WD 02/ 056372 PCT/ AU02/ 00010 -1 USE OF | NFRARED RADI ATI ON I N MOLDI NG OF
PROTECTI VE CAPS Technical Field This invention relates to the nol ding and
appl i cat ivod 0p656pT20t ecti ve caps to 5 microel ectronic sem cpaiarbpeoothi ps on
a wafer scale as opposed to application on an individual chip basis. Mre
particularly the invention relates to the nolding and application of
protective caps to sem conductor chips-iincorporating Mcro Electro

Mechani cal Systenms (MEMS). However the invention is not limted to MEMS
applications. 10 Background Art Senjconductqr chi re nornal ly packaged
in a protective Iaywsr FaWFhAﬁEP&wlA%lﬂNcﬁiﬁgi@me W re bonds
from at nospheri ¢ and nechani cal damage. Existing packagi ng systens
typically use epoxy nol di ng aQFHBQ%EECﬂTIME}@RPSreat e a solid protective
| ayer around the chip. This is normally carried out on individually diced
chi ps bonTedhnicali®ldl>5 franes and so nust be done nmany tinmes for each

wafer. Alternative nethods of packaging include hernetically seal ed netal
or ceranic packhi§érventign redatenip thase angl appligationaofi prefective capstey (BGA) and
pin grid ar K C j ) has
startejd tgﬁ‘%sel&ﬁc(stg)gfg ngrlﬂg |58%5?}r§§§e§'p%t% féﬁ?é?ﬁg% Oé?&)got%’gg&%%fl @[l\gﬁt he chi ps
ar e separ aiddddual ¢hig basie. Mbrenpiriulglyethel imenti srgrel ettt imsl dbngyndcippliddtienwaf er

to both nechani cal and 20 thernal stresses. ] n _additjon e protective cap
50 1 or medoh RORCEY 75 SEHCBHIURRY GRS IncamIAE ﬁmﬂec o Mialica SSivems
devi ces, QVBEM)! NEwMdRVERRIOHbdifitd BMEMYaigieRRiab! € by the pol ymer

mat eri al . Exi sting packaging systens for M5 devices include thematically
seal ed packages for individual devices, or use silicon or glass wafer scale

packagi nge. bot h_of ich are relatively high cost operation. 25 Disclosure
of th@ln@@ﬁ&%ﬂuﬂ&gﬁg broad formthe invention provides a nethod of

mol di ng i ncl udsfgicoRdydib:Ant !a?&n&qn%ﬁfﬁécl&ge&ﬁei Rlcvd 1ageﬂ”8%t1§é%sﬁtb lpﬁ(‘g[b@th

absorbs el ectromagnetic radiation at one or nore wavel ength

i nfrared thachip an@0tsbyirgpbends diongateosphepie andwhathamical slainage Existihg packiagingast

one of Vméy%{}:nilsstygi%lp}?gse epoxy molding and thermal curing to create a solid protective layer
around the chip. This is normally carried out on individually diced chips bonded to lead

15 frames and so must be done many times for each wafer. Alternative methods of packaging
include hermetically sealed metal or ceramic packages, and array packages such as ball grid
array (BGA) and lﬁin grid array (PGA) packages. Recently wafer scale packaging (WSP)
has started to be used. This is carried out at the wafer stage before the chips are separated.
The use of molding and curing techniques subjects the wafer to both mechanical and

20  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
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.

25
Disclosure of the Invention
In one broad form the invention provides a method of molding including:
a) providing a sheet of thermoplastic material which absorbs electromagnetic
radiation at one or more wavelengths in the infrared range;
30 b) providing an upper mold and a lower mold, at least one of which is formed

substantially of silicon or silicon alloy and which is at least partially



substantially of silicon or silicon alloy and which is at |east partially
WO 02/ 056372 PCT/ AU02/ 00010 -2- transparent or translucent to

el ect romap@er/ds3T2adi ati on at said one or nore wavel engt hBCT/apohi@mii ng t he
sheet by radiating the sheet with el ectromagnetic radiation at said one or
nore wavel engt hs through the nold or nolds at |east partially 5 transparent
or translucent to el ectronmagnetic radi aRi-on at said one or nore

wavel engt hs. Both of the nolds may be at |east partjally transparent or
transl ucent to el e@%ﬂsaﬁnﬁgtr@ttf@s%@ité? Pléﬁtr%?agﬁfﬁf@#%l%rat e eneaBpengt hs.
The sheet materi al r%ttﬁé nsically absorb el ectromagnetic radiation at
said one or 10 nore engths or may include one or nore dopants which
absorb el ectroogrg nehaacmg tlecihatt yradiatis@ihd shew wath amme)nmnethmgmhsn atGatdoon

bl ack may be used as a dopant. The one or, nore veI e in the

infrared range and WréP&BIWVF}?Qg@ﬁQ‘TBPgh%P?l p?@'aqaéq? ¥ the range

of 10 nmto 5000 as b
0P fifRsp a&lagt (ghﬁﬁl%mm tbaebﬁahfgg;eﬁafﬁﬁ%ﬂt 598 ofiS ol be y

radi ation. 15 Steps c) an may occur sequenti a out ove ap,
sequentially with owevdlengtlesrx sinul t aneously. Brief Description of the

Dr awi ngs Fi gur ows pr| r art th of for rote tive caps on
sem conduct or Eet%xcq%hlﬁsmo%s ezat%%@rtéﬁgrtmpaggﬁolrgrﬁg % Bior art
packagi ngcleBesnABEHs Fdigioh @t Mwoﬁé atnbrelvaRicngds. Fi gure 3 shows a cross
section of a prior art packaging of a MEMS device. Figure 4 shows a cross

section t hr oughbasheeiveatgdsl ey m@m@e@@u abmbﬁlaptr@n@@etlh gadigtioniansaifone 61 gur e
5 shwoamBPeSﬁb&ﬁ&xgﬁS‘&ﬁfag ifcly boL 6191?@ dgg%&%ﬂ %?&bleie% nFi e 6 shows

nmet h fappl'yi ng®caps usin vice o0 ure waf er;
radiation at said one or more Wavelengths Carbon black may be used as a dopant.

The one or more wavelengths may be in the infrared range and preferably the one or
more wavelengths are in the range of 1000 nm to 5000 nm. |
The sheet may be heated by conduction as well as by radiation.
15  Steps c) and d) may occur sequentially without overlap, sequentially with overlap or

simultaneously.

Brief Description of the Drawings
Figure 1 shows a prior art method of forming protective caps on semiconductor
20  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.
Figure 4 shows a cross section through a MEMS device packaged according to the
25 invention.
Figure 5 shows a possible device for forming molded caps;
Figure 6 shows method of applying caps formed using the device of figure 5a to a
silicon wafer;
Figure 7 shows the wafer and caps of figure 6 bonded together
30 Figure 8 symbolically shows a method for applying molded caps to a silicon wafer
according to the invention;

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



Figure 7 shows the wafer and caps of figure 6 bonded together 30Figure 8
synbolically shows a nethod for applying nolded caps to a silicon wafer
accor di ngvo 02/03s872i nventi on; Figure 9 shows the wafer and p@pavoiodigure 8
bonded t ogether; WO 02/ 056372 PCT/ AU0O2/ 00010 -3- Figure 10 shows an

expl oded cross sectional view of a device for formng the protective caps.
Figure 11 shows an expl oded perspective3wu ew of the device of figure 10.
Figure 12 shows, a cross sectional view of the device of figure 10 at the 5
comencenent ofig¥s i shywsepgupledadcroptspstiond viex olcedeyicedpylprmingyhas ¢ er

nmol di ng hﬁ'x%tef b9k d and just before one side of the nold is released from
t he ot her” si (§:e. I'gure 13a shows an expanded view of part of figure 13.

Fi gure 14 showFigargEl dpectaneeplodedpatpdchiee viegusfehd @evitewofdizuent0.espondi ng t o
figure 10 13. Fj 5 shows a cross .sectional  si of the device

] gur .side vie
after one of t J@%ﬁ)f%l OS2 CIOSS SFFUPRAL YigYIof th %F@d’?%gln&ﬂ%eati@ shows a cross

secti onal cghfendenft 8f mbligngdevi ce after one of the nolds has been fully
renoved. 15 Figure 17 shows a cross sectional side view of the device

under goi ng an Figote 13 shogsitee d¥ichd\liguse t0 afts ading basfinishefbandi jesy before he
device after .ynd 0i ng. an et ch. igure 19 shows a cross sectional side
vi ew of t?f‘ée%‘g‘?/?@é &%OT‘?HJ%W%W&@&%W@W ication to a wafer and
removal of therpaeOIBh JNBE an Eldaed Aew! of fighRsI®, sectional side view of
a wafer after application of the caps. 0O Figure 21 shows a cross

sectional si deFiguespl4shoasaaerspectve view pf therfigare 1) deyigesporigppantling th éigweet er .
Fi gurg, 22, shows a cross sectional side view of a wafer with caps applied to
bot h "'si des, before singulation of the wafer. 25 Best Mde of Carrying out
the Invention Rguey 13 sigwis@ drosg deéiondl ddelviewtdieliecddvicesiftenoie ¢fithe mobdsthaget hod
of form ng protective
een partially removed.
Figure 16 shows a cross sectional side view of the device after one of the molds has
been fully removed.
15 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.
Figure 20 shows a cross sectional side view of a wafer after application of the caps.
20 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.

25 Best 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
injected into the cavities 14. The polymer material sets to form solid protective caps 18.
30 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.



caps on sem conductor wafers on a wafer scale. A sem conductor wafer 10 is
cl anped against a nold 12 having cavities 14 formed therein and a |liquid
pol ymer madero®mB7216 is injected into the cavities 14. TheCpabymeoimat eri al
sets to formsolid protective caps 18. 30 The wafer is then singul ated
using a wafer saw. This technique is not applicable to wafers having MEMS
devices fornmed thereon as the liquid peldyrer material will surround the
MEMS devi ces and stop them from workin WO 02/ 056372 PCT/ AU02/ 00010 -4-

Fi gure 3 showsFigyee 3 shavesihe prasent pamalttgf&hwaa@@rf%?teﬁml\é[@M%e mwsTltfew ces.

The NMENMS gﬁ‘#ﬁgﬂﬁ 3315;[581{}

bonded to@MS%ﬁdc%q:]ﬂn\gva t%% squyé%t;%%éﬁl e ou?ﬁ%t ngg?kddl Vi dual

chi p st agsilioon whfer B6. Teib aray beageied obha thmj‘ndmdh&l chiptsyage oahﬂ tie ebfanewgelsi ng a
CeTea! BBk 28RS oS aSt Bk ER e g
devi ces. 1 Wa{HIo RéinPf SerfeB bPfadbisd A e dottbiddnl o iy f&Hthe20 and
bonded thereto. Wil his can be an effective neans o agi ng" MENMS

devi ces, MEMS dexipen §“|he evafcars 26 arercacpfinltyealignad evithrthe YTHENS Mafe{rdﬂ agdiehdaete s
gl ass) wafer h nust be etched to form the. 1Q, Figure. 4 shows
2 VENB wattEreta VhiG Y e Rranceetene s gas B Phikteine MY Sicchal s siPRFbkect | ve
cap 34 of ad 1Ia SRS A6 bxtfa AREAN (oRboriBtEResMbs PRRRE dyHtich fols: Badhded &DforMaaer di ng
to the invention is provided so as to forma mechani cal and at nospheric

protectiveavid@sri er for the MEMS devices. The cap 34 forns a caV|ty 36 with

t he er to NaE&%nﬁl t | ded

t hervn\ltf;(?ﬂ astic ﬁ(%lu?o%vglgogvs 0 efgdafcg(?@)hgglglig%{?ﬁ%% ﬁEP/fSS%%-f/bl gﬁle%orlllggpenm ve
packagi ngholkiowpittgctive ony 84 bf themhoplecib Mgt nthde and bpnded itel ﬂmetvheeﬁmq uired
accuracy and thermal stahility required for m cro fabricated devices.

Fi gur es 52¢c@rdingfolie &’VGBE%TF ﬁl%"‘flé‘?fjrﬁ‘i’i a§de ferg 2 prelanifahandataemhedRduct or
waf er 40 Q?éé'u@? P%ﬂ@*‘or e dele%\gﬁ QRSesthdLa rgﬁ?ﬂ’oﬁng %5\91 4 él?'ﬁl\é'v&& & 184

shown serBoI I ca : on or in an upper surf An array of
caps 48 |slld\mthvel\dEw deyicafsiveopérateal i nj ecti on nol di ng rret hods and st eel

SRR LR MR I N N R TN
llead to mMmpapdidR@atkaging. However, conventional techniques do not provide the required
accuracy and thermal stability required for micro fabricated devices.

Figures 5 to 7 show a possible technique for packaging a semiconductor wafer 40

having a number of groups 42 of micro fabricated devices 44, shown symbolically, formed
20  on orin an upper surface 46.

An array of caps 48 is formed using conventional injection molding methods and
steel mold tools 50 & 52. The caps are supported on a sprule 54 at the same nominal
spacing as the groups 42. Using this method will almost invariably lead to misalignment
with resulting destruction of MEMS devices, as shown in figure 20. In figure 20 the cap

25  48a has been aligned correctly with its group of MEMS devices 42a. However the spacing
between the caps is greater than the spacing of the groups so that cap 48b is not aligned
correctly, but does not destroy any of the MEMS devices of its respective group 42b.
However, the caps 44c & d are sufficiently misaligned that the perimeter walls of the caps
overlay one or more of the MEMS devices 44, destroying their functionality.

30 This misalignment can be 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.



with resulting destruction of MEMS devices, as shown in figure 20. In
figure 20 the cap 25 48a has been aligned correctly with its group of MEMS
devi ces APaon2/bfemver the spacing between the caps is greRCEAUDNGNOIE he
spacing of the groups so that cap 48b is not alighed correctly, but does
not destroy any of the MEMS devices of its respective group 42b. However,
the caps 44c & d are sufficiently msaliyned that the perineter walls of

the caps overlay one or nore of the MENS devices. 44, destraqying their
functional ity. AStPIUtINS 7 W tPels vanch hays thesameeopllicignt opthegmel sxpaisiopras
actors, i ' | £ f Lale r gral Bﬁ‘fb@ f . Shr I al
conpar ed ?o?é \?ﬁl‘gﬂg?ﬁ %:Sosgﬁc\(j‘g g?,flgﬁ%eg%rggisaﬁé y o lyf[g ﬂ%\g a&%ﬁé cl%irlr]g(?@%@é and
t he | ack odolb@cdholdray adeg ofjthedndplastiws capsailens ahd capeare banddd tdha diliogn of

pol yners to _wafers usging .these techniques. WO 02/056372 PCT/ AUD2/ 00010 - 5-
A sol uti o8 405 e TeadplSOins eﬁﬁ@%%@@%ﬁ&éf ATErAD, MRl
expansson teﬁﬁ%ér_ﬁ‘cﬁre"@ifllel{ot r&SHE él?an?éé fnca‘i’ignﬁ%; fHeQPASERe Bf ffi]g %aﬁs\’mﬂli cﬁl%héey show
a technique using a silicon tool 60t old an"array of thernopl astTcs
caps 60 adbytiresapwpenameadibedpatingofithe goups 4bof MEMS deviGes 4. Abes, whent ool 60

Is forned,of ,the,s mat eri.al as the.wafer 40, changes i t rature
w11 ot Paud 5 REER sAetl B sofeginaiaed hanoyady RetsD: anetiong P et | |
change  bymich@xp@aiBacanbrorkirasSsilidth 6 Bcieféired ackii@cy@r oups 42 of MEMS devi ces
44. Thus, when_bonded, all of the caps wll be correctly aligned, as shown

in figure 9. Aféuresoldp|lp schanatically shave  fiesk pstare farecreatingonid iaprjyise hpBow t o
the regui ' . lcally show a first system
for c?gat ?ﬁ%e%ﬁg%é%gmaﬁ‘ggﬁgﬁ%ﬁ%% %8111%0?161?1 g@fg\%rsgaps to wafers, preferably
sem conduct or Widues $0 stovgll @olngdyetst FO0nfol fhrminsHis heltov Pootkaivelcapsm ng t he
hol | ow protective caps . .shown in figure 4 which may be used w th MENS

devi ces oMY RS + Hhichomay b preseith MEMS devicestfs any UIcR Pierp Setsiseiedo
i ncl udes hwcé.'ﬂheql%idlwg}‘sgﬁéﬁ% nﬁ%%drég avg Q«gﬁgpﬁggeééﬂgqf& 10&9%11{@%38@%

processed using conveni 1t I con et
t echni qued 02 bag eeh preessed @sing sonventien® distegrapb§ and dedpssiliowestcling fealuequids.

The | r fer 104 s bee simlarl ro d so that | upper surface
170 nds* a e Breashrs iosns o3 fhidter et 105 e Bt vt 1PRosPER o oo
106. The %ﬁﬁ%@%oc%@&d%ﬂ@hﬂﬁ@%ﬁ?& shEAcAT 19 hak & 86kidsT ghbives N PwhichRligkf the
wafer to be processed and repeat at centers corresponding to the reéepeat

spaci ng onvithtasdgesefithe recesses Heb. dinb arsiesren 1 06 trshgrooves 12 ereszedfor theshipenize
desi gned %?{he%vm be Ii%éc%gsed and repeat at centers corresponding to the repeat spacing on

the wafer. In the embodiment shown the protective caps are designed for a MEMS inkjet
20  printhead and so are very long relative to their width in plan view. The recesses are
rectangular, although the ends of the recesses are not shown. The ends of the grooves 112
are not shown but it is to be understood that the grooves 112 at each side of each recess are
in fact one groove which has a rectangular shape in plan view.
The grooves 112 for adjacent caps define a portion 114 of material which has not
25 - been etched. Similarly adjacent recesses 106 define a portion 116 of material which has not
been etched. These portions of material 114 & 116 align with each other and when the two
wafers are pressed together, the two wafers contact each other at these portions 114 & 116.
The two surfaces have been etched so that the groove 112 for the perimeter of the
cap is all in the lower wafer 104 and the recess 104 for the central portion is all in the upper
30 wafer 102.
| It is not essential that the mold wafers only contact on surfaces which have not been
etched. Nor is it essential that the central portion is defined by a recess in only one mold or

that the perimeter walls be defined by a groove or recess in only one mold. The effective



20 printhead and so are very long relative to their wdth in plan view The
recesses are rectangular, although the ends of the recesses are not shown.
The ends vob 02/6r837pr ooves 112 are not shown but it is to beCchAderewond that
t he grooves 112 at each side of each recess are in fact one groove which
has a rectangul ar shape in plan view. The grooves 112 for adjacent caps
define a portion 114 of material which le&as not 25 -been etched. Simlarly
adj acent reg [ a portion 116 of material which has not been

s 106 defipe
ot ched. TR g“FEWQ?Hé ool a1 logafod 3 apy gosifipyfesiied Ane aesd vt he Plaad when
the two yRiR ?&ﬂ? h ot her at
t hese porti ongéri?fa%al@t?%z%%ﬁ lpgﬁéb&gijt g%gggll\g%\}l\g?ﬁagggatet o fatgé gg’mt%hat t he
groove 112 f or ThhaessembiynHileiscoinciubdes arcayper selansé or ¢jedtiveaférolidrandaflewerl 04 and

the recess ,104 for the ceptral portion . is al t he upper 30 wafer. 102.
11 & ot Tee aF Flset Vst [4th SR PR e Bl EE T NS PaEE Rhoh
have not he@becRiprdtshed Nﬁhzﬂng cbﬁve%ﬁ%ﬁé]tlitl%gﬁ&ﬂ?@tana BEeP8RE A icIRRS feb 8{1&

defined by a recess in only one nold at ‘the perineter wafls b
defi ned byo bavgracsvies ofireleessayns 122 and 1,240n@enmedly Thiaaippésf andtlower MEIdOPAfO56372

PCT/ AU02/ 0 bet .

posi t1 on A02R K am sl SRR ED SRS PR &R ™4pr e Pt e ey 1
line will pingapeat hyd. SI'hﬁTﬁbFérhoﬂe%fl%(h@é ioete® ertebﬁ Wil thd bentass R of A&lD
al so includes an upper release or eject warer 8 and a | ower release or

ej ect waf &cesolP6 whidss thedpwerhalerdl 28xate focpier dmthe gﬁ%ﬁ"éﬁél%tr}@‘ﬁwef thedogesipar s
whi ch h I

i1 00 oPtfetERE B ARETIER ol bodeClan] ARENERA kY R e 1RSI0 R, ABERE"T0,
respectlvejeytloﬁl'hfethunmaedma Jower nold wafers 102 & 104 are for rred W th

correspondi ng |l es 126, & 128 respectively which receive th pins 122 &
124. The upperqﬁﬁF@EaSiﬁwséié&&%‘gﬁ%‘@agl@%gﬁqawf P‘Hd?m]éof: ter or axis of

each recggges égﬁdlﬁg hbRgt, Wﬂéh ﬂhe e eheé @ﬁhég&sqa,@ ah SER1tA thd ﬁnEﬂEdeFP&\ées 112.

However the | ocation 10 of o es 126 and 128 s not especially critical
and they halgs h26,shere éh gap lr@dutwmi thenppes jnedd ivafer 302 ah@thmmmadebawwawhe

Cor r elhondithd? A Smbodient firdenebe Gnduvg miis2dar e Sims SR e Rickies of e
i nner endsowdr rhéla walét! 103, AeRevedr RS Bngth o@tlﬁ%ﬂnslﬁ.ﬁlﬁﬁ}wgt@akhﬁlaﬂlﬂ{éer nol d

waf er 102 and the upper rel ease wafer In this enbodi ment the I ength

of the | oteeknesnef thowafes of Hanayhedesss Whea thmlpéathgg theqing Fad is less than the

maximum thickness of the lower wafer 104 it needs to be greater than the depth of the holes

128, i.e. at least the reduced thickness of the wafer 104 at the grooves 112. The lower
20  wafers 104 and 120 are positioned with the pins 124 part way inserted in the holes 128 but
not extending beyond the holes 128 into the grooves 112 and with a gap 132 between the
two wafers. The pins 124 preferably extend to be flush with the ends of the holes so as to
form a substantially planar base to the groove 112.
The thickness of the mold and release wafers is about 800 microns whilst the gaps
25 130 and 132 are of the order of 10 to 100 microns in thickness. However this is not critical.
The mold tools are preferably etched using cryogenic deep silicon etching rather
than Bosch etching as to produce a smoother etch. Bosch etching produces scalloping of
etched side walls, such as the side walls of the pin and cap recesses. The scalloping makes
the release of the molds from the molded material more difficult. In comparison, using a
30  cryogenic etch results in much smother etched walls, with easier mold release.
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



| ower nmold wafer 104. However the length of the pins 124 may be greater
than the thickness of the wafer or it may be | ess. Wien the I ength of the
pi ns 124 w@oyex3d7zt han t he naxi numthi ckness of the | ower P@EA®D2/A0040 i t
needs to be greater than the depth of the holes 128, i.e. at |least the
reduced thickness of the wafer 104 at the grooves 112. The | ower 20 wafers
104 and 120 are positioned wth the pinsyi124 part way inserted in the holes
128 but not. extendi ng beyond the_holes 128 into the groqves 112 and with a
gap 132 b@’ta\%‘égﬁ 5% machige, ek ag an BN, availpble frme Biscupnic \asioahdrawp de f | ush
with the g g%f tbgholes so as to forma substantially planar base to

t he groove 11 Ahe thl ckness of the nold and rel ease wafers is about 800
m crons whi | st Thhassgably is 2ech@calyprédd tugethef intthemacldee boffit #@ll be 100

m crons in thi.ckness. However. this . is no icI. Th rml tools are
pr ef er abl 91’@?%‘%8%%“?‘?@“%@9@6% 2y Redpse 'iow ﬁ@ﬂ}eﬁ ‘Seaf et han Bosch
et chi ng aﬁlehﬂo@aam%eet%ysagpmﬁgexn ot amﬁ&aﬁpreegu'f@tortﬁe gépgdﬂs@%% 1882l | opi ng of

et ched side wa , such”as” the side wal the pin cap recesses. The
scal | opi nélmwaselymﬂ’@rmhmeybéuwde mol ds fromthe nol ded material nore
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mat eri al gie%ﬁbl?@ﬁ?uﬁlﬁgﬁﬁ&réﬂﬁlﬂ&ﬁﬁnld&lﬁdﬂb&l@@?ﬁrrd)ﬁs 134 r@m%‘en t he
two wafers 102 & 104 and the assenbly is placed in_a conventi onal

02/ 05637 2¢malinaigpeiowodective andsddiant heatingigayee tiefeThesmeld and r@lﬁawﬁm
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t hat the trmhgjaamf eriaframy ligkt off geavelangel & thacdmge bhsout 00GEI® rt(ﬁralbdiﬁ 5600
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infrared radi ati on arr ows ure I nation
of conducintsissicaily absatb avithiththig tange, mss;altﬂﬁe depaht 1s‘|‘h:erbnn Ibbhch’hchmcaphase waf ers

10 102. &104, and & 1 i whi ch
subst St 1 Sirbgh DT TEn bBE etk A dse Y erienamecO et Skt g teange
of about Q0 nmto about 5000 nm The material 134 chosen either

intrinsically absorbs light within this wavel ength range
The sheet 134 is placed between the two mold wafers and exposed to infrared light

at a suitable wavelength, as indicated by arrows 136. The infrared radiation is preferably
supplied from both sides of the wafers and the sheet 134 to provide symmetrical heating,
20  but this is not essential and the infrared radiation may be supplied from only one side.
‘Because the silicon wafers are transparent to the infrared radiation, the infrared radiation
passes through the wafers and is absorbed by the sheet 134. After heating to a suitable
temperature the mold wafers may then be urged together to deform the sheet 134. The
-wafers may be pressed together whilst the sheet 134 is being heated rather than waiting for
25  the sheet 134 to be fully heated, particularly if conductive heating is being used. If a
material other then silicon is used heating of the sheet 134 may be achieved using
electromagnetic radiation at other wavelengths to which the material used is substantially
transparent.
When processed in a wafer bonding machine the sheet 134 is molded to the shape of
30 the cavity defined by the recess 106 and the groove 112. The material is also substantially
squeezed out of the gap between the two portions 114 & 116, as indicated by arrows 142 in

figure 13a, to form a series of caps 138



or is doped so as to absorb light within this wavel ength range. If the
material 134 does not intrinsically absorb within this range, a suitable
dopant i wOozeisere bl ack” (anorphous 15 , carbon parti cl esPCWAUetiombEor bs
light at these wavel engths. Ot her suitable dopants may be used. The sheet
134 is placed between the two nold wafers and exposed to infrared |ight at
a suitable wavel ength, as indicated by @&rows 136. The infrared radiation
is preferably supplied fromboth sides of the wafers and the sheet 134 to
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are for rrem Pt cFany fildtive Radfadek aﬁ@wmmfa@mdn ariged.i con et chi ng
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separating the adjacent caps 136. Alternalively at layer I40 up to
about 2 mmerveatlsunderstdod and provide the degree of accuracy required. In addition, the one

fabrication plant may be used for production of both the semiconductor devices and the
molding apparatus.

20 It will be appreciated that the two mold wafers 102 & 104 will need to be shaped so
that there is space for the material to move into as it is squeezed out from between the two
wafers.

After forming of the protective caps 138 it is preferred to remove the lower mold
and release wafers 104 & 120 whilst leaving the material 134 still attached to the upper

25 mold wafer 102. A vacuum is applied to the gap 132 between the lower mold and release
wafers. The release wafers 118 & 120 are mounted in the assembly so as to be immovable
whilst the mold wafers 102 & 104 are movable perpendicular to the general plane of the
wafers. Accordingly, the lower mold wafer 104 is drawn downwards to the release wafer
120. The pins 124 of the release wafer 120 firmly press against the material 134 and so

30  retain the material 134 in position and prevent it moving downwards with the lower mold
wafer 124. The configuration of the assembly 100 after this stage is shown in figure 15.

The lower release wafer 120 now only contacts the material 134 by pins 124 and so

it is now relatively easy to remove the lower release wafer 120 from contact with the



10 may be left between the portions 114 & 116 between adjacent caps 136 due
to the variation 1in position of the relative surfaces due to manufacturing
t ol er ancaw0 02/05682 not essential that the nold wafers or theTAsBEa®E waf ers
be made of sem conductor materials or that they be processed using
conventional |ithography and deep silicon etching nmethods. Qther materials
and net hods may be used if desired. Howower, the 15 use of simlar
materials to the sem conductor wafers provides better accuraCﬁlpm nce
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retain the na I'n position an even novi n ownwar ds Wlth

the | owercapelld8 tovifeawafd The gy cfuhipsds paditionedab thdl%aﬁﬁc&‘a@ﬁheﬂayh(iﬁrtafrfaﬂr this
stage is shown in figure 15. The | ower release wafer 120 nQw only contacts
t he mat er 93 chip4l ftﬁﬂem% a@zhowﬂambolmallygnmﬁy'bsMEW&WIC%M EMS enove the
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-9- materi al out e mat er | romthe upper nold wafer
102. Thi ssensicalwluetoraaviceshe assenbl y-is then in the configuration shown in

O R ok o TR oS PSS AR A e
b o | CPIBUS g, B PGt b BRSSP 0G0 Ry o
release wafer 118. Similar to the release of the lower mold wafer the caps 138 are held in
place by the pins 122 of the upper release wafer. Thus the chance of accidental detachment
of any of the caps from the wafer due to the act of removing the upper mold wafer is
20 reduced, if not totally prevented.
The wafer 144 is now in a state where each chip is protected by a discrete cap 138.
The wafer can then be singulated into individual die. If the chips are arranged in a regular
array, the conventional methods of wafer singulation — sawing or scribing may be used.
However, if the separation lines between chips are not regular or if the chips are too fragile
25  for sawing or scribing, deep reactive ion etching (DRIE) may be used to singulate the
wafers. Although DRIE is much more expensive than wafer sawing, this is moot if the
wafer already required throilgh 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
an etching system, such as an Alcatel 601 E or a Surface Technology Systems Advanced
30 - 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 little etching of silicon sideways of the direction of the



shown in figure 17. The etch has little effect on the rest of the materi al
due to the significant greater in thickness of the rest of the material.
The etchedoazessat2l y is shown in figure 18. The assenbly iBCTA&m/qoaced over
a wafer 144 having a nunber of chips formed on the wafer. Each chip has a
plurality of MEMS devices 146. The conponents are aligned 10 and then

pl aced in a conventional wafer bondi ng- mu:hi ne such as an EV 501 to bond
t he caps 138 to the wafer. The array of chi positioned sq that_ each

cap over | &g I Eeretel is gppliedfromy thafiaps SIﬁﬁéh@e@RsC% agh 2 TRk ANG Oy g ShEy and
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From it her ¢ nERoEA siois apchnide s mpVisie HeteBEts G Sl e PRberaRtler  The
etch is hjowr ¥udates.OfHeGRivte sHoWsTa864fbOTFY UpohGiiieh#vel teeh Bdrlel @bNed dft t | €
etching of silicon sideways of the di rectlon of the WD 02/ 056372

PCT/ AU02/ WOEMS devige ckips 53 p1 an hppes setfaded S4pBachahif t Bhinelhdescapsorsiage, t he
caps 138 RfEms YeliRas foan% o%ﬁoXalfy Bthet r}ulcf:ooﬂbncated elements. A first set of protective

caps 156 have been formed on the upper surface 154 as per the techniques of the invention

20 previously described. The bond pads 158 of the individual chips 153 are on the upper
surface 154 and are not covered by the protective caps 156. A second set of protective caps
160 have been formed on the lower surface 162 of the wafer as per the techniques of the
invention previously described. The first and second sets of protective caps may be applied
to the wafer sequentially or may be applied to the wafer simultaneously. The order of

25  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

30 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 patts 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.



materi al between the caps is etched. The etching continues until all the
silicon material between individual chips is renoved, thereby separating
t he chi pavQ480966T2 subsequent processing. |If the etch is pEpAUerodIDOM

bel ow, a separate nask will need to be applied to the 5 bottom surface of
the wafer. Any silicon exposed to the direction of the deep etch at the
separation stage will be etched away.-Tihus if the etch is fromthe top

(cap) side any exposed silicon which needs to be retained, such as .
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arrows 164, rather than fromthe upper surface, to separate the individual
chips. The | ower caps 160 thus act as a mask to the bond pads 158 and
because 30 the etching process is very directional, only silicon between
the | ower caps 160 of the individual chips is etched away. The bond pads
158 and ot her exposed parts on the upper surface within the outline of the
| ower caps are substantially unaffected by the etch and so



the chips 152 will not be danaged by the etch. WD 02/056372 PCT/ AU0O2/ 00010
-11- It will be appreciated that the provision of the second set of caps is
only a nevesziicy7where a hol l ow space is required; if a spcoDAdoz@wiof caps
i s unnecessary or undesirable, a resist may be coated onto the | ower
surface with a grid pattern to | eave areas between the chips exposed for
deep etching. 5 Throughout the specificdRion, reference is nmade to

sem condu tqrs and nore particularly, silicon sem conductors. It is to be
understoogciﬁﬁp the invention is not limted to use on sem conductors or
silicon based sem conductors and has application to non sem conductor
devices and to non silicon based sem conductors, such as. those based on

gal | i um anseni demsgivdodntbldingirludli:: VWi | st the invention has been descri bed
with particular reference to MEM5 devices, it is to be understood that the

invention is nd |i PeUEdnga shesyof Bxenmmcawp%@swfa%absr?d@ elgsppmagastisn t o
any deyices which ar, t. . It will be
appar e%t to those skgcf %ﬁ%ngﬁr&g%%gﬁ?{dgﬁn%ﬁg% \5}|fr(3arue\slyqlfl ifications and
variations maybbe mptevidiagtaheppsrimad andh $oviarsnoldpededseors of whithizformed

departing fromthe 5 spirit_or. scope of he i nv |on WD 02/ 056372
PCT/ AU02/ 00010 - 12 |S‘%@tﬁrﬁilyff81k°%? ﬁb‘bcoa B$W§ 8 pgashgartiglly pr ovi di ng
a sheet of thernopl %%hé;%réfﬁb?frh&ﬁuc\éﬁﬂ tBQle%Q§Hl%El%tf%lr§&i5ﬁ%Qﬁﬁtdnﬁ or more
radi ation at one or nore wavelengths in the infrared range; b) providing an
upper nold and a | oweavelepgtlis; at | east one of which is formed substantially
of S|Iconor licon all whi,ch is at | east rtiall nsp t or
transl cent to° Iec?‘?@%ﬁéf?@%‘é&dﬂlflgﬁi sﬁh ?@hglﬁgtr%?a%ﬁ%radﬁvglag% hs;
10 c) heating the shkaebrhbrd Raverngth thﬂibﬁﬁ fiRahold dr in R4 Mg RNBPAAL C

S

radi ation at said one or nore wavel engt t hrough the nmold or nolds at
| east partially tr&s8peEener Hﬁnsil}caﬁsﬁpG@éﬁ@m@@eélcéé@ﬁféﬁm@ﬁ@ﬂloée OBHIOR | on at
said one or nore

wavelengths.

15 2. The method of claim 1 wherein both said molds are both formed substantially of
silicon or silicon alloy and are at least partially transparent or translucent to electromagnetic

radiation at said one or more wavelengths

3. The method of claim 1 wherein the sheet intrinsically absorbs electromagnetic

20  radiation at said one or more wavelengths.

4. The method of claim 1 wherein the sheet includes dopants which absorb

electromagnetic radiation at said one or more wavelengths.

25 5. The method of claim 1 wherein the sheet includes carbon as a dopant to absorb

electromagnetic radiation at said one or more wavelengths.

6. The method of claim 1 wherein said one or more wavelengths are in the range of
1000 nm to 5000 nm.

30
7. The method of claim 1 wherein at step c) the sheet is additionally heated by

conduction.



wavel engths. 15 2. The nethod of claim1 wherein both said nolds are both
formed substantially of silicon or silicon alloy and are at | east
partial | wopamspzr ent or translucent to el ectromagnetic PraUiAabl/@0l@t said
one or nore wavel engths 3. The nethod of claim 1 wherein the sheet
intrinsically absorbs el ectromagnetic 20 radiation at said one or nore
wavel engths. 4. The nethod of claim 1 whdrein the sheet includes dopants

whi ch absaqrb ectrq&$gp tic.r diationést gaid one or npore wavel engths. 25
5. The netthod dfeapeh Bt bReeHis g and AL Pasybscauaitisdl Vot ospiaRt t o
absorb el ﬂﬁgp [ |.atd id one or nore wavel engths. 6. The
nmet hod ofsgﬁg?ﬁ1 mﬁ%?g?%ﬁggﬁi %%g@§PﬁﬁDre wavel engths are in the range of
1000 nmto 5000 nm 30 7. The method of claim 1l wherein at step c) the
sheet is additionally heated by conduction. WO 02/ 056372 PCT/ AU02/ 00010
-13- 8. The nethod of claim 1l wherein steps c¢c) and d) occur sequentially

w t hout overlap, sequentially with overlap or sinmultaneously.



