-1- INTERPOSER INCLUDING AT LEAST ONE PASSIVE ELEMENT AT LEAST PARTIALLY
DEFINED BY A RECESS FORMED THEREIN, METHOD OF MANUFACTURE, SYSTEM
INCLUDING SAME, AND WAFER-SCALE INTERPOSER 5 BACKGROUND Field of the Invention:
The present invention relates to semiconductor devices and components. Particularly, the present
invention relates to forming passive 10 elements, such as inductors, resistors, and capacitors, wherein
the passive elements have relatively precise electrical properties. Background of Related Art:
Conventional screen-printed resistors, which may be termed "thick-film" resistors, are employed in

hybrid electronic circuity(@rpieMsierR YiEe (ADRePhalaaticet GREPBAK YaluesEypaNgNtional
screen-printing proceggesike - NREGAQ OPORERAEAUSIVE RERIE §5 MERIDAIAISHERERYf @
substrate, such as a subgffaigEMMBENNINTTFACHRSIRIE S CRIRE Gy BINHIceRNREreen-printing
pastes used with ceramic printed wireA%gwArpEKg@@ﬁ@ﬂqglgﬂgéﬁﬁss frit composition, an

electrically-gonductive material, various additives for favorably affecting the electrical properties of the
resistor, and an organic vehicle or polymer matrix material. 20 Screen-printing pastes used in organic
printed wire board construction typically includeww%conductive material, various additives
for favorably affecting the electrical properties of the resistor, an organic binder, and an organic
vehicle. After printing, reddser éenbpyinting pd$iemreayn entyquicatlydia@tad terdigotiiigasteandsconvert

the paste into a s%f'table film [[hatpad[heres1 to flhe substrate. If.a po ey sereen- rintin‘%ZS paste is
. and components. rar Jt%ular t ecpre%en mnvention reées O, 10rmin B%SSI .
used, the heating step may remove the orﬁam vehicle and cure the polymer riX material. Other

screen-pribfing pistestmaychapnafecalhty sisiteoed aad firgdcitusinghadeiahtlib@paste deheated to burn
off the organic vehicle atnd use the reg?inin][gﬁ) solilqt.material. The electrical resistance of a
screen-printed %\I]gtaell%gg:/ %grﬁ%lﬁeéﬁ St A ieds fé'partially, on the precision with which the

dimensions of the resiBaclar@®piodidadatiieArt: Conventional screen-printed resistors, which may
be termed “thick-film” resistors, are employed in hybrid electronic circuits to provide a
wide range of electrical resistance values. Conventional screen-printing processes are

15  used to deposit conductive paste or ink upon a surface of a substrate, such as a substrate
comprising FR-4, flexible circuit, ceramic, or silicon. Screen-printing pastes used with
ceramic printed wire boards may typically include a glass frit composition, an
electrically-conductive material, various additives for favorably affecting the electrical
properties of the resistor, and an organic vehicle or polymer matrix material.

20  Screen-printing pastes used in organic printed wire board construction typically include
an electrically-conductive material, various additives for favorably affecting the
electrical properties of the resistor, an organic binder, and an organic vehicle. After
printing, the screen-printing paste may be typically heated to dry the paste and convert
the paste into a suitable film that adheres to the substrate. If a polymer screen-printing

25  paste is used, the heating step may remove the organic vehicle and cure the polymer
matrix material. Other screen-printing pastes may be preferably sintered, or fired,
during which the paste is heated to burn off the organic vehicle and fuse the remaining
solid material.

The electrical resistance of a screen-printed resistor may be dependent, at least

30  partially, on the precision with which the dimensions of the resistor are produced, the
stability of the resistor material, and the stability of the resistor terminations. Accuracy
in forming of at least one dimension (e.g., a width, length or thickness) of a

screen-printed resistor may be particularly challenging in view of the conventional



stability of the resistor material, and the stability of the resistor terminations. Accuracy in forming of at
least one dimension (e.g., a width, length or thickness) of a screen-printed resistor may be particularly
challenging in view of the conventional -2- techniques employed as well as the dimensional instability
that may occur during subsequent processing. Initially, for rectangular screen-printed resistors, the
width and thickness are determined by the screen-printing process, and the length is determined by
the 5 termination pattern. More particularly, conventional screen-printing techniques generally employ
a template with apertures bearing the positive image of the resistor to be created. The template,

referred to as a AsRESIERGbRAKIERIRCR BIRUAAIRINAHARNE hE PUERES Al fae subsurate

on which the resistor is to be formed. The stencil may then be loadéd with the conductive paste, and a
so-called squeetjdsdgerie pieseseneo drawn across the surface of the mask, pressing the paste

through the apertures %ﬁh‘hﬁtﬁ%’i’?g &Q%%é%&%&ﬁ%?@d%ﬂ‘s‘?o%ﬁt?ﬁér%%tﬁ"{rﬁ’é{‘%}{f‘crkﬁe‘@'éhjé the

dimensions of a conventional screen-printed passive element are reasonably well controlled upon
initially depositinigttiemipadteyubondteenquiface ofecswbsndtbe theatbmntrdttofdinedrinidhe may be
influenced Ry di iQn hanges tha fter siti éi. ’—&g[r ' ' iring, or both
crying and ring) T b ot and may
adversely influepeethidyvanplojity tentplatelecthicabprogebties gf thsprsan«piinegd g dssiesi glanient.
Thus, as mentigned above,.compared to many other deposition prpcesses, conventional screen
prining 1 & relath S A e DL S TG 155D I R PP RR GRS, since
the resistance oiral sbreerterintdacrasishersisb sedatach citechlyHortsi din énsi baSpthede Sidiaseacdf a
screen-printed resistt ro[{a othe eIt ctrical ¢ mﬁ;onent may be, c_orifs ondirg%l%b[ae%gtivr%ybimprecise.
For instance, scTEarSnte A RS IEHL WSy QO i s i BRA R e AN KL 98 R D5 3T e
Correspondinglyirsefegitepritiedugsistorstivayable prpisally tinjieddehrdbtinhenpiansef ddnger than
about one square millimeter, since th rgegcifsttﬁance of a screen-printed resistor of about one square

0

millimeter may GEREHAAYANPLYBE e substrate.

However, even if the dimensions of a conventional screen-printed passive
element are reasonably well controlled upon initially depositing the paste upon the
surface of a substrate, the control of dimensions may be influenced by dimensional

15  changes that occur after deposition (i.e., during drying, firing, or both drying and
firing). Of course, such dimensional changes may be difficult to predict or control and
may adversely influence the variability in the electrical properties of a screen-printed
passive element. Thus, as mentioned above, compared to many other deposition
processes, conventional screen printing is a relatively imprecise process with respect to

20  dimensional tolerances. Accordingly, since the resistance of a screen-printed resistor is
related directly to its dimensions, the resistance of a screen-printed resistor or another
electrical component may be, correspondingly, relatively imprecise.

For instance, screen-printed resistors may exhibit dimensional tolerances of
about £100 um. Correspondingly, screen-printed resistors may be typically limited to

25  dimensions of larger than about one square millimeter, since the resistance of a
screen-printed resistor of about one square millimeter may generally vary by about 20%
to 30% if formed by screen printing, due, in large part, to the variability of its length,
width, and thickness. Accordingly, screen-printed resistors which exhibit adequate
tolerances in resistance may require the physical size of the resistor to be larger than

30  would otherwise be desirable. Thus, variability with respect to the electrical properties

(i.e., resistance) of less than £20% may be difficult to achieve by conventional



to 30% if formed by screen printing, due, in large part, to the variability of its length, width, and
thickness. Accordingly, screen-printed resistors which exhibit adequate tolerances in resistance may
require the physical size of the resistor to be larger than 30 would otherwise be desirable. Thus,
variability with respect to the electrical properties (i.e., resistance) of less than 20% may be difficult to
achieve by conventional -3- screen-printing methods for passive elements having an area of less than
about one square millimeter. For this reason, laser trimyning is widely used to adjust the resistance of
screen-printed resistors. Laser trimming processes typically involve ablation of a 5 portion of the

screen-printed resistor, yhigh inGiRRRESPS:lecticabirsisonce.tharens IBQWRNEILIRsehImMing

may be cost prohibitive and may require additional processing time. Also, the resistor must generally
be exposed at gurfadeii@aiest to allow for laser trimming. As another consideration, resistors which

nave resistances which X & e AT M s AR Vi RS Tpming

techniques. 10 Thus, considering the conventional processes and limitations thereof, undesirably,
resistors or othexcpsassivansiéctsictdsorhpendnsnormpoan retwiddteiof o veubsitate ofia conventional

screen-pringing rﬁé%&ﬁ%?%h@?é/ﬁé’e%‘i RYEd ?éé‘}ti}’oelj}’v&%@ﬁ i OEt%&sQQtH%?ePe‘t'%%? }E‘%%%Ee%tg@%% the

available area etrimentally influence placement o er circuit components, which may require
surface mountindowsvEhdnséotenoomentigrial fosatibibuiveassiveaglemments:dadi tlos 8 yrface soh @

substrate may E%%“A’P ediment to delsllsgn flexuﬂlltg. A num er gfsaggcro?%hes for i crezf\grlqgsthe

accuracy of screen-prin e resie bsltgr LVe been: gvelgﬁ%%g.e Sr ihg anc%, .rg(.)ggt%n?%os. 5129,098

and 6,171,921 toiburing etAal aeatikdisakider atipnocessdoy fdrivchrigree seseempsintdtciesistadviith
relatively 20 precisely controlled dimensions, thus yieldjng a relatively precise resistance value. More
particutarty, U. S BAT RS B IS0S Bhe S P G (T B AGH iSclose that an opening
may be phigtodefined imlibe, suntaderolcaiehaioimageabledaysesand thendilled warscfeen printing with
R Pt T IS e P R e e R
substrate via conventional screen-printing processes may occupy a relatively large area
on the surface thereof. Limiting the available area may detrimentally influence
placement of other circuit components, which may require surface mounting.
15  Therefore, conventional formation of passive elements on the surface of a substrate may
be an impediment to design flexibility.
A number of approaches for increasing the accuracy of screen-printed resistors
have been developed. For instance, U.S. Patent Nos. 6,229,098 and 6,171,921 to Dunn
et al. each disclose a process for forming a screen-printed resistor with relatively
20  precisely controlled dimensions, thus yielding a relatively precise resistance value.
More particularly, U.S. Patent Nos. 6,229,098 and 6,171,921 to Dunn et al. each
disclose that an opening may be photodefined in the surface of a photoimageable layer
and then filled via screen printing with resistive material. However, photoimaging
processes may be costly, time-consuming, or both.
25 From the above, it can be seen that conventional processes and practices with
respect to the fabrication of screen-printed resistors and other passive electrical
elements may necessitate a compromise between the precision of the resistance value
and the size of the resistor. In other words, while smaller resistors are often preferred to
yield a more compact circuit, an undesirable consequence is that resistance values are

30 less predictable due to the dimensional variability thereof. Accordingly, a need exists



25 From the above, it can be seen that conventional processes and practices with respect to the
fabrication of screen-printed resistors and other passive electrical elements may necessitate a
compromise between the precision of the resistance value and the size of the resistor. In other words,
while smaller resistors are often preferred to yield a more compact circuit, an undesirable
consequence is that resistance values are 30 less predictable due to the dimensional variability
thereof. Accordingly, a need exists -4- for a method for producing passive elements that overcomes
some of the difficulties associated with conventionally formed passive elements. DISCLOSURE OF

INVENTION 5 T3¢ presand RYGRIRIRAIES 0GRS JOERSHRIRMWIR @S@micopyctor die

including at least one passive element, the at least one passive element having relatively precise
dimensions, whishogtateibfitidoc anviinalydarpodapdease slsapaitess formed in a dielectric layer of
the interposer. The dielectric layer may be substantially free of photopolymer. Generally, the at least
one recess in the interposer may be formed 10 by removing a portion thereof, by, for instance, laser
ablation, drilling, milling, punching, or etENSgLOSHEE RS ENENTIOASt one recess may be at least

partially filled with a c cti rial, s s, for i C n i ste t least
one passiv%delement. %%%@gﬁﬁﬁ&gﬂpﬁfsﬁéé (ringge?/s E)%%tﬁé@%%ﬁg I%sé%lfr@iw rlgﬁ% cs)%%gg{; tgg%?m a
relatively stabledtectriodirdemlentt dfclpassiecadpmenofttieenplese nhapentiorglenmetheodifgr forming a

semiconductor d'ie int?rposer is disclosed, the iHSeré) S rincl in& at leas onglgﬁqsive element. More
ie

specifically, a sﬁ%g%% 4 Beﬁlg%%%%?élé)&st% SubStra Z?lrrl]%qﬂ w?%aatlflegs ome diefectic fggl%srsand at

least one electriftathyedandutitiice tiay éryat efaht partiathyesu Jérindjptsedc heeewidly. Heurthannatlbast one
recess may be formed at least partiglly within the at 20 least one dielectric layer by remoying a portion
thereof. Ao, e TGRS GEIRALP IS ARAE THag e oA e PRSI I RS one
passive elenenbiaanbibits apottRicedreaddnyttdeiafahdeaisongbrigoiydall pngpeaiiyingonductive
material may be deposited at East art'ially within the at least one recess to form the at least one

passive elemem" K @8sPbHE bR TRE Mg bl RS d GEe & R i derirari e WA

with a conductive material, such as, for instance, a conductive paste to form the at least
one passive element. The conductive paste may be at least partially cured, dried, or
both to form a relatively stable electrical element.

15 In one aspect of the present invention, a method for forming a semiconductor
die interposer is disclosed, the interposer including at least one passive element. More
specifically, a substrate may be provided, the substrate including at least one dielectric
layer and at least one electrically conductive layer at least partially superimposed
therewith. Further, at least one recess may be formed at least partially within the at

20  least one dielectric layer by removing a portion thereof. Also, the dimensions of the at
least one recess may be selected for causing an at least one passive element to exhibit
an intended magnitude of at least one electrical property. Conductive material may be
deposited at least partially within the at least one recess to form the at least one passive
element. At least one conductive trace may be formed to electrically communicate with

25  the at least one passive element. An interposer of the present invention may be
assembled with a semiconductor die and encapsulated to form a semiconductor
package.

In another aspect of the present invention, an interposer for assembly with a
semiconductor die may include at least one dielectric layer and at least one passive

30 element disposed at least partially within at least one recess formed in the at least one

dielectric layer. In addition, the dimensions of the at least one recess may be selected



25 the at least one passive element. An interposer of the present invention may be assembled with a
semiconductor die and encapsulated to form a semiconductor package. In another aspect of the
present invention, an interposer for assembly with a semiconductor die may include at least one
dielectric layer and at least one passive 30 element disposed at least partially within at least one
recess formed in the at least one dielectric layer. In addition, the dimensions of the at least one recess
may be selected -5- for forming a passive element exhibiting an intended magnitude of at least one
electrical property. The interposer may include at least one conductive layer extending in a

superimposed relatignship 2/oRg.al least @ berion.Af AswriaceLhips Al detteng piglectric layer. 5 A

wafer-scale interposer is also disclosed, including a plurality of interposers, each comprising a
substrate, includisgtacabasnene diEhedirierraper aad wcladsnascomicrtidectrelayrt fxandng recess

may be formed | ihe, i%@s@@?eﬂﬁlﬁi’sﬁﬂﬁ \A¥RE AhEAFA SBBEH&F&?%MQ&! VEAROZAEsFHither, each

of the plurality of interposers may include at leasSt one passive element positioned at least partially

within the at leadtedentritOaeress formed in the at least one dielectric layer thereof, respectively. Also,

the dime”SIP”Sf of theﬁ%%?é#-é’ﬁ%?erﬁ]?g DAY 91%‘058%&ﬁ%%&i%@ﬁ?(ﬂ%{rgiQf%l%&fﬂ&%ﬂ%E%@% itude of at
least one electrical property of the at least one passive element posfitionied at teast partially therein
during operatioreible woipTikiegwasebscale intbrposert heayt becasstriie thyvithied walersconeprising a
plurality of semigonduicior fice and L6, syboequently, singulated and enepstiated o orm ndividual
semiconductor packages. Alternatively, the wafer-scale interposer may be assembled with’a plurality
of individual senfieaxidofthe dieraliy stibhsequanatly Stnghdateschnd drgapsiligted iadgoreindividual

semiconductor packages, A system including an interpos oilthe resent inyention is also disclosed.
19756 ) AT dalaLte

The 20 system Ay SIS RR RS 88?1§188ﬁ%%t PRSP QAL EREP AN system

may include at Iegstofigriauhdey@edegondiske it iydutiarofoushatiadn, Apmmaication
e, R e A e e ARy iy e se ook P o Rolicing an intended
magnitude of at least one electrical property of the at least one passive element
positioned at least partially therein during operation thereof. The wafer-scale interposer
may be assembled with a wafer comprising a plurality of semiconductor dice and
15  subsequently singulated and encapsulated to form individual semiconductor packages.
Alternatively, the wafer-scale interposer may be assembled with a plurality of
individual semiconductor die and subsequently singulated and encapsulated to form
individual semiconductor packages.
A system including an interposer of the present invention is also disclosed. The
20  system may comprise an electronic device, such as a computing device. Further, the
system may include at least one input device (e.g., mouse, push-button, touch screen,
communication interface, hard drive, etc.) and at least one output device (e.g., a display,
printer, communication interface, hard drive, etc.). The system may be utilized in
various computing environments, systems, and devices, such as, for example, cell
25  phones, personal data assistants (PDAs), and other similar electronic devices.
Other features and advantages of the present invention will become apparent to

those of skill in the art through consideration of the ensuing description, the

accompanying drawings, and the appended claims.



printer, communication interface, hard drive, etc.). The system may be utilized in various computing
environments, systems, and devices, such as, for example, cell 25 phones, personal data assistants
(PDASs), and other similar electronic devices. Other features and advantages of the present invention
will become apparent to those of skill in the art through consideration of the ensuing description, the
accompanying drawings, and the appended claims. -6- BRIEF DESCRIPTION OF DRAWINGS FIG. 1
is a side cross-sectional view of a schematic representation of a semiconductor die assembly of the
present invention; FIG. 2A is a side cross-sectional view of an interposer of the present invention; 5

FIG. 2B is a side cross-sectional vievs RiHerpierapaieRewn A G R gncluding a recess formed

therein; FIG. 2C is a side cross-sectional view of the interposer shown in FIG. 2A including a recess
formed therein by waydCetthsrgsifeGIep sect Gidbvievset sextisnltidsopisteneimegioser shown in

FIG. 2A 10 i”C'H&iﬁ%ﬁ&ﬁ&%ﬁifc@5’5@%91}5&5‘?6?i&?ér‘é’g%)ﬁt%@e%‘?foﬂ?'aﬁon? FIG. 2E is a side

cross-sectional view of the interposer shown In FIG. 2A including a recess formed therein by way of
machining; FIG. 2F is &opZAevativdevievssofeati ontérnposerichthegypesentiibe ntianinsieinena recess

formed thergin: 15 FICKR( i a.sidgicrass:sectional view &l inieRaserhihe,prgentnvention
including a recess formed therein having di erently shaped regions; FIG. 3A'is a side cross-sectional
schematic view iofudurgemepenstiognprd degsiraccording to the present invention; FIG. 3B is a side

cross-sectional schemfic iew,of a efeetprining Riacess, 20 according tg the igsept inventon;
FIG. 3C is a side cross-sectional schematic View of a screen-prin m% process according to the present
invention; FIG. 3kklisdingideccrassesactichatcGahgmalyolienshofg@ screen-printing process
FIG. 2D is a side cross-sectional view of the interposer shown in FIG. 2A
10 including a recess formed therein by way of laser ablation;
FIG. 2E is a side cross-sectional view of the interposer shown in FIG. 2A
including a recess formed therein by way of machining;
FIG. 2F is a top elevation view of an interposer of the present invention
including a recess formed therein;
15 FIG. 2G is a side cross-sectional view of an interposer of the present invention
including a recess formed therein having differently shaped regions;
FIG. 3A is a side cross-sectional schematic view of a screen-printing process
according to the present invention;
FIG. 3B is a side cross-sectional schematic view of a screen-printing process
20  according to the present invention;
FIG. 3C is a side cross-sectional schematic view of a screen-printing process
according to the present invention;
FIG. 3D is a side cross-sectional schematic view of a screen-printing process
according to the present invention;
25 FIG. 3E is a side cross-sectional schematic view of a screen-printing process
according to the present invention;
FIG. 3F is a side cross-sectional schematic view of a screen-printing process
according to the present invention;
FIG. 3G is a side cross-sectional schematic view of a screen-printing process

30  according to the present invention;



according to the present invention; 25 FIG. 3E is a side cross-sectional schematic view of a
screen-printing process according to the present invention; FIG. 3F is a side cross-sectional
schematic view of a screen-printing process according to the present invention; FIG. 3G is a side
cross-sectional schematic view of a screen-printing process 30 according to the present invention; -7-
FIG. 3H is a side cross-sectional schematic view of an injection process according to the present
invention; FIG. 31 is a side cross-sectional schematic view of an injection process according to the
present invention; 5 FIG. 3J is a side cross-sectional view of an interposer of the present invention

including a passive elepgnt OMPUSIDG AsRIN A A LAPAURIMGIAYS Sh Fif cAéh §Houig:a Side

cross-sectional view of an interposer including a passive element of the present invention; FIG. 4B
shows a side craeesbpgdpahiagsottaniaémuser including two 10 adjacent passive elements of the

present invention; FIGHA§ SPAWS. 186 GrossSRsTQMRRYIEW QLA ILTR %ﬁ%ﬂ?&gé"é‘& a passive

element of the present invention; FIG. 4D shows a side cross-sectional view of an interposer including
a passive elemeagrooditietpiibsamesanemyontid’ FIG. 4E shows a side cross-sectional view of an

interposer igcluding a pgsiyp;.¢lement ALI0E RUSPI VENIIoM G, 2A/1a Side.frqssaagonal view
of an interposer including an inductor according to the present invention; G IS a top elevation
view of the industoudh@wpis V6 elsATeB0deGrsth gsagpbiddicy o ssabtivival laiens of an interposer

according to the presepy inygnion incluging more an A1t i SRUISAYSE 1 Gu3RS BaRRuew of 2
multilayer interposer according to the presen £ap
element of the present invention;
FIG. 4B shows a side cross-sectional view of an interposer including two
10 adjacent passive elements of the present invention;
FIG. 4C shows a side cross-sectional view of an interposer including a passive
element of the present invention;
FIG. 4D shows a side cross-sectional view of an interposer including a passive
element of the present invention;
15 FIG. 4E shows a side cross-sectional view of an interposer including a passive
element of the present invention;
FIG. 5A is a side cross-sectional view of an interposer including an inductor
according to the present invention;
FIG. 5B is a top elevation view of the inductor shown in FIG. 5A;
20 FIG. 5C is a side cross-sectional view of an interposer according to the present
invention including more than one dielectric layer;
FIG. 5D is a top view of a multilayer interposer according to the present
invention;
FIG. 5E is a side schematic view of the multilayer interposer shown in FIG. 5D;
25 FIG. 6A is a perspective view of a wafer-scale interposer according to the
present invention and a semiconductor wafer assembly;
FIG. 6B is a top elevation view of a wafer-scale interposer according to the
present invention including singulated semiconductor dice disposed thereon; and

FIG. 7 is a block diagram of a system according to the present invention.

30



invention; FIG. 5E is a side schematic view of the multilayer interposer shown in FIG. 5D; 25 FIG. 6A
is a perspective view of a wafer-scale interposer according to the present invention and a
semiconductor wafer assembly; FIG. 6B is a top elevation view of a wafer-scale interposer according
to the present invention including singulated semiconductor dice disposed thereon; and FIG. 7 is a
block diagram of a system according to the present invention. 30 -8- BEST MODE(S) FOR
CARRYING OUT THE INVENTION Generally, the presgnt invention contemplates methods of
manufacture of an interposer for use in semiconductor device assemblies, packages, and assemblies

and packages including mulizgHiR mestesrHROAR RRBENIGIBRErPFEgeN  vRAYOR; a 5 method of

manufacturing an interposer including at least one passive element is disclosed. In the following
detailed description, refsaieByistheadesed ey eiticonfeatsintaeranstipshefepiniwiicArilobamte specific

embodiments in aerordanee Witk (06, RISRANL PRI L Fhsidd g&k‘%‘if P ibapieng

embodiments may be utilized, and that 10 various structural, process, or structural and process
changes may beavkagesontedidggoribedhepibodiieents ohthes preisaithinpentionwithbon.departing from

the spiritand s gdheredf (N ition fc?t 1] rullf e S #tq} efl Ii9 ike elements
and functior?lds in t% ?/gr‘?ljouszl{;}gua{r%glsi,11 0 %ﬁg dgrg i%%s h?ﬁﬁtﬁ%g‘iﬁlé%ﬁ esrleéte%m ncgtli(lsments of the
present inventiotisflosddstance, while the following drawings and 15 discussion relate to interposer

and semiconductor deyice ¢ [i)urati ns termed “flip-chip,” as known jn the art, the present invention
iy mclude ofher rigie S R R e e R R e re i
made herein to dcreazphating wieitiods stndenspeéeirfal emtbdierntpiintiogdascesedhdkepesaiers

generally to a method of physically depositing . 20 a paste or ink upon a syrface.or within a recess as
described in graSP el RIS B S5 0 TS SLed S R RS L8N materiats

as known {0 thevariols structural, process, or structural and process changes may be made to the
described embodiments of the present invention without departing from the spirit and
scope thereof. In addition, for clarity, like numerals are used to refer to like elements
and functions in the various figures of the drawings and illustrating the different
embodiments of the present invention. For instance, while the following drawings and

15  discussion relate to interposer and semiconductor device configurations termed

“flip-chip,” as known in the art, the present invention may include other rigid or
flexible interposer configurations, without limitation.

In addition, reference is made herein to screen-printing methods and materials.
“Screen-printing,” as used herein, refers generally to a method of physically depositing

20  apaste or ink upon a surface or within a recess as described in greater detail herein and
also encompasses so-called “thick-film” processes and materials as known in the art. In
addition, while conventional screen-printing processes usually employ movement of a
squeegee or blade member across a surface of a stencil, the term “screen-printing,” as
used herein, also refers generally to processes wherein a conductive paste is deposited

25  at least partially within a recess by movement of the squeegee or blade member across a
surface into which the recess is formed (i.e., without a stencil).

A semiconductor device package 10 in accordance with the present invention is
illustrated in FIG. 1. Semiconductor device package 10 may include interposer 30 and
semiconductor die 12, wherein semiconductor die 12 is encapsulated within

30 encapsulant 16. To facilitate integration and electrical communication of active and

passive elements of package 10, the interposer 30 may include at least one conductive



addition, while conventional screen-printing processes usually employ movement of a squeegee or
blade member across a surface of a stencil, the term "screen-printing," as used herein, also refers
generally to processes wherein a conductive paste is deposited 25 at least partially within a recess by
movement of the squeegee or blade member across a surface into which the recess is formed (i.e.,
without a stencil). A semiconductor device package 10 in accordance with the present invention is
illustrated in FIG. 1. Semiconductor device package 1Qgnay include interposer 30 and semiconductor
die 12, wherein semiconductor die 12 is encapsulated within 30 encapsulant 16. To facilitate

ntegration and ele iR GRMMUMNGRLAN. 0L RGIYE AN RASS/ R AlEmeniS A RARREOuthe Interposer

30 may include at least one conductive -9- Via (not shown), conductive layer (not shown), or dielectric
layer (not showoaaen khdwriin thi elastnesl bleemrealiyddeetissiapmestd S0 dhefwsed on the lower
surface 34 thereqf o egions, ah e UABR SHifRqRAZ LeFRa! 103 CAESAPEAIASGIED Qips 18- S
Interposer 30 may be formed from either a rigid or flexible material and may be substantially planar.
Silicon or anothbnw@midonductor material (e.g., gallium arsenide, indium phosphide, etc.) may
comprise atleast a portion. of int interposer. 30 may f r COMRYI jelectri
materal (0.3, a siicon STLo HeLl e D a e e R LS e AR A aTe
structures theresfbJthetihlydpdi@etricShaterial awrierisemg¢hedintenposerialr (atdeastlome dayemid, portion

thereof, may be substantially. free of photopolymer. Suitable materials for formipg the interposer 30
may ncluce, wilE Aoy B g At AR B B e ccordingly. e

inc'ﬁrposer 30 mhye@pmﬁr&emz?dmaﬂiedc?giﬁéea'ﬁiebébtﬁnenpmmi Sérgctz:jjsgiwdﬂhm)jméinﬂtaﬁom In
addition, interposer. 30 may include a 15 flex-circuit.(e.g., tape automate nding) interconnection
through which & T RIGCAGH CIE 15 ha BN e i SELE 58 RSB0 the present
invention, the intésosts BAEIRY doalpeeiag bashensopassi e lelsmertidkriepexssnplertoe at least

one passive element 40 may co p{ise a%n inducﬁor, a resistor, or a capacitor. In-addf'ltion, the passive
element 40 may'B¥ ﬁ%)atantla y tree of photopolymer. Suitable materials for forming the

interposer 30 may include, without limitation, FR-4 board, glass, plastic, ceramics, and
polyimide. Accordingly, the interposer 30 may comprise a so-called “rigid” or “flex”
interposer structure, without limitation. In addition, interposer 30 may include a

15  flex-circuit (e.g., tape automated bonding) interconnection through which a
semiconductor die 12 may be connected to interposer 30.

According to the present invention, the interposer 30 may include at least one
passive element 40. For example, the at least one passive element 40 may comprise an
inductor, a resistor, or a capacitor. In addition, the passive element 40 may be formed

20  at least partially within a dielectric layer of the interposer 30, as described in further
detail hereinbelow.

The at least one passive element 40 may be separated from the upper surface 32
by a barrier layer (not shown) thereof. Though described as inductors, resistors, or
capacitors, a passive element 40 of the present invention may be any device which

25  exhibits an electrical property independent of an external power source. As known in
the art, passive element 40 of interposer 30 may be interconnected to semiconductor
die 12 by conductive traces (not shown) formed upon the upper surface 32 of
interposer 30.

As shown in FIG. 1, the semiconductor die 12 may be preferably flip-chip

30  mounted onto interposer 30 through solder bumps 18, which connect to associated

conductive traces (not shown) of the interposer 30. As shown in FIG. 1, the stand-off



20 at least partially within a dielectric layer of the interposer 30, as described in further detail
hereinbelow. The at least one passive element 40 may be separated from the upper surface 32 by a
barrier layer (not shown) thereof. Though described as inductors, resistors, or capacitors, a passive
element 40 of the present invention may be any device which 25 exhibits an electrical property
independent of an external power source. As known in the art, passive element 40 of interposer 30
may be interconnected to semiconductor die 12 by capguctive traces (not shown) formed upon the
upper surface 32 of interposer 30. As shown in FIG. 1, the semiconductor die 12 may be preferably
flip-chip 30 moyateg AEHMEIRoSREARIER AN SOIR RUMRS L. MY s YANAR IS ARSaFiated
conductive traces (not shown) of the interposer 30. As shown in FIG. 1, the stand-off -10- gap between
the semiconductodelisll mastiahintEiposderdol maietal flifeaayitiande fiamiiivriteriand4nghe
underfll material A4 may, privisle. farpasshatian Al Wy sRaRCesthenelious fpjpgteristics of the
solder bumps 18, which connect the semiconductor die 12 to the interposer 30. 5 Alternatively, the
interposer 30 andrsmendonducter dicothenmaipipeseorfigured with at least one wire bond extending
therebetwegn, as knowp i > art, AS. ¢ ' ve, the tinvention | imited to an
interposer cglonfiguratior;“ﬂst‘é}llt%1lt ?8&1@}32%%@5?2%?2%%85 rﬁgﬁéﬁa%q ffa{‘tlhgrl,gfﬁ% %ggéﬁg!%%gntion
contemplates anviihterposerforwisetwittl exsamdiog titiretetdéernaahyconfiguhation #@s kmowionadhe art.
10 Purther, a digjectric Javer meaybe formed,0n a0 of Bolh Sides of the ptcraser 30 and may provide
an effective eledficarinsuiation between the at least one passive slement 40, f)e.g., an inductor, a
capacitor, or a réigisthip atyteatleerreldairieaiting onthectihe presalndrs therenfoBuatphatdielactric layer may
inhibit performance degradation ofhthe at Ieasé%ne assive elemtent 40, by reducing loss caused by
the 15 mherent JUHEURALZS BF (LA BUSE At i AP SOl BB B ) T may be
formed onione or both Ridésohthielstieipnser 30yt cotmse,cat daasi Giachpadsi\E glement 40 of the

resent invention may be , , . ,
P 1nterp(>)/ser 30 and may provide an effective electrical insulation between the at least one

passive element 40, (e.g., an inductor, a capacitor, or a resistor) and other electrically
conductive members thereof. Such a dielectric layer may inhibit performance
degradation of the at least one passive element 40, by reducing loss caused by the

15 inherent conductance of the interposer 30. For instance, a silicon-oxide (Si0O,) layer
may be formed on one or both sides of the interposer 30.

Of course, at least one passive element 40 of the present invention may be
disposed entirely within (i.e., not at least partially exposed at a surface of the
interposer 30) the interposer 30 as shown in FIG. 1. In such a configuration, the

20  interposer 30 may include at least one conductive via (not shown), conductive layer (not
shown), as known in the art, for electrically connecting the at least one passive
element 40 to solder balls 50 disposed on the lower surface 34 thereof, regions of the
upper surface 32 thereof that correspond to solder bumps 18, or both.

The process for forming an interposer 230 according to the present invention

25  and including at least one passive element 40 will next be described with reference to
FIGS. 2A-2F. FIG. 2A shows an interposer 230 of the present invention including
dielectric layer 232 and conductive layer 234. Dielectric layer 232 may preferably
comprise a dielectric layer, such as polyimide, while conductive layer 234 may
preferably comprise a metal, such as copper. In further detail, interposer 230 may be

30 flexible or may be rigid, as known in the art. Further, although the interposer 230 as

shown in FIG. 2A includes one conductive layer 234, the present invention



disposed entirely within (i.e., not at least partially exposed at a surface of the interposer 30) the
interposer 30 as shown in FIG. 1. In such a configuration, the 20 interposer 30 may include at least
one conductive via (not shown), conductive layer (not shown), as known in the art, for electrically
connecting the at least one passive element 40 to solder balls 50 disposed on the lower surface 34
thereof, regions of the upper surface 32 thereof that correspond to solder bumps 18, or both. The
process for forming an interposer 230 according to the present invention 25 and including at least one
passive element 40 will next be described with reference to FIGS. 2A-2F. FIG. 2A shows an

interposer 230 %ﬁﬁ@nﬁ’ﬁﬁﬁ@@%ﬂﬁ"%@iﬂﬂsm@@'Hﬁtlfi"ﬁl%géﬂ?1@&&1%%%9@1&%@‘&%’%11ﬁi’(ﬁ%234

Dielectric layer 232 may preferably comprise a dielectric layer, such as polyimide, while conductive

layer 234 may p@@fb}qmy koripritsedgsavdied iadeitkey defapldicreitbelaar datghciaippeseZ3 may be
30 flexible or may, be sigid; A% KDAWR IL0e aff @Jﬁeﬁlfg & %ﬁ'ﬁ%%f&?%@ﬁ%f&ﬁf%f@?% ag;fhown in FIG.

2A includes one conductive layer 234, the present i tlon 11- contemplates that interposer 230 of
the present invelatiodugiae mmonéuommbtbamrmmwfay@mda@deféunb@mabnbmmmlrtdetm|

hereinbelow. PSR IGIRGSR" 230,15 ROMBIIRE 00201 BPIE A0 CRIRCRIERIGH T puch

generally refer to conductive or non-conductive) that is pre-man ich may be
used to 5 form cubeavednorethitayest @ffthedlmmher 36 dftlcoursepes@répbeg film may be adhered or

otherwise affixed to angth Ia}(i eas{iw terposer én ; ﬂ% sf[howndlgv HG. gz}% reces?j66%te[:8¥

formed within mterposer |n a porti ectric Iayer ut may ex
conductive layew2Bdnar ppaitialtyf thekeinio JaydhdiR limitatiorne Redesscho@unay heyéodhédifor accepting

a 10 material de osﬁ?éc,ii’erem b ?\@ﬁ at Iea% gor&g oft e dielec ét{f layer 2t32 Further, the
dimensions of th&'tt irgﬁl?%aé OUBIBBtEY T8r rOfiRY glgglvg SEREnt Wil éhibits an
intended ortantigipaitsl mpgkited ehelfcat lga@mn&r@lacw@alaopoﬁﬁrhyoi(ﬂ;g dielectricaéyesisance). For
instance, theoretlca , the electrical resistance of a resistor m alculated by the equation:
Furt gr the Slmens(ions of the recess ?60 may be se ected flor ? rmlilng a pas%we elecr]nent
which exhibits an intended or anticipated magnitude of at least one electrical property
(e.g., electrical resistance).

For instance, theoretically, the electrical resistance of a resistor may be

15  calculated by the equation:

R=Q —

Wherein:
20 R is the electrical resistance;
L is the length of the resistor;
W is the width of the resistor;
t is the thickness of the resistor;
Q) is the electrical resistance value of the paste per unit area thereof;
25 L is substantially aligned with the direction of current flow through the resistor;
and
t and W are substantially transverse to the direction of current flow through the

resistor.



R=Q L Wt Wherein: 20 R is the electrical resistance; L is the length of the resistor; W is the width of
the resistor; t is the thickness of the resistor; Q is the electrical resistance value of the paste per unit
area thereof; 25 L is substantially aligned with the direction of current flow through the resistor; and t
and W are substantially transverse to the direction of current flow through the resistor. -12- Therefore,
if the variability of the dimensions of a screen-printed or thick-film resistor may be limited or reduced,
the variability of the electrical resistance of a passive glement so formed may be reduced accordingly.
More generally, by reducing the variability of the dimensions of a passive element 40, the variability of

an electrical 5 propertyrifiereQfMayLPe JMIERH SAHEIRABRAY oPATICUANY HEPBF iR AT RN

electrically conductive material at least partially within a recess formed in an interposer may reduce
the variability it @imensionenofed passilis letheitePibinedhadeosliips fearingiaboundary
which limits the lgcation 2 RasshlPmEnbevt.Alpcloramereveikdesign Iyl Nedoer,pstance.
as described hereinabove, since 10 converitionally formed screen-printed or thick-film passive
elements may etkiibitrigbilighivityhie dinimdione idiepessporelseingtdépdsitediahdimay shaleptordeform in

response tq drying or fir| h dimensional inacc i 2quire that elegtric separate
comentionaly S e T e e o, s
described hereinlpelowalty fortiiec detailateyi thetieeth pdsiell yhei tbnpresearss ifvrertion, adjstegmispassive

element may be posiigned more;dosely i elption,5,00¢ pRotict BefRing fawdg FIGS- 20.2%
recess 160 may & i6rmed within interposer 236" P
Additionally, forming a boundary which limits the location of a passive element may
allow for improved design flexibility. For instance, as described hereinabove, since
10 conventionally formed screen-printed or thick-film passive elements may exhibit
variability in their dimensions upon being deposited and may slump or deform in
response to drying or firing, such dimensional inaccuracies may require that electrically
separate conventionally screen-printed components are physically separated by at least
about 100 um. As described hereinbelow in further detail, by the methods of the
15  present invention, adjacent passive element may be positioned more closely in relation
to one another.
Referring now to FIGS. 2C-2F, recess 160 may be formed within interposer 230
through a variety of techniques, as described below.
For instance, recess 160 may be formed by removing at least a portion of the
20  dielectric layer 232 via an etching process. Generally, the present invention
contemplates that etching processes as known in the art may be employed, such as, for
instance, wet etching, dry etching, anisotropic etching, or isotropic etching may be
employed by the present invention. More specifically, by way of example and not by
limitation, plasma etching, ion beam etching, ion beam milling, reactive ion beam
25  etching, chemical dry etching, chemical etching in a plasma, chemical-physical etching,
or chemical wet etching may be employed for forming recess 160. Of course, the
etching process and materials may be selected and tailored according to the material
within which the recess 160 is to be formed (e.g., dielectric layer 232).
Semiconductor manufacturing may typically employ a resist over at least a

30  portion of a surface to be etched. The resist may comprise a photo-resist, wherein

photosensitive film is coated over a surface and photochemically fixed or cured thereon.



through a variety of techniques, as described below. For instance, recess 160 may be formed by
removing at least a portion of the 20 dielectric layer 232 via an etching process. Generally, the
present invention contemplates that etching processes as known in the art may be employed, such
as, for instance, wet etching, dry etching, anisotropic etching, or isotropic etching may be employed
by the present invention. More specifically, by way of example and not by limitation, plasma etching,
ion beam etching, ion beam milling, reactive ion beam g5 etching, chemical dry etching, chemical
etching in a plasma, chemical-physical etching, or chemical wet etching may be employed for forming

recess 160. Of auystifie is/IBSARASRS AN TARIARIRIAG SPlRIRA.ARY RIS qecording to

the material within which the recess 160 is to be formed (e.g., dielectric layer 232). Semiconductor

manufacturing rﬁ‘@etyi@i»c‘élh?fém gl@gpmbgﬁ_@hmén@t i@dstfla hgdrgﬂmi@ a¢id supfaesibiduetited. The
resist may compyise, 3 pRRIgsEeSISt WRGHEIA A P&Q??f&%itﬁ’f{ E!{E!Plﬁ?g;@n%fc%‘é Q4aY Afyiars.And

photochemically fixed or cured thereon. -13- Wet etChing may be monly used for forming a desired
topography in antoxisiee. gnageniahtodhioreidisshypdealfatshegenrirajviemtied ¢orspdiciilieric dcidanhemonium
fluoride, oraa mixture i f. Alternatjve ' y etchi r S ilize flugri toms
(0.0 generatad e G many
different etchantivératiofis andhipgoeesbsentdroimments argdamdwnmiat¢helart for etching a substrate of a

given material or materjals. Accordingly, a resist.and etch process may b rformed wherein a resist
yer (ot shown) may S KT e & BTN P R ST B e S Ba B Ay B 5. Then,
the portion of thénexgasen) dialebtrfotayerR32 apaytioa tdnevgibéo siaex@3se0é dioktioricof conductive

layer 234 by, for instance, an etching process to form recess 160, as shown in FIG. 2C. Subsequent
o stching, resiat 0 Grol EREHS LGN T el o PR KSR et ayer
232 may cruse ¢kposide putsilds 24Qdeliiothg: negass3tas téoexhibiheclapeatchingphebayviofomy be
predictable or alterable based on the materjal comprising dielectric layer 232 and the thickness, 15
labeled A" therd§F e {pé t‘EHiHbFﬂ‘gr%@egd‘ éﬁ‘ﬂlﬁ‘ﬂﬁé‘% BHAMEELIdaYsT fhgt shown) may

be removed (stripped). Etching recess 160 into dielectric layer 232 may cause the side
walls 240 defining recess 160 to exhibit a taper. Such behavior may be predictable or
alterable based on the material comprising dielectric layer 232 and the thickness,

15 labeled “t” thereof, the type of etching performed, and other characteristics of the
process. Therefore, the dimensions of the recess 160 may be controllable, predictable,
or both. Generally, chemical etching may be utilized to form a recess 160 having
dimensional tolerances relating to the width W and length L (FIG. 2F), without respect
to any taper, of about +20 um.

20 Alternatively, recess 160 may be formed by way of laser ablation. As known in
the art, a laser beam may be directed toward the upper surface 236 of interposer 230, to
ablate portions of dielectric layer 232 to form a recess 160 having selected dimensions.
As shown in FIG. 2D, the side walls 240 of recess 160 may exhibit a slight taper and
may also include a radius or fillet 241 proximate the conductive layer 234. Such

25  characteristics may be predictable or alterable and, therefore, may be considered with
respect to the dimensions of recess 160. Generally, laser ablation may be utilized to
form a recess 160 having dimensional tolerances relating to the width W and length L
(FIG. 2F), without respect to any taper, of about £5 um.

In another alternative, as shown in FIG. 2E, recess 160 may be formed by way

30  of mechanical punching. As known in the art, a punch (not shown) and corresponding

die (not shown) may be positioned adjacent and abutting upper surface 236 and lower



process. Therefore, the dimensions of the recess 160 may be controllable, predictable, or both.
Generally, chemical etching may be utilized to form a recess 160 having dimensional tolerances
relating to the width W and length L (FIG. 2F), without respect to any taper, of about 20 m. 20
Alternatively, recess 160 may be formed by way of laser ablation. As known in the art, a laser beam
may be directed toward the upper surface 236 of interposer 230, to ablate portions of dielectric layer
232 to form a recess 160 having selected dimensions, jAs shown in FIG. 2D, the side walls 240 of
recess 160 may exhibit a slight taper and may also include a radius or fillet 241 proximate the

conductive layeg, g4 2 mkHAHAGIOABLIRS PReN Re PEFICARIE phAliARIG Rty BetEiiempay be

considered with respect to the dimensions of recess 160. Generally, laser ablation may be utilized to
form a recess 160Mhigviisd Hinfensioganoryance relgtied hrasasigathapkandnandghs RIYFIG. 2F),

without respect &A1y, {aRek f%ﬁﬁ&% deﬂcﬁ’h%‘ﬂ[e@lﬁﬁ?é\ﬁv&@fbﬁﬂ rhlﬂb@%r?a%e AR 160

may be formed by way 30 of mechanical punching. As known in the art, a punch (not shown) and
corresponding Hie¢nethanddBrmbinizenossiticiie toawtjacanbanppiibdtiinasgpersoekaeed236 and lower

-14- surfaceg 238 of inter r especti f ' [
configured o foSg AR e v R MEpher M PR TR T R R M
positioning a pumttrprsddie poiat éntremdvatsnttingarppercssr fHdER361 and clvededisumfaca 288 of

interposer 230,_£orce ma)ébe.ggpéiif:enq to Bias the pun h and 53%%r eﬂa?n%il?e%gi%rttoyvard one another,

. orming a‘pass t hav at'least one 1nte €
ultimately causing the puhch to pass throughthe nterposer disposed t Ween, to form recess

160 having selected ditensionrs tar réoessihglanpasisivien atbrtethirhayintcd deastagae2dlgnitedelectrical
property. Of course, the recess 160 may be punched t gh dielectric layer 232 prior to formation or
D fication of corBURIETayEh D B ASHOGR ELHES 126 LS BRCTE B HERGal THURH Both electi
layer 232 a0d cpantiadiventayen B3th dibroiraniageldktonaldcandlctive layar (hot $heiyahmay be affixed

or formed along the |ower surface 238 of the interposer 230. GGenerally, punching processes may be
utilized to form A FEAYLL SRRAHGWNS %%é%%éh%ﬂﬁlé‘?% Sﬁﬁféﬁaﬁﬁ %8er8 i WaNY féngth L

surface 238 of the interposer 230. Generally, punching processes may be utilized to
form a recess 160 having dimensional tolerances relating to the width W and length L
(FIG. 2E), without respect to thickness “t,” of about £20 pum.

15 In another alternative, still referring to FIG. 2E, recess 160 may be formed by
way of machining. More particularly, recess 160 may be formed by way of drilling or
milling. As known in the art, a machining tool, such as, for instance, a drill bit or
milling bit may be rotated at relatively high speeds and plunged or moved into the
interposer 230 to a depth corresponding to “t.” Alternatively, a drill bit or milling bit

20  may be rotated at relatively high speeds and plunged or moved through the thickness of
dielectric layer 232 and conductive layer 234 may be affixed or formed thereon
subsequent to the machining of recess 160. Of course, the machining tool may be sized
and configured and its machining path may be selected for forming a cavity of selected
dimensions for forming a passive element having at least one intended electrical

25  property.

Recess 160 may be machined through dielectric layer 232 at least to conductive
layer 234. Alternatively, recess 160 may be machined through both dielectric layer 232
and conductive layer 234. Then, an additional conductive layer (not shown) may be
affixed or formed along the lower surface 238 of the interposer 230. Generally,

30  machining processes may be utilized to form a recess 160 having dimensional



(FIG. 2E), without respect to thickness "t," of about 20 m. 15 In another alternative, still referring to
FIG. 2E, recess 160 may be formed by way of machining. More particularly, recess 160 may be
formed by way of drilling or milling. As known in the art, a machining tool, such as, for instance, a drill
bit or milling bit may be rotated at relatively high speeds and plunged or moved into the interposer
230 to a depth corresponding to "t." Alternatively, a drill bit or milling bit 20 may be rotated at relatively
high speeds and plunged or moved through the thickngss of dielectric layer 232 and conductive layer
234 may be affixed or formed thereon subsequent to the machining of recess 160. Of course, the

machining ool g izerluapdafisust antiaashioing paiupav i s RetaiREdoing @

cavity of selected dimensions for forming a passive element having at least one intended electrical 25
property. Recesef 2BoutrasOB@&machined through dielectric layer 232 at least to conductive layer 234.

Alternatively, recess 1¢nay Qﬁz{%@%&l{k‘é‘q6@%%9{%&’9{{6‘i’ﬁ%?ﬁ&@&'%@ﬁ@%gﬁ@@x&%ﬂ%@&? layer

234. Then, an additional conductive layer (not shown) may be" affixed or formed along the lower
surface 238 of thédnteposelar3al. doaesaing, 0epeshifthyarbeasvesatharetengulize diavifigran a recess

160 having dimensi -15- tol es.relati eral di ions (EIG. ithout respect to
thickness t5d o%ﬁ@ﬁ%‘ﬁ aé%gé%isﬁso%s%ﬂgéif?gﬁor@é Ir}%ﬁc? ?frg’err%é(gsséi @Fg?y ;.B ft:op elevation

view. The shapgeotiaigraircditaensiomslbf seeass edoraibythangelergiyeretaogulasieaallyg a 5 width
W and a length L,.as sh?wn in Ftll%f 2F. Alterné;\ti}/ﬁl A recesielgar may be generally circular, generally

square, generalP;? {Vi%%ngamé)rr, agseonera\ﬁyl/sg\(}g ,lrgeenoera yWB(%R/E]ona , or as otherwise desired or known in

the art. Of course, a reOéssdescfarmirgsd@desinm g le paesivactardingtodiiengresert pravantion may

comprise any suitabl? or desirable eometi}/. gr exgm%lgl theaportion 0 of recrss 161, as shown in
FIG. 2G in a sid® tr848 B oAIRAER OF'if étﬂ? S8 IS R eSaithin SREISEHP IRy B 295 1hy include
a substantiglly wiitecssdsegiQnslad andreFlape@thregion cLos-Alatoras sleonat ntElsos&@33, portion of

recess 161 mayf(t))r%é) r\gletgin dielectric layer 232 may include a substantially uniform region 163 and a
tapered region 165. Also, as shown in FIG. 2G, a portion of recess 161 may be formed
by conductive layer 234 and dielectric layer 235. The portions 161 and 163 may each
be formed by different processes, as described above, by the same process (e.g., laser

15  ablation) or as otherwise known in the art. Such a configuration may provide a greater
surface area of the passive element (not shown) at the upper surface 236 of the
interposer 233. Additionally or alternatively, such a configuration may provide
different portions 161 and 163 of recess 161 which are sized and configured for
exhibiting different electrical properties.

20 Once a recess according to the present invention (recess 160 will be referred to
hereinbelow for simplicity) has been formed, the present invention contemplates that
electrically conductive material may be at least partially deposited therein. Generally,
electrically conductive material may be at least partially deposited within recess 160
mechanically. Explaining further, processes which move, push, spray, or force

25  electrically conductive material into recess 160 may be utilized. In one example, a
screen-printing process may be performed for depositing a paste, or ink, within the
recess 160 formed in the interposer 230 in order to form a passive element according to
the present invention.

As described in further detail hereinbelow, a squeegee may be used to force a

30  paste or ink through openings in a screen or stencil into a cavity formed within a

substrate. The screen or stencil may be typically constructed of stainless steel, and may



by conductive layer 234 and dielectric layer 235. The portions 161 and 163 may each be formed by
different processes, as described above, by the same process (e.g., laser 15 ablation) or as otherwise
known in the art. Such a configuration may provide a greater surface area of the passive element (not
shown) at the upper surface 236 of the interposer 233. Additionally or alternatively, such a
configuration may provide different portions 161 and 163 of recess 161 which are sized and
configured for exhibiting different electrical properties. 22 Once a recess according to the present
invention (recess 160 will be referred to hereinbelow for simplicity) has been formed, the present

invention contemplates thatslacicalbeanduativemalerialmayhe Akiepspaially denesited therein.

Generally, electrically conductive material may be at least partially deposited within recess 160
mechanically. EXpfaiafiies fethaordiotedsaseetatPiioves piesksssoraspably fodedesie legpivally

conductive mat%ﬁlél%t,o%t[%%eﬁﬁ,%ﬁg Ay PR Hulzed JIPRe RAAOIRE G SISO I BIRGRSS may

be performed for depositing a paste, or ink, within the recess 160 formed in the interposer 230 in
order to form a pssintableatdnoaetopdify tondthe ordslent, iovemtimondectiesenibeelinlfunthdosetail

hereinbelow, a e ?1@3/ b r 30 paste or | enings in.a screen or
stencil intovél ca%%%ggr?% lwﬁiir;% §?§B§§§t§g$%% ré?lgsl 8%%%%%3(%5%? B%% typlca?fyg%:onstructed of
stainless steel, adermaled pdravensigretefined pattg kv iiabldgietieries el plareengnioithe paste on

the substrate. The Qastes comt %rféy used,in screen- riptip@(ﬁ(roc%sses ually include an or anic
. RI‘OC SE€S Are availa from Asahi §1€im fa (0) ﬁ/OI, flé)all. atﬁ]grt%(iu ar CXF.ITrlIg)
vehicle, glass frit, and active materials, such as dielectric materials for insulating fiims, "elemerital

metals or alloyssterdisibipetnnéitrisclof dendi®aidy potcampydunasdr alloys 5 for resistor films. For
instance, screen-printing paste may. comprise carpon or silver-filled eppx te ially
vatabie pastos for st T EErEE LG ST o e e b S SHA, R rearS? ok,
Japan. In a(partichieli Bkamate respectiNen) pokyreen-ickHigradprrhfa) prstestoay O dsest, Ather

screen-printing process of the present invention js %%picted in FIGS. 3A-3D, 1(()1 Which,iltllu%trate,
respectively, a SCFEaRIBIHIMG RPPAAL AR RS B edlPSe btrgt in accordance with the

present invention, without limitation. Squeegee assembly 310 may include a movable
head 320 and a blade 322 secured thereto and projecting downward therefrom. The
blade 322 may be typically molded from neoprene or polyurethane, or another resilient
15  material, and may have a cross-sectional profile generally as illustrated or as otherwise
known in the art. The lower end of blade 322 may matingly engage the surface 344
(not shown) of stencil 340 and a quantity of paste 324 may be provided thereon.
As the blade 322 moves laterally across the stencil 340, paste 324 may pass
through at least one aperture 342 formed therein and may be deposited therein and into
20 recess 160. A side wall (not labeled) of at least one aperture 342 of stencil 340 may be
tapered, or may be configured as otherwise known in the art. Stencil 340 may be
disposed upon the upper surface 236 of interposer 230 as the blade 322 translates
therealong, or alternatively, stencil 340 may be disposed slightly thereabove, as known
in the art.
25 Subsequent to depositing paste 324 at least partially within recess 160,
stencil 340 may be removed from adjacent the surface 236 of interposer 230. As shown
in FIG. 3C, paste 324 may extend from recess 160 above the upper surface 236 of
interposer 230. Therefore, optionally, blade 322 or another leveling apparatus may be
employed to planarize or level the upper surface of the paste 324 disposed within
30  recess 160 to form initial upper surface 327. Put another way, the upper surface of

paste 324 may be leveled so as to exhibit an upper surface topography which is



screen-printing apparatus as known in the art may be utilized in accordance with the present
invention, without limitation. Squeegee assembly 310 may include a movable head 320 and a blade
322 secured thereto and projecting downward therefrom. The blade 322 may be typically molded from
neoprene or polyurethane, or another resilient 15 material, and may have a cross-sectional profile
generally as illustrated or as otherwise known in the art. The lower end of blade 322 may matingly
engage the surface 344 (not shown) of stencil 340 and-a quantity of paste 324 may be provided
thereon. As the blade 322 moves laterally across the stencil 340, paste 324 may pass through at least

one aperture 342 fQIESINEIPIAR S IADS.ARROIBAHIRIERRADI0 ALirSSaRERad\eide wall

(not labeled) of at least one aperture 342 of stencil 340 may be tapered, or may be configured as
otherwise knowRdtiaRdbnasiendiBadmdpbEofigsessd tpeharretipprpaiuttaieecoB® of interposer

230 as the bladg 322 transigtas; thergalong, or alternatively, stencil 340 may be disposed slightly

thereabove, as known in the art. 25 Subsequent to depositing paste 324 at least partially within recess
160, stencil 340 may bl rembvatfiranpadiasdot depasififecpag®63 &t inidrposerB3®@0assshown in FIG.

3C, paste 324 gy XIEhM 1Ay oRe3R90 ARMEINE URRRSHIRGS A3 8L nierBsasAR0. Therefore

optionally, blad or another leveling apparatus may be emp anarize or etv the upper
surface of the ppste 324 dispbseldpwithid 30lceggsstiBly twifbimrénitiallbper morMalteg3AZ upptranother

way, the upper surfaceaf. paste 324 be leveled so as.to exhibjt an upper surface topography
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desired. | lternati far d iti te 324 withi .as,5 illustrated in FIGS.
3 and 3F e TEABRUTR VRO e S AT A Bl 328 TRy S SHE at e
partially within recgssdia@ the pronjdirgyhe lepper oswifiace:gabeafiintabpioseraadaerdibsarcpaansity of

paste 324 and moving the blade 322 laterally thereacross. Accordingly, paste 324 may pass into
recess 160 forntB8 RifHHRF 1nvention.

Optionally, in combination with the above-described processes or other
processes as known in the art for depositing paste 324 within recess 160, paste 324 may
be vibrated for promoting uniform filling of recess 160 therewith, or for promoting the

15  distribution of paste substantially transverse to the direction of an earthly gravitational
field. For instance, the present invention contemplates that vibration may be
communicated indirectly to the paste 324 by vibrating the interposer 230, the squeegee
assembly 310, or a combination thereof. Also, paste 324 may be vibrated during
disposition thereof within recess 160, thereafter, or both during and after

20  screen-printing of paste 324 within recess 160. In addition, although FIG. 3G shows
paste 324 as being deposited within recess 160, vibrational energy may be
communicated to the paste 324 during any of the above-described screen-printing
processes, intermittently, or as desired, without limitation.

As shown in FIG. 3G, a vibration system 330 may be structurally coupled to the

25 interposer 230, the squeegee assembly 310, or both. In more detail, vibration
system 330 may include vibration generator 333, which may comprise a motor
configured for rotating a mass having a center of mass which is positioned eccentrically
with respect to the rotational axis of the motor, which is structurally coupled to the
interposer 230, the squeegee assembly 310, or both via transmission element 332.

30  Vibration of the paste 324 may be desirable for facilitating uniform or complete filling

of recess 160 therewith. Of course, vibration may be generated by any method known



the interposer 230 without utilizing a stencil 340 (FIGS. 3A and 3B). Such a process 10 may reduce
the complexity or length of time required to fabricate an interposer 230 of the present invention.
Optionally, in combination with the above-described processes or other processes as known in the art
for depositing paste 324 within recess 160, paste 324 may be vibrated for promoting uniform filling of
recess 160 therewith, or for promoting the 15 distribution of paste substantially transverse to the
direction of an earthly gravitational field. For instance, {ge present invention contemplates that
vibration may be communicated indirectly to the paste 324 by vibrating the interposer 230, the

squeegee assembly 310,RH3CTRINANIRR heteahiAlPePANE 324U LeiiBIed AHIRg

disposition thereof within recess 160, thereafter, or both during and after 20 screen-printing of paste
324 within reced81mB®Om addition, although FIG. 3G shows paste 324 as being deposited within

recess 160, Vibraﬁona'l?e!?@ﬁ%{é'ﬂ% bs FrERBHMGAIR G R INE; PARIE R FHHLDG AN otfictive

above-described screen-printing processes, intermittently, or as desired, without limitation. As shown
in FIG. 3G, a vilpastioh2dysitdens8a0tnHy Wetlsmucegsalhp@ougtsdrtoctheAg Shiaverpoddt23H, the squeegee

assembly 340, %288‘5‘24 be Qgé%iéité{ﬂgtiﬁié&}’éﬁ%ght%%? ,yxaiHPc'H‘i‘sec‘éiHﬁ%'?Jh%f‘e“’_‘tor.333'
which may comprise a motor configured for rotating a mass having a center of mass which is
positioned eccepodtallyingith agspest¢d]ents fopationaltaxis b thig) rmotonjevhimhpssstrdzturally coupled to

the interposer %ﬁgf mreg ueeﬁ;e 188 e%%lsl\g)i,t()&l%gégs\sli%téa 1§mi Oir(l)rg elgnrrlmg%BSZ. 30 Vib.ration of
the paste 324 may e desitabfeYor ek aﬁnd’unl orm or comple &5 ing of recess 188 therewith. Of
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PO Onng e  F e o7 rec T80 b aliarhatls ey oF AT Souaily. paste 324 may
be distributed to form a passive element 40 having a substantially constant thickness, as
shown in FIG. 31, by way of heating. Subsequently, passive element 40 may be at least
partially cured and, optionally, dried to form a relatively electrically stable material.
15 In another aspect of the present invention, conductive material may be deposited
within a portion of recess 160 by way of so-called maskless mesoscale materials
deposition (“M°D”). For instance, a material may be aerosolized by using an ultrasonic
transducer or a pneumatic nebulizer. Then, the aerosol stream may be focused using a
flow guidance deposition head, which forms an annular, co-axial flow between the
20  aerosol stream and a sheath gas stream. Further, patterning may be accomplished by
moving the substrate or deposition head relative to one another. The deposited material
may be heated to form a substantially dense electrically conductive material. For
instance, the deposited material may be heated in an oven or by exposure to a laser
beam. In addition, conductive traces extending to or from a passive element of the
25  present invention may be formed by way of maskless mesoscale materials deposition.
Commercially available maskless mesoscale materials deposition apparatus are
produced by Optomec of Albuquerque, New Mexico.
The present invention also encompasses that a recess 160 may include a
plurality of conductive layers. For instance, as shown in FIG. 3J, passive element 40

30  formed within interposer 230 may comprise a first conductive layer 41 and a second

conductive layer 43. Of course, first conductive layer 41 and second conductive



therethrough and at least partially within recess 160. Injection system 348 may comprise a so-called
"pick-and-place" system, which includes an injection system for expelling from the injection tip 351 of
injection needle 350 a selected amount or 10 quantity of paste 324. Vibration may also be
advantageous for distributing paste 324 within the lower portion of recess 160 or, alternatively or
additionally, paste 324 may be distributed to form a passive element 40 having a substantially
constant thickness, as shown in FIG. 31, by way of hegjing. Subsequently, passive element 40 may
be at least partially cured and, optionally, dried to form a relatively electrically stable material. 15 In

another aspect pfithe, prasentinNRREAGGRRIKGIVS FfRIAlMay AtAepesitednuiiihanaiton of

recess 160 by way of so-called maskless mesoscale materials deposition ("M3D"). For instance, a
material may bedatiagohzastelseuisitigpereltyzdohicserand dwadp e v hisuhbienbpsiiksted fan, the
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instance, as shown in FIG. 3], passive element 40 30 formed within int 23 i
fret concincive HYBY B LA PESRP CBREL SOV g St Sotls Hhet SO Ry er 43 and

second cor@luctivggnifrdiaye i a ex piipife e nhelestivat iapertioss Feriher, of leastane
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41 may be formed withiy kieessidGl@ndhaiheaspenaieelrigaber surface 325 of paste 324 may be

different than the initial upper surface 327 (as shown in FIG. 3D) deposited within
recess 160 in response to curing, drying, or both. However, the sides of the recess 160

15  prevent the paste 324 from slumping laterally. Also, shrinkage due to drying or curing
may be predictable or very small. Therefore, the electrical properties of the passive
element 40 formed within recess 160 may be substantially determined by the
dimensions thereof. Of course, a substantially planar upper surface 325 of paste 324
may be formed by planarizing (i.e., lapping or grinding) the dielectric layer 232 and the

20  post-fired paste 324. Alternatively, additional layers of paste 324 may be formed onto
post-fired paste 324 to reduce the variation of the topography of the upper surface 325
thereof after drying or firing. Such a configuration may further refine the accuracy or
reproducibility with which at least one intended electrical property of a passive element
may be exhibited.

25 It may be appreciated that since the sides of the recess 160 prevent the paste 324
from slumping laterally, passive elements may be formed in relatively close proximity
to one another. As shown in FIG. 4B, passive elements 40A and 40B may be separated
by a distance x. For instance, if recesses forming passive elements 40A and 40 B are
each formed with a laser beam, distance x may be about 20 um. Such a configuration

30  may be advantageous for providing relatively high electrical component densities

within an interposer 230 of the present invention.



5 property thereof may be measured. Further, at least one characteristic relating to an electrical
property of the second conductive layer 43 may be selected, prior to formation of second conductive
layer 43, for influencing an electrical property of the passive element 40. Such a configuration may
provide a process by which an electrical property of the passive element 40 may be "tuned" or
adjusted, toward a desired 10 magnitude of the electrical property, as the passive element 40 is
formed. Of course, more than two conductive layers mgy comprise passive element 40, without
limitation. As shown in FIG. 4A, the topography of upper surface 325 of paste 324 may be different

than the initial upper suifags 3%4asNOWHIRFHISIARIHIEROBIISH iTBInIER68SS SRR FRSRRASE O

curing, drying, or both. However, the sides of the recess 160 15 prevent the paste 324 from slumping
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determined by the “dimensions thereof. Of course, a substantially planar upper surface 325 of paste
324 may be formigaimbihplaterpeiey 136., Gippingobgnddindy) thiddidienpicdahel 232 ethdrthe 20
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electrical commggGaH®Y way of chemical vapor deposition, physical vapor deposition, atomic layer
deposition, sputtering, plating, or other deposition techniques as known in the art. Of
course, traces 252 and 254 may be patterned by resist and etch techniques on the
15  surface of dielectric layer 232 as known in the art and configured for electrical
connection to other electrical devices. Further, one or more additional conductive
layers may be provided along the upper or lower surface of dielectric layer 232 for
communicating electrically with passive element 40.
Alternatively, FIG. 4D shows a cross-sectional view of passive element 40
20  formed within interposer 230 wherein conductive traces 258 and 260 extend to a
respective portion of side wall 240 of passive element 40. Such a configuration may be
provided by forming a laminate structure of dielectric layer 232, conductive layer
forming conductive trace 258, and conductive layer forming conductive trace 260 prior
to forming recess 160. Thus, conductive layer forming conductive trace 258 and
25  conductive layer forming conductive trace 260 may at least partially overlap or be at
least partially superimposed in relationship with the intended position of recess 160.
Then, as shown in FIG. 4D, recess 160 may substantially perforate dielectric layer 232,
conductive layer forming conductive trace 258, and conductive layer forming
conductive trace 260. Such a configuration may allow for electrical communication
30  with passive element 40 via conductive traces 258 and 260, which abut at least a

portion of a side wall 240 of passive element 40.



may be provided through conductive traces that extend along a surface of or vertically within the
interposer 230. Of course, bond pads, solder bumps or balls, or other 5 electrical connection
techniques as known in the art may be utilized to provide electrical communication paths to a passive
element 40. In further detail, there may be many different configurations for electrical communication
with the at least one passive element 40. For instance, FIG. 4C shows a cross-sectional view of a
passive element 40 formed within interposer 230 whereifl 10 conductive traces 252 and 254 are
formed upon at least a portion of the side walls 240 of the recess 160. Conductive traces 252 or 254

may be formed after regess, 430 ifefRrmad PioWaY glanemislvaranAaRasiian salvsical vapor

deposition, atomic layer deposition, sputtering, plating, or other deposition techniques as known in the
art. Of course, tlgawnDEd farrcEoyihiyierpates il bicresisoaducachttaetiniqieadade 15 surface
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devices. Further, one or more additional conductive layers may be provided along the upper or lower
surface of dielestrib ayen28addpncoressuhithnay eddomiasdyiwhin frsdivkeastaniarsr 262 Mterriatively,
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conductive layer, formipd canduiciive iage 258, anf canduietiye laxer formind, sopducliye race 260
prior to forming recess . Thus, conductive Tayer forming conductive trace 258 an conductive
layer forming conteictivie ¢ia.oen2 60 ody dtdeadiqaxtiatdyes\idamo 2 be abhyldaopatighstperimposed
in relationship wijth thff-.integdeq osillgji.on of reﬁ?gf ;ﬁo. Then, a?i shown in FIG. 4[%, recess 160 may
substantially peHrats bR dPlqay P B 35 ctoRilichs TaS S HATANFYUBRAGALVR WLEPEEE and
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communication 30 with passive element 40 via c(Q’ndxct've traces 258 and 260, which abut %t least a
i bahinaBlC228 ¢

portion of a side wall 248" SHRSERESSARERYE 22 ¢ at least one passive element 40 may
sized and positioned within interposer 231 for providing selected electrical

characteristics. For instance, as may be appreciated by the foregoing description,
passive element 40 may comprise a resistor 408, an inductor 406, or a capacitor 410.

15 For instance, as shown in FIG. 5A, resistor 408 may be sized and positioned for
providing a selected, intended magnitude of electrical resistance. Additionally,
resistor 408 may communicate electrically with conductive layer 234 by way of
conductive via 420, as known in the art.

Alternatively, one or more passive elements 40 may be sized and positioned to

20  form a capacitor 410 for providing a selected magnitude of electrical capacitance.
Capacitor 410 may comprise two conductive regions, a storage node 416 and a cell
plate 412, which are separated by a dielectric layer 414 (i.e., a plate-type capacitor).
Further, the present invention contemplates that the dielectric layer 414 may be formed
by a screen-printing process or as otherwise known in the art. More particularly,

25  storage node 416, cell plate 412, and dielectric layer 414 may be formed by sequentially
partially filling a recess with a conductive material, a dielectric material, and another
conductive material.

In further detail, capacitor 410 may be preferably metal-dielectric-metal
capacitor formed by depositing a pair of metal layers, a storage node 416 and a cell

30 plate 412, which are separated by a dielectric layer 414. The storage node 416 and the

cell plate 412 are preferably formed of a metallic material and may have dimensions



In another alternative, FIG. 4E shows a cross-sectional view of passive element 40 formed within
interposer 230 wherein conductive traces 258 and 260 laterally overlap or are superimposed with at
least a portion of passive element 40. In such a configuration, recess 160 may be formed within the
dielectric layer 232 prior to 5 formation of conductive traces 258 and 260. Then, the conductive layer
forming conductive trace 258 and, optionally, the conductive layer forming conductive trace 260 may
be formed or affixed to dielectric layer 232 after passivexlement 40 is formed. Alternatively, one or
both of conductive traces 258 and 260 may be formed prior to deposition of paste within recess 160.

Thus, electrical compyRicaiiQRwith-RassVe I RIPMENEALMAY QFAU R LONMMCYEIRFa3 @58 and

260. Furthermore, as shown in FIG. 5A, the at least one passive element 40 may be sized and

positioned withif Mt@m@g@ﬂm%? pwvl_mﬁ@ﬁ%ié@_ﬂéd:@r@eqf%rocﬁh%e@éﬁisﬁc@@m@m@ahce, as may
be appreciated Qy, e I8 98iag IETELRHIGR. (Iﬁﬁ%ﬂé!\%ﬁ'own | A0, MY GRS S 9%6%&8504081 an

inductor 406, or a capacitor 410. 15 For instance, as s FIG. 5A, resistor 408 may be sized and
positioned for plovielied) wideiedteditimpendedBhagnitude of electrical resistance. Additionally, resistor
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More particularly, 25 storage node 416, cell plate 412, apd dielectric layer 414 may be formed by
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an inductor 406 having a selected, intended magnitude of electrical inductance.
Inductor 406 may comprise an inductor formed by screen printing of a conductive layer
in a generally spiral shape. Particularly, FIG. 5B shows a top view of inductor 406
15  comprising a substantially uniform thickness trace, wherein the trace extends from a
generally interior position and spirals circumferentially about and radially outwardly
therefrom. Configuring inductor 406 in a generally spiral arrangement may allow for
reduction in the overall size inductor 406, in comparison to a non-spiral inductor, which
may reduce resistance in each inductor 406 and, therefore, may result in higher Q
20  factors thereof. To provide electrical contact to the inductors 406, conductive vias 420
may extend from inductor 406 to conductive layer 232.
Referring to FIG. 5A, the inductors 406, resistor 408, and capacitor 410 of the
interposer 230 may be electrically connected by conductor lines conductive layer 234,
which may be formed at varying points in the processing of interposer 230, as desired.
25  Further, conductive layer 232 may form a “bus” for connecting the inductors 406,
resistor 408, capacitor 410, and any other electrical elements situated on or within the
interposer 230.
In a further aspect of the present invention, although an interposer of the present
invention is described above as including generally one dielectric layer and one
30  conductive layer, the present invention is not so limited. Rather, an interposer of the

present invention may include at least one dielectric layer and at least one conductive



cell plate 412 are preferably formed of a metallic material and may have dimensions -22- selected in
relation to a desired, anticipated electrical capacitance of the capacitor 410. The storage node 412
may be electrically connected to other passive elements (not shown) and solder connections (not
shown) through conducting lines (not shown) disposed within the interposer 230. 5 The dielectric layer
414 may be a layer of oxide which is formed after formation of the storage node 412. The dielectric
layer 414 may comprise, for example, silicon dioxide and may be formed by a chemical deposition
process. Alternatively, the dielectric layer 414 may comprise a hon-conductive paste, such as, for

instance, an epgxy:PasiE.ANMAYRS ACeemAAYtadoRAHRMIsS AERANIEryBROLING fo:hgipresent
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components or devices. Thus, an interposer of the present invention may include at

least one passive element formed at least partially within at least one dielectric layer

thereof.

15 In a further contemplation of the present invention, generally, at least some of
the plurality of layers of a multilayer interposer of the present invention may include at
least portions of one passive element. Put another way, at least some of the plurality of
layers of a multilayer interposer of the present invention may include a recess which is
formed according to the present invention, as described hereinabove. Further, a passive

20  element may provide at least one desired or anticipated electrical property. Optionally,
a passive element may provide more than one desired or anticipated electrical property.

For instance, FIG. 5D shows a top elevation view of a multilayer interposer 550
according to the present invention including dielectric layers 560, 562, 564, and 566,
while FIG. 5E shows a schematic side view, in the direction and area depicted by

25  reference line A-A, of multilayer interposer 550. As shown in FIGS. 5D and 5E,
passive element 554 may comprise a generally spiral shape, as discussed above.
However, passive element 554 may include a first portion 568 disposed within
dielectric layer 560 and substantially coplanar with upper surface 556 thereof, a second
portion 570 disposed within dielectric layer 560, and a third portion 572 disposed

30  within dielectric layer 564. Conductive vias 574 and 576 electrically connect first

portion 568, second portion 570, and third portion 572 to one another and conductive



invention is described above as including generally one dielectric layer and one 30 conductive layer,
the present invention is not so limited. Rather, an interposer of the present invention may include at
least one dielectric layer and at least one conductive -23- layer, without limitation. Accordingly, any
number of conductive layers may be formed on or within any number of insulating layers as are
desired for circuit connection depending upon the placement of passive or active devices comprising
an interposer according to the present invention. 5 Fapiastance, as shown in FIG. 5C, an interposer
430 of the present invention may include a plurality of dielectric layers 432A, 432B, and 432C, which
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446, 448, and 450 may provide electrical communication between passive elements 40A, 40B, 40C,
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as well as to othe electrical components or devices. Thus, an interposer of the present invention may
include at leastedewtrisalisivensieniedriv fonvedireli Yedstood nid i avithifcateleasicoheodioioiratioyer

thereof. 15 én aI,H 8{118?8&%5@9 a@gp ﬁf WI?) present invention, generally, at least some of the plurality
of layers of ‘a multilayer interposer of the present invention may include at least portions of one

passive element. Put dmmhgbwagpratﬂaaétthmrpesafvmemhﬁmlﬂy?ébmiemms/miea)mnImjnec interposer of
the present mvenyo%rg% CIUd(Fe?ec rlcaswhlch is forme accordln?‘tgt \present |{1\ﬁantlgn as

S11S t1es. For instance
described hereilabove er, a passwe grélemen may provf eadtone 4&Bired orta anticipated

electrical propech@mhbcﬂ@ucmpmmldmmagmwnemﬂdmmﬂ indncane«eBinebkarfasticipated
electrical properté For.i ce FIG. 5D. sh ato %}(‘evatlon view far(ﬂ tll?.é/éé interpaser 550

according to theBra&ne) ?8%0 ncﬁ?&?oél aclf{;rl FOBSEPYES AWhiIR’FIG. 5E
shows a sthematié¢ &demvmrytﬁmﬁme@tmaga;ﬁtdc&reaaapma:bbyazﬁamferefriﬁallynef/ko%mf, multilayer

nterposer S50, A5 oW 1 FIGSy SR e P PSS RS 524 MR SomP 2 generaly spirl
shape, as discuB&SH SI5EE yp g g
passive element 554 may be configured, sized, and positioned to provide at least one
anticipated or desired electrical property. Also, different passive elements
(i.e., resistive, capacitive, or inductive) may be positioned within different layers,
15  respectively, of a multilayer interposer.

For instance, FIGS. 5D and 5E illustrate passive elements 580 and 582, which
are electrically connected to one another by way of conductive via 584. Of course,
optionally, a conductive trace (not shown) may electrically connect passive
elements 580 and 582. Also, as shown in FIG. 5E, conductive via 586 extends between

20  passive element 582 and lower surface 557 of dielectric layer 566. As shown in
FIGS. 5D and SE, passive elements 580 and 582 may be sized and positioned
differently and, accordingly, may each exhibit at least one electrical property which
differs in relation to one another.

In yet another aspect of the invention, a wafer-scale interposer substrate 531

25  comprising a plurality of interposers 530 may be formed and operably coupled or
assembled to a wafer 502 comprising a plurality of semiconductor dice or devices 505
to form wafer-scale assembly 501, as shown in an exploded perspective view in
FIG. 6A. Specifically, the wafer-scale interposer substrate 531 and wafer 502 may be
aligned with one another and abutted against one another and affixed, so as to provide

30 electrical communication therebetween by way of flip-chip assembly methods or

wire-bonding, as known in the art. That is, each semiconductor dice or devices 505 of



However, passive element 554 may include a first portion 568 disposed within dielectric layer 560 and
substantially coplanar with upper surface 556 thereof, a second portion 570 disposed within dielectric
layer 560, and a third portion 572 disposed 30 within dielectric layer 564. Conductive vias 574 and
576 electrically connect first portion 568, second portion 570, and third portion 572 to one another and
conductive -24- via 578 extends through dielectric layer 566 to lower surface 557 thereof. Conductive
via 576 extends through both dielectric layers 562 and5%4 and may be formed in separate pieces or
as a monolithic member. Of course, conductive via 578 may be electrically connected to a conductive

trace (not showp) far steciicalcq Wﬁﬂ%d%ﬁé’&ﬁ&}f‘? tolnvicRs (H%%E‘Bé’&ﬂlre'hﬂ@?fo@@r 530

appreciated that passive element 554 may provide one or more intended or desired electrical

properties. For ipisteHee seaniotetpatsss la Splrstsisagedths| seiseacatssenth iz pravitle a
magnitude of eleg é't?l?tlé@%ﬁt CRnRHINGL e% aPe‘?ﬂ%??oﬁﬁ%% it n?%%‘?ﬂir&ﬂ{a@&gralf@v&%nducmrs

separated by dielectric layer 5 , 10 and therefore, may prov agnitude of electrical capacitance.
Finally, of coursEameg&lémmw%@:tﬂaglemwm@malgmhfd?@loﬁé?@trldalcmmhe
Summanzn&g % gss‘%?lﬁllemcf t 554 may be configured, sized, and positioned to provide at least one
anticipated or desired electrical property. Also, different passive elements (i.e., resistive, capacitive, or
inductive) may be posit\drethuntijn ditfe rewnferrecsle IS apopechiyeimagia dlcﬁtilayécmmtérqbiyfs@lal:or

instance, FIGS.. SP and 5Ef |Ilustrat asswe %eme ts 580 an ? hich are elegl rlcally connected

to one another by%g Fcond ve via géiu cour%éerrgrc) 1ona f/)fgg conductve trace ‘(not shown)

may electrically mnnemdimesdmzelemmgésﬂ 0 <hiocl b B2 F,K[Bd)ascsindmgl tio thtGr&enconvdndtive via 586

extends between Zogpasswe(ﬁP ?ent 582 and lower s rface 5@ |elect iC. I? er 566 s shown in
FIGS. 5D and 58, FASIUE SPERIESHE SRS Cr‘H%y T R fors 31?8 ed cﬁ?P
accordingly) mayceach axhiiigt dedst priesiealitelq@ipacty awhichediffgis, iafrel alﬁ@mﬁeﬁ@eamw other.

I e AT B | Y Do hial Witk pasve Cocubis 3e dScrbey abavs or following
connection of wafer 502 thereto.
In yet a further alternative, a plurality of individual (singulated) semiconductor

dice or devices 505 may be mounted upon the wafer-scale interposer 531, as illustrated

15 in FIG. 6B, which is a top elevation view of two individual semiconductor dice or
devices 505 mounted upon a wafer-scale interposer 531 of the present invention.
Subsequent to mounting of individual semiconductor die or device upon the interposers
of the wafer-scale interposer 531, the assembly thereof may be singulated and,
optionally, encapsulated to form a plurality of semiconductor device packages (e.g., a

20  semiconductor device package 10 shown in FIG. 1) according to the present invention.
Such a method and configuration may provide an opportunity for verification or testing
of the semiconductor dice prior to connection with the wafer-scale interposer 531.

It is further noted that the above-described embodiments of an interposer or a

semiconductor device according to the present invention may be utilized in a computer

25  orelectronic environment. For example, FIG. 7 shows a schematic block diagram of
system 630 according to the present invention. Semiconductor device 610, including at
least one interposer 612 according to the present invention and at least one
semiconductor die 614, may be included electronic device 620, such as a computing
device, the electronic device 620 including a processor device 632, such as a central

30  processing unit or other logic device, operably coupled thereto. Further, processor

device 632 may also be coupled with one or more appropriate input devices 634



25 comprising a plurality of interposers 530 may be formed and operably coupled or assembled to a
wafer 502 comprising a plurality of semiconductor dice or devices 505 to form wafer-scale assembly
501, as shown in an exploded perspective view in FIG. 6A. Specifically, the wafer-scale interposer
substrate 531 and wafer 502 may be aligned with one another and abutted against one another and
affixed, so as to provide 30 electrical communication therebetween by way of flip-chip assembly
methods or wire-bonding, as known in the art. That is,_ggach semiconductor dice or devices 505 of -25-
wafer 502 may be aligned with and electrically connected to a respective interposer 530 of
wafer-scale intefpgseh AL, S&?[Hﬁ{“«!b!uéﬁ%&’@écﬁr&%ﬁﬁ%ﬂ?lﬁé&%@%ﬁ%ﬂ@%&%@”d
optionally, encapsulated to form a plurality of semiconductor device packages (e.g., semiconductor
device packageoh@ ShoWreinUME. ey es 1ifirg-to ﬂwél@]@beﬁnﬁ@mmawnmwﬁmwaia@ubhré

waler scae intefgReLEI W CRAGHIP RITLAINAUPLINEPISAIS [R1.URE I cansyaeton of o
semiconductor device package (€.g., a semiconductor device package 10 shown in FIG. 1) according
to the present |m¢elmm¢m@nﬁ@mdtpmdumonm spsseured, dindnde victiye swelfersscale interposer
531 may 1Qocc th cessi f dﬂ r afer-scale
interposer 531 é[ p%%’ﬁ élte%]a\ﬁl§ % Sive %??cdt?}%g%gs [egs%n@% s@o‘i‘/ltegé)r grll?wla?%%ﬁr?(ercﬁt?[on of wafer
502 thereto. In ylevaésrther alternatlve a pIurallty of individual (smgulated) semiconductor dice or
devices 505 may be mauniedunon (e, walcr:scple IieRoser 231 e llusirated, 19 IR.FIG. 68, which
is a top elevation view of two dividual Semicon ice or devices boS mounte upon a
wafer-scale inteepﬂsﬂnrﬁ%gftﬂoeemfeeﬁhhmyehﬂbm tizubsedlieatdgnine antingot tdiy it uathe
semiconductor die or device upo the ter 0sers of he wafer-scale interposer 531, the assembly
thereof may be SXGHSIEH BRECSPHER IIy, %SB%LHS LR F‘éludn%né?é?ﬁﬁ% PoISdIRILSHRIEor device
packages [6.9. @%cﬁemms)nmydiereﬂemee wabkagecporshg\frornthd Gedpeasganediing: toidhepresent
invention. Such thod and onflg r £|on may provide an @portunlty for verl{)catlon Qr stlng of

the semiconduct % IH’ﬁ‘fﬂﬂto CBRRE SN {Hahae CRLRE B putePsgamomed Wit diose

of another while remaining within the scope of the invention.



It is further noted that the above-described embodiments of an interposer or a semiconductor device
according to the present invention may be utilized in a computer 25 or electronic environment. For
example, FIG. 7 shows a schematic block diagram of system 630 according to the present invention.
Semiconductor device 610, including at least one interposer 612 according to the present invention
and at least one semiconductor die 614, may be included electronic device 620, such as a computing
device, the electronic device 620 including a processangevice 632, such as a central 30 processing
unit or other logic device, operably coupled thereto. Further, processor device 632 may also be
coupled with one or more appropriate input devices®3448&- (€.9., mouse, push-button, touch screen,
communication interface, hard drive, etc.) and one or more output devices 636 (e.g., a display, printer,
communication Wiattacelalaed igirive, etc.) within system 630. It is also noted that the semiconductor
device 610 may be utilized in various computing environments, systems, and devices, such as, for 5
example, cell phones, personal data assistants (PDAs), and other similar electronic devices. While the
present invention has Been didolasbddotéomsing serminqdéfeivediccmibrisaemsuthogatdtardinary

skill in the ayt Wi(l)lnrée gﬁgmé%laﬂl%%p g%@éﬁot ’815111[;1 » 'Hlvention is not so limited. Additions, deletions
and modifications to the disclosed 10 embodiments ma%i be effected without departing from the scope
of the invention pevolanme dubsteire. iSiuidanky a féetsirescibeheome drpbodidvertanagnbeleombatied with

those of another while reranaipin within the scopenof the inventio(p. 517 CLA!MS What Ls claimed is:
.___conductiverlayer at 8&St. rta Su erllm 0S€d W1 r?sgec {0 one anot 6[1‘,
1. A method of forming a semiconductor die interposer including at least 5 one passive eleément, the

method compridimgnipgondéngs arsulestratat ikakiging @t yeashonddae leatriodaykel actd atdgatiyone
electrically conductive layer.at Ieashgarti'ﬁllly superimposed with respect to one another; forming at
least one recess at least %ﬁ%@% M'th& &P least one dielectric layer by

10  selecting at least one dimension of the at least one recess for forming at least one
passive element exhibiting an intended magnitude of at least one electrical
property; and

depositing conductive material at least partially within the at least one recess to form
the at least one passive element.

15
2. The method of claim 1, wherein forming the at least one recess within a

portion of the at least one dielectric layer comprises at least one of etching the at least
one dielectric layer, drilling the at least one dielectric layer, exposing the at least one
dielectric layer to a laser beam, and punching the at least one dielectric layer.

20
3. The method of claim 1, further comprising forming at least one

conductive trace configured for electrically communicating with at least a portion of the

at least one passive element.

25 4. The method of claim 3, wherein forming the at least one conductive
trace comprises:
forming the at least one conductive trace having at least a portion thereof positioned in
an overlapping relationship with the intended position of at least a portion of the
at least one recess; and
30  removing the portion of the at least one conductive trace by forming the at least one

recess;



removing a portion thereof; 10 selecting at least one dimension of the at least one recess for forming
at least one passive element exhibiting an intended magnitude of at least one electrical property; and
depositing conductive material at least partially within the at least one recess to form the at least one
passive element. 15 2. The method of claim 1, wherein forming the at least one recess within a
portion of the at least one dielectric layer comprises at least one of etching the at least one dielectric
layer, drilling the at least one dielectric layer, exposingjRe at least one dielectric layer to a laser
beam, and punching the at least one dielectric layer. 20 3. The method of claim 1, further comprising

forming at least ppg.APprURtivaase canfiged it alastEcalesammumisaling With piieasta portion

of the at least one passive element. 25 4. The method of claim 3, wherein forming the at least one
conductive trace compfifast famiiegShe at least one conductive trace having at least a portion thereof
positioned in an overlapping relationship with the intended position of at least a portion of the at least
one recess; and 30 removing the portion of the at least one conductive trace by forming the at least
one recess; -28- whergin theTteleagthoheicdauictiveorsoe definesthe kdstst porgondote side wall of

the atleast ong fegess kIS She el Suiieln g (s stisesiane aepchiofve o ace

comprises forming the at least one conductive trace upon at least a portion of e wall of the at
least one recessid. Wﬁéoﬁdthadloﬁsa:lalmrecwherem forming the at least one conductive trace
comprises forming the at least one conductive trace having at least a portion

6. The method of claim 3, wherein forming the at least one conductive
trace comprises forming the at least one conductive trace having at least a portion
10 thereof superimposed in relationship to at least a portion of the at least one passive

element.

7. The method of claim 1, wherein depositing the conductive material at
least partially within the at least one recess comprises screen printing conductive

15  material at least partially within the at least one recess.

8. The method of claim 7, further comprising vibrating the conductive

material disposed at least partially within the at least one recess.

20 9. The method of claim 8, wherein vibrating the conductive material
disposed at least partially within the at least one recess comprises vibrating the at least

one dielectric layer.

10. The method of claim 9, wherein vibrating the conductive material
25  disposed at least partially within the at least one recess comprises vibrating the
dielectric layer during screen printing the conductive material at least partially within

the at least one recess.

11. The method of claim 7, wherein screen printing the conductive material
30  at least partially within the at least one recess comprises:

disposing a stencil adjacent to a surface of the semiconductor die interposer;



10 thereof superimposed in relationship to at least a portion of the at least one passive element. 7.
The method of claim 1, wherein depositing the conductive material at least partially within the at least
one recess comprises screen printing conductive 15 material at least partially within the at least one
recess. 8. The method of claim 7, further comprising vibrating the conductive material disposed at
least partially within the at least one recess. 20 9. The method of claim 8, wherein vibrating the
conductive material disposed at least partially within the at least one recess comprises vibrating the at
least one dielectric layer. 10. The method of claim 9, wherein vibrating the conductive material 25

disposed at leasy, Racipllyiyifhin e 1458 NG ERGRSRLRMPTISES Vibrefinithecliglestiic faver during

screen printing the conductive material at least partially within the at least one recess. 11. The method
of claim 7, wherein scrégasprinting the conductive material 30 at least partially within the at least one

recess Comprisg?&;&’ﬂ&ﬁ‘%%’?gjéhﬁi%?iké’lqé%‘éﬁ% asHhiBsh ‘HIC)H%? SRMIANIHEIQL AR, pferposer; -29-

substantially aligning at'least on€ aperture formed in the stencil with the at least one recess; providing
a quantity of comeiudtigerpasse opedian opihergarfatecdicthelsttireibaateditivosimgranlbaistta thorion of
the quantity-of conductlié/aestpéahset? e%gigast partially into the at 5 least one recess. 12. The method of
claim 11, w%erein moving the at least a portion of the quantity of conductive paste at least partially
into the at least one recess comprises moving a squeegee blade in contact with the upper surface of

the ste_npil across t.he 322'10 I%sft{%gﬁlgggg&%{%% me Eherein. 13. Tﬁgaq‘uletr&)d of %Jaim fl}l,efurther

j 1. Wherein ﬂ}/m§t esLa porrion o t i
comprising: removing the stencil from adjacen € Surface o € semiconauc 1€ Interposer,; and

removing a portiprrmaitihef condudiive pastatdxienplinipibove the suidatend theess comprises
moving a squeegee blade in contact with the upper surface of the stencil across the at

10  least one aperture formed therein.

13. The method of claim 11, further comprising:
removing the stencil from adjacent the surface of the semiconductor die interposer; and
removing a portion of the conductive paste extending above the surface of the

15 semiconductor die interposer.

14. The method of claim 13, wherein removing the portion of the conductive
paste which extends above the surface of the semiconductor die interposer comprises
moving a squeegee assembly along the surface of the semiconductor die interposer.

20
15. The method of claim 14, further comprising vibrating the conductive

material disposed at least partially within the at least one recess.

16. The method of claim 15, wherein vibrating the conductive material
25  disposed at least partially within the at least one recess comprises vibrating the

squeegee assembly.

17. The method of claim 7, wherein screen printing the conductive material
at least partially within the at least one recess comprises:
30 providing a quantity of conductive paste onto a surface of the semiconductor die

interposer;



15 semiconductor die interposer. 14. The method of claim 13, wherein removing the portion of the
conductive paste which extends above the surface of the semiconductor die interposer comprises
moving a squeegee assembly along the surface of the semiconductor die interposer. 20 15. The
method of claim 14, further comprising vibrating the conductive material disposed at least partially
within the at least one recess. 16. The method of claim 15, wherein vibrating the conductive material
25 disposed at least partially within the at least one recggs comprises vibrating the squeegee
assembly. 17. The method of claim 7, wherein screen printing the conductive material at least partially

within the at leagf RAe.Ta0RSS COMPHRRR AR RAYY NG AMART N soRAUSINA ARSIGORIe 4 Surface of

the semiconductor die interposer; -30- moving at least some of the quantity of conductive paste at
least partially into the deafé@sedpeesdcess. 18. The method of claim 1, wherein depositing the
conductive material at 5 least partially within the at least one recess comprises injecting the conductive
material at least partially within the at least one recess. 19. The method of claim 18, further
comprising vibrating thE8condlibtivecthvstefisldanjettethetcioadtnvaiting yhwicoirdtivs et feaistiohat recess.

10 20. The method af.claim 4aunateln iBiseling e congystive matsiial At legshariabiiigin the a
least one recess comprises fi Illng only a portion of the at Ieast one recess with the conductive
material. 15 21.4T heaxsnhpahodlpivaidim the whiersirode pasiting the conductive material at least partially
within the at least one recess comprises depositing the conductive material at least partially within the
at least one recess by way of maskless mesoscale materials deposition.

19. The method of claim 18, further comprising vibrating the conductive
material injected at least partially within the at least one recess.
10
20. The method of claim 18, wherein injecting the conductive material at
least partially within the at least one recess comprises filling only a portion of the at

least one recess with the conductive material.

15 21. The method of claim 1, wherein depositing the conductive material at
least partially within the at least one recess comprises depositing the conductive
material at least partially within the at least one recess by way of maskless mesoscale

materials deposition.

20 22. The method of claim 1, further comprising vibrating the conductive

material deposited at least partially within the at least one recess.

23. The method of claim 22, wherein communicating vibrational energy to
the conductive material deposited at least partially within the at least one recess

25  comprises vibrating the at least one dielectric layer.

24, The method of claim 23, wherein vibrating the conductive material
deposited at least partially within the at least one recess comprises vibrating the at least
one dielectric layer during depositing the conductive material at least partially within

30 the at least one recess.



20 22. The method of claim 1, further comprising vibrating the conductive material deposited at least
partially within the at least one recess. 23. The method of claim 22, wherein communicating vibrational
energy to the conductive material deposited at least partially within the at least one recess 25
comprises vibrating the at least one dielectric layer. 24. The method of claim 23, wherein vibrating the
conductive material deposited at least partially within the at least one recess comprises vibrating the
at least one dielectric layer during depositing the condgictive material at least partially within 30 the at
least one recess. -31- 25. The method of claim 1, wherein providing the substrate including the at least

one dielectric layer comprisesrrayiding thecsHhsTralm gl giiagidi Rl k- SHEIREHIG RVEISaO 26.

The method of claim 25, wherein providing the substrate including the at least one conductive layer
comprises provigitig ene dglestragdayriGenprigsinralitdiog Gerigbetive iaghrdinga mineahigwiod of claim
25, further compyiiging 19, {Rpming the at least one recess at least partially within at least some of the
plurality of dielectric layers by removing a respective portion thereof; and screen printing the
conductive material at least partially within the at least one recess within the at least some of the

plurality of gielectric Ia&grs. 1%@8m'le'['Pe @qhﬁg oEgI ' fe%n %Q/rgiﬂ tf}ﬁ agﬁllﬁ%sttg epas 'vt% element
is positionéd within more than one o (t)heop uralﬁlty o’s’du% ectliﬁ/: ai/elré. 5. The ﬁflet{h(%g o{%lau?n 5,
further comprisikgfornurgratugast biyer congusty/prviadngehding ftore iheladileastpbnelpasdive
element. 20 30.C1(;g8urcr}etg?g orfsclaim 25, wherein selecting the at least one dimension of the at least
one recess for forming the & Teast one passive element exhibiting the intended magnitude of the at
least one electrical property comprises selecting at least one dimension of the at least one recess for
forming at least one p%flve ellﬁén r%gtthod of claim 25, further comprising:
10  forming the at least one recess at least partially within at least some of the plurality of
dielectric layers by removing a respective portion thereof; and
screen printing the conductive material at least partially within the at least one recess

within the at least some of the plurality of dielectric layers.

15 28. The method of claim 25, wherein the at least one passive element is

positioned within more than one of the plurality of dielectric layers.

29. The method of claim 25, further comprising forming at least one
conductive via extending from the at least one passive element.
20
30. The method of claim 25, wherein selecting the at least one dimension of
the at least one recess for forming the at least one passive element exhibiting the
intended magnitude of the at least one electrical property comprises selecting at least
one dimension of the at least one recess for forming at least one passive element

25  exhibiting the intended magnitude, respectively, of more than one electrical property.

31. The method of claim 1, wherein depositing the conductive material at
least partially within the at least one recess to form the at least one passive element
comprises depositing the conductive material at least partially within the at least one

30  recess to form at least one of a resistor, a capacitor, and an inductor.



25 exhibiting the intended magnitude, respectively, of more than one electrical property. 31. The
method of claim 1, wherein depositing the conductive material at least partially within the at least one
recess to form the at least one passive element comprises depositing the conductive material at least
partially within the at least one 30 recess to form at least one of a resistor, a capacitor, and an
inductor. -32- 32. The method of claim 31, wherein the at least one electrical property comprises at
least one of resistance, capacitance, and inductance. _33. The method of claim 1, wherein: 5 forming
the at least one recess comprises forming two adjacent recesses; and the two adjacent recesses are

separated by a distancgyof abpyl A0 Fh e ehelAn eubBRIDICRARS YAgIE conductive
no

material at least partially within the at least one recess comprises filling only a portio eat 10
least one recesSNPTIeS dosariceOgesANCeECaRACRBES0%RY fadussarepbly with a semiconductor
die, comprising: a substrate including at least one dielectric layer; at least one recess formed in the at
least one dielectric layer; 15 at least one passive element positioned at least partially within the at least
one recess formed intdthe ail leametns! dietéwtrid laykgravherein at least one dimension of the at least

one recess4s S‘?‘&%?%f%%? nerating f’%geLrs‘t&ﬂ%ﬁﬁs@%ﬁ%ﬁ&%ﬁ%ﬁéﬁﬁ%@ﬁ@ﬂ%@eﬂ%E;”&ﬁé' property of the
at least one passive element positioned at least partially thérein during operation; and 20 at least one
conductive layethextendihjgoenarscpeeinposgoiretationshiptaloegbhtbeasa yportion of a surface of the
at least one dielectric layer. 36. The interposer of claim 35, wherein the at least one passive element
comprises at least one of an inductor, a resistor, and a capacitor. 25 37. The interposer of claim 35,
wherein the at least ongrecedhexiubitgl tdtdahdimehsioinal dptsiang eseaioabdocti dOmatc3Bl ihe
interposer of clalim 35, whﬁrein ﬁhe ﬁt least one recess exhibits . . .

east partially within the at least one recess comprises filling only a portion of the at

10  least one recess with the conductive material.

35. An interposer for assembly with a semiconductor die, comprising:
a substrate including at least one dielectric layer;
at least one recess formed in the at least one dielectric layer;
15  atleast one passive element positioned at least partially within the at least one recess
formed into the at least one dielectric layer;
wherein at least one dimension of the at least one recess is selected for generating an
intended magnitude of at least one electrical property of the at least one passive
element positioned at least partially therein during operation; and
20  at least one conductive layer extending in a superimposed relationship along at least a

portion of a surface of the at least one dielectric layer.

36. The interposer of claim 35, wherein the at least one passive element
comprises at least one of an inductor, a resistor, and a capacitor.
25
37. The interposer of claim 35, wherein the at least one recess exhibits

lateral dimensional tolerances of about +30 pm.

38. The interposer of claim 35, wherein the at least one recess exhibits

30 lateral dimensional tolerances of about +20 pum.



30 lateral dimensional tolerances of about 20 m. -33- 39. The interposer of claim 35, wherein the at
least one recess exhibits lateral dimensional tolerances of about 5 m. 40. The interposer of claim 35,
wherein the at least one dielectric layer is 5 substantially free of photopolymer. 41. The interposer of
claim 35, wherein a side wall of the at least one recess exhibits a taper. 10 42. The interposer of claim
35, wherein the at least one passive element comprises a plurality of passive elements. 43. The
interposer of claim 35, wherein: the at least one passivgzelement comprises two adjacent passive
elements; and 15 the two adjacent passive elements are separated by a distance of about 20 m. 44.

The interposer of claim§s, whEiR %8t 6R S AN FAFHMRIR BN LL BRI RS2 AMIBHLY of

conductive layers. 20 45. The interposer of claim 44, wherein each of the plurality of conductive layers
exhibits a differéxeelbdtieabinmpéolyrneetaaioreyiebhBther conductive layer of the plurality of
conductive layers. 46. The interposer of claim 35, wherein: 25 the at least one dielectric layer
comprises a plurality of dielectric layers; and the at least one passive element comprises a plurality of
passive elements. 47. 3he int€hgostsrpdscimci8mvde rehersinahsatie sfane dbleality biyatislectric

layers eactgincIg#g[(gef%gﬂglgg,rﬁgr()%ﬁﬂi%gg@l%pent of the plurality of passive 30 elements. -34- 48.

The interposer of claim erein the'at feast one passive element is positioned within more than
one of the plurality of dielectric layers. 49. The interposer of claim 46, further comprising at least one

conductive 5 via extergjing frg e, at leastons RassivG SISMett 0, 1% lSRRY S SR 35
further comprising at least one conductive

exhibits a taper.

10 42. The interposer of claim 35, wherein the at least one passive element

comprises a plurality of passive elements.

43. The interposer of claim 35, wherein:
the at least one passive element comprises two adjacent passive elements; and

15  the two adjacent passive elements are separated by a distance of about 20 um.

44. The interposer of claim 35, wherein the at least one passive element

comprises a plurality of conductive layers.

20 45. The interposer of claim 44, wherein each of the plurality of conductive
layers exhibits a different electrical property in relation to each other conductive layer

of the plurality of conductive layers.

46. The interposer of claim 35, wherein:
25  the at least one dielectric layer comprises a plurality of dielectric layers; and

the at least one passive element comprises a plurality of passive elements.

47. The interposer of claim 46, wherein at least two of the plurality of
dielectric layers each includes one or more passive element of the plurality of passive

30 elements.



trace in electrical communication with the at least one passive element. 10 51. The interposer of claim
50, wherein the at least one conductive trace defines at least a portion of a side wall of the at least
one recess. 52. The interposer of claim 50, wherein the at least one conductive trace extends along at
least a portion of a side wall of the at least one recess. 15 53. The interposer of claim 50, wherein the
at least one conductive trace includes at least a portion thereof superimposed in relationship to at
least a portion of the at least one passive element. 2QHd. The interposer of claim 35, wherein the at
least one passive element comprises a conductive material positioned within only a portion of the at
least one recess. 55. AgvaferrfealrdaInQseSamBrRdG: AR AMEIDOAE THSIRAER SRFD
comprising a substrate including at least one dielectric layer and at least one conductive layer; at least
one recess fornisdiiirtied atitbmsmorktbialcorief|tirplordir wiotitlecpligraligfof interposers; wherein
each of the plurality of interposers includes at least one passive element 30 positioned at least partially
within the at least one recess formed in the at least one dielectric layer thereof, respectively; and -35-
wherein at least one diffensidrhefintepustsadtctno rEedvstheeseipctsddet past aoinepaduictisnded
magnitude 9f at\;fza Q I%%(gr' % property %f iv? % ent positioned at least partially therein
R A

during operation. € wafer-scale interposer of claim 55, wherein the at least one passive

element comprises at least one of an inductor, a resistor, and a capacitor. 57. The wafer-scale
interposer of claim 55, hereiflhthe f"lt least o 6 Jecess ex}pibits lateral dimensional tol rances of about
n ﬁn é urthe 1ve

. 1NIErposer. O dal I comprising at least one conduc
30 m. 10 58. The wafer-scale m?erpo%oer of Slaim 5 , W erem the At 1ehst one recess
trace in electrical communication with the at least one passive element.

10 51. The interposer of claim 50, wherein the at least one conductive trace

defines at least a portion of a side wall of the at least one recess.

52.  The interposer of claim 50, wherein the at least one conductive trace

extends along at least a portion of a side wall of the at least one recess.

15
53. The interposer of claim 50, wherein the at least one conductive trace
includes at least a portion thereof superimposed in relationship to at least a portion of
the at least one passive element.
20 54. The interposer of claim 35, wherein the at least one passive element

comprises a conductive material positioned within only a portion of the at least one

recess.

55. A wafer-scale interposer, comprising:
25  aplurality of interposers, each comprising a substrate including at least one dielectric
layer and at least one conductive layer;
at least one recess formed in the at least one dielectric layer of each of the plurality of
interposers;
wherein each of the plurality of interposers includes at least one passive element
30 positioned at least partially within the at least one recess formed in the at least

one dielectric layer thereof, respectively; and



exhibits lateral dimensional tolerances of about 20 m. 59. The wafer-scale interposer of claim 55,
wherein the at least one recess 15 exhibits lateral dimensional tolerances of about 5 m. 60. The
wafer-scale interposer of claim 55, wherein a side wall of the at least one recess exhibits a taper. 20
61. The wafer-scale interposer of claim 55, wherein the at least one passive element comprises a
plurality of passive elements. 62. The wafer-scale interposer of claim 55, wherein: the at least one
passive element comprises two adjacent passive eleme#ts; and 25 the two adjacent passive elements
are separated by a distance of about 20 m. 63. The wafer-scale interposer of claim 55, wherein the at

least one passivey, GlamantLQBREigRRA RUH B OLCRAGUGHY R LRYEIS. wRRcR: (PEY@IEHSSAle

interposer of claim 63, wherein each of the plurality of conductive layers exhibits a different electrical
property in relation to éaendsharagatitecol/et leper okt ipyoprtomdudiveirgeness. The

wafer-scale interposer of elaim pa. whe iR_‘ia Wtﬁ‘éﬂ&ﬁs&ﬂlr}n%ﬂg%?ﬁgﬁ. layer comprises a plurality of

dielectric layers; and the at least one passive element comprises a plurality of passive elements. 66.
The wafer-scale interposer of claim 65, wherein at least two of the 10 plurality of dielectric layers each

include at |gast one paggive e{%@%%e%tstgﬁeﬁ%af %é’r%?%‘t%j%%ﬁ'%@ﬂ%}ﬁ-tﬁ aﬁ%%‘ﬁ"&l%‘i}%&%% .

interposer of claim 55, tfurther comprising at [east one conductive trace In electrical communication
with the at leastederecpassiverelemehtaslén6®f Thenafarrstadsistverpobercapaiaim 67, wherein the at
least one conductive trace defines at least a portion of a side wall of the at least one recess. 69. The
wafer-scale interposer of claim 67, wherein the at least one 20 conductive trace extends along at least
a portion of a side wall5f the Bhécasfepreaiedeespost: dihdavales; sdadecintérpackenafciaircess, wherein
the at least Oneexhibits lateral dimensional tolerances of about +30 pum.

10

58. The wafer-scale interposer of claim 55, wherein the at least one recess

exhibits lateral dimensional tolerances of about £20 um.

59. The wafer-scale interposer of claim 55, wherein the at least one recess

15  exhibits lateral dimensional tolerances of about +5 pum.

60. The wafer-scale interposer of claim 55, wherein a side wall of the at

least one recess exhibits a taper.

20 61. The wafer-scale interposer of claim 55, wherein the at least one passive

element comprises a plurality of passive elements.

62. The wafer-scale interposer of claim 55, wherein:
the at least one passive element comprises two adjacent passive elements; and

25  the two adjacent passive elements are separated by a distance of about 20 pm.

63. The wafer-scale interposer of claim 55, wherein the at least one passive

element comprises a plurality of conductive layers.



conductive trace includes at least a portion thereof superimposed in relationship to at least a portion
of the passive element. 25 71. The interposer of claim 55, wherein the at least one passive element
comprises a conductive material positioned within only a portion of the at least one recess. -37- 72. A
system, comprising: at least one semiconductor package, comprising: an interposer comprising: a
substrate including at least one dielectric layer; 5 at least one recess formed in the at least one
dielectric layer; at least one passive element disposed g§_least partially within the at least one recess
formed in the at least one dielectric layer; wherein at least one dimension of the at least one recess is

selected for forming they at leggE QR HAZSIvG RISHISH sYRiIGLL¥BIRI-ALilPaRth HP @R IanYer

magnitude of at least one electrical property; and at least one conductive layer extending in a
superimposed redasga8plaston gxiiea st diffrrais gloeta gl haercHy thardatmstootisttishestric layer; and

a semiconducto&g{'gugg%qg%rc_gﬂgﬂg?ﬁgatﬁgq)q &@&9@&@&19}@&15 at least one microprocessor

operably connected to the semiconductor package. 73. The system of claim 72, wherein the at least
one passive element comprises at least one of an inductor, a resistor, and a capacitor. 20 74. The

system of c:}aim 72, furgger COFEB%%@&%E!E@{%&:#%S%‘; ap th%ﬂt Sgew'ﬁgréa}lqd an output device. 75. The
system of claim 72, wherein the at least one se iconductor package and the at least one
microprocessor thpetdbdyt cornbetadribdrgto conpprise o af edstyinf2bepant;iamptectaodic device.

the at least one passive element comprises a plurality of passive elements.

66. The wafer-scale interposer of claim 65, wherein at least two of the
10 plurality of dielectric layers each include at least one passive element of the plurality of

passive elements.

67.  The wafer-scale interposer of claim 55, further comprising at least one
conductive trace in electrical communication with the at least one passive element.
15
68. The wafer-scale interposer of claim 67, wherein the at least one

conductive trace defines at least a portion of a side wall of the at least one recess.

69. The wafer-scale interposer of claim 67, wherein the at least one

20  conductive trace extends along at least a portion of a side wall of the at least one recess.

70. The wafer-scale interposer of claim 67, wherein the at least one
conductive trace includes at least a portion thereof superimposed in relationship to at
least a portion of the passive element.

25

71. The interposer of claim 55, wherein the at least one passive element

comprises a conductive material positioned within only a portion of the at least one

recess.
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37-

72. A system, comprising:
at least one semiconductor package, comprising:
an interposer comprising:
a substrate including at least one dielectric layer;
at least one recess formed in the at least one dielectric layer;
at least one passive element disposed at least partially within the at least
one recess formed in the at least one dielectric layer;
wherein at least one dimension of the at least one recess is selected for
forming the at least one passive element which exhibits at least
one intended magnitude of at least one electrical property; and
at least one conductive layer extending in a superimposed relationship
along at least a portion of a surface of the at least one dielectric
layer; and
a semiconductor die operably connected to the interposer; and

at least one microprocessor operably connected to the semiconductor package.

73. The system of claim 72, wherein the at least one passive element

comprises at least one of an inductor, a resistor, and a capacitor.

74. The system of claim 72, further comprising at least one of an input

device and an output device.

75. The system of claim 72, wherein the at least one semiconductor package
and the at least one microprocessor operably connected thereto comprise, at least in

part, an electronic device.



