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| NTERCONNECT GROUND PLANE Background PCT/ U S99! 01461 s The discl 0§Li£éas
herein rel ate d%??é’tzﬁ'f“ly to a tape ball grid array (TBG) and nbf L/US99/01461

?[rgggj pl aEe on t]t\](ca'tape IS ;radengghaﬁpLd%gﬂ)@lﬂmy Yegae bal | _ grid array
packages offer many of i extBR-SRIEC HERABES ASNg astic
Hmﬂmu@ggmm

nanely, excellent durability) inproved board space utilization,
surface nount assenbly along with the associated yield inprovenents,, IB

packages go a ste@aégg{.g@rgd however, and offer the added benefits of
inproved ~s signal Tntegrity, better heat dissipation, and extendibility to

hi gher pin counts. Tphacid eV dliedradraim Reilseel §EHELA DY i Ho N gbasPeed
devices it is necessary fox TBGA packages to incorporate an additional
metal | ayer whi chball sgBsd aaxgraaunirgazgnendz mothi paexicalarlal td ayeTBES

achi eved by either using conventional two netal flex circuitry or to

el ectrically connewtputher sthiff erearkadeselnf whiwb netebcéhexctionui®ry in the
industry is nmade by either plating or lamnating a thin |ayer of netal zs
(usual |y copper) @FPwd Ipkinferofthe thane p6l FREE ViFh saidénemrlls.

i nterconnecting the two sides with a netallized via. The 13:/ as are 'églgl cally
made with either punt@®hd2HaBridnanyayy GBCRheRPERRILE chr #Fgr MHES Vi as

are then netal[iz d b%/ firsvd%positing . Og/ 67r41f a =~ APf~e2]ng0e
PCT/ LS00/ 01407 (ST 1 G CAGEE AT BI8SHT AL Pty A 8Bel 1 (YRS DreTot al
L0 el DA A0 L LSS B U o
time consum ng angk cAstidee mount assembly along with the associated
yield improvements. TBGA packages go a step further,
however, and offer the added benefits of improved
15  signal integrity, better heat dissipation, and
extendibility to higher pin counts. To achieve the
maximum noise reduction in high speed devices it is
necessary for TBGA packages to incorporate an
additional metal layer which acts as a ground plane.
20 This extra metal layer is achieved by either using
conventional two metal flex circuitry or to
electrically connect the stiffener itself.
Two metal flex circuitry in the industry is made by
either plating or laminating a thin layer of metal
25 (usually copper) on both sides of a thin polymer film
and then interconnecting the two sides with a
metallized via. The vias are typically made with

either punching, laser milling or chemical etching.

These vias are then metallized by first depositing

R
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There have been various attenpts at making el ectrical interconnecti@% g? a?MB
ground plane gn the tape. One such attenpt includes U S. Patent 55 8

~o which di sc¥R8¥227a1| grid array package and nethod for narRFAeR930&6h¢

the sane. The ball grid array package includes a thermal co
a linearly co-extdaphutsesingroragéectnodassnpbatonmkec? i 9pedubryentet and
forns the outer surface of the ball grid t5 array package.
circuit chip is pB&teilohBECoRkPEhe underside of the package in a well

nductor which is

An integrated

region. The well re iog .f eiéh r forped direcfly in the inteico ection
Substrate or Is fArASALBYIPNERK PLAETER B GF dORFSTHELARI | FRqibh is then
filled - zo with an_insulatin n sulapt .nmaterial to a predet-ermne

level. In this de\C/:ia(S:S,S E}’%t%ﬁgfﬁr%ﬁg%ghg e%e? n?le?%ré%n@% SI%?/eeareslgl};ngrg abac}l

grid array. U S Eﬁkﬁ”%ggﬁﬁgﬁﬁtﬁ@e%?ﬁSfée@iméé&?s

an el ectroni c package ctudes a rigi 5 support

‘§%ﬁg§qﬁﬂidisclose
menper, e.g.,

copper sheet, to whkehyis bonded both the package's sem conductor chip and

circuitized

substrate nenbers. The chip is bonded using a thermally

conductive adhesive wvheke hieeCheeni tarbsusudistambes Pt efiaeaddy a flexible
circuit, is bonded -z 0 ~ APB Z003 WD 001 22674 PCT/ US99101461 using an
el ectrically insukdecteiaghesnvercimeecthignitso ed eptoursdlplamoupl dthe o
designated parts of the circuitry of the substrate, preferably by wre,

t her noconpr essi ontdpet hePp®sontle dopemply. 1ol wdemdapsulRattenayp S8 s t o
cover and protect the connections between the chip and substrate. Thjs

package may it urRipR €reciefes  yorbb el t3F LY RFRAFE

h PCB. U.S. Pat 5,435, 732 di scl flexib
?ﬁ§|u3?n3 a circu???z%ﬁggﬁ%%??ﬁ?eogft%éégﬂﬁ%gfrfhﬁrégiﬁ
plurality of aper%géﬁggghgﬁf'@?eéogagﬁgg i

ones of the aperturés are electrical conductors, € co

b methsst rat e

le circuit ~o nenber

it

£ L, A i g

n

AT a

i-lrég asel ected

tors having a

sol der menber secyfgdaiier&d Oaxiensidd aBrdS BlRO- Usehn te Liddrfiddaesh
substrate being secured thereto. Each of these ‘devices disclose netallized

t hrough hol es usegubgttrater£einnesims ayies Solfer surface of the ball grid

15 array package. An integrated circuit chip is

positioned on the underside of the package in a well

region. The well region is either formed directly in

the interconnection substrate or is formed by the

application of a dam. The well region is then filled

— 20 with an insulating encapsulant material to a

predetermined level. In this device, plated through

holes interconnect layers in a ball grid array.

U.8. Patent 5,519,936 and U.S. Patent 5,561,323 each

disclose an electronic package which includes a rigid

25 support member, e.g., copper sheet, to which is bonded

both the package's semiconductor chip and circuitized

substrate members. The chip is bonded using a

thermally conductive adhesive while the circuitized

substrate, preferably a flexible circuit,
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a TBGA. U. S. Patent 5,585,162 discloses a flexible circuit zo const uLﬂ:IA'PRnZU%

whi ch al | ows I balls to be mass reflow attached to the gr I of
a doubl e- si de\ggfoﬁ’gﬁ"'f)l e circuit by providing a first via whi ch&%@g?«%ﬁ}iﬁt e
fromthe remai nder of the ground plane, but which is electrically conpected
to the ground pl &féNSs aheagGtraceddondneiid2hive anbeghve. f r e tFRiR | it
via by a circuit trace.,on_the sid f the flexible circuit_opposite the
ground pl ane. |nS$RETd&H Y, © jfa i ¥8d ﬁﬁgﬂaﬁeﬁopagtﬁroﬁegg?l i zed blind

vi as interconnect_.l rs.on.the TBGA . - = = 2 01 22674
PCTNS99/ 01461 -uFléé%géggn?f5F§§7Fggftggéeu.8285%?5%%Y5820§$%%5 di sclose a
devi ce and a_ met Rod dopieB 30 ohNLEdkAEEACHREY! boRAsgde, an el uding a TAB
tape, a stiffener structure, ang sol der balls, provide external s
connection tosa $RF.6eNdUetoOnadi BeCOBBACEBAbhEPUGRACheStEEEA Ky conductive
traces of the TAB tape. The TAB tape has upper and | ower dielectric |ayers
each havi ng an apenhdce ibas detcasendahenghipeas@ntcostigteor drigis|In
addition, the lower dielectric layer is io provided with an array of

openi ngs whi ch i pactiegei dept ini thranbar edgcotiedktyrecoapled comducti ve pads
in the TAB tape, so as to allow the solder balls to attach to the
conductive pads. SEperssei senandt snbdtvatanspehcannacP@d-to the TAB tape

either by inner |ead bonding, 5 or by wire bonding. In these devices)
sol der balls nake cBOnfacPaffPh & 48Pf7éRefidplasaB@. fisxtbtehicw 376, 588

di scl oses a surface, nount package in,which.a %Ie ible circuit is |amnated
on a conductiVe B‘SH‘??ITFIECQP@%P | &8 EMFCUEELFR I%%%%t’éarz% ‘Gfr? ng pattern
whi ch i N . ) ; . L di
A R e
frame or a printegdeciiguitiBeatda iexnd QQ@ﬂbP%Pﬁé’&ir‘Rj e dii e YpiLd

circuit die are coupled to the 2s conductive body via a ground bar or a

wi re- bondabl e fi BieshhenapberGeagduatbvelbedyicdD édhsusleyt£e cre conductive
adhesi ve makes contact wwth a stiffener on a TBGA. -4 U ~ APf~ 2003 WO
001 22674 PCT/ US9edndd6tofhehetrdng, aasolder spemeoky espiumsre ttse fearo .coput er
chips rises above 2D0 MHz, what is needed is a THGA package whi ch contains
an el ectricalby évapkedsgrdandupednethd aintulrizedeswsiatiedieimsi se in
the system 5 and which does not requjre the use_of netallized vias.
Sunmary. One enbodPAERED BREBEEPNngl Fachrobi teesarfeipiisitdisSs®ssnd a net hod

for producing a twp-netal .flex circuit which.elimnates the use_ of

retall fzed vias PECAREFEdnHEEP SheiRIoE BIoE he® lTeARoN el e OB de
thereof. To this_epgdspan el ectronic package conprises a flexible dielectric
| ayer having a first conductive ~5 layer on a first side and a second
conductive |ayer ongagses@ndnsgi desgd, 195-EOMEUCSd v & PaSSAAR £)XdigRds ¢t hr ough
the dielectric layer fromthe first side to the second sitde. The first
conductive | ayer cbfstghacedh @nielpenl s ofoldwer pRsiSage atbd ksl st si de,
and the zo second conductive layer forns a closed end of the passage at the
second side. A sokfitowbattackedonmethedytoupt vliadde o tendlotbilee spded
between the first_conductive layer and the second conductive |ayer. A
princi pal advant Agexdple hebrewbodvyreprovidinmta ifizsd prigyiwhdshaivery | ow
cost two netal flex circuit. The low cost factor is primarily due to the

el i m nation of nﬁ?%ﬂ?%‘%df?f?‘&st%i’&?f“ﬂﬂ‘%?%d?#}é&e cﬂ%%ﬁ}@ﬂeveb’slf:de of

the flex circui twflgcltz hles Oetfgétrszl.éjaellysocl'cgr?rgecbtaelci Yo the ground plane

25 through a second via at a distance from the first via
by a circuit trace on the side of the flexible circuit
opposite the ground plane. In this device, metallized
through holes or metallized blind vias interconnect

layers on the TBGA.



are used to conplete the connection making the 30 necessary cont acg B‘MAPR 2003

.the ground plane. -5 ~ 0 APP 200 WD 00/ 2z67?4 PCT/ US99/ 01461 Brie )
Description oQ¥&2Hani ng Figures - Fig. 1 is a diagranmatic FC&KSI/01461

illustrating an , enbodi ment of an el ectronic package. Fig. lais a

di agranmatic Vi ew i+U st rRatans & BEbddlmamnd & Sa Fareasndudf8r 88tvi ce
seated in a stiffener. menber. Fig. 1b is a diagrammtic view illustrating
an to enbodi ment HFSHE IR dFerdpHide et &d MeFrRpASs ¥hd chr 27 fPERFBREEA

[ it. . Fig. 2] di tic wi il ti t h nmbodi t of
an ol eci roni ¢ packii FITEIRAS 4 AR At 1R aRer | FUSERAERRG an o5
embodi ment of a sglder hal! septed dd) 3A3s0ade0fi  Llexibe circuit. Fig,
4 is a diagrammatic view il I'Us raotlng ah ebodi rent “of “a sofder bal |l seated

adj acent a pagsagg,ffed fdd£ Lfitddauced aileeadngxterdi Ba bhgRuUgh the

zo passage. - Fig. 5 1s a diagrammatic viewillustrating an emgodl ment of
adj acent traces adnh@i}-idsS106) HcHlud¥ivid ehtcesb dfetakl edrDesgel pttea . In

accordance with Fig. 1, a first stiffener nmenber 12 is bonded to a second
stiffener nmenber 7aB ape P landadaweabldd cadhestive LaGerSt edékener
menbers 30 12 and 14 are commonly formed of copper material and function to
di ssi pate heat arithwdddy suppaeartirearfoed eccoomodapackageel enncbudidgoa
flexible circuit, -6 W) 00/22G7/4 o a a~~ ~ao03 PCTNS991014Gl
die. In addition, the lower dielectric layer is
10 provided with an array of openings which is coincident
with an array of electrically conductive pads in the
TAB tape, so as to allow the solder balls to attach to
the conductive pads. The semiconductor die can be
connected to the TAB tape either by inner lead bonding,
15 or by wire bonding. In these devices, solder balls
make contact with a stiffener on a TBGA.
U.S. Patent 5,376,588 discloses a surface mount
package in which a flexible circuit is laminated on a
conductive body. The flexible circuit includes a
— 20 wiring pattern which is connected to signal bonding
pads of an integrated circuit die housed within the
package. The flexible circuit may, for example, be a
TAB frame or a printed circuit board. Ground bonding
pads of the integrated circuit die are coupled to the
25 conductive body via a ground bar or a wire-bondable
finish on the conductive body. 1In this device, a

conductive adhesive makes contact with a stiffener on a

TBGA.



general |y designated 18. The support provided by stiffener nembers 1@ &nQPR 2003
14 enhances planarity for solder ball attachnment to a printed circuit board
19, di scussedM§&¥0R%674s The flexible circuit 18, Figs. 1 and 3, PCRGISAHEE61,
flexible dielectric layer 20 having a first conductive |ayer 22 on a first
side 24, and a secomthegefduet i v& lthgespedoneguieenadtsi fer 28omoeppasi te the
first side 24. A passage or via 30 extends through the flexible io
dielectric | ayer c2Qpfsr griskisr sbovied@ 024MHg , sebahdisi dee@8d PaszdiRGAB0 i s
nonconductive due to the absence of netallized sidewalls used in known
appl i cations. Aspagkiaget Waiphssagsadosi snnetechpaprélpf ceunbr@tdrrynd si gnal
between first side 24 and second side 28. ys, K Passage 30, includes tapered
sidewal | s 31 for RFe@mien tOnBiPLBLZE &D8i 8LeEtFrical ahers20iPythe stV it e

etching process, preferably a well-known wet. etching_process. Passage 30
coul d al so besfoﬁﬁgdwgﬁcg ﬁﬁgérnﬁﬁl5Fﬂ8ﬁrﬁrgé@sgfeagﬁrveﬁ?ii*ﬁﬁgdf 'SS
such as plasma etching, zo or by laser drilling. The first conductive |ayer
22 is patterned % a _suitable well known process and ~ typically forns

si gnal and power 22a, 22b. First layer 22 is adjacent an open end 32

of passage 30 at first side 24. The second conductive |ayer 25, zs however,
functions as a grouR8eoempedémnensf erEALEAPNGAE NAYPEASS cOhARRATAIIR age,
and covers second_side _28.s s.to forma closed end 34.pf passage 30. The
flrst stiffonbr ABAoer MaonoR 5o B feChel oo TNt (1 oK B ytou 18

by the adhesive #ficBoeMenthaned aheveseABsOpePANTizdd thead aidn of a
t hroughbore 36, is formed through first stiffener -7 0 8 APR 2003 WD

001 22674 PCT/ US9dnoezeonnenberng2sidesefi tbadotronidew chaa@themsumgieed on

d stiff nher 14 by, a.suitgbl h itable.
onvent | onal AdhELFG8CESonTCoRE BFadetl cor So hrot T drae T & THPGESHbor e

36 and is wirebopdedeatnse4Qidibeeiiy 18vsLCRAfQNEIUET e dhRIctA&eand iS
simlarly wirebonded at 42 to first conductive |ayer 22. A cover coat 44

may be provi ded éavEiren asohdusti védeagrd 22second evenrduct vendaney foor
sol der to wi ck over froa1%$§%tra e 22a to.adjacent_trace 2%% an
0

o Al so,
encapsul ant 46 nﬁySSSOB dt %‘ﬁ%aﬁ%ﬁ?‘é? LSk Lottt d%cifl ce 38 and

the wirebond conagebiigAstdd andldecrfs aayelterdmtine, £t didie itRsStgad of
a two-piece stiffener as described above, a single stiffener 12a is could

be provided w t hsaceadi §ydg6a Thenbirsherenduaihve -laydre icemdsaasnsr eof
and a sem conductor devi,ce_.3 could be placed in the cavit connect ed
to a circuit 18appﬁpfFpgtogoeggrp%%f?gi8$t?f%%.éﬁF%ﬁmF f%hﬁ%“gggF in zo
passage 30. A5 sHeBpn8Ot&eAubed e 4Bapeat Sothls PASSEHRBRrd cTUGhea WAy as to
engage both the first conductive |ayer 22 at open end 32, and the second

conducti ve | ayerpassage cibselde epelcddd $id¢ hi A miedwitsy) dllddss Isgnnegged

provi des a condUEL! ueaPRLY PELURSIL S TLLSH MSnfONEUGHd Y Jdyer 22 and the

conductive layer and the second conductive layer.
A principal advantage of this embodiment is that it
25 provides a very low cost two metal flex circuit. The
low cost factor is primarily due to the elimination of
metallized vias which interconnect one conductive side
of the flex circuit to the other side. Solder balls
are used to complete the connection making the

30 necessary contact with the ground plane.



A second solder ball 50, is reflow attached directly to a pad regiJLHoAPRH@U3
first conductive |ayer 22 and does not nmake electrical contact with the
second conducWOM/2Ré&lMer 26. .g_ (~ 0 APB 2003 WO 001 22674 PCPREGSPHAUEH
Alternatively, a solder ball 48b, Fig. 1b, is seated in passage 30b and is

refl ow attached 'rgg | ¥ 9, gg&Qng dqﬁ;i.§1l iel,,28b w thout making

any contact with X , an s electrical
contact is provided between a printed circuit board 19b and second
conductive layer 26b. In Fig. 2, an alternative enbodinment is illustrated.

A first stiffener—mefib@r 112sia dadeamnas s sdephd I9tistraidngndnber 114 by
a commercially avail%gle ~0 a hesiwg %}6..Stiff ner nmenbers 112 and 114 are
formed of copper ?Pékf% T30 o° ias%iep e et & HE6vi de support to an

el ectroni ¢ package 110 including a flexible circuit 118. The support

provi ded by stiffener nmenbers 112 and 114 enhances planarity for ~s sol der
bal | attachmemt to a&Fpyi ntedizia cliagpoaratitlView ildustussaedgbehow. The

flexible circuit 118 Figs. 2_and 4 includes a flexible dielectric |ayer
120 having a firs?%Qﬁﬁﬁméﬁ?v%ﬁI%y%ﬁmﬁﬁﬁ? % i3 cE §&2 §§,l§n8 a second
conductive -- z0 {@ay€ferddb impEesecond side 128) opposite the first side

124. A passage or via 130 extends through the flexible dielectric |ayer 120
fromside 124 to si d&lg28lb Pes saghl afB3Gnimatien viemdudlugerdbuengoathe absence

of netallized sidewal|s. As such, th ssage 130 .is not 2s capablLe of
conducting a ?igﬁgﬁ? TERh 9% r&tS ‘%ﬁpifaiaﬁ§a§§éoﬁ& ?iaésiﬁgg Phs2age 130
i ncludes tapered madls,ia31-fonmd in the flexible dielectric |ayer 120 by

t he etching process described above. The first conductive layer 122 is g _
0 8 APR 200 WD 00/ 226 2 is a diagrammatic view illustrating another

embodiment of an electronic package.
Fig. 3 is a diagrammatic view illustrating an
15  embodiment of a solder ball seated in a passage of a

flexible circuit.

- Fig. 4 is a diagrammatic view illustrating an
embodiment of a solder ball seated adjacent a passage
of a flexible circuit, and a lead extending through the

20 passage. -
— Fig. 5 is a diagrammatic view illustrating an
embodiment of adjacent traces and an associated EMI

field.

25 Detailed Description

In accordance with Fig. 1, a first stiffener member
12 is bonded to a second stiffener member 14 bv a
commercially available adhesive 16. Stiffener members
30 12 and 14 are commonly formed of copper material and
function to dissipate heat and add support to an

electronic package 10 including a flexible circuit,

-6~



PCf /' US99/ 01461 ' patterned as described above, and typically fornms QI&JIAER 2003
and power tr - Fl.rst layer 122 is adjacent an open end 132
BT SrBRapPaE

130 at first The second conductive |layer 126, howev tions
as a s ground or power reference plane having a constant voltage, and

covers second si %éﬁalsl Q¥R g qcl osgd g1 ‘pla&%? 130. The
first stiffener (rjie er 1%2?&|§itl§.na2,e@|s attacheg ?%g%ﬁeﬁ%?em gﬁlcircuit 118
by the adhesive € ffemaentdntnad alzowad Al eprantgs | plimer ftor faf a

t hroughbore 136, is forned through first stiffener nmenber 112. A

sem conduct or deAXEEEB P @SGRORS §8cBnEYEREeq epbFCHENRAAYAL 4 %55

descri bed above. ] tqr..device 138 protrudes into throughbore 136
and is w rebonde&ﬁ%%q}]d%reg'&vﬁy to second conductive -- layer 126 and is

simlarly wrebondedh tfl4kitdef icistudandect Fygs!| ayedind 22, idlods @oat 144
may be provided on first conductive layer 122 to limt_a tendency for one
trace to wick overlepghadie sdjedestricr da¥eraR8ohaving i@ ehigsifs ianftuchd viemy be
provi ded to encapsul ate sem co ctor, .devigce and t he, wi rebaond
connections 140 glr?a'eﬂ%? R i%r sr%glrléstgl aérggbggl %&%,al'—sieg%?ndz Céjr?c#&f,tlr\r’gy seat

adj acent passage 1k3r A% oHCh, ssebdar shakl 24 48-ssed S & tran fiivstt sg@rductive
| ayer 122 adj acent open end 132. A conductive |ead 122a extends fromthe

first conductive Jdaye® PEEsagier earghNithéOpastends 1dorounid ther Mleatidd eat an
end 122b in el ecty.ical .caontact w econd. conductive l|layer Z26. The | ead
122a may be aftaé 53etctgr-lgo%ayﬁrOtZQPg{rQBOgWﬁ 0%1/%232(?744 tﬁéﬁeﬁé"@gl@i 1 the
second conductiveg ayenshygeeans iguabBnasndhét 88OMite Wol difd0 absence of

t her mal - conpr essi on bondi ng or ot her known nethods. A second sol der ball

150, is refl ow amegeldd z¢dr e¢teyaildsaupad irginrwofanrie datrisns.ayds 122 and
s does not meke electrical contact wth the secand conductj ve .l ayer 126. In
operation, the efG i s sP_SSEE?Fbé@‘ harBPh fﬁ%%}? Ofn‘ﬁ?@é‘fic}l?géé havi ng a
mul ti-netal |ayersigonst Hdetlieen. rOR8cMBLal bAYSI SRIMGR as g reference to

| ayer and an adj acent |ayer serves as a signal |ayer. These adjacent |ayers

act to reducesnoi sePasshiggh38péadlpdekatipered pdlideataldss 3 1A fiolreeidblie
dielectric |ayer _incluydes fi,rst conductive | r on a first side.and a
second ~s co_nductt'rh\‘?efﬁ&?éP?SndéeigifBﬁ?ﬂcs#@ée.r 'I%%%fyl' rastsuc}d‘fﬁ%’ &F\?EEFage_r
includes a signabrbeace,ebesteiashiyai nsul atesld P tHhensecopdoeenduct i ve
| ayer. A stiffening nenber may be attached to the second conductive | ayer.

A passage extend®askrgeghot heuzd adlebekerferney dry far dmsehe abilpstiosi de of

the dielectric | wher eby th d_conductj ve | i d_wi t hi
the passage. (nePASPESE’of LRESEEREDd RERIST & AHar oMY T e SFPRSES,

conductive | ayer okSppatheepedriD1ingl Udensi AN tdAERT ibeMbiBg SpChs
patterning to z5 only one conductive |ayer contributes to maxim zing the
overlying areas phtberhedohruat fuetibyerwell known process and

typically forms signal and power traces 22a, 22b.
First layer 22 is adjacent an open end 32 of passage 30
at first side 24. The second conductive layer 26,

25  however, functions as a ground or power reference plane
having a constant voltage, and covers second side 28 so

as to form a closed end 34 of passage 30.

The first stiffener member 12, Fig. 1, is attached
to the flexible circuit 18 by the adhesive 16,
36 mentioned above. An opening in the form of a

throughbore 36, is formed through first stiffener

-7-



As a result, one enbodi ment provides an el ectronic package includin§ faAPR 2003
flexible dielectric layer having a first conductive |ayer on a first side

and a second W@ 0¥&dcti ve | ayer on a second side. A non-condRETY&edage
extends through the dielectric layer fromthe first side to the second

side. The 1irst Gonduct e - o < MRONIRZ0TE 0.0 e 36298 BCTLLEOgI01401

| ayer is adjacent an open ‘end e assage at fe rst sirde and the

second conduct i ve.da, Jﬁyf@%n%505@ﬁﬁgreaq 8l kheuReasagenabnkhgusgcend
side. A solder ba I's connected to provide a conductive path between s the

first conductive d aygr-#¢ haweecakdacondueckive .| agemniconatbesreabodegent
provides a flexible circuit including a flexible dielectric |ayer having a

first conductive jsayotofndasf iihtlo shdeuahtboxesesonddi ascendabbnhied| ayer on
a second side. A non-conductive passage extends through the dielectric

| ayer fromthe fi4tstdisiese ltyo ticheesendndosiddet iVie lhyest 260addcisve | ayer is
adj acent an open end of the passage at the first side, and the second
conducti ve Iayerﬂimﬁﬁ?niY~§iéﬁé§@%eénétoﬂ2tﬁ@ pagsagecntuchéveetayidrsi de. A
- stiffener nenber is attached to the sec%nd condquct.ive Ia¥er. A sol der
bal | is connectedZo Ph&ENEFsCogtnddclVePrapsrvadgdt 67t heTE€kcond

conductive | ayer. Anot her enbodi t provides _a_|l owprofil flex'gle go

circuit package iSOG FV@%?%?etginggﬁchalgﬁ8 eﬂﬁyiﬁaraS?# st *©
ducti I fi i.d d ' d

i de. A ol osed ol S EoRAGt FU piacoa et i pretE ok PR ol ectric

layer fromthg fimisl, sidecheabRe188600d raySbdeprdheabhr 8b cRRgYSL1YE| ayer
i s adj acent an open end of the passage at yhe first side, and the second

conductive |ayer deafieridietel-ogedieadef ahletpassagebahdt bensecoiensi de. A
first stiffener nmenber is attached to the second conductive | ayer and
includes a ~iz ahd-4ARR 2003 WO 00/ 22674
As an alternative, Fig. la, instead of a two-piece
stiffener as described above, a single stiffener 12a
15 could be provided with a cavity 36a formed therein near
~- the center thereof, and a semiconductcr device 38a !
could be placed in the cavity and connected to a
circuit 18a.
A first solder ball 48, Figs. 1 and 35 may seat in
20 passage 30. As such, solder ball 48 seats in passage
30 in such a way as to engage both the first conductive
layer 22 at open end 32, and the second conductive
layer 26 at closed end 34. In this manner, solder ball
48 provides a conductive path between the first
25 conductive layer 22 and the second conductive layer 26.
A second solder ball 50, is reflow attached directly to
a pad region of the first conductive layer 22 and does

not make electrical contact with the second conductive

layer 26.



PCT/ US99/ 01461 t hroughbore. A second stiffener nenber is attached tgliﬁgR 2003
first stiffener nenber and has a sem conductor device nnuntedlkﬂgkﬁﬁﬂh@pd
ext endi ng inﬁﬁpp?ﬁﬁq%roughbore. A sol der ball is connected to 't rst 5
conductive layer and to the second conductive |ayer. Another enbodi nent

di scl oses a nethod ®f+prayi di-88ya Lovspaetibgell fdex) bbeg CiTwuils package. A
first stiffener nmenber having an opening forned therein is connected to a
second stiffener inepheeaybi sbbi A68 UleSraf Tow et Leteliicd Dre cleMt ae [@r ot r udi ng
into the opening. Aflexible dielectric layer is attached to the first
stiffener nmenber sandndncbndestavéi Isyeronélocyivieolayreak ong aarfy resintsicge and
a second conductive |ayer on a second side. The second conductive |ayer is
engaged i5 with whehf thet f3rEtfeprdupriperlayencriondfetsud waiassage i s
formed through the dielectric layer fromthe first side to the second side,
so that the ffrseleshuberi veoraget s RUPBRLEPE RerYwdh 2RFditathe passage

at the first side, and the s coq% cq&ductiv l%éfr Z0 fqg%? a .cl.osed end of
the passage at tA&¥SBLbnBCFdel 7R 301 dBTCHRT | CPLINTrntTt B Fo 4% fi r st

conductive layer and_tgq.the, second. con ive | r._ The, saf lI. .may be
seated in the passag% ?6?'p%bv?%i%%g%?%%%%ﬂ%t?%é?%%ﬂ??%kﬁ%&&ﬁ?qﬁ%?% F9§t and

second conductive £s Laver secahlerahbyel y1o Lhe soldar fald Jede engaged

with the first conductive Tayer an conductive |l ead nmay be extended from

the first CO!‘dUCtsi:YEféﬁéfﬁrm@rﬂﬂeihIQMQ&YtQEC&MI]@ toF4H 1R at an end
in contact with the second conductive layer. -13 a 8 ApR 2003 WD 00l 22674

PCTI 1JS99/ 01461 Anntbeve enbodi nend £ Pemat desmivar | 1act raod c packageormeldudi ng
athin dielectric layer having a patterned first conductive | ayer on one

si de and a secondfcoogdpetivatéaizl ton &ihsoipost theati ded Arwndeonducti ve s
passage extends through the dielectric layer fromthe one side to the
opposi te si de whEERPBE nEC a2l | ®5eet 2Rl @ fPafagrasisly el nA WHAdLE | ve
material is deposited in the passgﬂg incontact with the second conductive

layer. A stiffenEterbRberctecitt abhtd 10 RIRRRIGNPHY tive |ayer
usi ng an adhesive_materi al nd a 1CO or_.is el ectrical.l nect ed
g gt?gé%?%; %Fﬁ%??%e fgnaném&%g enhg ces(%l q§¥1§éh%%9

to the conductiv el ectroni c ' package “e t" provi des

a patterned ﬁgacso%e}hﬁaﬂréét&e@gg%@ e d Iefnttg?f'%e:ﬂ'éﬁtt ugh 143e

non- conducti ve passage to the s conductive layer. The trace is
connected to a padspesséd onetbwn the first conductive |ayer on which a

sol der ball is attached. A further nethod enbodi nent provides a-lowprofile
zo circuit package Thel fitkxgpobe fdexdbhite e etigd .c d ayrt dhaviaigdaspat t er ned
first conductive |ayer on one side and a second conductive | ayer on an
opposite side. Afléedisie ohikebertcondiayéwel Passajad @ fiomasd domdugsive
dielectric layer _and the second conductive |ayer forns zs a cl osed end of
the passage. A sta¥eEnd?2 mrberiisstartiiadl 4o Atk 2of5esa%e SPFEchy VReans

SI i ?Peﬁg?e%\ﬁeﬁéﬁé ai2'6 A&)geén sceocncgnué:tsO:i.rdeI slzaBt,t %%)Q)eodsiltne atl:hcea\ffli%tl rs]iége

124. A passage or via 130 extends through the flexible

dielectric layer 120 from side 124 to side 128.

Passage 130 is non-conductive due to the absence of

metallized sidewalls. As such, the passage 130 is not
5 capable of conducting a signal between first side 124

and second side 128.

Passage 130 includes tapered walls 131 formed in the
flexible dielectric layer 120 by the etching process

described above. The first conductive layer 122 is

-9-



0 ~ APR 2003 WD 00/ 22674 PC F/ US99/ 01461 and is electrically conneggkéPFosz

the first and conductive layers. A solder ball is placeg. .
passage and ﬁ@ﬁﬁﬁggga to a tenperature sufficient to nelt the gg#@g%ﬂ@gfﬁ
and attach it to the second s conductive layer. A further electronic

package enbodi mepfatRe@VidEs sa ddiseh-esbli apbaker ahavicpgiaapat esnrs first
conductive layer on a first side and a second conductive |ayer on a second

side. The first cdotadt evd bayer twekedes @irvetpadyeegied. id adiacemductive
passage extends through the dielectric |layer formng a closed end of the
passage at the sewconpesi ded A3Ri pst psskder bab| aits frweht eddenlishe pBlssage
to provide electrical connection with the second conductive |ayer. A second
adj acent sol der gFPRAscapdREEdvenleerpadér eBPWAVES prBYLHENS aF extri cal

connection with the first conductive layer._The first solder ball is
mount ed to provi §EOHNEL ARIPEFEThERGRTSPHEL PLEReuR8YART; 4l F9R$tRAsame as the
adj acent second sogger ball. - 20 As it an.ge n, the pripcipal

advant ages of t hdS& aBodrREnFSVEFE EREP™H ShiSt ACi BPI 95 stapt oFT b,
twonetal flexible EEESUEBdC§94b8f“§§955 cChegte a high performance

sem conduct or pac%age. resently khown two-nefal flexible circuits with

conductive vias arergs Wsedet QcekeehbiCALhYet-Nt @5CORRNSGCE > 1 hes tHO: QRROSEd
conductive layers, i.e. the vias have conductive sidewalls. These

conventional twotgetak flexiblle eireuitSiapepgXpRASh¥BeEdieetDI4 he nmany
speci ali zed processes required to create the netallized vias. In _ _ U8
APR 2003 WO 00| 22674102t USB8I814( At addhinhgnint heemebdahl ofed vi al add
unwant ed el ectrical inductance. The enbodi nents di scl osed herein provide
for a package w throughbboe dBéct ifchPrpedfbhnengh Girstgstiffendady Lower
costs. s In addition to |l ower_cost, another benefit of packages according
to the present eRBBEPHehE3 - sPt RAPIFRRANEEBRACeBhaBCcEFYels dyaimtssl g g. 5,

TRy SeTY %5 R GLud.PLatee ol | SOueLno, ploss! sl assegl abed v h BN
adj acent trace 2%@mi£%9§3£@£§ &éfoe 138 protrudes into throughbore 136
15 and is wirebonded at 140 directly to second conductive
-- layer 126 and is similarly wirebonded at 142 to first
conductive layer 122. A cover coat 144 may be provided
on first conductive layer 122 to limit a tendency for
one trace to wick over to an adjacent trace. BAlso, an
20 encapsulant 46 may be provided to encapsulate
semiconductor device 138 and the wirebond connections
140 and 142.
A first solder ball 148, Figs. 2 and 4, may seat
adjacent passage 130. As such, solder ball 148 seats
25 on first conductive layer 122 adjacent open end 132. A
conductive lead 122a extends from the first conductive
layer 122, through the passage 130, and terminates at

an end 122b in electrical contact with second

conductive layer 126. The lead 122a may be attached to

-10-



vol tage associated with one trace 22b induced by the EM field 52 8n}tARR 2003
.adj acent trace 22a. The radius of the field 52 is approximtely equal to

t he di stance MOoi#226id first conductive |ayer 22 to the second PET/EEHAIE ve

| ayer 26. The cl oser the second conductive layer 26 is to the first

conductive |ayer ggg E?S ﬁ{ioigﬁgw@i&éaﬁeb%\?/% %%%g%ﬁ%u%%ngueuﬁgrgggﬁigt 2‘6”

W t hout i nducing crossta I SCusSe conductive Tayer

i s bonded to sti fLgﬁ]ﬁiﬁgfmm?@{'még—@Mn&ﬁ?eé%r@@?ﬁﬂiﬁ% 18- oWmlbkgnpihor
devi ces, package constructions according to the present enbodi nents provide

a consistent di st aBeRo88t WeRNsEBEnSCEONERL £ AAUCine LayeeriBwaRdthBRei I St
conductive |l ayer 22. Furthernore, as zs the second conductive |layer 26 is

i medi atel y adj acébhtetbeydtel achadcréqyet 20,tHehe idisst angerbebreandt he two
conductive layers 22 and 26 is mnimzed for a dielectric |layer 20 of a

gi ven thickness. d@coeel habl ®akdbele¢lr B-aSRAVBEWOICH/ 2267 4ePGRAUSI9] 01461
and predictable distance between the two conductive |layers 22 and 26 is

achi eved due to t@endensiseechaY@hdlp? edi ctable thickness of the dielectric
| ayer 20. 5 The issugnofpptandent ytlhoeradimendtsadéstlibedgheredrsi gnat ed
h" in Figs. 1 and 2. The height h" is tq be the height at tch the sol der
bal I's extend fronPTRELHF eki DFE FITEATE 13 "ot M%brﬁﬁ&ax]?ﬁY?ﬁe printed

circuit board. Itohssdpsiffbhe (GheUrDl 1TRR NeIes~qshh, redePehbat
whet her a sol der ball seats in a passage or “seats on the first conductive

| ayer, the standoldyéreighd dnl adiederst sieystramteraelsy asonstaghal Thaeyer ar e
several nmethods to achieye this.. For exanple, a small anpbunt of conductive
material may be uSRHFEE P 1?WETWKQ?¥?$%§§QS§CU6e@HCFh8°PE@anoblgﬁés???gt
conductive layer,,ihusy; £5tahh1 80d g/ pl ane for the use of the sane size
sol der balls on t%e flexidle circuit. Another nethod could include
provi di ng the passage fikexiigla diasttericsimlyleer inkéndeheadfamster of the
opening in the first zo con tive layer for the usgge of sane size sol der

{ uc ,
balI's. A further m%%@u?)ﬂ%% u{sl-risrtfgSllgr‘-’géifl dfafefeRdsol der ball's
in the passages anghsiadis diARte sddemaballbs seahedeopsihe first

conductive layer. zs In the enbodi nent of Figs. 2 and 4, the package w ||
enabl e the user taoorcdwatevainiaeet yiaddrdessed signeidii treoaf eeacaticaklby
i nt erconnecting onh%ia specific set of traces to the ground plane. This

will allow for onB*HIaiid et difd SO EGNAHFELEG et @Y f fRr ent

stiffening member may be attached to the second
conductive layer. A passage extends through the

20 dielectric layer from the first side of the dielectric
layer whereby the second conductive layer is exposed
within the passage. One aspect of these embodiments is
that only the first conductive layer is pattexrned to
include signal traces. Limiting such patterning to

25 only one conductive layer contributes to maximizing the
overlying areas of both conductive layers.

As a result, one embodiment provides an electronic

package including a flexible dielectric layer having a
first conductive layer on a first side and a second

30 conductive layer on a second side. A non-conductive
passage extends through the dielectric layer from the

first side to the second side. The first conductive

-11-



30 semiconductors. The package all ows solder balls to be mass refl bW APR 2003
.attached to the ground plane of a two netal |ayer flexible cirgul :
Non- et al | | ze‘&oﬁg(%’sﬂaﬁes . WD 00122674 a a ~p~ zaa PCT/ Usgg%li}l’éig",”“‘
through the dielectric layer facilitate making interconnection between the

ground plane and the trace | ayer .on _the opposjn iide of the dielectric
 ayer. The sol derfab%ﬁ”f slﬁnﬁf4 .eéitt a?d'hé’é’ed\preé"é[ IC% tstcklet FE M AS Pi%ane
through the passagesst Al{i& nald el setdiPd ot i and, dr I8 4 race

| ayer adjacent the solder ball, through the passage, and into contact with

the ground pl ane.clbgddughd idi udte atdssageniagditientss deande diglen showrldexand |

descri bed, a wide range of nodifications, change and substitution is
contenpl ated in tPRL¥ ob® S st TG BHEEVARE #n Csomqtﬁs“'teaﬁ’@éé’, %&r‘ﬁ?en

features of the enhodi MRNLS. Py, N8 RITRIQXG Wi RO A LOIT eshending dise of

other features. Accordingly, 1t 1s appropriate that ~5 the appended cl ai ns
be construed broaHyexand in a manner consistent wth the scope of the
enbodi nents di scl osed herein. zo 25 .t8. ~~~J What is clainmed is: An

el ectroni ¢ package }jlesri @ﬁbggdi{"l?% %Lr%ggigﬁlseg rﬂl%;éi%i%r Navng a first

conductive layer on‘a first si ere _ a second conductive 1ayer on a
second si de thereﬂ{%l&gi?%s'a{[ G118 i §i e3iedRri@ NeR=cONENAHY R RASSRTE

ext endi ng t hrough the ectric layer fromthe firfst side to the second
side, the first caixhicddiMe l1ayer kel RQ fadisaceliearngpen serkdne the passage
at the first side, and the second conductive |layer formng a closed end of
t he passage ato t heorsRoandresild®erant a selcded bade, whemnhenn condusalider bal |
is engaged with the first conductive layer, and a conductive | ead extends
fromthe first comhmade edtayers tthwough the gasdagsrawd legen daoas tie an

end in contact . . ‘ . .
first side to the second side. The first conductive

layer is adjacent an open end of the passage at the
first side, and the second conductive layer forms a
15 closed end of the passage at the second side. A
- stiffener member is attached to the second conductive
layer. A solder ball is connected to the first
conductive layer and to the second conductive layer.
Another embodiment provides a low-profile flexible
- 20 circuit package including a flexible dielectric layer
having a first conductive layer on a first side and a
second conductive layer on a second side. A closed
end, non-conductive passage extends through the
dielectric layer from the first side to the second
25 side. The first conductive layer is adjacent an open
end of the passage at the first side, and the second
conductive layer forms the closed end of the passage at
the second side. A first stiffener member is attached

to the second conductive layer and includes a

.12-



wi'th the second conductive. layer. 2. Aflexible circuit systen1dLBpAP%i%B3
.a flexible dielectric layer having a first conductive layer on a first side
t her eof and.¥WG#assd conductive | ayer on a second side ther eoPCTRISBY8 46k
the first side; a non-conductive passage extending tlwough the dielectric

| ayer fromthe fjrst side to the second si the first .conductive |ayer
bei ng adj acent ghrﬁ% hu ofgjt%%cop%és]ssatglefd%netrhg‘efribreéﬁ S ggtéaé:h&%t &

second conductii vgh%rgﬁﬁfsg 0&71 rgeflrx%r&%xe%d)gxatsh% g@gﬁ@_@g}d@%tgl}e second

side; a stiffener er attached to the second conductive layer; and a

sol der ball el echeical! yoeprectioo dh thes fdfesdnagerRdusticve Heayer and to the
second conductive | ayer, wherein the solder ball is engaged with the first

conductive | ayerghasdgibsenduct i el deanhaX! endednneCldd tthe ther $irst
conductive layer through the passage and term nates at an end in contact
with the second econductiwe layer .arll th |the preafonde cohidexcitbiive dayeui.t
package conprising: a flexible dielectric |layer having a first conductive
| ayer on a first si3eotlwr egibehidients abicird asmsd gc metdodapdr pyavadiagoad
side thereof, opposite the first side; 19 ~ U 8 APf~ 2003 a cl osed end,
non- conduct i ve phl%alEcEidkend: IRt ifo fgiratie deekageri cA &j&Ftfrom t he

first side to the second side, the first conductive |ayer being adjacent an
open end of the %%%ggiﬁﬁ%umﬁﬁhf?!h%ﬁlQﬂ(ﬁ& %ﬂﬁ?ﬁ?ﬁe%§§@8§dthHagEtF e |ayer
form ng the closed end of the pas t. e i de: L i £fener
menber attached ?%P??%F%%éﬁ% 5%#%%%ff%€f#g§§% %%@gF%cﬁﬁﬁfﬁggécﬁFﬁéﬁg bore

formed therein; éerﬁfs&%ééd&{&%ﬁc;r%&u@tﬁ@cgs@ot enkhepbhtak st iff ener

menber and having a sem con evi ce mounted thereon and eXtending into

the tlu~oughboref)&pgthfe spldarcthald 1eheat Hiscalckyceeanest edet @it-he first
conductive layer and to the second conductive |ayer, wherein the sol der

bal |l is engaged stififdie frantdercandudnicladeayar fiasd aoadndudtevealyead
extends fromthe first conductive |ayer tlwough the passage and term nates
at an end in commcd fiitdt tdiedseasvhd cevduct icpadhagere layer on a

second side. The second conductive layer is engaged

15 with the first stiffener member. A non-conductive

- passage is formed through the dielectric layer from the

first side to the second side, so that the first
conductive layer is adjacent an open end of the passage
at the first side, and the second conductive layer

20 forms a closed end cf the passage at the second side.
A solder ball is connected to the first conductive
layer and to the second conductive layer. The solder
ball may be seated in the passage for providing a
conductive path between the first and second conductive

5 layers. Alternatively, the solder ball may be engaged
with the first conductive layer and a conductive lead
may be extended from the first conductive layer and
through the passage to terminate at an end in contact

with the second conductive layer.

«13-
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>UVq, -} %&y: m{'vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caV] ca] ca] ca]wejooalera] ca] ca] c<a] ca] c*a] ca] ca] ¢ a! np@QS| p| bc{ PCT/US99/01461
}xsni d_Z]]ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]lca]calcalcalcalcalc"alc
a]J c<a] ca] ca] ca] ca] ca ca%ca

ca%a(e:a cal ?2@" 7, *1>JYtu

]$&} i(S n; d_]Z] ] i:a] i:a] cFRATRET caTeq i‘:‘af?té] BﬁzXéE%s a?%?ﬂ:%ﬁ:’é?ré?c] FAEEEEa] ca] ca
cajca]calca]calcalc al calcal ¢ 2 ~"

] ca] ca] ca] ca] ca] cja%‘%g‘%“gj_a %a‘%L c§+%§] %gfg%:)ég %a?%% ]éa%gg{“cg]_%a%ag%}eca g’g} gg} gg .

Jcaj ca] cal +, DEKL#RLxs n&%%emc?%g%cakcaﬂlgagf cl&a] @&ong }

a] cal ca] ca]ca]ca]calca]c cal ca cal c"a]ca] ca]caJca] ca]ca] ca]ca! " ghm&
RYe r-wx conductive layer on an opposite side. A non-conductive
rrrreyre" """ | wnmhc”X] c”a) ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]

ca] c"a] ca] ca] ca] cpd £ed sa] €2 €adisat hadpaghcahe af Dol & RS Fkly o FHoH QhES{ &) &&

&4' 5" ) ) T\ *A*x*x*x%x 4+ wr mhc”Y] ] ca] ca] ca] ca] ca] ¢

a] ca] ca] ca] ca] ca] oé caj da] ta] ciag caprait b calda]whal ca] tomit & cdldsed] ealdca] ca

] ca] ca] ca! V+p+q++++++,, ---.////0<0FOM[ 0*0gOu00000} wr mhc”Y] ] ca] ca] ca] ca

] ca] cal] ca] c" a] cadtaiea]padeaFea) ch) ecapdafeiye diadehd ko ¢ dandgsddedalita] ca]

caJca]ca]ca]cal 001F1y1112E222D3~334555! 5D55/ 666B6N6_66d77S8U8889} xsni d_Z] ] ]

]ca] ]ca] ]ca] ]ca] ]ca] i:a‘]@:%]?:%’j%%ﬁg%a}‘é"%‘]’%’é?%’é}‘tfh’]‘}éa’}lé%]%%ﬁ‘l“ﬂ CABEYEa] ca] ca] ca
ca] ca] ca] ca] ca] ca] ca] cal 9+959y9{999/:8:9::::::.C.z;

: ]<<) ]<6<]E<<]<:I\I:::]:ﬁ519} ni dﬁz’%ﬁgg‘f%%{c‘&T@%T’éa’j%aﬁ%%ﬁ%kéﬁdcaﬁ%atﬂea]sfcond

a)l ca] ca] ca] ca] ca a a al.ca ! BBBBBCCC- D

DdEEEE3Ff FFF&@M&C Dif%f%]lcﬂ %éﬂﬁ d%%ﬁ%a{%%ﬁcgaﬁéaﬁ%?a ’c%%?a ca] ca] ca]

C semiconductor is electrically connected to the

a]J ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]c.a]ca]cal J@xJJ

KKK conductive layers.

LXLLLMWNNNNNNN( TOT=TI TYTTT( U<UUVYVWV| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

U ca] c"a] ca] ca] ca] cA calxdjer electronic package embodiment provides a

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal VAKXYYZZ(Z4ZDZ] ZbZzZZ[O[f[\>\] G

1y]]1]0~"A3 |RarHRYNE] ceface] @R lag chl vl cxnd ] v ] iealecapeaped] ca) cal

ca] ca] ca] ca] caV] ca] ca] c}?] caJc

a] ca] ca] ca] cal’ca] "—?"‘! ORGP DHGRU BF BT AIK YT FHF iSSP i j [ j k) xsn

H
id Z _ . :
e el kel et ot el el
rési}xsnid _Z]]]c . : .
a] ca] ca] ca] ca] cg}‘%%‘%‘%g‘gglﬁ%} %%%%T&cﬁ%‘gﬁadc%fécg@é%ss t }?qthtl|cr}111*r€nnn* 0<00

ooopRppppaf qq+r rddrfsy xshid_4d |dewd &rdga] ca] ca] ca] cal caj ¢

aJ calcalca]calcalca]lc a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalca
QZj keD¥810% &' () - $1HNARI{ e 1A KO ) ethbyd DRAN S )o@ A & (Low-Prdd8LE () - k
>dE&I0%N & () -s10% & () - @O0%N & ()-S 10N & () - @B

10% & () - sSs18% & Doy Bakdease (Ing uddak { )E1&roidhle Qielettni& (Rry2s10% &
()-,110% & ()-":npl MmopdYNC 10\ 10\ 10\$;

10% & () -' 0@L0% &aVirfoe oAt gynes sAus R c(gnd,ru,ctive layer on one side

10% & () -p| a?YNC! $10%88&' () - 10%5;&'%% -, , ,

10%g& () - % 10%g& IO 13/ R (SRRl § ) 13T QAYNA PPROFEEE F)der, AL

0 () - 0w & () -
10%9CyC& () G&Of%%ég é%e non-conductive passage is formed in the

dielectric layer and the second conductive layer forms
5 a closed end of the passage. A stiffener member is

attached to the opposite side by means of an adhesive

material. A semiconductor is attached in a cavity in

the stiffener member
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vd0%gg& () -y VBr00apsT{ ) - | #10URRE () -\ * /01laVK@ 10g 10g  PCT/US99/01461
109@ 10%g& () - S8Y10%g&' () SGYlO‘V & ()-S5109g& ()-! F1*10% & () - 1>JYPdEVK@
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S RS Y ki e O
| WUBSH=! F) 109%& ( Nbd Qs %'e@)tl;@i%t“b&a( Lz E}&QL{@Q&sﬁifﬁéDé/nt to
+109%R&& ()-@Y + 0%&f -@zodY: !0l (1098& ()- 10m
10m 10%r& () -s!) MMk Ehe?'shlo¥k (a12! )ah@l‘V&t(:)ac3>ﬁrﬁ<dE{. theldSednd& () -
I'mMLOYBB& ()- 109B& ()-L109B& ()-!'D(10% & ()-0> C 109B& () - m&kzXodY: !
5 conductive layer.
A further electronic package embodiment provides a
dielectric layer having a patterned first conductive
layer on a first side and a second conductive layer on
a second side. The first conductive layer includes a
10  pad region. A non-conductive passage extends through
the dielectric layer forming a closed end of the
passage at the second side. A first solder ball is
mounted in the passage to provide electrical connection
with the second conductive layer. A second adjacent
15 solder ball is mounted on the pad region to provide
- electrical connection with the first conductive layer.
The first solder ball is mounted to provide a stand-off
height that is substantially the same as the adjacent
second solder ball. -
20 As it can be seen, the principal advantages of these
embodiments are that a substantially simplified, two-
metal flexible circuit can be used to create a high
performance semiconductor package. Presently known
two-metal flexible circuits with conductive vias are S
25 used to electrically interconnect the two opposed
conductive layers, i.e. the vias have conductive
sidewalls. These conventional two-metal flexible

circuits are expensive due to the many specialized

processes required to create the metallized vias. In
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voltage associated with one trace 22b induced by the
EMI field 52 on the adjacent trace 22a. The radius of
the field 52 is approximately equal to the distance
from the first conductive layer 22 to the second
15 conductive layer 26. The closer the second conductive
- layer 26 is to the first conductive layer 22, the '
closer the traces 22a and 22b can be to each other
without inducing crosstalk. As discussed above, second
conductive layer 26 is bonded to stiffener member 12 by
20 the adhesive 16.
Unlike prior devices, package constructions
according to the present embodiments provide a
consistent distance between the second conductive layer
26 and the first conductive layer 22. Furthermore, as
5 the second conductive layer 26 is immediately adjacent
the dielectric layer 20, the distance between the two

conductive layers 22 and 26 is minimized for a

dielectric layer 20 of a given thickness. A reliable
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flexible circuit to a contact plane with the printed
circuit board. It is desirable to control the height
10 h,, such that whether a solder ball seats in a passage
or seats on the first conductive layer, the standoff
height h,, remains substantially constant. There are
several methods to achieve this. For example, a small
amount of conductive material may be used to f£ill the
15 passage up to the level of the first conductive layer,
thus, establishing a plane for the use of the same size
solder balls on the flexible circuit. Another method
could include providing the passage having a diameter
smaller then the diameter of the opening in the first
20 cenductive layer for the usage of same size solder
balls. A further method could include using larger
- diameter solder balls in the passages and smaller
diameter solder balls seated on the first conductive
layer.

25 In the embodiment of Figs. 2 and 4, the package will
enable the user to create uniquely addressed circuit
configurations by interconnecting only a specific set
of traces to the ground plane. This will allow for one
circuit design to be used for several different

30 semiconductors. The package allows solder balls to be
mass reflow attached to the ground plane of a two metal

layer flexible circuit. Non-metallized passages
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through the passage, and into contact with the ground

plane.

Although illustrative embodiments have been shown
10 and described, a wide range of modifications, change
and substitution is contemplated in the foregoing
disclosure and in some instances, some features of the
embodiments may be employed without a corresponding use
of other features. Accordingly, it is appropriate that
15 the appended claims be construed broadly and in a
- manner consistent with the scope of the embodiments

disclosed herein.

20
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a solder ball,
wherein the solder ball is engaged with the first conductive layer, and a conductive lead
extends from the first conductive layer through the passage and terminates at an end in contact

with the second conductive layer.

2. A flexible circuit system comprising:

a flexible dielectric layer having a first conductive layer on a first side thereof and a
second conductive layer on a second side thereof, opposite the first side;

a non-conductive passage extending through the dielectric layer from the first side to the
second side, the first conductive layer being adjacent an open end of the passage at the first side,
and the second conductive layer forming a closed end of the passage at the second side;

a stiffener member attached to the second conductive layer; and

a solder ball electrically connected to the first conductive layer and to the second
conductive layer,

wherein the solder ball is engaged with the first conductive layer, and a conductive lead
extends from the first conductive layer through the passage and terminates at an end in contact

with the second conductive layer.
3. A low-profile, flexible circuit package comprising:

a flexible dielectric layer having a first conductive layer on a first side thereof and a

second conductive layer on a second side thereof, opposite the first side;

19



10! 10: " &$109B& ()- & & 109B& ()- 109B& () -1 109B& () - Y109B&' () - 08 APR 2003
109B&' () - =nnn*o<ooodEK= 10! 10:y, f#1098B& ()-*

109B& ()- @s109B& ()-' L109B& ()-&109B& ()- $ 109B& () - opRpppppppdYNC 10!

10: 10B 10B 10B810%B& ()-4109B& ()-2109B& () - F11098&' () -

- 1098B& () - pqf qq+r IrrdEYNC 10! 10: 10% & ()-910% & () -

@10% & ()-$10% & ()-Y110% & ()- ' 10% & ()- rrr6ssssdEYNC 10! 10:

10% & () - 10%b&d(eha @&fl/éd%d(lau l%ﬁ%aée éﬁmﬁcﬂl{gﬁm&d%ﬁthéaléde%ﬁa &l dh @fYiNG: 10!
10: y 10% & ()- 10% & ( 10% & () ty&() Nor mal "

" Headi sidg 03haeseconbside, rtge 123} cdnduptemjhamg t@Bigotdjackitzui (mgn43 of thelHessdpangf 58] c”

P:?Zg'rfn g s?@oﬁp%ggb;sggqfl g@ggt}%ﬁ g H%\/%(@‘% c}%sem%d i e ggs]sage at th%es].cech
&" V+09RkY k6st OPQRSTUVWKYZ[\] *kp \ 11 m&E! Y"#Q$(T**, . F002346d79C,

) <=AB[ D3FKCGH , . o
LNO( TTy VX( Zofiip| Siffeagmenivpy attagbgsk tetthe spserbeqpiventavp grd inphdipe | 1 ~6Ti mes

New$5 %ﬁéﬁwgf‘ﬁ*ﬂ%ﬁ@%%w h Root EntryWrdDocunent| M

<=>7? @BCDEF&Gﬂbdﬂﬂ.M‘ﬂ@Q?S&]UVW@YTZ[:P\dd"tQ tabiidestgfanekiemopioarsit havingyw { | } ~
semiconductor device mounted thereon and extending into the throughbore,
and a solder ball electrically connected to the first conductive layer and to the second
conductive layer,
wherein the solder ball is engaged with the first conductive layer, and a conductive lead
extends from the first conductive layer through the passage and terminates at an end in contact

with the second conductive layer.
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