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WD 2006/ 078374 PCT/ US2005/ 045204 METHODS AND

APPARATUS HAVI NG WAFER LEVEL CHI P SCALE PACKAGE FOR

SENSI NG ELEMENTS 5 Field O The Invention [0001] The
resent invention generally relates to chip packagin
RYY&8Barticularly relates to wafer IeveFC@ﬁ$ 05/045204

scal e packagi ng. 10 Background O The Invention [0002]

o B o

differentials, for exanple, between a reference
pressure and a neasured pressure or between two 15
nmeasured pressures. Typically, these pressure sensors
include an integrated chip having circuitry printed
thereon and/or sensi ngFigld Of Abe laxentioment s nount ed

et 0 .
000 Bap dePhen HVen R AR BARIAH Blb Bitkpe b Mo bitcutary
plattséc vafet legelshipsicalg padkagiopent s and d|SS|pate heat
produced by the circuitry during a chip operation. In
ot her sensor configurations, the chip also includes a
plurality of bond wires 20 that are used to couple the
die to a circuit board. The bond wres typically
extend fromthe chilizckground Ofbhedngentione [ 0003]

§210Ushedeh #
s e QLR TR ApPaB IR nfa B pPIogtd BBllectany one
cg’mrous tynes obdatai Sone aomsatsiase hseddn Idetpmappgupmmr@ differentials,
[ c Y
ioF exartle, BRI relelbaly BRI and BBl of between two
rpﬂ!@lﬁred pissuresx t Typieally, thesel gressure cerders itdudeemtuintegrated chip having

onf be experienced b n i nt
et shten Mo oafed St mopTE! Bitsi, 1n some
sehboh c@ﬁigﬁi‘hﬂ&ﬁs ey ;@@d;pos'%bQMﬁlm Byt Baeha iy ﬁinﬁgiu’d@ koyprotect
FI h el evati on and/ or Iargﬁ footprint geonetr
fhgf"é“ERE CoTRRAFRIS Ang Ry ed Py athe c%'{&‘wm@mng 2 chip

dpbatibm atnesihdrsenol Eshiighatigmt ﬁ@ |cﬁ1pr@é$' 1ﬁéhde‘§ QVERlity D0 bbilll wires
anot her exanpl e, the aforenenti oned be

| ps may
thas e yse@ fo,coule diesdie w & Grorit hoardc The leond wiges sypically extend from the

chip) AloHENnd LEXPENSI ve conponents may not incorporate
sensor chip technology, or alternatively, if the chip

is incorporated, the cost of the conponent is
[b(ﬂﬁﬁ e%ﬁl%hgﬁ %he aforementioned sensor configurations generally operate well in

most applications, they may suffer from certain drawbacks in other applications. For
instance, in a medical device context, components used in implantable medical devices are
preferably extremely small in order to reduce discomfort that may be experienced by an

implant patient. However, conventional sensors having cases, such as those described

above, may have a relatively high elevation and/or large footprint geometry, thereby

needlessly occupying space that could be eliminated from the implantable medical device.
In another example, the aforementioned chips may be relatively expensive to manufacture.

As a result, relatively inexpensive components may not incorporate sensor chip

technology, or altematively, if the chip is incorporated, the cost of the component is

increased.
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Accordingly, it is desirable to have an integrated
chip package that is relatively small conpared to
i ntegrated chip packages. In ad
%‘ﬁg’fﬁ#‘g le to have a nethod for nmaking th?aibwugﬁos"d“g204
| nt egrated conponent that is relatively sinple to
04} adeoordinglyditiindsspatie lovkave nintbgrated clep potkags that is relatively

gl}%i'l CaPeged B Lt eioRR t%%rgtgﬁé;ﬁe“ St Bl aelilolCit is desirable to
hialles eqthembd dfet ahalény dﬁ'smeg@anb@ n:oﬁf ofidhe :hatnwefuiamayand:ple to

. the appended cl ai s, ken in co%unctl on with

Heg ﬁggqunﬁ gﬂeapgw\fﬁg Eu orgpther g;@@}eg%ge%gndtqs?gactmsncs of
th@\ffé%ﬁﬁt‘?fi‘venﬁ& Biil koke §[‘;ﬂafeﬂf #H tlgsuﬂgésue% %1%%&33{099@&] of the

resent 1 nvention herei nafter be describ
mmtlm@md@w appertded hlelmS} tak@n ingehjugctivn avitbribe achmp@w,mg drawmgs

[ 259 I, enote |ike elements, and
iEOE‘g]bgf‘—]% f%?m%lmgﬁ%(g's section of an exen‘pl ary
sensor; 15 [0007] FIG 2 is a flowhart illustrating

an exenplary method of manufacturing the sensor
illustrated in FIG 1; [0008] FIG 3 is an

illust rati on of a si-ﬁ,%])@g‘cn:bh@n mtﬂﬁ@@rwiggt rated in
FI G 2; 9] ustration of
R0 In e?h%wﬁe%fmmﬂeowﬁﬂ hernaige oF learaibes i cgpjupstion with the

foﬂ@%gl]g drhfing ﬁgﬂuﬁs Wheleld BSHRES a%rhe%te YiRl 130 %ﬁd step
of the method illustrated in 2; and 25 011]

FIG6 is an illustration of st|II anot her step of t he

BRI b S LB T e B ot okl on° G The

I nvention [0012] The foI | owi ng det ai |l ed descri pti on of

[ tjon i.s r exenpl ar nat
(o8Fn; oGR8 5B B RR ool Reifed og dhinelifiugpe e
sndr ligGaed id 6. 1nvention. 5 FurthernDre there is no
intention to be bound by any theory presented in the
pr ecedi ng
{0008] FIG. 3 is an illustration of a step of the method illustrated in FIG. 2;

[06009] FIG. 4 is an illustration of another step of the method illustrated in FIG. 2;

[0010] FIG. 5 is an illustration of yet another step of the method illustrated in FIG. 2;

and

- {0011] FIG.6 is an illustration of stil} another step of the method illustrated in FIG. 2.
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background of the invention or the follow ng detail ed
description of the invention. [0013] Turning now to
FIG 1, a cross-sectional view of an exenplary

[Nt conmponent or sensor 100 is illustrated.
ggﬁ@%%%%gg i ncl udes a substrate |ayer 102, fﬁnmmmymﬁmm
circuitry 104, a sense elenent 106, an interconnect

108, and an enc ag] I } ubs rate | ayer 102

provi des a base are
coupled. It will be appreC|ated that substrate | ayer

ne.of nunerou ypes. of materials
B2 Fheo R G dspergt Batns i ention s PaBY seelary in nature
S¥RIT0E intéiidbd €0 NmitSthb HRAHGCHAB apPlicatiG@Phdd 4888 of the invention.
arseni de, silicon-on-insulator, insulating glass,

@H\ﬁﬁmre theye inRg insertien te W) Bousyl bysany, theosy, presemiedein ithy preceding
(g o ik diofLPRERARNEN Blale ABLRRYF b BlcfHion,
i nt egrated CIrCUIt appllcatlons such as for exanple,

R e RS e A S T
@yttt sensoir I KOOI itsrmuslﬁéedl s senaif 1o ﬁﬁﬂhde@ aCEubpaREn Cake 102,
] eé%?];)?eg%tg%g rcle:[wo 4 %lilgé %yr]ig?pggrg%t quzﬁ,(@pf oégg%ngagsulant layer 110.
S‘db@&‘zﬁé‘ldy@:nﬁj dpra{admafséso whith s8as3fBdrfponeis 8@oupled. It will be
printing, phot ol i t hography. [001 Sense el'enent
aP@@Cia@dctbﬁf $U§€Il’aéfd layer d@hseayahe ambpenel apaeraet BPESof enaterials
&Bvénﬂ@nal]g kg FQY gﬁﬂggﬁe, fx\clﬁ&ﬂg Q5r 9791911)1 Sﬂ esklﬁ:gr‘? r%rmamum
e any one o nunmer ou types of eVI ces
gaﬁgunbersmsécd Sﬂlmonsmrissumagorpaznsuiaﬁng glasg rsaprbot.eoi gty othentype of

Lent. .For le. 25 t he.enbodi ment ustr at
S“mﬂ‘? paterfal. Cérr?gigg‘lc’g ﬁ%‘?{fl"’i@é’ﬁ ai eSO sY %Sk{g‘ﬁi 2 £62 and
mhyaph rcagfigureteffd)m varipua it@yiated dtcditt dpplieionersuéthat for example,

nds .or contracts inr nse to ressure .
PR BIRH s DR iR, S6pREETUR B, HIPG 456 1 §orPpmplf in the
cABRpRAL eMbEEMUAE cirtBitrOl HPY id QonflRuRGE S chMuBifats Gffessure data.

characteristic, sense elenent 106 is coupled to

Cdrcnity; 0Aymanhe forsagesen substeeciayer 108 | imy 956 ofi pyraerpys cagyentional
rhadd s &6 dhnfpRl &8l ptn‘ﬂtn? aﬁd‘ ﬁcﬁ&htﬂc%% ghgeany one of

numer ous 30 convent'i ona ners. el enent 106
may al so be coupled to a reference el enent 107 that
[ r n a e he
[@dm %%ﬁsef a&ﬁ%’eﬁrgﬁs% dé@ﬁ" Ei%fi% &?@%F‘ih %@P&or% :cggrlagmnsélg of the
sumtmdmgs of datsar 1000 Sdmse eh:hmh mmaayd bpacy et oﬂmxﬁh@us]}ypcs of
aped

RGBS ety B R R Rt e P SRt i

tum&nﬁddnmk iostrated RIEIGE €, sehRiibent 006 i 2 t5h GMe@h@a@ dRghragm
Xt to sense el enent 3 WD 2006/ 078374

7‘$ RABB/ Id@é??f&““dfbéhat [FERAdR OF CPRUARS In fgponse to a pressure

dﬁm%lﬁiﬁl B@t@@eﬂ Qaﬁrdsﬁxfeeﬁﬁ!ﬁﬁ &afik T8N land Qlﬁ‘xbfgﬁﬁ gﬁe@sdﬁ@ ugh &fder to

to an ot her portion of sensor 100. nbodi nment
Pragess| iz semsedt phamtqmsrc Bsouse ederganh flOG iy enypled to circuitry 104. Sense

element 106 may be directly or indirectly coupled to circuitry 104 in any one of numerous
conventional manners. Sense element 106 may also be coupled to a reference element 107
that provides reference data. Reference element 107 may be any one of numerous devices

suitable for providing reference data. In the embodiment depicted in FIG, 1, reference

element 107 is a dome-shaped diaphragm that is configured to provide a reference

pressure. Additionally, reference element 107 is shown disposed next to sense element
) - 3 - .
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calculate a differential between the reference
pressure and the sensed anbient pressure. 5 [0015]
I nterconnect 108 allows circuitry 104 to conmuni cate
d by sense elenent 106 and/or a
gﬂiﬁﬁreniﬁal cal cul at ed between sense el enenf V%5204
reference elenent 106 to other non-illustrated
&66; dnomwercimgjﬂ rberapprecilated it ?efmgare:lemémtlev mmylrinmouplee to any
[ tru agy Qne ol nune s, mat .
e BRRM $oieRitr Joa Y iR Ao Rarb DR G; hrotiay 03 fponfigured to
edampt @ alfmaana bl letwde eteich@dpredsive @hE MBREGED dBichtPradture.
| east partially disposed 10 wthin a via 120 forned
t hrough substrate |ayer 102. However, interconnect 108

XSPeInté?&ﬂn’édtOﬂfgdaﬂo'@vsatméuﬁx‘gcfdtlot%s; mxlzl?rﬂéa% f%tgosensed by sense

t hough a single I nterconn
Plemertt Kt and/or i a dififerentialecaloplatedclicaeed sbtmateim 10k aand geference
sen 00, .1

ALgRd0e B8 Ton RLRRA B PRe! DpgSRIB° In P SreehB naRtpo o8

i konstRicted tof enyg ohd 4f nsmeog pia&dalk @uwaiecm lhfaySIﬂl&Algaﬁ\d receiving
for d at. one.end of _interconpect 108 or, . .

TR B piabiele e 8 booieap BunSinegaltitis o) Teast sl aisposed

Wit @ D20 foPmEd! MFAGH STBskrvtcADRPIEY HSweveRliRELBARECI08 may be

108, In either case, first end 114 is constructed of

ROSHigned inasy egtion of senser il | Althopelen siaglejintatconnect 108 and via 120

&0 MURLERL A bOBHAIEd Mhad HBreSHLE |

sensor 1dd and Oﬁ%ro%?geg anmﬁﬁte&géce gg%%ggﬁlggﬁ?mmdln

se0®T A any external conmponents to which sensor 100

may be coupl ed, such as, for instance, a circuit

board, nodul e housing, or substrate. Simlar to first

[6015] 1 Vdtercvancn dO® hat A fifst BRY/ bEI ilﬂrmmdmasermal 16. of First end 114 is

i nt.erconnect 108, o alte veI d as shown

dojlpled 30 Cﬂrﬁvtfﬁef@ gfé{,ma&t‘a EP RLof Tnigreoppect 1B or, as

lﬂﬁmlaﬁ:ﬁqd FIEMD Oy BB ta de?arEtle@ foﬂmedslﬁé‘&rlﬂatei@ GubsbBudnBy doupled to
|ece of conductive material having a flat 25 sec¥|on

@%}&?ﬁbﬂ@% t18 sitherepasentisst end A&t dsn eonstrecier @ ccpyductive material

d Seldetidoal QHRMEHcdBn! @@cofnli @Bd 1 FEGL R0 e%rgl%al to sensor 100 and
nducti ve section 124 is bunped outward from sensor

ProyidesTo ipreEeeenetweangsaiond 0@ laed amy exdtma compondngmnts wiich sensor

1693&15?/05{3 'ﬁglggl e 4& Yo 19&%% Q\:ﬁﬁl teoro%g Hn%@vé]?ﬂ’xggsg@? %r substrate.

circaitry passi vat | oh
St wdiret ¢rdyﬂl4 1®Bnchnnﬂ \]llélmliﬁﬁ: foEaB:Sasvpmi: oﬁmtéraymect 108, or

ﬂ[?z{gﬁtﬁgily ’ %Sd o %gﬁ t§7ﬁ”gs]u % a Sglg'lfzgclégo g‘br%ch In the depicted
embbyttrenein Bi. i 16 Qseodil @k 426 iSh Ipicconr Bbr{cﬁ:bﬁﬂ\% m@tﬁﬂalt KRing a flat

like. %0017 Encapsul ant |ayer 110 is enp
SEHISE d2¢ cpyRied foripiproppnect 1o mdesaAngugtive S‘Eﬂ%’ﬁ .lﬁawoupled to the flat

sédliBh MBb. aAARivERYctith el it ¥RRpQ ol@ I8 Fom 'shsbP160. To prevent

regard, encapsul ant |ayer 110 Is constructed of any

| Cﬁﬁ@nbﬁfeﬁaﬁ@rf@u@eqwﬁe@abma:en@talpigluy aceun deivegen dirtgfconnect 108 and

30

cARAP1 64, Apassivhi¥iPag8PR6 YIERL bt M0 2985 9P 689 20. Passivation

layer 126 may be constructed of any one of a number of insulating materials, such as, for

example, parylene, silicon dioxide, silicon nitride, and the like.

[0017] Encapsulant layer 110 is employed to protect circuitry 104 from chemical,
physical thermal and/or any other type of damage. In this regard, encapsulant layer 110 is

constructed of any one of numerous types of encapsulating material capable of
-4.
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wi t hst andi ng any chem cal, physical, or thernal
environnent within which sensor 100 nay be pl aced.
Suitable materials include, but are not limted to,
W@sbd/es3Azi 9i d polymers, polyimde, and thepli/k&qosis204
al | ow sense el enment 106 to contact anbient, an openi ng
128 is provided therein. Opening 128 is d| sposed over
sﬂhamdﬁigeﬂr@ntheﬂrﬁ(ﬁi sphydicdlhért the@id &nAireinRAE WithihOWhit!s sensor 100

sub ta tiall osed. Alternatively, sense elenen
79K b 2lags @ Suableiteals ‘"Eilﬁgen bearizsty na%cdstﬂdeflﬁtlpwaﬂﬁ pelymers,

ﬁol?nﬁﬂdé Tah&ﬁh@'hkél TORRN REsebiGndiBY0PS cHhi3RARBRNOUE bpening 128 is
erence el ement 107, or reference el ement 107 may be

Broxigled dkprein hPpendlRe Rty dismsed querosepseglempntalQp such that sense
9%9&{' lﬁgkts b&ﬁ’lﬁﬁh? gxﬁl}@cﬁi 'A?l e?ﬁa%lga sléﬁgé eﬁ%&%@ﬁ@%ﬂ&s@&%mm

ay r oes no cont aC sens
PIB0I@] 128 bh sheireire @ howddiiorhlGS. op2nifig 128 exyebpapysed over

t ho j.ch in r at.ed onent,. 100 . be .
R o e B o Blebte e L0 B° g g Gpbim Spenin 126. I
mfmasﬁla@%nbmiﬂlent fopértitg 123 idgsar sublethaoaiagisalahtlayek 1 10 does not
shoul d be understood that the parenthetical references
§optact seaserelgmesid My description correspond to the
reference nunerals associated with the 15 fl owchart

bl ocks shown in FIG 2. First, a wafer 300 having
08¢ ( With teisipace B to KIGS.2-6r gn egauplanytmetheds by oviich integrated

c%‘ﬁﬂ;%ﬁen? gg g’gzgn gl:qur@ﬁ wlBAR é)cﬁlgculsé?:ﬁe %Q Q{Z gzgf ?rgcpe%s & will

obtalne en a sacr| i cia
fcretphisdqsgcbed@ncrd&c hit shoulchbe sadesstoce thateme sparaﬁlﬁet(canmfarences in

| ant 32 |
B FouowBl FOERRSY AbpaRL I 45 TrierBhRNTEaY fnbdtied wih e
f(fﬁ@’ﬁ?ﬂ bloalsst shywn i BIG &C rﬁuﬁﬂ @ ivater 30Y BividBubktBatd RFEAIBA, circuitry
3?)5 ) ;Fhese stglgqn 30 (g e 20 .descri bed in
r§ h‘sffs g% shnpe ﬁ@g 84 legst on¢ imjerconneriG084s ofjuained (202).

Thea.ld fbrififial ddyeL 3R Héfo)éltéﬁﬁfv@f cadf8f thB abnsBBKmBELs 04 @Z‘Oﬂlﬁ Next,
%&B is illustrated. The wafer section 300 includes a

peulans lnyey 882 Hoapplied todhs waler 360 (206hafThe wafsr BAQ ey dhen be
diel ¢gopsd [hit
coupt e Lo B SR re ol FIRLINE 9GRS GG ML lbs il now be
dgggbehiatfurher detdd belawough t he vvafer sectl on 300. The
‘wafer- section 300 is part of a wafer that includes
nore than one wafer sections 300. The wafer rmay be
[‘Pﬂiﬂljf dotnimeth BE. Santseaionpf acexsmallfy wafen890 dne may be obtained

ﬁfﬂgtﬂag# a }Qt ievg na légggﬁjgggd 1qgg{dg{;af§%h%t%3%§f¥%og circuitry 304
th“mm{;frﬂlcddwns&geﬁeﬁ(tmwiw ElSleast bitCeHéd dMnend BOG B@iplddl t0HHeRSkcuitry
chem cal vapor depositi

{”‘Pd{)?gm ofit ho r aph
1“{3?5006 é| the{g\lﬁigt,tengs}1 BRoueh) thﬁégqunqe@téqm 300. The wafer
sdiam 300 &Haht QT a @HEV tRA: iRdIRIES ﬁﬁ)‘re frbfy Bh@@afe? tlQﬁ’scﬁ)De Pﬂ‘le wafer

manuf act uri ng techniques. Alternatively, t waf er

-mﬁﬂﬁ»’e pranylgetared s Pt plprogess H0de emysonex@umerous convcnt: onal manuers

for fabricating a wafer, such as, for example, using front-end manufacturing techniques,
including, but not limited to photolithography, chemical vapor deposition (“CVD"),
physical CVD, chemical mechanical planarization, and/or chemical etching, and back-end
manufacturing techniques. Alternatively, the wafer 300 may be obtained prior to process

200.
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WD 2006/ 078374 PCT/ US2005/ 045204 [0020] As briefly

menti oned above, next, a sacrificial |ayer 330, shown

in FIG 4, is deposited over each sense el enent 306

(W 4snfagRosi tion nmay be perforned in any On?cfﬁmmm:wmﬂu
nunmerous naenners. For exanple, in one enbodi nent
sacrificial layer material is dispensed over each

$0020F alsemeﬂy niGonedi abGved ReaP R c@RITicAl Blyyr SW)kh@w BOFIG. 4, is
geed In 5 anot her ex g Iar enbodi nent, a _suitably
Rosiiest rvakieach sense element 306y Werﬁﬂﬁ’é‘tlﬁhf"@Y baperformpgiin any one of

%é‘:ﬁét‘oﬁd Glafbers. QY8 eXHipR iiflond %mﬁ&&ﬁ@ﬁle@q Qb nﬁe‘ §1l§aterial is
and wafer 300. I'n still anofther exehplary e
ﬂﬁeeng%tb pyeri aarckaiserise eismenta 3@ iisihg mwppﬁepm;wly e:@nﬁ@:r@ n@edle In

SR Ry AR T sulon’ RioPfifa BRS s ek Buditf warer 300

ninbtacaficihlelagdr mveriad esn.&&eﬁécbﬂﬁﬂﬁhelﬁﬁsld ﬁldamféﬂ #0el M stili another
cove ed. hqione xe Iar enbodugg , .10 the |
SXETBIATY Embpdiinagefhe SanriFial gy Jueria may dgposiicigingcshagow mask
Rt spes) oﬁbﬁﬁﬂton(hpgﬂ?&ué‘rﬂ% sathficidlN14yRF A isVistbiérablynd os1ted such
acrificial layer 330 may be at thickness of abou
€ 3t st the 5 HSMoR10 ecomplsigly sperode s ope SyIPlary cmbodlment
[ b

e e 40 oA SELShERALS ARG g g
Klemnafbiehys tiechaerificial Jayer $atroay bd atrtbigkives dn@bownb)%bf Elne thickness

S | t abl r or a adherin
JHoPRR e B, P00 G BMRELE il WEPRBAL b o Ok S
ntr'u:kmsaiaybsemphyatbdsnmﬂll c, able to wthstand curing
tenperatures of at |east about 140C or any ot her
tenperature that nay be enpl oyed in process 200, and
pbrH t'DxeedédrhlﬂicﬁaltlQ@r SARHAOMENbe al] Sied ShudRbeWot Hﬁtéhals suitable

deconposj ng 08&? Addi tionally, the materi al

foF @F@P@Bwa@a@ songe elemsNaib avithpuidamaee. a%rsferaé%.x thsrmagerial is
tﬁlxbﬁ"é'iﬁ(\! 3Ab1e99:| H‘théi’a{hdq,runﬁﬁ @?}ﬁ;ﬁl‘atlﬂ%&o&e%l\easlt Ab&1®140°C or any other
exenpl ary enbodi ment acrificial material is
tmp@atuseothabrr@y acEmpleysd db [peoopist 200; laed ablp gb i codurie ghe ebsequent

r Yhel odi .

P A SconbBiRTCOFT ABKEORUR, e CBRERITY Hosel casity
remo‘aablrt hpqm dbeapphahnmrofph asmravaim;bhltlloﬁlar BSiovabprecess. In one

bbbl Eamilche Se By rbst8hs st sdfibisv dipypble vih te
aW]ﬁmtimCQ:lf pdviGizednwatbr. Tah rdnd@eo Rxerhplagr elﬁ@ddﬁh@ﬂd theOmaterial is

gm @Hj by Aquabond, LLC of Placentia, CA For sone
? Yousing RIS IPRSEPr ABOBHliFMIcAl erRksa pajerial. Suitable

aaHticia® 1180 | Mate@dls SRGddef b Y, .
SeI er?ent %%6 atlt ?NIM be gﬂ ?eetcﬁa?gé&fﬁ)a?mgﬂéﬁ%ax 920353

peayadeads by ilaymaxa frerpogion jof BasegtobeG@Ther dignahwsd b%ﬁSngrowded by
Aﬁ%&&ﬁfdt EACRY @facﬁ'ﬁﬂS@Ae h’gln?o%e Tﬁ%@a]s gﬁl@!?éfn%;/ ﬁ%gqgécc?ﬂ' ftCorder

occur on any waf er - noun

- tnaufficiemty se8 @actlﬁcﬂabla]mr 88@cterdensg SEﬁlﬁilt 386t et wilhbe appreciated that

alt s b Ssa%{'i}ﬁ:{lalll%g ﬁs‘(ga ersc‘gl%led hgregne%ogciﬁgegéposned over sense element

en C
306, deposition may also occur on any oiher wafer-mounted component that does not need

to be protected,

[0022] After the sacrificial layer material is deposited, an encapsulant layer 332 is
formed over the wafer 300 (206). The encapsulant layer 332, illustrated in FIG. 5, may be

formed usmg any one of numerous conventional methods for encapsulating a wafer,
-6-
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formed over the wafer 300 (206). The encapsul ant | ayer
332, illustrated in FIG 5, nmay be fornmed using any

one of nunerous conventional nethods for encapsul ating
avadehisse 6 WO 2006/ 078374 PCT/ US2005/ 04520fSCT/{15200:,/045294
including, but not Iimted to liquid noldin

technol ogy. For exanple, any wafer |evel nDIdlng

umﬁm@ ®QY noElmikd tuIReid dldildi‘ﬁ? QBN SI6Y. 2 FYr sm@w aﬁﬁwafea level

| et made of encapsul ant layer nateri al pl aced
&?Pl‘ihﬁ% RGRRIPER Y e 1960t HB anaresemplry Psbodimeied pellet made of

RedapRRshe INRr RRterB] RUg: §d ofShd B&fef 9{)(% Whﬂ% ?WWQI‘%FPOO is mounted

t oget her, "heat from't pl atens ne
@atu@emgvct It platena p&-ullhah@t nla@qne comamtogether, head frbmakm pletens melts the

0051 0SB B ELA e PO 8 PGP By

tlimeumpﬂceﬁsapshmtvwgeﬂ niategialsia akéd such ahaﬂtﬁb/ﬁfateﬁaloﬂom the spaces
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Gemplapeembrdipent syigwiahdepayag Epmpiel seape #f thedrwangpa pg set forth in
g%gg romthe scope of the
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their legal equivalents. 1 is -8 4 9 Wuat is clained
is: 1. A nmethod for manufacturing a sensor conprising:
depositing a sacrificial material at a first
predeterm ned thickness onto a wafer having at |east
one sense el enent nounted thereon, the sacrificial
mat eri al deposited at |east partially onto the at
| east one sense elenment; form ng an encapsul ating
| ayer at a second predeterm ned thickness | ess than
the first predeterm ned thickness over the wafer and
around the deposited sacrificial material; and
renoving the sacrificial material. 2. The nethod of
claim1, further conprising the step of dicing the
wafer to forma plurality of chips, before the step
of renoving. 3. The nmethod of claim11, further
conprising the step of curing the wafer and the
deposi ted




sacrificial material, after the step of depositing. 4.

The nmethod of claim1l, wherein the step of depositing

further conprises depositi a material having

t hi xotropic properties and having a capability to

wi thstand a tenperature of at |east about 1400 C 5.
What is cHireedrist hod of claim 4, wherein the step of depositing

the material further conprises depositing a
1. A methodrfgrananufactuvirigesr sessbrudangprisingr dappkitisg b Gaeriffeiat material at a first
predetermiaéethickhesstontd b evalerthaoidg af leastainmsiénsandiementmolrgedtheeon, the
sacrificialohateitg depddited aCleapirpasiatly dnte penst least bhe semseralédmentaforming an
encapsulatigdayealat & secona predaddraniradttoickiess wak d¢hian the fifsh predetehoitted
thicknessafvecthaiwafdr, andlzesaidrthé bepasitepsatificialpostetialnandcremoring dise sacrificial
material. pl aci ng a mask on the wafer, the mask exposing the at

| east one sense elenent; silk screening sacrificial
2. The methddofi ddimol @urthich eomprisirig the step o disighloslwafer & farmalplurality of
chips, befsteetheisteptdiesraddpg.of form ng an encapsul ati ng | ayer

conprises using liquid nolding technology to formthe
3. The methedgfidiat 1, fgtheayanpristhg thé stepef burthgahe elater and thevdepositaat
sacrificial tnireteri=, egften therstepoofi degogitimpr i ses appl ying a sol vent to

the sacrificial material. 10. The nethod of claim?9,
4. The methet efidairhHe whitegin e stepnad depepitigfpnthcs esmppsesydapgsitinga material
having thigotespdugreperties amd kadhgratarabiitytto withetasdanehpertire of at least about
140°C. material. 11. The nethod of claim9, wherein the step

of renoving conprises applying a photoresist stripper
5. The mdtiaod dfelatracl wheeiredhe stepearf dapositihg .tha hnatemat fadberafonpiriagsniepositing
a tempordy, wittarsalubld therrséastio hdhesmavwnatgriglonpr i ses appl yi ng

plasma to the sacrificial material. 13. The method of
6. The mathad ohclhim fluwhibrein the siepi of degpsiting bmpegsd¢sdispembiay thesacrificial
material flonr & neddidoipdhe whfeer t he step of renoving the

sacrificial material. 14. A nethod for manufacturing a
7. The metienisaiclairo rtpwheiieirgthe diepad dépasging coaprisds: plaaingraahask @l the wafer,
the mask axpoaingithe tit lepst@te tsensd gledertthsiklcoessingreaorifialvafagarial over the
mask. having at | east one sense el enent nounted thereon, the

sacrificial material having thixotropic properties and
8. The meltandi ai glaam d aphdyieln thy step ofidrinigamnctneapRigingddyer eompriseatusing
liquid moldiie@ &ichadiogit to¥ddd thé.enaabulating (pydeposi t ed at | east

partially onto the at |east one sense |Ii 10 el enent;
9. The mettaxdrif niginan, wherejpsthé atep nf rdraving @mpeisseapplgng a solvent to the
sacrificial prategiiat er m ned t hi ckness | ess than the first

predet erm ned thi ckness over the wafer and around the
10. The megthod of tlaith 8,aeheréindhasteprat remoaing camgrises spraying high pressure
deionized water onto the sacrificial material.

11. The method of claim 9, wherein the step of removing comprises applying a photoresist
stripper to the sacrificial material.

12. The method of claim 9, wherein the step of removing comprises appiying plasma to the
sacrificial material.

13. The method of claim 1, further comprising coupling the wafer to a circuit board, after the step
of removing the sacrificial material.

14. A method for manufacturing a sensor comprising: depositing a sacrificial material at a first
predetermined thickness onto a wafer having at least one sense element mounted thereon, the
sacrificial material having thixotropic properties and having a capability to withstand a temperature
of at least about 140° C. and being deposited at least partially onto the at least one sense




renoving the sacrificial material. 15. The nethod of

claim 14, wherein the step of depositing conprises

di spensing the sacrificial ygmaterial froma needle

onto the wafer. 16. The nmethod of claim 14, wherein

the step of depositing conprises: placing a mask on i
element; foaing\gafencapsUalinglayRrr abepespnd predetesmingd fiekngaeleseifas the first
predeternginedhibivkness qver theraderiang arowundshe degasied pagiificialrmaterial pangd
removingtitesanii§ial materisfhe met hod of claim 14, wherein the step

of form ng an encapsul ating | ayer conprises usin .
15. The methpd of caim dinghereioiboslen ¢f depostingcemerisasciispsnsing acrificial
material flogy e needig ontpriee walehod of clai m 14, wherein the step of

renmovi ng conprises applying a solvent to the
16. The meihad dfickim|14nubereindhe step of depositisa cowprigasi plaeigy aanagkfogrthe
wafer, theyagshryrpasing the atdgast ensssanea ¢lesiand sile agreming theesagrffcial material
over the ragflk. second si des having a surface; an interconnect

extendi ng between the wafer first and second sides and
17. The mefhaduaficiagm 4 4f wihereindhristap af farnsieg @nenesrsulating fayer comprises using
liquid moliling éecbopingy to foint the angapswigiogdayent t he surface of the

wafer first side and the interconnect second end
18. The mefiypdod ¢lain 14nwheassin dirister obieamwing qeowrisemanplyindgy solvent to the
sacrificial ;atdrigbe of the wafer second side; a sense el enent

coupl ed to and di sposed over the wafer second side
19. A sengdigoRprisiag el wafenbavingsd firgl angl as¢qondsidgoeadghor thmwafgr and second
sides havigg @snefapss raniigiarconmrst exterding betwieen thenvateolivetand sgcend sides and
including # fitsberbantba secnnd end, e intereonnegt firsleridorxpesed 2 thg sunigeealf the
wafer firstsistecang B¢ indereenmesicasicand enrbexpoped atandrrxiendingdientea petigi of the
surface ofdhewafer seeand side; asergestieraent codpied icengddisrpsed overdhompéaT
second sidgethgrsgnss elementindudng a frst peition pag ersepeid prgticm thepissti pegtion in
contact withpthadnierchanast peeond endhqireuiinyiéprined i heyeaier senpn side seaeting the
interconngsd pdl the. sepee elfment end an cotapsiianhipyey coupled & hemwager second side,
the encapgifaaiiay@r Aaving ay epeninthigrnedhepthrovgle exgasingithe sensecleraent
second pqripsul at or .

20. The sensor of claim 19, wherein the encapsuiant layer comprises plastic, polyimide, or an
insulator.




