-1- CASTELLATED CHIP-SCALE PACKAGES AND METHODS FOR FABRICATING THE SAME 5
TECHNICAL FIELD The present invention relates generally to chip-scale packages and, more
specifically, to chip-scale packages which include contact pads on both major surfaces thereof, as
well as to methods for forming the chip-scale packages. In particular, the present invention relates to
chip-scale packages that include castellated contact pads, 10 which include surfaces, or sections, that
are exposed at the outer peripheries of such packages, as well as sections that are exposed at both
major surfaces of the packages. BACKGROUND Conventional semiconductor device packages are

typically multi-layered 15cKggtoress PEID OIS SEMICORIVGHES devisa/paniagssirarinclude, for
example, a bottom layer of encapsulant mgtergihie samas, Bresugarductor die, and a top layer of

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 thergargeridia pddipm, a conventional semiconductor
device package includes_input/output elements to facilitate electrical connection of the semiconductor

device thereof with extetRaPEECH IR NI S PEAtY L&A SalriekarEOME Bl

input/output elemgytsfibaadsdymigalyalepatiauts tehibe Biinersionsaf phes oo tRinhefjarcanvestional
semiconductor device 25 package and, thﬁsf consume an undesirably large amount of real estate

upon a carrier suBSERE 8 yelhagited Yol eneHl SBHSEHEREsRRYidB BAUCAS it be
secured and elecpiigaty taRABCHER1LAH e expro@iRspat Bueh ihpLHoUIpyt AeMasiscnahEpRins, solder

balls or other. discrete conductive structures (e.g., bumps, balls, columns, etc.), which contripute to 30
the height of coWU&Eti‘c'}ﬁ LS SF AT i ARA GEPRATH ENLPIST RtiPitsenickiedbes that

conventional encppgtigedsaandtay iigivnparhdart e pyssaitbmknasprobaceevEntiopatkages.
semiconductor device package, the added heights of such discrete conductive structures may result

in a semiconductor device package which will
BACKGROUND

Conventional semiconductor device packages are typically multi-layered
15  structures. A conventional semiconductor device package may include, for example, a
bottom layer of encapsulant material, a carrier, a semiconductor die, and a top layer of
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 large distance from a carrier substrate to which it is secured and
electrically connected. In order to keep up with the trend toward ever-decreasing the dimensions of
electronic devices, various technologies have been developed to decrease the 5 dimensions of
packaged semiconductor devices. The result of many of these technologies is the so-called
"chip-scale package" (CSP), a packaged semiconductor device with lateral dimensions that are
roughly the same as (i.e., slightly larger than) the corresponding lateral dimensions of the
semiconductor dice thereof. Due to the relatively small, semiconductor die-dependent, lateral

dimensions of 1Q{&h® ihemnassabgnissmediaidbersrraaliedevaliracals wianniRadbategackaging
occurs prior to severing the semiconductor devices from a wafer or other large-scale substrate.

Packaging semicBHYEIER e BFH5d wafer-scale avoids the difficulties that may otherwise be

associated with handlingrspel S &l GOmPeRE LS SuRinewhipSerladeasiaeingdaarati St
wafer-scale packaging may include the formation 15 of a redistribution layer (RDL), which may

rearrange or effeEIRAUIGEG I5HFthe LM detIIR s A DS Al daglonrdir dsctirrsstiface of the

semiconducter denisentioas Etiatibtad aanisation PatiaraswiTEs issmose suiqiedhesconnection to a
carrier substrate. Alternatjvely, one or more interposers may be secured over the active surfaces of

the semiconductdf TOSLeTHERr S EaATed B Pwerls SCbtser (SryBlskarekrped semigendHE Yiectrically

connected to suches@iiwaRduGiar devieeiil tealistiRuteiheteonnecion. padesngd fhereaftfance the
connection patterns of the semiconductor, devices h?‘\%g been re%istributed and ejther before or after

the formation of a}5r628EHPENEiNE R AEMS OB thiBRo SR LI e TEEe elements, such as
balls, bumps, columns, orpiastHBa 204§ seaureditctriiedstibdgehung padsialiarekiGSRf These

discrete_co ucti % stryctures are typically arranged gver the major surface.in a so-called, rid array"
conneciion BottetnoRS FRbAEGHEREE BRHE (e or 2l eirste Eonar e S A BFSS EM-scale
package technolegydpperiitsegusiescitvessinit afdhed: I8 faseraown Wik arcatielad subistrate
Hherefore and Al e crmrondaetos dovteee e WhTor seale aoids the difficultics
that may otherwise be associated with handling such small components during
chip-scale packaging thereof. Such wafer-scale packaging may include the formation
15  of aredistribution layer (RDL), which may rearrange or effectively expand the
connection pattern 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



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 -3- "flip-chip”
connection or "controlled-collapse chip connection” (C4). Of course, when the discrete conductive
structures comprise pins, the electrical connection technique is referred to as a "pin connection”.
When flip-chip or pin connection techniques are employed, the discrete 5 conductive elements
typically space the semiconductor device apart from the garrier substrate. This space may remain
open or be filled with a so-called "underfill" material. Such spacing of a semiconductor device apart

from a carrier substiptenipayotherelaieimpartdne AssEIBEY W -amungasiratly. hiathpigflewitereover,
these types of chggsqale packaging technologies typically do not 10 permit the placement of a

chip-scale packa gﬁ%r?fﬁr‘?%}‘%ﬁ%ﬁétt@%uéeﬁa%@mﬁsﬁﬁ&ﬁ%ﬁl%&%h?ﬁ&lﬁﬁ%é@&%‘é%& for a
packaging technelggirduhichsrespitsdonddiRoncale packages that may be secured to carrier substrates
without requiring a significant amount of spacing between the chip-scale packages and the carrier

substrate 15 and that mayPs8 BiRciREAy RIBIFABRESH B yurGarstisrapkovrd thedispreitentation.

DISCLOSURE OfoHivENd KR tpiesant ipyentinsisitsier ashir-sealp packagenyitalbiend pads,
or contact pads, that are pasitioned around the outer periphery thereof. Additionally, the contact 20

pads may extend*BRE%fre BHHSRRRIIAY LRACPER HPEHPSaithstksgiled asdeniibiary

embodiment of aahipris¢aBupRckagia dhativeriponatrRscieashiedhHf thenieaaiéiRBRHAB Mejudes a
semiconductor device, a redistribution layer formed over.g%gaxcl:\;hye surface of the semiconductor
device and in eleEtREEAPIEIMRT therSiRoRRlY GBhades BsRidfs that are positioned

adjacent to and in electnaatdseolatioR 25 ffRRvih¢hpuiesperpkann otébensaspico nghiciay deviee and
which communicate wit coiﬂr%:rslgond?i%% bond pads of the semiconductor device through the
redistributiotlay @ " BHhESP DK SRRACHES 2B TATHTGSURATHH B HIAETWER section,

which is located atgaeaiinto and may be substantially coplanar with a respective active surface or

back side of the Semicogdclég 1rncglg }\//,i(t;ﬁére is a need for a packaging technology which results in
chip-scale packages that may be secured to carrier substrates without requiring a
significant amount of spacing between the chip-scale packages and the carrier substrate

15 and that may be electrically connected to a carrier substrate in a face-up orientation.

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 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 -4- sensing or emission area on the active
surface thereof may be covered with an optically transparent lid. The present invention also includes
methods for forming chip-scale packages that include contact pads on the outer peripheries thereof.
These methods may be 5 effected at a wafer-scale. As .ap_example, a wafer or other large-scale
substrate carrying a plurality of semiconductor devices, which is referred to herein as a

"semiconductor sydstrater dmakidiLsecuraddadisastiffaial tasrede Mmybe SURStEAG:thhe Spefinial
substrate may include lower contact pad sections, which are referred to herein as "lower sections" for

10 simplicity, or gréetRasHE titbreto, which are referred to herein as “precursor pads”. These lower

sections or precursor papig3iRRAsIHOBLGLARS IAAIg: Witheatrasending ¢epicaRGIelaldevices
when the semiconductor substrate is secured to the sacrificial substrate. Insulative and redistribution

layers are formed V&P HdseMEchoRIS SR dac iusr ReIriEs Shaeroivr Brocaudbed ARy S its are

circuit tracessthategynieautiaataaiticiend pads and extend from the bond pads toward or to the outer
periphery of the semiconductor device. If the contact pads of the chip-scale package under fabrication

are to include upper sechoAR, AN Gk BT R SdpReRE Il P LTS LV Y ity of

semiconductor dgvifgoittitiopaeseetionkichay Rikerbe toHRethdyringdhectaliicationefir2@ theay
redistribution layer, with at least some.of the circuit {races extending to correst%i)nding upper seﬁtions.

The insulative anBereSirbiRiBRASErAngy KT edUBRFHF hdfrSasHLRE R LEHsCastgre

substrate is secureddpdhemagkificiedissiisikaieh HoeerthednsHative andoedisiingion fayers have
been formed and the @emiconductor substrate has geen secured tg the sacrificial substrate, the

semiconductdr 25HRVfARs Ar8TSr SR HAFHRARy RArdE FORTEHEAIEIHERS ITRFRE WACHREHE! substrate

includes lower seThewrs Of eosdacs Racisyi2dehseyalingdpayigspaseonartvnseewithadgrs pondisyrface)
O e fower Se s S e SRS e e W ROl PRI secured to the sacrificial
substrate.
Insulative and redistribution layers are formed over the semiconductor devices
15 by use of known processes. The results are circuit traces that communicate with bond
pads and extend from the bond pads toward or to the outer periphery of the
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



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 -5- devices that are carried by the semiconductor substrate are substantially separated
from one another and are held in place relative to one agather by way of the sacrificial substrate. In
addition, the outer edges of any lower sections of contact pads are exposed. 5 Each peripheral

dielectric coating ds\se@se@uertbaseates mthedasmidatcoambiative malesianingycopdHciyeromterial

is then patterned to form the peripherally located contact pads or peripheral sections thereof. Of

course, if the conPAEEPaHE LIS G R dtLRaEs ERAHES AR RRIADBIET BY dePLRIGIEgidh patterning

is effected such Hhatdhae perinbeiadsastin el each ¢PRIACIRAG sQNsAYIICatatwifadissorresponding
10 upper or lower section. Thereafter, the sacrificial substrate is removed from the semiconductor

substrate, with ar‘?fﬂi’&ﬁ‘?é]r sections of contact pads remaining in place. As the sacrificial substrate is

removed, the chip-scalemrBkrgphihatdiaveheendained ara fulyisepasaiedifiomageedanother. 15 If
the semiconductor devices that are tg be packaged comprise sensor or emission devices, the

packaging proce SO HEILTAEWH S SRR UG AL B RB b EiRsd s T BFTh b e st B e

present inventionjohigegeisiagt Pa s PeiphEeas i dhetRedve. SOffasasQfistetsaicpraiIsiahe
devices are protected prior to pboth the singulation of the semiconductor devices from one another and

the introduction oFBP HiBleRATE HRa 8RS HRREE R HG A ER ML cSHRAL P ARES ETRCLLHER, an
optically transpareatiid jepjared oxalopash-aanssigor pRissiom@iradtsllowing hertapvadion of a
redistributiog layer, but prior to cutting into the dielectric material between adjacent semiconductor
devices to fofm tHERSERHARYAT 3fSiE¥ic coatings on the peripheral edges of the semiconductor

devices. Finally, a sacrifigiatdaiter, iméarmetovaiutherdd pusalhed anspaientiidsoandcaiove other

locations of the S(seggis(t:%rt]guv%tt raql%fv‘g\?v%rbs%tctions of contact pads remaining in place. As the sacrificial
substrate is removed, the chip-scale packages that have been formed are fully separated
from one another.

15 If the semiconductor devices that are to be packaged comprise sensor or
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 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. -6- Of course,
semiconductor device assemblies and electronic devices which include such chip-scale packages, as
well as methods for forming such assemblies and electrgnic devices, are also within the scope of the
present invention. Other features and advantages of the present invention will become apparent to 5

those of ordinary skill in e aktdreugid siRnGide Rk abibRIBNSUIRG deseuRiiatbyiles agsampanying
drawings, and the appended claims. BRIEF DESCRIPTION OF DRAWINGS In the drawings, which

depict exemplary! ditsbriprealinickagseds wethes methedsdnt fRvatior ®iessamblich erdoective

view of an exemplptrembasinentHé alip-saala pRCKPE o e prsielieleaapiact pads; FIG. 2 is a
cross-section taken along line 2-2 of FIG. 1; FIGs. 3 through 14 are cross-sectional representations of

an exemplary method 186t f6RHGS e 2hipatesns P4RR QLS SHIRF IRl PerRIns. dBRALEH A0

through 9A age ciassesFGianalrie@saialian shsoeymRgmidarainnethtehsuathedsdapicsadin FIGs. 4
through 14; FIG. 15 is perspective view of another exemplary embodiment of chip-scale package that

includes a sensoASATRRAYBE dEnitss R SPuRRRERISE PSS 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-sectignal ﬁ@resentations that show an exemplary process for

forming chip-scale packages of the typ]f:’é&%]g §&N%T&%N1‘%Faﬁé{é§v ¥ 29 is a cross-sectional

representation of a varigtiahecd e ebipvaciale pipeckagpl slymibidnientd of nmhichspeepicealy
transparent lid is disposed over a sensing/emission area of the semiconductor device includes
chamfered éég esP’re ent invention:

FIG. 1 is a perspective view of an exemplary embodiment of chip-scale package
with castellated contact pads;
FIG. 2 is a cross-section taken along line 2—2 of FIG. 1;
FIGs. 3 through 14 are cross-sectional representations of an exemplary method
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 through 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



FIGs. 30 through 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 -7- electrically connected to another semiconductor device component
or other electronic component; FIG. 41 is a side view depicting an exemplary stacked assembly that
includes chip-scale packages according to the present.invention; 5 FIG. 42 is a cross-sectional
representation of an exemplary packaged chip-scale package of the present invention, which includes

a chip-scale packageriatijcedhheasd tosneseniiaunitigdbeconnactionmasirii 6f HisccRibcataR
package, and an encapsulant material over the chip-scale package; and FIG. 43 is a schematic

representation of QRIS P module that includes 10 several semiconductor devices, including a

chip-scale package thatincomakaiesddeaehings aftbamersaipiny enipd BESMbMARERMIR
CARRYING OUT THE INVENTION With reference to FIGs. 1 and 2, an exemplary embodiment of a

chip-scale 15 padRAREHF PRk oAb sde dRFJS SRIHBYSAESht invention is depicted. Chip-scale

package 10 mcludes a samiconductasdaviasd, RirdistdiaT layeledharepaskastiiensisage 13
thereof, and contact pads 30 that extend from redistribution layer 20, around. an outer peripheral edge

15 (also referred RBTREREIATAEC BIRETH AN 1B 0F SLOhtiGRIBr RGIBAK B2 S A BREY B B4k side

14 of semicondugtarrégicig ks 2hLcenieingly peasih coriachpRacaR ikees aniupReicspstian 32, a
peripheral section 34, .and a lower section 36 (see FIG. 2). As contact pads 30 are located adjacent to
an outer periphel31EHEYE" dhS SHIRETIC BASK &K@ 2 and, thus, at an outer peripheral edge 15' of

chip-scale package 10, tey ippastschiprscale-paskage dovithmisosngnmhatitasietlated&ppearance
and, thus, a{§ also referred to hgtrgin a, "castella(]}‘cjaéi contacts". 25 Semiconductor device 12 includes
bond pads 18 onSS¢Ai SIPERBNS EUF B UMM Rt B Rra Al RAGE RS LB ARERIR iieSarly along a

centerline 17 of seaieidigd WDk present invention.

BEST MODES FOR CARRYING OUT THE INVENTION
With reference to FIGs. 1 and 2, an exemplary embodiment of a chip-scale

15  package 10 that incorporates teachings 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 157) 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, 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 -8- programmable memory (EEPROM), or the like. As another
example, semiconductor device 12 may comprise a so-galled "microprocessor” or "microcontroller”. A
dielectric layer 18 is disposed on active surface 13 of semiconductor device 12 to protect the same

and to electricallyisglaiaragtivensimiase B BHrroMreritiy 1x&f redistthetiomiayry, 2nByiayef

example only, dielectric layer 18 may be confi&ured to prevent electrical interference between signals

transmitted along &S AP BPEEH PSR ROWR SPROSFENHd QEtIPHEsCBUY Ighd those

transmitted along the cipcuibsafitedirtripgiioniipyssLoh As9e diglRetitslaygshionaydaer configured to
prevent alpha particles, which are known to cause dissipation of stored 10 charges within memor

cells, from penetfiitFthefeAreiaghes tARn R S ssicalaiiglale aeb meriRARd %g'i‘?l‘?&{iﬁﬁﬁ’(’iféﬁry

device 12. Of cosadiRgimatenialyisenpwBichy dielpstimayenhs idesmiedans Welnas the thickness
thereof, may contribute to the characteristics thereof. Materials that are suitable for use as dielectric

layer 18 include, BOHIgPESHdPIRFIEALE FORTRlITLETETRoR Retiesd Sy mrrieltcdinlaredSnitrides, 15

and the like. Dielegiigdayrtiddinglutdesapaniuesciidoimehthrraterovghd theaygrindhiaedond pads
16 of semiconductor device 12 are ?xpose,d. Redistribution layer 20 includes alﬁlurality of circuits 22.
Each circuit 22 cHRIHMCGIEY iR <BrEBBERRRYD old 6‘&5”1%1 PLEinIR¥HAl R 1B Y8Gice 12 and

extends laterally toafich eamapreicaties pdhacougspooding kaotactPashJOdndipaant t9 d0regter
periphery 15 of semiconductor device 12, Additionally, chip-scale package 10 may include a protective
layer 40 ové? redi ?ﬁ%‘tﬁﬁmﬂa%/&%).fﬁi%%“&ié@%?@‘?ﬁ{f 1{%%%‘1%%%%&2? eﬁed%%ﬁﬁg & ¥ material

which is electricallyyinstind via@nn whisshiayiave at alphepapices: {6 me penetratienineigh to the
underlying Semicgg?&%ﬁ%rlgggricleg }sz formed, as well as the thickness thereof, may contribute to the
characteristics thereof. Materials that are suitable for use as dielectric layer 18 include,
but are not limited to polyimides, silicon oxides, silicon nitrides, silicon oxynitrides,
15 and the like. Dielectric layer 18 includes apertures 19 formed therethrough, through
which bond pads 16 of semiconductor device 12 are exposed.

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 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.qg.,
silicon, gallium arsenide, indium phosphide, etc.), a so-aalled silicon-on-insulator (SOI) type substrate
(e.g., silicon-on-ceramic (SOC), -9- silicon-on-glass (SOG), silicon-on-sapphire (SOS), etc.), or a

single-device or gultiplerdemiae sectinrintanyiibeHRREORY subsbatesnkl&ddviericts a sacrificial
substrate 50 that has dimensions which are substantially the same as or larger than the

corresponding diffBHEIEHEICIRTtoRRIARY o hregeing {#hera5S-As shown, a precursor pad 36,

which is also referred tofhereinigsias aQpeliativg alesmant’ 50nhichis &iRkeswsonaidawrr section 36 of
each contact pad 30 (FIGs. 1 and 2), is formed on an upper, or active, surface 52 of sacrificial

substrate 50. TheRNAHABXIBOIBIE BF 8B S5THOaP O S AH e R UN S HAPGION L [ R MHS BNt
surface 52) may igseanoerioump metabizatian deBivbrpabcad-timidng 10 metatumis ([@kd as

Accordingly, each precursor pad 36' may include one or more sublayers gf conductive material. Each

conductive materfaiI3Yr SNSRI mAPISE HARLE BY Kot ions’ 0 QI S Us BV BHEPEH rfbre of

physical vapor deposiianatid\h)i{egmspuiaringpahemioaley apeidensitian i kupleatrohoic
plating, electroless plating, immersion plating, or 15 the like. Depending upon the deposition

technique(s) that 19{APSYTLS! RN AR PLrarsor BshaQifibf fERdUE 1 IR Urhishasiiblayers of

each precursor pag36e TRk PaiteInetdaskgpundalinaash(@BMyusenf-maskknand etch
processes). For example, if a lowermost sublayer fconductivgrcj'% terial is fgrmed by PVD or CVD
processes, that & 20 pASHENPROFIE YRERIRPARSN oF daMiBivat CuBis2rI8E20

conductive materiabthgseovesdaalact altigiglectroless, or immersion plating processes. As another
exampl_e, if multiple subﬁ%c r% ?of %n(\jluctive r%gferial are ?}ry"e?% E}}/blz\%)r Igg l;é/DkE)(r)(3Vcile]§rs()ec%,S ses.
patterning may be effectet{ td PrecioH paases6” si

such as by one or more of physical vapor deposition (PVD) (e.g., sputtering), chemical

vapor deposition (CVD), electrolytic plating, electroless plating, immersion plating, or

15  the like. Depending upon the deposition technique(s) that is (are) used, as well as the
order of deposition processes, one or more sublayers of each precursor pad 36" may be
patterned, as known 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 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 adjggent to an outer periphery 15b of an adjacent
semiconductor device 12b. -10- Alternatively, as shown in FIG. 4A, discrete lower sections 36a and

36b of contact pads 30 (Kifasadiang 23 MawRenrefounedionseniaseradpbnagiticiai sgpssrate 50, as

known in the art. Discrete lower sections 36a and 36b may, as depicted, have chamfered edges 37.

Such chamferingOPEEH8a% AR BlISE hédidwe e ho REE BB e a5s4EBhay ProtsadiciahryBi tEifrace

area than that prewidackhywauaree £HID%CASUTNG: thatishbsesueniytakiicaledeprneuative
structures will make adequate electrical contact to discrete lower sections 36a and 36b. Additionally,

discrete lower sethiniesahedses 360 HebrRrRisTre @leetiss 37 thdiPeamilametie sHAMLith B

chip-scale packages Hy (rssdclaanehe) fiersarmicondurtepasngr@issshlatid3svihstelatively
narrow 10 streets S. Of course, discrete lowered sections 36a and 36b with squared edges 37 are

also within the scBBEYPERBYSPNE PSRRI SR AE HEpRAEErher L. BakR dsAUAStac SieRd SopiaFt

semiconductor sybstiietd lowrhi@htiscopemai teoback&idrs ddyoliifiecse mwicondusiansdmdcad 12 that
are carried by ser%iconductor ubstrate 11, is po?itioned adjjcent to surface 52 of sacrificial substrate

15 50. When semidbidterapseders 1 gusidandir s ranHer Leshieanalicbsrkaesiods 12
which are carried(therehyaate2aligiedaiibonataspomsling ey ecUISIT. Bk Bigeldile] by ardetween
Semicondublr SSBSHS 11 ARUFSGCHNCI JAbEtEA iy SerCciod ) SHEV3A SHRStnbl 46 known
in the art. A bonding ageiih Memapbofutepladanshvbadkside 14" of semiconductor substrate 11 to
surface 52 of sacrificial SAusbc?e;[g)?gteeg (1)1'1 éf(?grg igl%ySA, a back side 14’ of semiconductor substrate 11,
which is common to back sides 14 of the semiconductor devices 12 that are carried by
semiconductor substrate 11, is positioned adjacent to surface 52 of sacrificial substrate

15 50. When semiconductor substrate 11 is positioned in this manner, semiconductor
devices 12 which are carried thereby 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 50 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 resulting 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



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 resulting chip-scale package 10, as well as electrically isolate
precursor pads 36' from back side 14 of each semicondygtor 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 semigpipdiéaiepaiesitateolakandn sasrifisil BupsiaipROaf nwostiaashaRigiadf thereby

reducing the likelihood that  either semiconductor substrate 11 or sacrificial substrate 50 will be

damaged as -11-BHpFSERdPEOkge RN iR 8EMN g TaRMLEORBH s AR At ¥ RYE i linfibfhe scope of

the present inventigs-R00BE hichaaignizedt RAYNEO MRS R b esiE cRRaralckhendeatedad@f bonding
agent 54 may be stable at elevated temperatures, under reduced. pressures (5?'1%” in a vacuum), when

exposed to chemPEEIMEGirnmdRi YA BtRer Shedaineid {9 GIEHBbANTG UBEME 57 RHi%he exposed
during downstreasraigeas$6s R bJadiigatien: F4redistiautiprdayrismRidhemstAlsa, oading agent 54

may comprise a material that will not out%as, at any temperature, particularly the temperatures to

which it will be exfdseltiFAtg A AEdRSRPYHeRiI LS adeS A PORANE BFALicA B¥¥emiconductor

devices 12 thereebipxemplanenalenalsvinaionangs d0usechasRondngageni-bAinrclude, without
limitation, any type of curable a eets the specifications required for packaging

gﬂ]es've m garial that

semiconductor deSARSTEBISAR EAHS(%‘@ S SRR Wi EDE SRR IS PSS ABEkaE5S e like.
Once semicondughar spépstiaie lde anchaaccibeiad sdbsiaiaeonava aapnianaes ato penanoteer and
bonding agent 54 has sufficiently cured, adjacent semiconductor 15 devices 12a, 12b are partially
separated ffom of¥ ﬁgi??élr‘}l&g %Ig%ela,c ?@Vét?%?}g ISPEEALE NSRS f‘@raéﬁﬂéfﬁgﬁgﬁb‘ﬁveen, as

depicted in FIGs.rﬁammﬁuﬁaﬁgeém&m@i&mc@mﬁm@#@wmfﬁ@ﬁbl@giﬁg@@diaédﬂu@m devize art. By
S T RS S Bale alg o e may
techniques, Once semiconductor substrate 11 and sacrificial substrate 50 have been bonded
to one another and bonding agent 54 has sufficiently cured, adjacent semiconductor
15  devices 12a, 12b are partially separated from one another, or singulated, along a street
or scribe line S (FIG. 5) therebetween, as depicted in FIGs. 6 and 6A. 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., 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 only, 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 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,.g% shown in FIGs. 7 and 7A, a dielectric layer
18', which comprises electrically insulative material, is disposed on semiconductor substrate 11 and

substantially fills guhlipgs afpiidiaelRetiiclbuiistiativemeatens! afahalpesies3e |ayer d8bnanby way
of example only, comprise a polymer, such as a photoimageable material (e.g., photoresist,
photoimageable ﬁBIﬁﬁW@PS@CS?WQ&W%%W&ﬁ%rﬁ%rbar,mi@gi??ﬁ‘é?ﬁé’é’ﬁﬁ%gglf&semiconductor

substrate 11 by known pragessefonsdad RRARY Shild o1, ieshinjfades cuse-afiasdpstontirels, screen
printing processes, ar the like, With reference to FIGs. 8 and 8A, bond“;)ads 16 of each semiconductor
W

device 12a, 12b &RYE&dc8e4h A8t GRRIAE riugh dictee ikl aldle Yo gisladtris 14y 36 dd from a
photoimageable matesibtrdiaQVphRbainiseabie thHQEE SRESWADPhOO Ms@Hn & PrR¥BPIRa 18 used.
photoimageable&olyimide is employed, selected regions of uncured_ polyimide may be exposed to an

appropriate wavel@h i aPladiEt BRARNPasRH PAVARAS I S GBUL O Reh i TSl ves QB pBv e 5 End

pads 16. As anotpelyaxaipplayibe cppoierasish ispproplaxedascibesaiestisalyisnsaative uraterial of
dielectric layer 18, 10 .sile ted regions of the photoresist, depending, of course, upon whether the

photoresist is a TEYSHIEHREPELILY SF PR GHROTE SRRIRAYSHE e XU FAEMREN Sfan

appropriate wavegogifesten ehproicallys deyelepedaRy Kalwive ihecaird sindlevetapesysana, thus,
uncured regions of the photoresist are removed tg expgse bond pads 16. Of course, if another type of
material is ﬂ§ed t%e]‘fé(f‘%gcffe%%ﬁif?t: PRYOTESHN TSRS D5 QR SpBPOBNRERSF HEePEPIRE e of

material employeld may:hevesetktesxpospdenig paesedist(endy Betbepmatetiataidielestria layer 18
comprises a slon oxe, Task S S16 PUoSERER MY S e A SR D T2 20 8- o

and, thus, uncured regions of the photoresist are removed to expose bond pads 16. Of
course, if another type of material is used to form dielectric layer 18’, techniques that

15  are appropriate for use of the type of material employed may be used to expose bond
pads 16 (e.g., if the material of dielectric layer 18’ comprises a silicon oxide, mask and
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



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_diglectric layer 18', which is located between
adjacent semiconductor devices 12a and 12b, leaving a peripheral dielectric coating 60 of the

electrically insulagitfecmatesiehomnpeterdaerP pRIYedda, LN QffisRINGBREAE0 devisReddacand 12b.
Also, cut lines 58 extend into and substantiall througgv?,recursor ads 36' exposing at least one edge

38 of the resultin{foWal LEetion 3018b5F eSriacepsyia! iafessactirglsphsiaicnPentysptiglted that,

to optimize the roipustRRASPFIE PresaspreasctbpsiByainsRartigwas ywshew sesHicas sehstrate 50
comprises a relatively weak material or when different temperature profiles are used to - 13 effect

different aspects SMHRERAEeL) Gosh CHLFIRIAF UG Afs s o adBrit s s thetnlabRrasaty), cut lines

58 do not exgend WHRIsacHfsiaksUbEiae KAniplexrenaien Hustraredin s 53 @ashdatseidtsepad 36'
is severed into two lower sections 36 of contact pads 30, each corresponding to the semiconductor

device 12a, 12b BRKERIRAE Whichrie s CREEP T IS A S IR NSRS adASUlLplifiss 58 extend to

discrete lower seglipasabar2nd3RR 5exarsiegiedgrs 37 Rasefedintasphuraititafdhedeignation of
cut lines 58, dielectric Ia§er 18' is severed into a plurality of dielectric layers 18, one for each

semiconductor deWEE 152 72 Ga%E SRIHCUIYEREE S BT 240! 2 conductive layer 62, which may

include one 10 or moreNegtahsttagesacisidepasitodaaioathervisedisposechen semicendiscias
substrate 11. As illustrated, (igg,g ctive layer 62 substantially overlies dielectric layers 18 %s well as

peripheral didlectricR5tHGE b CtiERRTR & AlEErRdifAiaRosRd ORI Goagrgf g bstrate
communicates with. the enpaseddedoasuds efllowes Seatians: 36 pbeaniactifadsispnd tesxposed

o S M R e R g =
electrolytic, electiesscAlyinunersioeduatingh the exposed edges 38 of lower sections 36 of contact

pads 30 and the exposed bond pads 16 (FIGs. 1 and 2). Known processes, such as PVD

15 or CVD processes, may be used to form at least a base portion of conductive layer 62,
while these or other techniques, such as electrolytic, electroless, or immersion plating
processes, may be used to form subsequent sublayers (not shown) of conductive layer
62.

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 sublayers (not shown) of conductive layer 62. 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 sgations 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., acthedyphiface 13 phstdaticsigr bélyesircpustyQfssemisonduetos geMigrdid. Once
redistribution layer 20 has been formed, a protective layer 40 may be formed over redistribution layer

20 of each semicBiffuéiGraeRicRRliEd Py MISABRIRTAY B RIRGL 11Dy FevsR fueckyes 2B 33 B¥%ed by

applying a layer 4@;pbalectiagliysinsidativeiorate balRvessempenimagiasceuhsiratentlikehe electrically
insulative material of layer_40' may, by way of example only, comprise a pg%/mer such as a

photoimageable -14- poRHeF{E iR HhbtoilalBRHIAOR R abistLRS 3(5'[%3.‘1I‘P%ﬁ‘3ﬁa§tpolymer is
used, it may He applieshtarserpeonpuectonsubsirate 1 Whykngwniprocesses Suehas by spin-on

techniques, use of a doctor blade, screen printing processes, or the like. Still referring to FIG, 12

upper and periphBfSIUBMRSARS 3155 44 iYorgh PR OB ey A R BRL B S g Py a8 ad evihen

layer 40" is formeg jromismphotdipageante 1atepialdd)euecRIoiOImAY T REOERBFES imadehfaysed. For
example, if a photoimageable polyimide is empjﬁoyed, selected regions of uncured polyimide may be

exposed to an appr&PPAIEMRRIARRYEPER I dAYRIASHY G AR ArdRe AR S ER SR EERtY removed to
expose contact padsaficAdanraibesExarplecit anphoipi@ss. LAJsemployatnpdelie cipcidealyt

insulative mgterial of layer 40', selected.regions of the photoresist, depending, of course, upon
whether el Dot SSIEIT8eH b 2 bia TSt 60 Ho GRS Hofi PG s BASCHBB08 & Witiation o

an appropriate wauetergiky, thepnahigmicatyideviejopachabktioshisidhsisrts badewelepestasdsthus,
uncured regions of (e POIOresISt21e [EOVed 10 PAPORR SANRPARAHS 30 QL Sonigs L anper ope
of
chemically developed, as known in the art. Undeveloped and, thus, uncured regions of
the photoresist are removed to expose contact pads 30. Of course, if another type of
15  material is used to form layer 40’, techniques that are appropriate for use of the type of
material employed may be used to expose contact pads 30 (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 form layer 40", techniques that are appropriate for use of the type of material
employed may be used to expose contact pads 30 (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 p§ contact pads 30 from oxidizing and
facilitate adhesion of intermediate conductive elements, such as bond wires, solder bumps, or the like,

thereto. When sugh d¥iapessEssaparaRadusiednéng oseatiansiowepniasb pads S-thriansagoated in this

manner may be recessed beneath the 25 outer surface of I&rotective Iaéer 40, extend substantially

therethrough, or SFORERILYHERRAARE TRUBIKI0SEIRIS ASHALH it ARY SLRBhGFRGMBEAKdS 30, such

a coating may befexaed befoos araftey thefemaiiapiehamotiectyesdayer Athildhern tabweation of the
elements of each chip-scale package 10 has been completed, adjacent chip-scale packages 10a,

10b, etc., may bePaE5HBHRE BFRYGratRICBYYE BrEh eI SRR BUNETBRIAYS b IR LS A s hown,

semiconducter subgitatesdd dfasalteadydieensavareddndaaiaihe physicaly seRarate adjagsnt
semiconductor devices 12a and 12b from one another. Accordingly, semiconductor devices 12a and

12b may - 15 be HBVSIBR B AAYRS 37 Bhd BiittHal wAMON et SEt s W Gt Ca tAEB£aE™0

exposed by remashiig sarsifisiahse hotrato; @i IGRethan@d ) oo gaehihipeaisenaakapearklas 10b,
etc. By way of example and pot by way of limitation, linown backgrinding.processes, which have been

conventionally erfipiBSedHa¥adeE e thibrABasse! rJapireRHb et pat sy %t’i‘?){ﬁo@g'rr@at}ﬁge

fabrication of senie@nsitates régvicesaheienn subaydee Jsed daisyhstantialhereBravasaeiificiale
substrate 50 from each c[jhip-scafe ckage 10a, 10b, etc. ,Iternativgfl%, known etching processes,
i

which are, of colPdsHibAbIESS WitFC IRtk Bt o IS EHBIAE W Fate 50, may be

employed to remenesralificiahusatnsiraielodAs4lbfssategdniawat saclidesicd Ipayl ke, &6. exposed by
use of such a technique, with bondin lga{%ent 54 remairéigqgﬁon an‘% ele tricalllf/ insulating back side 14 of
D Kbty

each semiconductor devid® P55 cRREHBCRLRHBIRF aIRBY iRk ckage 110

that incorporatesteachings of the present invention is depicted in FIGs. 15 and 16. Chip-scale
package 110 includes a sensor-type semiconductor device 112, such as a CCD or other
15  photocell, or a display-type device, such as an LED, a field emission device, or another
emission device.

Accordingly, semiconductor device 112 includes a sensing/emission area 170
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. Chip-scale package 110 includes a
sensor-type semiconductor device 112, such as a CCD or other 15 photocell, or a display-type device,
such as an LED, a field emission device, or another emission device. Accordingly, semiconductor
device 112 includes a sensing/emission area 170 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/ggnission area or region 170. Semiconductor
device 112 also includes bond pads 116 on active surface 113 thereof, positioned between

sensing/emissionyaseast 70 @agdauiphR oAb efdoRakd 3 (0l8eRaferadwaATaseutgk@eriphery 115).
Chip-scale package 110 further includes a redistribution layer 120 over active 25 surface 113 of

semiconductor déViE 15¢-as well as contact pads 130 that extend from redistribution layer 120,

around the outer periphexadigdegid I5af SRMiCaRpuI@bIARYICE sulfacand DB @haskdsiEerl 14 of
semiconductor device 112. Accordingly, each contact pad 130 includes an upper section 132, a

peripheral sectiof43% Lha RAGREY Sleel spprsalhrianspsyertdittddep a6t adiveterred to

herein as "castellaigd 30 contacis psiventibieytatal pratrd-adiacertiosarIruietRedahsralatdae 115 of
semiconductor device 112 and, thus, at an outer peripheral edge 115 of chip-scale -16- package 110

and impart chip-<tAE P KagrcPariPLdsyireWhatrdsismite d 2 sednbuuopiantticlayer 118 is

disposed on activeisudiakel ks Df Samcassuetesntevice blgelaiaraiphagiatenitaanticalyrating
transparent lid 172, to protect active 5 surface 113 and tg prevent electrical interference, or "crosstalk",

between integrat&dfTEIPEOHED &7 SRMRIRANCEEH HRU AT SHUBe St B RSP dAfRgHS M ayer 120.
Dielectric layer 11&ninay lseobesardiguredicpiess hatphamarticlasdian prietiatingcthergigrough
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contribute to the shaeeisribticathaiedle Maigdals dhaéare sujtallesfoidisé:abudigleatridilajed 1d.8
include, but are np?cgll}ifg?riltlﬁgsf%ilicon oxides, silicon nitrides, silicon oxynitrides, and the like. Bond pads
116 of semiconductor device 112 are exposed through dielectric layer 118 by way of
apertures 119 formed therethrough.
15 Redistribution layer 120 includes upper sections 132 of contact pads 130.
Redistribution layer 120 may also include a plurality of circuits 122 that extend from
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.



polyimides, silicon oxides, silicon nitrides, silicon oxynitrides, and the like. Bond pads 116 of
semiconductor device 112 are exposed through dielectric layer 118 by way of apertures 119 formed
therethrough. 15 Redistribution layer 120 includes upper sections 132 of contact pads 130.
Redistribution layer 120 may also include a plurality of circuits 122 that extend from 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 12@7 The protective layer comprises a material
which is electrically 20 insulative and which may prevent alpha particles from penetrating through to

the underlying semicongigigsdevjaeddidvdissr 10tHHER RBuslePISt AipEXemplapyypcess for

packaging semiconductor devices 112 and, thus, for forming chip-scale packages 110 including the

same. As illustratPIRETE! PAK CHiBraltde Sl R PMPROGBGRIAEE B8l A 'Sf Badexample

only, semiconducigrest Bstiatey 1did. )N cexpprise afdldor-paitial Waiaeotesinicemduthiya oraterial, an
SOI-type substrate, or a single-device or multiple-device section of any of the foregoing substrates.

With reference toPERECIEHS Y {Rhe08FsH PRetSRAGEIE & & eBthsaP It HRAssaP 5w sensing/emission

region 170 of eagibaphotieanduetpledfiigactdlanlieinRerpeu 3R alemiveayeisdSQ. mayppiauent
contamination of sensing/emission region 170 while processes that must be conducted prior to the
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protective layer 13QwBRYspeigrmesveyapmyiadia faparahfhratpiasisttn attiessigtesed 13 (e.g., by
spin-on processes, use of g doctor blade,_sc Ccir‘.%,.then exposing and developing

reen printcipg et
selected regions WEWMWW&BF@S@Q %ﬁSEBH?QE, e Y&fdie.g., other photoimageable or
5 nonphotoimageable polyaaiPiend Segpsaaimittor subiable pracesses (e &, Spifrditigrocesses for
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semiconductor deviees fyb2, AlsRJorfbkd.id JeBernieodtIcios smasgtrateppliddssesurtddeagacrificial
sacrificial substrate 50, a back side 114’ of semiconductor substrate 111, or both. The
bonding agent 54 is applied in such a way (e.g., in a quantity) that will electrically
isolate precursor pads 136’ on surface 52 of sacrificial substrate 50 from back side 114’
15  of semiconductor substrate 111. Back side 114’ is positioned adjacent to and in contact
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, may be applied to a surface 52 of sacrificial substrate 50, a back
side 114' of semiconductor substrate 111, or both. The bonding agent 54 is applied in such a way
(e.g., in a quantity) that will electrically isolate precursor pads 136' on surface 52 of sacrificial
substrate 50 from back side 114' 15 of semiconductor substrate 111. Back side 114' is positioned
adjacent to and in contact with surface 52, with semiconguctor devices 112 that are carried by
semiconductor substrate 111 in alignment over corresponding portions of precursor pads 136'. Once

semiconductor sypsii@ifakédbanehseatficial. sphsisaie R0 RaME RSRALREFLIAMIA0BR anothgsnadjacent

semiconductor devices 112 are partially separated 20 from one another, or singulated, along a street

or scribe line S tHYYREWE LI JBRICIE AR GO MacRMILEon uBsHalT SHGRAVIMBPEE Sected

as known in the gquthBy waypaf-exaseplaqre net ¥ indcibe seapa abieBIRERNHIBMEREQ b ahwafer
saw of a known type may be employed. Of course, other known separation techniques (e.g., mask

and etch processe&S |48 BF R B RinD R AR RS TR RES P LRk s s WRpIgYEH c1He Bisah i ial

separation resultsnifuRitvinastdSe, majae Y extend aidepiiiciyeh isgubstantially the same as the
thickness of semiconductor substrate 111. With reference to FIG. 20, a dielectric layer 118', which

comprises electrically inSURRVE iateHar s Aplshlr (55 b stPaHLBRT B tEh toF U8t ate 111 in
such a way as tapeostantigdiififetihdaeseihbrolidd, @lestvoallpmpulatvsr saatedahiebadudielectric layer
118" will Withstana processes |%e.g. resig%gtri]p rocesses) c}hat are to be subsequently employed to
remove the matefi8'SF tthipdray BP&% & ég&“i%‘?‘ﬁ’f] WA SRR S drliY ChHEaI % 118
may comprise a ayMEh e iR sk sitoioimaganbit snatendveid sephielree RIGYtaimageable
polyimide, et@). If such a pol m,ei‘?is used, it ni%y be applied to semiconductor substrate 111 by
known prochgsedS EhPALH) diSIESHERMidLEs, use of a doctor blade, screen printing processes, or
the like. Alternatively, spiex@nrgbasisananatien sitablemponpelyangsiarielRgisically anidswlative material

may be used to form dielectric layer 118'. As shown i . 21, dielectric lagyer 118" is patterned in
cloh  way that SFHEFRd Lo AHE FMUE ST Sadh LD bOFRHBALS 11875 EhdHSaHUbRaLctor

single layer or a plurality of sublayers (not shown). If conductive layer 162 includes a
single layer, known processes, such as PVD or CVD processes, may be used to form

15  the same. If conductive layer 162 includes a plurality of sublayers, the lowermost
sublayer may be formed, for example, by PVD or CVD processes, while a variety of
techniques, including, without limitation, PVD, CVD, electrolytic plating, electroless
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
(FIGs. 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 mentioned above in reference to FIG. 8, may be 10 used to pattern
dielectric layer 118'. Next, a conductive layer 162 is formed over dielectric layer 118" and in apertures
119. Like conductive layer 62 (FIG. 10), conductive layer 162 may include a single layer or a plurality
of sublayers (not shown). If conductive layer 162 includes a single layer, known processes, such as
PVD or CVD processes, may be used to form 15 the samg. If conductive layer 162 includes a plurality
of sublayers, the lowermost sublayer may be formed, for example, by PVD or CVD processes, while a

variety of techniques, inohédibehithosdiyBitatomaPiden Mg clalytitplatioscairctiglass golating,
and immersion plating processes, may be used to form the remaining sublayers. Referring now to FIG.

22, conductive lafff IESMHY ﬂéel?&ffé%@éﬂol 18 pRIAD ANSFERY TSI RIS 8oV iR rrRRse the
precursors to Uppeidsastianseasd HEconidatBars 130, 45iesvAnand18), thet exdaiideadnss the

boundary between adjacent semiconductor devices 112a and 112b. As an alternative, depicted in

FIG. 22A, condud TP PAe PIEECHYS B BatRid hatReeroitherd o aphareetiibress85t8P contact pads
130, with a peripaghal @igenksarokersbldRRE.ISE eGP B hedTg hotatasksubstantialy directly 25

above and extending along substantially the same plane as outer periphery 115 of its . corresponding

semiconductor deYREARE3MY FemaNsHRe SaRRoWRARFOBE B E PR e 59/ WHSRd pads 116 of

semiconductor deyigesrdddaredacatrgen seivaueacehdd usamewhaliwarel, figevouter
periphery 115, circujts 122 may be formed so as to extend latera I%/ from the locations of bond pads
8

116 to their correSiSOAMMJ TP SUUNGRSS: Yo PP EIE FEpRST QiR 1309@RIES20A) of
contact pads 130it ( Kasehf yopm@ 6k RReHiseeRadsl bBZnmrparysactians d BReandcieitzcte?, if any,

may be formed by known processes, such as mask and etch techniques. - 19 Once conductive layer
162 has beé pa%’éfﬂu%‘ﬁ, 8?3@'[5?6?8&%4 FUig eéﬁ(ﬁegions of dielectric layer 118' that

remain thereover may bR¢emavedimexFace 2hea preerlinpopeisingiemipsiont 1@YIONE iy 88 shown
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optical grade adhesive 174. As shown, optically transparent lid 172’ may cover a
plurality of semiconductor devices 112 and, thus, extend over the boundaries between

15  adjacent semiconductor devices 112a, 112b. By way of example only, optically
transparent lid 172" may have substantially the same lateral dimensions as
semiconductor substrate 111. A quantity 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 lid 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 is

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 remove the same. Depending on the type of material from which temporary protective
layer 180 is formed, other, suitable processes (e.g., use of etchants, irradiation techniques, etc.) may
be required to remove the same. Of course, it is currently preferred that the removal of temporary
protective layer 180 be effected 10 without substantially removing dielectric layer 118'. Next, as shown
in FIG. 24, a preformed optically transparent lid 172" may be positioned over semiconductor substrate
111 and secured thereto with a quantity of optical grade@dhesive 174. As shown, optically
transparent lid 172' may cover a plurality of semiconductor devices 112 and, thus, extend over the

boundaries betwegridRatiarget 3¢8LINAHS O s@vicesibhéa; L12bf By axrmplaiens optically

transparent lid 172' may have substantially the same lateral dimensions as semiconductor substrate

111. A quantity of kfoptitkl Yrade atiHesivarieall b iy Wativhe fame e oe UpsieaoisBidboth of
optically transpargg pigkial 2caiehSEInispasciont sisiiateol Fidy knawn techniquesisiteadscuse of a

dispense needle, screen printing, 20 spin-on processes, or the like. Once optically transparent lid 172'

has been properl1HdSRiGHBRFEY & PSERATEh AT SUMSIRRY $99i¥plitarEFAgR ciredivad BOny cure

or be caused to GHIg adpdiiiMIIRABE B3Y JNToRRARRIAPIEIE iPTcthn Bopeaof paatesml used as optical
grade adhesive 174. As an alternative to securing a single optically transparent lid 172" over 25

semiconductor substrat& 1140 SREARE OGN AL SPiauntanEplr R AYAIas S#2 BB Be positioned

over sensing/emigsigioales di¢Riak eackeseR)icendusics Havikebld rasthsaadred t-semicsmductor
device 112 with anf%[})tic.al grade ad%agiv 174, as known in the art aﬂ\jnd as depicted in F|G. 24A.
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cut Iine_156 r_1d is thinper, or narrower, 1;;1 n i_ts corresponding cut Iin_e 56. As h, a peripheral
dielectric coating A8t Xﬁ@?ﬁ%ﬁ‘&%lhéé- ROy e a %tﬁagu{(ﬁj gsfﬂfﬁ&v 18 of
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optically transparent lid 172 being located over each semiconductor device 112a, 112b.
When upper precursor pads 132" or precursor pads 136’ are present, the
15  technique for forming cut lines 158 should also be suitable for removing the material of
such precursor pads 132’, 136’. Of course, when precursor pads 132’ or 136 are
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 semiconductor devices 112a, 112b, 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



line 158 exposes a peripheral edge 133 of upper section 132 of each contact pad 130, as 5 well as
peripheral edge 137 of lower section 136 of each contact pad 130. Cut lines 158 are formed by a
technique (e.g., with a wafer saw, by laser ablation, by etching processes, etc.) which is suitable for
removing the material of dielectric layer 118" and, if a single optically transparent lid 172' has been
employed, for removing the material of optically transparent lid 172". Of course, if a single 10 optically
transparent lid 172" is present on semiconductor substraige 111 before cut lines 158 are formed, the
formation of cut lines 158 results in the severing of optically transparent lid 172" into a plurality of

individual opticallyyeanspanent telsuhéardiiphonemaptitalniianspaenydd 532 halogriecaéasayer each

semiconductor device 112a, 112b. When uﬁpper precursor pads 132" or precursor pads 136" are

present, the 15 tdekfidde e AR RRAVEHEE SEURRIH L S RS ERAIL R oVt s material of
such precursor pags)la2nbd. iPIHOMISE,QVISRENGHERMPRASSs0¢)1 36 aspicseyarrdifdurng the
formation of a cut line 158, they are bisected or otherwise split into upper sections 132a, 132b
(collectively, upp&P&&dfiars PsardoiswerBicansiis 9385vicesay teBHELRFERPUEHERSBEASHS 4A55) that
are located agn actiyg surface 113 or back 20 side 114 of adjacent semiconductor devices 112a, 112b,

respectively, with peripheral edges 133, 137 being formed at each edge of that cut line 158. As
shown, each cut line 158 EREBHEE Ry pILUPEYSHpQbMSS 8?%&?&%%8%8&%& BR% bs@iefeidts the
disposal of a layeokf3apéispsifigatmatasialiayatay besgipiransiuston eavicesbhe ¢e.9., on optically
transparent lids 172 and any other. structures that are exposed IateraLI{y bei/ond op%jcallg transparent
lids 172). By way SFESRBLCRAGVISEDY tvifSor MR Y tHATSRAFRRLF Mnhte AT 6P laDBF A%3 may

comprise a photokegist eitaneihesphaicimageaileonairialpriampnethed watesl&ush deposiesial may
be applied tp optically transparent lids 172 and jntroduced into cut lines 30 158 b ggiown Erocesses,
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patterning processegfldnaselesiive gxpafdteotadiddiatianhéenclsualapog)asiidynigcrised &9
selectively cure and form a sacrificial -gl- Iat\)yer 163 from the uncured phgtoimagﬁable material of layer
163'. Uncured p O?HBené)lb?ause to cure (e.g., by exposure to heat, pressure, radiation of an appropriate

wavelength, a chemical catalyst, etc.), as known in the art, to form sacrificial layer 163.
Once sacrificial layer 163 has been formed, a conductive layer 164 may be
15 formed thereover. Like conductive layer 162 (FIG. 22), conductive layer 164 may
include a single layer or a plurality of sublayers of conductive material. Of course,
PVD or CVD techniques may be used to form all of conductive layer 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



layer 163" are then removed from semiconductor substrate 111 (e.g., from cut lines 158), as known in
the art (e.g., by known cleaning processes). As depicted, sacrificial layer 163 is located over
semiconductor devices 112, but does not extend into cut lines 5 158. Alternatively, an uncured
polymer which is not photoimageable may be used to form layer 163'. Such a material may be applied
over selected regions of semiconductor devices 112 (e.g., on optically transparent lids 172 thereof,
but not within cut lines 158), such as by use of screen_printing techniques, selective deposition 10
processes (e.g., by use of a two-dimensional, ink jet-type printer), or the like. The material may then

be permitted to hakgdes nibe-adaePbibRRepIaitaMAMONRISL & 16 UiBsRhGaNS MoK LTIt al0Y
exposure to heat, pressure, radiation of an appropriate wavelength, a chemical catalyst, etc.), as
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layer 164 may bepidbliaamedithesenyer. ldke gardestivendyabl b ifrie. R2) ac@ndustiverdayer 164 may
include a single layer or a plurality of subla(lﬂ)é%s of conductive material. Of course, PVD or CVD
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PVD, CVD, gectriytist phtingtielcelielass phating | raliasian @ atiieg [IReessas fayine used to
form any sublayers of conductive layer 20 164 that are located over the lowermost sublayer thereof.

As depicted, condRIEVERGRMPEAINR &fii0E sUHnEIRYS S devices 112a, 112b (being located over

optically transparent lidswlifR ¢bati it gigfosadheraover), gsielt Bsblites pariphenlydicleatiitt
coatings 160, which form the lateral surfaces of each cut line 158. Additionally, peripheral edges 133
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conductive layer 164 that are located within cut lines 158. With reference to FIG. 27, rificial layer
163 (FIG. 235@/ ma?i‘bf‘él?e%%t&f‘e?& 'brotEsEey §t%%&?féﬁ1%sf§%§% ﬂW"tﬁ%eﬁﬁlé’fésri‘;f?Ch gt The
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without substantially removing the material of peripheral dielectric coatings 160.
Alternatively, the patterning of portions 166 may be effected following the “lift-off”

15  process, in which case the material of portions 166 shields the material of peripheral
dielectric coatings 160 during the removal of sacrificial layer 163 and the resulting
“lift-off” of portions 165 (FIG. 26) of conductive layer 164 (FIG. 26).

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 remove that photoresist material may be used to substantially remove sacrificial layer
163, as well as to lift portions 165 of conductive layer 164 that previously overlaid sacrificial layer 163
off of semiconductor substrate 111 and away from semiconductor devices 112 that are carried
thereby. As FIG. 27 illustrates, portions 5 166 of conductive layer 164 that are located within cut lines
158 remain therein following completion of the "lift-off" process. With continuing reference to FIG. 27,
portions 166 of conductive layer 164 that are located within cut lines 158 may be patterned, by known
processes (e.g., mask and etch techniques), to form peripheral sections 134 of contact pads 130

(FIG. 27), which K)exigiet Betweam hieHi £O FRPRFIREhIINAE SECHONSC] 3¢ AP IV atSRetNS 136.

Such patterning of portions 166 may be effected prior to the "lift-off" process, in which case_ sacrificial
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UBM or BLM may be formed, as known in the art (e.g., by electrolytic, electroless, or immersion
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known processes. As shown, semiconductor substrate llléﬂas already been severed to partially
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semiconductor devices Agmiane, bizhipravakepaokapistely) sepsratetb e Bpe:pasthgthand lower
e 13 o e e o RSBt el s S0 GG B o
30, when one or more optically transparent lids 172" (or transparent lids 172" (FIG. 24),
172 (FIG. 24A)) have been secured in place over semiconductor devices 112, a bevel

15  cut 176 may be made at locations of each optically transparent lid 172", 172', 172 that
is positioned over and laterally adjacent to outer peripheral edges 115 of semiconductor
devices 112. Such a bevel cut 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”. As an

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



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. -23- Alternatively, known
etching processes, which are, of course, suitable for use with the material or materials of sacrificial
substrate 50, may be employed to remove sacrificial substrate 50. As illustrated, lower sections 136
may be exposed by use of such a technique, with bonding agent 54 remaining on and electrically
insulating back side 5 114 of each semiconductor device412a, 112b, etc. Turning now to FIG. 29, a
variation of chip-scale package 110 (FIGs. 15 and 16), which variation is identified herein as chip-scale

package 110" (angareinditefeRacip Sralehaskages B cut 108 fortss)atsopenistad. iiship-scale
package 110" differs from chip-scale [égc}ga e 110 in that optically transparent lid 172" includes bevels

or 10 chamfers 198 TSPRRAMST Wiy Led1 78hiphd e eniipiH Lyl ercipndbs ensati&gke s 18 may be

formed by repeatisg e war ocessesshetavabesn grsarinedwitheratpmnastorcfagudivédfyed urning
to FIG. 30, when gne or more optically transparent lids 172" (or transparent lids 172' (FIG. 24), 172

(FIG. 24A)) have et stiRidahPrled el auEtsr quiitts 182, A AAUInME Y §989% may be

made at locagiong 94'epgppepticatlyniansparestliet p4ds1302F 15 thahdsippaitipeedovey and laterally
adjacent to outer peripheral edges 115 of semiconductor devices 112. Such a bevel cut 176 may be

formed, for examI¥hyaLas ' QA G PRS0 s AR AT 5 VARE ) 4R datr &fe thereof,

by way of isotropigetehiith PHREESHEE $66P RIS ElB YoM indheAltc20d wilawirgithe formation of
bevel cut 176, as showeg in FIG. 31, a sacrificial layer 163 may be formed over optically transparent

lids 172", such aéiﬂﬁhl é?‘nanner that has been described herein with reference to FIG. 26. It is

currently preferred that Nagrifisiakfayed 168y eslhiepheihaveds Ui anpol ¢éhdaicaaehside ef bevel cut
176. Thereafter, as FIG, 32 illustrates, a cut line 158" may be formed hetween each,, 25 pair of
adjacent se icor?ﬁagtgrz'a £8§efqﬁ§aﬁﬁél%i Y| §eBAB LS FRPoRs e ldﬁelgfé.z 2Of course,

each cut line 158siibstdignen vithoaid: Substasidially aerdsreshafiongaldseespanding beyehaudlly/6. By
forming sacrificial layer 163 prior to the formation of cut line 158", the intrqductjon, of the material of
sacrificial layer 1 m@g&,ﬁ)ﬁﬁéample,%y one o% tﬂe processes tﬂ'at%ave %een ?iescrll)er(]i n re?erence to
FIG. 27. As sacrificial layer 163 coats bevels 177a and 177b, sacrificial layer 163 also
prevents the conductive material of portions 165 from remaining on peripheral edges
15 175" of optically transparent lid 172".

Patterning of portions 166 of conductive layer 164 that reside within cut
lines 158" may be effected, as shown in FIG. 34 and as described herein with reference
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 FIGs. 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 formed over sacrificial layer 163 and on
peripheral dielectric coating 160 at each lateral edge of each cut line 158". As an example only,
conductive layer 164 may be formed by the processes that are described -24- herein with reference to
FIG. 26. As each bevel cut 176 forms 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 improve the
deposition of conductive layer 164 on peripheral dielectpig coatings 160 within cut line 158".
Additionally, edges 5 133'of upper sections 132 of contact pads 130 (FIGs. 15 and 16) and edges 137

of lower sectiongd3fROfsrmasRBdNLIAoWhiGh aiadaraiediMibin culdines:d 28 «atensoBtacted by
portions 166 of conductive layer 164 that are located within cut lines 158". Next, as deEicted in FIG.

34, portions 165 AR OBACHIQBHATEL0R e 1821 ton(RrEPass) Wt AN RT FBIRRGAH R Y%3 may

be removed, or "lifted{aff”, ina suibsiphtiaity iemaningsacsificialilayabdibde Sacrificial layer 163 may be
substantially removed, for example, by one of the processes that have been described in reference to

FIG. 27. As sacrificial lagefeitsieiehehayaip 74Ghd 1 99 *achifeisprlaperiass 5o 1Oraake the

conductive miateri@kqprigngolabdremismainian padphasarad2as. I5rkéarsef pptieally
transparent lid 172", Patternir%%of portions 166 of conductive layer 164 that reside within cut lines 158"

may be effected, H&BHOR IROERET B 1anE L AbsBHbET AR tetdfbices VY on (ThekRatter,

as shown in FIG.t86 antt asrelassiibgd itk ¢ of ey emearniae b stiie SAUfisiab isslos!iaterhf dnay be
removed from semiconductor substrate 111 to 20 completely separate chip-scalg packa es;rnlg?a",
49 ecuring

110b", etc., from SHE SHOIR SIS Ring noey td e B e g BB YF 95 CRRstfipRRP K REnigh

a chip-scale packagrlfbl e Y Aecaeding iDytheiesapbirwotionstera Carkecswhstpai 300 (e.9.,
a circuit board) therﬁfor are depicted. In FIGs. 3§§f?d 39, chip-scale package 10, 110, 110" is
positioned dVer chriel B UTERPALE GRS Bottom surface 14" of chip-scale package 10, 110,

110" facing an upper suxiante? b dheaveewhidbsivate whGn IRterBediaie B kit elalatogns 220,
connect chip-scale package 10, 110, 110" to a carrier substrate 210’ therefor in a
face-up orientation, or to electrically connect chip-scale package 10, 110 to carrier
substrate 210" in a face-down orientation. As illustrated, chip-scale package 10, 110,

15 110" is positioned on a surface 213’ of carrier substrate 210’ within a boundary defined
by terminals 230’ thereon. A peripheral section 34, 134 of 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 present 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 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 -25- carrier substrate 210. As shown, intermediatggconductive elements 220 extend between
and contact lower sections 36, 136 of contact pads 30, 130 of chip-scale package 10, 110, 110" and

corresponding teppinalsies AR ey RIeaBaiedds Altemaiyabalapsrawe 1D bt and 40,

chip-scale package 10, 110 maéﬂti)e 5 oriented face-down over surface 213 of carrier substrate 210.

Of course, in this?GAHRFRRBhObEHBMAIAARO™ 4" SPEATHSS SRR Mh Ko 6T 1ABSHHOBL S HFom (i.e.,

in the same diregtion 6} suHasenhs Of ©akligkIsuBs R ecdktrinaishumcNtsINRtiale conductive
elements 220, 220" are positioned between chip-scale package 10, 110 and carrier substrate 210 and

electrically connettpBeRLeitirscannacsion PREFRA Of 535 BANH e 18BN ol PdhchfiFterminals

230. Anotheraltesiadivae Whichds\ahemehip-5déie 38sImay lveidiseBetel@laatitalbpnaenRachehirwaale
package 10, 110, 110" to a carrier substrate 210" therefar in a face-up orientatjon, or to electrically

connect chip-scal8 PEchgER8; F15 Rpckaed Cpkamadiaqent sutpse Qs ds BRERY A M strated,

chip-scale packagey QisbH?, at3ehdQaisipOpitinngdudida sutfase ik olisamieksubssate 210" within a
boundary defined by terminals 23Q' thereon. A peripheral section 34, 134 of each contact pad 30, 130
of chip-scale package T0CL 10, SR STBPSRIMHYREANIH & SRSy KR IATHEES 36K arrier

substrate 210'. InégpRirtiatecontbetivelalernprie 420’3 hisbueampidsge o ebapndective material,
are disposed in a corner 232 formed at the junction 20 betyween each peripheral section 34, 134 and
s conrespalting 6T et Bt B e AL g e M Bt DR Llae
packages that inparpeat®ieacbings eidhedgiesepevestionantiadialipepalageiasopLlectronic
components, as g%g)s between multiple inventive chip-scale packages. FIG. 41 illustrates a stacked

multi-chip modul SMif%h includes a carrier
Although the foregoing description contains many specifics, these should not be

construed as limiting the scope of the present invention, but merely as providing

15  illustrations of some of the presently preferred embodiments. Similarly, other
embodiments of the invention may be devised which do not depart from the spirit or
scope of the present invention. Moreover, features from different embodiments of the
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. 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), which7includes conductive traces 254 on a first
side 252 thereof that redistribute the -26- connection pattern provided by contacts 30 of chip-scale
package 10 to another arrangement of terminals 25@pa g opposite, second side 258 of redistribution
carrier 250. The arrangement of terminals 256 on redistribution carrier 250, in turn, corresponds to
the connection pRtBrhisFEEREShonding terminals 230" on a carrier 5 substrate 210" to which
chip-scale package 10 is to be electrically connected, as known in the art. Chip-scale package 10 and
an adjacent surface of redistribution carrier 250 may also be at least partially encapsulated within a

packaging material 259.1FIG. 43 BsHed i9rdahricatipgeohigevivs Badianig 3BRfWhEn includes a

carrier subsatepdQionity a satitiichipsmeeute f§acspctyadancriecricallyicovmesiad kathereto.
Multi-chip module 330 includes a substrate 260 with at least one chip-scale pack&%e 10 and one or

more other types of senfitSANCES CORMEL Pt YL A0 Ve U e @b s RATH Ah & RS Bing

description contains mapyispetifies inaseshauidbnethecapsisaedpscimitng toaccepedel iba
present invention, but merely as_providing 1§ iIIUf%ations of some of the presently preferred
embodiments. Similarly °8tAR ALY LIRS G et tRSH 2y be devised which do not depart from

the spirit or scopg@fihe prasemtvieventienoMareoxaifiteatviestramoitierentlesnhosimenigofcthe
invention may be emploged in combination. The scope of the inyv %Eon js,ﬁ?ere ore, indjcated and
limited only Y the appe N EH UaID A ARLLY |85 I LG R mAR I L e S thaN B e R going

description. All additiongodeletibrs]andnnedifichirmnsl iy tfednventienclameisciosedfiarsiok widich fall
within the meaning and scope gévtﬂg (S:ll1 isqlrsate?re to be embraced thereby.
severing said device substrate to physically separate said adjacent semiconductor
devices from one another and to form peripheral edges of each semiconductor
15 device of said adjacent semiconductor devices, relative positions of said
adjacent semiconductor devices being maintained by said sacrificial substrate;
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 circuitry 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 claimed: 1. A method for fabricating a chip-scale package, comprising: 5
positioning a sacrificial substrate adjacent to a back side of a device substrate with a plurality of
conductive elements on an active surface of said sacrificial substrate being aligned along at least one
street between adjacent semiconductor 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 quantity of dielectric material electrically isolating gach conductive element of said plurality of
conductive elements from said back side of said device substrate; severing said device substrate to
physically separate said adjacent semiconductor devices from one another and to form peripheral
edges of each semiconductor 15 device of said adjacent semiconductor devices, relative positions of

said adjacent semicond{ctor d&drcBethehgh n@d By st Gdishis sopLRaye8hisiy a

dielectric coating gyn@ieastaarians ol Ahleast same atsaithnesipbealietgasopxposingatdgast
portions of at least some conductive elements of said plurality of 20 conductive elements, each

exposed conductirBMEEHSRbIRM ARG M BPm citily i dbrisLREscale package:

and forming & pegiphrd EREOM0fsaid 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 sircuitraé artodefRmsericerdHcian davifts sHddedniBgibethotciaim 2,
wherein said forming sajd dielectric coating includes forming a dielectric coating over at least portions

of said active surfAEE'§F d5iPTasVIl SYGH Fate.

10 6. The method of claim 5, wherein said severing includes severing at least

one conductive trace of said redistribution layer.

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 method of claim 3, wherein said dielectric coating over at least portions of said active
surface of said device substrate electrically isolates at least one conductive trace of said redistribution
layer from circuitry of an underlying 5 semiconductor device. 5. The method of claim 2, wherein said
forming said redistribution layer is effected before said severing. 10 6. The method of claim 5, wherein
said severing includes severing at least one conductive trace of said redistribution layer. 7. The
method of claim 2, further comprising: forming an uppersgction 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 gleviceipf s @HigcenhseMisRAIHGIoN daMices &nlpiasesethast af claim 1,
further comprising; forming an upper section of said contact pad in communication with said peripheral

20 section and oveflstfasathmdvsdndicsittiuctor 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 angther. 10. The method of

claim 9, wherein said reoving!@5msHRE G fiaEnkat)erdmetitherssitr g de AffEiPd iiasaid. 30 11. The

method of clgim s1wdhecaingaigl substantially removing comprises back grinding said sacrificial
substrate. -29- 12. The method of claim 1, wherein said securing comprises use of a dielectric
adhesive material. 13. The method of claim 1, wherein said severing is effected into said 5 dielectric

material. 14. The methog4of clajme: nshereincsaid iomnisgisaid diRiesthic coaingeaoiNpsiaas:
introducing dielectric material info at least one recess formed during said ) .
comprises introducing dielectric material into at least one recess formed during said
severing.
10
15. The method of claim 14, wherein said introducing comprises forming a
layer comprising said dielectric 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 method of claim 14, wherein said introducing comprises forming a layer
comprising said dielectric 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 resgeparate 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 pasitioning said device substrate such that said at least one street is aligned

over at least some conddctive BIEMEHEbLP S/ PILr ARG 6 S REB RIRGRATETSES PSR REthod of
claim 20, wherein §iaidR¥R05iIBgHGRMAEBeR S eI Jeadi dnatsleasti sSama &Ppetwliveaalements. -30- 22.
The method of claim 1, wherein said positioning comprisesg;ositioning said device substrate such that

said at least one B#E&F ronflyridv sLenerts ahsald aluat iy af erMBEYERE MBI ents of said plurality of

conductive efements. 5 23. The method of claim 1, further comprising: forming a temporary protective
layer over at least a portign of each of said adf'acent semiconductor devices prior to said forming said

dielectric coating. 10 24%Fhe mMethB¥BPEIgH88" HUFDR SORIREWi#g said temporary protective
layer is effected poghigesaienseyRENgrotee Mg natboer af Wadm P3rtidreseiagaist farmidgsaid

temporary protective . . _ _ . o . .
semiconductor devices prior to said forming said dielectric coating.

10 24, The method of claim 23, wherein said forming said temporary protective

layer is effected prior to said severing.

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.

217. 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.



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_tgmporary 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 optiédl elerﬁlé‘ﬁfge%‘f’g pluaiy o d4rhstremaLBiconductor devices. -31- 30.

The method of claéveafg kuithepcamprisingsemaiing Faich ptically: dianspacant lidate ferenamindividual
optically transparent lid over each of said gptical elements. 5 31. The method of claim 30, wherein

said severing said opticAN§tFRELA IR EHERER) Substantially concurrently with said exposing at
least portiong of at least some conductive elements. 10 32. The method of claim 30, wherein said
severing said optically transparent lid comprises forming said individual optically transparent lid to

include a peripheral edge-that Eonipried 8t /e dHe dicseptilasdcaRa A P Uy HEARSBISY of

claim 30, whereinigaicefeseniag ssvd sliel octiva aaating WaicompeisessavarbgoRierIncnatesiat within
at least one recess between said adjacent semiconductor devices following said severing said
optically transparsSHPRECBAUSFRE MM of claim 28, wherein said positioning said optically

10 32.  The method of claim 30, wherein said severing said optically transparent
lid comprises forming said individual optically transparent lid to include a peripheral

edge that comprises at least one of a bevel and a chamfer.

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 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 materil over said sacrificial layer and on said 30
peripheral edge; patterning said layer comprising conductive material to form said peripheral section;
and -32- removing si¢h sachiticiatlanesangbparians @ Sodd Al ceniprgingifevoneiiMevdnaterial that
remain thereon. 37. The method of claim 36, wherein said removing comprises lifting said 5 portions
off of said optically trandBaieil It MRIBHRF S /e package, comprising: a semiconductor device; a
redistribution layer over an active surface of said semiconductor device; 10 a peripheral dielectric
coating covering at least a portion of an quter periphery of said . semiconductor device; at least one
contact including at least bne sE&GidF BRLal Blptershareitsaid %?MﬂgéﬂHlﬁlegéygﬁ%ﬁ%} section
extending at3easppaisialyrovesadipes sy iaas girgriddsemiconductor 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 leasggne candais-sehthprdompisaspadpwer section located over a portion of a
back side of said _ .

a semiconductor device;

a redistribution layer over an active surface of said semiconductor device;

10 a peripheral dielectric coating covering at least a portion of an outer periphery of said
semiconductor device;
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.



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. -33- 44. The chip-scale package of claim 43, wherg#. said optically transparent lid is secured
over said active surface with an optical grade adhesive. 5 45. The chip-scale package of claim 44,
wherein said at least another section of said at least one contact pad extending at least partially over
said major surface of said semiconductor device corgrises an upper section of said at least one

contact pad located ovéfsaid 2BV EIFaAlEPaF28a LerEditutBrgavieed eptirslly ety ale

package of claimjfbiswbaleid saifsdrpaiseciefhis ©iRosashiaiaratbabaypadeaid optically transparent
lid. 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, whgrein said ogicallyrtiaosasent jaclagudesiehamieraebrigesid2Q rAsAusaaeficiation
substrate for use in fabricating chip-scale packages, comprising: a substantially planar substrate

element; and a pRIrHY Brleth g oH RAbrUEPLiRe Hrlsaibrabiatrin prd My L Bdirse Yiement,

each contact of sgigi glhaditydfcendacischeingineatetspasdotignr witl a L& stipetdasiiopad
between adjacent semiconductor devices on a ev,i&le substrate to be assembled with the sacrificial

substrate. 50. ThEPSHEARNS SUBLELYS SRR PL eIt AEPARR PEIRYARE of said

10 46. The chip-scale package of claim 45, wherein said upper section is

exposed laterally beyond said optically transparent lid.

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 located so as to be positioned beneath said street. 30 -34- 51. The sacrificial
substrate of claim 49, wherein said plurality of contacts includes at least one pair of contacts, said at
least one pair being spaced apart from one another at most a distance across said street, said
contacts of said at least one pair being located so as to be positioned on opposite sides of said street.
5 52. An assembly for use in fabricating a plurality of chip-scale packages, comprising: a sacrificial
substrate including a plurality of conductive elements aman upper surface thereof; 10 a dielectric
adhesive on said upper surface of said sacrificial substrate; and a device substrate including a back

side secured to said uppar surfage satsaidSaguliciat stbstRiebysaid diglagiicadhesivenaais device
substrate including adjacent semiconductor devices on an active surface thereof and at least one

street between sHitlUtfhRelTRERRIBHE QLI Te S8 dilF 41l RBSPRIRO SR SPHEH LRS! HEuRiBARd

substantially overgaipkphiraliyt afiaasticive 8lemenisebIaithe asseobaRf flaim e panBémsaid at
least one street is positioned substantially centrally over said plurality of conductive elements. 20 54.

The assembly of QEHAG? HHeRSPLIPEEdALPBAR LEreidei o fgitbt 5t tween adjacent pairs of said

plurality of cgnductive elements. 55. The assembly of claim 52, further comprising: at least one
optically transparent lid gver said active surface of said device substrate and . 25 substantially covering

an optical element theredt: 56. “FhaSSELBRIRF Sre i Becaiing Apusaliy-Rh sHR-Sraledpisans’:
transparent lid ceyafsrizpiical elements of a plurality of semiconductor devices of said adjacent
semiconductor devices, 30 -35- 57. The a(f.sembl of claim 52, further comprising at least one recess
formed a sacrificial substrate including a plurality of conductive elements on an upper surface
thereof;
10 adielectric adhesive on said upper surface of said sacrificial substrate; and
a device substrate including a back side secured to said upper surface of said sacrificial
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.
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along said at least one street and defining opposed peripheral edges of said adjacent semiconductor
devices. 5 58. The assembly of claim 57, wherein a dielectric coating covers at least a portion of at
least one peripheral edge of said opposed peripheral edges. 59. The assembly of claim 58, further
comprising a plurality of peripheral contacts on said dielectric coating, each peripheral contact of said
plurality of 10 peripheral contacts in electrical communication with a corresponding circuit of a
semiconductor device by which said peripheral contactigsarried. 60. The assembly of claim 59,
wherein said peripheral contact is in electrical communication with a corresponding conductive

element of said pluralityof 15 capdugtivdRlmants: §1.fihR-asoaiphlif flalm@hcwheksirsaich

corresponding conductive element forms a lower section of a contact of which said peripheral contact
is a part. 20 62. AWHRGRIRad- Wevitesh sad finine Aprsrypdisbrirl sHaatRlrsa E6thponent
including a pluralgyngtepmiageis RRiaesurface thereof; and a chip-scale package oriented at least
partially over said semiconductor device component, said chip-scale package including a plurality of
contacts 25 corresponding to said plurality of contacts of said semiconductor device component, at

least some contacts of spid pluralityseéeentasts ahsam Ghigssaldidaakras iticldingaticrstraised
peripheral sections on an outer periphery of said chip-scale package that extend along an entire

height of the outd?BHAPRER) et ans Bstiiesbsdstilgaibarpstr thesriRbeiakedssiductive 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. -36- 63.
The semiconductor devig% assgﬁWSSF]agirﬂ%flw it st eBIRES BRI R B ReEPhsTAl

semiconductor devigaonipaneaiasetexposengbeyanpesaidrattenperipheny phaaidbip-scale
package ang said intermediate conduc}tive, 5 elements are dis‘ﬁosed betweer(]isaid, eﬂpot%%ral sections

of said at le %t S&Wép@(g}:ﬁla%(@tacts 1n electrical communication with a corresponding circu
semiconductor device by which said peripheral contact is carried.

60.  The assembly of claim 59, wherein said peripheral contact is in electrical
communication with a corresponding conductive element of said plurality of

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 a surface
thereof; and
a chip-scale package oriented at least partially over said semiconductor device
component, said chip-scale package including a plurality of contacts
25 corresponding to said plurality of contacts of said semiconductor device
component, at least some contacts of said plurality of contacts of said chip-scale
package including at least raised peripheral sections on an outer periphery of
said chip-scale package that extend along an entire height of the 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 semiconductor device assembly of claim 62, wherein said
corresponding contacts of said semiconductor device component are located beneath 10 said
chip-scale package and said intermediate conductive elements are positioned between lower sections
of said at least some contacts extending over portions of a back side of said chip-scale package and
said corresponding contacts. 65. A method for assembling a chip-scale package with another 15
semiconductor device component, comprising: orientingge chip-scale package adjacent to the
another semiconductor device component, the chip-scale package including a plurality of contacts
corresponding to a plurality of contacts of the semiconductor device component, at least some
contacts of said plurality of contacts of the chig-scale packa%? 20 including at least raised peripheral

sections on an outer pefiphery DIAHETEFRBRICHE ke ges el ¥l Sy MhesHRr Height of the

outer periphery ofolg shrifsalenprekagcianeamishaiodiniervedinparndurtivepplemsashptween
at least some contacts of said Elurality of contacts of the chip-scale package and corresponding

contacts of 25 safbRHETBFHPRERt QLR thP sEAl ARt W A RS A SHRIACBIER  The method

of claim 65, whergignsai ariemtipec@BYHINSES Qi@ pHngHhaIGRiRIshals padkadeast Jemst joattially over
said upper surface of the another semiconductor device component such that said corresponding

contacts of the adBth¥HILAHRBIGENS CORGHE 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 methddf'of cldify BEMERRIERICL LG B5ttng WS mbfied Srelfiftthé® o chip-scale
package at least paitdapyroves saithuRRATssl free @fite anadhace somisarauaion sevicebeasmponent
such that s i@ correiyéﬁnqw%%cont%cts of Hwe, nother aemicon uctor device component are located
beneath thg‘1 hip8Lafe' Patkag8%4mnass-a 8%%6‘%??@“8 IS RORUREN 6 SIS SRR AFREMEGREE conductive
elements betweebel@weili lower sections of said at least some contacts extending over portions of a back

side of said chip-scale package and said corresponding contacts.

65. A method for assembling a chip-scale package with another
15  semiconductor device component, comprising:
orienting the chip-scale package adjacent to the another semiconductor device
component, the chip-scale package including a plurality of contacts
corresponding to a plurality of contacts of the semiconductor device component,
at least some contacts of said plurality of contacts of the chip-scale package
20 including at least raised peripheral sections on an outer periphery of the
chip-scale package that extend along an entire height of the 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 least some contacts extending over portions of a back side of the 15 chip-scale
package and said corresponding contacts.

10
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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
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
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

chip-scale package and said corresponding contacts.



