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| NTERCONNECTI ON OF ELECTRONI C DEVI CES W TH RAI SED
LEADS Technical field The present invention generally
W0 edoaties9s o the el ectronics field. Mre speci fPCEEP3007/052497
the present invention relates to the interconnection
of el ectronic devices. Background El ectronic devices

or IrERGPRS Al hdt FLECARBE LG CA Nto [ st pans

that of a NMItl-Chlp Modul e (MCM), wherein a plurality
of circuits integrated in correspondi ng chips of

sem conductor materials are packaged in a single

el ectroni c assenbly. Another.e le is that of a
probe card, which is useigﬁggggﬁﬂgct i nt egr at ed
circuits at a wafer level for their test. Severa

sol uti ons have been proposed to achieve the desired
r esufhe pregant imvghaen genceallypislitasite the leairefies Keldwivlorg specifically,

thte 5?es t 1n¢eéggi§eg%%§t§ éh@ %{‘[&8} ir S@g)ngg f Seé/els ﬁxfu% fdgwcg ad s. For

|nterconnect|ng mul tiple chips by neans of a

sem conductor carrier. For this purpose, conductive

pads of each chip are connected to correspondi ng

textured portions of cond ads provided on the

carrier (facing to each oE G cﬁmen order to increase

t he nmechani cal conpliance of the structure so

obt akklseehniEReic&3 b2 Be teeaahits 1ﬁt@rcaﬁ1ﬁ@fe@etoaedc<hcahérzeﬂi order to

| ayer of insulating material between each chip
acsempll%ad?unm% éa% e cxangle At ithay ofet é\flnﬂarchlg Moade (MCM),
Wgﬁhﬁg}agﬁluﬁﬂlt S%f{h g1rC %emrt%gegtéd \_If_ﬁeélo és%é ch ge%f semiconductor
maigabls ate p@kagndrmlasmglet biea:tamyc oermelgt Anqherfmamptet is ¢l of a probe

0 th Chl ads restin n the jnsu terial to
e ugh FosB R Ry E Rt SO Dl o hadlhiey o er fegried
sl i %Evleﬁél @é{lllh&g IHane RerS Bﬁ)%@sédt toHRBle tHeodEsfr&?rééﬁlﬁ rPa‘?ﬁcularly,

for exanple, by 2 mm). this way, the chip pads
speeifia ¢dehhigoerkndven inBeihAds haged ayde raisihg péﬂs;oublﬁ tleadsli ng

t hem bet wee he carrier
ot RGP R e TS PR R SR oL gt difing guuttipte chips
byeh@ins Jhe serhicoidudio chirRP.OsR dhis hubgdséy 382 palld eMBach chip are
W t hst andi ng strains caused by nechanical or thernal
capnpeied & correspanding fexfired PPHIONS aheordashys Pads nr@wded on the carrier
s
(fg&%% gagh é))'i(]lb ?f]l?o%%?@g’ &acﬁgg] hae{Hégct e%glacIOSIﬂ;lllgi g structure so
obiteiaell. EMX-0351020i feucirk| tp, atriileeadscaized flaydred m/sarauag material
mul ti-layer sh (consjsting of a dlelectrlc she
f‘é\é{?ﬁdwaéﬁ 1%@@4?@&9@%0#& QPC%I» Mreingylating pierighis ﬁefected 50 as to
, h.ext Wepn
hﬁ/@arggﬁr}fﬁg lﬁ‘tlég)f he agﬂ\%g{h Yvﬁﬁ atgeg rgﬁ‘lgﬁfagr ' hea}% g?e@&tdaékqmst the
cartienthetably @dnnt&‘tmgﬂlet morseparfahe chihgads resting on the insulating material

to the corresponding carrier pads; the chip is then slightly pulled up to space it apart from
the carrier (for example, by 2 mm). In this way, the chip pads detach from the insulating
layer, thereby extending them between the chip and the carrier (with the insulating
material that can also be removed at the end). The structure proposed in EP-A-0352020
allows withstanding strains caused by mechanical or thermal stresses.

A variation of the same technique is proposed in EP-A-0870325. In this case, a

removable layer is exploited to facilitate the raising of the leads. More specifically, the
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strips fromthe dielectric sheet. The tip end of each
lead is instead slightly larger than its strip, so

wo bav/104129 et chi ng process | eaves a snmal |l butt ORCT/RE®N7/052497
it; this button provides a veyry small adhesion of the
tip end to the dielectric |ayer (just strong enough to

retain.the, tip end a ai ns V|ta1|o
el B i Pof du iR R onad Cvdnedde Al shehsgndwiched
bIREG: mtonﬁetﬁplﬁ%rﬁ‘)alea&ﬂgacpfs sﬁ%fe'a as %35@115 %vﬁclcﬁf ex!té}fdg ®ktweeR a tip end

that the sane” et'ching process |eaves a bigger button
anqlmj termirta] emh i Télekmctabhyen wndey theeleadseis thmettlmdmsm ab teepgparate the

stﬁ),'s hf’%‘ gu dle[leﬁz};r % t}s?télp eél'td et eafli?egg IHms n%g% Sﬁ%l'ﬁﬁrtgl r than its

stfigl 9o1 tA@! th® eichhg @b ¥Rl OVts iat st alROS L n gt if, @6 € butto§rovides a very
conponent so obtained is aligned wwth a wafer, and the

sneglhadhegion i dhdyBp ded te dhe diclceisoArirHipst sengcenpush (¢ fetain the tip
en\ﬁa%%[nst @’Exdfﬁﬁ%\ﬁ ]tandhe?cc%llaﬁlbn lf&¥g§ 1&1 \ﬁ%{%& 311&1@ d(ﬁa{hg other hand,

apar exten
th¢ \M:rhhnztl led bf aacﬁ netsl ioffartlirger, eadsmit theatme eaiﬁlﬂgyprdéﬁsatdaves a bigger
|ti-layer sheet). In any case,. the |l

f th ad
bUHOBAMHEY it RUHARGEI O FECRICS ﬁ%&egmaaleenjietﬁéh%mw—?ayers sheet (at the

ct terl f
BAE SSBhod SO 8630l 1 EERERNIRL i buin

focroexhec tits ropywield suef8cd)i Elmt cdrapmhsnt whobﬂuned & digpedidetth 4 wafer, and

thg?we St 2 t%)élé%(il %(t:(g{eégcleq%qﬁt h(go L U%Ie cS ?c%rh ot %é)xrf]ee?he multi-layer
sh%@t%drth@ gva?é}yar@wé@taﬁar@ QBtak b cQfend l'tlﬁz 1%&%1 ﬂh&% (th the tip
| eads. The connector 1s produced by defining tgh | eads

enidp o thededde éhazbfeaﬁrlﬁ detgcl( from t@(@lﬁhi-@yewe@h emi cal
mlli frames with
ot ol pib st PhERA PETTR anisehlif, Bt iy protected by
a bﬁélmg@ thaerifl| gir&Brabht of hthe QB! ¢ yp?w Eﬂraéiaﬁi{ﬂdf I US A-3,795,037
liquid is injected into the cavity defined by

dlﬁﬂlgqeé & copprgtqrewiths resibieaigleadss whisd as¢ gmbedsled p P &R églstgfn@nc material;
thé Zgn{r@l\éﬁlge 38. &Rah& %H{)\% r&orﬂjlﬂﬁ%tlgg Se!le(c?r?ﬁ %t& l%\ el %lth(?ln reglélrmg any

chnique 1's also a ove’-rren
acdﬁmw”mmitroEBf the e@ft’ 0Bt lezidﬁ Thi sommaser (sEpfrd)dirced bg dl:iélﬁdg the leads

have bee exte a fl owabl e materi al in
inpya S6RBnOk HaMfY (ko qxasnele DN e BEMIGHY mlﬁ@gweﬁac {0 4e %V multiple

fr&tﬁ@s @Mﬁ'lﬂté?b&d%@&@s Anfled Bui ﬁ'}?tdhatc%n%&%t\%én %e%l%tes. At this

| eads bove, the material i's then cured so as
penbed dtorhemdbqiid iannjettedtinto e eheitt daﬁnddabyerthe plates, and it is

ol Besng Bep it s e of M et ool dis it MBaee ar o

rel atievednfe GEMRIRY: isfMo epaml B tHeheboveatidtibBed Bt EP-A-
of sacrifical l|ayers that adversely affect the

087082 dpdmdicerg (rleruhadaads hang frcocatssdsl), avbpwabie rmat¢rtal issinjected
be\fw%{%{'l 1?1' f fl&ﬁ lfell};er tg r%el? l%(? e &GS 111a§1e avaﬁ%?e space and to penetrate

among all the leads. As above, the material is then cured so as to embed the leads in an
elastic dielectric layer.

However, the solutions known in the art are not completely satisfactory. Indeed,
these techniques are relatively complex; for example, they require the use of sacrifical
layers that adversely affect the corresponding manufacturing processes.

Moreover, it is very difficult to obtain an acceptable level of quality. For example,

in the structure disclosed in EP-A-0352020 the chip pads may easily detach from the
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in the structure disclosed in EP-A-0352020 the chip
pads may easily detach fromtheinsulating nmateri al
W@ b 00494 hei r connection to the carrier). On PCBEEPINB052497
hand, a very high accuracy is required in EP-A-0870325
to obtain the correct size of the buttons under the

. tip.ends; .indeed, the correspondi ng. uf act yri :

i BB i DEG Y SRRy igo i (IR O e T P a very high

adelMBcy iPreQMARI A'EP-NEOI038S (H¥blalehEWoket E¥ET BESGitons under the
(before their connection to the wafer), but at the

tips emrds; frideed, tteegorrospetiding wenufedturikgprocése niwsale penfiectlytyentrolled to

ded. .S In.i . )
RIS BT LRSS Bl B8 P hommecin

th8 RSdrY, BlLatMASERANih ﬁhez eadsly AeRch GhBE the 18 hStba&dtdhded.
different aspects of the invention provide a solution

as set out in the independent clains. Advantageous

enbodi nents of the invention are described in the

dependent clainms. Mre specifically, an aspect of the

i nvention proposes a proceSsgn@brymanufacturing an

i nterconnection elenment (for contacting electronic

devices). The process starts with the step of form ng

a plyragdi f d [ fac NE :

subslty & ghter oo R et MR B9 oF kR ofrevine @
subkteats shometh thndcad$ aredomddead i s coupled with a second

substrate. The.second substrate and the first . )
bt At dirky &N ASpitett LpAPYenigh P " bt pd out in the

inHERAGPINBEN AlDthdodd cabBaItcalisCoP R IBntRACHRdescribed in the
substrate. The process al so includes the step of

dapredent elgimshe mai n surface before formng the leads to
cont si on _of main surf

| an&i]?'dq a tfﬁ\?liea%gi ] the Hishutacturin

In an enbodient “BrRe O HVeRYToR! P{‘Fﬁ"éesraeB‘[ﬂC?ssi"_sf ulacturing

arP QB RY BRI (RF cOMSCcily dRRNRARGREONTRE BRFREINGhrts with the
regions on the main surface. Preferably, these

stgdbefirmmepr phwlityngf feadd oms naaie suriebe adfa for aubstrae;| dachibead has a
A way to further inprove the solution is of decreasing

fishengdpdst sgcopel ade Thersaandsend ebreackdeashe prypledy Watliad sccond

SBEPIL! P VB SO EE R BT Sal PR B e o o

cXIhdI@E NBAR B SenCE MRS subeRst taid Qhe 3coRA IGBRARTITHY process also
anodi ¢ process over time. A range of the current

indedes the step alf Iwasugges mih sinface syperci forming the leads to control an
| mpl enent ati on, the adhesion pronoting regions are

adhgyipmakBr dads e man gwddsecont act area between a

COrTEShP Q&B&ﬂn{eﬁtagf %dintvgrﬁiorﬂ?itﬂls %&ruft%g ichieved by means of one or

more adhesion promoting regions on the main surface.

Preferably, these adhesion promoting regions are made of porous silicon.

A way to further improve the solution is of decreasing the porosity of the porous
silicon regions moving away from the main surface.

A suggested range of the porosity is also proposed.

This result may be achieved by decreasing a current density of a corresponding
anodic process over time.

A range of the current density is also suggested.

In a specific implementation, the adhesion promoting regions are formed
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A way to further inprove the solution is of decreasing

t he adhesion noving fromthe first end to the second
weew7ob647each | ead. A suggested range of this vECT/EP100TI052497

is also proposed. Particularlgy, the desired result may

be achi eved by reducing a concentration of the

R B A e e RS e PR SR i b RASHRLS
r egl R%af {é}@ﬁhﬁé’ﬁ 1&1?(){10&% tﬁé @mg&? 1sI W&Qc?etaglﬁg I}}ﬁé@ﬁ&(ﬁl’é&l@ﬁ nlroifmg from

i njecte et ween e two substrates an ured,

thasirdtend bl e Re@nd @hdl @8 gAdéadg | nsul ati ng | ayer
enbeddi ng the | eads. In an enbodi ment of the
i nvehspggested gt iof dtis eartigionfs alsrepropessd- are formed in

corr ondj g £ of th bstrate
Advafrrﬁa%%rbsﬁlgﬁ SSRET Fsyataire e by Ry aponcentration of the
@mdtﬁl g% offr ooves and with a ductile materi al
ere ggested quantitative definition of
t hesrepuiﬁalhEy |1raﬂs @osﬁblak@@ppmomeeﬂ lay&y pi melploycmstsneoﬁ kdgsdns.
substrate is then renoved. For this ose,
pos shtically.oa dleptabler ingulpsing aragdijahgs pm@@ecg betmpn Ith%r twe gypbstrates

th f |
anghGLalsta. 55, 35 it dapar RanB B R T P P o fpads
a popt érp %nfBBdME%t loff StHé ?}ﬁ\béﬂﬂoﬂl aﬁfl@rﬁtlgﬁ%ﬂ\@se Bf ttllﬂ;e léa\&é) are formed n

substrates i's renoved. A sugdested range of the anpunt
c@fespmﬁlrﬂgagrbm@sIoayl&rﬁrtsmubetrzrtenoved is al so proposed.

The second substrate may al so be renoved at the end of

t he M\fﬂ@fﬁﬁéwm, iy lgrdscaes sradanothriehard spnéetal sy the jggooves and with a
dl entr on gﬁoses a process of manufacturing an

LE"I SW’r €ftbl y based on this interconnection

el enklgochiell Hﬁ&rﬂi@iﬂv@%@ﬁﬁﬁﬂoﬁ%f IHag mAKAR '1s°a[1sd3151‘8{9@s%§5 a

process of manuf acturing a test card, based on the
sanelypidadly obafisc titstrateieten temdvedi ffer ent aspect of
the invention proposes a correspondi ng interconnection )
el enfEitthis yEORR Mt @smé%bleé@ cxpeit |ar1’Yﬁ‘é $tdhEe PPepdyeidl gstop layer is

reSchet etﬁgr(l) Po(ﬁlovv%d% r onhﬁlg%%()scess y.

In a particular embodiment of the invention, a portion of the insulating layer
between the two substrates is removed.

A suggested range of the amount of insulating layer to be removed is also
proposed.

The second substrate may also be removed at the end of the manufacturing
process.

Another aspect of the invention proposes a process of manufacturing an electronic
assembly based on this interconnection element.

A further aspect of the invention proposes a process of manufacturing a test card,
based on the same interconnection element.

A different aspect of the invention proposes a corresponding interconnection
element.

Another aspect of the invention proposes a corresponding electronic assembly.

A further aspect of the invention proposes a corresponding test card.
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A further aspect of the invention proposes a
correspondi ng test card.Brief description of the
wale@nitogs9 The i nvention itself, as well as furp¢BEEP2007/052497
features and the advantages tsereof, wll be best
understood with reference to the follow ng detail ed
description, given purely by way of a non-restrictive
indication, to be read in conjunction with the
acconpanying drawings. In this respect, it is
expressly intended that the flgures are not necessary
o aviigse i ndi cat ed,
they are nerely i nt ended to conceptually illustrate
the structures and procedures described herein.

Par t TieUindédtdsn ifstigUisesell & futhshRututddandalkid alan@bas@sreof, will be
a manufacturi Nng process of an interconnection eI enment

bestwrlesitonyl wih aeteicaeceier the Aplbying detgilest d@Sﬁl@pttqw &Hen durely by way
otF d %(E:He Igeétrégg%r ggc%{l&{l (Z;[O ?e g%a.%lf it CgIé]n%& C?% W\gﬁ? %%Eﬁ}ga!ﬁgmg drawings.
Ini ﬂhlseﬂ'ebpe@n it fsi @(@f&ﬂyaﬁteﬁcﬂbdaﬂlet thic digurdsadre mep hesesabyatiadmsto scale

of an electronic assenbly according to different .
andnihaloljuiesst §therwishandi Mtttleanareem%fe& @tﬁrég d sy cacepiyally illustrate
thE REu ML gﬂﬁg &gl?ecs &Ecr%&@?%ﬁ@%ﬂfch@ﬂgm ocess of a

test car Ing to erent e I ments of the
| nv efigiros. laDhg ashbwd tlbe seribyt iphasewV ofh ar efaenfomengoprotess of an

es. | a- | the varjo has ce f or
i Sion e e el toah TR Srbgasls B! G ERRANRG o
_d| ffﬁ?@f% 26 MBOgHATE A tphaQf oft thes hﬁﬂt@fﬁéthﬁﬁ’g %f&ess accordm%']to specific

illustrated. Considering in particular Figure
mﬁhﬁ@ﬁ@ﬁt@f&ﬁgﬂ@N@ﬂéss starts mnth a mafer of

al I 105 il :
| n I%%? g’\lR,‘ 3268 Plscltt | to %SFH%%HS ﬁ?% %%{oguc aslsgaégl according to
dlﬁbhl%ﬁt é’IﬂE&hﬁl@{tS bnthe ﬁrﬁ@ﬁtﬁkﬁﬁhﬁ@n | eads; nore

specifically, the |eads are fornmed on a (main) front
sur fEgwes fa-4bphewdhe Foweussiligsesy ¢ft e mppsfagiyeing pegeess of a test card

oo el oA R T e T

phot o-resi st mask 115 is obtained by depositing a

| ayer of photo-resist material and then patterning it
t hrough a photo-1ithographic process; in this way,

mul tiple windows are opgRigrldigisctiBgophot o-resi st
material so as to expoSe correspondi ng contact areas
117 ofthe front surface 110 for the desired | eads. The

cont areas 117 ave any, s e and si ze
el RGeS I0en MR GO haEs e @ process for
mBaghetin®ad af Otﬂﬁet@ohﬁe&lfonaaeﬁé&n%bﬁﬁhgs i 1dRI&SRIC anaédlmeﬁﬂa of the

a length of 0.1-150 mmand a wi dth of 0.5-100 mm).
invention are 1llustrated

Considering in particular Figure la, the manufacturing process starts with a wafer
of mono-crystalline silicon 105. As described in detail in the following, the wafer 105
implements a lower substrate for interconnection leads; more specifically, the leads are
formed on a (main) front surface 110 of the lower substrate 105 and then raised.

For this purpose, a photo-resist mask 115 is formed on top of the front surface
110. The photo-resist mask 115 is obtained by depositing a layer of photo-resist material
and then patterning it through a photo-lithographic process; in this way, multiple windows

are opened in the photo-resist material so as to expose corresponding contact areas 117 of



10

15

20

25

30

strip may be straight, spiral-like, coil-Iike,

undul at ed, and so on; noreover, the strip may end with
wo@o®7a047d90 enl arged regi ons (such as with a SPUBEPR2007/052497

rectangul ar or circular sectign). The type of

photo-resist material being used depends on the

t hi ckness he | eads (suych_as from| to 500
(g SroRbRATEP 10 Jtahe finren ASHE Hiyen et Hpesidugey Bigriny shape and
st @bcafifi0 Mhe aBMIst 1P Be AbrREN Tof ee%hﬁbleg‘%taé{ 18d consists of an

(either positive or negative) may be used. Conversely,
clovgatedt tep t(hicblasesith aflengile of 8ads5( snhaghervyidiht off €.5-100 ym). The

S SRR PSRRI BRI A BASt BB ol sip mes
el RERVEheVbIt hwcﬁ'énliaggéﬂe[@ RHs N(@ch Oasb@itWeL BqdaRei recth@b @it or circular

and width (up to 50). I't should be noted that, en
seeti@t hi ckness of the |eads is high, the photo-resi st

mat efd al r.al: [ '

o ol LB BROSE ot HRE S B DRSS ED F e o

(suéelr & Peimnf Qnimed 500,inh). dbf Eemané, Wit e 1eds ShvamtigeindbsSlower than
For exanple, the positijve Photoﬁresist,AZ9260 was used
SG-80 vtk ctlyelyBS hinhRLoareidIRicHRl Githar BPRALVE PhnegeHEe)smay be used.

A S e T
phus@desist nraderal;| indaatd, thiit phogo-nésct imatdriall Ollows ebrtainag windows with an
. thi ckness_of 100 I.n the sqlution accordi to a

ingiehd T POBIoR TPt nd G {PoR, S0lslt dhau et that, when

thd@fidkrest Bf iRe1AR! s MM Ihe PRGOEQAtm AL 3€ Serkdflly! &posited in two
treated so as to control an adhesion of the |eads that

phai¢s] (siaeh dsdrymmdansné ragpmningnpriopdss). Wapsrimentilsepo wsidopesformed with

g Rt P PR GG (5L PO ropF e P Brregh B s vsed

tol gkeNR¥ds PRGBSI oft NAnMBIIUL BEEAEISNSF P1OGES Shd vath 4 Redth of 10
same tinme, this does not prevent the raising of the

wneads thickiass RE 3t25vien: damseatredhopsropkebU it whsinstead used to make
1BRSERPRAWarn b 16 18U R RALE D,  RLen! N desi red Tesult
I'S achieved 1 n very sinple manner; Particularly, the
pr oplasike ssloliett haordne s motmbedjchieofathy psaerti ihiadibn, as described
layers (with a beneficial effect on the conplexity of
ingdggat ¢ deltayripgghe figakesyiace NBP epiredted phmag i eonfiigl ap pdhesion of
[ ossi bl.e t royide an inproved | evel of quality;
thF%@@%g?}Wﬂgb%€%$ﬁ$ﬁﬁﬁxﬂf treating the front surface
110 gmyiskencant EQM&Q Mo By iR sRGE G AGYnenB 8F @S 18RAs from the
reach the desired adhesion wth the | eads. The
loivet esubsirnect @O n(detiegremts $anabbai oedupingyitde exhiglases of the

density of the |eads, evenwhen they are relatively
mpgHaCtudige progesstipit ttee 380e e, thip doesxeaipirevent the mising of the leads

frgnq%ﬁei lk(J)lweer 's:u%strate 105 when it is necessary.

It should be noted that the desired result is achieved in a very simple manner;
Particularly, the proposed solution does not require any sacrifical layers (with a beneficial
effect on the complexity of the manufacturing process).

Moreover, in this way it is possible to provide an improved level of quality;
indeed, the operation of treating the front surface 110 may be controlled with a high
accuracy, so as to reach the desired adhesion with the leads.

The interconnection elements so obtained provide a high density of the leads, even



10

15

20

25

30

achi eve about 5.000 | eads/cn? or 12.500 | eads/cn? in
i nterconnection elenents with a thickness of 1 nm and
w®@200710a799 espectively (by using | eads with a wdt/RPmD7/052497
10 nm). Moreover, the density of the | eads may be
further [ ncr eased by reducing their wdth; for
| e, using |le ds wth dth of . 3 mMmit is. i
w ‘H’s o e tr atlrrérg ﬂ%aaéwstot@g bfiiph &of &5%%‘1’]83/ itgis possible to
ach@&b odboﬁ'ﬂ 90086 16RRRM3 or! 2. 80P REAH/EMT il TREBHRRERH BRments with a
the desired control of the adhesion of the leads is
thadkhése vaddl mmfamdrﬁ honma, fapetivey (bprog lsidsi goh.a Feith of 10 um).

BEREB R B B S S0, 42 i o
exﬁ%ﬁl 'b?ttﬁméqgad@ SHfha 8dwidei AndeRtgdbsbleQo IncEadd thdF@nsity of the

this purpose, the | ower substrate 105 is subjected to
baﬁbm&%ﬁ@ﬁbmb@@b®13Part|cuIarIy, t he | ower substrate

105 |is, use ode in an.electrac
(i merataig s FulefRaf G o BRE ERROCH T Gl the teads i

achfeived borordihg a Wi of percts IsliRBh. Etenshingled thet freo@dnalddon is formed
process is |lower than a critical val ue st (dependi n
O,

ingpgipny 13 heeendipelpidhe apnirderes d) 7 intpéheloset ﬁthsyfﬂ@ 103 (such as
| t |
ERAVSGEGLR Lo, 7 18 RIS SRS AREI AL ypcted 0 an

arfod C tprawRsd. sPdriiclirgd thy tdm:rf addirng 095 tiheushdl &s aananode in an

no eir i.o di ffusion i othe eI
ele%@rg%mc hfdl P@ﬂu PG ANt ﬁ@ct%ﬁ%t? B8l 1igky obf ﬁ?@&rwmﬂl sor HF).
WaEn tihe Su-eat d%ﬁ%rltfyaG? tAel QnodibeprB¥ak | @Pioket Yngf ahelif&il I ailue Jpg

obvious 1f the | ower substrate 105 is of the P-type.
(delmﬂmdmgs@t yqultllﬂe tehperlmtmzﬂ factbss.rthe @lelzorslyres only rehass with the holes

thfi eli(;é&g B:eoé]é ﬁlg?tril b Fogxgl%t%{le ; (iﬁt Fso %tﬁheglsea%tion is limited

bR feddi o 188 h@l@s WhPH& by teEib 1&1@&&1@@§1ﬁﬁ @8 thd&ectrolyte). Of course,
concentration of inpurities of the | ower substrate 105

thisn@ﬂ’éla@e@? availpbrey of dfreqyHenhest ore theolient syrfbet | HY: elheosyailability of
h%@ﬁs 1saol5‘v1c§1{§hﬁ"tﬁé ?Qwéraétkp%ttﬁlatgflo'sgigs&‘ {85 aé;';'*tbﬁhve?se{l]yrte the lower

ower su rate can rou

supeE2at108! is kAT the el-t@fe thBiifte}feC biliodh- ﬁyctrolyte acts as a reverse-biased
&@ant ummechani cal tunneljng; conversely, it
klys dyietipy oy ivdd andepigtiony iegiwnn crrh@é%,e fodﬂhI jostapy as the

cotélggdr%apg?%g f}gﬁ)lufdﬂéso q@ the! RGP QLEMtH 0F "?I{Jréa%%sa( fl“H%refore when the

tening the front surtace
lopor substrstt |108 dias a;hghhbacamﬁdﬂdsrasf ianpmoinpd @x+H)she ﬁet tioles in the lower

tharandomnetvvor 0 srrall. res. The . . .
subfite kB Pt e dHroul E% el REEH de puhdudion; By quantum-
mBRLRRA! RS¥eling 'c%ﬂvérﬁ:& Uft Mg &c@ss@r&nﬁ)t b el erf) eﬂﬂE holes for
par anet ers of the anod process “(for exanple,
alhtwlm thorr, pastage cthmugnthGapqt@mahhmneh got yymané, bynbghtemng;&le front
E E]FO | ower substrate 105, the current

surface 110).

The porous silicon so obtained has a complex structure with a random network of
small pores. The characteristics of the porous silicon depend on its morphology, which in
turn is a function of different parameters of the anodic process (for example, the duration,
the concentration and the type of impurities of the lower substrate 105, the current
density, the type of electrolyte, and the like). In this context, the characteristics of the

porous silicon that are exploited are the mechanical ones. The mechanical characteristics

of the porous silicon strongly depend on its porosity, which is defined with respect to the
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density, the type of electrolyte, and the like). In
this context, the characteristics of the porous

wa@edo7ae19e hat are exploited are the nechani cal PONEB2007/052497
The mechani cal characteristigs of the porous silicon
strongly depend on its porosity, which is defined with
respect to &hennno crystalline silicon as: where pps

mpRo Plﬁ’étaﬁlé‘ﬁ&l{:?fl%sf the porous silicon and ps is the
density of the nono-crystalline silicon (i.e., 2.3
g/cnB) . The density of pthe p@E@b,@Silicon pps can be
measured by applying the foll oWsng fornula: where the
values Ps (initial weight of the |ower substrate 105

whest ereistthedensdy o€ thermecass)licopand @nds tg deesigyl th mohe-crystalline

Iome tr fter t anodi ¢ process) d
STHGBpL50f. 5t HEMabr s G211 cbin TeoliToMs S50) arpepee measured by
appBRASIHhE doll0Mh¢ orfllR: val ue S (extension of the contact

areas 117) is known. The porosity P% may be controlled

by changi ng one or nore_paranetfers? of the anodic
process; for this purp , T# ig yery practical to act
on the current density. For exanple, the follow ng
whorp¢nd vadngsalls (matsal Iwesighlmfeha)bmr melghtraict HSabafeit éhe afiodidprocess),

ype havi reS| tivi 0,01 f
PoliadifE s e hegh S bt o7 he  npandE bt and'T ot of the
PO SREdnAlekdAs 1100V Wemefsudd Yevdng the2d4lud sw@@ﬂsidﬁeéﬁ/ﬂle contact

t he anodi c process was performed at room tenperature,
argds Hpisykinegnt he fol | owing current densities: The

adh 0 ) ads 0

: nchlZlges r%glt}i E/(f h% dbor(%)ogllt %)ﬁgd ﬁy %hgngp%%’ 81362 grs Ho 8arameters of the
arfod (i pﬂ@ﬁeleﬂ)r(tﬁisnlﬁl&pédéﬁ 1tn1@FKb:C}V pedctiealab aict g th@lcﬁerntOdensny For

the leads to . the | ower substrate 105 is higher
expRwle s &lloping sxpssigsnisl éesulis disfaphaingd vals? Méaéer of the N+ type

[ ( c P e :

e R Bl Rty POE Ao IRt \ASDERRLIR, B W %hkquotyie HE
Citp@H aviting Hiheomentraivhn idendirhy 0b82%umda2d6irespectdetsihe anodic

prgggsga)éggﬁpéf%mﬁ% %g}%b?p{f{?%%gyggf 9, o )61%&60 (tgxrflmg cgggnt Iglensities:

estgd t [n
R ocro L ST T

_p_h_a Sﬁrﬁ‘/cﬁlhn rra_n_l,_f_ar‘fllrl na nrocess witlthout anp ?h Q@ln
thelﬂoﬂﬁﬁ§mhq wher] it wasPhec®ary) . As a fur thér 64%

i mpr @Pemdrum” t he for osi t yPR% 36%t he porfous si | P%en70%

regi FsmAZSh’i s nodul at ed py, dgpyeasing it novipg ay@y

T oM AR A act reas T, lﬁlﬂ«nls Way, I ISP%~ 83%,

ool | o + -~ baovio B-O—oet n—+ b o

[JUOOI I O U J11TAV T III \‘JIICI Ily I_/U LA LILALY
surf m(cn ad to inch Wéa‘sgfbi"he adhdsign anZ’H"e9O%

| eadBe adhgsian pbihsrlegsisriodha gontgs press d&7 tnsecapesith the porosity P%
ORI RIOF e B o0 Ty tH5; BRLPEaleh bbb eacs o e
lo&RHGkbs@fte 105 is higher). Therefore, it is possible to obtain the desired adhesion of
the leads (typically depending on their size) by simply controlling the porosity P% (i.e.,
by modulating the current density of the anodic process). For example, porous silicon
regions 120 with a depth of 0.2 um and a porosity P% of 32%-80% were successfully
tested to form leads with a width of 2-100 um and a thickness of 2-25 um (which leads
were retained by the lower substrate 105 during the next phases of the manufacturing

process without preventing their raising when it was necessary).
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45% 80% 1ike 55% at the front surface 110 to 0% 70%
(such as 20%50% |ike 30% at its maxi num depth. For
we@x@npbe99 porous silicon regions 120 with a depthEPf007/052497
0.25 mmand a porosity P%frem 90%to 40% were used to
obt ain an adhesion of 200 MPa for |eads having a w dth
The. desired r su t my, h|eved y sinpl .
I’mdu!g%l HESTHEPERYSRE: %ﬁgmsg}v &3\) r"ftt TEORYP i ﬁé"‘?ﬁ fors 120 is
m@ﬁllﬁgt’e& bgr&%f‘e%&ng RY & @f g ﬁl@'c%nta&r HERE1 f?hqn th1s Way, it 18
current “density”is eased from a starting val ue
pARBbRNG hgycvahiphet portohley P&ﬂ@ﬁ bt vt 20ffadehel (stsar 4sl l’(bgmcrease the

val ue, and still nore preferably in the range of
acrh%mmmeelegdsmd Aoval DEogEUEH side 00 toNer SpbYIaIEHS (50 a5 1o
exa f the porosity from90%to 509
SRR a0eiby TR Re (i PeREUCLrt LRreREn Ry "Pc esuch as

45’%—’8@)%2 lka 5§° Tk ﬂa{beeh?% 'i)% Yo% (E{F ul'ig gt f‘k@30%) at

HF coricentration in vo une o It s e noted

itd fatintune dgpindice crarplessoromysikddaefions 820 Wit aadepthbaf @22 um and
form ng the photo-resistive mask 115 (so as to obtain

a gorisity P&o fragpe?O%)fto POVowsresised ¢oabtaimayt adfiseign of R0P AdPa for leads

fl ure. ndlng t hr oughout the whol e | owner
Qﬂb In this case, however, the porous

S' | '”Pl%ndésﬁ'é’@FesﬂUﬁ{a b RIRVEFHE gmﬁﬁ} ﬁ{oﬁuﬁﬂﬂ the current density over

phot ol i t hogr aphi rocess; | ndee t he er surface
tirex pbsiang thy altcehcpqmn@ss sli’ﬂefemajxhyl foyethiy qbufpotseo th¢ scurrent  density is

or osj es the etching rate of alkalipe, :
@RS il TR R tratne Sl e i ratia o The2 0P dhe starting
vaditOtafd k€S infre PRUGEBIF! 18 thT RALELP W%-IS%Qh@Qfaﬁﬁfgh@ilﬁd GB&h as 10%
| ayer woul d be subj ected to a S|gn|f|cant et

theigpnjort ¢xantpls, gatdustionof theepquprityd”% riensi 80Yate W@Wa& adueved by
tchi i |ns ead_nhe zble wh bh
i, "B e ERCHD T GEY P2 B et oy ef Mg me-

CSJO Giith .2 HIN c@icdetiation 1ﬁl\(f@lhldletd'fl 1899r obl em | tis
possi ble to provide a (thin) protectlve | ayer on the
por disheyld pe aated ghat the ﬂléﬂdlf’eR@ﬁEﬁSénaYaa B bt swticd eut bgfaye forming

thwlﬁ);lgﬁ)ﬁrgggﬂlu%krgget quoﬁgg ?0 ?lﬁ[gmmm 1" %érgﬁl@glﬁyo%m Hot shown

e por ayer
inpthet &gire v-e dxspdingi Ehraiﬂgﬂleutoﬁheawhieteallov(aumbstaam nitskeln this case,

copper pallad um or gol whi ch | s deposited on t

hayget PP o 1?%1@116%9 %&%sa&ot%ﬂieda‘?ﬁf%qe@éwaotﬁ? B2 process:
C de t g t [

A e B TR Pty PR f TP el Q] Fo b porosiv)

mhgaliss, tha e]@hmgulateomf 4lsatee smmﬁonsthaptme @eathly figrdnfied dowlopmg the

t he contact . 7 ( hrou ecor ondj )
PHEHORL B chfle: SHOEr-oLfs Py o1E08) 5 b PoUl s whiccted o o
sigtifcaRt @&Hh?%nhg\ﬂ% fohARIGPHSThS tpﬁot‘éfreﬁst[%trﬁitsk( 99qvhash etching is
d or palladium, which is deposited by

mﬁf@@ﬁsegblg%émvvéme&ler1@Werss1bptr%@: 893 is ranplpte Iaadfyof gmono-crystalline
s11'13c0%5: %Soor{ier Y& 01d1 %?s grobf:eIOIP hEls pngéllbl%eto p?ovn&:e a?‘éﬁm) protective layer

on the porous silicon layer; for example, a protective layer with a thickness down to 0.1
um is enough to prevent any undesired etching of the porous silicon layer. The protective
layer is made of a metal (such as nickel, copper, palladium or gold), which is deposited
on the porous silicon layer by means of an electro-plating process in an acid solution.
Moving now to Figure 1b, in order to increase the uniformity of the resulting

leads, a precursor layer 125 is optionally formed on the contact areas 117 (through the
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exploiting a solution in de-ionized water including

copper sulfate (for the deposition of the copper) and
whyarodéd7eori c acid (for renoving any oxide i n POBEPHNBEES2497

of the porous silicon regiongy120). Experinental

results showed that it is possible to obtain a

recursor layer 12 fth a.thickn angi ng, from5 nm

oGO8 L B h g prg el Supa S alea e Préciror layer
1308H8RE T A lal A8taf (O & dopPet %ofHQr%)aﬁMuﬁlB‘,ewllﬁﬁﬁi iOfdp¥@idd%y means

acid concentration from1nl” to 10 ml per 100 nl "of
ofsanl eledthesg oacesso Rewiculddpos precemort layiers] 25t dfecogpgrosiayt belformed by

o SRTEED bt s whlir 6y b s (52 2 positon of

the f@pﬁ@?@ﬁd h30rotRBEE SkidOffo0 igndind Bk okRItah th@Y®Fds, of the porous
whi ch are deposited by neans of an el ectro-plating

silijogegions YY) Bxparpnantal resalth sheredi that dieperathde tsf obtain a precursor
ni.ckel , . oF ati_nu il anRakl adi v
ot APl iRy £BEL rBEIR 0 §h 3027kl ALY the copper
sudifateayonadnitnagbry frotlh®1 lgaads ¢lad thakpdraflidid deid eyreentration from 1 ml
structure, such as ni.ckel -copper-nickel, . )
togbq)dmc@%rpép() g)éh gl sglution (for longer deposition times, the deposited copper
bdd Ieg;\gistrB'gol d- ni ckel - copper - ni ckel - gol d- pal | adi um In
this way, the current being used to inplenent the
cor rasthandoing ledds dBO) arplf@hied prptopoeshe pecssssr tageoildfh Typically,
the porous silicon regions 120; as a.result, the netal

the deagis P38 woasistplt Pnenory Marepweiak laysis. whichqare glepesiigd by Haeans of an
adhesion of the.leads 130, to th ower. _suhstrate 105,

oIS Plost o PRGB! Rkl 30 BliShalt BE BB C gy chrome.

plHZRINYES R o) PallBIiQIE GF BchddA of enaby @GHIS Qémlﬂ.l?fy 8oyl Zterrdali®ely, the
deposition of the | eads 130 shoul d be perfornmed with

leads B¢ ldhve almtltidayer Sfructorgr sieh ashiickel-soppecesgealr goldrdopper-gold, or
for, the first depositjon Eilryoces,s (when, the | eads 130 .

paladiamagaidintakelrcopipr-aickalep idrealladium. dRythis gy, the cyggent being used

to%;ﬁ‘!n%le?@ Ithzeoéso%isll%glidgi Sel%%rogglgfg@e?rogg{s fﬁcagsregirt%?%%f Iﬁl\?!é)%?gu% silicon

reb@MeN20ehoh abamd thd hldtad s _’@.@}‘!ldiité@ hakithiis he{ h&res, BadEPloincrease the
consi sting of copper or nickel and with a thickness of

adhiesibe abthelealls AP0 ta thie dowpercubgtatesE03. ayer may t hen be
etched at the end of the process (after_ the renoval of
the it sheild bedelndnd ih Bs)Porous spsiriciIAnsF YLy ereinot peptected by the
ng. Cop<a - CQ u : .
R 5 g IS8 3 B o g an i

SORURMPOE colie thiRRdh&@saeNbaGtsr thdFirGQipbsitioPprodess Philed the leads
all oy (such as SnPb, Sn, SnBi or SnAgCu); the sol der

13 hayy 4 subiehysi stodtge)l deny ehsg, Byamabmsmeofolrton has to be used for
h a photo:-r

fogyredby iﬁ%'ggiitﬂ?m@ ayificgat Esfygg?géﬂ% (G Dateqtik TSt befrohand with an
B8R 1S58 ST G Bl PRt
0.%11K); SR 88 BtePiiveNtayBOmay then be etched at the end of the process (after the
removal of the lower substrate 105).

As shown in Figure lc, a bonding contact 135 — consisting of a conductive
material - is formed at an end of each lead 130. For example, the bonding contacts 135
consist of a solder alloy (such as SnPb, Sn, SnBi or SnAgCu); the solder alloy is

deposited selectively by means of an electro-plating process (through a photo-resist mask

suitably patterned), or by means of a silk-screen printing process. Alternatively, it is
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process. Furthernore, the bonding contacts 135 may
consist of a netal (such as gold and/or copper); in
wo biog/1eas®e, the bondi ng contacts 135 are obt ai medEP3007/052497
means of a thin filmprocessipr an electro-plating
process Proceeding to Figure Id, an upper substrate
consi sting,of .anat her siI'congafer

- for e
p0ls tBr‘fSﬁtaé‘o"%gF?‘é%P%St%dﬁF%}l FrsBpi Ty o ot Sll-AGech prining
pﬂg?%sf or meélgl g% é g%&;ﬁéuwgggag? I?%ggglg%éé\r/&s%%%t rz(tS&Czh as gold

anbéd} doppeah;rig thikh eadepiebosding tcothets 195 hre JEn&DIMCIEAHS\E a thin film
tracks 145 are provided wth a bonding contact 150 for
preegsh Obmhdlﬁwgo—pbﬁﬂamocms of the | ower substrate 105;

e URERHG i PlBfi det 81 e gy Sa, BhRgppic. cotbising of
an%%?%%l\éls% 9@?&% E)tr Q &)frfﬁ?édaéu?cult -BBQrdﬁ@%? asféjgs% rtétrﬁﬁél-ﬂig 1é1s 130. For

| ace the lower s te 1

thtsqmdpm, canduaivestrddi® 145 arafdngoe dn i lbtvet hefdeonditiQupper substrate
contacts 135, and then connected thereto. For this _
14utlpeise, the; towe pibsip|185). ollips eomtluptier Epekswktl atenprgriided with a

bR AR 5 B cashy FiBirasonin, DS b TRl i 6 bondine
ctact d0nge hiaAk dr fle NV L& Itl%%o%ﬁmlg%ﬁﬁcfs ha sRPndidir alloy,

contacts 135 and 150 are nmade of
adhesinepdsicosr matyl)be carried out by exploiting wafer
bondi ng machi nes, which |gflenent a t her no- conpr essi on

pr ocHsﬁsuRner s¥bsEA A8 isBlaged innigomsrad dless loweF subsirigniiSe the bonding

bR AR TRELS 5 RSP e 1
th%g%{)r}%?s?;t fis pQgibIEbalse ! 'd?ff&&ﬂpz%ll EndvaMReRGUE e Bf %%& the ones

required to obtain the copper-copper
caholdy ierigoitédint the fiotdhefr SihedndOn inaiatdr@ Adpstelicages or in the ficld of
contacts 135 and 150 are nmade of sol der or adhesiv

MEAES dechpologicy| Whem sk bepdang gonfacs d fo asd rhép arg e pf agptal, their

| ates ca 0 trat
oA B S Gnfor FufhoR R 8rlgh baf- ofifhe BB hedid ptement o
th¥@dL bt ss%r?ﬁrtoﬁé’s%t@tah%ﬂﬁig r&%fd'eﬁné BFfBds: FEP&X&&IHJI@ if the metal is
purpose circular or squared plates with a
gqid ansnipeyatat eofcabione 260°al sy sutiaichtatolr eobidining Gtka I@l(bgold soldering,

with a dianeter/side up to 300 nmand a planarit
whergasy if| thusietalhig popperng fempesaiareppiaghoyt 689/ Gois rﬁﬂv@%ﬂ '[Ch ohtain the

co%%grt-éoorplé)leﬁggl&ea g\é\%)tnqha et ¥1ar|11cl %Vh’fgc[g% (?r%/ Ofntetlc%e I11 c[ 150 are
B S s 50000 BRSO ton Lt i s
caq)hlelelotﬁ\sﬂpp(snllt@thedeeﬂ.@ﬁ)saate 19p aand dhapppar subssite 140 (for example,
by means of vacuum or electrostatic/magnetic force). For this purpose, circular or squared
plates with a high planarity are commercially available (for example, with a diameter/side
up to 300 mm and a planarity error lower than 13 um); these plates may be moved in a
controlled way with a very high accuracy (of the order of some ym for movements up to
15-20 cm).

Once the bonding contacts 150 have been soldered or glued to the bonding

contacts 135, the upper substrate 140 and the lower substrate 105 are spaced apart — as

shown in Figure le. For this purpose, the opposed free surfaces of the upper substrate 140
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shown in Figure le. For this purpose, the opposed free

surfaces of the upper substrate 140and of the | ower
waeamstioabe 105 are fastened to correspondi ng pPEIEP2007/052497

plates (for exanple, by nmeang,of vacuum or

el ectrostatic/magnetic force). The plates are then

e U L SmEgEk ot et (1oL cal L B, KSCRUn0. BR cumpl
TSR B850 Bl 5l SRDORE R PI1RSAL Ukl o vy

frondbsith atier 1didarpndy Recpimneiic pla%@tﬁt&?drﬁr}i@ﬁd ovéng the other one).
predefi ned di stance (such as from50 mmto 150 mm). In
Theningveragnt has @@crttlpairpompoe@mr(pq:remﬁu(léaratptthm@omtrsanﬁacq §10), so as to

e BdbSonB P A H80BMAN R ppBnte i PECEPEO disance

B T8 08 L T 1o
withvtlid bériknge xérende d3 5, es@)sdetaches ot thg 1bWwed subpfréie U0S Qs the upper

| ayers - that are denoted as a whole as 130').
subafrate d 0 sipesy Thergbotic, (te teadded) now getengd clvetvmg the prige pubstrate 140

o g E e i b1 b df BTHs I giR BEh@inElpar Bty avers -
thYPREdeROEd gts?gbzvlﬂ)fle Lesd ?%rt%c%@arlﬁ/g \éﬁéhrtgﬂt%gdc?lz WHaNB0° has a lower

contacts 135,150) Is 1nstead connecte e upper
erslu b¥tar @pposkd Gotthé Gogding entordLESt 1508 Whiak ksmais.cohhiected to the
shoul d be noted that themgbrous silicon regions 120

logler substietsl 1y amBpiesid of ﬁle lea@ 198mewith fee bonding contacts

ntin hei r | ete deta nt
LB bR 0ot B Bt SRSt B T, et wracks
1zﬁshqmoua He%téd R pbrtoué §111é‘(1)r§1%g991§ qz@ h&o geah%\«h@l RaBd130°, at
hori zont al corrponent of the novéenent betweéen the upper
ths winat tiak rdvédtignidicir kempwedetbbehr fadre tidbweparbairatel105.0
the front surface 110), so as to slide the upper
subshr atdffanent Wll?lﬁm?’]ét@tgféb {natoshowa other ﬁg%)s ity it @lsq grssible to

Pk P RS p BB o e yn 5 ERE both Bk VE Pt byt 40 and

thWi [blet REbsuauweros '@}?a'ftaﬂe’iot% thEXP&Ht fRRL&I110ESW ESS S RAUEGhe upper
that a vacuum of the order of 500 nmlorr (readily

subkitate ma(biwethhyspﬁetan sholoweo mtrstraﬂeleSafoalekmlble thaupipﬁnends 130b of
rot at abl e urrps) i s_enough for raising about

the depdls lfﬁomaym?ra trd (pripgpdicalarly tpdhe drogt S@&W@ lka) ﬁ@t@tthe lower

enkc)le @&ﬂ ied to the plates for noving away the upper
sub rate 140 and the | ower substrate 105; this

nov eEB&féhnféﬂf&l B&ufo @hm&d %t W $Rudm N (Ofhe @t @fcyodomorr (readily
nmeans of commercially avail abl e handling systens (for

olexiazipé ey maqmbbié cmﬁmamnil yavatatde fvacumen wgtatable1funigoy) vis tanough for
an accur ac% ,nmfaor a stroke even higher than 1 |
ragstg absut 4 04 l%lﬁ rlrt30 & of TyRBIness. slorest ¢ngmealte mpust by gpplied to

tht nﬂla‘ﬁg ? 1*1318V1\ﬁ§er\])vatyh§1e ULR)%gr SUbs R§ LT B80°%and the lower substrate 105; this

movement can be controlled with a high accuracy by means of commercially available
handling systems (for example, capable of applying a force up to 10 Kg with an accuracy
of some nm for a stroke even higher than 1 cm).

At this point, a flowable insulating material is injected between the upper substrate
140 and the lower substrate 105 (for example, by casting or under pressure). The

insulating material may be silicone, an epoxidic, thermoplastics or thermosetting resin, or
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140 and the | ower substrate 105 (for exanple, by

casting or under pressure). The insulating nateri al
woreop7het739 | i cone, an epoxi di c, thernopl astics BCT/EP2007/052497

thernosetting resin, ora casq%ng ceramc; the

insulating material may al so be | oaded with

TIREAE 5 S B S L e o
dert | t

oSyl AT P LTI 18, b HAESE 03, o B . o

Sle@Lﬁlairdﬁgoniﬁhedide&he stPudsel ahdyetha thamay icsedusiitiyy 6f Ok insulating

exanpl e, below 500 St). For this purpose, the
mgterigle The astlgringe thatsyiak sheulddiaee adowstiscasity (fosexamula elow 500 St).

FofaRReurig et Entedombe Ty fedbuRt SHnETF dPmand dhe waper subsirae
léﬂ)nﬂﬂa hiso B QP&ISssedtlﬂ Alge m%%\%%@l‘h GWnd t%q)résl;b%t {H BhdtRR of any air

e I nsul ati ng mat enits VISCOSItyIS

bubbleatthat ehyy fppgir ddring tﬁe( &t[]’@dt@n by tslBtify natdrial Whers its viscosity
t he |nsulat|ngunaterial fills the whol e space

is tséltlﬁm@éﬁ htghe(fcermz@mp pBeveatleSH4m Bisdvihdhe aelating material fills the

iR e e e Fi L T i 0 a6 b gy 10y thereby
cRIALE ArbRAJASBRMEAAII0Y Pl H3aihirihrieMREAR Rl o Bebiain a

ds“130'. Acctording to the insulating material that
cdﬁ&Spdnﬂjr%Cla?& b, weteech em@edspglé thes lebdd 130°e Abderdargdtot tlhe insulating
| ower substrate 105, the insulating | ayer 155 may

m@ﬁetlhlet&lafewa%tm%ct@r bthgq:ruthewmhr pubsEpielde andvihe &pvmrgsub@rate 105,
S .renove For this purpose,

st e RS A PG UGBS R gi d and |t doss. not
adheyi@nQBtdnge howes F%ﬁ*?é“ @ﬁeel’ov&%r fREIARIE AImARH ! )} thi§ purpose,
sufficient for separating the |lower substrate fromth
wha@s theoihsuligngstagerct ifr &. rigid mnelris @bys néthalhsepar aid hm«e.fsubstrate a
the | ower substrate may be achi eved by neans of a
m@ql@mcﬁga%],ogcléssgﬁéc'éq:qt Her serargtie s lewer é@s&ra‘@r from the rest of the

h
sy Qs ooty soib B, FaRF Lol 4808 e B A RRRGy moans of
a %&ét Oé?&ﬁhg"%%de% theRr dr Ctﬁg’an‘?s%tréﬁlct& Rbﬁ’éé%getyﬁe). In any case, the
plurality of interconnection elenents 1 (onl'y one

orshadion dxpodel ¢hef logr ejds léﬁa: bf thetlerds dAde dhe stua@herse ra;ﬂata:hﬁdd is then
i ncl udes a pluralltr | eads 130" (for exanple
digesl, s a3 tp prowide apera wt AripigrReBRection n1t60r£99 ym@e @&@an in the

ﬁélfge)tc %chf]?fr:l geu(%%fele(i ion, em n V\§§ tlr{c?n § fgﬁ 15’@%}%{ Sxample
fr&rhem) W Imoad)em@ Bﬁércwl%ﬁ&a&@mﬂeﬂp Iﬁzﬁm@ lagéa i.toh&mh@@dﬁle or more

For this purpose, it is also possible to form
clert®nar davioree (mttshbwh aty dresﬁguno)t togho mwetr rendh &3 (faj, g asebo @]mple them
the | ower ends exanpl e ans of a th

with (the lffHPSE éls@traﬁe 140t(léhr%ughr the fgads é%‘éésljor tals tPaFROS e 1 1) %LSO possible
toaf%rﬁc'l Wno 'n r%ltgeu[ lﬁlay%s éﬁoqeshg‘c%g i tl?euﬁg 51? th%slow% endssl30a (for
renoved ( berore t ng" oper ati on npl &

eI BP HeaSLBSE that B Hbc&BEA ﬁﬁcwﬁlnaﬁ@m@y

Alternatively, as shown in Figure 1g, the upper substrate as well is removed

(before the dicing operation). For example, the upper substrate may consist of another
wafer - on which the corresponding conductive tracks have been deposited by means of a
thin film process or an electro-plating process (when a thickness higher than 2-3 um is

required); in this case, the conductive tracks may also be replaced with a uniform (single



10

15

20

25

30

wafer - on which the correspondi ng conductive tracks

have been deposited by neans of a thin film process or
wamoglierdy o- pl ati ng process (when a thi ckness mTRPI007/052497

than 2-3 mmis required); injfhis case, the conductive

tracks may al so be replaced with a uniforn1(sing|eor

nul iple ondu i l ayer beln whol e
kel B RAES Tyt BeioB Bttt thel VAdTE Sutfes A W asubstrate.
A§ Q v%nﬁné)% &%ﬁpf‘é 10?1% Iolf beugrsﬁlcgﬁ %fee%@@r%b{ E&rﬂ%ﬁ QanthE Igfr‘rface of
sure e

ace 0 per substrate to e esired
thadlbpeﬁ @Bsteitc thénsamniu elesing ddhagds bl aigaiontlingive ackd/Ayer thercon.
any case, the upper substrate is renoved with the sane
Int 2y Rk tlessunpiss swtistyalg isbrovayef ovitht the shoesechsigbes deserbed above for

nf kbl P St Bote Sl PE e S REe twipavgpit shoula
becS %tgdlj Sl \Gﬁleh%)/ﬁﬁo&% cRBBAiVeAh qlaQ el ?orH’%H‘?ﬁbthe upper substrate,

strate, the c uctive tra s 145 ma tai

th¢ abhdurctivd eraclanbibaimap be tobeingdp@ricisthb stmat of e tE@nSubdirate) by

a selective wet etching process; for this purpose, the
mesi ofed sgeetivieowel @ehing@ressrrier ihie phepes. the degrodt pastiers of the

t 0-resi st tterned

cqfulivhe Py s Brtsetoth s °f Rl ISk g " femed cwhile the

WiddHet fafHR0 15565 8V GRARG cdRblct BE wilhQhhdiREth@@iching for the short
myp?%h 'y %equ?r%d&@o ggfﬁgkn t he conddcglve ‘%3%% or Hie she
pehindaptivaly refdresitto pattern eheSwndbdtaicnadr). S t hen di ced so

as to provide a plurality of interconnection elenents

- onhy 2beNE, Eifosrnciuic sp@biainpdrie tkl%ﬂ fliced aptap 4¢ @govbde a plurality of

nfEr e R FRTT o Eihenes pipv i€ by fil iffiigped by means of a

prith@¥bRtign C qcéc oeré")n Qaélplntte!}@orﬁi@&[(fi‘icél%bﬁt 160 1@Eltﬁé? %1g1d or flexible
P sulating | ayer '155). The interconnection el ement

(at&@dinpay tltbechmtkrmmcsc@fubé ensahyinglayet i 87)i Thel &mtrC@ﬁleéﬂltﬂi clement
shown in the figure) between the two opposed na
l@urmaafc@sm@fl te Keunlnauy sleptiyi¢ dgesesiset &hﬁwaug fthe ﬁéumbb%een the

r_this_.purpose

oo rpsst Qs ot BRIR G BEE S MOl BE% R 13y for his

purfodeNfhe CRRAYATT deQicts AckDnddtRed HAHP Ilcﬁ@er‘@nﬂi" 1303 URP RIads 130’ or
ends 130b of the same |eads 130'). Considering now

toRhg torelu2@ve trdvks déS(coepled shthshonpmd chdwel 30bad $het scanteheads 130%).

| oner substrate may al so be achi eved by far
por dunsileripg gpvy ngglaﬁs%iz@e s%qsar%d iagaesyony @l th@ 1@%ﬂ§t Kbtthe lower

sugﬁ)tra % ]m]ag?;a[l% Oge yl% qgv%gsbh Q¥ i tthhe f 3 1%11(%0'% ere%lgns 120 selectively in

COI’] rous

1tssbéﬂte§:@ rdreraﬁg'l‘?r@nlﬂ‘%ge (sR&®n 9 tﬁeoﬁgare)ar f1drO5pRMidally,in cach contact
sel ected portion thereof, while a remaining (passive)

arpor 17 oire @Suobilivte re{gmmsakﬂto @near lﬂdfe)'rmeribanﬂfttm aselected portion
nmono-crystalline structure. For this purpose

thfv‘lieefnwl@ R 4EBABME RESTEAGIOTEULS0T &F dh §01%%0&earr%9d ! bK/ mpintains its

AR R Re B R e M o e B U B pubstme i
cotzvgi'éeﬁalﬁzg@ﬁ&résﬁ%cﬁﬁg PR&K-rBhQtRAk Sufthife PAGShAE(HRRE th(ér\formation of
the one used for the leads); this photo-resist mask protects the passive portion 205 and
exposes the desired portion of the contact area 117, wherein the porous silicon regions
120 will then be formed during the corresponding anodic process.

The porous silicon regions 120 may have any shape (for example, a rectangular, a

square or a circle). In an embodiment of the invention (as shown in the figure), the porous
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exposes the desired portion of the contact area 117,
wherein the porous silicon regions 120 will then be

wo eoonaa7eur i ng t he correspondi ng anodi ¢ pr ocesBCT/EP®07/052497
porous silicon regions 120 npy have any shape (for
exanpl e, a rectangul ar, a square or a circle). In an

embodi nent_ of th e ho in.the figure
sifhe e L atep sy iR en Aot BB Bt gopacl 4réd 117, The
cdhRéAtRkiBh YortihE %Hgﬁl@ l—é‘ihéoheregi‘%ﬁ& ng iANR& cddidet aPE 117 determines its

concentration of the porots silicon regions 120 in the
(atv:@ageicﬂdham@aaﬂﬂvldﬁ @romenmaplm st (lavem&a%e)a Mh@wbqrona@at would

P e B Re B el iRBE T 00 R g o icon i

foan€d oRll 7in0dnclhithdidiPicgions e daek @us ofill méntheswm radBekion of the
only in one hundred regions 120 each one of 1 nm, the

canstchl aregdHd4i wH! drecerne @00E10Y/1@FaMpr1 Ahgi samesesyHemay also be
|
4303 LIPS0 TS, SRR LE5HLE TP L, B, i

ofl0hrrov®stfip @kteﬁohagmoag tl@somllte&:t heg 107). 2 narrow strip
extendi n Iong t e contagt area 117). In a different

enbodi Aeftl %?ntt Fa @Chméwt 6nthCa¥IVeRiRfn # Sheyhr@ Jpgurc 20, the
c&lﬁg&l‘[&ﬁeﬁ SR e‘;ﬁdr% Qficdnne Bﬁg U 11r°'ﬂﬂe'c%ﬁ%ctr &84 2[‘75 dé&Qasb@moving

t he cont act ea 117/ ec eases noving fromt [ ower
fremdhoflowdreercloof ths pondsprgdingadad @ theeuppepend dmdeof. Preferably, the

here Pr ef.er abl t he adhe n .decrea fro
RSP LoTaE T B Red Al T OF He e et to @ minimmum
Vefﬂlé']g MR \hétecrddabs tRelchiPPEfua sl 0af195-86% sG: BHUAUNT Qalue, and
0 % 60% of the maxi num val ue, and preferably equa

pmﬁr@)lﬂ%ual 0% (bft%twé/o méﬁhmmﬂxuammeva@@uéshdags 0.5461 %4 Yhereof). For

bl dhd adllon AP A S R At S foo QAR B, while the

adhbsibh et HpRpHerend tHohr aely bery1 BPa0. 1 I\/Pa The desired
result is achieved by reducing the nunber and/or the

si zelhsr desred pesduds a¢higvednbyr axflusiig tho onunphsyiang/of rthensize of the
r E
p&erggs é ﬁ&ﬁl re 1%%1%5?0 g gvnlilg @rl%gnsﬁlg q?\ﬁér énlae[o t éag[?qer el% of the lead). For
exraﬁg)lld) s tHke2€hss hr 1sme tae qbodjus piceR régmm Iziﬁ)eshrmg hhd td@ptaﬂse from the
left. Int ossi bl e to haye a

rigfy ﬁ%éheolﬁftciﬂo@@ W4y ttH%P?fﬁﬁ’ toghye grlovreadhssian C@ée kesthe gpper end
off t"ﬁg 'léadt & & id Bcilesl [ eelﬁg Ethtﬁe §§1H@ tlhie"§’h1g?‘1 eg‘ihggion 1sema1nta1ned

hesion 1's naintal ne [ ower
clb@etd thslowas erthofethc)lead,am)as rt<|> 3‘koubﬁny tlsk dfétsawtﬂthmem An

| | t b bed
e oRh SRR T i 0! Pe0teEe eERT S B Tyctigngtlprent 160 is
illf@rated’ 13@1 L&Hb@ri’éﬁwﬁlﬁ%hrtfbegg%@re %Hﬂx}@a @tr&ét%ﬂé(fﬁé{ i€ Pger(‘leﬂ) é)ackage a

I's use package a chip 305 is forme

chif 365.CTHer @gp 08l inpriace i afcotrbpondihg ardargsltesreatdr i@pleh@nting the
upper substrate (which provides a plurality of
unpge Aebstrale dvigonenidss af plaraliby o lestieny)companents after its dicing). In

this case, the conductive tracks 145 implement terminals of the chip 305, which are then

connected to the corresponding leads 130’ during the process of manufacturing the
interconnection element 160. At this point, conductive balls 310 are soldered or deposited
on the lower ends 130a. The chip 305 is typically covered by a protective cap 312 (for
example, of a plastic material); the protective cap 312 is formed on top of the insulating

layer 155, so as to completely enclose the chip 305.
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this case, the conductive tracks 145 inpl enent

termnals of the chip 305, which are then connected to
wo b@7aerrvespondi ng | eads 130" during the proceBST/BP2007/052497

manuf acturing the interconneggion elenent 160. At this

poi nt, conductive balls 310 are sol dered or deposited

on the | ower ends  130a. T 305 i.s t cal |
o ov e ey SRR, qladhcs taiepBhectigmy SRsing  Tep s instcad
111ﬁit?a$éd @ PRES gl i’amtcﬂﬁrl?rf% eﬂ%ﬂré’ fh&AP a%ﬁltﬂ-&uﬁ %cﬁﬁﬁe 900b. The
op of the insulating so as to conpletely

melmleCtkms enqdmée 3f0tp 168@56dAtp es&embleaayplaq@bm ehachipn 3dbl tahé 315u (for
i nt tion structure 16 ead il lustrated

oo, GARERe°u it 455 TR Bs RSN HOWR' o). More

spatilfitaltyG Bhdh 8 8 i3Q8bngedR10W tHel inehdoBn #BRiIdH Is@ud(fb1 60S; the chip
used to assenble a plurality of chips 3151 and 315u

315t éﬁrPr@Xlzﬁlﬁ?) math 4 plueditaef tegmisialsci?0p §inghe feren eff ballsdn thogrample at
SG00ed U5R0UE T, (YREb L S 0RSGUL ASALLY SRR 150 on
othérfhlmtiuéa&h 166 315uhie anbinged3ibbile ke ipfemont@tiondstriictare 160°; the chip

plurality of Iern1na|s 320a (in the formof halls in
31t5ﬁelseRr3?‘r15ng |asEIﬁ}E%htY i ER1H ST PR et e Which are connected to

ot ﬁ%p%hla%c ’Vg‘gg%lﬁseﬂﬁsbér%go@?esdt\g% gna,g%ellgﬁ%s’lﬁ of the leads

130r’1.t €Ehis afines tobamisg pcdinreatidB0 struttive (ehiigh 8 Xben ty:plcally embedded
: &;é)vi Tl(ed with a plurality of simlar term nals 32Qu,
@ connected to correspondi ng conductive tracks

145 Wﬁhn&f&@ﬁb@' aswWMd IFigdies upPar (BOdarid@Obnedest B a process for
| eads 130'. This allows obtaining a 3-di nentiona

menyfagering a( \ehsi ched gcqomangtty pdlé@tdny cartpddhaends joft 1’<he alnvention are
Wt h refe enc ur.e
il E0Th el sarREEEE PGS B by Kinfl i SRetiftie eyt gyeh as chips
atQBé Gvadsclovdi (ROtHio calicf t@nMbhlyeret ek Sprobe t41@) or components in
invention are illustrated, The test card may be used

packaged dprmarpr thhepkefof singlicitpnindhe &xtlopadrg the pddmends ediregonding to
t fer I e
thg Son%{] %g)\e()@lcglrtg% %}éer%g%%gg ghent%élﬁﬁ% denS%H‘WQl ?10 F% f &%ﬁl e%l Vbtained
b}saiaﬁging tisdirnfrkt rainibyer fiom “tifieo 4l aaﬁdvthaagr &bhnai@melmlﬂ& omitted).
corr ({“IR?I ng to the gnes shown in the preceding
fig ng Tihgarkiepat Bguls 49 S manypctdng P@ﬁESésagam starts with a

10%1: %&%Qte ks C(B@}ﬁgi'tlﬁg of B&ldfed bef Iﬁgncﬂb‘%ﬁ{htng gf)ﬁ%n)g- on bQront surface

(and their ex nation w|
th@@nﬁﬂ Hethie rhgids o bfaraused wkaformed)ulhe 1dwer tubsrataAlF als¢ urciudgs a stop

t th bst rat
s SEP RS Yilerpbtren e YSY A (TS Sopiesdy | has a high
cdﬁ@erﬁraﬁlﬁﬁ’ er hﬁ@@ of REE 3‘8@/{)@’%@1&% hl%ﬁgsthﬁﬁ’ PR dicRGm’); for

are forned | ower s rate 405 al so i ncludes a
exahpfe, Itla‘;yﬁop :ﬂaytﬂ_41 Wsod&ame;ﬂ ppseamd bf ahen@ppaener a diffusen of P-

o e oIl SR ABIEL, 4T hega Lok coneentratioh e
folldRinat e4h/1648 Wil bd &ed to define a corresponding probe for contacting terminals
of the electronic devices to be tested (for example, in the form of pads or balls).

For this purpose, multiple grooves 412 (extending from the front surface 410 into
the lower substrate 405) are created. In the example shown in the figure, the groves 412
have a frusto-pyramidal shape with a trapezoidal profile (for obtaining corresponding
probes that will be used to contact bumps of the electronic devices under test). The

grooves 412 are defined by means of a wet etching process of the anisotropic type; for
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exanple, the stop layer 4 11 is obtai ned by neans of
an inplantation or a diffusion of Ptype inpurities in
wo b@7hiewmey substrate 405. In this case, as deseCi/BERIOT/052497
detail in the follow ng, eaclylead will be used to
define a correspondi ng probe ?or contacting termnal s

0 he el ectroni ¢ devices .to he t exa
eI SPTACHT S s Db SR EofeSeried B EAS0UO066620 (the
etﬁ"r'é tdis@io‘é‘utgr(ﬁo%ﬁ§h 41 et gD e rtgfn'fetfé}@n(fert%nihesrﬁﬁ;&ﬁﬁﬁl extent

410 into the |l ower substrate 405) are created. In
alloxahislby lshbwn in the figure, the groves 412 have a

f th t

(1 or PRI Ry P UaBoAl b Brob BRFR oy bt douigh crching
rate0- ﬁﬁr&(@tﬁblebkﬂfﬁ?& @st&lh%‘re@ihﬁ%r[dﬁfﬂﬂ@n deNhd&iesy th'édﬂﬂler 1ndex <100>,

test). The g@ooves 412 are defined by neans of a

SOeth@htt Ayspt olias 61109 formes amangdt ropid° tiffethe fftﬂnéﬁlarfeﬁpéw A mask

Ao R e T R S S

thh &r\eerrentlmbuhe tadt exdbdormed aypiogley, tratht dve clanilaion sexjuemt shape);
allo é m% Brlefé . the | ower substrate %g?u

Oéfe ga e a“regs AP CpmsitiRo tlts%ndmﬁ&leaBﬁtoarP@teéﬁ’%p giligate Glass

a r I a

(B&’ D)9 d)&b?/&ln ositd! ft e(:?lﬂ@ néggf)i( aeL I(Rgé R érco as%lf‘cgﬁ ?{rﬂ;gl@agwnh larger

wpldawe for Mheitommfaﬁuﬂln’g Ipbaszs) 5ud anwliphr tldyer faf dBPSG (with the
surface 4 mask 413 is fornmed on the front surface .

S WA B IR S BarG b eadhorresiEhARAg: Sb bl chemical

sdhﬁi’(\ﬁr s€Rd® Oth tih@rd@RdRe Wondd¥ysf ATHE hatit %P3 CRc! Mocéé’s fidrelatively
a rectangul ar or a squared shape); for exanple, the

fastagidil dcrpengilates(1dt) isicntamtered fafiedghat Berasehimppeeican be deemed

Pho osilicate d,ass (BPSG [,.a ¢o site. struc
GRS S S s BP0t T 1203 Sefted SAR RS FrcPdll s oxtending
atVbhél daws o @bni e MeX sufedeud IRcidd 4 lﬂ@:teﬁtgaﬁlefb))tt@ﬁ%uﬂtﬁce (whose size
per |ayer of BPSG (with the desir Wi ndows The
dqpéw@rorsthlsé@rrgélt af 45 cfchingHEpcasmd he 8ame Faswlt awé/tﬂlthbt @chleved by
C 0 ehgh 0 )
RN PR s G S BEPRe Fllig is sop ver
blbésttheisching totf eheclby/s:t albsﬁthtamGS ((ﬂ01 ctampls, tﬁﬁﬁi@l.tﬂtaﬁﬁgd concentration
éafter that the. etchi ate can . be dee
BYIUgEH YO 2 SH“E‘WP§ Og@a&ﬁ‘ @reeaat@nhlsﬁ %Sotootfp&tdﬁ dhe desired

sh}ﬁ?é bf tﬂ@éﬁoo‘v@é £f ﬁheg‘é&%{@& Bf &?étl@rgﬂt Gch@%tch E@ a

omthe front sur 0 and ectangul ttom
sur f Altan{twieys ehesfgmeveﬁe(pemﬂwmnntthfe figemeyhiveod triamgular profile - for

oy O Rg Beu e L it ool it BBt ECHEHRe devices

ur{dépttesﬁ haviculdyt i bicdVEehay tcBhéistS&fozp Fb@ﬂ@drof?'(%hstwbh@apezmdal
et ching of thé’l ower substrate 405 or exa

fapeseanid gwo drianginlag fiacse ﬁ@émmatltomm agize) Qf'plf 1 m’tfésldc{vvlthdow triangular
SO. a

facersotb bl 1entt Er{t Stez‘,lrth)g Ehl Sul 1fs atcﬁ}g%gdr Qg%:/oergm&% the etchmg until only
fatdts 65 PR Ghysvelpyanef(l Ilb&erh@tﬂ&&[ﬂos&ﬂ, {Batethe BhRDHRAGIE 8SBve collapses
into the edge or the vertex (when the corresponding windows are rectangular or squared,
respectively).

The same mask 413 - or another mask (not shown in the figure) with windows
slightly larger than the ones of the mask 413 (for example, simply obtained by removing
the BPSG layer in case of the above-mentioned composite structure) — is used to form

porous silicon regions 420a by means of an anodic process; the porous silicon regions
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Al ternatively, the grooves (not shown in the figure)
have a triangular profile - for obtaining
wa@enraependi ng probes that will be used to conPEDEPPaTES2497
of the electronic devices unggr test; particularly,
the grooves may consist of a polyhedron (with two

rapezoi aI aces and triangul ar .faces that_ joint
4#0ﬁt<§c gh fategfl d:ggo )dSlfr cet, of L g]iopvedsné](é o the lower
sub@ERS 408 @si Mbde ﬂh@tsﬁ)p"‘l ﬁr%r t‘lf"?( for TS Pfeeﬁy Lttfe{)v um therefrom). A

achi eved conti nui ng e etching acets
prediurscbrelamrwgﬁais qﬂt@nél}( elmrlqless einmsnteéyop @lsﬁemrfascs ofhihe groves 412.

t.h b f | d .the .
A 308 RS ERE" &SP S on A s HEB A JPe Fdr eyt spectively
dePbsifduah ekb Ef&ﬁﬁ@ﬁ‘l dyéelapfa ([FPanSANeMES klefkd ptatidh process). The

anot her mas not shown in the figure) with w ndows

mafefighhef yhq é?’f}’@é 430h showlh ebo rdativety thiel, rabsdsionargsigtaggy and scarcely
I
ox%a%ﬁg) I?efeﬁa'bgg e @Q@SF ?)g Hg% n%l?e%}/ nl?%ﬁ%ﬁlrl%cé%r Y %1[8 s&h as of

thu S‘oedisrtdf ZOOrlnmmDVQﬂtSrss hd B pREIreb1s 402800 byicleranike c5f00 Vickers.
an anodlc process; the porous S|I|con regi ons420a
Frx eiple. r b (iprd) (Ipver e‘l‘3§P GoReists otft & yctalypyclicas nigkel pe its alloys,

clﬁﬁtﬂ@ Yot b‘h%guﬂl rgllgy, 1 ?8 a!fdﬂﬁ‘ﬁ Eobca‘ljtb?ﬁ(fyagﬁllél(ﬁ?m _didSt aﬁp}pvﬁlodmm or

e sto ayer or exanple
rutheaivei (varh a th&ckp’xeﬂanl ﬂmnngea&r@n 0d2o@ to 30 gpd)i onal 'y
electroless d he s face of the OVSS
412 Mavingyow gur(eo A Vet RigEE ABRIEUPUR KD af formed on
the YtdrR RO 4T @ M hﬁn@év@sb %}?pdsﬁlgsgdrﬁé& 'aYcea's y4 lqeﬂ%?stﬁé 8&ired leads
on the precursor |ayer 425a (by means of
(ce¢heone argblicang rige p@rm.sesm@mg Ehevaed1@r ih thé llatcb ldyay d80a). Further

pdifes SRR ey e adice o Parisns oF AReRAGRisquBEHs trough the
pHob-SesiBRtiR4dkak 9 guslihgl BRKert aNsagRO0pthGKRES or $HE RvifkS r@bect to the
the order of 200-1.000 Vickers, and nore preferably

praogligoenadie kwpecssk i K BoOUY] S@lkféhﬂsreglﬂms Kignd tine the lower
su%gt?a{t?)mg 0%{ tlf"eseo 0 e(rzrieﬁérﬁit)gsb(gtf th@ cgﬁf ar%&lscﬁ]l 'faa)eﬂ{ I%O% covered by
or ro enum a

thp &ﬂafcﬁlﬂdybﬂﬁ?alﬁbaﬂt %h(ﬁildi Gy ,nol&ﬂ thadihy Qihﬁdh@ lp&bce@é fo@Ythe forma‘uon of the
rhodium or, ruthenjum (with a thickness in_the rang

Prpwhyilicon eEionH 4 mlatwéx/ﬁh?gt Horexearks, gly-a00s, SOatéat is does not
ca?pé)\éﬁy &{p cﬁa!%?é' f%ﬂﬂl\% {1 gcfnPa%Jé 4115621' At %s{mﬂe oa{hotdf&eprocess

ront” s ace 4 ows “exposi’ng contact ‘are
geﬁﬂ:rhtefsoat slibt deghnad dfe&dsha(réda?erofm?é)ag rvdlickdiroghhéss fac1l1tates the

1{)&3\5{%%? d‘%gtg Laygr?/ 56’:}?%% éw:c‘élirx]?g e}_f‘2 r d l Y< 430 E)recursor layer

475309 pREnaAY A deH1RNI SitRf GEBRSX E@e@.%ﬁ’ﬂ&ﬂ@%f the contact areas 417.
photo resi St mask 415 (using either the sane

Apémsamnte the loadsrant covmplhted by pmans pbatdyer p3Ecedinmge)arfadéanductive
20b t.end.

RSP e e PG FHSngs Th Bkt REVERD o8Bt By tiBRL Gftfouen e
pHAe r&n ek Arseas.,4dn tHebRirddanet 430avaideghe Precursor layer 415b) by
means of an electro-plating process. The material of the layer 430b should be a ductile
material, less hard than the one used for the layer 430a (so as to provide the required
flexibility of the leads). Preferably, the hardness of this material is lower than 200
Vickers, such as of the order of 20-150 Vickers, and more preferably 40-100 Vickers, like
50 Vickers. For example, the (flexible) layer 430b is made of the same material(s) as

indicated above for the whole leads.
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the hard layer 430a). It should be noted that the

anodi ¢ process for the formation of the porous silicon
WO e@roms9920b is relatively short (for exanpl ePCT/EP2007/052497

30s-300s), so that is does n@y cause any appreciable

etching of the hard Iayer 430a; at nost, the anodic

PO SAET T i do Ll UBUERED RS bV 43 i
pt{)bfaeﬁ] it 4 Bgﬁflﬁé):m{f?& 035 Qy %{é %Hh lend flkib %6}%56 H§ (opposed to the

above, a precur ayer I's optl ona

coetegpdndilge gfootie pagi).t Ad Oppet habaaposied ipahén @ospled wilte the lower
contact areas 417. At this point, the |eads are

subgingit 402 dn lyis gesendic apper Suhstmte 4HDeprsI5ES crf@rtél)cu'tsifze@substrate (such
conducti ve eri e for thei is
o SRRyt Te 1t 3&3555“81 §RiiBe b 14505 Fighh in Mlued Sra - with an
o) 0
0191?)351 dén'ﬁgiragi u?@g of ayer hli)lrsl%a)‘[lﬁg f}hﬁgv E@'bfi ﬂeaé{&ftroﬂ;% @vices under
testl actabovlthé uper pubtess 4407 keprovided mdth @fndtldftﬁfd teaeks 445, wherein
430b should be a ductile material, |ess hard than the

basdinguenathctsot St e f@@m tk%’lme( substatet4d0ps placere it fent of the lower

equir fl h eads),. Pref I t he.
s ST 4GS oo T Pndia st F0 5 Sherefah 25168 o oiangine contacts
ich as of the order of 20- 150 Vickers, and nore
preferably 40-100 Vickers, |ike 50 Vi ckers. For
exanybeingt theFighideedd, bhe JuppayarbsdadObid0sandeie 1ovei hlﬁas&aWOS are
materi al (s) as indicated above for the whole le

spgmmpairtn sq:iag tr wisedhe eadh Aselave @a@lb(eétqné@d)(l%ho@lﬁéreagated with

2 Bl Qoo e R0 1 RIGY P 140b iR B8R @Ftidal portion
bdifle (GRIHER pt‘HQ Ao AGs QR é egrééltz)ﬁl 12)ARy AP Rma3Hd §$ﬂn@Et@d 4& Cfhe lower

IS then coupled wth t | ower ‘Substrate 405. In th
subatsae 40feanuyper crsdidb3ibr ¢t the debd 430h6wish thedfonding contacts 435 ,450) is
circuitized substrate (such as a nono- or nulti-

ingie) comgiecied foi thy upmer Q‘é@‘ﬂﬁ@d%q Hraugh the exndustoey tr@%hﬁd445 The

| i.ant. inter

pira el s A 42 B Bk ol BEIRE RS 15254305 af figepame time

pikf&ing AfcifROUD et Q@ta‘éﬁtﬂ@ﬁt ﬁH&SfHeafo%fef]'%gbéu%teo uoyi AeGhis point, a
w th conductlve tracks 445, wherein bonding contacts

ﬂ(%ﬂ)leamsufaﬂngmnhteﬂdh as ugpeed dotosen dhe g dubstpltadéd and the lower
front of the | ower substrate 405 and the bondi n

subgiiadDs. asitdp shesorwed sQl 2o ko GDLEY AtCOTEHMONGHAdNTpLing layer 455

d,.th bst r at
RRhTY Tl Wt b Be i Pcea apar . so ¢
as twlthaﬂefe%eﬂce Qo ﬁg&% 4HShabAVE: sB8Edle (£X4866R)MN B ®Lase, any
- differentiated wth a prine notation, i.e., 430

dme do |tbeveaxpesed) 80N ioh éhm@adpg%(i sthatr wilk Bmptytﬁlamr@ms should be

forned In ondi.n

Rl e R e e SRRE e v ieion SRR <nerPhekFiiahoggs. For

exX4RPRY, iendpAdiibiefotire d ead e‘r’éﬁﬁlg frocdsh dfh@e handirbgic type (whose
contacts 435 450) is

etching rate on the lead$ 430’ is negligible). In addition or in alternative, the lower
substrate is etched only partially - without reaching the leads 430°; a remaining portion of
the lower substrate is then removed by means of a dry etching process (which does not
damage the leads 430’). This result is achieved by means of the stop layer 411 (see Figure
4d), which strongly reduces the etching rate (by a factor about 50). In this way, it is
possible to approach the leads 430 with a very high accuracy (irrespectively of the

etching time). The remaining layer of the lower substrate may then be removed in a
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i nstead connected to the upper substrate 440 through

the conductive tracks 445. The porous silicon regions
wWa20a,14200 again al |l ow peeling the | eads 430" BCT/EP®07/052497

same time preventing their cggplete det achnment from

t he Iomer substrate 405. At this point, a flowable

insulating, material. is i t ed. bet th per o
reaRRIE e B Gt O e o Retibud ot & chues TaiE pessy even if it
pblREs EYEISEVSP IRS eicﬁm%btta%' qgu@h £06. Bfaﬁﬁﬁmlinﬁ&) 'ﬂ%ﬁf\f‘el}g it is also
Iayer 455 (enbeddi ng he | eads 430'), pref er abl
pwibichie @ingrst the lt'lygﬂe of Wet et etiflng lpwemsq:wt@mOME bef(hre reaching
| qwe bstr te is rempved. I n.thi.s case,
tnp Pt bBR 5 o B0 oo e 46 S SBRR he Tower
sub9de thith RiLbRRssBPUDd e 3V Qindledmbigied PQow aR&N&s AB0°. The
is performed by nmeans of a wet etching process). For
regyasmitd @hicker) ias/elpqo%tﬁl@ lesreubsirals s owwemared by mocaps ot ed¥eep RIE

prpcéesaz%aggén%ﬁ)t "OR sa(? | gi Feéﬁf?%e & Co%b%ganrg%ttﬁere(ﬁ) v!}hwh provides a

fadhighemattingratd @acﬂ Wtoﬂ@pﬁhmﬁlﬂe) s etched only
partially - without reaching the | eads 430

a
r enaliﬂnarfWgcaé@rtﬁP @ﬁer@flon ﬁépqswéw lotysest eruls 303 Otf Hleghleads 4307, with

ans  of tchln rocess ch does
thﬁ%t”&%ﬂ*ﬁ‘&% PPIRENY L3R sPr OWFHY% @r & %"(S‘é&ﬁ VRE By This
odTRARS Ofesit A1 S6@RVHRY %fob%s 135 aRe& b BY bt SlposdicWRr ends 430a
strongly reduces the etching rate (by a factor about
of5B} .leddr 4801, sTheayst datd 460 pagdichised t@ tappn®ac mord elette@ds devices
430" with a very high accuracy (irrespectively of the

(ngt Wﬁlgmtth?r@}zure H@Vmérﬁaplﬁra#@v Phipeningks thﬁem é«mﬂcted by the probes

40 R oS 15 B 3wl P B SRS S ool RRERe 19 TR comptai

stRICREFE %anlxesvt%nthé fela'sﬁcn@r MhdaRuBtiA A? la3td ¥8)Ysd Qé’\’toeéﬂ%ﬁfenlﬂe correct
rate (such as 0.3-2 nimnute) ternatively,

caalta®0 oﬁaisselbd:teomco deandsrwldet hmt I aogbherothet prebase%feﬂeﬂonn g0 as to
process. so as to stop it hefore reachlng the | eads

crygee thaftt ligumalshe euéi@”@f MW%W% Pagerthe prdes és&%inih%m in the

fi ?H%le X I]%lBWRIfl a%lré %Howeéfle neexd hbeéfl are V¥V\6A‘]lllt suft%dE k‘[gany q:%we 0x1de layer
off BB A%k &ftthb ¢leBfrdnit @Mﬁ&esandElht%st' eWREiaBYRELA &t fhel Srm of pads).
now renoved by neans of a Deep RIE process (for

InexgnyHse, thbdmed layar Bfing uSkd) forGoaming tho itrdsat30brnsures the required
t hereof), which provides a far higher etching rate
mg@@gﬁalaghawtqr@tlg_soom% pf@b%s) 465 ﬁmgﬁ&ut @ggEéselx RHecting the raising of

1h§%%d91wﬁ$HS%ﬁ9§§§dﬁgﬁie wers ends 430a of the |eads

pyram dal portions that projects

downyay dsrdréNenktRirhd Wrathe NAvdnBYER! asd$hown i Bigure 4f, an external
generates a test card 460, whose probes 465 are

patbn nethebysuldtimgdaypo 364 (Suolwas nedd of 4iBi0encodr anlyeotheathstic polymer)
430' . The test card 460 may. be used to test one or
is rfHFLReT JEROY §h b YPIALY @@slnf"rll%{ngs]ﬁ}ﬁ%n4ﬁ5nlstIﬁ’élof"?cb Eﬁfre'c) depth equal to

0 JAVH09. BAThSLFLHORT ol 08 (1A% 366 BPIVAGSHickNess of e

(original) insulating layer 455; for example, this operation may remove from 10 um to
300 um of the insulating layer 455.

For this purpose, the insulating layer 455 is etched by means of a RIE process -
for example, based on a mixture of SFs, CF4, O,, CHF;3 (which provides an etching rate of

the silicone in the order of 20 um/hour) or based on a mixture of SFs, CHF3 and O,
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465 (in the formof balls in the exanple at issue).
The probes 465 have a conplaint structure (thanks to

wo bm7ab€ss i city of the insulating |ayer 455), BOI/EB200D052497
ensure the correct contact obhjthe el ectronic devices
under test; noreover, the probes 465 deformso as to

VRPN RIS TG QB0 R P SUUHBJ 0BG I FSfrsult may
al?djgg aa{ies%dnaz/r#gc)&rs dr Q?lyatbﬁﬂéﬁnvﬁgelr qu%ggsg(gvl{eﬁééé g{e%atgﬁéli. ig removed

native oxi ayer o term ect roni
thﬁﬁ%h%ﬁﬁlhﬂ@tﬁiﬁi}. F&SéxahPsp@aihad bilsshRRer! Havingeanf @eriviolet wavelength,
pads). In any case, the hard |ayer being used for _
the animnreg flupreee| fongbta@e? therrsmoed afltke sibigerierie d 4freahem; maturally, it
. Characteristic f the probes 46 i.t hout adversely ..
is FOPRE I GCTHE P lSPHIBEe e S abat i B0y Rlrorthe siticone
i bl e | h- i f i -
(oL Fifin RY 0D anb An RS FROTRTAI ) epliod wit puised
ulghviblee limssu(velticin @rovage . Ahcd Siudbr Asanntdeatolc-pichiiGdethreshold

or any other elastic polyner) is further renoved. _
nepglerd tralablating e dilieonkhtli gy Favpethe pEEehssolriemovied thodesared portion

th ual to 1% 70% and. e prefera a 0, .,
ofgt_ﬁg W}l@gﬁ% yeic4 %se%-@h%n(%h mlth[Euﬁ }Og?YFﬁ §§§S %Jf(yat ﬁgﬁe ieagls 430 that
i gi )IST! j ; : [ T
o SR Al e M B o g g AT 6P pRE Fhen i is not
prorstédat i ng | ayer 455. For this purpose, the insulating
| ayer 455 is etched by neans of a RIE process - for _
exanphie geneigtesl aodifigrom fasticerdowhgrin, cacharesuding prqbg (differentiated
whi ch provides a t chi ,rate of the silicone in the . . .
i Gt FOR RomngC it dBed ety ety osF TuptiepdS s is
, , . ¢ .
P R S P B i g used
tehycloveanis deficanatald abfcprevtlaser process (wherein the
material is renoved through sublimation). For exanple,
with a pul sed | aser having an ultraviol et wavel ength,
the m ninmal fiuence for obtaining the renoval of the
silicone is 140 mJ/cnR; naturally, it is possible to
increase the |aser fiuenag,qifQiidss 0 obtain higher
ablation rates of the silicone (such as 1 mm per 100
shots). In this case, the |aser nay al so be repl aced

with pulsed ultraviolet |anps (which provide a fiuence. )
hi ghdtutaizning preler by veishe chosd spepiis sisgriseniratsd edporn skilled in

bl at | th i1 . th ) .
tf oY S daslFedoibtnt | Rt REventinhy BRET, afdpr physica
mlf}éiﬁgatfm@ &hdl 2t B8R MO ShedifiGil OXRTousR AR A3t ?ﬁveﬁﬂ%}c has been

eads 430" that act as a mask al | owi ng the renoval
ddstrébadnsitih atcemgn ldagree of partiowhyitywhigln rdféren toqireferred embodiment(s)
protected. This generates a different test card )
thggeat df phoskt he padaistet fhap vaprus(anipfighse sehstfusigns and changes in the

form and details as well as other embodiments are possible. Particularly, the proposed
solution may even be practiced without the specific details (such as the numerical
examples) set forth in the preceding description to provide a more thorough
understanding thereof; conversely, well-known features may have been omitted or
simplified in order not to obscure the description with unnecessary particulars. Moreover,
it is expressly intended that specific elements and/or method steps described in

connection with any disclosed embodiment of the invention may be incorporated in any
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with a prine notation, i.e., 460" and 465",

respectively) may nove independently. This is
w@a0oviteurbar | y advant ageous when the test card BGBEP2007/052497

consists of a probe card (bebfg used to test

el ectronic devices at the wafer level). Modifications

ral l in order to i,sfy local and specific
04}% tf"’@ﬂ%ﬂ‘ctgs aglaﬂg?%tiﬁ?ng%f Tiqsé%l 8% he art may apply to
t he i . .
e S OB ARSI it vl
propRedst (bgalding sialihaugh tchRvipesand sicpy ®oihg atdonhRsenkigledr adding
described with a certain degree of particularity with
furtere pptienal tséeppk emercoker, dhboipremey P peéreed , inj ¢ different order,
shoul be underﬁgood t hat vari ous

0
R 0 e B RRY IR (i deash T PO SN Gnpideronggapply if the
m} fécuﬁtﬁlg Ja@ésse%np&d BN tRat@af, R &abﬂa s, Pg&dﬁtg Cﬁ&h&@l Miifferent in
e proposed sol ution may even e practic

mhﬂ@x&ﬂﬁ@%ﬁ&gzﬂ&ﬂﬁﬂks (such as the numerical exanples)
set forth in the precedi ng description to provide a
mor eIt shotld bg iicadils epparanidhaighe lradestay hayaeey gy shape and/or size;

oo Hind B IR dodneS" SoncheRi sl peregials. Moreover,
ﬂéﬁxf{l'ﬂd WYIMebiese < gg&tr Eéegutloarraﬁe th@rl&%’?for éxﬁmﬁ%i ce)lrwafer, a PCB, a

pressly inten at specific elenents a
caniedrhfotl osd epmotteddpd, ed thanlilay. nﬂbﬂhamlymthd‘lleaatsymay be coupled with
di scl osed enbodi nent of the invention may
thp W@mrrﬁ@bafaé@j iy #nyaeihert Wer (fendeame n’rltkagleaborrémg éenigets only on the

eral design choic rticul arl t he

g5 SRS S PPt PO e iy e HEfveen the upper
suBS Y aétrfﬂntth@rlg%ls S&Bstky 1§Sl:(ﬁgerﬁblmeha(su§ﬁ e@ss willE TR M@rizontal

sone steps being non-essential, or adding further
canidnemalin sfpepsy dirgonoagver, t he st eps may be performed

in a different order, concurrently or in an

i nt eI,n| RN \FASE> \;galy e(n@haq1@g5that|aﬁy Fgam@a)nau(m af thgrabove-described features

consi ations 2p nufacturln race

iGN RER BT e oselito rEBRHS MO EGE TR arooves in
thé %\fzér%ﬁmaté H1a9 BeRSEd AR HROest SRR or ﬁl@%éﬂﬁ%cltdrh% prbdess based on

shoul d be readily apparent that the | eads may have any
thotghmives hathe l@na/sobstistez@ay akso bowustd, totdbeyn magrcdrmentiaheclahents for

one or nore different conductive materials. Moreover,
dlﬁfﬁsﬁnklptﬁ‘aossﬁ (gl ag fosthe qvb@yeﬁlésoa@%e egranig aseepies). eads

(for 1 waf er canri r .gne

nor eAlg%rln%}S) er’a I RYLOUS, Sllk o)n re%{f){ler 4y Eble 6eeqlace8 %181 ?aeungtlent adhesion

pxﬁﬁﬁétlﬁg &R (%Qpamet & ﬁ%aﬁi@é’ e RIMBSK BF ehel 1ea@r% eN®Bdnt surface).
or exanple, with the bonding contacts only on

F(ﬁl‘h@(ahlp\]ﬂi‘ moghuys preat@s olie tidveofup pewersubsitatabvEh. d1ﬁﬂy:ntotylpe f(such as
relati ve npvenent, between the upper substrate and th

mpdsnel slests theatdberign dpmt Bavpriadigd (yuprangsoinit Rdisye layer, a thin
mQt%f aygr &e%osned through a thin film process (for example, made of V, Nb or Ti, with

a thickness lower than 200 nm - such as 30-40nm), or any other adhesion promoter. More
generally, the use of any other techniques for treating the front surface to control the
adhesion of the leads to be raised is within the scope of the invention.

Similar considerations apply if the porous silicon (either in a single layer or in
multiple regions) is obtained with equivalent processes.

The porosity of the porous silicon may be modulated in any other way (to decrease
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conmponents in opposite directions). In any case, it is
enphasi zed that any conbi nati on of the above-descri bed
wo e@vne4e99 i s possi bl e; for exanpl e, interconneetT/BP2007/052497
el ements manufactured w thoubsthe grooves in the | ower
substrate nay be used for the test cards, or the

it %%g{ﬂg&lﬂr}gﬁgg &érge}ssaifg%s eéh‘g E)g\}&?g %g‘rt%\gﬁ%ovifenve}, fh?e use of porous

i ALenaen j . hiegi fferent purposes (such
ﬂé% S%r tE@ﬁ%gggg&%ggggﬁﬁggQE$gctronic assenbl i es).
Al t exmatallyeliflc prbposp@r @ugesSifbl Gl wa@@k 088 th®ypdd6sity are merely

_replaced w th equival ent adhesi on pronoting regions
illpgtegdadl e of increasing the adhesion of the | eads on

the front. surface).  For, .ex le,. nothin revents t )
Loe D BNEENAE by e en SR ik Shcind Y ShaRiy olgre anodic
nﬂ%%g’ t ' trolled by
mﬁg%ﬁégg%&gn a ﬁgé?%% ’gggégﬂg tﬁ”%gﬂgﬁgl | ayer
depasai imgdeakd riae ghrrenttdensinf iamtpergeaesd Hetvadcnedkftieheyalues and/or

made of V, No or Ti, with a thickness |ower than 200
withrany ethentitag pgera fanyxangie, apgordinade a Haes or dngapthone ).

v eal o mdeserbhd Sistitryde of I aBieiPorl PR aHEeg i gyniacterea
isFtﬁ&elhrtqﬁﬁis?raﬁ%;bﬁrlnﬂ%i §&Qicﬂe§aﬁ%§ Qf)olﬂy tip ?ﬂesg&ig% QEC(M] fegions are in a

invehtion. Simlar considerations appl t he porous
disfietent ammb@i bhevithi stha siangidéor! shyips. Nttudally dthing Ipeevents providing
regions) is obtained with equival ent processes. The
the ppesis sijicet threisheut ha svhelq gxénsionny cpd ¢apingt &ited i n any

ot her. way (Lo decr.easeit  noving.away. fromthe front

ur e IR GREE S S e Hiinb PSR fE [y any other
cRPVaRE wal | ICAR W B @cMdv@n 8 RRY @3IdMAIW4s the same adhesion is not

contenplated. Naturally, the proposed ranges for the

cxehldugés of the porosity are nerely illustrative. The
desired result may be achi eved by acting _on any ot her
par afveta@evef thehgropaendi danges cles sthe ovalyesc ahishe a’c\dii@%on are merely
mﬁﬂerfof), such as the tenperature. In any case, the
B R density may be updated between different
val Ugs @R REultMnb] aRBYe Achigled byTBhaA@b&Inly {feQfumber of the porous
exanpl e, according to a linear or logarithmc |aw).
silidoa ragionetvdasthe istrad sde s onby theorsief (farttke pono©uemisdr);iattomatively,
regions in each contact area is nmerely illustrative;

it & a?ﬁq Rassiblgrieidgaescitemrorapiy of the mateaalypeyng alopg thedppds.

regipns are in a different nunber. or.wth other size
anar b eRefusAdelbs E Mg ARG ot bRl of Bctrtess

P8BS IR B A T 445 v
fentactunedberomitied iabonginiflenéreadsms). n any ot her

Similar considerations apply if any other flowable insulating material is injected
between the lower substrate and the upper substrate; moreover, the insulating material
may be cured with any equivalent technique to obtain the desired layer of insulating
material. In any case, nothing prevents leaving the extended leads exposed in a simplified
implementation.

The grooves for the leads may have any other form and/or shape; moreover, any

other technique may be used for their creation.

The different (hard and flexible) layers of the leads may consist of equivalent



10

15

20

25

30

equi valent way. In this case as well, however, the use
of always the sane adhesion is not excluded. As above,
wo bm7powoppsed ranges for the val ues of the adhesi/apPeoar/es2497
merely illustrative. The sampyresult may al so be
achi eved by changing only the nunber of the porous

sil.icon [egi on t he sa SIZ or .only their
e S ST HRY B il 10 Qb IREd UG 1§ Y ehseohdjhigg prevents
mBPERS 'ﬂ@ RadsOw e & @8 8n tsi?’@ctﬁ’@r(@@cr' etx)imﬁf Bﬁ'l? Wi ﬁ{e'lﬁkder metal when
moving al ong the | eads. Any other et a

may
thd égads ieetiaight, st1éhaboe podlei blicmrhtake Natmdmttg‘féclr ssing).

o eohtohe B S Y S LR ESYLARE 58P o

arlde@ixibl€lafdy it &bt iR ekpidledSian®irhitaive MRRA&L | ons) .
Sim | ar consi derations agply if any other flowable

i nsultetnosgbitiat emantaingng t ?éb’feédutkﬁéltl‘;ﬁéé alse kentppplated.
sub eﬁig/ecaégd &h&h f%gﬁm &bﬁl #raot ise Ie Pe\ﬁ%vﬁ Lﬁt Hl% lower substrate
i Nsu rn e cu a

(emcétniraye;aied dnbi‘ad:trbtd:ﬂng plesdssed | ayer of | nsul at| ng
material. In any g@ not hi ng, prevents | eaving the
ext enyutllyeds Ré’)@i} ea ¥ %ﬂ“é‘f t ilgGIBEUF I efPEIVES . external

mﬁng}gfggﬁgﬁbh&%o&gg | eads may have any other form

eover, any other technique may be

usednf @iy daEI@ hy well e@k';@ébosa_(h eanded f@rBOhmot@r ¢ iafidating layer to be
flexible) layers of the | eads may consi st of

lee@umVahemﬂﬁEMQSHawm or they may be fornmed with any

ot her techni que. ny case, nothing prevents naking
t he MeRAE qrﬁln M agonemt DURRL B Byt @ﬁamﬂ@meﬁk oy removed

(ﬁﬂg%B“ﬁﬁﬂ %ﬁghqyetal when the | eads are straight, so

no pro Shoul d take place during their

rai s$ifnflhe c6hsid@Atlons, apphie ifdtRNpiobadcdveseteds (lict,i @B #@ferconnection
the materials being used to formthe hard and flexible

clemagrds, sherplstironat adgsemblser pased ed ditheraa $ingle tchipi aremulipleenhips - and
The p033| f mai nt ai ni n t%ﬁ | ower substrate {s

thg e %ﬁ% e e &5 dB:Iudi S BYARSY CPRBHRRTGueln any case,
y S

S AT TS A [ A e

thﬁWﬁoﬂ@Sﬁuhbe to use equival ent techniques for

renmovi ng the external portion of the insulating | ayer.

I n tRarcarhe tzspraposed inthrgoprosiiors eldmeninyexs b¢ asedttheouple any kind

qa ¢leq) ug{n}cg{lq\{}%% l'{ln a‘}ﬁel lP)goald %Ecetp?atlgrel orfetﬂmt/eergl a guechngssrc%li s, flexible or
rigid PCBs, packages (for example, of the BGA, CSP, QFP, or Dual-In-Line type), and so
on; likewise, the electronic devices may be provided with whatever terminals - such as
pads, bumps, compliant bumps, stud bumps, pins (for example, of the gull-wing, J or
leadless type).

It is emphasized that the above-described electronic assemblies may include any
number and/or type of electronic devices - even combined in a multi-dimensional
structure. In any case, the electronic devices may be coupled with the interconnection
element either during its manufacturing process (when they consist of or are included in

the lower substrate, the upper substrate or both of them) or after its production has been

completed.
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As poi nted out above, the upper substrate may be
ei ther mai ntained or renoved (W th any other
wo ewhnoge®e) . Simlar considerations apply if tReI/EP2007/052497
proposed systens (i.e., the haterconnection elenents,
the el ectronic assenblies - based on either a single
chip,or, multiple chi -.and the test cards) have a .
i 1 Pamilaf Cati Beions By ih e et Darenro ik on e clectronic
(RS the\PASLIFUSHEMTnAEKARE IGRITPIEMENSLY Gs WMIt fhe oth
détvabgggéévﬁlésed seo\%?%‘téfgﬁé{t at rr%/) %eg%peglgggél Jlﬂgs %ﬁgt SeS/K)ég}’ © omet
corfigo@entt | ol tHg .tesPaiohidCthlafricycouphtd WwithaBsS eflerconnection element either
i nterconnection el enent may be used to couple any kind
dusfngatsasanubsiusing @yocsesor afterierdpr oadest acceptati on of
the term - .such,.as chi l.exi ble qr rigid PCB
pac k]?tgdé%ulfl #asrre%(&@”@pér’e%g%hai H@ g@&?segg@np ’ts 8}1§lit be part of the
Al orlifekiaRg didtRR). ThRRKiSR nfiY aldd BEWAEY irf & ing | -
B
mbeomm #ltBe desigheh das oadsrich Thips of atpkd, it ddoighPsay 18t ttthsmitted
bunps, pins (for exanple, of the gull-wing, J or o
by plaicalsaeang de othars. In ang gpicadicAesplingeonpraents may be distributed by

. above-descri bed el ectronic,assenbli.es i pel ude
AR RE LR YBle" Mo red PRg G el Packates. Mapover Hhe proposed
. . P . o ¢ . y
oRPRAE R 2k Rl Py MELUEE s oy b
mbimted aoinrestdior pddranisudi dshasthaubdands)i nny case, these components
manuf act uri ng process (when they consist of or are
arp gelfabiel@ berisgchia coBuax sysiBas (aick as teHeEmpgpes) subst r at e
or both of then) or after its production has been
conpleted. Sim | ar considerations apply if the test
board is used to test any other electronic devices
(either at the wafer |ever or at the package |evel).
In this case as well, the other conmponents of the test
board may be coupled with the interconnection el enent
either during its manufacturing process or afterwards.
It should be readily apparent that the proposed
conmponents m ght be part of the design of integrated
circuits. The design may al so be created in a
progranmm ng | anguage; noreover, if the designer does
not fabricate chips or masks, the design may be
transmtted by physical neans to others. In any case,
the resulting conponents nmay be distributed by its
manufacturer in raw wafer form as a bare die, or in
packages. Moreover, the proposed conponents may be
conbined with other circuits in the same structure, or
they may be nounted in internediate products (such as
not her boards). In any case, these conponents
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are suitable to be used in conplex systens (such as
test machines). CLAIMS 1. A process of manufacturing an
w0 ndoenegpnect i on el ement (160; 160') for cont aeCT/RB2007/052497
el ectronic devices, the proceggs including the steps
of: formng a plurality of leads (130) on a main
surface ( 110) of a first trate (105), each |ead
having a first end (130a) Ssecond end (130b),
coupling the second end of each lead with a second
substrate (140), and spacing apart the second
subst.r @t eprageds t¢fe nidanufactugings en aingercannesticanglenieat | @&0d 60°) for

&#% '% egmeeg the first subﬁtrat aqd t he second

coniAslipg sieEtronif deviesS e PRFeTSHnETHARE e PP8tess further
i ncl @eamet Hensilap Af lcads’ @30) BE 4 ReiidBiTaceU(Ifl B 6f REfiRf Qubstrate
formng the | eads to control an adhesion of the | eads

(166), ehch load maveng 4 Acseend(13Mheingdncecessl ead b¥U)ng to cl aim
1, wherein_the steg of t ?atin, t he in sur
end cgfe

i ncl wyesne g shioRg cad geta P 8opf & rﬁﬁfﬁ/f@gﬁt@ns
(2 e W IR 5 B TP LRG3, ArGRiROIE 10

bR BACHhY SiralshbsmatcsdndithOgcohdeubsirgp, of form ng the
adhesi on pronoting regions includes: formng a set of
porous silicon regionsclidr2gyrizsdtietfdi ng from t he main
surface iﬂto the fjrst substrate. 4. The process

thg pEYsEH MG "IN CHGHRSS IRk ei n the step of forming the
POr OBk b il S@HR0%cfoe rnkiRE itIRAG (DA 2R DdBosion of the

porosity-o € porous silicon Teglons to have s

lep@r@sthé yhadesi@asi ng novi ng away fromthe main surface

( 110). 5. The process according to claim4, wherein

t he 3tlhs mpcospaesiosdingity ¢lhien powberictnythi nisp wdérsating the main surface
. qiﬁreasing the porosity froma maxi mumval ue in the
NEBATe 40% 90% to a mnimumval ue in the range 0% 70%

LSRR RS OSSR Syl
f or M. NMthet gi6cdao hcissdifg kd clain Reghorth tht 20yt dubataud €9)5) is of mono-
crystalline silicon, the step of forming the adhesion promoting regions includes:
forming a set of porous silicon regions (120) extending from the main surface into
the first substrate.
4. The process according to claim 3, wherein the step of forming the porous
silicon regions (120) includes:
modulating a porosity of the porous silicon regions to have said porosity
decreasing moving away from the main surface (110).
5. The process according to claim 4, wherein the step of modulating the porosity
includes:
decreasing the porosity from a maximum value in the range 40%-90% to a
minimum value in the range 0%-70% with respect to the mono-crystalline silicon.
6. The process according to claim 4 or 5, wherein the step of forming the porous
silicon regions (120) includes:

subjecting the wafer (105) to an anodic process with a current density decreasing
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subjecting the wafer (105) to an anodic process with a

current density decreasingover tinme. 7. The process
wa@ewonadi7eg to claim6, wherein the step of subPEDEPINGT7/052497

the wafer (105) to the anodi g7process includes:

decreasing the current density froma starting val ue

to _.an ending val ue equal to 5% 20%the starting val ue.

O¥T ife process according to any claimfrom2 to 7,

wher-gi - )aldis, A (PR ot

Cor rsapsnainy SRSl ¢ MG IR v uBicctng e vater (109)
to(thd Badid precss ehakes:f or mi ng t he adhesi on pronoting

regions (120) including: formng the adhesion

pr ondscioaging e ewrsent lepgityl bamta sladingeyadust wdarpendipg yalgp equal to

J ontact area. 9. The process according to any
SgggﬁﬁﬁFf%ﬁﬁﬂgY%u%, wherein the step of treating the

mai g, Sithef j@ecesé BEdoUdiRS 1o BRE EIaRS ifidgh L he 7adlheﬁsiiroeadmvaim?30) is in

fromthe first end (130a) to the second end (130b) o

caztesh Widiagd cong@pnding coaet preadékd alcibomaiingutiacec(ldDmtBe step of
fwheref'&n he step of decre h&g Hh& adhesi on i ncl udes:

ogued %Wﬁﬁ“?ﬁ@r BTty om/a" ¢ " er maxi mum val ue

to 1 Ni . . t 0 .

fur?ﬁg#&%g§§ﬁg%¥%a:ﬂeﬁﬁ%ggr%%Q%LPO%égggéé%gg%%%g%FgﬂﬁlOfemm
canlkt pre. or 10 when dependent on claim 8, wherein the

step of decreasing the adhesion includes: reducing a
concenthearpesss afcotdieg toiersilam e notoi $a gvheesit Besstqpagieating the

ani%‘ frqq%}he first end (130a) to the second end
My %wdFC% ¢h | ead (130). 12. The process according

to at{&ére%iﬁ% Ml {dRBich ﬁr@gc é'fEdM% ?{%e)eﬂh?t L6196 8R0 Bfe second end (130b)

treating the main su urther 1'ncludes:
ofttaplofiatl(139)a nmetal |ayer (125) on the porous silicon

regions (120). 13. The process according to any claim _

f r om0 The prgeess apcorieng fordaigu? nghargia the epp obflecreasing the adhesion
. injecting a flowable insulating material (155) between
! Wﬁ?%irst substrate (105) and the second substrate

(140()ecre%§19g the adhesion from a further maximum value to a further minimum
value equal to 0.01%-60% the further maximum value.

11. The process according to claim 9 or 10 when dependent on claim 8, wherein
the step of decreasing the adhesion includes:

reducing a concentration of the adhesion promoting regions (210) moving from
the first end (130a) to the second end (130b) of each lead (130).

12. The process according to any claim from 3 to 11, wherein the step of treating
the main surface (110) further includes:

depositing a metal layer (125) on the porous silicon regions (120).

13. The process according to any claim from 1 to 12, further including the steps
of:

injecting a flowable insulating material (155) between the first substrate (105) and
the second substrate (140), and

curing the insulating material to obtain an insulating layer (155) embedding the

leads (130°).
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curing the insulating material to obtain an insulating

| ayer (155) enbedding the leads (130').14. The process
wa@ewondi7eg to any claimfroml1l to 13, wherei n PCIBEB106DP052497

of formng the leads (430') hgcludes: creating a

plurallty of grooves (412) on the main surface (410)

t he end (430 of each .l ead ext endi

cor r s g3k TGS GRBOne oy HRITL TR IS Lo SUFERT 1oy ep of forming

ﬂfh@“ﬁﬁﬁ% H@ﬁ%%ln the step of formng the |eads (430")

urt depositing at | east one |layer of a
har cerenimdugilinatyn@teesdval (41430a)thd Mainh@rfdeo@N 5 thedli2) end (430a)
and depositing at |east one layer of a ductile
Ofif‘@ﬁlélli’éf‘ FYlENdrag 14 eTTeRIBIE $190¢onpl ete the |eads. 16.

The py OfeS proB&S %Cg+lﬁ%§ts%aglh 1%Vhe¥]§hg Rl Qteﬁ ol %ggﬁjlg the leads

conductive materi a ness her t

(4Y0gkertiser irthdlewher ei n t he ductlle conductive materia
has a hardness | ower than 200 Vickers. 17. The process
accotegpsigng ot keast aledpyar fofgnhard tcondgtive matdrel (#30) uliheggrooves
4#Ee séep of : renoving the first substrate (105). 18.
( ocess according to claim17, wherein the step of

r emd’ehﬂﬁtuﬁ%@‘% feh$tSdneS| yétcffaet BuditO égndugﬁt@gﬁ&na%gb) to complete

et ch rst su strate unt1l reaching a
the &3ads. (411) being provided in the first substrate to

protect the |leads (430'), and dry etching a remaining
por t it Therackes gocersingsiotszimatse whegin Tishapt enelygtive material has a

g onehy v el Sirtean rurokerdlr PR ahieBe puttive fatcrial has o
hd éﬁ&k?ﬁlh@b ifdeo) being not protected by the
1R 450950

(430 The process according to claim19,

wher Ei. rThta bﬂ)csiseidccﬂﬁmlg&mw clgint hemekioerd) @lrthee friclulingothe step of:
the insulating | ayer i ncl udes: rennving t he
exteﬁﬁﬁwmﬂéhql@hﬂﬂﬁﬁma( th equal to 0. 1@670@6a

accoli TS gcsy <k b UM Yo 36 UK Heb < deraraghe st

subbifatS 18R) Rcludes:

wet etching the first substrate until reaching a stop layer (411) being provided in
the first substrate to protect the leads (430°), and

dry etching a remaining portion of the first substrate.

19. The process according to claim 17 or 18, further including the step of:

removing an external portion of the insulating layer (455) being not protected by
the leads (430°).

20. The process according to claim 19, wherein the step of removing the external
portion of the insulating layer (455) includes:

removing the external portion for a depth equal to 0.1%-70% a thickness of the
insulating layer.

21. The process according to any claim from 1 to 20, further including the step of:

removing the second substrate (140).

22. A process of manufacturing an electronic assembly (300a) including a set of

interconnected electronic devices (3101,310u), the process including the step of:



removi ng the second substrate (140). 22. A process of

manuf acturing an el ectronic assenbly (300a) i ncluding
w@2@®eti04099 i nt er connected el ectroni c devices  PCT/EP2007/052497

(3101, 310u), the process inchgding the step

of : coupling each first termnal (3201) of at |east one

( 130y PR userTERdasenil 6F fhifHsl oesBBSleRons dfiisedg 10D with
thg Egst?e%ggb$0a§ fa?lﬁfoE QU sG] fe‘?m{rﬁg %)Okl)f'ggl}s l'é%%? otﬁﬁ g&fb‘ﬁd clectronic

a correspondi ng

ddvidee (FlOnnegith ahe akeesr@nend }680h) shnutactspoedndylecad (130°) of the
perfornming the stegs according to any claimfrom1 to

m@rczpnn@alonﬁelgrl@ée(éé ‘ofmaraastuaed by i neglosmingsthe stapd acagding to any
460 dlng a plurality of probes (465) for

> d@ﬁh@%ﬁtq dlcorresponding terninal's of electronic

devi gesy t B Pf RGeS PEOYULDNYintRGinSt £ lurality of
of : éﬁuplﬁﬂgg%%0|rcgﬁ?ﬁge 6§r ?ZQ%?’%Pphngﬁgmgec%ﬁgaly °

probeks(46230b romhictingeotregidadind 38 minaf of blectrdili e deatwias be asted, the
el ement manufactured by perform ng the steps according
proecsaeluding the tepel’l to 21, the first ends (430a) of

o erfipita oo it CBBRR TR ot er PP AT GRS s @307
10 oftfig 1hﬂ%¥c%§1ﬁ&@16ﬁ Cetlén%ht %eﬁfﬁ?&’lﬁur@@ 'b? gpe%hﬁfngetﬂe I%Yegg I'%L@cordmg to any

process according to any claimfrom
dahe@@ndnbdla&séﬁhbydi@@@@cﬁﬂ&ﬂbwmunﬁhmgmlglﬁo&gt of

i nterconnected el ectronic deV|cesd%3 101, 3 101; 140),

t he %l ot ntré@rp@m@éts@hﬁlleyleafe(wg 1681 ﬁé@ﬂtb‘illflgh@e%%é@lces the

boar d
in egéq%ﬁ%w& i f%&??,eglgao 1%%@st {f},?egr%)%eﬁ %{5%05 ing g% ARy, © taith om 1 to

>pbtained by the process according to claim23.

15 25. An electronic assembly (300a;300ab) including a set of interconnected
electronic devices (3101,3101;140), the electronic assembly being obtained by the process
according to claim 22.

26. A test board (460;460°) for testing electronic devices, the test board being
obtained by the process according to claim 23.

20



