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8 JULY 2005 WO 02/056362 PCT/ AU02/ 00017 -1- WAFER SCALE FI BER OPTI Y 2005
TERM NATI ON  Technical Field This invention relates to the noldinga
- sapplication of protective caps to mcroelectronic sem conductor chips on a
wafer scale as opposed to application on an 5 individual chip basis. Mre
particul ar I‘?OP%‘?&J‘S)fﬁﬁvent ion relates to the nol ding and ap@Craa0/eneL7 of
protective caps to sem conductor chips incorporating light emtting devices
or receivers or both and the provision of integrated optical fiber
connectors. Background Art 10 Semi conduckor chips are normal |y packaged in
a protective layer or layers to protect the chip and its wire .bonds from
at mospheri ¢ and mechaWABERISGAKE FIBER OPTICCKERMINATION:s typical |y
use epoxy nmolding and thermal curing to create a solid protective |ayer
around t he TethnicHlFieide normal ly carried out on individually diced chips
bonded to lead franmes and so nust be done many tines for each wafer.
Al ternative net hbdsinyentipaerlalgs nghensolidinglandieppiiestivatof pridciivempt ®d metal or
ceram c pac ri.d rra BGA) and pin
gad array (PGA? gg%%ggsééfc%gg@% eo\?\l/aafsvgargf&s%%f’gé éﬁé’g%%?ﬁ%’l W@é)o(naﬂas started
to be uséd.individyal chipbasisi Mereqatticalarly the inwehtion slategeo the tmiding el pli@Goar

separ at ed. i nd.curing techni gues suljects the wafer to
both mec han‘l}f}%ﬁegﬁg cg&%@?‘%‘%@% o _mﬁoﬁmﬁn&g Tuiag B%‘B‘feéé’f Fegevetsp so
formed i s aordoth aidpheprevisibn nhinepiankd optich! fiberd@nanrt be used for MEMS

devi ces, since the MEMS device woul d be rendered i noperable by the polyner
mat eri al . Exi sting packaging systens for MEMS devices include thematically
seal ed packBgekgfoundAttvi dual devices , or use silicon or glass wafer

scal e ckagin both of which are relatively high cost operation. Devices
whi ch | @orpora macondicien chips areingenalyprekaged in@@roteaive layertor dayetstte prptabevi ces

Cap transparontt Lo pare pafts HeMAhey Rl et a1 08} AR G 4
lens to focUgems gRicaluuseiensi it melding And thermeh prringrielcrege v halidaotestiveniydi ng
o LS 81 1 e e S AL QY B BBl AR SRR g v 1Y
| nvent i on [frmss andsyooratistbe fpner thanyitimee Frricash o Atterative natitdds af packiphig
term naior RAGdeIBnet AR $4dleB Sietal or ceramic packages, and array packages such as ball grid

array (BGA) and pin grid array (PGA) packages. Recently wafer scale packaging (WSP)

has started to be used. This is carried out at the wafer stage before the chips are separated.

The use of molding and curing techniques subjects the wafer to both mechanical and

thermal stresses. In addition the protective cap so formed is a solid piece of material and so

20  cannot be used for MEMS devices, since the MEMS device would be rendered inoperable

by the polymer material. Existing packaging systems for MEMS devices include

thematically sealed packages for individual devices , or use silicon or glass wafer scale

packaging, both of which are relatively high cost operation.

Devices which incorporate optically active devices, such as light emitting devices or
25 photoreceptors, also require a cap with at least a portion of the cap transparent to the
relative light. The caps also frequently require a lens to focus light passing through the cap
and so the epoxy molding techniques cannot be used. The devices are typically packaged

individually or use silicon or glass wafer scale packaging.

30 Disclosure of the Invention

In one broad form the invention provides an optical fiber terminaior package
including:




8 JULY 2005 WD 02/056362 PCT/ AU02/00017 -2- a) a sem conduct or chbgnﬂgyagash
a top surface and a bottom surface and including at |east one first

optical device which enmits or receives electromagnetic radiation at one or
nore wavel engths fromthe top surface; b) a first hollow cap having a M
central powoaoiosassd a first perineter wall 5 extendi-ng fregvddeoderi neter
edge of the central portion with the free edge of.the first perineter wall
bonded to the top surface to provide a first cavity which, in plan view,
overlays at least part or all of at |easg-one light emtting device, said
central portion including. at |east one region which is at |east

substantial |y trgnsparseicofductok@hibhaak H e Horfhée AHABLHAARENRE by T adi ati on
at said one or nore  wavel enqt hs; “and wherein-the first cap has been bonded

to the sem conduct or R¥Ayginget leantongdinss opidgah deviceyyhidy empits aragsaives i on of t he
waf er into individual : i oc At regi on
eleﬂﬁ&h%iégc ra%ﬁ?xg%%@ OF bRV dvefehdt ﬂ-lﬁ‘r%%ﬁ %uﬁﬂgh?’h g

—+

whi ch refracts el ectromagn ' iation passing” her et e
package may al sd)i ncladiet batlow eapshavinga ceitral porion ashafinst pevizsates watlr  at t achi ng

an el ectsromagnetic radiatl | o | G fiber .tq the cap,

wher eby at | east somg,\3 Jéﬁﬁé%??%ﬁnfégﬁeé |E{t:etrre a% atlo%nﬁélgﬁ%u%gt“{légh&o{g?evég‘g t he at
| east one first opti chthedastipemeindwslhisondedtl the wp shiffize to pasides fitdeaitgh sai d
at | east one region. The so_incl | east .one, second
optical device whi ch@%’hﬁs p(%é)naﬁ? gaef’rr\;agé aae%sgpﬁ%%ﬂcgta%aﬁl%‘? FAEERE one or
nore wavel engt hs f r odetibe s4id persiual faien ihtladipgckage may al so include at | east
one second attachnent meanf1 fgr at t.ach ncaﬂan el e tro.rr&gnetlc radi ation
transnitting cable or fib&He#h0RG{ES0N Whichisarieast supstaniialy transpazent or

el ectrorifigneti c radi ati onutashreditd Elecirdationeiradibgonad: sdi@asd or@itge Second
optical device and the 25 cable or fiber passes through said at |east one
region. The first optical "d5FEPHI be a |ight enitting device and the

second ‘opti cal demﬁetherﬂmbepae;sw@imeemtméspﬁmdmeagﬁtfmm@éﬁagé ncl ude
a second perj| mf%er wal | fetéten ing fromthe periphery of the central
portion awaBPF FOTFPITRECT ohtas Walet infpdpdividyalinackeges. The package may al so i ncl ude

at |least one re %&@a&kﬁg& PRy GRTvdE & le@Péile rBfion which refracts electromagnetic
15 radiation passing therethrough.

"The package may also include at least one first attachment means for attaching an
electromagnetic radiation transmitting cable or fiber to the 'cap, whereby at least some
electromagnetic radiation transmitted between the at least one first optical device and the
cable or fiber passes through said at least one region.

20 The package may also include at least one second optical device which emits or
receives electromagnetic radiation at one or more wavelengths from the top surface

The package may also include at least one second attachment means for attaching an
electromagpetic radiation transmitting cable or fiber to the cap, whereby at least some
electromagnetic radiation transmitted between the at least one second optical device and the

25  cable or fiber passes through said at least one region.

‘The first optical device may be a light emitting device and the second optical device
may be a photoreceptor,

The package may also include a second perimeter wall exte;nding from the periphery
of the central portion away from the first perimeter wall.

30 The package may also include at least one recess in the central portion.
* The package may also include a second cap bonded to the bottom surface of the
chip.




"The package may al so include a second cap bonded to the bottom surfgaje@Lgf2005
the chip. 8 JULY 2005 WO 02/056362 PCT/ AU02/ 00017 -3- The second cap
.bonded to the bottom surface of the chip may, in plan view, overlay at

| east part or all of at |east one first device and, if present, the at

| east one ¥x®NI63devi ce. The package may have a singl e | ipgiavenaoniz ng

devi ce and a single photoreceptor. The two devices may act independently
as a receiver and a transnmtter for an optical 5 network connection, for
exanple. Brief Description of the Drawi+ys Figure 1 shows a prior art

met hod of form ng protective caps on sem conductor chips. 10 Figure 2

shows a cross setlie second tapbauiédio the botparduefaded theddip @ay, ok plaf GieWPoteaay f i gur e
1 net hod. Fitqur 3 Shﬂ"‘ﬁ' a croiﬁ secti o%o,f a prjor art packaging of a .
MEMB devi ce® ﬁsg e Q,m‘m@ ‘_étée%‘&‘?:?‘} PRef ﬁatdémsewg_ devigmckaged
according to theTheipas@pé mafhavé? shigllight SmBBRWRvide RRESHRLIS phRMEeGDd: 0T

form ng nol ded caps, ure, 6 shows method of applying caps forfed using

Fi , ] | yin )
the device 0F°MOflgVicesdnay;ast independemtly asa tragiver and2 fapsitierdpanepticdd waf er and

caps of &i ghbtRofk cBRRESH, IReRINAE. Figure 8 synbolically shows a nethod for
appl ying nol ded caps to a silicon wafer 20 according to the invention;

Figure 9 shows the wafer and caps of figure 8 bonded together, Figure 10

shows an exg}m%ﬂﬁgﬁépgi&mhmﬁggv of a device for form ng the

protective caps. ows an expl oded perspective view of the device
of figure 10. Zgufe {showsEprisharvmethod bbfosming pidtertat caps oW s@hicbiRc@evi ce of
figure 10 at..the commencenent of nol ding. Figure 13 shows the device of
figure 10 a?htlpesf nol di ng has finished and just before one side of the nold

is rel ed®ed frorhige stdwara caisslgectibn oL wriot 3 padkeyias aRdCxRaIRdo WeDuRf part
of figure 13, '
ethod.

- Figure 3 shows a cross section of a prior art packaging of a MEMS device.
Figure 4 shows a cross section through a MEMS device packaged according to the
mvention.
15 Figure 5 shows a possible device for forming molded caps;
- - Figure 6 shows method of applying caps formed using the device of figure 5atoa -
silicon wafer;
" Figure 7 shows the wafer and caps of figure 6 bonded together
Figure 8 symbolically shows a method for applying molded caps to a silicon wafer
20  according to the invention;
Figure 9 shows the wafer and caps of figure 8 bonded together;
Figure 10 shows an exploded cross sectional view of a device for forming the |
protective caps.
Figure 11 shows an exploded perspective view of the device of figure 10.
25 Figure 12 shows a cross sectional view of the device of figure 10 at the
commencement of molding.
Figure 13 shows the device of figure 10 after molding has finished and just before
one side of the mold is released from the other side.
Figure 13a shows an expanded view of part of figure 13.
30 Figure 14 shows a perspective view of the figure 10 device corresponding to figure
13.

i




30 Figure 14 shows a perspective view of the figure 10 device corrgs#%ggzﬂgs
to figure 13. 8 JULY 2005 WD 02/056362 PCT/ A1102/ 00017 -4- Figur
shows a cross sectional side view of the device after one of the nolds has
been partially renoved. Fi-gure 16 shows a cross sectional side view of the
devi ce aftavoomesessz t he nol ds has been fully renoved. 5 dorgogeshis sShows a
cross sectional side view of the device undergoing an etch. Figure 18
shows a cross sectional side view of the device after undergoing an etch.
Figure 19 shows a cross sectional side vé#ew of the device at the
commencenent of application to a wafer and renoval of the second nol d.
Fi gure 20 shows Bigaed$shevect dross atctivhalaideivisw off theddVideQteddrooF 1B Rlldsaal i on of
t he caps. i e 21 %;uows a cross sectional side view of a series of
chi ps after Gﬂqagi’?e(???v the wafer. Figure 22 shows a cross sectional
side view of a Vﬁ‘g@k 16ishdiwsRSss 88dHoh 8 dide VidIPéthe &év%%f:elkb%%f&ieﬂogﬂﬁﬁaé‘“ on
of the waf eé ure 23 shows a cross sectional side view o age of
manuf act ur e ‘?5"? WT-“HV% 15 wafer. Figure 24 shows a cross sectional side
vi ew of gshe waf e, Ei gure 25

5 eF1§ﬁH3 17isQHs% Aok Blctid iiBpdl B vRWAGH e%% fr%g,s g

shows a cross sectional side view o gu e. Figure
26 shows a crossFlg@étlﬁélm‘{SwwwoadmmWfpmﬁms:saﬂmmgergﬁngmﬁf of 20

hadire 25, T 0U Bt 10 BRNR Akl 0PeRR ik IR ot Myl Fn SGOIGNEL O 10T o

havi ng opti cal ces wth pac I'ng caps orrre figure
26 attachedﬂnphcanontt@aW@f@am@tmmnvalofﬂmlsmomhmid.| nt o separate packages..

Fi gure 28 shows w.of.an opti.ca canduct or Chl pin
its 25 finished pac gé§h° or%gg%fnéﬁﬁgdﬁ&eghog afer ?fsaﬁ’gié‘fap%o BFPE first
fini shed0and padkagedl s]musaatosi bdotional tide newadf @lserfhd \oF clepekdaatatraeer di ng
to the inveptigp. Figure 30 shows a cross sectional side view the optical
fiber termnator device of

Figure 22 shows a cross sectional side view of a wafer with caps applied to both

éidcs, before singulation of the wafer.

Figure 23 shows a cross sectional side view of a stage of manufacture of a molding
15  wafer. .

Figure 24 shows a cross sectional side view of the wafer of figure 23 at a next stage
of manufacture

Figure 25 shows a cross sectional side view of the finished wafer of figure.

Figure 26 shows a cross sectional view of a molding'process using the wafer of

20 figure 25.

Figure 27 shows a cross sectional view of a se:ﬁigonductor wafer having optical
devices with packaging caps formed by the process of figure 26 attached prior to separation
of the wafer into separate packages..

Figure 28 shows a cross sectional view of an optical semiconductor chip in its

25 finished packaged form. :

Figure 29 shows a perspective view a first finished and packaged optical fiber
terminator device packaged according to the invention.

Figure 30 shows a cross sectional side view the optical fiber terminator device of
figure 29, '

30 Figure 31 shows a cross sectional side view of a molding device for forming the
caps of the figure 29 package.




wfigure 29. 30 Figure 31 shows a cross sectional side view of a nol %%YZOUS
device for formng the caps of the figure 29 package. 8 JULY 2005

.02/ 056362 PCTI AU02/ 00017 -5- Figure 32 shows an expl oded perspective
sectional view of the device of figure 31 after formng of a cap. Figure
33 shows aW®R29p62 i ve vi ew of a part of the device of fipguaaeRdoosfter
formng of a cap. 5 Figure 34 shows a cross sectional side view of a wafer
havi ng optical devices as the optical |ens noldings are attached. Figure
35 shows a cross sectional side view ofSthe wafer of figure after renoval

of the nold device Figure 36 shows a perspective sectional view of the

waf er of fi gur eFiguredi2tshows emedpbutled perspeotive seetionklview wbh@idegee ghfigare 310

si ngul atlo l%ﬁ%%//g e of Carrying out the Invention Referring to figures 1
and 2 there I's'S plpl or art method of form ng protective caps on

sem conduct or vEifzereS3ahows apéregecti caVién offa SENGIARNEE:QF figak 81 afté ffnifh anped
15 agai nst ? nDId 12 having cavities 14 forned therein and a |iquid polyner
material 16 |nJ ected into the cavities 14. The.polymer naterial sets to
formsoldd pr Otﬁﬁﬁﬁe\m sE@PSa 4:8ss sedihaViddettiew 6 éﬁ%rﬁévﬂ@-ﬂpﬁ&:ﬁ%ﬂ&s@gt@ waf er
saw. This tet}p@P ue is not applicable to wafers having MEMS devices formed
t hereon as ]P\E‘]ﬁq‘HP AEChRdt erial will surround the MEMS devices and

st op themfrom%amsgho@@a&bw&eno%ﬁm\%weh@w&? iRt Her ni que
for protecti ng M5 devices. The MJIMS chip 20 inc Efdfll%é t ﬂe?m?%vi ces
24, shown pmsddde¥igey s bonded to a silicon wafer 26. This nmay be

carried out at éjdlgé Séé‘ﬂ% The; waf er
26 is tlypl cal | gltﬁ‘gﬁggh(ﬁt Ea&%% Pgﬁ%ﬁ%c anl%\?}: ropl cﬁaﬁ%ﬁﬁaﬁgl hg an
et chanti0 snsaapldings paene singelefians of recesses 28 which correspond to

t he Iocatlons of the 25 MEMS devices. The wafers 26 are carefully aligned
with the MUVS wafer 20 and bonded thereto. Wile this can be an effective
means of pBeshiiode pECaroyingeut the Inventigrensive as it requires an extra

) con (or SORULURS 8281 M Phere 1nSH o P acb ool S Hbrnbrg otcotive

caps on sémiconductor wafers on a wafer scale. A semiconductor wafer 10 is clamped
15 against 2 mold 12 having cavities 14 formed therein and a liquid polymer matesial 16 is
* injected into the cavities 14. The polymer material sets to form solid protective caps 18. -
The wafer is then singulated using a wafer saw. This technique is not applicable to wafers
having MEMS devices formed thereon as the liquid polymer material will surround the
" MEMS devices and stop them from working.

20 Figure 3 shows the present prior art technique for protecting MEMS devices. The
MEMS chip 20 including the MEMS devices 24, shown symbolically, is honded to a
silicon wafer 26. This may be carried out at the individual chip stage or at the wafer stage.
The wafer 26 is typically etched using a crystallographic anisotropic etch using an etchant
such as KOH to form a series of recesses 28 which correspond to the locations of the

25 MEMS devices. The wafers 26 ate carefully aligned with the MEMS wafer 20 and bonded
thereto. While this can be an effective means of packaging MEMS devices, it is expensive
as it requires an extra silicon (or sometimes glass) wafer, which must be etched to form the
cavities.

Figure 4 shows a MEMS wafer 30 having surface MEMS 32 formed thereon. A

30 hollow protective cap 34 of thermoplastic material made and bonded to the wafer 30

according to the invention is provided so as to form a mechanical and atmospheric




hollom/protectlve cap 34 of thernoplastic material made and bo
fer 30" according to the invention is provided so as to f
and at mospheric 8 JULY 2005 PCT/ AU02/ 00Q0%Z Received 22 Apr
p ot ective barrier for the MEMS devices. The cap 34 forns a cavity 36 with

the wafer to aII e The use, of nol ded
t her nopl asti ¢ hoI [ ow cﬁ?@ger sﬁsgﬁvz"ﬁ%?@ 5‘?{"?’s&fca‘ﬁ‘?3§/mﬁgwaf?ﬁ%xpen5| ve

pilckagl ng. Howepdew the MEMSdetic=iio dpeethni ques do not provide the required

a¢curacy and thermal abr | cat ed devi ces.
? I‘h@h@Q»HnBIPXd et ]J!:EOCLOII w ?api) ééﬁl’ﬁif"

Figures 5 to 7 show a possi n| que Rrovidauct or
whafer 40 havi ng“ea’emaweqkam gmgsmn@nmhdmobmqm&ummmquﬁ&ﬁ 44, shown

nbolically, fafctme aﬂ@ﬂleﬁfaldtdﬂdﬁ[}dﬁ:ﬂ&ﬁfo fﬁﬁ%? .An array of caps 48 is
fErrred usi ng conventj onal ect o d’ﬁlng égﬁs S"%hd steel nold tools
5Is & 52. The caps angu'éeélf)E’r %aMSMBGMh%fOWMhMa&WﬁM spaci ng
a5 the groups A4Bavidgsnfghbe b zh,qgmmfggm&%{%g!% LR abI | ea
ﬁouggstructlono 4 ﬁﬁ?ﬁ}ﬁdln

m sal i gnment =~ with resulti devicesy
figure 7. In fi Q¥R 48a . has been allgned correctly withits

g oup of MEMS devi cmaﬁg&;f‘cd;l@myﬁmédhﬁngm | S greater
than. the spaci %’H sg o# so that cap 48b |s not g%?g‘ﬂé@%dorrectly,
but does not des ro g hE" KAR/Ere guperted an prrule 34 o be pasnpmigalgr oup 42b.

However, the capsciuphs the grbugmrig, mwmmukvm %&s@in%ﬂ?le&&l@hs}ﬁb%mg&” et er
wal | s of the c !:leaquB 4??1 of the MEMS devi ces estroying
their functionality. 'S M Sal ogS A shgmninfiguredsiyfigure ¥ the capdber  of

actors, di ncl Uﬂi%hﬁﬂﬁgﬂmmﬂy\mﬁmbﬁm&ﬂﬁ?‘t&f]ﬂz&f}!&?ﬁrg@%ﬁg mat eri al .
conpared to thepgi [ of the nolded conponents an
the | ack of nachi nerﬁg%gi\iﬁénea ﬂ%}%r@m %%WW%T*PQW%M of

pol ymers to waf€rety QWE@@WMM&WSM@I@M@@&@ ugﬁ t ool s whi ch
have the same Qﬁtﬁfﬁdr%ﬁ% 4l gl g%qg t he waf such as
silicon and fi g)urﬁ &0 Sy rrbrcﬁ%lrsca|nf"§l§ vé“a ?giﬁmeéﬁ ﬂ‘ﬁ"@r”l i con
tool 60 to hol VERY FCaipoBe @ﬁyﬁhﬁ&u@ﬁ%dmmmdmcaps |i e bonded
to the silicon waf elmsaﬁi&hg:&é&@ﬁuﬁm&e&mof@gﬂb&&%gpﬂm@ &}% mat eri al

as the wafer 4Q, changes ? erature w not résu ges in

al i gnment; the spact 8“% g Wtﬂ'elvamquqawg@mw%mmmwofme
molded components and the lack of machinery designed for accurate alignment and bonding
of polymers to wafers using these techrigues,

Figure 4 shows a MUMS wafer 30 having surface IVEIVB 32 forned thereg%zﬁg
pn

A solution i3 to use tools which have the same coefficient of thermal expansion as
the wafer, such as silicon and figures 8 & 9 symbolically show a technique using a silicon
tool 60 to hold an array of thermoplastics caps 62 a5 the caps 2re bonded to the silican wafer
40. Since the too! 60 is formed of the same material as the wafer 40, changes in temperatare
will not tesult in changes in alignment; the spacing of the caps 60 will chenge by the same
amount as the spacing of the groups 42 of MEMS devices 44, Thus, when bonded, all of the
caps will be cotrectly aligned, as shown in figare 9, Additionally there is much expenence

“in workmg silicon to the required accuracy.

Fignres 10 to 16 schematically show a ficst system for creating and spplying hollow

protective caps to wafers, preferably semiconductor wafers,

AMENDED SHEET
IPEA/AU

e




anount as the spacing of the groups 42 of MEMS devices 44. Thus,
bonded, all of the caps will be correctly aligned, as shown in ﬁ"‘g&‘jﬁgg;oos
JAdditionally there is nuch experience in working silicon to the required
accuracy. Figures 10 to 16 schematically show a first systemfor creating
and appl yi r%g%ﬂﬁ%ﬁ%/ protective caps to wafers, preferablpcTsa@nzeomduct or

waf ers. AMENDED SHEET | PENAU 8 JULY 2005 s WD 02/ 056362 PCT/ A1102/ 00017
-7- Figure 10 shows a nol ding system 100 for form ng the holl ow protective
caps-shown in figure 4 which may be used?’with MEMS devices or any ot her
mcro fabricated_ device. The nolding system 100 includes two silicon
wafers 102 & 104FigheelOshpies 2 melding sygen 10Gufor femingihebelksestotctivegaps

conventi ona | fs . e il tehing techni ques 5 to have a
series of rlél%dé@slgs’” 6 |%%F§1%9E%'\%5$“%thm YEESOrAY ¢ crpdphEicated s has
been si i | devige. PhomeklirkysiemtiD@inchuties twppiicos wefercr2 &1 04 @e Sppsewh@s Of

gr ooves 1121%11?@ alligl'ﬁn \Mft'h edges, of ltgﬂ;le rigesc?% 106. The.recesses 106
and grooves Rre EPSsipdisine Forveitinngl ldhogzaphy and deep Gilican eteingechnigvee s s ed
and repedt @ihavensaies of REEES106 & iBdower silface 1OBCHe 1SPAGHAIG 100 hasitagy Wafer. I n

the enbodi nent. shown the protective caps are designed for a MeEMs 1 nkjet 10
printhead a B’i"@esx%f%? a5 3 UPRST SHrfaget 0dhas g éeries of gropves A1pwhish elisw.  The

recesses arwith b@ek anGktkssed] (6onGBckRe 166851 Bbovele17 Q%e%% B Shown.
The ends of t e% ooves 112 are not shown bu% (i)t ?s ﬁ e u%%é?%lpg%a t hat

the grooves tFioWaker toerpraesied apd reprataticenters somesponding th shetrepsaicspgrinpore whi ch
has a rect atﬁWaﬁé&.lﬁ%ﬂoﬁm@n%o%h%m&@%v@rc%vfédé' ed £ @1@&%‘3 caps
15 tchea: i

define a_portion 114 of material which has no een e i larly
adj acentiOr gerissad andep aye vemilong ieiveito their 1ddthin plan viewaThevkéesdes ias not  been

LTS, T oA gl AN bl

the two wafers are gre's.sed toge : wat'ers con
t hese por t i @%hBOtEhawrbutitis toibsundegstoed thattbe groomesd 1B ecmack sidhefdacioretdsnbret he

groove 112 ijl%ctt?ﬁli‘egrgﬁ‘;eim&?ﬁas%%orgflatpﬁg%éfgllpﬁﬂn!ﬁi n the lower wafer 104 and

the recess 104 for the central on 1 ¥ he upper 20 wafer 102.
It is:not essentlihalgraoves 112ter adjscent vafsaeSneomportiotiidadt naemiabutif kR Sotvhi ch

ot nogts D en oA fhiN9uhdn feodRR 908 béttne'd Fohich 1T SFRkkN S Ha o °
been etched. These portions of material 114 & 116 align with each other and when the two
wafers are pressed together, the two wafers contact each other at these portions 114 & 116.

The two sutfaces have been etched so that the groove 112 for the perimeter of the
cap is all in the lower wafer 104 and the recess 104 for the central portion is all in the upper

20  wafer 102.

It is not essential that the mold wafers only contact on surfaces which have not been
etched. Nor is it essential that the central portion is defined by a recess in only one mold or
that the perimeter walls be defined by a groove or recess in only one mold. The effective
split line between the molds may be located at any position desired and need not be planar.

25 However, planarity of the split line will typically simplify fabrication of the molds. -

The assembly 100 also includes an upper release or eject wafer 118 and a lower
release or eject wafer 120. These upper and lower release wafers are silicon wafers which
have been processed utilizing conventional lithography and deep silicon etching techniques
to have a series of release pins 122 and 124 respectively. The upper and lower mold wafers

30 102 & 104 are formed with correéponding holes 126 & 128 respectively which receive the
pins 122 & 124. The upper holes 126 are located generally toward the center or axis of each
recess 106 whilst the lower holes 128 are located in the grooves 112. However the location




that the perineter walls be defined by a groove or recess in only %@ﬁp?g%gﬂsu
The effective split |line between the nolds naybe | ocated at any positi
desired and need not be planar. 25 However, planarity of the split l|ine
will typically sinplify fabrication of the nolds. The assenbly 100 al so

i ncl udes amwaimmsssse el ease or eject wafer 118 and a | ower pcr@dmassmPr €j ect
waf er 120. These upper and | ower release wafers are silicon wafers which
have been processed utilizing conventional |ithography and deep silicon
etching techniques to have a series of ..gel ease pins 122 and 124
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| ower wafers. 1l an Q0 are.positigned with the pins 124 part wa
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preferably extend be flush with the ends of the holes so as to forma
subst ant i al W"b“l'}%fﬁ;&'eﬁ’é’?eu# Breferebly perAdo bg Blushywith the endsaf theholes seps tohe nol d

and r el easefonabetistintialibsiatiar 840 1dHhe e Y9, | st the gaps 130 and 132 are of
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produces scal loping of etched side walls, such as the si t he
pin and cap recddis&wld tpgls acprpiemblyfiched Rens cryezenisaleepsiliconestabingtritbernl| ds

R oL e i e
* etched side walls, such as the side walls of the pin and cap recesses. The scalloping makes
20  the release of the molds from the molded material more difficult. In comparison, using a
cryogenic etch results in much smother etched walls, with easier mold releasé.

A sheet 134 of thermoplastic material of about 200 to 500 microns in thickness is
placed between the fwo wafers 102 & 104 and the assembly is placed in a conventional

- wafer bonding machine, such as an EV 501, available from Electronic Visions Group of
25 Sharding, Austria.

The assembly is mechanically pressed together in the machine but it will be
appreciated that the mold wafers may be urged toward each other to deform the
thermoplastic sheet by applying an above ambient pressure to the gaps 130 & 132.
Alternatively other means may be used.

30 The sheet 134 may be heated by conduction but is preferably heated by radiation
and preferably by using infrared radiation, as indicated by arrows 136 in figure 12. A

combination of conductive and radiant heating may be used. The mold and release wafers




" A sheet 134 of thernoplastic material of about 200 to 500 microns i 005
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transpare ntmate ial other then silicon is used heating of the sheet 134 may be achieved using

- electromagnetic radiation at other wavelengths to which the material used is substantially

transparent.

20 When processed in 2 wafer bonding machine the sheet 134 is molded to the shape of
the cavity defined by the recess 106 and the groove 112. The material is also substantially
squeezed out of the gap between the two portions 114 & 116, as indicated by arrows 142 in
figure 13a, to form a series of caps 138 _

As previously mentioned, the molding wafers 102 & 102 are formed using

25  conventional lithography and deep silicon etching techniques. The accuracy, of this process
is dependant on the lithography and the resist used. The eich selectivity of silicon versus
fesist is typically between about 40:1 and about 150:1, requiring a resist thickness for a 500
pm thick etch of between about 15 yim and 4 um respectively. Using a contact or proximity
mask, critical dimensions of around 2 gm can be achieved. Using steppers, electron beam

30  or X-ray lithography the critical dimensions can be reduced to less than a micron. Thus the
material 134 may be squeezed ont totally from between the portions 114 & 116, totally
separating the adjacent caps 136. Alternatively a thin layer 140 up to about 2 microns thick




20- When processed in a wafer bonding machine the sheet 134 is nD”#ﬁbtg 0 -
the shape of the cavity defined by the recess 106 and the groove JLX 3005
material is also substantially squeezed out of the gap between the two
portions 114 & 116, as indicated by arrows 142 in figure 1.3a, to forma
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techni ques. The accuracy of this process is dependant on the |ithography
and the resist used. The etch selectivity-of silicon versus resist is
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caps 138_it i.s preferred to renpve the | ower 5 and rel ease wafers
frelgase 1

104 & 120 Vit HY & &0 waisélepying tho material [ 34stillatthcbed taghe bppeupper
mol d waf er réiad wafer162.UARadutmaPipliéfholiRe éa?%%&ié%?mlé’ﬁ}%?%ﬁ 8:lomer nold
18 & 120 a 'n-the

and rel ease wafers. The rel ease wafers re nounte
assenbl y sdvafersiihegelensswefasn] s & 120 are mounted in the assembly so as to be immovable

whilst the mold wafers 102 & 104 are movable perpendiculat to the general plane of the
wafers. Accordingly, the lower mold wafer 104 is drawn downwards to the release wafer
20 -120. The pins 124 of the release wafer 120 firmly press against the material 134 and so

=]

retain the material 134 in position and prevent it moving downwards with the lower mold
wafer 124. The configuration of the assembly 100 after this stage is shown in figure 15.
The lower release wafer 120 now only contacts the material 134 by pins 124 and so
it is now relatively easy to remove the lower release wafer 120 from contact with the
25 material 134 without dislodging the material from the upper mold wafer 102. This is done
and the assembly is then in the configuration shown in figure 16, with the material 134
exposed for further processing and attachment to a wafer.
Whilst still attached to the upper mold, the sheet 134 is then subject to an etch,
preferably an oxygen plasma etch, from below, to remove the thin layer 140 of material, as
30  shown in figure 17. The etch has little effect on the rest of the material due to the significant
greater in thickness of the rest of the material, The eiched assembly is shown in figure 18.




“whilst the nold wafers 102 & 104 are novabl e perpendicular to the %{e;]r{?{?}
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138. 15. mvimfcenvmamm hﬁmoﬂeoﬁwaf@tsi@hﬁﬁoﬂ DEvihBIEH sétiBlAnagb8usehf t he

chips are ran in a re arra t he conventional nethods of wafer
si ngul at i o %V\ﬁg Spargh@ F’hbet é@s e agt regular or if the chips are too fragile .

for sawing or scnbmg_ deep reactive jon etching (DRIE) may be used fo singulate the
wafers. Although DRIE is much more expensive than wafer sawing, this is moot if the

20  wafer already required throngh wafer deep etching, as is the case with an increasing number
of MEMS devices. If etching is used, the wafer 144 is next subject to a dee;p silicon etch in
an etching system, such as an Alcatel 601 E or a Surface Technology Systems Advanced
Silicon Etch machine, to separate the wafer 144 into individual packages. This etch is
c?nied out at a rate of about 2 to 5 microns per minute and may be applied from either the

25  cap side of the wafer or the bottom side of the wafer. The etch is highly anisotropic -
(directional) so thete is relatively little etching of silicon sideways of the direction of the
etch. If the etch is applied from the caps side, the caps 138 act as masks and only the silicon
material between the caps is etched. The etching continues until all the silicon material
between individual chips is removed, thereby separating the chips 148 for subsequent

30 processing. If the eich is applied from below, a sepatate mask will need to be applied to the
bottom surface of the wafer.




However, if the separation |lines between chips are not regular or C“} 2005
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to the wafer sequentially or may be applied to the wafer simultaneously. The order of
20 .application is not important. The second set of caps 160 are located under each chip 153 but
are larger than the first set 156 and extend under and beyond the bond pads 158.

- The wafer 150 is then subject to a deep silicon etch from the lower surface of the
wafer-as indicated by arrows 164, rather than from the upper surface, to separate the
individual chips. The lower caps 160 thus act as a mask to the bond pads 158 and because

25 the etching process is very directional, only silicon between the lower caps 160 of the
individual chips is etched away. The bond pads 158 and other exposed parts on the upper
surface within the outline of the lower caps are substantially unaffected by the etch and so
the chips 132 will not be damaged by the etch. '

It will be appreciated that the provision of the second set of caps is only a necessity
30 .where a hollow space is required; if a second set of caps is unnecessary or undesirable, a
resist may be coated onto the lower surface with a grid pattern to leave areas between the
chips exposed for deep etching.




surface 154 and are not covered by the protective caps 156. A secoqﬁgﬁﬁg g&
protective caps 160 have been forned on the |ower surface 162 of t 24p3s
-as per the techniques of the invention previously described. The first and
second sets of protective caps may be applied to the wafer sequentially or
may be appW%@"‘B@’q he wafer sinultaneously. The-order of PEQAUSpPIOITation is
not inportant. The second set of caps 160 are |ocated under each chip -153
but ‘are larger than the first set 156 and extend under and beyond the bond
pads 158. The wafer 150 is then subject8o a deep silicon etch fromthe

| oner surface of_the- wafer as indicated by arrows 164, rather than from
the upper surf adBgure 38 shows esemiconductar fadenchip packagh 5@ incTiperatinge capcaps 160

thus act a ; . ho . because 25 .t et chi rocess

o very di roey gty b8 mhifidio Tl ARLeiGuRRY AR BEROF ik i ek Rl

i ndi vi dual hepi frgmid a etrich efsemivmpducTirdadendeviqea d3t. Fofexatpleohbie mabeosed parts

on the upp . Lt hen. L he. out || f. t.h r caps are

subst ant i al @m%g%ﬁégﬁ#(#%"qtﬁ'@ SSﬁ(gﬁfgﬂgﬁ}ﬁfﬁX& i ig‘?r\}ﬁgp‘lgeﬁ@?ulbe

darraggd By Im?mnébuihl;_to lthe plmﬂelofﬂxe ch@pmb@%dvmhhsf'lﬁen rda%e{lw Iamr&hﬁaa t9thet he

second set caps, is_onl necessi t, Where a hol |l ow space is

required: i9 pau%%ig%’&v?@tvgw %‘E§%P¥“§?ﬂ4§€%%§“§?”§ﬁv6ﬁitbﬁﬁa%§ifﬁmﬂd&f a3 resjst

may be coatnedertud iubstahgallyamBpainf foabewwbcldh of fhe Barletd; eas
fpor deep et chi %gl.@B JBL@tZ%EB&%ﬁg%E%%GZ

bet ween th I.pS.. expase
PCT/ AU02/ og’bi“%‘gt-“g%‘he ﬁé)lg‘t?ﬁ g"%"’%‘ﬁ’vé\ﬁg 25 tohang 8 8ies of 1sfragtiye denses 358 ipthekage 250
i ncor por at icoger@otivh 260.CREY id vkl ehdfrolaBeaipisIORy %Eﬁ&ﬁﬁgﬁlé%%fl& potpdes a

a serires o

sem conguctqr chip égﬁ on whi ch have been’forne sem conduct or
| aser dEvi CBY appuppripigly shapsdincessesaese may be Vertical Cavity Surface

Emi tting Laser s ThyGSEvolvel e m¥faataire e cbﬁ‘fsgsiao%gﬁﬁ%g&% rté‘b%%ﬁ;h%g@ and

perpendi cul.ar to the plane of the C'”Il.p. The ¢ been

attached t & paEtaciypdising thymelding tachsigues previeediydegoried dug modified albelen.
However, the Camhd fowkePiBRtvRl: 200 LIBL BT | ransarent to the
wavel engt h(s) of the |ight erfigtgd bylr?rﬁiem%@%g&%?#%aa%f%o “Fhe cap has
been for ne gdepressipnpiomeddeits moldidg sugheen Atresist nasin2@isis 2pficdno thee  cover

por ti oms26Qpnpef Bhr$ack Ravifd el sl Iﬁh%b feabr i | the moul d
waf ers 10 WIP% h a gr O%!‘I teeklgseés%g%g?ﬂ%gggégg elg%(%@%%%f-@ﬁ in '
manuf act ur ¥asr isthen ssthjsct to asisotnepic etch. Themsize o e hole# relFiivelycaiill 4nd so the
manuf act ur gglp41si | I g r evi Qus descri , . but '
nmodi fied as %%?ggv&t Eﬁeg%%%ﬁﬂe%ﬁfﬁ@\%? 20 ﬁ&g@:&m{l%(s &% %gg Theeds to
have a ser fighingthelmask 201 is removed.

Referring to fignre 23c, the recesses 204 for the side walls of the cap are formed by

20 - applying a second resist 206 to the upper surface 208 having apertures 210 corresponding
to the wall forming recesses. An anisotropic deep silicon etch is applied to the upper

surface to form the wall forming recesses 204, as seen in figure 23, Referring to figure 24, a

second resist 212 is applied to the lower surface with openings for forming ejector pin holes

214. An anisotropic deep silicon etch is applied to the lower surface to form the ejector pin
25 holes, as seen in figure 24. figure 25 shows a side view of the finished lower wafer.

A plastic sheet 222 is then molded using the molding technique previously

described, shown in figure 26. The upper cap 220 and upper and lower release wafers 224

& 226 respectively are as previously described. As with the standard technigue, infrared

radjation is used to heat the plastic sheet as pressure is applied, as indicated by arrows 228.
30  The molding forms caps 256 with a series of elongate lenses on the lower surface of the

caps. The caps are then bonded to a wafer as shown in figure using the methods previously




form ng depressions fornmed in its nolding surface. A resist mask Z%I:ﬂﬁY N
applied to the .15 upper surface having a series of small holes 2 {inY 2A8s
mask 201 (see figure 23a). The wafer is then subject to an isotropic etch.
The size of the holes is relatively small and so the etching agent etches
a hem sphewa@ed/ossmeess 202 behi nd each hol e (see figure 28pavoRédoer

etching the mask 201 is renoved. Referring to figure 23c, the recesses 204
for the side walls of the cap are forned by 20 applying a second resist 206
to the upper surface 208 havi ng ‘apertur.gg.210 corresponding to the wall
form ng recesses. An anisotropic deep silicon etch is applied to the upper
surface to deRtdBealTEneabter it Gih NG SRIGREEESy 8R4ricA SorfB&ibnk thafid @Yir6iudd the
Referring tg figure 24, a _second resist 212 is applied to the | ower
surface wi tinighsdmpaskige fhowniptigimdiej ect or pin-holes 214. An ani sotropic

deep silicon et cnﬁb&%ggkaﬁ&awclgpaﬁmgaa sERH] 9B d1 Pl BabiiBe RIRRLOL DI D '

25 holes, as seen in figure 24. re 25 shows e vicew ni shed
| ower waf ersemigondneter ¢hép HeeapBP2 whichtisbeth pritestive ansioptjcailyactingt Thaepp ,

echni aus iR WhoUplincd SRELbDAE & SOOI, hbhch b RiAGmediBs WPHEY cap 220 and

upper and | ower release wafsers resp Ivel'y “are as previously
descri bed. mspeglively ahefiizedndard t-echnique, infrared radiation is used to

heat the plasti t [ ' Li.e s _indicated by.arrows 228.
30 The rmIOdi ng %%%sﬁﬁ)chgggP%(gge\%m%r%’l%%%%f&?%@n%?gh Rolaer .cglaﬁoélﬁélée}s/m(% the | ower
surface of dpiieal fibkep308 Fide losarfl 4forentitting lighthidetarsmisaionixite theascom optical n
figure usi t t hods .previ ousl| 005 . 0563 .
PCT/ A2/ 008 E-ﬁ} e a8 R RS S linack ate é’r%]lgst%’éﬁ%ﬁ‘éfﬂ’l\égggﬁé%m g“’%ﬁé@&&?y
fe! ectri cztgl ﬁﬁpﬁmtﬁmpmd@rmﬂommeamgtﬁwﬂﬁmmmﬂaﬂm&mh i i}éﬁﬁy\ﬂﬂ_ el 21 -
i gure 28. i ber. | enni nat or .chi ckage i in figqure 31. e
backage. + ncPrnsoood Snt The PGkt fchides BECEH Byn desst S elocs ot e
protecti ve tanhidhuirt 6ffixkd/wies 322 €or chictianto %pﬁﬁﬁat& eantroVndidiveEditeuitBC esses
304 & 306 into which igp optlcigl%fl berg% ;[{0 &'318’19 res,BFectlveI y .are.
affixed. The chipsHadl spogsampldnsdeice$p9 rdprying the GinsLhe lgFier meld3S2ds: ¢ ed
al ong the ffofhdd by@ﬁﬂiﬁg’ihmﬁg}gﬁﬁ h8RSinai¥esidt 1426 &Y fordd RerhiSPheREH] bdckdigs: Thaht . for

nd o

transm ﬁl on intq tBE_seco optical _fiber 310. The cap includes two
| enses %36 WBPEFIRoldJod isfemasd it twgsylindosah nosts 256, mdichayiit feray the teeesspeiOdont o

the photo sgnE@foratopiesl fipak 362 & N0. ThlBived HOHEI Rasl:269Er RAMEE HWaft i Ng 1t

into the second optical fiber. The chip package includes electrical bond
pads 320 oUPETiAS resess358 ardihe upnsr weldaisodtas 2 #ppar pesimeiprvieall fopping secessdffect i on

t 0 appr opr i Whitst A HrhWing SREwRR B lvePekifrtétel WAIl recess 358 being narrower than the
upper perimeter wall recess 360, this is optional. The two wall recesses may have the same

v
ot

20 thickness or.the lower wall may be thicker than the upper wall. Since in use the optical
fibers may apply a bending side loading to the cap, thicker upper walls are preferred to
prevent the fibers distorting the fiber receiving recesses and becoming loose or pulling out.
As seen in figure 32, the upper and lower molds each have four ejection pins 362 and 364
respectively, located at the comners of the perimeter walls. ,

25 The molding assembly also includes a spacer wafer 366 which is located between
the upper and lower mold wafers 352 & 354. . ,

After forming an array of caps, the array is detached from the lower wafer 352 as
previously described and the array is attached to a semiconductor wafer 370 having
multiple optical devices, as shown in figure 34. The caps are bonded to the wafer and the

30 mold components removed to leave the wafer with each set of optical devices protected by
a cap, as seen in figures 30 and 31, .




"Figure 31 shows a nol ding device 350 for forming the caps. The lo
352 is forned by etching through pin holes in a resist |ayer to }Agﬁ{/%oos
.hem spherical recesses: The 15 upper nold 354 is formed with two
cylindrical posts 256, which will formthe recesses 304 & 306 for the
optical fi 2/56%2¢ 310. The lower nold 352 has a | ower BSBATNRWGL7 wal |
formng recess 358 and the upper nold al so has a upper per| meter wall -
form ng recess 360. Wilst the draw ngs show the | ower perineter wall
recess 358 being narrower than the uppdf-perineter wall recess 360, this
is opti.onal. The two wall recesses may have the sanme 20 thickness orthe

| ower wal | may. Biee wafesi@is sitgutatadrad épmcal\mhﬂecnﬁsnmwmthabend pegls opt i cal

e pr of o b, QplSESbeAnd) i hOAARE ol Podolf B3 wlatefeiFhabfBen " |

recesses anpmb@casrﬂngm:omﬁesmtepul ling out. ‘As seen in figure 32, the

upper and | ower ecthn |ns d 364
respectively, o@%gheﬁa%gg%s%%%aﬁs lftﬁﬁmﬁgg @g"”@%ﬁg receyinghe npl di ng
assenbl y5al dﬂmae(ng Imdﬂlsbeapprpﬁﬁ:ted thaedhe backege M &y have ighnEHinD GLVWBEE ort he

upper and 1.0 mol d waf ers_352 & 354. After forpm ng_an array of ¢ t he
array is de‘f%ﬁe‘é IeE{R)- T}E}bﬁérpa%%?% Oégawf)ﬁg{;?g%gqayb@]g@mqe@w%and t he

array is atdna@eﬂc o A GRRESEHhSIHNRLE S é%r@ﬁ@ﬂo&!%ba@ﬁﬂe@ e BRidCA

|nf|gure 34. " The caps are he wafer and the 30 -

devi ces, as sh
nmol d conpo HB‘HP‘S%\A%@M@HEWWS &ad Heht H@ewal‘se‘ihe lightigmittesyangdichtweced pars may belevi ces

prot ect ed Wiperatediddper®ndESitatothd:IHER s R Aftkc
02/ 056362 P /AUOZ/ D A bal bl b Bs 1.5 O %ﬁ%ﬁ" “%Jh%éﬁﬁﬂp‘%’e’ctn cal
connect 1®n @%@W!pwmﬂsoﬁaﬁhenmgeaqgmcadpemﬂoers may then be

nserted and bonlq,%i, Tﬂﬁé‘“sg SHalhen-in a

:Jsabl e state. Wil st ﬁ]e ckaga{el&gfg?%%ﬁ%qu%a%s tgﬁcg:%ﬁ;{l ngrnﬁev: ce(s) and
| i ght receiwﬂﬂymmmwﬂdﬁ@mwﬁ is thbe %Ipipm@@ﬂﬁtae&emmﬁnmenpamnmﬁo may
only have lisoBh sl dufizs B E Bibedlomidohftor SEAIY biARNGGE) - Thus a

package simlar to that of figure ybe provi AR urbper cap to
al l ow for dﬂm@@ndmrde‘mﬁsandbtmumﬂicm basod mmﬂdwbrsimdeaghoMHﬁde onhe device
i ncl udegs %%ﬁ[ d light receivers, the light emtters and
| i ght recei‘vers may %Mé’g’édﬁlé‘@%d i ndependent |y of each other, such as in a

connector for aVﬂplstﬂlalmmﬂimdlakbmlﬁbmbécﬂwﬁpaﬁmmrlmfeﬁeycettb@midaﬁ%s&my be

peoi 11 cat iae PSPRROERREE R AR RA M GO devioes ana

has application to any devices which are or may be bulk fabricated on a wafer.

- It will be apparent to those skilled in the art that many obvious modifications and
20 variations may be made to the embodiments described herein without departing from the .

spirit or scope of the invention.




particularly silicon sem conductors. It is to be understood that tge.rULYZOOS
invention is not limted to use on seniconductors or silicon base =
seni'conductors ‘and has application to non seniconductor devi cERCBATO2H00GM
silicon based semi conductors, such as those based on 15 gal Reasived22 piriti 2003
sem conductors. Wil st the invention has been described with particular
reference to MEMS devices; it is to be understood that the invention is
not limted to MEMS or MOEMS devi ces and has application to any devices
which are or may be bulk fabricated on a ypfer. It will be apparent to '
those skilled in the art that many obvi ous nodifications and 20 variations
may .be made to the enbodi nents descri bed herein wthout departing fromthe
spirit or scofelapist he i nvention. 8 JULY 2005 .PCT/ AUO2100017 Received 22
April 2003 -16 Clains 1. An optical fiber term nator package including a)
a sem conductqr chip having a top surface and a bottom surface and 5
including 'a first &ﬁ%bmmmgeﬁawg t or receive el ectromagnetic
radiation, the firgt optiy -@%mg&\]/'c e.residing on or in the top surface; and
b) a first hollow cap includi ng: g’f)hm&“%émmmdd@mmm&fécbw peri met er

wal |' s exteriting from t#@%'ﬂﬁ&bﬁ@éﬂﬁ&@ﬁog%ﬁb%;e%%iﬁga%on wi_éh tthe
ed 10 mEghetace to

free edges of to the fht &t%risrtreter wal I's bon
provide a first cavity; ?%’ ﬁé‘&@?ﬂ%%@ﬁlﬁﬂannmnﬂwbmmge;h@st part or
all of the first @bticaﬁrsdmﬂbweapfﬁaﬁdj%:fi rst region of the central portion
which is substantially 15 d)r ansgarent or translucent to the

el ectromagnetic radi ation; ““and? eﬂ?ﬂmoﬂ@ﬂaedﬁmtﬂeﬁma&rm&ﬁtcﬁ&ﬁg%[%aﬁhi ng a
0

first electromagnetic radiati Operftdefd Sdbe ki g;ifber.to_ he first | ow
cap; whergin the first holl ow tgagmha?%ggﬁg onadgrion withdheFapicdemdtict or
chip at the @ Hrst petimeter walls bonded to the top surface to provide

a first cavity;

(2} the central portion overlyitig at least part or all of the first .
optical device:

3)  afirst region of the central portion which is éubstaﬁtially
transparent or translucent to the electromagnetic radiation;
and

16 :
|

(49)  first attachment means for atfaching a first electromagnetic '

4 [ ) I

- tadiation fransmitting fiber to the first hollow cap; i

wherein the first hollow cap has been bonded to the semiconductor chip at the I

20 wafer stage prior to separation of the wafer into individual packages

2, i '

N The optical fiber terminator package of claim 1, wherein the eleciromagnetic
radiation transmitted between the first optical device and the first fiber passes through the
first region of the central portion.

25 /
3. i i - .
The.ophéal fiber terminator package of claim 2, whetein the first region of the
central portion is adapted to refract the electromagnetic radiation passing therethrough

4, i i
3 :Ihe optical fiber terminator Package of claim 1, wherein the semiconductor chip
0 ﬁ:n‘ther includes a second optical device which can emit or recelve electromagnetic
radiation, the second optical device residing on or in the top surface.
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20 'waf er stage prior to separation of the wafer into individual pa 2005
2.1 The optical fiber term nator package of claim1, wherein tBe/AU02/00017
el ectroragnetic radiation transmitted between the first qg&%&@ﬁzgg#mggognd
the first fiber passes through the first region of the central portion. 25
3.1 The optical fiber term nator package of claim2, wherein the first
region of the central portion is adapted to refract the el ectronagnetic
raPiation passi ng therethrough. 4. The optical fiber term nator package of
cllaim 1, wherein the sem conductor chip 30jfurther includes a second
optical device which can emt or receive electromagnetic radiation, the
second optical device residing on or in the top surface. AVENDED SHEET

| REAI At 1 PCT/ AU02f 00017 2005 Received 22 April 2003 -17 It 5 The

ogtical fiber terni ; kage of claim4, whereinn the first hollow
i icl udes second attgg%%r?@%WPWMFWQMMM%M@ Jjc on

r%di ation traﬁ%ﬂ@$mﬁ%&%&£ﬁ&&tfaﬁ%ﬂ€€%¢%ﬁgg@§. 6. The Optical fiber

terminator package . ai m,5,. wherein e radipgipmt i on

tfansmitted bet ween%ﬁ%h?é%@ﬁgf%ﬁuw&ﬂp-devi ce and the second fiber passes

t hrough a setond region of the central portion. 10 7. The optical fiber
wherein the second region of the central

term nator package .of claim 6, w

Pher ethr o; ﬁdagéiﬁam L Lo e ot panas t8 R ey o
er et hr ough. I r. package of clarm 4, erein

the sem conduc%’%éggg% i ncl ut‘tlzlveéé1 msé%%ﬁﬁ%%%%%éﬁﬁwsmi ch can

emt or receiv g% plithe @nirgd goribi.on, the nore than two opti cal

devices residing on or in the top surface. 9. The optical fiber term nator

package of Ia%m 8, .Wherein the first hollow cap further in eludes nore

than two attac mnmﬁmﬁ@?&mﬁm@d@yﬁmﬁjﬁbﬁm&éﬁﬁh@&%{ﬁ %gurﬁtf e first
of clai

hol | ow cap. 2QCedsl pdien RRAIEAl, LSl L €r M nat or package ° wher ei n
the first optical device &gfﬁtﬁkgfg&ﬁgfﬁc%gﬂ%?@mmmmwm@i on at

one or nore wavel engt hs.
‘8. The optical fiber terminator package of claim 4, whereiy the semiconductor chip
includes more than two optical devices which can emit or receive electromagmetic
5 radiation, the more than two optical devices residing o or in the top surface,

9. The optical fber terminator package of claim 8, wherein the first hollow cap further

includes more than two attachment means for attaching more than two fibers to the first
holiow cap., ‘ )

20 T o

10.  The optical fiber terninator package of claim 1, wherein the first optical device

€mits or receives electtomagnetic radiation at one or more wavelengths.

I I . - - .
The optical fiber terminator package of claim 1, the first hollow cap including

25 . ]
second perimeter walls extending from the periphety of the central portion eway from the
first perimeter walls. ‘

12. The optical fiber terminator package of claim 1, the first hollow cap including at

least one recess in the central portion.
30 |
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. 11." The optical fiber termi nator package of claim1, the first hol |§’ %%005
including 2s second perineter walls extending fromthe periphery of

centtal .pottion away fromthe first perineter walls. , 12 Tf@ﬂ 0g/4p017
fiber terninator package of claim1, the first hol |l ow cap REEFYEd2Apail 2003
| east one recess in the central portion. 30 AMENDED SHEET | PENAU 8 JULY
2005 PCT/ AU02/ 00017 Received 22 April 2003 -18 13. The optical fiber
term nat or package of claim1l, further including a second hollow cap
bonded to the bottom surface of the sem ggnductor chip. 14. The optical
fiber term nator package of claim1, wherein the first optical device is a
51light emtting device or a photoreceptor. 15. The optical fiber

term nat or pacgkag f M 4 erein the.second.onti.cal devi is a
light emitti n?(-de?%h%gp%%‘"’%ﬁ%ﬁ%%% 8%%”6{‘]%‘? ?Fﬁﬂm%ag"q“ﬁ‘ﬁn%‘b‘ﬁ?%ﬂaﬁ“@ﬁg‘aww
t er mi nat or pacipagededfie thk dotmBsurfatearfdienemitendidoechilan two optical devices
are individually either light emtting devices or a photoreceptors. 17. The
optical fiber term nator package of claim1, further including a second cap
blonded_ tot hilfbot tmfbpﬁﬂafﬂﬁftelﬁﬁmﬁtbﬁpa%ﬁg% smﬂ?ulqr, Q?er@iﬂiﬂ&%ﬁﬂthﬁﬁ&mlis(hgﬂ in
pl an view, verlayjng at least part or all of the first optical device.
18. The opficgggﬁﬁﬁaﬁ%# ﬁﬁpﬂwﬂﬁﬂgﬁage of claim4, wherein the first
optical device and the second optical device operate independently. 20 19.
The opti cal fLﬁer term nat or package of claim4, wherein the first optical

t

devi ce and s o6 ARl iher termizatos nagkage of qlainde Whersin theppmondpptical deyipEA( AU .
is a light emitting device or a photoreceptor.

10 16,  Tho optical fiber terminator package of claim &, wherein the more than two optical |
devices are individually either light emitting devices or a photoreceptors. |

" 17.  The optical fiber ternvinator package of claim 1, further including a second cap
bonded to the bottom surface of the semiconductor chip, the second cap, in plan view,
15 ovetlaying at least part or all of the first optical device.

18.  The optical fiber terminator package of claim 4, wherein the first optical device and -
the second optical device operafe independently. ;

20 19.  The optical fiber terminator package of claim 4, wherein the first optical device and ‘
the second optical device are linked. '
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