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8 JULY 2005 WD 02/056361 - PCT/ AU02/ 00616 -1- Light Emtting Sem conduct or
Package Technical Field This invention relates to the nol di ng JogdY 2005
sappl i cation of protective caps to microel ectronic seniconductor chips on a
waf er scal e as opposed to application on an 5 individual chip basis. Mre
particul ar I“{pf'%‘ééfﬂvent ion relates to the nol di ng and ap@GTEHRBNWIS of
protective caps to sem conductor chips incorporating light enmtting

devi ces. Background Art Seni conductor c¢chips are normally packaged in a
protective |ayer or layers to protect 10 the chip and its wire bonds from

at nospheric and nechani- R IS d ' tems typically
use epoxy nol ding and tﬁ@hngF curln P@H%ﬁ&z@gga%ﬂ%t ective | ayer
around the L Rw: Jhies (.S normally carried out on individually diced chips
bended to Iggénn@gr@%'dand so nust be done many tinmes for each wafer.

Al ternative net MOgSnMdntinReR6H 8 $he bEingd8d BEMiFRioh of tal or
ceramc packages, and 11ar_ray packaeges sgch g@lgﬁor%gﬁdgec?g@%a?g?;e( BGA) and

pin grid ariigjoelactens samiequslgetar chipscann Wafengstle ps capased tp applisgfiongn@ASP)  has
started §0 ih LS N ' : : fore the chips
are separ at egi.ﬁ&%hg Pu%?-&k[ oo I |cng ggﬁ%‘%&?#f?ﬁ%ﬁ@&éieoggg%%}%e%?@a%‘% waf er
to bot h mectfarrtedive aang to sermdeandicton chipsdmmrpdrating dighttentitting ldevipssot ect i ve cap so
formed is a solid piece of material and so cannot be used for MEMS

devi ces, since the MEMS device woul d be rendered i noperable 20 by the

pol yner matBackground &t ng packagi ng systens for MEMS devices i ncl ude

thematically seg| ed ckages for indjvidual devices, or use silicon or

gl ass waf er y sc aﬁg‘”ﬁ?ﬁ@‘}fﬁ‘ﬁ |g s ﬂ&&Pﬁﬂ%jﬂ' Rﬁ%fag?ﬁ ip2 proteqtive fayer 9r nemite proteet

oper ati t0. thestipesd i wied bonbe RoRAkBbMHhER dndMlobhanRel iRl OGRS pac'ih“%‘ﬁg as
light emtti devj ces or rr%t*,recetors also require a cap.w th at |east
a portion c??’srl?rﬂ%tygﬁ X%ﬁﬁ%‘ﬁ& ng gnq hermal cyring 49 cigale pisglid protepfivedayes al so
frequent |y at@gditiechip. B0 ss dRmbDEetiritd Ebn RRABSWATY BBEPHE: BoRbedGdRagand SO

t he epoxy | di ng, technjques cannot be used. The devices are typically
packaged [%&?et??’g‘b%ﬂ RSt B depednagy|times forsachyvafers Alipmativegastheds péEﬂ@g@mgg

e ) S b R e S e vty
TaY . y 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

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

20 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 deviées or

photoreceptors, also require a cap with at least a portion of the cap transparent to the

25 relative light. The caps also frequently require a Jens 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,

Disclosure oi the Invention
30 In one broad form the invention provides a light emitting semiconductor package
including:

a) a chip having a top surface and a bottom surface and having at least ope light




a) a chip having a top surface and a bottom surface and having at | east one.
light 8 JULY 2005 PCP/ AUO2/ 01016 Received 28 Novenber 2002 2 $UL¥Yt2005
sem conduct or device which emts el ectronmagnetic radiation at one or nore
wavel engths fromthe top surface; b) a first holl ow nol ded cap having a
central portion and a first perineter wall 5 extending fromthe perineter
of the.central portion with the free edge of the first peri riB¢bAULEYOL1O
bohded to the top surface to provide a first cavity anBesgied B8 Noyembgrz2[02
view, overlays part or all of at |least one |light emtting device, said
central portion including at | east one region which is at |east
substantially transparent or translucent to el ectronagnetic radiation at
said one or nore wavel engths; and a 10%l ens formation formed in said at

| east one region to refract said el ectromagnetic radiation, wherein the
first cap has beenekmngesidoadubtoedesionisdroiodairorsmsgc mdiatioRat GaPer st age

prior to separation of the I . 0di vi dual packages The cap nay al so
i ncl ude at | east oﬁ@reﬂﬂfeg%ﬁ%g’%ﬁ%ghs §0F attaching an,.15 el ectromagnetic
radi ation transwyi t aifghalaskineldalcas havas a eeptral pertiendpd 2 FFSFURTE 8F%ct r omagnet i ¢

radiation _emtted fr%%ﬁgm%pgmoﬂmeﬂﬁyﬂ&@nm&e&eddﬂgmgﬁﬁmhe at | east
one regi of into tR&e-cable. The at

| east one att ne 1S preferably
a second peri net er pesimeter walkhoadrdithigs fop ﬁ%wﬁ‘ééﬁa‘gﬁ%ﬁ"ﬂ%ﬂni t ﬁe ic'ﬂent ral
portion away from te i lovtnapaii GRAIRE sttt bnalightatittinpdande, sidesttrelcess in the

central portion. 2 Theﬁ%@%&%@éﬁg@%ﬁ@&&%ﬁs@asmgnﬁﬁ&tbpnde‘j to the
; nd cap

bot t om surface of PR&O" may, 1n plan view, overlay part
or all of the one GmsREEtothizvirme@gnetic Biiiton aibeid ene opapEaEengiiic®®eani ngs™ 25

Figure 1 shows a prior a .Ongjtﬁhag}]sg{dgi%mnggg@ﬁggaﬁwsm@ﬂmp&gﬁﬁc
re"2s

sem condut or chi dﬁ’s OWs a cross section of a prior art
packagi ng made accoadising to the figure 1 nethod. Figure 3 shows a cross
sectjl on of a pri O&Jhe@éﬂlm]ggb@ﬂb@dm%ﬁﬁaoroﬁpatthawaferstage

prior to separation of the wafer into individual packages.
The cap may also includs at least one attachment means for attaching an

15 electromagnetic radiation transmitting cable or fiber to the cap, Whereby electromagneiic
radiation emitted from the at least 'one device passes through the at least one region into
+he cable. The g least one attachment means is preferably a second perimeter wall
extending from the periphery of the ceqtral portion away from the first periméter wall or at
least one recess in the central portion.

20 'The package may also include a second cap bonded to the bottom surface of the
chip,

"Iha' second cap may, in plan view, overlay part or all of the one or more devices.

'} Brief Description of the Drawings
25 Figure 1 sbows a prior art method of forming protective caps op semiconductor

chips,
Figure 2 shows a cross section of a prior art packaging made according to the figure
1 method. -
Figure 3 shows a cross section of a prior art packaging of a MEMS device.
30 Figure 4 shows a cross section throughi a MEMS device packaged according to the
invention
Figure 5 shows a possible device for forming molded caps;

AMENDED SHEET
PEAJAU
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30 Figure 4 shows a cross section through a MEMS devi ce packaged according
to the invention Figure 5 shows a possible device for form ng ggLyezhosps;
AVENDED SHEET | PEA/ AU 8 JULY 2005 a WD 02/056361 PCT/ AU02/ 00016 - 3-
Figure 6 shows net hod of applying caps forned using the device of figure 5a
to a sili BRI, Figure 7 shows the wafer and caps ofPGWAJINR®08s bonded
together Figure 8 synbolically shows a nethod for applying nolded caps to a
silicon-wafer 5 according to the invent3on; Figure 9 shows the wafer and
caps of figure 8 bonded together; Figure 10 shows an expl oded cross
sectional view Ofigire @RHNG plvig ; ' ' 11
shows an ex I,odedg%grspecfiin\%igéﬁ/&i;%\% of tc%%ﬁgﬁ(f%ﬁ%;th %5%???6@3%%‘?% gure
12 shows a UHe¥sWaelsti onal view of the device of figure 10 at the :
commencenent of [ ' | { figure 10 after

nol di ng has finis edvg%wfﬁgﬁsﬁgﬁr%w%@ S|6dg&\§%&ﬁggth%l dis released from
t he ot her side. HgyeBeymbaliceliioshowsamethod doregplyinpunalfedurapd toafsilidog wagerl3. 15

Figure 14.sh Bﬁ‘m% .Jve view of the figure 10 device corresponding to
figure 13. El gu et@%?@\ﬁ%&én,a cross sectional side view of the device after

one of the nol difgrae 9 shwerthpweair aidlcgps of figueR bdndedifogetldr; Shows a cross
sectional side w. t he devi.ce after gne_of the nolds has, 20 been fully
renoved. Figur e\ﬁigﬁvg ﬁ%ﬂ?wg 2 P@gfeégaoﬁ SHpnal vigy qlgiaé'W‘Eﬁ ts"F freming the o

under goi ng oteaiweleaps. Fi gure 18 shows a cross sectional side view of the

devi ce after undegrgoj an etﬁgpg. Figure 19 shqws a cross sectional side
vi ew of the devﬁﬁé%g%wg’f?@’ S &5 FFRiofled perRpeciye View of the device of figure 10.
10 Figure 12 shows a cross sectional view of the device of figare 10 at the
commencement of molding.
Figure 13 shows the device of figure 10 after molding has finished and Jjust before
one side of the mold is released from the other side.

Figure 13a shows an expanded view of part of figure 13.

15 Figure 14 shows a perspective view of the figure 10 device corresponding to figure
13.
Figure 15 shows a cross sectional side view of the device after one of the molds has
been partially removed.
Figure 16 shows a cross sectional side view of the device after one of the molds has
20 been fully removed.
Figure 17 shows 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 view of the device at the commencement of
application to a wafer and removal of the second mold.
25 Figure 20 shows a cross sectional side view of a wafer after application of the caps.
Figure 21 shows a cross sectional side view of a series of chips after singulation of
the wafer,
Figure 22 shows a cross sectional side view of a wafer with caps applied to both
sides, before singulation of the wafer.
30 Figure 23 shows a cross sectional side view of a stage of manufacture of 2 molding
wafer.

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




application to a wafer and renoval of the second nmold. 25 Figure 20 shows a
cross sectional side view of a wafer after application of the gagpy 2d65ure
21 shows a cross sectional side view of a series of chips after singulation -
of the wafer. Figure 22 shows a cross sectional side view of a wafer with
caps appl i SHOPH0B6HFLh si des, before singulation of the waaEvAvsR@ok gure 23
shows a cross sectional side view of a stage of manufacture of a nol ding
wafer. Figure 24 shows a cross sectionalgside view of the wafer of figure
23 at a next stage d 8.JULY 2005 WO 02/ 056361 PCT/ AU02/ 00016 -4- of

manuf act ur e o gL, shows a cross sectional side view of the finished

waf er of figure. I gure 26 shows a cross sectional view of a nol ding
process using t HégwaRsshays a drogyuseaiond sids viewgefitee Riisieli onderaf figwss sect i onal

view of a ‘senic r f er _having .optical evices W th packaging caps
formed by the pflf}g%éé@gl?o Rl SE@"&%"Q%‘%%”B@&&EPf%“%&ﬁasﬂgi“@#f Bt the

waf er into figgaRhite packages.. Figure 28 shows a cross sectional view of an
optical sem conducto hipinits  fi nishe%d packaged form 10 Best Mdde of
Carrying~out th 15%3?.5#08% AP Spqtional vis v 9t g frimicor wafer faing gpsiclhow a
prior art nésvivesiwith pﬁmgmgleap@mhﬁawuﬁ_pr&am&igué@ma&%e&ﬁﬁ&&o hafisn ON 2@
waf er scal e. t@%%g}_conductor wafer 10 is clanped against a nold 12 having
cavities 14°Ft8 Pipserarate PAckages-i qui d pol yner material 16 is 15, injected

into the cavitiqsg&é_zsaﬂwsra@rmcﬁmefewfaﬁ%g@caj&ﬁwnah&@' et ective

caps 18. The wafer is then singulated using waf er saw. Thr's technique is
not appl i cabrishef gackagedferm. havi ng MEMS devices forned thereon as the |iquid
pol yner jgaterial wll surround the MEMS devices and stop them from

wor ki ng. Figure 3 shows the present prior art technique for protecting MEMS
devi ces. Thgest Mode of Carrying out the invention

: Referring to figures 1 and 2 there is show a prior art method of forming protective
caps on semiconductor wafers on a wafer scale. A semiconductor wafer 10 is clamped
against a mold 12 having cavities 14 formed therein and a liquid polymer material 16 is

15" -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,
Figure 3 shows the present prior art technique for protecting MEMS devices. The
20 MEMS chip 20 including the MEMS devices 24, 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
MEMS devices. The wafers 26 are carefully aligned with the MEMS wafer 20 and bonded
25 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 foi-m the
cavities,
Figure 4 shows a MEMS wafer 30 having surface MEMS 32 formed thereon. A
hollow protective cap 34 of thermoplastic material made and bonded to the wafer 30
30 according to the invention is provided so as to form a mechanical and atmospheric
protective barrier for the MEMS devices. The cap 34 forms a cavity 36 with the wafer to
allow the MEMS device(s) to operate.




1 3
20 MEMS chip 20 including the MEMS devices 24, shown synbolically, is
bonded to a silicon wafer 26. This may be carried out at thegndLYiZos!
'chip stage or at the wafer stage. The wafer 26 is typically etched using a
crystal | ographi c ani sotropic etch using an etchant such as KOHto forma
series of WORYEESEL 28 which correspond to the | ocations BETANE/0NMENS
devices. The wafers 26 are carefully aligned with the MEMS wafer 20 and
bonded 25 thereto. Wile this can be an gffective neans of packagi ng MEMS
devices, it is expensive as it requires an extra silicon (or sonetines

gl ass) wafer, RsddiSholB& Bih : {K,I’Qéﬁ L Lies. B gure 4 shows a
MEMS waf er 30 havi ngsg suy?aceﬁ%\ﬂgégﬂ%ﬁza%%@m t eeg%%%b&sk%ﬁ%ﬁ%%ﬁ Btective
cap 34 of trREpARpTeRsckagingatiowsver, comcutionad tiolmiged do oottphevidwtheregaed 30 |

~according tannﬁEl@&ﬂ?ﬁ’f‘e '%%j%gﬁ%ﬁ#ﬁg%%#&d‘%m mechani cal and

at nospheric protective barri ANCEE % The cap 34 forns a
cavity 36 with tHignesditer” show aabisible teblenidiENGr mhekrich(aspmicondietirafafer 45§ 8 JULY

2005 02/ 36 CT/.A1102/00016 -5 .Th se 0 | ded t her mopl ast.i c
ol I ow Chpd ™ nE ANLmprrt SELRE 1 P pigee Rbrigath iy 4, R aabal ol drangring.
However, conwvebiaoupkr doefatevdeques do not provide the required accuracy and

thermal stability reqguipred for, mcro, fabricated devices. Figures 5to 7
show a possi bl e%@tﬁ’?ﬂf’t‘ﬁ?@sf%’rs formed w5ing gonventionalinjeation Belding resithoge a1 havi ng a

nunber of gkelupsld4@olo50 B 520 Thef cAPs ir6 Bfidris@Nh £ §%uld 44 astho ically,
formed on or.in An_array of caps 48 is formed using

upper. _sur.face 46,
convent i onéﬁ’acfnrﬁaégel%%RWWW%&WW@%WWB@@@@MW@Z The

caps ar® swRRQEiehgQidsttucabl o MERS dvidk! 8s SR i 882D, In @ﬁ‘:%izﬁ%éaﬁsapt he
groups 42. #Js ng this method will alnost invariably |ead™to msalfgnment 10
with resul f fh@as aligmed eprrestly With/its awyp eEMEMSdeyirsv#2a: Howeven the spring n -

figure .20 bbveeRihe c4%3s BRSeNBAHA k) &H&q)f%r%&fbrs LY M daf) 458 & ng{é :9%&9 f MEMB

devi ces 42a. However the spacing et ween the“caps 1s" great an the
spaci ng of YRty B gees ot denmay e of ARMEM S dsviced of i exspective group #3h. but does

ovever, | he gt Gl AN €8 KB AR mlsh o HAR) bk s 00 e o o
wal | s of t peerlaygae oomerpof the MEMS slevicesvish destbyingithelvBnBtichalityces 44, .
destroying thei fu§ WAGHEAAG bivbe the result of a number of actors, including differential

thermal expansion of the sprule material compared to the silicon wafer, non rigidity of the

molded components and the lack of machinery designed for accurate alignment and

-bonding of polymers to wafers using these techniques.

20 - A solution is 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 60 as the caps are bonded to the silicon
wafer 40. Since the tool 60 is formed of the same material as the wafer 40, changes in
temperature will not result in changes in alignment; the spacing of the caps 60 will change

25 by the same amount as the spacing of the groups 42 of MEMS devices 44. Thus, when
bonded, ail of the caps will be correctly aligned, as shown in figure 9, Additionally there is
much experience ir working silicon to the required accuracy.

Figures 10 to 16 schematically show a first system for creating and applying hollow

, protective caps to wafers, preferably semiconductor wafers.

30 Figure 10 shows a molding system 100 for forming the hollow protective caps
shown in figure 4 which may be used with MEMS devices or any other micro fabricated
device. The molding system 100 includes two silicon wafers 102 & 104. The upper wafer




This m salignnent can be the result of a nunber of actors, including .
differential thermal expansion of the sprule material conparegjupytdpms
silicon wafer, non rigidity of the nolded conponents and the | ack of

machi nery designed for accurate alignnment and bonding of polyners to

waf er s usi MO OUBEB1t echni ques. 20 A solution is to use talrzambioeis have t he
sane coefficient of thermal expansion as the wafer, such as silicon and
figures 8 & 9 synbolically show a technLgl_Je using a silicon tool 60 to

hol d an array of thernoplastics caps 60 as the caps .are bonded to the

silicon wa | the. tool 60 is.forned of the same material as the
waf er 40, ng%léaé%eicﬂg{:f&? e?reﬁlg‘}ﬁg'tgﬁ?%veﬂﬁ'qrﬁaﬁh%?g@nﬁytﬂnfl desp silicon gleling techpiagpirent ;

t he spaci ngtoliave heerizgps rdo€ssedl 106 iciicloger siofaby 100 ThS RRr RRfRH V4 18 bhdde Spaci ng
of the groups 'féf%y()f NEI\E c{gvi.ces 44, Thﬁ when bonded, all of the caps
will be cor PEEFTYPRCPRLTP thatdis oppsrsprface £ { Qs seriesof graqvesmbiz whishhalisn i s
much exper i efthedges ofhelibdeghes 106, TR webdRsdsNO6 | f el 0to
16 sche tigg%lgdg ?ov%a first systemfor c%gﬁoﬁg‘géﬁgﬁ%ﬁp %lfor{g@l%f%\%vel ;

protecti Ve {pepracessed an §t cenirscoraponding totherepeat 3paciiggur e 10
shows a nol gheReifGYBURSRAEYRh G ' | - ' s... shown in
figure 4 which may be used w t?}HOQVI\/JI:IEII\/%B 8%?@%%3%&}3/%5&%{3%2&&@%@0%8 | cat ed
devi ce. ThePHuheadsnd sg ae apny long relativede winwidthsh planviewsdheresesk@ar& 104. The

upper waf er ge8tad . / 6 -6- 2 has n
processed usi ngédé%n%g%tﬁ_ lg}berl?gflgﬁio? ﬁgg%%sg%ﬁép%ég’g% ﬁngso%tjtg? %Iﬁ?%qﬁ
t echni ques ¢ 80tAOWN Hukibisite be widerstwod twbthe LO®Venl 12t edchwhie of tachaeRsslA8. The

| ower waper; B bl ed sa that its upper surface 110
has a seri elg]fgcﬁOH?%SQE@T&%%%%%%%%S%%IQ%HSQS of the recesses 106.
The recesses 10 rggioayes bl2cfor adfRenticepssicfinela patioh b4 cthitessdl Hbidh 1a§ néthe waf er
to be procegsg r reespondi ng ta the repeat spacing
on the wafer. gﬁcﬁé@ﬁéﬁ@%@%&ﬁ Ir:reé’(rf\lfe@éss%eg\%qgt %nep£M?ﬁ ?’&é’?w&g’aﬁw ch8s Bed for
a MEMS i nkjkeen eishddn Thesegortions sfonmerial VBt & 1116 aljon wite bick OtHeP atd \@hen tié & 1 N
plan view. =To ect anqul ar | t hough the ends of the recesses
are not sho%*sm?ﬁeégé%%gmg%tﬁ?h%eépo %uﬁlécﬂtﬁcakeé L‘{]i%%lat FRsacTions 114 &1d6; o be
under st d6d t hat Thhewgsufieeshald Becattchldd thatdRe gboAN FHEAESHGInMG of i 1 N
fact one grggye i.ch has 3. ta t?lu' ar shape jn plan view The grooves 112
for adjacent csaapl)iélmngéefqlowg”& f)"ofo?.%fﬂ ¢ 1oFess L Ondordhe cantralnogtipna all ingthe uppesn

et ched. Si wdfer102. adj acent recesses 106 define a portion 116 of materi al

whi ch has not

It is not essential that the mold wafers only contact on surfaces which have not been:
eiched. Nor is it essential that the central portion is defined by arecess in only one mold or
20+ 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.
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
25 - have been processed utilizing conventional lithography and deep silicon etching techniques
to have a seties of release pins 122 and 124 respectively. The upper and lower mold ﬁrafers
102 & 104 are formed with corresponding 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

30  of the holes 126 and 128 is not especially critical and they may be placed as required for
ejection of the molded caps.




&

been etched These portions of material 114 & 116 align with each other and
when the two wafers are pressed together, the two wafers contggyLyains

ot her at these portions 114 & 116. 15.' The two surfaces have been etched
so that the groove 112 for the perineter of the cap is all in the | ower
waf er 104 3A¥6¥0%636lecess 104 for the central. portion i s /Aue2/pdess upper
wafer 102. It is not essential that the nold wafers only contact on
surfaces which have not been etched. No#_ is it essential that the central
portion is defined by a recess in only one nold or -20- that the perineter-

wai | s be defined V; | d.., The effective
split line bet mgﬁy{egg&rﬁd@Z%yﬁ%ﬁF%%ég%%gﬁr%t%egé?pﬁ Yesired and
need not be cpiresnending hataseWhen thpifime endstof thefpins 182 albdn With thedmwir bddstoy piecal | y
sinplify fahri ' e | ds. The assenbly.100 al i ncl udes an_upper
rel ease or i{fdgg?ﬁ d\iva éeﬁg _aé;gp gﬁegwqegﬁgrupp?r&ogggéf%Sg%ﬁrﬁemeéfe?%w ese
upper and | M\?a_rln_ﬂﬁmimdimmt;ﬁe%n'gt‘tﬂol |--f?idlbwm?ﬂmg§%m élasl't_ﬁét}'n’tﬂdi{%sﬁfﬁle
processed utilizi ventional i gr and deep silicon etching

t echni’ qugs anv eﬁg}})zg‘ggfgrgquaggo%?vef Bneégvgﬂi ﬁ%@“ﬂ?ﬂ@“dﬁ@ bezgregterdbpadhe vel y. The
upper and | chieknessif chewruie o8 it ndd e Sesd. OWhehlthe &ﬁgﬁ%ﬂm@ﬁgiﬂ%zlg@ﬁgﬁﬁﬁﬂdﬁ%@g hol es

126 & 128 respectiye which receive .the pins 122 . The upper hol es
126 are |oc§tag’dﬂ‘ﬁ%ﬁ’¥h%?sﬁ 9%6%%“@%&1%%{1@3 torbeegrpajer dhandhe feptl efdbslola06
whi | st the Z81gk. 8@k Shekeducad MidkAsAopthe Warch 164 SRONSSvek 432, THRMGNHG! the
| ocation 30 of the holes 126 and 128 is not especially critical and they

maybe pl aceWaE 10450 Fbpre Besitiqued with e pis 12 paniie ingerteds thehalisl198 BAOS WO
02/ 05636t PhIt/eMASHORN R chhoiEE'@Zﬂi%W%rgWeQﬁ%%%ﬁs @%éﬁ?%eﬁ%ﬁ th

greater than the depth of the corresponhdi ng nds of
the pins 128vValgH. Thetins 124 preferably extend tobe flsk witlothe snd0& the Indesasoiastoa gap

130 bet vveenfdrﬁgﬂg@ﬁﬁ%l%ﬁ?gsﬁoaﬁg?&qglbhe upper release wafer 118. In
erigth o e | Owe :

this enbodi ment the | r prns 124 is the sane as the
t hi ckness of " t hells thigkmess ofgheomoldiand rel@se wiforaisabout 809 rhierogs Wwhilét thepappi ns 124

Tongth of Cpg BE13P s oFme oo EPARS 160 el Sl B AR S B et
waf er 182 it nedths mald toelsgrecpreferablyretohed heingleydgeniofdethsilidonl cichingraBer i . €. at
et e By el Uy e R Yol RSB
the hol es 1eheduide 1@lls otchan tersiliervenlls ef tha gintane chpteesssch2Bheé bMopikEmAEHOVeS
112 and wi ttlﬂe ?elgaggofltﬂgezmgﬁg ﬁ’gﬁ%é Jrﬁglded material more difficult. In comparison, using a
cryogenic etch results in much smother etched walls, with easier mold release,
20 - - A sheet 134 of thermoplastic material of about 200 to 500 microns in thickness.is
placed between the two 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
Sharding, Austria. ‘
The assembly is mechanically pressed together in the machine but it will be
25 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.
The sheet 134 may be heated by conduction but is preferably heated by radiation
aqd preferably by using infrared radiation, as indicated by arrows 136 in figure 12. A
30 combination of conductive and radiant heating may be used. The mold and release wafers
102 &104 and 11§ & 120 respectively are formed of silicon, which is substantially
transparent to infrared light of a wavelength in the range of about 1000 nm to about 5000




't\/\o\\./vafers. The pins 124 preferably extend to be flush with the ends of thed

holes so as to form.a substantially planar base to the groowjdiLg. 2008

t hi ckness of the nold and rel ease wafers is about 800 m crons whilst the
gaps 130 and 132 are of the order of 10 to 100 microns in thickness.
However thiwobxosasdt critical. 15 The nold tools are prefmrddogosished

usi ng cryogeni c deep silicon etching rather than Bosch etching as to
produce a smoother etch. Bosch etching pgoduces scall oping of - etched side
wal l's, such as the side walls of the pin-and cap recesses. The scalloping"

makes. the I t 0 ficult. In
conpari son, ﬁﬁs?ﬁgﬁgﬁhgr@géﬁw% e mmﬂ:%{_lf% gl%gkg@wg?% e‘?a g‘ﬂfﬁ%ﬁmﬁ%l | s,
wi t h easi er omiglddpadsiosa eabs@b ll,ghts\lndan ﬂﬁsﬂIaMengthmp]lf &&tmaterl@l:ﬁr doet n®tf about

200 to 500 hi kn SS_1IS betwe,gn th rs 102 & 104
and the assfegr%'ﬁ apﬁoé ﬁ”%\raﬁ% vé'ﬁ‘?al%ge flpant g5, carbo glﬂ n(ﬁm?iﬂ Mtne, such
as an EV 5oaa:bavpnmam) which@bsdtbscipht airthede Wiasdleiaths Doeisuitible &pandndg be
Austria. .The agssenbly is mechanically pressed together in the machi ne but

it will Be appreciated that the mold wafers may be urged toward each

other to defor mHkkﬁsheéthgdtiﬁiﬂécé&bétﬁreéhﬁéiw@hﬁoﬂﬁﬂf%sEﬁﬁﬁoéﬁ%’ﬁﬁ%‘é@ gﬁtﬁ
pressure to t he, gtﬁps 130 & 132. Alternatively oth neans nay be ed. The

sheet 134 itatle wavelength, aRdigeted Bratsews 136- @ﬁrgsbxaghah@raxs@@fggbly adi ati on

and pr ef era@ignﬁmmama&ébﬁh@@afeﬁoana%&dﬁmqy dhnad 136 in
figure 12. @1 0 conbi natjion of conductive and radi ant Heati ng may %e used.

The nol d anbPtils ispobesspitial an d@mﬁ&@émnmbﬁsmﬁdﬁsm@eb'meweare f or med
of siliggn,p ofa
vavel engen Dot SUEACHIES hicahdbniyt APARER sl el rdiliet |

02/ 056361 FREFseAiTOP B'afe@anﬁm abyprbediby e sheet 1834ABbrdsaimgsd o itable

e st ool dpBliRel B8 o Hhlreldubdy el U SoNELRODI Qe ALl sk Sploned 0 as

to absorb light wt |nt IS wav ength % does not
i ntrinsi cal Wefemsmaayrhs mssddqtpgechwyhﬂart@fesheet Eﬁlﬂmbigézeat@mﬂierﬂ:m Wwestinpfor bl ack"”

anor phous ese Ien t hs.
(CI her psw ta Egﬁ%g{)géﬁtgéé %%EA&J‘%E%E@%R?%" Jﬁg&tmef Emﬁlé Bet \g/]veen t he
two nol &5 weetesalptter thep sidicah is usadﬂienmrglf the shbxt lsmnbfsw}ﬁe&&l usmgavel ength, as
i ndi cat ed bé[ec@l[oﬁngbwﬁetl% §a%:lat1-gg %t otﬂci,r en dt'o%h'n%@h ngl e(fais s%stantlally

transparent.

When processed in a 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
20  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
conventional lithography and deep silicon etching technigues. The accuracy of this process
is dependant on the lithography and the resist used. The etch selectivity of silicon versus
25  resistis typically between about 40:1 and about 150:1, requiring a resist thickness for a 500
pm thick etch of between about 15 pm and 4 pm respectively. Using a contact or prc;ximity
mask, critical dimensions of around 2 um can be achieved. Using steppers, electron beam
or X-ray lithography the critical dimensions can be reduced to less than a micron. Thus the
material 134 may be squeezed out totally from between the portions 114 & 116, totally
30  separating the adjacent caps 136. Alternatively a thin layer 140 up to about 2 microns thick
may be left between the portions 114 & 116 between adjacent caps 136 due to the variation
in position of the relative surfaces due to manufacturing tolerances.

)
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supplied fromboth sides of the wafers and the sheet 134 to provide
symetrical heating, but this is, not essential and the infra gdLyadosti on
ay be supplied fromonly one side. 10 Because the silicon wafers are
transparent to the infrared radiation, the infrared radiation passes

t hrough t h&MFBFXland i s absorbed by the sheet 134. Aft ECTHERING6t 0 a
suitable tenperature the nold wafers may then be urged together to deform
the sheet 134. The wafers may be presseg.together whilst the sheet 134 is
bei ng heated rather than waiting for the sheet 134 to be fully heated,

particularly if yeanduedkbiel g@%&&%&léﬁﬁ&?@ﬂe&@%e#ﬂﬁe]ﬁa&@t erial —other

then silicon is used heatin e sheet 134 may be achieved using
el ect r omagnesatieondueiprmaterialaor thatiiksy baguaskesed nding canvestiood] lithngraphy snd deep used

I S subst ant j; eRnly. i ern b I ng_nmachi ne
the sheet 1 tllu}sétc#ygg‘g%tgg&f gieheg‘rf\?gtglgaj‘gé iﬁgg%al{lﬁ[}tb% u\é\ﬁl?ﬁleesgfg‘g;ﬁot“%gﬂr ess
106 and t heusgrobsivalag hateridlh éo tina s@micaiducter whfers praMidds datidr abduyacy fidces queezed out
of the gap het t.he t ortions,114.& 11 i ndi.cat ed, by rows 142
" 1 guse SEREER ctlbesHaRte Bl e b pmaRie et HltR e nthoBa: 1 ne
nol di ng ‘waf &e svell @AdeSsta@Pardrppovidy the degui of gocueRR Y&l hdhadiddnagbaphy and
deep silicop, etchi t echni ques. The accyracy of this process i s dependant
on the Tit h%ﬁ?ﬁﬁ?ggﬂﬂni‘% ‘g@‘gfcgp‘gg%’(??‘ #h@tﬁélfecq‘?mé‘&“ rfleviges apd e i con
versus 25 r@eidh apparhtyfi cal |y between about 40:1 and about 150:1, requiring

a resist thickness,for a 500 m_t hi ck ch of between_about 15 mand 4 pm
respectively. it %@BWP‘&@F%%MRH??‘{Wﬁ%%&%Wﬁué‘ﬁ?dtﬂibﬁéhﬁ’%ﬁ% of

around 20p"E&ARrOS sPadRifEN B matdbibiNg nRNE ARG hit isQyBSekEDht B8R BetvREn Hic'tAY
l'i thography the critical dinmensions can be reduced to Iess than a mcron.

Thus the nBUEEi al 134 may be squeezed out totally from between the
portions 114 &-ladr férithdd éﬂfhé%oé@mrcaﬁsl 178 iéiggﬁéﬁaqeﬁhﬁ%@ 10w mold
140 up 2 I C mayr?)

Alternatively a thin_ | ayer t o about m crons t e left

bet ween t he?XB87Iea%® nge{slﬁ)“@ 13@ whidstigeuing thej materinl 184p8l atgehed tethe gppare-
{ ol er ancos, M9 SR 105 Qi KRS LR B L TSt ety BH Aibichidd
essent i f- tafers{Fhe relsase Wefire 18 do1129 fre mowhted dnthrassemblytse astacbe imfmovable
U hogr aphy Sad g S watei 102 104 o R SR A A ERIEIL R o s
maybe used watersleiconlingl yithedower, mol svafen 3@4 isfdrasvmildvarwandstte theadlease wafshe
sem conduct b. mfp%sslzgro@ﬂquﬁasg %Ja%e? &2@51%%!%% %éa?n%? the material 134 and so
- retain the material 134 in position and prevent it moving downwards with the lower mold .
20 - 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
- itis now relatively easy to remove the lower release wafer 120 from contact with the
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
25  exposed for further processing and attachment to a wafer.

Wlst still attached to the upper mold, the sheet 134 is then subject fo an etch,
preferably an oxygen plasma etch, from below, to remove the thin layer 140 of material, as
shown in figure 17. The etch has litfle effect on the rest of the material due to the significant
greater in thickness of the rest of the material. The etched assembly is shown in figure 18.

30 The assembtly is then placed over a wafer 144 having a number of chips formed on
the wafer. Bach chip has a plurality of MEMS devices 146. The components are aligned
and then placed in a conventional wafer bonding machine, such as an EV 501 to bond the



5 tenperature changes have | ess effect. Al so |ithography and deep silicon
etching nethods are well understood and provide the degree ofg JQLVIZ06
required. In addition, the one fabrication plant may be used for -
production of both the sem conductor devices and the nolding apparatus. It
will be apprFeéreissd that the two nold wafers 102 & 104 wirdr/mermed1s be
shaped so 10 that there is space for the material to nove into as it is
squeezed out from between the two waferg, After formng of the protective
caps 138 it is preferred to renove the l'ower nold and release wafers 104 &

120 whil st |.eavq tRL st.;]]1 1 .attached tq the upper nol:d wafer
102. A vacuﬁgﬁ?si 133 gg%%%ﬁ t‘@{etaﬁjgy é‘gém%éépﬁﬁ%g%?&ﬁﬁteea?%mrw Y4 PaR & 4k ease.
15.  waf er s of ThiiprBlealnvicesvans shosm kiRbalicAlPardieay B\ VMIERLS deRicehM@BRRBNDI y so as

to be i movah). I lst the nol.d wafers 102 & 104_are novabl e- per pendi cul ar
to the gene?g%g%i é\gﬁ]%t%fmtf?%cﬂﬁﬁgﬁiﬂg‘?s’ DTG Ay Slemeats| op GeRveRttal waf er 104
I s drawn dowsmizostimciopddvives.r el ease wafer 120 -The-pins. 124 of the rel ease
wafer 12Q firmy,_press ainst the material 134 and so retain the material
134 in p%sition Zﬁ%ﬁsﬁﬂ@ﬁgﬁt@wﬁﬁ&ﬂﬂh@ea@%ﬁmwmqané a|vegierm idiied 20-

waf er 124. Iﬂﬁieambﬂpﬁ@gaypo%i)a&mf %%g%bé&:&&%%}ér%zh io%vﬁéﬁigﬁﬁge?esm"‘“

in figure 15. The_ | ower r.el ease wafer now only contacts t rial
134 by pi nsTelease Hafgr 115, Similap o the geleass ofithedowgr meldywafes, the wapscl 38 laze Helsliar

rel ease waf glacd Btk bREI SO AEhpphh folbald 6 i ki L 32d9i ng
the materi a? froftnht Re upper rmgl,ﬁgd- wafaer alfﬁfg.?ﬁl'%iﬁégéliaégeﬁoc%&gﬁ%‘ #‘lﬁéméeggenbl y
i s then i n thayoieicapiimm the veafendue torthe aoyof wnbgingwhe Uppthmoliataferiial 134 25
exposed fipor rdadéddg hofdh ' nd attachment to a wafer. Wilst still
attached to theéd’uppgr ﬁrrllg)'}(i';:%l,@m?ﬁ‘_zec@sheet 134 is then subject to an etch,
preferably an ox¥yefewales 144 isnast inr stéte wherb edchwhiptioprogaoed by tafdiscied cupliager 140
of materi al qp& i i o hehyas  Little effect on.the rest
of the mat eﬂla af u%ﬁﬁhntbﬁgﬁg%{ﬁiaf%% %Léétedgef Ief:&]%hlgsg%ﬁzgggc?@farm%arr est of
t he mat er i aftrayTHe cenvehtiamabimetbods| of waker singulationn- seivipg @ sddbinghay beuedsenbly is

t hen pl aced 4.. i a_numrber of chi or.med on .the wafer.
Each chip hg‘sw’g‘;ef)’%w%%%: f’a é’i‘ h%%i@é&%e chips arq ROt 1e aé'oggﬁéﬁ)%i‘ﬁ%e E‘Pé‘a&?‘i gned
and t hed3p| feesavinpomscibing editep ocvativanah erching (DRTE) nERGL ufd to Shghladhean EV 501

to bond the Uk s 2 02£056361 PCT//AU02/ 00016 -10- caps 138 to the
waf er. The gigﬁeasyklgkougﬁ?’&gggsmbc&s??rie(%%eamg%mﬂg CEYIng As B aeqtifibe nart or

aI_ I 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 deep silicon etch in
anrefching system, such as an Alcatel 601 E or a Surface Technology Systems Advanced
20  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
cap side of the wafer or the bottom side of the wafer. The etch is highly anisotropic
(directional) so there is relatively litfle 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
25 material between the caps is etched. The etching continues until all the silicon material
between individual chips is removed, thereby separf;iﬁng the chips 148 for subsequent
processing. If the etch is applied from below, a separate mask will need to be applied to the
bottom surface of the wafer.
Any silicon exposed to the direction of the deep etch at the separation stage will be
30  efched away. Thus if the etch is from the top (cap) side any exposed silicon which needs to
be retained, such as elecirical bond pads, on the upper surface of the chip should be
profected, such as by a resist, which must be removed prior to wire bonding, An alternative
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of a.chip. The devices are shown synbolically and may be MEMS devi ces,
MOEMS devices, other mcro fabricated devices, passive el ectrpguLcyetopmsents
br conventional sem conductor devices. 5 The- assenbly is renoved fromthe
waf er bondi n& machi ne and a vacuumis then applied to the upper gap 130 so
as to drawWA&r nold wafer 102 up toward the upper RCEVAINZE00Mf er 118.
Simlar to the release of the Iower nold wafer, the caps 138 are held in

pl ace by the pins 122 of the upper rel eage vaf er . .Thus the chance of

acci dental detachnment of any of the caps fromthe wafer due to the act of
renmoving thestRpRy a GRLG. f d ‘The
wafer 144 is nogvﬂ?nlﬁ?sg%dﬁﬁvwﬁgﬁg%a%h ch iﬁg!?dgma%‘gh%gk%ﬁﬁ‘a@s% €te cap
138. The wé#témaﬁw seqend gaps A nravider fonthe 1¢wmnsmfmaftwrveferl ttilizing théi ps

d
31 mgul a1 on e A metOh B IR R R O o s BT ot on

| i nes bet mﬂﬁe&mbxpm@ngdloﬂrmm a0 lmwencapstalnmeoﬁqumtage &aﬂ:h)chqf fsagile 15 for
sawi ng ol S etc (DRIE) may be used to

singul ate t%@sghmg%rcgﬁ(ﬁ%fe)ﬁ%gfé e%ﬁ?%%?“ ﬂtﬁ’%rmre expensi ve than waf'er
~sawing, this is RgntbZQfShMQtemiqaefc&lpttﬁﬁdiﬂgpﬁwuﬂifeﬁtdp&ﬁﬁ-ﬁblﬁ%é’ﬂfpéfadaeep
etching, as,is th an increasing n er f MEMS devices. |f
etching is {?gvgasurfaﬁ ﬁ?ﬁmﬁ%‘ﬁ’wﬁwg{ﬁéﬁ%ne@gbq@Vﬁgﬁ%’gﬁﬂgﬂ4%?6ﬁs‘lft ch in
an- et chi ngMIMS deniceschiyy 16& ortuin WipetduetacSBl. Bachich 199 ifcdeRs SRCHIRORIY:

Syst ens Adv 20 Si.Licon Etch chine, tq separate the wafer 144 into
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caps 138 aci %HNES s and only the silicon mat er | aps is
etched. Thel®hens né@ﬁ%‘*ﬂﬁ&@?Iﬁ‘ﬁ‘tflsl‘ff@ﬁellﬁgﬁ’éth§“{afe€6ﬁpmeetﬁ¢fmllqﬁebeﬁﬂmen
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will nedd t18thowalstsepuantiolly qrwyba@pmlwmt@@pm&esmmmmuwfﬁm orderpf si | i con

3o 5 i 6, A58 oIS AR AU AE1F T
si | i con whi%hlangesthan the firgeetr 186 andedsndamder aad beyoad thei toat ph)dnrids,oads on t he
i A e
wafer-as indicated by arrows 164, rather than from the upper surface, to separate the
20 individual chips. The lower caps 160 thus act as a mask to the bond pads 158 and because -
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.
25 It will be appreciated that the provision of the second set of caps is only a necessity
where a hollow space is required; if a second set of caps is unnecessary or undesirable, a
resist may be coated onto the lower sutface with a grid pattern to leave areas between the
chips exposed for deep etching,
Figure 28 shows a semiconductor laser chip package 250 incorporating a cap
30 according to the invention. The package includes a semiconductor chip 252 on which have
been formed a series of sericonductor laser devices 254, For example these may be
Vertical Cavity Surface Emitting Lasers (VCSELs). The VCSELs emit laser light generally
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WD 02/ 056361 PCT/ AU02/ 00016 -11- is to apply a mask to the |ower surface of
the wafer and to deep silicon etch fromthe rear. Alternative YUBYQDIS ,
caps nmay be provided for the | ower surface of the wafer, utilizing the a
sanme manufacturing nethods as for the upper caps and using the | ower caps

as masks f oVO02/4f@e3@tch. By providing both upper and | owerrcraxmzatois he waf er
stage, each chip is 5 substantially conpletely packaged prior to

singul ation. Figure 22 shows a technique4or providing protective caps for
both the upper and |ower, surfaces. The figure shows a wafer 150 upon

whi ch have - | . ' ' 5 n,a er
surface 1549825%%%%?%m%§%ﬁ%%c ﬁgﬁelg' '%ﬂréel\é§ %??%a%ioe%déag@g@g&e@@%ﬁgnd
optional | y chipesingiherioventie tecmiones édsedibed therein\Howeedr, thetapds fomned efd | ve 10 f
caps 156 have, been.forned on the upper surf 4. gr .the t ni ques of
Che i nvent | SeE BUFHETY roREgr B LR vorEre o e aBtor by e Vocdr dual
chi ps 153 akeadditidnftike ¢Hpihes bees Bdrfnad €o 454 hansth @fies sTotiraveleits DS infthe

ond, set. of protectjve caps ..160 have been forned

protective caps 156. C , .

on the | mﬁo‘@awr&e%zé%%ﬁws kvl pesy o acopmplishhy Tebricainadhe monld wakas
rinvention pit@vpSaptidteld SReEd RBsksesThe first and second sets of protective
caps may be applied 15 ..to_ the. wafer sequentially or maésbe applied to

the wafer sinul t Bfcwersinyolved in mayeacnye of the san is shqvavin figuies €3 tadfoTheeap. The
second set @fmfaRenkalsHe%h gﬁ{n%qed}m% ﬁme&g?:’ : r than
the first set 156 and exfgergd]ﬁunder an E%elggﬁélhst he og‘gbga gd!%%(g#b%%gwafer
150 is then subj Eialower mold safer 200 nsedito formiiheg eapmeads o hayp@sciagof kve of t he
waf er - aggl Nl g{gqg . a %%{@ . ce, to
separ at Zot he 2071 n %ﬁlﬂﬁg@%ﬂ%@gﬂmﬁ%%‘&%? ﬁﬂg@@@ﬁ@% mask to
t he bond padRpe1 58iage bavirgreedes oftsmall dpleh 20%ingheoak 201 &eo BeyredBa)eThe onal |
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wi t hi n t he eohingagenbétcheh e hémisphericalyscesy 202dehint aavhibalel (yecufipafd 23b). editeby t he
etch and SQetglﬁH?th?%z@EZ&lslgm‘éﬁNeant be damaged by the etch. 25 It wll be
a e

appreci at ed provi sion of the second set of caps is only a
necessi tI§ Réfercmgdo fighrt 83¢, theaemsses 204efpn theaitle walls of hecaprude theh farfned Bps i s
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- second resist 212 is applied to the lower surface with openings for forming ejector pin holes
20 214. An anisotropic deep silicon etch is applied to the lower surface to form the ejector pin
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
25 radiation is ﬁsed to heat ﬂu; plastic sheet as pressure is applied, as indicated by arrows 228.
The molding forms caps 256 with a series of elongate lenses on the lower surface lof the
caps. The caps are then bonded to a wafer as shown in figure using the methods previously
described. The wafer is singulated and necessary electrical connections made to produce the
finished package shown in figure 28.
30 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
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been forned a series of sem conductor |aser devices 254. For exanple these
may be Vertical Cavity Surface Emtting Lasers (VCSELs). The gfiSEv2005 t
1aser light generally 8 JULY 2005 WD 02/056361 PCT/ AU02/ 00016 - 12-
perpendi cular to the plane of the chip. The cap 256 has been forned and
attached t ¥Q%O563¢hi p using the inventive techni ques des@CTRER2M8RI n.
However, the cap is fornmed of a material substantially transparent to the
wavel ength(s) of the light emtted by the-VCSELs. |In addition the cap has
been fornmed so as to have a series of refractive lenses 258 in the 5 cover

portion 26QemiddBudtér de®lcas dndeh ¥orPaBbnRsAGERMBhdRbrD ¥udhah 'ogé%das 4 he mould
wafers ™ with_appropri-ately shaped recesses. The steps involved In

manuf act ur eSaliun gaenidgsemicondeni@isi n figures 23 to 26. The cap s

manuf act ur ed usi . j t 'gﬂﬁg ' ' t '
modi fied as bel c?\?vim&%éﬂgggg?ga%l% war er %%&%Hﬂ%%f@%ﬁlﬁgﬂ%sa%wg%ds to
have a ser iiti§ tobe wngderstond thas thei ingpntepiseetiinited fodiBMS dar MOREMS devicisngd sur f ace.

ol cs. 20% ot BRACeAch BBR b e SO e Ml A0 el cibj it

an isotropic et dtwilltleapparze tothosdukilledlin theiast thet heshi vhdiyussnahficatng 250 t he

et chi ng "agent. hes,a_hem spherjcal reces 2 behind each. hgl e (see
figure ZSbSEE%F#gmegFgﬁﬁgb) ﬁ@mhﬁgﬁmﬁﬁ SP@K% Wﬁﬁﬁ%gﬁﬁﬁ@g%P %o figure
23c, the r epieis sesopddf themveitibnsi de wal | s of the cap are then fornmed by

appl ying a second resist 206 to the upper surface .208 having apertures 210
corresponding to the wall form ng recesses. An ani sotropic deep silicon
etch is applied to the upper surface to formthe wall form ng recesses
204, as.seen in figure 23. Referring to figure 24, a second resist 212 is
applied to the lower surface with openings for formng ejector pin holes 20
214. An ani sotropic deep silicon etch is applied to the |lower surface to
formthe ejector pin holes, as seen in figure 24. Figure 25 shows a side
view of the finished | ower wafer. A plastic sheet 222 is then nol ded using
t he nol di ng techni que previously described, shown in figure 26. The upper
cap 220 and upper and | ower rel ease wafers 224 & 226 respectively are as
previ ously described. As with the standard technique, infrared 25 radi ation
is used to heat the plastic sheet as pressure is applied, as indicated by
arrows 228. The nolding fornms caps 256 with a series of elongate | enses on
the I ower surface of the caps. The caps are then bonded to a wafer as
shown in figure using the nmethods previously



described. The wafer is singulated and necessary electrical connections
made to produce the finished package shown in figure 28. 30 ThJoLyrzoos t he
specification, reference is made to sem conductors and nore particularly
Silicon sem conductors. It is to be understood that the invention is not
limted to wuse on sem conductors or silicon based sem conductors and has
application to non 8 JULY 2005 WO 02/056361 PCT/ AU02/ 00016 -H#Gi/AUUZLVVULG
sehi conduct or devices and to non silicon based seni conBewiwdgs Noyembes002
those based on .gallium arsenide sem conductors. Wilst the invention has
been descri bed vvith particul ar reference to MEMS devices, it is to be
understood that the invention is not !f' ted to MEMS or MOEMS devices and 5
has application to any devices which a may be bul k fabricated on a
wafer. It w | KClis:apparent to those skill ed in the art that nany obvious
modi fi cati ons jand an@ntieaitm@Remicaucive pavkageineletinghe enbodi ments descri bed

herein w thout departing fr th s&w&.@ggo@fmtul&eemmﬂﬂgl on. 8 JULY
2005 YUl 7AUUZ/ U t o %?%E’EP%W% R%’B‘E%Jé’r 2002 14 Cl.ai 1. An |ight

em tting seni conduct or atjeast kasightiemitingdeviyy formyd ig the or chip havi ng a

top surface and a bott %g%&gmah@émﬁm@mdmtﬁmmwpsgtﬁm,em tting
device forfnmed in the ¢ Ip

ch emts ect.ro ef tion at one or
nore wavel engt hs fidom #M@W%W@émwpﬁﬂﬁ?%ﬁ(ﬁeﬁ%%v&ggﬁ haV| ng a
central portion and a finghe fh iheRiraiterdhd of texengmgprign Vithe weddser i met er

edge of the central portlo W|th t he fr i Gofideaths RS MEt er wal |
bonded to the top sur f &l élbmfeg?ogt?&g}ésﬁw (bﬁo

an%M| .ch, in plan

view, overlays part orwwm@jmgmmmgtqur@h@f%%ﬁw T8evi ce, said

central portion includi RBE MNeaitnRgib:Swiadh i 2 et
"%ec?%’df&aﬁra gfr%ﬁncﬁ g

substanti &Iy transpar ucent .to el roma nﬁ% I’?!gihatl on at
said one or nore wavekestgttialy trapgrere of EAduc) F"nfget"f'?)‘??g?eg FTA8aid at | east

one y one or ruofe wavelengths; and a lens formation formed in said at least one

region to refract said electromagnetic radiation,
whergin the first cap has beent bonded to the semiconductor chip af the wafer stage

15 prior to separation of the wafer info individual packages.

2. The package of claim 1 wherein the cap further mcludes at least one attachment

means for attaching an electromagnetic tadiation trapsmitting cable or fiber to the cap,

whereby at least soitie electromagnetic radiation emitted from the af least one device
20 passes through said at least one region into the cable or fiber.

3. The package of claim 2 wherein the at least one attachment means includes &
gecond perimeter wall extending from the periphery of the ceniral portion away from the

) first perimeter wall

4 The package of claim 2 wherein the & least one attachment means inchudes at least

ong recess in the ceptral portion.

5. The package of claim 1 further including a second cap bonded to the boitont
30 gurface of the chip.

AMENDED SHEET
IPEAJAU




region to refract sai d electronagnetlc radi ati on, wherein the first cap has
‘been. bonded to tte sem conduct or chip—-at the mafer stage 15 @ JULYt2005
separation of the wafer into individual packages, 1 2. The padkGEHYAUR/00016
claiml wherein the cap further includes at |east one atReeivadR$ Noweabs 2002
attaching an el ectromagnetic radiation transmtting cable or fiber to the
cap, whereby at |east sone electromagnetic radiation emtted fromthe at

| east one device 20 passes through saiig@ at | east one region into the cable

or fiber. | The package of claim2 wherein the at | east one attachnent
means includes a second perinmeter wait extending fromthe -periphery of the
central portion away fromthe first perineter wall, 25 4. The package of

cl ai m 2 whereigm thEWQMkhﬁa£awmﬂémﬂmhmmMQamwwﬂaﬂémmhdhuﬂdwﬁmm'Ieast one
recess in the centr orti.on hﬂ%ﬁm i ncl udi ng
a second cap 2 H%mﬁo??éﬁ? surface %p&hﬁ chi J%ﬂﬁ%%DED SHEET

| PEA/ AU - § - 8leddd Y 2005 PCT/AU02/00016 Recei ved 28 hbvenber 2002 is 6.
The package of claim 1l further including a second cap bonded to the bottom
surface of the drip, said second cap, in plan view, overlaying part or al
of the at | east one 5 device. } .AVENDED SHEET | PEANAU
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