-1- TITLE BQOARD-ON-CH P TYPE SUBSTRATES W TH CONDUCTI VE TRACES | N MULTI PLE
PLANES, SEM CONDUCTOR DEVI CE PACKAGES | NCLUDI NG 5 SUCH SUBSTRATES, AND
ASSOCI ATED METHODS TECHNI CAL FI ELD The present invention relates generally
to substrates for chip-scal e packages and, nore specifically, to substrates
with relaxed circuit design rules. In particular, the 10 enbodinents of the
present invention relate to chip-scale "board-on-chip" (BOC), substrates
with conductive traces located in two or mbre conductive pl anes, as well as
to nethods for designing and fabricating _such substrates, to packagi ng

nmet hods, and to packages including the $UBdtrates. 15 BACKGROUND Printed
circuit boards in the formof so-called "interposer substrates" have | ong
been used as a BOABRDPYON:CHIRTYPE SEBSTRATES WHH CONDUGCEIVE TRACES IN

sem conduct or MELTIHSE PLANES]ISEMICONDULCTOR DEVICFKRAECKAGEPEY CLUDING
connection §o hi gher-| eS8CH $UBSERATES, AN® ASSOCIAPEDMETHODPSuUIi t boards is
desirabl e since the processes for 20 manufacturing themare well devel oped,

i nexpensi ve, and provide high yiel dGEOEINICAAOFIRL.ON, processes for packagi ng
sem conductor devices with printed circuit boards have been refined over
several decades of WB&preseyt mmention selates geperally g substites faschap-scale naskages ves very

liable (i.e. | ' itaad;
reliable (i.e. .fhey gﬁgﬁicalw%@aﬁs%ésggglergfam it B Pdutes D pdrfeuificihe

ever-increasing devic ensities a s of state-

sem conductlfr dmbodiments pfithe prastrd invshtidyonetiteta dbipesnals Ebacbantobipd (BAEYi ces al so
continue to increase. The overall dinensi.on f_statesof.- -art

sem conduct or a‘é‘R?%Q‘S%W“Q8°‘hd8f“‘fey‘bﬁ°85a‘f’f%}ed| ‘H(t:\?’ %grs%‘,orerf&g\% C&V% Ql%;l%s, %ﬁwn%lnassi ons of
the circuit boas fethodLlopdstmingsdand Sibrivhtesy subtadubsttates Rashck apinaakthgisnghdsoch
devices, particularly in chip-scale packages, are likewise [imted.
Consequent | y, &A%kagesinglpdipgtheisitialshber of conductive traces 30 and
termnals nust be arranged within the relatively fixed area of a printed
circuit board interposer substrate. Until recently, increases in the
nunbers of l6onductive traces and ter nBAGKSGRAUINNPA be accommmodat ed despite

restrictions on t hePghtgg Qf?é-u?trbsoaxadggn N e oqfso-%lilcra “%gerposer substrates” have long

been used as a primary medium for rerouting connection patterns of semiconductor
devices, including in chip-scale packages (CSPs) for connection to higher-level
packaging. The use of printed circuit boards is desirable since the processes for
20  manufacturing them are well developed, inexpensive, and provide high yields. In
addition, processes for packaging semiconductor devices with printed circuit boards
have been refined over several decades of use. Further, printed circuit boards are
themselves very reliable (i.e., they have low operational failure rates).
Due to the ever-increasing device densities and speeds of state-of-the-art
25  semiconductor devices, the number of bond pads on semiconductor devices also
continue to increase. The overall dimensions of state-of-the-art semiconductor devices
do not typically increase, however. The dimensions of the circuit board interposer
substrates that are used in packaging such devices, particularly in chip-scale packages,
are likewise limited. Consequently, an ever-increasing number of conductive traces
30  and terminals must be arranged within the relatively fixed area of a printed circuit
board interposer substrate.
Until recently, increases in the numbers of conductive traces and terminals
could be accommodated despite restrictions on the dimensions and areas of printed

circuit board interposer substrates. As circuit design rules have approached the



circuit board interposer substrates. As circuit design rules have approached
the -2- so-called "40/40" limt in which conductive traces have m ni num

wi dt hs of 40 mand nust be spaced at |east 40 smfromeach other and from
ot her conductive structures, wundesirable electrical issues, such as

i nduct ance between power and ground signals, have arisen. It is apparent
that these problens would be magnified wth even tighter 5 design rules
(i.e., conductive traces with widths of |ess than 40 gmthat are closer than

40m to_one angh Ak e shoAhIe R AHERI AL L WiR S QAR HugUYsnt heT &

are needs for ‘Interposer su I'gn an ure processes, as
wel | as for i ntetpospacedsat keastrddtyes fromteath @ba andrfrdat @hdérrondat edstiiatbsy s of
circuits wthout further tightened,desi ruies. 10 BRI EEF DESCRI PTI ON OF THE
DRAWNGS | 1 CRECSRlG A irTialiouss, Sich 28 meloloncs DERiee? DRVST 8 SiUBa Serdlb t op and

Cross-secti oN3ave/irRes Ris ddpareft thatARes® proBlefid bufd BeiBaddi fAd¥8widf evdn tighter
conventionally configured interposer substrate for a 15 chi p-scal e,

boar d- on- cKi p desiskades; (¢ @ndyctivs traces wathawidie of lgssethan #hrmdkaiaes dlesar than an
enbodi nent of o _ o ety er substrate, or
"redistributiéﬁugﬁgﬁgﬁ%ﬁﬂm%g&?ﬁgm%$g@@%ﬁ‘f%&gﬁgg n, wth at |east two
conductive pl anes tAvadrdingly, thetee ronckds for weerposar abyirde Gesighandsnanufacture

cross-sectional representation . of another e di ment ,of . 20 redi strihution
ol omont s CH o Bk S5 HA 3 i fon Bk et RO o afte inefeed Rl bt
includes an eirbged without Rikthehightenedlaignghlef- on- board substrate that

i ncor porates teachings of the present invention; and FIGs. 4 through 7
depi ct an ¥nbodi nent of a process for fabricating a 25 chip-scale,

board-on-chi p substrate w tgreF DERHPTIEN Ordus brvevpl@ges. DETAILED
DESCRIPTION FIGs. | and 1 Aillustrate a portion of a state-of-the-art

boar d- on- chi p subst® thedravdogs: whi ch i ncl udes only one conductive plane 30'.

Conductive bl ane Sgial Hhd8%.30 SANRELT AR @348 F6ss ARHoAINMEbEY®  races

34'that extend | ater rom-connect
portion of a conductive plane of a conventionally configured interposer substrate for a

15  chip-scale, board-on-chip package;

FIG. 2 is a cross-sectional representation of an embodiment of chip-scale,
board-on-chip interposer substrate, or “redistribution element,” of the present invention,
with at least two conductive planes that include conductive traces;

FIG. 2A is a cross-sectional representation of another embodiment of

20  redistribution element;

FIG. 3 shows an embodiment of a semiconductor device package that includes
an embodiment of chip-scale, chip-on-board substrate that incorporates teachings of the
present invention; and

FIGs. 4 through 7 depict an embodiment of a process for fabricating a

25  chip-scale, board-on-chip substrate with at least two conductive planes.

DETAILED DESCRIPTION
FIGs. | and 1A illustrate a portion of a state-of-the-art board-on-chip substrate
20, which includes only one conductive plane 30". Conductive plane 30’ includes
30  connection pads 32 and conductive traces 34’ that extend laterally from connection
pads 32'to terminals 36’, to which solder balls or other discrete conductive structures

(not shown) may be secured. As shown, four conductive traces 34’ extend between a



pads 32'to termnals 36', to which solder balls or other discrete conductive
structures (not shown) may be secured. As shown, four conductive traces 34’
extend between a -3- first pair of termnals 36a" and 36Y. Wth a 40/ 40
design rule, which is the current state of the art, termnals 36a" and 36b
nmust be spaced at |east 360 gmapart fromone another, which nay be an
undesirably |l arge di stance when restrictigns on the area of substrate 20
are consi dered in view of the large nunber of terminals that substrate 20" 5

must carry. A tighter. desi r pl i.e.. thinner, spaced
conductive tr t‘étg?)a“ ‘\{iﬁﬂnﬁ‘a&:}&ép “ﬁ&&’ ?’E‘éth%f’dﬁ(g&ébﬂirt‘{ oﬁﬁﬁch?ﬂlﬂ%& t¥atgng
woul d al so ||Kﬁ't%ir@%ﬂn’inals@&%@@@@%ﬁtB’J%w&tat}@aﬁb@@ umlSRrFRESERY 1 nvention
i ncl udes an approach to accommodating additional circuit traces and their
cor r espondi ng @ethes, waich may bepndmdesijably darge diptgreerhien gesiressiognon t!nleeea oAn 10
enbod! ment  of sﬁlbﬁﬁ'teozosgl%lcgns@é?@& ﬂ VW gﬂhﬁla%%k{b%@e%ﬁalé QIQQJKB

teachi ngs of t resent rnvention i1s s or the sake
of sinplicity, mudhearqhiAQtighieJt desigooale -anbiotdrpmonetcirsplyspaced udnwctaQeetranesy be

usea hor el n. - okid ol pherl w8 P ndeenc i o Bt s &Fhenc s 20 ha

have di nensi ort&cieb@tipaddac@baug the sanme as or only 15 slightly (e.g., up to
20% larger than cqrrespondi ng dinensi ons of the sem conductor devi ce 10

(FIG 3) with whi chiheRESPRIRERPDHIREOT a8 2rpranthdo serompodatiag psditiamal qiguiy ar i ous
enmbodi nent s, atrd’c@sdé.rﬁttﬁélpégrfe%bn@ln%r@'ﬂﬁnaq’scspﬁﬂk Qﬁtﬂo‘{lt ttnélﬁerﬁx'i F&izh rhiBY &4y i on may
have state-of-the-art design rules g 0, 1nwhic conductl ve traces
have maxi mfm m@dh@etmfm@upﬁmlgh@larémc m@ebﬂras@ thmnmﬁr@iﬁs wachingarbbart from

ot her conductiy gmegﬁ i design rul es
that are gr eath rgseﬁﬁm§ Z‘gﬁifghga'}] ’fﬁ C{sei wdlr? tlgégsbafrﬁghc§méﬁagll’ taltlc.e‘fe wi dt hs and
spaci ng t hat eom;ﬁaﬂlﬂﬂoanz]—on-labuinmmploknnisulﬁnateInmy&xatm&é)genembaﬂjesfe&e&wbst rate 22
that is positioned e condycgt,i ve nes 0. and, 40 a

cllectr el Ty | EBMAFES OSTPUI HEPROML B RS Peudhartiraine bebges
conducti ve tr aggisiribGRt 6heROEthal hat € iRdensibss th@tage dbowd thBkdine® steARUCt i ve

pI anes 30 and 40 fromone another. In addition, redistribution elenent 20

i ncl udes i Hsul dishidn(arzawrte 20%) laserr sgn comesponding dipspgions<d thersuicoadictice nount
(S'M ~ materi an!le% Vice SP?PICF??"%{HWHY& thd ﬁﬂﬁfﬁbﬁ ?@agné'tgs 24 ﬁ%Q?s%ﬁlb}éﬁl Yn varifdus OE

enbodi nent s, ribution el enment I'ncludes an opening 24, such as the
depi.ct ed, el ongaho@lrsd;rmq, a redistribution element accordlng to the present invention may have

state-of-the-art design rules (e.g., 40/40, in which conductive traces have maximum
widths of 40 um and are spaced a maximum of 40 pm apart from other conductive

20  structures) or relaxed design rules (e.g., design rules that are greater than 40/40, or that
allow for conductive trace widths and spacing that exceed 40 pm).

Redistribution element 20 includes a substrate 22 that is positioned between two
conductive planes 30 and 40 and that electrically isolates overlapping portions of
various elements (e.g., conductive traces, contact pads or terminals, etc.) within

25  conductive planes 30 and 40 from one another. In addition, redistribution element 20
includes insulation layers 26 and 28, which may comprise known surface mount (S/M)
materials, over conductive planes 30 and 40, respectively. In some embodiments,
redistribution element 20 includes an opening 24, such as the depicted, elongate slot,
that extends through the thickness of substrate 22. Opening 24 may be defined by at

30 least one interior peripheral edge 23 of substrate 22.

Turning now to F1G. 3, insulation layer 28 is configured to be positioned

adjacent to a bond pad-bearing surface 12 of a complementarily configured



t hat extends through the thickness of substrate 22. Opening 24 may be
defined by at 30 | east one interior peripheral edge 23 of substrate 22.
Turning nowto FIG 3, insulation layer 28 is configured to be positioned
adj acent to a bond pad-bearing surface 12 of a conplenentarily configured
-4- sem conductor device 10, while insulation layer 26 is configured to be
| ocated at the exterior of a chip-scal e_aa_ckage 1 that is fornmed when
redistribution element 20 is assenbled wth sem conductor device 10. As

shown, conductive pl.ane 30.is_|ocated. closest to t exterior of chip-scale
5 package 1. A&?B’b‘i"gfl‘rﬁ?rﬂ%"‘&f)ig’d@l‘E\}’ésu_fﬁu%g’y%‘@q léc%‘}}}‘e r"?ié?é? %éefe@ 8t tﬂ%r ein as
an "outer congkuior ¥La BHligReale peRAFEUChANEfoRh@WRhetelidEibEGiSeldnalivodl ity of

i nternedi ate connection pads 32 and 42, or "bond fingers." Upon disposal of

redi stri but i onasendtiedivitp eerpipendductendevicged012 of seni conduct or devi ce 10,
i nt ernedi ate connecgy . 4 ¢ i Ld -er gl . i mte
' : Ad ﬁg;ﬂg&?g@%ﬁy@ggm 30 R é@cateﬁ Qﬁ*gés‘t G f%t@l&(%oqf lctx}%;(sﬁz{lg Xl

to correspondi ng bon em conduct or devi ce e depicted
enbodi nent ,5 i npackagedi dwsoriinghe cordunti wadame32 isalsb vtRermd ¢o hgreigias hoYmkradj acent

to interior peripheral,edge-23 of substrate 22. Wit.h continued reference to
H s 2 thr obgitrBvEplafey TRt PR ph ke pilie SoP el SeERA 5
conductive pl aps 3D andwd, deletsond Gingete.t | nldispeas oSidishtidutioedtaad 2baper al | y

frominternedi ate connection pads 32 to.redistributed bond Eads 36, 15 which
are also in cotgiaes 13 ssmisqadusier deyrg b intermepiateronngstign pylsi3dapddeare

redi stributed p&%ﬁf&%@ﬁf@al%r&ﬂﬁl&teQOE&%}E&gg}g%‘anJ} PARNARE s ShiCokRBRLELIQN Pads

42. The lower, or base, conductive plane 407includes all or part of

conduct i velQ r at®dn tipidepisiad cmhodisegyb irdenmedigtsrenractiompasiads and 42 ang

redi stributed : Encludi I aces 44 or portions
thereof in a s °§§%89§o %fégﬁtp\%eﬂbcf};ﬁ}gﬂf%? e%%%gg)gtg '?l%?\é%tfgzraces 34 of
conductive pl ane 30Witayoittmued rbdererandd BiGsshthe@gth Buint ddditiodits inremmediatapart  from

one anot her than the co ctive traces 34 . exi sting hoard-on-chip
SUbstrat s 20 COMIPRRSR AR Bt ve e ot i A A E oo 34 it P eguces
i nduct ance angkigRqsARe SrollihRithalifeambaionpeds b askitinktEsdndipadd 3gat hs
(i.e., between adjacent = conductive traces 34 or 44@. lI n sonme enbadi nents,

conduct i vell r a¥hish v ahiedy renduptiipiriane38. Copdystiieplar soaifefudgsaedisribwedl) t hat
are car i o0 pr iR L4 HuEoREBRAI EAIBHAL LofeciBh3as 49 (han that

(conductive pl ane Ich carries sig
The lower, or base, conductive plane 40 includes all or part of conductive traces

44 that correspond to connection pads 42 and redistributed bond pads 46. By including
conductive traces 44 or portions thereof in a second conductive plane 40, conductive
20  traces 34 of conductive plane 30 may be wider and/or spaced further distances apart
from one another than the conductive traces 34’ of existing board-on-chip
substrates 20'. Increased spacing between conductive traces 34, 44 reduces inductance
and decreases interference between adjacent electrical paths (i.e., between adjacent
conductive traces 34 or 44). In some embodiments, conductive traces 44 provide routes
25  for power (V) and ground (Vgq) that are carried primarily by a separate conductive
plane 40 than that (conductive plane 30) which carries signals.

In the embodiment shown in FIG. 2A, portions 44a of the conductive traces 44
that connect intermediate connection pads 42 to their corresponding redistributed bond
pads 46 may éxtend along conductive plane 40. In these embodiments, conductive

30 traces 44 may also include portions 44b that are also located in, or extend along,
conductive plane 30 to corresponding redistributed bond pads 46. In other

embodiments, as shown in FIG. 2, an entire conductive trace 44 may be located in, or



In the enbodi nent shown in FIG 2A, portions 44a of the conductive traces 44
t hat connect internedi ate connection pads 42 to their correspondi ng

redi stributed bond pads 46 nmay extend al ong conductive plane 40. In these
enbodi ments, conductive 30 traces 44 may al so include portions 44b that are
also located in, or extend along, conductive plane 30 to correspondi ng

redi stributed bond pads 46. In other enbgdinents, as showmn in FIG 2, an
entire conductive trace 44 may be located”in, or -5- extend al ong,

conductive plane 40, O course, a redistribution elenment 20 _according to
the present i ritERe ?@Hg’ﬁﬁi}g‘icﬂc‘ﬁ’ plgee éo'c PI&td IS%S'G&?% %‘“@Hﬁ@&? &0t
conductive elgopaict hédaiidanaynaclddt a doabhatitl 6f thBicalbedieRARM oA 42 in

conductive plane 30 communicates with 5 its correspondi ng conductive trace
44, or porti orflamatstidaitdband 44 conductive plane 40 by way of a conductive

via 54. In the ill E%El{ Rl G ROATES ad‘ié“%ﬁ‘c&ﬁﬂ&ib%k;ilaﬁ gﬁigé‘m%ni(ﬁ%} Gl

through an intermedi ate connection pad 42°to portio conductive trace
44 at an oppodgistcerrbsponding cordnctivglizate 44, er pattion=édathereofl incdonthestive plage 40by FI G,

2), or portion 44a th f o (Fl.G - in. .10 conductive.plane .40 c ni cat es
W th correspo n"%ﬂyn% 38 |u§ﬁ¥? lﬁtsgdl'%@%\idluﬁtgﬁ%aoe ol%?{nené% ﬁﬁcﬁl&of’%‘g’uﬁ? ’é\lﬁgggg by way

of a conducti wxtevisthbdugh haint@riedingohticatiorcudd2ad bykion Bhafcofuctivl tradegh
substrate 22, and to conductjve plane é . More specifically, each
conduct i ve vi &6 RROSEIogOBORSYORBe L2 or r espondi ng redi stributed bond pad

46, as shown in Flggh dond@étive@rade RPIFIGOR), d4Rridn amlisdrine. bARGE 44 that
extends laterally across 15 conductive plane 30 to the corresponding

redi stri butled denénstipaplans40 epsnippnicpigsyvthegmespondingredisivibuted kangpadsAdsai nent s,
connection pa 4 ' ' ' . di mensi ons
(e.g., dianet gcﬁgéﬁglr%élaﬁg%@ﬁg??é{% h%c?i Q%B%tc}t% ‘@%8’“3‘%’5 %ﬁ%ﬁ%}mgb‘% gm or

| ess t han aboutlar2Gi0, thougoulstretei2d candria caslu@ive plarhe 304 Moretshzcidicalionach20

oreater . and SHE® Ldoaeat Rl 4 SrERindRk iR Sne B8R onduct ve
features (e.g.showh @fFIE. 2| &b ia@ortidadab 3Scondctind hhew 4t ehiOntepAdacds 42)

by a distance of at |east__about 40 gm Tuc{,ni,n now to Figs. 4 through 7, an
enbodi ment 1Sof @ndusting plang 30 odhe f%@}?qqdmg redistributed bond pad 46, as illustrated by

FIG. 2A.
In some embodiments, connection pads 32, 42 and redistribution pads 36, 46
may have dimensions (e.g., diameters, side lengths, etc.) of about 300 pum, about
200 pm, or less than about 200 um. Conductive traces 34, 44, 44a, 44b of some
20  embodiments of redistribution element 20 may have widths of about 40 pm or greater,
and may be spaced apart from one another and from other conductive features (e.g.,
redistribution pads 36, 46 and/or connection pads 32, 42) by a distance of at least
about 40 pm.
Turning now to Figs. 4 through 7, an embodiment of a method for fabricating a
25  redistribution element 20 of the present invention is illustrated and described.
FIG. 4 depicts a partially fabricated redistribution element 20, which includes
substrate 22 and conductive planes 30 and 40 (FIGs. 2 through 3) and features (e.g.,
interconnected connection pad predecessors 32P, 42P, conductive traces 34, 44 (FIGs.
2 through 3), redistribution pads 36, 46 (FIGs. 2 through 3), etc.), and insulator layers
30 26 and 28 (FIGs. 2 through 3).
Redistribution element 20 may be fabricated by processes that are known in the

art. Redistribution element 20 may comprise a conventional circuit board structure,



25 redistribution elenment 20 of the present invention is illustrated and
described. FIG 4 depicts a partially fabricated redistribution elenment 20,
whi ch includes substrate 22 and conductive planes 30 and 40 (FIGs. 2
through 3) and features (e.g., interconnected connection pad predecessors
32P, 42P, conductive traces 34, 44 (FIGs. 2 through 3), redistribution pads
36, 46 (FIGs. 2 through 3), etc.), and ingulator layers 30 26 and 28 (FIGs.
2 through 3). Redistribution elenent 20 may be fabricated by processes that

i routt boar o Sarufey e e ShigRider Al FyE Rk S hiRRa S Aar AT "

el ement 22 f ormss FR-9)orahe kgl nxltemmhelga,&oﬁi?émmm iferpdsar shbst@dte larrihl, ke.
Alternatively, conventi ? al int erﬁgser bst r&t e nateri whi ch may

i ncl ude a subsYheh @apNCiGE gsibstratsf2 dorfred|trogy 3 fiel e&%‘&t“'@ﬂ"‘i&ﬁ“&?ﬂﬁlﬂﬁfe’f or

material, at hhﬂeﬂ12ﬁ¥§ﬂh1xﬂ%¥e% o€ 8 kétdinfe iRbredl bﬁ%laﬁr org.h@ﬁﬁe m8y cdrifitisk SiRwIRY
conpri se substrate redi stribution el enent . I'n other enbodi nents,

substrate 22 mdofcehipribuionglenang3l. bIP@tl‘(eéelgbOdllpj@lt%SHb%)e 22 may cogpRigutt i ve
pl anes 30 and Ml&lgé%c?@ﬁr‘r@nmt dgh 3) may also be fabricated by known

processes. In sone a layer of conductive material maybe fornmed
both of the opp05| t@mdnn}ttyle pkmas‘%(baxsl%f(FKistﬂ:rat@ 32 haytalserve fabiricatedieyl by known
processes 10 d etch.techni ques to d fine the_.conductive
Peatures of comyEmrFses; RoobeShoafiens My ofidigbnistodion fub BEASPRL o o
conprises a resiiofthe bpsitdmejor §1irfam:s &“@ﬁ&uﬁ&elzszemafapﬁeh@u by Rn@wn prOERRR! |

alumnum etc.) inthe formof a thin fo = py be applied and | am nated to

the maj or Y, f §&e snask and gich feghniques, etq. Hoé Freendyctiysdpatures phropdugtize 22

conprises an 'ﬁl&r?e@@@%ﬁd 4@%%6%Bﬁnéﬁﬁt\ﬁ{ek@4ubst¥a@22@%ﬁ{ﬂsééan%§m%9ﬂ9ﬂ81%' ve 15
pl anes 30 and 40 nmaybe deposited onto the opposite major surfaces of

substrate 22 filo, gondupijveinstetial 4¢.g.veqpoer. lumauim, ctsn i thefprpplorbinsfed maybeh as
sputtering; &?\O&f"clmd"lgrﬂﬂlate deRQ ?rgggdr é&%@ rrséxg&g;geefz? Eig ’em%@n?gntb s where

Al ternatively, nductive p anes rrca y appl yi ng
and | ani nat i ngsupstedto? 2reminprisks an inegusertsubstrate nva¢rad, thambeddof obndustinest rat e 22.

and 40" wi ¢ 1 celpes o 50 ity e Beabicdlor Rt mtPaTRsE R e RaRatet [ ve
material to (?% B9 pBysical kAt @spasftios (MDY procesges, such aespunadhys thendcatvagdes 30
and 40 with defined features are present on opposite
deposition (CVD) processes; etc.). Alternatively, conductlve planes 30 and 40 may be
fabricated by applying and laminating preformed, thin leads to the major surfaces of
substrate 22. Known printing techniques may also be used to form conductive planes
20 30 and 40 with features that are defined during application of a conductive material to
the major surfaces of substrate 22.
Once conductive planes 30 and 40 with defined features are present on opposite
major surfaces of substrate 22, insulator layers 26 and 28 (insulator 28 is shown in
FIGs. 2 through 3) may be formed or applied to conductive planes 30 and 40,
25  respectively. In some embodiments, one or both insulator layers 26 and 28 may
comprise a conventional surface mount (S/M) structure, such as an adhesive coated
polyimide film. Insulator layer 26 may be applied or formed over conductive plane 30
in such a way that a central area of conductive plane 30, including an elongate bar 31
from which connection pad precursors 32P and 42P extend, and underlying portions of

30  amajor surface of substrate 22 are exposed through insulator layer 26. Similarly,

insulator layer 28 may be formed or applied in such a way that corresponding regions



maj or surfaces of substrate 22, insulator |ayers 26 and 28 (insulator 28 is
showmn in FIGs. 2 through 3) may be fornmed or applied to conductive pl anes
30 and 40, 25 respectively. In sonme enbodi ments, one or both insul ator

| ayers 26 and 28 may conprise a conventional surface nmount (S/M structure,
such as an adhesive coated polyimde film Insulator |ayer 26 may be
applied or forned over conductive plane 3@ _in such a way that a centra
area of conductive plane 30, including an elongate bar 31 from which

connection pad 4 ecursors, 32P a P ext.en and wunder l.yi tipons of 30
a maj or surfacoefl?%ef()pg ﬁﬁgtsfdﬁtog s‘ébfprgtre 23’@)?;‘)’%? leaaqéaﬁq’%%o ﬁo?@h¥%&%£%%$°§6.
Simlarly, insgibadafithd eppesitc2Bdent\sulizerateQe@melexposappl i ed in such a way that
correspondi ng regions. -7-.0 e opposite side of substrate 22, as well as
features of conduct’}s\ﬁgoﬁf‘éfh%lc%g’%Yfgﬁp“ﬂlﬁéé 15 &’8@?"0&5’“_&\‘ e?‘%‘émﬁﬁ’iﬁﬁgﬂt?e si de of
substrate 22, @hfecH¥PPSE antianSROMYidglo&dtioh obsubdiraté 22.N0lagoRQ shexikad med
through each internedi ate connection pad 42 and an underlying | ocation of

substrate 2. dowa thdrégogeessardy troughdepauatiye trags 44 GF1Ghareimeatiansy4a hr ough,
conductive tr atﬁ@rﬁ%fd(ﬂ‘lé.@A?tha%):oﬁésa&%tB 'e%lscloﬂrfé%tioﬁ ﬁagilr gof (FIG 2A) that

correspond to each connection pa e via es 50 are being forned
t hrough i nt er medi atWhidoviabeles Hharp heigg Aftmed Haoughdeteinyddinge mnedtion padsf42

bstrate 22, t her .set of vi.a_ hol 52 (FIGs.. 2 be f d
Chrougn por | e g Rosfins i PuBBi 22,88 st S belbrsRIot 2 afBYer orm 10
ngliGst r2 |) but ed rb@{lllde m&dedhﬁﬁ)uglﬁb&timt?q%%aifcbx’fﬂh@tg@thral’cmt ' Zthﬁtitdﬁtbgl&%tgﬂuﬁfrmds 46

. as 11 as . throu i ons of substrate at. under]ie
portions 44b of ‘F%P@Q&’P‘Hﬁ?"ga“gggr{@‘ 2%251%@{“@3;‘ WPP%EIWFCQ%HB‘F padsdfh (FI5. 239 es 52

may expose, buefig tﬁx%h%xms&ﬁ&s@dﬂsh%t&%tzerﬂm uhdebif Sp&@&m% o RdlstraRa bola  Known
processes may be used to formvia holes 50 and 52. Such processes 15

i ncl ude, but apads AGt Like viathedes SRagi helatS Zemashexppess butglogot nepsesarikyrexiend ng,
mechani cal driilnloi’gcgﬂdu ARk hesq T ke, Once via holes 50 and 52 have been
formed, conductive maferia may be introduced therein to form conductive
vias 54 and 56 ( corKhowin precesseamagibe usdddovforimrvia kdl€s30 #hdtHr Sugthpr®dessas
illustrate

el udt ng. | but "RBES Prfare Bo Bt A RadiRg el B sares o el GuEerisAt v r si on
pl ati ng technifgueslikeray be used to introduce conductive material into via
hol es 50 and 52. ) . .
Once via holes 50 and 52 have been formed, conductive material may be
introduced therein to form conductive vias 54 and 56 (conductive vias are shown in
FIGs. 2 through 3), as illustrated in FIG. 6. In various embodiments, known processes,
20  including, but not limited to, electroless plating techniques and immersion plating
techniques, may be used to introduce conductive material into via holes 50 and 52.
The resulting conductive vias 54 enable electrical communication between
connection pads 42, which are in the outer conductive plane 30 (FIGs. 2 through 3), and
their corresponding conductive traces 44 (FIG. 2), or portions 44a thereof (FIG. 2A), in
25  the base conductive plane 40(FIGs. 2 through 3). Conductive vias 56 enable electric
communication between conductive traces 44, 44a of the base conductive plane 40 and
their corresponding redistributed bond pads 46 (FIG. 2) or conductive trace portions
44b (FIG. 2A) that are located in the upper conductive plane 30.
Turning to FIG. 7, in some embodiments, an opening 24, such as a slot, may be
30 formed through substrate 22 of redistribution element 20. Known processes, including,

but not limited to, mechanical routing techniques, die-punch techniques, mask and etch

techniques, and the like, may be used to form opening 24. As opening 24 is formed,



The resulting conductive vias 54 enable electrical comunication between
connection pads 42, which are in the outer conductive plane 30 (FIGs. 2
through 3), and their correspondi ng conductive traces 44 (FIG 2), or
portions 44a thereof (FIG 2A), in 25 the base conductive plane 40(FI Gs. 2
t hrough 3). Conductive vias 56 enable el ectric comuni cation between
conductive traces 44, 44a of the base conductive plane 40 and their
correspondi ng redi stributed bond pads 46 (FIG 2) or conductive trace

portions 44b t r [ pPeL..conducti ve bl ane 30.
Turning to FI G&g%?alin%@sbgée%g@o@*ngﬁﬁggggr?ﬁhg%gﬁi(éjr'l%’ %ﬁm egoﬁlg%%tggr il @?%t , may
be 30 fornmed whichogpnestidngiad presu@ors 2P padi42it exitdmdtand from pedpindcuors 3ERown

e e A 2 e R

di e- punch technique ,
t o form openi ngloihte bas (wp eliiwig fidd whicl condBetive t@ees@teRtend). APatbgalliemoved

from conduc%i ve Iag& 30 éfa fromelongate bar 31 from which connection
pad precursdrs™ e £omslucl Y eplaneie cqrgtHop Radsotieid A2 anay bydofingdad 42P (FI G

4)), from substrat ewag retdmned FQBIE WIS B H¥ferAlfertt Of 4 Brobess o1 8 ing 2
el ongate bar (not shown) from which conductive traces 44 extend). As

material is 5 fedisibaton elomeri@Adddtd spmiqondustorgvice bhisalssdrivad. pRetist@outiand 42

may be defi ned " rn%lg € i t a
process for asggﬁ%}tpgg e?’ggiog? Ea?%eﬁ{gﬁcﬁ&rgl(éé:%&h%h%ﬁtoa\af tlﬁﬁggé%?hgc%ag%mt or
device 10 is desgthabmdludéedplsiatiiyniréditribution eienten@0 Sericotducpaxievied 10ambyar ger
2 pi'ur el ¢35 of o e SrEUFRL et Bret trnos R saBRp s Ror SR b A0 be o
si ngul at ed senfabficulion sabistrdie€e.g.04 fifll raitaDRafUEs fBemitoadidi@tmdtaiaisach fart of a
sert condut or ey Inafum Bishngs &G shide; ich A BROSpARGEST SR DBt

arseni de, et c. ypRiraté,|shOPR-sARvh A LERNE ﬁmiﬁ%ﬂf‘omgﬂ%%@@le’ such as
silicon-on-ceramc (SOC), silicon-on-glass (SOGE, Si licon-on-sapphire (SOS);
etc.) upon whi gihcan-gi-sappiire (POSH; esehines rdirktadrurgbtyjof semigendactor geviees have

fabri cat ed,and, i X & F epicts
the  acsombly Sognragrdil e ftbeenthy oL AL wniEHLE Sdckiers

sem conduct or essernigly of @ redixtribution klethest 2omith paoisbodiménh af searieondnctanged al ong a

cFm et L1 5 O o SRSHSLRL AR B BT BB TERIG R oot O
configured for senassaidiattyr ddvide 10, other embodiments of redistribution elements 20 that
incorporate teachings of the present invention may be configured for assembly with
20  semiconductor devices with other arrangements of bond pads 14, or connection
patterns, including, but not limited to, peripherally located bond pads, bond pads
arranged in an area array over a surface of the semiconductor device, and the like.
Redistribution element 20 is aligned over semiconductor device 10 in such a
way that bond pads 14 of semiconductor device 10 are exposed at locations that are
25 laterally adjacent and proximate to corresponding connection elements 32, 42 of
redistribution element 20. In the depicted embodiment, bond pads 14 are exposed
through opening 24,
Redistribution element 20 may be adhered to surface 12 of semiconductor
device 10 by any known, suitable technique. In some embodiments, an adhesive
30 element 29, such as a quantity of a suitable adhesive material or strip of material
(e.g., polyimide, etc.) with adhesive material coating both major surfaces of thereof,

may secure insulator layer 28 of redistribution element 20 to surface 12 of



20 sem conduct or devices with other arrangenents of bond pads 14, or
connection patterns, including, but not limted to, peripherally |ocated
bond pads, bond pads arranged in an area array over a surface of the

sem conductor device, and the |ike. Redistribution element 20 is aligned
over sem conductor device 10 in such a way that bond pads 14 of

sem conductor device 10 are exposed at |Q@ations that are 25 laterally
adj acent and proximate to correspondi ng connection el enents 32, 42 of
redistributio n 4 are
exposed thro&bﬁh%ggﬂ%ﬁggﬁﬁé (EﬁgtrPgﬁ%ggﬁ%gpgﬁ%QFQéﬁuﬁﬁﬁgﬁgﬁg§ ered to
surface 12 of &udmedtfmmmMQmayedé&myeS@Orebydlanbutbnmlwmensmtoednlrfecetm:hni que. In
some enbodi nents

, t 29 t
sui t abl e adhesive C%F"i %“b ‘°“te$ F‘S‘“ A0 B0 sapieg uet@rgevw ‘gﬁgﬁnﬁl’ﬁ%‘ Oetc ) with

adhesi ve mat erdsﬁﬂmbb@ladnﬂl’sgcubaitb off@ jithes Wohd pais 1afof bdigicefuctor BB CceSI®ARILE
i nsul ator | ayer 28 of redistribution elenent 20 to surface 12 of -9-

semi conductoor desiresed thiough ppening 24 o registribution glegepc2li pay bedledtiggllyn an
exposed  sur f agandfeditfestkAhHdinEbRhechBn PRY 32001 rh@oﬂé%ﬂéc?ﬁcrall qheeﬂl%dg&t@ ment 20
to surface 12. Once redistribution. el enent and sem conduct or device 10
have been assendicéise elanterte 60 (EE. 14) mmebafwmb@r, plirsA betpzesband pefls 14 and

sem conduct or 0pe n

redlstrlbutlonﬂg %ﬁgﬁéggkg%%nm%ng“ M§ ?ﬁ%aﬁ %négﬁﬁ%¥@gﬁnéd%gﬁ}ggspondlng
connecti on padonditivéalemkins 60 smgccmhpnsrl Hoyd wirag aamd faained by mitdazrcwtnre/e el enent s

60 (FIG or ned or d,.bet ween b eir

corres pond@lg%ﬂﬂqg@m%ﬁ%e{aé’t@i empodimerys, é'&ﬁ%“ ‘g’lnﬁ‘&ﬁ'tvg € f"ﬁ’ﬁ“é PHEWat e
conductive el e/gafprise RSN AYich HEY e Lo BY a WexiBR did)etkridfith (efg B s R¥d khown wire
10 bondi ng processes. In ot her _enbodi nents, internediate conductive el ements

60 may conpr i3ee Juserpated bhending (TAB) Beocessss) ed by a flexible dielectric film
(e.g., as is used i Lid onal Iy,
an encapsul ant mmat éngfﬁgﬁy %H%Ha%%ﬁ%é?ﬁﬁlag@g&%%mﬁ%gpﬁcap eincﬁﬂﬁ‘l et er i al ,
a | ower vi scosmatynaalrﬂ:bp'smlawtsﬁmcepaut@mt meatetial) etephnajp be intiodetdost® ont o 15

|t er e o UGV S RLETRIIONGA dolo BIALERE SREARATE AR f SgHBliSt e the

assenbl y res I hven
Wile FIG 3 idﬂamtﬁahkesaadagem‘mmdxrdmgltothenpmkmt:invmmnect| on pads 32, 42 of an

While FIG. 3 illustrates an embodiment in which connection pads 32, 42 of an

outer conductive plane 30 are connected to bond pads 14 of a semiconductor device 10,
other embodiments, including embodiments in which connection pads, or bond fingers,

20 are part of a conductive plane located adjacent to a semiconductor device, may also be
within the scope of the present invention.

Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing
illustrations of some embodiments. Similarly, other embodiments of the invention may

25  be devised which do not exceed the scope of the present invention. Features from
different embodiments 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 than by the foregoing description. All additions, deletions and
modifications to the invention as disclosed herein which fall within the meaning and

30  scope of the claims are to be embraced thereby.



outer conductive plane 30 are connected to bond pads 14 of a sem conduct or
devi ce 10, other enbodi nents, including enbodi nents in which connection
pads, or bond fingers, 20 are part of a conductive plane | ocated adjacent to
a sem conductor device, may also be wthin the scope of the present

i nvention. Al though the foregoing description contains many specifics, these
shoul d not be construed as l[imting the_ ggope of the present invention, but
nmerely as providing illustrations of sone enbodinments. Simlarly, other
enbodi nents of the invention may 25 be gﬁgh\ﬁed whi ch do not exceed the scope
of the present invention. Features from different enbodi nents may be

enpl oyed i n cowbatiatlhinred: The scope of the invention is, therefore,

i ndi cated and Iim'tled 021 .b%( he appe ded .cl gi and he(ir | egal

equi val ents, rathertha %‘S?p‘ﬁ‘ SF‘B?'é’geo'fgﬁbsed‘éée ISEHRUHBE 2 OARq Pad pgrapgeeat

del etions and offfa@infdof@ictd?asvit Ointathig-6\.Betrd Sdhfigtratbs ShOSRshriRigei N which fal |
within the meaning and 30 scope of the clains are to be enbraced thereby.
-10- CLAIMS \@hbstrade dlpmented: 1. A chip-scale substrate for use in
redistributin ; Sp1y ' r A N

chi p- on- boar dg%grrﬁ?@gglrlgﬁggﬁ%t@ﬁg corr%)fr‘lfsgurrl%?égﬂgg%gg% glte e Igtlalélgrgnrﬂd;&@' first
conductive pl ane catleag@dnofirshedrduetivestacd;ace of the substrate el enent and
including: at |eas [y C uctive trace;. at .| east e first bond

fi nger continuous vﬁE {e%‘p[?’ H%hésig?ned:l@ ef)cnoéﬁ/'?lforu%tw ltgélﬁeaﬂ&?alstvoéw ffr%}a?%,uc Wd 10 at

| east one second bond fitragerand a second conductive plane carried on an

opposi te, ?econd surface of th‘ﬁ srétbfstrate el enrent and including: at |east
one second'tonduct id &24°RE secondbondifinget st one conductive via extending
through and cofigdsdchiing v¥plale thBeBdn dntdpbsiNRconkBufBytdhdRBeldd nger,
extendi ng through the substrate el enment, and contacting the at |east one
second conducti ve telemeat amd ingiydingubstrate of claim 1, wherein at |east one

el ongate sl ot extend$..« one second conductive trace; and

at least one conductive via extending through and communicating with the at least one
15 second bond finger, extending through the substrate element, and contacting the

at least one second conductive trace.

2. The substrate of claim 1, wherein at least one elongate slot extends
through a central region of the substrate element, between the first surface and the

20  second surface.

3, The substrate of claim 1, wherein the at least one first bond finger and
the at least one second bond finger are located on the substrate element adjacent to the
at least one elongate slot.

25

4, The substrate of claim 3, wherein the at least one first bond finger and

the at least one second bond finger respectively comprise a plurality of first bond-

fingers and a plurality of second bond fingers.



t hrough a central region of the substrate el enent, between the first surface
and the 20 second surface. 3. The substrate of claim11l, wherein the at

| east one first bond finger and the at |east one second bond finger are

| ocated on the substrate el enment adjacent to the at |east one elongate
slot. 25 4. The substrate of claim3, wherein the at |east one first bond
finger and the at |east one second bond. fjnger respectively conprise a
plurality of first bond fingers and a pIurallty of second bond fingers.

-11- 5. The substrate Ofrhfglﬁa'sﬂt%of&&i&f??ﬁnk&?%ﬁﬂr&ﬁ g: at |east another

conductive via extending fromthe at |@ast one second conductive trace,
t hrough t he subiestanetherd condustiyve miacxtendiag fremiheatlleastoneisechbnld yotduvetide teast,

surface of the substrate el.e 5 6. .The subs r at.e, of .cl erein
the at |east one c%&@ﬁ%%ubéﬁegg‘fpgw %"dtf’ﬁtt f%e%g’bg‘f’r@?émgarcéﬁgnt at a
| ocati on proxi mat e thexsubfitatedlerh@st one el ongate sI ot and the at |east

anot her conductive via extends through the substrate el enent at a nore
distant location fromthe at |east one el ongate slot. 10 7. The substrate of

claim6, wherein the at theagkuaf N8 & UHMET th & Ms@oneeeﬁnagﬂﬁekpr Hgthe

substrate el enent at a | ocation proxi mate to an outer peri phera
t hereof . 15 8.thrpgh the ehsirate glepfentitailenation piorinesitatottheeat deast Qmsadon@ate slfot rst

conductive, L1 368 \3fad MALILARUALe L8 Snf BALEE W NARAR U APy D ANE 1o

spaced at | eas rom each o ed

substrate of odiainrﬂdcati@m&asmitlte;atYdasttdneebhgdteastt one second bond finger is
configured for positioning next to at | east one bond pad of a sem conduct or
devi ce no ed to the substrate that supplies power to the sem conduct or

device or provides 7an eltggtubsgat ofElBMNE Whefeid e at BAThSARGUEARKLLAEMA Ce; and
extends through the substrate element at a location proximate to an outer peripheral

edge thereof.

15 8. The substrate of claim 1, wherein the at least one first conductive trace
has a width equal to or greater than about 40 um and is spaced at least about 40 pm

from each redistributed bond pad.

9, The substrate of claim 1, wherein:

20  the at least one second bond finger is configured for positioning next to at least one
bond pad of a semiconductor device mounted to the substrate that supplies
power to the semiconductor device or provides an electrical ground for the
semiconductor device; and

the at least one second conductive trace is connected only to a power supply (Vss) or to

25 a ground (Vdd).

10. The substrate of claim 1, wherein:
the first conductive plane further includes:
at least one first redistributed bond pad in communication with the at least one
30 first conductive trace; and
at least one second redistributed bond pad;

and further comprising:



the at | east one second conductive trace is connected only to a power supply
(Vss) or to 25 a ground (Vvdd). 10. The substrate of claim11, wherein: the
first conductive plane further includes: at |east one first redistributed
bond pad in conmunication with the at |east one 30 first conductive trace;
and at | east one second redistributed bond pad; and further conprising:

-12- another conductive via extending fromthe at | east one second
conductive trace and through the substraie®el enent to communicate with the

at | east one secqnd redistributed hond,pad. 11. The substrate of claim
10, wher et nt PGP A I REVTOR B AL one sepOpr R vE R aeadl one
second redi stri but aproagithe Batktratt2lembitloSuRgiunRh®e vath thé ai 183slbne sebidei n: the
first conductive plane further includes at |east one partial, second
conductive trace Tedighbuedibond nadterally to the at |east one second

redi stributed bond pad; and the anot her conductive via extends through the
at | east one partial, second conductive trace. 13. A sem conductor device
package, i ntl udi ng:11. 15 Thesubrraiomndosin i 0, dweietrethi andtheticagdustipd vinaktends of bond
pads on a bond,pad: hearing surf - Ja hedi.stribution el ement secured to the
bond- pad beariﬁgmgﬁBF%%kmgﬁﬂgF%@ﬁ%gpﬁgwugg%éﬁ%%##ate i ncluding at | east one
peri pheral edge |ocated adjacent to the plurality of bond pads, with the

plurality of bond pads i ng exposed. 20 | gterally beyond the at |east one
peripheral edge; a &i'rsméﬁ?ﬁfégi@&laﬁ’i‘gﬁéﬁﬁﬁ‘?'i ed on one surface of the
substrate and ihaGkdl dbdiictivedlardeSaiher fRfidbd 4t38astR Paftia d&ond dbfubiMe thee t he at

| east one Ferlpheral edge and positioned proximate to a first corresponding

bond pad ot0the plaxtaadingyaterlly irihie pidepst oeeand rehsiribisedbband pedicindond f i nger
adj acent to t hﬁxe %oth&%ﬁﬁdu%ﬂ?e "4 rekt@ﬁcfértfﬁjough the at least one partial, second conductive

trace.

13. A semiconductor device package, including:

15  asemiconductor device including
a plurality of bond pads on a bond pad-bearing surface;
a redistribution element secured to the bond-pad bearing surface and including:
a substrate including at least one peripheral edge located adjacent to the
plurality of bond pads, with the plurality of bond pads being exposed
20 laterally beyond the at least one peripheral edge;
a first conductive plane carried on one surface of the substrate and including;:
at least one first bond finger adjacent to the at least one peripheral edge
and positioned proximate to a first corresponding bond pad of the
plurality of bond pads;

25 at least one second bond finger adjacent to the at least one peripheral
edge and positioned proximate to a second corresponding bond
pad of the plurality of bond pads; and

at least one first conductive trace continuous with the at least one first
bond finger;

30 a second conductive plane carried on another, opposite surface of the substrate

and including:

at least one second conductive trace; and



edge and positioned proximate to a second correspondi ng bond pad of the
plurality of bond pads; and at |east one first conductive trace continuous
with the at | east one first bond finger; 30 a second conductive pl ane
carried on another, opposite surface of the substrate and including: at

| east one second conductive trace; and - 13 at |east one conductive via
ext endi ng through and comunicating with_{He at |east one second bond
finger, extending through the substrate, and contacting the at |east one

second conductive t ; -al gt w. of, | nt.e i . cond Lve
el ements, includi ngil : Pe(é&gf] 9P%ggftwc?;{g@%%t%n}sﬁf&iﬂ?\rlto‘géhrr%lgi% g{r@@gﬁ Iﬂﬁ:&%«gheéf enent
ext endi ng between and dastoineisemhll Porabfivper; extagdihdthraigh ltieasubsteutes afd r st bond

finger and its first correspondi ng bond pad; and at |east one second
i ntermedi ate conduct i vecg'FtE‘fﬁrE‘ﬁtt ee%%?e@ﬁtcﬂ“ﬁégcﬁg‘i Q@BHCt!a"ﬁdmc%laéﬂt rically

connect i ng t he; gliraligatinterieedecondudtiondlememsghcladiflg t s second 10
correspondi hg bond pad. 14. The sem conductor device package of claim 13,

p [ A i
wher ei n t he subst r & lsastopsfiFst ddamsdiateicpudiciyeelermnens extgpding hetween anihe

sem conduct or device pa%i%@ﬁlﬁalw co?xh@étiﬂk 3h%1a_t¥¥9§roﬁ+ Arst Q&dzfg?%eﬁiﬁﬁjgtsgﬁgapert ure

peri pheral edge conprises an i'nterior peripheral edge
through the substrate, comespomfingibrindipad;isdpl urality of bond pads of the

sem conduct or devic 0 2 6. redi.stributign el.ement ,for use
in a chip-scale pac?éegget?on%gér%g??’g‘?eﬁa :e&)’a% C%’b‘@%‘t"?eaetleer};lenée%le?éé?g %%‘H%’caflflve pl ane

on a first surface of tkizcsichity conbectinp theianithst@né gecondibgidUingkt dnd iRfsedond St
connection pads; a pluralit ‘(E)f{i first redistribution pads, each first
redistributyon pad 25 CGP‘F%%B B bpdedda first connection pad of the
plurality of first connection pads;

14.  The semiconductor device package of claim 13, wherein the substrate

comprises a chip-scale substrate.

15 15.  The semiconductor device package of claim 13, wherein the at least one
peripheral edge comprises an interior peripheral edge defining an aperture through the
substrate, through which the plurality of bond pads of the semiconductor device are

exposed.

20 16. A redistribution element for use in a chip-scale package, comprising:
a substrate;
a first conductive plane on a first surface of the substrate and including:
a plurality of first connection pads;
a plurality of first redistribution pads, each first redistribution pad
25 corresponding to a first connection pad of the plurality of first
connection pads;
a conductive trace extending between each first connection pad and its
corresponding first redistribution pad;
a plurality of second connection pads; and
30 a plurality of second redistribution pads, each second redistribution pad
corresponding to a second connection pad of the plurality of second

connection pads;



a conductive trace extendi ng between each first connection pad and its
corresponding first redistribution pad; a plurality of second connection
pads; and 30 a plurality of second redistribution pads, each second

redi stribution pad corresponding to a second connection pad of the
plurality of second connection pads; -14- a second conductive plane on a
second surface of the substrate, spaced Qﬂﬂ[t fromthe first conductive
pl ane by a thickness of the substrate, and’i

including: a plurality of second
conductive traces; and at.least two conductive_ vias associ ated wi th each
second conduct P§&° ‘?&‘H\Q“Eﬂ‘f ©o8 aﬁF‘i?PalsH:’ 3)968$th§é‘6 Hatec%’ﬁa%al’%g%taf‘c_es,
i ncl udi ng: a first grRPebyabMe p%@b?é&@ﬂ&bﬂ%f&ﬂyﬂﬂgﬂte@aﬁ@fn&ﬁaﬁgﬂdl ng first
connective pad and through the thickness of the substrate to the second

conductive trace; aplralitselsserrdeandistive wacesiisad t hat extends from the second
conductive tr aﬁ@gﬁ? %@{ﬁﬁuctijvg v§atQ GssobRRl Wit Sact! Qg&d“c%fm&d%ﬁ%ﬁ%‘e’b@ﬂ%ec ond

redi stribution conductive trace extending laterally therefrom 17.
The redi strbbution plmbitnef sefondlcanducti; tragkss ireludingnl y a si ngl e conducti ve
trace extends betwee ac dj acen air. of .redistrihbuti ads..of the first
conductive 15 pl antirss gyl EEMerRte w8 el Etbnendtie ER PRSI e o 1
the single conductive tamdaRrobgtstha thitlaieds dftheanbytiated0 thevecsidrc@ndiRdvd S spaced
at | east about 40 mapart from each adjacent pair of redistribution pads.
20 19. A method for fabr¥%5t3g a chip-scal e board-on-chip substrate,

conpri sing: applyi ngsdcbhidLordd;V35OME RAGESH R se@HABndRtiPPRAR] thoudR) OF
surfaces of a substantially planar substrate elenment; 25 defining fromthe
first conddBtive |ayer: thasyistiatal toragonesppiding sepemiredistngution pad or a

conductive trace extending laterally therefrom.

17.  The redistribution element of claim 16, wherein only a single conductive
trace extends between each adjacent pair of redistribution pads of the first conductive

15 plane.

18.  The redistribution element of claim 17, wherein the single conductive
trace has a width of about 40pm or more and is spaced at least about 40 pm apart from
each adjacent pair of redistribution pads.

20

19. A method for fabricating a chip-scale board-on-chip substrate,
comprising:
applying first and second conductive layers to opposite major surfaces of a substantially

planar substrate element;

25  defining from the first conductive layer:

a plurality of first bond fingers;

a plurality of first conductive traces extending laterally from corresponding first

bond fingers of the plurality of first bond fingers;

a plurality of a first redistributed bond pads to which corresponding first

30 conductive traces of the plurality of first conductive traces lead,

a plurality of second bond fingers; and



a plurality of first conductive traces extending laterally from
corresponding first bond fingers of the plurality of first bond fingers; a
plurality of a first redistributed bond pads to which corresponding first
30 conductive traces of the plurality of first conductive traces |lead, a
plurality of second bond fingers; and - 15 a plurality of second

redi stributed bond pads corresponding to ﬁ ch of the plurality of second
bond fingers; defining fromthe second céndictive layer: a plurality of
second conductive traces extending to |locations that are opposite from

) [ 5
| ocati ons of corr espPEliEClseesdachivrbuted bagd padssorresponding foeach9f e second

bond fingers; form ng fifghiN @ sOeh&8oddeegh each of the plurality of
second bond fingers, thr}f)ug 1%9![ hg subostrar'%e,’and to the plurality of second

conducti ve tradesing Bemitimgseswsionuductize lagéres t hrough the substrate at
locations that are %élgpaﬁi&g Jéjtos;é%ognt%tcgn&u%tive]TQacE{]&té?lldHl%?L H}céti&% tﬁa‘?%{%{%ﬂgos&t}p second

redi stributed bond S expose” portions I"ur
conductive fraces; and ifiém dsbatomef cardpaidingsesmtidohdfingant of théiplufalitysdf and
second via holes, into contr%fcbt wi_th the plurality of second bond fingers,

into contact with porti oEOWPPALINES S ality of second conductive traces

exposed t hr ouglordniey ficst ik heBetheRigR @éi:_h\bif?ne?mrﬂﬁy o8 ohdbont FingRTMAJugREHe ON
with the plurality of second redistributed bond pads. 20. The nethod of

claim 19, further ceibpiratejangto heplumliiyofsecand gepdushee Basesi ng i ncl udi ng at

| east one interior ' r ;@% ] t to
the plurality g#&qg?ﬁér@gﬁ%ﬁélfﬁggﬁ%ﬁ glﬁgh“%ﬂ%&gfﬁfgfb?? g/}{ag%rga é@gigﬂﬁqﬁond
fingers. 210 The nethapthrality of secondlri@distnbated bond patls aditbatregposspdumns vitheat eri al
conprises at |east gne,of electroles | ating, and i nmersion plating. 25 23.
A net hod for packagi(’)lﬁbahg?'%@ﬁ?o@gr‘fa@@ﬂ%&aﬁ%&& conprising: securing a

redi stributi oniglo@n@ng cdnduétiveamderfan thtdha firsd @ndsdetdricda Bbles) irfte BorRavn ohith i

device, the redistribution element including a substrate with a first
conductive plane oPlUBHE Pfepennddand Grgers HEP ersfact with gerions lFheipNEliRthl ane on

an opposite second conductive traces exposed through the first and second via holes, and in

15 communication with the plurality of second redistributed bond pads.

20.  The method of claim 19, further comprising:
defining at least one opening including at least one interior peripheral edge through the
substrate and adjacent to the plurality of first bond fingers and the plurality of

20 second bond fingers.

21.  The method of claim 19, wherein introducing conductive material

comprises at least one of electroless plating and immersion plating,

25 23. A method for packaging a semiconductor device, comprising:
securing a redistribution element to a bond pad-bearing surface of a semiconductor
device, the redistribution element including a substrate with a first conductive
plane on one major surface thereof, a second conductive plane on an opposite
major surface thereof, and a plurality of conductive vias extending through the
30 substrate, between features of the first conductive plane and corresponding

features of the second conductive plane;



maj or surface thereof, and a plurality of conductive vias extending through
the 30 substrate, between features of the first conductive plane and
corresponding features of the second conductive plane; -16- electrically
connecting signal pads of the sem conductor device to corresponding first
bond fingers of the first conductive plane of the redistribution el enent
such that signals to or fromthe signal s are conveyed al ong conductive
traces of the first conductive plane; and el ectrically connecting power
and ground pads, of. the sem conduct vice.to

d di bond
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that power and gr ouBghdfiszess b firgedoRbudtiVe hlafe o BRMisBTtigA SlementRassthal ong
conductive traces of the second conductive plane. 10 24. The nmethod of claim

23, wherein securi n§igpHetoedion fhesignalgadeare pieyed-abong qoaductiye frases Phiet he
redistribution el engny WiduBriddfakespnd conductive plane located closer to
t he sem conductor device than the first conductive pl ane. 25. The net hod of
clai m 23, wher @iqutr@alémqmecaing;poworrm@@:mg Pw/véﬂhmmlconéumrcdﬁnme fads

conprises electrical l%esé ,ﬁﬁteco glftﬁrpgpgm%ﬁg%e p?a ec@g,lefi ngers

havi ng conducti ve vi g ere
redistribution element such that power and ground are communicated to the

power and ground pads along conductive traces of the second conductive plane.

10 24. The method of claim 23, wherein securing the redistribution element
comprises orienting the redistribution element with the second conductive plane located

closer to the semiconductor device than the first conductive plane.

25.  The method of claim 23, wherein electrically connecting power and
15  ground pads comprises electrically connecting power and ground pads to lead fingers

having conductive vias extending therethrough.





