; _abe3eT@=T| h r6T CASTELLATED CHI P- SCALE PACKAGES AND METHODS FOR

FABRI CATI NG THE SAME TECHNI CAL FI ELD The present invention

generally to chi p-scal e packages and, nore specifically, to‘mﬁﬂﬂ‘ﬂﬂgmmjﬁn
packages whi ch i nclude contact pads on both maj or surfaces X wel |
as to methods for forming the chip-scale packages. In particul af'%he
present invention relates to chip-scal e packages that include castellated
contact pads, 10 which include surfaces, or sections, that are exposed at
the outer peripheri dASTESUATERLCHERSEALTSPAEKIAGES AR MBETHIODSTFCOR €
exposed at both major surfaces of FABRIPATINGEBHE BAGUEROUND Convent i onal
sem conduct or devi ce packages are typically nufti-layered 15 structures. A
conventi onal seni conductor device package may include, for exanple, a

bottom | ayer of encapsul ant materi al L sem conductor die, and a
top | ayer gf encapsul ant material . I?\Eggﬁﬁéﬁ%ﬁ“lﬁiﬁbei ng | ocated above and

beneat h the seni corfbhecpresentlinvemtivh reRitdsigeherall e &M@#@k&gdﬁh@l&l&le of a
conventi onal sem',lgaijuctor, devi ce package al so laterally surrounds the

seni conduct or WECTiEallYa fRychip-seale packagesewhich inchidgicontaet pads e hotrnaionsirfaces
sem conduct or i I i ent. s a6l Ltate
electrical co ntﬂgfé?% g?\ 9%19 Iétgl ﬁcgm'ggl%h%’gﬁ %ﬂgﬂgg H{g cek?/&% pg%ta{eﬁ% ?g%lgvx} I{ ﬁm—églﬁéjf %hae I

el ectroni c compeseshinyenticmardkteaite chip-sealapptlages thatinviadé tastedlatedrpntatopadput:

| . ds, .t ypi | i b he di [ f f [ f
2 Convent i10nal a Pehfle eGSR Puonss Babete sgzovahat 1 AWt PLEUROLE
undesirably | §iaaRagREDsRhelDis s'é@t?dns@ﬁét%}eeex:;%% aﬁ‘bSﬁiGﬁ%Ef sﬁfé@%&ﬁﬁ%gﬁcgta%&: ) a

circuit board) to which the sem conductof device package Is to ecur ed
and electrically connected. O her exanples of such input/output elenents

i ncl ude pins, solder balls or other digs uctive structures (e.g.,
bunps, balls, colums, etc.), which cbrﬁc(ﬁﬁggpm 30 the height of a
conventional sem coDélivehiiénall 8sthieendireds AeGice YhkAg &P tyRibaly trbulti NS ere

d
thi cknesses that conventional encapsulants and carriefs inpart to the
overal |t HPckrid@istusgs. A egsivgatiena pemicerdyctos daviee packags ey lr{;gmeage exathpleagided

hei ghts of su I i r f g
sem conduct or qg)é@ Pﬁfé&%ta(gfgg@g%ec%&ﬁﬁ%lf g 8&% '; %5 E%%lcro uglzclf(grndléﬁf%gsai t(r)% E)aiygr ?far ge
di st ance fromeacamsutanémateniab t Inskddition tobeiap lodatedabsecatidddnedati tied ectrical |y

connected. In order to keep yp wth the trend toward_ ever-decreasing the
di mensi ons of S@F%WB?FPESIG@UHG%‘E{“’J]&??‘E’HBS & matarish P cogRtionakn devel oped

t o decrease th@uhedhidl ' ' ' ul t
of many of t hecaieddIBOF IS, MR a5 ISR LerfiE Ry dTFe BT
a packaged0serthe cardies t lnraddiipnc e caniviehtiored eersicoutiuctsn sevins padkage melmdeoughl y

the sane as (i. ; Lightly |arger. than he corresponding |ateral .
di mensi ons . of °P ﬁ.éduéé%egegheggsctpg?glgﬁageeq?ﬁ?aiS?r}neﬁh@ ?@ﬁ? ﬁeémg%‘i“g{ch;gﬂ/‘c% mal |,
sem conduct or théreefiwiik egienial electi@tietodpsmRatgl ons of 10 CSPs, they are often.

formed at the so-c?ill ed "wafer-scal e", neaning that packagi ng occurs prior
to severing the seny%39nasANGample ofconyentiangl Wppstiontnyt elements. Leadjdypicalle

substrate. Packagivige R ARAGOHS bf FRDGPaANEIF a davaRhal Smdl5aausi dsvidhe

difficulties
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 héights of such discrete

conductive structures may result in a semiconductor device package which will
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that may ot herw se be associated with handling such small conponents during
chi p-scal e packagi ng thereof. Such wafer-scal e packaging may i nclude the
formation 15 of a redistribution layer (1ZDL), which may rearrange or
effectively expand the connection pattern of bond pads on the active
surface of the sem conductor device to a re2listributed connection pattern
which is nore suitable for connection to a carrier substrate.

Al ternatively, one or nore interposers nmay be secured over the active
surfaces of t hgrotruds aowilesirahly thege distanccBiomarcarrexisubstitety whicteit & seouredt her

| ar ge-scal e qu@%lfs%a@e and gelﬁﬁctri cally connected to such sem conduct or
devices to re DU RBUE hect i on patterns thereof. Once the

connect i on pat t er nsinQfrdéri6 keapiys Aivd YKd eéndisww@e%haa!&e&ﬁfglﬂhé gifhcisionduf ed
and either before or after the formation of a protectivelayer over the RDL
or interposer,elestmpicdavicesicaious teshrolegienhave beew Hevebopedto decrénsertle, col umms,

or pins, 2 Secufr e 0 4the.redi stributed.pond pads of ch CSP.
These di scr:nr%t e(‘ﬁg%ﬁ%fﬁg éjt\r/pea%g%gre&sfwcgggtéﬁigr ‘i?bﬁeé-aTF?/feé?‘Pé’lﬂ‘&&'a‘/ Bﬁg?set he maj or
surface in a sweclpldges i$ #id b-alleaychipRe4e phdkape TIPS, dpackized seaRwRGUIACE Of
the use of such discrete conductive structures, chip-scal e package

technol ogy typdevigel With btpral dimensions thatoe &ugbh’éthSﬂmfF acléedslightlyengerthan) ri er
30 substrate tiern6hone, g 1akaPRIRAkIRS of A8 s&h{%ﬁﬁcﬁ{cgorcd?&qﬁgrte% e structures
g Acrs e g U CRY 5

of the CSP wt corré’spon ing cont rmna acircuit
board). Electrical Doatetheireatively smaldsemivotidadtor dicldependentplaterslalimemyions of

substrate jn thj nner s referred to in the art as -3 "flip-chip"
connect i ontlor Bsﬁﬁaﬁ% qr%ah%fqrglﬁggt&lﬁisg-cg%b pr(ﬁqmlae( conganing thaipackagingnen
the discrete ¢ | ? ' I ' 0, ction
techni que. 1 o 1o r ! o SEHER Wi FRLLG LRI fehlf pFRE St PhEPlarisie
connecti on t ecsubstjatesPackagmgpemmmndudtvedavices niethe wafsrdualt iaveidethenifficalties

typically spacg the sem conductor, devi.ce rapart fromthe carrier substrate.
T s apate. may TRLHAY TSRS By Sisacieter uth tand e ush SEall Empopse i

mat eri al . Suchclgpasdl® packhgitg TRFLSO MR Waferdemk ?ﬁc@gﬁargtmémemae " thirfdtion
substrate nmay therefore inpart the assenbly with an undesirably high

profile. Noreotfcredistribationyayes (RIPLY whicksway ceaprangeer affectivaly axpandiths

chrrior subst rapRertiPfi ool cAREHERE oo CufBL R AR BRIRRT Blicfins

for a packagi ngdiseibutal agyiestvnglattemowhith is MoeRualde Breonmelian &sa Edidbr My be
secured to carrier su%it rates without requiring a significant anmount of

spaci ng bet weettbstaiec Altstatively, oneqrsnas infprposese may be Sequred gyer terastive and

t hat b I | : ' . | :
that may be el Qbbbedh sGRRNGRIEH defiofs Al drb BBl BY AlcE: dr'butfbr 1AEE MR

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



The present invention includes a chip-scal e package with bond pads, or
contact pads, that are positioned around the outer periphery thereof.
Additionally, the contact 20 pads nmay extend onto one or both major
surfaces of the chip-scal e package. An exenpl ary enbodi nent of a chip-scale
package that incorporates teachings of the-present invention includes a
sem conduct or device, a redistribution |ayer fornmed over an active surface
of the sem conductor device and in electrical isolation therefrom and

cont act pads wiflibrchip? cpunestion at “controfjabcollapsechip dprneetidn 't (B4R nOf tourse, when

el ectrical isqlation 25 fromthe outer periphery of the sem conductor ,
devi ce and whi'ehISEITH PAndELY trﬂlﬁtuﬁ‘??rcf’gﬁ’ﬁ'ﬁﬁ&nﬁ 581ﬁ8tf15§lcfgn5q0tlpﬂéec que 1s

sem conduct or Iéﬁyliegeowas?;gr@oﬁmﬁbgdi stribution [ayer. One or nore of the
contact pads may al so i nclude an upper or |ower section, which is |ocated

adj acent to and nayWhen &imehiner pa ¢opnedsiondechniques aregmpleyisdcthe disceete i ve

surface or cbac j 1 or device. 30 The sem copduct or

devi ce of g uc h&ga{éﬁﬁlﬁ%ie(%%hgs %ggzpﬁgggga 'é%&}lecsg%?qngigctgr %Ev ra}’aﬁﬁﬂ% CSPITET
processi ng dewubstrater Tmssﬁaw%awfenﬁirs@embr@e\ﬂn@e withfa -&8188 SlindeEfildi spl ay
device is included in a chip-scal e package of the present invention, at
least a -4 dJBpsTiply eh spacing ofp serieongucton devies apaet finm a gewier sibstale mayy be
covered with " Y r ] i.q : [ nvention al so

i ncl udes net hg@%@@g?ﬁﬁ%%thtﬁge@%%%{g@%l%‘%&%%%é@?%g{}@éncl ude contact pads
on the outer peri phdbreaset, lesetipes Fhetsp-scate paskaginp yechBologiks tipesallaidoaot

waf er-scale. As antgx le, a Wang)r or other |arge-scale substrate carrying
a plurality ofPeEdH ?)I?\]ggfﬂ? ofja shipascale\nackageion a-caprisr substrate inafasenims a
"sem conduct orgrfddbsiohat €', may be secured to a sacrificial, or "dummy",
substrate. The sacrificial substrate may include | ower contact pad
sections, which areA¢cstdingkydthers inemephfars packaging tecutolagyswhitipresiiis in
sinplicity, or.precursors thereto,, which . are referred to. herein,as

" precur sor paa‘g‘%?'s @?kﬁ%?ﬁgﬁat%@{?ﬁoﬁ?guﬁfl?%f’aéﬁlﬁrr%‘b?trag%tsd‘glﬂéﬁué IYYEIRE Hned so
as to align Wdighifiedrt ampentbfgacifsbadRel HeQhiflfuleRekades ind e caflt sade! or
substrate is secured to the sacrificial substrate.” Insulative and

redi st ri buti oranddhatmsaysbeeleesrioally wnaectedto seamierenbisittoin afacs-up sridiBation. use
of known processes. The results are circuit traces that conmunicate with
bond pads and extend fromthe bond pads toward or to the outer periphery of
the sem conductor device. |If theDISOLOSUREOB INVBENTOBOI p-scal e package
under fabrication e to in¢clude upper, sections, which are positioned

adj acent to the act PSR Hventm ‘Elﬁ]éld%?’rFlE_BﬁH%}_EP%kaa"ewtbé’Pn@ Rdsypyrantact
sections My o4:9, i 0 piRiflodtdldrfihd' e oh@PpdriblyMer@be, 2Rudifibnaliy Hnd bbhdll | ON

| ayer, with at | east some of the circuit t extending to cofrespondi ng
upper sect20onspadyimsnyiextandamioencsercotientiajr sitfaces ofithe ahiprsalepackegef or med

either before or afjer_the sem copduct ubstrate is secured to the.
sacrificial substrat8™ %_’e:l(% %g?dra@ﬁ?ta‘ﬁa\f’z“pé?ﬁ#er@ﬁl‘%&ertﬁgd{“?o&’f’rfi@?i‘?@“ﬂ&%e
been formed angf thépreserfi@iventon eh@es & dhhicoadtdrafviee S reaREIHUAEN et fBmed
sacrificial substrate, the_ sem conductor 25 devices are at |east "partially

severed from oWt anaetiversurface ofthe seraicpndustardevig and i eledtrienl isgdation dharefrom,

sections of coeﬂﬁa& | . LtLo e.d.,.edages or
a surface) of the F%a\l%gﬁ;dss ecpf %ﬁgaﬁ%hﬁ%@%ﬁéﬁ %(ﬁﬁg nqé% s{glaegee‘m%f% fsﬁgaggn
precur sor 3fadsfromeheouter seriphegeofihé sniovydusty devicdandowhich to@mupRese With
CEDP S Sndustor ‘GBS oSt B et o bl st v
material . Such } I : S&fe I S,

peri pheral di e(l)ié\l%)ta Hngﬁbc%%%i? E‘g”%ﬁ pléxgéé‘ﬁ‘i%?;é ?;?)rher al%ﬂcehggg}cgfl J‘ggrci?gg%ﬂmk%%%dlgct or
devi ce. At t hilocated ndjacent thandumek hesubgtantialtyesoplanahwitharespeotivectcetive 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



-5 devices that are carried by the sem conductor substrate are
substantially separated from one another and are held in place relative to
one anot her by way of the sacrificial substrate. In addition, the outer
edges of any |ower sections of contact pads are exposed. 5 Each peri pheral
dielectric coating is subsequently coated wdth a | ayer of conductive
material. The conductive material is then patterned to formthe
peripherally |ocated contact pads or peripheral sections thereof. O
course, if theensing acemissids atsa antbe adtive-sarfatecthgrackagye be omtonalewitlp pe optivally

| ower section such @@tter ning is effected such that the peripheral
section of ea Rt pad comunicates with its correspondi ng 10 upper or
| over section: There@{gredent irdentidilid nchulks HEBAS R foring BB .
sem conductor substrate, with any |ower sections o contact pa |n| ng
in place. As tthetiselude Wm@épa@mﬂm atter peripherios/thereof. nEhesh maﬂmdalnmypmc kages

t hat have gee%gée {egeg jsul | y separated fromone another. 15 If the
sem conductor vIce8s? ?r 5{?8 to be packaged conprise sensor or em ssion

devices, the paCkagAsﬂﬂl@faﬁqﬂésamr&létﬁﬁrlax%@@@é%@ﬁbstrhﬂécﬁﬁfyﬁlgCaLﬂl%hty'dT ot her
enbodi nents of the method of the Bresent i nvention, the sensing or  em ssion

areas on the Sepicaadugpy @QYé%eSoWh@ dnrefesrrddo hengin ava e Qeaducztolesupsuﬁt@’bm
prior to both one .a her
and the int rocpe(th?l%h&lg?é %h?& ect r cﬁ ter Wg gﬁhgﬁfé{%ﬁ{% thay ifcude

sem conduct or ldeer amtact pid sededohs, Whictedie egferreddol Herdifi andpaeesuctibnsd fos pl aced

over each sensing.qr enission area follow ng the formation of a

redi st ri bdPi orFIPBYRIRY, opprecyspis thereto which e sefiresd ttﬂé‘e‘iﬂlbﬂse@ﬁqufﬁoﬁﬂ@@ri al

bet ween adj acefifess Riter 3810nE BF

coatings on the ;S)erl pher aié g gx@@&? gggrerﬁ%%?n cht %gjéth%bﬂkﬁﬁlmn%
sacrificial | spmicanduétor dﬁdcaswdrenﬁhmseﬁﬁcm‘phcmabdbstraﬂeammarednb tHel ﬂ&lﬁdﬁiﬁl
above ot her Iocg q(fns of the sem conductor devices but not on the

peri pheral di SUBHAS ¢ coat i ngs prior to the formation of a conductive |ayer
over these struct urigsulam\e eﬁidcrgdlsﬁ'fbﬁﬁb&?h'y%!ﬁ a?@fo%b&bvéf@ﬂe Q?m&?d@ﬁ&%gdé\ﬁ&’é?
desired | ocations, such as the optically transparent |ids and other

| ocat i ons 18verbytuse ofknowe peasesses e Shatesultare cinuibinahes that catemiunieste with bomdwn

lift-of f' t h | | ect
coatings, - dp Bl ML ot 3e b e BElet BREEmn g BF oot r oni o
devi ces whi ch semd¢andectsridevied)i I tifecdhicpls a0 €, chdB soaR pacRege IdBOMBriéion

form ng such assenb::iuﬂs and el ectronjc devices, are also W|th| n the scope
of the present®? R 6pr°ejt8ﬁ%tr0nﬁe‘ablﬁhe@ nosiioned adincegbto the aetive sprfacecofithe

invention will seﬁ?&ﬁﬁﬁc@?ﬁ’é%@en Tthet ﬁox%f mg Aspas (‘WZ‘I@% Eilé{)dﬁ%@tﬁr}?%rgga{mn of

through consi deration of the en escrl 1 on,
dr awi ngs, 28nd ﬂlheed@ppbndmdayﬁrawnh at lB&tEﬁnE)EStH&IcBEumaﬁE eRRANINES | n t he

drawi ngs, which de exe ts of v r| ects f the 10
present i nventSo8T qg?itgglip Eﬁ%ﬁ‘ w\?laQW ﬁ%rﬁf”i?‘y Risermedent
of chip-scale d@&@%evdrtaheﬁﬂl‘éts&hio%h&ﬁct&%bﬁﬁite ﬁ%@@ured: tdthe Sadrificfil substrate.
cross-section taken along, line 2-2 of FIG 1, GS. 3 through 14 are

cross-sectional repPeesdhe insplgtiye and %ﬂ*%@hé&ﬁr&hﬁvhbden 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 sactificial 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



15 for formng the chip-scal e package shown in FIGS. | and 2; FIGS. 4A

t hrough 9A are cross-sectional representations showing a variation of the
met hod depicted in FIGS. 4 through 14; FIG 15 is perspective view of

anot her exenpl ary enbodi nent of chip-scal e package that includes a
sensor/emtter-type sem conductor 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
Ccross- sect i onaleviceptasseicatriedty thd §mi SORAR hng
chi p-scal e packages of the typrbg il %nsu??gﬁggﬂisn F %@%%&%gﬁa%?%g{agd%@i S
a cross-sect i cwglanpther anskave helddn place telstive tatone anathertlyevayhofithe saekificiab |
package shown J G 15...in ich an optdcally transparent lid is disposed
over a sensi ngs)lgﬂgé%il&?%g%’&’@go F%éeg%erﬁ(’é&% e ’é’\‘)?ﬂécq f DS hant er ed
edges; FIGS. 3fpbdedough 35 are cross-sectional representations that depict -
exenpl ary processes that may be used in the formati on of chip-scale
packages of the typéachipstiphsral diglestrio goatig irputsequestly heasedywith @ layes of
cross-sectiong| [ ' rating, various mannegs in which

chi p-scal e pac ogggﬁggglga?ﬁg?p %cé%délgia)%ce%«g%f& ﬁ@‘é%ﬁag‘Fﬂlﬁ%?P {%m the gerlp%erale

el ectrical ly doeutaldontact padivrtperipheisliectividubdrest, WoGReCiP RUARL dds OF HRY

el ectronic co%e{%&&fke Al is a side view depicting an exenplary stacked
assenbl y that § ckpgsynelude upnes Ok kayees sectiops.guplypatisting ispftestedisuch

i nvention; 5 } - i ent.at.l on: | ary
packaged chi p. DA EperhoRl SE@BR oF Bl @fle bERCRRAM AL s B RBRREh
chi p- scal d0paaipageor lawer section. board for reconfiguring the connection

pattern of the chipsscal.e package,. ang an encapsul ant terjal over the
.chi p-scal e package; ﬁ??ﬂﬁ’&% %g-ﬁglags“g’éﬁﬁtﬁﬁ qegPoyg$?rggg £ semisAndictog

mul ti-chi p nModub&rdid)atith 4y 1868SsetlomCoftoftacS Al ?&Héﬁl{@%gﬁgﬂ%{i Afthe sjagl‘f‘r']litiéiﬁi ng

a chi p-scal e package that "i ncorporates teachings o resent 1nv I on.
BEST MODES FORubstraterisianoved, therchipvsaaierpaokiaghistthat hevebeendermen df¢ Gly stpaattd?,

an exenpl ary digent, of a chip-scale 15 package 10 that incorporates
SRR SpEERip

t eachi ngs of “nhvention is depi cted. Chi p-scal e package 10

i ncl udes gsseni condfgietemiedndaeon devides R iafd toibe pabliped 8diRPrieGefdtRlor 2N
active surface 13 thereof, and contact pads 30 that extend from

redi stri buti orfMMasjen devicesgihg packagingaueesss pey idififessamewhiate In partignlon in ether r ed

to herein as " i I ! 1, G A nd onto a
back o do 14 GtioBimAES LPAEeukal dr 6 pRSTEARANGE the SRYNES: iftes Bl R S
30 incl udes arthepgive seefatasofi s semigdupbedalicesaed protecd priantb both cheer

section 36 (see F 2)... As contact pads 30 are | ocated_ adjacent to an
out er ( smgu!la%on ()f the semclconductor Qevqces from one another and theJ 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.



peri pheral edge 15 of sem conductor device 12 and, thus, at an outer

peri pheral edge 15" of chip-scal e package 10, they inpart chip-scale
package 10 with a sonewhat castell ated appearance and, thus, are al so
referred to herein as "castellated contacts". 25 Sem conductor device 12

i ncl udes bond- pads 16 on active surface 13-ghereof. Bond pads 16 are
arranged substantially linearly along a centerline 17 of sem conduct or
device 12, al though sem conductor devices with other bond pad arrangenents,
or "footprints", neQfeabwse,semicondudtor delvicp-asealbliepankegttoniddeviden vbidhor at e

t eachi ngs of the, present .invention. 30 By wa f exanpl e only, i
sem conguctor @ﬁwﬁé“%fﬁﬁ‘ﬁ§°ag%ﬂaﬁﬁ?%§’%§‘ﬁéhﬁ?%"e e@s@é?gmswﬁaasmw
O o o EeRie G are 8158 WAt e APHABIARE ARRer B RO SVM - 2

programmabl e menory ( , an e ectrica eras —g_ programmabl e
menory (EEPROV), orOthee fdahites antisadyantagasrof eheoprpsent invemtianowidLisdcome dpparermst td 2
may conpri a,so-cal l.ed "m.croprocessor,” or.'mgcrocaontroller". A,

di el ectri csﬁeayg’Psel%fa rgmﬂfys%%lgg’(fgf’)ﬁrtgﬁrf’f‘%cglmdlc%’é’nf’%%}ﬁené\élﬁg@BWH‘@EP‘E)rthe
device 12 to psRb gn}tiggdﬁamggs@agﬁ&l@agbgﬂgahﬁ%g_y i solate active surface 13
fromcircuitry 5 of redistribution |layer 20. By way of exanple only,

dielectric layer 18 may be configured to prevent electrical interference
bet ween signals transmtted al t Wali i i (not shown) of
sem conductor device 12 and ”]?gg Ftﬁﬁ%@@ﬁéﬁ@?% rcuitry of

redi stribution | ayeln (B0 drattifi@s, which ®pict eferhFlS erdtdiBMNIPEF FR1Mub Giffeis ©F tHe0

pr event alfha particles, which are known to cause dissipation of stored 10
char ges withi nPieesnbinyverdon:s from penetrating therethrough to the menory

cells, if any, of t L Vel D SE ' ; 1 th
material from whi chﬁg:"glnlgg re %P%ﬁ??@vﬁ@??ﬁ&#e%[g&%ﬁ?éh&?d%q %CS ? %éagg?céﬁ%geess
t hereof, may cwithcadtellated eontdvepadsar act eri stics thereof. Materials that are
suitable for use as_dielectric |layer 18 include ut._are not limted to
pol yi mi des, sili conF]giﬁdééﬁf%%SF@ tﬁ‘fﬁ"r@%}“ﬁ&f?@éﬁ?%xyni trides, 1 S and

the 1 ke D el ect 1 PIGRY Shrobfh 1 0eleises @ARILIBRsd taflbhch RGH BB LA

t hrough whi ch bond pads 16 of sem conductor device are exposed.
Redi st ri bul§ onfar fgrering thei ohin-saadespaskageshaivntiy Fids. diand@; t s 22. Each circuit

22 conmuni cates wt ryes i ng bond pad .16 of m cqnduct or deyi ce 12
and extends |ateral F@St ggmugg%gﬁ?ﬁﬁge%"f‘ﬂ rgprgwfaglga%%mw}ﬁg 8 JAtafion 0g‘ad

30, adj acent t the2fethod @dpidied inH16sY4 frowh &M conduct or device 12.

Addi tionally, chip-scale package 10 may include a protective |ayer 40 over

redi stribution | ayeFIGd5 i prispestive ¥iewy ofcanothee exengplanyemhodimens of ghiprscale

ol pha part ol cRppl malinchial s Sullidhiial nhe AL AloLSE B0 et SR RIGHE™
devi ce 12.2@5 GJontat pgdsymsitioned-hlisiit iR duterquediphérd theeeofexenpl ary enbodi ment  of
IR T R TR S AT P
(e conduct or  devi haer | ot b ald S BRI bRl Pt By cxemplary

By way of 30 eResegisdoniormingsbin-sentaipaskages ofi thettype ilusttatediin H6ispt 5 awel 16;f ul |
or parti al

waf er  of 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 throﬁgh 35 are cross-sectional representations that depict exemplary
processes that may be used in the formation of chip-scale packages of the type shown
inF1G. 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



sem conductive material (e. g., silicon, galliumarsenide, indium

phosphi de, etc.), a so-called silicon-on-insulator (SO) type substrate (e.
g., silicon-on-ceramc (SOC), ~g_ silicon-on-glass (SOG,
silicon-on-sapphire (SOS), etc.), or a single-device or multiple-device
section of any of the foregoing substrates.7FIG 4 depicts a sacrificial
substrate 50 that has di nensions which are substantially the sanme as or

| arger than the correspondi ng di nensi ons of sem conductor 5 substrate 11
(FIG 3). As sdiestfically donfeédtdsolanpiher setnicontibol dévicdddiRponehedt/dfiibr RcltBhigi N
as a "conductive element”, which is a precursor of |ower section 36 of each
cont act pad 3cp0e1moee1t 1 and 2), is forned on an upper, or active, surface

52 of sacrificial t r [ ' f rec or pad
IR ey b o Tkl e e
under - bunp et diip-sead bz(dkaﬁdd&%ordfngb@ﬂfbﬂrbsfmt inventidd; net al | urgy (BLM. :

Accordingly, each precursor pad 36' may include gne or nore subl ayers of
conduct i vemat er i al FIGE424s EB‘W&%E@"FW@I FeRresentation 8§ an cxpmplany| pagkaged ghipreale

formed by kno RCHR G€in

deposition (P cwze. g. férea%%;ﬂgﬁrlrleﬂﬁ?xpmﬁem gﬁ;ldé‘};%%gp dfggég‘likt%?%n c?x%%board

el ectrol ytic ploatécogfigwimgrthe cormmstiqn petienmof thewkipsicale pptlaigend anrenddpstlant

| i ke. Dependi ng upon th d 03| ion technjques) that is (are) used, as well

as the order o‘gﬁgg]o% &s@@g ?r@l more subl ayers of each

precursor pad 36" npys lag 19&‘5&1‘@&1&%@&@&%@8@9@& Brriufif cRbimd e Bat 1n911‘1dé’s'se of

mask and etch processes). For exanple, if a |owernpst sublayer of

conduct i velOrat @Wfslal SﬂnletDnﬂun@d db\jdcﬁvmcbldlwlppﬂc@s package that ingeripbegesr may be

patterned priof, 4o formation of additional sublayers of 20 conductive
Sottids P St

material there§ i;{vexétlonel ectrol ess, or inmmersion plating
processes. As anot her exanple, if nultiple sublayers of conductive materi al

are formed by PVD or CVD rocesses atterning may be effected to form
precursor pads 36' afte?3 TIMODESEO &W&Q i%ﬁNVM@T‘br f ol | owi ng
each set of consecuwléﬁerepxglcgqo @raﬁggs%ﬁé{ﬁnﬁﬁagﬂégnggh%%{%ﬂ aqggéﬁgpl e, a

centerline 37 throu eacn pr ecursor etween acent

seni conductsor phekagne]so thatinaorgorks texghinge df thy pseseﬁmﬁmmhdsf deimmed r@ltup-si:ﬂle( i
e., wth a scrr

str t.here Acc dr n hal f 36a’ of
precur sor pad ‘“g{%‘d%% %&“é‘ﬁo'tffé‘ﬁfé’éfiﬁ‘”ﬁ?rgi ﬁd§ihtsF %dF%\%%‘h‘fertaB aglive
outer peripher Mmﬁa’éél 19fthe§‘edﬂ z[nﬁtco%?a@ ﬁé?l@@@‘iﬁéi%xféﬁ& ot x%aﬁtnﬁi&‘ﬁbh %XSPQO A iRld

hal f 36b" of precursor pad positioned beneath adj acent
to an outer pe#l wﬁelrgpnpbbrabedg&riSa(d]sac@mect@rhewndm&user meiphey 1520of - 10

Al ternatively, r._sections d 36b of
cont act pads 3ﬁ%§ﬁ$’@mfd % a?i@}?ng) s%}pgfsgpn@% F{ngcapdlg:é%r %ﬁlc&a
sacrifici a0 suheédraingl}éeacmniaaopm 30nintlngesPdri uppbk seeti6n 82,| cyvetiphératicctiag 386a
and 36b may, epi cted, ve chanf ered edges 37._ Such chantering of edges

37 of discret earf eséf&thB §(%ﬂ&'aFI§n3I) Asensitash padsr 1 are located adigeent 2o, an quter
area than that !fa‘i'%&l%ebys éﬁ’sﬂéﬁﬁ&ﬁdﬁﬁgﬁ% gl?ﬁddnﬁmEg‘? %Hf%?g%ﬂffxg{ajl ¥d e,

fabricated conId tive ructures w equat e ectric nt ac

di screte | ower 15afchiprsaldgackaged 196ﬂ1cy Aulphirt chipatdly packiage t @ withlasomewhett i ons
36a and 36b have ered edge fac |itate the for

chi p-scal e pac%‘i&g@?%‘p{’?—q‘@egﬁ’a ?°o‘i$~ es’éeﬂrtg ﬁ’dﬂb?sorca%nfaiﬁs"tcp‘é’l”easctsli

(FIG 3) w3 h rel at Bedlicsndasterasvice 12%@@&0‘5 bond PhdsCEdrSRtive kedcel1s thausr ed
sections 36a and 36b with squared edges 37 are also within the scope of the

present i nvent Bend pads l6ease aranged substaptially linearlysonga erntdeling Y2 ofispmiegnductor

sem conduct or  SEAIE L efndat stRl obalof RERFRE il QIR ok BET prkthbineblirer 11, i
posi tioned adj &fvefirints?, Mdy k6 de vedin chﬁﬁdafd pickdges tas ticairate 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



1 S 50. When sem conductor substrate | | is positioned in this manner,

sem conduct or devices 12 which are carried thereby are aligned with
correspondi ng precursor pads 3 6° (FIG 5) or between correspondi ng

di screte | ower sections 36a, 36b (FIG 5A) on surface 52 of sacrificial
substrate 50. Sem conductor . substrate i 1 agd sacrificial substrate 50 may
be secured to one 20 another, as known in the art. A bonding agent 54 nmay
be used to bond back side 14' of sem conductor substrate 11 to surface 52
of sacrifi ci alprégramimablembRory BEPROMY ot thd o | Afarien ex &Apl8Pséniicondnstbt €d
to back side 1p4', to surface, 52, or If‘g’“bpth back side ;4§ﬂgnd surface 52.
By way of exarfisvicedrimay camniiseaorralied “misrenroeassors oF cmicronontrollerd. and ot her
appl i cation techni A Grelctic ngé*ﬁseﬂ dﬁ@m@e‘&%{a&&%‘ Qﬁr?&eei%?%ex%ﬁn&éugond! ng
agent 54 may conpri'se an éelectrical Insulative material. us, bondi ng

agent 54 may sddvivedQaa protedtthiesammeting te elecirivallpiselateactiva stafsdeds figh ofrcuitry
sem conduct_or %g;ﬂ/',ce 12 of the resulti rt]g chi p-scal e, package (10, as well as

el ectrical Py i steibptien layerA0. Byiway of exqmple palykdislegiiclayes 8 aaybe

sem conduct or [ At did B !g Lhnd e t he
adhesi ve mat er@ﬁgﬁgéﬁp f S er’f‘%‘l[ oye hggf%g%ﬁe%%%%{%r@g N .af?g? gov?n%:}ﬁé apply
little or no sintegeated ciranitny (noh shootryrof serhicbnditetor deviea d2 and thoke tramsmittedst r at e
50, or "low stress’; materi al., ereby reduycing the |likelihood that either
sem conduct or alopgsthe gpreviy OgFe‘Iég?_i’?qa/“cl?&?rlﬁ@ubAgfq’gf%e%c {Rryf’lll 2Yafraged as
-11 chi p- scal e;REgHRALS Fﬂ&eﬁﬁa@?ﬂaeﬂamcl&qwmargﬁﬁommh& diéﬂwgati%ﬁtof%%réd mt

the scope of the present invention, bonding agent 54 may conprise an.
adhesi ve it er¢harges Withimmemorgngells frommenetmatingdheretbroughyo the memoryaells, if

| ted t t , ol .
exposed t o cneied EytiPbife (ERLOER-BYAERL 22 ot mRRHRGR B bt
agent 54 will dielecasiodsyet 18y forgiedlimadlrBane MickaesIhdedfSnmy coht@blifeqaiheon of
redistribution |ayers (RDLs). Also, bonding agent 54 nmay conprise a
material that Shardctesisticoihersat Matezials th@@ﬁ%‘»“ﬂtagk@r wgras idialgoani¢ layemis include,

tenperatures t | i {0\ §.00.: I [ Qf; :prscal e
packages 10 an t\(%‘gée@;tﬂlr%ﬁewgb lpg m COE’%S;&%S;%%Cﬁee\E/]’%é%% ﬂ&'\ta%%?ggﬁ B O%RI&ES’
Exenpl ar y' Ifat earidaths likénaDieleryribiaydOl 8inelidessapactords 1§ fagedtth&réthraughytheough
without Iimtatjo a pe of curagble adhesive materjal that neets the
speci ficati onswi”&aﬁppg\éa‘i%ﬁ‘ﬁ%?ﬁ’i“ﬁbft% VS AEE BFPod Vi ce conponents, such
as thermoset adhesi yedis@bBfidla§er MOYIAELESIuraliffof Gfeults 52 ESM Greuit 22

sem conductor substrate 11 and sacrificial substrate 50 have been bonded to
one anot her anePriBHaicags wijhacogaspeading bionil pad k6 bsemicentluctad derdent2 and

sem conduct or ' J iall r tr e

SO horuct ! dfenesdBKHAE R Feonki e ARG b TAULOREA 3 Al

t her ebet weih, agedsapiphtgd Siof seinféondactandbviod. 12Such separati on or singul ation
may be effected as k i of exanple and not to limt the

wn in the art. By wa .
scope of the pr esen‘f‘g&‘ﬁ‘é’éﬂ&’(ﬁ p-sgakg,ypglfaggd&,mﬁy igclude,aarotsptive faygr feover
enpl oyed. O c 0 i i . r
cutting or mcﬁ%s?ﬁ%uutgg(%fgg'eyke%aﬁéa@&lﬁﬁﬁiﬁﬁgﬁbgﬁggasggg,gorgptzl. eanay al so
be enpl oyed. Lustriabwhichigelpeticallysiasulative quarwhichiinay pyevestefipha pandoiesfromct

control over the g\rn th andhclegﬁ h\ﬂglf 1GuL Lines 56 13 dej{zred, such as when
semi conduct or BUSEF ng through;tp the ) §rﬂ15‘gP8W°§P?‘é° P EBetween adj acent

sem conduc2®r devi C¥arning novid € Pils! B #rofEP B4, ahleREmpRHErhBodimets al h&tBsd RR-
Cut lines 56 rra)() extend a depth which is substantially the sane as the

t hi ckness of 2fbsigsingsinreqals packaes Fhisshawn. As depicted, cut lines 56 do
not extend conplete f:0 . ' t hown in
B Gs. 7 and T & AEiGees HABEbEE WrbndiBiAT ddlice LPHAGRUBE M i, 3

i nsul ati ve mat ssmiabnductordulsyatedl amwhichiaghmdlistofsermidoaductdraledicesn?l
substantially fills cut |ines 5%. The electrically jnsulative material of
diel ectric 30 (sgjpigondyetopdgyices\l2a-d2bheingshaynparg saxpied smayhe rrevided oBy vy of
such as a fot g L&kd h5de: j

ol yi m o, TSt o SSARAE B B BG Clor obclte 1 1ARPEGSen RISk PUTRORERLES
sem conduct or - suhisonductivd matgyiak (egursilicons galtiem arsenide, bidiny phesphide, etc.), a
techni ques, us‘sao-%glle% si ?c%tn?orn-llgllsﬁgi%f @66%%”6 s%éur']atté egg.,psri Pon-on-céramic (tSI&%)l I ke.

N .

-




Wth reference to FIGS. 8 and 8A, bond pads 16 of each sem conductor device
12a, 12b are exposed through dielectric layer 18 . Wen dielectric |ayer

18" is 5 fornmed from a phot oi mageabl e materi al, known phot oi magi ng
processes may be used. For exanple, if a photoi nageable polyimde is

enpl oyed, selected regions of uncured polyigide may be exposed to an
appropriate wavel ength of radiation and uncured materi al subsequently
renoved to expose bond pads 16. As another exanple, if a photoresist is
enpl oyed as t h@;&heqt sl i i i f & L& LAk b6 er 18",
10 sel ect ed rggfc?hgﬁloglh%ﬁg%bﬁgtﬁgﬁ ﬁs%!ﬁ‘)p gg%g%%?jﬁaf,&‘)b& %%ﬁ@ggbﬁtﬁ%g% whet her
t he phot or esi shultipleadavingaection dfang of tdeifetegoingsubsttatese t one resi st, nmay be

d t di at | f an, i .hen .chenj cal |
Gover oped. ae. knowr 10k *dRBici wacRficial SpaRie SRR has AeReibRuER sl ons of
the photoresi syh@hRidlI§TRY Snd & PIRBEChRPTHE caﬁéﬁaoia@ingfaim&%n%%f sérhicBA@IdiaT

type of material 1s uSed to formdielectric layer 18', techni ques that 15
are appropbi atsubftrate Uk FI6Y. 3).h4s shqyen, afprecsirsor pad 3€nphishdsialpmsefereed to dgreinas

expose bond pads_| £, if»the . material of .dielectricg.laye '
conprises a si% i°88§u°g’>YF§£e:mer?gs Izvlijéﬂgggt%&c P 68%@’3’%% g??&l‘;(lmgg ogg%%‘)c%g‘f&gt %2}%103;/\911
in FIGS. 9 anqF#@s. 1caid 2)] isdfsmicd ol £ dpperet atibiey@efaca 8 af eictifisiahaubstiate SOOr
devices |2a, 12b. Like cut |ines 56 |G 6), cut lines 58 may he formed 20

by use of a wafhelowsumost pegionfeachrregrseraaf3ai (hg. tha mbirkia located adiaget et ch
| . | g : . . U
e of mat or i SIFAFE S50y BRidR e il Re@ll-aR0 ORI BPbind BludtRC ) |0 |00

of laser cutimetalleeh(BUMS Acoftingly catiaptegudespaddd’ maphsdludewnefc@mmati on of
relatively narrow cut |ines 5 8 of, Earti cular depth is desired. Cut lines
58, which ar e_%‘#‘?’aﬂﬁ@_r"fGPn IWE)W@F“{& an cut lines 56, extend 25 through the
el ectrical ly insul agjn&oRBi&ive dhat&ial Hyst &Céu'olagell R4 be Fimed W) ikaDwh PrdReREed
bet ween adj acent sem conductor devices 12a and 12b, |eaving a peripheral

di el ectric coatichgs b9 oné ot merecdfaphysicalaiapyr depesition (RAEDetgrspattering) oehenical
peri phery 15a, 15b.of sem uct or .devi.ces 12a and 12b. Al so..cut, lines 58
et end. | o antrRtpSaRRgEN: A Sinr i bRty Sepltfrtde MBS Plaptd 8L,
one edge 3§ of thklliger %yéﬁdiﬁguﬁ&mﬁé dgRRBitioARechRliqe(sPthat RThRY hsddash wéll osthes. 1.
and 2). It is currently preferred that, to optimze the robustness of the
process descr i ¢rder dfcdeppsitioparocesses, ane gr mpta-sublayeisfaf each preeussnr pad 86'5pay be

conprises are Lvel J j e [ff at iles
are used to ﬂ)%%’imee?f %c%%@%%%#@a%gg&% Ogﬂz{s&gﬁ%?ﬁ% %cg s:?;-E), gé?%xﬁﬁﬁ%,

sacrificial suifatlowtendsOsutiayen bf estidactiveanitbsalimforaicd &g PAT) or CWD processes58 do
not extend intQ sacrificial substrate 50 iiJlustrated in FIG 9,

.. 1 n exanpl
each precur sor gL T gy Epatiege Pﬁ“?f.t?mfgmw Qf@_flfl’élﬁgalﬁ CIg 8ht act
pads 30, emrh EHiduEHFROABKAR] thereb® byUEcEHORAY CAItrolAY ] fr8midsion glatiReneat h 5
which it is located. In the exanple shown’in FIG 9A, cut |ines 58 extend
to di screte | oprocessesstAvanotisszxample3dmuliipdp sublayereafrondaativeimatenisl areformed s

a result of th t4 of cut lines 58 die tricelayer 18' | vered
"to-a pl ural | By PSP B G DRbresis, bR ERng ey be SERbE o R Rontiby nad R HE
12a, 12b. Next all ¥f the sublhgére hae: been formed 1 followiap dakt dev 6f dory&utid@PVherich may
i nclude one 10 or nore netal sublayers, is deposited or otherw se di sposed
on sem conduct 6VI3pI9sessat-e 11. As illustrated, conductive |ayer 62

substanti abt¢y overl i t Ll a . i '
di el ectri cﬁ(':oat [ ngshggl.eq&gir?%gce??@gef ggéenr%erége 3??’5}9%%‘1&&3@? %%g}r?gpﬁ% uﬁs 1 S
el ectrical ly calignedibetiween adjachnttsemicengudadiesitge $ 28 d2b cansrd yesemicomsluder of

contact pads 30 .and the. exposed hon ds 16 (FI GS. nd 2). ,
proc esseg , suc ﬁutggaig\}g (_1'5" g’ﬁ‘@xfﬁ“ﬁ? gﬁ‘gg’s“gs str 5"%"?}.&3"?‘5@@3@%& bugft a
base portion _Oi)re%ﬁﬂgy?éd 36 Wil b8 lodated Béﬂédtﬁaﬁd‘ﬁ&ﬁi&fed@&jﬂ@énttt&&b&t iph€sCh

as electrolytiC, electroless, or imersion plating processes, may be used
t o form subsequémof &fitst agmicondustar dswiconhIa, othileahelother half 3y of precursen @d 361

il lustrateg,patt.grning.of conductive.la 62 to farmcireuits 22 of 20
Fedi ot 1§ bus? on 0B oS Shed TAEIS il faiafhPlo it AeBbBR SR P pl ot 0w
processes, sucRlemiofitsdforadedicetiob. t echni ques, may be used to formcircuits
22 and upper sections 32 of contact pads 3 0. Additionally, when conductive
| ayer 62 is patterned, peripheral sections 34 are forned that comrunicate
Wi th upper sections 32 of the corresponding contact pads 30, as well as
with | ower sections 36 thereof. Upper sections 32 and their 25
correspondi ng | ower sections 36 may be | ocated at substantially the sane
positions on opposite surfaces (i. e., active surface 13 and back side 14,
respectively) of . sem conductor device 12. Once redistribution | ayer 20
has been fornmed, a protective |layer 40 may be fornmed over redistribution

S ~ N Y . o o - A~ a ~1 o o o NN ™1 o~




-14 polyner (e.g., a photoi mageabl e polyi m de, photoresist, etc.). If such
a polyner is used, it nmay be applied to sem conductor substrate 11 by known
processes, such as by spin-on techniques, use of a doctor blade, screen
printing processes, or the like. Still referring to FIG 12, upper and

peri pheral sections 32 and 34 of contact 51 ads 30 are exposed through

| ayer 40'. When layer 40' is forned from a phot oi mageabl e material, known
phot oi magi ng processes nay be used. For exanple i f a photoi mageabl e

polyi mi de i s enpl oyRflemafldte S dnd #lORRG, A, WEHICHWRPLHBh ST 88 B POSed
to an appropriate wavel engt I'ation and uncured 811 Al subsequently

removed to expaswact padsci (Fp@sid 43d.2) Asaycbeqireformek ommiréace 52 ofisquifidicinl ewbstttel 0
i s enpl oyed as he el ectrjcally .insulative pat r| al | ayer 40 sel ected
regi ons of the (ial%kB?‘@%?% eaﬁe@mﬁtﬁéowefseew ga %g‘iﬁ’ mﬂiétqqél]ﬂplpﬁ?é ave

phot oresi st i sg m&eeateyg & 70 uch eﬁéxﬁﬁenaglgmﬁfgeets'3V%fhg%%tene§)e§£ecup§ysé%%d
exposed to radiation of "an appropriate ve chem ca
devel oped, Sas Jéhmaypmwddtelamet surfmd(amalthmeﬂiataprdvldemhg squanelgdgds, reﬁsprﬂrgs of

th hot t act
anot hor Lype. oehBONEBRN fabp o Ed BRetH A haf vl anake Hlsait geetionk aniss o

appropriate fof diéiﬁet@ﬁo&é}%cétiﬁ% 384 aﬁﬂiwﬁ 'Rﬁdlﬁﬁﬂl@%ﬁ@cﬁﬁﬁo@@r éé%ﬁ&xstﬁa%ﬁose |
contact pads 30 (e.g if the materi al conprises a silicon

oxi de, mask aniﬂeh@ﬁ Cbamfpe%ectgesr&? e fagilitaye t¥xv\|fmrmmen of ehipscale paskagesif) one

or nore |ayers LM may far a i.n.the art

el ectrol ytic, %Pqéc %4‘953)3 OB P TE %“%ﬁngﬁ'ﬁﬁsﬁdk(ﬁmﬁl‘ﬂﬂ‘e?ft '%IH g’xposed
portions ofQ easti‘befsCS’lt@ﬁéomsﬁ;l ddCretd loteredePHRdns 368 bhd B6B3With BGuRed édpes B3 Alare
section 34). Such UBM or BLMw || prevent the material of contact pads 30

from oxi di zi ngalshWithincthe seapeof heaeseshinyention: er medi at e conducti ve el enents,
such as bond w res, F}@s el sses
are conducted, the éggtgﬂ%g%g og%glgisp‘paggﬁgﬁd%ﬂ ?g%émg%&{&%%ﬁ&tﬁh@ff

manner nay be whichdsesmineneabirktsidesad otﬁﬂtﬁenﬁwnﬂaaer ddviqes dﬁehﬁtlawacalrﬁgthby 40,

extend substantially. therethrough ro de therefr f BL|V|IS
formed on any ¥EUF? ‘{f“‘ E’F @?ﬁ%‘éflcj]tq bsml@é &'é‘ﬁﬁ??né cgc%{a @ﬂéﬁ?cﬁ cip
before or gf teso. t%eﬁ@étﬁﬁ:bh&ﬁbt&fsu%ﬂ%&@ﬁ 1sgﬁsiu%x€d in4fis n%ﬁer E%ﬁfcblé&’&dt&“ of

the el ements of each chip-scal e package 1 been conpl etfe ] acent
chi p-scal e pacdﬁg@g 120%hich axg, cagied. theraby aroaligngsbwish emeSQonCBngngx@bmtsedpadSGG’

from one anoth kno O OGL35E trate 11
has al ready be n se %llr.beg& ogrrewoﬁimf%ﬁ?%e!n\ﬁrfe Bg? é%gé}:g,g%s

sem conduct or gleRice 3 oiammm $3trhicP0. one anot her. Accor di ngly,

sem conductor devices 12a_and 12b ma be conpletely separated from

one anot her and | omé?myee@%?@ubﬁra& Yl:@‘l‘ﬂ saetifigighsbsitate 30 sy derspouredinoneg
fi Bisdih t f 104a,

Tob,  etc. 1 vt & Riberlih @b ot Atonithg oOPH R R AR A1

backgri ndi ng psaunieesbstorshbstfatehkivie seface ibofsaatficalsubstrataf. o&ecbrﬂmglyeduce

the 5 thicknesses,.of se ond ctor substrat, ollo he f n of
seni conduct or ARARGeE mﬁ‘? 9“6@ ’g‘c’)lé Y?sst"\gﬁ‘ﬁg%é 3|9 9 & sidé
sacrificial substandlsariaé® 57, cmy fagbf siuxﬁplé Gﬁllyekmﬁﬂﬁ-oﬁ%rayl&? 1scfct‘:ﬁ Brlntlng, -

Al ternatively, known etching processes, course, ‘suita
use with the néedethey annhcmnetpﬂmq;leemay&@ruswtsaaamlmmxdmgaagent B0, may be

36 my be 10 exposel hyngagbdsi it ateleicly MG ERme b oiss ' O

remai ni ng on abondihg agent 64 inlay sim&qhattlyrmnbaellfeledtﬂelagzér @fbaea@tdeswafconduct or
devi ce 12a, 12b, etc, Anot her exgglpl ar enbodi nent of chi p-scal e package

110 that i ncor Wﬁ?@@%@é’@ﬁ&ﬁd% etrRg ﬁbrpge@@rﬁcqlﬁx)@#@%wﬂag wetl 95 elestricp y
FIGS. 15 and 1 Y,

sem conduct or devi cgﬁiﬁeﬂ@&g as ab Slh@?lb{)?ﬁ %erg%ﬁ&%&“%ro%gcf 12or a

di spl ay-type déadddmnaﬁ;a,ahls&arramm_lﬁ'afermdfthat Itiee aﬂhieme mateﬁal/wheh 15)emplb9tacher
em ssion degyi ce. Accordi ctor device 112 ingl udes

Senst ngl endUs: GAMARSEA AR fher LA, Dl p £ S5 Feoieion sabepty 11 and
thereof . Addit isghficial substrald S0, epﬂomw%ﬁ%a%a%ﬁmc&g%e ﬁltel 08& a{a@
package 110 includes an optically transparent 20 |1d ver at east
portion of sensithe/semiconductonsubstrate 1t eysasnificiabsubsSateisOovill betdamagedace 112
al so i ncludes bond pads 116 on active surface 113 thereof, positioned

bet ween sensing/ em ssion area 170 and outer peripheral edge 115 (al so
referred to as "outer periphery | 15")..Chi p-scal e package 110 further
includes a redistribution |ayer 120 over active 25 surface 113 of

sem conductor device 112, as well as contact pads 130 that extend from
redi strl but| on Iayer 120, ar ound t he out er per| pher aI edge 115 of

. o A A N . o o A A A . o I L




10 formed, as well as the thickness thereof, may contribute to the ,
characteristics thereof. Materials that are suitable for use as dielectric
| ayer 118 include, but are not limted to polyimdes, silicon oxides,
silicon nitrides, silicon oxynitrides, and the |like. Bond pads 116 of

sem conductor device 112 are exposed throu_gltri dielectric layer 118 by way of
apertures 119 forned therethrough. 15 Redistribution |ayer 120 includes
upper sections 132 of contact pads 130. Redistribution [ayer 120 may al so

i ncl ude a pl urglihya® ' ' . e %“@ tHelfd pper
portions 132 o‘?h%orare %%hg%ﬁgdégkfaé Ef&gljg: sﬁ’gg lg’ggpgémgfteoqgg@kageoéeiﬁynay
al so i ncl ude athppotsenttinventioayleondinprgeat®hmpy comprisecni sthesivematerial. dBler 120.
The protective | aye oNQri ses material which is electrically 20

nsul at i ve and™RiEhelotRaPIImEARER 54 b Hable pkelewated SmprenEes andergeduedugn
to the under| ylslegsu%é%rtb%gra&u%afmﬁ?%eﬁe)éﬂed @cﬁ@m_ic]afeﬁ\}?foﬁﬁﬂﬁg,zgr ﬂﬁ‘ﬂi ct an
exenpl ary process fox packaging sem conductor devices 112 and, thus, fox
form ng chidp- seaidigiona ¢k whish tohOingrageutdidnyill Heeexpased dusing idbwostteant prdcéssesF| G,

17, a sem conductor, substrate..111 LS provi . f 25 | e only,
seni conduct or élﬁjs{apﬂ‘f o r?fﬂé“é‘&%‘rl e Qﬂsﬂ?)r %F&%Hlfl&agwﬁgﬁ%

sem conduct i vecdiipriel sthateA tﬁﬁwi‘ll)ﬁb@oﬁﬂ‘gbsﬁitraﬁ&%mﬁ&iatﬂre?bﬁﬁhﬁaﬂ?mece or

mul ti pl e-devi ce section of any of the foregoi gg%bsubstrat es. Wth reference

to FIG 18, a ‘empgwmtarestopwbichdt willbe expesedioingdgbrisatioropfahip-seads packages 10
sensi ng/ em ssi gn, r.eai.on 17 f h m uct or device .112.. Tenpor ary 30
protective Iayerd 0 r?gyojfﬁfglg\gl)cé) H?@cg%rnfeg}ﬁeﬁi?ﬁbeﬁeo ‘fEégﬁgﬁWngaﬁflgléi%g% B4 {%n
170 whi | e 1r ocesedas bbhdihg Epi&it Sdendladywitheak Iphitaion] eyt e b @asbIe Adhesfvean '
optically transparent lid 172 (FI,Gs. 15 and 16) thereover are effected.

-17 Tenpor ary Wettiakthatmeets fhe speeifications seauired ferpapkaging sopmieppdictop Jevice f

phot oresist to ' S : 100 q4l1se of a
doct or bl ade, gcr den\rél:ﬁtpsf f‘%ﬁ“?“ﬁgh"l’é‘t% gétﬁgﬂ?swgﬁﬂaetérg%gipﬁ&l@?}c@ﬁ,ﬁ@gﬁ%%ﬁg sel ected
regi ons of the | ayeOnoé sqphicomhuetir substi@fe doandsecrifididiesubstete50 hive been honded

ot her phot oi mageabl e or 5 npjaot oi np bl e pol ynmers). and correspondi ng,
sui tabl e proce¥s¥¥ a{‘éﬁﬁr ?n‘gﬁ‘?rﬁg%agﬁfl ag‘ggaéégffr%‘?rxlﬁﬁﬁf%’i’ ﬁ‘g@‘ifé‘f)?eémﬁ&i‘&qoél s,
or screen py i Nidvices'10h, MHRE BhalRIGRAPIE FBhnk BhothedBY sifk ARl I QYR to
formtenporary protective |ayers 180 over sensing/enission regions 170 of

semi conduct or eeseribe ding SAFIG] Hdherabatwesn, agdepietad aoldisc 6 and 64Ab Such sepatation| s

d g fickal 10 50, .such h h ' |
barticul ar, a DorineUighmty vE RS Siinsin B et J8Y §2Y of PRBPIE Aod hotip il
to FIG 5, naytheacepof thel ptesert itvehtion e wafeodawseltd krfowi 1§pe fidh Bk ediptoyed. OF

back side 114" of seEB' c%aguctor substrate 111, or both. The bondi ng agent
54 is applied FPrEsOftes kpym sepagation;techniques (6 4.+ lser cHiing o mademsttre&amqey,
i sol ate prggur ' ' b i ed from
back st do. T4 Pagk BRFGR pRicelRs THe) AEFARE b ImpRYEd | LEP bulpDloheishs 2
posi tioned adj pamtinulatly usefil whercsirictamontrol over the width and depth of cut lines 56 is

desired, such as when semiconductor substrate 11 includes narrow streets S between

-t

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,



with surface 52, with sem conductor devices 112 that are carried by

sem conduct or substrate 111 in alignnment over correspondi ng portions of
precursor pads 136'. Once sem conductor substrate 111 and sacrifici al
substrate 50 have been secured to one another, adjacent sem conductor
devices 112 are partially separated 20 from2ene another, or singul ated,
along a street or scribe line S therebetween, as depicted in FIG 19. Such

separation or singuylation may be effected as known in the art. By way of
exanpl e and nof May bejapplied lsemicopducier substrate &L by knowiy processes, sachvasbsr spimny of

a known type @ﬁﬁﬁﬁ%' @65t a dob o?%}brdéescrﬁ‘%hﬁﬁﬁuk@gﬂﬁeé&oﬁﬁﬁ'@c@ techni ques

(e.g., mask an processes, aser g nrqaes ) may al so

be enpl oyed. The ZSWmfeaénceemEIG\i andrSﬂsbbﬂchads 16 of eachrsemidomductohi ch may
extend a dept

h, whi bst ant i, al th he, t hi ¢k f
sem conduct or @Yb‘!sef t Q%E%XR%]SF%%\FQ%{@@%@E&%M%?& “sffalirég‘?’z&gWésilﬁyer
118', wh
| CTs CORRnES fdnd AibinRbAble IiRMaRKhYS gﬂ&mtgfyrh ling rocARAlhafbe ?egr

forned on seni conduct or te 1 I N suc
fill cut |inesFars&amplegife [dmltmnmgédbjc polgimiae iseenpiwytedy sdadctadfre@@nsioﬁlhmmredi c

Lo’ be . subsccbRRERR BAY S FRRoEH 1 EnovEoins Hatdmedl cbRRURg Bpdpdured * " ©

protective | aygateiBlsubSdquentty Rimdsa wb@o@abm p&u@h@cm«, Iaﬁothay&ramaalé if 4By
conprise a polyner, such as a_ -18 photoinmageable materia

phot or esi st , Phqt@rﬁmfgéambypdla-ythﬁmm@ilﬁ insulative mmahomelpmqaﬁrdged it

ey e 20 <O aBTORREH B oRtnl bl Dl U PR B pu e,

the like. Alteisnategiitvestons fsist @xfb(@ltﬁ&&oﬁ reSiBQ rla§ be Sxpdsad tradiHeion oF Hﬁ"e“ c,
electrically 5 insulative materjal may be used to formdielectric |aye

118' . As shownappEopriate wayelength, thon ?hemw%v&evqlwd pskanwn artheart; Fnde I?fdway
t hat t '
Lhat aper U esykh il Gl ULTERohbBEAE MO, BYSEmOAR BRI W lacREMr
119 of di el ect caursd, #yanothed 8/pe ol(nm!mxaprsorse(tmnnshmfcmlayhotsé, techmidues eeht

b t 8 be 1 dt tt di el,ect
116" ° Next? o 86 pamoprigt e ol TesTpe o gl Py hobs vied 1 sae bl and
in apertures 1gf4s 1lei( E?a‘if)ﬂhg Wedtdricd of éﬁé&'&n@aaﬂ: g coliq}nseé:ﬁ’ﬁﬁh'@ﬂ bifle, |lﬁé§§ran362

may include a single er or a plurality of sublayers (not shown).
conducti ve |ayetphpme$sns;mmé»guae ingle layer, known processes, such as PVD

or IC,\/C[j) procelssesI t 8? é&gf“lgé E]Alg’lg\txﬁlﬁ%@?resf Ife gﬁguct Ve Iayerd162
includes a plurality Bor me

for exanpl e, bsenlﬁvauufcto@\ianbwm 215, LB chidirRs \SQ(FIG ¥%),&ht nﬁ&fﬂsl HaeBe formed

I ncl udi ng, tE’hB fiﬂT tion, PVD, CVD, electrol E@SC pl ati ng, el ectrol ess
pl ati ng, 59 Wfﬁéﬁ“ﬁdasﬁ? gutting esmachiging techingtes, masloand ¢tak PrASEEERhi ng
subl ayers. Ref 8F SthBwifO s kfovil m@%n aﬁé’\ﬁlﬂ&ﬁlé 18P udeAVRL ﬂéﬁgpé*&ymasnm&ﬁf ned

to formupper 20 precursor pads 13 are precursors to upper
sections 132 owhiahrdieleetripdayer 180s fcﬁn% Agﬁmaﬂndus‘ﬁqoflasdnauttmgtthCmes isss t he

boundary between,.adj.ac m t or .devic 2b.
alternative, F‘S&%‘ﬁ a "Eﬁ% w%?rAm ‘BHHHB‘B Pt/?ﬁﬁ%{%é rnaﬁ_rgy i}ngsé{éﬁnagp%g to
formdiscrete uepm lis &Rfrd. 006t lined 58] whieh bRCGhinRaCsr nhABwerhbh cat IRRE IsBh&!ald
edge 133 of each upper section 132’ bei ng | ocat ed substantlaIIK directly
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



25 above and extending al ong substantially the sane plane as outer
periphery 115 of its correspondi ng sem conductor device 112. In addition,
as shown in both FIG 22 and in FIG 22A if bond pads 116 of sem conductor
devices 112 are located on active surface 113 sonmewhat inwardly from outer
periphery 115, circuits 122 may be forned-9@-as to extend laterally from
the | ocations of bond pads 116 to their correspondi ng upper 30 precursor
pads 132' (FIG 22) or upper sections 132 (FIG 22A) of contact pads 130
(FIGS. 15 and gyt diffecent aspectspdiee irddss (juppecrifidaltsubstetd 3Pis sab@cedteui t s
122, if any, b or ned hy. kn rocesses, such.as sk etch

t echni ques. nt%%@l&&gssn%nﬁﬁgw%gg\ﬂ%&gexﬁ lﬂtﬁéaﬂgtéﬁ\ ﬁagﬁat@ferég?lnteéﬁ‘ﬁ@kar y
protective | ayigsat&Pin?Id. 9eeicaPechisof bl S04 defveledNRD t%@c‘;wér_*&@&wn% Wg!ot

t hereover may be renoved to’ expose the underlying sensing/enission region
170, as shown ¢omtaet padsA9, esbreopespopiding tottlersemecnmdnetoy devicet et 1 2kebdnagthr s 180
has been faqrned, fyroma phatqresi st esi st .strip,5 techni gues that, are
suitabl e for u@glc&/i“tlﬁ??‘_' i ??iﬁk? mkﬁ%&”@éﬁl ié% °b‘gﬁ’EFss _qx&engl}ggisgmq ally
remove the sanRwePSiRE0A4 6h 4HA IbCedpobig @ligd¥airanérabs. f ARTYD kst bEHROT ar y
protective layer 180 is forned, other, suitable processes (e.g., use of

et chants, i rral@rmetiomof e linegfs dielestric layershd’ issevergdiintea plusality of disledtric same.

O course, it i rent val of tenporary
protective | ay]'{g?erﬁg’ﬁ{eéé@??ﬁ?&ﬁéfggw&%ﬁicggaé’s antially renoving
diel ectric |ayer 11Rext, Nithireferencs tooiG. i10, Fddndudive layer6ef whithna3ihtlaad bive

transparent lid 172 n%gﬁwposj tioned over seg;eg,onductor substrate 111 and
secured t her et mpsermet ersyisgepesiied enpthgmgse-digpnsed py semipgndystor snbstrate

optically trangpa i ' i -Of 1 1 I
dgvi ces )1/12 angl,Q %ﬁit};su,s{rgtgg’en d%‘f/{g% l%}%ié@%g@oﬁ g%p?@bt%{l%e%ﬁg%gg%gfeﬁt%
sem conduct or vel asperiphtfd dielecdic cdyinge§0. o€ orelativd layard2yalsoomintaces an, thus,

t t i 12' hav, b tially th | at | d
ol ohotaot or | detiGgally EimanicaStyith & GxPa1edSHEGLY CLiPWer SHIBONS AR OB 4 of
a_known type npadsi3e aalhd &foked mﬁﬁﬂ%w&f‘l(}@.‘cl SR 2)C ¥ rlo¥vr! FrofSRAT Sith o 'Pr

172" and sem conductor subStrate 1 nown t echni ques, such as use of a

di spense nded| & C¥Prrsecespas mey bg psezboi%mmaﬁnasp p besspostion off contuctivielayer 6Ace

optically tra i 12 b k] i tjoned. over. .

seni conduct or n@u sﬁég !()all %&%tg%hﬁ?cﬁ%%ﬂ Sﬁg?%%%&g&% i fgllggtﬁlﬁssn%mg@mf}rpl%'é‘g
caused to cur eproeessts) auly berustdied fafrh sabdqisnt sutdyRRy (nat showd) of Behduytiee Rier
mat eri al used gqs optical grade adhesive 174. As an alternative to securing
a single opticatly transparent lid 172" over 25 sem conductor substrate
111, a plurality of gjcadijui L : i ;

posi ti oned over sengllﬁgllé%g%%tegﬁgg%@éléf(fbgﬁggE]a%g%a%i tog%gécz;% g{rﬁ?%%i\a?%e 112
and secur ¥ t oredistritusiod dayen 20 qElGsc & add 2), as well as capadt pads 3. akirowanl preesses, 174,

o Pnas 5o BRgRE R B et e Bl s P AR oo™
sem conduct or ' 82uf &fact pads 3010A ddidbhalhswHaDEHIBEtivedAFd 624 patichRdlp&ifhiral
aligned with a carresponding cut line 156 and is thinner, or narrower, than
i ts correspondfaorii4 e farmeighatcommunicate,with uppersectiond 38 o therdorrespondingy
2o, Shor 1o B s 00l ABIE e B1Gl U TS sB S  by o

el e;:jc ri ciIBLPArSI }cmnds;;bmiin%‘lbmméfo?ggﬁ mélslbbsl@uat;drﬂt bubfgamﬁatltﬁltmggjnta!pesiﬁbns 01?1
Cut 1 ine 158 cepmel SEset (ishaciye vutee Landbacksilr 14 sprHemdor of each
contact pad 13%éni€§n<ﬁ1c’t’éﬁldbvi%§ 1peri pheral edge 137 of |ower section 136 of

each contact pad 130. Cut lines 158 are forned by a technique (e.g., with a
waf er saw, by | aser Oab¢ edistribution leyer 20 has hrendamsess a pedtective Myiee HO inmyshei t abl e

f ing t terial, of di tric. | 118! j f i_ngl .
opti cal Ty ¢ ranGBERR e eisibstion LS 20 5F el Seicanauchit deuise Imd 2biws Shaperina
of optical3y tFrpsRamBiectiivéiaferZo is gm_ﬁ:ﬁllb&?iﬁplg'gfg Pla§ér ) 61 diBctABdlyCRkdtive

transparent lid 172" is present on sem conducfor substrate 111 before cut
lines 158 are Matavialjoverisemiconduatoosubetrate Ut Theelectuisglyipsulative matetitlof layer

severing of opt} t i ‘. into . a pluralit f. 1 ndiwi dual
optically t rang'%gﬁé}lﬁt%yl ‘:&%;s]gﬂi%&%\i/ﬁ 4’“9’00 %Z\"%(r)'ﬁ? ?Egllyrrv?,tspgﬁgsp%ﬁl&c{?u?arggaqlgz
bei ng | ocated over each sem conductor device 112a, 112b. Wen upper
precursor pads 132' or precursor pads 136' are present, the 15 technique
for formng cut lines 158 should also be suitable for renpving the materi al
of such precursor pads 132', 136'. O course, when precursor pads 132' or
136" are severed during the formation of a cut line 158, they are bisected
or otherwi se split into upper sections 132a, 132b (collectively, upper
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structures that are exposed laterally beyond optically transparent |ids
172). By way of exanple and not by way of |imtation, the sacrificial
material of |layer 163" may conprise a photoresist or another photoi mageabl e
material in an uncured state. Such a material nay be applied to optically
transparent |ids 172 and introduced into cgj_lines 30 158 by known
processes, such as by spin-on techniques, use of a doctor blade, or the

| i ke. When a photoresist is used, known patterning processes (e.g.,

sel ective ex pqﬂlyrﬁeﬂ(@.Tgr,&Cﬁl@tdiﬁhﬂgedeblﬂﬁﬁ@é, ?Bbta&)sisfmb.)mfmca podymer is
selectively cure_and forma, sacrifijcial -21 layer 163 from'the uncured
phot oi mageabl &sahiibmpy be gppliedta ﬁemssndu%éubmtepbﬁ/w knppvippropesyess suchas byr e
t hen renoved fgan Weool h - f lihnes 1S8),
s Knoan 1 n t RRa0? RERABE EhAYE SeR bR, dldenirfimtifl prdob Shlne ACT
sacrificial |ayer 18l referting&d BIG.d2euppee and periphetabsections 32andlIdPof dontactloes

not extend_into c | i nes S8. . Alternatjvely, an uncured polymer which is
not phot oi fagd¥d gb ﬁW’W@S‘%s'éE’“BB layg¥ ﬂ&l layex+40 B&%W‘ecﬁl frmerial may be
appl i ed over ' ] G ' 12 ) .
optically t raﬁglgg(ﬁgﬁ eﬁ’b?%ggd%%f’)%ﬁer ehﬁ&@%ﬁgﬂ%&rgc\%‘%ﬁ?ﬁa cut f&nggr ef‘%%lpé ’,lf
such as by use plotsiarageableppolyimidg is ensplayesl, sedectattegions vBumtapmigdlyiaidd thay
processes (e.q., by use of a two-di mensional,..ink jet-t ripter), or the
i Ke. The ot die SHPOSRAIo AR ERPIBIHE VAVE RBRLR iptiirnd VoA RE nBiesl of

thermopl asti ¢ gEBERfubAtlFlentived W SiposE ccﬁﬁé&?gdst%. CAY ghofifer BxamplY, if X PASHE&ist O
heat, pressure, radiation of an appropriate wavel ength, a chem cal

cat al yst, 18t c.ip employied @othei electticallyinsulative mnteriab atlayén 4 ,sklertgd aegiosaof thmce

For med ¢ hor eovtort i 8n ARy o€ SufSEshnof ALl G NS Y Pl s o

may irnicl ude a eipogitiee teneaesion may bk expdsed 3o nbliatioh bAytedpréfriatowaviléngle then
material. O cqurse, PVD or CVD techniques nmay be used to form all of

conduct i ve | aydemigudlygievelopedias kaewn ke atfe Undenalonsd andiths upgmed rogipns of

electrolytic ' tr ' i I & ' esses
may be_used t AiF phOSrestt B EatioRBbleMintall ped B! Bl OGRS B ddfhe RS

| ocat ed oviér tinetetialisusabto form layge40's teehdqies tiis ateippripeidte fopusbutithey gpeayer
164 overlies seni conductor. devjces ,112a; 112b (bei,n ocat.ed over, onpti cal l
transparent | jgéateis I’E‘ﬁﬁyeda‘?’@y h? ussgde §Xnase F%%‘érp?fls {%I smi‘tF’H%lﬁtlayer d

peri pher al - di e}pebipfis&OAliaioxkRd matb nileitIOiBebdles thaf BE dleagr faces of each

cut line 1 S8. Additionally, periEE!)heraI edges 133 of ‘upper Sections 132 of

contact pads 130 2SWith referencs teyFH1.118) onmer raokgdayets3af UBM enidl:-Maway bofremeds

by por 1 ons. 165 SP Vet 0oF, w0BR btpBubth ot lFBatn e EbRitRe.
158. Wt h 20ef eﬁteéquséc?%ﬁ'tiﬁhs dfTeach aeritadt ipad 30 (1 & yperldedtidr3 TandfexriphBial be

removed by processes at are suitable for use wth, the material_ thereof.
The portions 1%8tiprpd). Sush UBMgr BId will prevent thy matqrighof eangact pards 30-fzem
overlie sacrifjigi ik N = Qfd b ¢ sses
that are used ?@H?ﬁg&%@éﬂ&%ﬁ ?”J&%gf)ﬁ Fggigérilm%%te %d%&ﬁg%[eﬁ%ﬁﬁ %18:'1159(61{%% e, if
sacrificial | awées,s6Blecbupps, oethedikehtherwtee SWhen suchtprodeades are comducted,ghe i p
which is

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



-22 able to renove that photoresist material nmay be used to substantially

renove sacrificial |ayer 163, as well as to |lift portions 165 of conductive

| ayer 164 that previously overlaid sacrificial layer 163 off of

sem conductor substrate 111 and away from sem conductor devices 112 that
are carried thereby. As FIG 27 iIIustratgj5 portions S |66 of conductive

| ayer 164 that are located within cut lines 158 remain therein follow ng
conpletion of the "lift-off" process. Wth continuing reference to FIG 27,
portions 166 i ht Dj ! 158
may be patter (r?eeacfb ﬁgagé{gl&g\\éﬂﬁar%@g;ﬁégg(g% %@ﬁ%? f%(?rlé)gﬁ? %\c@gg%igf%&%# a%JdeSs , to

f or m peri pher adxpssedtbyaemoting saérificialtsubstrapasi® (FIGS. 4 ald3) fibM eackibiprscale ext end
bet ween their coLresponding upper sections 132 and | ower, sectigons 136. Such

patterning of Bagkegeckde, ¥y eien\Binwaypf @xemple yid not by vayof limitation Jmowng ocess,
pats ern oS 5
Imra]t er: ;I 'f ﬁzs mgéfﬁﬁdlﬁ%%\%ﬁ¥§h ﬂ:out 'bgesqt ant Frgtpflghfgﬁg{“ n%%ta gwr%at e?i al

er Su
peri pheral 5di ethizkhesses afzamicopsudttOsubsirates folloivireg) the fabineatiat ¢fesemicogdaétor
portions 166 .be effected,following the "lift-off' 15 oces in which
case the mat erdeiicss theseany Fis e aest O bstarially aemyecTPLficigk Supgiraty A o each

dielectric Cpaéﬂiﬂ-?éaléﬁ&kg%ﬁ 10 100 %18, CARMAAtivRly, kAGW Eiching! prbcy&ds, whithand of he
resulting "lift-off '“of portions 165 (FI G 2,6) of conductive | ayer 164
(FIG 26). Onecawrsepsuitabledpense with tevhaseriablommatoyiakseofisacrificial sabsttateo§h nay hehe

art (e.g., by electr tic, electrol es [ [SI | ati ng. techni gues
on e§< poged pgr?rf‘glﬂ?(géf’yrﬁé‘(’g%ﬁaﬁn@ﬁﬁf §@Faﬁt§§61 !ﬁm‘{ﬁlés%%&’ E’é’felr Iﬁ?fg’lpﬁ? §€ E;La? i%(? n)
134) . Such)oUBMsosdd hd ide! df séIEY RIGhniGEe) WAt boddihg akeit T4 remhikigdewadiy and
facilitate adhesion of internediate conductive elenents, such as bond
wires, sol der ¢leetpieallyoinsulating baek sideHdrafeach spmiepnduetor devigeol2api 2, Igte. el enent s

of each chip-scale . I ,

adj acent chi p-scal egggdé agg@?ﬁ%@bﬁ@&n‘f g@ﬁ-ﬁ%gﬁlpagczca%ﬂsﬂg%gﬁggér&mge%

si Bgul ated, f rﬁmm%s aamge jaeserbj(ndenﬁamioslprepic&dﬁﬂ??%ﬂs:ahqu Clﬁlltpﬁcamduct or
substrate 111 has al ready heen severed tqo pajtially Si C y arate
adj acent seni caéw@_a%q L0 g sopaorayameerais B top AP BHE L Lot <2 GCDRrathsg) .
sem CO“dUCfd‘Plr Oﬂ‘?‘b&ﬂs oxlétéﬁpl?gﬁyﬂé&bidé%ct%%s e TRDEL Held éﬁ@%&@ﬁ@ﬂcé, lo? Sh &

anot her an r seCtions 136 of contact pads 130 expos y renoving
sacrificial sutmissienaegide.50 (FIG 18) from each chi p-scal e package 110a,

110b, etc. B f .and t b Jimtati Kk
backyr  ndi ng. pr oves SSETHRp, SARERRNCIPFASHEE ARt inchilo® Faerbire SBRHDR pep 470
substrate 50 f{pohasexpdséd fr fratkife Paedc8de3 ihkdddf. Allftionslly; to protedt

Al ternatively, known etching processes, which are, of course, suitable for
use with the neensinglmissiomeree i7&ichipscalenackagedil @ inoludes en gpticatly transparent

| oyed t i i , i , .
135 may. beexpRe 402 Bt 19e8t PhorBlP S (e Bibiaeth oo it Rn T, SEffonitild One
remai ni ng on adevied B2 alscimkludes bond mds b6 bmadtiveistefacs 11B4hakof poitioned

of

sem conduct or device 112a, 112b, et Tuy ni.ng now t I , _aJvarjation
of chi poScal o BtesssERg/enmisaeh arpa $70,A Qs beahel slgeitys Kaho FeftiaRast T e

herei n as chi p«ggaj i@ g” 110" (and hereinafter as chip-scal e packages
110a", 110b", etc.), 1s depicted. Chip-scal e package 110" differs from
chi p-scal e package Chip-sqale paskageplliOfutthsr includespaedistribution layer 130avendetive

bevel s or chanfers,1¢8" at peripheral ,edges, 17S" thereo lyraljty of
chi p- scal eigacﬁ 1i:l’f(ﬁ’ smogcgucf%d%&&‘e Bﬁragﬂ‘@gﬁsﬁﬁm?ﬁé’agf’ i%%@’?ggx%?‘?fgﬁo ave
been descri bed radistAbiitedrElapsra20! fotmdhe olitér fétpherl &g Dl 5t ¢F semizondfctorvhen one
or nore optically transparent {ids 1215"'1.0&0r transparent lids 172' (FIG

[

24), 172 (FI G devisg } 1hapd opteembask side sgmigerdustos deviserl Edndeeard (gb’eW“é’es

112, a bevel _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



1 Scut 176 may be nmade 'at | ocations of each optically transparent |id
172", 172', 172 that is positioned over and laterally adjacent to outer
peri pheral edges 11 S of sem conductor devices 112. Such a bevel cut 176
may be formed, for exanple, by use of a sag (e.g., a wafer saw) having a
bevel ed edge on each side thereof, by way~ P'isotropic et chi ng processes,
or otherwi se, as known in the art. 20 Following the formation of bevel cut

opt | cal l y 1 1 arkiokgae 10 RpR Bhinidole DackiBt T M AR il TS,

descri bed her eippeavande.r ef erence to FIG 26. It is currently preferred that
sacrificial layer 163 overlie the bevels 177a and 177b at each side of
bevel cut 176. Ther@ghielegtric layer] i§ isdisppsed paxactive surfage 43 of semicandugtornay be
f ormed bet ween j . | AC !513 %B Vi and
112b, as descrcllqg'g%ml 1%’Slrae %lgye%%ae& {of?’lﬂ?@calg?. é}g%'tﬁlﬁcg{ezzc’igoa@%% h%&il%lgne 1 S8"
i s aligned 5w tdurfacel 1 $3iked @rprevant ylecteiodldntetfertnod) dr Scrosstalie’s betvibich intBerarld Cut

176. By form ng sacrificial |ayer 163 prior to the formation of cut line 1
S8", the intr o“d.{ﬁ!‘!tﬂbﬂg smicendusiar devien 1 lprand gincpity bi20f redisteibutierslayer 120: ut

line 1S8" is j I Cfﬁ}ﬂ%g% I j er
sacrificial | Zgg}&%g%lag%dl 1gn&ﬂer fg’pﬁ%r a I e:{g(&,’%érb?%d C at?a%tgéi%%o%&{ eg%]tﬂl

| at eral edge othertivbughito anymeenior@®élls drsother chagpirttaining areasoafithieardeylgirgay er
164 may be forned by, t he pr.oc es.that gre descqgri bed,. .- herein wth
refer e%ce to Ficalcoucor dg‘éi%fggvéfc%’ﬁﬁe’ Gn?tﬁrﬂﬁsﬁ%wgffé‘rﬂ%ﬁ@fq‘%ﬁ}yﬁéwg 1s
correspondiong fophed, dﬁ%vell&%“thé’éﬂﬁéﬁﬁeés&h&é@ﬂ’,‘ Hai[ygéi%&i'bﬁte' t8 "tl%ha?é&?e?isﬂ%ﬁh@&%ﬂ Ing

of cut line 1 S8 shown in FI 26, bevel cu 76 may | nprove t

deposi tion of Motetialstheteare syitableiforiuseraspligleqitie laxer HiSahdlode,ibut ateaot lipited 60

within cut line 1. S.8". . Additionall dges .S ~ 133.af u ctiong 132
of contact pad%oq%d%zﬁ’gﬁgn Ex@e%ﬁﬁm%%yﬁgﬂg, 83&%’30’??1}”8?5’ g@‘ﬁé‘lﬁ@(& 981 $39%6
of contact padslélaemibtindictar Gevi@CHDARe E&ﬁd@é@ﬂ@éﬁfh' di¢lectrid 1a9eB1 18 B Kay of
contacted by portions 166 of conductive l'ayer 164 that are | ocated wthin
cut |ines 1 Sgapertgsstll9formpdihercuough. FI G 34, portions 16S (FIG 33) of
conductiv ayer 164.3: : I | 2 C] may be
renoved, glr§ "l fted-ﬁg(%‘?u ﬁ’ﬁg‘?‘ lsaggl)s]tigrrliﬁ {:lg éf/sﬁf p&’%ﬁ%}\?ﬁ% 1s:)'gc%rf ? ?%&é%? i@gr 163.
Sacrificial | aRedisttib8tiomlaykel 20ubsy alsse ingludg arphuralitydf cirouitsebd2rthdtextdnd frone of

t he processes th a een describ in reference to Fl . As
sacr Pfi cial | a@‘@%ﬂ%ﬁ\iigg‘{ 'épﬂféi?%‘i%gnﬁgg%o e }%%WWB?F&%& ayer 163
al so prevents the coRfHéhiciRckieaddayllsdiBtuboRprotéetive Ilz%q (RGN D VP

peripheral edges 1 S 17S" of optically transparent lid 17 Pat t erni ng of
portions 166 ofedisyieniionilaxer 12¢.cThe protective layerstomprises mimaterial whichds eleggicalipy

be effect a I ] ribed herein.with reference to
FIG 27. er egjfsﬁlgﬁw%ds&g oW ﬁx%ﬂ%t glﬁh%ﬁ%ﬁgleggrog&egﬁr%g@ tbfﬂ“ﬁﬁ F(?a rence
to FIG 28, santdetlyiigadenticdimiuctoi devidd 12y be renoved from sem conduct or
substrate 111 to 20 gqg;mil etely segar_ate chi p- scal e packages  110a", 110b",
etc., fromone anot ﬁ_ 8. ﬁ]i“ﬁ_}‘&lbz% qplft@npp(@glpla%pqoﬁfpsglf@}«pagbqgugg(mmpquctor
bresent | nvent (i 1298, &l RorRngRARRR rhbkagtd B10 MHlangegf) to the
t heref or are depi ct &d.illustrafeidds FIG6! 3 aderBonduritqr-sabsttate pHcis poeviddd], Byl Gray d10" .

chi bescal o bacHigEPle onbs seticaiiony afbdife] | Mycorumie 2l S e el oy
substrate 210. séﬂ%@ﬁd’@ﬁiv@hﬁt&ﬁ[}@H@O:I%?p@é\ﬁl@@ité,%r%?sﬂaglé’-lag&'iee w‘fﬂlﬁ ﬁeéﬁedvice

respectively shown as begﬁn%pconductlve balls (e.g., solder balls

| ar ger, nonsph&gdtin of aan iforegeing sehstrates., but which may al ternatively

conpri se bunps, col i o i d ot.har t
conductive or conduc lor!ﬁf?r}s{léeegg?6Gé|fo%>%}§ﬁgcgrtdgsn&)%?{%erﬁg iltr@ﬁ’ll%pbcegﬁ?msqi ve
material, or wovetsensiyg/emissiongegion 470 6f €0h detticonductdralaviet 912f Tampbtay of
ani sotropi ¢_conductj v '555 are positioned between bottom surface 14" of

f
chi p-scal eg Dac PERJeFtivg ,?33?1 Ay Preyent Gopsrinationsof sensingiemission region L7Q while

substrate 210. ' ' 0 ‘ ; .
bet ween and cogﬁgﬁgmﬁuﬁgﬁﬁg&%@ﬁqgg%ﬂ %%I{fegggﬂg{a@g%@@y E%%Q%P tlid
chi p-scal e pacRay€FI(, 13 and 14)tB¢reaved arccaffeedondi ng terninal s 230 of carrier:

substrate 210. Alternatively, as shown in FIGS. 37 and 40, chip-scale
package 10, 1 I O nmay be




5 oriented face-down over surface 213 of carrier substrate 210. O course,
inthis orientation, bottomsurface 14" of chip-scal e package 10, 110 faces
away from(i. e., in the sane direction as) surface 213 of carrier
substrate 210. As shown, internedi ate conductive el enments 220, 220" are
posi ti oned between chip-scal e package 10, -170 and carrier substrate 210 and
electrically connect upper sections 32, 132 of contact pads 30, 10 130 with

corresponding termnals 230. Another alternatiye, ich.is showm in FIG 3
8, may be used to e?@BPQIFE’aQYP cﬂ%‘?ﬁ%@i‘tal8@@?’%@?‘%&6?@%‘“&6%@19? 110" to
a carrier subspicbRsisthB acliiedefaes llﬁ(e?g.,f%éimﬁ% deg@ﬁ S4sOBf a @bctdidblade

k
el ectrically connect chip-scal e package Garner substrate 210" in
a face-down orsaernaqringing, ¢te).ithénexposing and dévefopingsietecsdokgigns dlthe layer ofl 5

110" i it 213", of i trate, 210 i thi
boundary’ def | e R AR S8 ReteBiis (AL hERLAIRERERBER on 34 134 of
each contacd pashpbGtoirhdtable polymers @ideonesioading, itablbGrockds (4.8, %ﬁig-l%ha' ly

aligned with a corresg)ondl ng termnal 230" of carrier substrate
| nt er medi at e cPiREeRSeS ipE Photapageablo mpterialy, prsereen pyintisg fornepphetpineageablet i ve

terial, i , : , _ . 5 0 bet
cach pori pher ol RRary tey 3 tp3itycalc ol BRofly hofeok VT ReR1s0 248 "
Simlar electrsensinglentissint tegivas 17@wyf epicadactoetdsviesn 14D p- scal e packages

that i ncorporate tegihi,ng, O{&zt he, pr&;sent i nvention and other types of
carriers or el ectrofM®1p igo fericopducier substeate, bllys seruped tojaseerificiglent i ve

chi p- scal ejpacgaggste sb! ﬁchégis:ﬂahkﬂb%ﬂ ﬁtlgﬁjﬁ.a ﬁ{dﬁﬁfﬁ.ﬁ%{bﬁl@ﬁ%?&nﬁg% g 310,

whi ch includes a carrier 2 ubstrate chip-scal e
packages 10 ackwowii typetas deberibed dsreficrencevte FiG o5 mdydie dpplied toeesurfica R of

| ati t L Ga . te.21Q. Co ' t,act
pade 30 of chi EER S paRHE0sT b IRLof ericeyoiaERhaEed | | TAREY ol her
and to corresppadiiigadedt 54 RalpplieBh sath Eg\%yi(&g.oﬁié?@dtﬁ?@ Otllg%%méléé’ﬁ%aﬁ? .

i nternedi ate conductive el enents 220, 2 FI icts use o
chi p- scal e paciealgée precussortpads b oasurfaged2mfisaerifigial isubstrated Gfroithack side 114/

i 250 of ' . , i J it bpard
S eh T nat Tios RS dsOat Qurefate19 1 2Bk Saf 1 14 s BeleiBuS s by ko potligphtact
redi stribute tithsurf2d 320 withcemidonfdadtbedeviqes V2 thatae cagRd baGemicdRdadtor

chi p-scal e paclgﬁ)%e 10 %o glggpt her arrangenent of ternminals 256 on _an
opposi te, secofRPSEnigd 15 amalignment pegrcoggsnogding pertions op prscurserpads 136genent of

termnals 256 on re@jpaé Eénlﬂ%ﬁdﬁ@??@ﬁ&ﬁﬁtezﬁq gflg Q%%féfp{hl TR SRONIS g&& the

connection pattern of corresponding termn on a carrier 5 Substrate
210" to whi ch sdeureddo ahe apotbéragliackdt semitanduetoeHevitasi 1d 2latepartialtyesspentedas

known in t art. Chip-scal e package .10 and an_adj acent, surface of

redi stri bufl onhgglr?r}eea%o%b o gg‘:f"sf - angp stireégig{ S%@Fﬁ‘i“ﬁ#l@“@hﬂﬁ%laﬁit ed
wi thin a packagégiged®i FIG.a0. 306h sdpafatiofi 3r Siaphletion Map 88 LHOIEH S IBlovAFNItRE
assenbly 320 which includes a carrier substrate 210" with a nulti-chip

nmodul e 330 secaiteBYIRY ofjexampleand npt todimit thesgopeofithe prssent inviention, arwafensavul e

330 includes a ] I e i . nd
one o more. of ReY RabIELBeEE] BY dbifted Rhull ol 038 3ebu R BG4, 302.
t hereon. Al t homgkk tibettlopmgessey laesmachihing techaigues, Bi.)RayalsPBeéhploged.t Tias e
shoul d not%?e consirued. .as l{l{tnli ng..t he scope. of the present jinvention, but

merely as ov_PEﬁt eparafipn Rspiisin; _lén??flséo cbﬁnacy_ff'e‘,‘teﬁﬂé‘ﬁmh yhishés er r ed
enbodi ments.  SkpfstaAfihly tHlsBRE a8 RAMICRERAS 8f EgéniE ubidY Siishr@d 178y be devised

whi ch do not depart fromthe spirit or scope of the present invention.
Mor eover, features Withrefiéretiasrte FIGe2f) adiiclentticlayér 1184 whictecumprisesralectieally

enpl oyed i n coppj ion. .The_ sc of the invent.ion is, therefqre

i ndi cat ed and @%&%%&ﬁ@wﬁggé‘bﬁfe‘ﬁ e?JA (5] 5‘?”?1‘130%?% ﬁ'él?sfra eelgéllh such a

equi val ents, r stk tfibshaatialbyfill bet 1k 2561 The dle@fcdiBtinaativdlthatagalidsi ons,

del etions, and nodificatians to the . invention, as disclosed herein, which

fal | withi A0t hdickesis layeradd’ wilbpitheiand pracesses (fs., apsist seipquoesssrshhatianctie beby .
-27 CLAIMS makuﬁs@aﬁnﬁ& Tfploykd 16 eVt MdferibPlY tbdpblaRPodtecil PR . By

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




S positioning a sacrificial substrate adjacent to a back side of a device
substrate with a plurality of conductive elenents on an active surface of
said sacrificial substrate being aligned along at | east one street between
adj acent sem conductor devices on an active surface of said device
substrate; securing said active surface of18aid sacrificial substrate to
sai d back side of said device 10 substrate with a quantity of dielectric
material electrically isolating each conductive el enent of said plurality

of conducti yg }ﬁioecrimageable matesial (@. gquhbtcsésﬂ?lp}fot(ﬁmhgkaﬂwpdlﬁgﬂdﬂé%td Nati€such a

severing sai ce, su trate t si ca arat e sai d_ adjacent

sem conguctor ngW‘ leeb%ﬁpé‘ﬁﬁéfo %H'Bc P@BF ﬁ‘ﬂ}ﬁgﬁtpﬂﬂérb&l Bﬂgﬁo%’ﬁseé’ach

sen conduct or gha n%té&lnﬂ;c Qﬂﬂ@‘éf‘ﬁdﬁ&ﬂ?ﬁ@&jg&{e&{pﬁﬁ Cﬁﬁces | 3y e
em conduct or devi ces al

positions of salg adj acent s el ng el A e by said
sacrificial suliet rﬁalit@'natfwbmlvlg-(m-glassloeenother smialblenganpulyaiernlceelecttnmllyt i ons of
at |l east sqme of said r.ipher . __exposi.n ast portions of at

| east sone%con'&ﬁ‘g?ﬁ“(ﬁemg g%‘l’segg‘?gorﬁ%%ﬁ 33 g@ conductive el enents,
each exposed conducmmmimqm 21:Qiraeaﬁbwemisa\ise;sateﬁfeahﬂeu&fav%ay?mai act pad
of the chip-scale package and formng a peripheral section of said contact

pad i n conmuni angrtees \Wtarﬂf@rmedﬂ?ésq%nmh;gveniw@dp@és:llﬁ)mfeanhismcanclwtorpheraI
conpr i ng: 1 oA 12 TR Siobf ety ard EpotEl B8R apfuee s L0 pf Heloo lavar

devi ce substral €' aRéowh pedcesdes, saah ad ﬁl@é@ﬁlbﬁ[bnfed @b W ih ¢éfeiehte & FI&) 8, may be
under | yi ngh sem conduct or device. 30 3. The nethod of claim2, wherei n sai d

form ng sa® d‘i‘séﬂé‘ép?q%né%ﬂcm{»‘glayfﬁdllﬁdes fornming a dielectric coati ng over
at | east portions Oltleﬁaégox\ij\lﬁﬁ:h\\/eela%{-rlf%q?foq{neﬁ%’v& (ﬂ&&tfl@ laé’épﬁif %@ in ea

4. The net hod. of clarnf tric coa over a
portions of saamrtacdsilve. inka‘mdualfve&wed@ﬂ?/lﬁ:ems labﬁdlroﬂvel@blemmﬁyiiﬂcmdea
i sol ates at | east e con jve_tr e of said i but er. from
circuitry of a‘ﬂn@ﬁ ©F 9% ‘i‘lglu“?telm ebib Fb‘*r(nﬂ & ﬂ‘i’l’&t‘%lﬂé’d @/ ludesd o
wherein said fﬂﬁ% Yes, qm@wh%cmeg ts%h QQPVEY&VCVQ pp8dessel Sfa n})ﬁ% e 1 rth

severing. 10 6 e method of clalmb, wherein sai d sever | ncl udes
severing aks | eﬁlctsamnelﬁmndmttvmhyer i@Z:mChﬂGSapulralﬁyiDﬁSubldwrs,ﬂnlbwymnost? The

met hod of claim further na: for er sect..on of

b exam es
contact pad in ué%%ﬁ’iagg e&}f% ]tgji‘ﬁg’ 35(‘3,8 AFEES: Faoﬁa“a? g
conductive trageh@fuéainglud Wﬁtllblhl:llhiu@d’tlohaWD evb, QuRtroRtic pRAink, él@&roless

sem conduct or devi ce of salﬂgI adj acent sem conduct or devi ces. 8. t hod
of claim1, fuPetiag and ﬁpmegﬁlq;gplatmg processes, may be used to form the rcmalnlng 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.



form ng an upper section of said contact pad in conmunication with said
peri pheral 20 section and over at |east one sem conductor device of said
adj acent sem conductor devices. 9. The nmethod of claim1, further
conprising: renoving at |least a portion of said sacrificial substrate to
facilitate separation of said 25 adjacent _.qemi conductor devices from one
another. 10. The nethod of claim9, wherein said renoving conprises
substantially renoving said sacrificial substrate. 30 11. The method of
claim10, wherein s@hét conbdadttrtlapd 162 heybechpattaaed) ieBpsralasbtcativdldydg 18ai d
sacrificial substrate. -29 12. The nethod of claim1l, wherein sald
securing conprislasgignrofdielgctgicdayes i | ' that apmain therpqyes may| be removertio expesedhe of

claim1, wher ' ' q A ' di,el ectric erial.
T The' ot hodNenEie SR bRsIoR LR Y0 s ithth BTG, 33 CFGL SRMPIE SR
conpri ses i nt riethpotany prbitedtioe layiers 188tiak bedn forhed fibml epinttoresist, reeesfipf or med
during sai g,) severi,ng. 10 15. The nethod .of claim 14, wherein said

i ntroducin coWﬁhmg‘éeét % ¥R Tiga lelfﬁfy‘éﬁe vaHHibAY pheft shoteredstanacks ¥sed it er i al
over at |east g fiélf&“ref%f ve Hebafifel 'D@;clgd‘iﬁ%aﬁﬂl Q-g SGF Hatdf¥l i SRR r ate. 15
Crarm 14, Fd ImtT oquty

16. The nmethod o erein s ng conprises introducing
a diel ectric ptempoery pratectivailayeni 80 mdfotmert) other certahle firdcesbbe(enptusedf of cl ai m

14, wherein said introducing gonprises substantially filling sai t | east
one recess Wi tﬁgléaéﬁtsd naqcﬁqtg)&gtp&gu%,eqtq.bmgy 38 mﬂé&‘!re‘%‘%eﬂ’é’t"ﬁgﬁ Bmee | GoHESE;
further conpri gid@rsamehl | b 8drSal betel ' ; |

adj acent sem cgﬁduct op?ggégﬁi(gﬂl?t rtg%%one ggfgtte,ﬁﬁ)ﬁh'igf'otércﬁlgé %&ﬁgﬁfﬁggﬁﬂ
18, wher ei ) sawithewtsubstandially reshédog ditlestrisslayertlil8l.| y 25 concurrently with

said severing said gielectric. rial. . The nmethod of cl ai , erein
sai d positioning cohste gsesglo n&ﬁ@h?ﬁﬁ pgég)gn%cg%tggﬁgﬁsgs[ppﬁngﬁgﬂ% ‘?ﬁ%‘ﬁe sai d
at | east one sposiidnet Dved degiicshdavtor subistrhted$1 afidseufedtbetetol with £ heareiy 6f of

said plurality of conductive elenents. 30 .
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



21. The nethod of claim 20, wherein said exposing conprises severing said
at | east sonme conductive el enents. -30 22. The nethod of claim11, wherein
said positioning conprises positioning said device substrate such that said
at | east one street is aligned between an adjacent pair of conductive

el ements of said plurality of conductive ebgnents. 23. The nethod of claim
1, further conprising: formng a tenporary protective |ayer over at |east a
portion of each of said adjacent sem conductor devices prior to said

form ng said dofadieleétric tayep 818’ fgmaindor Guted pipheiyDids ¢ffeacht nfic@Rtiuctth de@te
said formng said tenporary protective,laier Is effected prior to said

severing. 25. I8 heibwels. 8¢ astoglegtrcall ate thesamg from apvhsequently fonmeasr ar y

rotective | aygr. | ] f r i r er an
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emi ssi on area ke E%oéxh psmsiaqmlﬁﬂhmhlcrrdgd?% oﬁupﬁerswtidnadjzaw?m COARCCHHANIB0L &
devices. 26. The nethod o aj , further_ conprising: formng a

redi stributy th_VF]é%P‘_"B\dP@\_’aE g&edf3§]&%ﬁq,‘§er§ﬁpq%g6 teapl@gg]gac(gﬁgd é%duct ive

trace of 20 said reeilidsh58 biTotidPby FRLARILOE A1 wiR EarBAnh, B) leOver at
| east one sem conductor device of sal'd adj acen em conduct or " devi ces. 27.

The net hod of abilatian, Bp etchimgtrinesesses,gc.) whivdyis suitable fogrenaoving thenuateria) of
rotective |ayer D .28, e nethod of claim 27 furf, ,conpri si ng:

Dosi £ on ng. andielserriedryey 118 andiAdines oricaliEiadsoneenb i 722, a8 besreamblayeds
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29. The nethod of claim 28, wherein said positioning said optical Iy

t ranspar ent0 | i epticalp transparenblid 4 721i$ prgsent op semicahdyctorrsubstpate bt baford coy bines

optical el enen f l,upald t f sal d.adjasgent, sem conduct o evi,ces.

7B1 %50, The. it B B G ibeh oF B RE R FRL S R SO AR B ol

optical ly trangpaharht lid 472 dntb arphuralityi ofdndividust optipiltyc@adspareitARBATR W th lohe

over each of said gptical elenents., . )
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 semiconductof 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



5 31. The nethod of claim 30, wherein said severing said optically
transparent lid is effected substantially concurrently with said exposing
at | east portions of at |east sone conductive elenents. 10 32. The net hod
of claim 30, wherein said severing said optically transparent |id conprises
form ng said individual optically transparent. |id to include a peripheral
edge that conprises at |east one of a bevel and a chanfer. 33. The nethod
of claim 30, wherein said formng said dielectric coating 15 conprises
severing di el elayer k63 rfedne theadncutedphotoithageablimaeadal rof tyes 16821 Waetred pottions of
adj acent sem condg]i:ét or devices follow ng said seyeri ng fai d g_pt ically
transparent | i8yerslp3’ andhepsemoyed froy sgmigopguct gtrate d 41 (e & olrpmi b lings sai d

optically tran r ' ' i1 QR [ odh Vi - QRAt : '
transparent |i WV@%&V“%%@@Z‘? op @%L‘ﬁ% @Bn%ér??&gf Ag%cfaé?, %ag%ks‘}{n)élone
sem conduct or Lhgen k68, is kmhatddionel sendecmductpt devatds\l 12 aut slpes wottextend imotut lines

ext endi ng aver ot her sem conduct or device of said adjacent sem conductor
devi ces. 3% T@mat hod of claim 28, further conprising: 25 formng a
sacrificial layer OKﬁEnﬁﬁi/éiy,%tthﬁ&leh?ol){n?éﬁﬂﬁﬂﬁ@tno{ plibtoidfhgedd1€ mal b e Lo
claim 35, wherein said fornm'ng said peripheral section of "'said contact pad
conpri ses: f or farmdayer|189'erSuch apnaterial maydrecapplied everseleeted regionsrofs ai d

sacrificial |ayer. an n,said er i pher.al,,. edge; t.f er,.Qi said | ayer

ot s e contieffcRR d8fbe 13 B, RIS pBR B R M Gad ! 5,
renoving sai d Gahin dut ihed 1983.)6@Eh ad16ly BRI dfisefeén gﬁmﬁﬁg’ Ry IRSs, SeRI¥RVE §égidition
conductive material that remain thereon. 37. The nmethod of cl ai m 36,

wherei n sal® r Bipsesse(ecb hyruse of aftvedimensionall itk jsbtytple prites), or gt likgi dhe
optically tran f ' . ' C Ll sing:

sem conduct or g‘%@@%ﬁa&h&gé}%gﬁﬁtﬁp iltdg%%ﬁ%@? a%vclé?egg%thgﬁ%\%sﬁg B‘?"ft%rg‘%s) S said
sem conduct or chrej @recauskd ta cﬁner(k.gh & @kpebusd ©dichd, greemé,irggaﬁ@veﬂdrr@padpria&ast
a portion of an oyter periphery of said sem conductor vi ce; .at. ] east gne
contact incl udPA¥e a@gth,@éélﬁmmécg@&ﬁ b 8-)o® Knamer 1 &l F5hde ﬁqmbﬁaenﬁelﬁilaxer 163.

coating and at 'easbg@@%ﬂ%iaﬁﬁg&ﬂ k) Jg.@?ogg{ﬂfo%ge&ta doRasitivedhyer 364 Yna'HR" 2

maj or surface of said sem conduCt or
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



39. The chip-scal e package of claim 38, wherein said at |east another
section conprises an upper section |located over a portion of said active
surface of said sem conductor device. 20 40. The chi p-scal e package of
claim 39, wherein said at |east one contact further conprises a |ower
section |located over a portion of a back sid® of said seniconductor device.
41. The chi p-scal e package of claim 38, wherein said at | east anot her

section 25 co ises a | ower ;section | ocated over a portion of a back_side
of said sem cgE@fa & Eﬁm(a'é\ih%é’hof&mswm@twf pay bg uged g skbgantistly semeye sacrficial

| Si t ' - L2NLSSi I d
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package of claim 44, wherein” said east another section of sald at |east
one contact pafollowingdompletion bfthe {lifienff’i pxbeegs.over sai d maj or surface of

i d i conduct Vi ce ' ti f.said at |ea ne
contact pad | ocat ed TAbFouGRERRpes RS, tins Thenssoatirdt et i ek,
10 46. The chi pred6adted RaRMAGL1IAs 1583h4Y BdpattehRHhy M%%@és 1(&.%9%&& and

exposed | ater al'lﬁai_/l beyond said optically transparent |id. . e chip-scale
package of cl arteh4echnigyes)etoform paripheralsgetionsdd4 ebeandast ppdedl 381 FHG. 210) which a

| ti i i } t i ge., 48.
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the sacrif 15" alprc?clégs? Enr \%i%h 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.



50. The sacrificial substrate of claim49, wherein each contact of said
plurality of contacts is |ocated so as to be positioned beneath said
street. 30 -34 51. The sacrificial substrate of claim49, wherein said
plurality of contacts includes at |east one pair of contacts, said at |east
one pair being spaced apart from one anothes_at nost a distance across said
street, said contacts of said at |east one pair being |l ocated so as to be
positioned on opposite sides of said street. S 52. An assenbly for use in
fabricating a pliemalivdly, ebwaltidmCpocesaas WhikhSire, 09 BoUrkd istlablifor 486 with¢he!
substrate including a plurality of conductive el enments on an upper surface
thereof ; 10 a Wpteriaberrmyteriglp efsageligial wbstate Jpanay be employed tosigmeve sacrificiali al

sub ; d . . . . Y
chber our face. SR 0C ARIRIPIE sBoRI B MR e SRS BT ES AT <
said device sukshdigiies withddondingGigent sAaemuiniiorcaiickleduidallydndutfingbaciagidact i ve

surface thereof, and at | east one street between said adjacent sem conductor
devi ces, sal d hi4 oleach sgnisondyctasdeige hl2a 31230 €1% | oned substantially over

said plurality of c ' t A '
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sai d pluralityamf1@pwhichivasiatic ie identified Réreins cliipescaleyaokdge 140" (indiberemiafter
wherein said at |east one str J |j gned, bet ween adj acent pair f..said
plurality of ch Skt i ba, 3400 e s dEnieg. SRt ree s age [Jof igfers
conpri sing: atghfadiin- ' I ' -ar175al ' face
of said devi ceﬁts)ubstprg{agegﬁgh%hsoﬁgstagﬁ?%ﬂlﬁy agoﬂvagerlﬁglg lg% g%%‘?%%}’g‘%f%"’fem

t hereof . 58) Ttlenafersd/ T8I gt peripberal edgss 175 thereofs said at | east one optically

transparent |id covers opti . el ement s of Pl ural it sem conduct or
devi ces of said adj ﬁwﬁéeﬁbb&ﬁﬁﬁ[gwﬁ%%%lm@%ge %Ofg*fatbwpeﬁﬁag senbl y
of claim 52, fpridcbes Gafipive betfdatribeiasith meﬁ@qeﬁGé.qwm.afrmf%lrdGat
| east one street and defining opposed peripheral edges of said ad]acent

seni conduct or d@vkeaonenr gpre gptically faptpatenstide | B pbtranspprentdids 12a(RdCed4k i ¢
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opposed peri pheral e _
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 prefetred that
sacrificial layer 163 overlie the bevels 177a and 177b at each side of bevel cut 176.

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

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

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

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

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

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



59. The assenbly of claim58, further conprising a plurality of peripheral
contacts on said dielectric coating, each peripheral contact of said
plurality of 10 peripheral contacts in electrical comrunication with a
corresponding circuit of a sem conductor QQXLCG by whi ch said peripheral
contact is carried. 60. The assenbly of cl&m 59, wherein said peripheral
contact is in electrical comunication with a correspondi ng conductive

el ement of saigbrgth Wiﬁidﬂefe)feﬁ&- td 51(‘(?][_(%(.j UL da¥R bEvet @Eﬁ‘ﬂtﬁs-foﬁﬂs @I(?k%snﬂgﬁﬁ iy of

clai m 60, wherein said correspondi ng conductive el enent ower
section of a cemespandirg et liod 158{i whigk is pigrdficdntlydargecthan themppuing of 26t 1HR2. A
sem conduct or Vi.ce as C ri.sLng: .a sem conduct.or devi ce,L conponent
including a pl raﬁhlow_%? ?MQSYGE rgﬁtﬁ lzh “%ydglpr%vartﬁ% O_P‘HQP ng‘,mdélﬁ@!"eaf;?er
chi p-scal e paciGudsh SriphbrabdicRbtrlcRRalingA60 vtHiY c@Miie 1%@".dA8@iﬁbeiQ@g Egéégr.
back side of d K acing said

devi ce conponent with a ba | sai d chi p-scal e package
upper surfdce B33'dffupper s¢ctiensi 13308 gontact pdds/ 1 W(FEGsiSradtl 6) aml eligehl p7 ef al e

package including. a plurality of cont s .correspondi ng .to said plLyrality

of contacts o?log‘gf 6“@18% @(ﬁn%ftfé’_f‘ t@@éﬁg@ ‘@B&bﬁrﬁjﬁﬁa:‘e _‘f”%?lgé'gtt l@ﬁr}gkc@%’ﬁ acts
of said pl uralddnyacedd @?msa%wbm@av@hybﬁmm&%é RRgedwidr&dtons on an
outer periphery of said chip-scal e package; and 30 internedi ate conductive

el enents disp neg 168t ween at | east sone contacts of said plurality of

contacts of said chipss Dggf:] ?ﬁ%‘ f '
plurality of cont agltkrg’(tb%adsegll sé%ggb%g)gﬁggrﬂsgggl Ce.gg%%tg%éﬁﬁé_tﬁre?a}gg%g The
sem conducllor @G 33 thatowatiicsaaifiddldayer 663 malpdeeémovd or ‘AiftedastPYbyi ng
contacts of sai% sem conduct or de onent, are exposed beyond said

outer peripher§¥ Btﬁn%%lfyore%i‘"&g%%ﬂﬁﬁiéj@%g aneeridigial layat to3wpay be substantialdy i ve
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sone contacts and sdid corresponding C em conduc evi ce.
assenbl y of clEin282 Aswshenifidial gy d63 ooatebepetsd 17g and b 72y sacriffcial iydr 163 also

package. and. S48 TIY BPAENTRTE® BRIHOLE! SASnera e s IR 05 Pp PH BT H At

| ower sect)isons1TH" fabtlcally th@ssdrert ¢ide1 720Nt act s ext endi ng over portions of a

back side of said chip-scale packalge and said corre5£ondi ng contacts. 65. A
€

net hod for assenbl i Pajteaning phpestianse! Goaficapductive inyan tidibat reside srthimoemuct or

devi ce componefies 139MRal, Hlo 38 ct%,i)ag @%1(#]\919 irf P, %01 Ra 5§ fi‘és&éﬁ%f}gq?gﬁ g@hllg?e%gﬁce

partially over an upper-”surtace € anot nér sem con
conponent wi t htodFIGa2Rk. Theteaftdr, 4stshowhiip FEG.& Seandas degeibédwith geferinte tIPIET, 28,

surface of t hesa%rnlﬁgig srubgt?ame 8rr]r9al;'(i}eor<remg$evc{ fggm%grgpﬁ:%g 1?ctt6r sﬁlgsetrate 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 catrier 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



chi p-scal e package including a plurality of contacts corresponding to a
plurality 20 of contacts of the sem conductor device conponent, at | east
sonme contacts of said plurality of contacts of the chip-scal e package

i ncluding at | east peripheral sections on an outer periphery of the

chi p-scal e package; and di sposing internmedpgte conductive el ements between
at | east sone contacts of said plurality of contacts of the chip-scale
package and correspondi ng contacts of 25 said plurality of contacts of the
sem conduct or chenéraabstmPDI NAs shown3 itérthedibiecofdading ement£220 dxpendVBeek&dnN
said orienting conprises orientiﬂgdthe chi p-scal e ?ackaag at | east
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10 thereto. Multi-chip module 330 includes a substrate 260 with at least one chip-scale
package 10 and one or more other types of semiconductor device packages 340, 342,
344 thereon.
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.
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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 each
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 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.
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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.
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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 sutface 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.



10% % ! kp2" 10984 % & () - ¢! Xp2" 10%&’ () - ch4dEr S4! | ss1010% () - F9

10%& ()-110% ()- F32" 10% ()-5 10% ()-&L 10%& ()- k>aBr S4!!ss* 10%& () -
£)100&" ()- ' glO%& ()-! SFSSHLO%R ()-s" 10%&' () -

17109 ()-) ~JdEr S41 1 ss4109%& ()- 3mlO%& ()-1110%& ()-/ 10% ()-F3.!10%& () -
.- 10%&' ()-Ftuvw bCl ! sSSS10% ()- 10% ()- 4p0 10 10910% ()- 7f

100@ ()- 116" 109%& ()- W aBbC ! ssS10%& () - 109@°() - f 109%& ()- 1. .110%& ()-
7109 () - 10%&: ()- () 5aB0oCl ! ss#: 10%& () - 410%& () - YL- #10%& ()- 10%& ()- @
109%& ()-!1YF: 1 109%& ()-r]}[<bCl ! 4109%& ()-!1S 10%& ()-Y +@10%& ()-1\Y
+@L0% ()= 109 ()1 KESSI 100 () kuV7i1S 100 ()=t 10% ()~ 5y 109 ()-
@O0%: ()- 10 10 10!22.6" 1ThemethotwEicBi IWhmﬂPmid(posit'mﬁmgm)mimmidog;ibﬁW-
109%&' ()- = s109%&y ) -109%& ().-ee Vld !l 109& ()- S 10%& () - F&! () -
10 () sz_1008q J97ce s Sl ahig esbng et s A bpiopn an adiabdat
109& () -!fF&! 18ip ofSoniiud@ive elements of said plurality of conductive elements.

040 ()-#! 10%& ()- TWeaBuV7! | f 810%& ()- | 61 T0%& ()-, 5100& ()3 109%& ()- 1
109 () -1 pP. @10% 0% 0& () - :

~ =111 @3" 1098 () - "J09X&() =L 5 1Q% & ( h- SIO%& ()-.. 10 10 10910%& () -
\g}[9~ =11 @Yf S#Il 70]\]21‘%% “‘F@a @W’MW odmlprishi:
forming a temporary protective layer over at least a portion of each of said adjacent

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.

27.  The method of claim 25, further comprising:

removing said temporary protective layer.

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

transparent lid comprises positioning an optically transparent lid over optical elements

of a plurality of said adjacent semiconductor devices.



& ()-1\Yf S#H10%& ()-Y3"1098& ()-!NY3"109%& ()-Y3"10% ()-g;

r P11l YSH10%&' ()-'! 1YSH10%&' ()-' S109%& ()- 10 10 10! SYf SH10%&' ()-!yYf S#10%
& ()-81
wé? P11 KYSH#H10%&' ()-'!aYSH10%&' ()-'! SYSHI10%R' ()-'!#YS#H10%gg& ()-' ! DYSH10%&
()-'! @SHL0%& ()-' $z}oP1l!'!10%& ()- S10%&'()- 10 10 10! X 0" 109& () -

IN 0" 109& ()- !; YSH10%& ()-' z&oaBoPl1!'!10109%&' ()- 109& ()- SF10%& ()-!

"10% () - of @ 10%& ()- 109%&' ().- o$y/ ydEoP1! ' 110, 109%& ()- 109%& ()-

109%&' () - mO%& ()-Y:!10%& ()-& 10% ()-yWJdEoP1!'!10& 109%& ()-

109%&' () - Y(S109&' () - 3@100/&hé )nefhod of claim 29, further comprising

109%: () -1 M 109 ().- (dFoPLl" | 106F" 109%& () - &' 10%& ( 3 1098 ()- 210%& ()-
109& () -1 . " 10988Vesing said gpivally transppygnt din.tes formgear indivy caﬂx@mp@;ent lid 10

10y8 10%& ()-fi kaBbQ.! % )- 109 ()-ID' 10% () -
1 0%’/& -1 0((%)& (') Sler'ed QL OP&id 3pt1cgfsélgn{§ht§.

rF[<bCl ) 1®& ()-! Kkl $Z" 10%& ()- 3! al $Z" 10%& () - 3@2z10% ()-! @O%& ()-'! Ns! 10%

& ()-Fl$yaBbCl 6 "10 =41 ) 1@,1.0%

10f(ye)&' ()-1\, #109%& (){§+10% 31&%@8 @ ﬁﬂgz@b}%‘d@“ﬁr@g%ﬂ@mﬂ(‘ynﬁ&m%)
10 10 10910%&' fjq i

SH100& () - Y, 8#111%35'&&1{3%%&%\‘}%#&%? /X“[’R?‘@"é‘%% Stith spid sxposing st lepst portions of gt desst |
\qrmopu}oP@l\s\qmmmwwelement&o** 10%* 10%*! Yy SH10% *& ()-1: Yy

SH10%&' ()-1fYy SHL0% & ()-up zX6P@ ! X3@ L0WARE' () -! 3@ 10%H8' () -

10%' ()-1$F3"10% 1 & ()- | F3"10%' ()- ! F3" 10% ()-

C?}"?P@ ! X10%& () 34.! 10%%e 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 mateﬁal to form said peripheral section;

and
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38. A chip-scale package, comprising:

a semiconductor device;
a redistribution layer over an active surface of said semiconductor device;
10 aperipheral 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.
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10%&' () - g' ndYNGH 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 comprises an upper section of said at least one contact pad

located over said active surface of said semiconductor device.

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 elément; 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
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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.

52.  Anassembly for use in fabricating a plurality of chip-scale packages,

comprising:

_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 aséembly 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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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 assémbly of claim 58, further comprising a plurality of petipheral
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 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 an upper surface
thereof; and
a chip-scale package oriented at least partially over said semiconductor device
component with a back side of said chip-scale package facing said upper surface
25 of said semiconductor device component, said chip-scale package including a
plurality of contacts correspbnding to said plurality of contacts of said
semiconductor device component, at least some contacts of said plurality of
contacts including at least peripheral sections on an outer periphery of said
chip-scale package; and
30 intermediate conductive elements disposed between at least some contacts of said
plurality of contacts of said chip-scale package and corresponding contacts of

said plurality of contacts of said semiconductor device component.
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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:
orienting the chip-scale package at least partially over an upper surface of the another
semiconductor device corhponent with a back side of the chip-scale package
facing said upper surface of the another semiconductor device component, the
chip-scale package including a plurality of contacts corresponding to a plurality
20 of contacts of the semiconductor device component, at least some contacts of
said plurality- of contacts of the chip-scale package including at least peripheral
sections on an outer periphery of the chip-scale package; and
disposing intermediate conductive elements between at least some contacts of said
plurality of contacts of the chip-scale package and corresponding contacts of

25 said plurality of contacts of the semiconductor device component.
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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 diéposing 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.



