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METHODS AND APPARATUS HAVI NG WAFER LEVEL CHI P SCALE
PACKAGE FOR SENSI NG ELEMENTS Field OF The Invention
WO 000aTs3The present invention generally rel at eBCT/USIDE/@15204
packagi ng, and nore particularly relates to wafer
| evel chip scal e packagi ng. Background O The
| METHODS AND2A PBARAKFSS HAVING WAFER LEAEL CHIP SCALE
appl i cati ons @PUCKHRGEFORSENSING BLEMENTS any one of
nunmer ous types of data. Some sensors are used in
determi ning pressure differentials, for exanple,
between a reference pressure and a neasured pressure
or between two nmeasured pressures. Typically, these
pressure sensors incl i.nt &Ua.ed chi p having
circuitry printed the ng or ot her
[000R]'P AT PrSseADiMNER IOt SeAERT relhids SO 8fip PABIARIng, and more particularly
configurations, the chip is disposed within a hard
relgfesst® wifer level chumscplgupaekpging. pr ot ect the sensing
conponents and di ssi pate heat produced by the
circuitry during a chip operation. In other sensor
configurations, the chip also includes a plurality of

bond wires that are_used to_couple the die to a
circuit board. The Eéﬁﬂﬁﬂﬂﬂiéiﬂﬁﬁdaaﬂﬂ¥ﬁbxtend from
| Py Hi N 23R Stiors ollect
00028 STy Aot by AT R Bhons g Mo RS Bt any one
of nehérous types tof dptal i Sremd semsors tabeysedeiy deteringring paassure differentials,
certain drawbacks.i n ot her ipg%'cations For insta

for; GRaRe (PHFOT e TS HRIESER RSRILEEd, QEgSYIR O Detween two

mehdRePPLeafir&s. MEglicaly, dRYE pRIsRE Qebff RCRIAL YanQX{e&RR®RI dhip having
small “in order”to reduce disconfort that may be

ciragp{pe prisredetietopn and/onpéraimng graothemeompdmantggnounted thereto. In some

conventional sensors having cases uch as. thos
ser S UG Db age WAk “BILE hod o5 Mk tscio@Dapreg o protee
theQBHsRIg Ecthsheh@OAMRT IdkipdRORE prodidear BP¥hdeadhi@Sstring a chip
occupyi ng space that could be elimnated fromthe _
opgragittantngiher sepwir canfigisgtions. the ghipndsthineludes plusalitypd bond wires

thaﬂi:%ru?gﬁa {E)t éo%Bl%%c? erQg a'z?r}fuipsoz{rg.l ﬂlé \58111&/ wird® %?Jaﬁ? ek®nd from the
manur acture.

chip and out of the case.

[0003] Although the 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 alternatively, if the chip is incorporated, the cost of the component is

increased.
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As a result, relatively inexpensive conponents may not
i ncorporate sensor chip technol ogy, or alternatively,

wo booslesschi p i s i ncorporated, the cost of the ponpsmestss2o4
i's increased. [0004] Accordingly, it is desirable to

e an i chi ckage.that i.s.rel ati
o AR oradRet 1 Sesirb B B BEHRS nitel thly pftkpee thk is relatively
smﬁﬁ(w‘cbﬁ%ﬁl%d tbrl:oﬂdéﬂtf‘ohﬁlﬂntdgiatécﬁc?ﬁﬁ?a&%@ 119 aB@¥6n Ait is desirable to
for making the integrated conponent that is

havee|aametisidy foi mmkeng dhmn@gmdulceman@bnt nrpdnsielagively simple to

 maphfebURY R Ger oo FRRDGTDE bR RIS R e ang hapagreritics of

theagn@@heﬂltveﬁﬁmﬂr&csmb %ppaxantfrdi@tw Jubskqdemdetapitd descpibtion of the
the invention and the appended cl ai ns, taken in

invephpruprd themppgnded claims deksaApn SRIHBCtANRIt s asremPpAying drawings
tion. Brief Description  The
an%rﬁ&g(w&g&%g%gﬁhg%eemérggsent invention will hereinafter
be described in conjunction with the foll ow ng draw ng
figures, wherein |ike nunerals denote |ike el enents,
and [0006] FIG 1 is a cross section of an exenplary
sensor; [0007] Fl @it Des ﬁ&xpmmth‘a'leH rat| ng an
exenpl ary met hod
[0005] ustheapresent nniEnBon 1wil] (hetas']aftst @ZSC]quh m conjunction with the

ol SR8 B Rt L bR e B G
step of the nethod |Ilustrated in FIG 2 [0010] FI G

5is an illustration of yet another step of the nethod
[0006] udtiGal éda ¢ressyectionof arfxemMPBIYFETSPIG, 6 i s an
illustration of still another step of the nethod

illustrated in FIG 2.Detail ed Description O The -
[0007YerRIGO? {500 TRlwchite ifigdtdating g aXeindldrgdnetRsd of phinafacafring the

the invention is nerely exenplary in nature and is not
serjspt Biygieied 81 F1Gilt the invention or the application and

uses of the invention. Furthernore, there is no

intention to be bound by any theory presented in the
[0008% c FIGn Y ihacikigsteasiod ofh stepof thevaerthod iluwstratetén FEb.129wi ng

detai |l ed description of the invention.

[0009] 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 still another step of the method illustrated in FIG. 2.



10

15

20

25

30

[0013] Turning nowto FIG 1, a cross-sectional view
of an exenplary integrated conponent or sensor 100 is
wo bdowstssat ed. Sensor 100 includes a substrate PEHES2005/045204
102, circuitry 104, a sense el enent 106, an
i nterconnect 108, and an encapsul ant | ayer 110.
Substrat e | ayerDéfafed DevériftioneObThe Ihvenstonch sensor
conmponents are coupled. It will be appreciated that
substrate | ayer 102 may be any one of numnerous types
[0AR) éﬁrfb]%\ﬁmg QABM4REY U@s@ﬁbﬁ% S5R€lidfvehtidh RYRSEI@Kk8mplary in nature
inclu exanple, silicon, silicon gernmani um
andyad hommcands@m dilmlt Qhel macmwonon the wipaticationi angubises iof ghe invention.
Fuﬂ,geirg}olreasfﬁgr%q Ball?tpgltl% Ot oﬁ.{ngtp Ty 8’1§,t It)rf:%eélgetd in the preceding
badk@Fdun@idf e invtifon i end fanswg%taaled dB#Yiph6n 6Pfhkiigeneen.
for various integrated circuit applications, such as
for exanple, conmmunications, transportation, general
a F n_{ .
AT E ddd % Lo oSl RIS oyt Bemgap, e
coBPERBANIof AeBsdi Bk W ellwlahed. CSénsur t109 1116141d€§i)a hiebsfrae nager 102,
on substrate |ayer 102 in _any one of nunerou

cirgtpiiy did 6r$ﬁllsen€‘dﬁﬁéfi*tsm6ﬁ ap letﬁg‘ﬁﬁv@t 108+ é%awn?&nsw@nt layer 110.
SuBah gLl BRUED Whasd ROKALN AR ShETRON: IR Gblet, 10wl be
ap[ﬁ‘wlalndl nﬂatngﬂ)smﬁte deys0l02160y Bense oat exfemimerO6s mypes brf materials

rous types .of. devices that..may b
comai gy, 4sga AT oy BT dnaibdine Ao EXRmRISa Fili; Lion ggmanium,
alﬁﬁﬁ”@s@mdé Nsiti&h-GHRRAIafR Ninshilat 1H§tg1§§se (Fpﬂlrg | 6 aky other type of
sense elenment 106 is a thin done-sh ape hr agm
suithbld matagjala Cisopitry 10411 ctlms@md@rleawhapoewpaxﬁdgbmate layer 102 and
tracts |né_r8g anse.t.0 erent.i
u

mag b6 1gurRY 9K (PEOH t"HF%Fa??Ev?‘W 1115’ {io rrbs“%li‘]tas for example,

comhRfifekfiéhs, trngottetiod, Reférar &shipdtieors @AS @Kk like. For example, in the
characteristic, sense el ement 106 is coupled to

exeanplaryi empodigent, Seireitre| Kde i confsured) tBecmMmEBICRlp pressure data.
anc{ﬁ%l rﬁﬁ%é{ 6O %Q oh%uﬁétfa? fa {0594 a'ng ofi2%f ﬁﬂri‘%lg)fus conventional
rous conventional ense el enen may

maaheﬁ@, foeexumiié,adreb® pﬁnﬂi@‘, emepqueolethegfepmy. 107 t hat

provi des reference data. Reference el enent 107 may be

any one of numerous devices suitable for providing
[Odlgi E:Sgﬂ%e eflfeftt 108 h&on?EhRA! PRinsd e Ghfdthnt thitdteriltic of the
surroundings of sensor 100. Sense element 106 may be any one of numerous types of

devices that may be used for sensing particular characteristics of ambient. For example, in

the embodiment illustrated in FIG. 1, sense element 106 is a thin dome-shaped diaphragm

. defining a cavity 112 thereunder that expands or contracts in response to a pressure

differential between a pressure within cavity 112 and ambient pressure. In order to
process the sensed characteristic, sense element 106 is coupled 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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el ement 107 is a dome-shaped di aphragmthat is

configured to provide a reference pressure.
w@dashrssmnal |y, reference el enent 107 is shown PEEPS®Es045204

next to sense el ement 106; however, it will be

pp efere e el ement 107 be Gou | e
1055 Ry el 48 4eP s A GanSesFronGoctemfnt Y Biidth Huhfed o any
ottep PEhﬁn oF.sefidor 4001 My tHDmbedimenf inguGed, &@ctﬁ@y qoha; €orifigured to
ferential between the reference pressure and the

calgeh@&dlﬁfmmeﬁtbepwe@ém eeferpumBssuicrand donseased ampigent pressure.
allows circuitry 104 to communi cate data sensed by
sense el enment 106 and/or a differential cal cul ated

[0018) WaaRrcvaNSR Hisealdws tReuiapdlodefeeenamnRagnenh sl:ﬁﬁ:dtby sense
ot her non-illustrated external conmponents. In th

elefneghrl6 angfos rac dikieeentiah ggcylated diebvedicienge Glemeny 19fiang reference
eleEAP I W rq{OHQ¥l§st§altch @@%rﬁal%%fny%ﬁ@tﬁ? Mk t{hisr}g 1gzﬁﬁ,dmterconnect 108

receiving data, tor exa ysiFicon.
is tasrtserncteahrmécahy 108 af snuaterdneamatepalstsnahtbly foln Hpmetiingi artdi receiving

ia 120 formed through substrate |
i o 3R OGO T ROt RPISABREC | UKy 36 iasf BHOBRY disposcd
w1§1‘?rp§Q"ia 15forded '&%gg}x §hb§ﬂr£l9 |lz?yek DL ERWROEL kOB oAt YORmay be

120 are illustrate be appreci atéd that nore
posmamadanemgfsee;mtpfrmysdydODn af’dtlmgmaemmm irdemaemrectl 0GB and via 120

016 t 1 114 )
are, Q5o il A B8 st iR £58 5 L 4R, mEY P inegorated i
senk@41600d may be forned at one end of interconnect 108

or, as illustrated in FIG 1, may be a separately
formed piece that is subsequently coupled to

[Oﬂl%ﬁ]s tlﬁt%@%ﬁgé%]}l% ‘hak 1 st D& 1 FARRy fokLoita «{ﬁ'&% k14 Efist end 114 is

ruc conductive naterial capab

cogplet tté Icﬁr&bltl@om%mhd&hhprbe foemed cht eond éﬁkﬁoéxmefmbﬁnect 108 or, as
external to sensor 0 and provides an interface
illysgrpigd ap HEndomayoks &ﬁepaamlyefm%awce é%dﬁéh‘?@qmﬂy coupled to

mt%bmcts 8680 18 %eﬁmc)é rgp URd 3@4 is U&)ﬂstﬁfmecf Of conductive material

Instance, a circuit Boar housi ng, or
capablesofr décricabicomimamidatof.i Sedondredd 114 extadoextemattolsefsor 100 and

prog}pa egre%;xg{eg%:%, %Stg%grr\ ggr%fgsﬁa%er %}I;? %gtteinl?ﬁgglpﬁléergs to which sensor
108 %p@r&t &upidO 5 BRChsPFdRGRstarlcR, & BRcEEBbLH SR 8MB HILTRE! or! dhbstrate.

1, second end 116 is a piece of conductive
Snmmrenou fadst bred il iy sgcdridaends &bt imaba Pormed gs! edit pbinterconnect 108, or

alt%rgt tﬁe Of%ﬁgtas S ov§n ?nnlgl(:a IC ?nnag/ %tal s\é%arsa%f)t/ %o?’pne %f'ec%ouﬂl t%e depicted

embodiment in FIG. 1, second end 116 is a piece of conductive material having a flat
section 122 coupled to interconnect 108 and a conductive section 124 coupled to the flat
section 122. Conductive section 124 is bumped outward from sensor 100. To prevent
crossing electrical connections that may potentially occur between interconnect 108 and
circuitry 104, a passivation layer 126 overlies substrate layer 102 and via 120. 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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section 122. Conductive section 124 is bunped outward
fromsensor 100. To prevent crossing electrica
W@ onnems3srons that may potentially occur betweePCT/US2005/045204
i nterconnect 108 and circuitry 104, a passivation
| ayer 126 overlies substrate |ayer 102 and via 120.
witRstasdiugtany rchemyaat, MChhwrbhermhsnvmmtomtlanywlmnle sefsor 100

ma phipced. osilpPR ALt sqERidel b8 v oSt i g, phitip:igid polymers
pol?nﬂldte hindl th&Bke. [ POATdw BiRaBRHIcAN10d @YBhtadddnbisnte BPbpstRsk 128 is

rotect circuitry 104 from chem cal, physical,
prqvmﬂn@preahdlfapenaw 1%% Herdisppprd eFerdsamsgy@lemant ¢ 1fogsuch that sense
elem%gfa{(% is %HE&B&%?%&%&% e kléﬂn%ul/a %ﬂg‘é élg&%r?tdl (Rifls %@f)osed within
encapsu ing nateri al

opeamaDe, af Md\mmrmeng amddﬁitoﬁﬂlil)caipennﬂgysl&aia,y bﬂf dlSpOSGd over
thermal environnment within which sensor 100 may
refejeageedemeni ItOZbPreVCFFé?'@Fle!eﬂ“&e"it heT ey, berghtposrbHBE Spening 128. In

[
ond Bl B et DL A Sy B R 10 o o
cmﬂmnmambpkamnowmhlng 128 is provided therein. Opening
128 is di sposed over sense elenent 106 such that sense
el enent 106 is substantially exposed. Alternatively,

[O(HSPSQVRIH e8RRincd Abw & HIGR0REdamckérhplaBP iRty ﬂﬁ&hnﬂfﬁ integrated
shown in FIG 1. Addltlonally, openi ng 128 nay

comp@]@osw wagbe rretgeﬁag&umi willeorpanbe digqussest. Fleef @feeaiberocess 200 will
19
o VTR B ERRERE Wb, BREDL B ghlEncs i

theERIRMGHE adebcripiioR! cokledpsite o NBé ERASNRE nEREER Ss6¢TRIBH with the
106. %1018 Wth reference nowto FIGS. 2-6, an
9

flowglearp whda G- 2hFiest, k390 davisgspbyieats layer3(Pagircuitry
300G @@ﬁ#&%%&ﬁ&wgl‘é e:nr SQ@%@?gte g'gs:tﬁg%gfﬁ%rcomsﬁt%‘()%f ?lolbtamed (202).

process gener al |
Theah) auhetifictal Usybe 330 tsodepbliadd dveeegzhrod md‘sehsa:elbmemfs 80e2E3. Next,

in the faoll owng descriptjon orr S d
o AR 2 YR SR SPRESBith e 0R (OO 11 H§F1300 may then be

dicbd PSS, map; ;hé‘sd: h@mal?l Iygll 850 is @m\ﬁ@é@?l@?om@é@ d1&hs will now be

substrate curtry 304, at |east one ‘sense
desehbetﬁmtfuﬁhlﬁcataﬂlaiow east one interconnect 308 is

obt ai ned (202). Then, a sacrificial layer 330 is

deposited over each of the sense el enents 306 (204).

[00fNOKT T uﬁﬂn@ﬂ&@[@ ub azmsedn@Mfo a%:?&ehﬁﬂaﬁf?mfdf@ldw(})tHah%ldyaﬁeebbtamed
300 The waf er g t hen
(202) 1s 1 lustrated The wafer sectlon 300 includes a substrate layer 302, circuitry 304
that is printed or screened thereon, at least one sense element 306 coupled to the circuitry
304, and an interconnect 308 that extends through the wafer section 300. The wafer
section 300 is part of a wafer that includes more than one wafer sections 300. The wafer
may be manufactured as part of process 200 in any one of numerous conventional manners
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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diced (208). Lastly, the sacrificial layer 330 is
renmoved (210). These steps will now be described in
wo coobhesz7det ai | bel ow. [0019] Turning to FI G BCT/ES2005/045204
section of an exenplary wafer 300 that may be obtai ned
(202) is illustrated. The wafer section 300 includes a
[0020b s tAsabrefl yapentiG@d, above,cuaxt,ry sazmmctahaayer§3pr shved inoFIG. 4, is

e Bt each sk ieBnt T 2o TS PO dHRERed gy o of
nuinB@lus SArRBES FoI Sxeiplé, g vl &hb&ﬁﬁl‘éh@ﬁhé—”@&nfﬁm W ehaterial is

section 300 is part of a wafer that i ncl udes nore than
dispensedvfver eadcsensasleanmt 3PAeusing en apaipppatchnfoffigred agedle. In

ancﬁg%rp g{#npgaﬁ)éﬁm%éﬁ engo sultal?lgnc%nﬁgﬁregfma%ﬂm;ial%géd oYJerﬁhe wafer 300

bric

and QdcrExalayRr miédtd 1§ Ecﬁééneﬁ%tm’wwﬁlaﬂt biid R@fdre3obni muaﬂl, another
i ncl udi ng, but not limted to hotoI i t hogr.aphy
excipRlAfycanbadiipert. e sadi tqlaiﬁaxere\m rrpﬂarf@pesatedmg a shadow mask

an e?}?ﬁ}',ﬁ%{ spg;ﬁ gﬁ ‘gag?ﬁ@zltlogl FHé's ?&ﬁfc'uﬂ Qaye‘?@@bqg p?éf@l%g'aéieposned such

manuf acturi ng techni
thafht leasy alhd sealscyc:lembm 1Gf ie coBPtatpyovmeed bhmmt@templany embodiment,

tnel RGP AL [P DAY Ueigbited Hopdhiphent ef BaWer Aaolpgdand 2 m.
Alt@ﬁt‘%ﬁvag‘sﬁe%%lﬁfmﬁll%f@ RO G lgezg%tck%@‘?ﬁ'abblﬁnlmlﬁf ?H% thickness

per In any one of nurrerous nanners. For exarrp e,
of ithe ogseltantbssdsore HIO. thva:-vacrlt fwidli b¢ apprpeiatedathet amy otler suitable

thlgﬁﬁ enseg over (?]1 gﬁnse el ement 306 using an
oIBPY ? ¢B ?Sr‘d ‘ed needl e. In another exenplary
enbodi nent , a suitably configured mask i s placed over

the wafer 300 and sacrificial | ayer material is
[0024} e dhesaerificialt Inerrraairrial maayibe any guoof p mumber pf matsrialsysuitable

for% Oxj c}>s/ |‘$’g§8§ ong%ﬂge elglﬂgrg%ﬁr\illttigﬂ aégné%\/ qfrefgmb%; 'tf?é material is

thlmr(@ﬂdﬂabwtd Wlithgfhl&i sadrg fentpeadtudeypé rat 336t al&anl@f)?ﬂ @blayly other
dep 03|ted such that at | east the sense el ement

I’?R?ﬁ%vrét bty may\Rer eployed dh eraseepPtarapdedhic 49 ﬁﬁﬂ‘ﬂreo‘?’ﬁ subsequent
dlcglgcgtké'vﬁf lut ld@ty ogg‘xg égﬁgfjeﬁgﬁi AR he Iﬁ%ﬂé&h rlﬁgﬁefelfably easily

ternatively,
rens@@blef upmralthd appllcaﬂaﬁ) ofay rbmowt] $diutodnes gembvabpuotess0%dn one

f th hi ¢k f |
qu??pl%ﬁyfqntn I Igglgtf 0 tg glgyegtﬁ PSE)W%E{] S@H‘P 1oopé'emovabqe ‘with the

application of deionized water. In another exemplary embodiment, the material is
removable by using photoresist stripper, or another chemical or plasma material. Suitable
sacrificial layer materials include, but are not limited to adhesives Dymax 9-20553
provided by Dymax Corporation of Torrington, CT or Aquabond S65 provided by
Aquabond, LLC of Placentia, CA. For some materials, curing may need to occur in order
to sufficiently set sacrificial layer 330 over sense element 306. It will be appreciated that
although sacrificial layer 330 is described herein as being deposited over sense element
306, deposition may also occur on any other 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 using any one of numerous conventional methods for encapsulating a wafer,
-6-
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t hi ckness may be enployed as well. [0021] The
sacrificial layer material may be any one of a nunber
w®Roonmtssr4 al s suitable for tenporarily adheri nRCT/0S2005/045204
sense el ement 306 wit hout damage. Preferably, the
material is thixotropic, able to withstand curing
inctuslinge rhat moedimoted 4o ligeiks molding) techAdl0gy .o Foamyampleepny wafer level
erature that .ma e | oyed i rocess 200, a
ol Sengloi B 1 Liste cBLBRE <5roPG SRRSS iR RohPEIEt made of

en ﬁﬁﬁﬁﬂ%cﬁ%'é}gnﬁtgﬁﬁ) is pat@dtdnoal Wifer BD® while€tht alafeS300 is mounted
preferably easily renovabl e upon the application of a

betwenm o hetatlaiensorAvihe hehplgigns gnmeg@gsther, hegfeore sherplatgns melts the

nbodi. t, . th ificial. [ ' |
oS bR BAFES S B Pl e 5100 38 . o
ambiintastodnitepsubne NPled myateatud gl ussdnduch tthe thetneatérédl flgws in the spaces

renovabl e by using photoresist stripper, or_ anaother
betpseithen Pacaificial dayen 338t bRt does nayiqnaplop the sasrificialalayer 330. The

. e | > .
ml RIS e G5hURTn B4 251 B Lt 8 n e of i
typidfallyarsed agh @ooteiiveoroating abandrc88fy. pFavinddcdythe encapsulant layer

:Qﬂﬁaﬁpnd, LLC H Pl acentia, CA, For so mate(ﬁials‘gl insulati
33201 G ANy YRFeYPIRICOTRANY- PYIBHHE 0T 28Y Siftef {teeH yfag fnsulating
maidalificial layer 330 over sense elenment 306. It will

be appreciated that although sacrificial layer 330 is

descri bed herein as being deposited over sense el enent

(0033 o AR 1Bl BT Sonas noBliy Rk ovprine water 300, te

waf¥r 300 Gh8dbe HRE@ 2080 TRirinkhRe dR&ld dtée (208), By &Fafére30®ris 2t into a
i s deposited, an enc%ﬁﬁu ant layer 332 Is fornmed over

plurdlisy ifdie @othip2869a, 300k, d0Rmmsillastratedyie F1g3H, Dicing may be
' t d. | - r us|.ng f

rer 3, LM PSP TSR {05 LSO UGy s

techadlegy. i Adihodginthe Bicingnaép (208) iededcoibbd haredasmakitignpiace after the
technol ogy. For exanple, any wafer |evel noldin

enqapsiate) (396). pewiiklesapprecigierbthatl digiNEAP3Y eSAYH Al %arﬂtberasuitable
junBfiod SlrirPAStBeat (AI5a8E P lenlBE Brdcls (260)P! aced on
Jm&ﬁe mé? gg% e tﬁ%ﬁ&giér 58 issnguﬁéed)betmeen

two hot platens. As the hot platens cone together,

t fromthe platen l[ts th el | et us) the .. .
(003 pletif il Ry g 2 et oyt B8 o, BRI eotestisial tever
330 nRfye¥eaRiMoved hising any appropriate removal solution, such as deionized water,
plasma, or other chemical, depending on the sacrificial layer material employed. In one
example, the removal solution is placed under high pressure and subsequently sprayed at
the sacrificial layer 330. When sacrificial layer 300 material is removed, an opening 338

is formed exposing sense element 308, resulting in sensor 100, illustrated in FIG. 1. The

chip 300a can then be mounted to a circuit board or any other external device.

[0025] Thus, there has now been provided an integrated chip scale package that is
relatively small in comparison to conventional integrated chip packages. Additionally, a
method has been provided for processing the chip scale packaging that is relatively

inexpensive and simple.
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anmount of encapsul ant |ayer material is used such that
the material flows in the spaces between the
weamsifases al | ayer 330, but does not envel op tPEI/US2005/045204
sacrificial l|ayer 330. The material used to make the
encapsul ant | ayer 332 nmay be any one of a nunber of '
[0026) e Whilesatt lpasit oat leyemplaty emmbadiment bast baea preseniedginghe foregoing

circyitry. For jnstance h capsul ant , l.ayer 3
detgledcescribion OF th SRRGoN cfs g e B pPpEfacagal a0Vt Hihber of
vartaYiBRs Uxis Uit aRbadi 015! Rt iapgresiaiedr that - the 02aRIplaAf t énbédiment or

encapsul ant layer 332 is appropriately formed over. the

‘exemflay Gobodimbets e enl3EBamplps, handd preenot( ntrzded b iy the scope,

o G B BBl (e i

deschiptis rvallegrdvitleF tiose GskillidC iimghereart beitipes fconveientsioad map for
~any conventional nethod of dicing, such as enplo icpﬁ]g )
impleRieRting aneieAplasy ﬁmbﬂfi%h@ﬁhﬁ h%veatlem,ﬁbbeé% Brr‘%éﬁé‘? t various
cribe S j I u b in an

chEE ot IR A e HinChod w8 BBk 7 FERERS Mattafid in o
xedqulaty extboalivierntwiehious depaatinge frpmntht isospedefr tha gnyentor gs set forth in

(200), for exapple, at the end of process (200).
theapperigipd s a%dan@ﬂfﬁ?&?’ equiyalgnts: 330 is renoved from

chip 300a (210). Sacrificial |ayer 330 may be renoved

usi ng any appropriate renoval solution, such as

dei oni zed water, plasma, or other chem cal, depending

on the sacrificial |layer material enployed. In one

exanpl e, the renoval solution is placed under high

pressure and subsequently sprayed at the sacrificial

| ayer 330. Wien sacrificial layer 300 material is

renoved, an opening 338 is forned exposing sense

el ement 308, resulting in sensor 100, illustrated in

FIG 1. The chip 300a can then be nmounted to a circuit

board or any other external device. [0025] Thus, there

has now been provided an integrated chip scal e package

that is relatively small in conparison to conventiona

integrated chip packages. Additionally, a nethod has

been provided for processing the chip scal e packagi ng

that is relatively inexpensive and sinple.[0026] Wile

at | east one exenpl ary enbodi nent has been presented

in the foregoing

€
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detail ed description of the invention, it should be
appreci ated that a vast nunber of variations exist. It

wa@ baalosssad so be appreci ated that the exenpl ar yPCT/US2005/045204
enbodi ment or exenplary enbodi nents are only exanpl es,
and are not intended to limt the scope,
applicability, or configur &L&MSf the invention in
an . Rather, the foregoing detail ed description

W%t?(ﬁc\?’?a}ﬁ%\‘}i‘%e those skilled in the art with a
conveni ent road map for inplenenting an exenplary
enbodi nent of the invention, it being understood that
vari dus é&naeged forapanydaciying 4 $nsgicomprsingon and

arr ag@ﬁ%ﬁ?ﬁ%ﬁ){aﬁﬁhgﬁﬁ&gén lea%%rqrrptg?ne({leﬁerﬂﬁn%ﬁ@ ésis%fl)gto a wafer

enbo out departing e scope O
haviny etrieaso on@sense tlefnent ourted thereap pra daudifich A mmseraah deposited at
their | egal equi?\éal ents. CLAIMS What is claimed is: 1.

leagl prE{Ally Qe PhifdH AP §FISR G BEnsor conpri si ng:
deposfbﬁﬁiﬂ? ﬁﬁé‘ 81?%%'51%1&%@ @ler i 88doftl pAlderhiredthickness less than the

predeter ss"onto a wafer having at | east
firsd peedstenmimed thepleness orcan thieedlafe hanrdesaroynd the depasited saprificial material;
terial deposited at |least partially onto the at
A4 east one sense el enent; formng an encapsul ating

| ay ererdbvifig BRCQABENARGHAEAAIM ned thi ckness | ess than
the first predeterm ned thickness over the wafer and

around the deposited sacrificial material; and

cl aPm 1. THEAERBE ot T Filife oty e water o

fored plurdlidy 6O¢HIps beflott Ak istep obteradriipg, before the step of
renoving. 3. The nmethod of claim1, further conprising

the step of curing the wafer and the deposited

sacki fi ci ri - af 3 f
oot il BEHGRL R et ipBAaRy B SRS bt ter nd
thefdgpddied saoifjnidl sesecribdpader thersgepeofndepesitid. havi ng

t hi xotropic properties and having a capability to
wi thstand a

4. The method of claim 1, wherein the step of depositing further comprises
depositing a material having thixotropic properties and having a capability to withstand a

temperature of at least about 140° C.

5. The method of claim 4, wherein the step of depositing the material further

comprises depositing a temporary, water-soluble thermoplastic adhesive material.

6. The method of claim 1, wherein the step of depositing comprises

dispensing the sacrificial material from a needle onto the wafer.

7. The method of claim 1, wherein the step of depositing comprises:
placing a mask on the wafer, the mask exposing the at least one sense element;

silk screening the sacrificial material over the mask.

8. The method of claim 1, wherein the step of forming an encapsulating layer

comprises using liquid molding technology to form the encapsulating layer.
-9.
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tenperature of at |east about 140 C. 5. The nethod of

claim4, wherein the step of depositing the materi al
w0 dobhes37conpri ses depositing a tenporary, PCT/US2005/045204

wat er - sol ubl e thernopl asti ¢ adhesive nmaterial. 6. The

met hod of claim11, wherein the step of depositing

conpri ses dispensing the sacrificial material froma

neegdl e o f The od of cl.a ; -

wherei n ?ﬁ% g e°€v¥’§ ?admp(’)s Wf%’@%&??& °f§eem°““ %ﬁ;‘}%ﬁseé applying a
solv&qko e Staaeﬁ(ymfrﬁmemnhe mask exposing the at |east one

sense elenent; silk screening the sacrificial material

over the mask. 8. The nethod of claim11, wherein the

st eppOf I yer S .

i ald mifarisaibdl cR3E MR (8 o BB e OURE LBRBE sBiying
highgyressui@. deldnezedntdierchnod thelsadrificlal mdaiadi n t he step of

renmovi ng conprises applying a solvent to the

sacrificial material. 10. The nmethod of claim9,

whengi N je nhiRR d?fcleﬁﬁ@Wh@EmF@@'@fe'pscﬁ %ﬁ%ﬁg b&ﬂpﬁée@ Rpplying

pressure deionli zed water onto the sacrificial
photatesist ®l the dacrifithabmateriabd of claim 9, wherein the step

of renoving conprises applying photoresist to the

sacrificial material. 12. The method of claim9,

whengi n trhe nitif dffclamrmwneﬂmpme@ S serdbhY cotipAted 2pBlying

to the sacrificial material. 13. The method of claim
plasma o thetseerifecsatpnaterialg coupl i ng the wafer to a circuit

board, after the step of renoving the sacrificial

material. 14. A nethod for manufacturing a sensor

conmBi si Mye nitehvasoficiaing 18 father bomprisihg omipding alhe whfeato a circuit

first predeterm ned thickness onto a wafer having at
bogrdefier HitestereidEmer e D inAbTaERek eon, the

sacrificial material having thixotropic properties and

having a capability to withstand a tenperature of at

| eagd. abaduinethdd f& marhfieirig depsawicoeghriaingt east

part Id%{)cl)sy tlr?gnzg gac%ﬁma?ma{egalsat aoflnra prg est’g'rnSrlleclwﬁlct](ness 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 element;
forming an encapsulating layer at a second predetermined thickness less than the
first predetermined thickness over the wafer and around the deposited sacrificial material;
and

removing the sacrificial material.

15.  The method of claim 14, wherein the step of depositing comprises

dispensing the sacrificial material from a needle onto the wafer.
16.  The method of claim 14, wherein the step of depositing comprises:

placing a mask on the wafer, the mask exposing the at least one sense element;

silk screening the sacrificial material over the maski.

-10-
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form ng an encapsul ating | ayer at a second
predeterm ned thickness | ess than the first
weemdetsr4ri ned t hi ckness over the wafer and arpemusion®045204
deposited sacrificial material; and renoving the
sacrificial material. 15. The method of claim 14,
whed@i n The methad aficlaimpds whemp td:ompmé@rrdngpenmangﬂating layer
sacrificial teri,al . fr a edleo e _waf er.
cotngtiseramidifisEna i osy Wkrbfs cpsespded B
depositing conprises: placing a mask on the wafer, the
mask exp05| ng the at | east one sense elenent; sil k
scr é8ni n@ e methodcaficlaimi 143 Whartemhalstewérem%\éﬂwwmﬁ applying
asd ngr}?t .c{%cx?ﬁaﬁfﬁb{éhélﬁ wherein the step of formng an
enca ayer conprises using |liquid nolding
technol ogy to form the encapsulating |ayer. 18. The
nmet hod of claim 14, wherein the step of renoving
conprlseﬁ‘%ﬁﬁﬁfpﬁﬁnﬁngolvent to the sacrificial
mat er '\%fe eg% PSR 2 GRORA Lidk NGd af 1H@fc%ﬁn&@¥kt@ﬁdlﬁ%
flrst and S|de and an i nterconnect extendfng
therdbetvedeat the emt;ercbhmct hiveng &!ﬂﬂ&bﬁtpr&ﬂdl atg sarfacenaf thx finss side;

at asurfae of t a .sense el ement
coupl3&gn§es ?’ﬂ%‘“\%\"@?‘; E‘BW& |88°émde§ Q?fFencapsul ant
| ayeran‘éﬂé'a‘ﬂs@ﬁntt lﬁyérr&%uiﬂ@ﬁ & the Sadtdesdrdide bR encapsulant layer

encapsul ant | ayer having an openi ng extendi ng
havlhg aebmwtm@nwihsme@gmdlsmect@m e sepsartie thegby expose
th E Qﬁ sense elenent. 20. The sensor of claim19,

Qﬁﬁ S Ne encapsul ant | ayer conprises plastic,
pol yi m de, or an insul ator.

20.  The sensor of claim 19, wherein the encapsulant layer comprises plastic,

polyimide, or an insulator.

-11-



