Repl acenment Sheet - 1 Date: 26/07/05 WAFER LEVEL PACKAGE FOR

SEM CONDUCTOR DEVI CES BACKGROUND [0001] This invention relates generally
to an integrated circuit (1C) device and a nethod 5 of manuf aéﬂ?ﬁ%"@%%%bﬂ C
device. Mre particularly, this invention relates to an | C deVfe&™®
including one die or two or nore dies arranged in a matrix array package

configuration so as to achieve very high pin counts and nul ti
functionality with in the defined device geonetry, and to a w%lﬂﬁ“ﬂ“w“lmlm”“l
manuf acturi ng such an I C device. [0002] Wth the mniaturizati

el ectronic products, there is a need to also reduce the 10 size of*1¢¢&*
packaged devi ces andi# i MIGONDU: BVIGHS e of these IC
devi ces can be packed |nto a given area of a substrate Two appr oaches
have been tEKELQGIIz(?U such a need. A first approach is to reduce the
size of pac exi sting | C device packages. The second approach is

f ocused on IQQg‘r]eas|Th'§|'nt’?ﬂ§°rffa'ﬁ@f panaelly to pristegiated Ciretl (IB\deviesand angth@éyvi ce, for
exanpl e 60 fooﬁaﬁuausﬁr@MeOOdmcehMpre(psﬁmarlamds ByeRti@ITelbtes P an la@sicé S| P) 15

devi ces. [O%Qlﬁal?dzéngldre%ﬂw%%‘r é'g chlr% ?ﬁ&anjraggg%gecc%ﬁfcgtgmnlcf% ed In a

waf er |evel con uration ile they
are still \Paﬁcr"amvefvmwh\waf%%"t%aaﬁ H‘l“"t"ﬂ?f“B?t'°'EaditVf"ﬁ%'“ t%@edd?‘(‘;‘ieﬁﬁmﬁﬁ‘%cess to
obt ai n chi pasd tzedhefiad Kiagraufadiring syrhek dydenige.pr ocess steps are added directly
on a wafer fomozeal Ivm tﬂehﬁﬁﬁurﬁbﬂoﬁ oBdIQ6hi m&d@ageﬁere .g\/alneéa 1644160 r@&ucéfﬁé” form

factor ‘?Bd %lge of']z"éi gaCF%ge?ﬁ vgzﬁ)anéit Vm%rré functl?rﬁhty S(hf%at more (99‘88% %ed%wclzers] th

nmet hod are Nimt nsity nesth
package 10 &&YRSiragkef plpgugivepatsa °fF’a‘{Ué?ﬁ'lateN6W° spmehezesvediegfttﬁ'eg&meﬁﬁ | C devi ce
havi ng a f oeliqaraingéd. AsFpBEprdaaBls & rgdiich teSizE 6f patkagingléf@xisting idevic€ devi ce. The

steps for nggwsq%@twe's@ama Bordath Q?o\ehé‘egon |n@;‘é£éﬂ8 fu&ﬂ‘%naﬂl‘éfﬁﬁb\gﬁg&g a wafer that

i ncludes nulti di es wherein eac ie 1ncl u connectlon
pads, (2) s&?ﬁ?\}\? BRSO HRMRIRIL & ™ SRR R Sﬂpb?’@éﬁt%'“wa%?%(s' P3) cutting

not ches 16hr demipes.one of the protective layers along outlines of the dies to
expose portigapq of Flghr'é§1ﬁ~Qﬁ@ﬁ‘&\tﬂri@ﬂarﬂ@@@wce@f&mfa&'&rﬁJ\Gaférﬁgvalcoﬁ@m'ﬁtﬁ)ﬁ.t5 on the

sur face of ot e el ectrical connected to
t he eXpOSGthpOI’I?CPVId%QI de\flcpe ﬁf&%age%vg%ﬂﬁ o¥|are sIaPavallagla in orm g?ré f('n the dies

to form i ndeerizng Rcess to dhiimehip siagh B?%%ﬁeuM?W@aﬂ@ﬁwgceﬁﬁ?%F@ addeym a 30
nunber of dldmﬂl,vcanatmgem redliaethedeepip izedyatiagesywhich arhefsmamfomefactmﬁnd al and

theref opg i %dheme.g&omvmge |oTJaas£e &iaﬁed # tﬁpmetﬁmré firiteB B tREBWeRly T1xed
angul ar shape e notches. As cutting produces

debris, the? iﬁffh"hﬂz ‘gé‘aﬁ“?ﬁéhe{p@cﬁée e‘!ref’gﬁyrred outside of a clean room A
cut wafer i $000éen tUr%tﬁsqgnirNOerO‘iOriﬁ@dlsdfPeea:al‘e@newqydlﬁwrismfotﬁmrmt her processing,

maki ng handlapgigkirtetel th@sixedt 8 tie GHAD Y @OEE . Thd BiBpd fdndpLfaét@ml kneac baer s on a
resul tant dig al

.591) 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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35 make it costly. [0005] U S. Patent No. 6,117,707 discloses another |IC
device having nultiple dies simlar to that disclosed in U S. Patent No.
6, 040, 235. The dies are arranged in a stacked configuration. ReplacementSheet -2
I nter connections between the dies of such an I C device are for REd 2?)’?17(03?
after 1 O Repl acenment Sheet - 2 Date: 26/07/05 the stacks of dies are
separated to formindividualized |IC devices. That is, the process of

i nterconnecting the dies in a device is perforned on a device level and is
thus sl ow. SUVWARY 5 [0006] According to an aspect of the present

I nvention, there is provided a nethod of manufacturing an integrated
circuit (1 CGhedvksobdiesre sapdiated td forntitividuelizbdie, devicesi Tisd isvibd @ocess ofcl udi ng

mul tiple di ger@RRANIRISIdYN SERRE Rk RAméPMeSdelite Blel sty iRhR%loded. Each die

i ncludes connection pads on a first active side of the wafer. H gh aspect
ratio mcro structures are provided at the die peripheral |ines, adjacent
to each bon8UMHNARYformed al ong the separation 10 zones. Routers are al so
formed for ¢oesytri ma&&gngqmmédtafghém'résbnturhentﬁmmmi providdaadhsetiioa of out e  t he
connect | on_Rafifadiingth HBl k) Bluflic) biFeC AELAIBAL Rondl, (5@ Bharuct ur s, vaf et

material is en renove rom a econ opp05| te the
first side, MCYIRIPBYPE F93SeRaRIGERY SeRarption Fpaes E’Ftd”%’ld?%gf“ﬁ‘rd@s'”c Wsht acts are
formed on t hengaicopeds sn d frstaictivielside withewafer T ighesprotrhts creslaectri cal | y

connect ed t grolib&y d’tfﬁ@td%rp@ndhgraﬁlh@s bﬂ&c@ﬁt't@éacﬁ)t)onﬁ rﬂ@ds%rﬁrﬁ@aléﬁﬁﬁé@eb‘érﬁQnt o thereby
15 elecgglcall The dies are

separat 4 aPoy Foites Sep féwegE°f28qté°§"f°8"“pef%*advg€ﬁe KSR LIt s each
of whi ch sethg&anngstionpadse® afeiterionof the qp g a7iesg silbtures. t \Weferfaateigds nay furt her
i ncl ude for meﬂgan&vw&&i a/setondBidk aMﬁerwaﬂérJ @bosﬁt@thef‘r@fs’ﬂeﬂg expase th@tblerssn SO t hat

the routers tr@rnﬁcré SR I%E e&n{a&gg?etf&rﬁ odéneﬁ Q)éontdgﬁe aVé?t ll'i%@e L&Ya@trs [ 0008]

Preferably, "Teno feriar jne es renovin material froma
20 second s?ﬁé'eﬁi”"%”h%mﬁm“ér‘“ B [Agi5Es 1 he jntedoriof the mickg siuciureso MeBk e t he
passi vatibon eketyeily Gonnechwithittietbond gads omthe firisiesidei Thendiestarereparatedsalond tisecond

passi vat i on skgayasn ioﬁeét@ﬁr@d:.fc@fn@'ﬁi@uéﬂfbdtdﬁg e%@@&ﬂ/ﬂncﬁééﬂl%s 8d arf1BRevictRf €r to
[0, SLr Ect ures.

contact the sivatio

Sher oaf ter WAL | By, Fepadmp(Geiephtide oo apapRleB e By t he- second
si de of t he fafpin@he faytegsgadratthe foytersranr seprrgted fon e dint ey the rassivatienupxes. 25 [ 0009]
The net hod pmys]f ur tPhedrabiy) edmsdey Waiérmatgaltirelutéstansiing haft materad frgm gonnect ed to

t he 20

second side of the wafer, opposite the first side, to expose the passivation layer in the interior
of the micro structures. A second passivation layer is then formed on the second side of the

wafer to contact the passivation layer in the interior of the micro structures. Thereafter,

portions of the passivation layers are removed from the second side of the wafer to expose
the routers in the micro structures.

25  [oo009] 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 methocd 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



contacts. Preferably, formng termnals includes form ng a sol der mask over
the passivation |ayer and contacts on the second side of the wafer,

removi ng portions of the solder mask over the contacts to ex@‘tféf’ge”%’l*géhee‘**
contacts and form ng sol der bunps over the exposed contacts. il
Preferably, the nethod may further include attaching a packaging |ayer to
the first 30 side of the wafer after formng the routers. In such a case,
separating the dies includes separating the packaging |ayer. [0011] The
met hod may further include providing a second wafer of dies processed in a
manner simlar to the first wafer to include routers that route connection
pads on a f prosdssegliim@sioflar mahrer Ddivdingd wafaf te protiwe contackssioeedi gudodaset s on t he

second si des@ara&mhe’sg@sqmdw;es&munym ks GidE Fwam‘c%rndlvﬁuatnb&nm@grst@& hed to

the first W%‘;cﬁﬂdev%ealeéc on chmcﬂ;dastats 1 |opcgethe irst side of the second
wafer to thé 'secon the ? er to thereby electrically connect

connection [0938]s oﬁfeﬁﬁ@'vaihe@eﬂwd fﬂJmﬂ iDeludeh aroviging 7t l9agt opgisteppatiaticraieron t he
second sbdeinatconetee sqoeitifirst dafesandthetsB@nd wifest wafer to define stacks of

di es. The Sﬂﬁ d S'Agc%ro‘mcg t$ Q{%fhﬁﬁ&B&gof%fp%seﬁt%\v tl&meﬁqgﬁg%edgneet - 3 Date:

26/ 07/ 05 processed I n ar manner I I'st r to gro uce
contacts thBeasHd C'Fcrll"tgﬁ)ccf‘?‘”&e pawiactured apcording e PRBOGAeELFIROPYR L>Cepar ating
t he stacks dévicdinsleddsa fipat did havingindipie icchnadtioz padis iomé g agtivedide of thecfustidiedevi ces,

each of whi gy rhipletd@SctPorsd @e&qd@,fdemtﬁesfrsth@%a&s.tlé’fhefn@f@d@ yrhe k;hﬁv.ea?t hod
further bncl udeguc{gr Qv

i nter ConneC?Iso iA ] mulltlg% ﬁ)gte%s each gfgwth]tc lectncal:l)ﬁg')nnec{s a cor&?em%\ 8?d to F0013]
Accor di ng t 8°ERRRNfRG °°a§‘ﬁe‘(éflef‘iﬁth? Wéteﬁr”ésaéﬂﬁ'ﬂ recpspeRPIMSA on eHeaskones provi ded an
i nt egr at ed eidevalitthd firéEdiedevi ce nmanuf act ured according to the net hod

descri bed a’fb@(ﬂ Tlm'e?eréb@ thg?e\ééﬁgs ér@ﬁ) Jr"&q%? aﬁ‘uédeF ﬁJﬂlOQbﬁh@Qé’MﬁgadgéFﬁt' pI e

connecti on first iple
contacts on °e{hesf§§6ﬂﬂ°f§h%e JfFV"Egnae'°‘f"?’tp§'f'°’bﬂfg‘e SUﬁWé‘F}P%‘E"Fﬂ@eFF?Q‘i‘! S48 de. The IC
devi ce 19 abfbe diqgibstawisllymidnei pl e rout ers, each of which electrically

connects a gmect ip%rmdthm @ewc@faﬁmeem@miarbgssﬁ,aﬁ&qaégar,onmems@;iah 4the routers

run al ong reces st one sidewall of the first die.
[0014] Pr ef% e fgeb een%ed'eesasngheéorug rmed on an upper portion of the

si dewal | adf“&é‘iint Pieirabyethe iG gqvwgfua@ar@plqu@ s@goad PsEYAPMIGYeA o Ber portion of
the si dewal kecad sdeohthe fist didigstvees tiediesnde ralfersof the die substantially

pl anar . 2600%}7]9’ eiD?e?é?Mlthheﬁ@@evi’cgfﬂﬁe\(\ng@décsltgr“ﬂﬁg elb%laﬂqgﬁ'\e@te@l%%%' vation
| ayer on the fi routers.

[ 00561 *Pr of ATy I THES 160 P e Y EboF R ek mesk i SRR Pt | on
| ayer on thef thesféstdndm@rl@haar@ﬁs op the spéond sideéxpodgebybeternitais. di e and t he routers.
20 [0017] Proph&yr ablpyeferidiethk @ aieé may futel RBIGdel akRaGIAS 1afer btfdchal tsthel ectrical |y
connect ed t Q. f AL 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 IC device having three dies, stacked and

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



contacts. In such a case, the IC device nay further include a solder mask
on the second side of the first die covering areas on the second si de
exposed by the termnals. [0018] Preferably, the |IC device namee % [Sheet -4
i ncl ude a packagi ng | ayer attached to the first side of the die. 0019]
Preferably, the I C 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 EBgrodid asedienadfdrawing of another miiipraarttl© deMiskihaengemudtipleclies ifa di es. The
| C devi ce nByckedlEdnhigtiratidVariaidrttiRechld ubiR@®btalOing thidlighmeresli at e di e

interconnected b n th fir dj nd_.t econ EE DESCRI PTI ON
OF DRAW NGS Oozﬁfurﬁ'?'saﬂoven?ra °fase§ﬁ'e%f>e°fsg?stf§ '%é% %gf"lé ooﬁ“RJj "th reference

to the draV\P‘F?@@'”g FRngHIbedment pfitha present inventignisect | oned drawi ng of a prior art
| C devi c® havi ngFigue5 t&laeshelmatusdrmlrmﬂ(edewc’BEh@ma;fmsgwglrat bont pas@nconnected to a

substrate u§érmgergy1“,r,é=sagjgggmtgg,,ebgﬁcgdégg 2 is a sectioned drawing of a prior
art 1C device havin and connected to _a substrate in a
similar manner ag'glirgg'slaéd?fé\?f'%%avi"??g?g%@—%ﬁ@é@%#ﬁ%eet - 4 Date:
26/ 07/ 05 Fi getwe g active devi pe prior art |C device
having mul tiple gy@s7ish sahenaw&mﬁh &aeémcgléroa; seemnan&v.agm@ra@@@new ed using

gftei)lls ;gbl eﬂnctr tr% grgs Q%eec%vl?eé grel dja%gtgo haggxd%tagsg S0 ct?e@quen?et g];

present i nvE&H 2 E¥ematic dravvl ng of a device show ng
its original bonEingaels aanlcbmapcedravmnhgaofakiedmercess sdficcioving 1§ 1dybretebasitidn pads;

Figure 6 'So?anﬁr%ﬁ]@m%tat{ﬁeﬂxfcﬁb%r[}&urg a device cr oss section show ng street
lines between the ag Ive ;EW}[ [F)erl phera @ac nt to the (&ond pads:
Figure 7 is a sc 8% isc? sghe ?fga"ﬂ 9ofa H%Wec%“%?e(ﬁ QU B LHRN ng hi gh
aspect fat i arigine ¢ ptrcture etalmautipgyher al , adj acent to the
bond pads. Each n‘b&é@oieb@a@ﬁhauc&ﬁaw@touﬁ &avfc@larlb&%é&toﬁ s@v&@rarse@@ra@rlag bond

lpad Fi gurem%ul!at%ngn o(%g ol ér% I% cR/erln tlge c?sgd Jng dssr%ﬁtFnl s%pcpw ng 1s
aver depos me—oi—a%;m#ﬁéﬁm%?‘um—%'e is a

schemati c dFERHyctyes:a devi ce cross section showi ng extension of 15
ori gi nal bond pa#igure 01 & hechematicairstingwts devies crbs dactioh ehdudrigpa sefondret al  r out i ng;

Figure %@ | §u@tr§c9Q%@@d'o@erq{eqwsﬂgoﬂﬁe ’taagtﬁlg'dg\ﬁcecr oss section show ng a second

Lg‘%gr ngS I Pgﬂ![ Iahlal?r{a]ﬂ%lég gﬁauatlc%ra\AXng ofa ggncg%rlo\s/seselct%xEs"rﬁow(l:n%\é qurlmrég 1& he exposed

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;



mcro structures: Figure 11 is a schematic drawing of a device cross
section showing a second 20 substrate attached over the 1st side of the
1St active device: Figure 12 is a schematic drawi ng of a devi BerlaggmgaiSheet -5
section showing a thinned 15 active device wafer at the bacR¥dF¥¥&ond
side; Figure 13 is a schematic drawi ng of a device cross section show 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 draw ng of
a device cross section showi ng renoved insulation / passivation |ayer at
the mcro structures to expose the routed netal traces; Figure 15 is a
schemati ¢ dr awi nBigwé 2@is @ etHemeticciravdiy of @ Gdvice Arosdsevtion ghcavirighal waférildvan net al

deposi tion gpuhdiayith BRI edbddfneRf bobi)) Svndrd tn RStV REY biGiR WREEH tPect i ng the
nmet al router th rgl structures; ure 16 is a

s on the first side at, Cro 30 Fi
Sohomat (o cBRPHEP OF 4! HUGPUEPEC LEpeGH P ARG SRR SEAMET pads
defined by peaxy ewisiisigascsiesited by Padrodictierplicatianl fil m of the 1st active device
waf ers; 5Fi gersLdy pEscrpaoRenati ¢ drawi ng of a device cross section show ng
a deposited der 1 hy ] it ni he second side
of the 1st 5@? J|‘]ve 5@\% lééé Q%(Jédf;ta%%ﬂo\ﬁf%gg%gﬁ@g?gp%'%gtoﬁg'?r'ﬁﬁcgﬁ'ggraé‘w ng of a
devi ce cr osdtegetadicheritdRbiaviag* £iausm’ Draechedingrtaan empodingntief aPgsnter bunps at
the bunp padhvérdicmtihesequerte gistads ih@ ARDVEDESWRERFasters, dhawih agafef 8 @&igde\s) ce Cr 0ss
section Shch[ﬂ&in@arﬂdn@&&fM@ﬁe@dies|1@%ﬁﬁed%?éﬁﬁﬂ%o%%ﬁﬁﬂéc%u@@@E_ro\/igéﬂ. vi dual
processg@ derw ce; 814a gpl apeem;nt eihc_elec - e5 eDat_e_: 29/ 07/ 0 k|Ogure 20 is a
schemat i1€ dr Al SaPaY LS A& LT ¥ Milie-1sh vefel, ReRATRQR #0955 9608ralY BV A package
wi t h anot hescrisatiedil irfatardigrisally mere than Bhmicteas wide.iserarateothe fisn10ofEaehirdie devi ce on
thle first 9pd& rudtiple®phd &H@&rcoﬂfect%ﬁﬁad"s(i_ﬁ?F?@P&G)foﬁQmst?d%dve%Ur@Eﬁ@&f%edortby any
pol ynmeric a i r ir by, roduc
applicati onggga'ﬁ% %Eﬁ?%@é’éﬁe%ﬁgb%&f‘%ﬁyﬁaﬁ?gﬁ%ﬁﬁ'eﬁg‘l’“'gx'ﬁhﬁgf”gﬁ agram
showi ng a sé&bfyEhbEned insfackie s 4 dde Grinuriset whicheefings the fstagiivasw@cesi rcuit (1 0
devi ce 45( Filguftesdidsolp, iaetmedhagn athairstantye ezt trefwatene. Treetendide df nvent i on.
The sequencehedyafdh 8 dppositdin& SR Phs MBFERo RLER abthe WEHFIidR 28 o¥RE G4re8 (Figure

5) including_an array of finjshed dies 10 forne erel n by conventi onal

t echni ques i%s F'ﬁ?"S?iSf(:ﬁoé‘éa “1%5° 35 °”ﬁ5é’fe§’r°f@’°ﬁé§°eﬂ53‘{'%f 1gi°£<t,ne ‘é‘?fa{hp”érrmtmel ve-inch
waf er. SepaPer$ssind.zones, generally known as scribe lines 11 that are

typi cal | y mpooezit harrh®8kquéricé 2 Askt prockRds 16 Q FARMIMICROSTRUETSIRES stefFag;h die 10 has

mul ti pl Qggogge@ﬂﬁcr&[ru&@&rﬁ%m quargaﬁed%:éjaéeﬁ tg'l‘,gr?les@ndiﬂg?co‘?\néciti(gnsg;[adsaé:st Ive

surf ace

along the scribe lines 11 as shown in Figures 7. The microstructures 31 and 33 have a depth

in the range of 20 -50 microns and preferably have a rectangular opening on a surface of the
first side 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



die 10. These connection pads 23 are electrically connected to an
electronic circuitry (not shown) forned in each die 10. A side of the

waf er 8, which defines the first active surfaces 15 12 of the Gfriasemefy Sheet -6
referred herein as the first active side 21 of the wafer 8. ThE®ER&%si de
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 adj acent dies 10 of the wafer 8 prior to processing. [0022] The
sequence 2 next proceeds to a FORM M CROSTRUCTURES step 20, 20 wherein

m crostructures 31 and 33 are forned adjacent to correspondi ng connecti on
pads 23 al demsiteld esisgcany benvéntinestedhhioas sedhcasmplittar depapitive $o cover THeasurface

M crostruct yiRsfirst Sid@Bord ARYE. PhelRRE 3T of mBtal d3Gerd ROSHoR safacesif @l crons and

preferably have a rectangul ar opening o syr f.ace of e jrst side 21 of
Phe wator 8 NFRPEEs tep ThaEr e Mpoblfu 41 B fedterd Bier 3t skhor ' any

ot her shapeatietpd.2080 BRI Yy senventigedl techriiaye Gy aseheteltworephy peterfingtered usi ng
convent i enakorm mulugi§RRcEIEHPinsUTdighintéBonpEabral of ole@r3aayrolite the @uvdctibly Si | i con

removal pr °§§£§§?at Jiﬁt%ric%r%?tﬁ%roc%ﬁés#?rl{dﬁg%ﬁcr&?ru&ﬂ% PR1G % .Pgmg%?%gasg?l into the
first side of the wafer nan | 1 0N pads 23. IS

enbodi ment , Spied, doh axampledy Plgtngwith nickel orcappg RARR AL SIFEIeSP 8RAYS t ruct ur e
on the scri B nhicrove. Reperding[od @23pplThten skbpiCniedce? tha ewtal Ipyeotregsalsobeaf f i r st

FORM PROTECT NG| Mty FReTbar 2faste tRH is M6 Ehrited s lolRidIaRt ADEptibnaPassi vati on
| ayer 3 ructure t he dies 10.

is forned only at the microst 1 and 33 of

Such a ﬁ8ca|p?52'c¥6"°1‘ Hﬁﬁﬁiﬂat‘i{? 7""\5%&?3’%&“?‘6‘?{3 f‘sai}‘@%erﬁq?"é"eﬁ?yé%erabl y formed by
first depofl0R¥ing &rafesghis theeaypice @opxt dicesedslle an AEBAFRYM stert2DEREHI T LAYER
step 28. Anyn agRy @ i A QppliPd $65 bxadpie DR sifi-Ed@:5or Bavenb@ntAd, dafdefiexbitétg i
t enperature 0 r . iUS y he used in
this step 2§9€e} gggﬁégnﬁméﬁgﬁg ag%ﬁ“ﬁéiﬁ?ug%%(bf&?ﬂ%%ﬁ%%gig/rfgZs.ag@%"'% gure 8
shows the sBfHEEY Y[ 43 &ch py Flags gumivy. bepyllivm sarphir e Feragmie Gligted by t he

| ocal i z68 gerswhivabi airer butgite m3trialy, B@RathedNe die epaxy lagsgran in3n AGTAGRt al , such as

al um num i pAERRORGIRIER YIS 4d. NRe BRY layed tial Pe reh@¥&lo begxt&m%eluﬁwface of the
wafer 8 in er 37 1is cenent Sheet

%FCRM IﬁglJIERSf §t eg 3t'4'll he..me%a.l I | Repl

- 6 Date: JB7GFMOENGIBERTEEY GRCAY sEiiVEEH IR TRy VEH HGUE, such as
sputter depdgily bend thetpgckaaiogipyer fito shervatar 8 as giowp Fidufer'dt si de 21 of the wafer
8. The | ayenoo26] of Ar@rtaithchmemerite pdtRagdiyRsed, waldrihaeas ofthelsbRnd Sg@mdect i on

pads 232810 oL GRS d BhBydllfs REAEREWAHER WhFER AL s 1nRE BBb el BYET 37 1S
d | techni ch as

t hen patter nea, agaln usi ng, ang/ conventi ona que, sucnhn a

phot ol i t hog*afshy2tEt ?’BP%?EH@{“’FHES PidhenyatRi BisAresrakly Rt@roried Py kACKgETiN%t ed

I nt er connec tndivs paishingou & SRENDAWAR BRastenr S8uto eeduteshectbiaknest af the wafendio 1€28e t 0 t he
interior of sbdi€hg— ROHiEBSTABKHT WetelthRERPIAEEH the GRundHuRdR A NeXecohd@ge rout ers

37 . are .”e% gfqh v]:/a%r 8%)5?{%9 (o) Ryoft%!a%cirogg \Mrésk{a n(!39|§’§4re ?trr %8%’9\50 t_O I ncrease
their thickfAess t0 abou éi%m—cmns%pwﬂ—ng . on 1 eapllcatlon of the
| C devi gé, Wnﬁ@gkayafqrgy@fialgqthﬁﬁgpoaq side 49f the wafer 8 is preferably etched, in a

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
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




a netal alloy in the formof a paste that is screen printed as routers 37.
An optional 10 passivation |layer 39 may be applied over the routers as
anot her protective |ayer. [0025] Preferably, the sequence 2 neﬁﬁp'ag%"%t[‘o?éﬁs 7
to an APPLY EPOXY step 42, wherein an epoxy layer 41 is appli

exanpl e by spin-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 packaging |layer 43, such as of glass, alumna, beryllium
sapphire, ceramc, silicon, 15 germanium or other suitable materials, is
attached to the epoxy layer 41 in an ATTACH PACKAGQ NG LAYER step 48. The
epoxy | ayer totee/sebandrsigle @9 ofdire waferb8ucp atstep 62 prelfetably mgluddsifitshfognirgpéugh ahen

rranu; ?ctgrl B;gdéaeémngadéexona%&n lEzier@sd%VﬂwE swétbﬂaf‘e@@g%measg@andé@e sgifres toll
rigidly bon I gure
[0026) " Ar ¢ e sPELBRECA AR TR Erate ﬁwe e a5t GRrd Peelloel g Con’t e
second si decovering2ie syffacelgbthgpgcend siei2§ ofteamaferd. This secRIANIDElaYBEFPMATERI AL
step 50. 51 nintdtobtad W@Pthd Dhetat IBy@r 4@ tr@ midiGtredtiréd to MBreby@ecirRaprRchnettde 29 of the

wafer 8 is ﬁ%tlvﬁf{ aTQ\%%afte'r rtr%tse QHQQHa}y% Egitglrnle@q I,l'-’g\}'[lT@F{mN gAIpOI ishing in

a GRI ND WAF reduce ness o to | eave
about 40 - WFR p(ﬁ‘?é‘s‘f‘%F’UI?%‘F”t{%?'éﬁchWéWeg’Pe Bayaedlertrical "BF'B‘ﬁ‘ﬁd surface on
t he second siutke thfd Qindgiong dseontadteds B tardrfackh of thesdcomhsalk 29 hfeherwater@stnr uct ures

31, 33. Thegpahdnhér, thd &ﬂnéc@on-pa@zs?o'i the fdt SiBe 14 eHe waRf 8Ere RREEENPbuted t he
second %de REMOVAL

Step 547100 o1tk Pk PattRuE eeine e Rh P AR e s r%‘?ﬁ?%'l the
passi vat i ontﬂe&mctsﬁﬁ agft coptR@wit lpyss efmiskse! inflevepdiby a iy obeady Lé@g ghedar i n Fi gure
12. [0027] bl methilatitolchreoesst ace 45 at the second side 29 of the wafer 8

i's coated o@?sg? S%ﬁ&?e’&ﬁ’en?é‘%@éx@&&eg& té%)ég%MﬁRMmAﬁsgég%]%hg refile PROTECTI ON

LAYER st ep secon assivation |ayer 49
comes into WBKEHEIFPrecEsed t@wﬁ'agee%ecga%équ'af'f B PRSPELT UPe {4 Flgure

m cr ost A&ict aNe Prefdanly, iharaepd? inchdespdORMSALDER MADKetep 78, hedd tiorsutféve second
side of thegnwak&hbndmeione Whre: iS8Jartk witdy B er%ﬁsoﬁl&r bR s9brGIQet ruct ures 31, 33

are then r em)\élvdnop E\ errpr iral%f gto?%mlcron tﬁ)c S%lsho n lrg\I uréa\ﬂzl%ortlonsé gf\g step 60 to

expose the e M crostructute shown fgure 14. 35
[0028] The SYIERSIPr theshird prssivaiet gyer §0VarimeadiriCTIEr! mn@‘t @WOGE,US'Mer ein
nmut ual | 'y el astdohwaiidnyl téchsiglead £HEMOVE 0L EERIBASKHPORME@NS diby s0ats expbsrthied on t he

pr Ocessgg S%&%@ SSS'I'I% o%gr bghpé &ear(y\ﬁgr?\rom%d me §8IF:|5E$@I§L§\AP%SStQPr

el ectrically connect e e correspondi ng
m crostruct GYeég‘etci’j"tﬂfe'iFé’By“ersﬁﬁ’f‘%s'%%g %%‘ﬁ H’é@f § taﬁun&é?ags terminals forfpe cf"?sr st side
21 6 Repl acétmeashd@hadiigwe 8. Thaseguenz62 nallDéds D atSPABBTODIES siepl@4,29 of t he

waf er. Suchydersih @i war pivef 188 akbnedipBskbaislasyef 4sr|§a|ce‘d@roa@ g scrw @Rs @8 in by

deposi ting, q[q_ ' e aki 9 49 at the
second gi deb%gﬁqrﬁ) et 33 Sto%go&%%\/ﬁ M@'ZE‘?@E&V srea@%e?%@"t"l?r e 15 shows
t he sec%ﬁd Aaf aqbsqraég,@pt shawn). Figure 19 shows three resultant individualized IC devices.

[0030] It should be noted that the IC device produced according to the sequence 2 is

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.




covering the surface of the second side 29 of the wafer 8. This second
nmetal |ayer 53 conmes 5 into contact with the netal |ayer 47 at the

m crostructures to thereby electrically connect therew th. TheRerdcereant Sheqyes
second metal layer 53 is patterned in a PATTERNING METAL LAYERPEESHTES
usi ng any conventional 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 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 55CkAIdScoated with a |ayer of nickel followed by a |layer of gold
usi ng an under R netallization (UBM process [0029] The sequence 2

next proceeds to he. . wafer 8 is further
processed t mcf‘magim&af"ﬁﬁacélﬁ'f’gf Ptﬁ?rgtﬁﬁzgkgm dﬁéce CSmHeSV’gburrps 74 (Figure
15 7N). Preferably, tawvlingrdstyaerinstitipgierluraityahies sxpaBIRR bieepRraderep 76,
wherei n $he surfases, esthiohe fea6 deb Aeudi hnettita pu@idara firsbadieadiRbi W th a

| ayer of sol der gfer59 or athird passivation |layer, preferably 1 to 25
m cron thick as shown'in Fi (];jure 17. Portions 61 of the solder nmask 59 or

the third passivati orfoT¥g&rulty o nigigstiuctures alagathe seoaration zenesdhig Plyrdlifoved usi ng

any convent i onal oftréardstrucuies dorvesporiiElyiihiEe SGh4OER MASK PORTI ONS step 80 to
expose the 20 cont ath&nﬁé rouldEtnH QleEkRkalPAbARR RO cahéetidr 28s bduiBHe i N @ FORM
SCLDER l? VPS steo 2 ag tchre contacts = 55 el t he second side 29 of the

waf er o funct FOREY R £ 10, as shown in Figure 18.
The sequence 2 fi nal IrgmeMingyvafenmatersErmRagEEo ) $H8, @uoeﬁesu,ﬂrstmio@mse he waf er
8 with the attacihegbuprckehdimiestr@yifds; 43 is diced along the scribe lines 11,
D g veen the. M Cl OShitShitk@n e o e arﬂ%%%%e? t@gm\sb@@d zed 1 C devi ces

ready for nountin shows three

resul tant indivi ﬂ%ﬂl%%&@@%@%%@@%@%ﬂ#@%%ﬁ&h hat the IC

devi ce pboduced eexralyicompettovith the comeaiens=es 2n ihs firstaleyandne possi bl e

enbodi ment of the pres%sg;st.nbméeré&m@ thd {ep&l8ibh GE%es tisdicAifdiliduafteyi Ce  shown
in Figure 20, ac&:ordl F%fwh' HaLh |vments can al so be manufactured. Here
in this enbodinBht: Y acctslev%saﬁt?rt N°6f the device area other than bond
pads are kept away from 30 the 2" d substrate and or any polyneric

mat eri al s cant ach methodRegqabraia@semdim Siater comPrisirigddring HAividu/dl Bibh 4spddt Mo | cl ai m
L. A mebhod pfos RS ioladth: Blin biHhEd @sa%gpmhasg,béd.éé C) device conprising:

provi ding a I nc "g‘ ura ny di es separ ated by
separation 5 zond&ethadgqiorgd Pﬁ@fﬁ?dv P PP freLs AR EPYRIPHPAEBRIXT L i on pads
on a first &etripver tsforkengdhe rotithre squdhbitding routers are separated from the dies by the

passivation layer.

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 terminais 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;



formng a plurality of mcrostructures along the separation zones, the
plurality of mcrostructures corresponding to the connection pads; formng
routers that electrically connect the connection pads to route Rpagacement Sheet -9
connection pads to correspondi ng m crostructures; renovi ng waf e Rgt &1%al
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 interior of

the mcrostructures to thereby 15 electrically connect with the connection
pads on the first side; and separating the dies along the separation zones

t o produce indivi dualremethg poitiers of teaarie obthe edidec hageny éw tdrs pamsivétndevi ce. 2. A

met hod accor di ng|a§;ego\g@bmnlactsftdjgxbgg%rthe%mp&g 8hd1g form ng individual high
aspect ratio 20 mcrostru éur es ent _each connection pads on the

formin 4 oy rtt eF g conga
active dies 3. A nethod dce B"rllpﬁ Vg 9 %X &%t her conprising formng an
insul ation / passivation layer prior to formng the routers so that the
routers 5re7sepaAa1teﬂ6|d ddcertmg &lath €Jurtdyr doMprising atiachM@h paRadirdyBerto e 4. A

met hod acco¥ s%o?ﬂe%f?ﬂ#fbﬁorm%%hﬁé Iraat@grmw ng wafer material includes:
er r

removi ng wa materi a om a second side of the wafer, opposite the first
side, to expose the insulation / passivation |ayer under the routers at the
ni crostruct @res: Afethod axgordingseclaind?, whareih s¢paating thdisssinolees eparktingée on t he
second si depfkadifdBaye30 Wafer to contact the passivation layer in the
|nter|o of the mcrostructures and renoving portions of the insulation /
passwat?on | ayers fromthe second side of the wafer to expose the routers
at the m cr8strutmgihesacsording iedidin d fetbercapisgdt o Cl ai m 4, further conprising
form ng termnals el gedvidingalskdond Waterepdewbdasket d & @dne@mMilaGs He fikt A net hod

according to G %&%r@o mt‘éj(%% IrSihdPs tfu& nr‘ie%{ Jﬁ‘ggé’s'o% a'ﬂFE‘PL&'éjcS??ng SL@hlig, one of a

sol der mask and thir assl vat |on passi vation

| ayer and cont ac‘f’§°rfﬁﬁp‘{”ﬂ'é9 S E*r—a%weﬁ S'qel?éthﬁé?%ﬁ‘d WaeTRepl acement Sheet - 9
Date: 286307/ 05 renovialigningend atmaisngthe firkteide nidheodecdnd evafeolodrersecand kidaofd t he

third passivati otlﬂef.rkﬁoé@rrtoqweeébyua&n&weoa%fscomc@ﬁ Q&E‘onttﬁ'éeduéé(%ﬂﬁwélms and

form ng sol der ccording to
daim1l, further ggnrcrip wraXer [o the coPt?ég ?_ln tﬁe seconéi a§c 8\‘3 ciohrasp?ndln |eP 8“%{&3

wafer to define stacks of dies;
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.



first side of the wafer after formng of the routers. 8. A nethod according
to claim7, wherein separating the dies includes separating the packaging
| ayer. 10 9. A nethod according to aim1, further conprisingﬁﬂgwﬁv*ﬂﬁﬁﬁ'ﬁ
second wafer of dies processed in a manner simlar to the firsC™REP to

i nclude routers that route connection pads on a first side of the second
wafer to corresponding 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 di Amethbd sdagdihg tostaim wWavherintte seidfriverdiors ihetbddsallofs wdiydise processi ng
the second pk@uMbing HeheDEKARA oVRE EHip asmger]ggmmdn@ug AR RRIhods0 the 20 first

waf er to produce contacts thereon; and erein separating the dies includes
separating the stacks of dies to produce individualized integrated circuit
devi ces, each of which includes a stack of dies. 10. A nethod according to
Claim9, further conprising providing at |east one internediate 25 wafer

i nterconnected between the first wafer and the second wafer. 11. A nethod
according to claim1l1, wherein the said invention nethod allows active
wafers with 5 mcron bond pads and 10 m cron bond pitch that may 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 wwdth as the mcrostructures can be as small as
5 mcronin size. 35 13. A nmethod according to claim1, wherein the said

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

sol der bunmp contacts are nade. g Replacenent Sheet - 10 Date: 26/07/05 14.
A met hod according to claim1, wherein the said invention nethod all ows
very fine pitch bunping at the back side of the chip using organic
bui | d-up | aver net hods.
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