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 iwoenvd/@ncs7el ates generally to the struc-- 5 tumreTardoosroarusf act 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 chipis

typically nmounted on a CcaMPROVESP sm@mt@@tst:{.%ﬁ:@}?‘ Qm mechani cal
stresses, and is --hen encapsulated in a package ip carrler

i ncl udes an 15 i nsul¥t ML BIBEEr APV ER t BLEOTRONICeDEVEREE casachrreack is
bonded to a corresponding termnal of the chip, and: ends wth a contact
pad, typically for connection to a printed circuit board. Cenerally, 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 material,

| i nked with vias orThéama@sbhtoughehthohe$elhbaé @@ﬁe@é@p?eiotﬁhéréﬂsﬂbt
si gnal s betwee veral electronic de et ween_el ectroni.c devices
and connecté,(’)wrasIE 3\% /’g % B&fﬁE‘?’g gFﬁ%E%ﬂaﬁ PERRER%s ity Epatds
of devi ces goesndbovielip GHzriekockind , mate, dpherifiicslaynesd o p@rh@ﬁgﬁﬁr
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 a circuit, which is integrated in a chip of seﬁiconduc—
éor 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 leles, that are adapted

to Lransmit signals between several electronlc devices or
between electronic devices and connectors.



-signal transm ssion as a sinple point to point transm ssion on a track
but rather as the propagation of an el.ectromag 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 condtia.ctivd paths

W th speC|f|c properties (relation between transn155|on line 10 “width,

di stances between transmi ssion lines, dielé&uvric "thickness between

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

conprise a conductimeersitgmadcmh@clspe'eeerofr@@@m@mdgo@wcmwe tyr agrke. a1t -
conducti ve plane formed in close i nd connected to a reference

m t
vol tage or atas HH§dRd, 1For2 sﬁ?g‘fidl g P% N EPREkARForRlectrical
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the electronic Sys Particul arTy; any Inu
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material 25 p{,dgleégérg%s QYQE%LQEQJ\ ‘?;S’aif EELF?—;raesSLe“cEwc?‘ 08 ik 18 hs

el ectrical inpedance ener at es refl ect ed wave.
Mor eover, the wytheﬁpeﬁtiu@e@rcm&weﬂ r(rﬁéa lﬂﬂregt‘d‘éﬁ%a’%ﬁ%‘%lﬁ%c%b?%

and resi StQf S)yiMbhCh 8¢kt @8ced OWA8REN | kiBhnigEibhe 11805M (406 SL9RRLE -
As a conse 30 .quence, the integrity of the el ectromagnetic wave pro' agat ed

along the tr an5hi SENeRS | PAEWESD nbE ApFsiipEd 1 s ﬁ%sﬁ?’?%%"d?%‘? gRREnEs) -

switching betweghsa kewn=xktag@e 1{ndH0tdnpaldee é))c@fM@:lveghswgﬂdJage:ack
(logic val ue 1) gener-- ales a squarea- h ed wave

di sconti nui ti e8¥i P& \IID o) BEFe S (5’6"3/ '%ive plane, formed

in close proximity and cmnnected to a reference voltage or
15 ground, for shielding the signal track from electromg’i}netic ,
interference. The wave propagates along a transmissien 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. more 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
electrical impedance of the media and this generates a
r,eflectedu Wave. Moreover, the system inciudes stray struc-
il'_ures (capacitors, inductors and resistors), which aet as
ZL"ow pass filters for the transﬁitted signal. As a2 conse-
30 qﬁence, the integrity of the electromagnetic wave propagated
along the transmission line is not preserved.

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



transm ssion line, this wave undergoes degradation ,and is generally

recei ved as a pseudo- sinusoidal wave. The quality of the transmtted wave
can he viwoabhi«@adeddy a so-called "eye diagrani, which mpcater20ds®izaal ue of
the received signal 5 as a function of the phase of a clock signal
controlling the electronic device. The above described discontinuities in
the transm ssion |ine reduce the opening of the eye 'diagram; therefore,
it isquite difficult to understand if a émﬁtching transition has actually
taken place or If the 10 shift of a signal baseline is due to a background
noi se. These ctrxawmnlsmme Dﬂ[eti'culhﬂﬁ et e undergdesn daajx&ﬂ:tcrtcim'm &y@téﬁ?ﬁ .

working with a reduced | evel. f a power up Yolt 2.\
In this case, 1H&E cﬁ fe%fé‘rvf | GW r?arpgfler?c%osgh}éé%g?%a gé(‘r%et W?en déﬁ\%gi C
value 0 15 (@4 ahd tttremlsmgnt«:.eﬂalmel cedrl. BY) visMbléeedr b he cuntdalleds
trend tomards,nlnla UFIZE,JO rQni.c d I.C ui I n
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tracks. khmevmg tfmnaﬁmmﬂaﬂteh@fphhae @fa@smi@QMCHn@nHkaqnnﬂrdﬁixﬂm the
mai ntai ned at : gwg%mrﬁe ORI 288 LI AeT boLEbnRine; Blol Nan
plca Q

el ectronic. deV|ce fore,, It 1S necessary to use a
very thin d|elﬁmﬁr|E£d@§%ﬂﬁ%@ﬂmednﬂ@here@@ﬁéucﬁh@e epgeksgan@tt héehgr o B¥e

pl ane (since t&h?adf‘&?@danﬁﬁeré&ﬂéw%:g%sy cph%orcﬂm%wto toh GurldAGK aniad tilF
and directly 25 proporti onal t'he dielectric_ | ayer thickness). The short

di stance bet wen3¥h Cbbﬂ@uéﬁﬁ@élt%ﬁ%k§a§n&¢FHé1§Yoﬁﬁﬁcﬂl&&?CﬁrﬁFeé§e§jﬁhe

val ue of g corgespongh ng Hildrad eapacifiancs ¢as @ eonsefyencad hbesbandw dth
of the transmission line is strongly reduced. 30 Therefore-, as the

quality of the transmission in the electronic, device carrier, i.e. chip
carrier or printed pgddcui biyhgBagks i Sageor adedichican cause: t henel eatdean c
WO 2004/ 017687 PCT/ EP2003/ 012647
elecfronlc systems working with a reduced level of 4 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 raduced. -

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



device to operate at a frequency far | ower than the working frequency
which is afforded by the chip. Such phenonena may be reduced by using
stacked vwe0em17é&3 to m nim ze the nunber of transitiorcagEprzodiwstanat ed on
5 Figure 1. Figure-- la shows a cross-section part of 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 layer .115 and dielectric
| ayers 120. Cenerally, dielectric Iayer ate made of epoxy while conductive
| ayer 10 are nade of copper however, other materials are al so used.

El ectroni c deviegeceansi epekB@ef urt BerfrEQHBﬁt§e§a£V‘@o§9f defan bahls,hek %%Ed
to as 125-1 and 125-2 for.connectjons .and a . blind plafed-through hol

As illustrate regpggcg Eéchséﬂ atierds %n@gt CRBnelERi ve | ayers, e.g. tracks
135 and 140 are 15 connected thanks to vias 145, 150 and 155. However, as
shown wth black the transm ssion qug fromtrack 135 to track

140 conpri ses flvegPangleP8W§n?h§?y § hotRpresRY vesing nFEgFERY Biaphao
el ectronagnet kg v empnbpagat edeanonget het uﬁamﬁﬂkﬂ&honuilﬂBl@§tf&ﬁ&d06@d

b Fi j 0'_wh
R S T e

transitions ak@ﬁglsrgﬁéw et L 1Tiurd A aheyypﬂaﬁ3h1S§pencbmp31sim@nhtbaeb .
135w O Ak AP GES Ml WMBAERISLELB0er 2511 bLUST LB el i 1 00D) A0k

arrow. 25. Stacklng of vias i I'es manutactu I cations y be
-difficult toﬂmﬁ#ﬁﬁﬁﬁﬁwﬂ@heétéﬁéamwﬁwim%bgéglc(jaﬁﬂnamléﬂbuﬂeadrauay,

means to place g igektieal Sumestd ORacdCbEeenolifo HITL Elo SOt i Ger

| ayers with a dielectric placed between th ocesses Create
vertical 3B céffedtdbnschr eChBny Bedvels rridtninaliedidls iang dhser uand.

others. Al ofpjtherostar tudviem mrqfercqm@UCﬁur\@zéﬂ a@é‘rﬁsrlp.{eesseﬂkoogolﬁg'f of
the layers, and _need a recejving conduc=ive fad in_the other |ayer.

the opening i $3ddRi FFRIEHRE Trec iy palid slekposkrr t G akarhy- %ﬁi‘écéss
that build thelind plated through 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 shohs éa

20 similar electronic device carrier 100" wherein vias 145
150" and 1535 are stacked so as fo reduce the number of
transitions along signal paths. Thus, the transmission line
from track 135' to tréc? 140' comprises only one transition
as 1]lubtrated with black arrow.

25 . . Stadking 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 withAaa dielectric
placed between them. Pr0cessés to create this vertical

30 gonnectioﬁs are many such as mechanical drilling, laser and
others. All of them start from one of conductive trac?s
present on one of the layers and need a rece1v1nq conducztive
pad in the other layer. Once the opening is achieved the

receiving pad is exposed to a plating process that build the



WD 2004/ 017687 PCT/ EP2003/ 012647 5 'electrical conductive path along the
aperture vertical walls establishing the continuity for an el ectrical

si gnal bewaeem/oivése two | ayers- The thickness of this necalEpzastoizn’ needs
to be of "a mninmumvalue to conpensate thernonechanical 5 -stresses and
strains generated in the foll ow ng manufactur- -ing and operating
conditions of the substrate. Plating of vias and blind vias conforns to
vertical walls that have generally' a revérsed truncated cone shape.

D nensions of these vias are related to the technology used to create 10

h h I d h
;sgglctt ey usige c%ﬂ%‘éh 'tﬁlmld'gE%*Ge %f&ﬂ ”éilclﬂag{“etlthae“ L aufiatiy gegiﬁﬁﬁgd»g%l% ©

rati o betwee ness o ect Ictob F ough
over the sel e@é@rdiigiengr thgi CANEHRLYIY ehowlran 19kfg trdeRdolsé gpalThe taspact

ratio affects+yyal aty gla%% 1 78 0PR DL PG L @ﬂ“sdlﬂrb m@t%tmlmﬁgrmﬂewegdsl%

reduces the fl ow of the plating solution within the via

net al | i zati on %perdf i ofs PANEBRER | efdraifuf &t urdsipsisede ( SFeTeEesipiskdd

in a reasopable ddgis Wid @ﬁ(ﬁﬂrﬂsef&_;tenﬂlﬂaltfe@r Iiht hal qtagmmn\gemr@;a:ladwﬂ—s

Due to the extensive. utili atlon of i n- di tric |ayers ope of t
hol es 20 resul9 afger Oﬁ%ﬁ‘ the &QBfiﬁjt“‘B‘?stﬁ festY %ag}te g Bragg’i“éclf’

vias requires <tigd i bhdt hsnldargies gapod fomehi eaevamt'laao:emsanlm tmm \mnw@
Pad for the forthcoqhﬁg stqgked Vi.a exteq§ﬁ£ e atlngIP £
onger tine fd&t s TRURFEFS nyf Wik f%%% ﬁlﬁ&e Ci JCIE???JZ%IE'? oﬁJ
condi tions thaihe&& r eﬂabt saren aalained easectmdtbcgmmwl! @Isadsstdnemam@ no
Eegg?Laffggatug%ec% ﬁg&%%gbgbggﬁéh bactkﬁ%%ra. %%%iéﬁqﬁgg' éﬁgb re
t he Copper on wﬁmebmlmetaseuh bflaélOflthH:hLﬁEtnChthrd:lhilm'ylesﬂ of tha
AfToct the MR Homr o et ot he O PaRE o T e et SR e
ef fect of thewrtrelﬁmr«lfvainldmédangeteahu@loqy The aspect ratio #@ffects
platlnq when the opening._ dlmen510n, 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®5,758,413 _ assigned %o IBM Corpora ion
dlsclosed a method of manufacrurlng a multiple layer circuit
35  Dboard with stacked vias of fine dimension and pitch. A base



US Patent n35,758,,413 . assigned to IBM Corpora =ion disclosed a nethod
of manufacturing a nmultiple layer circuit 35 board with stacked vias of
fine di newei2oo/@ne7pitch. A base WO 2004/ 017687 PCT/ EP2®03/HP2@BAT2646

.lam nate with conductive pattern is coated with a dielectric which is
phot ol i t hographically processed to create holes exposing sel ected regions
of the underlying conductive pattern. The holes through the dielectric are
plated to formb5 via connections between the surface and the Conduc:ive
pattern on the base |am nate. The recess created by the via- is filled with

o Lo e 43R GRS BOLYOPL Yl A0, CHELDE LOLB B taRduct) ke

on thé boar tructuré and
i n successi onwiligho 16 |phcmqﬂé:phg@aphy«:@lbme@sr@deweéxd&e e igndéprl¢Eng

plated via ag%ﬁﬂé%%yéT@%lggkgd'”reéf@héeQEPdfﬁkﬁ|Q&h@k@yhﬁg Plahedc-agd

filled with c E@}(rrer so as to create a :second -via verticall
a

ali gned with &%dteract Theabpyegorheei@y the Fited eghdder WFanGFFFisltowfarg‘The

ability togforyndinenRib¢hos tackad vicag | supsidd cCUl | yerdpiohanc-fiee
printed ci rcuvt board structures such as caérlérs of fli

.chip die, in
that the findghitm & the L1sGert Banei=ar £5§ 5FCERR ?F?gt%ﬂi gy ﬁﬁ‘@dé’lf"o

be expanded andf Ofrlll@pgmmsﬁeq E—bh@ughwv@l&ﬁcﬁ Rt]&ttmml@ podyetes wittikhmhgicnum
area and el ectri cal adati on. of t echnol.o

r s
presents dr awfatkdF &Dgf raryﬁ{’ﬂﬁuﬁ?bﬁes%]e‘é% g*?@ﬁ-:ﬁoﬁdn dCE T e P e &8
carriers, parddgig 1a:récy rbxlil ehectboaniic sdevictareararder s dedicasstono, plndo-
cust oner I ec | ca roductﬁs 1] 0 q
manuf actu |ng %%9 t’1 nﬁmréaqsﬁiegeg' %{fgsta argﬁdle ? H gﬁ&g\?l ce
ca-rrier manufacd uanqﬂgpnnqceﬂ&eamlet Higs, tmmw@m dhelechrieeds - Sdadmdl y,
the transm Srsr:a‘%)gch fifegl‘g)% S&ﬂﬁiﬁ%q \((fl az,r?& ndPngat QLOIﬂghC%\é@éma Becond

conducti ve copper ctive polyner, that ma¥
di sturb hi gh- sqoaedvsnfgmalaé,lyeaglqgéﬁerwattﬂlngﬁfsi gﬁh‘FC??’eifCFcb'lcly connected tao

the underlying first via. The ability to form J:lqe 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/ox ,'disbursed through multiple board
iayers with minimum are'a. 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 I:o end
customer  telecommunication products, Flrstly, it reqmres

additional manufacturing steps that are not required in

™
n

standard electronic device carrier manufacturing process and
thus, increases their prices. Secondly, the transnii’s:sion
path along stacked vias is done through several conduc:f:i‘ve
materials, e.g. copper and conductive pqumer, that may
disturb high-speed sighals, eg 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,



30 tion. Finally, the use of several. conductive materials to stack vias

i nduces nechani cal and chem cal constraints that my lead to unreliable

el ect ri cawocoowmcess bet ween stacked vias and/ or el ect r @QTEPd@310¢B47
carrier-fragiTity. WD 2004/ 017687 PCT/ EP2003/ 012647 7 Summary of the

I nvention Thus, it is a broad object of the invention to remedy the

short com 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 adapt edsdn@izr§aklyitAg8 bh@ntidensity currents. 10
It is a "further object of the invention to provide a stacked via

structure that reduces signal or current ,trans- nmission line |engths. The
acconpl i shnent of these andlathebrbeaah@qe@bj@gt&heiima@mhﬁM@ﬂ1@y Beséagked

via structure_jn an electronic device. carrie ct a first and a
second conduth@eSBP5£?§miﬁﬁ%nﬁf %3 BTAOF| 35Y %ﬁu#éfqggéﬁﬁd%85ﬁdﬁ e
| ayers, said first and second conductlve | ayers being separated by at

| east one third co?guctlve gleggrtﬁaojg%gntl E'W&)d %%%%

bet ween each of sard cohdicr cked via s ctu

conpri singd - attbked comducktn&rtwnﬂﬂ<ddapmag|n@oto sardyity | dasgh ongpeedird
conductive Iage f ?Id third conductive track being aligned with at | east
one part of s&rd first and second .conductive tracks according to the axis
perpendi cular to 25 said conductive layers ; a first set of vias

corprising at least tug aigs adheposeghhetiess sl dididatiGONyCH RN bEaCK

and-":said third conductive t
2 stacked via structure adapted for carrying high lntenalty

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 Connert a first and a second uondHc*ive
tracks belonging to 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 wvias

disposed between sald first conductive track and.® said
third conductive track ; ‘



WO 2004/ 017687 PCT/ EP2003/ 012647 a second set of vias conprising at | east
two arias disposed between said second conductive track and said third
conduct i vwotawesxdk7¢87wher ei n said third conductive track PETEPOBOIEA7tO said
5 first and second conductive 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 wunaligned. Further advantages of the present
invention will "become 10 apparent to the nes skilled in the art upon
exam nation of the drawings and detailed description. It is intended --hat

any additional advaatageso® EBeorgyorated hengirsiBgl efr Daseldbt Qe of; the
Drawi ngs Figure %ﬁpogprisin figures,la and | b, illUstrates cross- section
views of an el ectPohiE He N T riatd  SEABMANFBINEELTEal L 35t hs a8t werekd
conductive trackhiwkerousunginentsdacked vias (figure la) and stacked
vias (figure 1b), Figure 2 depicts the 3D structure of stacked vias between
t hree adj acent codiguetinyediayehd r@f condoctebrectranikc idevvingf el &lo said

accordi ng t:0 the._-ib ent.]. Fi_gur copprising, figures 3a, 3b, 3¢ and-
3c', repre- sent sflﬁJ;\rﬁt i%ﬁuoﬁeé"r?nw e‘:&’é’%élf:%g?scﬁéag{’n ég MERREr 8 ¥ ighr et Rt
represents track adesizgrand asef i 08t véeadustiide viiagernf figud ef3bstepeaseant s

track design of g ;sgcopgdycal tive. | ayger fJ.gur.e represents .track
desi gn of a thirﬁn'congugtseggfayggé §¥Su?§9 CEQFEESStggEe-H;nX%ﬁEr belng .

exanpl e of a traclesddsingfl-of the third conduc- tive |ayer. WO 2004/ 017687
PCT/ EP2003/ 012647 - ;

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 Dbétween 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,

AFiQure 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 & third
conductive layer. Figure 3¢’ illustrates another
example of a track design of the third conduc?
tive layer, r | ' A



9 -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@Rkd 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 may replace the annular ring of~= the
preferred enbodifignte Ri gusbsw8 reppeseptctiagr atewi | bastyrad | pgtthess an
advantages and 9 provi ded99gc£pcgnj§é a&e@id via structure of -- the invention
in terns of electrical behaviof by - conpari ng-ThETo PR 1524 desfyre and
exanple fo:. a known el ecthbeécededice! ¢eul apsra)omi tHcBN faelkeecid ONi Cug—

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 hrivigh Serer dlavel ayro atbe | epsefemband
preferably four. The trackdpgpdd@d wieiViihbel Q& idenfl:§ LCUUREEM {:c?‘nnect
gha

designed so that it provides g symret - rical distribution of si current
across these vias. The sh®ape otitheddaekacket cdiroheadnpcyebetendattiotid
metal shape, in a preferregdyesbodi ment, the shape of this track WO

2004/ 017687 PCK%%E%&%%/%lzgfoStrat@ examples of the shape of the conduoc~

.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
strucﬁure of the invantibn {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



10 portion | ooks like an annular ring. Vias arranged 'between a :second
and a third conductive |ayers are not disposed at the -saane |ocations

t han vi aswarxoesmgest7bet ween a first and the :second con®cTiEPz@3loazer s, when
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 - tally 8?er%§% dgg%ﬁgfgﬁl glgon 88?%% P57 et %uﬁﬁ?ﬁEQ|%5 e
205a so as to ﬁ&MWIdecaamoeﬁe¢hEDCMlaHNHBﬂHH@@ﬂ\MdﬁN&ﬁMdMCfltBVetﬁkﬁCkhe
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 dupllcated 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@cKﬂ2Q$behavmﬁgn%&@%m

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 Byhb@ptO%e %?éi“@ﬁé %t%@' cOhiE &y | QW OM vd 88orddPres O
vias.2l5-j (i and j vary 8 rom | . In the |IIustrated exanpl e of
Figure 2, condéctheSttrEERg ob5%e t‘}réﬁa d“aé’rlé‘goftltq’te%éﬁﬁ ‘0f an annular -

ring, referred to as 205a. Four vias 210-1 fto 210-4 (generi-
cally referred to as 210) are conn&cted 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 tracﬁe 205a
aﬁd 205b so that the‘ electrical signal current ficw 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



size and aligned along z axis, vias 210 are set at poitions WO 2004/ 017687
PCT/ EP2003/ 012647 11 0, 90", 180 and 270 considering the center of
cdnduc- : ~Woeoo4raesks 205a, b and ¢ with z axis and vi al PETHEPa63/03BU7 at

posi tions 45, 135, 225 and 315. Considering now Figure 3 illustrating
partial plan "5 views of an electronic' device carrier, there is shown a
track design of three conductive |ayers 300a, b and c. -herein the:stacked
via structure of ‘the invention is a xt~p.le: inented. On ti'igure Ba there
is depicted a -couple of coplanar tracks, referred to as 305-1 and 305-2,

whi ch are used io tr mt 1,ghfre uenc ifferential _sign Track
310 is arranged a%@uhdggﬁgna t T atks- 35" §%§ %ﬁ%? éhc ive

connected to theagkduhdosp bs and shiwlth t heakighahdequ@sn. 2:% dréf ereentd @l
signal. In thi £,add a 030915 and 310 are forned in
BoSYRIRLE 444,29 b gl fis

conductive Iayer One ‘end of éach TacKs 305-1 and 305-2 | ooks |ike
a partial annular ring, referred to as 315-1. and 315-2, respectively,

where four vi-es 328sdsand i rngkasp§§9“2 qg611§999§§£§9 b lé{yiirgiééq.

Now turning to Flgure 3b, theére is depicted -two conducti ve Tt ac
and 325-2 RKaviYitthe O§ha?a‘és edechrpuiar deviipgs.c20 i@snduthéve timackbo8R5-d

and 325-2 lrehf@&;ne%ﬂg@pnewmeé a&%hdé@@?«r@ndla%}é&%ectsggsto parghal o

annul ar- rings 315-1 an 31.5-2 thanks to vias .320-1 and A
respectively. ¥BRFein e surakethyifogtriraare 330 Bror B eOHHEd e tigple-

conductive trasksed25e] RDGR25:2, tKOEPE | JBbLeQin ot ft%dgllféﬂoﬁ'@@pﬂina?é
conductive | ayer 300b mhgn conS|der|n%ﬁV|as 1 and 320- Asnent i oned
t

-above, vias 32529K&ndr858r%qr EOpGSi Oénéd%ﬁﬂﬂ?‘ﬁ?%ﬂ WW&F%M@F%n@@@d to
bet ween a M a ’OfaxaszsiideaahdghhfeeﬁN\Qm)Ndlﬁﬁ.’:‘éireWtaalObe_bh@th heradsd d_ﬂo is -

ted to th nd tl t f '
angl 6. of 45 0CTRGREY odFCLURas R u BRI W0, S rrg e F febe Te

depicted a coupbeneftedptanahet gaoksd cef esred tshiadd33bel high freguency
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 iooks 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 conductht layer 300b when considering vias 320-1 and 320-2,
Av,mﬁntloned “above, vias 325-1 and 325-2 are pOSlthned such
that the distances between a via of a side and the two
élosest vias of the other side connected to the same conduc-
i tive traqk 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_aré used to transmit the high freguency
differential signal. Track 340 is arranged around ;ignal
tracks 335-1 and 335-2 and may be connected to the ground so
35 as Lo shield the high frequency differential signal as



and 335-2, which-are used to transmt the high frequency differential
signal. .Track 340 is arranged around signal tracks 335-1 and 335-2 and
may be cowpeoesrd7¢sd t he ground so 35 as to shield the hipgh/Hreeguwersay
differential signal as WO 2004/ 017687 -PCT/ EP2003/ 012647 12 nenti oned by
-reference to Figure 3a. As illustrated, tracks _ 335~ 335-2 and 340 are
formed in conductive |layer 300c. One end of each tracks 335-1 and 335-2
| ooks like a par-ial annular ring, referrdd to as 345--1 and 345-2,
respectively, 5 -to which vial' 330-1 and 330-2 are connected. Figure 3c'

shows an alter ﬁt&btnlt\./@n@ﬂalml & FlerthBet £aCkidG5E 9B Of AEthlﬁQEQHEEHVEt]rQ@X@r :
300c t hat nowcqlt rlsgi cqu galve H;ack; 345' - nd 345' -2 aV|ng t he
shapes of disks %P‘VI%% 330 124fd 836¢ % %ﬁ?r%%%%%tﬂ& Fy.

In this. :10 exmmqﬂaﬂd(nﬂuhﬂﬁh\Midc&ﬁeBBBGQCandSBaJSEFia@E3|ayﬁé anéar-lal,

-conductlve tr 5' - and 5 re -ad onnect ed ,t.o
sol der balls (%b %ng}égeﬁ¥e&F rgé prOV| go%ﬁé&?roﬁaﬁPﬁﬁt&“éﬂﬁp

or _a printéd dia cwhichoarichs FBginle 4ndi |3aist2r a&:ees a:om&pltetie C]ﬁhﬁu@él Be '’
path that is fg%d%%apéﬁd tf%éfﬂ%@%@ét qg&%ggrQ%ge@ﬁg si.anal %Féﬁ or the

intensity current as well as any r 'srgnal’ s thz
el ectroni ¢ devigsadigrtiiver . 1Fb@rséK@C0fth$tu$Kwatpomprlhes fweie@mmdMEC1ve

d N o_ I | d
evice carrier.. GO isses-a § egégo %&Eﬁﬁft()% &gl sCOR Hﬁkh%eg oY 2

two additional- conductive "Iayer e core on each
referred to as Y@a- 330-4055  3HFa- 2randos0spiedandsmecsiveival In uhlb

CondUC“VelhayEﬁxrmmﬂQf}C LoaRdcd0he C2ORreaghosi des resNAGtINE] Viayer  ana
Con. duc-_iv. e -Igy are igpgaated by dielectric material 410 S$Gch as
¢t u-és

epoxy. Stacked SATE §5 i*én&-4f932 ateordi rire o =Rnles i fvenbieon

are arranged Orrcﬁ'aﬁéttfelde:OOfsotlﬁérCEémeaﬂﬂ r}:epx@ea@ﬂtle@@ shar augh che)re-44e
is done to connhect these stru tures. One si of. stacked via structure

415-1 is conneéiéﬁ””“x:l&”bUF%Ed“tﬂ?H%dﬂfﬁbF@l&§Bdaﬁﬂr?%btdk?%ﬁ dside is

connect ed

Figure 4. iilustrates a complete conductive path that is
15 ;ﬂdapted to transmit high frequency signal or high intensity
current as well as any kind of other signals thrOUgh 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
7a buried through hole 420 is done to 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
~dnd the other side is connected, for the sake of 1llu¢ —ra-
tion, to a conductive track 430 of the external conducrive
layer 400c-2 to transmit the signal to another solder ball
35 [not represented) or to another conductive path. of the



to a solder, ball 425 that is adapted to be linked to a chip 30 or a
printed circuit board. Likew se, one side of stacked via structure 415-2

i s connectV¥@ 20/M{A87 ed t hr ough hol e 420 and the ot her spd¢ppspgaiiect ed,
for the sake of il'luv' _re- tion, to a conductive track 430 of the external
con.tluc-_ive layer 400c-2 to transmt the signal to another sol der bal

35 (not represented) or to another conductive path.. of the WD 2004/ 017687"
PCT/ EP2003/ 012647 13 el ectronic device carkd er. (not represent ed) Tracks
can be connected on any one of the given |ayers 405ri-i or 405m2. (n and

m varying ‘f romeaetcmmnha tdi‘e&rlic:lel ltSatrfraEed (@i&i&OdidI&le)eniteB@t creahes the pe
optim zed COﬂdL(J:CtI ve f aI so il lustrat iﬁét he manuf.act Lgrl ng
t

steps of inpl errerrfte“"ﬁggt R8 ?f’gc% ¢ AR dryesh O v At FORT2
"Starting froméhe rel eelt“lymngc fewi e ‘crar ki ém cote 400uthabted capvarednwit h

a copper foil, t ers, 5 and 405a- 2, the core-is
A& g [Crgg % LXE b lebu%pc %dé fye e ,

drilled by nechanlca | rng or e obtai ned hole 420
is then plated-, using an electrol ess copper platlng operation. The plated

hole gets §illked W'ﬁl'@;u@er epi ngﬁt i '1>ius€‘§:u{:géstp18' rHaanfa{[c}%%mkl%m DALEs - of

manuf act uri ng process hot omask i's used In conjuncti
phot osensi tive Trﬁ‘ﬁ’clémie&ltlflé diizey shackaddud 2155 trwetureacks, the. inyeprdvect

the core with ramvable rrERt ehbaki¥her g, conduatdey a&&%%? Qé%etQS%ethuf is
i npl emented. After exposed photoresist is renove unwant e pper

foil unexposé@vﬁ?&dod’ﬁé"é? st iOPRRE0 fodrpved &0 W@i@%dh@yev& H0packs -

on the two- surfoa'Q:BS4@$av’£j}e Epeecakso 1@efdrflllfl@dt he, Z@e&hi&l&ﬂr aBi 8l : Ak eqor
| ands 435- io n .t he toCE) ﬂ&_ an A -2 0on thj bottom | a surroundi ng
L ADG-r ¢ Yot

pl ated hol &Y423-2 1856 tPate 429 tien Ill%ﬁ’n RAPEEdDSing
deposited a new | ayectmlmsl e@bpbﬁ rEltaringl dddrattibs C@Hebqnlan:eﬂ:lfﬁb%

of a liquid di %ﬁ%sefﬁ gggh t%ourtafenqlcnoatl Pei P! O%ecssthls point of the
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 conduc‘ti‘\(e track has to be implemented. After

;éxposed 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 ‘rop 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 pro«*ess
followed by a curing process or through the laminatiod of a
film. In this new dielectric layer openings can be created
through an expose and develop process 1if the selected

AN
&)

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-
tion; from conductive layer 405a-1 to 4050b-1 and from
conductive layer 405a-2 to 405b-2.. Using again an el’ec:ro—
less Copper plating process the whole surface‘ of the newly
added dialectric layer gets plated 1nclud1ng the newly
35 c;reated noles 440-1 and 440-2 shown for the upper layer in

ol
1



25 followed by a curing process or through the lamnation of a film in
this new dielectric | ayer openings can be created through ao expose and
devel op pwocest017687t he sel ected material has. phot osen®CiBPRO(BOOHET LI €S Or
through laser drilling in the case of lam nated filnms. 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 Cagper plating process the whole
surface of the newy added dielectric |ayer gets plated |ncI udi ng.-t he .
newt -y 35 creatgd holLgs 1@{\% 4Q- 2 for | ayer |nV\D
2004/ 017687 PCT/ EP28%3/?)%%47b 14 the |a%‘16%\£?e gtr% PhrRs a% peed

phot omask is uSBRIVRCLLOM] WhER i B iisemsihévesenteriak htat@raxal the - ddﬁﬁMﬁc—

the' conduc- -tiveet raeksks Af tere SXPREEYs PAOLM RISk 1isE rggovgg mr&‘” \oith
unwant ed copper f ai unex sed FhOt oresist 1s al so renoved lfn Jn

conducti ve traBRE“Bh2EhEOPRBY s &P ac eSPBIRP IR iMITHP T @t teidrst b o orewMar

structure dn thosouteiﬂcwn@uéﬁyxﬁé tracke. onCQHQUE%bV§u£f§.§g§
445-2. The vi ag their tomare in contact with éﬁ%o&egﬁgjf

44
435-1 of -theli1 9&5? fay&F &835 ST HhT e Hfei t@bltar‘élfl?he%@ﬁ%%claﬂ@r:
with. the Copperal andnd4btivef ttrlaekeomduetll \&@d |£HMS¢2 405kbe 2yikl  4AQEtions

i ndi cated on Fi I ssc tlzatl icable to the | ower
si de of the co%gg%réo\gﬁg@ %% &F i tt'rl?ec I"§§B°f3r\/vrllai“dbé”i“h1 of

contact with theeutder -cormat hd}/andMBS-E ahdl@h&h@dmpe&oﬁ aﬂde445r 2-&f -4 dae
conducti v 5 r 5 t S N r oCes r ated as.
e gl \L@i’ﬁ +40 Ospefiid 44%0 bt : gﬁgwg n%ugifjaxglnerga d&fgﬁbées]sq ng

many tinmes as it is nécessary a new
hol es and hol eBopibiomg, 1ndicatel ctmeétlejuveaé ABQdgaunsl doferRa taineh GaRPErs

|ands 4551 angodB0caiw UG oo Figuce b diere o shown hiow vias, have

20 to be prefera d| sposed three of them are used 0~ dBARe&
conducti ve tra%“i‘ée f dg eﬁHFa@eﬁﬁY@ﬁn@&éh‘b@ IJayetI:@ndet 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 procebs:mg 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 1-0 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

gmong the wvias. Figure 5 comprises’ two annular rings 500-1

%)
N

and 300-2 that are formed in two adjacent conductive layers,
annular ring BDMO-l being formed in the upper conducTive
layer. Thus, considering annular rings 500-1 and 500- 2, the
three vias 505~1, 505-2 and 505-3 that link these ahnular
rings must be placed on lines forming an angle of |
30 o = 360°/n = 190" according to 2z axis, n being the nmnbe_ 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



As mentioned above, the vias nust be disposed so as to distribute
uniformy the electrical signal current flow anong the vias. Figure .5
conpri ses” WOMOHIITHTl ar rings 500-1 25 and 500- 2-that ar edRpRedisked WO
adj acent conductive layers, annular ring 500-1 being formed in the upper
conductive |ayer. Thus, considering annular rings 500-1 and 500-2, the
three vias 505--1, 505-2 and 505-3 that IinE t hese annular rings nust be
pl aced on lines formng an angle of 30 = 560/0 = 120 according to z
axis, n being the numlper of vias used to connect two adjacent conductive
layer in the sta@Redlhkawisfuctbeetbteehsiravénli-dn, Silte2 mnd F10%3 tihst

exanpl e. -Furt hghAREEL Lhe, gl St ANGES (@ -Retyeen ias and . the center of
the annul ar rings 5007 and 500-2 mat be th}eéle C%Héﬁ?%£$%8€raCk of &5 Sper
PCT/ EP2003/ 0126477945t igandaver kewfisEhet fBrear #é4¢] & 5510- 51 5520-dhdngll 5-3

510-3 that , cofnget canAukar ahh(¥zp001dqgt Qog-s0pgdugt i 2 Of Upper
conducti ve | yeé and the thrgé*vigs . 515-1, 57.gezsaﬁ§%§%g?§%e-tﬁ%?kbéﬁﬁé%t
annul ar rind$50 OWEY o CHPEBRENEE | VYT i 0ftn bR | SR seshdrtd i doyer Have

to be disposed-:pesptilbngoto vike pesSi}i 6050b whas 578531, BQ% Zand 505 8.5
Vies 510-1, - 5;L '2=«%39 51013 must .be placed on lines formng an an fe of
ca = 1200, perpdhdi cti%r’ t 895 tax?e, PLAREER 19hed IN6AN FRrBHT ai@l e2Btlex/QF =
60 with the Iings=om ¥ chodigendQinkr, 1305 2,410, aRd.205 e 4l ed,
The di stance d' between tE% J?%% and fhe cent%?. of gﬁggagﬁﬁgérﬁﬁéﬁﬁﬁ%dﬁzl
and 500-2 nust "Begiheofsan? Hu60® doesh nok Neadst onbenibe ¢ase §85ihe sps-2

di stance d l&etme§n5§%a§ 505-&, 505- agd 505-3 and ghe center of the
annul ar rirngs 500%174RA° 5852 2H SHF g i1Es 65 RARCY ShokrBxeem| g ofias and

conductive trackset hahtemnyfr epbageniher abiowss mRU-0ned aplamidigs ofe
the stacked ' via_str ctur; of i h

. ntion. Each figure conprises the
conductive trackR®™€o Uﬁmo n

- the inv
AHj abBht n@%ﬁd%@t iR Fhgesemgndanthexdiptenst tde
position of thebgtasemhetnatowosel,t Bem-arend 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



20 used to connect to adjacent conductive tracks. These onduc- tiv tracks
show a relative rotation of 450 on each of the - given layers 500-n (n
bei ng- t hworoooaresaf the | ayers- avail able on the diffecemreaizoe2dal the
core lam nate structures) . This configuration with inserted slots in the
annular ring 25 or a design with | obes- avoid. to establish |oops for'
currents .that will generate adverse conditjon to the propagation of the
el ectromagnetic wave. Wth reference in b%éticular to Figure 8, there is
depicted a diagramrepresenting - the phase versus the 30 frequency for a
known el ect r onjvenmodtl enafterraidallivastiesse nowostsokeduassdesce i lmedsyrable

reference to Fi ure | a urve a for . .an. el c _de e I A9
the stacked V|aail LOVglT %ct(h‘? uYPértolgca?Lhe |n\I/3e°‘r11:?L e ?‘%hr{_‘ggh ¢ yﬁll?% Cg)%a@{dafri]
shows t hat V\DW!&Ql?G&Ee?CT/ER@&OB/@lZWnplE@e— evdeﬁrefe%chm%ﬁmkﬁal
these -two S”“%‘Umu rermcsom%rfa?éﬁceaﬁ" é$%.nv'%:f3,tf'f(‘eqjcn(tz)deqaatﬁ in

transition of ?%e trac a conplete differeéent
el ectrical 5 bettavi ctlurlaanﬁhssldnf fodr e#melﬂﬁaﬁ%mbt @éeFﬁréjFNerEé-r‘i‘tﬂadel ay8 i 5

the transm ssi. mdrﬂ%,@ﬁm]ee'u%%@ %algnéug%hﬁlha ap 15eRR! i @akdn ro

exanpl e using gna‘T running at 15GHZ"(equal to .a. cycle tinme of- about
66 ps) the tvvoastt"mfféteur’é@n%h@\#r &lb%ﬁtff ?eﬁé"é detay tHP aﬁﬂiﬁ}{ctl’?fe&s BhoYhe

incident wave ygprdletlSt paled of Engute 197 WoET 8hn GRS VEnSiCait eRROBYS 40 .
the 10 input .signal. Such a delay difference re resents a quarter _ of the)

total. cycle t+ SFFahERgOn| AIERES cCAsHNBECER oFRERS 5: SPrREFEPRYEsdge, TP

better signal RPageERRhawM t Buahl @v\@relag}l stigrleirencef tre@t:e@@nssgraalqdacmms.
Naturally, in order to satj sfg;%i)%cg andllligem fic, requi rene

person skil | ed®¥ n e %2 a§ 7% Phe®Wibiut |18n crided %bd%/%a%%

nmodi fi cations gpguathesatiserz, al | bettahi ehgnbbwersengearati nalttded widwem

the scope of ‘grotection ofrifie Lmyentlon:as,def i ned by the following

_ Naturally, in order <to satisfy Ilocal and SpE‘.GJ.flC
15 fequirements, a person skilled in the art may apply to the
solution described above many modifications and alterations
all o_f which, however, are included within the scope of

protection of the invention as defined by the following

claims.,



Clains. WO 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 cowowroed/oaessyr acks (205a, 205c:), bel ongi ng to aPCirrEPRomad26a7 second
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®
fconductl \d/e traC&drry@dﬁr ebn ceandct hiar chczondm’;d Ve tséfa@hdl socenredted tosai d
irst and secon ndu ans of, s 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 via$ belager25(Uhd, dried) , 2saldTmérstaakédsw¢@n$tmmmduwtnvﬁilﬂgﬂrﬁ 1

wherein the sha f ct.i tr
an annular ri ngg W% Z%t&érﬁ?%gwggmﬁq—%é%ﬁgfm 47tth\11}%d SSKduétva Sﬁl%r
(110b), a dielectric layer (120) being disposed between each
of said conductive layers, sald stacked wvia 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.



3. The stacked via structure of either claiml or claim2. wherein said
first set of vias or said second set of vias conprises four vias. -44. The
st acked- vwe »04mcésare of clairi 3 wherein the angle 5f ecmaP2am/otrdea7

adj acent vias of said first or second -set -of x _ vias and the 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 forned between a via of said first set of
via, the, closest via of said second set of via and the center of said

third conductiye tragk angiea ¢:al Is%@etﬁaétéfoél@@éﬁ figst and, seconds

conductive tracks is equal to 45. 6. The stacked vi'a structure of anyone of
clainms 1 to 5 WiB:ugHer esHidafbraf a%ebfoéai"éiaﬁl o8t s ds epprdi b etebf ofi ok aar e

equi di stant to ihg,cerderroQf: $8kd.third conductive track and .said aligned
parts of said first and second conductive tracks. 7. The stacked Vi a
structure of anyone of clainms 1 to 6 20 mhereln said first or second

conductive track is gdapted to %ﬁ@ﬂ%ﬁh &9 %l%?ﬂnderwplgkeln8gh%heg¥ﬂéEr

stacked via structure of any one o% erern sai

second cond&ct Lfmrmerchdkyl ’swmdammbrtto viEes omhnmicbdfimta bt i edcbheough of
hol e, - 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,



