; e3er R*o| 46TRHP. WO U2/ U5(i U31 PCTI AUU2/11(11113 ACCELEROVETER PROTECTED
BY CAPS APPLI ED AT THE WAFER SCALE Technical Field This invention relat e@

to the mhdinPs@sf application of protective caps to 5 m greahRshIesi C
seni conductor chi ps on a wafer scale as opposed to application on an

i ndi vidual chip basis. Mre particularly the inven to t he
mol di ng and application of protective c ps to sem @W"’M@U@UI m
i ncorporating Mcro Electro Mechani cal ystem; (ME

invention is not limted to MEMS applications. Backgroutiehisar t

Co protect | ACCHERGMETER PR F?ﬁ?ﬁpﬁi&%ﬂtﬁﬁﬁ!ﬁﬁi’]&hﬁhé”er )

damage. Exi sting packagi ng syste se epoxy nolding and thernal
curing to create a solid protect%’ﬁg’g%mlﬂ the chip. This is normally
. earned out on individually diced chips bonded to |ead frames and so nust be
done many_ll S, fﬁgkﬁ@fh wafer. Alternative nethods of packagi ng 15 include
her neti calll&F ! or ceram c packages, and array packages such as
ball grid array (BGA) and pin grid array (PGA) packages. Recently wafer
scal e packagi nahidARRntivaselateatd B8 nidddiRg ahé applichhibs of srorative @gs aut at the
waf er stage before the chips are separated. The use of nol ding and curing
t echni éue§u§@l§]e§€t)%lctsﬁélc ustorchipp on13 WalehssAlecs (OPRRGd AR Qs es. | n
addi tion SO
SREVRLARES bAR SRR dg&lmwfﬁe iftydhtiBR I PIPRE nRiaIRAR dticAM

20 cannot e use VI Ces,” since M5 devi ce render ed
i noper abl ef pyotédtive papsytoBemitahducialchipfomrporgtipphkeg By tro Wechmsic il ysteisS

i 11 on oS, Heaeart GEameniie agr RETent MEDRS aRREHISRe 1 el at 1 vel y hi gh
nvent | on pr o d?sSCL°§1“£?o°LaiE?nLSVSEE'ef’Qr omet or package LHIIWHMIIFHIlllllﬁlllllllll
chi p havi réa%kg'ffbuﬁ AHdce and a bottom surface and IoaV| ng a mcro, c I ned

WO (12/11aG1131 PCT/A U 112/11111113 accel erometer formed in the Chi p,

the aqgel er onetRnibdiaubidl pPardBEEMARPatkpeaned phdtedtive ef &TRyeRdR D r@ifectt he
chip to be novabl e out of tR pl ane of the chip; a first hoIIow m)l ded cap

bonded t o teehip epd is Mra@en@/@@m atmospheric mme@mmcnbdmy Exigingmagkaginglef i ne

First ot dgtets BGUYDRE O TRk shHERTR GRER | RafEtEh BolRUEIBeL

around the chip. This is normally carried out on 1nd1v1dua11y diced chips bonded to ]ead

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 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
20  cannot be used for MEMS devices, since the MEMS de\;ice would be rendered inoperable
by the polymer material. Existing packaging systems for MEMS devices include
thematically sealed packages for individual devices, or use silicon or glass wafer scale

packaging, both of which are relatively high cost operation.

Disclosure of the Invention

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

including:

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



separation of the wafer into individual chips. An array of first caps is
preferably bonded sinultaneously to the wafer. Preferably the array of

first capswoeglsd in alignnent with the wafer as the caps@EifBansgd to
the wafer with a tool formed of silicon or silicon alloy. 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 nove. Brief
Description of the DraW| ngs Figure 1 shovvs a prior art nethod of form ng

protectlve S o r chi shows a.cross. se |on

bt %o or 1 oo mE S R asProry g b gl e 20 peHS R

. shows a Cr1&ﬁ§m&&Q$f'tﬁ’é‘clﬁ t@b@ﬂio%bl@f)ﬁt RARIMS G tRE cRipMEMS devi ce. Figure 4
¥

shows a cross section through a MEMS devi ce packaged according to the

invention. 20 B iR hoiRd2aPOstibRl nded achovérQah[Qa%&galce fd caps:

. Figure 6 shows ne applyi'ng caps usin figure 5a
to a sili corelevaineter thdagfureen firssdawitg irttdevhiehf the camﬂe\eaqnlsnm‘s nfidygnove, 6 bonded
together Figure 8 synbolically shows a nethod for applying nolded caps to a
silicod wafer 3heatindicfingmotlet bgp hasweai bowded to tﬂéQhQQétQEelﬁ)Bfér stdee friciype 9
shows the wafer and cap of figure 8 bonded together; PCTI AUO2/T1111113

Fi gure 10 SSPRSYHONY %6 ydual gbipp.onal view of a device for forning
the protective caps. Fl gure 11 shows an expl oded perspective view of the

devi ce of figurg Ay & frsey se]sg{)%efglgmﬁaogd&dQﬁ@lngﬁ@tgg@g@%%w Plor gy dev! ce

of figure 10 at the cormenc I ng ows t ce of
figure 10 tixf areay ofdirshi cags tsdeld mrailigmaehtamm fhe stafdreds olicecapn eresioddedad there nol d

is rel eased fra t he at her, si ge. re 13a shows an expanded view of part
of figure "5 ¥ lg%%foé’&?%mfﬁlozﬁ’g\ﬁ& %ﬁ ¥i ve view of the figure 10 device
corresponding to figure 13.

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

Figure 6 shows method of applying caps formed using the device of figure 5a to a

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

Figure 8 symbolically shows a method for applying molded caps to a silicon wafer

25 according to the invention;



Fi gure 15 shows a cross sectional side view of the device after one of the
nol ds has been partially renpbved. Figure 16 shows a cross sectional side

vi ew of t{g) ¢anvkie after one of the nolds has 15 been ful lpeanenweAs 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 sectiomal side view of the device at the
commencenent of application to a wafer and renoval of the second nold. 20
Figure 20 shows, a Cpross. sectianal .side i ew a, waf er. after application of
the caps. Figu B9 5@%‘?’/\%&’ Wcﬂ?%rs@d%%%?fcﬂgﬂe gf’%deg?%gﬁt > a series of chi ps
. after singulation of the wafer. Figure 22 shows a cross sectional side view
of a wafer Wt IFiaa®3$0 shiiwd Bkxplodeaictoss b&beidnal v bLa 8évigidor fordindfhet he

waf er . WO (12/0S( (131 -4 PCT/ AUU2/ UL1U13 Figure 23 shows a finished and
. packaged WENBCtHEEa8Per onet er devi ce packaged according to the invention.
Best Mbode of Carrying out the Invention Referring to figures 1 and 2 there
is show a priorgaf. Hed, 0 ' ol ' ] hconduct or
wafers on a vvafFé‘é?’:Hlé(I:gp;e. Ans%‘#?%ﬁhﬁ%?%&&%\g&ge{f%éfig\ﬁgﬁsgﬁpﬁ%ﬁg%ﬁi nst a nold
12 having cavities 14 fornmed therein and a liquid polynmer material 16 is

i nj ect&d into thwireashdvesa drdss SEhonmb vigweof theadanidead! fmures 10 ot ther m sol i d
protective caps 18. TFe fer is then singulated using a wafer saw. This

t echni que %Og"‘ﬁ%lfefaw" E’Q!)&Bg'to waf ers having MEMS devi ces forned thereon as
the liquid polynmer material wll surround the 10 MEEMS devi ces and stop
them from wor Kirighre 3 gtves the 38@WE oft figurd 1€ aRE mEI8in@ had Finished Bid fasebef&e
protecting MEMS devices. The MEMS chip 20 including the MEMS devices 24,
shown synisaeisidgiof the meld porednased fsom the othermidaraf er 26. This nay be carri ed
out at the individual chip stage or at the wafer stage. The wafer 26 is

typically etch b r 1 H@trﬂf {c etch using an etchant
15 such as Km%?%ﬁgg%hg“geaﬁi%g@%gg&g@g%@es g%é)g% correspond to the

| ocati ons of the MEMS devices. The wafers 26 are carefully aligned with the
MVENVS J@f er 20 diiglir b4 elexdivs diparspieoti vaieveof the Sgura b0 eviemcarfdspatdingetorfigns  of
packagi ng M5 devices, it is expensive as it requires an extra silicon (or
soneti mes grass) wafer, which nust be etched to formthe cavities. 20
Figure 4 shows a MEMS wafer 30 having surface MEMS 32 forned thereon. A

hol | ow pr ot ect iFigré 3P skivsd crobedctBdasitie OicWbdiahéd aévitPafter and oMo daldd st he
waf er 30 according to the invention is provided so as to form a nechani cal

and at nosper patighvteswvedie barrier for the MEMS devices. The cap 34 forms a
cavity 36 with the wafer to allow the MEMS devices) to operate. 25 The use

of nol ded ther 'F?kglré‘% b4 LBY £BRGhPLE VRw mh@ﬁéﬁéebiﬂér%e of the %\f&ﬂgx@g

i nexpensi ve packagr ng. wever, conventional techniques not provide the
requi 1éd been fully removed.

Figure 17 shows a cross sectional side view of the device undergoing an etch.
Figure 18 shows a cross sectional side view of the device after undergoing an etch.

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 side view of a wafer with caps applied to both

sides, before singulation of the wafer.



accuracy and thermal stability required for mcro fabricated devices.
Figures 5 to 7 show a possi ble techni que for packagi ng a sem conduct or
waf er 40 Qayimde@nunber of groups 42 of micro fabricated pdqyi6igsofi4. shown
synbolically, forned VWO (12/0S@31 -5 on or in an upper surface 46.
PCT/ AL102/ U0013 An array of caps 48 is forned using conventional injection
mol di ng nmethods and steel nold tools 50 &_52. The caps are supported on a
sprule 54 at the sane nom nal spacing as the groups 42. Using this nethod
will alnmost invariab | ead to m.salignnmen th resulting.destruction of
VENS devt ces. b e SHoR & asEu 360 PRTGERMERMS afteleiSiniht dicemackasea
. aligned cogdcagdihy toMhe fnvehodr oup of MEMS devices 42a. However the spacing
between the caps is greater than the spacing of the groups so that cap 48b
is not aligned correctly, but does not destroy any of the MEMS devices of
.i1ts respecpl 44c & d are sufficiently

m sal i gnedBlﬁ\r%gtmtbgeéO%gré?mng%éE‘?\I%ﬁga{:‘aps 10 overlay one or nore of
the MEMS devices 44, destroying their functionality. This msalignnment can
be the result oReferigiodigusss landc) therejip shayd p pgotiart methed Of Sormingpretective
expansion t I C t,0 Ll r ..

rigidi t§; O?thsﬁgesﬁglﬁ) e égs%orrp%#gra](}tnsa g%%?%ﬁ%%. asg&ﬁg%nﬁlﬁ%tgﬁ\?%fgf@é ecga}m eerz!id for
accur at e ahgajustramioldnd hbving cangtiesf 14pfotmed therdiwandd Bad pelyrgr agsal 16 is

techni ques, .15 A solution is to use tools which have the sane coefficient
of thermal! foothe gavitiefel 4nd i@ POLYRIGE Majgsiabsats IR sRId Prgifrdye eapg 18
synbol i cal : el I N of
Cher mopl ast | Rh b SBHE u kA ek T8 (g R BB AR B Y

Si nce the hawnhg BIEMS devicessfdrodd thheeos asrthertiuid palymersmathealweiflesnrrdGnd thhanges
inte ra i 1] not. result in changes in alignnent; the spacing of the
caps 6 WWI\?ﬁ%&SB&@WH 8’“559%“’8??88%1 as the spacing of the groups 42
of MEMS devi ces 44. Thus, when bonded, all of the caps will be correctly
al igned, as shoWguid13 Sy the Presel Pibi &0 Blchiqlid Ry rdtéctify MERISARR IR Thel N
working silicon to the required accuracy. Figures 10 to 16 schenmatically

show a fi r MEMSshinrQ ipeludingdbg MEMD devipgs 34, prpwiosymbwliealby, ischanded ©aps t o
system 100 HEDT Rater 2ETHORAPEL PAVBLE & Al Al BupBapOONR & TRFURE,

may be use@hevsafer REStygiUilE eBhadl usitipya aiyftallographi Oarfisduropivastttusiieyarcchahhe
in¢ludes two_ silicon wafers 102 & 104. The upper wafer

| di 0
ng 'hQ% E@’fﬁ%ﬁ&lé@@w segict O Fpessessoravhich comespaphip the lpcatiens ofithe con

et ching tegfng . i 5vERLS 9 ce
108, The | e it THGWatds 26 bieareflly ARSRE ST HEMEMS bty 2GSRI T
simlarly phestesWbie this ¢cdnadte anteffechyeeneansof packaging MM Saleyies, étsis ekpegsiveves
112 which al.ign with edges,.of the recesses .10 The .recesses, 106 and

ot ooves. 115 1 PuleS B fiicha (i fopteiss kel eter, Wit Histh8 SheBan b
repeat at ggmdi@rs corresponding to the repeat spacing on the wafer. In the
enbodi nent shown the protective caps are designed for a MEMS inkjet S

printhead and so are very | ong,[rel ative to their width in plan view The
recessts are  Figure 4 shows a MEMS wafer 30 having surface MEMS 32 formed thereon. 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
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

having a number of groups 42 of micro fabricated devices 44, shown symbolically, formed



rectangul ar, 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 eagly &idgs9f each recess are in fact one groove Whigeh A\@s/08013

rect angul ar s(1ape in plan view. The grooves 112 for adjacent caps Jefi ne a
portion 114 of material which has not 10 been etched. Simlarly adjacent
recesses 106 define a portion 116 of matgrial 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 PP@I@EQBPPW%W@%“%urfaceS have been etched so that the groove

. 112 for the perineter of the cap is all in the |ower wafer 104 and the

recess 104 for r i [ ek - - It is
not essential t rg{__%r{}ﬁcgfté#gf ég)\i/)\séf)ferﬁés?h%)snga Cg%r{l%?ﬁg#@@ﬁé P%cﬁleli% |h8%p%ne§lve not
. been et chestkel Moid foslsi 30 &Lefihé edps tfeatppdredommt spahle fdmt thesams nadmiriahed by a
recess in only one nold gr that the peringter walls he defined by a groove
ot ecess PFIbAR hg FP RS . UG Uit meBor val apnes TrveRebly tatde FERHETHERTS oy
be | ocat edyig redil¥inp @8dthicBOn GEMENES! d@iéksN2edoRMlin !Pi%ufé'ﬂ?ﬁ{ﬁglﬁ@%"ﬂi@ec‘é r,

planarity of the split line will typi cal Ity sinplify fabrication of the

nol ds. Thet8aseehisnaligoed egreastly mwithdgezouwprpfildBMS devicea d3a.dlovegverthe wpdcing 118

v ors. ar ceute 58 Euis B iR R il ot O BB InE A A5 EhoelRBBEL o

|i t hogr aphyrrasty, Baedoes inbi 8frof biphofitBe MENISidguiess éfdtshayRciavesebiestof rel ease
pins 122 and 124 respectively. The upper and |lower nold wafers 2S 102 & 104
are for nedioWaver.dbe ¢aps dda & A grersyfficiently gnigaligped thas feerinstey walls efthe eensi ve

t he pi 4 . Ay toward the
cent erlr(‘%r lcgl%lé{%%oerac%%rog?%im 6&%%%g#?éﬁggbﬁgggf&hfgﬁg@ﬁ% are located in
the grooves 112. However the | ocation of the holes 126 and 128 is not

especi al | y cri tThishisalignmbmtycamby theaegulltanf achuaber efjantorednéloding dftrérsial of t he
nol ded caps. V1'0.02/0.1 (131 PCT/A :(12/f)] (1{11 ‘7 . The .rel ease pins
17 5% T2 A et on s D oA porErAB e Sematen, PRSI SR hol os.
Wien the fhelBe®ssipsienishdRhdBckleZmathindfy Wsidhcl e dcbmate MiBfReiantine hol es
126, there is apgap 130 between the upper nold wafer 102 and the upper

rel ease wafoading s polymerhioswdptsydinghese teigbniquesgt h of the | ower pins 124 is
the sane as the thickness of the 5 |ower nold wafer 104. However the length
of thespins 124 -be. ar rot 'glﬁp , .1t _my be
| ess. en the égi?%%lﬁr?bs% otilﬁée%g%sns %ﬁ%lgstﬁ%]éess ?%gfhcqé%teopﬁnlg}é%&nﬁ%?? N ess of
the | ower thafvefer,1suéh ad silie@riand fpus 8% Gadyaibolibally show aieainh%&fusm@el siidoas 128,

i.e. at |east thﬁjé’reduced t hi ckness_ of the wafer 104 at the %ro,o_ves 112.
The | ower t0oh9rtahold guargypftbeymaplastics spps Mhasdherns arseonded o tho ailisan ¢ way

inserted iyt @mcﬁﬁhelﬁ)& Bivls £ ndais t%ﬂ&h%ﬂg%%£ﬁﬁ4@$h§%8§% into

the grooves 112 and wth a gap 132 between the two wafers. Ins 124

pr ef er abl ytemperatue Wil bet resulisin changlas intedigomest; dfe spaeing of the caps Mswillochfingem a
substapti gl | | anar base _to the ove 11 t.hi.cknes the nold and
ol oadd watvtbe Bril At a8 is mpeir LB KRRt 42 oL VS S BRSR, Mt Vel ot ¢ he
order of Ifdnted, hAGf Medaps svill Be Editeel 8B Sned VRwRM ih figbrel 5 Adaitiopally thelis 15
The nold tools are preferably etched using cryogenic deep silicon etching

rat her thaRugBoaspariencein Merking siicgr todigrequiredasstrey. et ch. Bosch et chi ng
produces scal |l opi ng of etched side walls, such as the side walls of the pin

and cap recess s 0l ds. {5 he
P e SRR KABIRAD 0t SUERTH Sl b
resul ts i rprotectivessaps trewafets; peeteratad) keanicomductor agifes. nol d rel ease. 20 A sheet

134 of thernoplastic material of about 200 to 500 microns in thickness is
pl ace et ween t.he t wafers .02 & 104 d.the ass ly is placed in a
Convert ona - waf ERegREPNG - mldiraen 90 BE g tsgolod piredheeary om

El ect r oni Gh¥iviiiR Agufe P RicRimaSR gl \With MBS Bvick6r A5DRE hiferb SabRGRaANI cal |y
pressed together 'n the machine but it will be 25 appreciated that the nold

waf er s maydewiseuFlpe@oldingsysteantl® inclhdas two sticprn rrafeh 802 KelOdoBhewprer wefeset by

appl yi ng Lent. pressure t ot 0 132, Alterpati.vely
ot her maan2ies e Ka el o AR, aductb fipéon GRNNRE REME <
pr ef er abl ytolhaos £seriey of astesses 006 and lpwalsrfabd Y0 The $dvg wafdrr194 @as beadi at i on,
as indicated by arrows 136 in figure 12. A




WO (12/(1a6031 -s.. PCT/A1102/11111113 conbi nati on of conductive and

radi ant heating may be used. The nold and rel ease wafers 102 & 04 and 118 &
120 respe@,?(,\éﬁ;k(}(,sare formed of silicon, which is substantipgiflatobiesispar ent
toinfrared light of a wavelength in t he range of about 1000 nmto about
5000 nm The material 134 chosen either intrinsically absorbs |ight wthin
this wavel ength range 5 or is doped so to absorb light within this

wavel ength range. If the material 134 does not intrinsicall y absorb within

t hi : itable. d k h b
par t1 61 o SIEN PRSP &5 PG i SREE TR B p bR B EBR R L2 e i opan
-y be usedgith tgs D0 ERlrededses! 1ID6PTREREHA! W8N LR VEND] TRk dizsa tR e

size
exposed to inf rared | ight 10 at a suitable wavel ength, as indi cat‘m(;rlg
arrows 1360f thipwafentq g @r@wsaeﬁ and ispedt ot ml@r%qoamsgor@maoﬂou theirepea rspaymgmrsu des

ot essent e ERmAERRF R el B PR R e e MM Phishe © ' °

si de. Becap@théddandisb afe%r)v\atnerraam@totmamma{ Blar QichNThé Rick@kesler adi ati on,
the infrared radi ati on passes through the wafers and is absorbed by the

sheet 134.repfapglaraliqugl theengls ofi thearesses Sretnefpleavar. dihe enfieolibé growwsdrl@ may
then be ur f to sed
toget hor virrt HORD 1Eh i o MeelolR AR ardolts 1175 URRTIR, Rlen ol BRETC
sheet 134 indadtenté gtdoyemhmtﬁth,sapenthmgnwrahdm in plaaoviwuict i ve heat| ng i s being
used. If a material other then silicon is used heating of the sheet 134 may

be achi eved u5| el ectr ic radiation at .ot e veI &b‘ﬂito whi ch
Che mat or | al - usDiF FoSEII2 0k Sy’ SeF frimagRrant | ARRH pRORe
waf er fgondpdag e%&h"%l aaaaéa%t retééeé fogmkided pbﬁl(ﬁtkﬁ6%f@tpﬁerpjl wh h%éttbt y

defined by the recess 106 and the groove 112. "The material 1s a
subst ant i abden etohed dhest putions ofirhasexiald 1H&t il/\kﬁeerllgmhmtlt mh[mdlarlaodlwhdmwle&vm | 6,

A previ USRI ERPieTRRAcEeTse o FaR e s ol ob e Portmsadt e By

conventional 1ithography and deep silicon etching techni ques. The accuracy

of this proces STh@t»\dmﬁ’ﬁﬁaﬂiavebedd't&cHedtshﬁgtEhlafg‘to@l&d 10Mfer the pesinetdS6ftthe The.
etch selectivity of silicon versus resist is |callé bet ween about 40:1

and about qams 1 iy the dower pter 1idangithg WP@RA%EOMWW@ IHeR isrAlldn theunpen
bet weeiy }(Zz umand 4 umrespectively. Using a contact or proximty 30
mask, cr|t| caf mensi ons of around 2 um can be achi eved. Using steppers,

el ectron beamor X-ray |ithography the critical dinmensions can be reduced
to | ess than a Itisoradmsseiitial shattlze molMiwdferd hlySontadtorPaiFfasedRhich/bd® nobesri al
134 may be sgqueezed .out tofal from bet ween. the portions 11 & 11

Lotally e NGt scriph ek e sk PSSR & et Y parPiaim dityoneJa ot 40 up
to about 2hgi @e gaanétaf WKISBY ddimiel ® ?ta 2BGIVERE Feck4ian BAN dridifold 1he effbdfveddet ween
adj acent caps |36 due to the variation in position of the relative surfaces
due to rrantnhabpabttwgert Beanaldemgy belgcaterl gt thOQlé@é dlesizgd andaeed et beplaganaf er s

or ocockba Lavet ey ot R PR T A O At AT TRl oP ety mot hods.

QO her materials and nethods may be used if desired. However, the use of
simlar materi allse dasserhblg lﬁﬁmSommdudesan uppdreaslsaspmwedewaﬂaelIaeandaﬂoweacy

si nce tenperature . change ess effect. Also I tho h
silicon reT Eqiﬁa_ 0L FiGoh & iaga }éﬁSWéPH’er ah g’t“éef s%t?t’& is ﬁ@ gh"é‘?ed%}‘ffﬁ’é’g of
accuracy r E&Vé'b%&d%rob&sﬁﬂﬂillilﬁ’g“contveﬂldﬁﬁﬁltﬁ@ﬁ'ﬁﬂ)k@aédd%eﬁ Er’l’i@én BRYinp Bechsigles O

production of both the sem conductor devices &and di ng appar at us. It
wi || be aptorhaee atsercesmtﬁmleatsnemsvl@mmd d24veehpact velp.JThe uppsr amd lTowaemdld: valbes

shape eree, e for the nove.i nto.a

squoesdy ol 4 0 RsToleh P GorfipobdRia Py 126 B SRSty ViR cyive e
protecti vepiaaps? &31&41 Thé GppeB h@t%@uzeeeu&ateﬁrgeﬂaam%wa@a\ﬂfe ceRletloraish dfRhese
waf ers 104 & 120 whil st Ieawﬁ the material 134 still attached to the

upper nol dreaessdP6 st the iayarbeles 4 28 pisi lpeatedtin thengrogegs Li2oHpweves dhe lo¢asionower

nold and r S I n the
assenbl y sgétggﬁ@oy\?de{l@nlozég J‘fggamﬂly@{tﬁ lan&} }%ﬂ%}?e a&f%%‘ﬂ%fu‘igﬁ%are
novabl e pe¢jpetivaiof thieamnolded téys. general pl ane of the wafers. Accordingly, the
| ower nmold wafer 104 is drawn downwards to the rel ease wafer 120. The pins
124 of the release wafer 120 firmy press against the material 134 and so
retain the material 134 in position and prevent it noving downwards wth
the I ower nold wafer |124. The configuration of the assenbly 100 after this
stage is shown in figure 15. 25 The | ower rel ease wafer 120 now only
contacts the material 134 by pins 124 and so it is nowrelatively easy to
renove the Iower reI ease wafer 120 from contact W|th t he rraterlal 134

e a e 1 o Y A NN - I



WO U2/11SGEJ31 PCT/ AU112/11U1113 -10 Whil st still attached to the upper

nol d, the sheet 134 is then subject to an etch, preferably an oxygen plasm
etch, fro®Rd@R¥sto renove the thin layer 140 of materi alpcras;eheoym i n
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 assenbly is shown in figure 18. 54;The assenbly is then placed over a
waf er 144 havi ng a nunber of chips formed on the wafer. Each chip has a

plurality of devi ces 6 conponents are aligne nd then pl aced
in a convention BWEF%QPI%% ﬁg{E BeHF AcnS _ﬁf_‘tﬁrstﬁghthﬁ%%%lo%tt%e bond the caps
138 to thecoMbfdndin é?%r Wahén Yhe é}fdslo%;rréqﬁmtmrma%n%ﬁtﬂthéﬁmf%?%t}s%%e

overlays part or all of a chip. The devices are shown synbolically and may
be MEMS deales26, WS apap da3y between thenmppeningldovdfabi(2cmddil dpper cdesse pasi ve

Temoved 1 b FREA SR BHBER s RaCHREP IS (AL 40 Bahe IROTRRPIeas t no

upper gap 1b38r fRldEwateP 104, Bweer the RHatHTSH tHe P&EQM A2 b Rrda@ihAfish thbe upper
rel ease wafer 118. Simlar to the release of the |ower nold wafer, the caps

138 are hethicknesspf thel wafer asyit marbplass. When & lengeh efghepins dR4 dslessthérethe Thus

Lot ho act AT a BOTAER of SRR ®Rlsr 404 BPRS o P BariR e BEWR ol oy

prevent ed. 1ZB) e v ekt the feducedtiidkhdss df Hieal e £ (R38680v@R1102] Bhalbatect ed by
a discrete cfap 138. The wafer can then be singulated into indjvidual die.

If the chi W&k W4and 440 ew nositignedyithihe pins 424 payt wayimsedndiathe beles 13 hiods

of vafgy SiAQWleatingBesoradid 2515 (e BBy Len fnbe
separation iggsatlgt \%Oenﬁqc ?%Sygr%gﬁ%@b%g‘ad a%f%}nldﬁﬁqm C ?/%éetgrhéen lEh(g)o
fragi | e fdwosweatersgThe pise i24prefprabdy epiend eocta fheshivdth the ehdsngf thEORDIEY sonamsptobe
used to sipgulate the wafers. Although ILE is much nore expensive than

waf er savmﬁgr,“atstlfsgta‘?tkaupfﬂlﬁnarisl?as?Fféth\?ég%‘?vgillrl;eady requi red through wafer deep
etching, as is the case with an increasing nunber 25 of MEMS devices. If
etching i s usedThd fheckwers f thb4flold and 84 ase wRFRE s abBuEBOBaRRrctsWIRNhE AR | N an
etching system such as an Alcatel 601 E or a Surface Technol ogy Systens
Advanced Sl30 angrl3Rtaehofithe pridaeof Htoskd9anigraas ihdickaessr Howavdrrihis i§ mdicvitichlal
packages. This etch is carried out at a rate of about 2 to 5 mcrons per

m nut nd may | | r [ . ' . he

bot t oﬁ%sgi de of eeﬁ\%g’ftg@g aéﬁpg@.?eefa'g ?[éh%%h%w%ya&% ]gigtdrg%})p%]gg?ﬁgﬁbﬁﬁg géé}tl%ronal)
so there ithan Bosdh eteliyg 4s tb ipraluet abinogthef etsh. Boscinetshidg peodhced scallepink oect i on
of the etch., If ,ci?ge f:tch IS appc{ied frognt.he caps side, the caps 138 act as
masks and Sfiteg sideavalls) suchas theyidecyally qfithq pin pnd carapeossas: The sealloping makes
material D@k aeRe P theGRAEs frSmILERBIed Hiftertll HUrd Sif QI Wﬁtﬁ-ﬁ %ﬂ%h,l usfiga the
silicon material between individual chips is renoved, t er% y separating

t he chi ps ar¥egehisretgutssdtsie muchsmotes etehed whlls, mithensier insldaplshaseed from bel ow,
a separate mask will need to be applied to the bottom surface of the wafer.

5 Any g licon e j tion. of e ch. at t.he.separ.ation
st age % Il be e‘f‘c% ﬁ%engé{l,\ggty@%cﬂgz{sﬁﬁ n!tlﬁé;nagf) g%&lug 9@@%@? H@C{o&g "E ﬁﬁ%ﬁ"gﬁ Be any
exposed siplacsdbeidenihdiwRosafe 102 & dDfbibthe aSddaidIEIS gfdc@@ i & 6&tlvelraifdl pads,

on the upper surface of the chip should be protected, such as by a resist,
whi ch nust WafEr banfingaagiince pughasan £V §8hdavailpbledom Flestiontd Visians Grenmeipl y a
mask to tgﬁla!rﬁ ragddif ace of the wafer and to deep silicon etch fromthe
rear. 10 ternatively second caps may be provided for the | ower surface of
the wafer, utilizing the same manufacturing nethods as for the upper caps
and usi ng t he | Dhesssenlpy isweshasicslly presteddogettoh in 1By npacbine dbung wibbh upper and

| ower ps_at the fer s e, each chip.is substantially. conpletely

pac kagégl1 pzmpaqme{%%d @Hﬁﬁ Pﬁ’ﬁcf‘%ﬁf.erslﬂ?lﬁﬂp‘é“‘ﬁgdé eae ogl&eﬁﬁ? a%fgrmgfe provi di ng
prot ect i verhg@ispldstit skt By & iug&%b&rechnﬁedt@y@guréw&ﬁgggs 130'& Bogure shows
a wafer 150 upon which have been forned a séries of devi ce chi ps 153
on an uppefltemetiedyotheumedna staydisiused.53 i ncl udes one or nore MEMS devi ces
152 and optionally other mcro fabricated el ements. A first set of
protective cap 5 formed an [ S..pher. the

t echni ques of ?ﬁ%e %ﬁ\g/@ﬁtﬁ ingaﬁl%&rhg\g/ﬁegf?g Ic§ncc11‘£acgl §Ir1 ?%gtglg Pr%&gglﬁaégé gadfg]émof t he

i ndi vi dual amipreferabhBbyausingrinfrided ratifxedn, d0indicafed &9 aliows dBdirmfiguedl. govered by
the protective caps 156. A second set of protective caps 160 have been
formed on the | ower surface 162 of the wafer as per the techni ques of the

i nvention previously described. The first and second sets of protective
caps nmay be applied to the wafer sequentially or nmay be applied to the

waf er simultaneously. The order of application is not inportant. The second
set of caps 160 are | ocated under each chip 153 but 25 are larger than the
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Fi gure 23 shows a cross section of a finished MEMS accel eroneter 200
packaged according to the invention. The accel eroneter includes a chip
subst r at enwgPg/d3gysing a proof mass 204 suspended there fropangsngdce MEVS
206 for detecting notion of the proof 10 mass 204 relative to the Substrate
202. The substrate also has active processing circuitry 206 formed thereon
and el ectrical bond pad 208 for communicati ng detected accel erations. The
upper side of the acceleroneter Chlp is protected by a hollom/plastlcs cap

210. It |1 .be not t th 208 are n covered he. ca
210, The  camsuaniE condiEhv M s At ok e el b Ol 4 et mdeRer de.
. The upper 1@ ]0aveid mn@ 12(1£és§eca&a %feefokéeaefﬂﬁ@brﬁmléﬂqmﬁgtahﬁaﬁ e chip

according to the inventive techniqles disclosed hérein has been
back et chdthnsparerd pairdtaced light Df)atrwat/d:iemgtb i the rangeiof abaul6e0 nmfte aboukHO00 r es

. 214 connecte o_the 08 are ched .t copper rarre 216.
The packadlé’ad%ﬁ rBatP%alﬁggﬁP n8‘rr| FARLR %5# ﬁ’a h,gﬁia%hlgi S&'ﬁéﬂa? PN EFRELr o
assenbky icy i€Ms5A%Hagicsbsbid 1aghpfvﬁh§ptmsv\@adefe¥1gfh ransd, Ifﬂﬁ@ﬁﬁfe%‘ﬁl Y348dbe8 RBXY
resin. 20 It will be appreciated that thepg)@owsmn of the second set of

caps is ornyingicallyalsertt yithindhie ranghot sudtablesipentiis” qadtpmbl@ét” (¢rhorphewscond set
of caps |s ) n i a_resis d onto the
P a{'&g%%fthcsfeeaé'j é/rhl%él a%g%?i irl %l%%% ﬁ'{ese waveﬁenotths l%er a%?ehc? Pajts &aye‘g?pos ed

| ower surface eave areas
for deep afsehi ng. Throughout the specification, reference is nmade to
sem conductors and nore 25 particularly silicon sem conductors. It is to be

ntion.is not Jimted to use on sen.conductors or

understood that_th

silicon based s@"‘rﬁ%ﬁﬁgﬁﬂ%ﬁ’l@c@ﬁ&t"lﬁé‘ they3re el Wafersgnd srpasedicinHated ight

devi c a asd eaqj\x “?M%?

gal l'i grén a?gg%@dmgg%éé%%g?ors : 02/ 115@8%11 %%1%5#@?&1

Wi | st t hesuppivaelrfmmﬂpothaaddse)émedwcnsiabémmlmbt lﬂdrto pwid&rsynmi@n@hbeatmg I\/EI\/IS
devi ces, S to i nvention i mted to MEMS
o Mook dg e hepeosHAT B PR St i i BB oB B Sidmy be

bul k fabr iBhad t@é\sﬁcm%rs ard triisphreRetodRP AR rh&iaﬁ&kp% 1§frhlleh@£thht'ibr¥ he art
t hat many obvi ous nodifications and 5 variations may be nade to the

enbodi mentPssye upngiethe nefass andis ehwubeddupthe sheey 134. dffer heatingitp asuitable cope  of
the i Nye ntt%lﬂﬁerat V\Qe %1@1 }:Vla%é 9 %%y t%@?ﬁ%@f’g%&?ﬂ riﬂét%ﬂg tlgaas%gtletQ%g. The

accel efone ud I g
wafers may be pressed together whilst the sheet 134 is being heated rather than waiting for

the sheet 134 to be fully heated, particularly if conductive heating is being used. If a
material other then silicon is used heating of the sheet 134 may be achieved using
electromagnetic radiation at other wavelengths to which the material used is substantially

20  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

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
pm thick etch of between about 15 um and 4 um respectively. Using a contact or proximity

30  mask, critical dimensions of around 2 ym can be achieved. Using steppers, electron beam

or X-ray lithography the critical dimensions can be reduced to less than a micron. Thus the



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

machi ned accel eroneter formed in the chip, the accel eroneter including a
mass cant Jpuasadfromthe S remainder of the chip to be weyallsw@ds of the
pl ane of the chip; a first hollow nolded cap bonded to the top surface over
at least part of the acceleroneter to define a first cavity into which the
cantil evered nass may nove, wherein theirst nolded cap has been bonded to
the chip at the wafer stage prior to separation of the wafer into
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10(%4| & ()- 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 release wafer
120. The pins 124 of the release wafer 120 firmly press against the material 134 and so
retain the material 134 in position and prevent it moving downwards with the lower mold

wafer 124. The configuration of the assembly 100 after this stage is shown in figure 15.

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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- 109B& () shomm&ggy&]é?l T@e@@h(h)as lgt_l;b(m&ct(gn-thg_(ﬁst of the material due to the significant

greater in thickness of the rest of the material. The etched assembly is shown in figure 18.

5 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
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

10 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 then
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

15 place by the pins 122 of the upper release wafer. Thus the chance of accidental detachment
of any of the caps from the wafer due to the act of removing the upper mold wafer is

reduced, if not totally prevented.

The wafer 144 is now in a state where each chip is protected by a discrete cap 138.

The wafer can then be singulated into individual die. If the chips are arranged in a regular

20 array, the conveﬁtional methods of wafer singulation — sawing or scribing may be used.
However, if the separation lines between chips are not regular or if the chips are too fragile
for sawing or scribing, deep reactive ion etching (DRIE) may be used to singulate the
wafers. Although DRIE is much more expensive than wafer sawing, this is moot if the
wafer already required through wafer deep etching, as is the case with an increasing number

25 of MEMS devices. If etching is used, the wafer 144 is next subject to a deep silicon etch in
an etching system, such as an Alcatel 601 E or a Surface Technology Systems Advanced
Silicon Etch machine, to separate the wafer 144 into individual packages. This etch is
carried out at a rate of about 2 to 5 microns per minute and may be applied from either the
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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(-3 #%noat/gnuf(bgt)ween %he cal%s(e)tcheg ”llhe etc né gontmues until all the silicon material
between individual chips is removed, thereby separating the chips 148 for subsequent
processing. If the etch is applied from below, a separate mask will need to be applied to the

bottom surface of the wafer.

5 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
is to apply a mask to the lower surface of the wafer and to deep silicon etch from the rear.

10  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.

- Figure 22 shows a technique for providing protective caps for both the upper and

15 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
caps 156 have been formed on the upper surface 154 as per the techniques of the invention
previously described. The bond pads 158 of the individual chips 153 are on the upper

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
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(()())/@4| & () - 109 wlk@aappgpmate that( t)he 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
5  resist may be coated onto the lower surface with a grid pattern to leave areas between the

chips exposed for deep etching.

Figure 23 shows a cross section of a finished MEMS accelerometer 200 packaged
according to the invention. The accelerometer includes a chip substrate 202 having a proof
mass 204 suspended there from and surface MEMS 206 for detecting motion of the proof

10  mass 204 r_élative to the substrate 202. The substrate also has active processing circuitry
206 formed thereon and electrical bond pad 208 for communicating detected accelerations.
The upper side of the accelerometer chip is protectéd by a hollow plastics cap 210. It will
be noted that the bond pads 208 are not covered by the cap 210. The chip 202 has a second
protective cap 212 bonded to its underside. The upper 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

encapsulated 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 a grid pattern to leave areas between the

chips exposed for deep etching.

Throughout the specification, reference is made to semiconductors and more
25  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.
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5  variations may be made to the embodiments described herein without departing from the

spirit or scope of the invention.
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wherein the first molded cap has been bonded to the chip at the wafer stage prior to

separation of the wafer into individual chips.
10

2. An accelerometer package of claim 1 wherein an array of molded caps are

simultaneously bonded to the wafer

3. An accelerometer package of claim 2 wherein the array of molded caps are held in

15  alignment by a silicon tool.

4. The package of claim 1 further including a second cap bonded to the second surface

of the chip.



