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WO 2007/ 104799PCT/ EP2007/ 052497 1 | NTERCONNECTI ON OF
ELECTRONI C DEVI CES W TH RAI SED LEADS Technical field 5
TWO PPEYENP | nventi on generally rel ates to thBCT/EP2007/052497
el ectronics field. Mdre speciflically, the present
invention relates to the interconnection of electronic
devi cesrEREOBACKOT@NAF ELECTRIOBATTHN ¢ FdeviBeR ATMSH 1 PRDS
generally 1 nterconnected to each other, I n order to
acconpl i sh a nunber of tasks. An exanple is that of a
Multi-Chip Mdule (MCM, wherein a plurality of circuits
integrated in correspondi ng chips of sem conductor

15mat eri al s arc packaged illm&mﬂ e el ectronic assenbly.
Anot her exanple is that of a probe card, which is used to
contact integrated circuits at a wafer level for their
test. The preSawenahtimodcotrilbnsldave tltme@cpllpn'mpﬁslddl\/lom specifically,
teEthﬁr\e/s%n 1nKen?igr‘cf Irerld%es tr %lilrllt%rcon%%%&olncogl ctrc%‘l}1 ed%lyglg g?lngl 8 £
flexi bI e | eads. For exanpl e, EP-A-0352020 di scl oses a
system for interconnecting nultiple chips 20 by neans of
a sem conductor carrier. For this purpose, conductive
pads of each chip are conngea¢igebun® correspondi ng textured
portions of conductive pads provided on the carrier

(faci n% to each other). In order to increase

he i
mechani-es rOI&E)ﬁiﬁYlFf‘énIelést&aﬁ §Reraldy injeeernect t‘bﬁ%cii' ¢flg; in order to
ERcAmih3ER 02QiniiRAGhesikE. OA @R ARIE i@ HaP 6l wami-tiay eVodie §MCM)
|nsul ating material between each chip and a portion o
i tehepra st PHEILY /8 ufiEetith gnipsiled i 18] coarssnoafiag t Bepssef agniggdpgor
haﬁ{ﬁeﬁa@ AL bY&hyedlih afsﬁ@e%rec@&u@gtg&%w rAﬂMHehe;Iahl%leCiE‘ kA PdSobe

he ch IpIS presse agalns the carrier, there
c cFﬁWe ehiches wshélogoniaplaniseraird elente A pviaideval élittheﬁge%n t he

Sl A0 T Hoyd Bech BRor B! ESPARY 09 ALHA F&l1 BT arly, o
the chip |s en s y:Pu to space it apart

f rsomﬂﬁcﬁeclmmm kmwr(lfldre aexabgpkeon by raismmf)f flexiblehéads.way, t he
chi c h : :
ext onf AT RER BRvamrothd SO B il KRB Bytip phies
i nyuhatnk na 3Onebeluctat carhat Fcorahls eplusposeb eondenmregeldad! ¢akke chip are

Wi (‘toﬁsetct Eg ﬁt%rrel'lsg(t)nlﬂqne tgxtglpeg é)g(rjtg)ns g (gwglpa% prﬂ%geod ) the carrier

St(f228gas cach other). In order to increase the mechamcal compliance of the structure so

obtained, EP-A-0352020 teaches to arrange a localized layer of insulating material
between each chip and a portion of its pads; the insulating material is selected so as to
have relatively little or no adhesion with the chip pads. The chip is pressed against the
carrier, thereby connecting the portions of the chip pads 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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A variation of the same technique is proposed in

EP- A-0870325. In this case, a renovable layer is

e WTWd %P0 facilitate the raising of the | eBdBEPAUS2497
specifically, the WD 20071104799PCT/ EP20071052497 2

| eads are fornmed over a multi-layer sheet (consisting of

a 16ldel L tdrined 20Eel nRARAYECHRE REIWRRN of WOJilBLAd siRY @ Niched
each | ead is shaped as a strip, which extends between a

t i hstvensel temanca! ersrmi ensh leanés Shmé afra SHID, Whigle PXtefle @ptWepia tip end
| %Q% tbrnihd1€Rd. BfEhRGal @Qr §§de‘f %él@ﬁ@ﬁ@%h%n *e{&ﬁ‘eds K5 PR Jp AT the

the dielectric sheet. each lead is instead
sl&trmstfroyn thardgféﬂctrtcrﬁénen the tlrserglt crfu epch @@ﬂ tshegicat [yBghely dirigergthan its
1 L t

br g‘\;})eg(z gﬂag@% g}%{}ﬁg ﬁa@‘igs 1 KEGSSI Joﬁ‘llqalﬂonb%ﬁ&hhl{d’ellr i h[h1§ Qtltgn }?Ewdes a very
di selad ctdhéseonl ke tif cubto bt detgtreneyey Iﬁ]ustostnoeg amcmlgh e retdi the tip
ﬁne(rjld% dail {! Sﬁfﬁv gtla(‘);l/ﬂllta%tc]llagﬂ ?el’atiOHqOI%Cscl?lgl%h‘{af%Ih?l]{ldlln%;{ Sthl o%ner ?and
eabhtckeaal dng of wrch Ilad dreffar lagr, tsh tat ﬁlheam@erﬁn@ pmcasglepsres abiger
I ayes a bi g under Jit; m

s dRlFEuRiep b BT A P OGS ey o 1 P Pl g e

1 Qsaﬁﬂa Mignet ctolﬁﬁecﬁﬁ)gﬁ ﬂﬁdéadng tHrfigzhl edahholet-ho QU@iﬁre@)o‘ﬁdlag @menak being

to. a corresponding tem.jnal being forne OppOSEl
suPFRee. i ﬁ‘ﬁ’@%%r?ﬁ%??&htﬂh% GOYBIEI o"%wénegll? glh‘?@a‘? W“Fﬁ‘ ks er and
wahetip c@lRtird bsnded R @RI$Hoadity baaded it FokF eSPes, ﬂg mul‘u—layer
contacts of the wafer. As above, the multi-|ayer sh

artieq RBd hererierare spapxlcapartapaastlo cxgndide ﬂ?ﬂdmm%trgdthﬁrﬁéwrt%&t?sﬂp
armpgo fheds\Whd RealilleddidcR @Rd8e leut@y%r Ligads that readily
detach fromthe nulti-layer sheet 151 n any case, the

| eads Usaw s itk lepdsonprbidt nisTromiceivamlamentsearg apnsradlly |pyotected by
PrLURELEH B){teﬂald{p%f&%lV @ Rl ghdial ¢ yéegr eherabhple, 0fis 118 795,037
el astic type). For exanple, US-A-3 5,037 di scloses a

c chisbasesor capnedtorpva esibent lqads dhichvrd erhbeddasl is wh sligleietiqymalgrial;
eltﬁétsgﬁﬁlrnje songﬁt%flédahlio &hgonﬁécﬁngtewcﬁorﬁg dQQEa@' %qoﬂlljec?lﬁ\ﬁng any
connecting el ectronic out requiring a
aceurateogonf die cght oftee Baghhofonpéntor|iepduced he dctbm&t(ht: tmads

:cfifé %Qg%g g? ﬁgélg%‘gﬁfor exabn%let: |'be cl:heerallll(ijc% % 1n%?ng st%\: {orm?(do Py Enﬁ%t&’le

byfra‘mbls twth ietefposespaceistik thentbeilpos edd shaped betivsent th@rplahmi Adthis
nd c ed pet en t hi

o Pisalofhe P RORF PR S el Bl MO sl PP SheGpieRetmap is

t hardal attessndame plateg b& r61t16\ﬁd,s3 at totdb&nemd dedibe stﬁlcaiﬁes are

renove SO as t obtain the esjr tructure The sa

t echni %ll}% Spige 6{? 8'98p pi sy aPplGdni QV%’E‘ﬁW}"Bﬁ%&Oﬂ%&ES’ﬁfA'

ER8263252 08 ¢33 bfter It ehtishata®n (eﬂtfeﬁc%ﬁ) bR waBlathsatdiaAVE injected
been extended), a flowable material is injected between

t RSOFRSR the: malyé%yeg ﬁl@é& angrfae PRET wdp il the Pﬁﬂﬁtﬂ? ppacpand to penetrate
avigionghli Qheslé%eA@@govteOthQ el Pl ehANRAG Rl ds 1 Iaglbéceﬁﬁ@ $eadsl'\§1 an
above, the material is then cured so as to enb

| eshagdc fliplogiric sveist i ¢ di el ectric | ayer. I—Iovvever

the So'H‘éWeQé?Sthg @Ql‘ﬁﬁoﬂsrkn()@ﬁ 11‘%1{6 A &enel c&rﬁ’ﬁ&bl? s@ﬂls\factory Indeed,
sati sfactory. Indeed hese techni ques are rel ativel

c ohysk dschnifjogs asx aimﬂV@ly QOFT@JPXF éqquixpapiehicy sequot theaesei dfi searifical
I

rapr g ARber B BRERLY ol Rhlink W GRLLASAARADG o\
di f fi cOMdreaver,abt a¢m d&fﬁcvéid:o@;btaamreadcmmle lefel qliquallityy ForFoxpmple,
i)ﬁlap elpgt I uﬁ%y{]sglo‘sc"etdr HCEp ?0?%&(?%0 ﬁ%) pa\(}\%%a'?/‘ e%g’lgfzge%a(l)cht ftr]oem the
20071104799PCT/ EP20071052497 3
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insulating material (before their connection to the
carrier). On the other hand, a very high accuracy is

r 8GUIPENR4T9h EP- A- 0870325 to obtain the correcPCEER2807452497
t he buttons under the up ends;3indeed, the corresponding
manuf act uri ng process nust be perfectly controlled to

€ nﬁéﬁ[aﬁn% Rateribin@etbicRh&PEshnddien i ih@'cﬁl@lgr) byn e B hhidd; b ‘%ﬁ%rhlgh
sheet (before their connection to 5the wafer but at the

s averRqyre raesd inddaitp7 o de lebiahelRc corecct s 92 e Sutigys under the
e%b%g@‘jndegal ML fre |nH‘1n hﬁngﬁ&%% prB&Esnﬁusttbla %eﬂéa@?%gﬁtrolled to
di sclosure i's base he I d of treating a subStrate
whrapwt that He tpeends ager r@tafr@ﬂ e dhe multi-laygpgheet chelfege [their connection to
difd %Eu%ﬂtbd'{lé f& Lam Qfmet tﬁ@ em{l?r&tefaapwﬁ QNd (A8 RPbHIk AR RS

set out in t ein e endent clail ns. vanta eous
enbodi nents of the |nvent|on arc described in the
dependent clains. 15More specifically, an aspect of the
i nvention proposes a process of manufacturing an
i nterconnection el ement (foBum@atyacti ng el ectronic
devi ces). The process starts with the step of formng a
plurality of | eads on a nmain surface of a first
substr at e agh leead thapresenh idislosi@ads daddaonsteoneh endeating a
The, second engrgf eac ead is coupled with a second

I
s Rt RigEhcreqh e ‘@ﬂ%ﬂﬂ‘gﬁﬂgtrate and the first substrate

are t heprtispace diffpat bspes® oftetifvodQore¥ibeiad atsbRtibreadst out in the
between the first substrate and the second substrate. The

priicgeniens) dgimsn Adyarigcqneendodinegfs ¢l Barinyegtigmarepgsgiibed in the
sulchamenikRefe formng the | eads to control an adhesion

of the | eads on the main surface. In an enbodi nent
of t h e Maic srveilioly. e pgpeetes tho inyetiae RIOBYEH 2 YO CRE h $1apRIagHaN2

ﬂ%ﬁ?@%‘ E %ne[?l{ ﬁgig élglg% e&éc%ﬁlc%@w&éég Tl'ﬂg' gbcgéé sLaRS g/éth the

ese ronotin
Ofsteﬁb(nf Qoisisgd 4 pmedtity of leads oA anAyin k@ fdeel bt h]ﬁfst IsmmfrﬂveaatlhEad has a
solution is of decreaS|ng the porgsity of the porous

si e %‘“@g? SO ngheanesnd et wachisath is Geypidewith a second
sugg&sted [hE APYEd %ﬁbs&ﬂa £art élffrs\f dshﬁsu% eSfte RESR %é&q apart, so as to

Thi's result may be achieve ecreasing a curre
dengintl yheofeads Imowscaspo fidkt mgasﬁﬁla noditie: graciesdstoverThe ImeessAalso

S pEdi g PEEP e O, kS S G f@%ﬁ%ﬁfﬁﬁl@# i R0l an
ar Qhds@nMthe leads on the main surface.
In an embodiment of the invention, this result is achieved 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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WD 20071104799PCT/ EP20071052497 4 sel ectively in each
contact area between a corresponding | ead and the main

s WG HEB104799 A way to further inprove the sBEUERH/GSHI97
of decreasing the adhesion noving fromthe first end to
the second end of each | ead. A suggested range of this

VakicatieBNn kfchabsiect RF-ABOS8Eh a &PREIonGHb &hl ¥nd thbsafesiied
result may be achi eved by redUC|ng a concentration of the

adhesi énwpy ontthagmpeege dssoludpr isorialebryasinigtth¢ sdhgsers molieg tigm
qﬁ?ﬁ%f?gigﬁwﬁaxﬁgé é)fgd{pe porous silicon regions.

ifsufa ing material is injected

bet ween dubgestew@angtl BsthisabggioandhliNgdpssed ed, so as to
obtain a correspondi ng insul ating |ayer enbeddlng t he

| eads. PagirHadn tersaigidrat rody Rermehievrdent edisingtneongqnirgtion of the
Qﬁﬁsgmrgggmkgqg%lgre fornmed in correspondi ng grooves of
FITdt Subst rat e,

t he Advant ageously, the |leads are
made Wdphiolldr d poaibes tb abpdsiﬂ atfrenl glszawmese Iﬁtﬁiﬁhs\lsﬂfchn fegions.
ductile material el sewhe gest ed

quant i trAPFYE: adilomiablei 16wlaélflg g sl hSatn&creé| b§we§n dhggvo substrates

PraQ %g QUI‘G&, 3 Y %'00;5@{111%/ goépegﬁmﬁﬁlg %uﬁ%lﬁ§&%ﬁb%ﬁheﬂggfg&eads.

r enov r pos I'S ‘possi
expl oi in anweatbodihehi nfy tkmr measisn,utht i firstaerslt @i thayerds as formed in

reached, .then foll dry etching process. I n
a‘ﬁgF%PE%P%Q”%ﬁﬁ88?¥E%¥SUF“Wﬁe i nvention, a portion of

tr grem' g%lﬂlvﬁftég@&slyaﬁﬁrlea*agﬁﬁé@%em al AR 1%&'@19151 [RI8$rdoSes and with a
\)

ductile material elsewhere.

A suggested quantitative definition of these materials is also proposed.

Typically, the first substrate is then removed.

For this purpose, it is possible to exploit a wet etching process until a stop layer is
reached, then followed by a dry etching process.

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
clement.

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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20A suggested range of the anmount of insulating |layer to
be renoved is al so proposed. The second substrate
NP APEW4BR renoved at the end of the manuf acPUVERY07/052497
process. Anot her asypect of the invention
proposes a process of manufacturing an electronic
25assenbly based on this interconnection el enent. A
further aspect of the invention proposes a process of
manufacturing a test card, based on the sane

i nt erconnection el engRtrgescription Sl dfGh&Nt aspect of the

i nvention proposes a correspondi ng | nterconnecti on

el enment 30Anot her aspect of the invention proposes a
corresgqn g{v@lﬁioﬁ'it@&% ROV a?ﬁﬁt%gpi}e%ur éalflcy{hg qg\;an@%%etﬁére will be
the invention propdses a corresponélng test card.

20871004 79PETh EPQOOE 10 FR40fovEnBdétefeddiescipiipt, igonn pfiretyHey way
et PEZe e R A bh R eun BB R iR LR ine arawings
uridehis repettvit ishexpefdy énaded tat the ffeotek awi gy ndessaiyt édwn to scale

SRS A A BARSY BB AR GRS s

acbosmanydsngd piloastiurtg SesclibedtHaicesn. PeSipeedy: it is expressly
I nt ended thaki{he fig@res are not necessary drawn to ¢
scal e AR Thi 8 GAPEsEC oYarBrwiPEses i & dpatylactuyigy Ripeess of an

MEf@tcYnricBl @NUeEEnt c6ramg eplidaichyenitolnehisdf tre 1ditch@on;
structures and procedures described herein. Particularly:

Fi gure & 1gureé_2a12bgdegq1]loq,vpl@q§% of, 41§ Bﬁguquﬁilgglgsprgqessaaccording to spcific

medikbaglchk bP@e RIvegRsS Oof an interconnection el ement
according to different enbodi nents of the invention; )
Figures 3a-3b are pictorial representations of an electronic assembly according to

different embodiments of the invention; and
Figures 4a-4f show the various phases of a manufacturing process of a test card

according to different embodiments of the invention.

Detailed description

With reference now to Figures la-1g, the various phases of a process for
manufacturing an interconnection element according to different embodiments of the
invention are illustrated.

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
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Fi gures 2a-2b detail a phase of this manufacturing
process according to specific enbodi nents of the

i PMEEHPT M99 15Fi gures 3a-3b are pictorial reprBSERR2A¢7/05HE7
of an el ectronic assenbly accarding to different

enbodi nents of the invention; and Fi gures 4a- 4f

shawrbfiQuMak 100 Sor RRB&ESOfadd. TRNYh@EG ML NG ﬁﬁ_@ﬁzﬁz%%n?@ha@e and
test card according to different enbodi nents of

i rizentaresrding do g dgadedo d)@sfg)pmg%)i 6ar example, eaclwvlgqql cons1sts of an
r eeflcﬁ{ G0& Suri ?C(‘é‘ﬁchoas RLGU RRgth@1091-1 doNGmVHal LHR1PHRSSS 00TunB. The

proc ss for manufacturing an i nterconnecti on el enent
actar enge slerighitf penldive. enbidi walntagdofndt seeon2 Biorppeeit thontrgprmeay

il a ri [ [ r
héélHS\rT&lIE]hUFIgeC 1E)ru Fwon enlar OQE?S&M(SL%PSJAW‘H%LE s(c‘lﬁlz!r? regthr?g%a? raC’lrcular
rmﬁmombyst al l'ine si I i con 105. As descrl bed in detail in

the fo W0 ntsalo substra
for | ntl'lg? n%g 8@0% res s[ 8ter12950e1 uge & lpFIIIdé a(l)fllth %c}%nesi; oft tg; {eads
ar(euchas fieeh Hrm & ﬁtm';mn)Fdr remmﬁplaumfeactbe A0 haffe hlﬂ&cklnes&dbwer than

subsirate 105 an hen r For.this
orOc, Phordi DRask Phas e ik et gpiior of M ity Be usea.
S@Jrﬁa@elﬂ,l\ﬁhen'ﬁhe tlﬂd’k@és@ -ofelsd BhdsmBSikghdd o ik probrhise nedseby negative

depositi.ng a | aye photo-resist material and t .
é{%f’té’r rﬁ?lﬁd“‘"’rt‘f“a? HP%ﬁéﬁhla pﬁ?fstr%ﬂﬁt PREET AT eLtawwéé@g(?ows with an

t Nh&cMRY ratifWetwcbh eheiM HIGAWSHdAK RIIORGNEH0). Mt $hbeldrRARr i8S §hen

material so as to S@ﬁose correspondi ng contact areas 117

ofthe {eskagrs 71 {ivalr b pehickpdo phalosomd magTighis gty dnpsigean two
1 111@131;69 (subi&s %Eﬁqk:z{rﬁ & h8FdSing Pr8essP E&ﬁ&ﬁncﬁfaﬁ@% %170 ﬂ@fﬁm‘i@v\ﬁth

dﬁ shape and size (according to the |leads to be forned).
F ff@?rambp@-re%ﬁeﬁmr@&dF@roqxgmﬁksthéfpoahveewf@ﬁg@@@d%?%prwas used

( SH %k@%ea\% gvﬁh % \legtﬂg)ti h }Hltl atQ%&'ﬂﬁé&es@%@ 331@%1"9 a‘Mi 1@1 ep\t\nd‘[h of 10

he strip e straight, spiral-
C omll aihd zk@lckuﬁssl of 3t2é dtm ahﬂjneg@tl‘@mhoﬁ@ﬂm@@é} $ wak elstgttd qud tagake

S lgafhgv&%ta%@ﬂ%f (F "éﬁd&ﬂh%gﬁ‘igf[@rgns (such as with a

square, rectangul ar or circ ction The type
of phoﬂrothlesslruson ambldmgab abemhgdlmsacbfd@pmm iorertihe as descrlbed

t hi ckness of from pmto 500n). :
CXBASRE T g driee FBSRRtRi- 370 b CRIFIRE b s i Besignor
Phe RIS tﬁg{gﬁﬂlgéfoﬂﬁ&{@e&&ﬁl st materi aI (either positive or
negati ve) may be used. 10 Conversely, when the thickness

of thell Badsay, & ihpgdlc, to |atf01d gnipn@fegreéble@cltlmnu gethg leads from the

negativ ot esi st |nde . this hot res
rarart AENROL BTy i istinh " g, The PRGBS ap dre
behyeeRtutiigipfochs); dhthcaiaghe Winell, hi{ Uiestidt ?Q}/ent like ﬁﬁﬁig' & th&leads
noted that, when the thickness of the [eads is hi gh, the
prfm%ﬂlﬁé@fvegtsumﬁﬂterl%whwtg@ﬁ@ﬁ@my deposited in two

phases ( ﬁ}%gl{a l?ez n o THEAR C%gl & 24 ni@'at%ﬁle@edoges%ry simple manner;

Experi men S were pert Orvedt
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
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15 different photo-resist materials. For exanple, the
positive photo-resist AZ9260 was used to nmake | eads with
aWwi WHGP95 pm and a thickness of 3-10 pm aPRdl/BERA0¢7/042497
wi dth of 10 pm and a thicknessy of 3-25 pm the negative
photo-resist SU-8 was instead used to nake |leads wth a

Wit @dy 4@ @Hh%l‘}d lcﬁgt(‘é\lcﬁkdaelﬁﬁtooﬁol t)pFTér example, it is IpBsstdk€to

sol ution accordin to,an e nmbodi ment, o t he present
i righiaYg aput 390Adedr/FiBear 12000 draduemi In niToopReC@) FlemETHy with a

t NickdQNbr ?%&%ﬁ@ 0% Bhn, %es?é&i%l?d(by? C&fslﬂg léag s SRRt QlduBr 10 4m).

adhesion of the [eads th t her eon.
| thnhp@r why derisity pSthpdeds blag b durthvoingreassyl hynidéusingetbicir width; for
f fir b

( dﬁu EIQ Etglt usitle 1 %aglrg r‘?lﬁll ?ag\ﬁldglr% Elgqt 15?)}?@5%168 HORE %é 2[}5,61%?&?] of the
rrdmal‘s h;zalﬁarctqn@gpemhams&s) at t he same time, t h| S does not
preven ther|3|n of the, leads,2 5fro he, | owe .
Bubet r it & s iy Plasiin 8885 §ortol QMG fngiGtyng deacs s
noicmdvddh@zt fotdmeg d&syer eﬂpcrrasudﬂtcoh SFoachireple dhd pbrausVsﬁEl[cySn is formed

S|nple arI t he osed sol tlon S
b st P S RL et ety 4P R B Be el S Rch as
efiigct depthtdre. coup). %f ths @er@daethea@wérewbmmwmspﬁ QGESEYd to an
Moregver, in this way jt possi bl e to. provide an

i 3P eelaw?eé%ePachruladbraﬂh@t ;Jowerséﬁhs'ﬁ%j%el& Shscgpay 4t YRdpfin an

t r&@trbalgmtdale cdir QRdlu@dY hiaCRcidckfe MR @ hcanty@bh@icWictd) o HF).
\gh accuracy, so_as to reach the desired adhesion W|th

h¢ne g currie deiiter YorifetOfisnPrereentleVE othgbtaariesgl value Jes
pr(@%ilg&n oRirgilkifeRSickivhcRbl Fb®rd), etﬁg%lect?d{ﬁg oaneacts with the holes

20071104799PCT/ EP20071052497 7 'when they arée relati vel
| ohdj reashele aent gyface 11601 wajovrs rsul@%atﬁﬁlOé (sq thatj te prasiginks gmlted
ntfél ﬁ%%ﬁ%g ?ﬁgﬁ 5%1? e%g%osﬁ@ﬁiélllﬁ? elg %0%% Qﬁaﬁﬁrﬁgﬁgf %b.uﬁse’

nuhis reepetEiayalapilibhbyl (f@ﬁhgoltse@tdélevﬁqnh safagé dih 1ok av@lability of
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: ﬁ{geé alg/gé\e gys y tgé Ilqo%vegj %Pﬁgtr%éré \%IS d]t% 0? Pg %dt exgpeq?efgp Elﬂl% lower
ussuh@dteemﬁ&svmft the a\T-tlylpdttlh: oferBcd Simqntelecﬁoky%&t&bhsecl troverse-biased

ease Sit f eads b facto
5SS WG RC IR ) o B amedt SohE hEl AT PO
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108°h&y, kSTUé‘ElfUéd PRy BRYaroti ECPIHY e@sPIOPA ey dp | e hplge Tor
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the anqgi 9018{150&&%% sb %blaﬁl‘é@ had J‘@d?nﬁez@itﬁu%ﬂu{?ealvltﬁf Q'réﬁ@onl Retwork of
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t hre}\{he n[%Oé?% éhgoré i:t}'ongfé/ A eg?nél %lp(){og%ya 8\81 ch! ch, Is dg cp Pmed with resl}/e& to the

reverse-biased 20 Schottkly junction (i.e., wth a

depl eti on regi on whose wi dth decreases as the
concentration of inpurities of the | ower substrate 105

i ncreases). Therefore, when the | ower substrate 105 has a
hi gh concentratlon of inpurities (N+) the free holes in
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The porous silicon so obtained has a conplex structure
with a random network of small pores. The characteristics
oWQ We7/WéPdus silicon depend on its norphol oghCT/HRRHOEHSIH7
turn is a function of differemt paranmeters of the anodic
process (for exanple, the duration, 30 the concentration

anfodot@ysiMRR sBitod 44puri ties of the | ower substrate 105,
the current density, the type of electrolyte, and the

like). In this context, 2%9 Igapgp/prlstlcs of the porous
silicon that are exploit e[frechani cal ones. The
nmechani cal characteristics o thé orous silicon strongly
depeRdp Qs tht SerRRY 0Stht YoroWiikddniagd P& s tRedenwiyt &F thesBRE Erybt@lline
t he MD 20071104 799PCIT/ EP2007/ 052497 8 nono-crystalline
s islicepriias2.3 g/cm)inHée edepply pls thehporesnsilieap Bfs taRebparediyeed by
e density of the nono-crystalline
%&%ﬁﬁ ?ﬂgﬂ&ﬁh%h) Ellliqcnﬁ) The density of the porous
S|I|con pps can be neasured By _Sappgl ying the foll ow ng
fomuila: P - P PPSP si eP3 vWhereyt he values Ps (initia
wei ght of the | ower substrate 105 before the anodic
privEes iy valpes Psdidishyeigtl ofithe bpvet mebsirgnaPS Befpstihatrodicgmocess),
afp tndtdrevanede @he %@é‘r%ﬁ@slrat%rl@s théﬂﬁﬁﬁrfbdféfpréééﬁs% ReJ El’k‘&epth of the
si Ii'con regions 120) can be neasured le the value S
( Poran siliepn esRionk é2Q}(§:ﬁ1[1 Be measured, while the value S (extension of the contact

areas 117) is known.

The porosity P% may be controlled by changing one or more parameters of the
anodic process; for this purpose, it is very practical to act on the current density. For
example, the following experimental results were obtained with a wafer of the N+ type
having a resistivity of 0.01 Qcm, which wafer was immersed into an electrolyte HF-
C,HsOH (with a HF concentration in volume of 32% and 12%, respectively); the anodic

process was performed at room temperature, by applying the following current densities:

Current Density HF concentration, HF concentration
32% in volume 12% in volume
5 mA/cm” - P% =~ 60%
10 mA/cm” P% =~ 32% P% ~ 64%
20 mA/cm” P% =~ 36% P% =~ 70%
30 mA/cm” P% ~ 40% P% =~ 76%
40 mA/cm” P% =~ 43% P% =~ 83%
50 mA/cm” P% =~ 47% P% =~ 90%

The adhesion of the leads to the contact areas 117 increases with the porosity P%
of the porous silicon regions 120 (since the number of anchoring points of the leads to the
lower substrate 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 pum (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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10areas 117) is known. The porosity P% may be
control |l ed by changi ng one or nore paraneters of the
aMdtioe7/\9¢Beess; for this purpose, it is very PFHERDEAS2490
act on the current density. For exanple, the follow ng
experinmental results were obtained wth a wafer of the Nt

type haxingr@erd @pHrcvem¥hit Yoe Pordith P2A% MhcWIGR s\n@t)ﬁe VRS 120 is
i mrersed into an electrolyte HF- 15C2H5 (with ﬁ

c onehitadaleyi dasrdasing ¢l mmng)ﬁwazﬁ%@lartbe tRgget ﬁ@@ﬂpélﬂ |In« éhlyway, it is

rocess was
PR B § BRRGIRE v ko Rt PRER "EIRPLA: Cafne e
Hﬁdﬁ&[tfﬁecﬂ'ttﬁeateh@) anB 2 Yovidd %%Wﬁﬁsﬂ@ﬂﬁ&&bd&aﬁlbﬂﬁt&ﬂ% (s as to

volume 5 mdVcnm2 P%---- 60% 10 mA/cn2 P%,-- 32% P% i =
64 peenip dpperpw) Preferggyy the porosity P% decreases from 40%-90% (such as

45%-80%, like 55%) at the front surface 110 to 0%-70% (such as 20%-50%, like 30%) at
its maximum depth. For example, porous silicon regions 120 with a depth of 0.25 um and
a porosity P% from 90% to 40% were used to obtain an adhesion of 200 MPa for leads
having a width of 20 um.

The desired result may be achieved by simply modulating the current density over
time during the anodic process. Preferably, for this purpose the current density is
decreased from a starting value to an ending value in the range of 5%-20% the starting
value, and still more preferably in the range of 7%-15% the starting value (such as 10%
thereof). For example, a reduction of the porosity P% from 90% to 50% was achieved by
modulating the current density from 50 mA/cm® to 5 mA/cm® (in an electrolyte HF-
C,HsOH with a HF concentration in volume of 12%).

It should be noted that the anodic process may also be carried out before forming
the photo-resistive mask 115 (so as to obtain a single layer of porous silicon — not shown
in the figure — extending throughout the whole lower substrate 105). In this case,
however, the porous silicon layer must be protected before any photolithographic process;
indeed, the larger surface exposed by the porous silicon layer (due to its porosity)
magnifies the etching rate of alkaline solutions that are generally used for developing the
photo-resist materials. Therefore, the porous silicon layer would be subjected to a
significant etching during the formation of the photo-resistive mask 115 (which etching is
instead negligible when the lower substrate 105 is completely made of a mono-crystalline
silicon). In order to avoid this problem, it is possible to provide a (thin) 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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P%---- 70% 30 mNcnm2 P% 2-- 40% P% ---- 76% 40 mA/ cn2 p%
, 43% P% ai 83%50 mA/cnR P%, 47% P%, 90% The
aMeX)BW48? the | eads to the contact areas 11FCT/RROEASEE7
with the porosity P% of the pooous silicon regions 120
(since the nunber of anchoring points of the leads to the

I %@sp‘éﬂ&lﬁ% Kt wd B tcSpHILOREED maskhgk £ fFaf @xaniptle |t1§a Reasdop B er

to obtain the desired adhesi on of 20 the | eads PI cally
delpéransiys Ari mplal (sucdias eppisy 2eldngsinglladaaek which rltsgdqp% ed by means
PQIrOR el (plroc%ss’ PQMcdmgiuLtﬂ'e'cﬁ]tQmI IQ}%r Gbi4 Bp%pg‘qﬂ%}l ey fo%ed by

the anodic process). For "exanple, porous silicon regions
12@131@/1% agsoghsipn hin @¢-icqrized p‘fweanm:hahrrgo@cmmrt Syllfp%(fw t132depgten of

essf hy t
SRR MRS DAoL P SR SOEEN Hp D o
r allaplm e@rdmy lt’Z(h)eEkmwmentsUmsults ahw@&ﬁatdtjmmgsrhlhe) qﬂ:eam a precursor

phase nuf acturin 5proc out  prevery i n
I'laéyer%%g i n th AGsS ranging Sfro%neg élglsg)r@ ,um S, t‘oy Varymg e cocl:)per
ZQﬁl]IéI& Gélr%@ﬁi%ﬁiﬁﬁ EEBODFQ. QEADAdAhe hydrofluoric acid concentration from 1 ml

to 10 ml per 100 ml of solution (for longer deposition times, the deposited copper
becomes a dust).

At this point, leads 130 are formed on top of the precursor layer 125. Typically,
the leads 130 consist of one or more metal layers, which are deposited by means of an
electro-plating process. For example, the leads 130 are made of nickel, copper, chrome,
platinum, silver, palladium, or whatever binary and/or ternary alloy; alternatively, the
leads 130 have a multi-layer structure, such as nickel-copper-nickel, gold-copper-gold, or
palladium-gold-nickel-copper-nickel-gold-palladium. In this way, the current being used
to implement the corresponding electro-plating process passes through the porous silicon
regions 120; as a result, the metal is deposited within the pores, so as to increase the
adhesion of the leads 130 to the lower substrate 105.

It should be noted that if the porous silicon regions 120 were not protected by the
precursor layer 125, the deposition of the leads 130 should be performed with an acid
solution. Of course, this is necessary only for the first deposition process (when the leads
130 have a multi-layer structure). In any case, if an alkaline solution has to be used for
forming the leads 130, it is sufficient to deposit a thin protective layer beforehand with an
acid solution (for example, consisting of copper or nickel and with a thickness of at least
0.1 um); this protective layer may 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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As a further inprovenent, the porosity P% of the porous
silicon regions 120 is nodul ated by decreasing it noving
a3 200 ¥9wi% he contact areas 117. |In this way, PeVER2807/052497
possi bl e to have a higher porosity P% on the front

surface 110 (so as to increase the adhesion of the |eads)
anghsdblt @Vede ROLIASHVeYpaRI%0 Whish Geddpbich BYWeicaddBS] kL &rck@Drinting
(so as to 5 guarantee its integrity). Preferably, the
paresshst ;Fup%rmle@r é@s@dmgmnm@%lgé)%mmhwfa@f 4 5% B Gi%chl a‘s I@ld

front s toQ 70% S °

| Ia{%/og 6%1)61‘ 310 tl%l% ca}.rg,)t(ltl[l?rﬁ?n% dlé tactls_.g)r{g are %rp 0 Q}bmlg:ans Sfa ﬁlm
Sigrb@edorl2@Qicons phdhh otdis.a depth of 0.25 iimand a
porosity P%from 90% to 40% were used to obtain an

adhesi SFPcerdEOY WRHref bt dnewirpst Kelwitpg 10w 8 Examplpocqnsiging of
10a£9$elds?l§do¥1 %g)fcrr %?%d ¥1ntjé@¥1r{ﬁ% b%&@ L@(\fﬁg F%Sgd {SRh¥e ﬁﬁE‘f‘e‘Adé"Hd” Yor

he current densi 5 over time during the anodic process.

Prigfk @by coddattitchiakPLHSPOS eorinbe oﬁ: dnéwedttsudeidsif e upper substrate
decreased froma starti an endi n% value in the

ue :

r g fasinesdg Jovert wést@feall(?%ah% 5?1151@Ct1V§r1t630§% ilfy ajpppravided with a

pr&hﬁhg@&ﬁfﬁ fis q}fe’? odc r‘ﬂ)gf?dnq co%%%fl?fé) e 1%&3{%{1&& 15U bonding
such as 10% ereo exanp a reduction of the

paoosLt yS(P%ﬁmadeﬂfh%sirm ﬁa@&md/as tlad:i@ndmg doritaets1I3Agckul satdengloy,

the current den%&2y from50 m¥cn2 to 5 mAlcn2 (in an

el BWREPEINYR OHRC IO 504 with a HE concentration in vol une

of  12%rhe upper suﬂsfrat@h‘@(‘)‘ lsdhiRed HOEGH of hﬁtlo&za‘%uﬁ’srﬁ‘a@ 1©5PhO66REng

may al so be carried out before formng t

phcmltacts é80 siei ahgnmlkh tb@ Hofdog emtdcs kibt aldnthal sqnngdtgi therger For

porous si.lico ur e ext en
C B Fume: TSR e SRoHBR S PirtE S S of S D ones
2QohpRMESplolt&LinARE YIS o8 Bllic&OON IRYIRIor T8 sREuRELSEE liRfeld of
bef ore any ggotollthographlc process; indeed, the |arger

deIEM,Sete@bup w8 Wcrt He hoodiopsomidty Ebnardalpdrarg eade pbmictal their
gg (2 elc%%% may Be caarlrrleeds outt %e etl&ﬂn%ng/a%? %)ondm emvaecF%lesi r\ivgucth implement a

phﬁér@mr@ﬁip&tssmsfﬁpxaédsabSan Jﬂwrcesbmeﬁmg bldeesp a0 Hﬁan‘ﬁjlé liCOB metal is
| ayer woul d be subjected to a significant etching during

t Hold aripraRaravre off abRe %990@ os pe§ristti e ohgiing1ths golghgaih soldering,
et&l@r&g 1f th dééall i 565 glﬁéér&{n% 8n40tOh@ 1£ f fre ‘[o. obtain the
substrate 105 1's co te a nono-cr i ne
Sidopp@rtpppek Rolaerthgr Oh (]Jheamb)erdlahd] Ivﬂle@ et oading chnthﬁs Dlﬁsaidb]lSG are
to provide a (thin) protective |ayer on the porous

s.mffdeocﬁ %Og%m a‘i”l?FlV%ﬂ?ésﬁﬁ)FtelS aésom%%ﬂéleﬁ? Ve W&y@mpw feﬁtlfaed plates
TAEEES M B Gy WAL 00U Bt QYR B el
pr‘totre%s vevicaye or ¢lsctivsidiec/ ohgratiorBra). F(OS thIShpLHqSOSELI ckelhr, or squared

Sl F bl bR el R R B0 i il fgiameierside

pf@%sﬁ)o'rﬂn%ﬁd G FhatQ! St Rfver than 13 ;MQV tHagk MW £.9y BL HOL& in a
I b, in order to'increase the uniform'ty of the resulting

| eadsolled vpryeatr s oary hapercct®y (piSthe ptdenniadolng (mo fomacbvemertthiep to
t%ct areas 117 (through the WO
B%799PCT/ EP20071052497 10 correspondi ng wi ndows of
t he phejee res bstdidPekniakdd) 50 Fe BaNPlRredt e gﬂE@%J "t®Obonding
| ayer 125 consists of a netal (such as copper, gold or
palohiaeb UAy., thevhibrsh Smh@tr@te;ié@ iand dlekiywmhﬁrawf 10grare Frsced aifaeiss as

prsgg‘glz%r Par g (bi:)L;)r glxspﬁ/d&)(fsle ﬁéee é:lp%rggei ffee gﬁr‘?rcrgsl %P lh? {%[FP%P gl.g)strate 140

wat er |nclud|ng copper sulfate (for the deposition of 5
the copper) and hydrofluoric acid (for renoving any oxide
in the pores of the porous silicon regions 120).

Experinmental results showed that it is possible to obtain
a precursor |ayer 125 mnth a thickness ranglng from5 nm

T aY ! ol LY rayal L I 2 . i s Y
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At this point, leads 130 are fornmed on top of the
precursor |ayer 125. Typically, the I eads 130 consist of
oM WP7/WhP8 netal | ayers, which are deposit edPBYEFREHENS249T
an el ectro-plating process. Foz exanple, the |eads 130

are made of nickel, copper, chronic, platinum silver,

Padnk adikeMower su%ﬂlttéel/(ﬁr arDiERRNYd ﬁ)rEMIQ@oh&ﬁQ Bladardd14t&Y(for example,
alternatively, the 15 |eads 130 have a nulti-Iayer
Sthyu@pq]pp of ng:y@lhl arselmt@ﬁt@lllc/@mm {mfyk€he plates are then moved away

pa L s e s o PRIEGT B Ay i oftr ono)
t hl“hi?: M@¥meithas & uérh@mcoﬂa et WEPehdiilar ipihe MRt sukh&: 110), so as to
correspondi ng eIectro@P ating process passes thro%gh t he
potiglpse ghq lﬂnpéhsqbétgqt%ﬂa firpqy; they doveer staprpte 106 ey anpitedgfined distance

I t
SoRBES AL, LSuPRER P8, L b PELERRF o i e
20kith shaohdinpeomatietBstital déthchth@opahe Usves ishbsean 108Gk GirbSupper
120 were not protected by the precursor |ayer 125,

th
depbyiats G ries: tT heciorads 1&@@ wdlh el §xtsdt beéwearth%wm %wst&"ﬁe 140
acanq ROl Qbstrd 160U lﬁlevh eﬁ'de'dsleard CERSAY, % YrkQbort s -
first deposition pro ess ea s 130 have a
Muhdtiard doypeted b auﬁtolme)lSODnPaamulamlasea,ch i(fxtaded | lbeal li3Akhas a lower

soI tion has to be used for for the | eads. 130, it
o P ePrptsdde pos bonding ?ﬂnﬁ%gﬂﬁg%? \y@lqhavmamsépmeéﬁsﬁa the
ng)\betaﬁlbst?a% 264 dansﬁ}%'é; bQD 18dw0br exaeRl €0’ C(Q/ntﬁ'tﬁé 'bBlQiu‘ig contacts

copper or nickel with a thickness of at |east
gmMB35.160) is iprteat] eotioged [tayier uppay subkiere Hé0 étr@lgédhatortdhewertcacks

O]E%#hﬁ sl?oru?cF beei{iotegﬂgl ! ;t}?rr]cglisré 1rrcr§1¥ ?élglon%l@oaﬁlawrp&e %ﬁﬁ%@?‘{ﬁgg at

- 1608SicSinhd e Rhiif GQNEUGIdY BetiBRERAI R)m the ek QIR 3b5.an
end of each | ead 130. For exanple, the bonding contacts

135 3(111 cofsprnt @mmqn@éﬂtld@r(nﬁl fheyn (8 ubh fegresnPly, algn posivBi to

or r0V1d ?101‘1 ! tgl S0%1 %Iel rnt% (e movsémceir? o?vlv te%qhés’ elpee%: tsdb\ét?atg l?(y and
ans 0 an e ? CP ?at I Ng process Plp

phas @ovveessussttratms(ks spatatuab oy tl&airbtﬂ rneme, 1m) &y amaﬁdeofhempper

sil k-screen printing process. Alternatlvelé i's
2@@1781@@41%9 P%PPQG@‘?‘EMQ@SHF%%B%@W@H@ f@@ PRE ends 130b of

f
SBERLEEL DS LA oS JERAALLSH ARSI i s e
camﬂﬁﬁﬂﬁ 135 may conS|st of a metal (such as gold and/or

copperéﬁ in this case, the bonding contacts 135 are
obt ai nEdPBYMGHEAFSUET shoveh i Bl YarpR 9€ das ogpr @lnS00 mTorr (readily

el RelifBrePhAhl-Rg Hf &ﬁﬁﬁéaaﬁgfaﬁ f%dﬁgmt R)ta!t:e{b%uglﬁn]%ssj
upper substrate 140 - for exanple, consistin anot
snhmmgmbmﬂﬂéMOdwﬂaly}IEmeﬂwqmqw$imfbmaDGSQEKE&rmmtu:q$edim

to ra he | eads 130 For this purpo onducti ve
¢ b RLTES 57 Hi0MnE Pt PR U BlaP PR dhiofo OWoh SURTHpE10: this

Substchht€cah 4R ohaGlcadvitNg i@VWREusMPE hRLR JORMmelhfly available
conductive tracks 145 are provided wth a bondi ng cont act
1506ndlog spaahs (kf@mtamglemamtm:of apBFingfa fotve updnep Keubigt aratcguracy

10%; t he ondln 10c s 15 are made of the sane
mat e i'al™ay E?ﬁ@ %ﬁﬂﬁﬁ% 3@s 135 (i.e., solder alloy,

adhesi we tRaApsiet, @MoWesl@inkulating materbi & iHjeREd b&WESIhAl el dBstrate
is placed in front of the |ower substrate 105; the
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inthe field of Silicon On Insulator (50l) structures or
inthe field of MEMS technol ogi es. Wen the bondi ng
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my be carrled out by epr0|t|ng waf er bondi ng machi nes,
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20 whereas if the netal is copper a tenperature of about
400C is required to obtain the copper-copper sol dering.
ovQne7/wener hand, when the bondi ng contacts RGBERAYH/FEQ7
are made of sol der or adhesive3lpaste it is also possible
to use two sinple rectified plates capable of supporting

t hecds@Me berdMRS tHcah uldRp ANkl heyulRebe SIdBSE (vak %aﬂ(ﬂ?arﬁél@sr (for

exanpl e, by neans of vacuum or el ectrostatic/ mgneti
fcﬁxereple lmp -belt withur pergeler @ﬂ ti:m()anmdnadsqlfa‘ide(ab AN, BNatSég: or

aw? E) %Qrge{slgttﬁ/e & %ss ol &Ie%%%bla\é?n&llc%b ot( tfhg rinsuleuing

neter

pl Af@fal. tmeeﬁsﬁgﬁng QWefial tshaund ﬂe&dan@Msccﬁsﬂ?%@r @iaaip&s b&TBY 5he St).
noved in a controlled way with a verg%hlgh accuracy (of

t HeoT HHYBYPOE. 4 ﬁ'ﬁuﬁﬂﬁquf@ﬁd Ko VeEreneissubprateol 0psng theggper substrate
\Y r

o BB BURI s a 00} Bk 0 OEYE BSERRFRL IR S ginghr

arthibblbethhiomey a@ddhsduhag eheliffcthef sipa@adatap afidicrial a8erSOVRCosity

in Fi ure le. For this pur?ose t he opposed free surfaces

ofis f Ellﬁﬁ]égh dorpemple c2bpug 10 Wy In this way, the insulating material fills the
20011 Qe IRGIFRROQ arcd 34808d Qhe 1 0G| QV&Eaie 103, thered
substra@% 105 gré:? é%%n ﬁ {0 corresp&%d?ﬁa pl lanar pl Pates”
( fompexdyrplrepndye rfedosls 080° vﬁhmmmlamg materlal is cured so as to obtain a

el ectrostatic/ for The es are.then npved
av&??eﬁﬁ’%‘iw Lg¥ bon |t}“ct A5 yie mf Ske8pi MgOBHE 1911t grsulating

SR ALY wal thidRVi Bgvdeh Qheoﬁﬂ}%f sPBBe 140MEnd MY IR %u&ﬁ%teai 05,
verti cal conponent (perpendicular to the front surface

11109 insdaingdayeol S355nayi tepitbar elastiveor uiggler  substrate 140 from

the lo bstrate 5 b edef i di st an uch as
from ool RIS Fag PRt o RES R P PR ok Bl PurBe.
| agickn (88 @fsﬁlhﬂi%qfa&&n%'ﬁ@ Bdand & Rodshievt RANGE BY (EORLWRE bbstrate, a

135, 150) detaches fromthe | ower substrate 105 as the

u pp@hars@b getrat i@ sud@ion| sésseparwmgeﬁh@ rlewert sybstiagea trgmyihe Iresﬁ o the
rurhl E)V\\;eee lﬂe el:'IpD Ea ibn 3 rvva tr esublsﬂ'gte EIitrpad teha%laeve means of

sdh fratelﬁﬁg Wit i e ex PERY: ncl udrng the

Preéir 8@hink dyredess feithdOoft hat an&’do&oﬁe netiedroak 8pwhaoh %n;’zlscase, the

130'). Particularly, each (extended%’lead 130" has a

| cweratigherres dhe(leppiosdd 1 108 of His lesdhdi hgTlcotiugleteso pBBIngd @) then

3@5%? 3 n%’%ﬁg%&?g%%&lﬁ? of te&(g)gnéc? Elﬁﬁ%{ﬂﬂi@fggp]&? shdWh in the

C aiguagt GicH Birddm@yctibs eiefmsﬁtel&d bl e traehlipof kalsuppefor example,
substrate 140 through the conductive tracks 145. It

sher d0pe %800 The CTEHECTBR SlgaIcal Maydis ey ibFRINIS ENGPT BiRFe
pee%c'trﬂlgc Y cés ﬁ’(g in th@hg@ré} JBQ%@I%W% éﬂdgn‘h &Y Qs']tto' dag%le them
their conplete detachment fromt | ower substrat .

| nwigh @ik fupjer evkistratep He gl thoreadnd30’s hFowrhls purpdse, if isglsp @pssible
it 1s also possible to provide an ho one

t He Y 8%e mﬁ@t%gﬂaBieﬁeJn&tps&QWn st H?t igé!fe Oﬂ%e g’ﬁ’gp et Efor
| Queihpis URShdaaL 6 B3 HIRPFRE:S) a tReKt g &%? surface 110),

SO as to'slide the upper substrate 140 with respect to

t he | owdicrngiinedit, reatsbow@5n Higre dgathsl eppet hebsuppes vesllds 180ked

of O the.leads 130' _may be aligned er pendi cul ar |

CetFRoh S Satad b e p e Bl SERAEE Fyceonid of ahiner

Expged -n@nti@dkh ﬂl@%Uﬁé@OtﬁﬁK@@ﬁdﬁC’ﬂ% tr@kY AW epbiRd Cb!‘ydl%an@iﬁf a

500 mforr (readily obtainable by nmeans of commercia

a\,thlrnl fein| mocvesﬁc qum let@t-ldilﬂﬂé mmWhes agthskeghss hkgherrthalrsi?ﬂgml is
re ulreé’) s aspcﬁlfl zh (‘tonducgée [r%ctks n}ag é ](_e)srgpl%d vv1tL a um orn% ﬁ ingle

upper substrate 140 and the Iomer substrate 105 th|s

novenent can be controlled with a high accuracy by neans

of conmercially avail able handling systens (for exanpl e,

capabl e of applying a force up to 10 Kg with an accuracy

of some nmfor a stroke even hi gher t han 1 cn)

A L 2 " I L N o N P | I Y T IR L L. R T |
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30140 and the | ower substrate 105 (for exanple, by

casting or under pressure). The insulating material nmay

b& 010D/ Wé1R, an epoxidic, thernoplastics or tHREVERPET0S24]
resin, or WD 20071104799PCT/ EP20071052497 13 a casti ng
ceramc; the insulating material may al so be | oaded with

n 36?%19@1510)1 b @nesetiG Wyeﬁ%’i‘r?#oﬁnedq@rﬂ freRA S suMabd1o @eh6l iy ts@lSstrate
of 15-180 nm nmade of 01, M\, BN, Si02 or Si3MN

or4fetbove dnpor ewzseereglhes of o furedsom At/ moelcrable f@m@dnaal the surface of
CO,[ gulic):l}elr \s”b}%%at%) %) %ng%rg tg ﬁlijeg ({/?,(glgsrlr%ar% ?fr th? ]Qondughvg tra‘:ks/la§6:r { eon.
SQQ af} Yase, the Mer bubsBatPUIPASRA Wilteths Eefnh&ﬁeblﬁﬁmf:@ﬂd@&@oeb)ﬁb&xj%qor
| ower substrate 105 and the upper substrate 140 rmay al so

bethe losich sdgiraie (aithpayadsprgly pHeding thegogductipe b@%\s/éwr) tIpghould
f Qnrer%'iéd HatQ;he?[rltyuIﬁ‘l}o{m k%g?chlcg% lta{;] enafegl?e%rondtﬂg . Ft?strate,
i nj'ection o nsulalngrraerla V\/nenltsws SI y

[ SthdS ebralittiveacli G ridyobe exangl @ficrabovendll @tthe upper tilitissate) by

the insulating material fills the whole space
béﬂ%@% R ersleeihis el et Stheter PeesE 40" HidPirRese) %@PS@GM%@ of the

1%11(1110'3 { %}3& arcd g@g@&heﬁf lay LN magkg sﬁiﬁ%@ lshe& ?(thﬂe the
The 1 nsul at’i ng terral s %urecfso as t
C ansuesip® mahitargl I1a§/esr typdally whpable efrbébisarding thh e:tdhe@dﬁn 18O short

Accorgl ngﬁ@yrﬁt he 1 nsul at%‘f go mat eri al that was injected

AEE t plisty "HGVEHTPhe | ower substrate
105, the dbpsulliat difgutayesbidind FaenPc@i L&l io %@v‘%&e‘ £ pRtality of
rigid. Wth reference nowto Figure If, the lower
suﬁstcpmteethrselmeﬂMe@nlyF@le shhvs ip mlnepﬁge¢ (dififrenttnénd tyhmcans of a

i nsul ati | ayer 5 nd ,not dhere
oA R e ahd: oif Ramolin L PORo o° SRy e St o
f QhcRRRAS BtthdehatRRribRWBI 1h3 URSlaliat Ry 158). tTNE ifi&8énnedtich R&ment
structure. Conversely, the separation of the | ower

suls8t may éec weey 1o éomfm\ﬁé@trblyc deaees (oft seowretn tae ﬁaurn)gbetween the
t\gv%eossos(eﬁ tam ur?ace ofe the 1nsufglh OP Ha P{S So%tgﬁ ?fp l%eic%yﬁ%) for this
any ca: perat Pon expdses t ower “ends 130a df

t hﬁq&o@adﬁe é‘l&@romcﬁlaelcé‘std’ré«lﬁdrﬁé@e@t@ tBblodicNefs 1804 drahe 1e2& 130’ or
diced, so as to provide a plurality of inter connect

el te HisrogdurgEe (askt %S&ﬁ@péqﬁlowh fheupnsgers d gty i thewens feads 130 ).

t 6
'12 O,er C o{r}ﬁg%%lg‘grllo%} 1 % Oﬁlteloﬁle%k&gggl}egmg 3 élle ltez}/dsolfo !hgalg@er
[ rnﬁlbmmmnn@cﬁlscohe edhesved by mashilzethe petbut silica@ntegiohs m()sseﬂ)srctwely in

nore el ectronic devices (not shown in the fi to the
| diteioni@ficfscas dda (ondy 0B% Shoamcla B Be¥Re M%%Sﬁwﬂﬁeﬁﬂwa &pch contact
S t 1at u )

RO e Ol b aHRDgh o] B D b el 1 £ p SR Brion
(nhd:re@h@/\Me |arremlememg|(gasme§) pnnlcbméOﬂ ofnvdre ce’m}ist ﬂr&Oé{l’( framtains its
S?I%@E)chystaqgnens?rﬁgtﬁﬁ 81? H]t&s[] i)li}gq];slgl mﬁgr oce CF Iﬁ)f Iat_-l'f Gl?zvglk FL&)IS‘[lrz{pe is

t h@vBPEY a SHRSHERLE ARtodRbikt thasklGIY tt@llﬁ@(i g{eeoré e retinfatiBgor
operation). For exanple, the upper substrate nmay consi st

ofthannt her fwathe cads)o hiswbliagthrestsemegdr prespio g ngmmmclt PYeand

tracks hav de ted b a3th|n

ronbes 18 S TCRutTT O bF SP7RS ¥ onds S vaRant AVPH dlifeggeion
hi @beyill tHaaBe Brbed @Mnk Shof @EHipbREg ardoBictpRdcssscase, the
conductive tracks may al so be replaced with a uniform

(si ngl &he ymoroierr gad gy PET NEPIO0T7a05P4@7(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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14 or nultiple) conductive |ayer being forned on the

whol e surface of the upper substrate. As above, one or
nME20PEWHBAs of porous silicon are preferabl yPEGERRRG/0GHO7
the surface of the upper substfate to ensure the desired
adhesi on of the conductive tracks/layer thereon. In any
CagRon rB8oMPPRS aRUBSEHALE dn&ohﬁiml«ﬁ%dglwut hd B&ntf@MRea 117. The
t echni ques descri bed above for the | ower substrate

( vicngratirtiog i sthameToas SYiCHT Fegonp Héo tihéhecemtige ticyd 17 determines its
tr %ﬂej Qd'h%gl%n ad b w%Bf%U#&‘r &%m[}l%t Ry E’(ﬁ‘i@ﬂ%@ﬂor@u@ﬁh&gr‘[ﬁﬁt would
conductlve layer been forned on the upper substrate,

t Heoaémahuasihpsjan erQQ@ R\éPalma oeaipctisecadiy of A& dmpafif e peres silicon is
F egRYAl ordf iof L1t &h BYe BB NS Ofindi 2§ lGRAIH Sof th
B Y S N T
pmonﬁactnsremfllﬂhmlbdvnm (306* 109y &d*=2¥pa.piiot emn@destuy @may also be

Si st Lt abl atter.ned || e
i nsu \éetdIGD me% era gPé)liggrouy si con re%?rr of fdﬁh gto ?deppe consisting

muﬁhshamﬂmmmeﬂhnmﬂgdhmn@etmnmtm@a$hbrt perlod typically
reqU|r?d to ati %he d ctlvetlaye ) gAs h
above, 1t He WL gp ° %en eIV OPhaN HPEBd"s §1RE 8
p r M ¢ctl@atdonflf Wiieah dréus sﬂfcom Eﬁg&fn@ opMecthe otntek erents decr@ﬁés}&novmg

ook oot i S the dorrSpgdine RaERn bbb A BORofrorcubly. the

el RNBMYn 6Rase Frol 4 MekinfuGiathieatt the @xidle@d oft the(1a6§ @F 6linlifimum
to the characteristics of the insulating [ayer 155). The

i B CBh B cPPEnerd] entBateatb grua 01 ol of Jiectpmemaype. and

el Ret Lol Gualewi €BS-1090br §8MRirhiin AR f(h&h! ra@)O é@/@llwm{arebbe For
two opposed main surfaces of the insulatin

t Hrauph tpadiesiwgst tgplower gird phihs lpngr pes ac ag% léﬂ éé}far O‘ﬁliﬂé the
dea\ﬂhgsﬁ)% a2 [He u! Eﬁéﬁ%ﬁ&fh@x@ofﬁa}ﬁkﬁ) | uer ends 130a of the |eads
or to the conductive tracks 145 (coupled with the

upper é’h@lsie%c)krewt @h@h@mﬁeby gefysing 3¢ pumbgandondha siee g the
n

PUFSUES 2 19, SRS PBLOIL A0S heaiF 000 o
pammuyesmhhmomea@@m@mbam@@wﬁﬁk@mt%w3$92®dﬂhksmddmpasiﬁmnﬂm
ar e%? Folt11i7lle:§‘ of‘n t}/usongtlh l{]sown 1blen 0t Igar%g ];alll %llﬁeswn 8?08% go %1? RS %nd
r eaj | thmkadl, 20 ag an@mhtaterm;rlg):lu@c et the semaa:iumaf] adnglehcﬂ!leilﬁdw maintained

er eo e. a remaining (pa ortlon 205
A R S W T S AR
nONO- CiASEx@mmbianealicdich W ¢he FHoKc- ﬂé&bﬁbeﬂuﬁtﬂﬁsmecﬂidﬁeelérﬁﬁiﬂtl60 is
surface of the | ower substrate is covered

c dlystaise il igge pRotasiquissy sthe fgeRr sBuwy aaﬁnlétuﬁa%@téf Hied to package a
( Y 1 I fll’l 1T T T 1mn
RS TR G0y 0 P O L 50 Bb g o
anqbperxmﬂerse (\heclﬂp@mdesda poirdlito nf aifentidabccnnmhanst adgras dididg). In
rein the porous sLllcon regi ons 120 t hen

f&ﬁﬁéasedwlcr%@d%@ E5KY ESpOwEnHg! SHYER OEAF"&CE%@OS%%H'& are then

pchroﬁﬁb%teﬁ' ol GO rhoﬁ@éib'of?dﬁg 128s may’ B@rYI% ﬁl@ypr%a%p%f (nflé?l'[lfacturmg the
exanp e, a rectangu ar, a square or a circl e) I n an

e riblodpmentionoflertdne 1601\/5@ fitis pnntf emds¢iowmaliss Ohec srqlcgtmdw)r depdyeed

P aB R 4567 Va1 L G0 B dR 4P ey th PO AGRBER CF i 312 (o

caRbask, &f@@ashunat@;ﬁg &e @@&é&&@afpmqfs f&rRd RANEWIST ®b lidsG@fng

regions 120 in the contact area 117 determnes its

( doesr dgfeyo avlesinpistclisenglogehibt ehip Box  exanpl e, et us

consi der a porous silicon that woul d provi de an adhesi on
of 200 MPa in a contact area 117 of 104 mm®2; if the
porous siliconis 5 fori-ned only in one hundred regions
120 each one of 1 m®2, thc total adhesion of the contact
area 117 will becone (200*100)/104=2Npa. The sane result
may al so be achieved by means of a S|ngle por ous S|I|con

L L . r A ML e A £ £ - . R | i a4 L . r L B
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15 exanpl e, the adhesion at the |ower end of the |ead may
be about 100 MPa, while the adhesion at the upper end

t MY WOT10MRY be 0.1 MPa. The desired resBlTER2807/052497
achi eved by reducing the nunbes and/or the size of the
porous silicon regions 120 (noving fromthe |ower end to

the upper cehshial ifpacdi®addr tROrnexatiRt®n kifudRE GRS eis alnstcad
i ssue the porous silicon regions 120 shrink and di sperse

f ribypiretee in Zoewg ght Pardculaly. (hef figurg ﬁhq% % nipdiychip gqdgle 300b. The
pQ’ﬁl‘i{l-Qill ﬁleJ@g@O‘rﬂlsl QBT adlepion p@dr&lﬁ? otfc?:hfp@%lgpgﬁf 3%d(for
of ead, so as to facilitate its peelng he sane
t |q7remp1& mt@ﬁat@@h@squwn af stheredigitad thied aad/os ef tthe tm@velt dygs). More

rE?ecq cahg eeakl?a‘gp 3%9&2\&%} ae?(i/vg }th%g Flggr?}légt%%o#ﬁlahre 160’; the chip
abidvkis dasmr,deri beth 4 piteliyodnecinabn2eh emeint fomﬁ Of b4ls in the example at
Ial 1[%5;1]1 L(r: ahlcl garelf E FI ciqgc{ ﬁ)sceo e%poné o%e"rilreh s’ ﬁflheglgadig l§q1_’o on the

C hitiper 361, Ieschfdhrp‘ﬁaldulmarmng@if abespdmdmtmgoraieeta)ncxtrudzthle AT, ére chip

i lLenentin upper..su whi.c rov.
ST BB, G e Bt E B VRS Ry sonnpesed to
t mO&e@aﬁceng t(hﬂu@ﬁﬂ taedsilve bé1h@6&@leﬂ4aﬁth mph@m eﬁdstleommb Sads

bhgli%sgeld OHg o @glghgl aig 1m r%uhfll gtr{fq%gg Z\NE’% t?ua;f typically embedded
namuhqﬁmg@dmg the interconnection elenent 160. At this
poi nt, caonductive baIIs 310 are sol dered or deposited 30
on t he Wiwarcrsngsnarg o], Fighies chirdl 35 virdous yiliages| ply 2 clfgessedor
anﬁmPa%&hﬁgtd V&t e Rbrdlnkol 8RR @mbOdim@niP! @Sthk Cinvention are
material); “the protective cap 312 is formed on top of the
i niderraes nghel ey errd 155, begisedh® 18 apokiptl et dpgroaisaicrises. ush as chips
chj Qhesggfer leV@ %1091? 1104 7&%%&';113 %004 19 ggﬁl%ge l@rd) or comp%'ﬂents in
exenpl ary appl |cat|on of the’interconnection stntture
160ckaged fogt eadhg Jake st ?@plerdtya n th pllpwingiihe gementceprgspopding to
t i 0 ik iz chi:
i M o habt By Ge AR P retbcs luea
arty Bdrping(thar ﬁrsbmmbblef;rom ﬁt”etg Fét Gan@thcllr Bm]arlaéorowilltﬂw@mitted)

di gital the. po
speci f ICéJg%ﬁ?ermg 1 B?hf [1 l%}l:[%? Y\Ee Iélraliﬂgzh%uerglg B)e?cess atgﬁln starts with a
[ rib\&ﬂmnhﬂlatem% r(c@tsrsumtg a)fraawﬂiﬁﬂbf mbrhﬁcrgshalhne&ilﬁdn); sn pifiovi gleldce

L?rﬁo 4@[) M%d@% ({bef rgég({ jre (%hil%% Qv Sﬁlﬁgrgtf 4§§ ER&O mCEﬁes a stop
C dlyee g poRioRgpurese kvile bl spphdLiein el ﬁohmlhgaﬂﬁ sﬂo’éQayer onl ke high
ot her hand, each chip. 315u is arranqu above

i rFOBTRBHIEC i BIPustesuek the -8B (Such s Th#ich t@%%lq s a@p@@% dor

W &Bmle PhE@) ildy¥r f1 8ioBlalndd bl SN 5 1§1%QHtat1MbrCe{‘dl%§on of P-
connected to fb correspondi ng conductive tracks 14

bevpryiregipret ictlaveheabeipyref0endsthiE3err. o Cieﬁféle‘ééidéletl@Oﬂ the
X : it
Thp govth I%%@H oDt Qi1 nl,gde e@to%reﬁhg@ @6&&@ n%tp!}db% .4 &G\gapﬁigctgn{lﬁals

then ty into a pac

efféheeerh@éomgvlﬁvn@s Fi lg‘:up%@ (ﬂaeﬂmplt hletheéwrhmfsmq!maé@l@ of a
proces ar t
differ 2%{ s n@%%%@%{lgﬁlé El%toﬁees ‘ﬁ% %{ ﬁaf?ocﬁ? {h% fgglt §fface 410 into
|Hhmkmmamédumahéﬂﬁesmenatdnﬂaymbmpbsb@mt91me£@wanwegunds4l2
thagelf‘ ﬁcfrus?omg}gramled ChaPﬁ ﬁtlrﬂ d?ezaﬁflpproﬁ fe ¢f0r obtdmm%)coreresplondmg

cmwhmelﬁtwﬂlnbepa@klag ednhar tnmdsost thh elesakrﬁc @fvisdsnpldeC iekty., The
in the f the el ements corresponding. . to t e ones
STESSH 47 HE Bt HEE o dr oy S BE o b an iR She: for
simlar references obtained by changing their first

nunmber from"1" to "4" (and their explanation will be
omtted). 20 Considering in particular Figure 4a, the

manuf acturing process again starts with a | ower substrate
405 (conS|st|ng of a wafer of nono-crystalline silicon),

L L I R <R A P o A A N\ 2 . | R T . . | L
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30 the | ower substrate 405) are created. In the exanple
shown in the figure, the groves 412 have a

f MBSOV YPAm dal shape with a trapezoi dal pr oP¢T/EP2§7ES2497
obt ai ni ng correspondi ng probes7that will be used to

contact bunps of the electronic devices under test). The
graavss, thicara def ﬂﬂ%d b@)écM&%HSasQfes@ibw i SBUAD D 0BI0BEEHS(the
of the anisotropic type; for

2 00E1GaTGoPCT] Esh 07 LsiRAigoTalek AMPFETenehi Hegppggum cxient
reshinidBY B¢ achi eved as described in WO A-2006/ 066620
(the entiTte disclosure of which is herein incorporated by

r ef er eBeiefly.ghe FevemadisigimA@X ceprscsad Fowaloplenchyroyidging a high ctching

Brj ef | I
AR ) U SRR AR, ARR.FOPESE B, SO il 0o-
c rsybshzalal cwgsttz’éphunc (kiri} émnatam @mgl@le% Phédwinl thehiconVblfage 41 hderask

othat (11 forns_ an_an
S G B oh B e, Rl N ik R Mo RS el
t hhe fomentnds of fhadd4d®e fowntel (M@mdmwnbxp@mnggamrmuared shape);
res e | ower nds ads
CPObF ORI e 4L Fors PARE of B e Eon PR i i Biss
e)(BEI’Bt‘@ ortei'leoﬂip@slﬁ Al3cansiitit s 1®fer Slhydr cONsilidoh rmigide (with larger
Bor on- Doped, Phosphosilicate 3 ass 10 ( BPSG
COHBIETR D7 ST e P RS THETEa T gRrPBF IS0 | IP (ilhdhe
(Wictibed! Ring&ws) WIriel ger fs@isstrhld €408 G tthdiBitthagt Uhiong sﬂtaaee&)emlcal
and an upper Iazer of BPSG (with the desired w ndows

THElUgtesr 28 (b S'ER 4t Brosels theswmww A Afemadd Pntly Ross tsaﬁlﬁtévely
c f}@smuﬁfﬂ' the 9ﬂy§&ﬁl‘3@£he ($01)3ScrdcBurfdred alfibr i QUEBhih D BN AARWMB emed
of the mask process is relatively fast until the

criggligihlo)pinaifis ay1 1%)ch|gé0ceﬁ dbup ebtaiged wilk lave daigqel supfaces extending
etg Qﬁ@&lgf@& Srofiite l?t%ng ﬁﬁﬂ@éjﬂ()lar.’nd"@ Qt!c’[agé@&en)ottofnnsu}fgées(v%ye size

each groove 412 so obtal ned have | ateral surfaces

exdependp ny thet lengile obihg | @ctang pr@m%)hEmf saoetresirraycasodioachigeedaby
r g%&?{l}ﬁg%%ﬁ 22815 ThS PGB Vz\%‘&’(%eT%qéﬂ FEwHSPRD Q%ur%gmﬁlé‘ ?tlog layer

I Nng process e sane resu

beblta@n ibeveadiingyol ;tireded] spst@atest06 (ifor ayearpld, nilatnkgetOI adwgr concentratlon

qsi%lrgl%tltﬁeé Oé?% % shutabsf CIivwalg:tall?gra Ipuc orleg%'ellpo%t hi E) ]?r]tm(/}lee Y &sired
exsaamel ) thetgﬁ@mkm ]t20rresph¢tg'hly©(ﬁ rheéentgﬂmf mmetchﬁ(g @bcesdrpuri ti es
or to g,suita staII raphi ¢, ori entation to
pr Py dgltflﬁlgtlvg S?l}ee% OVﬁ% 9%1} 18%léer%% ﬁgshdxrelé t1)1a'ng1?ldr proﬁle - for
I rabespectdreepondaf ptdves thengillibeafsed i@&:oﬁﬁaﬁthjaﬂgoﬂlh@ eleGfonic devices
AI rnatlvel grooves (not .s 0%Wn in the fi Hur e) have

Fralfi uP%{PX%%rB’h CeZrO0MR AR P gt RVY QQ’BO(W& YO prBrraxial

t haées whd twodeanssed fices wanbiachtoRaddedfor bhepgh@it (WaRiféur triangular
deV| ces under test; particul arl t he grooves may consi st

offages Bt i drief V@W@hﬂiuwwlﬁ é%p?églee&&W copnuing.thg clghige pig only
trih @AM iR cr%rs%él%‘ﬁané At fe?daﬁi ex;pGJeQ BB WA O5F @Eh FoBW @Mhyfes
(with four triangular faces that joint into a vertex).
Tmﬂ@ theedgetor the \ﬁ%ﬁ% Bvied UhycasisFRONAINE MENAONE g repiPHay i v pquared,
oqle%e&g,g s of the crystal plane (Ill) 1) remain
exposed, "so that the base of each groove collapses into
t he eddée omme heslyélx exr fodikean maske (e rshesp ondie dguw) ndbwsindows

f‘mzsgﬁﬁtf{r‘ilgl%_&gégkﬂheoor §81“tﬁE 114133988%;&}{{5 glmﬁg c%%lraﬁlf‘edza?'}%n?vﬁng

r anot h not ° s I gur
wi thel @\R@Gslhyegm b@seloarﬂgaeabovhmqnttdmed omeposgf stringurpas ks 4sk8 to form
(f or ., 8X3 . S rhebé/bobt ai nep X renpyi ng he BPSﬁI aye
orous 10ns medns nodic pro orous SN1ICOI1r re ions
above-hent | one con‘po% Te strteture) -

used to forn1porous silicon regions 420a by nmeans of an
anodi ¢ process; the porous silicon regions
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WO 20071104799PCT/ EP20071052497 18 420a extend fromthe
(lateral and bottonm) surfaces of the grooves 412 into the
| UEIOEWHEP r at e 405, just above the stop | ayePCHER20§7052497
exanple, at a few pin therefrog). A precursor Layer 425a
is optionally electrol ess deposited on the surfaces of

t h@0YLRES ifh2the Alatcd @hd H308m [ e 08 &) thOfgr@veODAUGE MR lower
material suitable to formthe grobes is selectivel 5

depbiiatcet) So st Reovpriee iR d2yer 4y kffon 2manpigat r@e@wgtraftzeﬁmm) A

el ChufRr B @42@91@({ 981%§1§)elect¥$\§ss 'ﬁ@#(ﬁﬁéd’%n ﬁlg stifiRed &ytﬁé gr%3&3412
oul d be rel atlve3 abr asi on-resi stant, and

scfaﬂ@elt {Blaxproapiceof R@ﬂecrtab Impteriphsithize tniess g protieh ¢ selectively

o 3o 150 290 MLl Sy g i

Vimgkeras ,of | thk days0@ 304 slkmtcb be Edatneigfahmi,e abmsm@l -ichistard) ahdayeurcely
430ac%1810 nﬁre?er le géeﬁlbaﬁ] C3 ofs‘[H aa?eirlaﬂsu gt g’lalil {260?' Vaclkler(s)ysubh as of
pah¢ adictiof 1’0061(@10 dickay,, and immle piRferaty 4Q0: di[lﬁ)n‘Vlukﬂr{ \Ankta ISOQlVlckers

MY sgenc Do gl BBoas0iaBorsist v et cel Thiriske. el afovs

megitkondbliboliysdch@n nagidy, O}Ehllh(hemfc?@ﬂﬁ alﬁiyl‘ g)ﬂlhemﬁléﬁfkell\ﬂgﬂ&y( M(Btl‘.ﬂﬂﬂﬁh
exp si.ng cont areas 417 for the desire eads (eac
PHE@&H}%@%E%QGSE&} BEPSHEPRY GBS E 412 with the hard

I ayer 48R ndot NBEre 45, RAULOUSa RirthbiCHII-REULANSL4ZOR: RFfed on

formed by means of anot her anodi c process through the

pHBt doplediree A& KVl Bdgep KPSiehenischacsatly [Patkmesepd leads

Or (A o 1Eau&1§§ %Céorltegp(ﬂlﬁl%% &84 190y D Al 1P 1Q6LE50a). Fler

porous siliconr egQ ons 420b extend into the | ower

s utesaus gtlison oBiohp Gadtt #re ferrise dedngsos of awdeonadivepreenst Hequgh the

ar | C t itk
SRS S RORCAS, NafreCUEL B e MERAL b I ioRBect 1 e

of pre¢daging 2@ogio rIUG@S@I ITihc arrquegilores #20bs 430 ekwnd veoythe lower

S f t o)
@%Bgtra{ergfgl a e%g%s%gg)ogf‘ggf ?glf ‘[]1]%I %Q{? élréélg 4g’g emr;jY ot % ?e% by

t hhe hztrd dayer m(laq:els shogehier aft@sthal b nghlic pnoc&gh IfKESEe fnshnathm of the

.ough f |
wioro RS R P S e e Trre TheDpaqn AR o
ahave, ay pppeainb&oetichiay et #ard $ayelpt43@maaltlmosel ﬁetefnodileslﬁrocess

AP e e BRT T e Bi BEE Bba BBEordi sy s e

ofadBesicay®ith A3ARx( @YertPueN 0fcompRRNEY Cdally A sNBOEF, iadbrecursor layer
suitable for their raising, The |ayer 430b is sel ecti vel

d 1308 it WU ORHP SURGHOCHARIED OF B eé‘POSﬁ‘éQQmﬂlisso f(the gpntacipyegs 7.
hagChis BEX, tﬂe?sl@@ls ARG oh RIS CHESR OB & ey@fmséﬂ- gb)mdw) Jraapsdefive

an electro-plating process. The materi al t he | ayer

A30HCTEh éEllF@Peb@r éh% Bisinge Thatlser 4p0b FSegeée%ﬁhd d@m#dt theough dhe
3#1% l%stt gkl @Dse(l e4%Q8thé %Qrdaﬁg;r 3P4 %Ma % {nlggurgo? qu& @I‘i’Sb) by

lexibility o t he | eads) ref erab ness of
t Hheangrat e elaptrd- Blamrtg/\erpchh alfe 2uengd ek éwéayes 4dédh gwulgfbet =héuctﬂe

or f f e
o U PO LTS AE(8 PO Y AR s
I a%ﬁmbﬂl%@f) the léméfde Pofiertthe $armrdmtseel dlif slateas! isntiveatted 200

2oyt SagBe MRy A3 sy s and more ety 40100 ickers, ke

4c50 Eakdrs.| Badxsoplobthai(filedbl¢)depotLa0b as nadwhbdile wnt hnalaﬁh)(s) as

v ing contact 435 at an end of the
fl%‘gfag‘fda% ‘é%/féﬁ?ﬁlﬁﬁ %g%ag%sed to the correspondi ng groove
412) . An upper substrate 440 is then coupled with the
| ower substrate 405. In this case, the upper substrate
440 consists of a circuitized substrate (such 5 as a

nono- or nulti- layer PCB) for routing the desired
SI gnals in the test card - W|th an optional conpllant

B T i e i e —a P L L . r 2 . - D Y
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15 substrate 405; an upper end 430b of the |lead 430

(wth the bonding contacts 435,450) is instead connected

t ¥ane/9ppPer substrate 440 through the conducP¢VEPRTHSKIET

445. The porous silicon regi ong 420a, 420b again all ow
peeling the [ eads 430" at the sane tinme preventing their

conpl etag WehRGNIBAE 40 eBhtIBRI {PVRLInQURSHIAL & #QRolcAtitht £ is
p0|nt a flowabl e insulating material is injected between
ttéomlﬂ@ewnls@ bsltdﬂa eontp 04 nal antved obvherilebiulsstrridt ¢opposd to the

0 as | orres g
eneieifet KEPef 26 B2 BRaa Y R GRALGERREG!MOne over
prsaberaadoy. wfthit beecahasppet suby®ge 440 consistYbt DiciF@ftREEAGSrdtO(such
Figure 4c, the | ower substrate is renoved. In this case,
arfy adaeheger Pultt hye( BkBbkedyutipsths dsrscdofignakien healgs cago: with an

0

Seg) &?%gtl Icle)rﬁf)l?agm&%é?f g?t{rtg)g g%nyﬁeggalﬁhg %? ng% V\c}efﬁﬁed?lg#bﬁﬁ c[ebt%es under
prieg.ess ybovEohe ugfer extanpk &40 iid prosidpd efitﬁ rc&l&lu@tntearartﬁe44&ﬁ Weterein
etchlng process of the anisotropic g (whose et ching

adig coHeety EXgae ﬁ%@edq the HRgr ﬁ‘tﬁs‘kﬁtt%)“ 0 tsml%ta@ it frof % ﬁhq lgwer
alsﬁlﬁg %t40\;‘§ eandttﬁ@bc;n‘a %@hg(ﬁ?ﬁ sél&erg& 8{%96(10[8 ltlYe H%‘ﬁﬁl,tn @J)At%’cts
- Wt out reac ads ; I ni ng port| 0
t hB51 ower substrate |s t hen rennved by means of a dry

etchin roces wh does t eads 430')
Th| s r g@‘ﬁt‘tg 1§ 1§t(brﬁ| ‘{é‘vgtf h@g’ﬁgmbga ‘? ﬁ%‘i Bt iﬂwle’é?‘&ts“%ﬁ 05 are
??%e&'agéﬂ &o a§Q) Ael) ’thevl@eldg hAsS:QH‘oQ@ Qhéft (%ﬁgﬂﬂéﬁ)sle!tch edlﬁb&ﬁ]ﬁa% with

(by a factor about 50). his way, 1t is possib

t o appe odeatont he, 43¥ad sas42i3®>Wer/w1tdh43aa vieelyding ghiragenyracydal portlon
(i.rrespectijve of the.etchin i e. remaini l.ayer

ORIl bSO DB g ot kDb ST BURaS gy e Bhver
20Q¥khRA3ORCIEP2R0IBHH 92 43 1cd Q30 e@SANAD béhdirdg R nhYs ABAUMD) is
of a standard £ active lon Etching (RIE) process, even i
i tmq@fradwom@teé toethatuppes| yibstoie 4k Hiranghriae eofdiacty tarke 445.0The
{JH) crus s11 c}%n r%@rﬁé&%%d@{ éégi%un allolwS eg:ae(lgrst tl%gISeag Ssbéi?a@’ é{) Bh%oslra]t{nre Otlme

bqfr@reﬁmtge&fébl ddghpldie dbt@aﬂ&nﬂa@m (th IbReutubkiige Use Alf N Yoint, a
stop layer); for exanple, a |ayer of the | ower

sulsstablst issufiting napterta] iskinissied Grtwrgn Hin UpPSD SIS 4&%%4 dienlegrer
b he -l 4 [

¢ ruBtalenfos, SRER i€ in curtl 3o TR Bl bRk B gy 455
pr(emsalam@fau theelxAIRPE®), pheds sy Offth(SHﬁ’stm@Eaé 07 or a
conbi nati on thereof whi ch provides a far hlgher et chi ng
rate (SVithresensp tp didyre 4Em§h?’n IonRredbstiate Bymeygle In g case, any
ORRhALL ANhE %&@%&a) bhr@ohovahS 1aBAS30A3I0R vafl Sheihk §achss d3Rid be
with 10 their pyram dal portions that projects downwards
f raypidedh éwhams e epaigfionaly ercrigmsd tph P@a@e?xfg? At SIAIngeRrpcesyr gor
466Qam¥\1'30§ s ??&Q@oﬁe 48 %s@ﬁ evvé;ci %tdhﬁl%dlgrgé’ess be tlf%xﬁﬁ’s%ﬁgptl: Q%}ﬁr (whose

the | eads est card
u%@lrtgorateesm ten &adsy 4310 rls nsgl@ltlic)o hi @ddigoi eegn (ahmlatstqotm lowyer

LRSS B B Tt o

enhwmw@r ambstras u'&l)hsn Tdmeovpd bb e k68 ahdaweettanr@prp(ceas fiwhichl does not

St({aUCt u Tfus res{'ﬂ? 1S & St Id(;oI tn\feans ft tﬁe stop Ta erqltlll r(]%:e Figure
Iaye S 10 ensu re orrec? con? y the
el4igt whmln cstmﬂ@w cdsced nigke etchies trate oy e dweer, abohie5@r ﬁbéﬁs 46H it is

efor SO .as t C hel terntn
e vary A RETRRCahr Sibst TRE MEhGeieh (rarel Gy of e
engchwigt iman Tae gemdifiing IMRF beXxhe tRey saiseateahdy St bedehoved in a
scrub any native oxide |ayer of the termnals of the

el ectroni c devices under test (especially when in the
formof pads). 20 In any case, the hard | ayer being used
for formng the | eads 430" ensures the required

mechani cal characteristics of the probes 465 (w t hout

D P S L - a4 " 2 . . . . r 2 . P A P I .
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For this purpose, the insulating |ayer 455 is etched by
nmeans of a RLE process - 30for exanple, based on a

N WP E106P9 SF/ " CE4, 02, CHF; (which provi desPGHEROEHISHY7
rate of the silicone in the oeder of 20 pm hour) or based
on a mxture of SFo, CHF, and 02 WO
20043 AR FAPEY /nERZO8F 1 QRA4RT R%acuwmrpﬁtcﬁﬁl VRABSprédss, even if it

etching rate of the silicone up to Eour? The sane

r eseniges aiplagydy Idye claling eje udly a%éﬁsur@fmrawab terpatiyply] hdedlso
PrRCEFS tc( Wo?{h@ lérgé 5‘@@1@ Rx}e@k:tchlﬁglbﬁﬁps\é %g ag lEH QU}QH before reaching
sublimation). For exanple pul sed | aser having an
ulthe é@@d@ﬂ@ﬁ’ (wathelltethgtukﬁ of hey stplm |12rmt) fdryepoplef adayobraihsi lnger
t h ne |

S'L:ﬁb t&%"é&"f"%fq{llchﬁ&n@; eaégl n F’])g 18 mgﬁtﬁg%% ggl%vl'ﬁlg léa%fs 4.*»(} The
ob’emammm(@tcker) &lybradfi tonlomat @dstofte ishlewsreﬂnowdrbe Iﬁesauc bf :a@eetp RIE

ser.. m

Sk A PR s o F SRSy o bR R, G Syces o
f | faetriglesr hﬂc@lhgratet Qach dshe t(ﬁl]D,MﬁAIﬁﬁmé)l oned t hreshol d needed

for ablatin silicone case, .t he process :
r emovi My *eh S%ret § PRUHGr TP g?ea]f’%{(%rsieﬁgﬁﬁ‘%?@' ‘ﬁdﬁ? %9% 43% gvith
'4%1&&19 tpgraﬁilldag @%oné’\'ﬂ{ah pl;(hz%tsl Wwa?dld§mﬂ 3fa 11%tlla¥utfg3 14},@1&@@5 This

t 10act as a mask all owi ng the renoval
i r@u¢ratte$ nipst aye ol 5hogriryboatieh aict defigednipt thp ﬁmcecxt lewer ends 430a

[ S @ differ C erein ea

¢ SuarPRRE BhGeu i e Bl B S o Bt R Blrogi, doviee
| . (Bot, shOR'in AB @igﬂm@ﬁ havih €8 PRedlity 8f d)miABY tHADME contacted by the probes
i ndependently. This is particularly advantageous when the
t b (@nihg 985 of dehsinsths pmple pit ayec)c dhel pldbed A baed eenplaint

sgr%?tlturcegdﬂ}aonsggbm‘gsq%hce§ th%tmsuﬂ? in V\fif eir 45I5)é1 SO a% fo qn lérg Ithe co&rect

SpRaiatt & the quti@nEtdvices an@e rtss@nnsﬂéwelr efle ipfobdh %ﬁﬂéfoﬂi’ﬁyo as to
apply to the solution descri bed above many | ogi cal and/or

phydiracs| thevp garpinglat (o nBallgh Alrmasively whe thyprrebes (not shown in the
dgfgg%ef) eﬁ@wltﬁ héeh%per{eg eth ﬁ%%; shl@e\ﬁetgts&‘ag {ﬁ?ﬁatplg%glde layer

cri bed vvlt a“certaln ree of particular
r effeliceraentloophetiectrad @n‘raeﬂmnmemt*e{t$aspédm1yeﬂfen i the Sbraudbithads).

be understood that various om si ons ubstjtutions and .
cHArfge Saten thepgrd Byer bing wisd fefetogning t%f‘sf $30; engyqydpe required

erﬂ?&ﬂﬁdﬁ%ﬁa@c’i&sﬁ&s&* it Srobbans dé Gl h%ﬁ é(dvefs&? al?f’é&[?lgstﬁéj raising of

solution may even be practiced w thout the” speci
dehtalehxstl@@ks:hﬂaﬁrﬂdxéalerﬂam)l cal exanples) set forth in the
preced rovi de.a nor

Cinder st AT HETEBenCah P BETYoh Vel oh G i Bat P el

MY RAVE ﬂ&eﬁgmmgtuty@ldmr(s@hrm@ Inkafaé 86silidnOLASYy ARYL: claQic polymer)
obscure the description wth unnecessary particul ars.

Mos digvher ren®ved.tTyipsalkix phe gsilptinignemdéd it hatovepéai € iepth equal to

el (F W %%, an Algrre prrre%grgﬁ}q ec?&a?%SS—g(ﬁ’; %srulcl?gstdﬂ of a whole thickness of the

(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 SFes, CHF; and O,



10

15

20

25

30

connection with any disclosed enbodi nent of the invention
may be incorporated in any WO

20072000UWFIYPCT/ EP20071052497 22 ot her enbodi nBEU/ERE0TH52497
matter of general design choicge. Particularly, the
proposed solution lends itself to be inplenented with

ect%}éﬁlp%ulde@ ACRSFESac RY (MSHRGnS LPtd 86 ,BVIRRS, TREHNE BGilt may
some steps being non-essential, or adding further

omlsomaachlst/@dsf) meamy pé@welplathnﬁeses pl@p@s frelerbe t@ematgnaies:lremved
|ffer t orde oncuyrren in an inter|
fortt " PlinaBo s ey ESr § BPbeladt o P HERGETG R fenen,
t hee AaBMbIaGIHC 08 Olﬂﬁlﬁﬁlgﬂﬁ@ﬁzniéfiﬁ JPtedliddad &r 148l sy em?; naturally, it
technol ogi es, | ayouts, masks (different in nunber and/ or
t yipyssiblrie inckpasq i kser fluence, SIOtaSémdmld higher abddpn fpicymp icetlicone
f’ml'l’?uec(l)lver }nfelﬁ}gesr' 1'693%11%3" f gnnsy C e la‘g’egatga 8 é? feglseﬂcezate with pulsed
c Qm(ﬂdiz&ﬂét\/lemﬁéi(\ﬁﬁb}ﬁbﬁ)wdw aenet hlgh&IOtham yhek hme-‘iﬁenﬁcubatthraﬂﬁld
may be used to raise the |leads (for exanple, a wafer,
efBedeé ferptiatiap tieliconR. Braninsess. BRPERSCSS oh Vg thedesired pomon
Al el
N S
comt actismadhl yllooiingt the ﬂemwml dubs tirsaléngtaytthésuppierwhen it is not
substrate). Any other relative novenent between the upper
sUBLEFEte and the | ower substrate is cont enpl ated (such
as wit h'hkv\géngglreé %od}ff@rknt]tgﬁ%pp@ﬁé}glﬁ dabh ‘Pe@ﬁ’lgﬁé tpi?obe (dlfferentlated
di rections In any case, It is enphasized that any
conbli matimomotafiort he, &8O ved ﬂ@‘é,cncsﬁ@etdfefye atay meseiiglepossitlyl €his is

for ex I nt erconnect i on nts ufatur

i EHGURTY HGaghBspaS T Faape SUBSET Bt & g CHE (rdtgghsed ©
fQéstfefé@trcin@@devfé@sréi%eMfertla%l)fmnllf acturing pr ocess based on
the grooves in the lower substrate may al so be used to
obtain interconnection elenments for 20different purposes
(such as for the above-described el ectronic assenblies).

Al ternatively, the porous silicon regions my be repl aced
w th equival ent adhesi on pviedmtdiings r egi ons (capabl e of

i ncreasi ng the adhesion of the | eads on the front

surface). For exanple, nothing prevents the use of a

l ower Mﬁ\%él&agﬁor(agr 8 é%.ltlgél %c%mln({ %‘/p%fe Pg Zéﬁ%ﬂerﬁé’mﬁ%%%{s%ﬁ skilled in

ass)
adheSdrtvendyaquﬂy ta thhi iblutﬂﬁ dmtraiedl e Iﬂﬁ@OBﬂgtC@ld ahdi610 pBYRical
a thin filmprocess (for exanp made of V, Nb or Ti,

i O SRl @&%raql%\ﬁeMOfehS@ﬁm@@@yf tthoushsihe Rresent apenganias boen
orde@&%e(ﬁ) i c@ﬁmﬁ ﬁéé?&: & ;%m{lﬁﬁtg \Mﬂ{ r%te?ﬁgg oalgrg%rre& diftent(s)

any other techniques for treating ront surface to
C ahetrmﬂ it tshauld tlé @sdeeanooaf that Mrlblsadmsm@sb@bstautmd and chaingdsiin the
of the |nvention

fzgfﬁ S%@f PG APpRY OfhFr PREOdBIY %re§10Fﬁ1§6 nPa(téqu%aﬁl& the pproposed

Si R@kign | AXL LVl bd &sm%%ul HiRue hEPHRNR) ddif1sORLA BE rWhliherical
equi val ent processes. The porosity of the porous silicon

megkatpplesyodel] dered in nthanyreotdm@ desyyip(itio depravyake 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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WD 20071104799PCT/ EP20071052497 23 it noving away from
the front surface of the |ower substrate). However, the
ud® W7/ WéPdus silicon with a uniform porosityP¢EEP2007/052497
cont enpl at ed. Nat ural | y22t he proposed ranges for
the val ues of the porosity are nerely illustrative. 5The

desthdrefibs@stiitas FBM1ESr3GRLY&INoREL I N On any ot her
paraneter of the anodic process (or a conbination

t her eofPyiticelaith tesproprscd @ﬁwndmds etself to be mrrl\enaermyedcaﬁeeqti\h@nt
g:ji)%c%?ste% eyﬂusn}% SH}B]%eFteqsr rr%mo n}gt seormre ?gpgrt%lnf)gf %nregsenﬁg} or addmg
acendi s@ioh0 éals) Ne&EoRF, ihegmpbtrhm Gc | @Whrmelh@ a different order,
above-descri be distribution of the porous siljcon

r gPorsnibhoeEct igsHeaed vay ¢y leasdin rarre¥iwily cpnsidgaionstaprhe il the
Slrg:lnluﬁgtuﬁ‘ gfﬁ%oggsgeé ?P&he?p@!ﬁ}{na% t&ﬂﬁolgg%so lileﬁro&% ! hl&s?(g (glfferent in

regions a eren ‘her
anmhmanﬁmapgx)maﬂmeakiy, not hi ng prevents prOV|d|ng t he
porous silicon throughout the whol e extension of each

cont act! #pw be readily apparqnt hainihg deadt may Biesy SHchslipppand/or size;

r ‘%Q&E@\Qr ”tﬁé@J Rgy 8L ange Lh %114 Sﬁgl%re' A ALY QhBgivE ek el%reover

I's case as wel owever, the use of a mays
saumg ladhe&sdostrates nmaptbe Iisek &l tdhedhe leads (forAsxaalpby @, wiftre a PCB a

proposed ranges f r t he s of the hesi on a ly.
9T farqng @ more chips. FKhg L{ﬁﬁ Al ﬂtvelafa@ ia%ma-‘é SERPLgetith
byth& l}ﬁ;&g LG 20 Y ark Nneh wzp%for efantie WRArRUSorling 'c%QthtE 88 @AShe
(Wi the same size) or only their size (for t e sane

n Llcmenr Substalte @r thaupree [syhstr2@). tAnysotiadr sdatpogsivienentttotvaet theagger

oty B RSl ol BB Bpbs FORTMBACT Ho Borbae S pcli-onal

muhhmgmgQQﬁogﬁmﬁg@ﬁ%ﬁ@ﬁpss process or an el ectro-plating
process - to inprove the uniformty of the | eads (even if

t hi s f datr@saslyis baplgwized at dnk cgmh@amqmmfélnpezrbpm-ﬁ%prsl)ed features
Psskblec grse%g%:pﬁt rn e@g’onngc%OX ele 1er61‘t§%n%1u ctured o é)lbl{ gl\%légfrooves in

ins I hjecte Wween

s uhstofvat albaﬂitde tag bl ﬁ&ﬁrfoﬁtli@ skt @t®; ol@¢ saMEhctudd&rocess based on
insulating material nay be cured with any equival ent

t dBha &roatf‘é 11% e dpraaisebstrpie e ¢fsp &g upogye pbigin lvtﬁ@%@twﬂgﬂemem for
i%r%ﬁ guﬁpe ¥h $A8FPhe QQ&Q'J&&nB c?%{gc%ﬁm as% t h.e

expose S|np atlon.
Alternatively, the porous SlllCOIl regions may be replaced w1th equlvalent adhesion

promoting regions (capable of increasing the adhesion of the leads on the front surface).
For example, nothing prevents the use of a lower substrate of a different type (such as
made of glass); the adhesion may be controlled by means of an adhesive layer, a thin
metal layer deposited 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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The grooves for the | eads may have any ot her form and/or
shape: noreover, any 30other technique may be used for

t MY 200E10¢RP i on. The different (hard and fl exi BEEREPAOGHNISEET
of the | eads may consi st of eqsivalent WO
20071104799PCT/ EP20071052497 24 materials, or they may be

f ar AednAL R, A6 HRLRRE sdrREDBI B Rwel Tub@ide)CBSReveR USRS porous
prevents naking the |eads with a uniformstructure (for

exsdivph @ith @ phyjorg okosith & Ohatpmellﬂtedet aI when the | eads are
strai o, A9 Lhatoae.er hlemshoul d takecphace duti nd ol
their railsi g) &R Ur gih quanf1 Pty ve© def Tt f'6n"6F Y
t hgusratier i al s bei ng used to formthe hard 5and flexible

| ayers nust not be interpreted in a limtative manner.

The pod&F Besited (eset mpmbneckionFchby tdHes PepT olBegrmstcs of e anodic

ﬁé%gcggso{c}seg@fﬁ}lﬁgn thereolt?g L{ Eé@{ﬁgt %?a’ﬂg@ny ot her techni que

renpvi Strate (even
entirely .guh;as&el thé c@rane tierBite iap Gepipdaes Bdtween different values and/or
Nat ural |y, is possible to use equival ent techni ques
f o¥ithy %'ﬁ@é?eﬁ gme ﬁ@te&&f@rq%%mplwﬁeﬂr@mg)w ifnepin 1pgaathmag lawe

| ayer. The above- Id@sc#wgé(ﬁdlgt B&ioAdr WMe >)cJorouE Igﬁic&{ @g%ﬁselq @H‘&)‘ﬁﬁct area

for the anmount of 1nsu atlngla to be rénove
mes eleyely [lusisttivert mmﬂ!ar cons1derat1&ﬁs ppplyltlfeﬁie @atous Bibive,, r@hﬁs are in a

up r sub rate be elth | or renoved (wth
rf{}) PbC R é&her PG ﬁgf agfyafl?%wg PEDEYS ﬁ)rqu ing
thee IS’JrQIE’sos%?cgn ﬁM&IgﬁG@t thd whole e;Itéh%loh REelcheBRRGhion el enents,
the el ectronic assenblies - based on either a single chip

or mul Lilpghecc Hlepaihesuam thay He tedgted caovis) albay éhealedis fre pmnpther
T T L T T O e S
sakubi@n that may be applied in whatever other field).

As above, the proposed ranges for the values of the adhesion are merely
illustrative.

The same result may also be achieved by changing only the number of the porous
silicon regions (with the same size) or only their size (for the same number); alternatively,
it is also possible to decrease the porosity of the material moving along the leads.

Any other metal may be deposited on the porous silicon - with either an electroless
process or an electro-plating process - to improve the uniformity of the leads (even if this
feature may be omitted in some implementations).

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
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20Particularly, the proposed interconnection elenment may
be used to couple any kind of electronic devices in the
bMsbHEE4@8cept ati on of the term - such as chP@BEEP2007/052497
flexible or rigid PCBs, packagés (for exanple, of the
B&GA, CSP, QFP, or Dual -In-Line type), and so on:

|i k@Wia$€ or thBe nfal, 86 taRiRkl Qv1tﬂ%‘{1y 6§1§r fé‘&iﬁlcﬁl% ﬂra%y |c%%dndﬂuﬁ@ prevents
what ever termnals - such 1 ant

LG bt (RS W BTSSIE G G TRl G 1 e TGt deimaig] when
0 rthgleé(isecl?éjétﬁ%ﬁt Ly 91%‘9 no problem shduld ék%%hﬁgglefr Pﬁ&mé) he

above-descri bed el ectronic assenblies may include any
nunber Qe ﬂtw@nt@ﬁm@l degnifion pCthd evitasiels beingyiser @(fn@il Hedhard

I Nnd ﬂg;'dlblté Ila %nurs]tsﬂo? Q@ nte g&rgtg(g %;élrlgralta Vbloet ﬁ[ﬂ%ﬁhlg ase, the

el‘ect roni ¢ “devi ces may
|ntercdhmp%@bmnwéMEmEmnmgﬂmhQMKGMmHMgkﬁﬂSHNHMm®htﬂuring

proces % n they C st of or.aLgy nclug n 30t he
| ower zrll.l %Yt ? eanyt(hhe(r)r% reulgu% Hﬁg o a e oorr Temm \ﬁn%#he lﬂwer substrdte
aﬂbemumh&bﬂmmﬂummnmmehhmgbeemmponpleted WO

200711Q479 CT/EPZO 52497

consi dSHAETBRY SABTYPT 15 fitto coEenbisspriTes ‘poEaype g eviemal
amori@nhE hehRGiiHO ?@-deV|ces (either at the wafer |ever

or at the package | evel In this case as well, the other
corrponé[nthsks gpe phwch.dhe prl@e@ﬁeél rapags e thegumsuatofingiating dayer to be

q%&gwﬁgﬂgﬁal qh%hﬁp%nt either during its manufacturing
ess rds. 51t should be readi |y apparent

t hat t tAe n@nmoae dlb@@ﬂﬂﬁﬂ@i@éﬁsuﬁ%t@ltﬁ mBe bp afther Ghaitthieedl@Stegidved
integrated circuits. The design may al so be created in
a(ﬁWB@¥%ﬁﬁﬁ”ﬁ@’P€H@uage moreover, if the designer does

not fakgjcat. gns?&k onf "anlggk%hc %J%ﬁos@ﬁ%?&@mﬁlyabﬁlc intercongection

transmtted sl ca ans to ot ny case, the
r esashdnisndpe @:mnmmceastsalleBy bescdioateithdyat g ldoghip bISmultlple chlps - and
uf act urer w wafer form %f a bare die,
udae

pég?( ge@%%ardsh/a?ve&\/@?fere?trﬁémﬁfl%sé% mulef@lﬁﬁocﬁ@ﬁ?%enf%aﬁn@éy case,

CO[HQE: @?Qeﬂ{\é 51@ Rt B rgllleﬁlQLUé kv?’ltﬂ Hlet(ﬁ%séiaﬂﬁfuﬁ)tl rtH:ﬁtdi'e[yebe Q{phed n
they nmay be nnuntedpln I nternmedi ate products (such

noviervehboardisld). | n any case, these conponents are

machi ndgy g (5 Hpase SRR IRER riiGeah aet iy oy kind

| el CRRNeatyion if |t1?en°ﬁﬂﬁde§t1k§@ep1a@@ﬁ of @ €@t aGdh R%hips, 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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el ectroni c devices, the process including the steps of:
formng a plurality of leads (130) on a main surface

( VOO0 BH049f i rst substrate (105) of nono- crysPEI/ERE/052497
silicon after treating2fhe main surface to contro
an adhesion of the | eads on the main surface, each |ead
havi ng sanifar StsiRABoks13PB) if AT HRBLICHARND tk3IAPbther clectronic
coupling the second end of each lead with a second
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chm&iﬁgttseﬁmrﬁﬂfmurﬁgﬁah)@t:sstoh@ftéﬁv@ﬂas of treati ng the mai n
surface incl udes: forming a set of porous silicon

regi onst f(hl?Qlé)beefﬁ%délﬁcﬁPﬁ@erﬂ e tichroprsE s capemgiete night detnge of the
f
e A e R b

( IR2@}ovendf the d&lgner does notaiglith@tchipg oBmpas. ot Hysigafmdylte transmitted
porous silicon regions to have said por05|t decrea5|@g
noVi hgsieahairatsrte M icke helvrrast ﬂ}ear%ﬂt{ﬂzf@?lponeg ePeptideuiyl by

aq&%&hﬁgm}é}g il ke fgfmgi s . MART &L 1 RAGRIA @M%&@ tle rbgbsed
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silico i on i ncl udi n form ng the porous
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CQQ&ﬁﬁ&m@&ﬁ%Lmuﬁnc&BﬁkP&%&ﬁﬁ%mﬁﬁQQ&Qhﬁgmh&)any claimfrom
to 3, wherein the step of treating the main surface

|ncludes decreasi ng the adhesion noving fromthe
first end (130a) to the second end (130b) of each |ead
(130). 5. The process according to claim4 when
dependent on claim 3, wherein the step of



decreasi ng the adhesi on incl udes: reduci ng a
concentration of the porous silicon regions (210) noving
fromthe first end (130a) to the second end (130b) of
each lead (130). 27 6. The process according to any
claimfrom1l to 5, wherein the step of treating the main
surface (110) further includes: depositing a netal |ayer
(125) on the porous silicon regions (120). 7. The
pfitsss according to any claimfrom1 to 6, further
including the steps of injecting a flowable insulating
mat er i Abrdcdh o} nRiry@EMgtddandetbitecBoabheH: @160,1405 Foradaftat iRy

S r curing the Insul ating
ngﬁée}%éc%éggés tgé Groge]s ggludlr?gn:ﬁe steps ofl ayer 155% erbeddi n

atin
the | eBHEMY i§H5a"tV°§’eaWé3°b‘?rbac’€§g 5‘5&"&%?‘6‘1 RGP 116" 4Ry 2 HPhef
f mene-arvitgling siligiier ei n t he step of form ng the | eads (430)
I ncl udeSr treating the Gfa@aduifA@ td dPhtddl ah iatiyesRh of HIRO¥RS oh4A na®n

t Qﬁfaﬂglegch%wdfreaﬁg gﬁ’rﬂs@)end gﬂﬁ) Jddrasaeco%e%ng%é@ﬁ)co%m ek sad

ext

b PHY GV EN S TNE SURRH P R TP gPist I é?cﬁ‘i'%%‘bitﬁ’ée and
| Eddgst(y3Wrae fouaxtenethe iaeds (Fek between the figd sesiratiemgd she deecusit
onmstrayer of a hard conductive material (430a) in the

gr ooV eSarhddiddain @dd depositing at | east one |ayer of a

duct Itﬁe &QFS’HPetah gethg%é%rsbr?%ce ‘nélﬁggg) to conplete the |eads.

10. The process ac claimfrom1l1 to 9,

furt héPr'?'ﬂ%F Eﬁﬁlc’ﬁaorﬁi‘r”e‘;"'ﬁ’b‘ﬁgﬁf's ” LRBYIOHG fioretheinady surface into
sthedsretaubetr{td05), 11. The process according to claim 10,
further including the step of: renovi ng an

S?:%E%Effeo ﬁﬁﬁgjsels chqu‘ﬂIg %fk‘?a rhgs %e@érh % t&y &r for(néuliét_:)'5 hebp%H&g SIPC

modulating a porosity of the porous silicon regions to have said porosity decreasing
moving away from the main surface (110).

3. The process according to claim 1 or 2, whereln each lead {130 is in contact with a
corresponding contact area (117) of the main surface {110), the step of forming the porous
silicon regions (120 including:

forming the porous silicon redions in at least one selected portion of each contact
area,

4. The process according to any claim from 1 to 3, wherein the step of treating the
main surface includes:

decreasing the adhesion moving from the first end (130a) to the second end (130b}
of each lead (130).

5. The process according to claim 4 when dependent on claim 3, wherein the step of
decreasing the adhesion includes:

reducing a concentration of the porous silicon regions (2100 moving from the first
end (130a) to the second end (130b} of each lead (130).



12. The process according to claim 11, wherein the step
of renoving the external portion of the insulating |ayer
(455) i ncl udes: renmovi ng the external portion for
a depth equal to 0.1% 70% a thickness of the insulating
| ayer. 13. The process accorging to any claimfrom1l to
12, further including the step of: renoving the second
substrate (140). 28 14. A process of manufacturing an
eb-ect roaipcocas sevbling (©30Qakim freh udp isgwieergistthepdtep of treating the
I RlaRIsGe4tB eeh adtrel gatdeeni ¢ devi ces (3101, 310u), the

proce d%pb%f%%é@g agra'?'lz tOﬁQhé)JOTOUSFIIICOH re q‘ﬁ‘s‘ﬂ%d)ng each first

term nal east one roni c device
(3101) with the fi rst end 1130a) and/or each
sécondhe @rerestaccqf ROty amf clzin framdttodhéurthec dwddied dglot stewsi o
deydct®y § 3dRthe Wshidting NBateer 0nsl whtkeh 180 Bi}st Qfibstrate (105 and the

cggcg,%ss,ggsrgg er}ng%d (130) of the interconnection el errent
form ng the steps accor di

(150) nmanufact ure n%tfp é}g
any cl4'™ frPo'Pﬁ”ft'F% lal tpeoPtaN A} JEHFLIGVehHRt FeHE ngnﬁ‘ea
t #89s (BArd (460; 460) including a plurality of probes (465)
for contacting corresponding termnals of electronic

d?‘” Ceﬁﬁe tofbcBS at8liftho h @ImHi‘?&ﬁ%%a Lnghdidh B &8eorShenPlne
g{gé %FE}QCI rcuitized board (440) wth the second ends

9%E | eads (430') of the interconnection el enent
rran uf qatinedpIdplity oF SrepYes G2 ©h Ehegpapsirfaeedéiod fhedirtt Gndugoa of
ctah rad &0mMdihgtiroa dbBresdoh@ing droste. ends (430a) of the | eads
defining said probes.

9. The process according to claim 8, wherein the step of forming the leads (430)
further includes:

depositing at least one layer of a hard conductive material (4302} in the grooves
(412), and

depositing at least one layer of a ductile conductive material {(430b) to complete the

leads.

10. The process according to any claim from 1 to 9, further including the step of:
removing the first substrate (105),

11. The process according to claim 10, further including the step of:

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

12. The process accerding to claim 11, 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.

13. The process according to any claim from 1 to 12, further including the step of:
removing the second substrate {140).
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14. A process of manufacturing an electronic assembly (300a) including a set of
interconnected electronic devices (3101,310u), the process including the step of:

coupling each first terminal (3201} of at least one first electronic device (3101) with
the first end (130a) and/or

each second terminal (320u) of at least one second electronic device (310u) with the
second end {130k} of a corresponding lead (130 of the interconnection element (1607
manufactured by performing the steps according to any claim from 1 to 13.

15. A process of manufacturing a test card (460;460') including a plurality of probes (465)
for contacting corresponding terminals of electronic devices to be tested, the process
including the step of:

coupliing a circuitized board (440} with the second ends (430b) of the leads (430"} of
the interconnection element manufactured by performing the steps according to any claim
from 1 to 13, the first ends (430a) of the leads defining said probes.



