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

circuits to provide a widg\fRRe® 65 R GHIERI FEFISERNCE MAES-GTORYEONAL SETERMERFAtINg processes
are 15used to deposih§oNANGHVE RRFIRPT RGN BIS Wirgerat ersP SR SHoR S pubstrate
comprising FR-4, flexible\Giggyito s i ARNSHS T ISEE SO PN INBSERS NGS 4 Willfizceramic printed
wire boards may typically include a g@ﬁgﬁi{@gﬁﬁg@%@lﬁ@]ﬁ%@fgonductive material, various

additives fo§ favorably affecting the electrical properties of the resistor, and an organic vehicle or
polymer matrix material. 20Screen-printing pastes used in organic printed wire board construction
typically include an electrically-conductive mate%qédﬁgﬁgﬁgﬁitives for favorably affecting the
electrical properties of the resistor, an organic binder, and an organic vehicle. After printing, the
screen-printing paste hiajdef typibatinheatethiomteyeita pasteoand domnve ethe pabtetontderi ststable film
that adheres to the substrate, If I sgreen-printing 25 paste, is used, the heating step may
remove the orgAht: SERRI Ihe BLrE e Do Br A e ar Bthey Sl SERNS paates may be
preferablyIsintergéementfiredcday imglwehiet) thaspasteus heateidors, bureraff the pprgarieleatdote and fuse
the remaining solid m terial. The elecfrical resistance of a screen-printed resistor may be dependent,
at least 30partiai])'ﬁ/‘feor g %Ve@fgf&e\mﬁt%ﬂ RIRE Hirvensions of the resistor are produced, the

stability of the resistor Biatarialirahet el atabMity df dhecigristokiesonipaiions rddBeoirgeyhitiianayng of at

least one dimension (e.g., a width, length or thickness) of , o ,
be ter$ne “t%lck—ttilm’ere%gstors, are empfgyed?n 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



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 5termination pattern. More particularly,
conventional screen-printing techniques generally employ a template with apertures bearing the
positive image of the resistor to be created. The templase, referred to as a mask or stencil, may be
placed proximate to and above the surface of the substrate on which the resistor is to be formed. The

stencil may then g Jpaded Wil e LRdValive-RES I A B SQaeAlELISAURRO6E Hiaflsi may be

10drawn across the surface of the mask, pressing the paste through the apertures of the stencil and
onto the surfacedistiIaifiigredssing. However, even if the dimensions of a conventional

screen-printed passiveh?llﬁﬂl?,”%o%%é&ﬁgﬁ&?%féé’ﬁ-' ARRRAUeR YROMHINRHK ARPASIHAG {hg paste upon

the surface of a substrate, the control of dimensions may be influenced by dimensional 15changes that
occur after depakittomifigsl byihieygcdrginpyifiting pardoethaddyihg langtfitindpte@hinedree flsuch dimensional

changes may oeAlfEulbio Atedct ercenielandmay Adversab inliensa s yaspllic i he
electrical properties of a screen-printed passive etément. Thus, as mentioned above, compared to
many other depgsitiorlproupkses fgoplaentiothalsotess peirtingtie aoslatvelyage pfebisepsooess with

respect to 20dimensiona tglerances; Accprdingly. since the resisiance, ot seresn-printed resistor i
related directly to its élménsmnsﬂﬂe resistance of a screen-prln{le resiStor OF another electrical

component mayahé abovregeondingl nndlativiedyrimpnecibeh the Ferisnstanoestvaradpriitesteasiktors

may exhibit dimensignal tolerances .gf about 100 gm. Correspondingly, screen-printed resistors ma
D ooy h A SR AT Bt R o D b A TS S B Roetane of
a screen-printediresisteralabouidne s uar enmil petsmp dye gaseraibywer yheyaparoue 0%He 30% if

formed by screen printing, due, in large part, to the variability of its length, width, and thickness.
Accordingly, scra&tEiban @483?[8}5%%&{ @Qtﬁﬁlﬁsga@quate tolerances in resistance may require the

physical size of the regigaetebeaigettbaiensions 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



30would 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
trimming is widely used to adjust the resistance of screen-printed resistors. Laser trimming processes
typically involve ablation of a 5portion of the screen-printed resistor, which increases the electrical
resistance thereof. However, laser trimming may be cast prohibitive and may require additional
processing time. Also, the resistor must generally be exposed at a surface thereof to allow for laser

trimming. As a”%ﬁ%ﬁﬂﬁiﬂgﬁ@%d@ﬁi%ﬁ&%@@rﬁ% resiRPnreR M e S¥cRebaesiked

magnitude may not be adjusted via laser trimming techniques. 10Thus, considering the conventional
processes and lidileationslimereiof, undesirably, resistors or other passive electrical components formed

on the surface of a S“ti%ﬁh‘?s‘ij@a&&{]‘{g&ﬂi‘?ﬂﬂhﬁﬁ{g?@iﬂﬁ@%"{}%@d%%ﬁ H2YOSEHRY grrelatively large

area on the surface thereof. Limiting the available area may detrimentally influence placement of other
circuit componestrsewipichtedaysisquirel suefacenmountineses S igpafde ivorlventitaiminfofration of

passive e'eﬁne”(&%ﬁ&ﬁh& ﬁ%’éfs%‘%geﬁ%%ﬁ]{é%s}é%t&o@%é’ &‘%Hel%&%@é’iﬁ%%&é&i@%s}g%sﬂe DY or A

number of approaches for increasirig the accuracy of screen-printed resistors ve been deeveloped.
For instance, U3oPatentdosiréi2zggadinhd &4 7fi@24i to Dudmetyal@achadibtiosd prpeosess for

forming a screen-printed resistor.with relativel precisely controlled dimensigns, thus yielding a
relatively preciob TES AT e AR e alahy oL S B sl e R
Dunn et al. eachrifisolage thadanhepeninglenayoberpéistadefinen b ecsisttacesol i ghetosmbgeable

layer and then filled via screen printing with resistive material. However, photoimaging processes may

be costly, fme-SRECHTRE BF BR RS ERHs R VR THEA BB 6 s entional processes and

practices with respect tthike Jalvidation thé screentuintgdoasisioradnttiieonpassiu, electrical

elements may necissit%i? a compromise between the precision of the resistance value ang%%he size of
3

the resistor. In SRS HBs IGTHIETS NI RARTS F AT e dsil SUPRRRATAE {9 s A ibSr Es s circuit,
an undesirable gahgadeenCeois/HoIRSIStaRSEPYRINES P& esses 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



30less 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 5The present invention
relates to an interposer for assembly with a semiconductor die including at least one passive element,
the at least one passive element having relatively precise dimensions, which are defined, at least in
part, by at least one recess formed in a dielectric layer_gf the interposer. The dielectric layer may be
substantially free of photopolymer. Generally, the at least one recess in the interposer may be formed

10by removing PR HREFSOf- QAL PRARES1 AR A At Ariling, JlipeRURERINH;Kr etching.

Furthermore, the at least one recess may be at least partially filled with a conductive material, such as,
for instance, a coneligtieywHseonyToiondley fnagdineps asivensiement. The conductive paste may
be at least partially cured, dried, or both to form a relatively stable electrical element. 15In one aspect
of the present invention, a method for forming a semiconductor die interposer is disclosed, the
interposer including at least one passive RIEMENE WRIFEEIpBYNEATINsubstrate may be provided, the

substrate ingluing at legst e diglecitis (el A1 ah ast ane elpaUlcally confuctygiayer afjeast
partially superimposed t efewith. Furt er, at least one recess may be formed at least partially within
the at 20 least dreidlibidutgatdgat byerpmsvinglenpottidre thideesf oMdgmistive: dilmreaisidlsiof the at least
one recess may, e sefeated for gausing an af isastons pazeiyg clement (g, exhibi an intended
magnitude of at feadl ond siedtrica property. onductive materia ma)P %%’ gposne alieast partially
within the at leagirane iecedskafocrinjhedttteastapespastivedidroeit | Attaasy basutsnatialiye trace
may be formed %o elefctniicall omm%]icat witég 25 the at least one assi\t/e element. @n 'nterr()ioser of
the present inveltioR MASH B REE RS it De A EShARIST e AN SRSt (& P s
semiconduotor packageitg apottien asgect, ¥y Terdrssaitktinyantidn i) dienpasaniitihgssembly with a

semiconductor die may include at least one dielectric layer and at least one passive 3Qelement
disposed at |ea&“68?ﬂi‘é%y%ﬁﬁ?ﬁ“h%‘ |<fé‘§?%ﬁ‘8%ecé S bITAYPIT fivEcst @&%PS&ﬁS?éfé%ﬁ‘ﬁ@’lH&r/%ﬁeﬁm

addition, the digasipashahtiecitaashPReIEEEIorNRYReeselesiadctive 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



-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 relationship
along at least a portion of a surface of the at least one dielectric layer. 5A wafer-scale interposer is
also disclosed, including a plurality of interposers, each comprising a substrate, including at least one
dielectric layer and at least one conductive layer. At least one recess may be formed in the at least
one dielectric layer of each of the plurality of interposers. Further, each of the plurality of interposers
may include at least one passive element positioned at least partially within the at least one 10recess

formed in the atgass g delRaile e AeIRARSRRSHUBIC A e BIeRsiAtS AL he at least one

recess may be selected for producing an intended magnitude of at least one electrical property of the

at least one _pas@ﬁiérél@mm%tysifﬁwédtam%twﬁml}dﬂﬁ@ﬁéﬁ?ﬂMﬁg@ﬁb}@ikﬂﬁﬁé‘rééﬁﬂm@g _
wafer-scale 'nteﬁ?Q%%éﬁ%g?geﬁ%ﬁ@&@ﬁiﬁgﬁ%&W@f@ls?g i5inga Rl Phrerpicandygtor dice

and 15subsequently singulated and encapsulated to form individual semiconductor packages.
Alternatively, thdiplednskealks.interposer may be assembled with a plurality of individual semiconductor

die and suhsequently sj e t f ndividual semic ckages. A
system inctlﬁsding an iné?‘gg}sge}r%ﬁt%%l%?gggﬁl{%%%%t%%sncqlé%ﬁs’o g }ggﬁée%gq“ﬁgeﬁ %@{%&tegﬁ) ﬁ%%’comprise
an electronic desdck ceughiam@a carputinginduiteg Rutthstrotivalsystene hagyr includéeastleast one input

device (e.g., mous Q{Jsh-button t?uc screen comn%un}cation.inggrfa{: , hard drive, tc.} and at least
.conduttive l&lger. At Ieast one recess IIlaZl v Orl%’le 11n a (fe st one i GCI?IC ayef
one output device (e.g., a display, printer, communication interface, hard drive, etc.). The system may

be utilized in vanbeschaihiatifigreimyirdiinenissesys @mbcarddevichs phualitas)ffonayaseplenaell

25phones, personci‘ll‘éiata assistants (PDA % and other sigilari electroniﬁ devi}?.es fther features
and advantages”b

& HrESh NSRS iMsALBRA QB AL AT Bl iR &N Bligh
consideration ofr¢besensuieg teseription: he dtdecapanyingishasingspanithe apRenged claims. -6-
BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a side cross-sectional view of a schematic
representation GF RLEMRLAGGEBE Pé%?e%‘iﬂ%’ﬁﬁg%ﬁs §fﬁdir?%ﬂlf cing 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.



FIG. 2A is a side cross-sectional view of an interposer of the present invention; 5FIG. 2B is a side
cross-sectional view of the interposer shown in FIG. 2A including 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
way of etching; FIG. 2D is a side cross-sectional view of the interposer shown in FIG. 2A 10including 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_gherein by way of machining; FIG. 2F is a
top elevation view of an interposer of the present invention including a recess formed therein; 15FIG.

2G is a side cross-sectional view of agiRfigr PRSRFRFPRINSEBRIVEATRRINcluding a recess formed

therein having differently shaped regions; FIG. 3A is a side cross-sectional schematic view of a
screen-printing proces§latcottingde s peecerndhvisttioha SHEBRIgsrepsidensroen-eettional schematic

view of a screergeqﬁﬁrggﬁgug{QICQQ g%ggmget?&glmg@ggﬁgﬁventlon FIG. 3C is a side

cross-sectional schematic view of a screen-printing process according to the present invention;
FIG. 3D is a side crossFé@cﬂénalasmldemaﬂ&mewmlafweémprmmmmmfe@@ asondimg ¢otibies present

invention: 25F1G. 3 issid erqssaacGlonal SEhRA VW RGeS LRIg Afgcsss according t

the present invention; IS a SI e Cross- sectlona ema IC VIew OT a screen- prlntlng
process accordimgltalthe presesfomvedtibereliG. 3G is a S|de cross-sectional schematic view of a
screen-printing PTOCESEIG. 2C is a side cross-sectional view of the interposer shown in FIG. 2A
including a recess formed therein by way of etching;
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;



30according 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; 5FIG. 3J is a side cross-sectional view
of an interposer of the present invention including a passive element comprising a plurality of
conductive layers;  FIG. 4A shows a side cross-sectional view of an interposer including a passive
element of the present invention; FIG. 4B shows @ side cross-sectional view of an interposer
including two 10adjacent passive elements of the present invention;  FIG. 4C shows a side

cross:sectional view of6 BieRAsSNEHIING ARAPSIYE RIRTENLOLIG RIRERBAIRRLON;  FIG. 4D

shows a side cross-sectional view of an interposer including a passive element of the present
invention; 15FIGcaERnSIpstEeqitRsarosyaBigibnal view of an interposer including a passive element of

the present invention; gyl oAJRAFIAE. §é9§§n§?§&9é1ﬁ‘£t‘f&e¢’i’e9f SalnifIRg ][nduct OﬂP&éBQQ”Q an inductor

according to the present invention; FIG. 5B is a top elevation view of the r shown in FIG. 5A,;
20FIG. 5C is a sidwutogssdutiprratvienyoftaminterposer according to the present invention including

more than gne dielectrigaygys , G RR IR AIBRMINSAMHIRVRLIEROSRL AT SRR IP the

present invention;
including a passive element comprising a plurality of conductive layers;

FIG. 4A shows a side cross-sectional view of an interposer including a passive
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



FIG. 5E is a side schematic view of the multilayer interposer shown in FIG. 5D; 25FIG. 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. -8- BEST MODE(S) FOR CARRYING OUT THE
INVENTION Generally, the present invention contegiplates methods of manufacture of an
interposer for use in semiconductor device assemblies, packages, and assemblies and packages

including multi-chip modulegﬁgpmggﬁ POIE RiER§ANAVE IHOfHE: IRFE Qg efNgnanufacturing an

interposer including at least one passive element is disclosed. In the following detailed description,

reference is made to t@a@mghamearémm@@nﬁmmw imeshede @p@éﬁltf_@frﬂb@@frﬁ@nts in
accordance W”EH%%BEEF%HQ&’ %E‘%ﬂié&ﬁ&]&%‘? B& HAdeLsiopd.h ?E&Q L CMALINGRIR May be

utilized, and that 10various structural, process, or structural and process changes may be made to the
described embauliohegts wicthdipgeselit-ihe miatulgithbuone partirig fribmptesespinty andoscope thereof. In

addiion, fos clarih, e MYMBIRIS ALG SRR ISIeL Rlke Rlemsnis and funslions jag various figures

of the drawings an strating the different e iments of the present invention. For instance, while
the following dralsirigsednd 15 discussion relate to interposer and semiconductor device configurations

termed "flip-chip.” as Known incatt e preagntiuention may include other raidorfiexble
interposer configurations, wi Rout fimfitation. -~ - 1n &ddition, Teterence 1s mads Rereinio gcr%en-prlntlng
methods and matewalgs Hseset iwhidhtitigstas: upecifie caiborifietstg anatadiydin@ mathibd pfaptrysically

depositing 20a paste or i pon.a surface or within a recess as described in greater detail herein and
e encomms oS e R e o R o P MLk e, Qiiion, whie
conventional scraeimprintinguppeessss, usuall wnployl Movesnehinfea sgyargaaderblidde member

across a surface of g st ncibt e term"”

reen-printing,” as used herein, also refers generally to
processes wheriicE RShemes é‘rﬁéﬁé)% 5SS L DO AP WHAR P PR XSSP b ement of

the squeegee okdpelehBresNDET @fdRRshfor 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



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 30encapsulant 16. To facilitate integration and electrical communication of active and passive
elements of package 10, the interposer 30 may include at least one conductive -9- via (not shown),
conductive layer (not shown), or dielectric layer (not shgwn), as known in the art, that electrically
connect solder balls 50 disposed on the lower surface 34 thereof to regions of the upper surface 32

thereof that corresnanesiR SRR RHUMIRS:18,& NIBIRRSEH O MAU L ToIme fionusither arigid or

flexible material and may be substantially planar. Silicon or another semiconductor material (e.g.,

gallium arsenid&nipdiuin ﬁbﬁ@ﬁb%?’@ﬁ?@%by%ﬁ%@g@@ﬁﬂbagﬁ éfb@meéfqnt%&@r\?,q and
interposer 30 may, fyrther ¢appF 't%er@ggdﬁée&ltﬁ‘fe'ﬂﬁé%f'?ﬂﬁ&' 33 Flron gride AESicANIsIEE) to

prevent electrical shorting of the conductive structures thereof. The 10dielectric material comprising
the interposer, dwatedst one layer or portion thereof, may be substantially free of photopolymer.

Suitable materials for forming the | 0 inc wit imitatio - lass,
plastic, cergtmics, and %@ﬁ%ﬁéggﬁ%ﬁig‘f&ﬁ@?ﬁ%r%lg*gfraibgirﬁofé @g?%ﬁ%s%ag ggffggﬁgg%%% or
"flex" interposersstrsteturd]ypthoart |Bnlitatioor incbielitiomitotelpase nBemaydrgclgdBiand Sfiexidircuit

(e.g., tape autom%tltlald b?g)dl@lg(}éng??onnectlon th ogg@a\/ghlchr? se |{:(¥Qduct(r)r38|e 2 may be

r
. In m C ay co T1S€ a a portion ol 1n 0S€E .
connected to interposer S0P AECording 10 the present invention, the mterposer 30 may include at

least one passivetelposent@haydnekanepleptize atlierstrinmpassive.elemeiitatOoidy cosilprise an

inductor, a resistor, or. a capacitor, In additjon,.the pgssive element 40 may be for 20at least
partaly it TSP gEH S B OLE 40, e AREHBat I YCH DEta nmbelow.  The
at least ongpassivie etement 44l ooaypbeisg et abes it e, heaupper ewfager 32 fytwohandesdayer (not
shown) thereOf'r;ll-g]}Q gg Qu g’[%lcl:lﬁg )C/I rgeir(]) lﬁﬁgot(r)%bggrsrlgpgﬁi%{ble 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



capacitors, a passive element 40 of the present invention may be any device which 25exhibits 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 intefgoser 30. As shown in FIG. 1, the stand-off
-10- gap between the semiconductor die 12 and the interposer 30 may be filled with an underfill

material 14. Theyndecfllonaiedehdmakprridmigioassivaipnantay sohmac e datove

characteristics of the solder bumps 18, which connect the semiconductor die 12 to the interposer 30.
SAlternatively, thadeéHongiarzd hdldemidsntillonsiarial 12 may pevdafigupassivithoat Jadsedhe wire

bond extending él?ﬁéﬁ?ee&{\éeﬁﬂgﬁ‘é&&%&ﬁw&@ S thASIMEPHAREY APAVRiANERIRTEfINVention is not

limited to an interposer configuration suited for flip-chip style electrical mounting; rather, the present
invention contersgpiatesdustiondrpd2dp fbe usemiten3emiconductor die in any configuration as known

in the art. 1gFurther, a gieleqlic. kY BLLTAY RS ANSA.PUL ARe. A1DAU 51995 Rl RINISIRYSE30 and

may provide an effective electrical insulation between the at least one passive element ((1e.g., an
inductor, a capaeitbratdeasresistonednd dtherneiact ticatbaorductivienmemioghs there'of nButlozedielectric

layer may inhibit performance degradation of the at least one passive element 40, by reducing loss
A G kSt e R e e e A e
may be formed flipaméport ot igdealahthatinierposart 8. presddf tcovrsmnatdeashpnepassive element

40 of the present tinv%rslgo ma vbve disg)eosl%d e(ptirtel \{\éit?lin le., Pt ?t Ileast artiall;g e>hpo§ed ata
surface of the ﬁfé?ﬁ%serr ?f)%e nﬁlél?po%r 30655'¢ Sw AR EO AR R SH%IU%’E. n, the
20interposiéy 30 may inalutieral ldiakiconelepsidigsiive Tianisdbahmy ), wandudiivel ikger (not shown), as
known in the arg’nftg{p%lsee%tgig %llll)(/i %?a@nfr%%? etgr? e?}e!cet?\?et glggtrrl)ge?lsiir\lls?ﬂation 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



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 25and 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 laygr. 234 may preferably comprise a metal, such
as copper. In further detail, interposer 230 may be 30flexible or may be rigid, as known in the art.

Further, althouat, e, {pISIRRST ARG ARSNOMDIEI G d i ANAESORSCORINRINR BV BIc734, the

present invention contemplates that interposer 230 of the present invention may include one or more

conductive Iaye?@,négcéﬁé’@dﬁb@d,_ ift ﬂﬁﬁﬁéb@bi&ifl}fér@i ﬁb@lﬂ\h@@ﬁtﬂ@&ﬁh@%ﬁb@éﬂlﬂg@ma&@&nprise
one or more so-galled i R%egnfélH}Sin\%'QQ-QQI%%%%%%I}H@\BM&C@@%I R RPafRRductive) that

is pre-manufactured and which may be used to 5 ne or more "fayer" of the interposer 230. Of
course, a preprégofitnatiay enertiserddaiveiibais praffivad fies amedrved | ayaelofdebetsgsoser 230. As

shown in FIG. e i ithin. i o] at | itk ion of

dielectric Ia%iré%%él%g%%@%%gr%ﬁ% §£@iqclwé@%$g%@4ﬁg%%aﬁr%glI%/ ﬁl{%egreél%t&gf%v%? tﬁﬁimitation.

Recess 160 maydberformedhomascefting sokOwthteriayatepobiaddhesein3)).removing at least a portion

of the dielectric layer 232. Further, imensions of the recess 160 may be selected for forming a

passive element Which;?’esxsrﬁg‘lvf%l é%]%rf]ir%gg egfsa?nl?@prg?go[) ?n%énl ua’éltgf%fl}eearlg?soerr]eﬁ g(ja(I{é%%rflgc::%r%][property

(e.g., electrical nesisiange)tion of drdednstdape, B2 dreticaliyetivaddlociviodicesistarce ®f arresistor may
guation: R=

be 1scalcuIatedp%ig]iay?heremto, w1t}%ﬁ|f l\{yrgi%/e\llt?oenr.e iﬂ:eczeosglig(} rr]rtlea)(? ll()ag %(r:r%legletsoi? El%réggéing a
10 material deposited therein by removing at least a portion of the dielectric layer 232.
Further, the dimensions of the recess 160 may be selected for forming a passive element
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.



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; 25L 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 element so formed may be reduced accorgingly. More generally, by reducing the
variability of the dimensions of a passive element 40, the variability of an electrical Sproperty thereof

may be reduced corresgpnding%e BRrigHIAePRSTAN-E AR elrciically condUFLy e pRiglAl at least

partially within a recess formed in an interposer may reduce the variability in the dimensions of a
passive elementeststorman badigiisaaitycttigethgha b@lﬂk@h@@/ﬁﬁﬂ@fﬁlﬁ?ﬁt@%ﬁ@%&@%@f&a passwe

element may allgfor IArayed dspiar ERIY. FoLRaNGeA° dercunenarenohoe. s

10conventionally formed screen-printed or thick-film passive eI ments may exhl arlablllt in thelr
dimensions upothbemgllépositdu dnuemgrglgﬁqop@sm@mmté@m@mwmmmm@rmh

dimensiona{ in t elect | t n inted
componen?é are8 (%{/sé ﬁép é@foaé% E)%Ctglééeggﬁg%%ﬁ%%%ggr% aﬁlsc %Fq%rlagéagﬁ%?r@n w in further
detail, by the meihctdsaifythenﬂﬁptwsenaumdrttideﬁsappaueﬁy pagsive slersefirmeyibeupositipned more
closely in relation to %}ae an Befe ring now to FI?S 2C 2F, rece SS 1?0 may be formed within

uce t an b111 in_the dimensions 1ve eme
interposer 230 tﬁlr(?/ug a varle tecﬂnlques e2trbed or mstance recess 160 may be

formed by remoxidtdj tadriebgt f@mlttg)m lafuhéary Wthh limits the locatlon 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.



20dielectric 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 25etching, chemical dry etching, chemical etching in a plasma,
chemical-physical etching, or chemical wet etching may4e employed for forming recess 160. Of
course, the etching process and materials may be selected and tailored according to the material

within which the%?%%%%@ﬂ%%@@oﬁﬁ%%r(&sgd’ t‘éﬁ&ﬁﬁfﬁéﬁyﬂs&@@oyograp%mi&ﬁ’BQertor

manufacturing may typically employ a resist over at least a 30portion of a'surface to be etched. The

resist may com mrwbﬁﬁt@f@bs&s‘wmﬁéﬁéﬁhgﬁm%hgm% hndrqgwé@@&idv@m@gum@wéﬂe,
photochem|caII;{)péqﬂi%@{ﬁ&éggr%&}n—&ﬁe\é\/&e& 'Qm%f?%ﬁﬁégmgég’ﬂ}{a flifer dapming a

desired topography in an oxide material, wheréin a’typical etchant'may includé hydrofluoric acid,
ammonium fluorAtenoieaempenaratdrbreofdisttengatifaliiregtypivéludriderdhingipsdoess Atayaytiize
fluorine atoms (g m&%?%f gen ‘éﬁ?&@fi@&a{{ﬂ{r&%ea@iéﬁfs'%%ﬂ %é&?%‘%ﬂ&'&'&%@qﬁ% 599}41?&‘%11
5appreciated th any different etchant variations and process environments are known in the art for
etching a substratéhofe fiverhmageralbstraatdriagsy fcontdingly; magsistsand etch process may be

performed wherein a r%cist Ig%er not Sh(%wl% be formed over the up urface 236 of

. . C Iy,.a Ies a Q:[IC rQC 1 % cr %Oftlgl’\]}v%f emargselgtz cr
dielectric layer 232. Then,%e tion of the expos%g dielectric ?ag/er gfmay e rémoved 1o 10

expose a portiomof slomenicthsy layer2idd byerfarposianof tanupiah agfakeczs dd deimtécess 160, as
shown in FIG. 2C. Suhsequyent to etching, resist layer (nat shown) may he removed (stripped). Etching
eess 160 into GISbate Rt A LA EE SRS SATES B0 B e T E i
taper. Suctobehayfiosaagyvhpreictablaioe digialie baded iasdhecmatertalgopipeising diglactric layer

232 and the thickness, 15labeled "t thereaf, the type of etching performed, and other characteristics of
the process. Théer‘éﬁ‘f%sréfgﬂnésoﬁh?éﬂ%fé}rfs[%f%ffeé §‘i%’(5%8§?%‘8%ﬁﬂ r%%f’é EJIB?é(ili@[‘é(!}Pe‘,nay

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



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 gm.
20Alternatively, 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 incluygde a radius or fillet 241 proximate the
conductive layer 234. Such 25 characteristics may be predictable or alterable and, therefore, may be

considered withJeapeciQ de dimeasions AtFaqRR AL LASNAA.Jarenaiatian, may;he uilized to

form a recess 160 having dimensional tolerances relating to the width W and length L (FIG. 2F),

without respect ¢oTdptephEr Bfraﬁagtés g?ﬁnmeq@hﬁéﬁtaﬁ&iﬁmﬁéqrm SHOWWIIFE e 2, recess 160
may be formed §Mb‘é’%¥:§& o) RAsARANIGAL BURGhIng: A3 é&!i]%ﬂt%@%‘&h%@é&eﬂsp {nplEhown),and

corresponding die (not shown) may be positioned adjacent and abutting r surface 236 and lower
-14- surface 238oofansarpssel333d, insepostivel, Bfrconrse bpanphedrid bies haypbechized and
configured for formi e elect imensi in g S t
positioning E;) pu%ﬁ%%ﬁﬁacﬁ%ﬁ‘%@n@ %glg(t)#}%] l%%%?%&?f%%%%g ﬂaenélil ﬁoc\%é(r) ﬁ%) a%ggg!é %?F
interposer 230, foraposaydopaeplibdrtddiacs:th copionvhrardsScdr respansihg tdiedioweasibonéoanother,

ultimately causi? thle unch to pass th{gggih th?lig\étsetrgoser di?c?)-| se?é:icgrqer between, to form recess

160 having selec ed dmidnsions gﬁ%l}mlng %\gﬁasswe élFelnI%teerI% aving aﬁg%rs({pgﬁ%/'intended electrical

property. Of course, thOfecess, b0 maysbib O unghed thnohghthiteletikdiclayeicA32cp B2 toitartuation or

affixation of congductive layer 234.. Alternatively, recess may be 10 punched through both dielectric

ayor 232 and o RANE g O S PR LA P o AR TS AL, be affied

or formed Blongpine leweirsupiaceR IBeticthie injerP3emddndensralyapaoghimgdpreeesses may be

utilized to form a recess 160 having dimensional tolerances relating tg the width W and length L (FIG.
o %6 FOAED SRl

2E), without respeet (' thickHEKE Ve A5 MBI RGHSHRET & QI TPERINRD to FIG. 2E,

recess 160 mayshgdesmesidryhyayt@bmaenBungdieralpastiatianly precasssLaeypayiiestermed 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 [ATPRAFRRAS Hi@%@dé%éigmwﬁb&%e&w@m% v X esddersth depth

corresponding terits’ ARSrRatvebeapdllBitRcmiling bib Rtiay-be fatated at relatively high speeds
and plunged or moved throu%g the thickness of dielectric Iagéer 232 and conductive layer 234 may be
affixed or formed thereBri8othsagliemetty tnatith aefemiing ©rfeedt 1665501 €Q mrae btnlormseing tool

may be sized angh copfigitiadiapd MR Rachining-RAR @AY b8 selested dordosiing, dcayihngiselected

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



dimensions for forming a passive element having at least one intended electrical 25property.

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 -15- tolerances relating to the lateral dimgnsions (FIG. 2F), without respect to thickness
"t," of about 30j.tm. FIG. 2F shows recess 160 formed into interposer 230 in a top elevation view.

The shape of laigal,dimensipns 8f feoras 08 MAYDRIEIEraly rerianayianiangaaNdth W and a

length L, as shown in FIG. 2F. Alternatively, recess 160 may be generally circular, generally square,
generally triang@fatb@jerei@iiinoval, generally polygonal, or as otherwise desired or known in the art.

Of course, a recess for4pIMIAGR PHRFSNE9/6H G, AFTRIS 5%%%80@%‘? PEBSRL Y SUgRIN e Gomprise

any suitable or desirable geometry. For example, the portion 100f recess 161, as shown in FIG. 2G in
a side cross-sedilondiapienf ddtinediposersRB8 oforeness WithinagiblegericridercRBRgnky, inetinizaa

substantially uni i a taper. i 5. own.in portion of
recess 161%ay\[@é@om%?é/ﬁgﬁ%%éﬁ\%eﬂfgﬁﬁr {ﬁ?ﬁ&gn%ﬁdie eglt%l?ﬂgég? 92’%1%&51%? Sg“ iggs 161 and 163
may each be fogmeutdly differient gororelgegpas desenidbdtaboydabg¢hershyne praeess(b.g., laser

15ablation) or as | thgrvvllsg kn%\ﬁ(ln i\pv .tshedglsrltr.e uch a %nnll‘ii%léréatir n may provide a greater surface area
of the passive e]'I)erﬁlén??ﬁotrsafslowr‘le)lr At the upper surface of the interposer 233. Additionally or
alternatively, such a cadfigouaion raay piaviderdiffer@at poctidnadb haod i3 othepesedicl which are

sized and confiqured for exhibitinB different el%cftricaé %Ecgigrties. ZOOngg arece aﬁlcordin to the
present invention (ree88d 0 WIIPHES A9 PREAR Her EMBE & B BitMIiciR) AL BS PR Eq the
present inventiost eerdigmplat@sstaiela®Gally ¢ondiddivermatatiahmayduedtiiragioparially deposited

therein. Generally, electrically conductjve material may be at least partially deposited Wi‘ggin recess 160
mechanically. E lﬁﬁ‘ﬁﬁ&&ﬂﬂﬂéﬁ%%&i&%@%f&ﬁ%ﬁ%@%ﬂ§H'?%‘ﬁ?éﬂ;?,ﬁé§r QB Il |F§)18 a
conductive mateij il ecke689% .64 MR\ PebiiZRAFIG. I, @X63Me R 1IBEESENA NG PFOERSS May be
performed for depositing a paste, or ink, within the recess 160 formed in the interposer 230 in order to

form a passive QERBANEL G HSE 2o AR Aisdestriniastignd- 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



As described in further detail hereinbelow, a squeegee may be used to force a 30paste 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 -16- have a predefined pattern that determines the
placement of the paste on the substrate. The pastes commonly used in screen-printing processes
usually include an organic vehicle, glass frit, and active materials, such as dielectric materials for
insulating films, elemental metals or alloys for conductggfilms, or semiconductor compounds or alloys
5for resistor films. For instance, screen-printing paste may comprise carbon or silver-filled epoxy

pastes. Commergially avalRhlciPARISS (REURRIR SR AN BIRIAG AGEARSER A8 AYRIRIG fim Asahi

Chemical of Tokyo, Japan. In a particular example, so-called polymer thick-film ("P If*) pastes may be
used. A screen-phinfiagfsrevasophinecdrosemethviimtion sraepiste dshal G s:gde 3amonwsich illustrate,

respectively, a Sehgef- RIAING ARRAALS ARG AGIO A PF Lo sERNE SRIRGOMANHRGRAPRILUS as

known in the art may bé utilized in accordance with the present invention, without limitation. Squeegee
assembly 310 nedgnipctaldocialn ovableyhéadcerduatnd Albiade $20igarlireidthengtovads grejkgting

downward thersiio, T piade 222 maybe gl maldsdom

; gprene. Q/ fethane, or
another resilient 1 , and may have a cross-sectional pro |%pg%ene§a{ﬁ§/%£§%ﬁus%rated or as

otherwise knowsilivethigllart.epbryl pastesericoofrbtacial B22v alaplmpiited f@ngage thesupiacengd4 (not

shown) of stencil 340 and a quantity of paste 324 . ma ided therean. As the blade, 322
moves Iaterally BRSSO Oh e s TS TS et e S AR e
therein and maybeailedqsiteahdhdriein-fiml (10 ZOrpagss th6p bAwsice wall (not labeled) of at least one

ture 342 of stencil 340 may he tapered, be configured as otherwise known in,the art.
SHenci 340 may be Ci<pOSER LABIINR CIbEr lliLES 236 bPUTCIBANS S50 40 I Bue A2 warsiates

therealong,0or aligioriNelyasicrsha4ddnay ba«dispobeihslighthatheraabomods Kiovirde thaeart.
25Subsequent to depositing paste 324 at Jeast partially within receiss 60, stencil 340 @%be removed
from adjacent tHE'SEFRER A5 BPIHALD ASAP 998 ALNSHEIAN 6 &l e ba A FPANRY Uk tBRd from

recess 160 aboye:thatupparizuface dadiafiintRimnosghctite hnRishye 1opiiapalyualagmaabrr another
leveling apparat}llJesa(rin 3a£/0%(r31d 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



employed to planarize or level the upper surface of the paste 324 disposed within 30recess 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 -17- substantially coplanar with the surface 236 of
interposer 230. Of course, alternatively, paste 324 may remain extending from recess 160 above the
upper surface 236 of interposer 230 if desired. In an alternative process for depositing paste 324 within
recess 160, as Sillustrated in FIGS. 3E and 3F, the preggnt invention contemplates that conductive
paste 324 may be deposited at least partially within recess 160 by providing the upper surface 236 of

interposer 230 VA’HB‘séﬂ%ﬁi&%ﬁﬁmtﬁ%ﬁe%ﬂ?fa?@?%@&f‘ﬁ@l@@?eﬁé?d?@f@ﬁﬁﬁ@rﬁ?&fféﬁ%l

Accordingly, paste 324 may pass into recess 160 formed within the interposer 230 without ugl’izing a
stencil 340 (FIGRSBA dhenaBicBHaHealprotEsE A meagsretittebie donwplestispdpterdth df time required
to fabricate an imger%g§glr22§pipgég§eg(esent 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 Imay Heewibriateprfoesrémdepesumigopastéilidd witheoessed606therewith, or for

promoting e LgieirburianaiRasie suPsianialltanmaIse o dhadiiseionelan el aravitational
field. For instance, the present invention contemplates that vibration m y be communicated indirectly
to the paste 324hyro/frhtimy tedeiespoder R3E, ihei sy eetee mssen by B10oerdngahtipation
thereof. Also, paste 324 may be vibrat uring disposition there ithjn recess, 1 fter, or
poth during and S S0Lee R taotoh S SO i P Fe e Bhberor . 3
shows paste 32khambgithgrdeposited sibhimedeass (G2 Aihgthasal reneegysmBd eramtmithicated to

the paste 324 dyting any of e Aboye eshed SEreel PN SRCSRE S SIE I 2
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, 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



As shown in FIG. 3G, a vibration system 330 may be structurally coupled to the 25interposer 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. 30Vibration of
the paste 324 may be desirable for facilitating uniform_gg.complete filling of recess 160 therewith. Of
course, vibration may be generated by any method known -18- in the art, such as, for instance,

mechanical vibrafign gr aGRUSH bratiaRVithRULARITAliBRion REEEATIRG DRMAIREIGShaHe-31, an

alternative method of depositing conductive paste 324 at least partially within recess 160 is described.
As shown in FIGInBR{iBpaste 324 may be deposited by injection system 348, which is configured for

positioning injection ”%&’ﬂ&ﬁl?grm&ﬁmﬁﬁsﬁefﬁ%ﬁ la%oaﬂgﬂlé@ﬂ%ﬂ?éﬁh%ﬁ%?d%ﬁ)%sﬁ%%?%%ﬁ%ﬁ\%”d at
least partially within recess 160. Injection system 348 may comprise a so-called "pick-and-place”
system, which ipehieldgdeat injstneriislistenhioresgselling ifrdrsehibadjestiohaipn3s FFiddction needle

350 a seledjed aouss er0auanily. oLegs 224, Y Brasan ey isp e advantagepus for distribuing

paste 324 withi wer portion of reces 0 or, afternatively or additionaffy, paste 324 may be
distributed to fopns#ipassive)etammentede i pgoaisutis taatisd |y cfomstamiethickpass;, 2&tshown in FIG.
element 40 at least ured and,

31, by way of heating. Subseguently, passi b rtia

optionally, dried S c?[rlrrﬁ) ¥ t%le ﬁvaérﬁye%ﬁe%ﬁ%% ¥/\é\/ a{:%férﬁgg (§:-r|§¥.)'1 e%ho&ﬁgsr%%%lpge%g%a%e present
invention, conduoctiverineatenalaihad  picklepdsitiadeliitikre m pohicniof elka ss 160 dipnvaysefistocalled
maskless mesoscaI?.maE?rialﬁgle ostition "I\élé%f(‘)}..For instancgtlﬁ? gléater' I {nié be a%'rosolized by
using an ultrasoriRTrANSHOE 6! E)%éodlrﬁl ticne dﬁ%eeclt.l%léehe, Aefosof sif Wioll‘rl{byobe focused
using a flow guidana& pleppsitioreheadpwibich foiymssabantulatagoaxiat tintribetinggadiees 20 aerosol
stream and a sheath %Es stream. F,urth?r, patterning may be accomplished b moving}ége substrate or

deposition head YEHEVBESiTE RITBIEY! 1HE55p0s e R4y 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 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



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 incjyde 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 |aygr&l.and- iRt eendYetiyR pRs A Qf soming, frslLoBauciR el and

second conductive -19- layer 43 may exhibit different electrical properties. Further, at least one
characteristic relglifiggdoatn sleetrieall pieserryobtiinscsend sansbistuetorciaieny3 besplbetedfetted for
influencing an ejpaifical (IRRIL: R f%%%ﬂg’%@ﬂﬁ@g‘%@&%@&%&?éﬁﬂﬁg &?B‘?ﬁi@%&&?ﬂ&'ﬁ?&ve layer
41 may be formed within Tecess 160 and at least one electrical Sproperty thereof may be measured.
Further, at leastconduchiaiedesrigticomejabinéproed wldutricaepydperapdhthensicumnelesonehictive layer 43
may be selgcte i formati e ive | 4 r influengci electrical property
of the pass%e e?)g%g%[# %?qgﬁ%ggnﬁ}a%%g%ghoﬁl#ﬁ %rf(%\}i?%%g %%%é%%ga%%\sl Fgﬁlgﬁ %%ggtél}}:al property
of the passive etérnenihldpropaytpel tuned'dod adjusiad;cdayerd hrdesbedelGredgpitude dbthmatelectrical
property, as the passive element 40 is fo . Of.course, mare than two conduyctive layers may
Compriss passiih SN T0 MY At e R S RSt surtace
325 of paste 324lenanbhé0difechnt chafiginatioiiialypper glerfape 327 asviliwim iidetGecadD) deposited
within recess 160 in reslg?%;se to curing, dr IQ‘%’ or bgthg Hoxg,ever, the s(ildes of (tihe ecess 160
15prevent the pgrs({%e r %pﬁﬁsﬁﬁiﬁ T ym/%?(soff KA aﬁ%adi&lésﬁ% d??/Wl 3 Of Etitht may be
predictabledr vaiyssinale dhekettserihie plesirigahpop prkiss o indpagsivefetamenOFQdorseed within
recess 160 may be sybstantially geterm'ned by the dimensions thereof. Of course, a substantially
planar upper su%ﬁ%%%tgfop%fgl us5y R RRRSY p RATSING Ry A 4§pi§i’r‘ib°8f BPHEHY the
dielectric layer 232 anchtheroréhpe¥tHirethpasieopddrpligiripaly sadsiti o3l dayasenasis 824 may
be formed onto post-fired paste 324 to reduce the variation of the topography of the upﬁer surface 325

thereof after dryHgeEr iRy SGdRYALSRRGUIHITSRMAY i ing e tbudvaesi e ucibility with
which at least opg dgterad RlgssHsalPrapapydefia D3ty cIHTRE N AREIBXBIbIR IR BBy be

appreciated that since the sides of the recess 160 prevent the paste 324 from slumping laterally,

passive elbtenfSYRy BE Ririsetihifemmianpirsdapidkimiyse dHenkagine RIEHBHATRERS. 4B,
passive elemenfsAGA BRAFOBISGWER eRAratal RY Adistaneech rﬁﬁ%ﬁg%fiﬁ{@g%%%@é forming

passive elements 40A and 40 B are each formed with a laser beam, distance x may be about 20 gm.
Such a configurglgsient 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.



30may be advantageous for providing relatively high electrical component densities within an
interposer 230 of the present invention. -20- As described above, it may be desirable to provide
for electrical communication with a passive element of the present invention. Generally, electrical
communication 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 5electrical connection
techniques as known in the art may be utilized to provielgelectrical communication paths to a passive
element 40. In further detail, there may be many different configurations for electrical communication

with the at least one pagsie &lpEeH-4e; i't:ﬁ{azi{é‘),ﬁ@@é‘s‘?ra'ﬁtho%o?@@é’ﬁﬁ%@e%@é&'ﬁ%ﬁﬁRﬁhY&%%Hf a

passive element 40 formed within interposer 230 wherein 10conductive traces 252 and 254 are formed
upon at least a pofierpaisite Srivonelistha preseneinseaden dacTsHbu Clkaricat eeBRIBERBM may be

formed after recgg &%8&%1858‘&9 iahahaheIGalVARPL AEReIIAR PRYRICA YL ARAASIton.

atomic layer deposition, sputtering, plating, or other deposition techniques as known in the arft. Of
course, traces 282hamth25aterpnsdre’ patt€rhealityg.regist pats. stwdebhmipuestol sher v8surface of

dielectric layer s known in.the onfi for,electric ion t 1er electrical
devices. F?Jér/the%?%cr%cdhk ?ﬁ)\gﬁg %1 |tt§1ﬁ£ %%#dﬁc%%‘%i}gr%%m%aﬁytgpgr%glﬁﬁa% %F&%E}tﬂ?é? eI(Jpper or lower
surface of dieleeldcttayéc@dfon corompaticatrgpelscte cidinanith(passive element 40. Alternatively,

FIG. 4D shows a cross-sectional vi f passive element 40 20 formed within.interposer, 230 wherein
Comductive traces 208 I Aol e B e ey SRR 2 e 40
Such a configuratiemmeyabenprattidhe dydotoirgpaskmirbimairdéiu e ofidialectrid@yHE A3Rys a

ductive | forming.conductive_t 258, and ductive | formi tive t 260
pror 1o forming TEUSSE TADITHLE: ShARUIVE HBF oA BERILHS THES 5oa A S nductve

prior to forming FEC&8sE
layer formiry cangidabuediaee 200 may Hieastaaiialyp ovatlaasonpedion of the side walls 240

of the recess 160. Conductive traces 252 or 254 may be formed after recess 160 is
formed by 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.



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 30with passive element 40 via conductive traces 258 and 260,
which abut at least a portion of a side wall 240 of passive element 40. -21- In another alternative, FIG.
4E shows a cross-sectional view of passive element 49 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 gonfiglAtIONKEEESSHIEOMRAKAGMRRI withimihe dielaetrissiayer 232 prior to

5formation of conductive traces 258 and 260. Then, the conductive layer forming conductive trace 258

and, optionally, @F@I@@h69éﬂv@%y@ﬂh&@ﬁ@e&r&%ﬁv@@m@%_@%ﬁ@ adet et dfked to
dielectric layer 332 affet,DasSVE: %@g@&%ﬂ&g&&rwﬁﬂ aﬁéﬁgpgﬁ%‘?{%nc’%% LA RfLAngyCtye traces

258 and 260 may be formed prior to sition of paste within recess 160. Thus, electrical

communication with pas}sf@lmi@hememﬂ@ﬂmyﬁ&@@a@wﬁb&t%dﬁdc@@@%&@%@@or to
Furthermre, as;shonn 1 FIG, 115 ableaskon pagsitg,siement AR ey e szgslang positoned

within interposer or providing se electrical characteristics. For instance, as may be
appreciated by thedortigeitgecd @5 iptibrmppassiiye dlenadudivenbyadionprisg eorebistorc408¢ &00nductor

406, or a capacitor 410 15F$r in%&anc Fl resistor 408 may d

. may pe formed or atfixe toa ﬁggt\f\{gf-n r§3r§ %e as 1veg men A%e sS %)%m%r' d .
posmoned for pI’OV}] INg a se ec]ie , 1IN endegI magnlfﬂlae (0] e?ecfrﬁ:a resistance. ddl lonal ', resistor

408 may commuiieatatietdgtroal yr Witth o rdnidtivéviayac 23 B ymdaRo 6 fnconbiel Gdivreediprd@opas known in

the art. Alternatiyely, o ive elements 40 may be sized and positioned to 20f
capacitor 410 16RO e L MEERE of B 1EaY EAhse MR EpL b i iy

comprise o censtehiveragiposcd siaragrinate 4hocandsaedlbptate 412, which are separated by a
dielectric layer 414 (i.e,, a plate-type capacitor), Further thegggsent inventiorjgcontewplate that the

dielectric layer 414 mal"BOERAE By ROSERBAIGHimtig I AL LSS S PRIHER SIS RACHHIDRE art. More
particularly, 25sipiagenagesiddfecalthlate @iz sanddigegrislayer 4t @by hgfermed by sequentially

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



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 30plate 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 -22- selected in relation to a desired, anticipated electrical
capacitance of the capacitor 410. The storage node 41»>may be electrically connected to other
passive elements (not shown) and solder connections (not shown) through conducting lines (not

shown) disposegwithiniihe INBIPRAEH23RETRR Hislepticiaver AlAmarbe uRyapaliRrideghich is

formed after formation of the storage node 412. The dielectric layer 414 may comprise, for example,
silicon dioxide aRaersiayape fofndl2opay Sealsiiacabpssiimstpddecsbernpasshggioleiictie @ellectric layer

414 may comprige, 3, oREONAUCTYERATRs SHSNASWITY HISIICEo R ERRXHURASIRy RRGWRRY De screen

printed or otherwise deposited, according to the present 10invention or as otherwise known in the art.
Further, one or fispespdgsithenclemetery@0naal). be sized and positioned to form an inductor 406 having

a selected, intended n@gpi e lectrica), i tance. | 406. ompyi i >tor
formed by écreen printing 5}#) ge&{)%r{%%%%\gé? ?éy%%?r% g%%%(g?ég:ﬁ/%%%a‘?gh@ﬁgf rﬁﬁéé@ﬁ%&%ﬁé@ shows
a top view of indud¢tersd@égtSoaingiiginglte dudlstantisdeuhlfbmayhiciopess, tfacexani@eemlibentrace

extends from a generally interiar position .and spirals circumferentially abqut and.ra iag outwardly
therefrom. ContbeNIG e, O o o T R S T A e Mecrion n the
overall size indutitdec06 ] ipec drparigaroiapa seannspHalndattoto paseictuchay, ried uce iesistance in each

inductor 406 and, therefare, mq;;\ result in higher %ZOfa%tors.th%reof..T provi electﬂcal contact to
the inductors 406 ESriditnig f)é%yzx Sy XHBHE ORI AR08 & Al e Pazs

10  invention or as otherwise known in the art.

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



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 includinggenerally one dielectric layer and one
30conductive layer, the present invention is not so limited. Rather, an interposer of the present

invention may iﬁ&iﬂéﬁ%ﬂ@ﬁ%ﬁﬁﬂﬁtﬂjﬁ!e&U&ﬂéﬁ%ﬁf@ﬂﬁﬁ?&&Qﬁ%Mﬁy&@ﬂﬁy% PRyt

limitation. Accordmg?y,.arpy number of conductive layers may be formed on or'within any number of
insulating layerasavstissisononbicoitiseiHases dryels peridirds tipshionsiptaticaerincoppassive or

active devices C@Jﬁa{iﬁi%aigfd%fgerg&%%fn%ﬁ98 AR e, PSR I0VERNan 8 I FiAnGE6.4S shown in

FIG. 5C, an interposer resent invention may include a plurality of dielectric layers 432A,
432B, and 432G cwhibhgrieltigeppassiviewietivonts 40A, 40B, 40C, and 40D, respectively. In addition,

conductive layers 444.446,448,304 450 ey akodde sieatigal compurlgeion beueen gssive

elements 40A, 40B, 4 as well as to other’electrical components evices. urther, one
or more conductnay vialdde mpayr aisy @rdweidetslekiyiraicamndiais atioh43el oen gessivelelements

40A, 40B, 40C, and. 400 as well as tqg ath lectrical components oy devices. Thus, an interposer of
the present i Hs 0t e 0Ce DASLa BaPeEI o Bt T Sl it at st

one dielectric lairethdddofi41h U1 8, furthes(contepnpladio ol eftthalpresentrivaentidregenepalyivat least

some of the plurality of Igyers of a multilayer interposer of the present.inyention may include at least
orions of one FEAUE e Er Uit A0 o Tesde SOREcaT M ARy B Ry Bt
multilayer interpdsethef, he: piesert torantionemay4sT e dvepass deliriiscdorrostmeiandong to the
present invention, as described hereinabgve. Further, a passive 20element may provide at least one
desired or anticiSAtEFRRASHEGE Eﬁy.%pﬁfgﬁaﬁgéa %@B Lkl r‘i‘?a?}r%% @@ ibre than one

desired or anticigatgdRlgGticatpia@Rerthus, af-RidASEAACS:, titpr&lonshowstion Slexaias mew of a
multilayer interposer 550 according to the present invention including dielectric I,aa/ﬁers_SGO, 562, 564,

and 566, while B9t BRC RSSO ERTEEhAt [rath Priab o dbin At dristaras delsriril T

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



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 30within 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 362-And B AMLMAYREJOTRas i SERBARRISTERO: 857aBRRPI i memRer. Of

course, conductive via 578 may be electrically connected to a conductive trace (not shown) for

electrical comm%éﬁﬁg%@ﬁﬂﬁ@l@i&méﬂ%ﬁ%@m&) 562 and_ﬁéﬂ B@ddpQYé@é%G}@ﬁéﬂ passive
element 554 may, prayide.one Qr.npre AR erAeS reqt SIGFIICAlRIQRRINICH: S é?%"ﬂ%‘:e’ as noted

above, a spiral shaped electrical conductor may provide a magnitude of electrical inductance. Further,
first portion 568cderirsrdyrndportiod G70carslednductors Beptheitad sy dietbatatdayarnséotitdand

therefore, ngay %Rﬁigggr @quﬁgg.@%tofhg(gﬁ?rical capacitance. Finally, of course, passive element 568
may provide a magnitude of electrical resistance. Summarizing, passive element 554 may be

configured, sized, and bosiydreg pocpraitithait pess o nleanticiddtethp pdesite drelectmoat property.

Also, different passive elements {i.e., resistive, capacitive, or inductive be positioned within
ifforent Iayers, Do Ao e e R aP o pod s TR B B e
passive elementicbB ana b8 tavhicly arevédectncadyiwdandeledttedriadanniier oy, disonductive

via 584. Of course, optionally, a conductive trace (not shown) may electrically connect ive
Clomonis 550 ARTE88 RICT e E BRI PG TSR TR e Lo helsSIBR (Bt 30 passive
element 58@ ananldwerSuréaeendprovidlialactsicilayebbel6chisShapativarfctG $indlyard &rqassive

elements 580 and 582 may be é ed and positioned differe tlxjﬁand, ccordingly,énay each exhibit at
least one electriREIYOSERFINMER BEE PSR CeIA MR I Ui AT HEC AT St ARt M JEPUAE Bthe
invention, a wafgissRleIWHRINGIRI EuP st atthBiddred, 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



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,_gach semiconductor dice or devices 505 of -25-
wafer 502 may be aligned with and electrically connected to a respective interposer 530 of wafer-scale

interposer 531. @Qf&?%@Q%S‘%{b@‘ﬁi\éﬂ%&%&?R@é&%&?'&ﬂ?%ﬁﬂ@&éﬂ?&H‘Ez‘élﬁ’é&?v@'ﬂﬁeﬂﬂﬂgf‘Qﬂﬁ’

encapsulated to form a plurality of Semiconductor device packages (e.g., semiconductor device

package 10 shdvﬁnV#qu’rE_P?k?)iatﬁrﬁﬂﬁﬁlié_%-ttﬁé@_‘iﬁ@%ﬁb’iﬁh@mﬁfﬁrﬂt@ﬂ&@ﬁ@@y%mb%r-scale
interposer 531 @ﬁ\%&%&d%ﬁ}%&&% lividual DEIPRSRIS A I BE CANSHRAHA A Bice

semiconductor device package (e.g., @ semiconductor device package 10 shown in FIG. 1) according
to the present imasktiges (©-gavetimendnd @rdevctipnadosts | Astoairdisi i ofl e waderescalecinterposer
531 may 1Qoccyr at.any s of the processing thereof, such as, for example, after the wafer-scale

interposer %gl "érg%o%pulg'teécﬁgvglﬂi passive circuits as described above or following connection of wafer
502 thereto. In yet Alfarthervelyesnabivey af ghscalityirgtipdseidull (siyduldiect) sefnioondlicidnalice or

devices 505 may be mounied,upon fhe wafer seale iierposer #3t,ap [lustiated 19in,FIG. 68, which
is a top elevation \ﬁ%ow of two Individual semiconductor gﬁce or dlewces %lﬁglljﬂnour%e i§ﬁon a

wafer-scale intespasamdditof doeipreackidavéniiomw Sulddenuenttondiap mbinige giréxeividivahtion
semiconductor die or device Léoonéhe.intergoser ?f T‘? v.vafer-s}?ale ipt(_ar %ser 531, th%?fsembly
thereof may be SingUTatEe 44 PERTCHAIR %%%aécu‘ﬂél SHTBISHS PRIARY S WERRSSHavetoP $evice
packages 6.9., &cdf semjcentustaidavcs fiagkhgectDsabpw) ibrlelamblactridingwadiegiesent
invention. Such a method gnd configuration may provide an op ortunitﬁ for verif:fqa‘lglion or testing of the

semiconductor SAEREF to EEhRURBI htH VAR FERAIS e Ve OIS Htier noted that

the above-descdbggtemoaadimesisob anetaterposer or a semiconductor device according to the
present invention may be utilized in a computer 250r electroni¢c environment. For example, FIG. 7

shows a schematic bloY8ldgfahdradirenatvesb PirtdyiRg ik pbsirukiehrsricairdfductor

device 610, inclygingraldeast 808 MeRosRUAEA aperiiing iethe Neasenbivestomand.siieast one
semiconductor die 614, may be included electronic device 620, such as a computing device, the

electronic Hevick 826 8 utitighibrdersder aionicdessol s indy ilednegriconductor 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



30processing unit or other logic device, operably coupled thereto. Further, processor device 632 may
also be coupled with one or more appropriate input devices 634 -26- (e.g., mouse, push-button, touch
screen, communication interface, hard drive, etc.) and one or more output devices 636 (e.g., a display,
printer, communication interface, hard drive, 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 5example, cell phones, personal data assisgants (PDAs), and other similar electronic
devices. While the present invention has been disclosed in terms of certain preferred
embodiments, o3¢ REAKINALY Hillin. marwilbipeonniah RAFAARIESRIE IRl IR IDGRDfIgRS not so
limited. Additions, deletions and modifications to the disclosed 10 embodiments may be effected
without departingPfrofrihe SEopE 8¢ eI A tah, adltinlmenriveai soSmiRIMYL fadnicedroiishe
embodiment may;be epmRingdwithdhosg,ofAnaierwalesmainingWikin I RRShthe nvention.
-27- CLAIMS What Is claimed is: 1.A method of forming a semiconductor die interposer including at
least 5 one pasbivetdieedanty theunstioputomprisimgnislyidyrgeamsubitdgeinesl sdibgatfleast one
dielectric layer %Qgrﬁél'&%%ﬁlogh%ﬁé‘ic el daFaOQs%}‘s%'ﬁ’t% ?Yﬁ&s_ t&%ﬁ%ﬁ@! 1ally RuRermpesed with
respect to one another; forming at l[east one recess at least partially within the at least one dielectric
layer by removidgvacpertion thereof; 10selecting at least one dimension of the at least one recess for
forming at least one While the present invention has been disclosed in terms of certain preferred
embodiments, those of ordinary skill in the art will recognize and appreciate that the
invention is not so limited. Additions, deletions and modifications to the disclosed
10  embodiments may be effected without departing from the scope of the invention as
claimed herein. Similarly, features from one embodiment may be combined with those

of another while remaining within the scope of the invention.



passive element exhibiting an intended magnitude of at least one electrical property,
depositing conductive material at least partially within the at least one recess; forming the at
least one passive element from the conductive material; and 15 forming at least one
conductive trace configured for electrically communicating with at least a portion of the at least
one passive element, wherein forming the at least one conductive trace comprises: forming
the at least one conductive trace having a portion thergof positioned in an overlapping
relationship with the intended position of at least a ZOBGggtion of the at least one recess; and
removing the portion of the at least one conductiveqizég@/ forming the at least one recess,
wherein the at least one conductive trace defines a portion of a side wall of the at
least one recessWaaRid bleimeilind 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, dnd puAdiothef #bieast oremitelehicioddikeinterpses. MbludirgthordaE
claim 1, wherein forming the at least one conductive, trace comprises forming the at least one
conductive aceoﬂf)BPis fe gf“ﬁ"ﬁ’o foR% ﬁ% SHBRIANGT the at least one recess. 54.The
method of claimpgkovibingeistbsrirgitbiadihjeadéanencaliclaciiccliyacendaimipasend@istingdite at
least one conductive trace having at least a portign thereof superimposed in relationship to at
Vessia T

least a portion of the A PRGLEUYe, S ALY B AP PRt B H S Ta T O ORG RS
depositing the cémnehing\ae lnaateriaredclnasiqarpatjailythinhinelatdelzsitane dzlieasictayyprises
screen printing conduc}é\{gomgéegigg r?ito Leﬁ;l%; J(szil;rtially within the at least one recess.

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;

depositing conductive material at least partially within the at least one recess;
forming the at least one passive element from the conductive material; and

15  forming at least one conductive trace configured for electrically communicating with at
least a portion of the at least one passive element, wherein forming the at least
one conductive trace comprises:
forming the at least one conductive trace having a portion thereof positioned in

an overlapping relationship with the intended position of at least a

20 portion of the at least one recess; and

removing the portion of the at least one conductive trace by forming the at least

one recess, wherein the at least one conductive trace defines at least a

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

25 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.



6. The method of claim 5, further comprising vibrating the conductive 15material disposed at
least partially within the at least one recess. 7. The method of claim 6, wherein vibrating
the conductive material disposed at least partially within the at least one recess comprises
vibrating the at least one dielectric layer. 20 8. The method of claim 7, wherein vibrating
the conductive material 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. 25 9. The method ofglaim 5, wherein screen printing the
conductive material at least partially within the at least one recess comprises: disposing a

stencil adjacent to a surface offthensandigenduaior, dindripr ReaRhpSHbtastia by ligning ot least
one aperture formed in the stencil with the at least one 30recess; providingll a quantity of

conductive paste BiHoraRRRSS (AR L6 AHerdane foRdRF VATt IRGY &t IRastR BISUPRAH B

the quantity of cogidelGliVEopasiatatdsasitdaaetiglly into the at least one recess. 10. The
method of claim 9, wherein moving the at least a portion of the 5quantity of conductive paste

at least partially into the at least one recess comprises moving a squeegee blade in contact

with the uppey surface of, the sTeRGilclssaes engnat |QAsrandRRiUIR: Nnsddheseidudidvel he
method of claim 9, further cpm;)tﬁising: 0 reEnoving the stencil from adjacen{ the surface of the

semiconductor diBaFf&ATUEEESARETHR BGiALI P H SHRSPRIUHEVE ATAGE BAVING AL teA T A 2ATHRY
above the surfacenefetite gRiesed ¢k Higohaese least a pbaickhsr thetochafopiapisdite

wherein removing_ the portion of the conductive 15 paste which extends above the surface of
the semiconduct(?llec‘j‘?g%terposer comprises moving a squeegee assembly along the surface
of the semiconductor die interposer. 13. The method of claim 12, further comprising
vibrating the conductive_materjal disposed at least partially within the at least gne recess.
9196 5. ¢ method of clainy ?, a%erginydeposigng the conducive material at
least partially within the at least one recess comprises screen printing conductive

material at least partially within the at least one recess.

6. The method of claim 5, further comprising vibrating the conductive

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

7. The method of claim 6, wherein vibrating the conductive material
disposed at least partially within the at least one recess comprises vibrating the at least
one dielectric layer.

20

8. The method of claim 7, wherein vibrating the conductive material
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.

25

9. The method of claim 5, wherein screen printing the conductive material
at least partially within the at least one recess comprises:
disposing a stencil adjacent to a surface of the semiconductor die interposer;
substantially aligning at least one aperture formed in the stencil with the at least one

30 TECess;

providing a quantity of conductive paste onto an upper surface of the stencil; and



20 14. The method of claim 13, wherein vibrating the conductive material disposed at
least partially within the at least one recess comprises vibrating the squeegee assembly.
2515.The method of claim 5, wherein screen printing the conductive material at least partially
within the at least one recess comprises: providing a quantity of conductive paste onto-a
surface of the semiconductor die interposer;  moving at least some of the quantity of
conductive paste at least partially into the at 30least one recess. -30- 16. The method of |
claim 1, wherein depositing the conductive material atfsast partially within the at least one
recess comprises injecting the conductive material at least partially within the at least one
recess.  17. TRETR&AEFLR BRIFAMSY, i Hapts AbsRAUC Ui BTG ahls s Rartietvrd iRt &l
injected at least partiallyawithig tesat least one recess. 18. The method of claim 16,
wherein injecting the conductive material at least partially within the at least one recess
comprises filling only a portion of the at 10least one recess with the conductive material.

19. The method of claim.!, whfeRegieasingnive whaducke imaias @l [siseapbRiyiiafiyhwithin
the at least gne recess comprises depositing the conductive material at least partially within

the at least one BRI BY/SRASPGH YA PaRIB kAT RRCiay TEotheati dasiapBLsiet comPBEFSThe
method of claimmokifihe s Inaeih g theleardygiéyeuriate vakkiepasiiescaisiemstat

partially within the at least one recess, 2021.The method of claim 20, wherein communicating
vibrational enerd§FTb¥eAREHNRR I LRE I deposited at least partially within the at least one

recess comprises vibrating the at least one dielectric layer. 22. The method of claim 21,
wherein vibrating the conducfgle materjal Z?depo%ited at least partially within the at least one

recess comprises vibrating theP&{He & Al e THERS £0TRRRE e positing the conductive
material atji@astrgacialy thithishthlchahledpiconalesassce of the semiconductor die interposer; and

removing a portion of the conductive paste extending above the surface of the

semiconductor die interposer.

12.  The method of claim 11, wherein removing the portion of the conductive
15  paste which extends above the surface of the semiconductor die interposer comprises

moving a squeegee assembly along the surface of the semiconductor die interposer.

13.  The method of claim 12, further comprising vibrating the conductive

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

20
14.  The method of claim 13, wherein vibrating the conductive material
disposed at least partially within the at least one recess comprises vibrating the
squeegee assembly.
25 15.  The method of claim 5, wherein screen printing the conductive material

at least partially within the at least one recess comprises:

providing a quantity of conductive paste onto a surface of the semiconductor die
interposer;

moving at least some of the quantity of conductive paste at least partially into the at

30 least one recess.



23. The method of claim 1, wherein providing the substrate including the at 30least one
dielectric layer comprises providing the substrate including a plurality of dielectric layers. -31-
24.The method of claim 23, wherein providing the substrate including the at least one
conductive layer comprises providing the substrate including a plurality of conductive layers.
525.The method of claim 23, further comprising: forming the at least one recess at least
partially within at least some of the plurality of dlelectgﬁelayers by removing a respective
portion thereof; and screen printing the conductive material at least partially within the at least
one recess within the at leas ome gwe pjurali ty f dlel gctrlc la 26. The.method

of claim 23, wherein (8t 1o N WAL S e o P

the plurality of dle!scﬁdﬁikﬂ}’}eﬁﬁthm thEZt [Ehs mehleeeh@écﬁimﬂsééanjwﬁmgrmemdﬁmgémmml at
least one 15conductive V|a ten fro the at least one passive element. 28. The

method of clalmaé %éﬁé fﬁ ?ﬁ‘é S5 SR&Himension of the at least one recess for

forming the at Ieast one passive element exhibiting the intended magnitude of the at least one
forming at 18ast on padiive JENEHPELRISA H HIAHAEPRA RLE: TS Smore
than one electricabtpriap@tjscted at 1638t pangaihetlitihahekaileadt onb@sessforming the at least one
passive element

18.  The method of claim 16, wherein injecting the conductive material at
least partially within the at least one recess comprises filling only a portion of the at

10 least one recess with the conductive material.

19. 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

15  materials deposition.

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

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

20 21.  The method of claim 20, wherein communicating vibrational energy to
the conductive material deposited at least partially within the at least one recess

comprises vibrating the at least one dielectric layer.

22. The method of claim 21, wherein vibrating the conductive material
25  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

the at least one recess.

23,  The method of claim 1, wherein providing the substrate including the at
30 least one dielectric layer comprises providing the substrate including a plurality of

dielectric layers.



from the conductive material comprises forming at least one of a resistor, a capacitor, 25 and
an inductor. 30. The method of claim 29, wherein the at least one electrical property
comprises at least one of resistance, capacitance, and inductance. 3031.The method of claim
1, wherein: forming the at least one recess comprises forming two adjacent recesses; and
-32- the two adjacent recesses are separated by a distance of about 20 pm. 32. The
method of claim 1, wherein depositing the conductiveé'naterial at least partially within the at
least one recess comprises filling only a portion of the éf 5least one recess with the

conductive material. 33. An interpgser for embly.with a semiconductor die, ..

comprising: a substratheloc AE LB bHA A O RE H FSI i RAGE S it s g o
one recess formedstrontiginthetbiclkast oneplisie pidciliyethandihaclibsludiag dplatlrpstone
passive elementc%o iti ne? at least partially within the at least one recess formed through the

at least one die|eCB’I(1:1(fal.§8 4Rd the substrate, at least one dimension of the at least one

recess generating at least one electrical property of the at least one passive element during
operation, the at least gpe passive element comprising a plurality of conductive layers, each
of the plurality of 15cor?§Ucti3-zﬁ%% %@(ﬂ?&ﬁﬁr‘{a ggdsﬁf]é%gﬁf%r@éﬁggl property in relation to
each of the othefoceorsiidigvie |east ke t¢bespatieditypaftzilyduichiventdyestsoatd @fishoplarality of

conductive layer exteng{nl%ciﬁ}igl%ugg imposed relationship alor?llg Ieas}_%l%)rtion of a surface

. OoVINg a respective po n Uercor;
of the at least one dielectric Tayer con gc'ﬁ?\lg a SOI‘fIOR o} & At iehstone passive element; and

20 at least one athresncomtirgsitte tayeoetite nditegiahah Isap exirigbsedliel abo aslegstadonteeassther
side of the substrate coniactipg & porion of (heaticashonepaesiie gigpent. 34 The
interposer of claim 33, wherein the at 1éast one passive-elemen
10
26. The method of claim 23, wherein the at least one passive element is

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

27.  The method of claim 23, further comprising forming at least one

15  conductive via extending from the at least one passive element.

28.  The method of claim 23, 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

20  one dimension of the at least one recess for forming at least one passive element

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

29.  The method of claim 1, wherein forming the at least one passive element
from the conductive material comprises forming at least one of a resistor, a capacitor,

25  and an inductor.

30.  The method of claim 29, wherein the at least one electrical property

comprises at least one of resistance, capacitance, and inductance.

30 31. The method of claim 1, wherein:

forming the at least one recess comprises forming two adjacent recesses; and



25comprises at least one of an inductor, a resistor, and a capacitor. 35. The interposer of
claim 33, wherein the at least one recess exhibits lateral dimensional tolerances of about 30
gm. 3036.The interposer of claim 33, wherein the at least one recess exhibits lateral
dimensional tolerances of about 20 -33- 37. The interposer of claim 33, wherein the at
least one recess exhibits lateral dimensional tolerances of about 5 pm. 38. The interposer
of claim 33, wherein the at least one dielectric layer is 5substantially free of photopolymer.
39. The interposer of claim 33, wherein a side wall of fife at least one recess exhibits a taper.
1040.The interposer of claim 33, wherein the at least one passive element comprises a
plurality of passitl SfEIdiReent recgises A RTRABISSY S Usinnra st shutEM 1™ 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 gm 42. The interposer of claim 33,

it20 gm. (
wherein the at least oné%passiié SR LA sl ASRRF LR SR BRI Rt BA 8 The
interposer of claigydpavianieinteRch: Rasbbiaiiyesf conshiidfallayerexbitisRdatiierant

electrical property in relation to each other conductive layer of the plurality of conductive

layers. %4, TR AREFEERSS MBS FOBSUSHRE PAHF™ M the at least one dielectric layer

comprises a plurality of dielectric layers; and
33.  Aninterposer for assembly with a semiconductor die, comprising:
a substrate including at least one dielectric layer on a first side thereof;
at least one recess formed through the at least one dielectric layer and the substrate;

10 at least one passive element positioned at least partially within the at least one recess
formed through the at least one dielectric layer and the substrate, at least one
dimension of the at least one recess generating at least one electrical property
of the at least one passive element during operation, the at least one passive
element comprising a plurality of conductive layers, each of the plurality of

15 conductive Jayers exhibiting a different electrical property in relation to each of
the other conductive layers of the plurality of conductive layers;

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 contacting a portion of the
at least one passive element; and

20 at least one other conductive layer extending in a superimposed relationship along
another side of the substrate contacting a portion of the at least one passive

element.

34, The interposer of claim 33, wherein the at least one passive element

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

35.  The interposer of claim 33, wherein the at least one recess exhibits

lateral dimensional tolerances of about £30 um.

30 36. The interposer of claim 33, wherein the at least one recess exhibits

lateral dimensional tolerances of about £20 pm.



the at least one passive element comprises a plurality of passive elements. 45. The
interposer of claim 44, wherein at least two of the plurality of dielectric layers each includes
one or more passive element of the plurality of passive 30elements. -34- 46. The
interposer of claim 44, wherein the at least one passive element is positioned within more
than one of the plurality of dielectric layers. 47. The interposer of claim 44, further
comprising at least one conductive 5 via extending from the at least one passive element.
48. The interposer of claim 33, further comprising at legst one conductive trace in electrical
communication with the at least one passive element. 1049.The interposer of claim 48,

wherein the at least one3gonduphiy riéasscd efidRnat i afareROMIOL Rast Sistarayads ek Hisimat
least one recess. 50. The _inter%oser of claim 48, wherein the at least one conductive trace

extends along at [B5EH & HRRIARAk RIETARES AT BPRHE" Rt HEhst one recess. 15 51. The

interposer of claim 48, wherein the at least one conductive trace includes at least a portion
thereof superimposed in relationship to at least a partion of the at least one passive element.

2052.The interposer of cBim 35MSIAKTRRITHES Slamndd orberir ds tirasiame drifstiiplayer s

conductive materiabpasititnerewdhih@spo@meartion of the at least one recess. 53.A
wafer-scale interposer, comprising: 25a plurality of interposers, each comprising a substrate

including at least one dielectric layer and at least one conductive layer on one side thereof;
39.  The interposer of claim 33, wherein a side wall of the at least one recess

exhibits a taper.

10 40.  The interposer of claim 33, wherein the at least one passive element

comprises a plurality of passive elements.

41, The interposer of claim 33, 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 pm.

42.  The interposer of claim 33, wherein the at least one passive element

comprises a plurality of conductive layers.

20 43,  The interposer of claim 42, 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.

44,  The interposer of claim 33, 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.

45.  The interposer of claim 44, wherein at least two of the plurality of
dielectric layers each includes one or more passive element of the plurality of passive

30 elements.



at least one recess formed through the at least one dielectric layer and the substrate of each
of the plurality of interposers; and at least two layers of material forming at least one passive
element positioned within 30the at least one recess formed through the at least one dielectric
layer and the substrate of each interposer of the plurality, each of the plurality of interposers
-35- including at least one passive element positioned at least partially within the at least one
recess formed in the at least one dielectric layer thereof, at least one dimension of the at least
one recess producing at least one electrical property'éf'a passive element during operation. 5
54. The wafer-scale interposer of claim 53, wherein the at least one passive element .
comprises at least one ¥F an inBRENSFPEstESialim bl wherpindigpt leastnne-passixe plsmaenyis
interposer of claipshbned&igiththerdtiaashe aefRGsmlgfikisiairkeaimensional
tolerances of about 30 56. The wafer-scale interposer of claim 53, wherein the at least
one recess exhibits lateral dimensional tolerances of about 20 gm. 1557.The wafer-scale
interposer of claim 53, ygheremithipteijeasbobRiredasfuakbiismiaicnal sitenspnaialRprRces
of about 5 pm. 58.The wafer-scale interposer of claim 53, wherein a side wall of the at least
one recess xhiSiseXFApLE gm thegh "%ﬂé’Wﬁﬁsﬁ%’&éﬁ%ﬂﬁgfposer of claim 53, wherein the at
least one passive element comprises a plurality of passive elements. 60. The wafer-scale
g;g;?jesg;; ;'r?t';“ T tOrpover o laim 33 Further Comprising At [éast one eorduiing

trace in electrical communication with the at least one passive element.

10 49.  The interposer of claim 48, wherein the at least one conductive trace

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

50.  The interposer of claim 48, wherein the at least one conductive trace

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

15
51.  The interposer of claim 48, 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 52.  The interposer of claim 33, wherein the at least one passive element

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

Trecess.

53. 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 on one side thereof;
at least one recess formed through the at least one dielectric layer and the substrate of
each of the plurality of interposers; and
at least two layers of material forming at least one passive element positioned within
30 the at least one recess formed through the at least one dielectric layer and the

substrate of each interposer of the plurality, each of the plurality of interposers



the two adjacent passive elements are separated by a distance of about 20 p.m. 61. The
wafer-scale interposer of claim 53, wherein the at least one passive element comprises a
plurality of conductive layers. -36- 62.The wafer-scale interposer of claim 61, 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. 563.The wafer-scale interposer of claim
53, wherein: the at least one dielectric layer comprises a plurality of dielectric layers; and the
at least one passive element comprises a plurality of-fassive elements. 64. The
wafer-scale interposer of claim 63, wherein at least two of the 10plurality of dielectric layers
each include at least oirelpdagiae lelstoanipadsiie gtntedityai thass ae ledsnpanislly within fhhet

wafer-scale interposer lOfa Sg:tlaim 53 fur{ther £9 risi?é%s?t Iea‘%teﬁér%g ndugl:[‘ivetac

in
electrical communication With t eeCéai;tq é:’g%’teoﬁ%tp%fsﬂswe elemen Y86 The ’vvgielz?? tc%?g

interposer of claim 65, dvnensiontbéthd e dstsoore cordsigitedutage i dfisesmtdrasicalpoostenyof a

side wall of the at least nerecess. . n??.ughe a/vgrfetréncale interposer of claim 65, wherein
the at least one 20condUERE Face ex engs a'tll%nﬁ &t 184t a portion of a side wall of the at

least one refess. 68. The wafer-scale interposer of claim 65, wherein the at least one

conduciive trace includep at Isst a ortion theteol superImPos SR G AIPATIR .2 RaRL
portion of the passive élement.
element comprises at least one of an inductor, a resistor, and a capacitor.

55. The wafer-scale interposer of claim 53, wherein the at least one recess

10  exhibits lateral dimensional tolerances of about £30 pm.

56.  The wafer-scale interposer of claim 53, wherein the at least one recess

exhibits lateral dimensional tolerances of about £20 pm.

15 57.  The wafer-scale interposer of claim 53, wherein the at least one recess

exhibits lateral dimensional tolerances of about 5 pm.

58. The wafer-scale interposer of claim 53, wherein a side wall of the at
least one recess exhibits a taper.
20
59.  The wafer-scale interposer of claim 53, wherein the at least one passive

element comprises a plurality of passive elements.

60.  The wafer-scale interposer of claim 53, wherein:
25  the at least one passive element comprises two adjacent passive elements; and

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

61.  The wafer-scale interposer of claim 53, wherein the at least one passive
element comprises a plurality of conductive layers.

30



69. The interposer of claim 53, wherein the at least one passive element comprises a
conductive material positioned within only a portion of the at least one recess. -37- 70. A
system, comprising: at least one semiconductor package, comprising: an interposer
comprising: a substrate including at least one dielectric layer and a conductive layer on the at
least one dielectric layer and a conductive layer on the other side of the substrate; at least one
recess formed through the at least one dielectric layer and the substrate; at least one passive
element disposed at least partially within the at least 80ne recess formed through the at least
one dielectric layer and the supstrate, the at |east one passive element contacting the

conductive layer on the Qﬁelecﬁt"lﬁ’;‘?@?‘ AR AREBRE Cfi Ry R SherrirotRrd & die Y yrality of
substrate, at leasigaagciiveensRaite alleRripaRIerRepsSRasatEpihe B LIRS RGE

passive element for 15at least one electrical property"” the at least one passive element
comprising a pluSARSHSHER RIGERY B rRure i AL PRI BRIRXRES of conductive layers, each of

the plurality of conductive layers exhibiting a different electrical property in relation to each of
the other conductive layers of jhe plurality of,conducti\éf layers; 20 at least one conductive
¢

layer extendmg in a superimpdEd A HSHEHIHESH @é@tiasp‘ffh%‘ﬁrﬁf a surface of the at

least one dielectiigelayREstaik dielectrit ¥R COMGHSEO b JiaroRs abictanie Hadduiide
interposer; and aéj%east one microprociassor operably connected to the semiconductor

package. 25 R O RASSIEI SRR SHMBFLS R IR Of BASSE S5 ¥ ment

comprises at least one of an inductor, a resistor, and a capacitor. 72. The system of
claim 70, further comprisjng at least pne of an input 30 device and an output device.
P Gﬂ g II'lhe wa er-sca[eainte oser of c?a\fm 61?, vgherem aPleast two of the
10 plurality of dielectric layers each include at least one passive element of the plurality of

passive elements.

65.  The wafer-scale interposer of claim 53, further comprising at least one
conductive trace in electrical communication with the at least one passive element.
15
66.  The wafer-scale interposer of claim 65, wherein the at least one

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

67.  The wafer-scale interposer of claim 65, wherein the at least one

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

68.  The wafer-scale interposer of claim 65, wherein the at least one
conductive trace includes at least a portion thereof superimposed in relationship to at
Jeast a portion of the passive element.
25
69.  The interposer of claim 53, wherein the at least one passive element
comprises a conductive material positioned within only a portion of the at least one

recess.



-38- 73.The system of claim 70, wherein the at least one semiconductor package and the at
least one microprocessor operably connected thereto comprise, at least in part, an electronic
device.

-37-

70. A system, comprising:
at least one semiconductor package, comprising:
an interposer comprising:
a substrate including at least one dielectric layer and a conductive layer
-] on the at least one dielectric layer and a conductive layer on the
other side of the substrate;
at least one recess formed through the at least one dielectric layer and the
substrate;
at least one passive element disposed at least partially within the at least

10 one recess formed through the at least one dielectric layer and the
substrate, the at least one passive element contacting the
conductive layer on the dielectric layer and the conductive layer
on the other side of the substrate, at least one dimension of the at
least one recess selected for the at least one passive element for

15 at least one electrical property, , the at least one passive element
comprising a plurality of conductive layers, each of the plurality
of conductive layers, each of the plurality of conductive layers
exhibiting a different electrical property in relation to each of the
other conductive layers of the plurality of conductive layers;

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; and

a semiconductor die operably connected to the interposer; and
at least one microprocessor operably connected to the semiconductor package.
25
71.  The system of claim 70, wherein the at least one passive element

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

72.  The system of claim 70, further comprising at least one of an input

30  device and an output device.



-38-

73.  The system of claim 70, wherein the at least one semiconductor package
and the at least one microprocessor operably connected thereto comprise, at least in

part, an elecironic device.



