1nsertion of an end
'portion of a fiber optic cable therein, the Jaws being
arranged to exert a gripping force on said end portion of

-_said fiber optic cable to detachably secure said end portion

. in said elongate aperture in a position such that it can be
;interfaced and properly aligned with the semiconductor
device. _ B | |

In appa;atus as set forth in the'lastipreceding'
'paragraph, it is preferred that the jaws are configured to :
mate with a fiber optic cable whose end portion is enclosed
in a sleeve hav1ng a ridged portion.‘ _ - |
' In apparatus as set forth in the last preceding
_paragraph, it is preferred that the jaws are provided with

| internal recesses to house a shoulder portion of the sleeve

_thereby to lock the cable end portion in said elongate



one
. sai

apparatus as set forth in the | ast precedi ng paragraph, it is preferred
at the shoul der portion of the sleeve is shaped to engage in the internal
esses and thus-be urged against the sen1conductor device. In apparatus -
“set forth in the Il ast precedi ng paragraph, - is preferred that the
ul-der portion of the sleeve and the |§ternal recesses . have -

of the last five inmediately preceding paragraphs, is preferred thar:
d housing has a sem conductor device affixed theremnthln sai d

sem conduc®BRE§B¥Rce conprising an opening for . receiv- |ng atip portion of

for

ice andngheggangﬁg&aﬁgsahg aQ! #2 préﬁﬁgﬁé},ﬂfﬁéy'de att achnent | eads.

sai d housin ny of t. ved with interfacing a

-sem conduct or devi ce gl ragpgrfaltlggr a8Piged qagltq, P @d nj_é’gag e&r@d’e@iﬁév' ce.in-

acc

ordance with the preferred enbodi ment- of
' paragraph, it is preferred that the shoulder portion of the

sleeve and the internal recesses have complementarily shaped
'bevelled surfaces._ . A _ |
| - In apparatus as set forth in any one of the last
five immediately preceding paragraphs, it is preferred that
_'said housing has a semiconductor deVice affixed therewithin,
said semiconductor device compriSing an opening for receiv-' )
ing a tip portion of said fiber optic cable. .

" | In apparatus as set forth in the last preceding
paragraph, it is preferred that said semicondutor device
further comprises a lens within said opening for focussing
light pasSing between an end face of said fiber optic. cable
and the semiconductor dev1ce.

| Apparatuses as set forth in either one of the last
two immediately preceding paragraphs may further comprise a
plurality of leads protruding from said semiconductor device
and extending from said housing means to- provide attachment
leads for said housing means. '_ _
| Many of the problems involved Wlth interfacing a
?semiconductor deVice w1th a fiber optic cable are: eliminated

by a device in accordance Wlth the preferred embodiment of

[

conplenentarlly shaped. bevel | ed surfaces. In apparatus as set forth in any~ -
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6 the present invention. In particular, a housing: is provi ded to axiall y "
~align a fiber optic cable with a seni - condUctor device with m ni nal ,
sSeparation: . In accordance with the preferred enbodlnent of the invention,

a fiber .optic:cable inserted into the housing is |ocked in by a spring- I|ke
foree. - Thus, the cable can be sinply |ns?rted or detached by application
~of a predetern1ned force. . Once l-ocked into place in the housing, the
-foable is self-aligned to mnimze msalignnent |osses. Since no .
screwtype nechani-cal connectors are involved, there is no need to prOV|de

~space for ingget P‘}'&s@?ﬁ THYent ¥, on %n epaicefau&t%'nowfng f& © of the

-device may therefore be mnimzed. Also by not haV|ng a plg-t

‘constructi onFr%meeal oA 10y QUG SheY ot i G EE. wi th ULt BeR D €
“the danger of danage fromeither the fragility of a pig-tail construction

- or the i gi dicoyidulctdrC @EVEEe Wit 3iin (a1 B dpard t {onat edIn Theserasice
follows a detailed description, which is to be read with reference to the

acconpanylngwdthmﬂh;spndfqnnsﬂ‘smhodimenttoflths nvewtioppasafiber
according to the invention; it isto be clearly understood that the ill us-
trated appar ap&ichmbli&eerimsdn&:etdecim timchoqsingl i® létcked imaby ahe
i-nvention by. way of exanpleé and not by way of limtation. Inthe
acconpanyi ngsgrdngmddkerifances 1AThl$uarthelccaiﬁk&v care be asimplyi msettedght
when. & f'bero?phkiéiﬂgéaé?“lﬁif?ﬁ?é?§§“§¥'Q”;éﬁ?géilminea force. | Once
locked into place in the housing, the cable is self-aligned
to minimize misalignment losses. Since no screw-type
mechanical connectors are involved, there is no need to
s.provide:space for insertion and manipulation of a screwing.
. itool;_the size of the device may therefore be'minimired. o
Also by.not_having a_pig-tail'construction, special handling:.
requirements are'eliminated.s' Furthermore; ‘the danger of
damage from either the fragility of a pig-tail construction
or the rigidity of a connector construction is eliminated.
There now follows a detailed description, which is -
.+0 be read with reference to the accompanying drawzngs, of
-'prior art constructions and of apparatus according to the
.invention, it_is:to be’ clearly understood.that the illus- .
trated apparatus?has'heen'selectedhfor description to illus-
.trate the invention by way of example and not by way ‘of
'limitation.- | | |
In the accompanying draw1ngs-
Figures lA, 1B and 1C show the transmission of

| light_ﬁhen_a fiber optic_cable-and_a semiconductive device

are improperly aligned (h;and Bjtor'exclusively Separated



-are inproperly alighed (A and B) or exclusively éeparated“ 7 (O ; Figures .

2B, 2C, 2D, 2E and 2F show various interfacing schemes in'the prior

_éﬁ}s; Figure 3 shows the preferred enbodi nent in accord- ance with the

esent i'nvention; and Figure 4 shows the A-A cross-section view of the
enbodi nment . of Figure 3. Referring to Figyres 3 and 4, the apparatus i1l us--
trated therein conprises a housing 2, typically nDIded fromacetal plastics~

mat eri al, which contains a senrconductor device 16 therein. .The housing 21“

S |ntegrally formed wi-th a pair of opposed jaws 14 which defrne an . x
el ongat e’ agent;ure 4 adapted to accept an end portion of- a fiber optic cable
6 when |nserted t herein. The sem-conductor device 16 is fabricated with a

frust o- coni cal

recesiduried 124 2B, I7CAI AP, 2B 14nd02F | GRowt vhPeoaBd Of the -

- fiber optic cable 6. “The el ongate aperture 4 is-formed by shallow curved _
- elongat e dipterfaving @ohihds) imetlnpmsisk j@we; 14 to define a channel into-
Wwhi ch the end portron of the cable 6 can be inserted: The jaws being .-
resilient. serve to gFigude te&hmvs;IEtm/eprasfelmectaélhbodkmentelnedcsoddt-o '

mai ntain the end portion of the .cable in optical. alrgnnent_mnth rhe optical.. -

axi s of thommemmhnrmmntaingenw rami

Figure 4 shows the A-A cross-section view of the

. embodiment of Figure 3.

~ Referring to Figures 3 and 4, the apparatuseillus- '

trated thereln comprises a housing 2, typically molded from

acetal plastics material, whrch contains a semiconductor

devzce 16 therein. - The housing 2 is. 1ntegrally formed wzth_ .

a pair of opposed_gaws_l4 which define an elongate aperture o

4 adapted to accept an:end'portion ofra fiher optic cable 6

 when inserted therein. The. semioonductor device 16 is '

_fabricated w1th a frusto-conical recess 24 to further

: receive a tip portion at the end. of the fiber opt1c cable 6.

The elongate aperture 4'is formed by shallow

:qurved elongate-depressions'formed in the opposed Jaws-l4 to.

r:“define a channel into which the end portxon of the cable 6

~ can be inserted. .gThe.Jaws_be1ng res;llent,serve to grip

the cable sleeve as the cable is inserted'and to maintain

" the end portion of the cable in_optical'alignment With_the '

optical axis of the aforementioned optically receptive_'

 element.

The cable sleeve has'formed'thereon an_annular

collar 18 which defines a continuous shoulder portion around

the sleeve_and'which'is-arranged'to CofOperate with arcuate |

{



_elenent. - The cable sleeve has formed thereon an annular collar 18 whic
‘defines a continuous shoul der portion around the sleeve and which is

arranged to co-operate wisth arcuate - 8 recesses 26 formed in the el ongate -

depr essi ons of the jaws 14, at a distance so spaced fromthe face of the -
sem con- ductor device 16 that when . the colgar 18 engages in'the: recesses
26, -the jaws 14, as they close on the cable sleeve will. urge the end
paLtion of the cable towards the semicon- ductor: device to |locate the

frusto-coni-cal tip portion: 10 in the recess 24! To this end the shoulder . -

~

portion is foreedssesh26 Bormedednarhel eaoagaftecdeméstsimwseccdsaﬂie faws €
formed with conpl ementary bevel I ed surfaces so:that sliding novenent of the.
'surfaces rel aldyeatoaodéstrackesp spaced fxom ¢hcséametdﬁathﬂﬂsem1nqns t he

end portion of the cable into a properly aligned position. Ca t he
cabl'e sol el'y 8yctae deyiteeiﬁ tbnsewbﬁﬂtmb91@n§13¢ ASs e@ngagess - nmt ble to
"be  det ached and renoved si - Thi.s prevents. damage to the cable 6 and.

‘the seni conduEeeesaesi 35!16 esﬁéHFdlén asc ibeyy closgecan, they bl slesved

on the.connect fiber t|c en.this ens, jhe cable 6 '
Torely di sengubit BFam ERe Rodepagtion f At iibepcatle BovaRdsiithe seRigon-

_ housing:Z, ductor device to lccate the frusto-conical tip portion 10 1ni
,the recess 24. To this end the shoulder portion is formed :
 with a bevelled annular surface ‘and the recesses 26 are
formed with complementary bevelled surfaces so that sliding
movement of the surfaces relative to one another, as the
]aws close on the cable, urges the end portion of the cable
- into a properly aligned position.' '_ |
| Clamping the cable solely by the re51lient force
of the- Jaws 14 also allows the cable to be detached and
removed simply. This prevents damage to the cable 6 and
the semiconductor device 16,.shou1d an excessive tractive
. force be exerted on the connected fiber optic cable 6.
o .When this happens, the cable 6 merely disengages from the
housxng 2. | | o _

In the preferred embodiment, -the housing 2,_'
because of its small size, which is typically only slightly
larger than the semiconductor device it houses, can be

| firmly attached to electrical components, e.g., printed
circuit boards, using electrical leads 20 of the
semiconductor dev1ce 16 itself.~ Cav1ties 22 to effect this:
attachment are fabricated 1n the housing so that when the -

- semiconductor device is inserted 1nto the housrng, the



S : . ¢
because of its small size, mhlch is typlcally only sllghtly IargeT t han the'.
. \ conduct or ‘device it houses, can be f|rn1y attached to elec¢trical o

ponent's, e.g., prlnted circuit boards, using electrical |eads 20 of the

i conduct or device 16 itself. CaV|t|es 22 to effect this attachnment. are
f.abricated.in the housing so that when the sem conductor device is |nserted

into the housing, the 9 device | eads pgotrude fromthe cavities. The o
l eads, when fixed to an external -surface, firmy fix the housing to that e~
surface. Thi s combi nation of a |l ocked.cable with a flrn1y at tached - -

housi ng hol di ng a .semiconductor . device effects the mating-.of cable and

devi ce wi t hagvheeanenas! prakirulee Fadwah0RAa vl iR 0- t1Hd Nad¢ nméﬂr o
type of. constructi-on but -displaying none of its dlsadvantages 0. maxim se

the effecti f¢redstof ahhexheunaagsumfa@eqrtfam ifiix tdhee Iﬁbaﬁélin@ntotmat }
sem conduct or - devi ce 16 may’ al so- i nclude a Iens fabricated onto the device .
“itsel f withsurfacetr usThisonpmblinaddens of4a lodked wable witls asfbrmspnt
nost- of the transmitted 1ight -can be-efféctively focussed from the
sen1conductettaehsdehgeséngohpﬂdihsbcrsqmiepnﬂﬂutpusdexxce(nfﬁemts the
| mating of cable and device with substantially a11 the
advantages of a pig-tail or connector type of construction-
| but displaying none of 1ts disadvantages.
) To maximise the effectiveness of the housing in
_ accordance with the invention, the semiconductor dev1ce 16'”'
| may also 1nc1ude a lens fabricated onto the dev1ce itself
within the frusto-conical recess 24. When such a lens is
'present, most of the transmitted light can be effectively
' focussed from the semiconductor dev1ce 16 onto. the fiber

| optic cable 6, or vice versa.



,& -seni conduct or device; and resilient. jaws fornmed w

', 10 | CLAI MS. 1. Apparatus for interfacing a i conduct or deévice
“With a fiber optrc cable the apparatus conprrsrng~sen%BU§Thg~%eL\nggﬂtr
and
“defining an el ongate aperture for insertiop of an. elzw ’ ber

. optic. cable therein, the jaws bei ng" arrangt to exert a grrppr e on.
aid end portion of said fiber optic cabl e’ to detachably secure sai‘d end
“‘pertion i-n said elongate aperture in a position such that it can-be

interfaced a perly aligned with.the sem conductor device. 2. '
~ Appar at us .ac to claimil wherein the jaws are configured to mat e with

a fiber optic cabre_mhqse eﬁ&§§ygﬂégrfé*epgé%pfgcégagaSggﬁygﬁngﬁcQ%r

ridged portion. 3. Appar a accordi'hg to-clarm erern e aws are

provided i t Byl Al G RIRT IgpdRHSEaBLE oMk hopgEatan BbubBeetngR’e

~thereby to | ock t portion in sald
Appar at us .accordi ng t()ﬁﬂhﬂqﬁKDQMﬁQQﬂWPQ#Ei%%o@Iﬁ%miseﬂ@PQEOEfdFNéCGheém@

Sem conduc- tor devi ceXeRLI4ent ek Kocnet GFth 514 Grkipkng ARGl o1 n E EE
T ' ."'defining an- elongate apertute for insertion of an end
tportion of a fiber optic cable therein, the jaws being
'”'_arranged to exert a gripping force on said end portion of
'-said fiber optic cable to detachably secure said end portion'
pin said elongate aperture in a p031tion such that it can. be
-.interfaced and properly aligned with the semiconductor.
device. B o |
2;” Apparatus according to claim 1 wherein the.
_jaws are configured to mate. with a fiber optic cable whose

end portion is enclosed in a sleeve having a ridged portion.

3. "Apparatus'according to'claimlz wherein the
jaws are’ provided with internal recesses to house a shoulderp

i portion of the sleeve thereby to lock the cable end portion :

in said elongate aperture.

| ;“4.: Apparatus according to claim 3 wherein the
*shoulder portion of the sleeve is shaped to engage 1n the
'internal recesses and thus be urged against the semiconduc-

tor devxce.



oul der portlon of the sl eeve and the |nternal recesses have ) o f'“@e
lementarily shaped bevelled surfaces. 6. -Apparatus according to any - s

-

of the preceding clainms wherein said hou5| nggmﬁ'sem conductor device ¥

fixed therew thin, said seniconductor device c umnl ening for - - -
receiving a tip portion of said fiber oph!o cabl m accordi ng

‘to claim6 wherein said sem conduct or deV|ce further conprls s@alens - =
within said opening for focussing |i ght passLng betmeen an end face of sai'%:™
fiber optic.cable and sem conduct or. devi.ce. 8. Appar at.us .according-to -

either-one of clains andaégaseslthur %%ra%gr k% R Al andieimitheads
protrudi ng from sai d Semi cohductor device and extendi ng from sai d housi ng

eans to prQHbdfdéttﬁsbﬂdh beadnel @1 evdied dn@UTHRY IRAIhaD. recepee at us
for interfacing a sem conductor device with a fiber optic-cable, '

subst ant i al hivescbaptenentatdly dhapledbbdve‘mred efurfaues L o Fi gurés 3 and 4
of the acconpanylng draw ngs: -

-65_. Apparatus accordxng to any one of the
preceding claims wherein said housrng has a semiconductor
'device affixed therewithin, said semiconductor device com--
'prising an opening for rece1v1ng a tip portion of said fiber

optic cable._

7. Apparatus'acccrding'to-claim 6 ﬁherein said
'semiccnductcr device further comprises a. lens w1th1n said
opening for fccussing light passing between an end face of

said fiber cptic_cable and semiconductcr_devzce.-

‘8. Apparatus according to either one of claims 6
and 7 and further ccmprisrng a plurality of leads protruding
from said semiconductor device and extending from sa1d
,housing means to prov1de attachment leads for said houszng

means.

'9; Apparatus for interfacing a semiccnductor
device thh a fiber cptic cable, substantially as herein-'
before described with reference to Figures 3 and 4. of the

accompanying drawrngs. '



