;e3e&" " #d$40%H6~&T&[ c. - ~ FE B 2004 FORMATI ON OF A METALLI C | NTERLOCKI NG
STRUCTURE Background of the Invention I. Technical held The preEeFE 2004
invention relates to an electronic structure that includes a Teta B
interlocking structure for bonding a nmetalllic plating to netal surface, and
to a nethod of formng the electronic structure. 2. Belated Art In plating
copper onto a mcrovia in the formof a blind via, eletroless plating of

copper is typically used to coat the sidewalls and the net
surface of the blind via to provide electrical conrnoning ?]’N ”"’B Fﬂ@lym@m
copper electroplating on the electrol ess coat of copper_ Relra
copper-plated blind via depends on an adhesive bond between the pl ate
copper and the rnetallic bottom surface of the blind via. Wlmfﬂmmﬂﬂm
bond is weak, the copper plating may separate fromthe bott

surface during periods of thermal stress testing or during sust siogex
operation in the hﬂbﬂmmlﬁw&ﬁmﬁ&ﬂié%%(s&ﬂﬁqé ﬁ‘f gt her
geonetries, such as for copper plating in a over I face at the
bottom Of the channel Thus a method is needed to pr OVI de a strong bond

bet ween pl ated copper and a netal tic surface onto which the copper is

plated. Summary of the Inventiopaddgs 'a%?ﬂﬁtlnlr lggtl on provides a nethod
for formng a structure, conprising ~ F E B 2004 2

provi di ng & FBechaicabkieldhaving a netal | i c sheet interior to a dielectric

| ayer, said metal I'i c sheet including a netal; |aser driIIing a blind
openi ng t hr oughTlidyeesdhith@btisd Slaled Y (g metal l'ic
sheet, said laser drilling cregtl ng a ne%lgtfa{éukﬁ}etx F%LW%S% T‘F‘f ICI s integral

with a por italhckihg thewi@toabbrdmssNe8iic S pLotrusi vi ng
metal [ic strands such that each rn::tach§1 r%{ﬁ%@]%ulﬁfge t°?ﬁ‘§8’ THAE at

| east one twerbktidniesiucetenment fromthe dielectric |layer; and etchlng a
portion of the metallic protrusion to forma netallic interl ocking
structure that is integral with the portion of the nmetallic sheet and
projects into the blind opening.

2. Belated Art

In plating copper onto a micrg\da in the form of a blind via, electroless plating of copper
is typically used to coat the sidewalls and the metallic bottom surface of the blind via to provide
electrical commoning for subsequent copper electroplating on the electroless coat of copper.
Reliability of a copper-plated blind via depends on an adhesive bond between the plated copper
and the metallic bottom surfa_ce of the blind via. If the adhesive bond is weak, the copper plating
may separate from the bottom metalljc surface §Llﬁng periods of thermal stress testing or during
sustained operation in the field. Similar reliability concerns exist for other geometries, such as
for copper plating in.a channel over a metallic surface at the bottom of the chanuel.

- Thus a method is needed to provide a strong bond between plated copper and a metallic

surface onto which the copper is plated.

Summary of the Invention

The present tnvention provides a method for forming a structure, comprising the steps of:



The present invention provides a structure, conprising: a substrate having
a netallic sheet interior to a dielectric layer, said netallic shﬁ?EEE32004
including a netal; a blind opening through the dielectric |layer a

partially through the nmetallic sheet; g metallic interlocking structure
coupled to a blind surface of the blinfl opening and projecting into the
bl i nd opening, wherein the nmetallic interlocking structure is integral with
a portion of the netallic sheet, wherein the netallic interlocking
structure includes netallic fibers, and wherein each netallic fiber has a
curved geonetry and has its own uni que conposition that includes material
sel ected fromthe group consisting of the netal, at |east one constituent

el ernent of the dielectric layer) and conbi nati ons thereof The present

i nvention has the advantage of provide a strong bond between a netallic

pl ati ng, such as plated copper, and a netal surface which receives the
metallic plating, so as to significantly inprove the reliability of the

pl ating bon@.m"F%éB prubsieate bavingermetallc shest interdor 4oly dintectge laybr, pribmetdiling a
‘plating bond that is strong enough ~- 4 F EB 200g 3 to allows netal

sur f ac gt nchuling ametal: even i f such metal surfaces are'difficult or

i npossible to be plated without the present invention. The present

i nvention haex %me'amdygw theqyehths gieecirislayahind ppitially thepuightte vari ety of
geonetries including a plated blind via and a plated channel. Brief

Descri pRfteHS sleet ped Peeririlieg orpiing a metpilie protrusion Gaftis intagmd with ¢ pprtinmbf vi ew of a
‘substrate having a netallic sheet interior to a dielectric layer, in

‘accor ddheeetlicrhest.spidmeallicrpoeiiondnvios ofetallisstrpnds sushithat pack metadliv. st 2
‘depicts FIG 1 after laser light. has drilled into the dielectric |ayer and
t hr ougHneludessherastel A 2blpast pre cepitisront demeneomiths dideotic yaciind t he substrate,
a blind opening and a netallic protrusion coupled to a portion of a blind
surface of teH&NR3 pﬁ&lq%g Heregtallic protrusion td, form a metallic interlocking structure that

is integral with the portion of the metallic sheet and projects into the blind opening.

The present invention provides a structure, comprising:

a substrate having a metallic shect interior to a dielectric layer, said metallic sheet including a
metal;

a blind opening through the dielectric layer and partially through the metallic sheet;

a metallic interlocking structure coupled to a blind surface of the blind opening and
projecting into the blind opex.ling, wherein the metallic interlocking structure is integral with a
portion of the metallic sheet, wherein the metallic interlocking structure includes metallic fibers,
and wherein cach metallic fiber has a curved g-comctry and has its own unique composition that
includes material selected from the group consisting of the metal, at lcast one constituént elernent

. of the dielectric laycr, and combinations thereof.

The present invention has the advantage of provide a strong bond between a metallic
plating, such as plated copper, and a metal surface which reccives the metallic plating, so as to
significantly improve the reliability of the plating bond.

The present invention has the advantage of providing a plating bond that is strong cnough



FIG 3 depicts FIG 2 after the nmetallic protrusion has been etched to form
‘a nmetallic interlocking structure. FIG 4 depicts a top view Of"ﬂ*hFE/BZOUII'
- substrate of FIG 2, wherein the blind opening includes a y _ blind

FIG S depicts FIG 4 after a netallic 3nterlocking structure has been
generated in the blind via. FIGS. 6A, SB, 6C, and 6D depict the netallic
.interlocking structure of FIG ~ as actually reduced to practice. F1G 7
depicts a top view of the substrate of FIG 2, wherein the blind opening

i ncludes a blind channel F1G 8 depicts FIG C after a netallic

i nterlocking structure has been generated in the -- ~ FE$ 200g 4 blind
channel. FIG 9 depicts a top view of the substrate of FIG 2) wherein the
bl i nd opening includes a blind pathway, and a nmetallic interl ocking
structure has been generated in the blind pathway. FIG 10 depicts FIG '3
with a netallic plating coveting sidewalls, a blind surface of the blind

Opent Nk A Lidfil AFEALI bo pile? bVATKBImSLT HHHL S althiiy ¢HhnfiRRLELSHS G 10

‘with the netallic plating ing openlng to 01

pl ug. félﬁe%%hgﬁ%éiﬁ%egt{ Fveni]x W th rermval of dielectric |ayer materi aI
ri [

circuns ing the ‘netallic plug. Detalled Description of the Invention

FIG 1 ill bstr at 0 h

metal o el tigoydpihfBing 1RSa Rt bERRY L IRAl pReRi R AR Eon e i 1 ©
f Th talli heet 1|4

el udel R g By R Ry ™ Mol 1 plating material.

The netal lic sheet 14 preferably |ncludes copper, but may alternatively

ikncl ude ot her etchable netals such as copper alloys, brass, bronze, and
alladium The dielectric ﬁﬁ*gbe;guggggp&ggLy]' cl udes an organic
dielectric material such as %%eucd pol yphneyl ene et her
resin having L f ri t ha could be
1%, 2igbbifid o Hohd &b BRI b A Gluklh fic IR ﬁétahc& beify

D

utilized in t ctric layer 1z inc

silica- idzlal@lqcane kap,fdacedrg&u% ﬁﬂ% ?thbodﬁ{xcﬁtso%ﬂ%%%s %lhve?ﬁ 1 af ter a

beam of | aser aser |ght font a | aser

source 20, hﬁme 2@1%1@&%%31 2Qf fake?ﬂgﬁfhast(nﬁlcﬁjin?z{)tﬁ fe&nl:%glranéﬁm\%%gﬁa top

portion of the nmetallic sheet 14,"to forma openr ng in the
subst r akg, pkPionforld Aa1QPQRENG fdr, Rithin the substrate, a blind opening and a metallic

protrusion coupled to a portion of 2 blind surface of the blind opening.

FIG. 3 depicts FIG. 2 after the metallic protrusion has been etched to form a metallic
interlocking structure. |

FIG. 4 dcpiéts a top view of the substrate of FIG. 2, wherein the blind opening includes a
blind via.

FIG. 5 d;apiots FIG. 4 after a metallic i;ﬂerlockin g structure has been generated in the
blind via.

FIGS. 6A, 5B, 6C, and 6D depict the metallic interlocking structure of FIG. 4 as actually
reduced Lo practice. |

F1G. 7 depicts a top view of the substrate of FIG. 2, wherein the blind opening includes a

blind channel.

FIG. 8 depicts FIG. 6 after a meallic interlocking structure has been genetated in the



= ~ FEB 2004 opening that does not penetrate the entire thickness of the
substrate x0 and thus includes a bottomsurface, called a "inndeEE@ﬁ2§U4
at the bottom of the opening. The blind opening 24 has sidewal |l s Z5:

| aser fight 2x and the laser. light 22 may represent the sanme | aser beam at
different instances of tine, as explained infra in conjunction with FIGS. 4
and 5. Alternatively, the laser light 21 and the | aser light 22 may
represent different | aser beans synchronized intinme, ;... a  as explained
infra in conjunction with FIGS. 7 and 8, The |aser -beans 2| arid 2z '
interact with the material to be ablated ("target material") at circul ar
sites in the target material ("target circles"). The target circles have a
dianeter, -called a "target dianeter,” of magnitude D. Preferably, the |aser
ablation of the target material is acconplished by | aser trepanning, which
i ncl udes sequentially positioning the target circles of |aser beans Z1 (or

22) onlgﬁgrka {ng portions of the target material, such that a
di spl ac i atF‘%‘arget di spl acenent”) between centers of target circles of

i Spt acenenttiting eidenfbviey EapubMakaraRe TSt HeshB Pl Rge oy - O
cot 5, S pR ey, 38 sgperals oo tutpis Rk oS Eeners A BRAT il © Vo07
1o et g 8 Bkt B LA, SR
A
preferably E@tﬁgﬂ‘:"é‘f}%gﬁswnﬁiﬂﬁ %ﬁtgﬁ %@F‘ﬁﬁﬁtﬂ%ﬂ éﬁgenbgﬁgl%ﬂ‘fng. wE s

nillijoulﬁﬁagﬂlse, a tenporal. pulse width preferably between about 10
nanosec ™Hd“db¥ut . 150 nanosec, and a pul se repetition rate preferably
bet ween aboui. 4 kil ohe kHz) and t kl-1.z. . .The target. di splacenent
is - ~ FEB{:%dg gy g#&e'rlgt‘)"il;%/' r%"é?v\%}e%%?egeﬁgé? oY mmat?z:r%%g"%lrr? ‘%gg%t{' 925 ni crons.
" The intgﬁihgy @% the laser light is generally inhonbgeneous across the

t ar get C|rc]leP ‘th the highest intensity at the center of the target circle
and decreasing nonotonically with distance fromthe center of the target
circle along a target dianeter. The spatial shape of the laser intensity

across a target dianeter : Lo R hyvedasssi an. The shape of a
blind surface 32 generate?5%§ﬂgéggﬁgggrgg§éﬁswb"_and 22 reflects the
spatial shape@f, ; | 5N v o Dbtk o 1R nick PiHSe: 19n€ under
the | aser be§%§2hﬁgﬁﬁk$%2&n%$£§? d%%%?gthe %ﬁser beaﬁ1gg.. T#%E,tghe poi nts

33 and- ?télteggr b ARt oyl 14 A S 3Bl WHE SRESE bASRIm AR alan in the

di rection are at about the lateral center of the troughs and about at

the centglen@bn t P& hatid€need 14Gh &Ru0h mt:ﬁ?ca%ﬁﬁeecff bRe2PBcd iR hefAlic plating
espectively. FIG 2 shows-the blind surface 32 as being forned at the

met al | | gngheat Thénafliesndehgy zﬁr@@ﬁmyms Sbpalh 22y NavdivaynyRd. smeri al
fromthe dielectric layer 12 | ocated .above the blind surface 32. Each cycle

of the | agebiheans iRl a0 d2115RBYE Sordns i€ kAIRSSmI Mh ielediit @gien 17 of
material fromthe dielectric l'ayer 12. For exanple, if a |aser emts beans

that tr %asr%fe@abw hEMA& L) Baaic dlcRefic aReabi e hsChief iladkn ilryea%drwmgﬁengme conpl ete
cycle. Thus, several |aser cycles (e.g., 4 or 5 cycles) nay be required

bef or e t ffed BSEH.REANER HilIRN D1RG df SR EnRRAN @l colidee@ElifdaGn tRURILRc from
the dielectric layer 12 to gain access to the netallic sheet 14. During the

first cychedifchd gollith e, dpage bnd@damiRd cabdiidetadhablt he netal lic sheet
14, the | aser beans 21 and 2Z will also ablate a remaining portion of the

dielectric | aygt 2MpitQeat athrPov@mtdtRslicnAd 19K { RER o BascrIREMUL bAIG I n a
metallic protrusion 30 between the troughs. The nmetallic protrusion 30

proj ect s fURWAIatk, kflirde M FRE LI RPRAS §8hd Reldch 18licF BXdddQnopldorticind tiencl udes
curved (or curled) netallic strands 31 within a nmetal casing 3S) wherein

the net al, ¢Asd 8438 loNGhidRmatopsingEiaalindd md f8stRiid! |4l QingBe&fingkida  ~r FEB
200g Defusing the ablation threshold of a material as the m ninum | aser
energy intensity capabl e of




ablating the material, it is noted that the ablation threshol d-o
netallic sheet 14 is above the ablation threshold of the diel eﬁgim@olr
12. Accordingly, the laser energy intensity profiles of the |aser beans 2I.
and 22 are adjusted so as to: ablate thesdielectric layer 12, ablate the
trough portions of the nmetallic sheet 14, which are centered about the
points 33 and 34, and reflow (i.e., liquify) but not ablate) netal of the
portion of the metallic sheet 14 between the troughs (i.e., where the
metallic protrusion 30 is formed). Sonme of the reflowed netal (e.g.,

refl owed copper) solidifies to formthe netal casing 38 (e.g., a copper
casing) within the netallic protrusion 30. The extrenely high | ocal
tenperature resulting fz-omthe | aser ablation (e.s., as high -as about
30,000 1C) is thought to vaporize all or sone of the constituents (e.g.,
carbon, silicon) of the dielectric layer 12. Sone of the refl owed netal
(e.g, cogeemy tieadbisnespdiEediame eirt i | wi th at | east one
constituent el ement fr%mthe abl atbebtlj&gi&g ec?ﬂbgﬁlk%v)e?d%ﬁmf’é“g?ﬁacar bon,

si | i con)bottom duefacs, tdlled BEbIBIdshFacs P aAME Botdhr of Esneg il VA" et al | i c strands 31
generally include geonetric shapes? havi ng on-c‘)tlnl;LLO gl‘rﬁ%g‘cﬁie\}’a't‘fqgf’%’,“ms&f‘ bag so

[7cl ude abmapes nl ks 0D 6o MBS SOLSINIR LTSI O
a0, || ookt 94 & exfini PR AR b kL ©
retall| chsteanbicn anus al B b A KR DBIRHIRLLON, S b Tl | ©
03 metokkpeiat it Syt il o 9 R RlLRAR, S ASUEL g T
obi 2 e e sy ge el (g e/ kbl BLOWUSEOR AD CaTLSES e

i nt egr al cimies™). Phepanptt oxdleOhavk BRiameter, ci11daBB200 e gal lic sheet 14 that
is under {i.e.) below) the netallic protr uagé&o%mgf)t?r' Z&Iﬁaﬁ%%%of dielectric

debri s (Refgrablyceichae)abiatiyn §QhMapRt ok 32.. Any. met hod known to
one of ordinary skill in the artg.g,a %%E%ggsa %K@!{ﬁg%ggéfsgﬁ‘éeﬁ‘i‘%ﬁ‘?’ Woifl ¢l eaning
of , caribdndessepentisiy pesitionimthdRradc@Qiet 1k t M m26. After any such
film26 is renoved, the ,,.. bli r%g s_urface&,’ggz)égﬂr%ezrlr}uag'ie;rn{s25 as cl &%P&and snoot h,
and t husportipng ebthe toge intatetinl, foh thei dighifla bR titar j tes FTG 2
after the film 26 has been renoved g)nd an gtc ﬁ%splﬁ%éé‘leggﬁ‘{“g?f“tCB“‘%th t he
bli nd swffuee cBAcasfdutdessivuptiabd it sahai 4 g bQ3Rter t Qltggﬁp,@{y’ethggfz Pplind
surface 32 and the netallic protrusion 30 for subsequent et al T c pl ati ng.
Due to tdeplasembrinmay extred bleitagt sianbas 6vhaR ehdblds i@ predert S, b FI G 3 as
the blind surface 36 in meroetched (i.e., roughened) form i ch i.nproves
the abi |mpjerishted tibedjeing lasetabinnngpbet FIGK A Sdrah el et 81 lsher (lii.pd sur face
86. The etehant etches the netallic protrusion 30 at an etch rate that

vari es spats &l Sish3.eecEdanca., Wt7hheacbly deadpo RABY Sdrék:RR) Af 2 §ilQ OB & 11 C
protrusion 30. In particular, the netal (e.g., copper) ‘etches faster than
the met dPieF BeRFPiaBdEI P14 audili dewgbedtityer, Nt dilidtiace (SdeF @dpani Rlin WBY QLG at a
different rate because of the etch sensitivity of the dielectric

const i t UBHt be pessept wvertiobon and silicon) to the etchant. The etch rate is

al so dependent on the spatial distribution of material within each nmetallic
strand .31 i ndéeahysizs! eharctopaics of thakest lighat ianhdidet RERRL bRy £Xposes
different anounts of surface area of the materials In each netallic strand
3~ to thevsteeshmreloatie beivtdaben 2b@hanetetis bgn)ahd bRt SELAL L Gyl QLLysion 30
transforms the nnetallie protrusion 30 into a netallic interl Gk ng

st r uct uriéeaBbEditpraes kit &1 ralbjoulenbiisodnd @bty 8d miafoutuh L8k (FBLA) EE}]G» fibers
41 in a background void 42. The "curved" netallic fi@eré 41 ‘general ly

i ncl ude ‘YeOntiEElydRaIseR aivay i hgnosenagiebaut CHI vaabsdE @hd Phlis@lsQubnglude the
speci al case of zero curvature corresponding to straight fibers. The
backgr ouef Bl Peryeeh aqut ¢ kildheonikBeoidrpuofo e TRtk aRflRAkL2l et ching of
the metallic strands 31.. The - ~ FEB 200 9 curved netallic fibers 41
result fromthe partial etching of the remaining netallic strands 31. The
nmetallic fibers 41 of the netallic interlocking structure 40 are derived
fromthe nmetallic strands 31. Each netallic fiber 41 includes netal (e.g.,
copper) .fromthe nmetallic sheet 14, at |east one constituent el enent

(e.g., carbon, silicon) of the dielectric |layer XZ) or conbinations

t hereof. The etchant that should be used to transformthe netallic
protrusion 30 into the netallic ~i interlocking structure 40 depends on the
mat erial conposition of the nmetal casing 38 and of the netallic protrusion

”~ T T o ' . o " o N Y 1 o - -




4 FEB 200 to exanple) the target circle 44 (with radial center 45) overl aps
the target circle 46 (with radial center 47). FIG 4 illustratesbafER 2[](5)4
enbodi ment in which the |aser beans 21 and 2z of FIG 2 represent the .sane
| aser beam at different instances of time, by respectively corresponding to
the target circle 46 (with radial center 47) and target circle 56 (wth
radial center S7) of FIG4. In FIG 4, the target dianmeter D is between
about 20% of R and about 150% of It. A value as high as about 150%for D is
perm tted, because, as stated supra) the laser |light has its highest
intensity at the center of the target circle and its intensity is
relatively small at |arge distances fromthe center of the target circle
(e.g.) at distances of nearly 150% of R fromthe center of the target
circle). Letting L represent the target displacenent (i.e., the linear
di stance between successive pulses or target circles, such as between the
radi al radi al, center 47), the |aser trepanning requires
RS SR i e Susfiof

that L < W n the Sco M8 r esent invention, however, to

"have non-tr I rill.ing of the blind opening 24 characterized by
non- over | apg}@‘%gﬁ %rgg}éléflﬁgfa‘rseglhgét l§§%ﬁ’4‘ﬁ3¥‘°‘ﬂ°&¢“ﬁ9“5’ REypss thetaugeticircle withef er abl y

bet wee B%%ggs 1. M. and ahout 25 mcrons. FIG 5 illustrates FIG 4
after Pthe;‘ tf’;lﬂjfel%(:l%ag& & rcflggrlﬁt% fEp frlrad drerensing meratoriaHe with didtanéet hi n t he
blind v . lind via in FIG 5 jncludes: a region 48 traversed by

t he tar‘!(fjdgit1 algicﬁ%%gogglscﬁ%r\%ﬁ Cf’glelgp’&g 2jareet figmetse Therpatiel shapaafdhellseki ng structure
40 haViiEQ agll&segtgpog‘j)dart 49 that bounds the curved netallic fibers 4l in
rhe backgrodnd voi g 42 “PHHHRCEPPOEMat s tsiaR Rbe Sepeeftabliad #0fwas f or med
by et chi,ng.4 L u in.conjunction with FIG 3. The present

i nventi oznhélﬁait g%%leé%%g)gégggf?nfr&ﬁéﬁ%gdhﬁsaatﬁ* shapg eh laser fugansityngivimgbl i nd vi a

anal ogqgug t A ' 7 in FIGS. 4 and 5, by using a netallic sheet
14 that | rﬁ%:ﬁ?dtg@ gggégfp)éejl}n?&rg‘fl%naaﬂv?n%gﬁmﬂi%ﬁ Gﬁgel"t”i"%?r ?I}%N%SPT beam 2R g¥hu,ied udes an

al |yl at lW&NSin [ S} with a silica filler) made by the
Asahi Cﬁglrﬁ) ga%fﬂgg%gge;b%ogg gaﬁaélfg%n eéedtelf‘ﬂ‘:f PYEPUSR dbe firechorotfiase atnunber -

~I F E Boa@ihtedal cdrbe? he resulting netallic strands 31, as well as the
metal lic fibers 43"?‘ i %gﬁ‘ﬁé’g%g%é%pée{’ﬂ‘e%g?%'ﬁ?‘ of g tae et cERes, of Hictaser

si gni fiweant byangregﬁgm than silicon. The etchant sodi um persul phate was
used to transform the tallic protrusion 30 into the netallic

i nt er | ocki NGIGL WekHIE ol schih 55 el Smand 6D i |l ustrate the
resultant metallic interl o%:ukflaneg s??)ﬁgggordélcggﬂéﬁmgﬂ& thettdr attgrdhelpsh of the
bot t om Whma2 Dhid v il @ref@YdiEHatih W04 he abgve-described r.
reduction to practice. ElGS. GA ﬁ%‘%ﬁﬁ%@g&g‘ﬁ%"a’%‘bﬁr@ﬁ%&@%ﬁt’° %Bgl,mdwo, 1000)

and 300QrmaRogn FaaadvkRRf Atk 1S am i nd are otherw se the sane.
The metal lic fibers 41 w thin ?hgeglrsré%t%ghr%{@vi&n elrcg'aeéfkl"ﬁge‘gfcftﬁfﬁ‘tlar"é 40 appear

in Fl GmBRidfomUny@dcit & 15NeoPAG hds 42 and, the netallic

i nterl ocking structure 40—5,appea?lg&algplg’qrggfle\r{?}ﬁ’ﬁ%ﬁe@(%ﬁ“ﬁﬁﬁ?ﬁf‘°’§‘E ¥cture in

FIG 6DaEtamenlsi@ntiohaaekhali 3heasnsat allic tibers 41 of the

reduced-to- practice rlep?eseﬁlt%ét ingnglals%élg?%'r@%’rsg\\’/cé%{]a\éfertcﬁgesn(ﬁ‘?aﬁ Pic fibers

12 conprohomnenuar oLk o o CORR 8 Ao Lpue er
i i

W t h_ smal I er amounts of silicon. The_ nmet al | _
sect i onfrahh el @i 1BeE YEREaRMI0Hss B thH GLARS 1AL 4@99%&1%]?&5 gy:c EQS FIG 7

illustrates a top view of the substrate of FlI " bl i nd

openi ngwid4h ihs ldertephesenied aBlBteEﬂeantﬁli@%eé &Qj'th?gsegg nney a?gzia\gﬁl\é%en channel
i |

boundaries 59 in the length direction 58. nd channe €hannel in
th%gsubstrate 10.

t he subsiaatemiBidehatticnas a@ dedictRmval i r LRI,
The blind channel 60, of width W h)gs ﬂﬂéﬁéﬁtate’?‘%?%e\éﬂ'@gs‘t“ﬁ“é EPRFES es two
| aser piatmst(Bic ;amausﬁmo“ﬂam@[ha@rﬁ%hgzhlaow@@{t!é%%égﬁcf%rg(@},srgonds to.the

. i

sidewal I's 25 of the blind opening 24 in FIURMAKERE | aser

t r epanndiregidnroppedia td @s eiredidh 7,64d ABFa8 20 P e er,_path 61 and 62
havi ng overl apping target circles repre‘s”gntgonb ?@séérlglﬁ%ftgﬁ%c{livﬂ&‘"w th both
t he nmetmatthlicasishe® twhidinahdmtBecadth b8t k& e th tallic sheet
14 (not shown in FIG ‘7). In Iasgr patg éﬂf,arx%%f)}éﬁg%%n?)é’%?ﬁ rget circle 4
(with radial center 65) overlaps a target circle 66 - ~r F EB 2004 12
(with radial center 67). In laser path 62, as another exanple, a target
circle 74 (wth radial center 75) overlaps a target circle 76 (with radial

center 77). FIG 7 illustrates an enbodi nent in which the | aser beans 21
and 22 of FIG 2 represent different |aser beans synchronized in tinme; i.e.
the laser drilling of the different |aser beans ZI and 22 al ong the | aser

paths 61 and 62, respecitvely) is at the sanme position (or coordinate)
along the length direction 58 at a given instant of time. In FIG 7, the

e ) T N o N o A NN N o N7 . a0



target displacenent (i.e., the linear distance between: the radial center
65 and the radial center 67, or between the radial, center 75 gngtEﬁg
radial center 77), the laser trepanning requires that L < D. @Qﬂ4
t he scope of the present invention, however, to have non-trepannrng | aser
drilling of the blind channel 60 characterized by non-overl apping target
circles such that L z D. Note that a traversal o the |aser beans 2x and 22
across the entire length (i.e.) in the direction 58) of the channel is
called a."traversal cycle.” Miltiple traversal cycles over the same |aser
paths 61 and 62 nmay be necessary to achieve the desired depth of the
channel. FIG 8 illustrates FIG 7 after the netallic interl ocking
structure 40 has been generated within the blind channel 60.- The blind
channel 60 in FIG 8 includes: a region 68 traversed by the target circles
shown in FIC_ 7, and the netallic interlocking structure 40 having an
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section. 1~1< 10 11 rates 3wth a p ed I"ayer
conduct §¥R.He ia?lav 125 ¥otheRls ?rte?éhdv@){ %{etagﬁ gcga\ﬁs&b Bt ﬂebﬁa&ﬂcﬁ%ﬂ%@e metallic

interlocking structure 40, covering t bl'i nd surface 36 covering the

si deval jdhedwiPhithaeiehd bﬁ@co%ﬁtunrraexaéht ﬁla%egmte@%etérren [_ygﬁzr@g hgpdpamed by

any nmet hod known to one of ordinary skill in the art. r exanple, ‘after

the si dgnedd) S0 ZRmAhEmeQNRRhdBi N a seedrng mat eri al such as palladium a
first conductive | ayer 81. conprising a conductive nmetal my be

el ectr ol essl pheplcatved: BRallic REME PNgdbraliaciRi@bhnkEic Bp&MNHAsKh&Gsd I uct ure
0, the blind surface 36, -and the sidewalls 25. Then a second conducti ve

ayer 82uimirebutlse Gich@pkiatspetiBast BEzetd duplatueddetagohdify loditaEht8dandds wel | as
on and within the netallic Interlocking structure 40, wherein the second
conduct Evé haysE s@Aditaeh tahgm sitibe thaoi denetally orfiBif@n. and iRluptsalo0thé A¥Qr 28
i ncludes both the first conductive | ayer 81 and the second conductive | ayer
82. The (o] gpaperd 1 Gaddhe HieBefid edpioM 12RIcmbk (k.atwtbn| GYRE). A8e thereqn is
called a "plated blind opening "Thus, the blind opening 24 may i ncl ude a
pl at ed bbppad iv bk achra@iv sﬂ@ncﬁi&ﬁdﬂ-@ﬁa@d@tﬁioﬁi thy/refiowedpoRion 6f DS MemBshe2n14, The
metallic interlocking structure 4U interlocks very strongly with the pl ated
layer 28&mhilkn@erdecttidigidh at elRgients e.g, dafsbh, 206h) s Ramdc RSB tRdt frém t he
metallic interlocking structure 40 is strong enough to allow netal surfaces

to be pleaiddsa8¥£8n i Iiguaitd iRkl c. s Uiduaf@TopRr) O bRedub eleimeles @ oMRLBby, t hat woul d
be difficult or inpossible to plate without the nmetallic 1nterl ocking

St ruct Ursic8®).of Ielkblatddtelpudd bt 1D0TEL h@aKd frbtRGidhrnodhhiReBE Aklalle
interlocking structure 40 is highly reliable with respect to, inter alia

~thermal sa¥edsi3Ngn tH¥DAcS Yisehpd8S P tie@Nic pRdsiexIoen drdrd onBa boioh opee ation. |
FIG 11 depicts FIG 10 mnth the plated layer Z8 filling the blind opening
24 to forma netallic plug 84. For the exanple of FIG 10, the netallic
plug 84 includes the first conductive |layer 81 and the second conductive

| ayer 82, wherein the second conductive layer 82 fills the blind opening 24
to about the level of the top surface 13 of the dielectric |ayer 12. The
nmetallic plug 84 rnay include conductive wiring or a conductive circuit
line, for any purpose.



FIG 12 depicts FIG 11 with renoval of a height (or depth) H ot_%i?g§ tz'ﬁ
| ayer 12 material that circunscribes the sidewalls 85 of the netal BI GII‘
84, resulting in exposing the sidewalls 85. As a result, the netallic plug
84 has an exposed height H Cenerally, z 0. H=0 corresponds to FIG 11.
wherein the nmetallic plug 84 fills to about the top surface~l 3 of the
dielectric layer 12, The renoval of dielectric layer 12 material nmay be by
any met hod known to one of ordinary skill 1n the art, such as by | aser

abl ation or by chemi cal etching. The nmetallic plus 84 wth the exposed
sidewal I s 85 may constitute conductive wiring or circuitry for any purpose,
and nmay serve as a conductive pad for being conductively coupled to an

el ectroni c device. For exanple, the sem conductor chip 90 in F1G 12 nay be
sol derably and conductively coupled to the; netallic plug 84 by use of a
conductive contact 92. The conductive contact 92 nmay be, inter alia) a

Control | %£Cq%l Chi qEnn tio (q;r sol der ball sol derably interfaéed
with t hlagt it 8 ﬁefgfﬁf‘tﬁmgi T8y Eé%wb‘gepé ligproguden 3r 94, The sem conduct or
chip 90 may ~ F ~~, %g.ah%ern tively be conductively coupled to the
netal lic pl d’gﬁéﬁg ﬁf‘ﬁﬂg"&é‘b 1y %ﬂ%ﬂn)dva:ff?mn the blindspurfaas 32hdnpl at ed | ayer
28 in, Fl > 40 ~r F 00 1G C“%ins 1. A nmethod for formng an electronic
st ruct UPg R Ppprhioranaty gl myhe . sWehds  sfandard ghemical kolexieaning o, met al i ¢
sheet inHFri&g tot? dielectric |layer, said netallic sheet including a
met al ; TFROBPCEQPS PRy byuseide Pt e 26U ety sushdilia 26 is rembegdethe and
partiajg. throug? t he netfllic sheet, said laser drilling creating a
metal | | c!g‘ﬂfﬁ‘cf?% - SHOHRLS ofean ngisaigPhy and; s 1a sprsraopditionfor bees eteltedl | | ¢ sheet
said netallig p r usi havi n tallic strands such that each netallic
strand incl dﬁgsg ﬁ#‘l’éﬁaﬁﬁgﬂﬁ' Higr g’t"?’lih?égtg flasisen repAYad; and emetchanthas applied tm t he
dielectric.layer: and et Q%n .portion of the nmetallic protrusion to form
a met al qc’lﬂ&ﬁﬁcﬁi’l‘gﬁi F‘E@ﬁe{ t q@@@}lgp@ﬁgﬁmq Y, foprepgredhe tlind surfase3bandithon of t he
metal lic sheet and B5gjeq%s iqto tgelblind ogfnin . 2. The method of claim
|, wher&FA t REIPEPAPY fHETRTEEn RHEs Platingy Dt torths ichant theblindsusfacesizdn
constitgent, el ement i Iu&g .carbon.. 3. The god of claim2, wherein the
| east one’ %gnisht i lljnelrylf[d?gla% c?ilm ﬁlrr@ﬁe@ﬁ p W(‘ﬂr?f&gg& i€ Feughened) form, which

improves the ability of subsequent metallic plating to adhere to the blind surface 36. The etchant

etches the metallic protrusion 30 at an etch rate that varies spatially in accordance with a local

composition of the metallic protrusion 30. In particular, the metal (e.g., copper) etches faster

than the metallic strands 31, and each the metallic strands 31 may etch at a different rate because

of the etch sensitivity of the diclectric constituents (e.g., carbon and silicon) to the etchant. The

etch rate is also dependent on the spatial distribution of material within each metallic strand 31

insofar as the spatial distribution differentially exposes different amnounts of surface area of the

materials in each metallic strand 31 to the elchant. The differential ctehing of the metallic

. brotrusion 30 transforms the metallic protrusion 30 into a metallic interlocking structurc 40
compnising a labyrinth of curved (or curled) metallic fibers 41 in a background void 42. The
“curved” melallic fibers 41 generally include geometric shapes having non-zero curvature, but

also include the spccial case of zero curvature corresponding to straight fibers. The background

void 42 results from etching of the metal and partial eiching of the metallic strands 31. The



4. The nethod of claim1l, wherein the nmetal includes copper, wher |n the
dielectric layer includes art allylated pol yhenyl ene ether, and %p@#
at | east one constituent el enent includes carbon. - ~+ FEB 200 17 5

met hod of claim~ 1, wherein, the etching is at an etch rate that varies
spatially in accordance with a | ocal céhposition within the netallic
protrusion, wherein, the resulting netallic interlocking structure includes
discrete nmetallic fibers having a curved geonetry, wherein each netallic
fiber has its own. unique conposition that includes nmaterial selected from
the group consisting of the netal, the at |east one constituent el enent of
the dielectric layer) and conblnatlons thereof. 6. The nethod of claiml,
further conprising forming a plated |ayer of a conductive netal on the
bl i nd opening by a process conprising: formng a first conductive | ayer on
a blind surface of tile blind opening, on a portion of the netallic
interlocking structure, and on a portion of sidewalls of the blind opening,

wher ei ncuried hitektic fibom dLsilyorh tyeqrrtianadhiges teFenaomg weldneanigla) ; and

form ng a second conductive |layer on the first conductive |ayer, including
on and Whe imewallictiberysl af the metatitcanterdaking Gtrodhiré 46 A6 @3rivahl &oBi the xh@t%lh? econd
conductive | ayer includes the conductive netal..7. The nethod o claim®6,
wher ei nstrsnds 36 rigagh trictadlionfittend] inclodes desl (e, caﬁicé)lﬁon&hcm&llﬁ%hm% gf claim6)
wherein the plated | ayer dogs not f 11 the blind opening. J. The rnethod of

cl ai m 8leastione ednstitubme clsimantaelghtarish, sipen) 6¥3hd diélbd&d@l%y@f lﬂltﬁ‘rc@tﬂblmdo?g vi a
having a substantially circular cross secti on. ~0~~ 10. The

?et hod 8ireof. dThm eSchanthtient fionldtteasd ta tregsfdrmyey médit ﬁroﬁ—bﬁorbid ind taPealRg and
orme amterlocking structure 40 depends on the material composition of the metal casing 38 and of the
metallic protrusion 30. Given the particular material: compésitions involved, one of ordinary
skill ?n the art may, Qithout undue experimentation, choose an etchant that differentially etches
portions of the metallic protrusion 30; by utilizing etchants known to etch the given materials,
and easily testing the choice of etchant by examining the metallic interlocking structure 40
generated by the chosen etchant. The metallic interlocking structure 40 is not part of blind
surface 36, but is coupled to the blind surface 36 such that the metallic interlocking structure 40
projects into the blind opening 24. The metallic interlocking structure 40 is integral with the
portion of the metallic sheet %4 that is under (i.c,, below) the metallic interlocking structure 40.
FIG. 4 illustrates a top view of the substrate of FIG. 2, wherein the blind opening 24 of
FIG. 2 is feprcsented i FIG.4asa bl_ind via 3:7 havjr;g a substantially circular cross section that
includes: a substantially circular boundary 39, a radius R, and a radial center 43. The circular
_ boundary 39 corresponds to the sidewalls 25 of the blind opening 24 in FIG. 2. The laser drilling
1s within an outer ring of the substantially circular cross section, said outer ring between an inner
circle 29 and the substanlially circular boundary 39. FIG. 4 illustratcs laser trepanning with

overlapping target circles denoting laser interaction with both the metallic sheet 14 and the

diclectric layer 12 (not shown) above the metallic sheet 14 at successive time intcrvals. For



conductive plug. 11. The nethod. of claim 10, wherein the blind_qgpening

i ncludes a blind channel such that-the conductive plug includes= FEB 2004
conductive circuit line. 12. The method of claim 10, further conprising
renmoving a portion, of the dielectricjpayer that circunscribes sidewalls o
t he conductive plug, such that said sidewalls of the conductive plug are
exposed. 13. The nethod of claim 12, wherein the renoving is selected from
the group consisting of chemi cal etching and | aser ablating. 14. The met hod
of claim®6) further conprising conductively coupling an el ectronic device
to the conductive netal 15. The nmethod of claim 14) wherein the electronic

devi ce includes a sem conductor chip. 1(i. The nethod of clairn |, wherein
the laser drilling includes outputting |aser |ight having; a wavel ength
bet ween about 260 nm and about 54U nrn; an average power of between about
.Ul ntillijoul es/ pul se and about 10 mllijoul es/ hul se; a tenporal pulse
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as about 150% for D is permitted, because, as stated supra,‘.thc laser light has its highest intensity

at the center of the target circle and its intensity is rcl'?ﬁycly small at large distances from the

center of the target circle (e.g., at distances of nearly 150% of R from the center of the target

circle). Letting L represent the target displacement (i.¢., the linear distance between successive

pulses or target circles, such as between the radial center 45 and the radial center 47), the laser

trepanning requires that L <D. It is within the scope of the present invention, however, to have

non-trepanning laser drilling of the blind opening 24 characterized by non-overlapping target

circles such that L > D. Note that L is preferably between about 1 micron and about 25 microns.

FIG. 5 illustrates FIG. 4 after the metallic interlocking structure 40 has been generated

within the blind via 37. The blind via in FIG. 5 includes: a region 48 traversed by the target

circles shiown in FIG. 4, and the metallic interl.ocking structure 40 having an outer boundary 49

that bounds the curved metallic fibers 41 in the background void 42. The metallic interlocking
_ structure 40 was formed by etching as described supra in conjunction with FIG. 3.

The present invention has been successfully reduced to practice for forming a blind via
analogous to the blind via 37 in FIGS. 4 and 5, by using a metallic sheet 14 that includes copper,
along with a dielectric layer 12 that includes an allylated polyphenylene cther resin (with a silica

filler) made by the Asahi Chemical Company of Japan and identified as Asahi product number



centerline separating a first |laser path froma second | aser path, wherein

the laser drilling includes: laser drilling along the first Ias_ga& Fﬁgw
z laser pulse target circle having a target dianeter between about ()

about 50% of a blind channel width; and laser drilling along the second
|l aser path with a |aser pulse target gjrcle having a target dianmeter
bet ween about 10% and about 50% of the M nd channel w dth. - ~ FEB 200e

~0 19. An electronic structure, conprising: a substrate having a netallic
sheet interior to a dielectric layer, said netallic sheet including a .
metal ; a blind opening through the dielectric layer and partially through
the netallic sheet; a netallic interlocking structure coupled to a blind
surface of the blind opening and projecting into the blind opening, wherein
the metallic interlocking structure is integral with a portion of the
nmetallic sheet, wherein the nmetallic interlocking structure includes
metallic fibers, and wherein, each netallic fiber has a curved geonetry and
has it s PERMOlmMbguesttivgmstillic soands3aas wed lasithe setatlicefftien| 41 siatledddeepger,0m t he
group consisting of the nmetal, at |east one constituent elenent of the
di el ect cr@oRapdpilicenn itk sighificantly orese datton dufh silidéh. THeetchire eddin p&siiatéct ur e of
claim19, wherein the nmetal includes copper, and wherein the at Least one
const i t feapsedite fransforiuthd meteltic prfrboon 3@itito tireetallie dtaroatisg Sfuetiedqer € of clai m
20, wherein the | east one constituent clenment further includes silicon. 22.
The el ect r onF¥SS 6AuER.HCe andAD Blustiat thOresultantmadtallit ineerioeking stiub@lcudasme opper ,
wherein the dielectric |ayer includes an allylated polyhenyl ene ether, and
wher ei n 1tide gertipe afthe betoncefndiind vie fitrmed erveadrdinoeivitll 8% sb@eleiibed - ~ FEB 200
[

reduction to practice. FIGS. 6A, 6B, 6C, and 6D represent 500, 750, 1000, and 3000

magnification factors, respectively, and are otherwise the same. The metallic fibers 41 within the

metallic interlocking structure 40 appear in FIG. 6D as curved within the background void 42,

and the metallic interlocking structure 40 appears as a labyrinth mechanical structure in FIG. 6D.

Examination of actually generated metallic fibers 41 of the reduced-to-practice representations in

FIG. 6D reveals the metallic fibers 41 as comprising nonuniform distribution of copper and

carbon, together with smaller amounts of silicon. The metallic fibers 41 have linear cross section

dimensions between about 5 microns and about 10 microns.

. FIG. 7 illustrates a top view of the substrate of FIG. 2, wherein the blind opening 24 is
represented in FIG. 7 as a blind channel 60 between channel boundaries 59 in the length
direction 58. A “blind channel” is a channel ir; the substrate 10 that has a bottom blind surface
within the substrate 10. The blind channel 60, of width W, has a centerline 63 that separates two

_ laser paths 61 and 62. The channel boundaries 59 corresponds to the sidewalls 25 of the blind
opemug 24 in FIG. 2. FIG. 7 illustrates laser trepanming in each laser path 61 and 62, with each
laser path 61 and 62 having overlapping target circles representing laser interaction with both the
metallic shect 14 and the dielectric layer 12 above the metallic sheet 14 (not shown in FIG, 7).

In laser path 61, for cxample, a target circle 64 (with radial center 65) overlaps a target circle 66



21 23. The electronic structure of claim19) further conprising aEgi-Bt'zﬂl@lr
on the blind surface, on and within the netallic interlocking st r &
and on sidewalls of the blind opening, wherein the plating includes a
conductive nmetal. 24. The el ectronic strigcture of claim23 wherein the
conductive netal includes the netal. 25. The electronic structure of claim
23, wherein the- plating does not fill the blind opening. 26. The

el ectronic structure of claim25 wherein the blind opening includes a blind
via having a substantially circular cross section. 27. The electronic
structure of claim 23, wherein the plating fills the blind opening to form
a conductive plug, wherein the conductive plug has an exposed hei ght" H and
wherein I ~i s 0. 28. The electronic structure of claim27 wherein H> 0.

29. The electronic structure of claim?27, wherein H= 0. 30. The electronic
structure of claim27 wherein the blind opening includes a blind channel

such tha ' ive. plug i | udes, a conductive circuit |ine. 4 FEB
200 22 3%‘7@%@2%@? Fj, hﬁ%Paé%r%ﬁ%“t%graé apqther exampple, 2 target cirdle & (Wtbmudialsbme: an

el ectronkgg | ductiyely coupled to the conductive nmetal. 32. The
el ectroni @ dgt%}r{%}%fa t}%gac#g ? I7§f‘?ﬁ\{i3‘f8 pier 1)+ HE. & ilstratendingmbediment in ndidides a

sem condyehQ ' A A A Ay. A@o AY. A y. A ASe. A
|.AN, . A . Ar C&'_érA %hﬁ% ﬁ\’i‘lh%%“g}% TeRseRt dijferoptlasordegmosynchronized in time; i.e. the

laser drilling of the different laser beams 21 and 22 along the laser paths 61 and 62, respectively

1s at the same position (or coordinate) along the length direction 58 at a given instant of time. In
“F‘IG.' 7, the target diameter D is between about 10% and about 50% of W. Letting L represent the

target displacement (i.e., the linear distance between the radial center 65 and the radial center 67

_or‘ between the radialT center 75 and the radial center 77), the laser trepanning requires that I, < D
It is within th. i i ' i i

e scope! o.f the present invention, however, to have non-trepanning laser drilling of
the blind channel 60 characterized by non-overlapping target circles such that L > D. Note that a

traversal of the laser beams 21 and 22 across the entire length (i.e., in the dire;:tion 58) of the

chanunel is called a.“traversal cycle”” Multiple traversal cycles over the same laser paths 61 and
62 may be necessary to achieve the desired depth of the channel.

FIG. 8 illustrates F IG: 7 after the metallic interlocking structure 40 has beer generated
within the blind cb.amel 60. The blind channel 60 in FIG. § includes: a region 68 traversed by
the target circles shown in FIG. 7, and the metéllic interlocking structure 40 having an outer
boundary 69 that bounds the curved metallic fibers 41 in the background void 42. The metallic

_ interlocking structure 40 was formed by etching as described supra in conj unction'wi-lh F1G. 3.

FIG. 9 illustrates a top view of the substrate of FIG. 2, wherein the blind opening 24 is
represented in FIG. 9 as a blind pathway 80 between bOundlaries 79. The blind channc! 80 of
FIG. 9 differs from the blind channel 60 of FIG. 8 in that the blind pathway 80 of FIG. 9 ch

anges

direction, whilc the blinﬂd channel 60 of FIG. 8 is oriented in the same direction 8. Aside from
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length and large width normal to the depth direction), multiple traversals over different spatial
paths may be necessary to form a sufficient number of metallic protrusions 30 to adequately
cover the surface of the cross section.
FIG. 10 illustrates FIG. 3 with a plated layer 28 of a conductive metal, said plated layer
28 covering and filling the métallic interlocking structure 40, covering the blind surface 36, and
-covcring the sidewalls 25 of the blind opening 24. The plated layer 28 may be formed by any
method known to one of ordinary skill in the art. For example, after the sidewalls 25 are covered
with a seeding material such as palladium, a first conductive layer 81 comprising a conductive
metal may be electrolessly plated on a portion of the metallic interlocking structurc 40, the'blind
surface 36, and the sidewalls 25. Then a scco:lxd conductive layer 82 may be clectroplated on the
first conductive layer 81, as well as on and within the merallic interlocking structure 40, wherein
_ the second conductive layer 82 includes the conductive metal. Thc plated layer 28 includes both
the first conductive layer 81 and the second conductive laver 82. The blind opening 24, together
with the plated layer 28 thereon, is called a “plated blind opening.” Thus, the blind opening 24
may include a plated blind via having a substantially circular cross section. The metallic

interlocking structure 40 interlocks very strongly with the plated layer 28. Indeed, the plating
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bond resulting from the metallic interlocking structure 40 is strong enough to allow meta]
surfaces to be plétcd even if such metal surfaces were to include a metal that would be difficult
or impossible to plate without the metallic interlocking structure 40. Thus, the plating bond ‘
rcsulting from the metallic interlocking structure 40 is highly reliable with respect to, inter alia,
thermal cycling, moisture absorption, and extended long-term operation.

FIG. 11 depicts FIG. 10 with the plated layer 28 filling the blind opening 24 to form a |
metallic plug 84. For the example of FIG. 10, the mcﬁallicﬁlug 84 includes the first conductive
layer 81 and the second conductive layer 82, wherein the second conductive layer 82 fills the
blind opening 24 to about the level of the top surface 13 of the dielectric layer 12. The metallic
plug 84 may include conductive wiring or a conductive circuit line, for any purpose.

FIG. 12 depicts FIG. 11 with removal of a height (or depth) H of dielectric layer 12
material that circumscribes the sidewalls 85 of the metallic plug 84, resulting in exposing the
sidewalls 85. As aresult, the metallic plug 84 has an exposed height H. Generally, H > 0. H=0
corresponds to FIG. 11, wherein the metallic plﬁg 84 fills to about the top surface 13 of the
dielectric layer 12. The rcmt;\ral of diclectric Jayer 12 material may be by any method known to
one of ordinary skill in the art, such as by laser. ablation or by chemical etching. The metallic
plug 84 with the exposed sidewalls 85 may constitute conductive wiring or circuitry for any

_ purpose, and may serve as a conductive pad for being conductively coupled to an electronic
device. Flor example, the semiconductor chip 90 in FIG. 12 may be solderably and conductively
coupled to the metallic plug 84 by use of a conductive contact 92. Tile conductive contact 92
may be, inter alia, .a Controlled Collapse Chip Connection (C4) solder ball solderably interfaced

with the metallic plug 84 by usc of reflowed solder 94. The semiconductor chip 90 may



& ()-- 10% U& ()-"9%0% #& ()-S! 3%40% U U& ()-S& 10% U&' () - &Z10% U&' () - ZV
FIT####dYNCS 10 U 10 U 10 U 1s!10% U& ()-G /" 10% U& ()-F ! 10% U&L(h FER9004
U& ()-99! 10% U& ()--# #"#Z#&&**~?4C 10y$! 109%& ()-! yf!10965& ()-!

yf 1109 ()-yfl10% & () -, t 10%& () - $10%&' () -1 *++ +| ++4, [ KC 10yyS 10% W& () -
ys! 10% U& ()-3yl!110% U& ()-fy 10% 15

altematively be conductively coupled to the metallic plug 84 in the conﬂg11rati6n of FIG. 11, or

to the plated layer 28 in FIG. 10.
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Claims

1. A method for forming an electronic structure, comprising the steps of:

providing a substrate having a metallic sheet interior to a dielectric layer, said metallic
sheet including a metal;

laser drilling a blind opening through the dielectric iayer and partially through the
metallic sheet, said laser drilling creating a metallic protrusion that is integral with a portion of
the metallic sheet, said metallic protrusion having metallic strands such that each metallic strand

includes the metal and at least one constituent element from the dielectric layer; and
etching a portion of the metallic protrusion to form a metallic interlocking structure that

is integral with the portion of the metallic sheet and projects into the blind opening.

2. The method of claim 1, wherein the metal includes copper, and wherein the at least one

constituent element includes carbon.

3. The method of claim 2, wherein the least one constituent element further includes silicon.

4. The method of claim 1, wherein the metal includes copper, wherein the dielectric layer

includes au allylated polyphenylene ether, and wherein the at least one constituent element

includes carbon.
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5. The method of claim 1, wherein_thc etching is at an etch rate that varies spatially in accordance
with a Jocal composition within the metallic protrusion, wherein the resulting metallic
interlocking structure includes discrete metallic fibers having a curved geometry, wherein each
metallic fiber has its own.unique composition that includes material selected from the group

consisting of the meta], the at least one constituent element of the dielectric layer, and

combinations thereof.

6. The method of claim 1, Mer comprising forming a plated layer of a conductive metal on the
blind opehing by a process comprising:
forming a first conductive layer on a blind surface of the blind opening, on a portion of

the metallic interlocking structure, and on a portion of sidewalls of the blind opening, wherein

the first conductive layer includes the conductive metal; and
forming a second conductive layer on the first conductive layer, including on and within

the metallic interlocking structure, wherein the second conductive layer includes the conductive

metal.
7. The method of claim 6, wherein the conductive metal includes the metal.
8. The method of claim 6, wherein the plated layer dozs not fill the blind opening,

9. The method of claim 8, whercin the plated blind opzning includes a plated blind via having a

substantially circular cross scction.
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10. The method of claim 6, wherein the plated layer fills the blind opening and forms a

conductive plug.

11. The method of claim 10, wherein the blind opening includes a blind channel such that the

conductive plug includes a conductive circuit line.

12. The method of claim 10, further comprising removing a portion of the dielectric layer that

circumscribes sidewalls of the conductive plug, such that said sidewalls of the conductive plug

are exposed.

13. The method of claim 12, wherein the removing is selected from the group consisting of

chemical etching and laser ablating.

14. The method of claim 6, further comprising conductively coupling an electronic device to the

conductive metal.

15. The method of claim 14, wherein the electronic device includes a semiconductor chip.

16. The method of claim 1, wherein the lascr drlling includes outputting laser light having:
a wavclength between about 260 nm and about 540 nm;
an average power of between about .01 millijoules/pulse and about .10 millijoules/pulse;

a temporal pulse width betwceen about 10 nanosec and about 150 nanosec; and
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a pulse repetition rate between about 4 kHz 2nd about 20 kHz.

17. The method of ¢laim 16, wherein the blind opening includes a blind via having a

substantially circular cross section, and wherein the laser drilling is within an outer ring of the

circular cross section wit.h a laser pulse target circle having a target diameter between about 20%
( ¥ and about 150% of a radius of the circular cross section, and a displacement between successive

pulses between about 1 fmicron and about 25 microns.

18. The method of claim 16, wherein the blind opening includes a blind channel that has a
centerline separating a first laser path from a second laser path, wherein the laser drilling
_ includes:
laser drilling along the first laser path with z laser pulse target circle having a target
diameter betwccn about 10% and about 50% of a blind channel width; and
| laser drilling along the second laser path with 2 laser pulse target circle having a target

dia;neter. between about 10% and about 50% of the 5lind channal width.
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19. An electronic structure, comprisi.ng:

& substrate having a métallic sheet interior to a dielectric layer, said metallic sheet
including a metal;

a blind opening through the dielectric layer and partially through the metallic sheet;

a metallic interloéking structure coupled to a blind surface of the blind opening and
projecting into the blind opening, wherein the metallic interlocking structure is integral with a
portion of the metallic sheet, wherein the metallic interlpcking structure includes metallic fibers,
and wherein each metallic fiber has a curved geometry and has its own unique composition that

- includes material selected from the group consisting of the metal, at least one constitnent element

of the dielectric layer, and combinations thereof,

20. The clectronic structure of claim 19, wherein the metal includes copper, and wherein the at

least one constituent element includes carbon.

21. The electronic structure of claim 20, wherein the least onc constituent clenmient further

includes silicon.

22. The electronic structure of claim 19, wherein the meta) includes copper, wherein the

dielectric layer includes an allylated polyphenylenc ether, and wherein the at least one

constituent element includes carbon.
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23. The electronic structure of claim 19, further comprising a plating on the blind surface, on and

within the metallic interlocking structure, and on sidewalls of the blind opening, wherein the

" plating includes a conductive metal.

' ( 24. The electronic structure of claim 23 wherein the conductive metal includes the metal.
25. The electronic structure of claim 23, wherein the‘plating does not fill the blind opening.

26. The electronic structure of claim 25 wherein the blind opening includes a blind via having a

substantially circular cross section.

27. The electronic structure of claim 23, wherein the plating fills the blind opening to form a

conductive plug, wherein the conductive plug has an exposed height H, and wherein H > 0.
28. The electronic structure of claim 27 wherein H > 0,

29. The electronic structure of claim 27, wherein H = 0.

30. The electronic structure of claim 27 wherein the blind opening includes a blind channe! such

that the conductive plug includes a conductive circuit line.
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31. The electronic structure of claim 23, further comprising an electronic device conductively

coupled to the conductive meta),

32. The electronic structure of claim 31 wherein the electronic device includes a semiconductor

chip.



