WO 02/ 056373 PCT/ AUO2/ 00012 -1 MOLDI NG ASSEMBLY FOR WAFER SCALE MOLDI NG OF
PROTECTI VE CAPS Technical Field 5. This invention relates to the nolding
and appl iwab2/ais3f protective caps to mcroel ectroni c serCTaNduawer chi ps
on a wafer scale as opposed to application on an individual chip basis.
More particularly the invention relatesyto an assenbly for the nolding and
application of protective caps to sem conductor chips incorporating Mcro

El ectro Mechani t : r el ' ' t limted to
VENE 10 appl | SICHIRING aERENBILY FORMARRA SCAEBMILINGE PR,
packaged in a protective |ayer r ct the chip and its wire
bonds from at nospheric and necﬁ%ﬁﬁtiéigg“QGéB sting packaging 15
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devi ces include 25"t hemati cal seal ed packages evi ces, or
use sl0i cepplioatigrisass waf er scale packaging, both of which are relatively
hi gh cost operation. Disclosure of the Invention In one broad formthe

i nvention provides a nolding assenbly including: 30 a first nold and a
second noBgckdieunt Art st and second nol ding surfaces respectively for
nol di ng a sheét of thernoplastic material placed therebetween, which, when
assenbl ed, def Semicanduotashipsne mamnatly pidkaped inat proteative lagerfar dgkersrtolptotect

I ncludi ngth%tch{pea%%[itsv\\grg gén%%?%%?atﬁa%l{ﬂé%g% cr)l(l)e%ﬁanical damage. Existing packaging

15  systems typically use epoxy molding and :;hermal curing to create a solid protective layer
around the chip. This is normally carried out on individually diced chipé bonded to lead
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)

20 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
by the polymer material. Existing packaging systems for MEMS devices include

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

packaging, both of which are relatively high cost operation.

Disclosure of the Invention
In one broad form the invention provides a molding assembly including:
30 a first mold and a second mold a having first and second molding surfaces
respectively for molding a sheet of thermoplastic material placed therebetween, which,

when assembled, define at least one cavity there between, the first mold including at least



-2 one a first aperture extending froman outer surface to the first

nol ding surface; a rel ease nechanismfor renmoving the first nold fromthe
second nmwa 0266813 nol di ng of the sheet, said rel ease mechanism/oooed udi ng
at | east one first pin which extends |nto a respective first aperture; 5
said first nold novable relative to thessecond mol d and said at |east one
first pin betmeen a mol ding position and a rel ease position; whereby, in
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mechani smof the first nold. The apertures in the second nold are
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30 transpare ransfucen r omnme one or nore
wavel engtthe plahbef eieeplates nor e mavelengths are preferably in the range of
about 1000 nm t O fa bs(t) g[t)ert?lgeos% ?hrg first mold may be located toward the center of the
respective cavity.
The release mechanism and the outer surface of the first mold may define at least
20 partofa Substantially closed cavity therebetween and the first mold and the assembly may
include a vacuum source for applying a vacuum to the substantially closed cavity to move
the first mold from the molding position to the release position.
The assembly may also including a source of above ambient pressure for applying
an above ambient pressure to the cavity to move the first mold from the release position to
25  the molding position.
The second mold may also have a release mechanism which is substantially
identical to the release mechanism of the first mold. The apertures in the second mold are
preferably located toward the edges of the respective cavity.
At least part of one or both sets of the molds and the plates may be at least partially
30 transparent or translucent to electromagnetic radiation at one or more wavelengths. The one
or more wavelengths are preferably in the range of about 1000 nm to about 5000 nm.
The assembly is preferably used to mold thermoplastic materials which absorbs

electromagnetic radiation at the one or more wavelengths



The assenbly is preferably used to nold thernoplastic materials which
absorbs electromagnetic radiation at the one or nore wavel engths WO

02/ 056373veayr5BB2/ 00012 -3 I n another broad formthe i np€NAUO2I0GOIDVI des a
met hod of mani pul ating a sheet of thernoplastic material using the
assenbly described, the nethod incl udi ng: a) sandw ching the sheet between
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being in contact with the sheet. After step e) the sheet may be bonded or
mount ed on to a) waf emdyvichingére shediderveer the th® mbllsiret hod al so i ncl udes: f)

drawi ng the second | d fromthe sheet whilst maintaining said second
pins of the se@gnd qutglﬁgtﬁgﬁlée%g’rﬁ%l?ﬁ?ﬁcﬁgg%nt act with the sheet; and g)

removi §g the sgpondypiifs ﬁfeQWbbﬁélﬂQto%&h&QBﬁ)%ﬁcmﬁdbf&ﬂ?th@!@ﬁ&ft;- Preferably
the second nold is withdrawn fromthe sheet before the first nold. 15 Step

c) may incl udedhppl gravgag thefoviemeldisvas fropr thesheas whilst meinjadnirg thy a¢ teast y
bet ween the first | deand. the first..rel . Irechanism Step d) may include
appl yi ng a bel ow agg{lgei%?stglrnelsscgpgcf‘%lﬂ% ﬁ“&%ﬁ%ﬁkﬁ@g cavity between the first

nmol d and the fiyst rghedagtheestkas @efia pih fromtbeengd infcdhtadDivith teldledts om t he
second nold 20 Step ¢ i ncl ude applq;r%ng an above anbient pressure to

m
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mechaggsm St e@h%}neﬂﬁ)\&m&ﬁilngﬂgeéppl ying a bel ow anbi ent pressure to the
wor ki ng cavity etween the second nold and the second rel ease mechanismto

draw t he seconf) nol drawing thefsecond theldtavay firopd ths tsheet vdtilst maintadbngSsaigp b) nay
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whil st the Preferably the second mold is withdrawn from the sheet before the first mold.
15 Step c¢) may include applying an above ambient pressure to the working cavity
between the first mold and the first release mechanism.

Step d) may include applying a below ambient pressure to the working cavity
between the first mold and the first release mechanism to draw the first mold away from the
second mold

20 Step ¢) may include applying an above ambient pressure to the working cavity
between the second mold and the second release mechanism.

Step f) may include applying a below ambient pressure to the working cavity
between the second mold and the second release mechanism to draw the second mold away
from the thermoplastic material

25 Step b) may include irradiating the sheet with electromagnetic radiation having
wavelengths in the range of about 1000 nm to about 5000 nm.

After the second mold is removed from the sheet, the sheet may be subject to an
etch to remove any extraneous material between the caps. Preferably this occurs whilst the
sheet is still attached to a mold, preferably the first. However this etching may occur after

30 the sheet has been released from both molds. Preferably the etch is an oxygen plasma etch.



sheet is still attached to a nold, preferably the first. However this
etching may occur after 30 the sheet has been rel eased from both nol ds.

Pr ef er ablwobhieségtich i s an oxygen plasnma etch. WO 02/ 05637BCPATIZI02Y 00012
-4- Brief Description of the Drawings Figure 1 shows a prior art nethod of
form ng protective caps on sem conductory _ chips. Figure 2 shows a cross
section of a prior art packagi ng nmade according to the figure 5 1 nethod.

Figure 3 a Cross se of a prior art packaging of a MEMS devi ce.
Figure 4 g}ééﬁDQSEF '9%9&&"'8%'@1‘9’ a MEMS devi ce packaged according to

the invention re 5 shows a e device for formn ded caps;

10 Fi gur o6 ShEREEbEISED DPOGE PPRGS LR B G 995 O SPHISOPEENGr 1 gur e
5a to a ghipscon wafer; Figure 7 shows the wafer and caps of figure 6
bonded together Figure 8 synbolically shows a nmethod for applying nol ded
caps to a sili Cigurevbshows aaeross sgriion oé piier artrpackagingymadsaqeogimgtoghe figuws t he
waf er gnd caﬁg (Pf figure 8 bonded together; Figure 10 shows an expl oded
Cross eclll §%vi ew of a device for forni ng the protective caps. Figure

11 shows an expiREes sRfsSPEBES 66tion 604 priort dle%g; ofod MIENGS devidd).  Figure
12 shows a cross sectional view of theﬂgevﬁh?e 0 I@gure 10 at the 20

comencenent ofigws 4phays agrgsfrection dinongh aMEMfedaviee pickagedseeordiog 49 ther

nmol di ng h eh{'i | shed and just before one side of the nold is released from
t he ot her "si ‘Figure 13a shows an expanded view of part of figure 13.
Figure 14 ShOV\@l@H@@EWﬂ)O&@lb‘H@Nl@ffoffiﬁmiﬂyﬂﬁldedeafﬂevi ce corresponding to
figur 25 13. Figure 15 s e Vi ew t he device

Cross secti onal
afterf%ne of t FEEURRY ﬂso“ﬁégetﬁm@eﬁam?pga@n ?ﬂ@w%o %glgﬁée@%l Cross
sectional sj.gewitegw of the device after one of the ol ds has

Figure 7 shows the wafer and caps of figure 6 bonded together
Figure 8 symbolically shows a method for applying molded caps to a silicon wafer
according to the invention;
15 Figure 9 shows the wafer and caps of figure 8 bonded together;
Figure 10 shows an exploded cross sectional view of a device for forming the
protective caps.
Figure 11 shows an exploded perspective view of the device of figure 10.
Figure 12 shows a cross sectional view of the device of figure 10 at the
20 commencement of molding.
Figure 13 shows the device of figure 10 after molding has finished and just before
one side of the mold is released from the other side.
Figure 13a shows an expanded view of part of figure 13.
Figure 14 shows a perspective view of the figure 10 device corresponding to figure
25 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
been fully removed.
30 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.



been fully renmoved. 30 Figure 17 shows a cross sectional side view of the
devi ce undergoing an etch. Figure 18 shows a cross sectional side view of
t he devi oeoat/oss73under goi ng an etch. Figure 19 shows a cpoFaUsr@iDNal
side view of the device at the commencenent of application to a wafer and
renoval of the second nold. WO 02/056373% PCT/ AW02/ 00012 -5 Figure 20 shows
a cross sectional side view of a wafer after application of the caps.
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technique is not applicable to wafers having MEMS devi ces forned thereon
as the liquid polymer material will surround the MEMS devices and stop

themfro 1 ) (= (DA sent prior art technique for
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15 Figure 3 shows the present prior art technique for protecting MEMS devices. The
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
20 MEMS devices. The wafers 26 are carefully aligned with the MEMS wafer 20 and bonded
thereto. While this can be an effective means of packaging MEMS devices, it is expensive
as it requires an extra silicon (or sometimes glass) wafer, which must be etched to form the
cavities.
Figure 4 shows a MEMS wafer 30 having surface MEMS 32 formed thereon. A
25  hollow protective cap 34 of thermoplastic material made and bonded to the wafer 30
according to the invention is provided so as to form a mechanical and atmospheric
protective barrier for the MEMS devices. The cap 34 forms a cavity 36 with the wafer to
allow the MEMS device(s) to operate.
The use of molded thermoplastic hollow caps offers the possibility of providing
30 inexpensive packaging. 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



protective barrier for the MEVS devices. The cap 34 forns a cavity 36 with
the wafer to allow the MEMS device(s) to operate. The use of nvol ded

t her nopl aw® 02036613l ow caps offers the possibility of provi BCTgUIB@O12

I nexpensi ve packagi ng. However, conventional techniques do not provide the
required accuracy and thermal stability required for mcro fabricated
devices. Figures 5 to 7 show a possible technique for packaging a

sem condug¢tar wafer 40. WO 02/0563.73 [/ AUD2/ 000 -6 havin nunber, of
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machi nery designed for accurate alignhent and 15 bondi ng of pol yner

waf er s usiomegrlayroms or meséi nf theddEMA dayicgs b rdestsoyting thee funalonaliti ch have t he
sane coefficient.of. thermal expansion,a th er. such.as ,silicon and
ey oo ThisThishiiefer Rt BERR e T a suier St Khore g iRl o
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appl yi ng ko ko¥h 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
20 temperature will not result in changes in alignment; the spacing of the caps 60 will change
by the same amount as the spacing of the groups 42 of MEMS devices 44. Thus, when
bonded, all of the caps will be correctly aligned, as shown in figure 9. Additionally there is
much experience in working silicon to the required accuracy.
Figures 10 to 16 schematically show a first system for creating and applying hollow
25  protective caps to wafers, preferably semiconductor wafers.

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
102 has been processed using conventional lithography and deep silicon etching techniques

30 tohave a series of recesses 106 in its lower surface 108. The lower wafer 104 has been
similarly processed so that its upper 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

of the wafer to be processed and repeat at centers corresponding to the repeat spacing on



25 protective caps to wafers, preferably sem conductor wafers. Figure 10
shows a nol ding system 100 for formng the holl ow protective caps shown in
figure 4whozbseamy be used with MEMS devi ces or any ot herpai/avoz/émy i cat ed
devi ce. The nol ding system 100 i ncludes two silicon wafers 102 & 104. The
upper wafer 102 has been processed using conventional |ithography and deep
silicon etching techniques 30 to have a series of recesses 106 in its | ower

surface 108. The_ |l gwe er s bee simlar]y pr chat |ts
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release or eject wafer 120. These upper and lower release wafers are silicon wafers which

20  have been processed utilizing conventional lithography and deep silicon etching techniques
to have a series of release pins 122 and 124 respectively. The upper and lower mold wafers
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

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

The release pins 122 & 124 have a length greater than the depth of the
corresponding holes. When the free ends of the pins 122 align with the inner ends of the
holes 126, there is a gap 130 between the upper mold wafer 102 and the upper release wafer

30  118. In this embodiment the length of the lower pins 124 is the same as the thickness of the -
lower mold wafer 104. However the length of the pins 124 may be greater than the
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



102 & 104 are formed with correspondi ng holes 126 & 128 respectively which
receive the pins 122 & 124. The upper holes 126 are | ocated generally
toward tveooroi6aT3 or axis of each recess 106 whil st the Powauotiwloes 128
are located in the grooves 112. However the |ocation 25 of the holes 126
and 128 is not especially critical and_ghey may be placed as required for
ej ection of the nol ded caps. The rel ease pins 122 & 124 have a length
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to def or mpph&iated 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.
20  Alternatively other means may be used.
The sheet 134 may be heated by conduction but is preferably heated by radiation
and preferably by using infrared radiation, as indicated by arrows 136 in figure 12. A
combination of conductive and radiant heating may be used. The mold and release wafers
102 &104 and 118 & 120 respectively are formed of silicon, which is substantially
25  transparent to infrared light of a wavelength in the range of about 1000 nm to about 5000
nm. The material 134 chosen either intrinsically absorbs light within this wavelength range
or is doped so as to absorb light within this wavelength range. If the material 134 does not
intrinsically absorb within this range, a suitable dopant is “carbon black” (amorphous
carbon particles) which absorbs light at these wavelengths. Other suitable dopants may be
30 used.
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,



t her nopl astic sheet by applying an above anbient pressure to the gaps 130 &
132. 20 Alternatively other nmeans may, be used. The sheet 134 nay be

heat ed bywa@omneiss13 on but is preferably heated by radi ati orCT/AN02/moef er abl y
by using infrared radiation, as indicated by arrows 136 in figure 12. A
conbi nation of conductive and radi ant hgating may be used. The nold and
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transparent. 10 When processed in a wafer bonding nachine the sheet 134 is

mol ded to the Ahneiaysly mensioped;itheymglsingwafersyl 02nf% 102 aeformabusingl t he groove
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form a seigidependbntc@nthe LifdgAphpaed iheusdist useTheBRH selebevitydfdili@nWweisas s 102 &
102 are fornmed using 15 conventional_ |ithography and deep silicon etching
t echni quegsistig dypagallybsiyecs pbouti49: Inslaboyt 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 proximity
mask, critical dimensions of around 2 pm can be achieved. Using steppers, electron beam

20  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 poftions 114 & 116, totally
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.

25 It is not essential that the mold wafers or the release wafers be made of
semiconductor materials or that they be processed using conventional lithography and deep
silicon etching methods. Other materials and methods may be used if desired. However, the
use of similar materials to the semiconductor wafers provides better accuracy since
temperature changes have less effeét. Also lithography and deep silicon etching methods

30 are well understood 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.



I s dependant on the |ithography and the resist used. The etch selectivity
of silicon versus resist is typically between about 40:1 and about 150:1,
requiri ngvaoressmst thickness for a 500 mthick etch of brCwa®m/aioout 15 m
and 4 mrespectively. Using a contact or proximty mask, critical

di mensi ons of around 2 pmcan be achievgg. Using steppers, electron beam 20
or X-ray lithography the critical dinensi ons can be reduced to Iess than a
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the assenbly so as tqo be imovable whilst the nold wafers 102 & 104 are
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with the | ower E@_Id waf er 124. The con guratlon of the assenbly 100 after

this stag8*posed (g fHrther procssiins angl ttF‘ﬁ]émP R Wa$Tease wafer 120 now only
contacts the eyt 3ill 334hbYtothe ﬁpﬂ&‘in&}ﬂ,%é Sheet 134 is then subject to an etch,

preferably an oxygen plasma etch, from below, to remove the thin layer 140 of material, as

20  shown in figure 17. The etch has little effect on the rest of the material due to the significant
greater in thickness of the rest of the material. The etched assembly is shown in figure 18.
The assembly is then placed over a wafer 144 having a number of chips formed on
the wafer. Each 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
25  caps 138 to the wafer. The array of chips is positioned so that each cap overlays part or all
of a chip. The devices are shown symbolically and may be MEMS devices, MOEMS
devices, other micro fabricated devices, passive electronic elements or conventional
semiconductor devices.
The assembly is removed from the wafer bonding machine and a vacuum is theni
30  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

place by the pins 122 of the upper release wafer. Thus the chance of accidental detachment



it is nowrelatively easy to renove the |ower release wafer 120 from
contact with the 15, material 134 w thout dislodging the material fromthe
upper nowiowabws73102. This is done and the assenbly is thewvAUM/IE
configuration shown in figure 16, with the material 134 exposed for
further processing and attachnment to a wafer. Wiilst still attached to the
upper nold, the sheet 134 is then subjec to an etch, preferably an oxygen
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processing. If the etch is applied from below, a separate mask will need to be applied to the

20  bottom surface of the wafer.

Any silicon exposed to the direction of the deep etch at the separation stage will be
etched away. Thus if the etch is from the top (cap) side any exposed silicon which needs to
be retained, such as electrical bond pads, on the upper surface of the chip should be
protected, such as by a resist, which must be removed prior to wire bonding. An alternative

25  isto apply a mask to the lower surface of the wafer and to deep silicon etch from the rear.
Alternatively second caps may be provided for the lower surface of the wafer, utilizing the
same manufacturing methods as for the upper caps and using the lower caps as masks for
the etch. By providing both upper and lower caps at the wafer stage, each chip is
substantially completely packaged prior to singulation.

30 Figure 22 shows a technique for providing protective caps for both the upper and
lower surfaces. The figure shows a wafer.150 upon which have been formed a series of
MEMS device chips 153 on an upper surface 154. Each chip 153 includes one or more

MEMS devices 152 and optionally other micro fabricated elements. A first set of protective



Silicon Etch machine, to separate the wafer 144 into individual packages.
This etch is <carried out at a rate of about 2 to 5 mcrons per mnute and
may be appOozaseBT3om eit her the cap side of the wafer or pawAborewm si de of
the wafer. The etch is highly anisotropic 15 (directional) so there is
relatively little etching of silicon sidgways of the direction of the

etch. If the etch is applied fromthe caps side,-the caps 138 act as nasks

d only the sil.i terial  bet h is etched. T tchi.
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20 Throughout the specification, reference is made to semiconductors and more
particularly silicon semiconductors. It is to be understood that the invention is not limited to
use on semiconductors or silicon based semiconductors and has application to non
semiconductor devices and to non silicon based semiconductors, such as those based on
gallium arsenide semiconductors.

25 Whilst the invention has been described with particular reference to MEMS devices,

" it is to be understood that the invention is not limited to MEMS or MOEMS devices and
has application to any devices which are or may be bulk fabricated on a wafer.

It will be apparent to those skilled in the art that many obvious modifications and

variations may be made to the embodiments described herein without departing from the

30  spirit or scope of the invention.



The wafer 150 is then subject to a deep silicon etch fromthe |ower surface
of the 10 wafer as indicated by arrows 164, rather than fromthe upper
surface, woozeparate the individual chips. The | ower capBCIAD0L/oN0s2 act as
a mask to the bond pads 158 and because the etching process is very
directional, only silicon between the | pwer 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

unaf f ect e%lbi?(nt he etch and so 15 the chips 152, will not be damaged by the
etch. It CLLL appreci ated 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 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. AlGmdldiQtabantly idttud@eci fication, reference is made to
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depar 'ng.fron1th%. %O spirit or scope of the invention. WO 02/056373
PCT/ Ab2/ Bt Bespedtye Eﬁéﬁﬁ@nft A nol ding assenmbly including: a first nold
and a second nplid figst g1l RibvhbIE Sdlatiicto URCLREndROIH 1 saidl i &xeSore fireSHgCt i vel y
for moldiing a sheet of thernoplastic material placed therebetween, which,
when asseh@iveen a slding pasitipreansk a wirasepesitign;t here bet ween, the first nold
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including at |east one first pin which extends . )
1 surface but does not extend out of the respective aperture beyond the molding surface, and,

in the release position, the first and second molds are remote from each other and
said at least one first pin extends into respective first apertures from the outer surface and
extends out of the respective first aperture beyond the first molding surface,

wherein the first and second molds are formed substantially of silicon or silicon alloy.

20
2 The assembly of claim 1 wherein the molds are substantially planar and the first
release mechanism includes a substantially planar plate having said at least one pin
extending generally perpendicular to the plane of the plate.

25 3. The assembly of claim 1 wherein the at least one first aperture in the first mold is

located toward the center of the respectivé cavity.

4. The assembly of claim 1 wherein the first release mechanism and the outer surface
of the first mold define at least part of a substantially closed cavity therebetween and
30  further including a vacuum source for applying a vacuum to the substantially closed cavity

to move the first mold from the molding position to the release position.



10 into a respective first aperture; said first nold novable relative to
the second nold and said at | east one first pin between a nolding position
and a relvwassoPoesi ti on; whereby, in the nol ding position, PChvauh/emt12 and
second nolds are in contact or close together and said at |east one first
pin extends into a respective first apejjure fromthe outer 15 surface but
does not extend out of the respective aperture beyond the nol ding surface,
and, in the release position, the first and second nolds are renote from
each other and said at |least one first pin extends into respective first
aper t ur essf r omrhf8ssehib8/ of i mACBirBEtincBAirgNASuRielof GhoveEnti SR PRG I God | T St
aperture beyond the first nolding surface,” wherein the first "and second

nol ds ar eafpdyingdn bt amhientipresswe te theicawvity trmeve the dimstadld from (O rdledsee
assenbly of .tcl a'%%re%l V\/?qgr ein.the nolds are substantially planar and the
first reP@UER 0B HIY YRS PRYYYes a substantially planar plate having said
at |l eagst one pin extending generally perpendicular to the plane of the
plate. 25 3. The assenbly of claim1l wherein the at |east one first
aperture 9n théhe¢ pysembhpif¢ldiz 1 waereindbe sesand tholdimchdas areast ondwscordpect i ve

cavity. 4 f__cl ai el he £i.r el ea chani sm and
the outer apselr-t}rﬂ ea%ééfdg& %{'ﬂlgl i gef %n%?c\gqg @fel Cnn‘lé'}tyi? e{nggg %urgaé? 1 an%‘fefu e
subst ant i mcluding Dsednd feldaby mettanBaeforeanovng thdGetaidiheld fiohe tHedheg afteacuum

source for plying a vacuumtao the substantiall % closed cavity to nove
the first™REHRE P iBRshes saidhsarond rplsasemeshanismyinelupiog ahleast,png iseqopd Po

02/ 05@7%5@@%% gﬁ@&%espécjtﬁeéecoﬁaggéﬁﬁgﬁ@{h%.s@éonﬁlrﬂtglg.‘oél further iincluding

a source of above anbient pressure for applying an above anbi ent pressure
to the cavity to nove the first nmold fromthe release position to the

mol ding positian. 5 6..The. ass ly. of claim1 wherein the second nold

i ncl udes &t Iegg a%ﬁ%‘bg’e‘gﬁmm 6:‘8%1%8&6 EePRh RIS B theac A BRI f ace to
the cavi tpcsled tovw4d nssdeds 6f théRdpddiive B&¥ity. | ncl udi ng a second rel ease
mechani sm for renoving the second nold fromthe sheet after nolding of the

sheet, said second rel ease nechani smincluding at | east one second pin 10
whi ¢ xtgnds 4 S L ve ond, aperture. in the.second ld,..7. The
asseg%)i]ey %’f cl gﬁérngségﬂl/h@r&e%i%ﬁag#\éew%gclg gleﬁgt raftuﬂfélgiefl% tﬁ%grsggrc%ﬁan Hilér e

at least partially transparent or translucent to electromagnetic radiation having wavelengths

in the range of about 1000 nm to about 5000 nm.

0. The assembly of claim 1 wherein at least part of the first release mechanism is at
20  least partially transparent or translucent to electromagnetic radiation having wavelengths in

the range of about 1000 nm to about 5000 nm.

10.  The assembly of claim 1 wherein at least part of the first release mechanism is

formed of a semiconductor material.

25
11. A method of manipulating a sheet of thermoplastic material using the assembly of
claim 1, the method including:
a) sandwiching the sheet between the two molds:
b) heating the sheet to a plastic state;
30 c) urging the two molds together to plastically deform the sheet;

d) drawing the first mold away from the sheet whilst maintaining the at least
one first pin in contact with the sheet; and,

€) removing the at least one first pin from being in contact with the sheet.



| ocated toward the edges of the respective cavity. 15 8. The assenbly of
claim1l wherein at |east part of at least the first or second nold is at

| east pam®arb3e313r ansparent or translucent to el ectromagnkCT/aupzeiosr i on
havi ng wavel engths in the range of about 1000 nmto about 5000 nm 9. The
assenbly of claim1l wherein at |least paji_of the first release mechanismis
at 20 least partially transparent or translucent to el ectronagnetic

radi ati on havi ng wavel engths in the range of about 1000 nmto about 5000
nm 10. The assenbly of claim1l wherein at |east part of the first rel ease
mechani smss & dRehdf oflggm conductor material. 25 11. A nethod of

mani pul ati ng a sheet of thernoplastic material using the assenbly of claim
1, the melhodtheniiolutlingy betore sepdibrcditen gteples bohding thyemolded shdsetaavwwalen| ds:

b) heating the sheet to a plastic state; 30 c¢c) urging the two nol ds
together to plastically deformthe sheet; d) drawing the first nold away
fromthe sheet THOdeSodBEichiml ning the at | east one first pin in contact
with the sheet; and, e) renoving the at |least one first pin frombeing in
contact witichiéngheet. WO 02/ 056373 PCT/ AUO2/ 00012 -15 12. The method of

claim 11 furthgr ' n Jr'o%idlﬁ' a %%L@#%l& r{%ﬁ.lcgg%?(rlee‘%{ 51% (ﬂ%}tgre e?&?e%fijx% the .

nol ded sheet t aim

providing a second fohtlar aweéisdifag @ithe easty d@ﬁﬁmg&ﬁffﬂ@ ameai tacord eeléeadi ng
froman outer surface to the cavity defini surface, and a second rel ease
mechani sm for renovi§§ W@fgaﬁﬁawwﬂmep mﬁ@fémél%e%@teaﬁeﬁmolﬁ%%f 10

the sheet, said sconpingal eapeRoRADSHeEkitidie 4385t oREoSRARRD PI N

whi ch” extends into a respective second aperture In
drawi ng the second mbiich exivands inte ar¢dpectblesetondrapbsuremmihetsacondigoldai d at

cast one secohl Pl e Ml e i RS,
least one second pin in contact with the sheet; and
h) removing the at least one second pin from being in contact with the sheet.
15
-14.  The method of claim
11 wherein step ¢) includes applying an above ambient pressure to the working cavity

between the first mold and the first release mechanism.

20 15.  The method of claim
11 wherein step d) includes applying a below ambient pressure to the working cavity
between the first mold and the first release mechanism to draw the first mold away from the

second mold

25 16.  The method of claim 14 wherein step c) includes applying an above émbient

pressure to the working cavity between the second mold and the second release mechanism.

17.  The method of claim 14 wherein step g) includes applying a below ambient pressure
to the working cavity between the second mold and the second release mechanism to draw

30 the second mold away from the sheet.

18. The method of claim

11 wherein step b) includes irradiating the thermoplastic material with electromagnetic



15 14. The nethod of claim 11 wherein step c) includes applying an above
anbi ent pressure to the working cavity between the first nold and the
first relve@asmossemshani sm 20 15. The nmethod of claim 1l wherewAnozewm d)

i ncl udes applying a bel ow anbient pressure to the working cavity between
the first. nold and the first release nmegganismto draw the first nold away
fromthe second nold 25 16. The nethod of claim 14 wherein step c)

i ncl udes appl yi an aboye amhi ent ressure t he r ki cavity between
t he secon&dp(ﬁﬁr%qgﬂﬂ"gt‘ﬁ%"e dnf Ir@%%eoe%ﬁEBWa]réO@ﬁfntol F’utTéfdg’gr’?Bl'hod of claim
14 wherein step g) includes applying a bel ow anbient pressure to the

wor king cavity between the second nold and the second rel ease nechanismto
draw 30 flRe sdbomeethe] of daimy from the sheet. 18. The nethod of claim 11

wh i i.ncl ud i.rradiati the.th | ast i terial with
el cct r omadhavitier S WG SeRvBERSTRER A vt 3T O e B S ng
wavel epgths in the range of about 1000 nmto about 5000 nm 19. The net hod

of claim 1l further including applying the caps to a wafer after step c)
and bef or @0st egdhg)methal oficlaimhe net hod of claim 11 further, including

appl yi ng ch. t-h t (Bl Shi . et ween

t he caps. %?63 q'lélt‘nqlé&lﬁé?ﬁ@gﬁlg? Rgfcging 10%%{(’30?%?%9%% e%é%ﬁ#l%tgé%prﬁqrgd before

step d). beRveedlite ¢gapbhod of claim 21 wherein the etch is applied after step
d). 23. The nethod of claim 14 wherein steps g) and h) occur after step c)

and before step ' 15 d).
* 10 21.  The method of claim 21 wherein the etch is applied before step d).

22.  The method of claim 21 wherein the etch is applied after step d).

23.  The method of claim 14 wherein steps g) and h) occur after step c) and before step
15 d).



