- 1- TITLE BOARD- ON- CHI P TYPE SUBSTRATES W TH CONDUCTI VE TRACES
I N MULTI PLE PLANES, SEM CONDUCTOR DEVI CE PACKAGES | NCLUDI NG 5SUCH
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 enbodi nrents of the present invention
relate to chi p-scal e "board-on-chi p” (BOC), substrates with
conductive traces located in two or nore-donductive planes, as well
as to nethods for designing and fabricating such substrates, to
packagi ng nethods, and to packages incl Jdfhg the substrates.
15BACKGROUND Printed circuit boards in the formof so-called
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rerouting connerfULANPHERIANES, SEMICONRIHMITORDEVICE EACKAGES INGLIPING
chi p-scal e paickages ( CSBECH SUBSTRATES, AND ASSOCINFEDIMETHODSCkagi ng.
The use of printed circuit boards is desirable since the processes
for 20 manufacturing them are wel| TBCHNUrEdFIELDexpensi ve, and

provide high yields. . .In ad iti rocesse for
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i ncrease, howevgickagddigclddingmsiseiRfated. the circuit board interposer
substrates that are used in packagi ng such devices, particularly in
chi p-scal e packages, are likewise |imted. Consequent ly, an

ever-increasgs ng nunber of conducti vegmgm@@gnd termnals nust be
arranged within the relatjvely fixe rea _of a printed circuit board
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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



40gm to one another and to ot her conductive structures).
Accordingly, there are needs for interposer substrate design and
manuf acture processes, as well as for interposer substrates, that
accomodat e i ncreased nunbers of circuits without further tightened
design rules. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS I n the draw ngs:
FIGs. 1 and | A respectively show partial top and cross-sectional
views of a portion of a conductive plane of a conventionally
configured interposer substrate for a 15c¢hi p-scal e, board-on-chip
package; FI a4, 5.a Cr.oss:sectjonal representation . of
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the present i Ny id¥ke aiiiker and to other conbbc@be stdhcluftspugh 7 depict an
enbodi ment of a process_for fabricating a 25chi p-scal e, board-on-chip

substrate with at |4a%erdingl thersigrreedstarigiempqess subsieatafesien apoemifstiren

FIGs. 1 and | Apjobdshis! dsbeRl a8 fdd Htdrb&8r bstrdtes vtk BecBiambobAe MEleased numbers of
board-on-chip substrate 20", which includes only one conductive pl ane

30" . Conduct i v&irgyitapEhen furtherdighisard dsgigR BifSect i on pads 32' and
conductive praces 34' that extend laterally from connection pads 32
to termnals 36', to which solder balls or other discrete conductive

structures (not shown) nay BHEESEFRIFPTIQN QIR PRAWINGDnduct i ve

traces 34' extend bgtyefiwiAes:- 3 - first pair of termnals 36a" and
36b'. Wth a 40/40 design rule, which is the current state of the
art, terminals 36a' Flgad R reapsdtively shqyepastipl top apéersss-geiongligysf e
from one anot heg o\ LanfRYvdR a1 B BSR SloRMlyEoh RS itepb &P G sAER: 2

restrictions on the area of substrate 20' are considered in view of
the | arge d@nmbekip-efale, board-perkclip parkescsubst rate 20 5nust carry. A

E 'r g Qte g; desi gn rul epr@; 3 islaWhdR8EctiotiPFeBreSdnfiBiEh ¥ ARAGEAERANH UG stk
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
F1Gs. 1 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



woul d undesirably generate additional inductance and woul d al so
likely result in decreased product yields. The present

i nvention includes an approach to accommodating additional circuit
traces and their corresponding termnals, or pads, w thout tightening
design rules. An 10 enbodi nent of a chip-scale, board-on-chip
substrate that incorporates teachings of the present invention is
shown in FIGs. 2 and 2A. For the sake of sinplicity, the chip-scale,
boar d- on-chi p i nterposer substrate may bednore generically referred
to herein as a "redistribution elenent 20." As used herein, the term
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widths of 40 pm 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 FIG. 3, insulation layer 28 is configured to be positioned

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



As shown, conductive plane 30 is |located closest to the exterior of
chi p-scal e 5package 1. Accordingly, conductive plane 30 is al so
referred to herein as an "outer conductive plane." Conductive pl ane
30 includes a plurality of internediate connection pads 32 and 42, or
"bond fingers." Upon disposal of redistribution elenment 20 upon
surface 12 of sem conductor device 10, internedi ate connection pads
32 and 42 are positioned laterally proximte to correspondi ng bond
pads 14 of sem conductor device 10 10. I h?t he depi ct ed enbodi nent,

i nt ermedi ate connectj on gads 32 and 42 are positioned adjacent to
interior peri pH&pigpndvgigedeyice 39, vl aasplation layst 26 is configiiped fo belagatasd b the
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pl ane 40 than tChatcc'émaMQtﬂﬂﬂ#mmﬂ\@@)aﬂﬁm mhlud%sropncb@msq trpaesl 34 that
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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 (Vag) that are carried primarily by a separate conductive
plane 40 than that (conductive plane 30) which carries signals.

In the embodiment shown in FIG. 24, 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. Tn other

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



way of a conductive via 54. In the illustrated enbodi nents, each
conductive via 54 extends through an internedi ate connecti on pad 42
to portion 44a of conductive trace 44 at an opposite |ocation on
substrate 22. Each conductive trace 44 (FIG 2), or portion 44a
thereof (FIG 2A), in 10 conductive plane 40 communi cates with
correspondi ng redi stri buted bond pads 46 in conductive plane 30 by
way of a conductive via 56 that extends fyrom conductive pl ane 40,

t hrough substrate 22, and to conductive tﬁane 30. More specifically,
each conductive via 56 extends directly to a correspondin
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features (e.g. SxtErigitapeshsninteedialg sommection Pachd topopion Aaaficopdugiigdragy

42) by a di Sta@@%tﬁfopﬁ&ﬂk%ﬁfon%ﬁ%ﬁstré}QZQm Tur ni ng now to Figs. 4
through 7, an enbodi nent of a nethod for fabricating
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3), redistribution F‘ hr ough 3),

i nsul ator | ayelcgndﬂﬁlﬁe’laaﬁ@cf’x?ms(qﬂle@ to QCQfFﬁSEf-B?QWS lsmbut"d b‘md Pad 46 as
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known in the art. Redistribution el ement 20 y conprise

convent i ond cicprduftiveplsar ao@tthwgs(pgndmgrc@stnbm and pag 46, H%:‘l“!:\%!@teé by
substrate or syhstpate el ement 22 formed froma resin, such as BT

resin, FR-4, or the like. Aternatively, conventional interposer
substrate materi al , Ingpie pmbediments pengectign pags 32.r43taad pdistribptinpagy W
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material or glass§, or the nprise substrate
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conprise a gyl exjBbfmédis S redifRbiioR efitnr 20 biFy 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 iliustrated 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. Redistiibution element 20 may comprise a conventional circuit board structure,



Conductive planes 30 and 40 (FIGs. 2 through 3) may al so be
fabricated by known processes. In sonme enbodi ments, a |ayer of
conductive material maybe forned both of the opposite major surfaces
of substrate 22, then patterned by known processes 10(e.g., nask and
etch techniques, etc.) to define the conductive features of
conductive planes 30 and 40. In enbodinents where substrate 22
conprises a resin or flexible film condugtlve material (e.g.,
copper, al um num etc ) inthe formof a thin foil may be applied and
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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



15i nclude, but are not limted, mask and etch processes, |aser
drilling, nmechanical drilling, and the I|ike. Once via holes 50
and 52 have been forned, conductive material may be introduced
therein to formconductive vias 54 and 56 (conductive vias are shown
in FIGs. 2 through 3), as illustrated in FIG 6. In various

enbodi nents, known processes, 20including, but not limted to,

el ectrol ess plating techniques and i mersjon plating techni ques, may
be used to introduce conductive material Into via holes 50 and 52.

Th | t t t
pet veen connecty B CHAoesd ApRRE RS el peieh it oSBT A 20 BF e
30 (FIGs. 2 thrrcgugiaothgommhtetshmrqfsmnmezmemdxptged:onduct| ve traces 44

(FIG 2), or portlos44at 25 heb ductive
pl ane 40(Fl Gs. 2 th'rQough :53 hdu%Flk\a’/GseO v?g e‘ij@m" 5?88 ﬁ‘?

conmuni cati on beinssten pedAZlactanwmeddrymg dscatdoh, of dubatraé 22, Néia ﬂ:alsreso extend

conducti ve pl a 4 r ond r edi ads
46 (FIG 2) Bor rE!g‘S‘r‘rs?uc .ﬂe*e&?‘%sa%i?%f idugiihe “(3%"15%5 (f?%) E’t‘ﬁ&? igps
| ocated in thethnpq@é(FIGomuhztrcvreesp)dnamceeaBﬁ)conﬁwnmpgi420 FIG 7, in some

enbodi nents, an ope t 0 .for rred t hr.ough
substrate 22 of red%‘pgfnﬁﬁf) O#fang fiomée%thr te‘ﬁ’?e @éecé’gléecu‘)“pads‘hg
i ncl udi ng, but andbindeflyihg pahtiors of sabethura G20 adothepiet ohda licecsrsm(ﬂln}ssz through 3)

di e- punch techni gue k and etc echni | i

used to form oﬁgg:gﬁgdr?g? ggﬁgﬁ?wg‘iéﬂf %ogé@ﬁv%e t£§ exw‘?f@f"tg’raﬂa%mﬁay
be renmoved Ifor om&&mﬁﬁwﬁthomepqdls af FIG QR X)er through redivtribuet §aidpabads QIG f2,@n
whi ch connecti on cur.sor 427 extend a

precursors 32P 5“ %ﬁcg’gﬁﬁ?r&onsﬁ)s&sﬁt%%@ i“’r’fé‘“tpe"“ﬁs Q%h?f r?@ﬁﬁ?“tedbc’“d
conducti ve pl apeds4@. (mcegra,hoﬂersdmvarhoeadscmgﬁyex[joad biitriotnoSivosvEarily €xtend

whi ch conducti v‘g tra j@ ex4t4end) As material is 5 renoved from
conduct i ve pl ah&*38" "85\(18 &¥5°6n pads 32 and 42 may be defined.

Wth returned ref er Enoen procesdeCmaBbe md eIfaovigkelés 0fand Spr Sm‘,ﬁ$ﬁacés@és
assenbl i ng red utio

with a sem conducto I, C.
S Gescr | bed. | RRRErtr B PRl sk e R e B e Py difing,
structure (e. gandtheaheet strlp, full or partial wafer, etc.) that
i ncludes a plurali t e e condu t or, device
10 rmy 10 bo & o nohSRAas D e ot AP peEh RS Bond e LTRSS i e
t hat remai ns padtiodaded shebedn @i Glaductiod viabasiid S6 (cﬂﬁ(ﬁlc(i‘&.\(jjas areshbwth In Or
partial wafer conduct ter uch as ico i ndi u
P rosphi do.. gal Fiome Jraah b AusBResSh Ry o, FORaR ot e ReerEbe
substrate, 2uc hnoaﬁhrg; bt aotmtird e eRretobess B, tecamhuemnd irn €rhias platirfigOo) |
silicon-on- sapp r.e ch a alit f
sem conduct or lﬂlée rﬂﬂz}jé: %%‘3‘8&@3%“8%@3?‘8’8 "EEFB' {f%’e" ‘M"%P”%@en
cut, or singulat ed.TWrrehmuiglc&duBm&e;iuanSnabheleamsﬁrfbmumtat&nbetween
redi stribution el enent 20 Wt odi ne of
10 that +ncl uaESEOIA Ppdde: Thich AR BF S PRGN PR Af (IO biapeh Prid
of sem conduct (ﬁ{eu(ieid‘és@&ncﬂ.r% coﬁdd&&t’rc m&oﬂr(mnﬁ opfortichdidgd thedoslt (FI 2A), in
el enments 2Q,. .t hat |ncor te resent
be confi gu&g %rba‘?fsg “’e 46@%&3%2%? éEc?‘%Puﬁg\‘?rV@égg qu Eef‘ﬁlﬁr
arrangenent s ofcotbmnsicpiad hetﬂvéen crondrmnmmesr 4dddaaf the bas condmcime(jﬂamg A0 bt
not limted to er| her |.o arranged in
an area array SUS° Sga‘}“? 'édl tf‘&? g dggﬁgqétﬂrma(’é\? ge“ﬁ?rec?o ﬁ’s
[ k_e _ Red#is (RIGHLA )it arellrmaedin tAOuppsr cahdrgnwplmwéro sen conduct or
gf‘e" gipégehnatsufgcﬁ‘?rﬁ%@‘{ﬁ@t ?g;ﬁ‘gon%ae%%o%e%fs, an SPL T ANGLR s SGN! S8 50
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,



25 laterally adjacent and proxinmate to correspondi ng connection

el ements 32, 42 of redistribution elenent 20. In the depicted
enbodi nent, bond pads 14 are exposed through opening 24.

Redi stribution el enent 20 nay be adhered to surface 12 of

sem conductor device 10 by any known, suitable technique. In sone
enbodi nents, an adhesive 30el ement 29, such as a quantity of a

sui tabl e adheS|ve material or strip of na%erlal (e.g., polyimde,
etc.) with adhesive material coating both nmaj or surfaces of t her eof ,

rf
TRV FCUT S 0SBk o PYETndlclond SHUSHLL AL 0,1 ERL B0 9 dokeCe
coating on an extpdewdnestion pederesfirsom SR atd@h?.P Ieﬂmelrana&om@&emm 32p
gl L but on GhesRo2 (Rpsiklast s RSBl L WU e Eh e

20 and seni conduct or eV| ave
anot her, bond pdatgat hardhotshowmn) drodueltidr coddnetivetratés 4dteatend. Arsenaeeriabis ed

t hrough opend n f e elecgtrically
connect ed torg cgr?'raééeggr? %é‘%dﬁnﬁ&l&la %%Eorﬁpf sélizraanﬁl\‘}gt"bay%g%’#@ﬁcal ly,
i nternedi ate condchMHetmimdBaﬁramcStb KIG| $an tdpodiraynt bea procdzetbr adserpbling@d
bet ween bond pad rre n con ction 42.
In some enbodi meﬁ éuhon %‘Pﬁ%&b at Sl'ﬁlg t\‘?gde&c‘é ﬁtdgscgbgdﬁg%’d@g%‘r‘qnse

bond wires thate!meat zmm ;iapt ok a bavger sthuerel(8.g b o st gripyrfolt eSmertat whiar,
ot her enbodi men

ne i,at e, canductive el enen rpse

| eads, which may” that(':%?urdl e IBraF ity 0? i ?ﬁ%’f’%onaeﬁeé‘f%%t &Frﬂm‘?ri‘dlrmﬁ’\xf‘ge [TB,lbﬁ‘é‘y
L\Zdutsed i InI Itapéaealstngniatteéshrdnomdumq d(jeT é& scmicmndmmesi,bthat remains part ofalarger

itionally, encaps
encapsul ant materiar;, S“Hﬁ“ﬁ"gm S\ ]°r aqé‘%&%ﬁﬁse é{:r?f' W{eggl sugh 85
may be i nL r oducsdntomnmdmxﬂﬁhospliadergdhmnememdedetc.tamhcoaloamlzsorfiflor)mek
protect the sa et e scal e package
1 according to Sf’%sgra e’rsé'gtéﬁst Tﬁ@gﬂﬁ%ﬂ'cﬁaamhm clnegq"f‘—sfg *illustrates
aln errbggi ment |sn1cmﬁmn:-gap;phum(8083 ;@IT. )p]aoiswﬁa; 4ﬁmfltywﬂsmtcmduaﬁrrﬂéumsih$?
pl ane ar ed t.o evic
ot her enbodihe c%“ ’ﬁcc?fef}cﬂ’ 8" qrﬁm gﬁ‘ﬁ%ggﬁ%e@{?g??‘ﬁ tﬁg or
bond fingers, 26seably qfatrédlmﬁbmomdadmtz() with pit emedinnasfsemadpdent to a
sem conductor devi ¢ n the scope of the,present
hvention Al t HEYEH T HE bRl Bt b e e R e RE Y &°
specifics, t hesem&bmdmk:tdr duyicel@, aticen sinbadidenasofirédistitiurion ¢laeerscipigatof t he
present inventi.on I QVi d| illustratio of ne. :
Erbod rent s. s ey RGiRe P BrpBierarr o e Hp ARl Pe o Sk pe
devi sed whi xh demitosduetoe éeites Wwith s@mnﬁa@h@aﬂm&gm 14 ot eortriection
Features fromdifferen atjon
The scope of thé‘It?r%g’r‘ftuldBIﬁnqi gnéﬁ égpa ¥%‘lpﬁ7rﬁlgﬂ8%¥§g’oﬁﬂﬁa% rLﬁ‘f“?%a(ﬁlsonl y

by the appendedrahge irsareaneh driag bver h @gédce 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



equi val ents, rather than by the foregoing description. Al additions,
deletions and nodifications to the invention as disclosed herein
which fall within the nmeaning and 30 scope of the clains are to be
enbraced thereby. - 10 - What is clained: 1. A chip-scale
substrate for use in redistributing a bond pad arrangenent of a

sem conductor device in a chip-on-board configuration, conprising: 5a
substrate el ement conprising at |east ongyel ongate slot extending
through a central region of the substrate el enent between a first

surface and an SRR s 3RENDRMERERRal, MEnRIIALSyShefBRLy o

first conductivé plane carrie surface o
el ement and co nwfacs pﬁlgsulﬂordawt %&may soge fthss'tbu@@m!hmﬂnt Uktotsurikee 12.at

| east one first b Ongnée rgﬁﬁﬁbtﬁggue@% 48 2l {enncogc?uc%t de c%slb havhh ﬁ%: Zf

conductive trace and positione acent to an In PETS T
edge of the sulbssembledars seenet toooe zmoﬁgr borgigrads bimfeémlt:dsrﬂuaor deeias 10 thme

R A R R W R e T N
conducti ve pl anenrected uoe:dtwsportdﬁ'rg csmmom mdnrﬁaéle Mﬁretsﬁbelfsaﬂhstmamedlate
iy R DT R o KR —
at : I egst ong fitltdrtcorrespdmh:tg wmad:n?mdoﬂ ﬂhe[n{somsgmlﬁﬂ?ﬂanckumtmeﬁm ane
extends; and a ne c uctive. via .exte r

communi cat i ng vcxno'fdﬁ 5™ ﬁsgb;n}aYSOﬁ%prg%%djﬁd“ﬁaﬁ@{ %rgF?EB? &%G’Pﬁgwfl r st
conducti ve 18l arbe:;dn@qirmehengntotlf:mrgjmdhﬂmts,smb&ie’dﬂicﬁcoﬂdl&:ﬁmﬂlcm@mbo may

282532: : Cg :)lhg gr%pr%?eaﬁs w%mh?n%%%g gargé) %uacﬁex%ﬁ: t}wlec nc In (te Qe asslgﬁgcg in

tape-automated bonding (TAB) processes).

Additionally, an encapsulant material (e.g., a quantity of glob-top encapsulant

material, a lower viscosity encapsulant material, etc.) may be introduced onto
15 intermediate conductive elements 60 to protect the same and to complete the assembly
of a chip-scale package 1 according to the present invention.

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
itlustrations 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.



2. The chip-scale substrate of claim1l, wherein the at |east one
first bond finger and the at |east one second bond finger
respectively conprise a plurality of first bond fingers and a
plurality of second bond fingers. at |east another conductive via
extending fromthe at | east one second conductive trace of the second
conductive plane, through the substrate @ﬁgqent, and to a term nal of
the first conductive plane carried by the first surface of the
substrate ele tf.Sﬁ.TQ$ chi p-scal e substrate of claim 3, wherein
the at |east oH&BRAIRY ve via extends through the substrate el ement
at a location proximate to the at | east one elongate slot and the at

| east anot her conductive vi,a extends through the .substrate el enent at
a nore distant |ocdtion fF fHRStalesURptate §Psegﬁée(£?t8ﬁﬁ§'tg@ "?PEP?A JEeqEnt

chi p-scal e substasahoffuctdrdeticd in 3HE5-6h-Bodrll Corl guk B8RS coripishigl
conductive via extends through the substrate elenent at a_|ocation

proxi mate tho ansubtiast clpaprtshaPHFing deasbenaaineaigsial exieading Brigigh a cgniral
The chip-scale sub §%%§ﬁ 6F @ s sﬂ'htg‘eljeplemh@éeﬁ alf16: sAifadeBRtan gglf'osfté 'sedond

15conducti ve trace a wmdth equal to or greater than abo 4G 7. un
and is spaced at | eadaceatfchssuligratewlerhentm each redi stri buted bond pad.

T The chi b-SCo AHBR R0 Lok P A HSHRE DT By dihed kine A
second bond fihger s conplgure or positroning next to at least one
20 bond pad of a seompesidpct or device nounted to the substrate that
supplies power to the sem conductot device or provides an el ectrical
ground forl% he sen@ﬁgﬂaﬁ?F ﬁ&@V&@@mqgﬁﬁ the at | east one second

conductive trace i st kaoas et bom FndePodhtin@ne ivititpPhtledsVeise) fie cohuotive
ground (vdd). 25 8. The chip-scal e substrate of clﬁinxl, rein. the

wh
first conductive plane 3 #ekposisepasdpdiacentio prpintarna) periphepal gdge of the

redi stributed bond pad isphGaMWM SRR W HoRidn M 18 at 1 288dne ARG, ahit T ST
conductive trace; and 30at |east one second redistributed bond pad in

communi cati on wit h at lsastane fesand benddinger positigpertiadisasnicte tesf internal peripgeral

conduct i velspl ane by way eQ%e 36 @hsi-faatmoRe first conductive trace of
the first ‘conductive plang; ’

a second conductive plane carried on the second surface of the substrate element and
comprising; ' |
at least one second conductive trace extending in substantially same direction as
a direction in which the at least one first conductive trace of the first
20 conductive plane extends; and
at least one conductive via extending through and communicating with the at
least one second bond finger of the first conductive plane, extending
through the substrate element, and contacting the at least one second
conductive trace of the second conductive plane.
25
2. The chip-scale substrate of claim 1, 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.

30 3. The chip-scale substrate of claim 1, further comprising:



- 12 - and further conprising: another conductive via extending from
the at | east one second conductive trace of the second conductive

pl ane and through the substrate el enent to communicate with the at

| east one second redistributed bond pad of the first conductive

pl ane. S 9. The chi p-scal e substrate of claim8, wherein the another
conductive via extends through the at |easj.one second redistributed
bond pad of the first conductive plane. 1010. The chip-scale substrate

of claim8, wWeielitnohBPedhithdtye GANANGn Brobl MO 1L bACLeb ol H 85iy1rpce

| east one partl Second con ce ex ing latera
at | east one seconabf tlmche@dndlcbndwdvdapﬂmb ﬁmmghahﬂjsubbtmtaciamhm and to a terminal

et ve {1 ace” Soht Y QUG wroaal SLRR Mebebr eB RPN pnen
sem conduct or device conprising: a plurallty of bond pads on a bond
pad- beari ng surface; distri utlon el nt_secure t he bon

beari ng su%f ace and- corrﬂ-?‘F%]i“HGca %@&S@ﬁ%e’f&g} ) F%ﬂ’ﬁé‘t lepstopgeqn %88?
peripheral edgg, L,@&hk %}oﬁgﬂ tﬁ&ﬁfbﬁtr&t@el‘éﬁ@ntmt H N hlidyprokinkend (Rad Seast¥inkh

the plurality of bond bei ng osed laterally beyond the at
| east one per |mprals10éalgbtheat lﬁ‘ﬁﬁt smot serfbetiveevip peprdsdiiorglcle sepstpie

surface of t hee %f %&e%n@?ﬁpﬁdnsﬁ(fhgthe at least one eloln%af_tle slo@t | east one

first bond flnger acent t ast orie per eral edge 25and
positioned proximate to a first correspondi ng bond pad of the

10 5. The chip-scale substrate of claim 4, wherein the at least another
conductive via extends through the substrate element at a location proximate to an outer

peripheral edge of the substrate element.

6. The chip-scale substrate of claim 1, wherein the at least one first
15  conductive trace has a width equal to or greater than about 40 pum and is spaced at least

about 40 pum from each redistributed bond pad.

7. The chip-scale substrate of claim 1, wherein:
the at least one second bond finger is configured for positioning next to at least one
20 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
a ground (Vdd).
25
8. The chip-scale 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
first conductive trace; and
30 at least one second redistributed bond pad in communication with the at least
one first bond finger of the first conductive plane by way of the at least

one first conductive trace of the first conductive plane;



plurality of bond pads; at |east one second bond finger adjacent to
the at | east one peripheral edge and positioned proxinmte to a second
correspondi ng bond pad of the plurality of bond pads; and 30at | east
one first conductive trace continuous with the at |east one first
bond finger; - 13 - a second conductive plane carried on anot her,
opposite surface of the substrate and conpkising: at |east one second
conductive trace; and at | east one conductive via extendi ng through
and communi cat g, HQG&Eﬁl 5Ieast one second bond finger,

ext endi ng through s “QUpst and contacting the at |east one
second conductidnethet cadestivanda actq:ﬂdlingﬂrdm ;hemt le'ast toee rmdildiccmducmdumé vfehe
el ements, conprisin ast, one first ?ﬁ%’ nductlve

at , |
el enent ext endi ng tfg?%éié’ﬂn%% Ve plang fdd °P§h 8ﬁ‘r"| Ctorqné%éctate
one first bond finggh medt ek ohé éeﬁbncﬂﬁﬁl@ﬁﬂbeﬁaﬁmﬂmdmlmm@ﬁ@ndmde fliane.
| east one second intermedi ate conductive el enent extendi ng between
and electrﬁ%ally connecting the at |east one second bond finger and

the second correspandi ngReAR-RAE subkide ofﬁ%xn%@%}?e%lﬂﬁfeté%ﬂﬂﬁéﬂnﬁﬁ‘cnve via
package of claim 11, wherein the substrate conprises a chip-scale

substrate. extends throuphdheatdsasbonsirerasd resisiilsedobenk agd obthe cﬂfﬁ icprdngtive
wherein the at ast one peripheral edge conprises an interior
peri pher al edd%tgefining an aperture through the 20 substrate,
t hrough which the plurality of bond pads of the sem conductor device
are expos%%. 10

The chip-scale substrate of claim 8, wherein: A
the first conductive plane further includes at least one partial, second conductive trace
extending laterally to the at least one second redistributed bond pad; and

the another conductive via extends through the at least one partial, second conductive

trace.
15
11. A semiconductor device package, comprising:
a semiconductor device comprising:
a plurality of bond pads on a bond pad-bearing surface;
a redistribution element secured to the bond-pad beaﬁng surface and comprising:

20 a substrate including at least one peripheral edge located adjacent to the
plurality of bond pads, with the plurality of bond pads being exposed
laterally beyond the at least one peripheral edge;

a first conductive plane carried on one surface of the substrate and comprising:
at least one first bond finger adjacent to the at least one peripheral edge

25 and positioned proximate to a first corresponding bond pad of the -

plurality of bond pads;

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

30 at least one first conductive trace continuous with the at least one first

bond finger;



14. A redistribution elenent for use in. a chip-scal e package,
conprising: a substrate conprising at |east one peripheral edge; 25a
first conductive plane on a first surface of the substrate and
conprising: a plurality of first connection pads positioned adjacent
to the at | east one peripheral edge of the substrate; a plurality
of first redistribution pads, each first_nedistribution pad
corresponding to a first connection pad of the plurality of first
30connection pads; a:6HAdRdIcPe haRCGnTH BNHbMG:, BESWRESurtRe Bftfhla El?Jstrate
connection pad and the corresponding first redi sttibution pad;

- a plurality of secondagdeemeerisingn pads p05|t|oned adj acent to the at
| east one peripheral ed a plurality of
second redistribution g§§8£8%%%w§§§%ﬁg 8?% f %tlon pad
corresponding to a asbanmde camneaite \menememlurgfthrtob@ ol duroainmunycatihg smﬁhdmoht
SConnectiog pads; a second conduc@h ﬁ ane on.,a ecng surf 05
the substrdte, spaced apartofreint Rendiinest exispdine farouet P%ﬂ@s eém

thi ckneSs of the SUbStrabrﬁactﬁgdhmmﬁﬂcﬁie@&ondc@{du&mdt'ta(:eszndSGCond
conductive traces; at | east two conductive vias associated with
each second c@dﬁ‘éfé]t“i}’ “’Et?r&“t?élaﬁﬁ‘copﬁ‘émmﬁlieﬂﬂte‘étﬁ=lGL°9"P6‘Fm§econd conduct i ve

traces of the secogg.gqrgfilst Mﬁrﬂ%@i%coﬁdb@ﬁé QéMét eReechdibg Bet@‘v@él{jéiﬂt Ive
via extendi ng through a correspondi ng second connective pad of

first conductive plane &alsetrictboreghecting thetit leryiens et b?frfbﬁwb@tdrfh@ Elsto
a first egg of the Seco@&“%E&QM&Hk%agﬁé%ﬁg of the second conductive
con Vi

pl ane; 15 a second ctl t’hat extends froma second,
opposi ng end of t het lsest onelsecombiinttmediate corciactive dl&lﬂexgemtending:bﬂ*awwande

pl ane, through the subst to a

e st ribut i on pad of & RETEHot el PRAERA HAEsSRRE Rty fnger e
trace extendi ng | ateral katohd esrrdspendanrtoasd pahdi ng second

redi stribution pad on the first conductive pl ane.

15 12. The semiconductor device package of claim 11, wherein the substrate

comprises a chip-scale substrate.

13. The semiconductor device package of claim 11, wherein the at least one
peripheral edge comprises an interior peripheral edge defining an aperture through the
20  substrate, through which the plurality of bond pads of the semiconductor device are

exposed.

14. A redistribution element for use in a chip-scale package, comprising:
a substrate comprising at least one peripheral edge;
25  afirst conductive plane on a first surface of the substrate and comprising:
a plurality of first connection pads positioned adjacent to the at least one
peripheral edge of the substrate;
a plurality of first redistribution pads, each first redistribution pad
corresponding to a first connection pad of the plurality of first
30 connection pads;
a conductive trace extending between each first connection pad and the

corresponding first redistribution pad;



20 15. The redistribution elenment of claim 14, wherein only a single
conductive trace extends between each adjacent pair of redistribution
pads of the first conductive plane. 2516. The redistribution el enent
of claim 15, wherein the single conductive trace has a wi dth of about
40m or nore and is spaced at |east about 40 um apart from each

adj acent pair of redistribution pads. 17_Aqyuoethod for fabricating a
chi p-scal e board-on-chip substrate, 30canprising: applying first and

second conducti ve | ?}9{ @l%/ tof SE%B Férl‘n%ct{g%l palls qc%{tfoﬁ%??dﬂggen?to the at least one

substantially plana ni ng at east one
.openi ng extendi ng thr ougmxpmmlsd@mfnmmsw iamd ng fromthe first
conductive | ayer: Iu.aI it Jbond, fingers positioned

2 acent to at | cadTBHAS ki RE R IRR P BB E-SpP FRiHTRE pa o
defining the at |east orerapemdingio Srcgldubhatdction gdd dfitliespluindifetdove
traces extendlng | aterally fron1correspond|ng first bond fingers of

t he pl urallty of first BOHEHIMRIEs: a plurality of a first

redistributed a%%d%ﬁ&uch@e Pﬂ%h@@n £ HcbRS RPREE Hthé bubsirare QPsiatap¥efrom the
traces of the plurality rst conductive traces |ead, a plurality

of second bond fi né'léﬁ?ts?optb@tlt’q Paeabyaaiihickeess of the sehstrate, andpompeipiag:
interior 10peri pherj:ﬁur?l‘?t?%f?&oﬁ&‘@%ﬁﬂa%rﬁ[:@s defining the at |east one
secon

openi ng; and a pIur redistributed bond pads

cor r espondi ng & agaeh c@rﬁdwtm phauassbdiatsd with easb sendnd oordlutiivegeacs pf the

defining f fgem the S‘Iaurecﬂq of soerc]:gné: (t:dn\c/lgct{v%¥ra<r3é5 of the second conductive plane,
comprising: .

a first conductive via extending fhrough a corresponding second connective pad of the
first conductive plane and through the thickness of the substrate to a first end of
the second conductive trace of the second conductive plane; and

15  asecond conductive via that extends from a second, opposing end of the second
conductive trace of the second conductive plane, through the substrate, to 2
corresponding second redistribution pad of the first conductive plane or a
conductive trace extending laterally from the corresponding second
redistribution pad on the first conductive plane.

20
15.  The redistribution element of claim 14, wherein only a single conductive

trace extends between each adjacent pair of redistribution pads of the first conductive

plane.

25 ‘ 16.  The redistribution element of claim 15, wherein the single conductive
trace has a width of about 40um or more and is spaced at least about 40 pm apart from

each adjacent pair of redistribution pads.

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

planar substrate element;



a plurality of second conductive traces extending in substantially
sanme direction 15the a plurality of first conductive traces of the
first conductive |layer to |ocations that are opposite from/|l ocations
of correspondi ng second bond fingers of the plurality of second bond
fingers; formng first via holes through each of the plurality of
second bond fingers, through the substrategs.and to the plurality of
second conductive traces; 20 form ng second via holes through the
substrate at | I - BOX] e plurality of
second redi st r%%g%g%?%ﬁ%ﬁ%;@%ﬁ%ﬁﬂﬁg t}gé%%%ggglg)??%tg’ns of the
plurality of sisfiomg froonthedrsteenductieeleyerand i nt r oduci ng conducti ve
material into the fji : i . i 14 0t he
plurality of second 1%%1(]:1@;& ?rﬁ%gggl?adfl‘lﬁe% ﬂ(@g%lﬁ lz%dtz{d%tc?%%ggtﬁ? igsgﬂlig %En%){:e
plurality of 25second coeuhetal edget ofalcembsrapoddidinsthoatdénst tve dpeniag; and

second via_holes, and in c nication with the plurality of second
o et batad bond ety DS A Borte el e e Rasblufly bbl reSHSRAE fist
introduci ng conductive maicfihgls SORPSILSES Ftfirdt®asd fidges;0f el ectrol ess
plating and i mersion platin A et hod for

. -16- 19. : .
packaging a seni coRdPlERlEY °§é\%|’f56é€’dlsc%%‘?q tgﬂﬁ@?dsst@é‘(h“il’ff@ffﬁsmndmg first
redistribution el ement o, hch tf?@ﬁlﬁfalﬁﬂf stEiReRdRliv@taces lead;

sem conduct or devi-ce, the redistribution el enment including a o
substrate with a fiarpdaralétyed sesoid bongl fingers pasiberedrdjaoent suthe atleast heg iatskior

d ggnductive pl apg. | Pl ing;
a second ggnducti ve pl age; a0, 20400 sﬁ{gst{sﬁdggﬁgﬂlﬁﬁiﬁgﬁ:gé{l}%;)?g@m&%g

a plurality of conductive ‘vias

bet ween f eat uragdurafitytoiecchid sddistringkddionyd eaqsl carrespanding ar ¢aeb pHibd iphgpality of
features of the second gon ctive plane; electrically connecting

si gnal pads of the SS&Rf g?{g%‘&efﬁ’ devi ce to corresponding first bond

fingers of theefihihgfroaomebabhd ofdbane I@fer:t he redi stribution el enment
10positioned at a peLri Eher | edge of the substrate, of- the, .
redistribution el eABHEAEY 8% FTRRECHEUSHYE tapesxientiag i Bbstppially same direction

sem condugkor devi ce SU@R atdhahlifyi o Bidt SordddciVe thacBitRES St &hahctRB Uy el
conveyed al ong conductive traces of the first conductive plane; and

el ectrically connecti nglosaigas thasarepppesid figadlgcasions plecosieppanding geqosd bond

device to fingers of the plurality of second bond fingers;

forming first via holes through each of the plurality of second bond fingers, through the
substrate, and to the plurality of second conductive traces;

20 forming second via holes through the substrate at locations that are at or proximate to
the plurality of second redistributed bond pads and that expose portions of the
plurality of second conductive traces; and

introducing conductive material into the first and second via holes, into contact with the
plurality of second bond fingers, into contact with portions of the plurality of

25 second conduetive traces exposed through the first and second via holes, and in

communication with the plurality of second redistributed bond pads.

18.  The method of claim 17, wherein introducing conductive material

comprises at least one of electroless plating and immersion plating.



15correspondi ng second bond fingers of the first conductive plane of
the redistribution elenent positioned at the peripheral edge of the
substrate of the redistribution elenent proximte to the power and
ground Pads of the sem conductor device such that power and ground
are communi cated to the power and ground pads al ong conductive traces
of the second conductive plane. 20 -.?P. The method of claim19,
wherein securing the redistribution elenent conprises orienting the

redistribution el empgt Wl&tﬂéftbef SHRRAANE L RIMES U oPERAR &d?l\f}%& :
" closer to the senicogductor evchﬁiﬂ%wftﬂ%Mfirstocondubti e p%éne.
2521. The net hodeafing b sddintriigytionklementtoalbood padzbearipg ewfhce of 4 prnipenduetor
and ground pads conpri.ses . el ectrical connect i r .
pads to lead fi nge;rge %e\’/ﬁjﬁéeag%rﬁ I iil/%ne&fglgﬁ@%% g%aﬁsﬁﬁéﬁt%@?%gﬁg g‘t% c.mve
plane on one major surface thereof, a second conductive plane on an opposite

5 major surface thereof, and a plurality of conductive vias extending through the
substrate, between features of the first conductive plane and corresponding
- features of the second conductive plane;
electrically connecting signal pads of the semiconductor device to corresponding first
bond fingers of the first conductive plane of the redistribution element
10 positioned at a peripheral edge of the substrate of the redistribution element
proximate to the signal pads of the semiconductor device such that signals to or
from the signal pads are conveyed along conductive traces of the first-
conductive plane; and
electrically connecting power and ground pads of the semiconductor device to
15 corresponding second bond fingers of the first conductive plane of the
redistribution element positioned at the peripheral edge of the substrate of the
redistribution element proximate to the power and ground pads of the
semiconductor device such that power and ground are communicated to the

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

20
20.  The method of claim 19, 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 21.  The method of claim 19, wherein electrically connecting power and

ground pads comprises electrically comiecting power and ground pads to lead fingers

having conductive vias extending therethrough,



