Sem conduct or Packages, and Methods of Forming Sem conductor Packages
TECHNI CAL FI ELD [0001] The invention pertains to sem conductor packages,
and to nmethods of form ng sem conductor packages. BACKGROUND OF THE

| NVENTI ON [ 0002] Sem conduct or devices (for exanple, dynam c random access
menory (DRAM devices), are shrinking in the sense that smaller devices are
being manufactured that are able to handle | arger volunes of data and

faster data transfegeniigbftlucternPecistisy, eindMethods of Fosminge been movi ng

toward chi p-scal e packages ( SARIbEPRERSHEE conponents having a
smal | size and fine pitch wcﬁoe)r%icw[nOOOS] An ex%rrpl ary CSP is shown in Fig.

1 as a board-on-chip (BOC) package 10. The package conprises a

sem conduct or conponent 12, such as an integrated circuit chip (or die),
and accoﬂ’&%&ﬁﬁﬁﬁb@kage can be referred to as a sem conductor package.
[ 0004] The package 10 conprises an interposer 14 utilized to support the
seni condg@e®T] conpdftmninvéatio pertaien senticepbeier paRKBEES.cNGIHBEHPIEDS

forming semiconductor packages.

BACKGROUND OF THE INVENTION

[0002] Semiconductor devices (for example, dynamic random access
memory (DRAM) devices), are shrinking in the sense that smaller devices are being
manufaciured that are able to handle larger volumes of data and faster data transfer
rates. Semiconductor manufacturers have been moving toward chip-scale
packages (CSP) for semiconductor components having a small size and fine pitch
wiring.

[0003] An exemplary CSP is shown in Fig. 1 as a board-on-chip (BOC)
package 10. The package comprises a semiconductor component 12, such as an
integrated circuit chip (or die), and accordingly the package can be referred to as a
serniconductor package.

[0004] The package 10 comprises an interposer 14 utilized to support the
semiconductor component 12. The shown interposer comprises a board 15,

dielectric (i.e., electrically insulative) material 20 on one side of the board and

circuitry 17 on another side of the board. Board 15 can be, for example, a glass




dielectric (i.e., electrically insulative) material 20 on one side of the
board and circuitry 17 on another side of the board. Board 15 can be, for
exanple, a glass 1 weave naterial. Chip 12 is attached to the board 15

t hrough an adhesive structure 16. The adhesive structure can be, for
exanple, a cured glue, paste, or other polyneric matrix, As another
exanpl e, the adhesive structure can be a tape. Such tape can have one side

adj acent _boar d LOgy S ' Nte 4 ' ' Be 12,
nd adnestoave gl Gl a7 RHaEnEY 1 ROAGHENe BGSH BhtheEhE e 5,
Dielectric material 20 is patterned to have a pl ur(gl lutg% of , openi n?qs

ext endi ng!&héhetadheste staciure q@nyks,ifor gxarmplepacured plusy PRSIP: 5T 'se, for
exanpl e, a photomask material, such as, for exanple, a dry film photomask.
| f mat er i @bly@@ricamatrixp e amethkr exdrapicathe adizesive shruciuroan de densatTethed
by photolithography. Specifically, the material can be patterned by

eXPOSI NG {53 G RiVeAbnd 8id8 RPN BoAN 153 oppeuIAg sidesesjucetd iptegratetizi ng
pl ng so

a devel o vent to inpart the desired pattern within nmaterial 20.
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circuitry 17 which_is exposed within the openjngs. The.contact .pads 30
conpri sey[pqur]st Dielectri material 20 Is patteme:fl)?o havE a p Wl 5enifgy

extending therethrough to the circuitry 17. Material 20 can comprise, for example, a
photomask material, such as, for example, a dry film photomask. If material 20is a
photomask material, the material 20 can be patterned by photolithography.
Specifically, the material can be patterned by exposing the material to a pattern of
radiation and subsequently utilizing a developing solvent to impart the desired
pattern within material 20.

[0006] A series of contact pads 30 are provided within the openings in
dielectric material 20, and specifically are provided along a surface of circuitry 17
which is exposed within the openings. The contact pads 30 comprise a first
conductive material 32 adjacent circuitry 17, and a second conductive material 34
over the first conductive material. Typically, conductive material 32 will be a nickel-
containing material, and accordingly can comprise, consist essentially of, or consist

of nicke!l; and material 34 will be a gold-containing material, and accordingly can

comprise, consist essentially of, or consist of gold.




conductive material 32 adjacent circuitry 17, and a second conductive
material 34 over the first conductive material. Typically, conductive
material 32 will be a nickel- containing material, and accordingly can
conprise,. consist essentially of, or consist of nickel; and nmaterial 34
will be a gold-containing material, and accordingly can conprise, consist
essentially of, or consist of gold. 2 [0007) The contact pads are utilized

for for mgmoﬂect rigRd céﬁfﬁc@?hd& ars Uiiked foy forpihg entricaf cohmet tntieatitrpads.
Sol der balls 36 are shown attached to sone of Ihe contact pads, and the
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A pai f t act d | ti 0 and 42 ..Sh iated wth
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ni ckel - containing material 32 and gol d-containing material 34 of contact

pads 30, suideripadswithatber dirdiins fraddhowa) exiennalaf thagoneehpadss 40 and 42
can al so conprise other constructions. A pair of wires 44 and 46 are shown

ext endi ”qofobﬁg‘ cont AGiaiPacort@8d ddBsatibha0l afd 42 Srenswiiryabsocidtod aviphai r - of
the contact pads 30. The wres connect circuitry associated with
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containing material 32 and gold-containing material 34 of contact pads 30, but it is
to be understood that contact pad locations 40 and 42 can also comprise other
constructions. A pair of wires 44 and 46 are shown extending from contact pad
locations 40 and 42, respectively, 1o a pair of the contact pads 30. The wires
connect circuitry associated with integrated circuit die 12 to the circuitry of patterned
conductive material 17, and can be referred to as wire bonds.

[0009] A slit 50 extends through the interposer 14, and the wires 44 and 46
extend through such slit to make the electrical contact with the contact pads 30.
foo10] An encapsulant 60 is provided within the slit 50, and over the wires 44
and 46 to protect the wires of package 10. Similarly, an encapsulant 62 is provided
over integrated circuit die 12, adhesive structure 16 and board 15 to provide a
protective covering over the semiconductor package.

[0011] The shown package of Fig. 1 is but one of several types of packages

that can be formed in accordance with prior art methodologies. For instance,

although the openings extending through insulative material 20 are shown to be




[0009] A slit 50 extends through the interposer 14, and the wires 44 and 46
extend through such slit to nake the electrical contact with the contact
pads 30. 10010] An encapsulant 60 is provided within the slit 50, and over
the wires 4-4 and 46 to protect the wires of package 10. Simlarly, an
encapsulant 62 'is provided over integrated circuit die 12, adhesive
structure 16 and board 15 to provide a protective covering over the

sem condyghor tk%?ﬂlﬁé%nt&&(?ﬂa@a (EBRsistRRYRitR dRkaRdaT mBbi defines (KEMDyne of

several types packages = that can be forned in accordance with prior art

met hodol qgi es., For. instance al { [ ' h
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(consistent with nDn-sol der nmask defjned MD) |, .technol.ogjes), the
openi ngs Rests {¢oasisterbavithosolder mgskhaetingd iéﬁgﬂﬁéﬁt?ﬁw Bﬂ‘?gtt pads
(consistent with sol der mask defined (SMD) pad technol ogi es). 10012] The
package de@i1@] of Ffige packaye tiesign vaFigdscar nteevasicusspobleares asswaiatethe
utilization of the interposer 14. Such problens can include size
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I ncl ude negative performance -properties induced by the interposer

t hrough, for e e, .adsor pt.| t | i pg/ or
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performance properties induced by the interposer through, for example, adsorption
of moisture by the interposer and/or outgassing of materials from the interposer.

Accordingly, it is desired to develop new semiconductor packages.

SUMMARY OF THE INVENTION

[0013] In one aspect, the invention encormpasses a semiconductor package
having an interposer which contains only a single dielectric support member. The
intérposer also contains conductive circuit traces contacting the single dielectric
support member. The package further includes a semiconductor die electrically
connected with at least one of the traces. The traces are between the
semiconductor die and the single dielectric support member.

[0014] In one aspect, the invention encompasses another semiconductor
package. The package includes a patterned substrate having openings extending
through it. The package also includes conductive circuit traces over the substrate

and having portions extending over the openings. Additionally, the package
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Accordingly, it is desired to devel op new sem conductor packages. SUMVARY
OF THE | NVENTI ON 100131 I n one aspect, the invention enconpasses a

sem conduct or package having an interposer which contains only a single

di el ectric support nenmber. The interposer also contains conductive circuit
traces contacting the single dielectric support nmenber. The package
further includes a sem conductor die electrically connected wth at |east

one of the traces. Th r - ' ; henaad the
cingl e dlGigs A aeg et ARERERer PR RIS ot B ARG ShLtdet,
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patterne : e al so
i ncl udes conductive circuit traces over the substrate and having portions

ext endi ngnavenching thpeheéngs, Additionally, the package 4 includes a
sem conductor die over the circuit traces, and an adhesive structure

(whi ch ciam'%go be Jhe({,f‘er &8bct OnaSnedhtRANaTionepasaet enekihddofclorming de
races an

circuit touchi'ng the die. [0015) In one aspect, the invention

oo eSO Rol Y AR Ry S RHIBUBLAN AR ka0%n decheaty-uction is
conductive expanse over a first dielectric material. The electrically-conductive
expanse has a first surface facing the first dielectric material and a second surface
in opposing relation 1o the first surface. A pattern of openings is formed, with the
openings extending through the first dielectric material fo expose regions of the first
surface of the electrically-conductive expanse. Contact pad material is plated onto
the exposed regions of the first surface of the electrically-conductive expanse, The
electrically-conductive expanse is then patterned into one or more circuit traces.
After the electrically-conductive expanse is patterned, a second dielectric material is

provided in direct contact with the second surface of the expanse, and an integrated

circuit die is provided over the second dielectric material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Preferred embodiments of the invention are described below with
reference to the following accompanying drawings.

[0017] Fig. 1 is a diagrammatic, cross-sectional side view of a prior art board-

on-chip semiconductor package construction.
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conductive expanse over a first dielectric material. The electrically
conductive expanse has a first surface facing the first dielectric
material and a second surface in opposing relation to the first surface.
A pattern of openings is forned, with the openings extending through the
first dielectric material to expose regions of the first surface of the
electrical ly-co n d uctive expanse, Contact pad material is plated onto
the ex pos@mqegi onsFRf. 2tibe diageimmatié axesefectibvaldlide viewcel 4 hoasherehipy e
expanse, The "eiectrically-conductive expanse is then patterned into one or
nore circipd. . BCtif i e WiR saenssial
patterned, @'Cééggﬁgr&%ﬁéﬁ F%@ﬁﬂgdg@ﬁifg{rﬁ?déld %?d\od\i/,(iﬁ'ded I n direct corr?tsactvm' th
t he second surface of th?.exRﬁnse, and an integrated circuit die is

provi ded 3RREC ChEQ BN HIVENEEYyi ¢ naterial . BRI EF DESCRI PTI ON OF THE
DRAW NGS 10016] Preferred enbodi nents of the invention are dgscride bel ow
with reffi038fe to Flgs. B REWR MIACIBBEIRES PRESBFURNA §i9e B FRIELGEY s a
di agrammatic, cross-sectional side view of a prior art board- on-chip

sem condughalieRwaakadragrrarithruisétiom view dDaA diteffoger assemblydit gpratimenany
cross-sectional side view of a board-on-chip sem conductor package

constructy on LONTRGah8 RGRVER S UsHRCES X TBSANYINvention. Fig. 3 is a view
along the lines 3-3 of Figs. 4 and 5.
[0020] Figs. 6-8 are a diagrammatic cross-sectionai side view, fragmentary
top view and fragmentary bottom view, respectively, of the interposer assembly of
Figs. 3-5 shown at a processing stage subsequent to that of Figs. 3-5. The view of
Fig. 6 is along the lines 6-6 of Figs. 7 and 8.
[oo21] Figs. 9-11 are a diagrammatic cross-sectional side view, fragmentary
top view and fragmentary bottom view of the interposer assembly of Figs. 3-b
shown at a processing stage subsequent to that of Figs. 6-8. Fig. 9is a view along
the lines 9-9 of Figs. 10 and 11.
[0022] Figs. 12-14 are a diagrammatic cross-sectional side view, fragmentary
top view and fragmentary bottom view, respectively, of the interposer assembly of
Figs. 3-5 shown at a processing stage subsequent to that of Figs. 8-11. The view of
Fig. 12 is along the fines 12-12 of Figs. 13 and 14.

[0023] Figs. 15-17 are a diagrammatic cross-sectional side view, fragmentary

top view and fragmentary bottom view of the interposer assembly of Figs. 3-5




aspect of the present invention. [0019] Figs. 3-5 are a diagrammtic
cross-sectional side view, fragnentary top view, and fragnentary bottom
view of an interposer assenbly at a prelimnary processing stage of an
exenpl ary aspect of the present invention. Fig. 3 is a view along the
lines 3-3 of Figs. 4 and S. [0020] Figs. 6-8 are a diagranmmtic
cross-sectional side view, fragnentary top view and fragnentary bottom

view, respeGh Mo kSroststrigesth?é%ubgéqwe:ﬂa_semﬂQ# Fofs. ¥2-94. TBebiahomrigtiSa
processi ng stage subsequent to that of Figs. 3-5. The viewof Fig. 6 is

al ong the_|j nesthgi-i%‘g%h%b%g%?ﬂ Sa_tq% Shd 59.021] Figs. 9-11 are a diagrammuatic

cross-sect @ rentary top view and fragnentary bottom
view of the interposer assenbly of Figs. . 3-5 sho a RLOCEessS] ge
subscquerDORA]  hat DS G0 Ber DeOrAMiate Cosssar rahgoen T TeaLenRss o
Figs. 10 and 11. [0022] Figs, 12-14 are a diagrammatic cross-sectional side
view, fragpefdvaayd ftagmenivy botlomnagweithe jnteposerassanblyrddpeetd Vel y, of
the interposer assenbly of Figs. 3-5 shown at a processing stage

subsequendydh éhébr@éeﬁwsta%alshbsgheew tevhaf of Figg. 15:27i sThé ofegv chEigl 18es
12-12 of Figs. 13 and 14.7 [0023] Figs. 15-17 are a diagrammtic

cross-seqlipnal wyl fe’) 8%s JAGIEY 264 20.
(0025} Fig. 21 is a diagrammatic cross-sectional side view of an interposer
construction at a preliminary processing stage in accordance with a second aspect
of the present invention.
[0026] Fig. 22 is a view of the Fig. 21 construction shown at a processing
stage subsequent to that of Fig. 21.
[0027] Fig. 23 Is a view of the Fig. 21 construction shown at a processing
stage subsequent to that of Fig. 22.
{0028} Fig. 24 is a view of the Fig. 21 construction shown at a processing

stage subsequent to that of Fig, 23.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0029) This disclosure of the invention is submitted in furtherance of the

constitutional purposes of the U.S. Patent Laws "to promote the progress of science

and useful arts” (Article 1, Section 8).




top view and fragnentary bottomview of the interposer assenbly of Figs.
:3-5 6 shown at a processing stage subsequent to that of Figs. 12-14, The
view of Fig. 15 is along the lines 15-15 of Figs. 16 and 17, 10024) Fi gs,
18-20 are a diagrammatic cross-sectional side view, fragnentary |op view
and fragnentary bottomview of the interposer assenbly of Figs. 3-5 shown
at a processing stage subsequent to that of Figs, 15-17. The view of Fig,

is al ﬁ;goghe || RESxb rﬁ%,.yq{ dFjeangf thbSneertiotOs de@OASd Wity refetemee )

dl agr anmma I 0SS- SECt I O vi ew of an interposer construction at a

prelimn ces n e,in. accaor he
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shown at a processing stage subsequent to that, of F 71 Fig. 23
i s a vi ewdescritieg Figprioriart saateansiuck paskage Q?F& P 8’@ PHE;’O f?g
subsequent to that of Fig. 22. [0028] Fig. 24 is a view of the Fig

construct olmcghown flg. @ $Howes Sendcorsdunter rardkage dOftcamtprisizg aoﬂntsggatecig

DETAI LED | PTI ON CF THE PREFERRED EMBODI MENFS
circuit die (which can also be referred to herein as a semiconductor die) 12. The die
is adhered to an interposer construction 104 through an electrically insulative
adhesive structure 16. The interposer 1b4 can be referred to as a frame carrier
interposer, to emphasize that the interposer is carrying the circuit trace frame.
[0032] The interposer 104 differs from the interposer 14 ot Fig. 1, in that the
interposer 104 is missing the core 15 described previously. Specifically, interposer
104 comprises a patierned support material 106 and electrically conductive circuit
traces 108 over the support material. The support raterial 106 can be any suitable
material, and in particular aspects will comprise, consist essentially of, or consist of
polyimide or liquid polymsr crystal. In some aspects, material 106 can comprise,
consist essentially of, or consist of a photomask material, such as, for example, a
dry film photomask. Exemplary dry film photomask materials are PSR 800™ from
Taiyo, Pyralux PC1000™ from Dupton, and CFP1123™ frorn Sumitomo Bakelite.

[0033] The circuit traces 108 can comprise any suitable slectrically

conductive material or combination of materials, and in paricular aspects will

comprise, consist essentially of, or consist of copper.




10029) This disclosure of the invention is submtted in furtherance of the
,constitutional purposes of the U S. Patent Laws "to pronpbte the progress
of science and useful arts" (Article 1, Section 8). 7 [0030] An exenplary
aspect of the invention is described with reference to Fig. 2. In
referring to Fig. 2, simlar nunbering will be used as is utilized above in
describing the prior art sem conductor package of Fig. 1, where

appr opri apeas 90031]T|Eé Quppos RRber $EAICEAtiAbIto havkagenihgs idénpresding an
i ntegrate rcuit die (which can also be referred to herein as a

sem cond tor 12 e di [ er t on
Toa ¢ hr odBRrRr e sdffse phibe SeREEnEChd e (RS RRS geeg Lo chn

i nt erposer 104 can be referred to as a frame carr|e{ %Qeeép %ﬁ h

enphasi zebe hensidreed toteaysolist sudacas of thryPetemSide s Wet‘F PGSt °WP0032]
The interposer 104 differs fromthe interposer 14 of Frg) , In that t he

i nt er posesortiiratiormbsBigng, ahe seoord tbrfdesson bedtopr&ve 66 g/tracpeandital |y,

i nt er poser 104 conprises a patterned support material 106 and el ectrically

conduct i v, cf)atréﬁ st BQRorA\eHabBE With perftioneadfehe éfst slifacesippor t
mat eri al e any surtable rraterlal and in particular aspects wll
conpri se, .I st Vesr b?‘{g‘é consi st of polyimde or liquid
pol yrer c"?’g’ Pang § r? ct s rrat erial 106 can conpri se,
[0035] Contact pads 30 (only some of which are labeled in the illustration of

Fig. 2) are within the openings 110 and electrically connected with the conductive
circuit iraces 108. In the shown aspect of the invention, the contact pads 30
comprise the layers 32 and 34 discussed previously. Accordingly the comact pads
comprise a nickel-containing material along bottom surfaces of circuit iraces 108
and a gold-containing material along the nickel-containing material. Solder balls 36
are shown electrically connected with the contact pads, and accordingly are
electrically connected with circuit traces 108 through the contact pads, One or both
of the solder balls and the contact pads can be referred to as electrically-conductive
connectors extending within the openings 110, and in electrical connection with the
circuit traces.

[003€] The shown openings 110 of Fig. 2 correspond to an NSMD

application, but it is 1o be understood that the invention can also be utilized with

SMD applications. It can be preferred to use SMD.




consi st essentially of, or consist of a photomask material, such as, for
exanple, a dry film photomask. Exenplary dry filmphotomask naterials are
PSR 800T11 from Taiyo, Pyralux PCL000TM from Dupton, and CFP1123"" from
Sum tono Bakelite. [0033] The circuit traces 108 can conprise any suitable
electrically conductive material or conbination of materials, and in
particul ar aspects will conprise, consist essentially of, or consist of

copper . g[oh99§41 Thens 1HRegate dTBIRAET did0R has pantaet pants 40 ahdwe agsesiates 110
extending therethrough t0 a surface of the electrically conductive traces

108. T 10 b ' | f
Si'de of URGYE R 40 WIE RETER SRrare 4 PrBTII RIS pREe (0 28 felRe e T

surfaces on the the side of the trcﬁlces and %'n 03@09 ng relation to the
bot t om supfeledscaly coNRRS MIta Par of the PPREr! R3S ates ext endi ng over the

openi ngs. [0035] Contact pads 30 (only sone of which are | apeled jn, Lhe
i |1 ustratjop3sdf FiThe &)ﬂhesiee\mmmmeﬂlﬁmtmgeditfn@slhqmnéﬁmatﬁde%muﬂté%? |1%‘°
connected with the conductive circuit traces 108. In the shown aspect of
the i nversh{é?]@\oséhﬁo@eah 2BMMPRIERSUHRER Intterdior camnbiratdd ciradali.sbussed

previously. Accordingly the contact pads conprise a nickel-containing
material al ong DO OMRULIEEcRIre A6 G be BIIRFREgERBuUs matrix which
“physically contacts (i.e., touches) the circuit traces 108 and an underside of die 12.
The homogeneous matrix can correspond to a cured paste, epoxy, glue etc., and in
particular aspects will be a polymeric matrix. Alternatively, the adhesive structure
16 can comprise a tape having opposing sides, with oné of the sides being
proximate an underside of die 12 and the other sides being proximate circuit traces
108. The tape can have adhesive on both of the opposing sides, with the adhesive
on the upper side of the tape being in physical contact with an underside of die 12,
and the adnhesive on a lower side of the tape being in physical contact with circuit
traces 108. The adhesive structure 16 utilized with various aspects of the invention
can be, for example, tape adhesive exemplitied by Ablestik™ 5405S™ and
DF400™ from Hitachi Cable, or printable B-stage paste exemplified by Cookson™
Staystik 383™, SMM CRM-X2070™, efc.
[0039] The interposer 104 has a slit 120 exiending therethrough. The wire

bonds 44 and 46 extend downwardly from contact pads 40 and 42, through the slit,

and then upwardly into openings 110 io coniact the contact pads 30 and thereby
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and a gol d-containing material along the nickel-containing material. Sol der
balls 36 are shown electrically connected with the contact pads, and
accordingly are electrically connected with circuit traces 108 through the
contact pads. One or both of the solder balls and the contact pads can be
referred to as electrically-conductive connectors extending within the
openings 110, and in electrical connection with the circuit traces. [0036]

The shown, | eneBMEEoAI HitHing oRhewical iards! dlihoudiSiis wipdiarnsistaren, but it
is to be understiood that the invention can also be utilized with SMD

i reuit anevrchyieaialhs RS MRG0 b2 iR ol HEarime Sana

circuit p assoclated therewith, and wire
bonds 44 and 46 extend fromthe pads 40 and,42,,res t . 0

el ect ri cAIINFSEANELANGH MNthamose gy wo &y IgS R hHT “b%aﬁ‘?‘%o’%'yﬂié?ﬁfts‘rﬁe'sc"
adhesive structure 16 utilized to adhere integrated circuit die 12 to

i nt er pos exlthbghoanly deopriresborgsyatusha, 6t isde & undesstoegibrtiyae o Hags wo
materials.. In sone aspects, adhesive structure 16 can be a honpbgeneous

mat ri x Whi,cds bBRYS ot fds/thaanivaciiss bon@s cat beahiizgd.t he circuit traces 108

and an underside of die 12. The honpbgeneous matrix can correspond to a

cured pasfyyag§POXy. THbYReRiSser 188%1Fy. 2 differs from the interposer 14 of Fig. 1, in
that the interposer 104 contains only a single dielectric support member (106},
whereas the interposer 14 contained two dielectric support members (15 and 20).
Further, the construction 100 of Fig. 2 differs from the construction 10 of Fig. 1in
that adhesive structure 16 is provided in contact with circuit traces 108, as well as
the underside of integrated circuit die 12 in the construction 100 of Fig. 2, whereas
the adhesive structure 16 did not contact the circuit traces 17 of the prior art
construction 10 of Fig. 1. Instead, the adhesive structure 16 was spaced from the
circuit traces 17 by the dielectric material 15 of interposer 14.
[0041)] The interposer 104 of the present invention can be advantageous over
the interposer 14 of the prior art for numerous reasons. For instance, the interposer
104 can be formed to be much thinner than prior art interposers, which can enable
semiconductor packages to be formed which consume less space than the prior art
semiconductor packages. Also, the thin interposer of the present invention can be

flexible, which can aid in manufacturing and use of the interposers of the present

invention. Interposer 104 has a thickness *X” from an uppermost surface of the
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particul ar aspects will be a polymeric matrix. Alternatively, the adhesive
structure 16 can conprise a tape having opposing sides, wth one of the
sides being proxinmate an underside of die. 12 and the other sides being
proximate circuit traces 108. The tape can have adhesive on both of the
opposing sides, with the adhesive on the upper side of the tape being in
physi cal contact with an underside of die 12, and the adhesive on a | ower

side of tRrbans BBLasohIy MVBbeRNoRAMIHaeE oNclbuitiraceiliDg if tiwskowos. The
adhesive striucture 16 uti’lized with various aspects of the invention can

be, f I t hesi i £ esk | d

DF 100T ASGRELD! INARVEREPa odr o B sy MEbecipRnEahy £ BRBERmacBeE
CooksonTM St tik 383 TM SMM CRM X2070T". etc. [0039] The i nt 104
has. a ol idele20ies06 iinegshans SEPROETe THENPRe INSRIP A SHRICHISH, S5
downwardly from contact pads 40 and 42, through the slit, and then

upwar dl y thizkaeedeannssfréttabaut démhimcometess doabagt 1 Ehmicraedad, WHBréeby 10
el ectrically connect with two of the circuit traces. Al though the wire

bonds ar qﬁp§ﬁpﬂﬁc&%§%iﬁgabeuis\@nﬂérofrﬁtﬂeféi.rCUit traces, it is to be
od't |

understo at the wire “bonds can connect with nobre than two or | ess than

o, of g | EEFRaphEhs SRR el ¥R packagb0dFig o
be utilized in the package 100 of the present inventic;n, as shown in Fig. 2. The
encapsulants 60 and 62 can be the same as one another or different, and in
exemplary applications are both the same transfer molding liquid encapsulant.
[0043] The construction of Fig. 2 can be formed by any suitable method. An
exemplary method is described with reference 1o Figs. 3-20. Referring initially to
Figs. 3-5, an interposer structure 200 is illustrated at & preliminary processing stage.
Structure 200 comprises a dislectric material 202 laminated to a conductive material
204. The conductive material 204 can be considered to comprise a pair of opposing
surfaces 205 and 207, with the surfacs 205 facing and contacting dielectric material
202.

[0044] The material 204 can be referred to as an electrically-conductive
expanse. Such electrically-conductive expanse can be homogeneous, as shown, or
can comprise multiple different electrically-conductive components. If the material

204 comprises different electrically-conductive components, the components can be

in any appropriate orientation, and in particular aspects can be stacked as muitiple
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wi res bonds or less than two wire. bonds can be utilized. [0040] The

I nterposer 104 of Fig. 2 differs fromthe interposer 14 of Fig. 1, in that
the interposer 104 contains only a single dielectric support nenber (106),

whereas the interposer 14 contained two dielectric support nenbers (15 and
20). Further, the construction 100 of Fig. 2 differs fromthe construction
10 of Fig. 1 in that adhesive structure 16 is provided in contact with

circuit traces 108 wel i i b0d BhLA SO eCarmCslitabth e 12
in the cﬂ%‘%lf'ﬁ%'& 8‘?‘.@3}3&%#5@%‘. %%&Eg%%gua?#e)@a%hesi ve th ructthJre 16 did
not contact the circuit traces 17 of the priqQr_art. . cC t. [ 10 of Fig.
1. Instezﬁil?CTflﬁé“hmq}'Heé'ﬁﬁﬁﬁﬁvPécﬁ@%%gdﬁéa%eb?lgmgﬁﬁéﬁ B%Hrcgjlﬁhrt traces
17 by the dielectric material 15 of interposer 14. [0041) ec'I'he I Nt er poser
104 of t hespeceswiltcompese, iconsishassrntiady shtcisensist 6l epPPeh Lo EtiBser 14 of
the prior art for nunerous reasons. For instance, the interposer 104 can

be for mednbey ke 204G ultihareRTutiized tetdrar ciendit trades:, postess, fonexempiardhenabl e
sem conduct or packages to be forned which consune | ess space than the prior

art sem,condu [ ckages. Also, the thin interposer of the present
inventiontr%caet% ﬁ(ié)oﬁ '?bl e, which can aid in manufacturing and use of the

e Dose s . 1° Bl b Y LORBHBOBR] s RAbRARarflbF KNS
combination of materials, and in some aspects can be referred to as a masking
material and/or base material, In particular aspects, dielectric material 202 will
comprise, consist essentially of, or consist of a photosensitive mask, such as, for
example, a dry film photomask. The material 202 can be 50 micrometer polyimide
film, or photomask dry film, for instance. Dielectric material 202 is utilized to form
the dielectric support of an interpeser of the present invention, such as, for example,
the support 106 of Fig. 2.

[0046] The dislectric material 202 and conductive material 204 can be
laminated to one another utilizing conventional methodologies. For instance, if
electrically-conductive material 204 comprises a copper foil and dielectric material
202 comprises a dry film photomask, the materials 202 and 204 can be laminated to
one another utilizing conventional methodologies for laminating dry film photomasks
to metallic foils.

[0047] Referring next to Figs. 6-8, dielectric material 202 is patterned to form

a plurality of openings 210 extending through material 202 1o the surtace 205 of
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I nt erposer (specifically an uppernost surface of circuit trace 108 in the
shown aspect of the invention) to a | owernost surface (specifically a
bottom surface of dielectric 106 in the shown aspect of the invention). In
exenpl ary applications, such thickness can be from about 15 microneters to
about 150 mcroneters, with a typical thickness being about 50

m croneters. [0042) The encapsul ants 60 and 62 of the prior art package 10

(Fig. 1) Q&rlcgﬁ’y #hhﬁuc?t% mAtdie 20ac ‘fﬁﬂﬁtéﬂ@zgé cofifprigeeseptiotomesht then, as

shown in |g, encapsulants 60 and 62 can be the same as one anot her

ol i ng. 1"eSKaGdeeL A o Tt o Rt Bl fod iR Pes STBar L o

formed by any suitable nethod. An exenplary pethod is desc |bed Wi t
r ef er enceSpecitically, nitgdal 284 ean bﬁ@@ﬁﬁ?@éﬂ’ﬁ)ﬁ%tébieﬂfﬁ?mﬁ J‘%VP'? rﬂ”éirtBSQer

structure 200 is illustrated at a prelimnary -processing stage Structure

200 conpripsesappiptiats soivennfiiecrdelel i) 106&91%((\@@ tasnave oithRrcapesed® er i al
204. The conductive nmaterial 204 can be considered to conprise a pair of

opposi ng o%%e énéaﬂtr%%atéfmaﬂ bobhfdaesiaaaiedBd ipatiengreamdinigiinact i ng

dielectric ter| 202. [0044] The material 204 can be referred to as an

el ectrical L%b%?a uctive expanse Such el ectrically-conductive expanse can
~, be hom)raél as shown, or

[0048] Referring next to Figs. 9-11, consiruction 200 is shown in cross-
sectional view, top view and bottom view, respectively, at a processing stage
subsequent to that of Figs. 6-8. Layers 212 and 214 are formed on surface 205 of
electrically-conductive material 204. Specifically, layers 212 and 214 are formed on
regions of surface 205 exposed within the openings 210 extending through
dielectric substrate 202.

[0049] Layers 212 and 214 are electrically-conductive, and can be identical to
the layers 32 and 34 described previously with reference to Figs. 1 and 2.
Accordingly, layer 212 can be a nickel-comprising layer and in particular aspects
can comprise, consist essentially of, or consist of nickel; and layer 214 can be a
gold-containing layer, and in particular aspects can comprise, consist essentially of,
or consist of gold. Layers 212 and 214 form contact pads 216 (only one of which is
labeled in Fig. 9) within the openings 210, and electrically connected with
conductive material 204. The layers 212 and 214 can accordingly be referred to as

contact pad material. in some aspects of the invention, a finish can be applied to
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can conprise nmultiple different electrically-conductive conponents. If the
material 204 conprises different electrical |y-cond uctive conponents, the
conponents can be in any appropriate orientation, and in particul ar
aspects can be stacked as nultiple 12 elecirically-conductive |ayers.
Conductive structure 204 can conprise any suitable electrically conductive
material, or conbination of materials, and in particular aspects wll
conpri se,ihs QBB RYSESlAS YopbxarBples @RDRankf Seidpraility Craskrvtiive(OSP)
material 204 is ultimately utilized to formcircuit traces, such as, for

R et e R O e

conpri se I'nat’ on of  nmater , In sone
aspects can be referred to as a nasking material and/or base material. In
particul grurpspeEts, dielectric material 202 will conprise, consist

essentially of, or consist of a photosensitive mask, such as, for exanple,
a dry fil]oosodt omaskayeFbe t@etrer 2 54 c@02edammdex:bg@anyiscitabietrepthest, Pt de
film or photomask dry film for instance, Dielectric material 202 is

utilized digek@itit pldidgdizAl I8 biprefesieanae thodffoaforintgtheoagersof Spemfiqailys ent

I nvention, such as, for exanple, the Support 106 of Fig. 2. [0046] The

di el ectri o SREAbL Fooah BO SRRkl & BatiBldthpMing 8fpfpiabeions, and an
electrical potential can be passed through layer 204 to electrolytically plate layer
212 onto an exposed surface of layer 204. Subseguently, the ions in the bath can
be changed, and then layer 214 can be formed by elsctrolytic plating onto an
exposed surface of layer 212. The surtace 207 of layer 204 can be protected during
the electrofytic plating of layers 212 and 214 to avoid formation of the layers 212
and 214 on the surface 207. Alternatively, or additionally, io the extent that any of
materials 212 and 214 form over surface 207, such materials can be moved by
polishing and/or other appropriate processing.
[0051] Referring next to Figs. 12-14, such show a diagrammatic cross-
sectional side view, top view and bottom view, respectively, of the semiconductor
construction 200 at a processing stage subsequent to that of Figs. 9-11.
Specifically, a patterned mask 220 is formed over the upper surface 207 of

electrically-conductive expanse 204, Mask 220 defines a plurality of circuit trace

pailerns 222, 224, 226 and 228. Mask 220 can comprise any suitable material, and
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| am nated to one another utilizing conventional nethodol ogies. For
instance, if electrical ly-con d u ctive material 204 conprises a copper
foil and dielectric material 202 conprises a dry film photomask, the
materials 202 and 204 can be lam nated to one another utilizing
conventional nethodol ogies for lamnating dry film photomasks to netallic
foils. 10047] Referring next to Figs. 6-8, dielectric material 202 is

patterned r ' ' ey ugh materi al
D02 ot e PaUliadhss il irtpBte AR RIS S B et B ¢

mat erial 202 conprises a photo k,.th masking material 202 can be

pat t er ned®hAteRHOHEP I“?Et"bfd%rné’ﬁrr‘l‘?n@aﬁ’rfHE’b@é‘?tHH‘,aSkSpeci fically, material 202
can be exposed to a suitable pattern of radiation, and then to an

appr opr i §0058p! ventReéferang nest/isl iper)5-13, sen@eudtior|dP0ris $BOWNdD CHEYS-exposed
or unexposed portions of the material 202 and | eave a desired pattern
remai ni NGekefiongBlien tp 4k af@péBdmRedw! rdspechexy, dfterfa patterd-id ransferred
construction 200 is shown in cross- sectional view, top view and bottom

view Tespseihasl ¥oodkidt REUGRSR)NE PRBARpaRRRAatSndI 20k, BhdRhesS. ©-8.

Layers 2 -ar rmed on‘surface” 205 of electrically-conductive
material n%gélk 2% %%sftgé:grll Lszéqa e%;sf r‘ezr%%vgé].d A%%grcﬁlrﬁﬁy,fé)c{n%gti\?@ material 204

has been patterned into the circuit trace patterns 222, 224, 226 and 228 defined by
the masking material 220 (Fig. 13). The patterning of traces 204 can be considered
formation of a patterned mask (220 of Figs. 12 and 13) over pontions of expanse
204 while leaving other portions exposed, and subsequently subjecting the exposed
portion to suitable etching conditions to remove the exposed portion. The portion
covered by mask 220 in Figs. 12 and 13 can be considered a first portion of
expanse 204, and the portion which is not covered can be considered a second
portion, and such second portion has been removed in forming the structure of Figs.
15 and 16, The etch utilized to remove portions of expanse 204 can be any suitable
etch.

[0053] Although mask 220 is shown removed in the exemplary processing of
Figs. 12-17, it is to be understood the invention encompasses other aspects (not
showny) in which the mask remains over circuit traces 222, 224, 226 and 228 at ihe
processing slage of Figs. 15 and 16. In such aspects, the mask can remain in

subsequent processing in which the adhesive 16 (Fig. 2) and semiconductor die 12
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regi ons of surface 205 exposed within the openings 210 extending through
dielectric substrate 202. [0049] Layers 212 and 214 are

el ectrically-conductive, and can be identical to the l|ayers 32 and 34
described previously with reference to Figs. 1 and 2. Accordingly, |ayer
212 can be a nickel-conprising layer and in particular aspects can
conprise, consist essentially of, or consist of nickel; and |ayer 214 can

° (B L9 ' ti t iise,
oo orCGEIE Db o ftfled BYET e TrRB! I Skl aSpaRs hemersqniuit o

consi st or consist of gold. Layers 212 and 214 form

contact pads 216 (only, one.qQf which i.s abel : | IitALN t he
openi ngs a¢ally, BT‘%%W?@H?%?”EWFH@E?]&{% Lﬁﬁ%gg'gnrgagr%\ilgaﬁnwgrtﬁgl 204. The
| ayers 212 and 214 can accordingly be referred tgo as , contact, pad nmaterial.
| n” sone akiglectric miateral of masiktdh, Haweyen s 8gRe y&[ﬁﬁflei"@g tﬂét 1® the cont act
pads, such as, for exanple, an Organic Solderability Preservative (OSP)
coating gricPpbs@dicmplisabaly dre disfectriematdrai drid gcdcodinglyl itlsrprieéerred tad
waf er bond purposes, [00501 Layers 212 and 214 can be formed by any

o g ETA: P2 SRR e protds e et segoc e 16, Lo,
bath compid R isv@RRpaREL 20S. ' ons. and an
[0054] Although the substrate 202 is shown patterned prior to patterning of
. expanse 204, it is to be understood that the invention encompasses other aspects
(not shown) in which expanse 204 is patterned priof to the patterning of expanse
202. In such aspects, material 204 would be patterned prior to formation of contact
pads 216 The contact pads 216 may then be formed by other methodology besides
electrolytic plating, or, if electrolytic plating is used it may be desirable to form
electrically conductive buses extending between the patterned circuit traces and a
power source to provide appropriate power to the individual traces for the
electrolyiic plating operation.
[0055] Referring to Figs. 18-20, construction 200 is shown in cross-sectional
side view, top view and bottom view, respectively, after formation of a slit 240
through a central region of dielectric material 202. Such slit can be formed by, for
example, routing, etching or mechanical punching. The dielectric material 202 and

conductive material 204 of Figs. 18-20 together form an interposer 250. Such

interposer comprises only a single dielectric material (202) laminated to conductive
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el ectrical potential can be passed through |layer 204 to electrolytically
plate layer 212 onto an exposed surface of |ayer 204. Subsequently, the
ions in the bath can be changed, and then |ayer 214 can be formed by

el ectrolytic plating onto an exposed surface of |ayer 212. The surface 207
of |ayer 204 can be protected during the electrolytic plating of |ayers
212 and 214 to avoid formation of the layers 212 and 214 on the surface

207. Al t enAlalibVedy of e afiﬁmttrml |Such R drexenplnt aspedt cinlye dfventietelri al s
212 and 214 formover surface 207, such materials can be noved by

pol i shi ng, and/ ot ﬁﬁ{pﬁﬂ@é@%ﬁ%@? QPSS ot LA REliefTzh i peblcaho

Figs. 12- sectional side view, top view
and botton1V|em/ respectlvel , of the_sem conductor .constryction 2 0 at a
T ocessi MEIn GreniiBERyRRAZA% 2PRANGRIE Ay aerordnalydstich Qlae] gSPeRts
patterned mask 220 is formed over the upper surface 207 of

el ect ri caohyuctivel rettena 204pearTsbe 207INate to ROdiglectiematerjsla (202 apd 8g0).
circuit trace patterns 222, 224, 226 and 228, Mask 220 can conprise any

sui t abl e \pai&&halvn SRfnfiary fspat Lt plorns asRRA Whil phttepedrdlsaricalnsi st
essentially of, or consist of a ph otol itho graphically patterned dry

filmphotg ﬁ%ﬂvé AREialRRI 65 1A REh 188 onlyPiofthe Single tiefecti@ sdteHat 2¢m 200 i's

shown in cro

[0056] The interposer 250 is identical to the interposer 104 discussed above
with reference to Fig. 2, and accordingly can be utilized in the construction 100 of
Fig. 2. Incorporation of the interposer 250 into the construction of Fig. 2 comprises
formation of adhesive structure 16 over the interposer, and subsequently adhering
integrated circuit die 12 to the adhesive structure 16. In some aspects, the
adhesive structure 16 can be considered a dielectric material which is formed in
direct contact with both the surface 207 of expanse 204 and the semiconductor die.
In such aspects, the dielectric material 16 can correspond to a tape having adhesive
on opposing sides, with one of the opposing sides being in direct contact with the
surface 207 of electrically-conductive expanse 204 and the other of the opposing
sides of the tape being in direct contact with a surface of an integrated circuit die. In
other aspects, the dislectric material 16 can be initially provided as a liquid between
the integrated circuit die and the circuit traces formed from conductive materiat 204,

and the liquid can then be cured to form a dislectric matrix 16 extending between
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sectional view, top view and bottomview, respectively, after a pattern is
transferred from mask 220 (Figs, 12 and 13) to underlying conductive
material 204, and the mask 220 has been subsequently renoved. Accordingly,
conductive material 204 has been patterned into the circuit trace patterns
222, 224, 226 and 228 defined by the masking material 220 (Fig. 13). The
patterning of traces 204 can be considered formation of a patterned mask

(220 of Fh8Sntebfa8B%ikih Y hdMRE ELARIIRE MiRARPE04 20l Asddoeauheg ot her

portions expos subsequent|ly subjecting the exposed portion to

sui tabl e etching condiitions to renove the .ex ortion. The portion
cover ed b@eﬁﬁt’g & Cﬁpgfé:’."ef'ﬁoﬁﬂgofﬁl%%ﬁgbgg%ﬁﬁ??dered a first portion of
expanse 204, and the portion which is not covered can be c%ﬁsi }ereg a
second pl0G7In, ankhcstsiatien ohpEOsEbAohHEC arenamatien 1Y 9fdie 7627 he

structure of Figs. 15 and 16. The etch utilized to renove portions of

expanse 20#henBoRpriasfostingairecor mbehwirk CREEE tdextenuifhones ke RONEYCiOhown
renoved in the exenplary processing of Figs. 12-17, it is to be understood

the invengikQB ENGeTRESRE$2 of g‘% 33@@%5 et 240ewa)iniorelubiriell ddrracaath

remains over circuit traces , 226 and 228 at the processing stage

br ocessi i A i the SATRSEPBER8 G, ") and sem conductor die 12
[0058] The methodology of Figs. 3-20 is one exemplary aspect by which an
interposer of the present invention can be formed. Figs. 21-24 illustrate another
exemplary aspect by which an interposer can be formed. Referring initialty to Fig.
21, a construction 300 is illustrated at a preliminary processing stage. Construction
300 comprises a dielectric core mat.eriai 302 sandwiched between a pair of
electrically conductive layers 304 and 306. Layers 304 and 306 can be copper-
containing layers, and accordingly can comprise, consist essentially of, or consist of
copper. Dielectric material 304 can be a polyimide core, a glass weave material, or
any other dielectric core material. Construction 300 can be readily commercially
obtained, and can correspond to a construction frequently vtilized for forming
interposers for {lip-chip-in-package-board-on-chip (FCIP-BOC) packages.
[0059] Referring next to Fig. 22, the layer 306 (Fig. 21) is removed to leave a
single electrically-conductive expanse 304 over dielectric core material 302.
[0060] Referring to Fig. 28, a patterned masking material 308 is provided

over an exposed surface of dielectric material 302. Patterned masking material 308
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16 (Fig. 2) are forned over the circuit traces. In such aspects, the

I nterposer will actually conprise two dielectric materials, the dielectric
material 202 and the dielectric material of mask 220, However, 'it is
generally preferred. that the interposer conprise only one dielectric
material, and accordingly it is preferred that the mask 220 be renoved
after the processing to formcircuit traces from conductive expanse 204.

[ 0054] Al thqugh th ubst r at ' : ' a6t erni ng of
expanse f@@&’qg? pitr‘é’?qlih%%raﬁﬁﬁgpigégéﬁ}eﬁgé t%ﬁ%\%&nﬁgﬁr&é’%ugﬁass?ses ot her
aspects (not shown) in which expanse 204 is patterned prior to the
pat t er ni yadiPlexdahetoresigbor & Ans M PASIPASK: naterial 204 woul d be
patterned prior to formation of contact pads 216 The contact pads, 216 may
then be floussy by dRdferimetchbaoldgy patisimdssransieced Joy maskingPalfriaor, | f
el ectroloc plating is used it ney be desirable to form electrically

conduct | vindusisdiich eng! 260 BabYeRR i maskib@rmagrisl S0aisIremoaeds Tred a

power source to provide appropriate power to the individual traces for the

el ectrol yﬁ%t@'@%@g@%ﬁé{%%&%p% E&@%f Fﬁig‘; 25 id SfhilkP & ir@Sstrd8ar2R00 at the

const r uctd Ss-Sect side view, top view and

bottom view, respectively, after forpatjon of .a slit ;
processing stage of ﬁ{ig. 6, and speCIm;ialiy comprises a pattgrl}l%d mask material

(302 of Fig. 24 and 202 of Fig. 6) with a plurality of openings extending therethrough
to an electrically-conductive expanse (304 of Fig. 24:and 204 of Fig. 6). The
structure of Fig. 24 can be processed with methodology analogous 1o that of Figs.
9-20 to form an interposer similar to the interposer 250 of Figs. 18-20. Such
interposer formed from the structure 300 of Fig. 24 will have a dielectric material
302 comprising polyimide, glass weave, or other suitable dielectric constructions.
[0062] The interposers of the present invention can provide several
improvements over prior art interposers. For instance, interposers of the present
invention can be fabricated to be relatively thin and low cost, and accordingly can
be fabricated to superior design rules. The interposers of the present invention can
have relatively few polymers therein, in that there is relatively fittle dielectric material
in interposers of the present invention relative o prior art interposers, which can
reduce problems associated with moisture absorption by the polymers and
outgassing from the polymers. Interposers of the present invention can be

produced in baich, tape or reel form. Further, since interposers of the present
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through a central region of dielectric material 202. Such slit car) be
formed by, for exanple, routing, etching or nechanical punching. The
dielectric material 202 and conductive material 204 of Figs. 18-20
together forman interposer 250. Such interposer conprises only a single
dielectric material (202) lam nated to conductive 17 material 204 of the
circuit traces, Such is an exenplary aspect of the invention. In other
aspects of the inyentl ' th 509y bow Prasile aeteonies 220 can
remain oygﬁﬂﬂﬁgUéé'%%%8&%gﬁ?ﬁgg%?gﬁﬁggggéeggﬁraccordiJg?? in such other
aspects conductive nmaterial 204,can be.lam j & L
naterial?a@tég“ﬁhdA§QO¥?acqu@Hﬁﬂ@%EVﬁeé@@ﬁﬂ%%%§%5§%@%%g9§1ﬁ%gg%%ﬁ?%Pforned
while patterned electrically conductive materjal 2D4 ist%aninated only to
the si nglgendiralesionr induntanesiduringeperaij@osie ke thipReFoleIBE P S ent i cal
to the interposer 104 discussed above wth reference to Fig. 2, and

accor di ngtye FAGrJd8eks bf inesstekentiheestomsdarue ieasilyleonfiguredingth the die pad

| ncorporation of the interposer 250 into the construction of Fig. 2
conprises.  for i i Intb et dEiee atkagand
subsequeﬁVF?gggﬁé??Egﬂﬁ$ﬁﬂ£g§%¥§ﬁ§g%ﬁg%#?ﬁ@%gkﬁ%ﬁ#g he adhégFee s??ucture
16. In sone aspects, the adhesive structure 16 can be considered a

di el ect rithakiicddes hGHNIEPPSe Formed in  direct contact with both the

surface 207 of expanse 204 and the sem conductor die. . .
[0063] P In compliance with the statute, the invention has been described in

language more or less specific as to structural and methodical features. Itis to be
understood, however, that the invention is not limited to the specific features shown
and described, since the means herein disclosed comprise preferred forms of
putting the invention into effect. The invention is, therefore, claimed in any of its

forms or modifications within the proper scope of the appended claims appropriately

interpreted in accordance with the doctrine of equivalents.




I n such aspects, the dielectric material 16 can correspond to a tape having
adhesi ve on opposing sides, with one of the opposing sides being in direct
contact with the surface 207 of electrically-conductive expanse 204 arid
the other of the opposing sides of the tape being in direct contact with a
surface of an integrated circuit die. In other aspects, the dielectric
material 16 can be initially provided as a liquid between the integrated
circuit q#e ﬂ@g the circuit traces forned from conductive nmaterial 204,

and the I'Hﬁ can then be cured to forma dielectric matrix 16 extending
between 18 the_integrated circuit die and the conductive material 204. In
such aspects,'Th@|n¥ﬁﬂypéd¥¢WW?dH§%eriaI can correspond to a glue, for
exanpl e. [0057] Incorporation of interposer 250 into the construction 100
of Fig. 2 can further conprise formng one or nore wire bonds to extend
from a sem congluct oA sethieohsuadbr package, dbepr2ingt Fi g, 2) through the slit
240, and into electrical contact wwth one or nore of the contact pads 216.
10058) The met hodol ggyiephoddr@onsBudtib corfamirexenplaasiyglaspielettrisysupipocth an

i nterposer of the present iInvention can be forned. Figs, 21-24 illustrate

er | “invention can be _
it 1 yREgE g SRBEb R er b o R RIRE T RchE b AT RO

pr ocessi nézl stage. Construction
lelectric support member;

a semiconductor die electrically connected with at least one of the

traces: and

the circuit traces being between the semiconductor die and the

dietectric support member.

2. The semiconductor package of claim 1 wherein the dielectric support

member is a photomask material.

3, The semiconductor package of claim 1 wherein the dielectric support

member is not a photomask material,




300 conprises a dielectric core material 302 sandw ched between a pair of
electrically conductive |layers 304 and 306. Layers 304 and 306 can be
copper- containing |layers, and accordingly can conprise, consist
essentially of, or consist of copper. Dielectric material 304 can be a
polyi mi de core, a glass weave material, or any other dielectric core
material. Construction 300 can be readily commercially obtained, and.can
correspond to g congid serhicendiictenpaokdge ot clkinz daviigreint tberaneer TRfREIF3Ler s
for flip-chip-in-package-board-on-chip (FC P-BOC) packages. [0059]
Referring next to Fi orffer the layer 306 (Fig, 21) is renoved to | eave a
singl e eN@EFEQEQWW%é@: U ctive expanse 304 over dielectric core nmateria
302. [0060] Referring to Fig. 23, a patterned masking material 308 is
provi ded over an exposed surface of dielectric material 302. Patterned
maski ng material 308 19 can be a photolithographically patterned

phot osensitive material, such as, for exanple, a photoresist or a dry film
phot omask. [0061] Referring to Fig. 24, a pattern is.transfer f
masking materi&l  308e sermieansiictr FEgRag0R Rl CEB Yy &%ﬁl&%ﬁ@c"ﬁé@ﬁ al
308 is renoved, The structure 300 at the processing stage of Fig. 24 is
simlar tRefdbersd puREked 130 vetopemingsoexiersisp iersimdee prCkage flthesnd
specifically conprises a patterned nmask materi al

COMprising one or more electrically-conductive connectors within one or more of the

openings and in electrical connection with the one or more circuit traces.

B. The semiconductor package of claim 5 wherein the electrically-

conductive connectors are soider balls.

7. The semiconductor package of claim 1 wherein the dielectric support
member is patterned to have openings extending therein, the package further
comprising:

contact pads within one or more of the openings and in electrical

connection with the one or more circuit traces; and

solder balls in electrical connection with the contact pads.




(302 of Fig. 24 and 202 of Fig. 6) with a plurality of openings extending
therethrough to an electrically-conductive expanse (304 of Fig, 24 and 204
of Fig. 6), The structure of Fig. 24 can be processed w th nethodol ogy
anal ogous to that of Figs. 9-20 to forman interposer simlar to the

i nterposer 250 of Figs. 18-20. Such interposer fornmed fromthe structure
300 of Fig. 24 will have a dielectric material 302 conprising polyimde,

gl ass weave, og. ot lpfe sevnictpldectirglaekage of clemstirwisériedms. [ 0062] The

i nterposers of the present invention can provide several inprovenents over

prior art interpos e i | hROSEdIS eRfenditty MesiBiPdugh; nvent i on
can be fabricated %ébdéggé\rgﬁ}\@%wgwggnd | ow cost, Iﬂrggnd accordingly can

be fabricated to superior design rules. The inte : nt

i nvention can haveﬁ‘ﬁé:i'%IFFV@ﬁ)ﬂPéW 'ESW%PEStoﬁ%r%ﬁﬁg'%{ﬁp%gép?ﬁgng S
relatively little dielectric material in interposers of the present

i nvent i onthestthtough oo efmcirtal sprneeias ipdbecse aHNele SEI tf%‘iﬁ?&:énar obl ens
associated with noisture absorption by the polyners and outgassing from
the pol ymers. |nterpessearietl ¢cditatios ehthd sareicbnductoadicot s3id adileastions
batch, tape or reel form Further, since interposers of the present 20

| nvent i on@he didl,RtABLindillids ohBRY rfct8 Wifk berats EReRtpGRsmitwdpy,of || ¢

el ectronics packaging. Also , the current paths in the interposers of the

present 'twgﬂél"l ne glﬁ,nand into at least one of the openings.

g, A semiconductor package, comprising:
a patterned substrate having openings Vextending therethrough;
conductive circuit traces over the substrate and having portions
extending over the openings,
a semiconductor die over the circuit traces; and

a homogenous matrix contacting the circuit traces and also centacting

the die.

10.  The semiconductor package of claim 9 wherein the patterned

substrate comprises polyimide.




generate | ow i nductance during operation, due to the thinness of the
interposers. The interposers of the present invention can be easily
configured with the die pad areas so that input/output devices can be
routed to an integrated circuit package that includes the interposers.
10063] In conpliance with the statute, the invention has been described in
| anguage nore or |less specific as to structural and nethodical features. It
is to be undgystooge HMRAGUCTORBackdR: bivieint Borhdérsimibe patienmed to the
specific features shown and described, since the neans herein disclosed
conprise eferred forns_of ing the invention into effect. The

i n\r/ne)nti Oﬁﬁfagtfa\ehtéqrg%?%% a(ﬂh&tﬁﬂé%'ngany of its forms or nodifications

wi thin the proper scope of the appended clains appropriately interpreted
in accordance with the doctrine of equivalents. 21 CLAIMS The invention
clainmed is: 3 . A sem conductor package, conprising: a interposer
construction containing only a single dielectric support nenber and
conprising one or nore conductive circuit traces contactiqg t he single

di el ectric supprt Tmerbemiconductor package of claim 8 wherein the patterned

substrate consists of a photomask.

13.  The semiconductor package of claim 8 wherein the patterned

substrate consists of a dry film photomask.

14.  The semiconductor package of claim 9 whersin the matrix is a cured

paste.

15.  The semiconductor package of claim 9 wherein the matrix is a

polymeric matrix.

16. The semiconductor package of claim 9 wherein the circuit traces

comprise patterned copper-containing material.
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a sem conductor die electrically connected with at | east one of the traces;
and the circuit traces being between the sem conductor die and the

di el ectric support nenber. 2. The sen conductor package of claim 1l wherein
the dielectric support nmenber is a photomask material. 3. The sem conductor
package of claim 1 wherein the dielectric support nenber is not a photonmask
material. 22 4. The sem conductor package of claim 1l wherein the one or
nore circuit traces conprise copper. 5. The sem conductor package of claim
1 wherein the dielectric support nenber is patterned to have openings
extending therein, the package further conprising one or nore

el ectrically-conductive connectors wthin,on : i and
in electrical tonneth? éﬁ”\A‘HWC“Fﬁgp@ﬁ 2% o%lpﬁ'ngf}lﬁﬁléft:@{ﬂghgg,g Sg)?gé;[hﬂyé
sem conduct or package of claim5 wherein the el ectr,'bcal lé conductive
connect orextem@ingotitren theopenings anldn slamtiic gaptast WiBdRG GECHE T8F&Fm 1
wherein the dielectric support

18. A semiconductor package, comprising:
a patterned substrate having openings extending therethrough;

conductive circuit fraces over the substrate and having portions

extending over the openings;

a semiconductor die over the circuit traces; and

an adhesive structure touching the circuit traces and also touching the

die.

19.  The semiconductor package of claim 18 wherein the patterned

substrate comprises polyimide.

20. The semiconductor package of claim 18 wherein the patterned

substrate comprises a photomask.




menber is patterned to have openi ngs extendi ng therein, the package further
conprising: contact pads within one or nore of the openings and in
electrical connection with the one or nore circuit traces; and sol der
balls in electrical connection wth the contact pads. 23 S. The

sem conduct or package of claim1 wherein: the dielectric support menber has
a slit extending therethrough; the dielectric support nenber has one or
more openi ngs. Xte”ﬂ%é‘@emﬁé&nﬁ‘n’d‘é&ﬁr%@i@a@& Bl#f 18 WhdrefpMegsdticoned o t he one
or nore circuit ‘traces; and the electrTcal connection of the sem conductor
die to said at |east _on of the circuit traces includes one or nore wire
bonds exBERaVALP W‘Eﬁﬁ‘ﬁr@ adP‘é?m”faﬁgt)ugh the slit, and into at |east one of

t he openings, 9. A sem conductor package, conprising: a patterned substrate
havi ng openi ngs extendi ng therethrough; conductive circuit traces over the
substrate and having portions extending over the openings; a sem conductor
die over the circuit traces; and

22, The semiconductor package of claim 18 wherein the patterned

substrate consists of a dry film photomask.

23.  The semiconductor package of claim 18 wherein the adhesive
structure comprises a polymeric matrix which touches both the circuit traces and the

die.

24. The semiconductor package of claim 18 wherein the adhesive
structure comprises a lape having opposing sides and adhesive provided on the

opposing sides.

25. The semiconductor package of claim 18 wherein the circuit traces

comprise patterned copper-containing material.




a honopgenous matrix contacting the circuit traces and al so contacting the
die. 10. The sem conductor package of claim9 wherein the patterned
substrate conprises polyinmde. 24 11, The sem conductor package of claim9
wherein the patterned substrate conprises a photomask, 12 The

sem conduct or package of claim9 wherein the patterned substrate consists
of a photomask. 13. The sem conduct or package of claim9 wherein the

patterned subsirat el'vmé)é"@'h%ﬁde&oﬂ deiadd bielahet efestier cofmprigieg seldieconduct or
package of claim?9 erein the maPrix Is a cured paste, 15. The

age rein the malTix 15 a o
To. The Bae eefanpioamipin pagsindd &g e RRTAReS el T AP eH et 1

conpri se patterned copper-containing material. 25

27.  The semiconductor package of claim 26 further comprising electricalty
conductive contact pads between the solder balls and the circuit traces, the
electrically conductive contact pads including a nickel-containing layer proximate

the circuit fraces and a gold-containing layer proximate the solder balls.

28. The semiconductor package of claim 18 further comprising a slit
extending through the substrate and one or more wire bonds extending from the
die, through the slit, and into one or more of the openings through the substrate to

electrically connect with one or more of the circuit traces.




17. The sem conductor package of claim9 further conprising solder balls
extending within the openings and in electrical contact with the circuit
traces, 18. A sem conductor package, conprising: a patterned substrate
havi ng openi ngs extendi ng therethrough; conductive circuit traces over the
substrate and having portions extending over the openings; a sem conductor
die over the circuit traces; and an adhesive structure touching the circuit

traces and al sg t ouchis otgfefo%ﬁhg 4 Qemidundeetorqaclage ocorppisinge of cl aim 18
wherein the patterned substrate conprises polyimde. 20. The sem conduct or

e o o Fondabh S G BPEF AR08 ppmsenam Bl aromak
18 wher cetecttizalpeaansiusivs Boiss PRAID S BimsPunaceioa Y PRrkPEETalpnd e ™
second surface in opposing relation 1o the first surface,
patterning the masking material to form openings extending to the first
surface of the electrically-conductive layer,

patterning the electrically-conductive layer into one or more circuit

traces; and

while the patierned electrically-conductive layer remains laminated
only to the masking material, praviding an integrated circuit die over the second

surface of the patterned electrically-conductive layer,

30. The method of claim 29 wherein the patterning the masking material

occurs before the patterning the electrically-conductive layer.

31 The method of claim 29 wherein the masking material is a photomask

film and the patterning of the masking material comprises photolithographic

processing of the photomask film.




23. The sem conductor package of claim 18 wherein the adhesive structure
conprises a polyneric matrix which touches both the circuit traces and the
die. 24. The sem conductor package of claim 18 wherein the adhesive
structure conprises a tape having opposing sides and adhesi ve provi ded on
the opposing sides. 25. The sem conductor package of claim 18 wherein the
circuit traces conprise patterned copper-gcontaini 2k &l g irig6. The
sem conduct orampacKagemethed af aais 2190?"?%@7 @8@??@b§8“%§f‘ ei%% cf)l('jlll%I‘-ss
extending within the openings and in electrical contact V\r'llst hr;%nﬁat%r{SPit
traces, r%% oriaN& REWHhe R usd pateariagEthefmasdngrmede g FIRRNSESBI TSI ng
electrica 1y ‘conductive contact pads between the solder balls and,the

circuit traces e el ect ricall Wictana fidteral aodtteansterang df RcpalirA oy

ni ckel -&Hﬁg?meﬁ&%%{gﬁ}a%gr%}fi?mt e the circuit traces and a gol d-contai ni ng
| ayer proximate the sol der, balls. T &M conduct or package of claim 18
further therpatteinagd paogqm%‘skg&{’@n‘ﬁi?f‘? tr{chrﬁgil@%q he substrate and one or nore

wi re bonds extending fromthe die, through the slit, and into one or nore
of the openings through the substrate to

33, The method of claim 29 wherein the electrically-conductive layer

comprises copper.

34.  The method of claim 29 wherein the slectrically-conduclive layer

consists essentially of copper.

35. The method of claim 29 wherein the electrically-conductive layer

consists of copper.




el ectrically connect with one or nore of the circuit traces. 28 29. A
nmet hod of form ng a sem conductor package, conprising: |amnating an

el ectrically-conductive layer to a masking material, the

el ectrically-conductive layer having a first surface facing the masking
material and a second surface in opposing relation to the first surface;
patterning the masking material to form openings extending to the first

surface of theggl ecthaGALNGCANIMAT 2Y Furidf RomPRIA ST BleRtrically-

el ectrically-conductive layer into one or nore circuit traces; and while

the patterned el ectrically:conducti | ayer | Lna to the
mski ng. naoeiy e SRt SRl ur i FEH e AR e Bk
surface of the patterned electrically-conductive |ayer, 30. The nethod of

cl ai m 29 WiBinethe aprninas incthei PRtaRRd MEsNtgMRATA ald tfoFeMng 8lesicg t he
patterning the electrically-conductive |layer. 31- The nethod of claim 29
wher ei n t bendctiiengnmeictsrisah elextdcgdcotnaeimk with the aledtridallyjgantdecthieng of t he
maski ng material conprises photolithographic processing of the photomask

film contact pads.

37. A method of forming a semiconductor package, comptising:

providing a construction having an electrically-conductive expanse
over an insulative-material substrate, the electrically-conductive expanse having a
first surface facing the substrate and a second surface in opposing relation to the
first surface;

forming a pattern of openings which extend through the substrate to
expose regions of the first surface of the electrically-conductive expanse;

plating contact pad material onto the exposed regions of the first
surface of the electrically-conductive expanse;

patterning the electrically-conductive expanse into one or more circuit
traces, the circuit traces comprising said second surface;

providing a dielectric material in direct contact with the second surface

of one or more of the circuit traces; and

providing an integrated circuit die over the dielectric material.




29 32. The method of claim?29 wherein the masking material is a dielectric
material, and wherein the patterning of the masking material conprises
formation of a patterned photomask over the dielectric material and
transferring of a pattern from the patterned photomask to the dielectric
material, 33. The nethod of claim29 wherein the electrically-conductive

| ayer conprises copper. 34. The nmethod of claim?29 wherein the

el ectrically-conductive |l ayer consists essentially of copper. 35. The

met hod of claim 29 wherein the electrically-conductive |ayer consists of
copper. 30 36. The nethod of claim29 further conprising formng

ol ect i cal |- cfductd ' i ipistidipg e deeledtric meaterial
an e%ﬁgﬂ%cﬁccﬂﬁtﬁﬂﬁ%réimhépr idiny

el ectricall y-cofduct'i e openings in the patterned masking

material, and formng electrically- nduct i v ' gtrical
connect i onomPriBes PEOWHERG 7 faR8 h@\g}t\{g E‘ﬁﬁﬁﬂ&‘f io@ﬁpp@%ﬁbﬁ%?%?&‘ é‘ogé%? A net hod

of form ng a sem conductor package, conprising: . _
gngjpposing sides being prgvided%n the dirrrepct con’(gct with said second surface of the

one or more circuit traces and another of the opposing sides being provided in

direct contact with the integrated circuit die.

28,  The melhod of claim 37 wherein the providing the dielectric material
comprises providing a liquid between the integrated circuit die and the one or more

circuit traces, and curing the liquid to form a dielectric matrix.

40. The method of claim 37 wherein the dielectric material is a glue.

41.  The method of claim 37 wherein the insulative-material substrate

comprises polyimide,




provi ding a construction having an el ectrically-conductive expanse over an
i nsul ati ve-material substrate, the electrically-conductive expanse having a
first surface facing the substrate and a second surface in opposing
relation to the first surface; formng a pattern of openings which extend
through the substrate to expose regions of the first surface of the

el ectrically-conductive expanse; plating contact pad material onto the
exposed regi ongoof (e fetheld ofxmifre8E vdfereindhe lirsdativeamesered el #ige
expanse; patterning the electrically-conductive expanse into one or nore
circuit [ t I it traces conprising said second surface;
providingagﬁﬁﬁgpgépﬁwgbﬁgggiial in direct contact wwth the second surface
of one or nore of the circuit traces; and providing an integrated circuit
die over the dielectric material. 31 38, The nethod of claim 37 wherein the
providing the dielectric material conprises providing a tape having
adhesi ve on opposi ng sides, one of said opposing sides being provided in

the direct contact with said second surface of .the .on : Lreuit
traces and anot4ier ofha metpshesslal 3¢ querBl) .B§@§‘;%Fe-ﬁ1q?%n£ﬂru%sﬁhfec

consists of a photomask.

44. The method of claim 37 wherein the insulative-material substrate

consists of a dry film photomask.

45. The method of claim 44 wherein the forming the pattern of openings
comprises exposing the substrate to patterned radiation and subsequently exposing

the substrate to a devsloper.

46. The method of claim 37 wherein the electrically-conductive expanse

comprises copper.




direct contact with the integrated circuit die, 39. The nethod of claim 37
wherein the providing the dielectric material conprises providing a liquid
between the integrated circuit die and the one or nore circuit traces, and
curing the liquid to forma dielectric matrix. 40. The method of claim 37
wherein the dielectric material is a glue. 41. The nethod of claim 37
wherein the insulative-material substrate conprises polyimde, 32 42. The

met hod of clai 387 W giethddef d:lﬁﬁwBatwm?emﬂheremtlrtsadbrswmit@tw%ﬁﬁpﬁ@% a
phot omask. 43, The met hod of claim 37 wherein the insulative-materi al

substrate consists_of k 44. The nethod of claim 37 wherein the
i nsul ati v&® H‘ﬁis@ﬁ Pg?e%tﬁ@gt ?8{3@ consists of a dry film photomask. 45 The

met hod of claim44 wherein the formng the pattern of openings conprises
exposing the substrate to patterned radi ati on and subsequently exposi ng
the substrate to a devel oper. 46. The nmethod of claim37 wherein the

el ectrically-conductive expanse

48. The method of claim 37 wherein the electrically-conductive expanse

consists of copper.

49. The method of claim 37 wherein the electrically-conductive expanse is

homogeneous.

50. The method of claim 37 wherein the patterning the electrically-

conductive expanse into one or more circuit traces comprises:

formation of a patterned mask over the electrically-conductive
expanse, the patterned mask covering a first portion of the electrically-conductive
expanse while leaving a second portion exposed; and

subjecting said exposed second portion to etching conditions which

remove said second portion while leaving the first portion of the expanse remaining

over the subsirate; the remaining first portion including the one or more circuit

. traces.




conprises copper. 33 47. The method of claim37 wherein the
el ectrically-conductive expanse consists essentially of copper. 48. The
nmet hod of claim 37 wherein the electrically-conductive expanse consi sts of
copper. 49. The nethod of claim 37 wherein the electrically-conductive
expanse i s honogeneous. 50. The nethod of claim 37 wherein the patterning
the electrically- conductive expanse into one or nore circuit traces
conprises: formation of a patterned nask over the electrically-conductive
expanse, the patterned nask covering a first portion of the
el ectrically-conductive expanse while |eaving a second portion exposed,
and subj ect i ngg9ai d TRHePPERHSEICAAh BOMHepsintthe patbirigl raskirémams overch
renove said second portion while |eaving the first portion of the expanse
remai ning__over th ’ 1Al s B [ iHHi t he
sgid.one of ﬁwcﬁ’# ?ﬁ'&é@ﬁr@gﬁg he g5 HE ke bEhs Rl Bfbvideel iHdiret

one or no

contact with the second surface of said one or more circuit traces.

52,  The method of claim 50 wherein the patterned mask is removed from
over said one or more circuit traces prior to forming the dielectric material in direct

contact with said one or more circuit traces.

53. The method of claim 37 wherein the plating the contact pad material
comprises plating a nickel-containing material onto said exposed regions of the first

surface of the electrically-conductive expanse and plating a gold-containing material

onto the nickel-containing material.




51. The nethod of claim50 wherein the patterned nask remai ns over said
one or nore circuit traces as part of the dielectric material provided in
direct contact with the second surface of said one or nore circuit traces.
52, The nethod of claim50 wherein the patterned nask is renoved from over
said one or nore circuit traces prior to formng the dielectric material in
direct contact with said one or nore circuit traces. 53. The nethod of

claim 37 whereip t el Al b\Gairpah dterapdnaroptda badanarribbiesmelat i ng a
ni ckel -containing material onto said exposed regions of the first surface

of the elegtrj.cally-conductive expans .pl.ating a gol d-contai ni ng

mat eri al p@ﬁ?byt%ﬁﬂf@&aﬂéoﬁgﬁﬁ% C??prggl[@ 35 54. The method of claim
37 wherein the contact pad naterial fornms a luralit f cqnt act ds, and
further conprising: aiferdne platingdhe goiact pad E"@ﬁ{?%lta%jaﬁerﬁfﬁ%"ﬂ'gp ‘ﬁ‘&et he
patterning of the electrically-conductive expanse into the one or nore
circuit tehetscalfytaridigtioe skpanseittetiti oge ohrmargttinchi tiages) f@rming aslter i al

substrate; and formng one or nmore wire bonds extending fromthe
sem CO”dU%&er}dirﬁjg?]ﬁwrohgﬁQH@hﬁSUT@(iV%Lr'nbte@i&dsb@étmt@! gegrical contact with the

one or nore o e cont act
forming one or more wire bonds extending from the semiconductor
die, through the slit and into electrical contact with the one or more of the contact

pads.

55.  The method of claim 37 wherein:
the electrically-conductive expanse comprises copper,
the insulative-material substrate comprises a dry film photomask, and
the providing the construction having the electrically-conductive
expanse over the insulative-material substrate comprises laminating the dry film

photomask and electrically-conductive expanse to one another.
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pads. 55. The nethod of claim 37 wherein: the electrically-conductive
expanse conprises copper, the insulative-material substrate conprises a dry
filmphotonmask, and the providing the construction having the

el ectrically-conductive expanse over the insulative-material substrate
conprises lamnating the dry film photomask and el ectrically-conductive
expanse to one another. 36 56. The nethod of claim 37 wherein the

el ectri cal | y- cgpductipeemaxmanskclap® P misesinabp miectricdlly-corsiulclive expambieer i al
substrate conprises a polyimde or glass weave core, and the providing the

construct é;%ﬂmr?%‘ré'srﬁ%piagg bRl bRl Hér&r?é?@%&t‘réﬁ% coPRRESS PYSImidesr glass

i nsul ati ve- rate conprises: providing a structlire having the
pol yam de or gl ass weave core ndwi ¢ ed bet p
copper - coN{GaVEi Rje} aDe ke péﬁi’dd'P@%B‘?/ FRS B‘F‘Féloﬂfh\,@ﬁ'& @(?p%% H%‘rﬁ g?rﬁ?uncéwfaayer s
to formthe construction.
expanse over the msulatlve material substrate comprises:
providing a structure having the polyamide or glass weave core

sandwiched between a pair of copper-containing layers; and

removing one of the copper-containing layers to form the construction,
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