1 CASTELLATED CHI P- SCALE PACKAGES AND METHODS FOR FABRI CATI NG THE SAME 5
TECHNI CAL FI ELD The present invention relates generally to chip-scale
packages and, nore specifically, to chip-scale packages which include
contact pads on both major surfaces thereof, as well as to nethods for
form ng the chip-scale packages. In particylar, the present invention
relates to chip-scal e packages that include castellated contact pads, 10
whi ch include surfaces, or sections, that are exposed at the outer

peripheries of suchCASTERRAGED EHIMSICAIFS PAECKIAGHS ANIRMETIROPRAAsed at both
maj or surfaces of the packages. BAGKERANRG Fppuezonal sem conduct or

devi ce packages are typically nulti-layered 15 structures. A conventional
sem conduct or devi ce package may include, for exanple, a bottomlayer of

encapsul an% material, a carrier, a iﬁm&%ﬁﬁml e, and a top |ayer of
encapsul ant naterial. In addition t above and beneath the
sem conductor di e FREpfRédtiBfentibNRIAACARSHIIFRE cHIBLsEAIE Bhckabeshn@ORYRNt | onal
semn conduct or devi ce package al so |ateral |y surrounds the sem conduct or

devi ce and 20spaseiceHy rto ehip-Jcalegaekagespwhich indudectoniaghpdds ©aothomajor swfacdevi ce

package inclu i t ef .to facilitate el ectrical .connection
of the sem coﬂjgez%%f’o#%el(/%gé%%%og P z‘gﬁﬁnﬁ?}& E}ue}l? ﬁ%altle %?Cg%%ers ol Bar@&%ro ﬁéent S.
Leads are an erssemligvention faiatedol chitpécaleydkdgeb tatincRide dasidi Bated @t padj cal | y
contribute to the dinmensigns of the footprint of a conventi onal

sem conduéQ or Wsh ingludosurages, ggeechaps, thak ke expesed ghthe ghten nerérherignplsuchr ge
oncer o 1ye s _. e t
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condu evi ce package I's to be cure
connected. O her exanpl es of such input/output elenents include pins, solder

balls or other discrete conductive Zé ﬁ%th?;Oelsze g., bunps, balls, colums,
etc.), which contribute to 30 the h ‘é . onventional sem conductor
devi ce package. WienncQiRhfideiddadidi6: dRic aBSRESark MlicARMERLLPRE!
encapsul ants and carriers inpar t to the overall thickness of a
convent i ohdl sewitesndAcooventiondlsemprmniudger, devive padded ntagiigdlude, 6ér example, a
di screte congu&t iye st [ uct ur gs.may I Fsul t.in a sem condal.ct or, devi.ce ggckage
whi ch will otfom layer of encapsulant material; a carrier, a semiconductor die, and a top layer
encapsulant material. In addition to being located above and beneath the
semiconductor die and carrier, the encapsulant material of a conventional
semiconductor device package also laterally surrounds the semiconductor device and
20  the carrier. In addition, a conventional semiconductor device package includes
input/output elements to facilitate electrical connection of the semiconductor device
thereof with external electronic components.
Leads are an example of conventional input/output elements. Leads typically
 contribute to the dimensions of the footprint of a conventional semiconductor device
25  package and, thus, consume an undesirably large amount of real estate upon a carrier
substrate (e.g., a circuit board) to which the semiconductor device package is to be
secured and electrically connected.
Other examples of such input/output elements include pins, solder balls or other
discrete conductive structures (e.g., bumps, balls, columns, etc.), which contribute to
30  the height of a conventional semiconductor device package. When coupled with the
thicknesses that conventional encapsulants and carriers impart to the overall thickness

of a conventional semiconductor device package, the added heights of such discrete

conductive structures may result in a semiconductor device package which will




2 protrude an undesirably | arge distance froma carrier substrate to which
it is secured and electrically connected. In order to keep up wth the
trend toward ever-decreasing the dinensions of electronic devices, various
t echnol ogi es have been devel oped to decrease the 5 dinensions of packaged
sem conduct or devices. The result of many.et these technologies is the
so-cal l ed "chi p-scal e package" (CSP), a packaged sem conductor device with
| at eral dinmensions that are roughly the sane as (i.e., slightly larger than)

t he correspongiontide ai enddsirdblitarge OGNS frbter Gefércabuitacd orwidtice id feeuredf . Due
to the relatively small, sem conductor die-dependent, |ateral dinensions of
10 CSPs, theya‘%ﬁ‘éleﬁl%lb’ ¢opeEed-at the so-called "wafer-scal e", meaning that

packagi ng = occurs br%r 1‘8 g‘dg %@ggiﬂ&&%%?@&%&' ﬁE&Easgr% tgg ﬂﬁnér{sf?)% g waf er

or ot her Iarge-sca agi ng sem conduct evices at the
waf er - scal e aeletwenit kiev1dest Yaroowis téohnologieshaveeheen vl apied ¢o Becreesse dei at ed wit h

handl i ng such smal| conponents duri e ckagin ereof. Such
waf er - scal patmensions gg?:?(f‘ ﬁ?H’écq“HgCtP’b‘F‘ﬁ%t il‘i?pgllt g Ps¥f¥%ut i on | ayer
(RDL), which E&h&l@% E§ ANAE sQEalRUf Bk E)ls\’fﬁle%aﬁ%&B@nétglj)ea pé‘cﬁé‘é&%%fn%nﬂﬁ’ét&ﬁr n of
bond pads on the active surface of the sem conduct or device t

redi stri but ed dcumwdhllaiﬂrabémnegsmnWtaxe renghhy the same ab(ie., Bbghtlydmetthaanh to a
carrier substrate. Alter atl one nore i p y be secured
over the act|@§ cogrgsRonding E¥ﬁ8M§§HP§8ﬁ@ﬁé?BPOH@§’ é@ 1%3Fn§re carried by a
waf er or other |argress ﬁieefeﬁavay e Memi@Rdu@bedit ‘depaideit, onmasenkis sfuch
sem conductor devices to redistribute the connection patterns thereof. Once

the conned®i on@S,S’a,tthey #rs ofen doranedafthesacaiedrwaferssaakes, ma@eng)@ehpackagmg
redistributed, ofc sﬁ?&%rse@e?fn% &E é’em@&d% tof H&lce%rﬁ%%iﬁ a% r%th%r ﬁa‘ig}céc% ye |ayer

over the RDL er poser I SCTete cond ct enen suc §Ils

bunps, col urmsubsmatep|Haskagmfag/seaﬁcdiﬂu6teﬁw\¢cbsra0thte h@féreydalstalvm'slt}fbcﬂlﬁmnﬁlepads of
each CSP. These discrete, conductjve structures are typically arranged over
the maj or sur thet @3y ptheraise bgapsogiateg with handiye suchsmptl componenis dwing As a

consequence o -R5 l e
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package technol ogy t requires | nversi ace-down over a
carrier 39 swobstredstabutiverleyar(BDhndviach gayeetrrange dheffattisey ekpandaheluct i ve
structures of CE)I?I%C&OSI? pél,)cllterrrl1 of bond pads on the active surface of the semiconductor device to a

redistributed connection pattern which is more suitable for connection to a carrier

substrate. Alternatively, one or more interposers may be secured over the active

surfaces of the semiconductor devices that are carried by a wafer or other large-scale

20  substrate and electrically connected to such semiconductor devices to redistribute the

connection patterns thereof.

Once the connection patterns of the semiconductor devices have been
redistributed and either before or after the formation of a protective layer over the RDL
or interposer, discrete conductive elements, such as balls, bumps, columns, or pins, may

25  be secured to the redistributed bond pads of each CSP. These discrete conductive
structures are typically arranged over the major surface in a so-called “grid array”
connection pattern.

As a consequence of the use of such discrete conductive structures, chip-scale
package technology typically requires inversion of the CSP face-down over a carrier

30  substrate therefore and alignment of the discrete conductive structures of the CSP with

corresponding contacts (e.g., the terminals of a circuit board). Electrical connection of

a semiconductor device to a carrier substrate in this manner is referred to in the art as




correspondi ng contacts (e.g., the termnals of a circuit board). Electrical
connection of a sem conductor device to a carrier substrate in this manner
is referred to in the art as -3 "flip-chip" connection or
"control |l ed-col | apse chip connection"” (C4). O course, when the discrete
conductive structures conprise pins, the gfectrical connection technique is
referred to as a "pin connection”. Wen flip-chip or pin connection

techni ques are enpl oyed, the discrete 5 conductive elenents typically space

t he sem condutfliptchfe\dodBectipalot “Eonbidlied 8oltepié £18D comiebtdn”q0a). DhtsurSd)adennay
remain open or be filled with a so-called "underfill" wmaterial. Such,
spaci ng of a Heitsne cendyetivresiusBiresromprise pinsdhe glegtriss! conpestion fechmgye is

therefore i np?erférﬁéﬂg a@ﬁs‘g{p&%&ggtﬂ]’,_an undesi rably high profile. Moreover,
pac

t hese types of chip-scal aging technologies typically do not 10 permt
t he placement of aWlkndlipchiperpiacéagectivn tecthiques ere epistedathe diserete f ace- up
orientation. Accordingly, there is a need for a pagkagi ng technol o whi ch

results im cAplSEY demenrty Spisally space iag sopicanduciopevies AT haBEiTat es
wi thout redul G, ThICRAL AP fenBiPHn Afbe TIRA Wit PRLAMER blirfiM p- scal e

packages and e carrier substrate 15 and that may be electrically connected
to a carrier sabsial.a$whispacing at@sanmpconduetor devionapabDl iBOL @SuREr Sbsirhi¢EMNK ON The

present invention includes a chip-scal e pack W th bond pads, or contact
pads, that ar ﬁiebegg'etq’“@ﬁ’g@eaqsﬁmhwgtvﬂﬁ‘ W@FSlﬁggﬁfi\éfépgf’fﬁ%er eof . Additionally,
the contact 20 paffor8Rér,akdseFhed BF BhipRBale padkabing WEhAblogids Eﬁﬁ&ﬂz% doe

chi p-scal e package. An exenpl ary enbodi nent of "a chi p-scal € package t hat

i ncor por at®s pemwhibaglacementtaie gpiresealet packageroni agariigishbsitate ia adfaed-eonduct or

device, a rediostrgtiatli)our}i on |ayer fornmed over an active surface of the
sem conduct or “d&VF 8 and in el ectrical isolation theref rom and contact

pads w th secti ons Alcbaddingtys thas istd e doraciparkaihg techr@ieky whieh esults tal
isolation 25 fromthe outer periphery of the sem conductor device and which
comuni cat e wekiR-scalg Ppekageniiatigay bhsecpeeddo strriehaibsEHPC WHBIH TR/ ce

hroush e ¢ Skl 04kl e ol pRAS R BRI 50
substanti 8 | y andfhatmay beklebtrizallesqpmetted & acdrtiesubstrdfiaine faog-upacikntaticke of t he
sem conduct or devi ce.
DISCLOSURE OF INVENTION
The present invention includes a chip-scale package with bond pads, or contact
pads, that are positioned around the outer periphery thereof. Additionally, the contact
20  pads may extend onto one or both major surfaces of the chip-scale package.
| An exemplary embodiment of a chip-scale package that incorporates teachings
of the present invention includes a semiconductor device, a redistribution layer formed
over an active surface of the semiconductor device and in electrical isolation therefrom,
and contact pads with sections that are positioned adjacent to and in electrical isolation
25  from the outer periphery of the semiconductor device and which communicate with
corresponding bond pads of the semiconductor device through the redistribution layer.
One or more of the contact pads may also include an upper or lower section, which is
located adjacent to and may be substantially coplanar with a respective active surface
or back side of the semiconductor device.
30 The semiconductor device of such a chip-scale package may comprise a
memory device or a processing device, or a sensor or display device. If a sensor or

display device is included in a chip-scale package of the present invention, at least a




30 The sem conductor device of such a chip-scale package may conprise a
menory device or a processing device, or a sensor or display device. If a
sensor or display device is included in a chip-scal e package of the present
invention, at least a -4 sensing or em ssion area on the active surface

t hereof may be covered with an optically -4ransparent lid. The present

i nvention also includes nethods for form ng chip-scal e packages that

i ncl ude contact pads on the outer peripheries thereof. These nmethods may be
5 ef fect ed at sansingfoe ensssainearea’on tha astkanlface thereaf may be covdial withagepscdlye
substrate carrgéngﬁg Q#urality of sem conductor devices, which is referred
to herein as F@®aAtitduct or substrate", may be secured to a sacrificial,
or "dummy”, substrgheprellif iSRafibA hISh AlchRIEPREAREE fFFmiing tMP&calk gw{a gont act
pad sections, which are referred to herein as "l ower sections" for %0
sinplicity, othapingbesontgctipfads en the anker phriplesics tfeegof.e fhess nrthastspmaysbe
"precursor,.pads.’. .These.|lower sections or precursor pads are positioned so
as to alig% mfﬁﬂ“%ﬁ?ﬁé@%%ﬁﬂ?‘@ sem conduct or devi ces when the sem conduct or

substrate is securad ah@x&rh?le,sﬁ%fei' bEbhbr lafpélasile atisstrate Gy aigl asludli€l of
redistribution |ayers are fornmed over the sem conductor devices 15 by use
of known pr oc&Bieandurtas dewises, iddyis refprred otherain aea “sepugondyeat sibsrte” . whah

bond pads an fr S d A y of
thosem condudt S iR BB AR, B UBBET sARE TRE cihekf B B AT NS
under fabri caldwmst contaet gad sectinsdehidlp perreferred toizeinwh i ‘olveasetipas’ for oned

adj acent to the active surface_of the _sem conductor devjce, the upper
sections My SIICHE qrdar?ﬁélasoamﬁhFW&,t“ﬁ%ﬂ%{ﬁqu@aﬂu f9rheBin a9 (PreRESF @8t r i but i on
| ayer, with alrnbgdsheS@BRolor pR&FF fillstard p@ARRMCES SO dign WAL QIEFRANT N9
upper sections. The Fnsu %tfg aﬁﬁbrggkégrﬁghtign %ayefggﬁay be forrregfg

ei t her bef or e samicafiduetortdeeiceewhenihd sehimonduchs tsnladtmte is seameed todhd sactifieial
sacrificial substrate. Once the insulative and redistribution |ayers have
been formed af Spﬁ@'seniconducpor substrate has been secured to the
sacrificial substr ais@iativhand REIABG I Bfers 2O fEHREH 608 tBE Serdicoh®REr dedictd al |y
severed fromone another. If the sacrificial substrate includes |ower
sections &5 comnuacef lmena precashess dheresulis awrireNip rsees taat coomynicategyith borges  or
gr ZELI ggre) pg](cj g%é]seanldoe%ernd%%% 1R2%ond Iledsttr(}\?varscf1 't {ﬁecdu e!r p%Hp etrgl B e ncl udes

semiconductor device. If the contact pads of the chip-scale package under fabrication

are to include upper sections, which are positioned adjacent to the active surface of the
semiconductor device, the upper sections may also be formed during the fabrication of
20  the redistribution layer, with at least some of the circuit traces extending to
corresponding upper sections. The insulative and redistribution layers may be formed
| either before or after the semiconductor substrate is secured to the sacrificial substrate.
Once the insulative and redistribution layers have been formed and the -
semiconductor substrate has been secured to the sacrificial substrate, the semiconductor
25  devices are at least partially severed from one another. If the sacrificial substrate
includes lower sections of contact pads, such severing may expose portions (e.g., edges
or a surface) of the lower sections. If the sacrificial substrate includes precursor pads
thereon, such severing may sever the precursor pads or expose a surface thereof.
Next, the exposed, outer peripheral edges of the semiconductor devices are
30 coated with an electrically insulative material. Such coating may be followed by a
second cut. The result is a peripheral dielectric coating on each peripheral edge of each

semiconductor device. At this point in the packaging process, the semiconductor




t hereon, such severing may sever the precursor pads or expose a surface

t hereof. Next, the exposed, outer peripheral edges of the sem conductor
devices are 30 coated with an electrically insulative material. Such
coating may be followed by a second cut. The result is a peripheral
dielectric coating on each peripheral edge.of each sem conductor device. At
this point in the packaging process, the 'S%Fn' conductor 5 devices that are
carried by the sem conductor substrate are substantially separated from one
another and ap&;f&liatiahe &{rﬂ@c?b&f £l MBS ndR (R NG AR Q@%u@an‘ﬁﬁﬂ Mpatdié from
sacrificial substrate. |In addition, the outer e ges of any Y oRer sections
of contact padse arotherangoasedetld i pflmehelptve foloae ahotlerddyewiy oftthe satrifieial i s
subsequently cqated with.a | ayer of = conductive material.. The conductive
material is t RGBSt i pdfition. &hor sk odaes Py %?raspwnspge%@ape &ct pads o
peripheral segfifpg thereof. O course, if the contact pads of the '
chi p-scal e package i nclude upper or |ower sections, such patterning is

ef fected such t haBatthperjpheiapthieleatricawetingis sobsequanily coated stithpddyar@fmuni cat es

with its corresppndin Q er or_ lL.ower section. her eaf t.er,  the.
sacrificial stpvurayereenabiibeaivyi ahtelin BoRiErsi ® LibuRt Brwhesplbh any
| ower sect i onfocafed ¢ORtbAGIadPBlSeriphBRI Sici8nd therlbOBE codbse! HFEhS@mkdct padsf the
substrate is renoved, the chip-scal e packages that have been fornmed are

ful ly separ at eéip-scale ppenge smedideaipperias lpwen seetiofsnjueh natternise iteffdctadssuchat * are
to be package L: 1.5S1 | kagi process
may i 1 or oodb ARl PherIRRRln feactf ok Bl Conbiniitoned R ARRORARUREOG o
the presend i apsdtior dswertsb®iodensi ng or emi ssion areas on the active surfaces

of such sem conductor devices are protected prior to both the_ singulation
of the seni conduct dhergalisre®s sperifieial srbsiittsrinasmayied fompthesemisauduaiom of 20

dielectri | ' ] : ' I Inf:d
O:Ofi g; | l“yc {”rigﬁ(%"t)%ire,eﬁztﬁh}ﬁﬁ\? vl @G RAL o?@dﬂtéé@ﬁ%cﬁ“r&ﬁ&nﬁ%‘éh@?&%e. WR ROdIchigE an

d 1's placed over sens em ssi on area

fol | ow ng t hestlstmetis cmofed, the clagtssile iphelapenthhtehase bednuforped ae folby saphatatalg
into the dielectric material between adjacent sem conductor devices to form
the peri pher affo8} ¥1%APME coatings on the peripheral edges of the

sei condugs or _devi gehe sEhRButordcRES thid it f bd BRAgek BolriGREES: Lhe 25

optically transparent |ids and above other |ocations o e sem conduct or

devi ces but emission devices, the packaging process may differ somewhat. In particular, in other

embodiments of the method of the present invention, the sensing or emission areas on
the active surfaces of such semiconductor devices are protected prior to both the
singulation of the semiconductor devices from one another and the introduction of

20  dielectric material between adjacent semiconductor devices. In addition, an optically
transparent lid is placed over each sensing or emission area following the formation of
a redistribution layer, but prior to cutting into the dielectric material between adjacent
semiconductor devices to form the peripheral dielectric coatings on the peripheral
edges of the semiconductor devices. Finally, a sacrificial layer is formed over the

25  optically transparent lids and above other locations of the semiconductor devices but
not on the peripheral dielectric coatings prior to the formation of a conductive layer
over these structures. As such, conductive material may be removed from desired
locations, such as the optically transparent lids and other locations over the active
surfaces of the semiconductor devices, by known “lift-off” techniques, while remaining

30  on the peripheral dielectric coatings.




not on the peripheral dielectric coatings prior to the formation of a
conductive | ayer over these structures. As such, conductive nmaterial nay be
renoved fromdesired |ocations, such as the optically transparent |ids and
ot her locations over the active surfaces of the sem conductor devices, by
known "lift-off' techniques, while remainigg 30 on the peripheral dielectric
coatings. 6 O course, sem conductor device assenblies and el ectronic

devi ces which include such- -chip-scale packages, as well as nethods for
form ng such assenbfceasgnemicehdatiorateyive deseinbiiss aralr decaloaiw devices whtdhe scope

of the present ent| her feature and es of sent
i nvention wil fnc aﬁbat%l%t’awe%aw%%@ Hft ﬁ\{%'ﬁ%ﬁ “%ﬁ(?‘tckl a?%‘?

through consi Ql%&t%rh@ﬂe\%est a8 aaes;nuﬁlgﬂfé%é&gé d}{th@;%esén'f'ﬁweﬁ‘tﬁﬁp mpanyi ng
drawi ngs, and the appended clai ns. BRI EF DESCRIPTI ON OF DRAWNGS I n the

dr awi ngs, whl ch depithsr fmmaﬁvembg@lqtﬁhﬁtmemt inaentopmswidiheecoms apparmttéo 10

t FI.G t f I t
D “ohi p- schl ot REgrumay vl iSeB&riBheh amldetiion ai e B Gt 98iclipfon. the "
Cross-secti Onaéo%hﬁianﬁhgﬂ&vhhgbea&l%e%ﬁpéﬂd@cﬂnmd:l Gs. 3 through 14 are

cross-sectional representations of an exenplary nethod 15 for formng the
chi p-scal e package shown in FIGs. 1 and 2; FIGs. 4A through 9A are

cross-sectional representati Iﬁﬁ\g t he net hod depi cted
in FIG. 4 through 14; FIG %gmlE? perdggle |veb€|tﬁew 0 gr%ot her exenpl ary

enbodi ment of chi pistheldeawings kvbieh ddpadt ekétaplagsntRIGERABO6T Rifiout Bdpetiy o€ the
sem conductor devi ce, as well as castellated 20 contact pads positioned

about t hel®ut E?es‘ﬁgr“i“@%?%‘ thereof; FIG 16 is a cross section taken al ong
line 16-16 of FIG pig§; lhf: Ia%rspt]:gtnlehﬁ&k'ghalggx ﬁr?e%ibpaﬂf% scale Baﬁkage

representations that show an“exenplary proc s orm ng c
packages of t mathtopgtellated cuttachpads;i n FI Gs. 15 and 16 FIG 29 is a

cross-sectional re sentation of a variation of t hi p-scale 25 package
shown in FIG 15, ﬁtgﬁﬂséﬁ’r‘éﬁﬁ 56 qncté]ﬁnyal‘?lt%alﬂf%ran‘?ﬁédti s di sposed over a

sensi ng/ eni ssi on apegs. ofthidigh 8 WLBLUREMna PRV Gtk H8s cehAE S Rensgges;
15  for forming the chip-scale package shown in FIGs. 1 and 2;
FIGs. 4A through 9A are cross-sectional representations showing a variation of
the method depicted in FIGs. 4 through 14;
FIG. 15 is perspective view of another exemplary embodiment of chip-scale
package that includes a sensor/emitter-type semiconductor device, as well as castellated
20  contact pads positioned about the outer periphery thereof;,
FIG. 16 is a cross-section taken along line 16—16 of FIG. 15;
FIGs. 17 through 28 are cross-sectional representations that show an exemplary
process for forming chip-scale packages of the type illustrated in FIGs. 15 and 16;
FIG. 29 is a cross-sectional representation of a variation of the chip-scale
25  package shown in FIG. 15, in which an optically transparent lid is disposed over a
sensing/emission area of the semiconductor device includes chamfered edges;
FIGs. 30 throngh 35 are cross-sectional representations that depict exemplary
processes that may be used in the formation of chip-scale packages of the type shown
in FIG. 29;
30 FIGs. 36 through 40 are cross-sectional representations illustrating various

manners in which a chip-scale package according to the present invention may be




FI Gs. 30 through 35 are cross-sectional representations that depict

exenpl ary processes that may be used in the formati on of chip-scale
packages of the type showmmn in FIG 29; 30 FIGs. 36 through 40 are
cross-sectional representations illustrating various manners in which a
chi p-scal e package according to the presem_invention may be 7 electrically
connected to anot her sem conduct or devi ce conponent or other electronic
component; FIG 41 is a side view depicting an exenplary stacked assenbl y

t hat i ncl udeselegtficltyscctinectpdfkagtr eRieskiud@r HevitdCori@eaIr dttitt @Rkirofic 5
FIG 42 is a cross-sectional representation of an exenplary packaged

chi p-scal e pmﬁg@%f t he present invention, which includes a chip-scale
package, a circuit R‘*P c}qsasﬂfe Vit it Lére{n’&eﬁqpﬁlrf&Q&%ﬁtahs%ﬁlbﬁ%%%gﬂuﬂésthe

chi p-scal e package an encapsu an mat e over t I p-ScC
package; and ahﬁscﬂapa&agemendmgtotheammemvaﬁum of a multi-chip nodule .

that includes 10 seve sem conduct or devices, including chi p-scal e
package that incorp H;’é{ a CrosgeeRingal represeniation of am £xg %Wtﬂaglfﬁge@E@P
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5 package 10 t I ncor por tes t'eachi ngs of the
present inve nformccqn;ﬁgdnmg theednneClioppateal of thp abipasgele package) andew eacapsulant
sem conductor v1 %1‘1 .redistr butl on | ayer 20 over an active surface
13 t her eof , ?‘éei’f S%aéeP 8% %end fromredistribution |ayer 20,

around an OUt er DPIG}llfbeifs%'scl%ﬂﬁc%@pré@h&ﬁoﬁ%f@H&ﬂch@ h&fuld thafificluded er
periphery 15") of seni conductor device 12, and onto back side 14 of

seni condut® or sevetal gemirpndurtorAlsEisesd inediding @eltin-sedn p@quag?)ﬁ@t BooIpaatesdes an

upper section A ion 34, and a | ower section 36 (see FIG
2). As cont ac%e% hlag %B%Breg ngcla‘%g%adj acent to an outer peripheral edge 15

of sem conductor device 12 and, thus, at an outer peripheral edge 15" of

chi p-scal e package 10, the art chj p-scal e package 10 with a somewhat
casbel | at ed” appear ance L MOTES FaR-CAREY NG SRS svNaREIoNs

oot Con g SO0 oA ST PO P 0
al ong a céeht ephdkage 10 that icerpoeatestsadhings of the present invention is depicted. Chip-scale
package 10 includes a semiconductor device 12, a redistribution layer 20 over an active
surface 13 thereof, and contact pads 30 that extend from redistribution layer 20, around
an outer peripheral edge 15 (also referred to herein as “outer periphery 15”) of
semiconductor device 12, and onto a back side 14 of semiconductor device 12.

20  Accordingly, each contact pad 30 includes an upper section 32, a peripheral section 34,
and a lower section 36 (see FIG. 2). As contact pads 30 are located adjacent to an outer
peripheral edge 15 of semiconductor device 12 and, thus, at an outer peripheral edge

| 15’ of chip-scale package 10, they impart chip-scale package 10 with a somewhat
castellated appearance and, thus, are also referred to herein as “castellated contacts”.

25 Semiconductor device 12 includes bond pads 16 on active surface 13 thereof.
Bond pads 16 are arranged substantially linearly along a centerline 17 of semiconductor
device 12, although semiconductor devices with other bond pad arrangements, or
“footprints”, may also be used in chip-scale packages that incorporate teachings of the
present invention.

30 By way of example only, semiconductor device 12 may comprise a memory
device, such as a dynamic random access memory (DRAM), a static random access

memory (SRAM), a programmable memory (PROM), an electrically erasable




device 12, al though sem conductor devices with other bond pad arrangenents,
or "footprints", may al so be used in chip-scal e packages that incorporate
teachings of the present invention. 30 By way of exanple only,

sem conductor device 12 may conprise a nenory device, such as a dynam c
random access nenory (DRAM), a static randgm access nenory (SRAM, a
programmabl e nenory (PROM), an electrically erasable 8 progranmabl e nenory
(EEPROVM), or the like. As another exanple, sem conductor device 12 may
conpri se a sopgtdngdablenenopy (KERROM), arthé like r Acanithed lekanple, sendeaidactbr i ¢
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Redi stri bution S a pluraltty of circuit
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Redistribution layer 20 includes a plurality of circuits 22. Each circuit 22

- communicates with a corresponding bond pad 16 of semiconductor device 12 and
extends laterally to and communicates with a corresponding contact pad 30, adjacent to
20  outer periphery 15 of semiconductor device 12.

Additionally, chip-scale package 10 may include a protective layer 40 over
redistribution layer 20. Like dielectric layer 18, protective layer 40 comprises a
material which is electrically insulative and which may prevent alpha particles from
penetrating through to the underlying semiconductor device 12.

25 Turning now to FIGs. 3 through 14, an exemplary embodiment of a method for
fabricating chip-scale package 10 is shown.

In FIG. 3, at least one semiconductor device 12 is provided. As shown, a
semiconductor substrate 11 on which a plurality of semiconductor devices 12
(semiconductor devices 12a, 12b being shown) are carried may be provided. By way of

30 example only, semiconductor substrate 11 may comprise a full or partial wafer of
- semiconductive material (e.g., silicon, gallium arsenide, indium phosphide, etc.), a

so-called silicon-on-insulator (SOI) type substrate (e.g., silicon-on-ceramic (SOC),




25 Turning nowto FIGs. 3 through 14, an exenplary enbodi nrent of a nethod
for fabricating chip-scale package 10 is shown. In FIG 3, at |east one

sem conductor device 12 is provided. As shown, a sem conductor substrate 11
on which a plurality of sem conductor devices 12 (sem conductor devices
12a, 12b being shown) are carried may be pgovided. By way of 30 exanple
only, sem conductor substrate 11 may conprise a full or partial wafer of

sem conductive material (e.g., silicon, gallium arsenide, indium phosphide,
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el ectrolytic g %,) ctrole rbéﬁlatlng, i mrersion plating, or 15 the
li ke. Dependi N ﬁcﬁ)él YENSHETHY ¢ echni que(s) that is (are) used, as well

as the order of dEE&Sédﬂdﬁ&nﬁUtﬁ@t@ﬁ:ﬂQ@yer @ﬂﬁlb@[yeﬂﬁﬂa? bs w&h@my&n@wnwsses
precursor pad 36' may be patterned, known in the art (e.g by use of

mask and et chsyrhasdynagor njose omafmalevapor depasitignél B (e- g;mmﬁyrémg)o@hemw
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processes. As another exanple, if multip bl ayers .of conductive materi al
are formed byrdoypf deposiion preseasssope Obﬁ’tof%ﬁ' wsrsrﬁfaﬁwrésafr%tpée éom%?

precursor padfﬁa@é}he(ﬂfag fhown in the art (e.g, by use of mask and etch processes). For example,
if a lowermost sublayer of conductive material is formed by PVD or CVD processes,
that sublayer may be patterned prior to the formation of additional sublayers of*

20  conductive material thereover by electrolytic, electroless, or immersion plating
processes. As another example, if multiple sublayers of conductive material are formed
by PVD or CVD processes, patterning may be effected to form precursor pads 36’ after
all of the sublayers have been formed or following each set of consecutive PVD or
CVD processes.

25 In the depicted example, a centerline 37 through each precursor pad 36’ is
aligned between adjacent semiconductor devices 12a and 12b carried by semiconductor
substrate 11 (i.e., with a scribe line S, or “street”, thereof). Accordingly, half 36a’ of
precursor pad 36’ will be located beneath and positioned adjacent to an outer periphery
15a of a first semiconductor device 12a, while the other half 36b’ of precursor pad 36’

30  will be positioned beneath and adjacent to an outer periphery 15b of an adjacent

semiconductor device 12b.




all of the sublayers have been forned or follow ng each set of consecutive
PVD or CVD processes. 25 In the depicted exanple, a centerline 37 through
each precursor pad 36' is aligned between adjacent sem conductor devices
12a and 12b carried by sem conductor substrate 11 (i.e., with a scribe line
S, or "street", thereof). Accordingly, halfy36a" of precursor pad 36" will
be | ocated beneath and positioned adjacent to an outer periphery 15a of a
first sem conductor device 12a, while the other half 36b" of precursor pad

36' 30 will be posiAlfeaRadldoRaabin MHEIG A GeRtetd RwWaPsRUbAY 3daehdRBBLY 15b of
an adj acent sem conductor device 12b. 16 Al ternatlvelé as shown in FIG

4A, discrete Fewegt padel) GHSs.Ieandaianass peformehensurfasads of sactificias substraied 2)

may be prefor I 52: I ficial S te 50,..as wn in the
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ensuring 1 haBOoRmgs PEuiada 2 larges synfacgiasen thamthatrerovided by squ 68, [eNSYFiige

adequat e el eciy. . ' | 36D,

Addi tional Iy, ik §se Rl lbrich@d SRt i aﬁ%%%*lh%&%@%ﬁ%ﬁ?@?tgﬁ%g@gt 37
may facilitat e dibaekdowatsectivnsf3oa hng36ls al ddifandtiygdiscré loyéd destiords 3®adnd) from
sem conduct or uBstr te 1% éFISZ 3) hh r I?.tive,ly narrow 10 streets S. O
course, di scréglé ¥ TG e48%s H%aé‘m%i Htesdp Iopmationd gl chindcale gakags W e

al so within Fgﬁcﬁpf’ﬁﬁ‘d 9f fréf Semic®RGtior AP (FLS. ﬁmtﬁﬁ&ﬁvug hah&% S and
5A, a back side 14" of 'sem conductor substrate 11, Ich 1s Conmmon to back

sides 14 00 t bzcetePi Of nowrse, discrbtelopesediRctidrst3bannd 36l with dqimyed ednes 3dactuct or

substrate 11, #Egﬁﬁ%@%oned j acent . to sturface 52 of sacrificial substrate
15 50. Wen sé& SPORS S 404 BEENE Ve, g ¢ i oned in this manner,

sem conductor  deviAgeRpitRdih FIhs. 3TMJGHN, hitack §iBe 1LY séhRoAduEIadbMatd1 1,
correspondi ng precursor pads 36' (FIG 5) or between corresponding discrete

| ower sect i on&vhddes cgmmopite backsijesdd of dher femdeondpctor deyigss il  itlit ate camest byat e
50. Sem conducgt or bstr 1 and sacrifiecial substra 0] . pe . secured
to one 20 ang%rﬁlé:f)l?&ué;zorl?ﬁ%&vﬁ%q 1n1’ %Osglro .e(fl ﬁ\gjB%eﬁlafonsénftgﬁee%fo%ﬁcﬁéaﬁ%bﬁtgagﬁ to
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sacrificial s l(ig\figersabewl?igh arAeCc%?rriecili thgrlegy’f are aligned with corresponding precursor pads 36’
(FIG. 5) or between corresponding discrete lower sections 36a, 36b (FIG. 5A) on
surface 52 of sacrificial substrate 50.

Semiconductor substrate 11 and sacrificial substrate S0 may be secured to one

20  another, as known in the art. A bonding agent 54 may be used to bond back side 14’ of
semiconductor substrate 11 to surface 52 of sacrificial substrate 50. Accordingly,
bonding agent 54 may be applied to back side 14', to surface 52, or to both back side
14" and surface 52. By way of example only, known spin-on, spray-on, screen printing,
and other application techniques may be used to apply bonding agent 54.

25 . Bonding agent 54 may comprise an electrically insulative material. Thus,
bonding agent 54 may subsequently form a dielectric layer on back side 14 of
semiconductor device 12 of the resrllting chip-scale package 10, as well as electrically
isolate precursor pads 36’ from back side 14 of each semiconductor device 12.
Additionally, it is currently preferred that the adhesive material which is employed

30 comprise a material that will apply little or no stress to semiconductor substrate 11 and
sacrificial substrate 50, or “low stress” material, thereby reducing the likelihood that

either semiconductor substrate 11 or sacrificial substrate 50 will be damaged as




bondi ng agent 54 nmay be applied to back side 14', to surface 52, or to both
back side 14' and surface 52. By way of exanple only, known spin-on,
spray-on, screen printing, and other application techniques my be used to
apply bondi ng agent 54. 25 Bondi ng agent 54 may conprise an electrically
insulative material. Thus, bonding agent 34 may subsequently forma
dielectric |layer on back side 14 of sem conductor device 12 of the

resul ting chip-scal e package 10, as well as electrically isolate precursor
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the scope of the present invention, a wafer saw of a known type may be employed. Of

course, other known separation techniques (e.g., laser cutting or machining techniques,
20  mask and etch processes, etc.) may also be employed. Laser cutting processes are
particularly useful when strict control over the width and depth of cut lines 56 is
desired, such as when semiconductor substrate 11 includes narrow streets S between
adjacent semiconductor devices 12. The partial separation results in cut lines 56. Cut
lines 56 may extend a depth which is substantially the same as the thickness of
25  semiconductor substrate 11. As depicted, cut lines 56 do not extend completely
through precursor pads 36'.
Subsequently, as shown in FIGs. 7 and 7A, a dielectric layer 18', which
_ comprises electrically insulative material, is disposed on semiconductor substrate 11
and substantially fills cut lines 56. The electrically insulative material of dielectric
30 layer 18' may, by way of example 6nly, comprise a polymer, such as a photoimageable

material (e.g., photoresist, photoimageable polyimide, etc.). If such a polymer is used,




20 mask and etch processes, etc.) may al so be enployed. Laser cutting
processes are particularly useful when strict control over the wdth and
depth of cut lines 56 is desired, such as when sem conductor substrate 11

i ncludes narrow streets S between adjacent sem conductor devices 12. The
partial separation results in cut lines 562-Cut lines 56 may extend a depth
which is substantially the sanme as the thickness of 25 sem conduct or
substrate 11. As depict.e cut, lines 56 do no xtend conpletely  through
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in FIG. 9 and 9A, cut lines 58 are fornmed between adj acent
etch processes may be used).
As shown in FIGs. 9 and 9A, cut lines 58 are formed between adjacent
semiconductor devices 12a, 12b. Like cut lines 56 (FIG. 6), cut lines 58 may be formed
20 by use of a wafer saw, laser cutting or machining techinques, mask and etch processes,
or otherwise, as known in the art and suitable for use with the type of material from
which dielectric layer 18' is formed. Again, the use of laser cutting techniques is
particularly desirable when the formation of relatively narrow cut lines 58 of particular
depth is desired. Cut lines 58, which are thinner or narrower than cut lines 56, extend
25  through the electrically insulative material of dielectric layer 18’, which is located
between adjacent semiconductor devices 12a and 12b, leaving a peripheral dielectric
coating 60 of the electrically insulative material on outer periphery 15a, 15b of
semiconductor devices 12a and 12b. Also, cut lines 58 extend into and substantially
through precursor pads 36’ exposing at least one edge 38 of the resulting lower section
30 36 of contact pad 30 (FIGs. 1 and 2). It is currently preferred that, to optimize the

- robustness of the process described herein, particularly when sacrificial substrate 50

comprises a relatively weak material or when different temperature profiles are used to




sem conduct or devices 12a, 12b. Like cut lines 56 (FIG 6), cut lines 58 may
be formed 20 by use of a wafer saw, |aser cutting or machining techinques,
mask and etch processes, or otherwi se, as known in the art and suitable for
use with the type of material from which dielectric layer 18 is forned.
Again, the use of laser cutting techniquesi3i-s particularly desirable when
the formation of relatively narrow cut lines 58 of particular depth is
desired. Cut lines 58, which are thinner or narrower than cut |ines 56,
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FIG. 11 illustrates patterning of conductive layer 62 to form circuits 22 of
20  redistribution layer 20 (FIGs. 1 and 2), as well as contact pads 30. Known processes,
such as mask and etch techniques, may be used to form circuits 22 and upper sections
32 of contact pads 30. Additionally, when conductive layer 62 is patterned, peripheral
sections 34 are formed that communicate with upper sections 32 of the corresponding
contact pads 30, as well as with lower sections 36 thereof. Upper sections 32 and their
25  corresponding lower sections 36 may be located at substantially the same positions on
opposite surfaces (i.e., active surface 13 and back side 14, respectively) of
semiconductor device 12.
Once redistribution layer 20 has been formed, a protective layer 40 may be
formed over redistribution layer 20 of each semiconductor device 12a, 12b, as shown in
30 FIG. 12. Protective layer 40 is formed by applying a layer 40’ of electrically insulative
material over semiconductor substrate 11. The electrically insulative material of layer

40' may, by way of example only, comprise a polymer, such as a photoimageable




processes, may be used to form subsequent subl ayers (not shown) of
conductive layer 62. FIG | i illustrates patterning of conductive |ayer 62
to formcircuits 22 of 20 redistributioon layer 20 (FIGs. 1 and 2), as well
as contact pads 30. Known processes, such as mask and etch techni ques, may
be used to formcircuits 22 and upper sectigans 32 of contact pads 30.

Addi tionally, when conductive |layer 62 is patterned, peripheral sections 34
are formed that communi cate with upper sections 32 of the correspondi ng
contact pads Bolynes(eng) 4 plactoimdghablopalyinsidetphottgesid, dtihipr Eabtich 4 jpgemesBct i ons
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redistribution layer 20 has been forned, a protective |ayer
formed over redi st Siibutfening tayds. 1) upperaad pespheral sectiont 32 andd4 ofcobat 12D,
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conprise a polynmer, such as a photoi nageab -14 polyner (e.g., a
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may be applied to sem conductor . substrat.e J11..by known prqcesses, such as by
spi n-on techngat?’é%o,se Oeano%ppé()p&](%et‘g?veﬁ) ngh’e?flrg%l?%%rhmgirl}nﬁﬁeﬁén F6tesses, or the
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contact 5 pads 30 are exposed t rog\a;} | ayer 40'. When layer 40" is_fornmed
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or positive tone resist, nay be exposed to radiation of an approp
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and, thus, uncured. regjons of . the photoresist are,renoved to expose contact
pads 30. O c mﬂte‘g&l eﬁngioa/ﬁ(ifr}?&bet%?ﬂa Of&KpOse contact pads 36?e.g., if the material of layer

40' comprises a silicon oxide, mask and etch processes may be used).
With reference to FIG. 13, one or more layers of UBM or BLM may be formed,
as known in the art (e.g., by electrolytic, electroless, or immersion plating techniques),
20  on exposed portions of each contact pad 30 (i.e., upper section 32 and peripheral
section 34). Such UBM or BLM will prevent the material of contact pads 30 from
oxidizing and facilitate adhesion of intermediate conductive elements, such as bond
wires, solder bumps, or the like, thereto. When such processes are conducted, the
sections of contact pads 30 that are coated in this manner may be recessed beneath the
25  outer surface of protective layer 40, extend substantially therethrough, or protrude
therefrom. If UBM or BLM is formed on any section of contact pads 30, such a
coating may be formed before or after the formation of protective layer 40.
When fabrication of the elements of each chip-scale package 10 has been
completed, adjacent chip-scale packages 10a, 10b, etc., may be separated, or singulated,
30 from one another by known processes. As shown, semiconductor substrate 11 has
already been severed to partially physically separate adjacent semiconductor devices

12a and 12b from one another. Accordingly, semiconductor devices 12a and 12b may




15 material is used to formlayer 40', techniques that are appropriate for
use of the type of material enployed may be used to expose contact pads 30
(e.qg., if the material of layer 40" conprises a silicon oxide, nmask and
etch processes may be used). Wth reference to FIG 13, one or nore |ayers
of UBM or BLM nmay be fornmed, as known iqlghe art (e.g., by electrolytic,

el ectroless, or imersion plating techniqués), 20 on exposed portions of
each contact pad 30 (i.e., upper section 32 and peripheral section 34). Such
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which is exposed to an active surface 113 thereof. Additionally, to protect
sensing/emission area 170, chip-scale package 110 includes an optically transparent
20  lid 172 over at least a portion of sensing/emission area or region 170. Semiconductor
device 112 also includes bond pads 116 on active surface 113 thereof, positioned
between sensing/emission area 170 and outer peripheral edge 115 (also referred to as
“outer periphery 115”).
Chip-scale package 110 further includes a redistribution layer 120 over active
25  surface 113 of semiconductor device 112, as well as contact pads 130 that extend from
redistribution layer 120, around the outer peripheral edge 115 of semiconductor
device 112, and onto a back side 114 of semiconductor device 112. Accordingly, each
~contact pad 130 includes an upper section 132, a peripheral section 134, and a lower
section 136 (see FIG. 16). Contact pads 130 are referred to herein as “castellated
30 contacts” since they are located adjacent to an outer peripheral edge 115 of

semiconductor device 112 and, thus, at an outer peripheral edge 115 of chip-scale




teachings of the present invention is depicted in FIGs. 15 and 16.

Chi p-scal e package 110 includes a sensor-type sem conductor device 112, such
as a CCD or other 15 photocell, or a display-type device, such as an LED, a
field em ssion device, or anot her eni ssi qn devi ce. Accordi ngly,

semi conduct or device 112 includes a sensi'i§/eni ssion area 170 ~which is
exposed to an active surface 113 thereof. Additionally to protect
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region 170. Sgppeamneéict or deV| ce 112 aI so includes bond pads 116 on active
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sem conduct or devi c 1 n ter i d 11
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t hereof , may contrl ute to acterl cs ther eof s that are
suitabl e for Redisathutiorlayet t2cmhypyiso idchileiaytimabty, oflvirtuity E22rthat elxtemidtfeain t o
| bond pads 116 to upper portions 132 of corresponding contact pads 130.
Chip-scale package 110 may also include a protective layer (not shown) over
redistribution layer 120. The protective layer comprises a material which is electrically
20  insulative and which may prevent alpha particles from penetrating through to the
underlying semiconductor device 112.
FIGs. 17 through 28 depict an exemplary process for packaging semiconductor
devices 112 and, thus, for forming chip-scale packages 110 including the same.
As illustrated in FIG. 17, a semiconductor substrate 111 is provided. By way of
25  example only, semiconductor substrate 111 may comprise a full or partial wafer of
semiconductive material, an SOI-type substrate, or a single-device or multiple-device
section of any of the foregoing substrates.
With reference to FIG. 18, a temporary protective layer 180 may be formed
over sensing/emission region 170 of each semiconductor device 112. Temporary
30 protective layer 180 may prevent contamination of sensing/emission region 170 while
processes that must be conducted prior to the placement of an optically transparent lid
172 (FIGs. 15 and 16) thereover are effected.




pol yi m des, silicon oxides, silicon nitrides, silicon oxynitrides, and the
| i ke. Bond pads 116 of sem conductor device 112 are exposed through
dielectric layer 118 by way of apertures 119 forned therethrough. 15

Redi stribution layer 120 includes upper se]%tions 132 of contact pads 130.
Redi stribution |ayer 120 may al so include d plurality of circuits 122 that
extend from bond pads 116 to upper portions 132 of correspondi ng contact
ads 130. Chi p-scale package, 110 so include rqt.ective | ayer (not
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sem conduct or substrate I'S secure
with surface 52, with semiconductor devices 112 that are carried by semiconductor

substrate 111 in alignment over corresponding portions of precursor pads 136'.
Once semiconductor substrate 111 and sacrificial substrate 50 have been
secured to one another, adjacent semiconductor devices 112 are partially separated
20  from one another, or singulated, along a street or scribe line S therebetween, as
depicted in FIG. 19. Such separation or singulation may be effected as known in the
art. By way of example and not to limit the scope of the present invention, a wafer saw
of a known type may be employed. Of course, other known separation techniques (e.g.,
mask and etch processes, laser machining techniques, etc.) may also be employed. The
25  partial separation results in cut lines 156, which may extend a depth which is
substantially the same as the thickness of semiconductor substrate 111.
With reference to FIG. 20, a dielectric layer 118’, which comprises electrically
insulative material, is applied to or formed on semiconductor substrate 111 in such a
way as to substantially fill cut lines 156. The electrically insulative material of
30  dielectric layer 118’ will withstand processes (e.g., resist strip processes) that are to be
~subsequently employed to remove the material of temporary protective layer 180. By

way of example only, dielectric layer 118’ may comprise a polymer, such as a




10 substrate 50, such as that shown in FIG 4. In particular, a bonding
agent 54 of a known type, as described in reference to FIG 5, nay be
applied to a surface 52 of sacrificial substrate 5 0, a back side 114" of
sem conductor substrate 111, or both. The bonding agent 54 is applied in
such a way (e.g., in a quantity) that wlligelectrically isolate precursor
pads 136' on surface 52 of sacrificial substrate 50 from back side 114' 15
of sem conductor substrate 111. Back side 114' is positioned adjacent to and
in contact wphdtosuagealde nﬁtteﬁi,al(/dghph)damrbsismphmoinmgemﬂd pagindid® etdatlf swoh a
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sem conduct or
plating, and immersion plating processes, may be used to form the remaining sublayers.

Referring now to FIG. 22, conductive layer 162 may be patterned to form upper

20  precursor pads 132', which are precursors to upper sections 132 of contact pads 130
(FIGs. 15 and 16), that extend across the boundary between adjacent semiconductor
devices 112a and 112b. As an alternative, depicted in FIG. 22A, conductive layer 162
may be patterned to form discrete upper sections 132 of contact pads 130, with a
peripheral edge 133 of each upper section 132 being located substantially directly

25  above and extending along substantially the same plane as outer periphery 115 of its
corresponding semiconductor device 112. In addition, as shown in both FIG. 22 and in
FIG. 22A, if bond pads 116 of semiconductor devices 112 are located on active surface
113 somewhat inwardly from outer periphery 115, circuits 122 may be formed so as to
extend laterally from the locations of bond pads 116 to their corresponding upper

30  precursor pads 132’ (FIG. 22) or upper sections 132 (FIG. 22A) of contact pads 130
(F1Gs. 15 and 16). Precursor pads 132, upper sections 132, and circuits 122, if any,

may be formed by known processes, such as mask and etch techniques.




device 112. Thus, bond pads 116 are exposed through apertures 119 of
dielectric layer 118 . Known processes, such as those nentioned above in
reference to FIG 8, may be 10 used to pattern dielectric |ayer 118 . Next,
a conductive |layer 162 is forned over dielectric layer 118 and in
apertures 119. Like conductive layer 62 (Hd¢a 10), conductive layer 162 nmay
include a single layer or a plurality of sublayers (not shown). |f
conductive layer 162 includes a single |ayer, known processes, such as PVD

or CVD processes, age bendustte lager 182MMad bedhmatiemier, teinpoRnphotdciivelayey €80 162
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any, may be fphsal@raly adhesive Lo sshewn, epfically Ganspaienblidi 1 &4’ apayiO¥Ba ques. 19
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180 and regi ectric layer remain t ereover
renoved t dSex radjaeertt hemictondllmtmdengses ez, hiZte By waypof exagipdnodlyJoptasllshown i n

From a phot or densiarei 1138 e PR s PRy daesatirdpi STutPRE RS 1 or use wi th
that type of @Qﬁﬁ&)ﬁ@l?dt&t subBtYatO €1 HS&QubRity of an optical grade adhesive 174 of a known
type may be applied to one or both of optically transparent lid 172’ and semiconductor
substrate 111 by known techniques, such as use of a dispense needle, screen printing,
20  spin-on processes, or the like. Once optically transparent lid 172’ has been properly
positioned over semiconductor substrate 111, optical grade adhesive 174 may cure or
be caused to cure, as known in the art and as appropriate for the type of material used
as optical grade adhesive 174.
As an alternative to securing a single optically transparent 1id 172’ over
25  semiconductor substrate 111, a plurality of individual optically transparent lids 172
may be positioned over sensing/emission area 170 of each semiconductor device 112
and secured to semiconductor device 112 with an optical grade adhesive 174, as known
in the art and as depicted in FIG. 24A.
Referring now to FIG. 25, cut lines 158 are formed along the streets between
30 adjacent semiconductor devices 112a and 112b. As depicted, each cut line 158 1s
aligned with a corresponding cut line 156 and is thinner, or narrower, than its

corresponding cut line 156. As such, a peripheral dielectric coating 160 of the material




substantially renove the sane. Depending on the type of material from which
tenporary protective layer 180 is fornmed, other, suitable processes (e.g.,
use of etchants, irradiation techniques, etc.) may be required to renove
the sane. O course, it is currently preferred that the renoval of tenporary
protective |ayer 180 be effected 10 wi thowyt. substantially renoving
dielectric layer 118 . Next, as shown in FIG 24, a preformed optically
transparent lid 172' nmay be positioned over sem conductor substrate 111 and
secur ed t her ebbdielettricdaypudd’iremaink onopter padipl@halies eftbaek betgicdntthctohdlesibown,

optically transpar lid 172 pluraljty of sem conductor
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transpar ent IPd 172" may have substantiall e sane at eral di nmensions as
senmi conduct or lipei b5 cmwempgr1phemhalge| 139 Otﬁfupml seqtoncldP of eadecoatoepadvi8013s of

a known or both tlcal ly t parent |id
172" and s m (Y,Vgﬂé‘ﬁ@F%P %h?ﬁ%‘i ﬁgz%ﬂﬂ’frwu%b%fto ]ﬁﬁ?rﬁﬁ%i’ éig@h as use of a
di spense needl e, SEuERAeIId Rmed By 8RiMANRe P& SCRHAASWar sal By ldske. Once
optically transparent |lid 172' has been properly positioned over

sem conduct or ablaben, rbé(teéChlllg].prOWWScetp ) gvladels aviitebid foe rerfavingithe cuateriaddof be

caused to cur 0 n & akt he t
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t
over sens ﬂ&g/ entieadly drangpasent 1idd 78fis @éﬁ‘éﬁnté@rﬁe@éﬁﬁ’@d%‘tt@fr subatyate b1 h heforegyg lisescur ed

to sem conduct jcﬂt?q; I known in
the art and as?%g%lef}:é{—;ﬁﬁi_ wﬁbfaﬁcg&#e%rqrsﬁ%ﬁﬁgﬂgg@ éﬁg%épm% Yl'ines 158
are forned al eagspabent Hd rlé@’tlﬁtobqﬂmhty oﬁﬁdmdjuak:@ﬁcalﬂ;}etrmspmféucmda;rl7dewnth©se 11
2a and | 12b. :

As elcted zﬁ utllne %fil aligned wt
~ correspondi ng °Btig2 hy!wsn%@t d 7R depngil OVGFe rSP’é‘%é’Pd“‘tt‘i’Fef’f?V}CFsllza 112b.
cor respondi ng cut WA i pSusdiGhhas @313%;;)1%@%@4 pdls §B6GHL hles&@ahé N9 160 of
the material -20 of diel'ectric l[ayer 118" tenuai ns on outer periphery 115 of
each sem ¢dHndirshoiqudéari foaming tulines|l 58 2iuldbiso be suitahle fooremiaving the adtgrial of
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severed during the formation of a cut line 158, they are bisected or otherwise split into
- upper sections 132a, 132b (collectively, upper sections 132) or lower sections 136a,
136b (collectively, lower sections 136) that are located on active surface 113 or back
20  side 114 of adjacent semiconductof devices 112a, 112D, respectively, with peripheral
edges 133, 137 being formed at each edge of that cut line 158.
As shown, each cut line 158 extends at least to surface 52 of sacrificial
substrate 50.
FIG. 26 depicts the disposal of a layer 163’ of sacrificial material over
25  semiconductor devices 112 (e.g., on optically transparent lids 172 and any other
structures that are exposed laterally beyond optically transparent lids 172). By way of
example and not by way of limitation, the sacrificial material of layer 163’ may
comprise a photoresist or another photoimageable material in an uncured state. Such a
material may be applied to optically transparent lids 172 and introduced into cut lines
30 158 by known processes, such as by spin-on techniques, use of a doctor blade, or the
- like. When a photoresist is used, known patterning processes (e.g., selective exposure

to radiation, then developing) may be used to selectively cure and form a sacrificial




| i ne 158 exposes a peripheral edge 133 of upper section 132 of each contact
pad 130, as 5 well as peripheral edge 137 of |ower section 136 of each
contact pad 130. Cut lines 158 are forned by a technique (e.g., with a wafer
saw, by laser ablation, by etching processes, etc.) which is suitable for
renmoving the material of dielectric |ayer118 and, if a single optically
transparent lid 172" has been enployed, for renoving the material of
optically transparent lid 172'. O course, if a single 10 optically
transparent | lageldlB3 from tiy wsardd photcimagableduattdal of ldyst 168’ e Unddretd @butioas ofit
lines 15 8 are formed, the formation of cut lines 1 resylts in the
severing of ofVFLHY gre thenreapyed fom S,eguqqlgluctpml@stgatgﬁEjfgﬁ-g{ ORJCUE HEfiSvi dual
optically transgpa | ; i 1 a : | A2
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precur sor padiaydSps3 isloqatedmyes samipadisictb8 evieasd 19y as dnes natlextend inte chirdingsie f or
form ng c% I:1;51 s 158 should al so be suitable for renoving the material of
such precufso %ads 132", 136'. O course, when precursor pads 132" or 136

are severed duri ngihftilely et wRirddlpodyhettwlit R nbbplbtoinld@¥aidé Mahbs asded or
otherwise split into wupper sections 132a, 132b (collectively, upper

sections 132) fam lapendi63s epucharmated@anayl i giplicd ovarselestoérsgionsofer sections 13

6) that are located, o tive face 113 .or. bac | j acent
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133, 137 bei ngiifhef @ dinad 15HCduchdgby Qée dfhdteet pinfingdechibues ARlestionteposigioh Cut
line 158 extends at |east to surface 52 of sacrificial substrate 50. FIG

26 depi ct $0t herasrsse&ad- Bf uss af aywe-dimgnsigyal. dalejef-fypsipamteih o thedikeode 25
sem conduct or ' : | | ; d an
other st r uct AREef iy e S miuci BRLA i e LS AOARBIENtb Siycb RET O
lids 172). By curyorodauseebtamples(egndyreapoduye tehean prassure,tradiaton off dneappeapriafel ci al
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processes, such as by spin-on techni ques, use of a doctor "blade, ©or the
| i ke. Weh5a [itrotedrtbaesteri Eikeseddudtivelayep btz @lGi 212), ponduetsedaydrd 64 may
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phot oi mageabl @yRbLCVH tetiinidik Saylfedised b Al dPebAduRH%e Rier 164 or a
lowermost sublayer thereof, while PVD, CVD, electrolytic plating, electroless plating,
or immersion plating processes may be used to form any sublayers of conductive layer
20 164 that are located over the lowermost sublayer thereof.
As depicted, conductive layer 164 overlies semiconductor devices 112a; 112b
(being located over optically transparent lids 172 that are disposed thereover), as well
as lines peripheral dielectric coatings 160, which form the lateral surfaces of each cut
line 158. Additionally, peripheral edges 133 of upper sections 132 of contact pads 130
25  (FIGs. 15 and 16) and edges 137 of lower sections 136 of contact pads 130, which are
located within cut lines 158, are contacted by portions 166 of conductive layer 164 that
are located within cut lines 158.
With reference to FIG. 27, sacrificial layer 163 (FIG. 26) may be removed by
processes that are suitable for use with the material thereof. The portions 165 (FIG. 26)
30  of conductive layer 164 (FIG. 26) that overlie sacrificial layer 163 are “lifted-off” by
the process or processes that are used to remove sacrificial layer 163. As a nonlimiting

example, if sacrificial layer 163 comprises a photoresist material, a resist strip which is




| ayer 163" are then renoved from sem conductor substrate 111 (e.g., from cut
lines 158), as known in the art (e.g, by known cl eani ng processes). As
depicted, sacrificial layer 163 is |ocated over sem conductor devices 112,
but does not extend into cut lines 5 158. Alternatively, an uncured polyrrer
whi ch is not photoi mageabl e may be used to22formlayer 163'. Such a nateri al
may be applied over sel ect ed regions of sem conductor devi ces 112 (e.g., on
optically trangl}garent | i 72 thereof, but not in cut lines 1@% such
as by use of @ FepeYer, ? ofozesith lksial may| é&ﬁ‘?dv’@ Sa apially semays eriicials es
(e.g., by Useléé»T j‘éfgﬁgﬂlrﬁ'g@éhﬁif)@hloan& Jof{:ontdﬁ eﬂﬁ}'fe'?tlgli }hat gfevfolﬁﬁl l'i ke. The
material may t epermtted harden (1 nt case of r mop dstic

mat eri al s) or ovcnlmésaamﬁcmillayedltﬁboﬁofsemleorgiuptobyulrsirptesll]ﬂend ewhgfibm pressure,
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-~ conductive layer 162 , conductive layer 164 may include a single
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of conductive layer 164 that are located wt cut lines 158
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renove sacrificial anonlimting exanple, if sacrificrtal

| ayer 163 conptiftsefs ggﬂﬂﬁ@@@r@él(gw A9 ef ¢Cmducfa~’erlétz§ﬂr5164 éEIIG BoWhi ch is
One or more layers of UBM or BLM may be formed, as known in the art (e.g.,
by electrolytic, electroless, or immersion plating techniques) on exposed portions of
20  each contact pad 130 (e.g., peripheral section 134). Such UBM or BLM will prevent
contact pads 130 from oxidizing and facilitate adhesion of intermediate conductive
elements, such as bond wires, solder bumps, or the like, thereto.
When fabrication of the elements of each chip-scale package 110 has been
~ completed, as shown in FIG. 28, adjacent chip-scale packages 110a, 110b, etc., may be
25  separated, or singulated, from one another by known processes. As shown,
semiconductor substrate 111 has already been severed to partially physically separate
adjacent semiconductor devices 112a and 112b from one another. Accordingly,
semiconductor devices 112a and 112b may be completely separated from one another
and lower sections 136 of contact pads 130 exposed by removing sacrificial substrate
30 50 (FIG. 18) from each chip-scale package 110a, 110b, etc. By way of example and
not by way of limitation, known backgrinding processes may be used to substantially

remove sacrificial substrate 50 from each chip-scale package 110a, 110b, etc.




-22 able to renove that photoresist material nmay be used to substantially
renove sacrificial layer 163, as well as to |ift portions 165 of conductive
| ayer 164 that previously overlaid sacrificial |ayer 163 off of

sem conductor substrate 111 and away from sem conductor devices 112 that
are carried thereby. As FIG 27 illustrates,. portions 5 166 of conductive

| ayer 164 that are located within cut lines 158 remain therein follow ng
conpl etion of the "lift-off' process. Wth continuing reference to FIG 27,
portions 166 @ﬁteﬁﬁﬂdélgtkﬂbwﬂ Wifthg ﬂl@éesls@babvhlc@areﬂe loPeairesl switdtid for @ik with figs 158
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110b, etc. By queief 1287 a%e@Lut 176 may be formed, for example, by use of a saw (e.g., a
wafer saw) having a beveled edge on each side thereof, by way of isotropic etching
processes, or otherwise, as known in the art.

20 Following the formation of bevel cut 176, as shown in FIG. 31, a sacrificial
layer 163 may be formed over optically transparent lids 172", such as in the manner
that has been described herein with reference to FIG. 26. It is currently preferred that
sacrificial layer 163 overlie the bevels 177a and 177b at each side of bevel cut 176.

Thereafter, as FIG. 32 illustrates, a cut line 158" may be formed between each

25  pair of adjacent semiconductor devices 112a and 112b, as described in reference to

FIG. 25. Of course, each cut line 158" is aligned with and substantially centered along

~a corresponding bevel cut 176. By forming sacrificial layer 163 prior to the formation
of cut line 158", the introduction of the material of sacrificial layer 163 into cut line
158" is avoided.

30 In FIG. 33, a conductive layer 164 is formed over sacrificial layer 163 and on
peripheral dielectric coating 160 at each lateral edge of each cut line 158". Asan

example only, conductive layer 164 may be formed by the processes that are described




not by way of limtation, known backgrindi ng processes nmay be used to
substantially renove sacrificial substrate 50 from each chip-scal e package
11 Oa, 11 Ob, etc. -23 Alternatively, known etching processes, which are, of
course, suitable for use with the material, or materials of sacrificial
substrate 50, may be enployed to renove sacrificial substrate 50. As
illustrated, |ower sections 136 may be exposed by use of such a technique,
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sacrificial |ayer
to FIG. 27. Thereafter, as shown in FIG. 35 and as described with reference to FIG. 28,
sacrificial substrate 50 may be removed from semiconductor substrate 111 to
20  completely separate chip-scale packages 110a", 110b”", etc., from one another.

Turning now to FIGs. 36 through 38, exemplary techniques for securing a
chip-scale package 10, 110, 110" according to the present invention to a carrier
substrate 210 (e.g., a circuit board) therefor are depicted.

In F1Gs. 36 and 39, chip-scale package 10, 110, 110" is positioned over carrier

25  substrate 210 with a bottom surface 14" of chip-scale package 10, 110, 110" facing an
upper surface 213 of carrier substrate 210. Intermediate conductive elements 220,
220", which are respectively shown as being conductive balls (e.g., solder balls) and
larger, nonspherical conductive structures, but which may alternatively comprise
bumps, columns, pillars, or pins of solder, another metal, conductive or conductor-filled
30  epoxy, or any other suitable conductive material, or which may comprise z-axis
- conductive elements of a film of anisotropic conductive film, are positioned between

bottom surface 14" of chip-scale package 10, 110, 110" and upper surface 213 of




158" is avoided. 30 In FIG 33, a conductive layer 164 is fornmed over
sacrificial layer 163 and on peripheral dielectric coating 160 at each

| at eral edge of each cut line 158". As an exanple only, conductive |ayer
164 may be fornmed by the processes that are described -24 herein with
reference to FIG 26. As each bevel cut 178 _-fornms an opening to its
corresponding cut line 158" which is significantly larger than the opening
of cut line 158 shown in FIG 26, bevel cuts 176 may inprove the deposition
of conduct i vecaraigesubstifid 2bh Aeslhcpheﬁﬂbnmﬁdﬁtecdrrdhaimmémms22(B@<tmdﬂfﬂtwwut
line 158". Addi i onal | y, edges of u r C s,.132 of t pads
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depicted in FIG 3Altepativélyras shedn (iFFIGs. 33 pnd40,cbipdscalei packdgayi€y 1 bdhay bO
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conducti ve | ayatied ibstrita10 asd electricillyi Fonedt ubpéiescticns 32132 dfeoﬁtfaaqsaueeo as
shown in FIG 34 and as described herein with reference to FIG 27.

Thereaft etV ad3Q walusorgsnopding deymypals 430. described with reference to FIG 28,
fi | bst t 111 t
sacrificial substr %‘St}épﬁl@&}{atﬁ% Gvﬁi?ﬁﬁ‘{f%lgg@qmégﬁ %?r‘il% %Ed, &@é&tﬁ@eﬁ@r 0

20 conpletely separate chip-scal e pac , etc., om one
anot her.  Tur nomgchchip-scaldpaekage31 (G 116y 1d0g ko ai%ce&riemxbsqmaﬁw tilearéfor tpues f or
securing a gap scal e ackage

q [%0,. 0, 110 ", acc rd| gh{b pr esent
i nvention to PEAPFERENGRHYLY Seetisd gonngct chip-sca dﬁ‘f’ 3901 r YO8 or are
depicted. In Eigdate310’ APase- gowﬁ BiiBuSER. A PRGKRE&, LRip-stAQ. Sﬁéiga%e 108110,

posi tioned over carrier 25 substrate 2 10 wth a bottom s of
chi p- scal &5 padk@ge posifiongdon 4 aBface L a¥ iofigaraier subpipate 2 rwidlue a:bmandafry dalirrqder

substrate 210 | eq’}n?rrlaqe %(9 1;[heereco%n%Ipenﬁﬁeera& sectlon%i 123%1 df each contact pad 30, 130 of

chip-scale package 10, 110, 110" is laterally aligned with a corresponding terminal 230’

of carrier substrate 210'. Intermediate conductive elements 220’, which comprise
bumps of conductive material, are disposed in a corner 232 formed at the junction
20  between each peripheral section 34, 134 and its corresponding terminal 230'.

Similar electrical connections may be made between chip-scale packages that
incorporate teachings of the presenf invention and other types of carriers or electronic
components, as well as between multiple inventive chip-scale packages.

FIG. 41 illustrates a stacked multi-chip module 310, which includes a carrier

25  substrate 210 and a plurality of chip-scale packages 10 according to the present
invention that have been stacked relative to one another over carrier substrate 210.
Corresponding contact pads 30 of chip-scale packages 10 are electrically connected to
one another and to corresponding terminals 230 of carrier substrate 210 by way of
intermediate conductive elements 220, 220".

30 FIG. 42 depicts use of a chip-scale package 10 of the present invention with a
redistribution carrier 250 of a type known in the art (e.g., a printed circuit board), which

includes conductive traces 254 on a first side 252 thereof that redistribute the




220", which are respectively shown as being conductive balls (e.g., solder
balls) and |I|arger, nonspherical. conductive structures, but which may
alternatively conprise bunps, colunnms, pillars, or pins of solder, another
netal, conductive or conductor-filled 30 _epoxy, or any other suitable
conductive material, or which may conprisé z-axis conductive elenents of a
filmof anisotropic conductive film are positioned between bottom surface
14" of chip-s Qﬁﬁ%ﬁg ; " 1 =25 carrier
substrate 210&ﬁ%§c%ho ,ﬁ}%?ggkég?g%%gg%%ggggﬁgg&%?g%%%%gugégmggfénd bet ween
and cont act | anwergesest ofdamniBds 23@6n ah oppositacecqpridide3lh 8 of 3@ligfibetiinpcasnal e

package 10, 110" and cor.r espondi termnal.s 230 of_carrier substrate
D 0: At er nat FUB THE Sungaast Gt 1R 2ol R En et s E ThiiRage 10, 110
may be 5 ori gsH@fohdas tIEMANSMRN patiérhdE ortdsPoding Rirmidls BObshhahfict10.

course, in this orientation, bottom surface 14" of chi B-scal e package 10,
110 faces awagubstrat;2(0” taeewhich ghiptsqele paekeagdil P éctoibgelestrically corneeted 1 kafown

carrier substry 10., . i r i .al £ . , 220"
are positi one@a%gta\g\tieébr}lu I@%ﬁag-éacég?gg lg}a%gér%%d%ﬁ?ntfﬁﬁg%;bgré&égtﬁllltgér}?su St gt e 210
and el ectri cahlay alsorbeet teastipétallyentiptkted Avithis & padkagmgtngaérigiads. 30, 10 130

with corresponding term nals 230. Another alternative, which is shown in

FIG 38, may. be us&HI+4 dapisst 2 seamiroRductos dedes assembly S28 vdhicipingludes a earrigr o,
110" to a caryl b " kher Py f - Ofd iqn, or to
electrically é%t%%g%?q ?h@?&ﬁﬂ@ °pa‘2§‘§g‘fé18f8? @?L%edt%ﬁ%}a#gf%p&%su sj%e?at e 210

i n a facet@owthegsto.cNMudti-chip. mddulé 33 Limthndeseasubstratp 26C alith ap baktame chip-scalt0, 15
110" is positioned a, surface 213" of carri.er substrate 210" within a
boundary defi R agToi&fl‘é%‘i‘en%ﬂn%"rQ@ er {3pss 8@??.‘“@9“;5‘@?‘?512\%‘?%9 P%é%&eﬁglﬁbgﬁ& 134 of
each contact palyafonl30 of chip-scale package 10, 110, 110" is laterally
aligned with a corresponding termnal 230" of carrier substrate 210'.

| nt er medi at e condudtlihpeghethe denegeing descriptipin cintainsmpaiy spebifiep.shese sbowldmot beve
material, are di irglo€ed 15% atﬁor ner gﬁ‘[% f ormed at. tt}ie’r‘éjniméti on 20 between
each peri pher 8/"<FES Folimaing tHe5coR, o e pressp LoD Ty MLe¥ARBIOVERRE | S mi | ar
el ectri cal5 coNNR&hiieHof sOMY obthePRélentPEpeReRRdChiBdREcHE RALIKAGRSthdrhat

i ncorporate teachi ngs of the présent 1 nvention and other types of carriers

or el ectroni cembodiptsntsmishe myentian magsbeiavined which da patdepart womithespitit ¢ scal e
packages. FI Gsco%é‘e I,olf ltllleupsrgge%{ EReftiont %gr%gverrrytlegt'ufe% ril‘{'o?'n HR%%'e!,n? e%%gdimvgﬁ{scor} the

includes a cafri
invention may be employed in combination. The scope of the invention is, therefore,

indicated and limited only by the appended claims and their legal equivalents, rather
20  than by the foregoing description. All additions, deletions, and modifications to the
~invention, as disclosed herein, which fall within the meaning and scope of the claims

are to be embraced thereby.




25 substrate 210 and a plurality of chip-scale packages 10 according to the
present invention that have been stacked relative to one another over
carrier substrate 210. Correspondi ng contact pads 30 of chip-scal e packages
10 are electrically connected to one another and to corresponding termnals
230 of carrier substrate 210 by way of i.gtyer nedi ate conductive el enents
220, 220". 30 FIG 42 depicts use of a chip-scale package 10 of the present
invention with a redistribution carrier 250 of a type known in the art
(e.g., a printed circuit board), which duxdM8les conductive traces 254 on a
first side 25 he of that redi stribute the -26 connection pattern provided
by contacts 3 imedcal e package 10 to another arrangement of terminals
256 on an opposite, second side 258 of redistribution carrier 250. The
arrangenment of termnals 256 on redistribution carrier 250, in turn,
corresponds t o t helconndcnethnd patfalnioatiog a chiprseslp package, doerpmisingt s 230" on a

carrier ubstrate 210" to.which chip-scale ck LS t
el ectri cal f y BOHRYURA Sacég‘o l@mhvt?%tfa Cpdiagentde g bg‘%rﬁ Eeg ‘%é“‘i?éeg%tbaée ¥8hand an
adj acent surface oblrgfy oF EdrdMbiRICISAE S 6 arf 2Qive WBMaR! o‘%‘%aﬁ%a@ﬁﬁdlﬁ%ﬁﬁs’trate

partially encapsulated Within a packaging material 259. FIG 43 depicts a
sem conduct or devi beingabigrdd ajorgog kwhi@h:Sltrn@tlh@d@@naldmmﬁsemwosdmmrr ®e210"

with a multi-chip nodule.3 3 \e“trlcally connected 10 :
thereto. Milti-chi 8"fB&k Vesﬁ%c‘??éﬁaﬁiea‘geglcgsgﬁ Y% ate 260 with at |east one

chi p-scale pasdudige s4iQ adtiet RRRCOST JIRT QcHTiEIRY subYRAS toXai EBITk GRIBAIG4IAdediRY | Ce
packages 3 40, 3 42, 344 thereon. Although the foregoing description

contai ns Hany specFilisgiate wilea guakiguoldiplsetrip matesigheleetmieallaisolating eachg t he
scope of the prese s of
sonme of the pr esent@ {)rilddta){r{g éel%nglg%t (H{én% gﬁ@rl\ So?%g&fu%ﬁl;é’%:l@&eﬂt? #OM éﬁ%&y S?rct[;\knt S
of the invention nay"sabdedel\atfe abdirattj ch do not depart from the spirit or
scope of the present ventiaon. More ver features fromdifferent

erbodi ment s ofeYERBE SHAGERES § SHalf Ba %%i?tlwaafrttﬁ sad afiepet SeRiconHEtd cope of
the invention is, ubﬁt@sfﬂlﬁonewh&%s%mzd 1§hér§ﬁec§ewféathsaﬁweﬁaﬁt&ed
clainms and their |egal equival ents, rather han by the foregoing
descripti dh. Al | addvité ohsid athhaent mms:omludorrmweismtaitwngotmonshé saidnvent i on,

gf edlt gc Ibgs g?rb:] Sz:g:j nfl ﬁ%qn:g B@mtconcliuc%r dev1ces belngrrl%gi?lltan?edaby salcf: sagrelﬁgtl;l stu gtra%té ai s

forming a dielectric coating on at least portions of at least some of said peripheral
edges;
exposing at least portions of at least some conductive elements of said plurality of
20 conductive elements, each exposed conductive element comprising a lower
section of a contact pad of the chip-scale package; and
forming a peripheral section of said contact pad in communication with a

corresponding lower section and on a peripheral edge of a semiconductor

device.
25
2. The method of claim 1, further comprising:
forming a redistribution layer on said active surface of said device substrate and in
electrical isolation from ciréuitry of an underlying semiconductor device.
30 3. The method of claim 2, wherein said forming said dielectric coating

includes forming a dielectric coating over at least portions of said active surface of said

device substrate.




-27 CLAIMS What is clained: 1. A nethod for fabricating a chip-scale
package, conprising: 5 positioning a sacrificial substrate adjacent to a
back side of a device substrate with a plurality of conductive el enents on
an active surface of said sacrificial subsfrate being aligned along at
| east one street between adjacent sem condiuctor devices on an active
surface of said device substrate; securing said active surface of said
sacrificial substrate to said back side of said device 10 substrate with a
gquantity of dielectric material electrically isolating each conductive
el ement of said pl dral i The ofethodrodglaim\de whkrenesaidditleomesantihgoaek atlieae  of
sai d device substrate: .severing sai.d .device substrate.t hysi cal |y separate
sai d adj acentP W%Bﬁ 'i‘%lrve S'ﬂ‘g?ﬁeé’&ala%(?m‘:%ﬁ Sﬁﬁ%?ﬁ?@ﬁ”&ﬁﬁ%‘%ﬁ% S(?? hﬁ%te‘?qepher al
edges of eachcsRcERNEMEIPkaid kedistavinesh BierSRim cRdliide 6Mdn SRIEHgRduCt or
devices, relative positions of said adjacent sem conductor devices being
mai nt ai ned by semaicendpgtarideyiee.al substrate; formng a dielectric coating on
at |east portions of at |east sone of said peripheral edges; exposing at
| east portions of at |east some conductive elenents of said plurality of 20
conductive el enents, eaThe axfRded comdyohereth QlidfRRingtRMElSirvtion l8veTs
section of a cgntact pad of the chip-scal e package; and form ng a peri pheral
section of safHectehbefere saidpereringopmuni cation with a corresponding | ower
section and on a peripheral edge of a sem conductor device. 25 2. The
met hod of claim11, further conprising: formng a redistribution |ayer on
said acti ¥@ surfacé. of Tae chetiwd afelaimids whatetn saindisavaringinehiides ssakring ad ladst on
fromcircuitry of an underlying. sep conductor device. 30 3. The nethod of
claim2, wher QP%C@giuatlYeotFar?FﬁéS%lgir?fglﬁp@llt%‘tlﬁﬁé- coating includes formng a
dielectric coating over at |east portions of said active surface of said
devi ce substrate.

7. The method of claim 2, further comprising:

forming an upper section of said contact pad in communication with both said
15 peripheral section and a conductive trace of said redistribution layer and over at

least one semiconductor device of said adjacent semiconductor devices.

8. The method of claim 1, further comprising:
forming an upper section of said contact pad in communication with said peripheral
20 section and over at least one semiconductor device of said adjacent

semiconductor devices.

9. The method of claim 1, further comprising:
removing at least a portion of said sacrificial substrate to facilitate separation of said

25 adjacent semiconductor devices from one another.

10.  The method of claim 9, wherein said removing comprises substantially

removing said sacrificial substrate.

30 11.  The method of claim 10, wherein said substantially removing comprises

back grinding said sacrificial substrate.




-28 4. The nmethod of claim3, wherein said dielectric coating over at |east
portions of said active surface of said device substrate electrically

i sol ates at | east one conductive trace of said redistribution |layer from
circuitry of an underlying 5 sem conductor_ device. 5. The nethod of claim 2,
wherein said formng said redistributiond2der is effected before said
severing. 10 6. The nethod of claimb5, wherein said severing includes

severing at | east ne nducti v race of said redistribution |ayer. 7. The
met hod of claim 2, lgurt&g‘? “F@Wﬁ‘r&é%:l’f"’g‘F’Eﬁ“h@”%?FCHB’@%PO@%%CF 8% Y2 sai d
contact pad i giehl ' ' iaih both said 15 peripheral section and a

e Aheste fiateMal.

conductive trace of said redistribution |ayer and over at |east one
sem conduct or device of said adjacent sem conductor devices. 8. The nethod

f claimi1, furth ising:. forni tionof said contact pad
' communi cati on with satarsaRsHEAn 1 SBet AR Bt a8 one |

sem conducs or didackieEmaferisi d adj acent sem conduct or devices. 9. The net hod
of claim1, further conprising: renoving at | east a portion of said
sacrificial substrate to facilitate separation of said 25 adjacent
sem conduct or devi ggs f re. T hod clalm9, .wherein
sai d renovi ng corrprqig'sesﬁglg]gget anti aw@ I’Pél(r%fi?\l/rll %‘3‘1 gog%gl%sggér?lgflegﬁrlglcoét%t rate.
30 11. The woeiprstsaiitradueing di€lectiib flagirial $it0 8t 184sboiicetess fdrmadehming Bgid
conprises back grinding said sacrificial substrate. -29 12. The net hod of
claim1, wher &Y"88i d securing conprises use of a dielectric adhesive
material . 143. The nmethod of claim1l, wherein said severing is effected into
said 5 dielectric material. 14. The nmethod of claim 1, wherein said formng
sai d diel ectric codbi ngThe amhiadsefs]dimt Idoeheteigsait] miredtcing comypréses fdrming ® at

| east one recess forned duri sai d . . . .
Ffayer comprising said Hglecglc material over at least a portion of said active surface of

said device substrate.

15 16.  The method of claim 14, wherein said introducing comprises introducing

a dielectric polymer into said at least one recess.

17. The method of claim 14, wherein said introducing comprises
~substantially filling said at least one recess with said dielectric material.
20
18. The method of claim 17, further comprising severing said dielectric

material to re-separate said adjacent semiconductor devices from one another.

19.  The method of claim 18, wherein said exposing is effected substantially

25  concurrently with said severing said dielectric material.

20.  The method of claim 1, wherein said positioning comprises positioning
said device substrate such that said at least one street is aligned over at least some
conductive elements of said plurality of conductive elements.

30
21.  The method of claim 20, wherein said exposing comprises severing said

at least some conductive elements.




severing. 10 15. The nethod of claim 14, wherein said introducing conprises
formng a |ayer conprising said dielectric nmaterial over at |east a portion
of said active surface of said device substrate. 15 16. The nmethod of claim
14, wherein said introducing conprises introducing a dielectric polyner
into said at |east one recess. 17. The netjpad of claim 14, wherein said

i ntroducing conprises substantially filling said at |east one recess with
said dielectric material. 20 18. The nmethod of claim 17, further conprising
severing said dielectric material to re-separate said adjacent

sem conduct or devices fromone another. 19. The nethod of claim 18, wherein
said exposing is e??ectEhe§@3§@éﬁ?h&nﬂyWm@@“b@ﬁﬂﬂﬁﬂ%%ﬂﬂ%FQWHﬁﬁG%EQ%ﬁ@ﬂ@%@r|ng
sai d dielectr Eeﬁd B EL étﬁ)lstratggmh-rtﬂgt mﬁgé%apéne%ltr%étq%&]%n %%f%e%ﬁsaﬁ ag acent.
posi ti oni ng cONpri ses ionin sal evi ce substrate suc Sai d at

| east one str psik ofeoxﬂhctgmaﬂemms oﬁtald glasgilitsoendaivd ehienss. el ement s of said
plurality of conductive elenents. 30 21. The nmethod of claim 20, wherein
sai d expost ng conprises severing said at |east sonme conductive el enents.
-30 22. The net hod,ef c Hﬁﬁ¢ O Nng conpri ses
positioning said %2V|Cgﬁgg%§¥@§?§k§hgﬁﬁﬁh sa]%hﬂg | east one street is

al i gned bet weformang atingoeay prcptaatrvedziyecommlaasftel mirémremﬁwcbbfmd aldjpttemt ality
of conductive el enents. %E%S. The net f cl.ai n1& conpri si ng:
formng a tenpor ar yoBIBRBEHIrfgviceyRor VR Qlel?shc SHIE oach of sai d
adj acent sem conductor devices prior to said formng said dielectric
coating. 10 24. The nethod of claim 23, wherein said formng said tenporary
protecti vé0 |ayer P24. ef fféen@dlqdrqf@lmm&sth@reswesae}ﬁ‘omgmgzssld tPmpotant protectve

claim 23, WheEaeylernlsse ected%hg% %%aldaslegerii grporary protect Ive

25.  The method of claim 23, wherein said forming said temporary protective
layer comprises forming said temporary protective layer over an optical element
15  comprising at least one of a sensing area and an emission area of each semiconductor

device of said adjacent semiconductor devices.

26.  The method of claim 25, further comprising:
forming a redistribution layer over said active surface, at least one conductive trace of
20 said redistribution layer extending at least partially over at least one -

semiconductor device of said adjacent semiconductor devices.

27.  The method of claim 25, further comprising:

removing said temporary protective layer.

25
28.  The method of claim 27, further comprising:
positioning an optically transparent lid over said optical element of at least one
semiconductor device of said adjacent semiconductor devices.
30 29.  The method of claim 28, wherein said positioning said optically

transparent lid comprises positioning an optically transparent lid over optical elements

of a plurality of said adjacent semiconductor devices.




| ayer conprises formng said tenporary protective |ayer over an opti cal

el ement 15 conprising at | east one of a sensing area and an em ssion area of
each sem conductor device of said adjacent sem conductor devices. 26. The
met hod of claim25, further conprising: fqrmng a redistribution |ayer over
said active surface, at |east one conductiVve trace of 20 said

redi stribution | ayer extending at |east partially over at |east one

sem conduct or device of said adjacent sem conductor devices. 27. The net hod
of claim 25, further conprising: renoving said tenporary protective |ayer.

-~ 25 28. The nethod 86. cl Themithodfoficlaha29¢further ©nfy@isingosi tioni ng an optically
transparent |lid gver said optical elenent of at |east one_ sem conductor

devi ce of sai BPVEHP&EBACPYEHIY MRS Hidde fereean indlyidug! onticallygarparest li¢| ai m
28, wherein said p8§&¢ [N Yo RN 1ﬂmgg&rggg transparent |lid conprises
positioning an optlcal y trans@%rent over optical elenments of a
plurality ®f said adjacent sem conductor devices. -31 30. The met hod of

claim?29, further npr | seve i.ng said opticall nt lidto
form an i ndi vi dual gg‘pt' F‘%li gerW prgm S@V&F %‘y Igﬁfl"‘ Y Gppgpaspnt

el ements. 5 3jqd, é}%ecla@téﬂggamalglc%hmﬂ e Sidexpkif atené@g& %oﬁ@bﬂa@%t cal ly
transparent |i1d Is effected sUbstanti a?ll y concurren% sai d exposi ng-
at | east port seme cafdugtivd damentssone conducti ve el errents 10 32 The net hod
of claim 30, wherein said severing said optically transparent |id conprises
form ng said individual optically transparent |lid to include a peripheral

edge that jgonprisesgzat IThasdetifioRiaim 3VeWBbred idBsevbiiied Qfid optivally Rendpaidaed of
claim 30, wherein said formng said di el ectric coati ng 15 conprises

severing di el ddcemprisestiermiag sajdindividael apsigalty Wpﬁé@é%tob@qlwp@mml
dj t d opticall
2 acent sem oDl AlyiRN S8 8h) S PACSHH ABRL N 3T d oPtTeally L

optically

33.  The method of claim 30, wherein said forming said dielectric coating
15  comprises severing dielectric material within at least one recess between said adjacent

semiconductor devices following said severing said optically transparent lid.

34.  The method of claim 28, wherein said positioning said optically
transparent lid comprises positioning an individual optically transparent lid over at least
20  said optical element of said at least one semiconductor device, said individual optically
transparent lid not extending over another semiconductor device of said adjacent

semiconductor devices.

35. The method of claim 28, further comprising:

25  forming a sacrificial layer over said optically transparent lid.

36.  The method of claim 35, wherein said forming said peripheral section of
said contact pad comprises:
forming a layer comprising conductive material over said sacrificial layer and on said
30 peripheral edge;
patterning said layer comprising conductive material to form said peripheral section;

and




transparent lid conprises positioning an individual optically transparent
lid over at |east 20 said optical elenent of said at | east one sem conductor
device, said individual optically transparent |id not extending over

anot her sem conduct or device of said adjacent sen conductor devices. 35.
The nmethod of claim 28, further conprisingy_ 25 formng a sacrificial |ayer
over said optically transparent |id. 36. The nethod of claim35, wherein
said form ng said peripheral section of said contact pad conprises: formng
a layer conprfesidvehgCaantisaetifiviel apdreint portne bf sid thysecomrisiiigdlontieytiee and on
said 30 peripheral edge;, patterning said |ayer conprising conductive
material to forn1s@ﬂ@ﬂ@HﬁWﬁﬁéﬁaﬂhQ@éﬁlon and -32 renoving said sacrificia
| ayer and portions of said |layer conprising conductive material that remain
t hereon. 37. The nethod of claim 36, wherein said renoving conprises lifting
said 5 portions o87. ofTB@hﬂﬂmﬁtﬁeE&h$6pwﬁﬁﬁpamaﬁmnbﬁﬂgcaﬂ@ﬂ&mdhﬁmgsﬁmle
package, conpri sing a sem conduct or |ce a redistribution | ayer over an
active surﬁacED%Wn%%ﬁBf§%ﬁP@§WHM@?BﬂmH§WY 10 a peripheral dielectric
coating covering at |east a portion of an out er peri phery of said

sem conductor device; at |east one contact including at |east one section on
sai d peripheral di 88 ectAicdﬁp:sraidmkamdompriSi@st anot her section extendi ng
at | east partiall surface of said sem conductor device. 15
39. The chip- %éﬁpéoﬂéEﬁgg@ cIa|n138 wherein said at |east another
section  Cconppk&ksiiBRidhARRT 096Cd Rivé %ﬁc@@f@é@ﬁerﬁhc@ﬁ&t&@eﬂte said active
surface of said sem conductor device. 20 40. The chi p-scal e package of

cl ai m 39, lvhen penphesil dicdecttie esating sevarmgtat baast o portioree! anconberipsephery lod said
section | ocated over a &kan%n 0of a back side of said

semico evice;
at least one contact including at least one section on said peripheral dielectric coating
and at least another section extending at least partially over a major surface of

said semiconductor device.

15
39.  The chip-scale package of claim 38, wherein said at least another section
comprises an upper section located over a portion of said active surface of said
semiconductor device.
20 40.  The chip-scale package of claim 39, wherein said at least one contact

further comprises a lower section located over a portion of a back side of said

semiconductor device.

41.  The chip-scale package of claim 38, wherein said at least another section
25  comprises a lower section located over a portion of a back side of said semiconductor

device.

42.  The chip-scale package of claim 38, comprising at least one of a sensing
area and an emission area on said active surface of said semiconductor device.
30 ,
43,  The chip-scale package of claim 42, further comprising an optically

transparent lid covering at least said sensing area or said emission area.




sem conductor device. 41. The chi p-scal e package of claim 38, wherein said
at | east another section 25 conprises a |ower section |ocated over a
portion of a back side of said sem conductor device. 42. The chip-scale
package of claim 38, conprising at | east one of a sensing area and an

em ssion area on said active surface of sa3d sem conductor device. 30 43.
The chi p-scal e package of claim42, further conprising an optically
transparent |id covering at |east said sensing area or said em ssion area.
-33 44. The chip-scal e package of claim 43, wherein said optically
transparent lid iggsec o) i Y2 r i I rade
adhesi ve. 5 45. Thg4'chi ghgg%l \(aég%g Eéggg@g#él%ﬁa?%&ﬁ?gn elzrlgpﬁ&gg?%hg‘%&?gast
anot her sect i hais turediosieradaid &tist swiftee watht acdptipalcbradet elhekivg at | east
partially over said nmajor surface of said sem conductor device conprises an
upper section of said at |east one contact pad |ocated over said active
surface ofssai d segscongyemib-sdaY phskagd Bf Afim JN SRR 388 8t RafAEERGEseRfiorf | 21 M
45, wherein said upper section is  exposed laterally beyond said optically
transpar ent | pfisaidiat leasheneintact pad exteralikgatdeast paytialiyno s saidineyj @i surfaes of at

| east one cont a&ts ﬁad al so, i ncludes a | ower sectiqgn | Oﬁ?t ed over a %gck
side of said SEPUBRATLICHT IPEICEEUMERSeS 48 UPRFT SRR SRk IoB8 QRS §8BFt Réfai m
43, wherein sgjcetc@RvbCald ¥etive SMERBIOEBAI sthibohdkdi@Rsicehanf ered edges. 20 49.
A sacrificial substrate for use in fabricating chip-scal e packages,
conprising: a substantially planar substrate elenent; and a plurality of
contacts a nmaj or,.sur of i ntiall . I ) te_el enment,
each cont g@t of sa|48' pl f&‘rﬁgl%llng S/sc%l? p%%%ﬁ%@fga%?%ﬁg%}feg%gg %8 ug)g&aségt o Al gn with
a 25 street pegpdsedlstaldebsyoad sadjoptieily taspgandidct or devices on a device
substrate to be assenbled with the sacrificial substrate. 50. The
sacrificial substrate of claim49, wherein each contact of said

47.  The chip-scale package of claim 45, wherein said at least one contact
pad also includes a lower section located over a back side of said semiconductor

15  device.

48.  The chip-scale package of claim 43, wherein said optically transparent

lid includes chamfered edges.

20 49. A sacrificial substrate for use in fabricating chip-scale packages,
comprising:
a substantially planar substrate element; and
a plurality of contacts on a major surface of said substantially planar substrate element,
each contact of said plurality of contacts being located so as to align with a
25 street positioned between adjacent semiconductor devices on a device substrate

to be assembled with the sacrificial substrate.

50. The sacrificial substrate of claim 49, wherein each contact of said

plurality of contacts is located so as to be positioned beneath said street.
30




plurality of contacts is |ocated so as to be positioned beneath said street.
30 -34 51. The sacrificial substrate of claim49, wherein said plurality of
contacts includes at |east one pair of contacts, said at |east one pair

bei ng spaced apart fromone another at nost a di stance across said street,
said contacts of said at |east one pair bgyng located so as to be
positioned on opposite sides of said streét. 5 52. An assenbly for use in
fabricating a plurality of chip-scale packages, conprising: a sacrificial
substrate includinga Pih &lckifiiaPlutsOREUE bt 461 ARG Sl DLl YRREEnAMS T ACe
thereof; 10 a dielectric adhesive on said upper surface of sard sacrificial
substrat e; anthchiddesti least sngpdir of @niacts] said atdeast bacpaishaieg spaced guirtt fors anel

upper surface of, said sacrificial sulstrate. aid dielectric adhesive,
sai d device sHHiReaf Elor“trf’c‘ﬁl (APRACLYS S ﬁ%ree%s%fd)‘%%’?ﬂf c‘ffgg?l%c?g aﬁte(g‘eé’ﬁlrz’ﬁmﬁcti ve
surface theregfca@do 84 to IRGRsItIONE] 5 bFIsite Bidby\aRidSsHle6t. adj acent seni conduct or

devi ces, said at |east one street being 15 positioned substantially over
said plurality of conductive el enents. 53. The assenbly of claimb52, wherein

o urality of condusti ve Bawenk o3RRI QA aly PRk Grleaftilin a7l

sai d at Ieastc@ﬁprigiﬁg;eet is aligned between adjacent pairs of said
plurality of conductive el enents. 55. The assenbly of claim52, further
conprising: af spaiisial gelstigistipeluding aplyakity of sprductive eloments ap an yppsnsrfase f ace
of said device subﬁ{e;%g.e and 25 substantially covering an optical el enent
t hereof. 56. The assenbly of claimb55, wherein said at |east one optically
transparemd hiditleomieadhesipe bn ahid @pperesntfaceodf saidphenifidialtsybsifates @and conduct or

devi ces of said adjacent _sem.conductqr deviges. .30 -35 57. The assenbly of
claim52, furfHeyice ’[,rﬁfgilppgu pgp 3@3 sigg secpred 4o said gppe gquriace o-lf- said sacrlfgc?al

substrate by said dielectric adhesive, said device substrate including adjacent

semiconductor devices on an active surface thereof and at least one street
between said adjacent semiconductor devices, said at least one street being

15 positioned substantially over said plurality of conductive elements.

53.  The assembly of claim 52, wherein said at least one street is positioned

substantially centrally over said plurality of conductive elements.

20 54.  The assembly of claim 52, wherein said at least one street is aligned

between adjacent pairs of said plurality of conductive elements.

55. The asSembly of claim 52, further comprising:
at least one optically transparent lid over said active surface of said device substrate and

25 substantially covering an optical element thereof.

56.  The assembly of claim 55, wherein said at least one optically transparent
lid covers optical elements of a plurality of semiconductor devices of said adjacent
semiconductor devices.

30




al ong said at | east one street and defining opposed peripheral edges of said
adj acent sem conductor devices. 5 58. The assenbly of claim57, wherein a
dielectric coating covers at least a portion of at |east one peripheral
edge of said opposed peripheral edges. 59. The assenbly of claimb58, further
conprising a plurality of peripheral contgcts on said dielectric coating,
each peripheral contact of said plurality of 10 peripheral contacts in

el ectrical comunication with a corresponding circuit of a sem conductor

devi ce by which sakd perhphgemblyc@MAm 52, furfiRf EdrBstisitPat 1dd3EoRSTEER Fornl
claim59, wherein said peripheral contact is in electrical conmunication
wi th a corr esplongisaigd at leastiooe istrect epd defining dppraedipgrinheral pdges of said adjeerttict i ve
el enents. 61. The aésgn‘%:gx. of claim 60, wherein said correspondi ng
conductive efFBHERPUEFFEYS®Y ower section of a contact of which said

peri pheral contact is a part. 20 62. A sem conductor device assenbly,
conprising: a sem conductor device conponent including a plurality of
contacts oh an uppé®- sudhgessemblhieefcdaim Fhivhsreihe piekeeticecoptrgkenysrsotileast d at

| east parti al Xrt{?ﬁﬁ%&"a?%%&o ?gi’ﬁlﬁ{‘l’%%a%éo %51323?6?@5%89%?%‘1?6“ a back side

of said chip-scale package ci'ng sard upper said

sem conduct or devi ce conponent, said chip-scal e package including a
plurality of contacts corresponding. to said plurality of contagts, of said
seni conduct or devi ¢é co%@ﬁ%ﬁ%ﬁ{b%a?fgql@gsé&éa%regnpla%%%aekur@gvafaffrm%s@ty of

contacts incly -tQ&s@{}séiﬁﬂﬁitle éé&lfiﬁ%,?rarcrlzgi&ﬁaélﬁfﬁc a@f'&f@éiaglfurﬁ lpphery of

said chip-scale package; and 30 In e conductive enents di sposed
bet ween afl0| eastipleoateoniants dc tlsctafalsaimhunidation withya airespmidagtgreodt ofai d

chi p-scal e package and correspondi,ng.contacts of said.pJurality of contacts
of said sem CS%%SP&Cgﬁé@Vggigd’ﬂBﬁh%ﬁPen rag%‘?mﬁ‘ﬁég ‘?érr‘r%conduct or device
assenbly of claim®62, wherein said corresponding contacts of said

seni conduct or device co%gne'nt are exposed beyond said outer periphery of
sai d chi p-scal e pa®Rage Thadsssaibly oilaimiRivdeeein emid peripheeal Sonthetiein elecirieal

di sposed bet wegh, 3 GBS Wit hdoMes SRt U8 aRive Bletheft of SRFSARAPLCONt 2CT S

15  conductive elements.

61.  The assembly of claim 60, wherein said corresponding conductive

element forms a lower section of a contact of which said peripheral contact is a part.

20 62. A semiconductor device assembly, comprising:
a semiconductor device component including a plurality of contacts on an upper surface
thereof; and
a chip-scale package oriented at least partially over said semiconductor device
component with a back side of said chip-scale package facing said upper surface
25 of said semiconductor device component, said chip-scale package including a
plurality of contacts correspbnding to said plurality of contacts of said
semiconductor device component, at least some contacts of said plurality of
contacts including at least peripheral sections on an outer periphery of said
chip-scale package; and
30 intermediate conductive elements disposed between at least some contacts of said
plurality of contacts of said chip-scale package and corresponding contacts of

said plurality of contacts of said semiconductor device component.




and said corresponding contacts. 64. The sem conductor device assenbly of
claim62, wherein said corresponding contacts of said sem conductor device
conponent are | ocated beneath 10 said chip-scal e package and said

i nternedi ate conductive el enents are positioned between |ower sections of
said at |east some contacts extending overypportions of a back side of said
chi p-scal e package and said correspondi ng contacts. 65. A nethod for
assenbling a chip-scal e package with another 15 sem conductor device
conponent, conprising: orienting the chip-scale package at |east partially
over an upper surface of the another sem conductor device conponent with a
back side of the ch3.p-sthe ecpigoichgtor device asgembiydbfgppmro2s whérsmesasf t he

anot her sem conduct of. devi ce ¢ nent, the .chip-scal e package j,ncluding a
plurality of CORTRUPUNEEonaty o e uplPr oG P mer B ERsed o PY e
sem conduct or s48¥uRe p&PHRBNEMHaid Hip-k&ASpacksPand@pidasietmefiate SahdhcBléir al ity of
contacts of the chip-scal e package including at |east peripheral sections
on an out ey pelemghisraye dispasae betiwepn said peri aepstong afisaid atderst sayne eandachedi at e
conductive el ements between af | east sone contacts of said plurality of
contacts of tﬁ%F%W?%Hg?ﬁﬁ%ﬂgagﬁgagéand correspondi ng contacts of 25 said
plurality of contacts of the sem conductor device conponent. -37 66. The

met hod of claim 65, wherein said orienting conprises orienting the
chi p-scal e package%4t | d&8sepigprdustqryeyige assemply of sham 62y wheiet $4d t he anot her

sen conduct or cgﬁ%sjggx’[?diﬁ EBARA0be SHE LnlibautRt Geidd éoglﬁgﬁﬁﬂé agglsog?tgﬁ%ﬁe%ﬂpf the

anot her semni con or I Ce conponent are expose eyon out er

peri pherylof tiid chipedthip-pacledge apd skid determaredisacahddetiyeciémentcampositieoseddi sposi ng
said internediate cgg%¥ctiye el.enents between said ge.i heral sectj.ops,of

cai d at | east PEBYREN MOIFATSERHONS A6 AL &) 190K YR COSAR SR aer Bortigns ok Badkor hod

of claim65, waelekdldsRiphcRlkeipaBldolind UIREhIEPoREBtigs t he 10 chip-scale
package at |east partially over said upper surface of the another

sem conduct or devi ce conponent such that said correspondi ng contacts of the
anot her sem conductor devi ce . conponent are.located, beneath the chip-scale
package and said %Spo W@ﬁ@gﬁgp%%geé’gqugsapcgléq'ﬁcﬁ SRACKASEYED MRt ¢ conduct i ve
el ement s bt waghicoR¥ior device component, comprising:

orienting the chip-scale package at least partially over an upper surface of the another

semiconductor device component with a back side of the chip-scale package
facing said upper surface of the another semiconductor device component, the
chip-scale package including a plurality of contacts corresponding to a plurality

20 of contacts of the semiconductor device component, at least some contacts of
said plurality of contacts of the chip-scale package including at least peripheral
sections on an outer periphery of the chip-scale package; and

disposing intermediate conductive elements between at least some contacts of said

plurality of contacts of the chip-scale package and corresponding contacts of

25 said plurality of contacts of the semiconductor device component.




sections of said at | east sone contacts extendi ng over portions of a back
side of the 15 chip-scal e package and said correspondi ng contacts.

-37 -

66.  The method of claim 65, wherein said orienting comprises orienting the
chip-scale package at least partially over said upper surface of the another
semiconductor device component such that said corresponding contacts of the another
semiconductor device component are exposed beyond said outer periphery of the
5  chip-scale package and said disposing comprises disposing said intermediate
conductive elements between said peripheral sections of said at least some contacts and

said corresponding contacts.

67.  The method of claim 65, wherein said orienting comprises orienting the
10  chip-scale package at least partially over said upper surface of the another
semiconductor device component such that said corresponding contacts of the another
semiconductor device component are located beneath the chip-scale package and said
disposing comprises disposing said intermediate conductive elements between lower
sections of said at least some contacts extending over portions of a back side of the

15  chip-scale package and said corresponding contacts.




