WO 03/ 043085 PCT/ EP02/ 13209 ELECTRONI C DEVI CE CARRI ER ADAPTED FOR
TRANSM TTI NG HI GH FREQUENCY SI GNALS Field of the Invention The present

i nventi onwoai3at@ssto the field of electronic device intercareregtisz2on and
nore specifically to an electronic device carrier adapted for transmtting
hi gh frequency signals. Background of the Invention Several types of

el ectroni c conponents are inplenmented wth a circuit, which is integrated
in a chip of sem conduc- tor naterial. The chip is typically nounted on a
carrier, so as to protect the chip from nechanical stresses, and is then
encapsul ated in a package. The chip carrier includes an insulating
substrate with conductive tracks ; each track is bonded to a correspondi ng
termnal of the chip, and ends wth a contact pad, typically for
connection to a printed circuit board. Likew se, printed circuit board

Taterial adaped  FOREERNLE, %i*ﬁe't%iéf Lﬁﬂﬂ@l@& oni - devi ces

or between elect Sﬁﬁﬁﬁ speeds of
devi ces goes abovgﬁiw oc qcﬁﬁgﬁgre | a need\gto no l"onger consi der

el ectrical WO 03/043085 PCT/EP02/13209 2 signal transm ssion as a sinple
point to point transmssion on a track but rather as the propagation of an
el ectromag- netic wave supported by a current on a circuit trace. Such
traces on electronic device carriers (chip carriers and 5 printed circuit

boards), also called transm ssion |ines,
Field of the Invention

The present invention relates to the field of
electronic device interconnection and more specifically to
an electronic device carrier adapted for transmitting high

frequency signals.

Background of the Invention

Several types of electronic components are implemented
with a circuit, which is integrated in a chip of semiconduc-
tor material. The chip is typically mounted on a carrier, so
as to protect the chip from mechanical stresses, and is then
encapsulated in a package. The chip carrier includes an
insulating substrate with conductive tracks ; each track 1is
bonded to a corresponding terminal of the chip, and ends
with a contact pad, typically for connection to a printed
circuit board. Likewise, printed circuit board generally
comprises several conductive layers formed in an insulating
material, adapted to transmit signals between several
electronic devices or between electronic devices and

connectors.

When switching speeds of devices goes above 1 GHz clock

rate, there is a need to no longer consider electrical



represent a systemconprising at |east two conductive paths wth specific
properties (relation between transmssion line wdth, distances between
transm sswon3bies, dielectric thickness between transm esir@mpot/iazes and
reference planes). 10 These transm ssion |lines conprise a conductive signal
track or trace and another track and/or conductive plane, fornmed in close
proximty and connected to a reference_voltage or ground, for shielding
the signal track from el ectromagnetic 2interference. The wave pr opagat es
along a transm ssion line 15 defined by the signal track and an underlying
r ef er encesiguallt atgearmmigsrs:ﬁmm Pt apesifpdei o iatcdmpleeEnt obpalpath‘sdmn t he
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transm t ived wewes Céﬂdb%n\bltﬂilkt&| itzetbyandgorcalbhedctive plane, formed
in close proximity and connected to a reference voltage or

ground, for shielding the signal track from electromagnetic
interference. The wave propagates along a transmission line

15 defined by the signal track and an underlying reference
voltage or ground plane, forming a complete loop path for

the signal current. When the chip works at a high frequency,

e.g. more than 1 GHz, the influence of the electronic device

carrier may severely affects the performance of the

20 electronic system as a whole.

Particularly, any discontinuity (or transition) 1in the
transmission line, such as any change in structure, material
properties and design features, generates a reflected wave.
Moreover, the system includes stray structures (capacitors,

25 inductors and resistors), which act as low pass filters for
the transmitted signal. As a consequence, the integrity of
the electromagnetic wave propagated along the transmission

line is not preserved.

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

transmission 1line, this wave undergoes degradation and is



"eye diagram’, which plots the value of the received signal as a function
of the phase of a clock signal controlling the 5 electronic device. The
above deswpioBmeeBoss scontinuities in the transm ssion |inePCcedpor12he
opening of the eye diagram; therefore, it is quite difficult to
understand if a switching transition has actually taken place or if the
shift of a signal baseline is due to a_background noi se. 10 These drawbacks
are particular acute in nodern el ectronic systens working with a reduced

| evel of a power supply voltage (down to 1.2 V). In this case, thereis a
very | owgeaegid ltyo micciniat nas eabpsaedr-theukogde lvalaye .0 T{OWuahttyhe

| ogic valye 1 (1 15 Mo coyer, Lie contiinuous Lrend, tanardse. 1) g
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transm ssion in the 30 electronic device carrier, i.e. chip carrier or
printed circuit board, is degraded it can cause the el ectronic WO 03/ 043085
PCTi&P02/ 13209hése drawbacks are particular acute in modern

electronic systems working with a reduced level of a power
supply voltage (down to 1.2 V). In this case, there 1is a
very low margin to discriminate between the logic value 0

(0V) and the logic value 1 (1.2V).

15 Moreover, the continuous trend towards miniaturization
of electronic devices requires a reduction in the dimensions
of chip carrier and printed circuit board conductive tracks.
However, the impedance of the transmission 1line must be
maintained at a desired value which optimizes the perform-

20 ance of the electronic device (typically 50Q). Therefore, it
is necessary to use a very thin dielectric layer between the
conductive tracks and the ground plane (since the impedance
is inversely proportional to the track width and directly
proportional to the dielectric layer thickness). The short

25 distance between the conductive tracks and the ground plane
increases the value of a corresponding stray capacitance ;
as a consequence, the bandwidth of the transmission line 1is

strongly reduced.

Therefore, as the quality of the transmission in the
30 electronic device carrier, 1.e. chip carrier or printed

circuit board, 1is degraded it can cause the electronic



device to operate at a frequency far | ower than the working frequency
which is afforded by the chip. Summary of the Invention Thus, it is a broad
obj ect ofwbDlg/ouzvsenti on to provide 5 an el ectronic devi ceCaaPor/e3209 o
remedy the shortcomings of the prior art as described here above. It

object of the invention to provide a reliable
adapted for transmtting high frequengy signals. 10 It is another object
of the invention to provide an electr

frequency signals that matches coefficient expansion of

transmtting high
el ectronidevdew d® apkwsitertaonac fepgtencon fwhi clowdr ishaconmecvedkin§g |t

still an%gg%@eggje%%igf H@eJETQ?HQdO% t%h%r%%H e a flatness electronic
devi ce carrier aa%pte }?or transmt- tiing highfrequency signals. It is
still another object of the invention to provide an electronic device
carrier adapted for transmtting high 20 frequency signals that inprove

nic device carrier adapted for

pads coplanarity so as to preumnfi@riebirathe ¢avkattisnbet ween pads and
el ectronic device /O it is a further object of the invention to provide

an electronic device carrier adapted for transmtting high 25 frequency
signal s that phowi de eld abl grgdhesi,
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It is an object of the invention to provide a reliable
electronic device carrier adapted for transmitting high

frequency signals.

It is another object of the invention to provide an
electronic device carrier adapted for transmitting high
frequency signals that matches coefficient expansion of
electronic device and electronic system on which it 1is

connected.

It is still another object of the invention to provide
a flatness electronic device carrier adapted for transmit-

ting high frequency signals.

It is still another object of the invention to provide
an electronic device carrier adapted for transmitting high
frequency signals that improve pads coplanarity so as to
provide reliable contacts between pads and electronic device

I/0.

It is a further object of the invention to provide an
electronic device carrier adapted for transmitting high
frequency signals that provide reliable adhesion between its

different dielectric material layers.



substrate with a plurality of conductive |ayers insulated 5 from each

ot her, the conductive |ayers being arranged in a sequence froma first one
of the cowouwstuinss| ayers wherein a plurality of signal tragkEPozaz2h one
ending with a contact area for transmtting a high-frequency signal are
formed, and a reference structure connectable to a reference voltage 10
or ground for shielding the signal tracks, characterized in that the
reference structure includes at |east dne reference track forned in a
second one of the conductive |ayers adjacent to the first conductive |ayer
and at | east ame l&cdaomphieshmaeiter eficeheaskckadiadr petdern e tofd t blejeonducti ve
| ayers defergat frgnlthe firs&Fand second conductive Ia% a 4po tion of

]
each sigﬁﬁl Praekys cﬂﬁﬁiﬁﬁlaF &55PP 1 he %Y%%?cé%?@%ﬁ%ﬁdiﬁﬁpFS t he®*

or t hogr aphiag spriejteeiy an gif- fraspoai@t edigonal actinaieadibel g sipevitposed in
plan view to 20 a correspondjn eference track and at | east.a par f the
area cor Fé’éﬁ&ﬁ(‘fitﬁg YHtEhé o?ilﬁgﬁih{%i @r}gr%?ré@f?%hv%f iaé’@rﬁsacfni?g%{:eg
assoei at eddm0 eaah stgeal thaclkdigiutg isuperaydrpobedngn splramgeidevid oaa
corresponding further reference track with interposifion of a flpating
Conduct | VERTREE 28O0 dOmTectF (9 ariF STUMEC TET o} BRCES VAT T hgE of
ground tolaglklikyr tder saguant agescief &hehpoasendndivgnivieh W | tobeseote
apparent to the ones skilled in the art upon exam nation of the draw ngs
and det ai¥*&4 dEREr itFeIGAL b 9s ?n?@ﬁ@é& HECT 30 39" dddi%i%n ?r%%gantages

be i ncor perated-dreneinte \WR QA QAo EH TR0 13209 b BeiehcdesertHgéon of

t he awi ngs Figure 1 shows a cross-sectiQn view of an el ectronic
lgx orggrou d for sh?elding the s%gna? tracks,

characterized in that

the reference structure includes at least one reference
track formed in a second one of the conductive layers
adjacent to the first conductive layer and at least one
15 further reference track formed in one of the conductive
layers different from the first and second conductive
layer, a portion of each signal track excluding at least
the area corresponding to the orthographic projection of
associated contact area being superimposed in plan view to
20 a corresponding reference track and at least a part of the
area corresponding to the orthographic projection of
contact area associated to each signal track being super-
imposed in plan view to a corresponding further reference
track with interposition of a floating conductive track
25 not connected to any signal, reference voltage or ground

track.

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

30 any additional advantages be incorporated herein.



nodul e in which a chip carrier according to the invention can be used.
Figure 2 conprising Figures 2a, 2b and 2c, depicts a particular chip
carrier awoas@iingsto the inven- tion. Figures 2a and 2b i IPicagtPoziz09 n pl an
view and in cross-section, respectively, while Figure 2c is a plan view
of a specific conductive |ayer. Figure 3 conprising 3a and 3b, is an
eye-diagramof a signal in a known electronic device and in an electronic
device including the chip carrier according to the invention,

respectively. Figure 4 conprising 4a and 4b, shows the sanme signals in the
frequency domai n. Det ai | kil deptripticin tdfe treefDarawichdgsibodi nent For sake
of illustration, the followi ng descriptionis 5 based on Ball Gid Array
(B&A) package wherein chip to chip carrier interconnection is perforned
with Controlled Collapse Chip Connection (I1BM C4 technol ogy), w dely known
as Flip-Chip Attach (FCA). Such technol ogy provides high I/O density,

uni f orm cpi. ower distribution, high cooling, 10 capability apd high
reIiabiIi?%Bugfrﬁ r%%%yﬁnc% iﬁrsﬁﬁfggﬁfé?ntogﬁFﬁur8gl,aPheFingroaé icted
an el ectroni c nodul @odQ0eofint heniBEA 4 yprip The rde@3/L43085 RCTY &EPORE13209 7
el ectroni c nodul e 100 includes a chig 105 of sem conductor nmaterial,
wherein a power cirtBVE hbPRi ighaP€a ffgh frequency, e.g. with a cl ock
rate of SrChldrei 3 i tbmpratedg LChyprddS,2suppls ediry @d,owdeplitage power
supply, e.g. 5 1.2V., iIs n?unte on a |lam nate chig carrier 110 conprising
several conductive PAEFSULIRT g SR HI T ppRrCOFALlifatt@y the inven=

tion. Figures 2a and 2b illustrate in plan view
and in cross-section, respectively, while Figure
2c is a plan view of a specific conductive layer.

Figure 3 comprising 3a and 3b, 1is an eye-diagram of a
signal in a known electronic device and in an
electronic device including the <chip carrier
according to the invention, respectively.

Figure 4 comprising 4a and 4b, shows the same signals in

the frequency domain.

Detailed Description of the Preferred Embodiment

For sake of illustration, the following description is

5 based on Ball Grid Array (BGA) package wherein chip to chip
carrier interconnection is performed with Controlled
Collapse Chip Connection (IBM C4 technology), widely known

as Flip~-Chip Attach (FCA). Such technology provides high I/O
density, wuniform chip power distribution, high cooling

10 capability and high reliability.

With reference in particular to Figure 1, there 1is

depicted an electronic module 100 of the BGA type. The



fromeach other by nmeans of a dielectric material, e.g.

Pol ytetrafl ouroet hylene (PTFE) . Chip 105 to chip carrier 110

i nt er conrwotoBomoss perfornmed with C4 balls 115 whil e chi ppCO/EPaz/1i2es 110 to
printed circuit board (not represented) interconnection is done with BGA
balls 120. Chip carrier 110 is glued to stiffener 125 that conprises
cavities for chip 105 and, optionally, other electronic conponents such as
capacitor 130. Stiffener 125 consists preferably of a netal 15 lic plate,
e.g. nmade of copper, which increases the rigidity of the entire electronic
modul e 1G0 earvdoprieviredi¥aur 1 Ber ingdukeso ali ekipat €St tedr negnependycpevduced

by chip 103.,Ghp 103,804 stiffg érlzéi%giEOV%‘%giH g 135, }?'%h made
of copper, which al'so acts as a heat-spreader for dissipating 20 the heat
produced flrpaeieineyl 0% a5 welth as grlogkdiragereehahi GHeal igr oitetcegoatédr chip

105. Layers 14 onpL.i e...L. q. o] fi gether chip
carrier %f(ﬁ)‘,p chg’lo%‘%‘&?ls%‘ffé’ erglz%g‘gn)éycfl?éd%’i%;p%geure éﬁggagbrrpgh ates
for bhe 1di2Vi.er ért rooeftfedtients dbmtihetpalcheyparsime ofl ldhi pogpriseng 25
110, chi 1St ner . 5.,and |lid 135. Likew i.deration ly if
t he el eclt%reé%'?glde%/%rg:(gugilgls\;gnotlgggrtshe %ti t%/nﬁg,% iC?Ft F\C:gg%ﬁ%d o%sgu%%ggcgnbody
a (digittalom peaeh citherd tbyi fmeédnswfs at & aiddterient mateedaéncyeoy. With a
differen ower_ s I d.sqo _on. Consi.der.ing .now Fi gure 2a

1 ust ratony B A e PP AN B enPar B b ek BT O e oS b a
track, reheerednnectasn20ils prdfngmedt lwithpad4 2@&,11whi ThS mwhile comiect ed

to 03/.043085 PCT/[EPQ2/ 13209, 8 .i nterconpecting.ball 210, with t hr ough
Y® gIo 03 g ’3‘3 L of a%%%)

vi a, “whi EATiTS Sdse for tr%ﬁ%?nt??i nalﬁcﬁil h-l??% en I§/ Si gn%?r.eier& e of

copl a- nanterackaecteber ieddoneasyi2bBGINGANSD rEspaentiyetyrriase 110
is glued to stiffener 125 that comprises cavities for chip

105 and, optionally, other electronic components such as
capacitor 130. Stiffener 125 consists preferably of a metal-

15 lic plate, e.g. made of copper, which increases the rigidity
of the entire electronic module 100 and provides further

path to dissipate thermal energy produced by chip 105. Chip

105 and stiffener 125 are covered by lid 135, e.g. made of
copper, which also acts as a heat-spreader for dissipating

20 the heat produced by chip 105 as well as providing mechani-
cal protection for chip 105. Layers 140 comprise glue, e.g.
epoxy glue, that fixed together chip carrier 110, chip 105,
stiffener 125 and 1lid 135. Glue also compensates for the
different coefficients of thermal expansion of chip carrier

25 110, chip 105, stiffener 125 and 1lid 135.

Likewise considerations apply if the electronic device
is not of the BGA type, 1f the chip does not embody a
(digital) power «circuit, 1if it works at a different

frequency or with a different power supply, and so on.

30 Considering now Figure 2a illustrating a partial plan
view of chip carrier 110, there is shown a track, referred

to as 200, ending with a pad 205, which may be connected to



arranged around signal track 200 and may be forned in the 5 same conductive
| ayer as illustrated. Coplanar tracks 215a and 215b end with pad 220 for

i nt er conrwotoBgeokal | 225 which is linked to track 230, f®@cwaEpor/m2emot her .
conductive layer, and to a reference voltage or ground track forned in
printed circuit board (not represented). Track 230 is partially 10
superinposed to track 200 and copl anar _tracks 215a and 215b. The

hi gh-frequency signal transmtted on t Pack 200 generates an

el ectromagneti ¢ wave whi ch propagates along a transm ssion |ine defined by
si gnal tratkr20dnectaphgndrallt rzdodks RilSa andh2dbhhandat,r adki @30Ls 1bsed

Consi deri.ng now t he cr.oss-section along |line A-A sh on Figure 2b,

chip carFPgrtfﬁ@%@&ﬁ%ﬁgﬁl5t§&qg{;ﬁﬁﬂﬁ%#cﬁiﬁ%%ﬂ$ . reﬁ%@ggﬁgéag %%gf%Finted

circuit bhaar dAandis,r epeersedt ed) ay IEBnsandl 2nsSwl atd spgedtidweal 2,35aaad

235", respec- tively. Insulating filns and 235' conprise openings 20

wher ei n 65&?}198@9.3%%“%%}9%?2 FSFr?é{dz@?i Bngaf‘}aiyerbelggorQSH'pﬁr%e@g%everaI

condsict i yamkeayesisdiZddiavrd 012408 Esevenlustrdted exaopllenat itysie)s 2hes are
of a dielectric nmater

i nsul ated fr ach other b ns jal. 245, e.g.

PTEE. CoRlHetoD ahel e B8 PR pb AR T Tt Lo i of et ween
25 chip 165 lamkddeprirdied 230 gurbrieadr dn( reiotep esades)i vn 13 en

el ectronic nodule 100 is soldered. Cenerally. s %ggiqgs (%ﬁségn of tracks in
conduct i $89 &Pers EAGE G265 539 St i s’gr P TRl cE? R oEREEAI k

bet ween shigaalis apdarbr apsst SStdHrdasd) As Tmakansegoenege, sondugtiye

| ayers 30 240h, 240d and 240f are often used to forn1r§E%rence égltage or
a

grotild t PHPRS 1TOGRGGC PV ETPaYer V2208 SRB12AGE &racliSed ! fo2PFansnPr (high
frequency) signals and conductive |ayers WO 03/043085 PCT/ EP02/13209 9

The high-frequency signal transmitted on track 200
generates an electromagnetic wave which propagates along a
transmission 1line defined by signal track 200, coplanar

tracks 215a and 215b and track 230.

15 Considering now the cross-section along line A-A, as
shown on Figure 2b, chip carrier 110 is insulated from chip
105 (not represented) and printed circuit board (not repre-
sented) by means of insulating films 235 and 235', respec-
tively. Insulating films 235 and 235' comprise openings
20 wherein pads, e.g. pad 205, are formed. Chip carrier 110
comprises several conductive layers 240a to 240g (seven in
the example at issue), that are insulated from each other by
means of a dielectric material 245, e.g. PTFE. Conductive
layers 240a to 240g provide electrical connection between
25 chip 105 and the printed circuit board (not represented) on
which electronic module 100 is soldered. Generally speaking,
design of tracks in conductive layers 240a to 240g is
optimized so as to reduce cross-talk between signals and
transmission delays. As a consequence, conductive layers
30 240b, 240d and 240f are often used to form reference voltage
or ground tracks, conductive layers 240c and 240e are used

to transmit (high frequency) signals and conductive layers



240a and 240g are used to connect ball pads to internal conductive |ayers
240b to 240f and thus are used to form either (high frequency) signal
tracks orwpeBmsmete voltage or ground tracks. 5 Thus, asPem/EP0Y/uE0Y ation,
signal track 200 and copl anar tracks 215a and 215b are fornmed in the first
conductive |ayer 240a (starting fromthe | ower surface of the chip

carrier 110) and track 230 is forned in the second conduc- tive |ayer 240b
(adj acent to the first conductive IayeP). 10 A via-hol e 250 connects the
reference voltage or ground plane forned in conductive |ayer 240d to track
230 and 2d0pl amad t2ddoksa2éSaissmad 2oSbjoramect healflo pader connecténgalbal |

225. The fer%nce VPIthg Q o@r quagb nesdjo din 15 cggfuct%ve | ayer

240d, tr&CRDSGENd copTanaf ‘PPacks a ant 2& B°défihe" 8% ef & ehRE™

struct ur eiwhiech ¢oidh off setthenciyhpedamed of racks absnmissicarerdenevassageat ed
with the si%nal tEack 200 and shields the signal track 200 from
electronﬁé- ﬁSPP€ iterference. 20 Proximty of conductive |ayers produces
stray capaci- tors. In particular, stray capacitors are formed between

i nt epconnecti bal | s 210 .and 225 and between interco ct-.in all 210
and tracks foﬁﬂﬁa'iﬁsc@ﬁddggﬁférﬁ§ﬁé¥“ziﬁﬁﬂl é”?ﬁV%H? §ﬂH3V€g%f§%%5ered

t hat thetdegkadatida ofnd 281tbe foes f Goraree of tthe k@owstel eshdwdt cvdevi ces
is mainly due t di sconti.nuity in the transm ssion |ine associated wth
Lhe Tt orashrects fa hEigs bt il SaPel Tehelact "Rl DIRR, Seib ett o
to a shacprehamge 1af) dif@ctirebk brOMian fheféZonhakhdi redan abodget he

si gnal t%?%% ggeEo2%O@D(g%ggg%g§5tgclﬁgP%%Qéﬁzggnégctive layer).

10 A via-hole 250 connects the reference voltage or ground
plane formed in conductive layer 240d to track 230 and
coplanar tracks 215a and 215b, and then to interconnecting
ball 225.

The reference voltage or ground planes formed in

15 conductive layer 240d, track 230 and coplanar tracks 215a
and 215b define a reference structure which controls the
impedance of a transmission line associated with the signal
track 200 and shields the signal track 200 from electromag-

netic interference.

20 Proximity of conductive layers produces stray capaci-
tors. In particular, stray capacitors are formed between
interconnecting balls 210 and 225 and between interconnect-

ing ball 210 and tracks formed in conductive layer 240b.

The inventors have discovered that the degradation of

25 the performance of the known electronic devices is mainly
due to a discontinuity in the transmission line associated

with the interconnecting ball 210. The transmission line 1is
actually subjected to a sharp change of direction, from an

horizontal direction along the signal track 200 to a



vertical direction going up to the interconnecting ball 210. Particularly,
the stray capacitor forned between intercon- necting ball 210 and tracks
formed i rwoondusess ve | ayer 240b has a rel ative hi gh capa®ecCrawror132H9
conpared to the one 5 forned between interconnecting balls 210 and 225. As
a result, these capacitors are acting at high frequency as a | ow pass
filter and therefore reducing the transm ssion bandw dth. The stray
capaci tor formed between i nt er connect -1 ng ball 210 and tracks formed in
conductive | ayer 240b may 10 be reduced by inplenenting openings in
conductiwerkayeﬂs<dﬂhﬁﬁtaninﬁhg'aqnot@itmpttthEC@mmeegia@hbalprBﬂection
of contagt . are SQre n ads. g e. excludlng
any mgn%lartlcu dceégglggggytr(RECIT%meéggmedt é@@“ﬁﬁénfﬁ@g f8Y~1 ead
to nanufaetmmmq;bHEWWEm&sane gra&ﬁst@mmeﬁsuﬁ adnquealve eTaldd, 280pce

conductive | ayer_thick- ness kage stru e n not be
disregaré@& eﬁeg%E%Y%eﬁ} dlgpggﬁ aECFayéf %#%@%@%i %é) %%§5n?n?t
becofes dvirdent bewwdiehf i d:ntércomhdcbﬁn@o weplenisto t raeld I alzge apeasa
created Q% ﬁﬁDVI conductive naterial e.%i 20 600 to 800min dianeter,
in | ayer 5808, 't i ht SRR CHTRF Re€5Cadded™ nat whdPB F4aEEEYurdaice area.
A furthenowrapubact ﬂlilLﬂGrdrambaQihelrS‘eﬂdl% exieendachodi ehect trgnsmiesiah to
di el ectric nater al,fnterface that is e%%mggltlcal adhesion i nterface

f or suchbﬁgpaedﬁ eas}“#hﬁgraYhEaPﬁGeﬁ?Fo R e 1 Rher opposFte

di recti onnef maflar ememtamedra@p@r gaehedi tinCPFIBRIE iive llrag}eecrrezu@kslgm@pnul ar
fl oati ng disks, .0g. 260, nade of

rlng opeglngs 8 mﬁereln central
condficti V& nﬁ?gV?ﬁ. Q%afﬂﬁ EMREE 1BGnnekRERYNED aﬁy §P§H&Ftlvﬁefe?%%5%
vol tage ouogr caridl plidresac@scdidgistoatiett oBrtBOgFhgHE €S 2o jard i26: Shape
265 represents the | ocation in whjch no signal,
tact areas corresponding to pads, e.g. pad 205, i.e. by
excluding any signal or reference voltage tracks. However,
these openings may lead to manufacturing drawbacks, e.g.

15 flatness of chip carrier 110, since conductive layer thick-

ness, e.g. 12um, of package structure can not be disregarded

when considering dielectric layer thickness, e.g. 35um. It

becomes evident how difficult could be to replenish the
large areas created by removing conductive material, e.g.
20 600 to 800um in diameter, in layer 240b, to maintain
flatness across the whole package surface area. A further
manufacturing drawback is the extended dielectric material
to dielectric material interface that is a very critical
adhesion interface for such large areas. Thus, the invention
25 is going 1in the opposite direction of aforementioned
approach, it consists in implementing annular ring openings,
e.g. 255, wherein central floating disks, e.g. 260, made of
conductive material, that are not connected to any signal,
reference voltage or dground planes, as illustrated on

30 Figures 2b and 2c.

Shape 265 represents the location in which no signal,

reference voltage or ground plane has to be formed so as to



reference voltage or ground plane has to be fornmed so as to WD 03/043085
PCT/ EPO2/ 13209 11 reduce |low pass filter effects nentioned above. Shape 265
is forned@olmg/osioger posi ng conical and cylindrical parts hadEpPoa13209nmoON
axi s, perpendicular to conductive |ayer 240a. A first «cylindrical part is
delimted by first and second conductive 5 | ayers 240a and 240b wherein
signal and reference voltage or ground tracks are fornmed, respectively.
The conical part is delimted by secdrd and third conductive | ayers 240b
and 240c wherein reference voltage or ground tracks and signal are
formed, respeetilvel pasA Fedard effigudrs cadntpaied sakdralel waged &y 1&ird

conductive | ayer 240c wherein signal . tracks .are forned and the cl osest
conduct i \§8rmﬁéeky2§@§’erﬂ9§rl§igncp Her af)éjfcecry&fﬁ)edwatrﬁgd@%i?s grHOUHYE 17 acks

are fore@efmohhaxsenl perpdinaeten roft oc etircRictiard 1o e SPONds A of i e
diameter of first cylindrical part and the dianeter of 15 the second

cyl i ndri C¥L1pEFECRor PESponds ngLWé:e&r &t i T eFETNYE HePROMFchY e par t |
as iblustpgted. 2Boameher 2aib filette iGy|diR@diCalndard £d Sertted eFdn tragk byr
contact area corre- sponding to pad 205, its value is at |east equal to

ortho- gPEPHNE PrEIC&St idhF of CTPRS cHRFREELAYRAY corPEssORdiTd tRE:TFad 20 205.

Coni cal panltmaBghe by GerRhdsesndetimgen 380a8dc69vand ayesr Preligbablyd equal
to 450, as shown. A floating disk 260, made of conductive materjal,_is

formed i RAEENANATAIE | BFEFTCDADLVPOLBPBAlF AFRNRY FFAGKS55 ettt

insul ati pge Mabenkal, betpeeniveiorense pbaned238yandqfloali nen e ski 260 25
as illustrated on Figures 2b and 2c. In a _preferred enbodi- nent,

. g . .
cr 0s8- sefeildpibedanhul arh¥rdhg oY ivEnt fedSn 6APRo- WRRaRRR c HFBFREti on
of contagtaakga £REr asheRd NAnto PRE 20%sedd Orldm@diisk 26Qyks MPiog

connected to any signal, reference
wherein® further reference voltage or ground tracks are
formed. The smaller diameter of conical part corresponds to
the diameter of first cylindrical part and the diameter of
15 the second cylindrical part corresponds to the greater
diameter of the conical part, as illustrated. Diameter of
first cylindrical part is determined by contact area corre-
sponding to pad 205, its value is at least equal to ortho-
graphic projection of this contact area corresponding to pad
20 205. Conical part angle is comprised between 30° and 60° and
is preferably equal to 45°, as shown. A floating disk 260,
made of conductive material, is formed in conductive layer
240b to create annular ring 255, made of insulating
material, between reference plane 230 and floating disk 260
25 as illustrated on Figures 2b and 2c. In a preferred embodi-
ment, cross-section of annular ring 255 is centred on ortho-
graphic projection of contact area corresponding to pad 205.
Floating disk 260 is not connected to any signal, reference
voltage or ground track. For example, considering contact

30 area corresponding to pad 205 having a diameter equal to
600um, the diameter of the openings must be at least equal

to 600um however, a greater diameter improves signal shield-

ing. Inventors have observed that, in such cases, opening



vol tage or ground track. For exanple, considering contact 30 area
corresponding to pad 205 having a dianeter equal to 600m the dianmeter of
t he openiwoa3mumBs be at | east equal to 600m however, a gr eatr@roziizoet er

i nproves signal shield- ing. Inventors have observed that, in such cases,
openi ng WD 03/ 043085 PCT/ EP02/13209 12 diameter equals to 800m and fl oating
di sk dianeter equals to 600m are values that provide an efficient signal
shield- ing while optim zing dedi cat ed!%ur face area and physi cal

paranmeters nmenti oned above, e.g. flatness across the whole 5 package

surface fi@heard dplecd 16 rm)to?rxd adnd or dbgt @Ry IS s KTBd £4h& e ADBEEL 91

Li kewi se considerations apply if the chip carrier has a different

struct ureo feouexama eralidds tvwrtli gferadd iah eSFgBdéntracksaar kANGEH-
bet ween t he cog[anar tracks, if the 10 chip carrier includes a different
nunber oft"GondbiéleverPt Y7519 | degifcgieer S Fbafe Pz iadrBhydédasdn top

of the fahShdraver Mot ebied hgpsi@nale tf acks,aneshonm®dss frjdeyngiaund
pl anes and the power plane consists each of two or nore distinct tracks,

i f tRe cERCKETCares Free ac2grpf érvhtdiabedt hbasigiherdnd s oflieMpebric

gener al | y,atlhe JAr es@Rksiigavention provides an electronic device carrier for
transmtting high-frequency signals, including a circuitised substrate
with a plurality of conductive layers insulated fromeach other ; the

conduc 20 tive;hayets Ut Aldeddeqdnish B Liefﬁct%érc 05 éé_{&;ef)nﬁagfa the

conductive | ayers wherein a plurality ignal tra are formed, each
one endi g fierkng cEwrastt varcea fIor t renmmpla t tWigh a twgh- i éfecacyisignal

The el ec'fionkd 42do8 SPERhGEQ! WekliRln' NH1d!dESp 2ahEE CEEACRSS! IO LAE

10 chip carrier includes a different number of conductive
layers, if a further ground plane is provided on top of the
first layer wherein the signal tracks are formed, if the
ground planes and the power plane consists each of two or
more distinct tracks, if the contact area has a different

15 dimension, and so on.

More generally, the present invention provides an
electronic device carrier for transmitting high-freguency
signals, including a circuitised substrate with a plurality
of conductive layers insulated from each other ; the conduc-

20 tive layers are arranged in a sequence from a first one of
the conductive layers wherein a plurality of signal tracks
are formed, each one ending with a contact area for trans-
mitting a high-frequency signal. The electronic device
carrier further includes a reference structure connectable

25 to a reference voltage or ground for shielding the signal
tracks ; the reference structure has at least one reference
track formed in a second one of the conductive layers
adjacent to the first conductive layer and at least one
further reference track formed in one of the conductive

30 layers different from the first and second conductive
layer ; a portion of each signal track excluding at least

the area corresponding to the orthographic projection of



25 to a reference voltage or ground for shielding the signal tracks ; the
reference structure has at |east one reference track forned in a second
one of thwowandwsiive | ayers adjacent to the first condu®CinEPot/sper and at
| east one further reference track formed in one of the conductive 30

| ayers different fromthe first and second conductive |layer ; a portion of
each signal track excluding at |east the area corresponding to the

ort hogr aphi ¢ projection of WO 03/043085 PCT/ EP02/ 13209 13 associ at ed
contact area, i.e. pad, is superinposed in plan view to a correspondi ng
ref erencastsbatkteandtaitd@asaraapart e .ofpddie aseaupertiepperd nth tplihe

ort hographi c projection of ontact_area, i.e. pad, assocjated to each
si gnal t?’&(‘?w, tog'ag %@ﬁm TP ISR dh AT a r&spotRft hef fR7t her
refer- enge HheAckraM tBot NéEPERSihd 08o0fha draddgiatondustd Vet T@eko £ not
connected to any signal, reference vol tageedor ground track. The devi sed

sol ut i on CEPFERGl P IFEduces 1 iR LapadrPaheesd 163 e IR cCHRich 1 ot S f or ned

bet ween hgesiigpaketir a¢K FNth thieew et 8r aNe MHedtR di i ef @ e ©f ré her -
i nt erconnecting ball tﬁ'lge'l ng inversely proportional to their dist anc]?). The
&

sol ut i on€8Fet fr& acky #ittlon TS s o gHod i htRYE1RT t§eRFuUGHEve trac

el ect r onpghet ésnvevePr @Radahed Alena t heckeaBhcdd Vo sEdQn birnegrdhied
proposed design of the electronic device carrier affects the performance

of the chiffS4s little as possible, so that the whole el ectronic system can
be operated at a frequency very close to the working frequency which is
afforded by the chip. 20 Moreover, the solution according to the invention
mai nt ai ns t heTR&nAAdtIFbf SPRBLLPANSTRESHWY | FReUGES a 94 | @epacitance

10 of the stray capacitor formed between the signal track and
the reference plane in the area of the interconnecting ball

(being inversely proportional to their distance).

The solution of the invention maintains a good integ-

rity of the electromagnetic wave propagated along the trans-

15 mission line. The proposed design of the electronic device
carrier affects the performance of the chip as little as
possible, so that the whole electronic system can be
operated at a frequency very close to the working frequency

which is afforded by the chip.

20 Moreover, the solution according to the invention
maintains the bandwidth of the transmission line at a satis-
factory value, even if the dimensions of the signal track
(and then also the width of the dielectric layer between the
signal track and the adjacent reference plane) are reduced.

25 Therefore, this structure makes it possible to produce
electronic system of very small dimensions, but at the same

time with a high performance.

Considering manufacturing and mechanical aspects, the
solution of the invention is adapted for flatness electronic

30 device carrier for transmitting high frequency signals and



factory value, even if the dinmensions of the signal track (and then also
the wwdth of the dielectric |ayer between the signal track and the
adj acent wefenesws® pl ane) are reduced. 25 Therefore, this PsiIrRPO2/W3209 Makes
it possible to produce electronic systemof very small dinensions, but at
the sane tinme with a high performance. Considering manufacturing and
mechani cal aspects, the solution of the invention is adapted for fl atness
el ectronic 30 device carrier for transhitti ng high frequency signals and WO
03/043085 PCT/ EP02/ 13209 14 allows to match coefficient expansion between
el ectroniadloadevi te caatchr,cedficomic deyparsiand eleeGickdni 618ystenion
which it of S .connected si ncz c%nt act gleas of a(gj agent di,electric materi al
i n®

| ayers ar€ mni nff&e Wt he mpPdTed S Hthedl ECEER Cay BT Phe
el ectroniwhidévi de carri eonnédteld agencst ruehurer Watbagef erenggjadent

particular. to Figure 3 there is depicted an eye-diagramfor a known
el ect ron%er}&ﬁ}lrg,c V\W‘?ﬁéréagi Y& T%f ef ende i dadi”égﬁnta”c oI PRECEEHnal

track, wadtiesi®nal seceuen! apsydhe resperti wal dddefconnectiirg baktridhis

di agram st&aTvi\f/s the value (in V) of a signal s(t) received froma

transm sSor i ETas & ‘on of the phase of a clock signal ; the
eye-diagramis quite close, due to the discontinuities in the transm ssion
| i ne. Conver sel. an 15 eye-diagram for the el ectronic npdul e enbeddi ng the
chip carrier W&fy'ht heSRYRRER 0" aB28hoGRIFR HiQuFdIsse i 32 notderspehsS so

that it icepaasieer dr0 &fyScdiqgrateran ackuahnsWitlhrdid thadmsid | opiof the
signal froma shift of a signal baseline due to a background noise. As a

consequefcEINHE IFTOEQAGTOR @M RATBRIT B opis st venat Brach-Fheglency

evenmno also overlaps the respective interconnecting ball. This
diagram shows the value (in V) of a signal s(t) received

from a transmission line as a function of the phase of a
clock signal ; the eye-diagram is quite close, due to the
discontinuities in the transmission line. Conversely, an

15 eye-diagram for the electronic module embedding the chip
carrier of the invention, as shown in Figure 3b, is more
open, so that it is easier to discriminate an actual switch-

ing transition of the signal from a shift of a signal
baseline due to a background noise. As a consequence, the

20 electronic module can be operated at a high-frequency even

with a reduced level of the power supply voltage.

In other words, in the known electronic module the
low-pass filter defined by the stray capacitor formed
between the pad and the underlying reference plane has a

25 very low cut-off frequency ; therefore, as shown in Figure
4a, only the first harmonic f, of the signal s(f) (expressed
in the frequency domain) is hardly transmitted. On the other
hand, the solution of the invention increases the bandwidth
of the transmission line up to the third harmonic 3f, of the

30 signal, as shown in Figure 4b.



with a reduced | evel of the power supply voltage. In other words, in the
known el ectronic nodule the |owpass filter defined by the stray capacitor
formed bwOwammsoshe pad and the underlying reference pl aneChaPoz12b9 very

| ow cut-off frequency ; therefore, as shown in Figure 4a, only the first
harmonic fo of the signal s(f) (expressed in the frequency domain) is
hardly transmtted. On the other hand,_ the solution of the invention
increases the bandwidth of the transnision Iine up to the third harnonic
3fo of the 30 signal, as shown in Figure 4b. WO 03/043085 PCT/ EP02/ 13209
15 While the invention has been described by ref erence to chip carriers
for transmtti hi fr cy._signal ro the, c R.carrier to a_printed
circuit boarqu%e %r?lveen |onr!3:Jyorl % ?D?I Ci gi]rel %llaoﬁp é’d]f ‘?ﬂeen%%ibg
carrier tohipedumer ferf f €ots tcxfard;n&ctcmingnunig/hl tﬁrblqaehtgnaqmgiﬁilcm Froes

cl ose toth (f}?f? or Fad us%d for_wre bonded CEn%ectl on._Stra cagacitor
effects in prihted erTtult “Bodt d%rjarrltee geher At by PRag gittte SPRERETAR ratio
of di el eatanyi Cod aydifictikinekiyesspbei s@ennsi gnal chrief ec@neeeyollcageednde gr ound
10 tracks d.trac dth is often,gr noug h. Thus, there is eneral ly
i nded 6 e fnt RO VR T ont fnC P Rl TarFalrt HORas TRAnte T it
coul d beCGIOIpad\Motrh@lat:l dsadbdok, wiexcephdeagabdnagtaost.s. Hovvever, due to

m niaturization trend, the above nentioned | ow pass filter effects of the
15 chip carrier may arise in printed circuit boards, e.g. in teflon based
printed circustrhoardpaditstichr eases, ist r@yintcapaeh kot ef ireheismyrde

reduced by inplenentin _tjgslnven- tiopn in the printed circuit board
itself. rrélllﬁ)‘/, Ii“'ﬁggjr% 1o TGSt f/glsoc%‘?tla‘?ld dpedipilectric layer
thickness between signal, reference voltage and ground

10 tracks and track width is often great enough. Thus, there is

generally no need to implement the invention in printed
circuit boards, even if it could be done without drawback,
except regarding costs. However, due to miniaturization
trend, the above mentioned low pass filter effects of the
15 chip carrier may arise in printed circuit boards, e.g. in
teflon based printed circuit boards. In such cases, stray
capacitor effects may be reduced by implementing the inven-

tion in the printed circuit board itself.

Naturally, in order to satisfy 1local and specific

20 requirements, a person skilled in the art may apply to the
solution described above many modifications and alterations

all of which, however, are included within the scope of

protection of the invention as defined by the following

claims.



20 requirenments, a person skilled in the art may apply to the solution
descri bed above many nodifications and alterations all of which, however,
are incluaed3mioki n the scope of protection of the invenPComrPayixted i ned by
the following clains. WO 03/043085 PCT/ EP02/ 13209 16 Clains: 1. An

el ectronic device carrier (110) adapted for trans- mtting high-frequency
signal, including a circuitized substrate with a plurality of conductive

| ayers (240a to 5 240g) insul ated from%ach other, the conductive | ayers
being arranged in a sequence froma first one of the conductive |ayers
(240a) wherein a plurality of signatlaimeks (200) each one ending with a
contact area (205) for transmtting a high-frequency signal are forned,
and a reference structure 10 (215a, 215b, 230) connectable to a reference
vol tage or ground for shielding the signal tracks, characterized in that
the reference structure includes at | east one reference track (230) forned

in a secdnd ome afldderaondudeirvee Tarrayer s(2o0brdagiaaertort ortdvesfirst
conductive | ayer and at | east one further reference track forned in one of
the condddtilvg | dyieis (RPN f f et @pd L f r odNFREALNEst Bandciseebhbzed

conduct i @plsay8ite a,POKti0Npofirgachy signakohhackivexcling abghgaststhe
area_corresponding to the ortho 20 graphic projection of associated contact

ar ea”bei ¥4 9hpénsulgissed nom Hagh AW o B raeipdndi gl 3¢S %s hrENd r ack

and at | @ashngeRarin Of heuaned COFdesRORdiRg téhd Ner AhograpliCive
proj ection of contact area associated to each signal track beln?
super i mé@g@risn b@ﬂa(ha)vi dhereid cormdurality of signal tracks (200)

each one ending with a contact area (205) for transmitting a
high-frequency signal are formed, and a reference structure
10 (215a, 215b, 230) connectable to a reference voltage or

ground for shielding the signal tracks,
characterized in that

the reference structure includes at least one reference
track (230) formed in a second one of the conductive
15 layers (240b) adjacent to the first conductive layer and
at least one further reference track formed in one of the
conductive layers (240d) different from the first and
second conductive layer, a portion of each signal track
excluding at least the area corresponding to the ortho-
20 graphic projection of associated contact area being super-
imposed in plan view to a corresponding reference track
and at least a part of the area corresponding to the
orthographic projection of contact area associated to each
signal track being superimposed in plan view to a corre-
25 sponding further reference track with interposition of a
floating conductive track not connected to any signal,

reference voltage or ground track.

2. The electronic device carrier (110) according to claim
1, wherein at least one intermediate of the conductive

30 layers (240c) 1is arranged between the second conductive



25 sponding further reference track with interposition of a floating
conductive track not connected to any signal, reference voltage or ground
track. 2.wOha/ogoextronic device carrier (110) accordi ng t ®@CElER0I13209
wherein at | east one internediate of the conductive 30 |ayers (240c) is
arranged between the second conductive WO 03/043085 PCT/ EP02/ 13209 17 | ayer
(240b) and said one conductive |ayer (240d) where is formed said further
reference track, a plurality of tracksl7being formed in the at | east one

i nternedi ate conductive |ayer, the tracks being arranged in plan view

out si de ddyeshatiflar eandefsindd dne | avredisecivenglayehi r(@ e ofhddhe is
conductive | ayers (240¢ diacent to the second_conducti.ve |ayer 40b)
with a 5&5135%1é??%%d?ﬁétﬁ?%nfg%egﬁpfﬁn§”5¥:’hea HuF§;§¥ybﬁE?rEF%ééﬁce
track (23@)ingowastsed heirt hthd condueasti vend ayer can@ddierd ngoaduapghe in

t he rangﬁfpetmee 30 .and. 10,600 with the t.Ieasi one reference track. 3.
The el ectPafi'e deVf cd it ePEERI0) 2 LTI nd ™ oPLRRI nf1eW RHéFER sai d
angl & i s sofadé®. Adredhedefpedd oy daveeeeeatihigera( ) racenfdi Bg tenhany

claimfroml1 to.3, erein e reference structure (215a, 15 215b,  230)
further fﬁ@#ﬂ&gévﬁ VS t I O1C e ordd St E8pF§§ AR kSO 248G Vo 15h)

forned i nayke fiousb)conductd il ot24QB)ng eRtdh dignaht 1 1REKo£ 2008 bei ng
arranged eéween the coplanar tracks of a correﬁﬁgnding couple. 5. The

el ect ronitt dé&dSte O8&r MSEIERES) AT didd )t SR B° 4th3EH t ReRdv@c] udi ng
a plural ittiyeofl ayiea- Bole s r2E@)y eachrne Gonnas i fthge oot ddd $6acknd 215a)
to ﬁﬁe carr.espondin reference track (230) and to the correspondi ng
furtBer Pefgﬁéﬁcéhgrégk;eaSt one reference track.

3. The electronic device carrier (110) according to claim

2, wherein said angle is of 45°.

4. The electronic device carrier (110) according to any
claim from 1 to 3, wherein the reference structure (215a,
15 215b, 230) further includes a plurality of couples of copla-
nar tracks (215a, 215b) formed in the first conductive layer
(240a), each signal track (200) being arranged between the

coplanar tracks of a corresponding couple.

5. The electronic device carrier (110) according to claim
20 4, further including a plurality of via-holes (250) each one
connecting a coplanar track (215a) to the corresponding
reference track (230) and to the corresponding further

reference track.

6. The electronic device carrier of anyone of claims 1 to
25 5 wherein said electronic device is a chip (105).
7. The electronic device carrier (110) according to claim

6, further including a plurality of interconnecting balls



6. The electronic device carrier of anyone of clains 1 to 25 5 wherein
said electronic device is a chip (105). 7. The electronic device carrier
(110) accwodisigosd claim 6, further including a pluralitycafEP02/13209

i nterconnecting balls WO 03/043085 PCT/ EP02/ 13209 18 (210, 225) each one
arranged on a correspondi ng contact area (205, 220). 8. A high-frequency
el ectronic device (100) including the _ electronic device carrier (110)
according to any claimfrom5 1 to 7,:§30hip of sem conductor materi al

(105) with a plurality of termnals, the chip being nounted on the
carrier, (@d,means fearchelcert rameddgectarmezctacmgr@acdmdiaﬁ@ cehtaof &heachip
to the corQE§p%B&Hng signal track. 9. The electronic device (100) according
to claimgo> erein termnals of the chip (105) are connected to the
correspondi ng signal tracks by means of interconnecting balls (115). 10.
The el ectronic device (100) according to claim8, wherein termnals of the
chip (109). aré Wi irggh foredpe rtay télbecm%oxmmréspémdi ng 0dgnadcludicies. thd. The

electronl vice carri.er of an one claine 1.to 5 that consists of a
n vice carr ? 0) accor ing to any claim rrom
print ed @lFE P Gar ¢ y

5 1 to 7, a chip of semiconductor material (105) with a
plurality of terminals, the chip being mounted on the
carrier, and means for electrically connecting each terminal

of the chip to the corresponding signal track.

9. The electronic device (100) according to claim 8,

10 wherein terminals of the chip (105) are connected to the
corresponding signal tracks by means of interconnecting

balls (115).

10. The electronic device (100) according to claim 8,

wherein terminals of the chip (105) are wire bonded to the

15 corresponding signal tracks.

11. The electronic device carrier of anyone of claims 1 to

5 that consists of a printed circuit board.



