WO 2004/ 017687 PCT/ EP2003/ 012647 1 | MPROVED STRUCTURE OF STACKED VI AS IN
MULTI PLE LAYER ELECTRONI C DEVI CE CARRIERS Field of the Invention The
present iwoexnvd/@ncs7el ates generally to the struc- S turecarEP2osmmdisact ure
of electronic printed circuit boards and chap carriers and nore
specifically to a particular structure of stacked vial in nultiple |ayers
hi gh density electronic device carriers. Background of the Invention 10
Several types of electronic conponents are tnplenented with a circuit,
which is integrated in a chip-of sem conduc- tor material. The chip is

typical |y mounted on a caMPROVERO STRUCPUBED!ES! sEACIEH) Pyirhom mechani cal
stresses, and is then encapsulated in a package. The chip Carrier includes

an 15 insul ati ng sub¥t MENETIPLE CHVERtELECTROMSC; DEACICE r eglri BERlsonded
to a corresponding termnal of the chip, and: ends wth a contact pad,
typically for connection to a printed circuit board. Generally, chip
carriers conprise several conductive |ayers wherein tracks transmtting
signals and 20 current are designed according to requirenents dependi ng
upon both logical and electrical constraints as well as chip carrier
manuf act ure constraints.. Connect¥Fisisi ket ween'Irnkayeisn are often done using
vies or plated through holes. Likew se, printed circuit board generally
conprises 25 several conductive layers forned in an insulating nmateri al

li nked with vias orThkatedsehtoughenalies, rehatear geadanl egd tbo ¢HaNgHLLC~
si gnal s bet yee veral electronic devices or between el ectronic devices
and connect%\?sgus\% /xgir?%ga}c% E%OG?&FG%E%%C PERRER%s ity Epatds
of devices goesndboveip GHzrielreckind rmbee tdyercdfiizzdlpeethta npakongalar
consider electihedlinre of stacked vias in multiple layers high density

electronic device carriers.

Background of the Invention

10 - Several types of electronic components are implelented
with & circuit, which is integrated in a chip of semiconduc—

Eor materigl. The chip is typically mounted on a carrier, so
as to protect the chip from mechanical stresses, and is —hen
encapsulated in a package. The chip carrier inclﬁdes an

15 insulating substrate with conductive tracks ; each track is
bonded te a corresponding terminal of the chip, and ends
with a contact pad, typleally for connection to a ﬁ;inted
circuit board. Generally, chip carriers comprise several
conductive léyers wherein tracks tranSmittihg signals and

20  current are designed according to requirements deﬁghdinq
upon both logical and electrical constraints ag well as chip
carrier manufacture constraints. Connections between layers

are often done using vias or plated through holes.

Likewise, printed circuit hoard generally comprises

25 several conductive layers formed in an insplating material,

linked with vias or plated through: holes, that are adapted

Lo Lransmit signals betweeé several electronic devieces or
between slectronic devices and connectors. -



signal transm ssion as a sinple point to point transmssion on a track but
rat her as the propagation of an electronag 5 netic wave supported by a
current owoa0ei/rigces7t trace. Such traces on el ectroni c GETIERPROGANIMET S
(chip carriers and printed circuit boards), also called transm ssion
lines, .-,represent a systemconprising at | east two conductive paths wth
specific properties (relation between transmssion line 10 "w dth,

di stances between transm ssion lines, dielé&tric “thickness between

transm ssion lines and reference planes). These transm ssion |lines

corr](:j)ri se a ClondUCt;Mﬁe‘rﬁij:ﬂﬁ?dcﬂi;iﬁc%peéﬁﬁ_ro_fr@@@ica@é"%o@@%&ﬁﬂ’e tlras}szaﬂﬁd@,f'
conductive plane, forne in_close proximt nd connected to a reference
vol tage or 15 @round 46 $hi & dPﬁgdtfyif@ spén oMk CPRERFEF et FomRGHER ¢
i nterference. .dhgranver prapogailes @ eang Bndlansiirssiton gpdine:  tedn sieds dyod he

signal track and an_underlying referenc vol t age  or. _ground _pl ane "form'_ng
a conpl ete | oop* pat F‘rrﬁgﬁ‘ bgéﬁegfﬁtg‘ﬁgl a@ur%;lgntpraﬁ%g%%tlﬁg cgﬁi &Tﬁo"f?ﬂ%‘f%o‘ﬁa% gh
frequency, 20 eeigic neaee shppodtdizbytaecunféwence ef direuekedbr=ar.c Slesh ce
carrier my seyelely aff echs ths.perfanmmace ol ilie, olgaLr ople systemgs @
whol e. ParticulafrlTy, any discontinuity (or transition) in the transm sSion
line, such as pnintedngs iowidt rpeaxns,, madeoi atalizgl ptopesniesiand HBseyn
features, repr 3 hange. .| ot it idmedange di.he: nRdia. angd

t hi s generat e‘"sgégpé?ge?fe%t ggb\‘}\g[{l/eg%nr\ﬁr%gv rf\aédt he system |%:rf u‘%sl st r%_
struc- tures (‘Chpachpersiic npteroitsiegnd rRrédtspdr BFIWHAR chraRINBES19Dw S

filters fory thgi hEANSTLE LeShSEONAerASnd CRASSNS0sBHENCE ndhe | aiepEtyiof -
t he el ectromagneti c wave propagated along the transnission line is not

preserved. Thetbiahaerst BATYEHRalTARTHHEHINY YatSfedhh TOVETSRAR dgeanes) -
Logi ¢ val ue 0) raRdeathb@bnyokiggel (A9l cotit® 13 cog®five aliemaAl track

squar e- shaped wave. Due to all discontinuiti in the WO 2004/ 017687 -
PCT/ EP2003/ 012647 LrRCEin RS st &5 4 SRHPE Woed Cd ittt i %"ﬁ“?%‘ﬁd
i's in close proximity and connected to & reference voltage or

15 ground, for shielding the signal track from electromg’i}netic ,
interference. The wave propagates along a transmission line
defined by the siqnal‘trac.k and an underlying reference
hvoltage or ground plane, forming & complete loop pa'ﬁih for
the signal current. When the chip works at a high Irequency,

20 e.g. nmore than 1 GHz, the influence of the electronic device
carrier may severely affects the performance of the

glectronic system as a whole.

Particularly, any discontinuity (or tramsition) in the

transmission line, such as any change in structure, material

P
o

properties and design features, represent a change in the
électrical impedance of the media and this generates a
r,eflectedu Wavé. Moreover, the system inciudes stray struc-
il'_ures (capacitors, inductors and resistors), which aet as
l"ow pass filters for the transﬁitted signal. As a2 conse-
30 qﬁencé, the integrity of the electromagnetic wave prof):clgated
along the transmission line is not preserved. o8

The transmitted signal, switching between a low.voltage
(logic value 0) and a high voltage (logic value 1), gener-
ates a square-shaped wave. Due to all discontinuities in the



generally received as a pseudo- sinusoidal wave. The quality of the
transmtted wave can he visualized by a so-called "eye diagrani, which

pl ot s t hewoalow010687t he recei ved signal 5 as a function @CTiEPROEBNaAZE7 Of a
clock signal controlling the electronic device. The above descri bed
discontinuities in the transm ssion |line reduce the opening of the eye
"diagram; therefore, it is quite difficult to understand if a sw tching
transition has actually taken place or If fhe 10 shift of a si gnal
baseline is due to a background noi se. These drawbacks are particular acute
in nodern el eatdremiicssiyst e:rmmawrk;vhm watrd andedyeed |duptadaficn pawer is

supply voltag n this ca er Iom/ ngin
to discrim natgee("&é:tva\ﬁ)elé{n J:teﬁeeJ‘I\Q(‘):"fjil &vd fE Olgl%"gﬁf ?g (fi ?ﬁegl Oél maL %f
(1.2v) . Nbream%rth&h&xmmm&uhmeﬂswammubmmmhedylﬁmaﬂazadliazlenqaﬁualled
el ectroni c deyjges ires a re si,Qns i er
and printed ci rzyd"3 tcg]bagjarr - nléfucgJ trglgk 18 n%[} t%% t%ecgm%do ?r l
the. transfi ssisore | fures st cﬁetﬂ@ phizat aphed falocla sile;marled:mmelw“gcrthe

optim zes the: Eple [ QIR ANGE, PLe t heyng! EgtRN %?%@%{kgﬁqje((:bxm B?me@g@b in

Therefore,, it " 15 necessary o use a very t fric layer between .
the conducti vieha r ackensmicsting gridied plesiee(sithee PReNihPed&Ace thies eve

inversely propgrijanal. tendher f@cknwlld,t ARG HireGihY +2R P reRRIHeRAl itO
the dielectric layer t'hi ckness)”. 'The shor di st ance_between the conductive

tracks and theagﬁﬁahﬁhbﬁanéfapﬁéFéﬁ%e§a§hé¢@8ﬁ&%yoﬁdécéoﬂ$%%ﬁbnﬂ¥n@Isﬁ#ﬁy

capaci tanqg aghfr€IsequangR] bhsePandw dtduofid he vkeagea88 ABikENe is
strongly reduced. 30 Therefore-, as the quality of the transmission in the

el ectronic, device carrier, i.e. chip carrier or printed circuit board, is
degraded it can caugg.dde gkegbEEREC w@ezowﬁlz:@azrmﬂcﬁawo%alzmeﬁ
device to operate at a frequency far | ower than th é i 9
elecfronlc systems working with uce evel of a power
supply voltage (down to 1.2 V). In this case, there is a
very low margin to discriminate between the logic value 0

15 (0V) and the logic value 1 (1.2V),

Moreover, the continuous trend towards miniaturizazion
of electronic ‘devices reqﬁires a reduction in the dimensions
of chip carrier and printed circuit board conductive tracks.
However, the impedance of the transmission line must be -

20 maintained at a desired value which optimizes the perform-
ance of the electronic device (typically 500)) . Therefope, it
is necessary to use a very thin dielectric layer bhetween the
conductive tracks and the ground plane (since the impedance
is inversely proportional to the track width and directly

25 proporthnal to the dielectric laver thickness). The short
dlutance between the conductive tracks and the ground plane
1nLreases the value of a corresponding stray capacitance
as a consequence, the bandwidth of the transmission line is

S

étrongiy reduced, -

30 Therefore, as the quality of the transmission in the
electronic device carrier, i.e. chip carrier or printed

circuit board, is degraded it can cause the electronic



frequency which is afforded by the chip. Such phenonena may be reduced by
using stacked vias so as to mnimze the nunber of transition as

i |'ustratwo 2004013687 gure 1. Figure-- |a shows a cross-secuiEmoEanie4of a
chip carrier 100 of Ball Gid Array (BCA) ‘type conprising -a base or a
core 105,-three conductive layers 110a, 110b and 110c, a surface |ayer
.115 and dielectric layers 120. Generally, dielectric |ayer are nade of
epoxy while conductive layer 10 are made of copper however, other materials
are also used. Electronic device carrier 100 further conprises two sol der

bal I's referredeiocas tb2opkratd 125a2 fhegueRBPesht ODSwARUL Aoy PLLAd 6 r1ing
pl at ed-througl;,% hole 130.. As ill ur_;étrat e(éli, vias a .re used to connect
conducti ve | ay&FERCBCY WPigRKis 135 ord§91 By hPe 9BRonnected thanks to vias
145, 150 and 155. However, as shown w th black arrows, the transm ssion

line fromtrack 13?&@ %ﬁragk 140 _co rise(i fiye transitions that my not
preserve, - integrity-of PRECBFRRt Fd¥mgnel FC 0R P Hr Dpaat BEFGkehgViRg SO

transm ssi on kisngcasmieiti onedhabovebeFi gir e dansghaws a20i5i Mt ddted on

el ectroni ccdew; ar{ i efs : ergin vias 145', 150" and 1551 are ., .
st acked so“':’as}igtlg’%rr %dulc'e Fhé-ggﬁnggr s271‘00!9% raanglg: ?So_n%ecéqjooﬁb %‘?‘ﬁ%ap%pa‘t h§hip (
Thus, they t r@:ﬁgnﬁissi e 0l iofe Bafldodridadkrag5'(BED) t tapk td@brisimyi-sebasal y-
one transition., %S.dclrlé‘sltqsa,t‘ M RRlackgLr g‘é‘@ze%% %%QCki?@b of .Y 8% 4.

inplies manufacturing 1nplications ™ that- iy rcult to overcome with
standard proc@ss¥srtacy eabVhy alburingd did awdans tiepimcel 20 veftheablly,
connection befjwagpttye difyf&ar ente CBQ@@CEEV%FJQ%“%M;& NeAn QL EL A8 MG yarr

pl aced between them Processes to create this vertical 30" connectT ons ar e
many suchl8s @EEhadideal ofr FPPPRY, howaest armthet Herteerimlys ofre hehset aeedfrom

one of conducta¢e thbacks ddii@eeMa @ eroN® of ritRe drayessor UL NERY "Bo1der
recei ving conduc=i ve t%i‘d in the other |ayer. Once the opening is achieved

C
the receivin®3gdd i$EFeSedt PR Wk mihriicess t¢at comeat s vind =
2004/ 017687 P@Iﬁﬁa2ﬁﬂﬁkﬁﬁ2@ﬁfough hole 130. As illustrated, vias are used

to connect conductive layers, e.g. tracks 135 and 140 are

15 connected thanks to vias 145,4150 and 155. However, as shown
with black arrows, the transmission line from track 135 to
track 140 comprises five transitions that may not preserve
integrity of the electromagnetic wave propagated along the
transmission line as mentioned above. Figure 1I1b shox&s éa

20 similar electronic device carrier 100" wherein vias 1457,
150" and 1535 are stacked so as fo reduce the number of
transitions along signal paths. Thus, the transmission line
from track 135' to tréck 140' comprises only one transition
as illusffated.with black arrow. '

25 . . Stac‘king of vias inplies manufacturing implications
that may be difficult to overcome with standard protesses,
Creating a buried via means to place a vertical conmec-ion
between two different conductive Jlayers withA a dieleczric
placed between them. Proaessés to create this vertical

30 gonnectioﬁs are many such as mechanical drilling, laser and
others. All of them start from one oI conductive tracks
fpresent on 6ne of the layers and need a receiving c:ondilc:ive
pad in the other layer. Once the opening is achieved the
receiving pad is exposed to a plating process that build the



5 "electrical conductive path along the aperture vertical walls
establishing the continuity for an electrical signal between the two

| ayer s- TWe 2bu/akesess of this nmetallization needs to becafEPaoasionzeaum val ue
t o conpensat e thernonechanical 5 -stresses and strains generated in the
foll owi ng manufactur- -ing and operating conditions of the substrate.
Plating of vias and blind vias conforns to vertical walls that have
generally' a reversed truncated cone shape5 Di nensions of these vias are
related to the technol ogy used to.create 10 them they usually have

intrinsic:platij [i-m.tyatl = t.h - i.Q _bet t he
hi ckness of (HeLtgiges CoABCEEPE Sat i Mld B AREEE LRrcIcBR 1R
di aneter wit RIS dishaagditinel cagtivekio by . aTivd esdpder Lr gonaadf betreen

plating when ihe QRRNi NG, HITERLOR, i Witldy QYertideptiLe .19 1HedUees nbha.f kaw

of the plating solutionwthin the via. Holes netallization operations-_in
carri er manuf adur ity nded™iP R aERGHDI i SheFIHPaRs2dSs onaf & oTavd.aniiceH

e;ycle! ! e{!_t 5un%§t?ﬁs.!:§'ste\$ aellrﬂi]?sﬁﬂ‘tﬁln\éerg{én%%lat%| lig. ftatéﬁ ﬁoﬁ.].f)b@n%é&r%@ﬁ;ﬁ\é{%tlur-
utilization of, thin dielectric layers opening Q e hol es result |arger
than the dept FN%f SPfle ROEESITRI SPPUIGIBEE S¥aclibd SHER: TRk r BLATEPE 1
this | arge gaprilzs aghtiewa iaa aiceeptabfa=eced vivegtpadLf araltlke toat hearieng
stacked via extending-. the é)l ating, tine. The Ionge&} time ]5or Zl?l ating i
adver si ng t he €% CoBper® eI t PG oReit i SHEPPhat PUBSPEL T s 9 n
an increased antkdd ghe&st hiknessabstombngino teohgelogpnpakdbl g wirtdntishe
fine pitch,li to |j.ne requir.e- nt's, . Event ual a sel.ective. -
et ch- backq(gper‘ Fn ‘r%ey nues’ecfleld‘%'t 8%378- t HFEl?#eéJC%Jb%telrngzﬁ“sm&#\éégg ng??%?% o]
etch the fineaittesh biyr ctiid r pspdbnufractior ibefweEer atheond ieddess 30f addwunt

Stacked vias WA e e Pech o T b RE O, BT St el
Pat ent n35, 75871 M1 3the agbvemetk itld ipBM-eokpotegei dine aspect ratio #@ffects
blating when the opening. dimension, width over depth,
15 reduces the flow of the plating solution within the wia.
Holes metallization opérations in carrier -manufacturing need
to be accomplished in a reasonable time, with exc?llent
uﬁiformity along the vertical walls. Due to the exignsive
ptilization of thin dielectric layers opening of the holes
20 result larger than the depth. .of the holes. Platiﬁg of
stacked vias requires to £ill this large gap to achié%e an
acceptable receiving pad for the forthcoming stacked wvia
extending- the plating time. Thé longer time for plating is
ad&ersing the surface Copper clrcuitization conditions fthat
25 fesults in an increased and higher thickness becoming no
longer compatible with the fine pitch line to line require-
ments. Eventually a selective Copper etch-back cperation is
heeded to re-thin the Copper on surface prior to etch the
fineg pitch clrcuitry. Ma&ufacturing operations need to
30 account ;of process tolerances that aﬁfecf the minimum
design dimensions of the stacked vias with further effect of
their electrical impedance value. ‘ W

~US Patent n°%,758,413 _assigned Lo IBM Corpéra:ion
disclosed a method of manufactu;ing a multiple layer circuit

35  Dboard with stacked vias of fine dimension and pitch. A base



di scl osed a nethod of manufacturing a nultiple layer circuit 35 board with
stacked vias of fine dinension and pitch. A base WO 2004/ 017687

PCT/ EP2000Q0@6076876 .| ami nate wi th conductive pattern PETEPRBMIWHIN a
dielectric which is photolithographically processed to create hol es
exposi ng sel ected regi ons of the underlying conductive pattern. The hol es
through the dielectric are plated to form5 via connections between the
surface and the conductive pattern on theébase |am nate. The recess
created by the via is filled with a. conductive and plateable pol yrmer

whi ch upon r o} e L et L G “is S
deposited on ﬁh%q% tgdnﬁFﬁuCgﬁ?@&%%&?ﬁﬁhg%%geégl%%gg Gkﬁg ol BudReerab
I|thograph|cawmberocess@mbtaim&bpqgephheahhﬂemﬂppﬁgbﬁﬂat@w qremtgndhplayg.

ihe hole In ‘2380000 AhBLEEL! | Fed fond! Al th%nd u%'db&@g:wgt hceaaduct bye

pol ymer so as _t via verti cal

and
electrically d@ﬁﬁ@@?edTbé hpﬁésuﬁHH%WQ@'?RFfQ%%%?°$FéC ThE QﬂﬁﬁﬁﬁytpofPSWm

fine pitchgl5 stackednwic@sohs Pagtis a&hﬁ 'Eﬁﬁfé@@t frr Pt edrohceuivk
board structures such as carriers of fli

t ha tch
of the sol der Biileray 4y 9 (e e 1425 1BRIC b@d§EF65%20§§%€ﬁ‘angaﬁh§gr‘£l :

di sbursed t hreughi mdd halid l@oabddutayeé Sand tﬂdﬁerahmémmll@amea'nd&ﬁlc@cwpb&al
degradation. 20 However, such

[ of technol ogy rawbacks, for .
carrying hi gh-SPeatf SiFts & ﬁ“@?&ﬁf?%ﬁl%ﬁ’%eﬁ c"’ee"%&ﬁ‘cf éreée‘:tralr SN EFdr iy in
el ectronic de\&iﬁﬁss)lad’é’d ess ded cated tﬂr@mﬂtureu%'mirrexntehecamnnca:thtm-
products. _Firs requi,res adﬂltl nal WEHH§ ct n E & gnot
required iq 25f %ﬁﬁﬂﬁﬂp 6 &&yr e ae ev?c?lcarrlé%’Hgﬁifgggg?gglh gﬁ%%s and
t hus, increasesid hehd pﬁugesThSe¢@ﬁ@Ilett@etsamgmis@i©hepﬁ%%% aﬁoﬁéﬂtpd

stacked vias i s Py 108 e, s %@Qnéléq hyP oHBLE £l Srefid LORREANG

conduct i ve pol ¥h |stu peed signals, e.g. generating
si gnal reflec'@DatwemtlﬁahéYIﬁllQhEdUSEt f as b heC Uit | GENARFERFAIY® to

the underlying first via. The ability to form xlqe pitch

15  stacked vias is particularly important for printed circult
board structures such as carriers of flip chip die, in that
the fine pitch of the solder ball array of the £lip chip
needs to be expanded and/or:disbursed through multiple board
iayers with minimum aréd and electrical degradation.

[P

20 ; However, such kind of technology presents_ drawbacks for
carrying .high-speed 51gnd1 in electronic device carriers,
particularly in electronic device carriers dedicated Eo end
customer  telecommunication products, Flrstly, it requlres

additional manufacturing steps that are not required in

™
n

standard electronic device carrier manufacturing process and
thus, increases their prices. Secondly, the transﬁiésion
path along stacked vias is done through several conductive
materials, e.g. copper and conductive pqumer, that may
disturh high-speed signals,'eig. generating signal reflec-
30 tion. Finally, the use of several. conductive materials to
stack vias induces mechanical and chemical constraints that
may‘lead to unreliable electrical contacts between stacked

vias and/or electronic device carrier fragility,



stack vias induces nechanical and chem cal constraints that my lead to
unreliable electrical contacts between stacked vias and/or electronic

devi ce cawpi2ee4/diresgi | ity. WO 2004/ 017687 PCT/ EP2003/ 012®@¢T/EPZoSwnrdr y of
the Invention Thus, it is a broad object of the invention to renmedy the
shortcom ngs of the prior art as described here above. It is another object
of the invention to provide a 5 stacked via structure adapted for carrying
hi gh speed signals. it is still another object of the invention to provide
a stacked via structure adapted for carrying high intensity currents. 10

It is a "further object of the giwentl @F LRaPrAVEigeidh Stacked via
structure that reduces signal or current ,trans- mssion line |lengths. The

acconpl i shnment of these and other related objects is achieved by a stacked

via structure in aphekpctitolkCa Lyodaviokseceablfi ehet Araemtdeh adirgheand a

d duct | ks bel [ t first d d duct i
Tayer's, sl PP SPOARCORB (P ONBUEE OB Toyer d5uicig SBpAFaLedhy® at

| east one third conductive layer, a dielectric' |ayer being disposed

bet ween each of said copductive |a said_, 20, vi,a struct.ure
conprising - a thi?g d%%d58§#%%5tPéiééﬁef%%gF%% 9%&%§&§ggt‘$%a§ O%%ée third
conducti ved | agerpkedi dvihi rdtoondust | welaptadk ferngeaatyimed wigh asptedst
one part of S%Lgng; st and second .conductive tracks according to the axis
perpendicular“% "said conductive layers ; a first set of vias

conprising at least two vias disposed between said first conductive track
and-":said third ¢enquctiv;tLa6kner VR 7004/ DA 768 BAJLERZA03( 0166445 qe
a stacked via structure adapted for carrying high inﬁensity

currents.

10 T It is a further object of the invention to provide a
stacked via structure that reduces signal or current frans-

mission line lengths.

The acaémplishment bf these and other related ijects

is achieved by a stacked via structure in an electrenic

15 device.carrier to connect a first and a second conductive
tracks belonging teo a.first and a second conductive'layers,
said first and second conductive layers being separated by

at least one third conductive layer, a dielectric’ layer

being disposzed between each of said conductive layers, said

A
<

stacked via structure comprising :

- a third conductive track belonging to said at least one

third conductive layer, said third conductive track being

aligned with at least one part of sald first and second

~conductive tracks according to the axis perpendicuﬁﬁr to
25 said conductive layers ;

- a first set of vias comprising at least two vias
disposed between sald first conductive track and.® said
third conductive track ; ‘



a second set of vias conprising at |least two arias disposed between said
second conductive track and said third conductive track ; wherein said
third comndochiva7ésrack is connected to said 5 first anecysmpaod/oemaductive
track by .neans of said first and second set of vias, said vias of said
first set of z4, vial and said vias of said second set of vias ' being
unal i gned. Further advantages of the present invention wll "become 10
apparent to the ones skilled in the art updh exami nation of the draw ngs
and detailed description. It is intended --hat any additional advantages

be incorporated herei nged#ricef sPesayd Piigs Qj‘oﬂﬁqs%gw Hgs 1@&@ etgm vias
conprising figur | a and Ib illustrates cross- section views of

el ectronic devi céjsc%)f)rgl DENRSR nif B e SEFPRS c&é‘tdﬁ§t5§temé€?ﬂ%néi}éit i feld
tracks when usi ng:hian sbadbedivéamxddﬂ gure la) and stacked vias (figure
1b), Figure 2 depicts the 3D structure of stacked vias between three

adj acent conduct e rledyersai@f ,thiad c&hdutﬁ@ﬂéCtﬁeukcesc%bhhﬂbkeacqgfQhﬂgjt0

t he |nveanon F [..e S a 3¢ and - -
sents partial pléﬁggFeﬁgugf ;t kg%’ g§5 mﬁ@?%' nP¥i BEFeS3 8% éﬁPégeﬁ%%?t
track design o- @nd|$QﬂDH¢ww&mt®ﬂeVRayerbaﬁdgwueSSmﬂ%§nﬁ$eﬁisbLt@@ﬂ(or
desi gn of a secord_gondygti ayer. a L1 gur ep track desi gn
of athird conductlveg gyé%ﬁ' |ggé% §Q' %%ﬁs%rgggg d%%?hér ghpﬁg H?é
track design of tHeligined- conduc- tive Iayer WO 2004/ 017687

PCT/ EP2003/ 012647 9

Further advantages of the present invention will become
10 apparent to the ones skilled in the art upon examination of
the drawings and detailed description. It is intended =hat

any additional advantages be incorporated herein,

Brief Description of the Drawings

Figure 1 comprising figures la and 1b, illustrates cross-
section views of an electronic dévice carrier
showing electrical paths bétween conductive

_ tracks when using non stacked vias (figure 1la)
and stacked vias (fiqure ib),

Figure 2 depicts the 3D structure of stacked vias between

three adjacent conductive layers of;: an
electronic device carrier, according to the
‘ t invention,

AFigure 3  comprising figures 3a, 3b, 3c and 3c¢', repre-

' ' sents partial plan views of stacked vias,
wherein figure 3a represents track design o a
first = conductive layer, figure 3b represents
track design of & second conductive layef and
figure 3¢ represents t?abk design of a third
conductive layer. Figure 3¢’ illustrates another
example of a track design of the third conduc?
tive layer, r | ' A



-Figure 4 shows a perspective view of the part of an electronic device
carrier conprising a core and three conductive |ayers on each face to

il lus- tra¥@20%Hd1udE of the stacked via structure of thecdrAeMki@Rk N
conjunction with a core plated through hole and a solder ball. Figures 5
illustrate how vial have ' to be preferably disposed when three of them
are used to connect -‘conductive tracks of two adjacent conductive |ayers.
Figures 6 illustrate exanpl es of the shape of the conduc- tive layer track
on which vies are connected that nmay replace the annular ring of~t.he
preferred enbodifignte Ri gusbsw8 reppeseptctiagr atewi | bastyrad | pgtthess an
advantages and 9 provi ded99gc£pcgnj§é a&e@id via structure qof the invention
in terns of electrical behaviof by - conpari ng-ThETo PR 1528 desfyre and
exanpl e for a known el ect Ebhiée dewicet{wvuriegery antbadh falectioOni t1us-

devi ce including the stack L ay.structur f the_ ipnvention (curves b).
Detai | ed. Description of tﬁga}\%\ eF}é?ré%%E;%i‘gdﬂﬁ%nFEa%g%%rﬁilﬁg F'gYrare of
invention there is providetha sewekldhn B vieniimaidhur evitthata eyrdeplated

inpl emented in.an el ectronifrgdey 6R 1GANLEY ggméj:?'ts several conductive

| ayers. The electrical connection between two tra ‘el onging to two

adj acent conductfii@@negy ér s1isugleida hriivigh Seter dlavei ago atbe | epsefemband

preferably four. The trackapopéddn diiiifhel O/ idlendlue LOMRLNEY Lpnact
designed so that it provides gu%s) mret- rical distribution of signal curfent

across these vias. The sh“&p i¥hed&aCkECKRE cdvhesdipcgpbneterdattisot i d
metal shape, in a preferreggdyesbodi ment, the shape of this track WO

2004/ 017687 PCT/EEPZOOSI 01264Z .10 -
Filgures & 1illustrate examples of the shape of the condue~

.and 7 tive layer track on which vias are connected

' that may replace the annular ring of* the -
preferred embodiment.

Figures 8 represent diagrams illustrating the advahtages

’and g provided by the stacked via structure o%‘ the
invention in terms of electrical behavior by
comparing,thez optbx;t of a deslgn exanple for a
known ‘elec:troni.c device (curVes' a) with an
electronic device dincluding the stacked via
struct_ure of the invantilan {curves b). ‘

Fe3

Detailed Description of the Preferred Embodiment

According to the invention there is %nrovided a stacked

&n

via structure that may be implemented in an eleckronic
device carrier comprising several conductive layers. The,
electrical comnection between two tracks belonging to two
adjacent conductive layers is done through several vias, at
least ftwo and preferably four. The track portion %to which
10 vias are connected is designed so that it provides a symmet—
rical distribution of signal current across these vias. The-
shape of these tracks can be any geometrical solid metal
shape, in a preferred embodiment, the shape of this track



portion | ooks |like an annular ring. Vias arranged 'between a :second and a
third conductive |ayers are not disposed at the -saane |ocations than vias
arranged wet2oer01767f i rst and the :second conductive | apeTEP20uiomed7
considering z axis, to avoid 5 manufacturing and el ectrical connection
drawbacks as discussed above. Wth reference in particular to Figure 2,
there is depi-cted the staked Via structure 200 of the invention, adapted
to connect two conductive tracks bel ongi ng 10 two 10 different conductive

| ayers that are separated by a third Conductive |ayer. The first

c]?nducti vel'l aylemrﬂ'i@ta tonps | 5eke anfammilecxonf.iuqi mazsrlémﬂfd?ﬁ}éggoé%sﬁh@e ,
of an annul ar r ur._vies 0

(g-eneri- tail: y &?er‘ﬁrrug{lj oﬁgLsECgf%ﬁ% glgon 88‘?%%] P57 et ‘?ﬁn%ﬁ%'te“h% e
205a so as to prowi decaamoe‘aecttnancaillaeommgeﬂ Widtdweeondac £itksvedvackhe
2050 having alsgobhe SHARC. AN AW ANdi 0onAR00RiNG L SONUELLYS) o

| ayer 110b, adjacent to .con At i one *4boV ve,
conductive % ayspsuigceardmy &edb aﬁ]@@e&paztaét edchyec il ectirpebhajer 129,

Vias 210-:. t0420-219:4 &K symetrically arranged on conductive tracks
205a and 205b so that the-electrical signal current fJ,"owis wurdiformy

distributed anong them Simlar structure is duplicat ed bet ween

conduct i ve | ayers 149by and-rde@ee :20Ubar¥iag1 215th t?l&;ée%(getﬁétga'ty

referred to as 215) are 25 connected to the annular ring
provi de an el EepiFEal ddmestpbed witiiz cBREiRTILE tP@ckO@QEclehaW‘ﬁgnbl@er

the shape of aguaRuhalco idihndiel O Nk CONMICEEYExs | BYEENIARC <oFaCh,

vies 215 is conpected to- conductive track 205b suc e di'stances
bet ween t % vE&TARBCRRe COREEELERSH T30V 40aD1G 18y eS‘tEPrer%ie?%ebﬁ’o SobEli¥d a

uni form di stri buhigpt O%e %?éi“@ﬁé %t%@' cOhiE &y | QW OM vd 88orddPres O
vias.2l5-j (i and j vary rom | . Inthe illustrated exanpl e of

Figure 2, condéctheSQrEERg'g?BS‘ée t‘}réﬁa d“aé’rlé‘goftltq’te%éﬁﬁ %fz@nan%méﬁﬂ%ed
along z axis, viag,2i0fareedetodds PAIdd OBur vias 210-1 to 210-4 (generi-

caily,referred to as 210) are connécted to the annular ring
15 205a 5o as to provide an electrical comnection with conduc-
tive - track ZOSbAhaving also the shape of an annular ring,
belonging to conductive layer 110b, adjacent to conductive
layer 110a. As mentionect above, conductive layers 1102 and ,
110b are separated by a dielectric layer 120. Vias 210-. to
20 210-4 are symmetrically arranged on conductive trac]ée 205a
artd 205b so that the electrical signal current fi."cw is
uniformly distributed among them, Similar structure is
duplicated between conductive layers 110b and 110e. TFour

vias 215-1 teo 215-4 (generically referred to as 215) are

[ye
wn

connected to the annular ring 200b so as teo provide an
electrical connectlon with conductive track 205¢ having also
the shape of an annular ring, belonging to conductive laver
110c. Each vias 215 is connected to conductive track 205b
such that the distances between this via and the two cleosest
30 wvias 210 are the same to obtain a unifcrm distribution of
electrlcal signal currvent flow from vias 210—1 to wigs -215-3
(1 and j vqrylng from 1 to 4). In the illustrated example of
Figure 2, conductive tracks 205a, b and c are of the same
size and aligned along = axzls, vias 210 are set at positions

x-l
Ta



WO 2004/ 017687 PCT/ EP2003/ 012647 11 0, 90", 180 and 270 considering the
center of cdnduc-:~ive tracks 205a, b and c with z axis and vial 215 are
set at pwei240136845, 135, 225 and 315. Consi deri ng nowPETHEPR@3D12647
illustrating partial plan 5 views of an electronic' device carrier, there
is showmn a track design of three conductive |layers 300a, b and c- -herein
the stacked via structure of the invention is a_xt~p.le- inented. ©n

‘igure 3a there is depicted a -couple of jgoplanar tracks, referied to as
305 1 and 305-2, which are used to 10 transmt . a high frequency

differential s gnal, Tr 3101 arran ar ou [ tracks 305-1 and
305-2 and, mayb be bcohnggked {‘)d ? Q" g esr&n@srﬁ‘ é%l“gﬁedf t°nftce po-ive
frequO n.cy (ﬁiﬁ@k@nﬂpéa,sbgmmd drmithsvenamplendtnaﬁks:305 ire395w2;mand

310 are formed,in; conductdve jlayper ,390x,  Ong @end of each 15 tracks 305-1
and 305-2 Ioocki% %] ﬁe a Z%’;wtl alﬁar‘murgr P ng, ﬁr'ef erred to as 315-1, and

315-2, respectively, mhere four vies 320-1 and four vias 320-2 are

-connect ed as G usgdad £y 5 Now, L N g e LS. ct
-two conductive tracks 32r51rlﬂoalrrlld 325- gd%av@n %' ug@ﬁ%}%@g&oféanﬁu ?eijan

-rings. 20 SCondirws velt rakkselsgbronind dzysce qa@ﬁa?rrne’éﬂlﬁnecarﬁdushven a
| ayer 300b andne@@;neqx@ﬂgtrp par tidte ANRELALCEL RIS T :%/%Js aRdog3l. §- 2, Lhanks

to vias .320-1 and 320-2, respectively. rout vies and four vias.

330-2 are conréRREM R o %nﬁﬂ'ﬁ%% Vi@ 36P€§C§‘2’5€ 10 BnhsomrEnticgpdet i 813e- on

the other siden@ht28. coNduCihve ia@yﬁse@@% GBSz deidiRg s 330rdhand
320-2. Asnentjoned -aboye, vias 325- %nd 325-2 are positioned such that

the di stances bETWe®n 53%?5r%‘f1 Lo side 3{9 alt l‘?“@ 1~ %l JeEkT vRES &Eecheo
ot her siddaxonnesheditoat hﬁgﬁameqmw -aiiferentiack sagaathe TI:%@'E 318 G5 by

R e TR R R LI

335-2, which- acenmlsedediotdbrahsm;touhe boghbsf lteqlmﬂeyd the high frequency
differential signal. In this example, tracks 305-1, 305-2
and 310 are formed in conductive layer 300a. One end of each

15 tracks 305-1 and 305-2 'looks like & partial annular ring,
referved to as 315-1 and 313-2, respectively, where Four
vias 320-1 and four wvias 320-2 are connected as illustrated.

Now turning to Figure 3b, there is depicted -two conductive
tracks 3251 and 325—2 héving the shapes of annular rings.

20 Conductive tracks 325-1 and 325-2 "are formed in conduczive i
layer 300b and connected to partial annular rings 315-1 and
315~2 thanks to vias 320-1 and 320-2, respectively. Four
vias 330-1 and four vias. 330-2 are connected to conductive
tracks 325-1 and 325-2, respectively, on the other side of
25 conductlm-, layer 300b when considering vias 320-1 and 320-2,
z?w mentioned “above, vias 325-1 and 325-2 are pomtloned such
that the distances between a via of a side and the two
c“losest vias of the other side connected to the same conduc-

i tive.‘trac_k are the same, e‘g.‘.by forming an angle of 45°
30 when four.vias are used per side. On Figure 3¢ there is
depicted & couple of coplanar tracks, referred to as 335-1

and 335-2, which_are used to transmit the high freguency
differential signal. Track 340 is arranged around _si«gnal
tracks 335-1 and 335-2 and may be connected to the ground so

35 as Lo shield the high frequency differential signal as



differential signal. .Track 340 is arranged around signal tracks 335-1 and
335-2 and nmay be connected to the ground so 35 as to shield the high

f requencywoizbésriessyi al si gnal as WO 2004/ 017687 PCT/ EP2@03/mP2@B8472612
mentioned by -reference to Figure 3a. ‘As illustrated;, tracks 335~ 335-2
and 340 are forned in conductive |layer 300c. One.end of each tracks 335-1
and 335-2 looks like a par-ial annular ring, referred to as 345--1 and
345-2, respectjvely, 5 -to which vial 330-1Z2and 330-2 are connected. Figure
3c' shows an alternative exanple of the track design of the conductive

] gayer 300c thaentawnedmphi S&Frwa-e0RguUCikMee BEACKS 3454zl r2Rda34%radks
havi ng the shap

{ f di to i _vias 330-1 .and 330-2 are connec'g)ed
respectively. I"ﬁj%"ﬁ'i’s.défg{% XA ?g@ E5ﬁdts}:(9tr?“\98 I8y €7° 1Y% SR%eEf 408¢-
| ayer and - corsectance dif ackh 345 ckt and-345he23abe2- adapsedite Bepar-ial -
connected to sq| der, hall.s (nat represented) .ge_as t ravi,de a _connection
with a chip or%fg&plrall%ntrlé“ 9% rrceuf:’ef:gﬁgaﬁa. “Fi dal“”e 4Em|8I P’ljlgt Pat ESSRCESMIFeYe
conducti ve patttct hahitk vimsadapl<€d todt radisid tahe gloohmeqiedcy Bignad Gk’

high intensity . clrdenl as latg%a%af‘}%’:lgd Of %Ege'r,%% Spahéﬁégz&'&h an_

el ectronic device carrier. For sakée ustration, tromi ¢
devi ce carri er .crstysitiiyes hager e A0¢ whbat ngow ntemprisesndust | verbayeriye
two additional 1Gopguctjse il axar§4§0-@dﬁ£§:& HRE HAHR 501 reAG AL EI A8 15
referred to as- 405a-1, 405b-1, 405a-2 an %ggb 2 San?%asn%gxtagr“%l (E%AWthh
conductive | ayétias 4886-1 amd N2 oncesohnsried respectively. In <this.

Con. duc- _ivoe ‘edaffle,ar ecsapatayed huy i ebeekricsmad erdialrAL0 SUGRaS ang
epoxy. Stacked via structures 415-1 and 415-2 according to 25 the’invention

are arranged off ¥ EiV8e 6F3FKE ot WherdBn 343" nori & t EBRPEcholte 46

is done to conneminddiese tst UQdekbUbES] s %ﬁiﬁt}\x@fsé%tt@@Ke@oVia% b E&Wi@e
415-1 is connected. --to b d through hole 420 .and the other side is

connected to & sol'B&=t5A %IﬁgSat‘ﬁ 1P ¥ S BFEBEe o hECE KRR a chip

Figure 4.iilustrates a complete conductive path that is
15 .adapted to transmit high frequency signal or high intensity
current as well as any,‘kind of other signals thrdﬁgh an
electronic device carrier. For sake of illustration, this’
electronic device carrier . comprises a core 400 with 1o
inte;nal conductive layers, two additional conductiveﬁiayers
20  added to the core on each side, referred to as 405a-1,
405b-1, 405z-2 and 405b?2 and an external conductive layer
'405c-1 and 405-c2 on each side, respectively. Conduc:ive
.1ayer are separated by dielectriec material 410 such as
epoxy. Stacked via structures 415-1 and 415-2 according to
25 the invention are arranged on each side of the core wherein
?a\buriedtthrough hole 420 is done o connect these struc—
tures. One side of stacked via structure 415-1 is connected
:to buried through hole 420 and the other side is connected
to & solder ball 425 that is adapted to be linked to a chip
30 or & printed circuit board. Likewise, one side of stacked
via structure 415-2 is connected to buried through hole 420
and the other side is connected, for the sake of illus=ra-
tion, to a conductive track 430 of the external con&Uczive
layer 400c-2 to transmit the signal to another solder ball
35 [not represented) or to another conductive path. of the



30 or a printed circuit board. Likew se, one side of stacked via structure
415-2 is connected to buried through hole 420 and the other side is
connect ed, WP@P04HeE83ake of il'luv' _re- tion, to a conduchiygpbiodskesds0 of
the external con.tluc-_ive |ayer 400c-2 to transmt the signal to another
sol der ball 35 (not represented) or to another conductive path.. of the WO
2004/ 017687 PCT/ EP2003/ 012647 13 el ectroni ¢ device carrier. (not ‘ '
represented) Tracks can be connected on aﬂw one of the given |ayers
405ri-i or 405m 2. (n and mvarying froma to.c in the illustrated

embodi ment’) t kdtectreat es deha ceptdarirzes cmﬁucﬁdp@s@@md o Rl Y €cdrn akeo
illustrates the n@yufa turin steg ﬁft gﬁ:eneqﬁln% Qﬁ st acked %La.,
structure of tR&FRVEREN SR, ad YsPAFt Phg %% ot e EYECEr SPE de P c40CET R it
core 400 that ksmiamveaeglmgtﬁr@mcappEm toiiln the. ilDnEHesive layperSment)

40.5a-1 and 4Q3a- Lr%%%egoég Q%%%gls tﬁgg%haglé%.hdrllllng or 10

;laser drilling. The obtarn using an
el ectrol ess copper plating operatlon The‘plated hole gets filled with a

resin matrix. At thiggpeknty of 1&8911'1%1]23{&5 cABNYLAGLAL I DG 5 P ngjg P

phot omask is used in COﬂ]UﬂCtIOﬂ with tosensitive nateria
canduc 15 Live rdeRenting. e pﬁéﬁéb@dt e 5 o Erug i e endvaitie 1mmeelrt:|1ah

where conduct i v driagly E@%mtQh@eeiﬁpkf%ﬁﬁﬁ‘ﬂ%vﬂ@@‘3érr§éEOE8gepQ@b0%%.%SES'S

removed with unmanted copper- foil, unexposed photoaresist I's alsorrend
to obtain ccndi@isF&d tW%EksdoﬁopﬁértW@%&mﬂ%ﬂ%ﬁ %ﬁnquﬁik%ﬁeléygbsdéﬂpﬁrﬁg

the 20 circul ardmthaa*Ea Bhel 2888 435-dkiQN ebiN®yt ORe didercANdy - ABP: 2 0B

the botto t SL*éﬁéﬂﬁﬁ?gg platdgﬂ?olg 420.. On tﬂ! AtC|rCU|t|zed in

substrate f r ded DR 148feri Hf el BéRFRE: using
material 410, tzm setaotbeldéms acb@pm:_ qflaa:JJnlgqumleﬁhtSaQﬁﬂseThéOL&ih@&O%bhé' n

coaling process; iy 1ob) pURd D UM LI Pr Q8RS 0" A OH9D NS 2 At el

laminate " manufacturing process =a photomask is wused in

conjunction with photosensitive material to draw the conduc-

15 tive tracks, i.e. to protect the core with removable

material where conductiye track has to be implemented. After

%xposed pPhotoresist is removed with unwanted‘copper—foil,

Unexposed photoresist is also remdved to obtain conduc=ive

tracks on the two burfaces of the core also defining the

20  ¢ircular . metal area or lands 435~1 on the fop layer and

435-2 on the bottom layer, surrounding plated hole 420, On

thia circuitized substrate is then laminated or deposited a
new layer of dielectric material 410, this can be in a form |

of a liquld dispense trough a courtain coating prOPESS

followed by a curing process or through the laminatiod of a

film. In this new dielectric layer openings can be created

AN
&)

through an expose and develop process 1if the selected
material has. photosensitive properties or through laser
_ drilling in the case of laminated films. These new . holes
30 represent the next layer interconnection step, 1.e. connec-
tions from conductive layer 405a-1 +to 405b-1 and from
conductive layer 405a~2 to 405b-2.. Using again an eléc:ro—
less Copper plating process the whole surfacé of the newly
added dialectric layer gets plated 1nclud1ng the newly
35 Lreated noles 440-1 and 440-2 shown for the upper layer in

ol
1



film in this new dielectric |ayer openings can be created through ao
expose and devel op process if the selected material has. photosensitive

properti ewooddiresagh | aser drilling in the case of | amcnatreah3foiteas. Those
new, holes 30 represent the next |ayer interconnection step, i.e. connec-

tions from conductive |ayer 405a-1 to 405b-1 and, from conductive |ayer
405a-2 to 405b-2.,. Using again an elec-:iro- |ess Copper plating process
t he whol e surf.ace of the newwy added dieledtric |ayer gets plated-

including the newt-y 35 created holes 440-1 and 440-2 shown for the upper

llayer in WO 20046017687 / 64 t he nate structure. Again
a - photomask is usgg |%E%on@§%gﬁ%?w tiﬁa}ﬁot %se PEPUR Fat 17 i af 8D dtaw

the' conduc- -t FURBIERGELIN Wi rplﬁ%}ﬁﬁéﬁé@lﬁhﬁ@om@ﬁestal sto edowedthe Webhduc-
unwant ed coppetifai Itrm@gpom&hog%@%@t g&t@rzgls%mf_%d P }n&r&gt al 3251"1
ar

conducti ve tracks ogqt‘l e two surfaces and defining Ci rcu ar o
structure on tHI'¥%UFef eEPPPEY| 4904, UW’@’“%WW@%@@ aUss 1removed

445-2. The &i ato4dPrdiat comda@uukwtm@aay@r 8ni BhEORLACELWEL Be & en §0 d
435-1 of thetflo | ayer 405a-2. while their top are ?n contcg(gﬁli%@

e

with. the Coppér |gﬁ§¢a£§r Ot aPRELEbnBLEE T e I%e@‘%S‘%l?le@Wleo‘swﬁébns
i ndi cated on Figer ecéndAnalivgousasehenati-z atainagn 445- zﬁpptkh&a%ﬁs“lultdlq | ower
side of the coy r f the ed . dielectric er will.
contact with tkge%\ﬁdggi&ﬁéat and Claﬁf%af tltﬁ)pp ‘P%n&aﬂ% 4235011 the
conductive 15 t}a?eﬁomabﬁ@ Aayetu 40patht whhéeMﬁb&rprmﬁ;eSSrbS i pest-eghas
many ‘ti mes;@s S+ec new di yer and ocessm

y SRS it qm phecessaLy aadl ngnaw di elg één%hcé AR oD e R

hol es and hol es at1ng reat e vi as
| ands 455-1 anEOﬂBle%v\mdmaﬁatg aro FRiggueed 5, Avhko@ous sd:ﬁwmmihnmﬂ/lcaﬁ 1®V6

20 to be pref eagpiycmepogedtmeaomegeglaa themareqiped, Lo gonnecle oo

conductive trac two adj acent conductive | aye
the vias nust P& %ﬁisgé§éac§§l@_slﬁb’er will be J.n COI’lLdCt Wlth the under-

neath 1and 435-2 and the Copper land 445-~2 of the conduc ive

15 layer 40513 2. At this point the whole process is repeated as .
many times as it is necessary adding new dielectric, layers
and proceb51ng holes and holes plating, i.e. to credte vias
450~1 and 4%0-2 and Copper lands 455-1 and 430.

Now -turning to Figure 5, therc is shown how wvias have
20 fo be preferably disposed when three of them are used to
connect conductive tracks of two adjacent conductive layers.
As mentioned above, the vias must be disposed so as to
distribute uniformﬁly the electrical signal current flow
émong the vias. Figure .5 comprises’ two annular rings 500-1
and 500-2 that are formed in two adjacent. conductive layers,

%)
N

annular ring BDMO-l being formed in the upper conduc-ive
layer. Thus, considering annular rings 500-1 and 500- 2, the
three vias 505~1, 505-2 and 505-3 that link these ahnular
ringq must be placed on lines forming an qngle of |
30 o = 360°/n = 190° according to 2z axis, n being the numbe_ of
vias used to connect two adjacent conductive layer .'LI'l the
. atacked via struecture of the invention, i.e. n = 3 in +this
example, Furthermore, the distances d between the vias and

the center of the annular rings 500-1 and 500-2 must be the



distribute uniformy the electrical signal current flow anong the vias.
Figure .5 conprises two aiinular rings 500-1 25 and 500-2-that are fornmed
in two adjgﬁgﬁﬂyﬁﬁﬁﬂuctive | ayers, annular ring 500-1 beiciged,eiMRsEn t he
upper conductive |ayer. Thus, considering annular rings 500-1 agﬁ ggO-Z,
the three vias 505--1, 505-2 and 505-3 that |ink these annular rings mnust
be placed on lines formng an angle of 30 CE = 360/n = 120 according to z
axis, n being tthe numlper of vias used to cgnneqt two adj acent conductive
| ayer in the stacked_ via structure of the invention, i.e. n- 3 in; this
exanpl e. - Furt hé#f®r eLikREigrst 4heeshyeberieen sihelar Sag-andnd Hel Gentehzof

t he annul ar ringsns -2 pts e 1t he WO 01768 .
PCT/ EP2003/0126§§n %gg,gggn%ﬁg)%%eﬂﬁsgge ’ tlhggt rgéggﬁé‘g}ﬁogﬁ?d&l‘b@ i\

510-3 that , coRfReechinel arYerngngothe thraecandactilve 1t r £06-Gf ami uppe+3

conductive | ayethapdcehbiRgetbr @anvias r§ﬁ§'§9055-%'ZaaQ%n§£5t§ve'Eﬂ%EkP° ect
annul ar ring%SGgéZ to a 8onductive track of a 5 ?omer conducti've T ayer "have
d

to be dispo EBY dFRECEOEt R 1HERY thaif dic wasdbomsrd 5o8:qrdimy 505- e

Vies 510-1, - 5ph8iRioAndf51iQ=3 mustipe spbagednen doznes KA "Qﬁcﬁr&,a”ézl L of
,a = 1200, perpendicul ar-to z axis, hesg lines formng an angle of cx/2 =
60 with the |ind8%on Whith™\Wshks BpsPiacedoen 1ipegndiGoming ard drEPbsed

The distance d'.gbet viegrr t hgevb@siand athe cent 811 < of chhe.anpylar 4l p00; 1
and 500-2 nust be the sagg gﬁt.Jdoeg not neeg %%’behgﬁg ggﬁggag&gﬁg%g an

distance d bet@aeghevoasabD5=16050b:th ame 50hed andwhbenceniersef-1hesns-2
annul ar ri 500&1 QEQBSQO-Z.. 15 F'gu%es 6 and 7 show exanpl es of$
conducti ve 17ack8% R nay® r SpTRREEG e "Eb BV ELABAR | Bncac bRt drhq i WS ofnd
the stacked viahstcantareodf thet BenbTwentign Fach fHr@urs) compises.d he,
conductive tracks' oEﬁhyqjad'acegt coa?;gtive | ayers and an _exanpl e of the
position of the®¥18s e IGur "8F A& &Pe P EREd SE®ecainebhet disdpacentd

conductive trackstwdbeseieBdd®s-1, 505-2 and 505-~3 and the center of the
annular rings 500-1 and 500-2., -
15 , Figuresz & and 7 show examples of conductive tracks that
may replace the above mentioned anhular rings of the stacked
!via structure of the invention., Each figure comprises the
conductive tracks of ‘two adjacent conductive layers anc an
“examnple of the position of the vias when four of them are
20 used to connect to adjacent conductive tracks. Theseﬁéonduc-
tive tracks\show @ relative rotation of 45° on each of the’
-given layers 500-n (n being- the number of the layerg-avail*
able on the different side of the core laminate strué%ures).
This configuration with inserted slots in the annular ring
25  or & design with lobes avoid to establish loops for currents
that will generate adverse condition to tﬁe propagation of
" the electromagnetic wave.

. With reference in .particular to Figure 8, +there is
1depicted a diagram rep;gsenting " the phase versus the

30  fregquency for a known electronic module wherein vias are not
‘ stacked as described by reference to Figpre ia (curve a) . and

. for an electronic device comprising the stacked wvia-  st=uc-
ture of the invention (curve b). This diagram shows that



tiv tracks show a relative rotation of 450 on each of the - given |ayers
500-n (n being- the nunber of the |ayers- avail able on the different side
of the cowe demiinére structures) . This configuration wCrlEP2em8@1t6@d S| ots
in the annular ring 25 or a design with |obes- avoid. to establish | oops
for' currents .that will generate adverse condition to the propagation of

the el ectronmagnetic wave. Wth reference jn particular to Figure 8, there
is depicted a diagramrepresenting - the ]p ase versus the 30 frequency

for a known el ectronic nodule wherein vias are not stacked, as described by
reference to kv eika festiare call lanckhde@r - anc el Sotucdnire sdevie e coomprizdilrg

the stacked vig .- st uc- ture of the.,hventi - h i.s diay

Shove that VO SICH GEIEaF R dsa003P01Yen) Tensttign"be %@héﬁ’i@g‘{%ﬁve |

these -two striciakss atesyconganabl ea aldmwpleget hedvéferent (Algimical

transition of the conduc'.ive .t t NOVS. & . ate.di ffarent ;

el ectri cal be}%“}vci\gluor&u"rh?{slsdidfl#éfrggéﬁeéét?g%rﬁat es in di ffererrllt del ;ﬁ? in 5

t he transniSssitdre of:ransinnesdent odl ewt r ieaidenrgnallsckaianl SdpPiElcat {Bn an

exanpl e usi ng :si L. unni 1el (eq 1t Qunn@nyCYE! @ skire @fcmzabawd
éégcgit rlﬁ'uc'?trlw e %?il@ffg Wakit Gunn ng 5 .

66 ps) the two ures show a erence delay of about 17 ps.an the
i nci dent wave,a asvidleu. sinat €d GPMtgub® PShheris ntWar v toSSspshiay o

the 10 input §f ghdtenSCheRadebay holterencesr epr agrNt snéi duet t @bvedf dde.
total. cycle t.ine allowng, ih the case of stacked. cstructure uschf,#es
o)

better signal “halagereied wRhFadMene? "BEEEHRt FBRVE PeCLTER=EPEHE
Natural ly,;g n ohgef E9qgsatiskuchosalicang suetiefbacelrecpeaubnesent squarter
person skilled in the art may - Ig,to tE sol uti.on described above qjﬁncx
modi fi cati ons @hd e e’l?%?qlonéyg]g | LEFE whi iﬁ‘,"’lﬂ%v\e\}é‘r g ecagR B%edSW‘t i
the scope of prptechton whykhe 4 NventévNsagndef imaed geyehbe WitlH owi npwer
d ai ns. .

A

distortion effect on signal fronts. -

_ Naturally, in order to satisfy local and sqp_ecific
15 fequirements, a person skilled in the art may app.ly to The
solution described above many modifications and alterations
all of which, however, are included within the scope of
ﬁroteétion of the invention as defined by the following

claims.,



WD 2004/ 017687 PCT/ EP2003/012647 11 '"Clains. 1. A stacked via structure
(200) in an electronic device carrier to connect a first and a second
conduct i vwot2oewk3es7( 205a, 205c:), belonging to a first @cU/ER263002%d7
cor~duc_ive 5 layers (110a, 110c) , said first and second conductive;,

| ayers being separated by at ].east one third conductive layer (110b), a
dielectric layer (120) being disposed between each of said conductive

| ayers, said stacked via strut=ure conprising 10 - a third conductive
track (205b) belonging to said. at |east one third conductive |ayer, said
third conductive track being aligned w tHaifms’east one part of said first
and second conductive tracks according to the axis perpen- dicular to said
conductive layers ; 15 - a first set of vias (210) conprising at |east two
vias disposed betmeen said first conductive track and said third

i Sposed hottieen AaEEoeiRd i SoRHERTTVES 1 PR At 2ontiTorstii feried®
conducti ve trac&dr:m@prebncﬁ@hdctheﬂfxxxﬁhﬂﬁdV@ Eéaﬁhdl&mmeMﬂﬂmﬁiﬁﬁhdkﬁd
first and secon ndu ans of. said fi econd set of
vias, said vias §Q§'8.I %%Fﬁ :D ?88?1 9| &s e %s %Av?afec@fl s af 4 SEcond
set" of vias$ belager25(Uhad, dgried), 2saldTmérstaakédsw¢@n$tmmmduwtnvﬁilﬂgﬂrﬁ 1
wherein the sha f ct.i tr
an annul ar rlng8 9@)i%%%#ﬁ%%@B?gngﬁépggﬁgFO1 47%h¥%d3_8§ﬁ%u§ acgezhvﬁ%:
structure of e|ﬁheﬁbblamndnekECUﬂum|ha23r (120) being disposed between sach
of said conductive ' layers, said stacked via ~ struc-ure
comprising

10 - a third conductive track (265b) belonging to said at

. least one third conductive layer, said third conductive

track being aligned with at least one part of szid first

and second conductive tracks according to the axis perpen-
dicular to sald conductive layers ;

15 - a first set of vias (210) comprisin§ at least two wvias
disposéd. between said first conductlve track amnd said
thlrd conductive track H

- a second set of vias (215) comprlslng at least two vias
.disposed between sald second conductive track aﬂd sald
20 third conductive track ;

wherein said third conductive track is connected to said

first and second conductive track by means of said first

and second set of vias, said vias of said first® set of

vias and sald vias. of said second set” of vias being
25 unaligned.

2. The stacked via structure of claim 1 wherein the qhape

of at least one of said conductive track 15 a dlsk or an
annular ring.



wherein said first set of vias or said second set of vias conprises four
vias. -44. The stacked-via structure of clairi 3 wherein the angle 5forned
by two adwecentoivésas of said first or second -set of XPCTEPas3amzh4t he
center of said third conductive -'track and said aligned parrs of said
first and second conductive tracks is equal to-9011, The stacked via
structure of claim-1 wherein the angle. 10 fornmed between a via of said
first set of via, the, closest via of said%econd set of via and the
center of said third conductive track and said aligned parts of said first

and second congluct iy Ht%‘%;'fc%d' vi8augkubeude. ob. «Theestacked yi g,Siruckune
of anyone of claims 1 to 15 wherein said vias of said first or second

set of vias ar@mﬁﬁﬁﬂﬂh%ﬁ%ﬁnfiﬁﬁﬁkﬁﬁ%eﬂteﬁléﬁ oai dalki repcsorbuget vett reclks

and .said alighag,Pafdss @hrSaidsfirst and second conductive tracks. 7.
The stacked via structure of anyone of clains 1 to 6 20 wherein said first
or second conductive track is adapted to be connected to a solder ball. 8,

The st acked V|adstr tur n e qQf i -1 I ald first
kedM¥Q0e Q
or, second conductl\lj]'(ei1 fﬁb RS aga fed ugkak%gogoﬁégéﬁea WWQ% gh § tﬁ?%ﬂé%
hole, .5 \formed by two adjarent vias of said first or seCOnd -set of
' vias and the center of said third conductlve “track and said
iallqned parts of said first and second conductlve tracks is

'-equal tos 80°

5. The stacked via structure of claim 4 wharein thgiangle.
10 formed between a via of said first set of via, the.closest
‘via of sald second set of via and the center of said third
congductive track and said aligned parts of said fiést and

second conductive tracks is equal to 45°.

6. The stacked via structure of anyone of claims 1 te 5
15 wherein said Vldb of said first or second set of vias are
.equldlstant to the center of said third conductive track and

-said aligned parts of said first and second conductive
tracks. -

7. The stacked via structure of anyone of claims 1 fto 6

20 whereln said first or second conductive track is adapted to
be connected to a sclder ball.

4

8. The stacked via structure of anyone of claims /1 to 7

wherein said first or second conductive track is adapted to
be connected to a blind through hole,



