WD 02/ 056375 PCT/ AU02/ 00009 -1 MOLDI NG OF PROTECTI VE CAPS Technical Field
This invention relates to the nolding and application of protective caps to
5 m croelve@r/aisdrs sem conductor chips on a wafer scal e asPOpPpUSEEID
application on an individual chip basis. Mdxre particularly the invention
relates to the nolding and application _jpf protective caps to semnm conduct or
chips incorporating Mcro Electro Mechani cal Systens (MEMS). However the
invention is not |imted MOMINGQF RROTECTIMERBARSOuUNd Art

Sem conductor chips are nornmally packaged in a protective |ayer or |ayers
to protect the chip and its wire bonds from at nospheric and nechani cal

damage. ing systens typically use epoxy nol ding and ther nal
curing to #Mgagﬁéﬁd protective layer around the chip. This is

normal Iy carri eghiOibeibn rBfiey 't@ﬂﬁ'ﬂldﬁldﬂ%%ﬁ@ aﬁ;&lid@ﬁoﬁeﬂ%ﬁkchoe LR 15 frames
and so _nust be done nmany tinmes for each wafer. Alterhative nethods of
packagPng mitreelegtenin e¢mnd@t¢mhm@m@maf@t sghleqas opposedite apelickidepesn aand arr ay

packages U500 ol My R bRt BoR ok B ions

carried owf pattedtive ciiftBsemicatSudii i ihdbepsrhiimS VA FleRd MbanicallhiRtdage of
nol di ng and curing techni ques subjects the wafer to both nechanical and 20

t her mal stMEMPs] WV@H@PW@W@Mnﬁ%b@é@@rwmé%amhqaae%d is a solid piece
of material and so cannot be used for MEMS devices, since the MEMS device
woul d be rendered inoperable by the polyner material . Exi sting packagi ng
systens f BackdfdulediAds i nclude thematically seal ed packages for

i ndi vi dual devices, or use silicon or glass wafer scale packaging, both of
whi ch are rel atewitopdagtgnchipsare spapallyinapkaged ip PEqtesiye daysf ot lnyers W\/Rmtemn | n
one broad t X

or ovi di ng 1S SR sy PHEOAA AR AhONGReR, HE MOohiSHl NS, Bl BBy,

| ower nol dysdians typlodlingsd dsm)xy edding addthedms aneing Wcmgetahehs pesdctibelayeen t he

upper and |l o |.d heating .t he sheet n
PP aroun them:iup SThlS 1s'normally ca%‘le out on 1nd1v1duaﬁly 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 pin grid array (PGA) packages. Recently wafer scale packaging (WSP)
has started to be used. This is carried out at the wafer stage before the chips are separated.
The use of molding and curing techniques subjects the wafer to both mechanical and

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 including the steps of:
a) providing a sheet of thermoplastic material;
b) providing an upper and a lower mold for molding the sheet;
30 c) sandwiching the sh;:et between the upper and lower molds;

d) heating the sheet, and

e) urging the upper and lower molds together to deform the sheet to form the

array of caps,



e) urging the upper and |lower nolds together to deformthe sheet to form
the array of caps, WO 02/056375 PCT/ AUO2/ 00009 -2 wherein the array of
caps i s oo ozaoicarshnment to a wafer which includes a plural P€CYATH2/0000CT O
fabricated devices. In one enbodinment step e) results in deformation of the
sheet but the sheet remains substantialJy the same thickness. 5 In another
enbodi nent step e) results in deformation of the sheet and the material of

the sheet is suwlbstehnthealday of eghsdetbriattadhmenkveswaer whidhsinelntiésad plyratignafved in
regions between the caps so formed. Steps d) and e) may occur sequentially
without overlap, sediegRtrdIqaledgevitedveriap or simul taneously. 10 Step a)

may i ncl ude pr Qﬂ’%n?é R %Eerﬁ’@)irg%ﬁltétﬁ?@éfgﬁ?ﬁgﬁ%tf‘i%g@le&dt‘fhers‘ﬁgété}%ﬁlﬁﬂs at
one or nore wavel engths and step may i nclude providing one or both nolds
at | east systantially thetsemndlpekmess. or translucent to the el ectronmagnetic

radiation at said gne or re wavel engths, _Step d include irradiatin
he ahbet. v t h bR STGHBRTE SR HoREHn gerciation of (s SHest and e eiighine.
Step d) naf';ﬂersﬁééeqisesulalaaﬁﬁm Biudefif ﬁﬁa&eg@&!saﬁgtﬁﬁiau?&&{ls&&hhxe%i&%

t hermopl astic material absorbs infrared radiation and nore preferably
i nfrared befdican thercaps scnfonmedhe wavel engt h .range of about 1000 nmto about

5000 nm Step i ngl ude provi di mol.ds fornmed of a.sem conduct or
material and moiE S PabE ey el Ay bl MefRe, Saudy AT SRR
radi ati onsiwafnésusiieat the cap material. Brief Description of the Draw ngs
Figure 1 shows a prior art method of form ng protective caps on

seni chhduct or  Stamia) gay jeclpdejprosidmghehipgt ‘ahlé]r? aksorlslegtrpmagnetic diagen af ¢

P20 3R BRCRL B Ve i R LSS 052
section t panialiihtrandpbiebt cevinskicp@tal dgadecioomgnkticgadiatibmeat said one or more
wavelengths.
Step d) may include irradiating the sheet with eléctromagnetic radiation at one or
15 more wavelengths.
Step d) may include heating by infrared radiation.
Preferably the thermoplastic material absorbs infrared radiation and more preferably
infrared radiation within the wavelength range of about 1000 nm to about 5000 nm.

Step b) may include providing molds formed of a semiconductor material and more

20  preferably molds transparent to any electromagnetic radiation used to heat the cap material.

Brief Description of the Drawings
Figure 1 shows a prior art method of forming protective caps on semiconductor
chips.
25 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
invention.
30 Figure 5 shows a possible device for forming molded caps;
Figure 6 shows method of applying caps formed using the device of figure 5ato a
silicon wafer;

Figure 7 shows the wafer and caps of figure 6 bonded together



invention. 30 Figure 5 shows a possible device for form ng nol ded caps;
Figure 6 shows nethod of applying caps forned using the device of figure 5a
to a silweonoisafser; Figure 7 shows the wafer and caps of P€T/aunzo®obonded

t oget her WO 02/ 056375 PCT/ AU02/ 00009 -3 Figure 8 synbolically shows a

met hod for applying nol ded caps to a si hicon wafer according to the
invention; Figure 9 shows the wafer and caps of figure 8 bonded together;

Figure 10 showBigare &syphimliesllycshoss asacthodfurlapplyiiy mdlded cpiite & sflieon arfdr ng
the 5 protective galos. Figure 11 shows an expl oded perspective view of the
devi ce of 2CPliRgtofhe INVERtiNR e 12 shows a cross sectional view of the device

of figure 10 aFith:Q) sHORTTENS Big &f srB‘Pk'ghl%%b a8 Bethar-Shows the device of
i ni sche&) andlj efor

figure 10 after “nol di ng has ust 16 one side of the
nmol d i s rel easEguferi¥hshbive antkglodad chess dectipirat vie®eofahdewice dor foxpagdbel vi ew of
part qQf figure 13. Figure 14 shows a perspective view of the figure 10
devi c co?rg@é;mﬁ‘?‘lﬁqpﬁg to figure 13. Figure 15 shows a cross sectional side

view of the demjsGg ﬁfsth%(vsﬁﬂ%xﬁlf)déd‘ﬁergﬁ&% Vigw of iR RERR Adhiedld.y removed.
Figure 16 shows a cross sectional side view of the device after one of the

mol ds has beelighel 12 shpwseveass s¢atignaleviaw of hewlsvige of igared®att thenal si de vi ew
of the devoi ce urédegng_:jofit n@dan etch. Figure 18 shows a cross sectional side
vi ew of tHEGEAEE TR ﬁllgdergoi ng an etch. 20 Figure 19 shows a cross

sectional si deFiguRW 3adholvh thettRvice®f Hgutd 1) ﬁmﬁ%ﬂwﬁﬁ&h@%hﬁ@@bh@ﬂe to a
waf er and renoval of the second nold. Figure 20 shows a cross sectional

si de 19 evpnsrside qfcthemold isasleaspd fioputhe @thespidehe caps.  Figure 21 shows a -
Cross secti onafysGide, \\h&ws A ebaild 8w pilt oPfig@tlg" Singulation of the

waf er .
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
15  been partially removed. |
Figure 16 shows a cross sectional side view of the device after one of the molds has
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.
20 ‘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.
Figure 21 shows a cross sectional side view of a series of chips after singﬁlation of
the wafer.
25 Figure 22 shows a cross sectional side view of a wafer with caps applied to both

sides, before singulation of the wafer.

Best Mode of Carrying out the Invention
Referring to figures 1 and 2 there is show a prior art method of forming protective
30  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.

The wafer is then singulated using a wafer saw. This technique is not applicable to wafers



25 Figure 22 shows a cross sectional side view of a wafer with caps applied
to both sides, before singulation of the wafer. Best Mde of Carrying out
the I nvew@onoieefserring to figures 1 and 2 there i s show RCpAU0zom@mee mnet hod
of form ng protective 30 caps on sem conductor wafers on a wafer scale. A
sem conductor wafer 10 is clanped againyst a nold 12 having cavities 14
formed therein and a liquid polyner material 16 is injected into the
cavities Baving WEMSI@@N@F’»S framed ittereones $he liqifid polyswir inthtqurabwlk sursomnd dhes  18.

The waf er |.at waf er saw. This technique is not
appl i cabl e ? tﬁlﬁﬁﬁg{é %QEIFP;&UOZ/ 00009 -4 having MEMS devi ces
formed ther eOﬂFﬁghré B ghdw Sithie GradentroE aﬂ@écﬂﬁi%ls £ Prbtestiig MK 8di8ces MENS

devi ces and sto t hem from wor ki n ure shows the present prior art

t echni queMEBMISshig %Q;mchxghrr%bsl\’&“@dg @é&lcesﬂfb shepensyobelisaliy is berided |t<ng t he MVENS

devices 2 d t con IS may
be car$| egﬂ {%‘Qfé ? éeﬁpﬁl %1 bg)égllﬁ egﬁ)lgg&g aldléj? \Sguagt(:ﬁ’tpﬁé \Aﬁ{l%f’vg (5Stagerh

waf er 26 The iwafarQalis pypﬁfaup etiheusmsn@ AcK/iiBb@pliig haRbirspieaich 0dih® ph 6tcBAMRh
using an etchant _such as KOH to forma series of recesses 28 which

cor r espond P StHH] 1B et dpasics of reresseqivBhish\roresnontipthpdocstionnd the e
careful Iy QRedickd. tiheWife y@re"@:fﬁ% f%@%g (yg&lntﬂg ﬂdEMF%a%r% awa'bogdéclibsas

can be an effective neans o packagi n VI CeS I'S expensive
it requir derdo While thiscdn om dffect eomedrisrof paciagi) MM Sdeviook) 1ci3 exp&isivae

tchegyto, form th i 4 sh fer 3 f
VEND 53 1B REREPRER SliCor sy el e Rap e BRs s AT

rraterl al pRggesand bonded to the wafer 30 according to the invention is
provi ded,so as to forma nechani cal and atnospheric 15 protective barrier
for the MEMS dEiguses shopfea W&wafeaﬁﬂélawngaurfaqe MEMS§ 3hfarmed thefemn. Ao al | ow

t he MENMS St | | ow caps
of fers tnaoUbE Bietarh By B8R Bf Bomiotios e e R an BEHARE P B8 el
convent i oabordigg tonthg mndm B@Provdaddods tb fent @mbnzﬁﬁbal afCatidsphedind t her nal
stability required for mcro fabricated devices. 20 Figures 5 to 7 show a

possi bt e~ PrOsHive harrienfor g MENS devicese e eandittiosms agavty Hoviththeiwaiertonunber
of groupsalﬁg,vgjemﬁs)dg@ég(é)qggs&atg.ew ces 44, shown synbolically, formed

The use of molded thermoplastic hollow caps offers the possibility of providing
‘inexpensive packaging. However, conventional techniques-do not provide the required
accuracy and thermal stability required for micro fabricated devices.
20 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
on or in 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
25  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
43a 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.
30  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.
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



on or in an upper surface 46. An array of caps 48 is forned using
conventional injection nolding nethods and steel nold tools 50 & 52. The
caps arewappawssd on a sprule 54 at the sane nom nal 25 BEHAUNZOMEI t he
groups 42. Using this method will alnost invariably lead to m salignnent
with resulting destruction of MEMS deviges, as shown in figure 20. In
figure 20 the cap 48a has been aligned correctly with its group of MEMS

devi ces 4Zpldadrmmponcnth end grdickyof mashinesndastaned fgracryraigradignmenttahdn t he

spaci ng of sq that cap 48b j s n aligned correctly, but does
not destrgyﬁéa]{ﬁ%ggg&gﬁgrs%@@%fg\%@%@%?{e?]f'rga';eeSSpective group 42b. 30
However, the capsoldiish i& t6lus t8oRBWHitChaB theysafesveifiiad of thaimillRepaRiont er
wal I's of the caps overlay one or nore of the MEMS devices 44, destroying

thei r fundha Bafar isugh asmiliconand igugns e £ syahobeallysboy adehnigie using@rijégonof

actorsg | i I £ f ' ' r LAt eri al
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PCT/ AU02/ G0290. Stncerdiedtool Gloispornedtof therndmchratedal s ofe wafehd0)ehighgderi gned f or
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t echni quedemprraBregvillapt resultdn ghansesiy alisimerth thespacing of s faps vl dpagr  of
thermal e | : I | : e

symbol | cal Ty aha Gourd AR Ring SR e lipF e S PEMSSVRG e TE Jidn o1y
of t her nopbrddi al} ofthpsapOwikbe drerecthpsligned, dschded in figuked. Aidditiopallyvheeris 40.
Si nce .t he toEI 60.is forned of..the i}??rre material as the wafer 40, changes
in téhpern&ic FEPIHIRFe HbY O iioqn o e TRAUEG 95CU R Yy nrent ;. t he spaci ng of the
caps 60 will clrahge 100 16Rh&AfRaBBIEN a fisst kiieer BSCIrélin@fand BSp1GHO WBROW2 Of
MEMS devices 44. Thus, when bonded, _aI{fl of it?gﬁee capsf win Ianbgﬁ)c%rrgect(l)y

al i gned, @totedtiyaapstorwajesisepreferahdisemierndurtipr wabere | s 10 nuch experience in
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100 for form ng@ghe hol | ow protective caps, shown in figure 4 which may be
used WPt h IREfEs Theynlding system 09 indudesitwe silicam watess LR &4 Ehg wper water
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108. The lsgr\lll\?arrlymp/ar&%rssejdos% tﬂgtslts%a)ggr surface 110 has a series of grooves 112 which align

with edges of the recesses 106. The recesses 106 and grooves 112 are sized for the chip size
20  of the wafer to be processed 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

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
25  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
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.

30 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
wafer 102.



simlarly processed so that its upper surface 110 has a series of grooves
112 which align wth edges of the recesses 106. The recesses 106 and
grooves MQoavw3® zed for the chip size 20 of the wafer tpChaupreavessed and
repeat at centers corresponding to the repeat spacing on the wafer. In the
enbodi ment shown the protective caps arg designed for a MEMS inkj et
printhead and so are very long relative to their width in plan view The

recesses are itdshangutmial that theangt walkes erig<onhct diesuifacesswikish Asve Hvdbeghown.
The ends of tcgg\logr,ooves l]ﬁt agle not . shown_ but, ié is to be understood that
the groov&¥had Najids Lessentiplfhatihe ceptigl parpen is defined By p gecestin BREOIGIBAIIOT whi ch

has a rec | RHnAGRe ' j . £aps
dorine. o Sor HH R ARR Rl bRl b o b oPIEBRN TF ol onb Hold IR )
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etched. These portions aof material .114 & 116 al.i with each ot her and when
the twd gﬁ’fw&?’% Bf'a@a%‘i'yé)&lé%sr’ﬁ‘gg‘g? wdl fyp{cﬁ‘gyf’\%ﬁ%?%%a %?fgg?mg h other at
these portionsThd4sskmblPp10Basd MRIVAMParSPep RIS sDBY SjehiSRltee] BNRH a36wer hat the
groove 112 for the perineter of the cap is all in the |lower wafer 104 and

t he recesscla®ma of gject wiafer Bt Thbsepwppel and lowerieleasenwafers arppidicon wafeey whioR. WO

02/ 056375 Al Q 9...-6 It is.not.essential .that .1he l.d fers only
contact ol reHBRICHIH tine conichRRl HEREE N Gna B it Mute iBbnieen o

t he centr & hperatsetiss ofsrelbatd %ﬁsi 1Dyard 1AGespectivelR Mhe wpper 4l 18w molddfers he
perinmeter walls be defined by a groove or recess in only one nold. The

ef f ectPve 10§ 104 arp fermediwiguepriasrondingcholesal 260k 128 sespectivaly whigh meaive s
desi r ed ] it L i ||
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typically sinp tion o e asse
i ncl udes aavesspidérwhitst dedewer halgea8 arafoeated 1iBtharpdoavel @12 Howeketsdodqtior) ect

wafer 120. . Thes er .l ower rel ease fers are silicqon wafers_which
have been OE;LGS’QE‘? ;{2 apd ﬁgg 1St EﬁﬂW’@hY F’Bﬁﬁ%ﬁ\fgﬁlﬁ?m% grayhsyplagsd agesgpired farcon

et chi ng t gEbidfibfaRe nlodddirsps.a series of release pins 122 and 124
respectively. The upper and | ower nold wafers 10 102 & 104 are forned with

corredpondi ng Abe edease @ing 1228 ¢4 havota lowgth gwhier thansbedssh ofite pins 122 &
L2, The UBRSpohERodf WA s F6R LR BIRHR 1 UMD 5.5
However t heles 0ZGth@8 is PEap 180 Beph&sh th2fpb thold Wafer 102bn@ BRAPHE! eMag/witkeal
and they rlnlag/ Irtl)(tahig Lr?l(l:)g((ijimaeit trh?: gr{g[cl?gf t];lg {owe?'Jp(ialfst 1|291?s ?hfe 521212 ag?ﬁeqtgi?:kge%g (S)f the
lower mold wafer 104. However the length of the pins 124 may be greater than the
20 - thickness of the wafer or it may be less. When the length of the pins 124 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
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
25  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 -
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
30 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

cryogenic etch results in much smother etched walls, with easier mold release.



15: The release pins 122 & 124 have a length greater than the depth of the
correspondi ng holes. When the free ends of the pins 122 align with the

i nner end®0o0%/036B® hol es 126, there is a gap 130 bet ween pawvAuppewool d
waf er 102 and the upper release wafer 118. In this embodi ment the |ength
of the lower pins 124 is the same as the thickness of the |ower nold wafer
104. However the length of the pins 124 ‘may be greater than the 20

t hi ckness of t esheef B4 dfrthertndﬁihiﬁtld‘.)ﬁlafeﬁﬁBof d}ﬁbamadte joengitionein thivkngdsis 124
is less than the maxi numthickness of th ower wafer 104 it needs to be
greater tRESed Préwa%fpthﬁ typ quﬁ%rs 187 &s1042pd. th“r a%emhly s plpsed inpconyeniional

t hi ckness 4 % and
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to produc@%@%@?ﬁ@} rg{egﬂ m@% SHSfrsa[chi ng produces scall oping of etched
side walls, sughe siseet %4 fiafl®ec WBAtkE bPEorddietid butddprefdbly BEASSHPradibfibn
scalloglng makes the release of the nolds fromthe nolded material nore
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figure 12.
used.

The sheet 134 is placed between the two mold wafers and exposed to infrared light
20  ata 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,
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
25  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
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
30 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



conbi nati on of conductive and radi ant heating may be used. The nold and
rel ease wafers 102 &104 and 118 & 120 respectively are formed of silicon,
whi ch i s wobxomatsi al |y, transparent to infrared |ight ofpParmaveémegth in
the range of about 1000 nmto about 5000, nm The material 134 chosen
either intrinsically absorbs light wthigq this wavel ength range 15 or is
doped so as to absorb light within this Wwavel ength. range. If the materi al

134 does nqtieczéddutiof sheogplbetwwdenahdiwd pdrtionst 1i4s& 1d698, indidatsdiby addbves tpmnt i s
"car bon bl ack" (armr phous . car bon ggarticl es) which absorbs Iight at these
wavel engt figured3aeio form agpries d53BHl%® nay be used. The sheet 134 is pl aced
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through the waférs and is absorbed by the sheét 134.° After heating to a
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heat ed, pak K@ylieHdgyaphl tiiOsetital divienkiead ¢aidel rsdiReH @148 B@n alrhicdn. TRis&hE al
other then siliconis used heati ng of the sheet 134 may be achi eved using

el ect ABragrsariat I3hmaxbp sauaseeboutdetalinfremdrgienn thgpmoeﬁlléh& IHatetdllal used
I's subst a@%@g;ldné thég%)cg&%ﬁfé rl%tAltéé\Hﬁ{LFBf afﬁa%?ﬁag of 2818{}?(}]&3% gpchi ne

t he sheet hé shape o € recess
106 and t heaydiedefvbetdken th'Erm)ruir(ﬂtsdrlnc’& li6baiveen sdgb&hacﬁpls aBB pilt ) tﬁaﬂrﬁﬁﬁﬁ)ﬁS
PCT/ AU0O2/ Q0009, -8 qﬁezed out of the g%p between the two portions 114 &
116, as i HYPRSHIP 53 R utacesidye tq magiactyrng lgganessm a series of caps
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conventional |ithography and deep silicon etching techniques. The accuracy
of thil§ prewkssductoringateriglsndtat they|b¢ p@cd:smdmgngmmeamnaﬂ h&logmphysandxmp The
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temperature changes have less effect. Also lithography and deep silicon etching methods
are well understood and provide the degree of accuracy required. In addition, the one

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

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.

25 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
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

30  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
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.



mask, critical dinmensions of around 2 mcan be achieved. Using steppers,

el ectron beam or X-ray lithography the critical dinensions can be reduced
to | ess anzeseaiscron. Thus the 10 material 134 may be sqrewa®d2/@009 totally
from between the portions 114 & 116, totally separating the adjacent caps
136. Alternatively a thin layer 140 up tgp about 2 mcreons thick may be

| eft between the portions 114 & 116 betvween adjacent caps 136 due to the
variation in [Thsidwerrelehsetwsfer ElOaiow enlg voiitacte shedusatetial 13erbyfpagst 124iangd so
tolerances., It is not essential ‘thaf the nmold wafers or the rel ease wafers
be made oft§BOW&FAEYHY ERY AP TR NG ogvearel%%sw%?%@%ﬁ%@é%@t &i ng
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he” " nol ding apparatus. It wll be

the sem conductor devices and t ' _
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it is prefgaateth thickheswfehd kst dfanematdbibl] Tha 8@héEhRamblyisbitsven ihGgufe 120
whilst leaving the material 134 still attached to the upper nold wafer

102. AOvacuum T8e assspibbpisthen Heced fyenayaise i fbbavinga npuherof ehipg formedosl ease

be | mmovabie aehira) “ipEacs phfaity bFUEAS oSERUE, AR, TR LOSpARREIR MARIER 1 °
t he gener ahd thleaptaced irt fieon3Bntiafab wafer Bomdinglimachiyie, sutiead avEV 500 talbowalftae 104

I s drawn downwards to the rel ease wafer 120. The pins 124 of the rel ease
vaf er 120 S#RSIndo ﬁree‘g CE, JHPATEY PR e PR @PHEPTORsP LitiPoch ci QeRRY RO Rl o i al

134 in pogfh LD, PROdRARY R sHo‘ivn@?ﬁbeHcﬁ?Wﬂ&’ﬁ{ DeWIENMS Q&idcRWRDENRS d - waf er

124. The configuration of the asSenbly 100 affer this stage 1s shown in
fi gur &5 15devA@sQothesmiT6 f4bEiTARIARYIOS) psive lethenic clamentsedreapeentimh@dr 120 now
only contacts t(?e m%lterial 134 by pins 124 and so it is nowrelatively
easy to r &BYEYGET|OSWERS 1 el ease” wafer 120 from contact with the material

134 wi t hout di ghed@enbly 3Bl freth tHe Wiret BshduPRAcHIRS shdveyRburh@Lthed i s 1S
done applied to the upper gap 130 so as to draw the upper mold wafer 102 up toward the upper
release wafer 118. Similar to the release of the lower mold wafer, the caps 138 are held in
+ 20 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
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
25  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
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 through wafer deep etching, as is the case with an increasing number
30 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
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



and the assenbly is then in the configuration shown in figure 16, wth the
material 134 5 exposed for further processing and attachnment to a wafer.

Whi | st stwo b2/eteszmched to the upper nold, the sheet 134 isPChamozulpect to
an etch, preferably an oxygen plasma etch, frombelow, to renove the thin
| ayer 140 of material, as shown in figye 17. The etch has little effect
on the rest of the material due to the significant greater in thickness of
t he rest cn‘psﬁdeeofmhﬂ wafeabr thEfettemcidecbfdsswafol. yThestahio Wwghlynarffisagropese 18. 10 The
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noot if the wafer already requi red through wafer deep etching, as is the

case 14 t hthagtchnBy pepyiding hethveperzmddewerrnss etdhe weker stage.ceehelipiy s used, the

waf er 144 [ tch in an etching system

such as asndb %@IC%E@F@S’S% %g&j&?(grcté nggﬁno ‘ogy Systens Advanced Silicon

Et ch nmachi ne, Elgummahatve atidvhnit@é €or p‘:é:ﬁdingtp@oteame\mgyﬁir bptckeggser arldi s et ch
carried out at a rate of about to 5 mcrons per mnute and may be

appl i ed flowsr 8irfeqes Thedigve Sé‘}zwese@f@ 150-apan Pty been formed a series of
MEMS device chips 153 on an upper surface 154. Each chip 153 includes one or more

20 MEMS devices 152 and optionally other micro fabricated elements. A first set of protective
caps 156 have been formed on the upper surface 154 as per the techniques of the invention
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

25  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
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

30  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
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



-10 cap side of the wafer or the bottom side of the wafer. The etch is

hi ghly anisotropic (directional) so there is relatively little etching of
silicon svaemesss7sof the direction of the etch. If the etepar/Agozmobd ed from
the caps side, the caps 138 act as masks and only the silicon nmaterial
between the caps is etched. The etchingicontinues until all the silicon
material 5 between individual chips is renoved, thereby separating_the

chi ps 148urfgee ithiadhg awline pf @@é@%@rrr@ps e spbsiansially upaffegiesd hythe eicBBE ow, a
separate o the bottomsurface of the wafer.
Any sili ctggéfé %‘cl)gsie fg&tlﬁchagﬁfgg%tg}lgﬁ%g “the deep etch at the separation
stage w || be It efilt heapmeciyted THut shel grovikien ef the sesorfdrsetof ¢ups isogmly & agoessityde any

exposed m#écon whi ch needs to 0 be ret ai_.ned,, such as electri cgl bond
pads, on Vhfe abplow sercedeieayired;tiba saropd 831 0fiFapstie UpnesewateR UndekiRbisa by a

resis 2539]% r isto
appl ytSa masﬁnn h Og%gmcgl;wég}gs Q(E:feﬁgffa E&Y{%\@P H?JAS{%@Q gg}petagp%}?%%ﬂn&lgt ch
fromthe dwrexpodéﬂﬁardmpw@h;g second caps may be provided for the | ower

surface of the wafer tiIi the. same manufactuyri nmet hqds as for the
Lpper caps andPHIGHSR9UE s SPesTirAtion e ferench s ARadq toyseriepnoHeIOR A S or ovi di ng

bot h uppepar@difiarlyi®ionGeRScoRtudtbR. H@J@rbeﬁﬁxﬁ&@tooﬁf%&ii tid¥nRehtfonSsRSH ARk Bb| Y
conpl etely packaged prior to singulation. Figure 22 shows a technique for
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nore 20 l\@llﬁnﬁl@tsemdsselﬁzoﬁmétdiptl onally other mcro fabricated el enments. A
first set of protective caps 156 have been fornmed on the USEEer surface 154
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inportant. The second set of caps 160 are |ocated under each ¢hip 153 but

ar e | ar gespinittosiscapie®f thieripvengion. 156 and ext end under and beyond the bond pads
158. The wafer 150 is then subject to a deep silicon etch fromthe |ower
surface of the 30 wafer as indicated by arrows 164, rather than fromthe
upper surface, to separate the



i ndi vi dual chips. The | ower caps 160 thus act as a nmask to the bond pads
158 and because the etching process is very directional, only silicon
bet ween tWe@o2/eis815 caps 160 of the individual chips is etearduamayos The
bond pads 158 and ot her exposed parts on the upper WO 02/ 056375

PCT/ AU02/ 00009 -11 surface within the.putline of the | ower caps are
substantially unaffected by the etch and so the chips 152 will not be
damaged byhet@laimsh. 1t will be appreciated that the provision of the
second set of caps,is, only a necessjty where a hollow space is required,
if a secode seglﬁ?th@%&d@&mﬁé@%g%ry or undesirable, a 5 resist may be

coated onto thg |O%Vmg§%e%fllﬂeﬁn dsflc Ratdrgi:n to | eave areas between
or

the chips exposed deep etching. roughout the specification,
reference is nede tprogeimganeppetr onda fver moéforpawltinguhashegt;si | i con

sem conductors.,. It is.to.be understood that the invention is not limted to
use orP seni contluct ofARd¥iching #‘88&6%&%@&3% UPBHARG: g Er %’ngs'has appl i cation

to non 10 sem gondugda@ihg @RVdhe&Sa@d to non silicon based sem conductors,
such as those based on allium arseni de sem conductors. Wil st the

i nvention has ®een %femgrtgbéﬂpmanﬁkpmrtm@dﬂ tagetherf tordefarm tho shel/® fdemitlees, it
is to be understood_that: the invention is not limted to MEMS or MOEMS

devi ces and has ap?)rfa}ycoéftc%sﬂ to any devices which are or nay. be bul k

fabri cat edhesinahwafr®y of chps istfowhttdchbRneppar et whieh iftdsds kil B of mitde art

t hat many_ obvi ous nodifications and variations may be nmade to the
embodtrenfebrigried d4ViRes- herein wi t hout departing fromthe spirit or scope of
t he invention. WD 02/056375 PCT/ AU02/ 00009 -12- The Clains 1. A nethod
including the steps of: a) providing a sheet of thernoplastic nmaterial; b)
provi di ng2.an uppemnethnd oficlanmd rwhnneid sfepre) rastilel inglefdrenatiba ef the sheet hnd the

sandwi chi ng t.he sheet between the upper. apd | ower | ds; d) heating the
sheet , an@g@?gﬁtﬂfﬁ% ephis s aﬂmeqous%bp tH’ﬁ}“&%S PhEskaHallyeROVEd 1 t he sheet
to form tRGions between the caps so formed.
15
3. The method of claim 1 wherein after step e) the array is subject to an etch to remove -

any extraneous material between the caps.

4. The method of claim 1 wherein step e) results in deformation of the sheet but the

20  sheet remains substantially the same thickness.

5. The method of claim 1 wherein step a) includes providing a sheet which absorbs

electromagnetic radiation at one or more wavelengths.

25 6. The method of claim 1 wherein the sheet absorbs radiation within the wavelength

range of about 1000 nm to about 5000 nm.

7. The method of claim 1 wherein step b) includes providing at least one mold at least
partially transparent or translucent to the electromagnetic radiation at said one or more

30 wavelengths.

8. The method of claim 1 wherein step d) includes irradiating the sheet with

electromagnetic radiation at one or more wavelengths.



array of caps, wherein the array of caps is for attachnent to a wafer which
includes a plurality of mcro 10 fabricated devices. 2. The nethod of
claiml wheprsije3step e) results in deformati on of the sherCT/awad2/edoes
material of the sheet is substantially reduced in thickness or
substantially removed in regions betwegg_the caps so forned. 15 3. The

nmet hod of claim 1 wherein after step e) the array is subject to an etch to
renove any extraneous material between the caps. 4. The nethod of claim1l

wherein step e) . results in.deformation af. the sheet .but the 20 shee

o e sdhot are SrspSofetaiit ViRt 8 inthdege o theshey AR T er of n
step a) i pgdisgles provi ding a sheet which absorbs electromagnetic radiation
at one or nore wavel engths. 25 6. The nethod of claim 1l wherein the sheet

absorbs rd8i at ilda methasd of daim Ivaheteargienb) inelddes psovidingunolde fwmadof 8 about
5000 n 7. h f. claim1l wherein step b) includes providing at

| east g%esﬁncggggﬁﬁgﬁgF%ﬂpartiaIIy transparent or translucent to the

el ectromagnetic radi ation at said one or nore 30 wavel engths. 8. The net hod
of claim1l wherein step d) includes irradiating the sheet with

el ectromagnetic radi ati on at one or nore wavel engths. WO 02/ 056375

PCT/ AU02/ 00009 -13 9. The nethod of claim 1 wherein step d) includes
irradiating the sheet with infrared radiation. 10. The nethod of claim1
wherein step b) includes providing nolds formed of a 5 sem conductor

mat eri al .



