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Field 5 10 15 20 25 30 This invent| to the nol ding and g@
appl i cati @iy @foskieet ective caps to Hmmmmmmmlwm C sem congiegl Qip2eMiiPs on
waf er scal e as opposed to application on an di vidual chip basis. Mre
particularly the invention relates to tHE”mol di ng and application of
protective caps to sem conductor chips i_rcorporati ng light emtting devices
or receivers or both and the provision of "integrated optical fiber.
connectors. Background Art  Sem conductor chips are normally packaged in a
protective |ayer or ME&R@C&'@EdﬂtBEﬁeQﬂT&:éFERMU\miTﬂdMonds from
~atnospheric and nechani cal damage. Existing packaging systens typically use
epoxy nol dieghaichltfFieldal curing to create a solid protective |ayer around
the chip. This is nornmally carried out on individually diced chips bonded

. to | ead frames Hrsinventemsteldies tdtheenoiding andrappli¢asion @b protegtivecapsAdt er nat i ve

nmet hods of packagi ng include hernetically sealed netal or .cer.am c packages,
Bnd ar ay BUEEGROR st ot iR dr Sisplky SR ot P APRIELORPT 85 Posy
packages. iRarsdial éhiﬁ@ﬁﬁ&. MérIpartRalg thd @ vétfo relgs 16 #Rmhding and@8pplraon Thi s
is carried out at the wafer stage before the chips are separated. The use

of nol di ngofgmeteetive aags tosshi¢adugiosdtipssincerporaingdithiremigingalemicavertracivead and

L e e e
|

woul d be rendered inoperable by the polynmer material. Exist
systens foéaNEMS devices include thematically seal ed packages fg

i ndi vi dual Baekgreund Art yse silicon or glass wafer scale packagicgl(%o?ztbot h of

opt i catfy act | vieetalis? G heJRERRY PRI AT ORI R O RER B} Brotsst o .
al so requithe chipGag itdiviife indb BBt atRosphetit afd fiechdhical aﬁnig’eaEﬁiﬁﬁﬁge;ﬁdck_ﬁgin% he
pasei ng  HSah TEalbae aReRTBONG FeASGmELE HTTEgo CEBlvh sligaTaieaeiage used
passi ng Mes / ep ! e used.
vt ersoal B piepkiftet hisks REREAPEa kA St hiBluidhall A8 ik bARRA% KB
i nventi on fpsirass Ahdoanusd pé domd ményerned fer sachatvafer. pdekadee mathodslofghckagivg/O

112/ U~1~312 - CT/ Al U2/ 11UU 1 ? a) a,seni conductor chip having a _top
surfacésarf&dé}g‘%g‘i%ﬁ%‘ ¥4 g‘%{-‘ﬁﬂ"rﬁ PR PR <A3°SH %ﬁtﬂamdﬁg?ss%u%gﬁ ?Béggﬂd
devi ce whi ;'EKEG' 4 j @@Qt i bt & re
wavel engt h%ﬁ romﬁ'f)haglﬁtpti)rggtg%r f§ayce; b)ﬁaa I ggécﬁgfﬂaﬁigﬁﬁf@yfﬁgfﬁa@ggﬁ?r al
portion anthsataried $¢ bpusednhieis ceatidd Bt aikthe vdifergtdge brfordithe ohips aetseparettde of

t he centr orti.on.with the.free edge aof the first perinmeter, | I, bonded
Lot et op e it Bdthi Aad Pine SRR sibiedy s o PR e ealind over s ays
at | east p@aeimdfitréshds. o adfitibreds proddifive cahso Ritinkd i Wsoh@\ide of fidtediaF At JoA
portion including: at | east one region ich is at |least substantially

t r ans pa@Pentanpet begused sorVEMESdevicss.sinse theoMEIAS device wanldbe sendgreddnopsrable or
| . D ; : th
ser conducboie 8pR el Hafdd ecabily 588y 35 MBS BRRAEARe "Vt er i e o

i ndi vi dual thpmaticdigsealddpadhagdsdgeindimiduanddvitde , at udessilidon @n glaseghfensoatd ch
refracts electro etjc 15 radi ation passing therethrough. The package may
al so incl u%i%ﬁlngi’gg’to Wrick Pliesff’la'é‘(qlléé’rﬁﬁ@ﬁft et or attaching an

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 terminator package

including:



el ectromagnetic radiation transmtting cable or fiber to the cap, whereby
at | east sone electromagnetic radiation transmtted between the at | east
one firstyephlk@sdevice and the cable or fiber passes thpeg@iyesaidat

| east one region. 20 The package nay al so include at |east one second
optical device which emts or receives el ectromagnetic radiation at one or
nore wavel engths fromthe top surface Thg package may al so i nclude at | east
one second attachnment neans for attaching an el ectronagnetic radiation
transmtting cable or fiber to the cap, wherepy at Ieast sone

el ect romagnet i ®r adlaaieﬁéﬁpﬂdﬂgﬁé?hlt’Pé‘ﬂ“&)éﬁ%#a%%"da% botiona surfpge aab cond
optical device and t | east one
region. The first op ﬁg&lgggg%%sge&%g%Egﬁca??éﬁﬁéwg%ht k{ﬂ@ o%%\%l@% and the
second optical devi @edmmalgﬂeta; mdinaﬁmﬂmptoomorél’ Wavq:}a[gtlagfeomme tap sm'facapl ude

. a second perineter wal end g fromth er her of t he cen portion
away from the frst Flh‘?)j awmgéc?efmglpg’&e L parage ?rﬁ‘éar de at
| east oge recess in &g 6rﬁ|th i@ ed é‘@ftﬂé‘%&ﬁ% o6 HidQhé A6 a
second cap bonded to the ttom surf aeceeo'f’ t he chip. P % 1112/|h(|gdjg%2 -3

PCT/ AU112/ 001) 17 Th e)fsmzﬁrsdpmapetmmlbbbncbdttmmebop swinace m pravise effirstogvighi p
may, in plan view, over l.east part all of  at

f
device and, if presehfic tlﬁé’?af‘?tVI?‘%’afg’FH@ﬁ@tgeé’Etcﬂ?& (Hé'lyloéé %ﬁé’“ﬁﬁ@?& Irﬁ'r‘?ﬁy

have a si ngl e light &m&témcgﬁwﬁﬁtlwgcﬁldﬂggl e photoreceptor. The two
devi ces may act independently as a receiver and a transmtter for an

optical 5 network connectaidenst éuerregivanhich is B jeast sestantiajy irepspaent ¢re

Drawi ngg Froure 1 shovs: a B0ty A0 bR A0 BF ALY REBHEGLRYE caps on

sem co ctor chips. ross Sec a prior art
packagi ng nmade accor d| ng wavdléretlst gndr e 1 nethod. Fi gure 3 shows. a cross
section of a prior art gacka mg@of a MEMS devi ce. gure 4 shows a cross

section thr ough""ﬁel'f’alill\t’se &y carehas R%B@@eﬁ&ﬁ}eéPwopéuthechmﬁé}Pﬁ VafgrT stagp
Figure 5 s I%htgf?br negpﬁtgﬁawﬁ(ﬁ_{aphew %%I ded caps; Figure 6 shows

met hod of ppI y| caps using t of figure 5a to a silicon
waf er; Fi gure T7Tldpaskagehmayiichile anidast aps regionf which esffactsataberomagnpticher
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
electromagnetic 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 exténding 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.



Figure 8 synbolically shows a nmethod for applying nolded caps to a silicon
waf er 20 according to the invention; Figure 9 shows the wafer and caps of

figure 8 {onpadsde0et her; Figure 10 shows an expl oded croggraQrbifial Vi ew
of a device for formng the protective caps. Figure 11 shows an expl oded

perspective view of the device of figure 10. 25 Figure 12 shows a cross
sectional view of the device of figure 1Q at the comrencenent of nol ding.
Fi gure 13 shows the device of figure 10 after nolding has finished and j ust
before one side of the nold is released fromthe other side. Figure 13a
shows an expand&be sacend ep hoaded torthe beitena surface 9 thyej i may.4n Plagcyy overlay

- b5 oBcal | 22 P b s YRR Bl 3F BESAE L Beds ohe BB delicy, T,
of the device aTh&pachig iy hdve avmglslifiaenin@n dpdice brd 4 yingRPhe®tcceptogur e 16

. shows a cross sectional side view of the device after one_ of the nolds has
been ful | yTheiRdeyicesmay et independenilyas areeeives and p FARMIEEHIOT R P t he

devi ce yndgLgai d']g]bdge 18 shows a cross sectional side view of
t he dev?ceﬁa{:%g{r]&)t?ﬁgce@é’g@ﬁgfan etch. Figure 19 shows a cross sectional side
view of the device at the commencenent of application to a wafer and

renoval of thefaéecond nol d, .Fi re 20 shows a cross sectional side view of

a wafer af Btie ﬁﬁfﬂﬂfi%hot)fh? QWIS 10 Figure 21 shows a cross sectional
side view of a peLIeSGAksG ri%?aﬁfrﬁé??odsbﬂglf-lh‘?&%%%&fvetc ﬁﬁ%x}ﬁh&gf e 22
a er t 0 both

q%
shows a cross sectional side view o wa caps applie
si des, befdhtips.si ngul ati on of the wafer. Figure 23 shows a cross sectional -

side view of a stage of manufacture of a nol di 15 wafer. Fjgur 4 shows
2 crosdOsect i onBIEUE LAPOVF & SeFionaleaiop AT ProiEE s EciOBR (0 @Fé@@reof
manuf act ur @ yidpgiy € 25 shows a cross sectional side view of the finished
wafer of figure. Figure 26 shows a cross sectional view of a nol ding
process using t Rizumad showsfa ceossfseesioneof 2%rior art packaging of a MEMS device.

Figure 4 shows a cross section through a MEMS device packaged according to the
invention.
15 Figure 5 shows a possible device for forming molded caps;
Figure 6 shows method of applying caps formed using the device of figure Sato a
silicon wafer;
- Figure 7 shows the wafer and caps of figure 6 bonded together
Figure § 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.



Figure 27 shows a cross sectional view of a sem conductor wafer having
optical devices with packaging caps forned by the process of figure 26
attached Qg @loskR,separation of the wafer into separate pagekagasanoifi gure
28 shows a cross sectional view of an optical sem conductor chip in its 25
fini shed packaged form Figure 29 shows a perspective view a first finished
and packaged optical fiber term nator dgxi_ce packaged according to the
invention. Figure 30 shows a cross sectional side view the optical fiber
term nator device of figure 29. 3Q Figure, 3l Fhows a Cross sgcti onal si de
view of a nol dimguraééi%@w%?romeﬁ{lﬂ@alg veapst e devise iterang odthegnelds hes
WD 02/ USG3.= : 12/ UY( 117 Figure 32 shows an expl oded perspective
secti onagfféﬁ?llf%@egéi ce of figure 31 after form ng of a cap. Figure 33
shows a per specfigwe 16ishowoh caspsectiond] stdeeviceuf the deticé hfjerrane 31 thefrhelds hawr mi ng
~of a cap. .5 Fi‘gijre 34%£hows a cross sectional side view of a wafer having
optical de¢EREUNFEMONed.ohti cal | ens nol dings are attached. Figure 35 shows
a crosss secti onabugigendleWcRhs {dRoAisRle vidw bf GU'RvRE hﬁ&er%&ﬁ?éﬁ%tcﬂf the
nol d devi ce Figure 36 shows a perspective sectional view of The wafer of
figure 31 with EgomdRestiowda opss seatiohad nlermidvd phgre device afieranslenggimgamietoh. Best

Mode of Carryi out. the Invention Referrin figures.1l and 2 there_is
show a prior ar g’r‘ffstll?c?g%?aF‘(S’F%ﬁer‘igc"b‘ﬁé’c‘%cvf‘f"gé@‘8&59’8?1398%8‘85’8{5%@@#“ f&fers
on a waf erqp?ﬁ@dt%nt&ai@dfé&ﬂﬂ%iﬁéﬁ'l ol QEcokd héidc! anped 15 against a nold 12
having cavities 14 forned therein and a liquid polyner material 16 is

injected into tFigueaPishpwsa cwss spetopd sidestewraf @ wakdr affet applieatiop oithectapsl

Peches e hore s T Pl R0 RIS OB el L

t he |iqui dheelafgrer material will surround the MEMS devices and stop them
fromworking. 20 Fi gur e 3 shows the present prior _art technique for
protecti ng MEMSIgWE2s80wsp grogispstiepal sideyigwef & wafeg witheapeampligd io bt 24,
shown sy J.C vaidd silicon wafer 26. This nay be carried
out at t@‘.ﬁéﬁa‘?‘{ﬁ’eﬁﬁé‘}@éﬁ?@ggﬁ‘gtﬁf?ﬁ at the wafer stage. The wafer 26 is
typi cal |l y et chefiguei23ghaws b yskaddcdgna plieoiam bbottagpofoanadutictus ofig nasidiag chant
such as_KOH to forma series of recesses 28 which correspond to the

| ocat i i%s W#%-he 25 MEMS devices. The wafers 26 are careful |y aligned with

the MEMS vafer @@uRnd BEREEEdsh&icabRal siRVidy bhihg walr d1%icft £ i aGlekVgagreans

of packagi ng MEMS devices, it Is expensive as It requires an extra silicon
(or sonet iofesamyifactery waf er, which nust be etched to formthe cavities.

Figure 4 shows g NEMS BLEh oibds LBUORY R'ViGT 8¢ IHEYRishaa WarRe nbiier eon- A

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

20 figure25.

Figure 27 shows a cross sectional view of a selﬁiconductor 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.



30 hollow protective cap 34 of thernoplastic material nade and bonded to
the wafer 30 according to the invention is provided so as to forma

mechani cajly@ndsgdspospheric WO 02/ OSG&X -6 PCT/ AU( 12/ | Bhkd chdomriot ecti ve
barrier for the MEMS devices. The cap 34 fornms a cavity 36 with the wafer
to allow the MEMS devices) to operate. The use of nol ded thernoplastic

hol | ow caps offers the possibility of providing inexpensive packaging.
However, conventional techniques do not "provide the required 5 accuracy and
thermal stabilify required for ro fabricated devices. Figures 5to 7
show a possi bl ET§HEEHABRANS 106X REiSARpUye §%’|‘1‘P%ﬁ’é‘?}ﬁpga‘e\9&f"éﬁ3 Oﬁgg‘lﬁ?ilng a
nunber of : f..mcro fabricated devices 44, shown synbolically,

" formed on agﬁpﬁé[r?ﬁlgé%lg%ﬁg?] surface 46. An array of caps 48 is formed using
conventional i HFigsed BDshowd alpargpaetivdiodw ofiinghat @f teadelvicemlf dighed IsafteOfofmiidy The
. caps are sypported on a sprule 54 at the sanme nom nal spacing as the groups
43. Using A R“&®-method will alnost invariably |ead to misalignment wth

resul tigg dest 'T-"r%&é 90 sifw MEMBs LU G5 sid@ Fie AW WALBr hdvihy @pti%Q]-de'vH:eE hotee 20
the cap 48a has been aligned correctly with its group of MEMS devices 42a.
However t loptiegd denis mapldisgwersrattattedcaps is greater than the spacing of the

groups so that ca is not aligned .15 correct| but. does not dest.r oy
oy OF & he NEVETEIE F2 suonds & Plos oYt sne weg 136 e ShBalRaRe B YEEG hac
& d are suyfdmeideelidck M saligned that the perineter walls of the caps
overlay one or nore of the MEMS devices 44, destroying their functionality.
Thi s m sal i gnniigure 3¢ shpavs mperppestive segtiongl mignbefithe wates 06 figure 3 ovithditiaghed

di ffergptial. therml .ex ion.of t.he sprule naterial conpared to the

sili coﬁd]mof’h?a;ﬁeﬁsnﬁn%}@&ggsﬁéét8fS“}gI‘i%athB' nol ded conponents and the | ack of
machi nery designed for accurate alignnment and bondi ng of polynmers to wafers
using these technjques. A solutiopn is to use tools which have the sane

coef fici ﬂ?ﬂm%pﬂiﬁm%ﬂtag Inventione | I such as silicon and figures
8 9 i . . i i il 1
array of "ther misterufy RLBABET AR AtRrs B'sRohc A oltot b BRAGRr RHbE oRfE"

waf er 40. cgpd@esehticonidacor G@fdrson @ wakd seile. tAheentieorRiub®r aferl 10asclmpedraf er 40,
changes in tenperature will not result in changes in alignnment; the spacing

of thelXapgaine agnold IZhwving qgyitien &4 semed Heprinanda liguidepobyaerimajersd 16 e gr oups
42 of ME i T : i rectl

A gned UPEH BES e ayilidk T MUGRLAARHRErf kics B rebiiSofia Brortihive i 182 Bt 1Y
wor ki ng siThecwafertiothieh gingaliited @thgoc waeasiy. TRE techaiuess Aok dppliddblestolvedfaki cal |y

show a first s em fox creating and applying hollow protective caps to
wafers, priev@BMFYISeviced rImed sheroixast liduidolypenBesriabwpemeond e 10( 117

_ "1 _ Foouesisl@vebousd so éﬁgf}gnﬁy&kﬁ%} 100 for form ng the hollow
protective caps shown in figure 4 which nay be used with MEMS devices or

any otMer m cr &FigubB isbewethedeescoteprioriag tepbhwjua forpyetectin g IMBEMS dévicke sTheno
silicon WEH/IEM% c%?pzzég‘ in]épu%ing-r &1% Lhﬁgﬁ%rde%gse 54, shown symbolically, is bonded 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 are 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



102 has been processed using conventional |ithography and deep silicon
etching techniques 5 to have a series of recesses 106 in its |ower surface
108. The Fos er 104 has been simlarly processed so i per
surface 1§8wﬁg§&§£series of grooves 112 which align with g g%gh%?m?ﬁe
recesses 106. The recesses 106 and grooves 112 are sized for the chip size
of the wafer to be processed and repeat at centers corresponding to the
repeat spacing on the wafer. In the enbodinent shown the protective caps
are designed for a NEMS inkjet 10 printhead and so are very long relative

to their wPkptastivebyrignioytheyEMRdevacessthescap 3 founs aeryity 0, With the VT to he
ends of th . The ends of the grooves 112 are not

" shown but ?l%&\?@%?%ﬁ%%&a%eﬁ/gfgﬁéggg that the grooves 112 at each side of each
recess are in f@hé¢uend npldavhemivptdstib hsllow ceps affeguithaposdilsifiey ofrprovidingvi ew.
~The grooves 112 for adjacent caps define portion 114 of material which
has not 15IDGERGNSKE PRERASING HPWEYSTy COnYPRiQnat terlurguss de npbproyisie; therequisest i on
116 of guaterl § shed i.ens of material 114 &
116 ali gﬁ %Cltu Cg\éﬁ%ﬁ%{[ﬂgr%tagggy\?ﬁ@%e%e tm%og\%gﬁgﬁgcp%@deg'r essed together, the
two waf ers cont Eguresdah 7chirera mssibledsehnppretfopeskdging &setdi6ondhictor wafersilr f aces
have been etched so that the graove 112 for the ijeter of the cap is all
" the | ovBVITE? BRI e SiRHDE AS of BN o datrisA R SV ERE L shiv s pvriestically lnedt %
the upper gfovaf fruphbsurfate 46 not essential that the nold wafers only
contact on surfaces which have not been etched. Nor is it essential that

the central por An@mray of epps #h dsifasmed uping gerventionnh injeation nmldiag arethddstand he

peri nmetgr I efi r.o r i n.only one nol.d., The
ot ect 0o SBriToTeae b0 G e RuBF HbeRlisd BESR BRI e SR TRURY! on
desi red anghaaf@ts i groepspi2alaing tHid nidiN®V @11l allogtiavdriaylydtad emB@ligriment ne
w il typically sinplify fabrication of the nolds. The assenbly 100 al so

i ncl udes awithpgpwitingdestiuction of MIEMS deyices, ag sipvemii figure e An fighe2ddheeape ect

waf er 120. %’(" Y\@@rl . i, f L.ch
have been ?)g%%%g)g glg&&ﬁeﬁ?g?‘lhg ‘colﬁ}{/rgg‘hgﬁ% gﬁg [ t§g§1§%§4; aaﬁgaﬁg%pt)ﬁésl a%gn

et chi ng t ebémieeiete chps i auwated tisadrthe spadingrof tieagous so3hat 22p 48ioliskidd aligned
respectively. The upper and | ower I ers 30 102 & 104 are formed with
cor resﬂénd?%&cﬂbﬁ@édﬁ%’o&gﬂsé@yra&éﬁg&e&é% 1CH O ’é%’?@?ﬁét‘f’ﬁgmb‘?ﬁg[’-lzz & -
124. The UPRQevAOIESap?PicR 8 ak@GREGENIPRRE AN thAWRY ShrinReCPA ST thY ca?§' s _of
each recess 106 whilst the lower holes 128 are |ocated in the grooves 112.
However t hevértayane onmoreviiGhg MENIS de Gices44, Sestfo@ingAhdi0metiaodity.of t he hol es

126 and 128 is 1 especial |l ritical. apd th be. ced.. required
for o ection of ThiianRIENaMSpabe e s PEA nimfitr A BoB ilth i e il g
greater thgRmhiiexgaiidh ffthd Srule Mdi€rsd QBﬂFﬁl@d RPihe Silickh diafdreonf rigaitpolifie of

the pins 122 aligh with the inner ends of the 5 holes 126, there Is a gap

130 be2fleemoided campeneniving thetask of prchineryidesigogshier agcaratglignmgmeand 18. | n
thi s enbodj [ e T 24 is the sane as the
th: ckness g&‘?ﬁ%%ﬁo&gﬁ&gn})%%%%%ﬁéfg%tﬁ@vr\}ep@g%' thia | ength of the pins 124

may be greater WAhwiutiohds tohise ksuds which hahetheahme coeffitieniofthdrmal egmnsivhen t he

| ength of the pins 124 |s less_than_the maximumthi ckness of the | ower
wafer 104 fhe Wk suchgs sdicgy o BevEhRd rambelically ghow hischigius usine 4 sHCoR ¢

at | east 1 oy 6OWIRAE ah BireKeaRErpldsties UBE €D ad Bt Abs B BoRALOY O shidon The

| onver wafers 104 and 120 "are positioned wi e pins 124 part way inserted
i n t he 280l safdra8. Since thotool 69 isfodined obhitke samie tateriabiscthbe wageridfh chanpes inr ooves

112 d wth 132 t t he two..wafers. The. pi 124 f. bl
ext end t o [ETEFIGR e ERA eng 1 ALETOR Goe SRR tpofite SOStD P et al 1
_planar basgy i dahR sHRAVA the gpacing of the groups 42 of MEMS devices 44. Thus, when

bonded, all of the caps will be correctly aligned, as shown in figure 9. Additionally there is

much experience in working silicon to the required accuracy.
30 Figures 10 to 16 schematically show a first system for creating and applying hollow

protective caps to wafers, preferably semiconductor wafers.



15 The thickness of the nold and rel ease wafers is about 800 m crons whil st
the gaps 130 and 132 are of the order of 10 to 100 mcrons in thickness.
However tQisodizedd@t critical. The nold tools are preferablperetGBRghysi ng
cryogeni c deep silicon etching rather than Bosch etching as to produce a
snoot her etch. Bosch etching produces scall oping of etched side walls, such
as the side walls of the pin and cap recgsses. The scal |l opi ng makes 20 t he
rel ease of the nolds fromthe nolded material nore difficult. In

conmparison, using a cryogenic etch resul in nmuch smt her etched wal | s,
with easier ol HEPE WS & Igfr@@g Si%ﬁlndpa?MPHB‘&E&E%MIOMIBWF%YG i about
200 to 5004 r & 104
“and the assenb 1H?§ruk@??§igﬁ.‘iﬂ§5a dég%yéﬁ?ﬁgw&mfep}%@%ﬁ%ﬂw |n gdsuch as
an EV 501, deewiei ﬂ‘hdahmldmgmyst‘dmd:ﬂ)(imn]udes\,ﬁm sileonGrafas 162 825048ﬁ‘<hedpptg‘ wa&:tst ria.

. The assenb i s nmechanically pressed t ther_ in chine but it wll be
appr eci at eLal“t lixpétbephgrq%qseé b\é?g?@vﬁwrﬁgﬁr@%@& ¥6%£a$eﬁpg@€ﬂ“ BiChiDE 13ChniEDr m
the ¢ hes mopliast b Gttt redased B0 H iMA0AR: m\éelémlﬁ%war@a%&um Ha@ pbdie 9aps
130 & 132. Alternatively other neans nay be used. 30 The sheet 134 may be
heat ed by Sonlddy piasassediso st jis emwr abfz;ceﬂéamesja kgries aflgmbiesnl 12rvehigh digar abl y
by using infrared r dlatlon ndlcate arr ows 6 in fi e 12.. A
conbr nati ot oo B RSt 08 The s Sircthertg %%Yeﬁéfﬁgsalzeérh%ﬁfoﬂup s
rel ease vvaéﬁh@wafe\&o@e@?dcbb@@hﬁd Bﬁé&%&&&%&é@&%&g : gl 2nSe@dat 3psbingléh & 120
sta

respectively are fornmed of silicon, which is su ntially trans arent to
i nfrared |ihgmaf@f Irathmv@pélm@mhsllowntth@pm@gée e#pssv designed forrVIEY Sipkiet 5000
nm Theg,ma 0 i t i I thin this
navel engt PG B o IR OBhve S BHETIER M E VR AP eefibs el engt

range. |f iebﬁngiﬂtue altlacbughfiﬁe dm%@f nﬁtre&sse@tafe mstishekh yThelads & the gfomed 112s
range, a suitable dopant is "carbon bl ack"” (anorphous carbon particles)

whi ch absoft§£0f shomn 'a{t itip fose yRdemsiaoddhatdhe gropuss dgiat sashsideop sahoresasy arse
used. The t waf ers and exposed to
infrared Ilﬁlg ﬁog%%ﬁOdﬁlﬂéﬁfgﬂwagg‘g%M%ﬂgpe ﬁ’i‘bl é%?ed by arrows 136. The

i nfrared radi at TMgnoqu:erfHoahﬂjgceﬂi(baps:dq:ﬂneeﬁpdrﬁmmi bbofmsteda svioch hdsenovaf er s

dth t 134 t i g t at this | tial
nd tndS neeg elber SRl aleg Fecseh i e oo o giandl VAR 381 no
silicon vwahehidks Tﬁe%élg&%ﬁ%f thitedifl8 1416 1 86 S8 Rtk BichQher bh@whid iR16d

radi ati on passes through the wafers and is absorbed by the sheet 134. After
heati ng t owafesyare amssﬁdttegqibﬂaﬂm itwo watersredndachefcir atheray thebeeportiensuigetd 116.

t oget her to def th e 15 fers essed 0 her

whi Tt t he_ sheetha e TurPiE ey Rden clieap i e SnbTRy ol e B RkPEbE: 124
to be fullyapieall thheﬂ@Wéll WateAI04/andlthe R0k Q04 f6r the aéritAlpdrtiod & dlldinWedbpet f @
material other then silicon is used heating of the sheet 134 may be

achi eved u‘é’?f?@ @ectromagnetl c radiation at other wavel engths to which the
material used i fer

fti iH&%ﬁ&!ﬂhh 155%& ﬁﬂ?ﬁ%%g&{l}ni){ ﬁ(g]tacﬁmgﬁ}f#l%fﬁrﬁﬁﬁ fyd ﬂ)tg)e

bondi ng machi ne t eet I'sS no 0 shape o e cavity I ned
by the receshedl Bor &nitledshwtial tienthe cdtPal pblinriadefined! byl ayeedss i alpehaunbldade y

s Sl Bt i it B s
ment i oned, )}:Ilﬂ @inE’BEt‘Ne@ﬂ tl‘/&%@l% gge fochidd a ﬁr?y ﬁ&it%@ekﬁ%dﬁd%e&ﬂ&%'}ﬂélﬁf‘m

Iithograph and d I'i con etching tec gues. The accuracy of this
pr oces3i sHawaﬁdalﬂnamM of the split lhwgvlélﬁmcdbmmnbfyrfebm@nomgédne nKids.et ch

Shout 180+ 1. %1 oZht peeSvY o0 el il e an Swbedtefelie of st WEER1 R aftWsf 2"

_between abfmeasaar ejednvadter YROPTHRsE @HRE Ghd Vet relblise Weafés RMIRGH wifer® Waidhm t Yy
mask, critical dinmensions of around ZaF m can be achi eved. Using steppers,

el ectron bb%ﬁﬁ been grocsssed ptilizing eepvantiapat idography aud degp sidisen efabing dgrhpigues
reduced to

‘totally f r%)orrl1l %gtavﬁeglg% (?rgfe%%rt |sol-r152%§qj.9§r?3%c {VF @t gﬁ%ép se%%cflg’ﬁ% ﬂg)%fcﬁ‘%gfep
adj acersy c QB &1RE. aré\drated atifhdingspanding holed 26 &1 118 1eppectvelpotichdecdivs thes
t hi ck WO 021(lali3G -10 PCTI AU 1211111017 may be | eft between the
portions 1RilS 424 #6195k tlhe upP dioles d A% aredpepterigengiadly {Qyvard Ehecgpien ey &S phrfach

posi tion of.cLieiob&ittst M 1GWET RS 28 Ut 1bCxERRUhEEIJeVE 2t AbREARIRSIocation



It is not essential that the nold wafers or the rel ease wafers be nmade of

sem conductor materials or that they be processed using conventi onal
I|thograp@g@p,q(_ gep 5 silicon etching nmethods. O her mat ggirglgm2emds et hods
may be used If desired. However, the use of simlar materials to the

sem conduct or wafers provides better accuracy since tenperature changes.
have | ess effect. Also |lithography and (_:Ig(_ap silicon etching nethods are

wel | understood and provide the degree of accuracy required. In addition,

t he one fabrication plant my X production of bofh the

seni conduc®idhe Belgs £2 Eefga‘%]c?-stlﬁ@"tl@l’?ﬁﬂlg’ %lcélpiﬁgrﬂéﬁyd‘é‘ay b¢ placed asgequirsAfer at ed

~that the t tfﬂﬁlo‘i‘tl’{@ﬁxﬁf & 104 will need to be shaped so that there is
space for e materla ve into as it is squeezed out from between the

two wafers. AftEhe feleass pigs 022 &nE24(iraee edﬁnigﬂegrezafxsthérsﬂleidepihsofphesf erred to

~renove the lower nold_ 15 _and rel ease fers 104 120 |Ist t he
mat eri al 1<§a"re§t>tmdrngehql%§cﬁ@zfntt[s e frpgends Wtheerscjl 1gR Wi emrx?aerefﬁ T‘Qﬂ
appl i edst |

pp 5 Ol?cgel?sgl%?gxe& T gvrgé Bedw2En C}{E"Eﬁﬁ)eﬁ%ﬂ Rrg: 12 aﬁﬁstﬁ‘e M?ﬁe??e‘ieasg Rgfer

rel ease re nounte the assenbly so as to be I nmovabl e
whi | st t hel Ith [l thissdnebaslimhe® tBe ledgdthanf ¢henlowabpias pa4 pemlsamﬁ airthe thickmessgd ler al

ownwar ds. 107 R BpisadB0 S e 1o FHEE piRa2y BTG afstle BrthEL e o

120 firm yinpik@ss oRgs Water e niigbe ldsa! Wheftha Mshg8Pof té Bind 12A6s B BEd b 134 in
position and prevent it noving downwards with “the lower nold wafer 124. The

conf i gur at mekingyfm thil@m&%lfr?b‘? !P“mlwaﬁtl@‘l* itmeeds totbageeates thanglhip depih pf haheles 5.
i sotB, 2 TEuIdRLEE rebled BB LrERLLAE fos RSl Buz Pib BheP 00 170,

contact w tvbfe&@ﬂ)ﬁl?aﬁdrmt)@fd pdsuilcﬁléd wiithBepingli 34 pﬁgwaglﬁsbﬁemttﬁé helks f28mutt he
upper mold wafer 102. This is done and the assenb@y is then in the

conf i gur at NExEsnding beyond the hales 628 ifte therrovanl b2 andd witha sap p32 betweenthe ur t her
processi ng eglta 5 BiﬁggﬁtQEZE Br ; &%&tenm lgcsﬁus‘rl;ﬁt\irlm t ?tehg%?qﬂe hted fifastbrer

nold, the s t to an et preter an oxygen pl asna
et ch, fronfdmimxbstamalbrpmmbmwthergrbwdr12140 of materl aI as 30 shown in

fi 7 Th h ittl ff th d t
the st gl 1 cant ThF Bigkars of themold A seggie s abous ot reaansf the s
et ched assegiphig 132 #06MRe oRddr b8 40 B ﬂ@mlcrdp@lﬁﬁﬁ&éxeéﬁfﬁgvevér]thﬁ‘fér hétlerifedlo00m

The assenbly I's then placed over a wafer 144 having a nunber of chips
formed on the vﬁh@moldi’ao}s acmpmfdnatﬂy etchéd usirig aryogshicerfssidieon ctebmgmaherThe
corrponents ar i gned and th pl ac onventional . waf er..bondi

rmchi ne. - otieh et et 30 trasips Retionther Sp HSEN EEhnEINNE: SudgREHS, o
chips is p@t%héd ga@aalw sﬁdhads tR&sible wans SfRE bma%dre?s tecBdsedThe 3cAfopthgGhikes The
devi ces are shown synbolically an evi ces, MOEMS devi ces,

ot her r0cr thefralspseos thegmeldy froakthe M@qfﬁ@a‘é‘ﬂ@ anore difEclt. dAEAMBRION RGNt i onal
sem conduct o, 48V LEe fesul {Hﬁ rﬂ&cﬁieﬁ?c%t%%' ?chEﬁ’ JaNE %fhr é?:@e? Hﬁé%’?éflé%@e bondi ng

machi ne and”a®vacuumis t he Upp as to draw t he
upper nold waf eA shéé 139 ofdmmmdplhtte: rogprdal oIﬁbmnalZG&mS@(h:hmroﬂshﬁtmsnmd iar to

bins. 122 oPlaribbepar I apedeteravER: 10hi0d TERasihin Beeddn artuffolora ” |
SSE ac h e lnt wafe fr%emlhgé labfin€ 2Reh hd AEYVRB1 WRABILISHEm BledtRfi@Visists Gty N9 the
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



reduced, if not totally prevented. The wafer 144 is now in a state where
each chip is protected by a discrete cap 138. | S The wafer can then be

si ngul at eq,d fhReipdi vidual . die. If the chips are arrangegdiiy@:ffayl ar
array; the conventional nethods of wafer singulation - sawing or scribing
may be used. However, if the separation |ines between chips are not regul ar
or if the chips are too fragile for samﬁpg or scribing , deep reactive ion
etching (DRTE) may be used to singulate' he wafers. Al though DRIE is nuch
nor e expenS|ve t han waf er sawi n his is noot if the 20 wafer already

requi red t Hio&dHt ord B 4429 T@P%lVﬁb’ arg formed of giligen avhigh i§ substamtia¥asi ng
mber of i t
o e SRS MBS B0 S D o

Surface Tendnn"ﬁh@myteﬁyls]mrchoml\wuheeﬂmﬁtsidaﬁso abdottssHighe ofthirethist waveispathategd he

~wafer 144 into indi VI du ackages. This etch is carried out at a rate of
about 2 t 095 §PRGAHY sbsﬁfq’rﬂ!ﬁlié Wit g waeeleneth sapge. AF Gameatenal 134 F}@eszmtcap

side of 5th t e

ani sot r 3pi DALy ?PSS%‘S e A S S e g s A T
si deways oéarbdsrepanhwle@twlmh abisotbl dight a:thhesbfwatvéienghs:lﬁ)ther sajigble ddpdntomay be caps
side, the caps 138 act as masks and only the silicon materi al between the
caps is et'(lﬁ?ad The etching continues until all the sili con materi al

bet ween i ndi vi dygd sHebd 123 i ?laE&ﬂSBfQ@en theews mb)@@raﬁwﬂdrapbm t6 MiRRed Hght! OF
subsequent 30 processing f the etch is ap &J from bel ow, a separate
mask wi | aicsesitalple b@velplpﬁth@d indjcatd by arrewsnl ¥ ha infrased radiation fispreferably/O

decp ot SPpRL R oY 0yt Fd E R ET RIS T SACibAialll Cr | 3°

fromthe twttm@@@aot%bséﬂuaataﬁd eheiafekdshdibfamihbesippEetifoin®nleoiedidd. ned,
such as electrlcal bond pads, on the upper surface of the chip should be

pr ot ect ed, Bewese the sigomwpless are frapsnasent fithe infearedipdinion the nfrared afliagion

bondi ng. s@e% tﬁfoﬁaﬁ h‘é%z&eﬁs an{g% a%g&lb\é%ﬁy '&Pesslﬁeéti?&.hﬁftér%\@gﬁ H)rg Aitb dlgf the
waf er and |con etc omt rear. ternati second caps may
be p ][ ovi deténfp@mtﬁrﬁ et:jel muld m}:ﬁm fmﬁayahﬁf bd ingedvalgether totdeform tl;]lg sllhdw 134aMhe
manuacurln rretosas or the r caps, and using the | ower caps.as
masks fior VAErEPanbe ppssgd mﬁemeﬁ&hﬂgkptﬁ Ef?’ 3611115@@%6@ Edlacr than waitipg fory

st age, eacme@me@ 15&&%1@3&1@& T;Mnfc%m vt SniuBifeitR E'bbﬁ’xrvlfs §fgul ati on.
10 Figure 22 shows a technique for providing protective caﬁs or both the
upper and ieteeinl atherftheresliconilie uéddeating bibthe skeetvb34may bO ackpovedwisingh have been

153" nol udge AP OR a RN e e ggs Yo Y B i by "

fabricat edirgispp@pt s A fi rst set of protective caps 156 have been fornmed on
t he upper surtface 154 as ger the techni ques of the invention 15 previously
descri BBd. The Wdwd ppaeassed B2 whier hending imackioe thesheqsd 34 5umalded gmthelshangsder
surface 1 I set
of prot ect?’éeg‘@g’ @f@g@%%@%}! eggoé)%?&ntgg gp &R’%E?I o n?aqglﬁarl% a@%o %&gfﬁghe

waf er as psjuetded ohesﬁthe gajeisetweer the twopeftiond M1pEeMibparsingicaied byiaeds 14D
first and fecond sets of proeﬁctlvg§ caps nmay be applied to the wafer
sequenti al §“r8r 39 fose 255508 ebcaps 18Be waf er ” si mul t aneously. The order of 20
application i s RbydviBReK bk %R?lg% f ted under
each chip 153 b&t rpgrve r erm{] an tﬁl @Qferssce’ltmi%E@&%(fg@?en der and
beyond26h ecmn'nnhcpatihthmglaphyﬁrel dnap enlicod étchmgtévbnigues The aictusacy af ¢leip pmickiscon

tch f t he | . th f di cated b 164 th
Chan 11 om EEperpEyorcdie ifoghy MEmEtedh Bk TRharD s AT o E i wer
~caps 160 t bt ﬁ‘%%;:l@a‘lly%e%‘éﬁ abutl4del HriuboRarsy: 1L 3& ik PREBUGRCKARss!BEa s@& hi ng

process is ver rectional, only silicon between the | ower caps 160 of the
i ndi vi dual unﬂhwk etoh afbetrween akmgt 15 pie anbh gpegepecti gdy. d/n 2 pentacs opprostmitar t s

h h I |
“unaf f ect eauByo ERCA RS of SBRY purpEerite AR i REhaR Bui AR,

et ch. | B0 Vbt X-rB¢lithepfapky the efdtitd) dimémiforiacal bé tedicadi to de ti@GORitrGR Thas theaps
is only a necessit
Y material 134y may be squeezed out totally from between the portions 114 & 116, totally

separating the adjacent caps 136. Alternatively a thin layer 140 up to about 2 microns thick



30 , where a hollow space is required; if a second set of caps is
unnecessary or undesirable, a resist nay be coated onto the | ower surface

with a gry Lern to | eave areas between the chips expo f p

et chi ng. {‘Q\%%%/(l i 3G PCT/ AU02/ (10(117 -13 Figure 28%2%/\[@5/3%?

sem conductor | aser chip package 250 incorporating a cap according to the
i nvention. The package includes a sem (_:g(gguctor chip 253 on whi ch have been

formed a series of sem conductor |aser vi ces 254. For exanple these may
be Vertical Cavi tg Surface Emtti n%% Lasers (VCS_ELsé‘5 The VCSELs enjt. | aser
li ght gen&axibeyeft befaepe Hiromrans 1dd & hid batwaen ¥tiacepkcapnil 30 duse theparasignnas
been for ] . i i i i ve techni ques

" descri begﬂﬂg‘?ﬁrﬁoﬁ%éﬁgg\e&g@p{&?ﬁg&éggé Fbsﬁ{?%dr}gn%gﬁlg% iogk\f%%tg%ri al substantially

transparent t oltibaotessaitiahthiatihg nafld tMafers oigthe rededse wafbrbpe tiade MCSELS. | n

~addition the cap has been forned so as to havye a series of refractjye
| enses 258CMiFORHCLIDAFTIYPHPE lihawﬂ%bﬁ PfPﬁ?sgefr usipggonveRiigngl lé'&eyaw %f@r%’ﬁBl i sh

by fabrg cagi i j The
R o e S A e T Gt i

cap i s nmansd afdimiledmaeiinlg t¢ the semicdndurtoreifaisqueddeyrbetenacshpcyigney i bed, but
nodi fied as bel ow. .The | owe d fer..200 pysed,to formthe. ca eeds to
have a sef{BESTHHTq %ﬁegﬁ?&am [?ésr%teﬁ?\é@ﬁ Bﬂ‘é’gfaBH%‘bd éq?pisﬁ’jfoﬂﬁ{ggﬁnﬁd‘%éﬁ?cﬁace. A
resi st nagle wOluhderadbed hRprbAids R dbBred P akcusatlyréGfired i AdditdnsiBE bfis Of snal |
holes 203 in the mask 201 (see figure 23a%). The wafer is then subject to an
i sot ropi c fawisatiomplenemaybetsed fer predussion of pethah¢ sespigongiygior deiiepspad thee

et chi nﬁ)za er](ti. et ches ] hem spherical recess 202 behind each hole (see
figure 38’39 RE ARPATATE ng the mask 201 is renoved. Referring to figure

23c, the recesgesilPbappadcidtétbthal tHe twehdokd whietdH2c& 1 0a kel hegdve beklaped so
applying a second resist 206 to the upper surface 208 having apertures 210

cor r espondhasghereistspacadar thempiierah (0 meve H@ 8s it Asqyaczed PRLISPM baessn dhe Twapn
etch is appleled to the upper surface to formthe wall formng recesses 204,
as seen inftigure 23. Referring to figure 24, a second resist 212 is

appl i ed to the Afesrdornsing bfithe protediivopeps 18§sit fsqrefenedriongmeyethe dower moldol es

Zorim ths 2 and e s 184,31 120 st legine he P Reificl Sl ot R T R bebes o o e
vi ew of 1t heifhaksed. AQuEkuniaf glieﬁoﬁh@%iﬂdﬁﬁlﬁk@@&en?tg@Idv&rﬁﬁ&ﬁd‘aﬂ@}%ﬁ‘ﬁge usi ng

t he nol di ng techni que previ ous descri shown in figure 26. The upper
cap 220 arwhfersgBhe reledsd wafers 11818 d2karsai@micdinheasg@sbly s petotlieigimovable as

previously described. As wih the standard technique, infrared radiation is
Csed to: nddiis e miid syfies U8 10drs B BerpERdiBitBane ool Biad B,
arrows 228af&Q. AQrdinLgi the 1dvidrikol€ dRferd 04 inlitalin AoSAaRE 16 theqtlon@atdfed enses
on the | ower surface of the caps. The caps are then bonded to a wafer as

shown 26 fl2guFhe pins ket efitbe ralease wafes A 2Q fismlby Rress agginsighe owiesiabd4 and so

PCT/ AUO2/ | b . J i trical
connect | ofEife SRRET! F86im pRRfolBha breenyTL BILEB R BAts RABRRS Rl SFE,
fiber optivaféEci2d The configaragiopof Regesansbly boMaftérnhit isgge s sBawn TihBgwadkage

i ncl udes a sem _conductor chip 300, a cap 302 ich is bqth protectiye and
optical l'y acti Ve leNeree seswgfafsl?m%gyﬁwﬁe?tﬁegﬁerr@@s%@ég‘*@@ ing 138674 50 o

whi ch two; | dLber 1 r i hip has a
phot o senslgigtdgﬁe}faglpasgcﬁzs i gﬁﬁﬁﬁgﬁgﬁﬁgﬂg#ﬁ%ﬁqﬁgﬁy %‘ﬁg&% ?V}-dg'? h‘%:)pt i cal

fi ber 298 raateria 134 sdthodadislodging Hietrhatengall fragh thefuppert maldswafersi03nThis tisodariee

second opticgal fiber. 310. The cap.includes two.l enses & 318 .f.qr
Focusi ng. IgARe ISR TER FL e SRR AEEoTGTRPB AR DEE, ot WAM SHGPACEEAgE: and
for coll e%(baﬁd%ﬂffmhh_feﬁﬁﬂbésﬁﬁg b atacAREndbla8edftNg it into the second
optical fiber. The chip package includes electrical bond pads 320 outside

of the cap to WYhilst stillattaghed i@ thewppersmaldothe sheet dhisdherosubiest QERBeE i at e

control and Cl i Ei 1, shows j i for
Form ng ¢ AERRM srfobbh babng oef i BoS Y Rufo BN 1R B R e )
in a reei showayefigie 170The fewhaaitde effedt oneliersest thelatedibl duepe thermidndfiGié i s
formed with two cylindrical posts 256, which will formthe recesses 304 &
306 for t HEeapripdirknessalthe seypolghe materiphdhe sighed agsemblyss shoyd ig fgvet 8.
perimeter wall form ng recess 358 and the upper nold al so has a upper
perimeter wall forming recess 360. Wil st the drawi ngs show t he | ower
perimeter wall recess 358 being narrower than the upper perineter wall
recess 360, this is optional. The two wall recesses may have the sanme 20

t hi ckness or the lower wall nay be thicker than the upper wall. Since in
use the optical _




fibers may apply a bending side |oading to the cap, thicker upper walls are
preferred to .prevent the fibers distorting the fiber receiving recesses

and beconyiadleese or pulling out. As seen in figure 32, bphg/RPRs1ANd
| ower nol ds each have four ejection pins 362 and 364 respectively, |ocated

at the corners of the perineter walls. 25 The nol di ng assenbly al so
i ncl udes a spacer wafer 366 which is Io_(‘1 ted between the upper and | ower
nold wafers 352 & 354. After formng an array of caps, the array is

e e 1o L St Sl Tl b .
. Sshown in fth&%'éférﬁ%ﬁc{x gﬁ&? H’a@ﬁ%hi’rﬁﬁ’tytb? MStdévithﬂﬁ’@f[ﬁé c?&goﬂéﬁ% 1}9 %ﬁ%ﬂeé

conponent s renove eave 'the wafer with each set of optical devices
pr ot ect ed dny thengdgred ars a seerentiondl ivgdierdondifg ardhidg. such as ¥ EY 102/t10B@813he- 1S

PCt'/AU 112/ 7 Th fer 37Q js singul ated and el ectrical connections
made t ot 0D IO SERLAGT- e R GhiPeToeliontd o o7 CHhRYFRY PRLBAEd and

bonded 4 n JfRgnipMIhé BEASRETe S iPbRREARIMAdIBay REVIEMS BeHSRPAOENIGL €.

Whi | st the package described haslight emtting device{s) and |ight

recei vi ng d@vigeyiothe( siigroifabriviatdd dsxicap passivesestronicalemérds presinaersionaly onl y
have |ight em thi n&f‘fevi ces) or light receiving device(s). Thus a package
simlar toCPHEPRUEE eé’tﬁﬁ%' 28 may be provided with an upper cap to allow for
di rect connect iThe agdenthIPisaemdRERroMithe Mafel boRTisg mikiEhe aid @ vatunGethenc! udes
both light emtters and light receivers, the light emtters and |ight

) h
recei vers aRjeho perner &2 HHiEpsiadky thesppeapldoraer 102uriewazd theupper
connecy@r rte%ﬁieawﬁaifl%géinﬁ?atrwmé RSt oWt FHORPANLE!de LABS 196 W GRf iBY De
| i nked " so that the package acts as a repeater. roughout “t he
speci f i catplae, bynkd gine b22of the nppa réleassamifero Thucthe chares df roridenpad détachmhent | y
silicon se 'cong ctors i 0 be quers ood that the invention is not

It Is
limted tPIEEEO eg@ﬁ%%ala&wsfegdwog ¢ A OhTHRRERE WE MPRFTRAIEAE 1and has
applicati Q@dﬁc‘édﬂ%oﬁ&ﬁll&??%ﬁ&&r devices and to non silicon based

sem conductors, such as e based on 15 gallium arseni de sem conductors.
Wi | st t he i nvérheivaferhiad ibaew inlestts whete wadhichimistpratattad by e fdescetecaptl38 VENS

devices; if,is to be understood.that. the inventjion is not linted tq MEMS
or Ve bR Refe oA St St vt i Rpi 0 g G St iy mg
bul k f abr i falyege 0thv@niedaf methdds \WF Wafdd SingBRAGL NsawiBglon 8&biaKnkhY Beluded. t he art
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wafers. Although DRIE is much more expensive than wafer sawing, this is moot if the
20 wafer already required through 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 deép 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
carried out at a rate of about 2 to 5 microns per minute and may be applied from either the
25 C;lp side of the wafer or the bottom side of the wafer. The etch is highly anisotropic
(directional) so there 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 etch is applied from below, a separate mask will need to be applied to the

bottom surface of the wafer.
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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 152 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.
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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 technique, infrared
radiation 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
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second optical fiber. The chip package includes electrical bond pads 320 outside of the cap
to which are affixed wires 322 for connection to appropriate control and power circuitry.

Figure 31 shows molding device 350 for forming the caps. The lower mold 352 is
formed by etching through pin holes in a resist layer to form hemispherical recesses: The

15 upper mold 354 is formed with two cylindrical posts 256, which will form the recesses 304
& 306 for the optical fibers 308 & 310. The lower mold 352 has a lower perimeter wall
forming recess 358 and the upper mold also has a upper perimeter wall forming recess 360.
Whilst the drawings show the lower perimeter wall recess 358 being narrower than the
upper perimeter wall recess 360, this is optional. The two wall recesses may have the same

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 corners 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. .
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10  Alternatively the devices may be linked so that the package acts as a repeater.

Throughout the specification, reference is made to semiconductors and more
particularly silicon semiconductors. It is to be understood that the invention is not limited to
use on semiconductors or silicon based semiconductors and has application to non
semiconductor devices and to non silicon based semiconductors, such as those based on

15 gallium arsenide semiconductors.

Whilst the invention has been described with particular reference to MEMS devices;
it is to be understood that the invention is not limited to MEMS or MOEMS devices and
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.



103" 1 109& () - 109 ()-3s109%& ()- YL09%& ()- 9& 109%& () -

| 109 () - Naab] bbb6CAEVK@ 10@#10%: ()- 109% () -3 &10% ()- 3mlO% () -

1 109 () - @B #l@%&k, () - 6¢dd[ f f gt gdEVK@ 10F2 "10%& () - F1 10%&1(Ave®hhor
109& ()-3)! 109 ()-,s' $109%& ()-3 !109% () -t g#hhhhhhhhbCl

1109& ()-s109% ()- 10 10 10F&9 109%& () - @$100/&' () FY4@

109 ()-hhi {ii-jjdEbC 1L#10%& ()-F "1Q%& ()- F 109%&' ()-FY ! 10%& ()-
109& ()- !109& ()-j kl ymm nndEbCl 1Y" 109&

FIT 109 ()o@ 100& () - 3F" 109! () - @#10%: () 3l 109 () - n8000<ppFqdELC!
1, /! 109%& 10% & () -

310% () -57.) 10%) (e AN AObRIAR odngraa” 11 =SdERC

6109& () - 3l 4f 1G0& ( )&déﬁildtﬁ)@l&tél) cHiBAavin® 9@ p(surfasd atisa 0te surfabs andeB$10%& () -
L #10%p&' ()-! #109XKX& ()- ! =#10% t & (
10F: ?ocya(&') () - vwdx ’?yy)}é% Iipe ot legyy Emé%o?t)‘ca%‘%‘iw@ct' FINF @F 58i59%

& () - My &S10%& () - r’é‘le@’f@ﬁﬁ@%ti@ra&m&% 02 mribtd Wiveldnkits $bm the t p surfac
100 () - 10%& () - 1098 () o 50 10°901 @ LS105% ()2 O Larosa ) BedR surfacs: s

103 19%&' ( ) Lnb0oR' (a)first MHDW/@P@?VIDBT&@W@)IIOQIOH alld%ﬁirétl)peﬁmb@?’&/a(ll) : RdBr $4
1S e ) 5 1 Bl O M e Rl R ™ >
tdE:/ 10 10Y99Z 10%f (he frétidepiiifetdr)wartbdnlied o the tdp shdthedts frdvide a first cavity
which, in plan view, overlays at least part or all of at least one light emitting
10 device, said central portion including:
at least one region which is at least substantially transparent or
translucent to electromagnetic radiation at said one or more
wavelengths; and
- wherein the first cap has been bonded to the semiconductor chip at the wafer stage

15 prior to separation of the wafer into individual packages.

2. The package of claim 1 wherein the cap further includes 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

20 optical device and the cable or fiber passes through said at least one region.

3. The package of claim 1 wherein the semiconductor chip includes at least one second
optical device which emits or receives electromagnetic radiation at one or more
wavelengths from the top surface

25
4. The package of claim 4 wherein the cap further includes at least one second
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 second optical device and the cable or fiber passes through said at least one region.

30
5. The package of claim 1 further including a second perimeter wall extending from

the periphery of the central portion away from the first perimeter wall.
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10 10.  The package of claim 1 further including a second cap bonded to the bottom surface
of the chip, said second cap, in plan view, overlaying at least part or all of at least one first

optical device.

11.  The package of claim 1 wherein the at least one region refracts said electromagnetic

15 radiation passing therethrough.

12. . The package of claim 1 wherein the at least second region refracts said

electromagnetic radiation passing therethrough.



