Dat e:” 18/ 04/ 06 WAFER LEVEL PACKAGE FOR SEM CONDUCTOR DEVI CES BACKGREURiPH06
[0001] This invention relates generally to an integrated circuit—(+C—

device and a method 5 of manufacturing the |C device. l\/bre 'i)artl cularly

m)re
dies arranged in a matri x array package configuration “M“m i eve
very high pin counts and nmultiple functionality with in thea«ﬂ@fl ned device
geonetry, and to a method of manufacturing such an I C device. [0002] Wth
the m ni aturi zat i onWAFER LEEL RATKAGH RQUIRBEM/ICONPBYCTEOR BEVICER®ed t 0 al so reduce
the 10 size of | C packaged devices and to add nore functionality so that
nore of th E EBI ces can be packed into a given area of a substrate.
Two approac es ave been taken to neet such a need. A first approach is to
reduce the [8903k of ThisdBREGD FriptesOeRSL3!IK o AR dntearatedalirUitdIC) dryicr arfesmetiide second
approach i of heafedngthe iCreviea JMongpaitiaadyunis invatia ietatee ® gpriovéevibed by each |C
devi ce, for cﬁkamgrmeed.émoo&mo&y@ets%rﬁeama%ytra a(rmkafaagonﬁ%msma; package

(SIP) 15 devi ces )L q‘lé%fé? ures
fabri cat ed P NSV ANETIN R P”tg?ﬂﬁ*rm lﬂPé‘t“F‘é?Ha"tV"E’Qé’ht“? PRENSA dUes gea@etryce is
packaged V\/mnﬂ@atM'}oda)flearBitaCﬂUtmgawmana@beﬂqen wafer form prior to the wafer

di ci ng pr 0qess) to wthttaé rﬂmféﬂ?ﬁtu&i o B1EctiRAE k@RS, vED)S A1REKBAISH Bd}eQlLS S smpsh

are a LIS he ackages, iC

are of d@drral‘% ]p %ﬁag% d%/cyxgaﬁcgta a9d {ggrg Jagl%nzglp ?%aﬁﬁérgoﬁhezsgh@ev% devi ce

obt ai ned i rfaf Pﬁ%ac\‘?é’t"ﬁ‘béig'é‘?”e”qal%? P‘é’d“at‘?) Tmeépweaca%ﬂ@m keen ipken ta@eeth p size

det er m nes suttea qeac ket apfroabbmstb tegude@kOsizde otbabkaggbaxtstilyoC déijcd40, 235

di scl oses clJagesd‘?Hé &%orf&aa\SerQ:h@sté&Qédﬂfn IrQ:Feas@gotpé faﬁétl |€e|s)6ro§/ Gé‘d iyl ze of a die

of the 1C ea I?‘, Vi exa EI I s&g -0 h| Sg%) tem-in éIgSClLIdeS (1)

providing 4 5\'751 &F ?eha?f ’H’f FL?J%E‘ P E)Fé Blf ﬁ%"eer%F’H e"a?é‘f?gﬁfé i ncl udes

mul ti pl1é 25egeasnect i on pads, (2) sandwi ching the wafer between two

Ior ot ect i ?/e [bESET S, Fidudgs 1BLHF JhB priod Bt CtRSicdshatAtgdl 08 Fafef leden@nijuRti@ct | ve
ayers alo i onnection

pads (4) ][}%CIQHE %&J&?c?ew?é |sh£'c%aé%d%|le tf?ey%eos(?ﬁgvfaﬁ)a%re |J| ?Q?r fc(R'In eroptﬁe% pr ot ect i ve

| ayer t hatWair diciag epeess L RPRY clip firrdPREAIT: U'at‘*fé‘c'?ﬁiﬂ%’é&esbﬂﬁﬁﬁ et t he

connect i on drecd on awefer(tdJealizs éisae chin sirgd pdvkages @dich erefobsnmll fand fagiodandl  di es. Such

a manufact Uedudel Wighe eidwevek thk &E Sevick BbthiRedIVRWERRH alimftdIadly RNdcAgi§s. The step
of cutting notch therefore is time- consumng. That

step al so requi r'@s'zegeterm eStﬂ?%aC*‘a%?ngd%'ﬁd'ul ar shaped cutting bl ade for
cutting tHEObt cHéS. Parst N, b 0#4rp5 Piselernse as!Cfepq Raving aRolgliitt i ng step has to
be perf or negproxlinstelgd he 8ke of a did o thia IC ABRe. TheGteps vBhatufactariighienCldeasesport ed i nt o
the clean rmé Q‘i) pidéfdhl[}%va{artﬂ&%ﬁ:h&gnumpml‘ekWer&ﬁ@éﬂh'dl&%c%estmlp\@af er

cunbersz%rre ect]ve ers on a resultant die also
connectlon pads (2) sandwiching the wafer between two protective layers, (3) cutting

notches through one of the protective layers along outlines of the dies to expose portions of

the connection pads, (4) forming metal contacts on the surface of the notched protective layer
that are electrically connected to the exposed portions of the connection pads, and (5)
separating the dies to form individual dies. Such a manufacturing process suffers from a
30  number of disadvantages. The step of cutting notches is sequential and therefore is time-
consuming. That step also requires an accurate fixed angular shaped cutting blade for cutting
the notches. As cutting produces debris, the cutting step has to be performed outside of a
clean room. A cut wafer is then transported into the clean room for further processing,
making handling of the wafer cumbersome. The two protective layers on a resultant die also
35  make it costly.
[0005] U.S. Patent No. 6,117,707 discloses another IC device having multiple dies
similar to that disclosed in U.S. Patent No. 6,040,235. The dies are arranged in a stacked
configuration. Interconnections between the dies of such an IC device are formed only after

T

*G00002*



35 nmeke it costly. [0005] U.S. Patent No. 6,117,707 discl oses anot {8 P84/
device having nultiple dies simlar to that disclosed in U S. Patent No.

6, 040, 235. The dies are arranged in a stacked configuration.

I nt erconnecti ons between the dies of such an I C device are formed only
after Date: 18/ 04/06 the stacks of dies are separated to form

i ndividualized I C devices. That is, the process of interconnecting the dies
in a device is performed on a device level and is thus slow. SUMVARY 5

[ 0006] Accdhetitasts of dieapre gengeatad toform Rdivigiatized K davisere Thatdmthepigesseof s provi ded a
met hod of ifEEdshedtihgthé Nigs iAB dévite@Pedbrdd 6 & Gdvick le(d Gd ifius g&v. According to
the method, a first wafer including multiple dies separated by separation
zones is first provi ded. Each die includes connection pads on a first
active si deWMAe wafer. Hi gh aspect ratio mcro structures are provided
at the & e [pu9p) phekcadrdihg thes aspacjoitbepresentineatih, thaed ppaided 4 oethaibfal ong t he

separation nla(?kuf%éiﬁ}%ﬁ an lﬁ@gﬁa%eé.maﬁ ﬁC)adeﬁéb fAREII®Eh th e nRlrRE taliirsE @biby connecting
with the conn ctio

nn i nterior of
the corresp&Hdrag “'ﬁ? ‘LC)ESS sef’?rﬁt(?é)%rsggarat\ﬂﬁpnes 'r?gfsg?r?‘%qegagm% gﬂ”?eérmved froma
second si déOUTECttoh@a%aWérffSt Wyroidetobthe wafer j igh aspeyeatio Misroskprdiges ahe routers in
the m cro Sirdvided athieSdie ge@pHea kns, atjecehb B3H body dabiefotred @Rty Be epaafiont he waf er .
These centaghs RBligrs Gle&Rb Fo'rrﬁﬁ} fl)r%le?:ﬁgm?&%nﬁ&tlﬁng&\ ok Sadso Iot}@ interior

of the mcro structures é ectrical gj connect vvlt t he bond
pads on théher9°P%%°t'°§.Pa%st°%@fea?f@§*h FrespdnaEg SWchRS tHater ma'giRiati on zones
t o produce thendemaveditdm Z exdorti s of bawaferobppasite tie fisxt sigee © %Lsosathel@ted%m ce.

[ 0007] Pr eftﬁ‘er @bﬂoxtructd?e%, OFhARAr TBdhel b b eécohdmetbdﬁe {vereimiThAgse@oMatesi vat i on

| ayer prior e ers.so.that the ra eparated from
the ai b byt A BRI R R RS & "EUTE] Bt ARG 2hBoTh0 et e
¥ Thafias ?ﬂs@éﬁ?t?ﬁé'%ﬁ He of the

mat eri al® i rR*ﬁICU'éI@S cqneerb witrihe baaf é?dsr?af"@rf'fséf'
waf er, oppaepdrstioh Behe$ iorpsdduci ithidjduilineEiga0&2h bivhichaagés\aatah @deviag/er i n t he

interior Eotﬂ‘e nﬁr auw qﬁ&%%y mﬁhér%fa@éifomégsa aééénda%h hy@Y§or oS then

formed on the secon rer to conta assivation layer in
the interidP™ye “F‘H%“t‘?ﬁ' &?tBaté'ter’%‘Trﬁ?ré§epa“F‘f‘F8rfr8’§1”teé1‘es by SPﬁPBﬁ‘?" §¥°'t he

passi vat i orfo908) er sPreferably. ewmr@dwﬁfpvmt@rhém@@ew@oymwfwnatehé fig@fer to expose
t he rowoer SsetdhdkiB€ofhebidier dppdstd HE BSt sidd o EXHIEDthe Ja3aivatied B innmeyintbriok t her

i ncl ude f Orﬂhggn cq'oegtrnl:tU%L SA ?%cgr%t sI(R)gldJnya HQ&S&%%d%ﬂt gggcongg%tcﬁmes

Preferably, T ormn a sol over the
passi vati ori"’afqréﬂF@Fta%{HH pé?ﬁ’i’?’é?@tjaé’erd’l’\th‘? Wée”gré’é@ﬁa“cé‘i guctyes- 1 heeqfiefer, renovi ng
porti ons ofpotties of tleghessivatins kayery ere reridved Mntha&tcgncts@e@ktp@wéertthexpgmt acts and
form ng solfelulydimBe ,qy,%rstrg,clﬂﬁesexposed contacts. [0010] Preferably, the

et hod igiy [B(H)r } hel’Thlerr]ncekho renaf?' uFﬂ?é?‘ mch& formgm%?el?r%% leectr?‘c\élﬁlrcoﬁn%ctgglt% tt]:eI st

contacts. Preferably, forming terminals includes forming a solder mask over the passivation
layer and contacts on the second side of the wafer, removing portions of the solder mask over
the contacts to expose the contacts and forming solder bumps over the exposed contacts.
[0010] Preferably, the method may further include attaching a packaging layer to the first

30 side of the wafer after forming the routers. In such a case, separating the dies includes
separating the packaging layer.
[0011] The method may further include providing a second wafer of dies processed in a
manner similar to the first wafer to include routers that route connection pads on a first side of
the second wafer to corresponding contacts on the second side of the second wafer. The

35  second wafer is then attached to the first wafer by aligning and attaching the first side of the
second wafer to the second side of the first wafer to thereby electrically connect connection
pads on the dies of the second wafer to the contacts on the second side of corresponding

dies of the first wafer to define stacks of dies. The second side of the second wafer is



30 side of the wafer after fornming the routers. In such a case, sepafdfPHy
the dies includes separating the packaging |ayer. [0011] The nethod may
further include providing a second wafer of dies processed in a nanner
simlar to the first wafer to include routers that route connection pads on
a first side of the second wafer to correspondi ng contacts on the second
side of the second wafer. The 35 second wafer is then attached to the first
waf er by aligning and attaching the first side of the second wafer to the
second si derrestssethia afsinpilgt magaerde the frstwadar dpjoderestoniaste iiptegn: dosHsR@Eas€onnect i on
pads on t heaepir@mg Bk diebRci6Re 0Edratay te¢ sthdrs bifties GOgiddacd indiddualize@inegaead si de of

correspondlé}g“tdgv%@‘ eg[fh éfk]/ﬁlcﬁ anl§Jes‘£%§¥of}:@s define stacks of dies. The second

side of the rocessed in a simlar manner

to the firdPOghf erP'FfSTab'Y é’&dﬁ%h%ward'f@df%?v Apert QMg ¥ S epar at i ng
t he di e® i rigtkrocesctaidpveat iha frst wader stdtbk secofd Vdifees to produce individualized

i ntegrated [0631'3fCU|Acc5|'§1H faeaﬁotheeagaact%fm%aegém |h%‘|dr\dlﬁ§re§% pRdvReka0f dies. [0012]
i nc (Elt er nedi at e

Preferably, t

wafer 5 i H?tgqf%t?)ﬂqé‘é& &3 d?)"éﬁevr\?e't’{a‘it% ?r%'{‘)g \%theé?e A estchbegsgé%'g nr‘é"sv'vaf er.

[ 0013] AccaotediFaigeludes afrstdirdiaving petine @ﬂnqcm psié%\eﬁﬂrst PHiveside e fitshdie e i s
provi ded arand maktiggtataed of alk&dohd sidel d)he HBVi€; @ppraitetheftst i@ dThacT geviteng t 0 t he

met hod ﬂﬁscglao%@d@shwt JJ?éé egcffnlof o= eqe%tr.w.g'c sas fcofnhécﬁén di g paving

mul ti ple connecti on active’si first die and

nul tipl e coRFEEPY ”@ﬁ a%é’@ﬁ’ﬁ'ﬂ"’flr%e'%‘f’” finee rF?els§et‘°‘chm%d, oNF58X L% the first
si de. The |<Cedalinftre fikOdi@l so i ncl udes multiple routers, each of which

el ectrical Imoﬂpnnems@raay GUTBRG s AR fRtAed &oaraJp @r%m&s@@@dmaﬂau@e@&e@\pt wher ei n

the routers recesses forne n i d [l, of the
first die. | %Eifs'%rog e'ra'ﬁgfav'ngta Oéve?%%gggfe@e %?eé“'afadljacergmﬁ se%m%p?iggr portion

of the ¥ de‘?ﬂ/ﬁ‘leld'eéd?%?@éﬁ‘ii plarta@ the first side of the die, leaving a | ower
portion of [béws) Si derefatablyaicl Ia@evide fiirhet iltudses paselvaibilieyer dbthefirst e otli e

substanti aIth%/frgId@rb@gweitqg%g]mfﬁgg‘o%,@bI y, the IC device further includes a

passi vati on of the first die between the die and

t he rout er sl998ho167re®BMRRY dhedfidgvice e iteluges 7 REOTPPENETON'HET Ud™¥s a second
passi vat i orsereny side ofrihg fig die betwesidhssdieienddiie rpiersf i r st di e bet ween the die and
t he rouacer spo2f [OQ&fZﬂabll?rtl@‘ Iefdakideyfurthbnfclddes Weinateidotitdin ednnédialtales ter m nal s

el ectrical | ugr%mlﬁ ﬁg cgé% tthgI deggéun%%er ||n§]ud%légfgld@r nfa@l?ﬁ'lth% Q—?‘%OA cf?e\/i ce rm'y

further inc secon I rst e covering

areas on t h‘é“?@f?bﬂ?jcqé’lard‘é a@ib%té%lseﬁ?‘dtsﬂé eYRoPeH yede™g618] Preferably, the
| C devi ce niag18f ur t Preferabipdheiaeacepeay Katyeminpluday eackadingdayheattathed totlee  fi r st si de

of the di e.fist side of the die.

25 [0019] Preferably, the IC device may further include a second die having routers that
route connection pads on a first side of the second die to contacts on a second side, opposite
the first side, of the second die. The first side of the second die is attached to the second side
of the first die to thereby electrically connect connection pads on the second die to the
contacts on the second side of the first die to define a stack of dies. The IC device may further

30 include at least one intermediate die interconnected between the first die and the second die.

BRIEF DESCRIPTION OF DRAWINGS
[0020] The invention will be better understood with reference to the drawings, in which:
Figure 1 is a sectioned drawing of a prior art IC device having two dies in a stacked
35  configuration and connected to a substrate using wire bonding;
Figure 2 is a sectioned drawing of a prior art {C device having three dies, stacked and

connected to a substrate in a similar manner as the I1C device in Figure 1;



25 [0019] Preferably, the I1C device may further include a second diP&*H&%1%g
routers that route connection pads on a first side of the second die to
contacts on a second side, opposite the first side, of the second die. The
first side of the second die is attached to the second side of the first
die to thereby electrically connect connection pads on the second die to
the contacts on the second side of the first die to define a stack of

dies. The IC device may further 30 include at |east one internediate die

i nterconnect ed BBURST? RN drawingif @naifisd Prioh @t Seteyprhadine MutingRyliesin HESCRI PTI ON
OF DRAW NGStdcka206figurhten lanyietatcormacted dsing lbetabfied @roughitbesst ood with ref erence

Lo the draw ngs rigld (i fll ol Sechedc® oy AMALuAEEM Bl @ Prior art

| C devi ce having %Wo dies in.a st configuration and connected to a

substrate FEFRYUP PEEBOABEHG! PEPEREMP™MY a secti oned drawing of a prior
art 1C diew ce hé&iging it dschemalic dewing bfaclewck shnding itsomoied berd peds apdsubstrate in a

simlar @‘{he@ﬂmngaICQtdﬁNé KoRd padsFi gure 1; Date: 18/04/06 Figure 3 is a
secti oned | C device havin iple dies in a

ano rior
stacked conf | gur%f]rlegr'ls %Sr?hema"ferra“c”'B b RGPt Al g QTGF”'HE‘% hrough hol es;

Figure 4 i epveen @W@'V%@Pf"ﬁﬁ?%@h%'seéaﬁl%‘h@éhecppn%ﬁaéﬁs for manufacturing an IC
device accor di Rgured isdscperheid Hawing ofal detibeecr@ss 8ot shoR@nigh aspect tid-i gure 5 is

a schengt i Gndp amcmsésga‘m@déééyb&ﬁhémua@&t ol b(aﬁa SHaBaachaiRd eRAds and
peri pheral lines a pads; Figure 6 is a schematic draw ng

of a devi cétr&?%g?p?%%‘fsiaocr?"gsﬁ&ﬂ"‘l%médtﬂaget lines between the active device
peri pheral , adj &genrt it oschéreatib drading afdstevied gess gection shoging tHeyenddpesittnawi ng of a
devi ce croso‘sa,s.eaﬁdt.mtmmr@gmbmgb aspect ratio 10 mcro structures at the

devi ce peripher ‘2' Ure%dJ aascﬁ r%%l‘é: Qﬁ&ﬂggﬁo glcéaggs%geclt:‘gw&on%igﬁenglgr?g?ed structure

represents a cor Ic drawi ng of a
devi ce & os%'g'gﬁé?ﬂd@ﬁd%‘ﬁﬁwnmﬁ" %ré‘ﬁt“'le&‘y'é‘rth‘ﬂ@&fgf“ﬂatfﬁ““”@f an insulation at the
m cro struct ur e§igutei1gisracscieniatic dragiohd @bvie othisavdctig sbdwisy aleeorddayeradss secti on

showi ng eth?s'af%hd?irénﬁ)Bra p%@m@(dd%s"l@hay%@@n%@eip@seWB@nd’Eagsf RufitgiHEd dhges Wi th
t he hel p of netal rout| ng; Figure 10 is schematic draw ng of a device

cross sect YA SHEWg a second | ayer of |nsul ation and or a pol yner
adhesi ve | ayer &svrérﬁijchaé&%\s'eajofwﬁﬂcmwcmmmvn@pﬁeﬁw and mcro
st ruct WB0es:subdtrgtdlatachdd dver the SRR IGEhE €' dtfiddetige: Of a devi ce cross section

showi ng a_seconde, 20, SUNSHdAleq Bk A5 QRS LA LR Sififl #he 1st active

devi ce: Fi gure is a schemati c avm ng of evi ce Cross section show ng
a t hi nned 1a§t1ve device wafer at the back or second side;

Figure 13 is a schematic drawing of a device cross section showing a deposited layer
of insulation / passivation on the second side of the 1st active device wafer after thinning;

25 Figure 14 is a schematic drawing of a device cross section showing removed
insulation / passivation layer at the micro structures to expose the routed metal traces,

Figure 15 is a schematic drawing of a device cross section showing a thin film metal
deposition on the second side of the 1* active device wafer connecting the metal routers on
the first side at the micro structures;

30 Figure 16 is a schematic drawing of a device cross section showing solder bump
pads defined by patterning on the 2™ side metal film of the 1* active device wafers;

Figure 17 is a schematic drawing of a device cross section showing a deposited
solder mask thin film with bump pad openings at the second side of the 1% active device
wafer;

35 Figure 18 is a schematic drawing of a device cross section showing a UBM structures
along with solder bumps at the bump pad locations;

Figure 19 is a schematic drawing of a device cross section showing a diced wafer

level package separating each individual processed device;



active device wafer at the back or second side; Figure 13 is a sch&f§t®@+
drawi ng of a device cross section showi ng a deposited |layer of insulation
/ passivation on the second side of the 1st active device wafer after
thinning; 25 Figure 14 is a schematic drawing of a device cross section
showi ng renoved insulation / passivation |layer at the mcro structures to
expose the routed netal traces; Figure 15 is a schematic drawi ng of a
device cross section showing a thin filmnetal deposition on the second

si de of the 1St Finorei20és akshenatic draving of @siavieecrdsa gectivneshpwingd welstieet s on  t he
first side mtkabORitdncther exibbdibérd b, whdd ifrihg détRe ditidnf e Bavite BRInE Grsdr awi ng of

a device cr Peds Ifeg c‘ief'ap{f a§)hc?amt ﬂgfrérg%rd%bstpawhpg%ﬂgﬁolﬂr%“ %QSI\QEaIP@gFt erning on

the 2nd si de active vice wa ure 17 is a
schemati c dPaWi TR B 289e5E8A RYArer B e 2BRYERIPHN showi ng a deposi ted sol der nmask
thin fildm weTAUEoMESSRCPTEPENI Ngs at the second side of the 1st active

device wafgga) 35 fi &&Iﬁa%&u nggrgm §l¢o%%tsb®eQJeEQVUf g\gpsq& naandeefurraea@ross
section sho the bunmp pad

| ocat i ons; gf?j%?@“ff@% d%"'°§ ?r‘ﬁ?ﬁ 1%& W%ﬂf%é aSFmé°d&%“{?F‘%#ér“)3@ 'S section
showi ng a diveripnwalfessequenes itarisackiBitfeVIBe YUy BR istag) 6.cdieteini arvedfey B dfligre Pr ocessed
devi ce; Datigdludh§hR4rd)of finshgldie 123Grim&d WBersit bR eoatdnGiordrtashhig@esa prévidd@Vi ce Cr oss

sect i Orﬁoshomemfea?W@Jaféﬁggha%&b@% mf%]%egagﬁom%ne@ga%n smnﬁwn%dy, wher e

in the active cl ear of any

cont acts fr%‘H'?eZ'H%F s e Hpisally greregtanaqyni %msmr%eeafataﬂeﬂeeé% %ﬁ’?d Br  epoxy
mat eri al s a® hdesultigebdny padser @nosttiatpadpid (Figerk Bom.a fiist BETVASUSEER RESERI PTI ON

[0021] Fi gugie1e? Thése@odneidh gédaqaame&bmwupgmaecfe@mu& ety for
manuf act ur i hﬁgrﬁ?omd?ﬂP ﬁ%r g:e 1§ &dggrlrt' %fe%nv%ec\fwrdsfene%thg 'f:rﬁlgac{] sur;l"ac)e accor di ng

to an enbodi eht v {%&rts in a
PROVI DEISWAFE2RS the digs &), isvgferresihareis ameérst tiyersidg 2 ef thy waf?rrﬁc ThRIPtRRY S'dﬁOfar ray of
finished di wewdér & 6ypoed tHehiek aiie2 1Dy retdidd @ HetedEa |thel secdna sigelEsof it warfeoVi ded. 10

The waf er Esng%m]ret%eshgw§é égss%'aglmal ng 5f%¢l é’a%c!er‘rt] glgs Y@Jf ﬁ‘{e wa@?? al{o?‘{:ol on zones,

general |y SCri Ines 11 that "are typically nore than 50 m crons
wi de, separ®¥?¥€¥¥e di es 10. Each d| e 10 has nultiple bond pads or
connecti on 9642 23THefeguenee Bexipreceeds toasfORM MICROSIBYEHERESIPeP@P. t he die 10.

These cannegierdtmipadtictdds 81 §hdab eretfcsrine@bd,aeefqmesgped rg@orBctidh padsONI C

circuitry (ené:?\tg the sgr(Powr])\es 1QI‘ Q?r%wh A F?g%%@ LI'}"?% r;lrlgrostéatﬁ#eg% %lfd 35 rr:‘gve\'}:‘adfe h 8, which

defines th refe red herei n
as the firsh trﬁ(ﬁ”ig?/@f%’l ?i’é“'?i”scﬂ“d P’ﬁ@'%f‘é‘fe agectapglar P9 °§|adérf€l9f’° thehe wafer 8,
opposi t e t hiestkide 8t ofiechafeP 8., Micrgstruegiiires withch dirculdnexqedre) haxsgeriaborsescaimed si de 29 of

the waf er shape may also be used. These microstructures can be formed using conventionat

25 techniques, such as photolithography followed by silicon removal processes. The
microstructures 31 and 33 extend deeper into the first side 21 of the wafer 8 than the
connection pads 23. In this embodiment, each connection pads 23 is connected with one
microstructure on the scribe line area.
[0023] The sequence 2 next proceeds to a first FORM PROTECTIVE LAYER step 24,

30  wherein an insulation / passivation layer 35 is formed only at the microstructure 31 and 33 of
the dies 10. Such a localized INSULATION / passivation layer 35 is preferably formed by first
depositing a layer of silicon dioxide according to a DEPOSIT LAYER step 28. Any appropriate
passivation process having an operating temperature between Room Temperature to 450
degree Celsius may be used in this step 28, depending on the application of the IC device.

35 Figure 8 shows the surface on the first side 21 of the wafer 8 covered by the localized
passivation layer 35.
[0024] Next, a layer 37 of metal, such as aluminum, is deposited over the passivation
layer covered surface of the wafer 8 in a FORM ROUTERS step 34. The metal layer 37 is



8. Figure 6 shows a cross sectional view of two adjacent dies 10 ofP2H&04/06
wafer 8 prior to processing. [0022] The sequence 2 next proceeds to a FORM
M CROSTRUCTURES step 20, 20 wherein mcrostructures 31 and 33 are forned
adj acent to correspondi ng connection pads 23 along the scribe lines 11 as
shown in Figures 7. The mcrostructures 31 and 33 have a depth in the
range of 20 -50 mcrons and preferably have a rectangul ar opening on a
surface of the first side 21 of the wafer 8. Mcrostructures with a

circul ar, igpesites, usihe Rrvcponnghtiopal teghiyiqust duelr as sphitepdepasijonab seyettbe sisfaee. These

M cr ost r uctdathe SirsCsidd 20 ef thOwared. uaé Rgkr GPENRIM) EVB@ khe2Rpds@fLdufiaddbierhe SUCh as

phOt olit hOQ‘, E%gfgcls 23‘&@%&}?%9 th%%or&é?&]&é(r@i 31pl5|§)cfﬁesr§8§l'laglﬁﬁ is then

m crostructure eeper 21 of the wafer
8 than the Paﬁ%?ﬁ‘?eiqalno‘ﬁ'“ﬂQEPSWQY:"““‘I”H' t?‘%’ii"%”eeﬂ‘ﬁ?)aﬁ RheiolithogsapphPateAR@ % | on pads 23
i s connéct germmndtdallpeietricaly trsasted inetcamrectons ¢rinaitesc37 thee rdutertiee @pmeeation[ 0023] The

sequence 2 pgxjs thh@%&Qﬁoﬁh@r @orrfekﬂoﬁcgln rﬁBMtPBQEECHLMEbly@éEBmﬁ{e%mM 30

wh

O A e o et i e oo ot P B S e nS) o /
passi vat i ors-3 migens. Qqunémmfetf‘%?mhﬂayonfoéthﬁﬁ‘ddewe fthernagtal layes 36 iy dleyPezef| ayer of
silicon di axhélg aisyGhélioRgoftaadte EREOR eEn bivddRs $dutiss 28 Andpenappr opri at e
passi vafy 033 %’J ﬁﬁﬁg%eﬂz%%é‘%e iOPSIeAthd J&Q%E%@E#{J%F ﬁBt‘éﬁQ@E"Lﬁe“ Room

Tenper at ur g SI Us may ep 28, dependi ng
on the applPRti orfegiprabindnesaugach Lext Prseeds RAE-E REREY PiAR: ZUP¥sRe on t he
first side dkpod ldytret1vwedppifed Soreaareniety sbip-cbdlieg bracaen-rrathg, pashe water on | ayer

35. [ 0024] paRefhed sBrfdca¥fhe @Jer%f asrgﬁgvﬁ'l in F@M@ho %erﬂﬁé@ﬂofwmer 4155 W&isb ted over
t he passi vat M ROUTERS

ion |a ve
step 34. Tff’@c'(r?ﬁ'f'%l:ay%%é?& °F%as aﬁ“’“‘”aﬁﬂa‘éﬂ?‘ O??pgv’ag CSEWC s(’1\"CUS| ng any
convent oonadermpasiym r giher suitahie inatesals f attaghed t?é'i!ﬁﬁ’P’in'@Yﬁf“t'@)a'beé‘PHt he surface of
the first spatxABINGOEAYERGtep@d eThe@poxitged riayee redidireafto tetaatmeiareys t he exposed

rfaces of t t
3lZIJ. ace SThemh:?grgpf]y%ﬁQrmﬁgﬁu?gﬂn@aog cgﬁysseﬁsr'tg/e @échgdrﬁe é%}qﬂla}eﬂg} %&g&;; ructures

convent i ondlg'dfyée'l’ﬂﬁ‘?ﬁ?ékag’é‘ﬂ@ﬁie’éé t%ﬂ%?ﬁ?’latﬁéb‘?“ﬁﬁhffglfﬁ%ﬂ erning to 5 form
mut ual |y el [@@26} i catfleyatiapraneintdf the packpainganentd; vafermsateyial andhg serand3ide hat rout e

t he corprectds e waRRpgls re%%v&dqn b REMONE QVAFER MATERE Istep 601 1H BRRGPGED NEE
m crostruct UI‘ es I(elrzl)%l%n e secon su;erb?) o?th reé’ gpr%gelrabsl%r%hgf %thg(ga%kénnd gxarrpl?,eSby

plating w t'h
m crons. De?@éher pﬁ@h'ﬁﬁ'“taf%dpﬁ%}ﬂ‘w:ﬁ%ﬁ‘ie@)?? Eﬁ’e‘f”l‘i%th? thicdiessp Efé’,‘e WaRE BlEAE | ayer 37
may al so beaboit 40 a 7oreicedns thick ofywalfein mbtagal baweanatie goupa sdriace dnabe sesorgsideen pri nt ed

as routers R fthé@;af@upé AR ot RARThiUBIAULQT 4 §11y 3. HarelmY tResoappl i ed over the
rp?(ljz;gre tson?igrﬁrg E&Iegk,n/%r %@! o}élmslée{)a I’ \ﬂ}]ggré rkwa erg IS prel?erg/bly ettched SneaquenCe 2 next
STRESS REMOVAL step 54, to further remove the remaining wafer material 45 until the
passivation layer 47 at the microstructures is exposed as shown in Figure 12.
[0027] Next, the etched surface 45 at the second side 29 of the wafer 8 is coated with a
second passivation layer 49 in a second FORM PROTECTION LAYER step 58 as shown in
30 Figure 13. This second passivation layer 49 comes into contact with the exposed passivation
layer 47 at the microstructures. Portions of the passivation layers 47, 49 on the second side
of the wafer covering the metal layer 37 at the microstructures 31,33 are then removed in a
second REMOVE PASSIVATION LAYER PORTIONS step 60 to expose the metal layer 51 at
the microstructures as shown in Figure 14.
35 [0028] The sequence 2 next proceeds to a FORM CONTACTS step 62, wherein
mutuatly electrically insulated contacts 53 (Figures 15) are formed on the processed second
side 29 of the wafer 8. These contacts 53 are electrically connected to the metal layer 47 in

the corresponding microstructures to thereby route the connection pads 23 on the first side 21



an epoxy layer 41 is applied, for exanple by spin-coating or Date: 18/04/06

screen-printing, onto the router patterned surface of the wafer 8, as
shown in Figure 10. After the epoxy layer 41 is applied, a packaging |ayer
43, such as of glass, alumna, beryllium sapphire, ceramc, silicon, 15
germani um or other suitable materials, is attached to the epoxy layer 41 in
an ATTACH PACKAG NG LAYER step 48. The epoxy |ayer may be required to be
patterned using |ithography when manufacturing optically sensitive

devi ces. THethegereyd $i¢p\28of the wafg: Sech psten§2grairrgPiberdes e fPRCREYFTRS | ayer 43
to the waf &y d8poaifings b eaBnd methlilayersa olek the[p@&iR@fonAfytet aathé sehimtete 20%f t he

packagi ng ltﬁé’ﬁgfer%m ﬁET&@LA@erh%leF%Q H[slfre $§§9®gth§5&€nd2n?etalég%rgf3 the wafer 8

is renoved IS ste , the wafer
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t hlt Cknelss Qherd iR, mfre%her&n& %cbmﬂ&m |a§&@gtshp4ﬁ>emed?r0a PACIERRING Nnmﬁolgt ﬁf wa]f er o
materi a n round surface o e wafer
and the bttt gp PResaly oferordliferRul B SeBE R e lebfoanPRediled ¢ 5%
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passi vat i orbumayretallizion (WBM) grecesnd FORM PROTECTI ON LAYER step 58 as shown in
30 Figure Xgezejhi STh‘é%E@@ﬁlceQ&ﬁﬁ'phb@&dd@fbAWTE'F&/IINNIIH?&ed 2t Whetth@ct Wi th the

eXposed passﬁlfe\‘f%tlsl fg%zeprgc%%seﬁ?o I?‘i‘lUdE eEctF@ader%?n&[s%%h%@%ﬁlderFb)ﬁ)rgugsl ﬂgl-snc\;/ é the
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REMOVE PASSIn\telde€aNd lsiddy B0 fIMeRBIONSost ¢ dpithGlayke0of exgEp seskt H9er aeirdll | ayer 51 at

t he m crost ;1},5 [ %8|]7 phfonsefibance 2 next
proceeds to&k‘&k%@%&%@ﬂ téfbr&wmh%k;ésm mF%g electrically

i nsul at ed cOINEERTE °BY e {j’tﬂaésé"a%é‘;?ayﬁr Cé"’ef”(‘i? Wﬁ&%ﬁff ?‘.ﬁérey ELELNR usé"@cond si de
29 of the V\ﬁ'f/éq’"V@I‘t'Oth@Sf@'qé%)ﬁtaaﬁ,EﬂV@VgI?O&PéRMAétﬁt"PiREQNS;ﬁte@@HFPefB‘P‘eSG theo t he
met al |2Iyerco14tht£5B ThB €oid:@ bUirGS [36 BAitig fdfined 03 FORM IO ©ERBOMPRGlepBY rout e t he

connection & é E5§ Qﬁhé éerc%er sﬁi'egs qeb\};@er% ‘to f%ﬁc,[tlgr%sqgmmtag er 91% d%gcond si de

29 of the wa er a first formng, such as

by deposi ti Hoas 33°‘§’e'85HEfer’r€'t € SF%‘?@?‘E %@a'ﬁ\?é‘?s ' ﬁgEmF\Pﬁﬁ P §4ayer 49 at the
second si dewtgeirahe waféred with therattaghedpaeiaivb T AB isldkyERom tegsc® ingd Juine 15 shows

E Ee se]eond Me@h thleﬁyc,‘?d'str&:ﬁjrescﬁv@rtb BerJcQﬁldﬁMtﬂdcllib‘a@C Qéwcta@@acﬁ'tﬁ&(?r:'bdnt&?ﬂet ﬁg of -
e wa act w e neta

| ayer at °"tansé’l)$§na%?n°?q}°lvj'8)t tFreSllure 1? ¥h%“ﬁ§hreeoremfnt CEYS 'V'gua? elgqgg%'nﬁsect t her ewi t h.

Ther eaf t er , [0k selt#RHd Reaed thagihelC deyicp §’°E‘§FF e"‘rcﬂfétﬂg f°ﬁh°aseF’ﬁF‘|°é?Nl NG METAL

only one possible embodiment of the present invention. |IC devices, such as IC device

shown in Figure 20, according to other embodiments can also be manufactured. Here in this

embodiment, the active portion of the device area other than bond pads are kept away from
30  the 2™ substrate and or any polymeric materials contact.



LAYER step 68 using any conventional technique to define nutually D2 1804

electrically insulated routers that functions as contacts 55 on the
surface of the second side 29 of the wafer 8. In this nmanner, the
connection pads 23 on the first side 21 of the wafer 8 are electrically
routed 10 to the contacts 55 on the second side 29 of the wafer 8 as shown
in Figure 16.. Preferably, the contacts 55 are coated with a |ayer of

ni ckel followed by a |ayer of gold using an under bunp netallization (UBM
process. [CG82%S The sequence 2 next proceeds to a FORM TERM NALS step 72,
wherein the wafasimB is further processed to include electrical termnals
such as solder demna(nﬁ*aawn@ an%‘ég%wd c.rﬂtgf:ﬁae@@éyomphmgs step 72 includes
a FORM SC]_DER MASK st ep ein _side 29 of
the wafer is coated 9\A°‘E‘H”gaa frﬁ)"/"é{”” '8‘?'“d§‘8lac?i‘|[a“ g‘ﬁ‘e?@pad? edabytsf?ii"ir " passi vati on
| ayer, pPref er ablkgnes, each ¢ Bemplugatity af didsiinckediag caphentien nads ¢ yfirptactvd sidPefr t i ons 61
of the solder mRSar?9 or the third passivation |ayer covering the contacts

E/gsﬁr gog-erTB\éeg?ggds ﬁ#mﬁ‘ ;))(urra‘nxyc% c\llo%glbcltu%laatlon%&(é\Q%Lawf‘%#oﬂes ‘hgglw nﬁg—gg'?are

then forned in afwm%usasamemmtgf@ﬁowmams the contacts 55 on the
second side 29 of the:mdwdreﬂterBtHaDeIefctmﬂ[yIc@ﬁeca&etcemmtmabaﬁsftmutéhe dies 10, as

shown iqp Fi gureC&%ect,‘gpﬁadg@p&ﬁ%gnd%gf,ﬁ,a@sltrwu,gsnds in a SEPARATE DI ES step 84,
wherein the wafer pac di ced al ong the

scribe lines 11, in ’eﬁ}gt’(}ﬁa‘@ rt"?‘?ie”ﬂl r8?‘@ssf?°ﬂ@?ﬁer ggpoé}llf’%‘?ﬁgf'geﬁ T BEUEe
i ndi vi dual i zed IhE relgers atde mierggiyactfres: nounti ng 25 on a substrate (not shown).
Figure 19 shows t hregrhigpdbhtaatlbn the gdcundlitlof e dafkiCthd eatitaz@eing [ 0030] |t

should be Nt & JfBftaf Dfindcfeafiale %ﬁte@r.nqﬁy%ﬁor%ﬁﬁw&h@mfg&w(}ﬁeré denee

only one possi i bl° i nven such as
| C devi®e shows§'ertcatty gpnnest with, the&'@&%ﬁ’ﬂﬂ”r‘?@dst"@ R P9 ABbdi ment s can al so be
manuf act ured. Her e | sepbtatirg theedidsGibingtha tsepatdtien zvoes tv erop@e indgiduaizedt he devi ce

area ot her than jRend Padaiclei ek 8P4n @WaYcef rom 30 the 2nd substrate and or
any polynmeric materials contact. Date: 18/04/06 CLAIMS | claim 1. A

met hod of manufacturing an integrated circuit (1 C) device conprising:

provi di ng & fir gtmetedaecordingltudipify Birtpsr gereprising fopfingipdhddugidyel paregidativy

separ at2n rhicrdQiesres @aabprédentteaen ghnscidnipbys ddfthetic@ diescl udi ng connecti on pads
on a first ?Ct i \Agréﬁoqgc% dlngtub@lam %Ftherfc@rﬁ;msln?foﬁm éﬁrr@,uaﬂcﬁﬁlgzzsswatlon

m crostructures e Separation zone
ni cr ost r uct BEEROERFY §'98‘ﬁ6‘?“f?@5 vdhatthe f%’&?ﬁﬁ?é%?ﬁpafﬁ‘egﬁ%l%mw&m‘ﬁ@ routers that

el ectri cal | pasg\@hiordeyer.t he connecti on pads to route the

25 a4 A method according to Claim 3, wherein removing wafer material includes:
removing wafer material from a second side of the wafer, opposite the first
side, to expose the insulation / passivation layer under the routers at the
microstructures;
forming a second insulation / passivation layer on the second side of the
30 wafer to contact the passivation layer in the interior of the microstructures and
removing portions of the insulation / passivation layers from the second side
of the wafer to expose the routers at the microstructures

5. A method according to Claim 4, further comprising forming terminals electrically
35  connected to the contacts.
6. A method according to Claim 5, wherein forming terminals includes:
forming one of a solder mask and a third passivation layer over the second

passivation layer and contacts on the second side of the wafer;



10 connection pads to corresponding mcrostructures; rempving waf efPate: 18/04/06
material froma second side, opposite the first side, to expose the
routers at the mcrostructures; formng contacts on the second side of the
waf er, the contacts being electrically connected to the routers in the
interior of the mcrostructures to thereby 15 electrically connect with

t he connection pads on the first side; and separating the dies along the
separation zones to produce individualized dies, each of which serves as
an | C device. 2. A ntereyen rectiony ditnepne of U sqlden mask pagrtpgierd RagsHFSsi ng f or mi ng
i ndi vi dual hi gh 13&fae&ithe’ Bhth@s to 2kbose 1BE BGitdctsCandr es t hat represent each
connection pads on tQﬁmggcgoidg,ebugjpgg\iesme@,(pg%[ut}grqa&sccordi ng to Caim 2,
further conprising formng an I nsulation passivation |ayer prior to
formng the routers so that the routers are separated fromthe dies by the
passi vatd orv. | ay érmett8 adcordmgretbiod . fucitw cahmiging zitalllingi apagkagngieyeetathe enmovi ng
waf er mat erdrdabigd SeHeWARS after fo s wader material froma second side of the
waf er, opposite the first side, to expose the insulation / passivation

| ayer under the routers at the mcrostructures; formng a second

i nsul ation § padgvsiediaeaerdingyeiaingf. Weeinsepaitng e dies Brludesgerasiinaigt er to

cont act theapagsga@adri on |ayer in the interior of the mcrostructures and
renmovi ngy portions of the insulation / passivation |ayers fromthe second
side of the wafer to expose the routers at the mcrostructures 5. A nethod
accordi ng to O &MEPY 2PN CRBp M YR 8P%Hi ng terninals el ectrically 35
connected to the conpbradgdisg a §cond water bfgits ancesseti img maneGhiailanto3he fisker ei n

form ng t ern} naluatet ﬂamcmdﬁ@uteﬁs%mow cSHABctiBH pa_a:ssmla Wsid@%ﬁge ?d’éd'{dafva{fefﬂi rd .
passi vation | ayer_ over e _secon assi_v n er.and contacts on e
second si de of ?%%’"\e/\s/é’fré(_’ﬁn;g c@?cgs:?nlréﬁ%ﬁ naé'dg%tjetﬁeos{?fong wﬁfc??ti ons of the one of
the sol'Per mask and eli9aing pdradiaghing dieisst sidnPf fhgyemondyaer 19 Hesecottsidetos t o expose
the contacts; an firsh e&fei toheeby detrichiy rpdec@hedtibepaex posediecamieact s. 5 7. A

net hod ac_cor di n_geéoﬂd \gf@jtmh;conftéé(stonf’”e sg&mgi&eséf@&regﬁén@iﬁ&&iéyofﬁlemépkagi ng | ayer
tothe first sid f?r_ after formng of the routers. 8. A nethod

Px?ﬁof t he wa .
according to cl & ¥ elReres? Y&parating the di es includes separating the

pac kagi ng | ayer. processing the second side of the second wafer in a similar manner to the
20 first wafer to produce contacts thereon; and wherein separating the dies includes
separating the stacks of dies to produce individualized integrated circuit devices,
each of which includes a stack of dies.

10. A method according to Claim 9, further comprising providing at least one intermediate

25  wafer interconnected between the first wafer and the second wafer.

11. A method according to claim 1, wherein the said invention method allows active
wafers with 5 micron bond pads and 10 micron bond pitch that may be expected in the future

device manufacturing.

30
12. A method according to claim 1, wherein the said invention method allows active
wafers with less than 50 micron scribe line width as the microstructures can be as small as 5
micron in size.

35 13. A method according to claim 1, wherein the said invention method allows backside

processing of wafers for passive components such as resistors, inductors and capacitors

before the final solder bump contacts are made.



10 9.* A method according to Claim1, further conprising: providingPa®s&t%d
waf er of dies processed in a manner simlar to the first wafer to include
routers that route connection pads on a first side of the second wafer to
correspondi ng contacts on the second side of the second wafer; 15 aligning
and attaching the first side of the second wafer to the second side of the
first wafer to thereby electrically connect connection pads on the dies of
the second wafer to the contacts on the second side of correspondi ng dies
of the first wafresthod gcagestfng treclaim A cksresftheisaildnveptiop ehed slgws YRy econd si de of
t he second pired Rimping at@heShabh $idd of IBRME Usifigrdalie bui@Qip fdyérsdetisad. er t o produce
contacts thereon; and wherein separating the dies includes separating the
stacks of dies to produce individualized integrated circuit devices, each
of which includes a stack of dies. 10. A nethod according to Caim?9,
further conprising providing at | east one internediate 25 wafer

i nterconnected between the first wafer and the second wafer. 11. A nethod
according to claim1l, wherein the said invention nethod allows active
wafers with 5 mcron bond pads and 10 micron bond pitch that nay be
expected in the future device manufacturing. 30 12. A method according to
claim1l1, wherein the said invention nethod allows active wafers with |ess
than 50 mcron scribe line width as the mcrostructures can be as small as
5 mcron in size. 35 13. A nmethod according to claim1, wherein the said

i nvention nethod all ows backside processing of wafers for passive
conponents such as resistors, inductors and capacitors before the final

sol der bunmp contacts are nade. Date: 18/ 04/06 14. A method according to
claim1l, wherein the said invention nethod allows very fine pitch bunping
at the back side of the chip using organic build-up | ayer nethods.



