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WAFER LEVEL PA EM CO\IDUCTCR DEVI CES BACKGROUND [0001] This
invention r llwmﬁlmmdly to an integrated circuit (1C) device and a
method 5 of ng the IC device. Mire particularly, this invention
relates to an | &eglésri ce i ncluding one die or two or nore dies arranged in a
matri x array package configuration so as to achieve very high piln counts
and rmultiple functionality with in the defined device geonetry, and to a
met hod of manuf act UWARER LENEL RACKAGEROR SEMICONDYCTORPEVCESRe ni ni at uri zati on
of electronic products, there is a need to also reduce the 10 size of IC
packaged desvbﬁéﬁo to add nore functionality so that nore of these IC
devi ces can ed into a given area of a substrate. Two approaches
have been t{#0&h toThﬁé'é‘?"t'%[f@F?sée’rFé?édm ap intqarasqd citgl (IGagayice §”dtad"‘“r“é’duce t he

si ze of Spackagiufgtutdy texICsievicey Mo mheicilary, this ivéreigreslated eand@deivel approach is

focused on rdcﬂr&f’r&@r@ dtor tor MdRGlids 3RaHgkd h%%dﬂfx%ﬂaﬂ%@ka@é{conﬁ ot o glevi ce, for
exampl e to form system on-a- |P) 15

Govi bes. | [ COTAP I TR PaTpRe S RPa iy e RS 20 11 a
waf er | evelangtorafmethed af manwfactuihgshch ande déviteal devi ce i s packaged whil e they
are still qwoiz]l abl\eithi tie MinibRFzalieh oikleddohi® prodts! there is\ieed to@is6 reddcefificoCeSs t o

oDt ai 1 181 R bAET,ABEH e VAT oRARKEANOG AL AL GRF AL SRRBiCopilied directly

on a wa o re ese I'p Size form
fact or and comPg RAGKAd N %\EY‘-’@'H’fea f B SstEte: M‘?ép?’@cd%\ﬂa&%bedbfaa?’ﬁ%d‘eFtn this
met hod ar e shiéhd eed A Wrsttahpoddd istdte rediide\the sies of freekaging pf existrg I déviem nes t he

package 10 gdgagdst ¥nd QQ%]apHo§h rsR@Ju%tonNQrean&f}Qiugghéname%%roola&sb an | C device
havi ng a foohﬁrr nt ﬁé evice. The

steps for 8 F&S‘f‘ﬁr?ﬁ%a?’%%@"‘a‘%ﬁf%gna E‘u% S@&égndds(yit?m r()a\?r‘adr a wafer that
i ncl udd® msevi¢ssi e di es wherein each die includes nultiple 25 connection

pads, (2) 9qeoedW ClHidugest1Ae1Fverbw pridd et R Mcdsvigbripdtad ie & vaféelebdpafigaratign3) cutti ng
not ches t hréagl'grndrﬁnﬂ& d%tncé @ga&Eg%%ﬁe tNe§ (?L@Q(r?él\%rl%‘equafgr%rln' ﬂF?terfe the dies to

expose portion nnecti on ormn contacts on the
surface of WfrEdifipd E’H‘@ds‘ﬁPBt?'ééT'P %edrpagr@?e Mepiiackaoiag pogast FIERSAS 379%8bnnect ed to

t he exposedirgdy b anaferds realize theemhipcized pachagds whish dre(bymall dep dactet andg t he di es
to formo ndéaabarraé.ghdHe\seveSuh@rc devIEB Bbthiadativihis RtHRE Be BmBedslihE & gentityom a 30

nunber of dj sa a ting notches is sequential and
therefore |sﬁlecﬁﬁs'zeggermmeuﬁegafﬁ%te%f’e"lélial SO requires an accurate fixed

angul ar shdffodl cut!-Prigtep! %801%35(959'%%@” IGdeucevipga©OtPMY cut ting produces
debris, theapputihatagthssiepoftaate df e hi@dgyee f Trersiegls uthgnuthetuddg tee IC device

includes: (1) providing a wafer that includes multiple dies wherein each die includes multiple

25  connection 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
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; clean room A cut wafer is then transported into the clean roomfor further
processi ng, nmaking handling of the wafer cunbersone. The two protective
| ayers on a resultant die also 35 nmke it costly. [0005] U S. Patent No.
6,117, 707 di scl oses another |1C device having nultiple dies simlar to that
di scl osed in US. Patent No. 6,040,235. The dies are arranged in _a stacked
configuration. Interconnections between the dies of such an | C dévice are
formed only after 21t!ta1a (vl preer prrrr 11111 t1111a1rl rprr *G000A *
I o | 0 -vdheptacks af Hies ae gerletategfto idineigdigdualiase fadericesd The i e mforesdioli dual i zed |1 C
devi ces. ThaércdnBectifidtBe MENE 8 B&vicefis petfbtined 60NMRGE i ahdiSthds @8v.i N a device i s
performed on a device level and is thus slow. SUWMMARY 5 [0006] According
to an aspect of the present invention, there is provided a nethod of
manuf act ur iSYMARYi ntegrated circuit (1C) device. According to the nethod, a
first waferoooshcl udcagingtolat agpee otthesreseaiiaveation thdiy is pespidecd methodzbnes i s fi r st

pr]9v' deg lﬁ%blraéiurﬁgwfa{ee%ac.m%m@eo@t.&@mcmﬁg 0 the Tnefrb Satf.rsasasfbrve 3' de of the
war er I g | e

o RS S e Phr s o e 3 B Y SR B hel S 02 o 10
zones. Routcamngctigp éadé|096 fissbactiechide of theyefer I‘*I“@'Bﬁsp?m @@%W@@tsp\’@"ﬁ &% t he
connect i on pRRMSd teheldiblefphetaiBes; QHiARALtH B4th PartpatiDfofridd aRhEthé Supatfiont he

correspgndi, Qr%fs ”hﬁJté?s §r% aHEEFoHHe%%or e}éétt'l%y E@E&Mgadnth coM%@tBn L&Y Bfhef rom a

second side oppo xpose t & routers in
the mcro é’fer"t%rieﬁ‘i‘%é’ad%ﬁ'f 'glery °§F‘%°‘1"6?pi‘?’é‘if‘gdﬂcrf’ ﬁ‘éch‘éeéoWGfeéi“Efé”ab'F the wafer.
These cont alnsemayedfram @sxcondsade lofthe waferceripesite the fitsheide tpLexprss themoutdneini nt er i or

of the m cry rﬁlErBHﬁkt&Fe@.SCcIn&clTsla%rf&md arﬁh@!;&sﬁord.&%unywsrernﬁﬂ@ae cWitdds t he bond
pads on the fir sgpar ation zones

are e ?ncralga?nnecte the rou?ers i r? rnwho Erﬁ mlcro grugtures % ther? * devi ce.

to produce In IZed di es, Serves as an
[0007] Pr efe@F‘aEﬁ"yCOnﬂ?FéW'F?ét‘%md ﬁ%ﬂ} °f‘ thetfirsbyidei b¢ diekeare sarateled alknptie si vat i on
| ayer pri Orsepapatiof £onEs 13 Groiie ifdMidLSized B3, édombs vinlRe séradstae b ICdedics epar at ed from

the dies bXOI{Olﬂe paﬁé&r\éﬁ)t' 'tr%r?nelt ﬁ{ay furtLeQ%lee fg)ﬂ’nﬁrfgear;ﬁpé \)étlonrlfygpﬁfoﬂg waf er

mat eri al i ncl udes rermvmq terial froma second side of the

waf er, oppd¥Mina thefaters sodpa &ed‘é"eri ye é‘%‘Pﬁ@?& fff”ﬁé’ep?éFéé’Y e PPBINAICRIRES™ i n the
interior dP00Bhe rfireferably remaving wafer materabinaidds [sEISYIIMATSr Matefizljrem ai s t hen
formed 20n tsB&nd 66O theSHafEE, oppositd e firdafde to bxposeand ﬁe&&uvdﬂ&ﬂaﬂﬁ&&ﬂe\dﬁéﬁoﬂn | ayer in

the it eri of Qhd Nulel K SLEMGLUNERn ofBSL RE s 00 BILLANS] uNe

paSSI vation ers are renove romt secon er t o expose
t he rout er SV&fe7IrRRIaGHhe Passivetion (yeriege integorohhe ocromyrcliet HOEEMEY f urt her
i ncl ude f orpettios of the passabton Blyes breiraraivéd/roothegcoraicide of théreaferdoenpasst s .
Pr ef er abl y,ind 106t hhd Bitdisiittesl NCl udes form ng a sol der mask over the
passi VaZtSI Ort0009] The method may further include forming terminals electrically connected to the
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 fayer 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
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. layer and contacts on the second side of the wafer, renoving portions of

the sol der nask over the contacts to expose the contacts and form ng

sol der bunps over the exposed contacts. [0010] Preferably, the method may

further include attaching a packaging |layer to the first 30 side of the

wafer after formng the routers. In such a case, separating the dies

i ncl udes separating the packaging layer. [0011] The met hod nmay Burt her

i ncl ude providing a second wafer of dies processed in a manner simlar to

the first wedcessed ipaisimijérukaner tuthefirst wafeato praduteecontasintberedromn paigcasa a fir st

si de of t hReppRROME dikBh&idet SepaRiingRBDRULE 81@ie€ RIPrdtGEsSndWubIEd BRGaRE Si de of

t he second cyr@}:t ewceTheg h3o$w§|?rﬁ Q%é"@%tg&of&then attached to the first wafer

by alignin tt'ac 1 f the second wafer to the second

side of th OQ"Flr st RAH‘F’@‘?'V8@%%#%?’@1"@6?%’%5!"9? leasheneditereedidierdfon pads on

t he di e$ ofintértranseciortlesrthefrstivafet brel thosetadiwafeon t he second si de of

correspond|[61g3] di %ccﬁ’élngttggndctﬁer' §stlpeé’{"3ftﬁé rEé%nﬁﬁ\fehtfbﬁ tﬁér@@‘ﬁﬁwﬁ@d aﬁl\' es. The second
side of the s manner to

She t iy st g oS elsS maRiate N e fercipe dasie Tha S oo o
the dies i rﬁevlwwmsseq)fmtdteuhﬁgnqm@tlpﬁcamtloofpauoeg firsbaqiveotecbthe frgi did dual i zed
i nt egr at ed an@mliGpE EonfiErY bf & SecoRPdidd oPthe W did) oppd Sile WkaBst aidé tTae kc @viceli es. [ 0012]

Pr ef e 3Bl Y b N BRLRE U SLon LGRS PhOY AL @hed AShg B11° 1| er edi at e

waf er erc ond waf er.
[0013] ACCGPF&SH@“%C%H%E WBgrein KIg exergn lpng rpreess FrmedAPShiEPdA™® t here i s
provi ded amidewaitogtye &bette.ci rcuit (1 C) devi ce manufactured according to the

met hod desqémbjed a:bayrsbw Tﬁyr&egs@s ardeaﬁns@om%ws&.aﬂ Jf{h5§.hev¢du%d,£@w ng
mul tiple cgnne die and

Tl bl e ognPa s ah B de bt & e nsiSh i bR Hastn Gl SERe (1 st
si de. TRe lofheldigisehstantpiplangr.i ncl udes nul tiple routers, each of which
el ectri cal I[omspnnere&f&aay GRNO 8llide AURthEraktiubies aBpasﬁ\QfldSrﬂSﬁQdS}dhélgst(‘se'bﬁCt , Wherein

t he rout er §.d a?b%“%"tﬁ ﬁ?&%ﬁhﬁ{gutg?d on at | east one sidewall of the

first die. % e recesses are formed on an upper portion
of the sidd Fll adjre{eraply. therlq dgvire fytherdicludesfesegendpagsivatioa laver@aieng a | ower
portion of se¢ped sdﬂ@lerstadpm@nﬁhqmatnlde‘lesmnd side 15 of the die

subst arpi al[bwpl arméferay) hkad d&’cefr@mabrlcmdestt@faudage@@tﬁéaﬂ;ecohwctebWthé ncl udes a
passivatio on he f g di e and

cont%l e&% uc ?se th%l%:tdewleﬂrﬁayq%ftha}mgude glE%r agk on%ﬁ ond S|

the routers es a second

passi vat i or?f!hafi'é‘rd"%ﬁ?""trﬁ@a'egse‘lf‘d'l‘FtFeé‘?”&é'dBFXPP?Pé’ bVF’}eé"trmtﬂP'é bet ween the die and
t he rout er 400180 [ COdferhbiRtrefie nalideynay futeer ifdudey patkaging tdybreattadhaclottdes t er m nal s
el ectri cal Ifystgggm%tdgd to the contacts. In such a case, the |IC device may

furt her I nc[L l'4g]e a Preferably the Ié bewcr(-]: n"\[a ?urtﬁeer(i\'n%mge aslc,e(?:gnd 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 IC device having three dies, stacked and
connected to a substrate in a similar manner as the IC device in Figure 1;
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. of the first die covering areas on the second side exposed by the
termnals. [0018] Preferably, the 1 C device may further include a packagi ng
| ayer attached to the first 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 sidé of the
second die is attached to the second side of the first die to thereby
el ectrical |y cohigeeB icoseaieoed dawipgmel anadirer pine art EcdsMice ltivieg gltipléidies inent act s on
the fsecoRd s@gf(@)&@_c@ﬁﬁg&r%nfahdisttercdirecté@us@@frﬂemmaq fkcagkndis; di es. The ICddgvi ce
may further [ e . t , ect ed between
the first die arﬁ@gdteﬁceﬂs asfﬁé‘c"odhaﬁ%°é?gg°gksf%éf%%%@%f’%ﬂ*ﬁ%%f%¥*%%§%es [0020] The
i nventi on ctardingde prerprodimeptpbing pseat WY Py ef er ence to the drawi ngs, in
whi ch: SFi gur e EFigure 53 ssbémaineéawidy afd degiceoshoaingits aviginalibond p@dgleni ce havi ng two

dies in a shamkafinesSRidoiid AL bR, and connected to a substrate using wire
bondi ng; Figure_2 i ' devi ce havi ng

is. a sectioned drawing of a priqgr art |C
three dies, stagl%'(ﬂ%é%ﬂ%ﬁ?;%ﬂ'ﬁgr@w&°¢\(I)ge¥1'9%ﬂ?)s§ts?g'?'ég\°w"%Sté eﬁi"Fsar nmanner as
t he | C devibetwepmthEpgiive ¢evite peripheral (adjacenp@@te bord IEdgure 3 is a secti oned
drawi ng of anot rRUre[Nid Hécherhdtic LGwiHg Yl L2 vibdtbIIGedith $HoRing high &pedt Ftia st acked
conf i gujRt | 0fl, SNl lALAREQRE B BRI SILeABIA sohd LeE ELORAMARAP! €5; Figure 4
is a flow diagram of a sequehce of steps for mahufacturing an |IC device
accor di ng t%“‘iﬁe EASSMtS AR e P d9eoMR8dent i nvention; 5 Figure 5is a
schemati ¢ dr awi Rguefs isa stbematie deogbirpevitscromsisgitinasholbiog ' lpyerd gepasitbn

peripheral Jhnasuiaci AeRMicrd Srubfl@sbond pads; Figure 6 is a schematic draw ng
of a device cro ' i t he afcti ve device

zs S%Ctl OQF sq_O\ém ng street | i nes . beht veen the a

peripheral , adj 288K 'THSTHEEERYMB A VET goascrot TR RAERRE P dr awi ng of a
devi ce 10 ossigisa beridpadssth BRinTRGe $iugtired witetbe helafimstal reatingi cr o structures at the
devi ce peri pher &lgureadjsacemdmatiOdrblieg d@ryevigeagiss sdctdshoviod Hseebrah@@r ofSt ruct ur e

represents ir?SUEfPJnraﬁé QPJS}%!{% m%g/elﬁ)aggr coJ/:Jrig {h§e>§10jse% b@r&f&alag %‘ilﬂgchlngsr Q’W ng of a

devi ce cross section W ng yer deposition an 1 nsulation at the
mcro structePe&ctEsgure 9 is a schematic drawing of a device cross section
showi ng ext ensi Giguref11 islbscoamialjé dravindefadieyicedsoss eectivneshawicg dsesenduct ures with
t he helap ofsupstbidlattiched dvBGhe Fi fiHeloethd O dctiverdeSiedienat i ¢ drawi ng of a device
cross section show.nga, %ﬁ%ﬂgdm}(@& aQevice C’Po}%' L &ibPRoRea Rlandk £O! yrTer
adhesi ve | ayer covering The expose Bond pads, routlng fi'nes and nicro
st r uct ur es:active 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;
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« Figure 11 is a schematic drawi ng of a device cross section show ng a(%e(coond T

20 substrate attached over the 15t side of the 1st active device: Figure 12
is a schematic drawi ng of a device cross section show ng a thinned 1st
active device wafer at the back or second side; Figure 13 is a schematic
drawi ng of a device cross section showi ng a deposited |ayer of insulation
/ passivation on the second side of the 1st active device wafer &fter
thinning; 25 Figure 14 is a schematic drawi ng of a device cross section
show ng r enoved Figina 20 sztsciamatic ¢ravgisd of atdp\ive cragy eactiaatshevirg arivefedievet r uct ures to
expose the p%@@g&dmrmtaér ebédirRént bodly véheFedn tiaéa&tﬁe portiof bEABddvice B MYkidg of a

devi oo of 035 ASEHRN 3 BRNNG A T SLI 154 3y SERRSLIbOROB e Second

si de of the'dfgl connect routers on the
first side ea?xyﬂ?ée"ﬁfesr‘!?sﬁdrbm&e@foéﬁctaB’(‘J"alﬁP’gure 16 is a schematic draw ng of
a devi c® croEJaILEBOESORIPSIOOW ng sol der bunp pads defined by patterning on

the 2nd si g&)ZWPt alg; u'rel‘msgf‘lov; Jﬂ?grélégho@fﬁg la\égqugﬁc\é'2%?st¥@ff§rm%nufac!l—ﬂrﬂbjEre 17 is a
schematic draw eposi| ted sol der mask

TR m R e AT D Sraond ah an by TERE AL act i v
devi ce wafirventiog5THE|sgaHerceRStdrty ince RRMEGPRWACER stamf. idpersih agvaike § (iasrec) os s
secti on shavduagg an 4Blosinishéd digsas fordédiRdeilby dbnsdtidhartedahigies isxrovide@ bunp pad

| ocati 3’62 cﬂ: hb Q/gfrrea r?'lgy e & & ‘Sﬂ@z |l/e m91rv9a\ﬂérr& QrEuoﬁ zg'{‘aeﬁlg(éﬁerﬁlg 9%%%?“' on

showi n eve sep arar I ndi Vi processed
devi ce; LOScT08 negd? ‘haSarnyﬁ'ﬁ?”é ”‘2@ t"'aé' 58 "‘é‘i‘i‘f‘i‘él‘?’ﬁ‘ﬁ %pﬂ?tﬁ\t/()ieﬁﬁs ot B2°leGi ce cross
secti on showihagmaitipeiioed pdde vedonngstamlpadse? 3vkitive B)yrotalfiest adinbudaceadbf thedy, where

in :het aC]E'dYeeIOpQﬁést&nQ(ftloﬁ BzfasQ@y@%@ct%llmﬁnefc{easotane@cﬂcﬁ.clcﬁcmra@tclear of any
contacts frpom subs r ives and or epoxy
ot e als COOMBETPER B B do. R St e Pl et SRR R et Pl
[0021] TRi guiRef the flis 10, squiwemherglnamhs fistdchvg saieeéqfuwr@ e aihespide ¢for

manuf act ur itngwaaét 8, dppbsig the tistkidel 1 Cislteferred fO)he\as @R séconrbigeizeas the Wpfeaccor di ng

to an embo Egﬁgﬂk e%f\%\fashae s S&RMal wé %ddgglnt@& the Wafe séloﬂoa”s ina

PROVI DE WA ereln a wa gure 5 I nc I'ng an array of
finished dlpé%"'e?(ﬁ‘gf ormed therein by conventional techniques is provided. 10
The waf er d0428ly beTha sedurnce@ingkiproogeds toed RARM MISIRORARGETURESHtaPZ0I on zones,
gener aldoy KiHemhh nd&ostre&lirk ! dnki 38 Sre Ikmbdatfjacét & dolgbp6rdin Yorieétien pdd@n3 50 i crons

W de, Seloara‘?otngtheg%mgh%% 1199 %@EMF% §s7191eh%\ DQHLtBJePJ}aFanla(a?ga\B%%%th

connecti on |ve sur
These conné'?:'LhF F9pYdS 3""5?’@ apf mE'eraPly APvey? 'RANAER OBYNINIGN Ak urEace eftheoni C

circuitry (firpside 21 of the wafer 8. Microstructures with a circular, square, hexagonal or any other

shape may also be used. These microstructures can be formed using conventional

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
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« shown) formed in each die 10. A side of the wafer 8, which defines the

first active surfaces 15 12 of the dies 10, is referred herein as the first

active side 21 of the wafer 8. The other side of the wafer 8, opposite the

first side 21, is referred to herein as the second side 29 of the wafer 8.

Figure 6 shows a cross sectional view of two adjacent dies 10 of the wafer

8 prior to processing. [0022] The sequence 2 next proceeds to abFORM

M CROSTRUCTURES step 20, 20 wherein mcrostructures 31 and 33 are forned

adj acent t clecwitedusipoank qegvenionpldeshniare. pakias spatter dergpitiont taeovering psfagd nes 11 as

shown i][l ggﬁtﬁ@‘ﬂ&t slde 21 REhEWETEQES [The! G413 R 6f ntsltal 36vers 3 éaaased surfd@pbofthe i n t he

range o g on a

urface of PRERraliARERtt B Heliulale, . b IhaRE Bbr SRERLTY, O3

circul ar, SRFHUR, aGBXUHfGRAY cogyentiang! teghRiaye. SUSh 35 RNofelN)ogIPELPEEM NG &Y . These

m cr ost ructformesutciinelédichlyinsaidted iviergnrectivas ortrowderaB7 184 réuctheconorstion such as

phot ol i t hog;raam/to thgl Ve tHaY cotebp oﬁ&mg rhr%,ragmthrear ﬁ@@sas@shesﬂ&ters 37
m cr ostructures i nt o f the vvafer

5 L han 1 ho ETRP! BHTHS BCES T sEconRsa e PSS e on pads 23
i s connect et Mictohs. Gaeending et the anplieatiary s the iC devise dba Mesel laypriE may also b§ @§023] The
aﬁquence 2 4vaethl aldyGrREfdim bfQ pastt thatit sdrdarivtintiR(AbSutdrd/&7. LM\\SERlnSIt ep 2;]1 30

er ei n o t ; < a3 2ndtSe y at the
mor o5t hcizr b 8fad B Shigl bfing RYfH af3nale BRI T Ao ) 0T o
passi vat i orf%?28)er Rsfeiebly.dhetegyentn 3 nexrrorsersiy et Ardt’ EPQERSSP ¢4 MGl ayer of
silicon di caniegexydayectidl apglied forcexDRFRIBI shintcAafiaiRostcepn-2dhtinghnyto thp pautepr | at e

passi vati Orbaﬁérﬁ&es%é?ac%mhé‘@af@rrh SPHbA h@@uﬁeamﬁwé&xpg}te%ﬁ@ appeédTa
Tenperature t SR 28, dependi ng

0
on the aﬁpl’?a@éﬁg'i"%%y%gggﬂg‘ a\sc@)?%i%s% i“ém"%%erﬁ"”m ?a«gp@re (i‘?ram'c f&e 'surface on the
first side 991ma5*fumtqﬁethmpéarb'esnwe'ér'%tawdfchtée erexlpyey £4in apASKEiGat i on | ayer

35. [0024] MoKAGING LanERrstep 480TheBpbgllayestifyveasuipddisibputernedusthgposi t ed over

the passi V%&Hoﬁé rglwﬁ\Xﬁﬁarﬁﬁag:sﬁlﬁg%pﬁ&g %ﬂgtlvgfdeJléégJN@EEJx é érQ1 aer@M ROUTERS

step 34. Th F05| usi ng any
conventl ondl9idyderthi B?—fkagglﬁéal*le'a“gt% Bivear8 FSpoYI 't '8'1‘1’3110 cover the surface of

the first slO@RS] 21 Afer attachrogaf ¢fthe@ackpbieg lnyey 43, Wafer métenpberathe segondrsslePe exposed
sur f acez of oftaGvatef @ RNEHRIVEPR ap@%vé?w,@@k NEATERN Steb 3D OIn tHestdp S0 Bst r uct ur es

31, 33. The ar}%} maLerlaI ox% COﬂ%él ?the%?{ ﬁlsg%%’r%) g%& bunldsdy%gck?%?gf orm

convent i onal’ E terni’n
nutual |y el €t Pf F@%ﬁ“l"? '"larf%'ﬂl“af’\é“tf ERi§ter PR dhigece "rﬁrﬁ@Ckﬁ?ssPHU’i ‘éﬁ‘f%' &glep¥eat route
t he connectabout 40 padickds thixk bheafdr ntaterial detwedn thdi@dund cufacespbeskcog! side

m cr Ostructwo%emg(eﬁé Slaald %ttontl bﬁﬁ»eem.ergwu@ms@? 33%@&&@6&&@@ foor exanpl e by
platin to about 3-5

t
mcr ongzngerB'érﬁEI ﬁ‘ﬁg Wﬁfﬁr Tﬂ%’gg s %?ﬁ?qd(f’ﬁe (g?of%ﬁe ﬁ\?eﬂtséfe‘{/?f?:rga t?s1h§ Y 2fal 1ayer 37
may al so beSTUIESSREMOVAL sigp ﬁ‘byo furthet lgeoveghearerpiniag wafertreaterinld untd thécr een print ed
as routers ghésivafioh Iyt 40A&e 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
mutually 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



» 10 passivation layer 39 may be applied over the routers as another 10.(0. 200
protective layer. [0025] Preferably, the sequence 2 next proceeds to an

APPLY EPOXY step 42, wherein an epoxy layer 41 is applied, for exanple by

spi n-coating or screen-printing, onto the router patterned surface of the
wafer 8, as shown in Figure 10. After the epoxy layer 41 is applied, a

packagi ng | ayer 43, such as of glass, alumna, beryllium sapphi

ceramc, silicon, 15 germaniumor other suitable nmaterials, is attached to

t he epoxy Itathesectnd side 29rof AT WAGH SufCHER@2NGTeradbiErTiutesystA8minTpachegsoxy | ayer

nmay be requylesbsiisy, D@ecﬁﬂiﬁxﬁélﬂlﬁ& 53%Udighe pasdvaR@NABIYY JRE BecdIWile2OTotIr | NY
optically %ﬁmaférg{ga%&s\m%% VRR RRILY b B arihs BULEnd, Reip gl y bond the

packagi ng | ayer Af ter

at't achrrent C@Ye”t‘ih@e ﬁﬁ@keaﬁ”ﬁ@e@as’/%i‘e %! thgapter 8. rﬁ‘fse‘;re?‘)&lj msta! '?Wéf’%@ﬂ‘ﬁﬁd si de 29
20 of t e vietd esntaBt with tiresatal igleri4n atthdRinvAoMEuciivdE EeRhdviibo lelebtAtalls toppecb0. I n thi s

step 50, t h rewhRf ?ﬁermreﬁ\é ?Aco%&g?ay§%§%qgtt§héa’en gpAﬁ:fERNn@B M@fﬁ@_r 8 1is
preferablyflrst groun in a GRIND

Drer ot en SYER sisPpRuTsany Hmvais B rdca e e sl Rerialy nilk” Shout 40 -
70 mi crons rowére thaidincligns @s cantacts 55 o thp surigesst thelsecond sidmep oitjvrewa@ea dn the second
side 29 ofthit henisptreicorhe@fl pddi3@s Btht 6 sife 2t Bethéwarer@sdrd dledridbigsoutel, 33.

Ther eaffr,, Ehg%orggts 55 b0 tr%ée% §i@dbg tc[ﬂlhg K/a%ié/ﬁé & sh%@ ﬁHg@r]ﬁEﬁ/ga\/erEb econd side

29 of the @i%/ L step 54, to
further rerfbv@Neres} %fﬁﬁ?ai‘ﬁdr‘{ﬁ‘h grrof Wﬁ‘te(efP'PHFdWBa'ﬁWf Pl9o 4RI 3948497y at i on | ayer
47 at the raucp ostalicasibu(UBs) pocssxposed as shown in Figure 12. [0027] Next,

the etched [gepef acenéfée@tenée%eﬁ%@mswmmTﬁMmh@s e Br wikrdisths 0at ed with a
second paSSI¥a%IO step 58 as

shown in EBFUYE ei%'“eﬁ?g? 'gcé@Sﬁ'SCtBCﬁ rm'%?ssfﬂcr{’ ﬁsﬁqger %ps’%ﬁ YT nto contact
with the® ex@bs%fdfer&algswva?ﬁ Brindlugpes FQRM SOLRERMABIE P’fe%'t’sr weereip g surBee t i ons of

t he Ioalsm V adnitit sekbai QI8 291of thedhied 13 cbdied wih0s@r Fistlger matk doheawaéer covering fj he
nmetal |ayer . a secon
REVVE PASSRFT Aol XA ek %ﬁ?gﬁ“e"%g%%qr" AN A

t he m cr ostTlIETTA%K S e\ Ass 39, '@Yﬁ‘r?—?"ﬂ’ﬂg thg sont remse r%’@??{ﬁ%\‘ﬁb’é 2 next
proceeds t cang cHFERINPRORAMGISINStREMOY/E, SOMRER MATK POIRIT (43NS sjepd dcaxpose die] vy

i nsul atay cQpbascts 153 sdider gluﬁ;s%%s 1R haAembdin RORMBILDERBUMPSSREE2 Second  si de
29 of the waf r?ﬁe contaftﬁg§gn tﬁggletc sdieééof%e wé?ér%% {ub&.éﬁl é%?rﬁﬂ}gﬁg&grﬁ%e O the

ov
nmetal |ayer q espo truc route the

connect i on Pagfsshown 'Bﬁ'gt"ﬁéefT’}esqu@P‘ifg fQi"V(E“Q? in & SBPARATEPIES step %40 t he second
side 29 of wHeesinted wafer BSuththeaattsdheq)paﬁ&gngfyemlcsld;ceu alohgtbkessrihe lingg 11f ior m ng,

such as bybe@%@p&bw.mtru&r&%q%sqo H;%&&le iniRMEiizeadc AMREs kg@yf&mht\hétl on layer
49 at t sec YER step 66.

Fi gure cﬁ,\%'bi"ﬁﬁ %°é§5’ﬁ’8) r?égf’%?lmlsg‘iwérihr%?fesu&ww%ga 'fahé(l:g‘fﬂcf%lce of the
second Si de[OQ@l of It shouldhé eqtedghat Tei! G deyvise preduage eebrding {pethe BIuanemBis

only one possible embodiment of the present invention. |C devices, such as |C 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.
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.5 into contact with the metal layer 47 at the microstructures to thereby
electrically connect therewith. Thereafter, the second netal |ayer 53 is
patterned in a PATTERNI NG METAL LAYER step 68 using any conventi onal
technique to define nutually electrically insulated routers that functions
as contacts 55 on the surface of the second side 29 of the wafer 8. In
this manner, the connection pads 23 on the first side 21 of the ®afer 8 are
electrically routed 10 to the contacts 55 on the second side 29 of the
wafer 8 as @AM in Figure 16.. Preferably, the contacts 55 are coated
with a |layer of giigkel followed by a | ayer of gold using an under bunp

nmet al Ilzatlon ( roces roceeds to a FORM
TERM NALS step g '\Q%ﬁ opmanufcéftHan%(%%%w}egIlpeg Cﬁ&ﬂk\ epl?%'cgc%o%neggsed to include

el ectrical tern nal sPeYiding aféstyaietiarudigrmpirapty of ngﬁﬁl’aéate"l'?}’ seRpratiopr ef er abl vy,
this stép 72 i nebnedeacreof FelRMBPoDEdR ifdABidg sdnegctidrbpadswres Brstractivesids ofr f ace on
the second sidey29,.af the wafer is coated with a |ayer of sol der mask 59 or
a third passivation, |ayer refe hovvnln
Figure 17. Portions %’im'%/ﬁ ‘E‘Hg"ty cg&'cé"él’a/%%sl??q%ﬁ](?rse‘faﬁag'°? :ﬁ’n?s h1Bgéjsal\y/atl on

| ayer covering twfreicrosincties sorgspoadieg tadhetcorneptiov @@fisusi ng any conventi onal
techni que in a REMOVEmSkd-oREs MAEHe IR lc6MNSct FHeepnriRBlich PadiXaste tHehe 20

cont actﬁ) 55. Theé\0 r%géugﬁ’éa ﬁ%ﬁesggn %%.&&%ﬂ%@ ned in a FORM SOLDER BUMPS

step 82 over the cont de 29 of the wafer 8 to

function as term nal $MCYpI Va{¥ matesa from@ secpnd §'H?)\RPP‘F'F? the ftislde. 1BexPe¥%e sequence
2 finally ends ithe reutssERARNTEIoDIUEEGest ep 84, wherein the wafer 8 with the

attached packagi ng | &k éo%tal:@ordih@@éioﬁ"’déﬂﬁ%fﬁw@@a@ﬁfhlegé‘ntalclsrb%ﬁg 11, in between
t he mcrostructu es oduce ?othces ready for

nount i 348_7&25 on & e tﬂ??ﬁ’f ’1L‘°5't’e«§tef’ﬁo © 'é’HtSR/S\‘/r‘lr)tl"e 'I‘—‘{e”%rrogtﬁi@'Cmﬁ"ucmretshr ee resul t ant
i ndi vi | i zed leEctdenly ¢onnect W'[“O%@]’nelctons?wéﬂﬂ"dhedést Ag¢:@ad t hat the |1 C device
produced accordi ng t eephlaéngIROdi@ HRg theisgparlior 3oned e ppPoEs indlvieueipddodi ment of

t he present |nv%|gg|eg ogﬁcpgewegg&n ,gtagnce s I C device shown in Figure 20,
according to other e Iments can al so be manufactured. Here in this

enbodi nent, the active portion of the device area other than bond pads are
kept away f2 om 30metied apeecingihElaimat turthg doronrisingipred ipdivduilchighegsrect ratios cont act .
to (0‘V<92£p0‘r{ncro§ru§hré£h»{§tréprséeatiea&n cbnneftidBhAN taf acti@itek act uri ng an integrated

circuit (I g EVIr%ShO%% d,n 't€8|a.wﬁ R;Yth ca'gpr@ é#ol:n%g s%%tldnpggﬁgétlaﬁur ality of

plurality dles sep arat ion
di es incl udPWQP'@bﬁqr‘fﬁ@W il "iﬁ’éﬁﬂ%’*%’?ﬁt ﬁ‘ef‘i“f‘eﬁar%lﬁecpﬁr\?@d §P’H§‘e(9fes by fe vvaf er;
form ng a plassialiorilyyeof m crostructures along the separation zones, t he
plurality
25 4 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;
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. of microstructures corresponding to the connection pads; form ng rout ers(O
that electrically connect the connection pads to route the 10 connection
pads to correspondi ng mcrostructures; renoving wafer material froma
second side, opposite the first side, to expose the routers at the
m crostructures; formng contacts on the second side of the wafer, the
contacts being electrically connected to the routers in the |nté3r|or of
the mcrostructures to thereby 15 electrically connect with the connection
pads on the first si tnovingeprtivepeftherong gf theeldgi mask apdifgthirhrass el at i on zones
to produce indi dyelRbdiFeddntaéls RexpRahB céitackhirah serves as an | C device. 2. A

nmet hod according to g”ﬁﬁgoilder g §’E Qﬁe thggmgédsc'oﬂgctg orm ng i ndividual high

aspect ratio 20 mcros cture represent each connection pads on the
active dies 3. A nethod according to Clal m 2, further conprising formng an
i nsul at i%n 7. pagshafiaidiaceordingay €lrimpt, fuahertcmdri@inmtmhimdmpackagmerasermh@ hat the
routers ar qrssggélgfq,{ee,@fé‘, LY dhiRg SHiSols t he passivation layer. 25 4. A

met hod according to Caim 3, V\%erel n renovi ng wafer material includes:
removi ng wafer material froma second side of the wafer, opposite the first
si de, to exdpose Ameihddrseerdingitoeiaim 7peesdinseparaling theydies ingHersseraing Beit ers at t he
M Cr ost r uctpaeiRging fapgrm Ng a second insulation / passivation |ayer on the
second §{ de of the 30 wafer to contact the passivation |ayer in the
interior of the mcrostructures and renoving portions of the insulation /
passi vat i on®| aydrBedGRTAdng t%@'é'ﬁhhlf”gl‘ﬂémm"s'f‘ge waf er to expose the routers
at the m crostruct ur esvifing Asaveridveter aixissipcicesged io aGlaanansitjlartathe firetr conpri si ng
formng term nalw?afe@lo%tuﬁé Fb@le}s)fhat %te%@rﬂ@&%ﬁ 85kistoR atiREsideind sécdnd WaterA NMEL hod
according to ! \é\(/g] oy tF"es orterm ﬁl sclnrécvéaecries form ng one of a
sol der nask and %cci"ﬁfprp rfc?aggla‘\:/s O3y et Gver T he 'second passi vation

| ayer ald contacts oslianihe ardeattashingdhediest gife of the sprene paferdtp the §ecpodside of 9 r enpvi ng
porti ons of the teaTest @bfet tbehemoy dedtricamknrettdotiraetioh hads@n pasies vithé on | ayer

over the CONtactg. gy EARORE i AMARL BLH HoLPIR SRk ke DS Over the
exposed contacts 77°A et hod accor Ing to aim 1, "further conprising

attachi ng a pacRaf wgefingplacksdhdithe first si de of the wafer after formng
of the routers. 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.

1. 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.



. . . . . . } . (0. 20077
. 8. A nethod according to claim7, wherein separating the dies inclu %s

separating the packaging layer. 10 9. A nethod according to Claiml,
further conprising: providing a second wafer of dies processed in a nanner
simlar to the first wafer to include routers that route connecti on pads
on a first side of the second wafer to corresponding contacts on the
second side of the second wafer; 15 aligning and attaching theofirst side
of the second wafer to the second side of the first wafer to thereby

el ectrical4y congteastacessingde eidion, weedsn thersdidievedtos snethbd biles vaemend wafer to
the cont auttisbuaiping bethepcRage &itdeniplsitgrsrRGRALNGedhdDe9f the first wafer
to define stacks of dies; processing the second side of the second wafer in
a simlar 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 nethod according to Claim9, further conprising
providing at | east one internmediate 25 wafer interconnected between the
first wafer and the second wafer. 11. A nethod according to claim1,
wherein the said invention nmethod allows active wafers with 5 m cron bond
pads and 10 m cron bond pitch that may be expected in the future device
manuf acturing. 30 12. A nethod according to claim1l, wherein the said

i nvention method 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
nmet hod according to claim1l, wherein the said invention nethod all ows
backsi de processing of wafers for passive conponents such as resistors,

i nductors and capacitors before the final solder bunp contacts are nade.
fp. (0. 2007 10 14. A nethod according to claim1, wherein the said

i nvention nethod allows very fine pitch bunping at the back side of the
chip using organic build-up | ayer nethods.



