f1 July 2005 WD 02/056366 PCT/ AU02/ 00011 -1- USE OF PROTECTI VE CAPS AS
MASKS AT A WAFER SCALE Technical Field This invention relates tm Julye2005
m)l di ng and application of protective caps to 5 mcroelectronic

seni conduct or chi ps on a wafer scale as opposed to application on an

i ndi vi dual WRi®fges s. More particularly the invention rep@kg8olefoin
assenbly, for the nolding and application of protective caps to

sem conduct or chips incorporating Mcro_El.ectra Mechanical Systens (MEMS5).
However the invention is not limted to MEMS applications. 10 Background

Art Sem conducy8E OF I LVE AL
| ayers to protect _t h???ﬁ%‘ t%‘ﬁe%@ﬁ%?kﬁ M&Oﬁﬁg _5 $C
nmechani cal danmage. EXxi sting packaglng systens typically use epoxy nol ding

and thermal .cuti t (eate a solid protective |layer 15 around the chip.
This is norﬂfﬂoﬁ?‘?%ﬂ FQP&H out on individually diced chips bonded to | ead

frames and so nug f or .each Waf r Al ternative nethods
of packagi ng mcﬁn gﬁlﬂfe@%?ﬁpﬁtﬁé%@g}g@&dﬁ@lﬁ é’@?‘%{:ﬁ’l"‘écﬁﬂé@«ages and
array pae kagfé@O@emmasemabmdugtor chipson ayafeFich aﬁﬂ%o@éd’to% 1R afin @Yan ( PGA)
packages. b‘iﬁ:a% aI e %&l‘(@ ntlg@ﬁ1 as star ed to be used.

This is carri eg out 3‘& Hew #%t%m%e%blﬁf(gép’anddma 20
The use of mmh@nm&mmm@@mmmeﬁuwm 11§st1§c d}% rd it h

mechani cal Ehreg);ﬁw% W‘iﬁﬁ d|t|on he prote I \E cap so forned
is asolid p| ece 0 ] °§’%"'er Wﬂﬁwa@é@mmm devi ces, since
t he MEVS deapplieationsil d be rendered i noperable by the polyner materi aI

Exi st i ng, packagi ng systens for MEMS devices include thematically seal ed

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

packagi ng, Batkgfoundisgh are rel ati vel y high cost operation. Disclosure of
the Invention In one broad formthe invention provides a nethod incl uding:

a) providing a viemiontapidrelipa apinormilistyciabedin apaiediv Gabes ﬂ%&&ﬁ:&et rmed
251 b a5 Sl Mg il ks b
over | ays paivstems tyaicallmise &poxygacitling and thennal curing to create a solid protective layer
15  around the chip. This is normally carried out on individually diced chips bonded to lead
frames and so must be done many times for each wafer. Alternative methods of packaging
include bermetically 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.
20  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
caanot 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
25 packaging, both of which are relatively high cost operation.

Disclosure of the Invention

In one broad form the invention provides a method including:
a) providing a wafer having a plurality of microfabricated devices formed
30 thereon; :
b) applying a plurality of substantially hollow caps to a first side of the wafer,
the caps positioned such that, in plan view, each cap overlays part or all of at least one




T1 July 2005 r WD 02/ 056366 PCT/ AU02/00011 -2- mnicrofabricated device and
wher eby the periphery of each cap is renmote fromthe periphery afrgmoos
adj acent cap; c) applying one or nore etches to the wafer fromthe first
Side toward the other side to etch away at |east sone of the wafer

mat eri al beWRdMAS@ee peripheries of said caps to 5 separpépatiBfefaf er. into
separate units. Preferably the first side is the bottom side of the wafer.
Caps may be applied to both sides of theqwafer A first plurality of caps
may be applied to the bottom side of the wafer and a second plurality of

caps may be ppRR | A fer. Prefer .. n plan view,
each * 10 of the éstg:%%tﬁd; p ufag??'%] %egfmgggéﬁh%&é@eg@?scagl‘ﬁWE‘P%E%&‘BPWM
nore m cr of Aenvediaantgapi ces. The caps nmay be joined together by a thin
| ayer of materi al, ext J n_t.he eri pher f _.each of the caps when
the caps are app:c? ed tﬁ’g’%"\%}eﬂﬁ?’%%%%é°@ﬁ¥ﬂf“ﬁ§8%&ﬁ%ﬁﬁsw¢re@wa@gmw by a’
thin layer sideiacteh ity aticnsisding of the e Matdial bed@scnEeYiphiried 3 idPland fa€
caps, thg tfgééﬁtg%% }{nbe re{goved by an oxygen plasnma etch 15 after step,
‘b) and prior *to s epaf:%. PR Iﬂ?ét&ri ption of the Drawings Figure 1 shows a
prior art methodPeferdbiy thi figst pideisahé botfonf A8SofIR: wakE conductor  chips. 20

Figure 2 shows a.cross.sectiaon of a prior art packaging nmade according to
the figure 1 m??ﬁf&ayﬁeéﬂﬁ’@%@gw solthpwafesecti on of a prior art

packagi ng of a MENGst@RiviiEPof dabShhaP bdasiledt fe %Wﬁéf@%@@#g%%é%g%ﬁg :VE:VS

devi ce packaged. according to the invention. 25 Figu

devi ce for ?’glfagr\%ﬁfccﬁﬁﬁ %@g’e@&’ﬂ’é"'ﬂ tnithp fop sige efbowafes tRiveforablly, mpiinyievy eadhps

formed Ui ngf thbeecdRYplERLEGTof EiBWNEIRR 5118 |l Sloraphgur e 7 _shows

the wafer and caps o fi@ur_e,%- bon%gd {0 et?:flgrhééllojgﬁre glrogiyﬁﬁ%ﬁ%gfc% shows

a nethod for app B5 GBS Y bedained prgether by athin laysn ofsabterial e8@nding berdhedaghd O t he

I nvention; periphery of each of the caps when the caps are applied to the wafer. )
Where the caps are joined together by a thin layer of material extending between the |

periphery of each of the caps, the thin layer may be removed by an oxygen plasma etch

15  after step b) and prior to step c).

Brief Description of the Drawings
Figure 1 shows a prior art method of forming protective caps on semiconductor
- chips.

20 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.
25 Figure 5 shows a possible device for forming molded caps;

Figure 6 shows method of applying caps formed using the device of figure Sato a
silicon wafer;

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

Figure 8 symbolically shows a method for applying molded caps to a silicon wafer
30  according to the invention;

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

Figure 10 shows an exploded cross sectional view of a device for forming the
protective caps. '




Figure 9 shows the wafer and caps of figure 8 bonded together; Figure 10
shows an expl oded cross sectional view of a device for form ng tfeuly2005
protective caps. 11 July 2005 WD 02/056366 - PCT/ A1102/00011 -3- Figure 11
Shows an expl oded perspective view of the device of figure 10. Figure 12
shows a cro¥®038¥beéonal view of the device of figure 10 asciA®wze0011
commencenent of nolding. Figure 13 shows the device of figure 10 after

nol di ng has finished and just before 5.¢pne side of the nold is rel eased
fromthe other side. Figure 13a shows an expanded view of part of figure

13. Figure 14 sh eﬂl@%viﬁ?@#ﬂ%ﬁeﬁg%@%&fiw&eﬁc&gfﬁg%%]g(ﬁ side view of

corresponding to_figure I gure Cross sec

the devi ce. af t er Figh& 14sheve ciom sertinaal viewooflikedevivanf figdr J0 nehoved. Figure 16
shows a crogsmmStceheRdr oot Vi ew of the device after one of the nolds has
been fully renmoved. Figure shows a cross sectional side view of the

devi ce under goi ngEem 13skaws thedeyice of figurs hdufieranclding hassishe® Rl justibgfdre/ | ew of

t he devige prelctefeTe]’ ch, - 15 Figure 19 shows a cross sectional
side vi e%v o?ﬁetsﬁdg‘gew C%ﬁ%%}%e%gd%%@%%%%%ﬁe, of application to a wafer and

removal of the S@gand3ambows aenpendedbvsdfpas obfigie$s. sectional side view of
a wafer after apgll Log of the .caps. iqure 21 shows a cross sectional
si de view of a ?géﬁh g?‘ (%)fogvgﬁipgrgpegfny% e¥i°ﬁ§15|cﬁéwe dyice eoreespendiang to figurEi gur e

22 shows a Eross sectional side view of a wafer with caps applied to both
sides, before sipgul ati,on of the wafer. Best Mde of Carrying out the

| nvention Refer rfiegﬁe ?%st*o?vaapsé)gs W‘?ﬂffﬁd"lﬁﬂ’éfﬂ@ deYigripfier ppe of themeldshashod of
f or m nglOpr dicen partially efmoesips on seni conductor wafers on a wafer scale. A
sem conduct or wg{.er iLé) is clanped, %ﬁﬁi nst a nold 12 having cavities 14
formed therein anealeshowsace nahgidesyiew of thg dpice afier eng o the molds bidse
cavities lheesdhdlypahyvedr material sets to formsolid protective caps 18.

The wafer is th Si slfllated using a wafer saw. This technique is not
applicable to m&?m ows 2 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.
15 Figare 19 shows a cross sectional side view of the device at the commencement of
application to a wafer and removal of the second moid.
Figure 20 shows 2 cross sectional side view of a wafer after application of the caps.
Figure 21 shows a cross sectional side view of a series of chips after singulation of
the wafer.

20 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 fignres 1 and 2 there is shoﬁ a prior art method of fomﬁing protective
25  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 nsing a wafer saw. This technique is not applicable to wafers
having MEMS devices formed thereon as the liquid polymer material will surround the
30 MEMS devices and stop them from working,
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 b carried out at the individual chip stage or at the wafer stage.
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The wafer 26 is t E%ng etched using a crystall ographic anisotropic etch

usi ng an et chant
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made and bonded t#®itiehe wafer 30 according to the invention is provided so
to f h t 0 t ect b f t he MEMS

as to forma. nmec anlqﬁkmq Wl er| #w protective barrier for e

devices The cap 34 forns a Cavi

&ufhen MEMS 82 fohdddiwrepine. VENS

device(s) to opehmwmaf&mﬂoﬂeﬁchb@ﬁmﬁ%ﬁ&bﬁdm&@ s offers
the possibility %oraggwt@[&gmoh%%&%g%o\gg@%ackagr ng, However, egggg:/lelnt;onal

techni ques do not provide the re

required for

i CPre=qlnbariics fos the YEMSudsicos The Bipg Kfis Scabity 36 iR 4R ROSS! bl €

techni que for pagiadicMEMS d&TbE QH&% r wafer 40 having a nunber of groups
ces 44 o] '

42 of mcro fabri cate&rdevr
upper surface 46. An

wn symbolically, formed on or in an

mofded &gymn@up bollbw caps difersihaphsiliy 6F

I nj ection nDIdrngw@&kﬁ@ﬁﬁm@ﬁgfh@ggegmgg, ¥9!@ & 52. . T e caps are
supported on a uI efn%abf €. same no#gnr?}a uégo%m 'P?ﬁ"“g&ioups 42.
Using this met h mf%@bm@eﬁdcsmw gnrrent wi th

resul ting desﬁructroﬁgmﬁSMEmﬁmdaymﬁmﬁumﬁﬁmgﬁp figure 7
the cap 48a hag, h&g ed C§5g§Ctl mnth |ts roh%ﬂ%ﬁikﬁm@? é@rces 42a.
et %‘(’E e fyesbalisdlyi fagnedf t he

However the spacin

groups so that

@&EM%HRDUSWeMlgned correctly, but does not destroy any

of the MEMS devices gf an’a} of chfs 3k E%érm\c/fnsg,rg golﬂeenégngi injection molding methods and

20

30

steel mold tools 50 & 52. The caps are supported on a sprule 54 at the same noninal
spacing as the groups 42. Using this method will almost invariably lead to misaligament
with resulting destruction of MEMS devices, as shown in figure 7, tn figure 7 the cap 482
has been aligned correctly with its group of MEMS devioes 422, However the spacing
botweea the caps is greater than the spacing of the groups so that cap 48b i not aligned
corvectly, but does not destroy any of the MEMS devices of its respective group 42b,
However, the caps 44¢ & d are sufficiently misatigned that the perimeter walls of the caps
overlay one or more of the MEMS devices 44, destroying their functionalify.

This misalignient can be the result of & nimber of actors, including differemtial
thermal expansion of the sprule material compared to the stlicon wafer, non rigidity of the
molded components and the lack of ‘machinery designed for accurate aligmment and
bonding of polymers to wafers using these techniques.

A solution is to use tools which have the same cqefﬁcient of thermal expansion as
the wafer, such as silicon and figures 8 & 9 symbolically show a technique using a silicon
tool 60 to hold an array of thermoplastios caps 62 as the caps are bonded to the silicon
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25 However, the caps 440 & d are sufficiently nisaligned that the perineter
wal s of the caps overlay one or nore of the MEMS devices 44, dashily3i08g
their functionality. This msalignment can be the result of a nunber of
actors, including differential thermal expansion of the sprule materi al
conpar ed t oWOHR26366 con wafer, non rigidity of the noldepcyappagaits and
the lack of machi nery designed for-accurate alignnment and 30 bondi ng of
polyners to wafers using these techniques. A solution is to use tools which
have the sane coefficient of thermal expansion as the wafer, such as
silicon and wafguieSinge the Bos BORTbi BOWRteti ' ing a silicon
tool 60 to hold an array of- t_herir-rﬁﬁsgggﬁ%cs caeg%%ég‘u?ﬁﬁfdcg%gg%‘% bonded
to the sil i GOPPCRRRNALAPREIRchaPNg aligroest Pasing WIhe 241856 66 change

PCT/ A1J02/ 0@ e subre adhs L. InSe 0L t he sane

mat eri al asQ?he waf er 4%,“?%;%%{35?%&9?8%%?5? S’F%ﬁ%dFP%%ﬁ%%@w%ﬂni n

changes in J’PP‘Eﬁn@(ﬂf;thﬁt 9@s Gk be eyrootly alipped; apsho imdijhre SABESonally tHeRGs Sane
afount ag ttiﬁwﬁ@%@&e%v\ﬁoﬁﬁn%éiﬁ&b?ﬁoﬂ%rﬂ %EIVB devi ces 44. Thus, when

bonded, all. of the caps e carrectr ?cg‘jﬁr@@," as shown in figure 9.
Addi tional |y t heFigues 16 tadfdshengivallpstoe dﬁlsﬂ@itéthﬂi@:cﬁéaﬁhgﬂiﬁépﬂ%ﬁﬂ@%oﬂ&gm red
or

accuracy. F S lcally.show a first system creating
and appl yi ng ho| ?%évegs%)(r)vg e%tﬁ@%%kb%mfch%f%wg%ref erably sem conduct or
waf ers. Figure 18igekd@sheavnpmdiding syyehdoo ﬂcﬁ@oﬁxﬁigﬁ@h@ﬂd%ﬂ%ﬁé@ﬁﬁ%sow
protective gans, EEM%} fin%uge 4 \/\héh%y he used with MEMS devices or
any other mcro raprica Agh miy by pse v SEYiERs A 28y ethenmicmdabriveteddes t wo
si 1i conlaf device] Uit Bolifg syt 100 RRIndebbn@ sbOR whfds: 10090 164, %@aﬁ,@gwﬁ@; ng
convent i onahdﬂé%@sﬁand deep si.licon etchi nég techni ques "“to have a
series of recesses PITC PR ptiongl thoszaphy and daep siligoreiching echridfis has
been si m | txlaye psoieestyecksssn 106 @ itd ToFelkdiFade 198! 2L, €S of
grooves 112%€ al ige? %h {e_‘ggs f the receg%ggw%%vg#@gﬁr ecésses 106
and grooves PIRoeSFeg s thag pts gfase L10Aas 4 serigs of eovesfld? whishlabierpr ocessed
and repeat with edzes of the GRESESIIBThd Bodses il cﬁ‘gg&%s P%ﬁ% : the wafer. In
O esig%e (E)Erged; PR

the embpdi ”%‘(}f. SL}OV\% the protective caps are C et
printhesd afd %B2ET R by proressed gnd epept atpenters conmsbendiggtolthe rpaat spaciug ewv.  The
recesses arthe waRf. @ ihg ehdbdinitht fHowathd B6eQRE Sakf i Caget shown.
The ends of t Iﬁe LIPS 112 " are not lghpwrj i "‘.“E&?‘ﬁ%ﬁggmwe od t hat
the groovesP mmdsoare vary longaelativerio theis dth iy 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
20  infact one groove which has a rectangular shape in pian 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.
25 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.

It is not essential that the mold wafers only contact on surfaces which have not been
ctched. Nor is it essential that the central portion is defined by a recess in only one mold or
30  that the perimeter walls be defined by a groove or recess in only one mold, The effective
split line between the molds may be located at any position desired and need not be planar.
However, planarity of the split line will typically simplify fabrication of the molds.



20 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 whiluly20as
not been etched Similarly adjacent recesses 106 define a portion 116 of
mat eri al which has not been etched. These portions of material 114 & 116
align with W8308Bfer and when the two wafers are pressegcieoeihay. the
two wafers contact each other at these portions 114 & 116. 25 The two
surfaces have been etched so that the gr.gave 112 for the perinmeter of the
cap is all in the |Iower wafer 104 and the recess 104 for the central
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126 areIDocat ed @Mmreaédmstmd%lEWeﬁ%gﬁ Ser ManThdde recess 106
whi | st the fﬁ?ﬁ s. 1 are |l ocated in t rooves 112. wever the
| ocati on gg’é’leﬁ hige frsgends ofithe P&ﬂ@giﬂ&q ‘ylﬂtﬂletmwmndanﬂthe hey may

be pl aced aholeemd ﬂﬁﬁﬁ@gapfaoqﬁw&ﬁt&f ﬁ?ﬁ@ DG Slease
pins 122 & }fﬁ hav I eng reater tIPlgn thehﬁﬁ t th%gﬂp correspoFFdl ng
hol es. Wen B sngthnf the gvzg'ml@ﬂ:wh@mmthmmm@md&hef the

hol es 126, Idwetm ldswﬂzgl@ﬂﬁ&% iy I ewme{ and the
upper rﬁ]ea vvafog ?L18 In tﬁ?s e Jfﬁl @ﬁe\ﬁg&{rﬂfﬁﬁﬁlq ower pins
124 is thys wafer oR it ey de dps. W@nmmlﬁmthnﬁﬁ:dpmﬂemmuhaumever t he
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not exiending beyond the holes 128 into the grooves 112 and with a gap 132 between the
20  two wafers. The pins 124 preferably extend to be flush with the ends of the holes 5o 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
25  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 scallopiné makes
the release of the molds from the molded material more difficult. Tn comparison, using a
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
30  placed between the two wafers 102 & 104 and the assembly is placed in a conventional

water bonding machine, such as an EV 501, available from Electronic Visions Group of
Sharding, Austria.




waf ers 104 and 120 are positioned with the pins 124 part way inserted in
the hol es 128 but not extending beyond the holes 128 into the grichex0il?2
and with a gap 132 between the 20 two wafers. The pins 124 preferably
extend to be flush with the ends of the holes so as to forma
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arr ows i pation of conductive and ra atin
may be usedé' ﬂsr%cg:% ﬁs]tgﬁ@"fbelil étEWaPP@r“?"e m&lﬁh@rm@eﬂgﬁﬂl@es not )
respect i velmmmealiymbmblmﬂ&mlslrﬁ@&,a SURAKIO dbpansik BSABHAHIRKY Yamdrfds Par ent to
infrared Ir%g of al Ve ﬂ t he range of about 1000 nm1to about 5000
10 nm The FRPBPALE “'iﬂ!“@’r?%g@ E&tﬁémererwmms%ﬂt@eran@blebbpmwyMt hi n

this wavel amgd.h range or is.doped so as to absorb light within this

wavel e h rang éﬁg naterr al 134 does not intrinsically absorb W thin
this ra dpelag |b§mﬂearh96womoértwafe(san@pmmm

parti cl es) m/ﬂmﬁhbﬁbﬁﬂélbﬁgtﬂ 2@ hidicatedbYSRE %{aﬁ [ .Sui dopant S
may be wused. 15 The sheet 134 is IIs}aced et ween dn%&rﬁl HﬂWf rs and

exposed t o PRR fom l:rqﬂ:gqq@es 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 infraved radiation
20  passes through the wafers and is absorbed by the sheet 134. After heating to.a suitable
temperatare 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. Ifa
material other then silicon is used heating of the sheet 134 may be achieved using
25 electtomagnet:lc radiation at other wavelengths to which the material used is substantlally
* 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
’ squeezed out of the gap between the two portions 114 & 116, as indicated by arrows 142 in
30 figure 13a, to form a series of caps 138
As previously mentioned, the molding wafers 102 & 102 are formed using
. conventional lithography and deep silicon etching techniques. The accuracy of this process
is dependant on the lithography and the resist used. The etch selectivity of silicon versus




at a suitable wavel ength, as indicated by arrows 136. The infrared
radiation is preferably supplied fromboth sides of the wafers Hnohlt1085
sheet 134 to provide synmetrical heating, but this is not essential and
tthe infrared radiation may be supplied fromonly one side. Because the
silicon waf¥PH2/B56866t r ansparent to the infrared radiation, pgtPguidihia" ed

radi ati on 20 passes through the wafers and is absorbed by the sheet 134.
After heating to a suitable tenperaturegthe nold wafers may then be urged
together to deformthe sheet 134. The wafers may be pressed together

whi | st the fhRefs hSelRbd b {N Ltin Qr. the sheet 134
to be fully heated, pg?'?-i cul appg‘ﬁ%?g%%%hgﬁsl(}vlé%ﬁgﬁﬁgﬁées%gbﬂ)‘é‘inﬁﬁq % If a
materi al ot KEhick gich of betwenn aboutiiSaun hed imgregriectively. Whiagh carddot BBYroRBnity

achi eved usj : | | ati.on at aqt.her wavel engths to which
the materi ?Inagc’;ae&gluﬁ% su%s%%%?%cl ?/5%%%51§5§F@ﬁ‘f°8' %%St?ﬂi’ﬁ’@e%lg@ﬂmibﬁma waf er -
bondi ng nac%eatlifbogrphytthelditicalstimenstiad cirobd aeuced RiIess han 2 HRrdna¥i ef i ned
by the recegsietd ﬁ%’a b@% roove . Jhe materjal is also subs?g%%gl ly .
squeezed out ro% tqﬁe. g§|to b%'%ev\%gr?"fﬁéﬁé’\ﬂ?mpw > popliong 114 & 1165 tatallyi cat ed by
arrows 142 separa@g the gdjaeendcps 136) Altemati teip £ Hi@ Py 140 8 fo bdf PSR \hay's! ¥
ment i oned, ﬁ%ﬁ%ﬂgﬁ" %m%e%gloﬁl‘%ﬁé are formed usin conventi onal

|'i t hogr aphy “deep 8ATHeRE betieen adiacenti @retoythe aratios
process i%@ﬁﬁ@d&eﬁhﬁ&@&ﬁ&éﬂﬁﬁ&@ﬁiﬁuﬁ&ﬁ%ﬁ\g@%&sﬁ used. The etch

selectivity of gjlicon versus 11 July 2005 56366 PCVAI | 02100011 -8-
% i

resi st is typicar®oberehaathaiths mold ywafers arfhe piesse waors be madegof ri ng a resi st

t hi cknes fsemic@n@@ifor h@¢rfalsBriky @gsgﬁr(g& . err nd 4

(err)n respecti ve ) .”ﬁsi r?is a %%ﬁ{éﬁg%ﬁgbf&%? oX| tgvei%,ha]gﬁ(aﬁyc%ﬁfﬁp

di nensi ons S@C%PG'%W@EQWIW admathaty maybe nepdst desivat. Sowelersthe on

beam or Xuseyf dinilBOGEBRIN o thisefddnlif Sbr WBR SRNRRE ERNAGLECCT L0 | eSS
may 0

than a mcron. Thus the 5 material 134 squeeze Ut ¥8f“éﬂly from
bet ween t h&PBT G Fhanges haye less effecttAlse lithographyraat derp silivon asthingemithadaps 136.

Al t tiveth | . t hi.ck _be left
bet veen {¥$?é"§?‘% T A R L s L

vari at ign icgfinn Rlang mayibe poed fprgraduction of bdth te semlicenduotordevides ahdihi Ng

t ol er ances.mdidink dpgaimessential that the nold wafers or the rel ease wafers
be made of 10 seniconductor materials -or that they be processed using
conventional | i IthEHbaspprecater] Gatshe tved tubidovarers ¢od &J 04w B6bE 1o Bt Bfped®S i al s
and net hodgB%hE | ' However . the use of simlar naterials
to the sem conduct g$3% %#gegﬁ%%%a@%d%gwblgﬂaé‘ﬁtIé&?f’ﬁ?"ﬁa?“’s&%ée“"een the two

wafers.

20 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 mqld wafers 102 & 104 are movable perpendicular to the genezal plane of the

25  wafers. Accordingly, the Jower mold wafer 104 is drawn downwards to the release wafer

120. The pins 124 of the releaserwafer 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.

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

30 itis now relatively easy to remove the lower release wafer 120 from contact with the
material 134 without dislodging the material from the upper mold wafer 102. This is done
and the assembly is then in the configuration shown in figure 16, with the material 134
exposed for further processing and attachment to a wafer.



t"enper ature changes have | ess effect. Also |ithography and deep silicon
etching nethods are well understood and provide the degree of adCluka09s
required. In addition, the one 15 fabrication plant may be used for
production of both the seniconductor devices and the nolding apparatus. It
wilt be appW42&5@66 t hat the two nold wafers 102 & 104 W ptr/ReRmdodi® be
shaped so -that there is space for the naterial to nove into as it is
squeezed out ‘from between the two wafers. 20 After form_ ng of the
protective caps 138 it is preferred to renove the lower nold ‘and rel ease
wafers 104 & 120 wiilsk sin diashed i@ ' i tached to the
upper nold fer. 102. A vacuumm}e?ﬁ%ég?%ﬁsgéﬁégﬂgsg#ﬁf%e%&%%tFP’t he | ower
mol d and rellﬂ\g%%féblyxﬁapémnphﬁrea@téhsm clew 4o semiave tie thiflGayer BIOnafwniei], izg t he
assenbl y .so sRSwi fiﬁ,miw j | fers.102 & 104 are
novabl e perper_\di%ul ar to tﬁge{ag%ar?\g{r?%%%elc%%gho S{i‘ﬁiﬁi%a%ég%?°ﬂ%€c%waw§u Y,
the | ower méFeateRis dickneaof the wstufithaiominnials Tie dahed hsertibly ahewial Bfure 180. The

pi'ns 124xo0of the f firm I agai nst. the material 134 and
so retan the rrg?éerl al %ﬁ.@%@?‘%?ﬁ%ﬁ%ﬁﬁ%ﬁ%&ﬁﬂ%__ \ah¥Rs formadver ds

wi th the | oterwafes Bachehipds 4 pitwalifyief MEMS dpvicsd 1480TRS cohliBndfse8Blighe400 af t er
this stage | I figure.15 T | qwer rel ease wafer 120 now only

cont acts thgﬁdn%?%%dqﬂgﬁg%rﬁmbq%wﬁgﬁb@ g ypching spch gs gn By 901 dp hendibe vy~ easy
to remove tbapsiiBay the shfea e wahpof chi}f if foRioR O Yoafi: cihlclp bitla paffl 134
wi t hout di Slaf%% Il e.rratersilhal frolrmigf upper ol d wafer 102. s is done
and the asse ylg'i $°ORERPS I PR STRPQlsaAnd sy Or HREMS devicegMOEMS with t he
mat er i al0 13deviees s duiro Fabkicated Ssvides, mm&leﬁﬁﬁﬁghﬂ‘%ﬂ%ﬂﬁg g wafer. 11
July 2005 WO gl? 6. PCT/ AUD2/ 00011 9 Whilst still attached to the

02/.0
upper nol d, etnﬁgongﬁgt "I's then subject to an etch, preferably an oxygen

pl asma etch, froDhehmiembly i ecniceR i8m thewhidt A as -
shown in fi uaﬁﬁl%ﬂb%The et égphas [ ttl‘g ef?oggtﬁ]&%m%ﬁgaﬁ%{&gﬁf%e%t eri al
|

due to the ¥R Hgper &0 25 19 drayy Beyeres myld wafer 10291 towart e uppter i al .
The et ched mkagifyr 113, SIBFWOIH: fieddy waes 3% AL | aced
over a ferI 1 46£|av_i ng. a nur?ber of ccﬁiﬁg)ego?%rﬁnﬂg on ﬁ'ﬁ%‘i‘%@e‘ﬁ‘?ﬁ%ﬂg"n chip
has a p uraﬁ’F‘?ef}’y em%%féﬁedwemhmm&rcmmafm@n@mcma& t hen
placed in eofeaPeht cARFHom\@E HarcP 8o LR an, EV. 501 to bond
the caps 13§ ? i%heﬁiﬁv\/afer. The arrae&o gﬂf"%@‘?‘@%%ﬁf’ﬁ’ﬂ%ﬂ%‘% hat each
cap overl ay® 1&3& B9t tojpliy preffentgdchi p. ~ The devi ces are shown synbolically and

may be MEMS devim@swatdYPEVE 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
20  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 DRIFE is much more expensive than wafer sawing, this is moot if the
wafer already required th;ough wafer deep etching, as is the case with an increasing number -
25 of MEMS devices. If etching is used, the wafer 144 is next subject to a deep silicon etch in
- an efching system, such as an Alcatel 601 E or 2 Surface Tec]inology 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
“ cap side of the wafer or the bottom side of the wafer. The etch is highly anisotropic
30  (directional) so there is telatively little etching of silicon sideways of the direction of the
etch. If the etch is applied from the caps side, the caps 138 act as masks and only the silicon
material between the caps is etched. The etching continues until all the silicon material
between individual chips is removed, thereby separating the chips 148 for subsequent




I0 devices, other mcro fabricated devices, passive electronic elenents or
conventional sem conductor devices. The assenbly is renoved fromlue20eaf er
bondi ng machi ne and a vacuumis then applied to the upper gap 130 so as to
draw t he upper nold wafer 102 up toward the upper release wafer 118.
Sinmlar to WRd2P¥B@ase of the |ower nold wafer, the caps H@@adifedig! d in 15
pl ace by the pins 122 of the upper rel ease wafer..Thus the chance of
accidental detachnment of any of the cagg.fromthe wafer due to the act of
removing the upper nmold wafer is reduced, if not totally prevented. The

waf er 144 | srob&kdink I theSic gﬁ@{ ch | te cap
138. The pIfoler c%n tﬁenﬁgsga In flﬁngtﬁ‘ggwi daéﬁ@?ﬁ%‘gegt%ge??p??a Fn ps
are arrange®PHom %“ﬁaﬁmﬁ waf 20 array, the conventlonal nmet hods of waf er
singulation - s i f .the separation

| i nes bet ween c%\% ar e ?1%; reg%cgrﬁx%& #ﬁ?%gpggﬁegﬁﬁﬁe@aﬁa%nwgg‘ﬂ”é’e f or
sawi ng or s¥¢hediawgy. Theelf theeinbtis fremitimntop (cp) £ide @Bkﬁ)semmdiﬁwhiéﬁﬂeefd@to

si ngul atse t Nk ensi ve than wafer J
sawi ng,.5teh|ﬂséqzles nogsglal?ﬁ{le%%%&%é’??cgﬂ”e@aﬁpﬁ%&'ﬂ' PlPlHB %b%r deep

et chi ng, aSJrOEctbtﬂleuGiméaywn'ésht,MGhnﬁlmasmvB&l i &@V@meé | f
etching is H&;&g %%1144 | ?é’SO‘TQJ ec?@gogéggg% stli conhlgt c?‘n I n
an et chi ng “sys H{ 4t apg todeep sitiepnetchdsom theaear. Syst ens
Advanced Sh\kémativelfisedondedl iag b R dirahe] HA, ahgngg{h i dual
packages. ThIS etch is catF1 %gdegﬁf at a ratoggigﬁ‘u%egﬁt 2 %%Pg o\és per
m nute and ﬁ@y“ﬁ&“‘%ﬁﬂﬂ‘%‘& ? {heHPPeTfaps andpsiigdee lower qaps emunasks for t he
bot t omi$i deheétch. mgpu@ﬁaﬁgb&mapp&sﬁumemagpmh@w péaghéﬁ g%il rectional)
so there is %?n%afgvel little etching of silicon SI i/vays of the direction

of the etdR>® Ietfly packaged priarorsingilatie caps si de, the caps 138 act
as masks and onﬁgui»g@@bmggam Lref WRER et ched, The

et chi ng con tinue unt| I theﬁ%l |¢:Igtld%§{}’erl al"éb% ?meﬁ‘@%&?ﬁfa‘tﬁm chi ps
i's rem)ved OV ﬁh@v&mm%gpmwhicbhammmameaufy 2005

VIO 02/ 0563mm’aeﬁ&é%ﬁsf’ﬁﬁ%mﬁ r BB 334, Mlon by | FFn Sl on PR S0 00

bel ow, g arate mask wll nee Pf ace of
the wafler. 2@%@eaallymthqnm@prfdmcm¢hebmwma fisseqet ef plotedtivd he

separ at i oncglsABE hidy f e.etch is_framthe top
(cap) si dec?ny expoésﬂggpg)fmﬁ:on ¥"}1r£a-(§§!§1éspeg{ﬂ8 %’Eﬂgﬁ 9L fe wypmHon
el ectri cal Pwlﬁéwnb@qmmm@p@rmwfmmuﬂmpe m53ars bR tHechppey Pr ot ect ed,
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160 have been formed on the lower surface 162 of the wafer as per the techniques of the
20  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 simutltaneously. 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
25  wafer as indicated by arrows 164, rather than from the upper éurface, to separate the
individual chips. The lower caps 160 thus act as a mask to the bond pads 158 and because
the eichjng process is very directional, only silicon between the lower caps 160 of the
individual chips is etched away. The bond pads 158 and other exposed parts on the upper
surface within the outline of the lower caps are substantially unaffected by the etch and so
30  the chips 152 will not be damaged by the etch.

It will be appreciated that the provision of the second set of caps is only a necessity

where 2 hollow space is required; if a second set of caps is unnecessary or undesirable, a



s to apply a mask to the | ower surface of the wafer and to deep silicon
etch fromthe rear. Alternatively second caps may be provided farrdymos

[ ower surface of the wafer, utilizing the same manufacturing nmethods as
for the upper caps and using the |lower caps as masks for 10 the etch. By
provi di-ng D¥0R2/AfeEer and | ower caps at the wafer stage, emehaGBjoRiiS
substantially conpletely packaged prior to singulation.- Figure 22 shows a
techni que for providing protective capsjfjor both the -upper and | ower
surfaces. The figure shows a wafer 150 upon which have been forned a series

of MEMS deytig@nS beRDakd ! i 53 i.ncl udes
one or nore_ 15 VS dgvi -glggalfggw%fﬁgﬁ %"Sﬁi %%‘%@%ﬁggﬁ%p%%“&f%‘ﬁ%ﬂeed
el ement s. NhFHS@POS@étfordﬂeﬂﬁtMti ve caps 156 have been forned on the upper

surface 154 as chni: he invention. preyious descri bed.
The bond pads_lgg o@?ﬁgﬁsﬁgl Vi gu%.’l%fg e\'|n|%lﬁsls %S&m&ﬁ’g{‘?fimﬁ Oesurface 154
and ar e notpatipubarlkydilison sendcqpdudterstlt isdo bamsdeishind that SRGRVRALSELs #of LiBfted |Ct i ve
caps 1 rmed an the |ower syrface 162 of the wafer as per the
t echni.q %s h%%{ S’t1 Eegﬁgﬁ&lﬁﬁt_\?’@ﬁf F‘%ﬁ“%‘é?ﬁ)%&?‘s?ﬁb%‘g&ﬁ?___ Rag applifation todonang second
sets of prctmidondwetarapecssayd moaRflicosBasell ferhidendBGR! sush 94'@8td Bsbdor May be
applied togt#a waf er . si nul t aneously. The order of application is not

i mport ant . ’H@?&h‘lf%‘&’ﬁ"&ﬁ‘%s 160 are | ocated under each chip 153 but

are |arger thanWiii&tﬂzbﬁzﬁknt&ﬁthaiﬁ&n&ﬂ&rméﬁﬂrﬁﬂp%@ﬂhl@i@%ﬂ@%@ﬂﬂh&%vﬁ?@d pads
158. The waf.er 50(%% ta%g t%uﬂly%ct to a deep silicon etch fromthe Tdwer
surface of ‘t}fi& bendgrsiood thatthe Bl nphlineifad QAR or MQHMS detieas ahd om t he
upper smrfanaeap;ﬂieatﬁmawc&vfc&ewhibm%\bk%%eBE!kl?a%ﬁc&E'@oﬁﬁwer.caps 160 thus
act as a mask tg the bond pads 158 and because the etching process is very

directional, onty"ilibejaprsrenbiothpseskillad in thoert thatmany Guicys modiicationdiaud dual
chi ps i s ewghgibna be A& nmgﬁm}l%e@f}ﬂ) ap the-
upper surface Wi?%?n t he tg% ne of the oﬁe@‘%@ﬁ’?@?@%ﬁ?gﬁﬂ‘% y
unaf f ect ed SPHAt PhiEoR] @fffheipyentien.30 t he chips 152 will not be damaged by the
etch. It will be appreciated that the provision of the second set of caps
is only a necessity where a hollow space is required, if a second set of
caps i s unnecessary or undesirable, a Il July 2005 WO 02/056366

PCT/ AU02/ 00011 -11- resist nmay be coated onto the | ower surface with a grid
pattern to | eave areas between the chips exposed for deep etching.

Thr oughout the specification, reference is nmade to sem conductors and nore
particularly silicon sem conductors. It is to be understood that the
invention is not limted to :

C




5 'use on sem conductors or silicon based sem conductors and has application
~to non sem conductor devices and to non silicon based sem conductiangy 2¢8ch
as those based on gallium arsenide sem conductors. Wil st thePCTAIN20001]
has been described with particular reference to MEMS devi Cc&Receivéd 23 Apd120b
understood that the invention is not limtet#4e MEMS or MOEMS devi ces and
10 has application to any devices which are or may be bul k fabricated on a
wafer. It wll be&gﬁﬁrent to those skilled in the art that many obvi ous
nodi fications and $ations may be nade to the enbodi nents described
herein wi thout departing fromthe spirit or scope of the invention. 11
July 2005 PCT/ AUR2/ 0Q0ddhe bV 2 April 2003 -0 Clains 1. A

met hod of using a_pl yral ??ﬁd%?ﬁ%%@“%@%ﬁﬁm&wnmn&saramfemm%,.scm e for
m crof abri cated de go preitiroukdiod éloladinig. 5 a) providing a wafer
having a plurality of gm ch @Q_{gi -devices foramed thereon; b) applying
a plurality of substanti alplﬁi/ holﬁcgﬁ%@cﬁ'ﬁﬂ%ﬁ migrefibrioftedt diGicodb@ly  €ach
cap overlying part or all %, mcrofabricated device or a. 10

| _predeterm ned group ok m g@g}‘;@qr I afé’ﬁ evi ces. and each cap pr ovi ded as
an individual cap separate ShurlJ ea %cﬁ’db %@W@W%Wﬁﬂ)ﬁd&bﬁﬁé%} he
wafer fromthe first side®St 9opcovadfier pat he &) léfad,in;j&t,@{mg%gsq acting as
ndi Vi dua

et chi ng masks, the wafer pﬁda%xﬁédé}&% n, the said | UL &h<E et ched
away to separgje the wafer,. sin \tgj?_g’?l Bo% dpdoes, 18d gach FEpeproviiedigd Of

. N O
claim 1, wherein anisot roﬂi'@"ﬂ@éwmmmhﬁ%ﬁss used to separate
the wafer into singulehri zedingrid Fafr3tond QS thod gjfé claim1, wherein a
first plurality of caps ia§ﬁn%p lied to the fast sf wafly, the, pluglifyesf cepand a
second plurality of caps 1s a%ﬁf"g‘@ﬁ-“%%‘saﬁe ophosatdal $a0enS kiL ol e 20
waf er. 4. The nethod of chEickhd awiB blbe first plurality of caps
ke g i | eﬁ%W@z"‘gﬂm : .

applied to the first side of the wafer over of a
m cr of abri cat&d 2devi,ﬁfe Ce)rth%dpf[ ?det erm ned group of mcrofabricated devices.
. m. i - . . -
roc otclaim 1, wherein anisotropic deep reactive fon etohing is used to
sepacato the wafer into singularized ugits.

3 6 Tﬁemet&od of claim 5, wherein stching

- of the wafer, the seoond plurality of caps applie

etehing masks, the wafer materia] between the
wafer mto singularized units.

of the wafer oocurs from the second side
d to the seoond side of the waﬁ:i-’aoﬁng 8s
individual capg etched away to separate the
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25 5- The nethod of claim4, wherein corresponding pairs of caps an forned
by the first: plurality of caps positioned on the first side of Hllymher
and the second plurality of caps positioned on the second si dﬁ‘cﬂkdo%o 11
wafer- so 6 The nethod of claim5. wherein etching of the \@Ee% %E*Hd'fz%q?om
the second side of the wafer, the second plurality of caps appﬁdi ed’to e
second side of the wafer acting as etchitg~masks, the wafer materi al

bet ween the individual caps etched away to separate the wafer into

singul arized units. AMENDED SHEET | PENAU 11 July 2005 PCT/ AU02/00011
Received 22 April 2003 -13 7. The nethod of claim6, wherein for a

correspondi ng pai.r Ofhedsid of dimEGRbeapplor £ebrepondiippeis efcamhsdiap eppliéd o he
waf er covers a eat er, surface .area of fer. than th ap, appl i o the
first side of t%E“iﬁﬁﬁ“@?‘.ﬁe‘gjﬁ%?.mfeﬁéwﬁ@ﬁ%\é\%wgﬁe?ﬁgﬂa%mﬁ%fﬂé?%gf gigdctéps are

j oi ned together thyfiasideofthd wafer of nmaterial extending between the
peri phery of each of the caps. 9. The nethod of claim8, wherein the thin

| ayer of material is renmoved by an oxygen 10 plasma etch after step b) and
prior to step c)8& 10Thskinshodwef digich lpwhardimttiorabs we joBied tntheebyr i deyariofigul ari zed

units are silicon.chips. 11 T | @ 0, wherei n the caps are
protective caps ’f’%erml %zm%'ﬁl?%%eh@gﬁnﬁ%gﬂg{g{%%rn?ng se. AMENDED SHEET | PEA/ AU
9. The method of claim 8, wherein the thin layer of materisl is removed by an oxygen
10 plasma etch after step b) and prior to step c).

10.  The method of claim 1 or 6, wherein the singularized vnits ave silicon chips.

11.  The method of claim 10, wherein the caps are protective caps for the silicon chips
15 during use.
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