8 JULY 2005 p a WO 02/056031 PCT/ AUO2/ 00013 -1- ACCELEROVETER PROTECTED
BY CAPS APPLI ED AT THE WAFER SCALE Technical Field This invens JULY 2008 es
40 the nolding and application of protective caps to 5 mcroelectronic
sem conductor chips on a wafer scale as opposed to application on an

i ndi vi dual ?’ﬂ“ﬁ’“ﬁé@i s. More particularly the invention repgigedgaohe

nol ding and application of protective caps to sem conductor chips

i ncorporating Mcro Electra Mechani cal Systens (MEMS). However the
inventtion is not limited to MEMS applicaltons. Background Art 10

Sem conductor chips are normally packaged in a protective |ayer or |ayers

to protect th L Its wire bonds from at nospheric and nechani cal
damage. Exi st iﬁé@i%ﬂ@ﬁTﬁﬁP@TﬁﬁTEﬂ BY CAPSPAPPLIED AW THE t her nal

curing to create a solid protecti I r _around the chip. This Is :
normai |y carried out-on indivi duamﬁﬁgeﬁ%hﬁs bonded to lead franmes and
sQ nust be done many tines for each wafer. Alternative nethods of packaging
15 i ncl ude 4, L3 3= seal ed netal or ceram c packages, and array
packages sucﬁég@%ﬁlagﬂ d array (BOA) and pin grid array (PGA) packages.
Recently wafer scal e packaging (WoP) has started to be used. This is
carried out at t %?@Pﬂsﬁtﬁgsetﬁﬂvfm@léinglamdqipﬁpﬂioaroﬁpﬁﬁaﬂv@gagglw The use of
nol di ng Andmizedeldefoli€ SHbSHAR .ect e fer to both_ mechanical and
thermal stresses. In additi o?ntmts Sg’%&%‘é%{}is\‘i © g3, (progedity appligation of agol i d pi ece
of mat eri alndifudlshindagiarMore periculsdyitht duveMdriclitnits ©8 mokiiRg fdtBE MENS

devi ce woulgd 8 2

Phﬁed'ﬁe le. by the polyner_material. Istin
packagi ng SKStems fo é@é@%ﬁpﬁﬁaﬂ’@mﬁ?‘ﬁﬁmﬂmwwwi@Smmges

O

for indivi However therinvestiorsis mbriimital to IRINS appf@fiogcal €  packagi ng,
both of which are relatively high cost operation.” D sclosure of the
| nventi on I.n one broad formthe invention provides an mcro machi ned
accel er onet c'fﬂ' ncl udi ng.

10 Semiconductor chips are normally packaged in a protective layer or layers to protect

the chip and its wize bonds from atmospheric and mechanical damage. Existing packaging
systems typically use epoxy molding and thermal curing to create a solid protective layer
around the chip. This is normally carried out on individually diced chips bonded to Jead
frames and so must be done many times for each wafer. Alternative methods of packaging
15  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 cartied 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
20  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 scaie
packaging, both of which are relatively high cost operation.

Disclosure of the Invention

25 In one broad form the invention provides an micro machined accelerometer package
' inciunding;

 chip having a top surface and a bottom surface and having a micro machined




a chip having a top surface and a bottom surface and having a mcro

machi ned 8 JULY 2005 WD 02/056031 PCT/ AUD2100013 .2_ accel er®otiLéyf 2668 ned
kn the chip, the acceleronmeter including a nass cantilevered fromthe

remai nder of the chip to be novable out of the plane of the chip; a first
hol | ow nol d% B4pF%bnded to the top surface over at | east pp@falioDiooishe
acceleroneter to define a first cavity into which the cantil evered nmass may
nmove, 5 wherein the first nolded cap has been bonded to the chip at the

waf er stage prior to separation of the-®afer into individual chips. An
array of first caps is preferably bonded sinultaneously to the wafer.

Pref erabl y 2i9Rlsromsterformmedsin theichipatie ab@lemaeﬂﬁmlehgﬂmtcamgquer as
t he caps ar gnbapd : Wi t 00l rmed of silicon or silicon
alloy. 10 The pacﬁgfgﬂel&r:r%g%‘?%r- &‘ga?lﬁoﬁg%p]ﬁn%‘gjég%ﬁ%ap bonded to the bottom
surface of the msph‘hﬁ“%&mgaﬁg?&?ﬁ@ avity into which the cantilevered

mass may nove. Brief Descriptlo B eveg dleast pastnfke a prior art

met hod "of  f #cHpiagetr tn define udirstapeitydnt SAAGHABOCHAGIREred SRkPSay AGveFi OUre 2 :
shows a cross section of a prior art packaging made according to the figure
1 method Fi gur eViBreindhedirst moldatcap has eonberded Pk OF; %{&%F&%’C}gio?io a MEMG
devi ce. Fi Hdh ﬁbns&}%wgfefiﬁ%ss .glﬁ%ti n through a I\/ER/B devi ce packaged
according to tﬁe I nvention. 156‘ ﬂl? S5 shows a possi bl e device for
form ng nol ded caps; Figure 6 shows nethod of applying caps fornmed using
the device of fiAfAmEAYDAfrstceps isprbenbly bondelsimbitaabs flyto MWl Beryf p 2nd
met ro

caps of fi : her. Figure_8 s olical'ly shows a d for
appl yi ng m%%ﬁ%@(ﬁggﬁg %’Sgg)g?q{{fnc%ﬁ““' '@Pth%%g%é%srtﬂ??ﬁ’sﬁ@bph@dimﬂ@nti on; 8

JULY 2005 Wwafer with a tool formed of silicon or silicon alioy.

10 The package may further include a second cap bonded to the bottom surface of the

chip to provide a second cavity into which the cantilevered mass may move.

Brief Description of the Drawings

Figure 1 shows a prior art method of forming ﬁrotective caps on semiconductor
chips.

15 Figure 2 shows a cross section of a prior art packaging made according to the figure

1 method.

Figure 3 shows a ross 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.

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

Figure 6 shows method of applying caps formed using the device of figure 5atoa
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
25  according to the invention;



WO 02/ 056031 PCT/ AU02/ 00013 -3- Figure 9 shows the wafer and caps of figure
8 bonded ‘t ogether, Figure 10 shows an expl oded cross secti onal 8\JilAW 200%
device for formng the protective caps. Figure 11 shows an expl oded
perspective view of the device of figure 10. 5 Figure 12 shows a cross
sectional viVeMHSE3me device of figure 10 at the comencegilyediseiP! di ng.
Figure 13 shows the device of figure 10 after nolding has finished and just-
before one side of the nold is released fromthe other side. Figure 13a
shows an expanded view of part of figure3%3. 10 Figure 14 shows .a .
perspective view of the figure 10 device corresponding to figure 13.
Figure 15 shows A8Fwshowsdhd wafer andicams of figure Gfbohdial tguiese af ter one of the
nol ds has been partially renoved. Figure 16 shows a cross sectional side
view of the devi gapaf .has . 15_.been ful renoved.
"Figure 17 shows a cr oggﬁlgggts?%Ir%(?&égf%gg%?%%glg‘fw‘?’ﬁgageé"ﬁecfgr{?%‘ﬂ’é‘gw ng an
etch. Fi guPsOWUHIVERARs a cross sectional side view of the device after
undergoi ng an etch. Figure 19 shows a cross sectional side view of the

device at the commeRcA | LR, fer.an emgval of the
second nold. 20 Figur erggg&lss%{cﬁ\g a %?%%ésegséecv ?@ﬁ%\fﬁeg‘?\r Q%ﬁ%we&fl a waf er
after applicatiop of the caps. Figure 21 shows a cross sectional side view
of a serfes of cﬁﬁ}@%%WS%WRWWWOfﬁIMéevéchérﬁguﬂéilgutﬁeZZ shows a
cross secti oo@mesdcfRnidraMid@he2 Waf er with caps applied to both sides,
before singulation of the wafer. 8 JULY 2005 WO 02/056031 PCT/ AU02/ 00013
-4- Figure 23 shlgws zi fsi'lni shed and packaged MENMS accel eronet er device

igure 13 1

packaged ows 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 pazt of figure 13.
10 Figure 14 shows a perspective view of the figure 10 device corresponding to figure
13.
- Figure 15 shows a cross sectional side view of the device after one of the molds has
been partially removed.

Figure 16 shows a cross sectional side view of the device after one of the molds has
15  been fully removed.

Figure 17 shows a cross sectional side view of the device undérgoing 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. "

. 20 Figure 20 shows a cross sectional side view of a wafer after application of the caps.

Figure 21 shows a cross sectional side view of a series of chips after singulation of
the wafer.

Figure 22 shows a cross sectional sids view of a wafer with caps applied to both
sides, before singulation of the wafer.




according to the invention. Best Mde of Carrying out the Invention
Referring to figures 1 and 2 there is show a prior art nethod ®UULY 2008
protective 5 caps on sem conductor wafers on a wafer scale. A

sem conductor wafer 10 is clanped against a nold 12 having cavities 14
formed ther &Y02KEP3k |iquid pol ymer material 16 is injechegagihiolshe
cavities 14. The polyner material sets to formsolid protective caps 18.
The wafer is then singulated using a wafer saw. This technique is not
applicable to wafers having MEMS devices4forned thereon as the liquid
pol ymer material will surround the 10 MEMS devices and stop them from

wor ki ng. Fi gure 3FigkieRa shdves qﬁmemmdﬂpdcﬁdgedms&&éieﬁﬂﬁfet&%ﬁ% mggcg,géehng NVEWS
sno

devi ces. Theg, B@@ | 0.l ncluding the MEMS devices 24,
synbolically, cl S gﬁg‘lgﬁnfegn%n. silicon wafer 26. This may be carried out at
the individual chip stage or at the wafer stage. The wafer 26 is typically

et ched usi nngst:Weabf%wﬁég@gb%gtggf%ﬁ#p etch using an etchant 15 such

as KOH to forma series R correspond to the locations of
the MEMS device The wafers 26 are carefully aligned with the MEMS wafer
20 and bonded t H¥fYRS tojygures L and 3 thegeisishovan pebf arhétherl ofEamEn@hroRegHAgi NY

MEMS deviscessapd én deSniconREAsH ' ines_an extra silicon (or

soneti mes gl ag_sgt vaf er V\k]i%ﬁmﬁﬁ% “%%é%éose%“ﬁ‘?wm%ﬂegmw@é. 20

Fi gure 4 shd®&m AN Lahnang Quitineld fngmsdlﬂlbm'lﬁad\ﬁl\lﬁuﬁ%ofﬂie?&ﬁtehlaﬁﬁgn. A

hol | ow pr ot g6ikéN@intPle o4vi r i.c npterial magde and bonded to the

waf er 30 achordi]r?g to %%&ilﬁ'\?@ﬁﬁgﬁ@wgﬁﬁ%éﬂ?%s PIgteelYerhans hchani cal

o o UbeL AT alasingonvierati v BAARIL A9l 0T ™
hi : J ). T .

use of ol ded t her rr_DpPg‘rslt ¥ %S?ﬁlaw Eﬁﬁgewwﬁg?@?m%@%ﬁvﬂﬂlswmﬁhmrovi di ng

inexpenépveWﬁd’gﬂn@aﬂﬂbmmm,ﬁmmmﬁﬂﬁg}onal t echni ques do not provide the

required accuracy and thermal stability required for mcro fabricated

R o T i T N T
devi ces 44, hip 2R rolyding the MEMS dedtes 24, dhdwa SSbolidiily O /bBRfA3d a
PCT/ AU02/ 008%&bon wafer 26. This may be carried out at the individual chip stage or at the wafer stage.
The wafer 26 is typically etched using 2 crystallographic anisotropic etch using an etchant
15  such as KOH to form a series of recesses 28 which correspond to the locations of the
MEMS devices. The wafers 26 are carefully aligned with the MEMS wafer 20 and bonded
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.

20 Figure 4 shows a MEMS wafer 30 having surface MEMS 32 formed thercon. A
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.

25 The use of molded thermoplastic hollow caps offers the possibility of providing
nexpensive 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
having a number of groups 42 of micro fabricated devices 44, shown symbolically, formed




-5- On or in an upper surface 46. An array of caps 48 is formed using
conventional injection nolding methods and steel nold tools 5@J&L5(220031e
caps-are supported on a sprule 54 at the sanme nominal spacing as the
groups 42. Using this method will alnost invariably lead to mi salignnment 5
wi th resul t WRJ26%83r ucti on of MEMS devices, as shown in fp@pEBexaRer In
figure 20 the cap 48a has been aligned correctly with its group o

devi ces 42a. However the spacing between the caps is greater than the
spacing of the groups so that cap 48b iss5not dligned -correctly, but does
not destroy any of the MEMS devices of its respective group 42b. However,
the caps 446nérid anmppywhffacedént |y mi sal i gned that the perinmeter walls of
the caps 10 overlay one or m)re of the M NS devices 44, destroying their

functionality. T, n.be the result of a_nunber of actors,

i ncl udi ng di ffer%\?}fr@&%%% n@x g @HVWOP%@JEWID?I%E@PW@S adnpar ed

to the sili &l medd ols 5ens52. ﬂgledaps)araﬁuppdmdomlsgﬁgegzpﬁmﬁgﬁ the | ack
nnent and bondi ng o? polymers to

of* machi ner {3 d for e ali

waf ers usi né’ ﬁg gr%gﬁ%? %gs ﬁ‘e@ﬂgﬁ’t‘m Blﬁlqs%mﬁﬂlahb’éﬂﬁddgn@sammmave t he
sane coeﬁf|w1tbr$1ﬂuﬁgﬂé‘s&n¢tﬁdnoemmsﬂ&ﬂce§5assh$ﬁnﬂﬁﬁ otk LEON and
figures 885‘ caII Iaé’ w a techni que u5|ng@g63|?f%ﬁé¢ Fap60to
hold an arra @h&? gﬂfﬂl"é@‘?‘i Jrithifs granp of MEME deuw@a.é{metauemmge
silicon mﬂie&veaﬂ%a@pﬂﬁ%&@ﬂiaﬁﬁiasﬁ%@%%ﬁ%%ﬁ’% tﬁatﬂ‘éa gggﬁgem%t rial as the

waf er 40, changes |238 n‘gﬁerature W | i gnment ;
t he spaci nd S BUt SHioy o, éhmmﬁ@@gﬂqehefMemgm@aﬂbt he spaci ng

Sjlfhﬁeioigk'f’?"‘f’?fé‘hﬁ. A S R AR e A AT

much experi¥ Vtces'ir‘hdest@qmgrﬂwtfanmnatty F| gures 10 to
16 schematically show a f| rst systemfor creating and applying holl ow

protective caps This miediighmentthe beme skt SEIE ure 10
shows a nol i ng, s§stem Q0 for for msng t he ngév&%?o ehgﬁg/d]ﬁ%rgb% shown in

figure 4. ?F“%?Ekﬁécﬁfénaf@@@ﬁmhmwﬁemmqufwl cat ed

devi ce. Thénokdeddo: oﬁe)ﬂgt@mbm&kldgﬂagﬂ I f&LsS 1 & 104. The
upper waf e% ci:',@gz fgs been processed usl %Té\t;lefér)lr'?al(aona!ié hy and deep

silicon et FORAREg e yvaf %umféesat@bmqg@ of recesses 106 inits |ower
surface 108. The | ower wafer 104 has been

15 A solution is to use tools which have the same coefficient of thermal expansion as
the wafer, such as silicon and figures 8 & 9 symbolically show a technique using a siticon
tool 60 to hold an array of thermoplastics caps 60 as the caps are bonded to the silicon
water 40. Since the tocl 60 is fonned of the same material as the wafer 40, changes in

temperature will not result in changes in alignment; the spacing of the caps 60 will change

20 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 expetience in working silicon to the required accuracy.

Figures 10 to 16 schematically show a first system for creating and applying ﬁo]]ow
protective caps to wafers, preferably semiconductor wafers,

25 Figure 10 shows a molding system 100 for forming the hollow protecti\-re caps
shown in figure 4 which may be used with MEMS devices or anty other micro fabncated
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
to have a series of recesses 106 in its lower surface 108. The lower wafer 104 has been




8 JULY 2005 WD 02/056031 PCT/ AUO2/ 00013 -6- simlarly processed so that
its upper surface 110 has a series of grooves 112 which align gwyLly goass
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 repe¥MO@Ma@hg on the wafer. In the embodi ment showepidagspat ective
caps are designed for a MEMS inkjet 5 printhead and so are very |ong
relative to their width in plan view. The recesses are rectangular,

al t hough the ends of the recesses are not6shown. The ends of the grooves
112 are not shown but it is to be understood that the grooves 112 at each

si de of eachsdedsprogaseed spithat its upmn axrfODNEaMR ssies b8 SroBvdsAGh mﬂl% shape

in plan vi ew; adj acent . caps define a portion 4 of

mat eri al m&iﬁ;\ﬁ%ﬁ%@@g?%ﬁééée&ﬁ? @i‘ecrﬁ ses §0Gqnd-grogres 4] hare pived for the ship si86

defi ne a por®lgnwaitBode praesed aid rebdach cBRss &%% e se portions
povras B&&esPMe 1:t‘ahe t%ts-g\?é?%?

of materi al al i wi th each ot her and are
pressed %oge%%ée}’r@f,%r'ﬁ@eteﬁ?g%mﬂ&g“’%m‘*&m’w@é{@ﬁaWtaFdeS'mnedfmesbmms tokpes 114 &
116. The 5t wprbihehdarksohre erPREB rakse eshsP wh 950pYE A12 for the

peri meter ofrethe caar I S %Ill in the | ower m%}?g}ﬁl%gﬂgé’%etrﬁ%es%%ss 104 for
the central PEHEFERH althoughths qrds pthe ppesses axnakalio . ThRendstof ite pRkeseasent i al
that the nolagke wmblierwsm wibls ©URLRARLBE AL ' have.not heen etched.
Nor is it essential that the central p%rtﬁl%ng‘feyi%%%eﬁ%ﬁs‘ﬁ °fté’ @8saen only
one nol d or P HEI0CGROVE Sfuchdas p regtanpulantshapddst plaedieby a gr oove or recess in
only one nold. The effective split |line between the nolds nay be | ocated

at any position Thsgoedksdnefoiraaidedy @tk 8o i ver, planarity of
the splug |oe will Eypically f pl iafpiq e At on e S fer S he
assenbl y° 100°H & eRfpresses HGedeine apontipe £16 ofafisterial #BichRek ol ower
rel ease or bpametched Meselptiont BERREHAN NG S heasE wal ers, are
silicon waf eréf? whi ch have been procegge utagh | thﬁga%fﬁéﬂgﬁ{l\l\@gﬁ%thet\m

| i t hogr aphy VAT el fasetber. Eredp mgferemntactpads othért BrvepaiaRties Ok,

rel ease pins 122 and 124 respectively. The-upper and |lower nold wafers 25

102 & 104 are fmowm@m@mw%ge@é@g% 1212]1218@%5%33%%% |y which

recei ve the agpi@f. 33‘1%21;9& 124, The upper : are’To 1y
toward the &t & ToC QRESVEET Kicand theqeqssss106der v cémital pditior 1wl in thebgser 128
are | ocHt edwafler 102 grooves 112. However the | ocation

Lis Dot essential that the mold wafers only contact on surfaces which have not been
etched. Nor is it essential that the central portion is defined by a recess in only one mold or
that the perimeter walls be defined by a groove or recess in only one mold. The effective
split line between the molds may be located at any position desired and need not be

planar.
However, planarity of the split ine will typically simplify fabrication of the molds.

20

The -assembly 100 also includes an upper release or eject wafer 118 and a lower
release or eject wafer 120, These upper and lower release wafers are silicon wafers which
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

25 102 & 104 are formed with corresponding holes 126 & 128 Tespectively 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

of the holes 126 and 128 is not especially critical and they may be placed as required for
gjection of the molded caps,




of the holes 126 and 128 is not especially critical and they may be pl aced
as required for ejection of the nolded caps. 3 8 JULY 2005 VEJORZAO2HES 1
PCT/ AU02/ 00013 7_ The release pins 122 & 124 have a |l ength greater than
the depth of the corresponding holes. Wen the free ends of the pins 122
align with MW@0¥EMSt ends of the holes 126, there is a g ,;g&mﬂ@tsv\een t he
upper nold wafer 102 and the upper rel ease wafer 118. In this enbodi nent
the length of the lower pins 124 is the same as the thickness of the 5

| oner nold wafer 104. However the length7of the pins 124 nay be greater-
than the thickness of the wafer or it may be I ess. Wen the length of the
pins 124 is | ess Tieavicashpins h2&rnhivy LIRS Srobr thibthb GURI ofiE €7 104 it

needs to be . e depth of the holes 128, I.e. at |east the

reduced t hi (%egsﬁ%flépﬁgs‘&ﬂfeﬁb% °qils ¢fiiee Roiealign with thefinner endsof theaf er s

104 and 120 heles 136ghére ismqelp W80 betvbi: 1B AsvedRAdidR ' i.n the holes

128 but 10 nQk he]ﬁi?ndgmgm%?%qd t he hoilil?se %glg%ﬁréa?ﬁ%dtgé%g%hfﬁw Hd with

a ‘gap 131:23 bet ween -t Fa CERert Wi ieneth ofthe logienping 124 isthe same the thidkasd of tebe

flush w 6h témecransld wafer 1oE HaMes stantial ly planar base
e bilhe L Dk e s |

to the grooye [112. f'lt'%g t hi ckness of the LS I s about
800 ni crons %eﬁot wafer g it maycbederg. When the tength of the porsde4 isdbss ¥ntigs 100
mcrons in wokixikig hcknbiR WEHR Towdtvifd i.tical . ﬁ%a?: Th |d tools are
preferably ?%ghed E%'ét”tge cryog%r_li ﬁgg@g?ﬁ%ﬁeﬁw e itkmbaless ch
etching as tt°pfolt 1sei¥rs€ Hugknessoif theBogerti 0 bt srgoves QU2 a®S 16wgl | opi ng of
et ched si deweafidrd 804 BHAD0 88 pbBGors! | 1. the pin and cap recesses. The
scal | op':u?g makes the rel chse ﬁagﬁ%%'%s%%%wﬁﬁ@s?ﬁﬂ%d%@eﬁi%#2%1butnore
di fficuft | AOCHHrding Seyend theibelss 428 into/the pribeesdl2 bnd eishih 5 132 bikebn Fﬂot her
et ched wal | Svo Wifkeh. e e 0 sheet 134 of thernoplastic
mat eri al of _about 200 oI%gk%er%@%%gé?%mt%ﬁf@f@n"gg&ﬁmgndsﬂf%é’ﬁl%é?Weten the
two waf ers 552 agubsentialigplanas base sethbleyoovs 118, aced in a conventional  waf er
bondi ng nmachi ne, such as an EV 501, available from El ectronic Visions G oup
of Sharding, Al Mthi ' ani cal | rressed together in the
machine. bu tlg.gt Vuﬁelﬂﬂalgleg-snﬁ ﬂﬁsﬁﬁﬂ%&' recdsd WD B3k 20 RGeS whilst the gaps

and 132 are of the order of 10 to 100 microns in thickness. However this is not critical.

15 The mold tools are preferably etched using cryogenic deep silicon etching rather
thap 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 difficolt. In comparison, using a
cryogcnic. etch results in much smother etched walls, with easier mold release.

20

A sheet 134 of thermoplastic material of about 200 to 500 microns in thickness is
placed between the two wafers 102 & 104 and the assembly is placed in a conventional

wafer bonding machine, such as an BV 501, available from Electronic Visions Group of
) Sharding, Austria,

rThe assembly is mechanically pressed together in the machine but it will be
25  appreciated that the mold wafers may be urged toward each other to deform the

thermoplastic sheet by applying an above ambient pressure to the gaps 130 & 132,
Alternatively other means may be used,

The sheet 134 may be heated by conduction but is preferably heated by radiation
and preferably by using infrared radiation, as indicated by arrows 136 in figure 12, A



25 appreciated that the nold wafers nmay be urged toward each other to
deformthe thernoplastic sheet by applying an above anbi ent pggsgw go4®
the gaps 130 & 132. Alternatively other neans may be used. The sheet 134
may be heated by conduction but is preferably heated by radiation and -
preferably MKO@Msend1infrared radiation, as indicated by abEp ﬂ;ﬁ'?sl n
figure 12. A 8 JULY 2005 WD 02/056031 PCT/ AU02100013 - 8- " conbi Fon of
conductive and radi ant heating may be used. The nold and rel ease wafers
102 &104 and 118 & 120 respectively are.garnmed of silicon, which is
substantially transparent to infrared |ight of a wavelength in the range

of about 10@omhimatian aftvonducti¥Ud récith hodie Wl o6 e, H¥nGRUBERIGKL L
intrinsicall ¥ ?zaﬁgraé)&s #%Iﬁ within this wavel ength range 5 of S Bed so
as to absorBf 1 Ryeepeqiiedy ap farmed afigilicon) whichis sabdtamtialy 134 does
not i ntri netasphieyt toiEedréd Wint b ' : ' dopant is "carbon
bl ack"” (anorph sm. car.bon ngﬂﬂ%@%ﬁ%?ﬁﬁﬁa §8r%géﬁq?1?g®9n§ft%taﬁ?ggté008
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radi ati on nay be%cppﬁi@@gﬂ?lrm grnqg%ﬁé/alg e?f’%?e.ng&%égtgﬁ's“@tﬁ%d%mﬁsmbﬁaf ers
are transpab®ft to the infrared radiation, the infrared radiation passes

t hrough the wafers and i s absorbed by the sheet 134. After heating to a

sui tabl e 15 t enpaieah, S hep be urged together to
def orm t he sheet 134$t$%iﬂ%&%$e%s&%%%@§¥@gﬁﬁw€? d {iftfraved fight sheet
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ot her then s?ﬁis_gcpn IS use ea%‘%’ér%mg?gﬁlﬁéﬂ?ﬁi%{%i’ggﬂwu%}#@m usi ng
el ect r omagrig fés is s essangnl 2ad thotiiferredvadietiemiaybe suppNWal fidin bilg ofiBLigL | @l used
I s subst antgbdoi el Wh rocessed 1 n a wafer bonding nmachine
the sheet 134 is rfctz)sf(i)hcf%g to { ké Hé“ﬁgfgnetg? 81‘Bt‘ ory gejinfstredtadiation r ecess
106 and" t hePagiesthpeugh tiR: wakere ambis absofied iby tia) hoet JIP AR hbaink Yo a snitable
15 temperatore the mold wafers may then be urged together to deform the sheet 134, The

waters 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. ¥f a

material other then silicon is gsed heating of the sheet 134 may be achieved using

¢electromagnetic radiation at other wavelengths to which the material used is substantially
20  tramsparent.

‘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
figure 13a, to form a series of caps 138

25 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
resist is typically between about 40:1 and about 150:1, requiring a resist thickness for a 500
pin thick etch of between about 15 gm and 4 pm respectively. Using a contact or proximity

30 mask, critical dimensions of around 2 ptm can be achieved. Using steppers, electron beam
or X-ray lithography the critical dimensions can be reduced to less than a micron. Thus the



squeezed out of the gap between the two portions 114 & 116, as indicated by
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tol eranc®s. 5 | thissohesemiabimtthadoldvaifert bﬁh%&lé&%&ﬁ&%&éada'&? rel ease
e processed using

waf ers be sem.conduct or terials or that the
convent i ong?e g%og %cé?réﬂiﬁ?lgﬁa'%é%%gPW%W%%WF%MMMdasm erials
and met hodssikiay etvhingaedhdds. @m&ﬂmﬁéim&ﬁods%be%&i?ﬁesﬁ@ﬁ%ﬁ& g;i al's

to the sern'ﬁ:songuctor waf.grs rovides better accuracy since
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seni con uct%?W%gW‘?%O%dWﬂeﬁﬂm%wmmi Ivadditichethapmy eci at ed
that the twabrmelich padieids bbQtedfol Htattiibh pﬁﬁ&ﬁ’thtecgmgfmg%%%e?eso that there is
space for th‘ﬁ dmterial to nove ihto as It 1S squeeze out Yees A ween t he
two 15 wafBPLnE APRAGANS or ni ng of the protective caps 138 it is preferred to
renove the lower. nrold and release wafers 104 & 120 whilst |eaving the
material 134 stﬁlmabhp%&ﬁﬁedmatttﬁ@tw&ﬁﬁﬁ f aguum i s
applied to the gap 132 between the | ower wﬁ%g%n 1?%|Wég§%edat‘o¥e ?PerHSC’

at there 15 space for the material to move into as it is squeezed out from between the two

15  wafers.

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

- 20 whilst the mold wafers 102 & 104 are movable perpendicular to the general plane of the
wafers. Accordingly, the lower mold wafer 104 is drawn downwards to the reléase 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 moid
wafer 124. The configuration of the assembly 100 after this stage is shown in figure 15.

25 The lower release wafer 120 now only contacts the material 134 by pins 124 and so
it is now relatively easy to remove the lower release wafer 120 from contact with the
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.
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be i mmovable 20 whilst the nold wafers 102 & 104 are novabl e pgyUpgiydpges ar
to0 the general plane of the wafers. Accordingly, the lower nold wafer 104
is drawn downwards to.the rel ease wafer 120. The pins 124 of the rel ease
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material 134 in position and prevent it noving downwards with tﬁe ower
nold wafer 124. The configuration of the assenbly 100 after this stage is
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over a waf erand thén plavechin acconventiefial Hfafep BérBnd ARG w'g@ r . Each chip
has a pl uralclg;s;isgft %I%MS dgﬁces 146. The g%nponeh%%hgér%a | ﬁ‘é’&’m t hen
placed in a convert g e W@ﬁévwsmmmégqmmm@meﬂgspmoﬁ@ bond
the caps IQBathImmmeIWUH&ﬁyﬁmﬁéyﬁéM%%e%segm hat each
cap overlbay, art t@r all _of a chip. The devices are's ’ ically and
may be I'v1ENS & SREInickfphisated dawigescpassiveeipaironiv clementsab comvaithaalevi ces,
passi ve el esdmicondnctel @8®dess or conventional sem conductor devices. The
assenbly is renoved fromthe wafer bonding nachine and a vacuumis then

applied to the er 130 so as to draw the upper nold wafer 102 up
toward the uppe?ﬂperaéf%ibg%ls\ﬁﬁ‘fwed% theswafer hpnding mpchinesneé a sacuo is fhen | over

nmol d waf er, anpﬁedmahSuﬁ;&ngjﬁsdmlagtdd}avaalemtpg%qg&&v&aﬁegIB%QPS%%VZ f the upper
men

rel ease waf gy, Th e.chance of acciden et ac HE%he caps
fromthe wa'%3 °d@& ré[ ﬁ’é‘“—gEP B¢ releapanfithrjlowhemold venferntht chpgai®ire held in
15  place by the pins 122 of the upper release wafer. Thus the chance of accidental detachment
of any of thle 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 ﬂ}en 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 regnlar 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 numhber
25  of MEMS devices, If eiching 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 mndividual 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 relatively 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
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Alternatively second caps may or the | ower surface of the
wafer, utilizi ng, t he ame mapuf acturing nethods as for the upper caps and
usi ng the 1ower t%’f?sz OfYs & feshnigye for pre inglprote@yive capy Eatiboth troipperiger and

| over  cips lewerlsti€acefi e fighd@Row SR iFeLTH0RpbS 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
caps 156 have been formed on the upper surface 154 as per the techniques of the invention
prewously described. The bond pads 158 of the individual chips 153 are on the upper

20  surface 154 and are not covered by the protective caps 156. A second set of protective caps

160 have been formed on the lower surface 162 of the wafer as per the techniques of the
invention previously described. The first and second sets of protective caps may be applied
to the wafer sequentially or may be applied to the wafer simultaneously. The order of

application is not important. The second set of caps 160 are located under each chip 153 but
25  are larger than the first set 156 and extend under and beyond the bond pads 158,

The wafer 150 is then subject to a deep silicon etch from the lower surface of the
wafer as indicated by arrows 164, rather than from the upper surface, to separate the
individual chips. The lower caps 160 thus act as a mask to the bond pads 158 and because
the etching process is very directional, only silicon between the lower caps 160 of the

30  individual chips is etched away. The bond pads 158 and other exposed parts on the upper




substantially conpletely packaged prior to singulation. Figure 22 shows a
technique for providing protective caps for both the upper andg JUbY 2005
surfaces: The figure shows a wafer 150 upon which have been forned a series
of MEMS device chips 153 on an upper surface 154. Each chip 153 includes
one or noreWONRBdevi ces 152 and opti-onally other micro §@ﬂrg

el ements. Afirst set of protective caps 156 have been forned on the upper
surface 154 as per the techniques of the invention previously described.
The bond pads 158 of the individual chia2-153 are on the .upper 20 surface
154 and are not covered by the protective caps 156. A second set of
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200 packagebdnoﬁdth@fﬂbb&d db Beg 40 i ncl udes a chip
substrate 202 hav |ngqa pr%o nas)si&r%z&és}iub pen‘é@ﬁﬁhﬁecﬁl?g% has,&isecond ace

MEMS 206 f &8F° ‘H@Y‘E@P g bﬂ?ﬁeﬁﬁl%#ndeﬁ@e&m&pper and lower caps 210 & 212 are

15 formed and bonded to the chip according to the inventive techniques disclosed herein. The
chip has been back etched to separate it from other chips in it source wafer.
The wires 214 connected to the bond pads 208 are attached to a copper lead frame
216. The packaged chip is mounted on the copper lead frame 216 and the entire assembly is
encapsr.ﬂate_:d in a protective layer 218, preferably an epoxy resin.
20

It will be appreciated that the provision of the second set of caps is only a necessity
where a hollow space is required; if a second set of caps is unnecessary or undesirable, a

resist may be coated onto the lower surface with 2 grid pattern to leave areas between the
chips exposed for deep etching.

Throughout the specification, reference is made to semiconductors and more
25  particnlarly silicon semiconductors. It is to be understood that the invention is not limited to
vse 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.




10 mass 204 relative to the substrate 202. The substrate al so has active
processing circuitry 206 formed thereon and el ectrical bond pdURY8200F
.comuni cating detected accel erations. The upper side of the accel eroneter
chip is protected by a hollow plastics cap 210. It will be noted that the
bond pads 2W003P¥03ot covered by the cap 210. The chip 208chase@oEgcond
protective cap 212 bonded to its underside. The upper and | ower caps 210 &
212 are 15 forned and bonded to the chip according to the inventive

t echni ques di scl osed herein. The chip h&k- been back etched to separate it
fromother chips'in it source wafer. The wires 214 connected to the bond
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necessity .where a hollow space is required; if a second set of caps is
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et chi ng. 5Thwmgi¢oumaybmmjaeatﬁeuenﬂ;bﬂﬁmmtsr@ﬁmﬁ@eﬂn&uﬂ%d@dép&uﬁ fFhmepduct ors
and more 25, Hs%géeao%h% .con sem conductors. It is to be understood

t hat the invent tlmfefl “ed to use on sem conductors or silicon
based sem conductors and has application to non sem conductor devices and
to non silicon based sem conductors, such as those based on gallium
arseni de sem conductors. 8 JULY 2005 WD 02/056031 PCT/ AU02/ 00013 - 13-

Whi I st the invention has been described with particular reference to MEMS

devices, it is to be understood that the invention is not limted to MENMS
or MOEMS devices and has application to any devices which are or may be
bul k fabricated on a wafer. It will be apparent to those skilled in the art

t hat ‘many obvi ous nodifications and 5 variations nmay be made to the
enbodi nents described herein without departing fromthe spirit or scope of
the invention. 8 JULY 2005 PCT/ AU02/ 00013




*14 Received 20 Novenmber 2002 CLAIMS 1. A micro nachi ned accel eromneter
package including: a chip having a top surface and a bottom s JHtY 2005
having a m cro nachined acceleroneter forned in the chip, the

accel eroneter including a nmass cantilevered fromthe reﬁgéendﬁrP /A[q%@m@ﬂgp
to be movable out of the plane of the chigp: a first hol | OW RS d&a\oxefpber 200
bonded to the top surface over at |east part of the acceleroneter to
define a first ity into which the cantil evered mass nmay nove, wherein
the first nold has been bonded to the drip at the wafer stage prior
to separationlof a miabemchined accéleroinagir serpce@miuding: 2 A nicro nachi ned

accel eronet er pack . | G St mA0RE i Yavitfy a M6 REkhBAPS are
si mul t aneousl y bongg%pﬁ)mghgdpvr\% er 3. Amcro nach‘?mcr%ed 8Fce| r onet er

package of cl apsselgromsesifusined in the chip. thepecslecopgieringpding 2 pass gedlepezgd al i gnment
by a silicon tQqalinde o é@hg,rg@bm@mmoﬁﬁecﬁnesﬁmw package of claim1
con

further including a se cap bonded to a second surface of the chip.
AVENDED SHEET | PEA/sAthollow molded cap bonded to the top sarface over at least part of the ‘

accelerometer to define 2 first cavity into which the cantilevered mass may move,
wherein the first molded cap has been bonded to the chip at the wafer stage prior to
separation of 2 wafer into individual ohips.

Z A micro machined accelerometer package of claim 1 wherein an array of molded caps
are simmltancously bonded to the wafer

3. A tpicro machined acceleromster package of clair 2 wherein the array of molded
caps are held in alignment by a sificon tool.

4, A micro machined accelerometer package of claim 1 further including a second cap
bonded fo a second surface of the chip.

AMENDED SHEEY
IPEA/AU
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