| NTEGRATED CAPACI TORS | N PACKAGE- LEVEL STRUCTURES, PROCESSES OF MAKI NG
SAME, AND SYSTEMS CONTAI NI NG SAME TECHNI CAL FI ELD Enbodi nents rel ate
generally to capacitors in chip packages. TECHN CAL BACKGROUND

Passi ve dexihGeseised) as capacitors, inductors, and respsi@biodésssnf
I ncreasing inportance in integrated circuit (1C chip packages. For

exanpl e, capacitors serve functions of decoupling, responding to processor

| oads, radio frequency (BY) applications of tuning and nodul ati on, and
others. Mniature passive RF devices are coining under increasing pressure
to obtain a smaller and small er package for user convenience. Consequently,
capacitors and ot her passive RF devices are hard to |ocate in these snal
packages. BRI EF DESCRI PTI ON OF THE DRAW NGS In order to depict the
manner in which the enbodi nents are obtained, a nore particular description

of enbodi ments bpigf | \ BOEE E,lyé.(g@i rence to
exenpl ary enbodi mntéﬂ%ﬂ%?%ﬁ%ﬁr us;&rﬁa%(gkﬁ;&f%e a %gﬁ e ras\?w' ngs.
Under st andi ng PRQCESSESORMARINGES AME, ANDHY STEMS; ARTDW BAMES that are

not necessarily drawn to scale and are not therefore to be considered to be
limting of its scope, the enbodinents will be described and explained with
additional specificity and detail through the use of the acconpanying

drawi ngs i n which: FI G 1AHJW€@: - Bction el evation of a core

support structure for a die duri according to an enbodi nent;
FIG 1B is a cros¥msaimeats elaegehenily of capéidtossdn ehip ppglmgds. st r uct ur e depi ct ed
in FIG 1A after patterning according to an enbodi nent;

TECHNICAL BACKGROUND
Passive devices such as capacitors, inductors, and resistors are of
increasing importance in integrated circuit (IC) chip packages. For example,
capacitors serve functions of decoupling, responding to processor loads, radio
&equency (RF) applications of tuning and modulation, and others. Miniature
passive RF devices are coming under increasing pressure to obtain a smaller and
smaller package for user convenience. Consequently, capacitors and other passive

RF devices are hard to locate in these small packages.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to depict the manner in which the ep:bodiments are obtzined, a
more particular description of embodiments briefly described above will be
rendered by reference to exemplary embodiments that are illustrated in the
appended drawings. Understanding that these dfawings depict only typical
embodiments that are not necessarily drawn to scale and are not therefore 1o be
considered to be limiting of its scope, the embodiments will be described and
explained with additional specificity and detail through the use of the
accompanying drawings in which:

FIG, 1A is a cross-section elevation of a core support structure for a die
during processing according to an embodiment;

FIG. 1B is a cross-section elevation of the core support structure depicted
in FIG. 1A after patterning according to an embodiment;
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FIG 1Cis a cross-section elevation of the core support structure depicted
in FIG 1B after stenciling and applying a dielectric filmaccording to an

enbodi nment ; FIG 1D is a cross-section elevation of the core support
struct ure dedoetoasrien FIG |C after formation of top ardrivsicveerssiect r odes
and pl ated through-hol es according to an enbodi nent FIG 1E is a

cross-section elevation of the core support structure depicted in FIG 1D
after formation of a solder mask | ayer according to an enbodi nent;
FIG 2A is an elevational cross-section of a chip package during assenbly

wi th an enbedded-in-core capacitor according to an enbodi nent; FI G
2B is the elevational cross-section the chip package depicted in FIG 2A
after processing according to an enbodi nent; FIG 2 is an

el evational cross-section of a chip package with an enbeddedi n-core
capaci tor accor di ngmacaiaaefds@eucﬁwaevmmhe&x@s&ppanssu%n%' i@lelonal

cross-section, e i n-core capacitor according
to an enbodi neo%m’il%haﬁ%r @n%fﬂ‘w?%"%n%?gntm cﬁ?’cﬁ?“%’fl’éﬁ&t%n of a

Wi r e- bond rmunmbo@msuﬂastrate during processing according to an enbodi nent;

G 4B Ts a_corossrRgq 81 SheXaliehetlioh DFniieheho0d HOUILI pg oybs rate

depicted in FIG 4A after preparinn so an
embodi nent ; pr@:ﬁeﬂ@‘mgﬁoaOétqmﬂbe'éQmshcmmadpiatemmmdgh-hMeﬁe bond
nmount i ng subswga;-@n SRlinGCnfddinient| G 4B after patterning the sol der-mask
filmaccording ton%%gbodl ment FIG 4D is a cross-section elevation
of the wire-bond §2 Ssktertianeleraion ofthe £ore mymport stonciire depitted ght
reduction of & FIG: i DaftenforhitionBh deltertik 16cr Aehbidir 136 Ohbiditedt0 AN
embodi ment ; FIG. 2A is an elevational cross-section of a chip package during assembly
with an embedded-in-core capacitor according to an embodiment;
FIG. 2B is the elevational cross-section the chip package depicted in FIG.
2A afier processing according to an embodiment;
FIG. 2 is an elevational cross-section of a chip package with an embedded-
in~core capacitor according to an embodiment;

FIG. 3 is an elevational cross-section of a chip package with an embedded-
in-core capacitor according to an embodiment;

FIG. 4A is a cross-section elevation of a wire-bond mounting substrate
during processing according to an embodiment;

FIG. 4B is a cross-section elevation of the wire-bond mounting substrate
depicted in FIG. 4A after preparing a solder-mask film according to an
embodiment;

FIG. 4C is a cross-section elevation of the wire-bond mounting substrate
depicted in FIG. 4B after patterning the solder-mask film according to an
embodiment;

FIG. 4D is a cross-section elevation of the wire-bond mounting substrate
depicted in FIG. 4C after height reduction of a portion of the solder-mask structure
according to an embodiment;




FIG 4E is a cross-section elevation of the core support structure depicted
in FIG 4D that exposes the height-reduced sol der mask and a die | and
according to an enbodi nent; FIG 4F is a cross-section elevation of

t he core swppRodtorsihs ucture depicted in FIG 4E after fwctiosfoogesonessing to
forma top electrode and to seat a die at the die | and according to an

enbodi nment ; FIG5 is a top plan of a sol der-nmask enbedded capacitor
in a substrate, taken fromFI G 4F according to an enbodinent; FIG6 is a
flow chart that describes nethod fl ow enbodi ments; FIG7 is a

cut-away el evation that depicts a conputing system according to an

enbodi nent; and FIG 8 is a schematic of a conputing system according to an
enbodi nent. DETAI LED DESCRI PTI ON Enbodi nents in this disclosure

rel ate enbedded passive devices that are |located within sol der mask

structures and corEIGUEUSh tloRSscefith QEAREK HBBE corb ShpMaSutaRAeLliges t hat

i ncl ude a tOp'eﬁﬁﬁéﬁﬁ in a O‘Lder sk.s ‘Euct uge. The sol der mask
structure is Mbehti S*RIsPY 85""&%5‘% B pdigilandaccarding n t he

exi sting sol deramemsHodotentjct ure. Sim larly, the core structure is nodified
to allow for a zer LRkl | tor adi nt to a plated through hole.
The foll owing. descﬁdg)#lﬁééni%ﬁ%faﬁg‘gsn ét?%v?ﬁr%’%osu%ﬁorﬁgupﬁ'ﬂ‘géﬁ?%’ﬁﬂ@‘? irst,
second, etc. HIOC. 4F afterfurher procdssingtp frinatop sleptosiesand i seatardie atrthe Not t o be
construed as HieWrd J88brdihP o | .s of an apparatus or article described
herein can be rranulff_%(':%rgsred, used, or ‘shipped in a nunber of positions and
orientations. The a pp plangf g seldprmesk emheddad oppacitorin 2ispbstiate, physi cal
obj ect that i mkéhfolh@GoARGICKIAIRAE at Babodigedty ansf or med by various process

operations into t CTd sirgd integrated. circuit device. A die is usually
si ngul ated from ah@/a grls,a %‘&“&EE@&W%@G’#&@B"B efimesifduct i ng,
non- sem conduct i ngFlGe7 iswetiaway elspationfthat depicts a computing system according '
to an embodiment; and
FIG. 8 is a schematic of a computing system according to an embodiment.

DETAILED DESCRIPTION

Embodiments in this disclosure relate embedded passive devices that are
located within solder mask structures and core structures. An embodiment includes
capacitors that include a top electrode in a solder mask structure. The solder mask
structure is modified to allow for a zero-profile capacitor within the existing solder
mask structure, Similariy, the core structure is modified to allow for 2 zero-profile
capacitor adjacent to a plated through hole.

The following dﬁcﬁpﬁon includes terms, such as upper, lower, first,
second, etc. that are used for descriptive purposes only and are not to be construed
as limiting, The embodiments of an apparatus or article described herein can be
manufactured, used, or shipped in a number of positions and orientations. The
terms "die" and “chip™ generally refer to the physical object that is the basic
workpiece that is transformed by various process operations into the desired
integrated circuit device. A die is usually singulated from a wafer, and wafers may
be made of semiconducting, non-semiconducting, or combinations of




sem conducting and non-sem conducting materials. A board is typically a
resin-inpregnated fiberglass structure that acts as a nounting substrate
for the die. Ref erence will now be nade to the draw ngs wherein |ike
st ruct ur eswoidob7/dsgripr ovi ded with i ke suffix referencepdessmpoats7sms. | n
order to show the structures of various enbodi nents nost clearly, the
drawi ngs included herein are diagrammtic representations of integrated
circuit structures. Thus, the actual appearance of the fabricated
structures, for exanple in a photom crograph, may appear different while
still incorporating the essential structures of the illustrated
enbodi nents. Moreover, the draw ngs show the structures necessary to
understand the illustrated enbodi ments. Additional structures known in the
art have not been included to maintain the clarity of the draw ngs.
g| G dlA is a semken&eﬁgaﬂngh@&ﬁkbﬁhcﬁignxgaigﬁﬂﬁ AWBRAN typlchliFd HEfs. 100 for a
ie during pr I cording. to._.a odi nent The core support structure
(hereinafter, %Mﬁiﬁﬁ?ﬁ?ﬁ%@a&c%ﬁ W@Eﬁ?&ﬂ%ﬁ?@ﬁ?ﬁt&e diEnposi t e
accordi ng to an enBeféreneswill bivchbeomade te theultawings Whbeih 3ike stiddnirés Willgani ¢ such
as an FR4-r eSSy [ . j t n_enbodi nent., The core
bidEt REAIEL St e ARSIRSREL eud fo Bon B RTINS an

structure 100 is conbination 1d i norgan
enbodi ment, s YRFPuEEmbpdirgnty mostalearlyythe dpWingyduciyded herein are disfiafimatiB i s a

Cr 0SS- Sect i ON rkRuRkicAB oPhtepRfedRtRit SMRRRES THuk mi&%aﬂﬁ%&%d in FIG
1A alter patter ni - 84ccor di_%%? to an, enhodi ment. The patter ned core
structure 101 TOREY clyres § maphetomiergetaph. mayapasar diffesnt 110 and an
i nternal pat t shilestilbincarpbrating thé essential dtdictubesidfitisd illRARRATmbbdinieatsP! epar ed

adj acent the 1 I ern structural layer 110 for receiving a
dielectric fi Iﬂﬁréo%ﬁlgh%at % eIr‘é‘uSe ‘?gtrweéné#ﬁlﬂ%tnﬁ?e@sai%tf ‘5‘%’%’6“’?&3‘13 184 second
recess 116, wARkodimentsAdditiena] stowctugesinaive dh this e hgve top been(ifditfledithat Wi | | be
subsequent |y fathdi® i @fhrity of the drivides! C 1S @ Cross-section el evation of the
core support structure 101 depicted in FIG 1B after stenciling and

appl yi ng a di el ect¥i% 1§ $sressspegtionplenation o eore ipbert stmstire 100 forenci | | ayer
120 is pl aceddiedefing frocesii@adebidiify td/aR eBBdiARAL. e SbR skt frubdue 118 S

fl owed t hroug st enci |, ope .fill each ocgurrence of the first
recess 114. B]e;eﬁleaﬁFrh T %ﬁ'ﬁ@fﬁéﬁ‘?fﬁ AP ERARIGRIROTEAIG eqmipQsite acgorlingde f or mat i on

of the di el ectw¢mbddirhent.] TI§: @xdistivictuse B0 & EFE bfgafiic fshidhSds a8 FRUGEEn 122 and

acorn first s al%ﬂ@} . iall lanar. Sinmlarly in an
enbodi nment , t%%ﬂrg%%ee&sﬁtﬂr Ct-uﬁ%‘_’%@‘%@?‘%%ﬁ?‘%}‘ﬁ%{ﬁﬁ W%@"ﬁ%‘#’éctri c film
118 exhi bi t s Prehigation pf preanie anstigorganit acrordimstoandmbodiomeet, sshand surface 128
that are subsbishtideatdzie @TPmaRkas. According to clai med enbodi nents, the core
structure 102 is ?F‘%‘Oéeferred to as a_structural |ayer 102. Af ter
stenciling or oth A freERtFtionSlayptigetithe coressuppary ghrycture b0 f i r st r ecess
114, the di el@piqtdddnﬂ(ﬁ.rimjlf&rbﬁ%ﬁg&@fﬁﬁmlaﬁaﬁbo&n%ﬁ@mpgwhi eve
sufficient stapili . r._processing of the .core structure 102. In
an enbodi nent%%]dé&m%cw%eggipfﬁ?¥ p%’%ﬂﬂﬁ%%ﬁ?‘e‘r‘ﬁé‘f’d?‘hat has a
permittivity,njemal paferned sictgral lavenild? Sofinstivbcess HBdsiprefated sifjemarads/ nun2
(pF/ mmR) ). JemipRdral bd 'R i . L as .an Er of about
50 (44pF/ er)l.; Ipn ?Eg&ngodi n%%ﬁiﬁfﬁgiﬂ%f&%lﬁrébﬁ%n%%@mh&?ean Er ina
range from adSHEmeEcqrs siishe 1)k alsp igpludese second recess) 16, whith isprepassdoss- sect i on

el evation of foheplederoeyhdald (PTH) Wk Wilk bd AbsslpaitimelidagF! G | C after
formati on of atop ﬁ}ieﬁfrode 130..and, a bottgqr}lj el ectrode 132 and a pl ated
3

t hr ough- hol e ( PTH) BEEETESHEOR S1Xpt oA Bisi o epporhgrusheR s to fonn the
el ectrodes arf¢pistedin FIG. 4B aftes/stersilongrant epplying b ditleattic filh B8WBEMinsicrges. For
exanpl e, the bBhER f j of the PTH 134 that is at or
near the cor e&ﬁ&r st s&%]gg%g@gﬁﬁgéP@%B%%%CQE?WF@E{&%I%FHQ a seed

| ayer over the dielectric first surface 122 and the core first surface 124.
Thereafter, an electroplating process is carried out to achieve a design

t hi ckness of the top electrode 130 that4will result in a given thickness of
the PTH 134 that is at or near the core first surface 124. Thereafter, the
core structure 103 is plated on the dielectric second surface 126 and the
core second surface 128. Consequently, the PT!! 134 that fills the second
recess 116 May have a plating seamtherein. FIG 1E is a
cross-section elevation of the core support structure 103 depicted in FIG
113 after formation of a solder mask |ayer 136 according to an




enbodi mrent I n an enbodi nent, the solder mask | ayer 136 serves both as a

sol der mask and as an encapsul ation | ayer that is disposed over at | east
one of the top electrode 130 and the bottom el ectrode 132. The core support
104 is coveoedomitehsat he sol der mask | ayer 136 in prepaparismwod@rizpat t er ni ng
and applying it to a mcroel ectronicldevice such as a processor or an
application-specific integrated circuit (AS1C) for an RF application, or

ot hers. FIG 2A is an elevational cross-section of a chip package
200 during assenbly with an enbedded-in-core capacitor according to an
enbodi nent. The chip package 200 includes the core structure 238, which is
simlar to the core structure 104 depicted in FIG 1E. A solder mask |ayer
236 has been patterned to forma capacitor mask open 240 according to an
enbodi ment. The sol der nmask | ayer 236 has al so been patterned to forma PTH
mask open 242diatacuiccﬁlmglsasmdmmakmﬂéﬂehﬂocﬂﬁdac@é&d&ﬁ&o@n active
surface 246 {ﬁs %Ess ge surface 248 is depicted by the directional
arrows as being brought together with the core structure 238. The flip-chip
244 includes a sol b embagimesitheicate sirectoreni2 glerfirmaionof te didketiat t er ni ng

of the capaci fiph 1 1PSiNREAALRiAREUARG &g‘%?s' nt r
occurrences of .the_sol der bunp 250 are con%"gure ‘i’g.ﬂ-?? Fizﬁ'éle tterm ng
of the PTH neHbs@ptiailysaplagsr. Similarly in a2 embasiment thepare structure 1021afen

enbodi nent , nmmmmmmelafmdﬂm $19 &mm@&%h%x&%&%@ﬁ&ﬂ%@%a&at her, the
the flip-chi 4 with the

sol der mask I 3 taged. Thereafter

sol der burrps “‘%?“5‘3%98’02% lﬁagamtsﬂgs@'ﬁﬁ ¥ FoRjenag: ﬁ?ﬂag!msz%laamd el ectri cal
contact is na@eb@}mehtspﬂmramtthm 190 ligilso fefated ke strddrdl Biyb@2! Ocati on
ek opon 240 " Afer Bl ADY Geriis ki SRSl A TS B e B e chi p
package 200 dEffFse L thefligteetyic Hilm bigis punpd gcﬂdastig-sagdlnchQvetsnffﬁ:ﬁent

enbodi nment . dm iGHRifer AR PER et her of the
flip-chip 24 tﬁgﬁp?éﬁé)?e S r%&fﬁee%%%h%reag %qm% ‘derfill

material 252 ¢ “’Eaf%‘aﬂhﬁbhaéﬁlpﬁmﬂmﬁarﬁb(?ﬂ?bwdﬂe structure

238 to protedtﬂh&dhenhtbttﬂ:ﬂioucmﬂmhﬁﬂﬂnﬁﬁ(tpmm YSUf MfdrhcRSnent the  F1 G 3

is an el evati C g 300 vvlth an

enbedded- i n- ch?géuggﬁia}.g? Szgagtglégbo%tbﬂ‘gts@o ‘éﬁpﬁ k‘@ WFQF’ to the chip

package 201 dhgleettie 1111hlﬁa&mmmgqﬁmmhqutwﬁaabﬁto&ameostructure 338

are mated. 10 thi SIEThO B0 sedddf iR drul &l SBLIPLRONIPR,®S0 1S abou
WO

doubl e t hat deﬁj cted_in EIG 23. Accor ccurr of sol der
bunmps 350 m;ﬂe liedn Fiy Q@ﬂ%ﬂ@l@%aﬁmwwdem@dmmmme
structure 33&32Aﬁduaﬁwafmxbhghnme(m&b 132 3cdordihdRenlchfd ROt N f11 p-Chip

344 and the structure rotect_ electrical connections and ot her
struct ures. Prcess’ %m% °§3&°§e§: Jayers spbegarind qut ingeygrale- bond

mount i ng sub$tages- &qrmﬁ)le,mmdmn@epmm&bpmﬁaﬁmdm1t3Qﬁ@&@,Serrbod| ment

coa .“ngszlé‘goétﬁﬁ‘?%?ﬁ‘% ol Mg A7 o oy b7 el P e B 400 | <

sel ect ed for ONSihe dislegtrig diyst surfasa A22 ansk the corg diedt surface 1. I'Bicemferlayi ce. The
WBNVS 400 i nclewdmplaurfgﬁrsdmheaﬂnéd &ﬁ%aﬁx@&eli@ﬂs@?ﬁﬁ{kﬂésgg @y enbodi ment

Simlarly wh 0 is, selected to have a capacitor therein the
VBV 400 i nc%{fgg%& ‘W EeUE A faisknes ofthe BRH Ja# thahis at ofnsad\BVS 400

i ncl udes a st boheirfacatpdr TheRafdthe core structure 103 js plated on the
dielectric second surface 126 and the core second surface 128. Consequently, the
PTH 134 that fills the second recess 116 n{ay have a plating seam therein.

FIG. 1E is a cross-section elevation of the core support structure 103
depicted in FIG. 1D after formation of a solder mask layer 136 according to an
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FIG 43 is a cross-section elevation of the 'WBVS 400 depicted in FIG 4A
after preparing a solder-mask film 464 according to an enbodi nrent The WBNMS
401 includes a first nask 466 that has been patterned to correspond with
occur r encewoondrgripot t om el ectrode 432. First patter nirogrusfoosinssst
solder-mask film464 is illustrated to renove all of the solder-mask film
464 that is exposed through the first nmask 466. FIG 4Cis a
cross-section elevation of the WBMS 401 depicted in FIG 48 after second
patterning of the solder-mask film 465 according to an enbodi nent The WBMS
402 includes a dielectric film468 that has covered the bottom el ectrode
432. The dielectric film468 is selected to have a high permttivity
according to a enbodinent. In an enbodi ment, the patterning schene depicted
in FIG 4Cis used to lay down a plating seed |ayer on the dielectric film
468 before rermbadimeit. tThen Embalimemtic ier mask layeF 136 sefVE) both & £4Rfs- Section
el evati on of icted i | A4C . after further processing
according to gﬁ%%iﬁ%ﬁ?ﬂ%“%ﬁé&ﬁgﬁ%ﬁﬁwﬁ%ﬁ%m&% %iPPsecond
patterning t helegmdgdB0 audthe bpttam dideiraieiB2.t Thee ¢ore Support 40} iseoviédwith 2
second- patter 'Ip?épggg k 470 has been used that
not only expogggo?ﬁﬂeﬂﬁkrigﬁg%&nlg- mge?n%g}gﬁ%gﬂlﬁﬁﬁfp%ﬁg’nﬁ bond- fi nger
pad 462, but PuRostrEnisdsyisesuch agz processer of 2 applicationspetifie intepndted  of ' t he
VBMS 403 accCotifdutqASIC)Hor 2RP dhi®iton, or others. F1 G 4E is a cross-section
el evation of the gg gﬁgﬁﬁrt stryucture 403 depicted in FIG 4D after
further processi ngﬁr L é gevaonal croshERERARpf 2 chippackpgr208 duting ur e 404 has
been cl eared #sserably vethomrehbetdskd-id¢6re chyachoe REHAHITE Bt embdABné&R! EhesSt I UCt Ur €
404 after for ' ' ctric fil 68, exhi bits a dielectric first
surface 474 a%méfgg st u%qoarﬁ‘ggdeggl%é%refsﬁ’g?“eg#fgéﬁﬁwl{lﬂé?ﬂ’ﬁrc%‘enot
necessarily cUprasai04 depiciad in FEH dBretnsolder inmsk tayer 296has bath patéedriedabt er
formati on of fh| ad 61 nk i [Wo]! e | c.secaond surface
ok e, MONG Lo o SmBodthBie” ThE b B o 1

478 and a strﬂct lié? l"i er second sur t hat ar e subs
copl anar . yer heen patiened 4o foppya RFH grask ppen@d? eccordinatotanst r uct ur e

404 depi cted dmbd&hﬁ:‘entAEmﬁlcﬁipmhﬁth%amWG%EQBﬁﬂkElﬁeéuggaﬁaw that has

enbodi nent. Thg . rt.structure 405 incl ydes a top electro

been pl at ed a%%v%%%%?%%@%ﬁ%@i@ﬁ?’%@wg'?ﬁ"}‘ﬁ‘rtlt‘iﬁ,eﬂ‘t’h‘@“’fﬁhPﬁ?febond-fi nger
pad 460 has birntupd 238e Theiflihclip 244 intiubbesrcboldeny@np DPP@E idSshfigaedwe! | as the
second bond- f g fhe pafertt :agg | a second bagnd:fi nger upper
486. I n an enbodi ﬂnignt, p@gto?%g s%ég’!r’]%kggm\é\%@%?’ﬁ’&g% %‘F‘%& 488. In

an enbodi mentOtherRecpgences efthe slter hgnp 25 here configurdsion chafchnigepattemprer 484, and

the second basfdhd FTHGiaskiBRA244 A& oREsERAhBbARELE T OM @ single plated film
and patterning vvaénesse%[hal |y the inverse of the third mask 488.

FIG 4G is a cross-828PPolmentnopattgming ofthesoldsr mask sy 286 istusetst ur e 404
depi cted in Fhilier, #e safdeemadklageh 236 js Bogtagedl TYerRERA) ¢t Ap-dnsh B3 EPOdi nent .

The core SUpREL Loiddy been processed seat a.die 490 upon
the die land 472. %ngb%%%eég%ﬁ%gﬁmsersﬁﬁﬁﬁﬁijﬁ%“?gﬁﬁde‘éﬁw at this
process st agéop@ctipmane by displpging the snidergnask layer 236 infthetlbamtich hath®6uld 0 t he core

support st r ucihereisé B9 prepared by the capacitor mask open 240 and the PTH mask open
242, '

FIG. 2B is the clevational cross-section the chip package 200 depicted in
FIG. 2A after processing according to an embodiment. The chip package 201
illustrates the bringing together of the flip-chip 244 with the core structure 238.
Thereafter, an underfill material 252 is inserted between the flip-chip 244 and the
core structure 238 {o protect electrical connections and other structures.
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I n an enbodi nent, the bottom el ectrode 432 is part of a ground ring 432 in
the core support structure 405, and the first bond pad 460 is part of a
power ring 460. In an enbodi nent, the bottomel ectrode 432 is part of a
power ri ngwé3sovmsahe core support structure 405, and phevkiwses7isond pad
460 is part of a ground ring 460. Together, the power ring and ground ring
provide electrical conduits for sufficient power supply to the die 490
according to an enbodi nent. Al t hough the top el ectrode 482 and the
bottom el ectrode 432 are depicted as part of a capacitor, other structures
such as an enbedded i nductor or an enbedded resistor can be simlarly
fabricated according to various enbodi nents. FIG 5 is a top plan of
a sol der-mask enbedded capacitor in a substrate 500 according to an

enbodi ment. The section line 4G40 provides a cross-section el evation taken
froma structure sFig. |385aﬁéle\tdn6nalﬁfo@s-§ddﬂﬁﬂﬁita¢ﬂﬁﬁ WA FIG 4G A
die 590 is di ghp gﬁg! e 500 at a di d position. A power
ring 532 is depicted in p%%%gﬁ% & foan §ﬂ§P8@Wﬁfﬂa aﬁ% todhechipg. A ground
ring 560 is ammmlmvwmmmmms%mmﬁ@mwow ring

532 and t he dj 9 ﬁlggﬁ, hr.ou ol der
mask 565, whi gﬁtega?l be a secongtﬁ&% ter Z uS{f,B?,? g@ﬁﬁﬁ t he
second- pat t er AeRictedindde. ?%SQWQWWWOG’EWE@ qf n015¢r(§umt9350hnipmgt

bond-finger uppgreldetiddé 3300thRGs SEEPIRLEH tRScHIRARAL: §34. ALY sol dei mask
565. The uppe i rst _bond-finger upper I584 appear to

r Qde 582 .and t
be an int egraf"a%f@@érgd?’@s?ffé E‘ 4‘?'&‘%‘??&1’@@*6@’???@%@33& ectrode 482
and the fi rstplbtmtjeléummcomptpmrnsdﬁnothﬁsﬁéﬁueéo El ectri cal

conmuni cati on bet ubs 500.is .carried out
between a first die ongg?%g%%%g%a&gva o?ﬂea‘ﬂ AEtng SgsFetSpper 584, by

a first bond WBM%&QOdmmrweeammmammhommammsmo590 and t he
substrate 5001dc§:dad§wm56reds4)%oﬂ)¢%ﬂﬁ‘g%@ d;ﬁgﬂ&g,on reg finger 596 and
W

t he second bond-fjinger u ger : a secon Accordi ngly,

an enbedded pX&edinetgay F‘Sﬁ‘t- &W@dﬁﬂ%@?mhﬁﬁﬂﬁ@e‘%@a@fmor is
manuf act ur ed haudtﬂemﬂevﬁd dlaﬁ@fa&tﬁret&lﬂ; 68 Wirdléds dﬁ:ﬁéén TiROWBMPLo0 H@IP&Q n
W chart

support struc cc i t 0,.an enbo is af

600 t hat desc% es rre 8&%‘@%"6’6@ OSMSH%YHP?IE@S i ncl udes

fgr mng a di ce)g@l\tfﬁi #e0 ismblmtwjjoatmemacapndtdrﬂweaimﬂﬁmms&tooanaﬁdeblﬁt u|ra:j | ayer

that is one 1 ocess cl udes
orfprp@ ke F35° n 80 drBodifLhi. b WiSRS ach I RI0S pdfigna

formng a top_electro on t t he
process conmefiREs46d Pﬂélo and term nates at 620. At 630, the process

i ncludes coupl i ng FIGE4B &bk @bRGEERARIVRIGh SHife WBMSB00 depicted in FIG. 4A
after preparing a solder-mask film 464 according to an embodiment. The WBMS
401 includes a first mask 466 that has been patterned to correspond with
occurrences of the bottom electrode 432. First patterning of the solder-mask film
464 is illustrated to remove all of the solder-mask film 464 that is exposed through
the first mask 466.

FIG. 4C is a cross-section elevation of the WBMS 401 depicted in FIG. 4B
- after second patterning of the solder-mask film 465 according to an embodiment.
The WBMS 402 includes 2 dielectric film 468 that has covered the bottom
electrode 432. The dielectric film 468 is selected to have a high permittivity
according to 2 embodiment. In an embodiment, the patterning scheme depicted in




enbodi ment, the process term nates at 630. FIG 7 is a cut-away

el evation that depicts a conputing system 700 according to an enbodi nent.
One or nore of the foregoing enbodi nents of the core-enbedded passive

devi ce or wooesmiighas - mask enbedded passive device may BETAIS2006/@43851i n a
conputing system such as a conputing system 700 of FIG 7. Hereinafter any
cor e- enbedded passi ve device or the sol der-nmask enbedded passive device
enbodi ment al one or in conbination with any other enbodinent is referred to
as an enbodi nent (s) configuration. The conputing system 700 i ncl udes
at | east one processor (not pictured), which is enclosed in an IC chip
package 710, a data storage system 712, at |east one input device such as a
keyboard 714, and at |east one output device such as a nonitor 716, for
exanpl-e. The conputing system 700 includes a processor that processes data

signals, and FEG. 401 ustdiao ldy@owR e Ring sedll 18¥ef bR BeBA&HN SInfAdH et e from

I nt el Cor poratj diti o] the, keyboard 714, the conputing system
700 can incl u#ﬁ%ﬁoﬁ%‘éﬁ'ﬁ%@?&%ﬁ%m devi ce such as a nouse 718, for exanple.

The conputing syst ElG. #D0s 8 arvss-sectiomldevation ofiht WRMS A0 dépipedin FIGS 409 as

depicted in F ' 2 i - d I devi th

col der sk erre iy patitg dofonfindlo Gl ARRGGR BEWRMERB R s | 2 O 1

di scl osure, aPrseset pgeangdpatemingohesolded masifilootdaiepicted in FIGctodance with

the cl ai med submqsﬂhiﬁ&aﬁayﬂﬁuﬂ@ﬁﬁﬂm@%%&m&miﬂa%E&ﬁ a
e,

m croel ectronic ,device stem whjch may include, for exa at | east

one of the cof"‘%efigﬁ‘f’ﬁ@ WQWWW@'@S"&%@Q)W@ kdedded passi ve

devi ce enbodi ﬁagﬁr;aadmb?ﬂxaﬁﬂu@émisésmﬁahﬁ%avmaa@nm&dgnﬁﬁoﬂwagi ¢ random

access menory [ _ITenpry. ash nmenory, and phase-change
M RS s < Rilmen

menory. In this enbodime nt(s) is coupled to any conbi nation
of these funcfi onaFiG AEds drosseiectipnodevptiatofithe @rosuppas stbucturk #0:N enbodi nent
however, an ea&g&émrﬁ@s@mfﬂ,&;éﬁ. aTal ] LS di sglosure is
coupl ed to any. of these functiona ?ﬁcgésgfné%ﬁo@{ﬁé%xdg%bghlénrénghﬁent, dat a
storage i ncl ubi¥E stirtumAthne beerednared efithe sppond rask 470k ani esphoklimenk.n an

enbodi ment, -t be corRetitie a4 BferFOridtish bAthk aRkidRRHINU6] %Hﬂhgéia hifiebdn

processor (noh{sﬁwurw 'Se’&g{%mﬁ% tgig.isxé_temvmth an enpodi nent (s)
configuration Fetisuge ger duit sudacg A2 thabre pptnecrssmly ac he.

Addi tional | y ¢oplaar. dniso einbeditnentathe enleaticraie 408 it Fodigivh afthen i S coupled to
the data stor A g odi nent., t computing, system 700 can
al so include %ggf%&%%#ﬁ%%ﬁ%#r%sﬂge%'g?ﬁq@s%%ca%ﬁ‘g@g%?’g‘(%) , amcro
control | er, atfeershivrfaes480ihas preshbstantially eoplanand circuit (ASIC), or a

m croprocessor. | rFlGhmsi&@&%&%ﬁhmhﬁ%&@%ﬂ#&%ﬂ&@mﬁ%@ﬁ%ﬁéﬁ nis

coupled to an¥ gﬁm_ ination of these functionhalities by belrng coupled to a
processor. FofE PRRCERNG 8750EHRE toanpmbodimenty  Fheshpperichupistet t hat nay
i nclude a. st a#0f-iattode apspodat®dé 48Hhad Hie bednRplAed SRR MR deeldaid Sinsst he

hi t th 7 I hi i t i t
cont 1 gur ati onSimtat g S basd st oud e et B paled yil Xt Reprsivers
conf i gur at i onvRPEs48eagivelbasithe sehend banddinged pad 46D hasteapplardsdtva i n the |1 C
chi ackage g¢eibh ligt, | En ShRagh . i_Irent.
colmIco i gur at ?on i's dcbgﬂg:ﬁg%&{ﬁgbgmg%&?ﬂ]at I'S r%ﬁgﬁaggﬁgﬁg Pg%dnb’apr%wg%érd 720 as

the 1C chip phtWwdgmesk4ss. Inen emhodimantythe sopslectiods 482, thefirstond-Gnipndi nent ( s)

confi gur at i onuppeideacandahdicaerl Rmd SRiged Qb uddividie pRARRRE rohPa Lilfe COMPUL i N
system 700, |qa%n ion Wi th an en%od ment (s) _configuratioh as set forth
by the vari oS8 Yatsswnral, fihetbrd dmagkd8%e or the

sol der - mask enbedd¥@. 4@ issi cressaeationelewhatidn of thiddose slippert Qfichee apd t heir

equi val ent s. : : reci ated.that enbodi nen set forth in
this discl osu‘%eg“’ée&r%“?S-%%&ﬁgﬁﬁ%@ﬁ%%%%@mg%ﬁw%% Be T han_a
traditional cOEpIPReT stmghuredQihas beenproliessed dnsepien die %ot thé dib 1810

enbodi nent (s) configuration, and placed in a portable device such as a

wi rel ess conmuni cator or a hand-held de®ice such as a personal data
assistant and the |ike. Another exanple is a die that can be packaged wth
an enbodi ment (s) configuration and placed in a vehicle such as an
autonobile, a loconotive, a watercraft, an aircraft, or a spacecraft.




FIG 8 is a schematic of an el ectronic system 800 according to an

enbodi nent. The el ectronic system 800 as depi cted can enbody the conputing
system 700 depicted in FIG 7, but the electronic systemis depicted nore
genericalI¥K”ﬁpﬁgfh@ctronic system 800 'i ncor por at es aPCTmazne6/ G351

el ectroni c asse y 810, such as an IC die illustrated in FIGs. 2-5. In an
enbodi nent, the electronic system 800 is a conputer systemthat includes a
system bus 820 to electrically couple the various conponents of the

el ectronic system 800. The system bus 820 is a single bus or any

conbi nati on of busses according to various enbodi ments. The el ectronic
system 800 i ncludes a voltage source 830 that provides power to the
integrated circuit 810. In sone enbodi nents, the voltage source 830
supplies current to the integrated circuit 810 through the system bus 820.

The i nt egr at eqys] tidlidre ExbPork SmEhREOS & HrdphreRQ S Hode S 3@ (5162L108% S 820

and includes any circuit, or conbination of circuits according to an.

enmbodi ment | n vars-horgingicounting of the digi90dpe thesgresuppart srugtier 403c| udes a

pr ocessor ?12 th?t @ eridd : ﬁﬁen%ﬁﬂeﬁd&ﬁ:telé&rdd' Fegjz itggmt,fhgbmﬁg)msgor 812
means any type of circuit suc : 0 m .to, m croprocessor, a
mi crocont r ol | e coge ﬁ?&%m“’ﬁ?ﬁ@zg‘%@&{e ﬁ%"&ff’%‘* ?@I“%gi%" APgY, ., or

anot her pr oceds0r In 4i dibodimyene shefottonr detirbde 43206 paraof dypwendhgidERlini n t he
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tel ephones, p#6er Toseisr.tthapawer onpaudground Ting prayide eldttdenl comyits fori | ar

el ectronic syg&gg&n&%&,ﬁwwﬁg%@a&g@%@gggﬁ%mﬁ& i ncl udes on-die

menory 816 suc I'n "an_enbod| ment, the processor. 810 i ncl udes
on-di e menory 816 élbpughdheiopalertrode 482 and thehottamslegtofs {32 afeflepistedct r oni ¢
system 800 al @9pih6f Aichpacifor othel Sthubhlred 3D by arSéhbetidiaitinduRtdrof #h mMay i ncl ude

one or nore nmenmr | enent s sui.tabl.e.ta th anticular a i cati,on, such as
Ot mommer v e rEiEScBy Bt iR el pdi s 4 oo BREAGRENGD. SUCT o
one or more dri vesthaishmlq¢WMbdd&l®pa@ucmwbsﬁ‘a@kﬂﬂt es,
compact. di sks (g s HrClnliBlindnfl OPnélodiich 1EiPMRR LG frbASE JERORICRYS . and

ot her renovabl e nown I n ment, the

el ectroni c sysleatiaroekes fn a frychue similagiothe egre supppid stryrtre 4@hindilth o out put
860-h In ankemg@ﬁimtSQOtiJkﬁs;{%lsﬁipbbﬁ&i\ecsuﬁétﬁlﬁoo&?gdiieﬂﬁd%ﬁﬁ_ ot AQaWwepl | er 870,
such as a keybpard, .nmpuse,. .trackbal.l, game cqntrol]e crophqne,

voi ce-r ecogni ﬂ%ﬁg%%@fwﬁpﬁf%lﬁﬁﬁgm"@%ﬂgﬁﬁ‘i‘?#ﬁ?ﬂltgsg‘io "ation into
t he el ect roni G686 ysdlsideplR@d in phantom Bsessh suvrovinding ithe, powvet dag 382edehe cui t 810

can be | mpl el &b |4 GpBilGhal Se st e IR AUbiliE Hhask 55 Wil N9 an
el ectronic package, an ectroni ¢ system a conputer syst er‘h one Or nore
met hods of f almedydeta seepndrpatiernedyyoddes magk fitny guch ag thg sepgnd-pattamadsolder hods of

fabricating araneeic%ﬁhueflhepi@_é@ﬁrﬁéym.hatﬁ:gmhat%gertugserisah ﬁm@td%?ic&hr-cu! t and
t he RF-passive devi ce-containing.l ayer as_ set fort hgr ein |n_the various

enbodi nent s arfd s¥rnssd thegugh the sgldrr mask 365, The rersr electrade 582 anddie 8rst i eri al s,
geonetries, dibshd-Fingduppd384 sEstariote afl fintegral shixétoRSudts isdllustbgedfor i ed to

suit particul e lpp%%ll'(glg‘lu%ge &%drtﬁg?ugg go'nd—ﬁnger upper 484 in FIG. 4G.
Electrical communication between the die 590 and the substrate 500 is
carried out between a first die bond finger 592 and the first bond-finger upper 584,
by a first bond wire 594. Electrical communication between the die 590 and the
substrate 500 is also carried out between a second die bond finger 596 and the
second bond-finger upper 586, by a second bond wire 598. Accordingly, an
embedded passive device, for example a parallel-plate capacitor is manufactured
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The Abstract is provided to conply with 37 CF. R [1.72(b) requiring an
abstract that will allow the reader to quickly ascertain the nature and
gist of the technical disclosure. It is submtted with the understanding
that it w WoO22&v078784 used to interpret or limt the scopETW®s20&@I3Mg of the
cl ai ns. In the foregoing Detail ed Description, various features are
grouped together in a single enbodinent for the purpose of streanmining the
di scl osure. This nmethod of disclosure is not to he interpreted as
reflecting an intention that the clainmed enbodi nents of the invention
require nore features than are expressly recited in each claim Rather, as
the following clains reflect, inventive subject matter lies in |less than
all features of a single disclosed enbodi nent. Thus the follow ng clains
are hereby incorporated into the Detail ed Description, with each claim

st andi ng on |Wﬁhmd@sgwtbepaheﬁiﬁnrprf&twofehbmﬂqbpmﬁucnuesoo It will be
readi |y underﬁcgmlgttga{,gglggd led in the art that various other changes
in the details, material, arrangenents of the parts and net hod stages

whi ch have been de@ﬁﬁl&%ﬂﬂ%ﬁahﬁﬂqwﬁﬂidmbmﬁh@ﬂowgmmmm the nature of

this invention mayA{s ootk isuides! fRHe! el bLAN Y es and scope
of the i nventlon ?B’Pﬁxpresse I n the sub oi n?ad cl ai ngdlw%% What is

clainmed is: T F\’g‘im’eo a soldesmeslgndee 9ot st t hr ough-hol e in
a core |ayer, vvherm 6201 the proess inchydes formigURes elecitdde oh 1R diéle&'?&ﬁﬁn.second
side; f or M NOfniRofibienl, td SUREs dorbdiSes ot 678 add ToOUIRNOLSS

At 630, the process includes coupling the top electrode to a die. In an
embodiment, the process terminates at 630.

FIG. 7 is a cut-away elevation that depicts a computing system 700
according to an embodiment. One or more of the foregoing embodiments of the
core-embedded passive device or the solder-mask embedded passive device may
be utilized in a computing system, such as a computing system 700 of FIG. 7.
Hereinafter any core-embedded passive device or the solder-mask embedded
passive device embodiment alone or in combination with any other embodiment is
referred to as an embodiment(s) configuration.

The computing system 700 includes at least one processor (not pictured),
which is enclosed in an IC chip package 710, a data storage system 712, at Ieast
one input device such as a keyboard 714, and at least one output device such as a
monitor 716, for example. The computing system ‘700 includes a processor that
pracesses data signals, and may include, for example, a microprocessor, available
from Intel Corporation. In addition to the keyboard 714, the computing system
700 can include another user input device such as a mouse 718, for example. The
computing system 700 can include a structure, after processing as depicted in
FIGs. 1G, and 2-5 the given core-embedded passive device or the solder-mask
embedded passive device embodiment.

For purposes of this disciosure, a computing system 700 embodying
components in accordance with the claimed subject matter may include any system
that utilizes a microelectronic device system, which may include, for example, at
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formng a bottomel ectrode on the dielectric |ayer and bel ow the core | ayer
second si de; formng a top electrode on the dielectric |ayer and
above the core layer, wherein form ng one of the top el ectrode and the
bot t om el eplg weg7emge! udes conpl eting the plated throughenosze6/¢4633i ng a
second through-hole in the core layer; formng a plated through-hole from
t he second t hrough-hole; and coupling the core layer with a die. 2. The
process of claim 1, wherein coupling includes coupling a capacitor sol der
bunmp on the die to the top electrode, and coupling a power solder bunmp or a
signal solder bunp on the die to the plated through-hole. 3. The process
of claim1, wherein formng a dielectric |layer includes formng the
dielectric layer through a stencil that is disposed above the core | ayer.
4. A process conprising:

least one of the core-embedded passive device or the solder-mask embedded

passive device embodiments that is coupled to data storage such as dynamic
random access memory (DRAM), polymer memory, flash memory, and phase-
change memory. In this embodiment, the embodiment(s) is coupled to any
combination of these functionalities by being coupled to a processor. In an
embodiment, however, an embodiment(s) configuration set forth in this disclosure
is coupled to any of these functionalities. For an example embodiment, data
storage includes an embedded DRAM cache on a die. Additionally in an
embodiment, the embodiment(s) configuration that is coupled to the processor (not
pictured) is part of the system with an embodiment(s) configuration that is coupled
to the data storage of the DRAM cache. Additionally in an embodiment, an
embodiment(s) configuration is coupled to the data storage 712.

In an embodiment, the computing system 700 can also include a die that
contains a digital signal processor (DSP), a micro controller, an application
specific integrated circuit (ASIC), or a microprocessor. In this embodiment, the
embodiment(s) configuration is coupled to any combination of these
functionalities by being coupled to a processor. For an example embodiment, a
DSP is part of a chipset that may include a stand-alone processor and the DSP as
separate parts of the chipset on the board 720. In this embodiment, an
embodiment(s) configuration is coupled to the DSP, and a separate embodiment(s)
configuration may be present that is coupled to the processor in the IC chip
package 710. Additionally in an embodiment, an embodiment(s) configuration is
coupled to a DSP that is mounted on thé same board 720 as the IC chip package
710. It can now be appreciated that the embodiment(s) configuration can be
combined as set forth with respect to the computing system 700, in combination
with an embodiment(s) configuration as set forth by the various embodiments of
the core-embedded passive device or the solder-mask embedded passive device
within this disclosure and their equivalents.
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' | der mask upon a substrate; first patterning the sol der mask to
ngggggaabz?ton1electroge; formng a dielectric filmupon the bottom
el ectrode, wherein the dielectric filmand the sol der mask share copl anar
surfaces; Wwo2007/5gnéend patterning the sol der mask to eRf6%8208¢/04784st a
first bond finger pad and a die land; and plating a top el ectrode above the
dielectric film 5. The process of claim4, further including |ocating a
die at a die land that is exposed during second patterning. 6. The _
process of claim4, further including: locating a die at a die land that is

. o : . : ie by
exposed during second patterning; and first wire-bonding the die
cogpl I ng the gi e to the top electrode. 7. The process of claim4, further

i ncl udi ng:

It can now be appreciated that embodiments set forth in this disclosure can
be applied to devices and apparatuses other than a traditional computer. For
example, a die can be packaged with an embodiment(s) configuration, and placed
in a portable device such as a wireless communicator or a hand-held device such
as a personal data assistant and the like. Another example is a die that can be
packaged with an embodiment(s) configuration and placed in a vehicle such as an
automobile, a locomotive, a watercrafl, an aircraft, ora spacecraft,

FIG. 8 is a schematic of an electronic system 800 according to an
embodiment. The electronic system 800 as depicted can embody the computing
system 700 depicted in FIG. 7, but the electronic system is depicted more
generically. The electronic system 800 incorporates at least one electronic
assembly 810, such as an IC die illustrated in FIGs. 2-5. In an embodiment, the
electronic system 800 is a computer system that includes a system bus 820 to
electrically couple the various components of the electronic system 800. The
system bus 820 is a single bus or any combination of busses according to various
embodiments. The electronic system 800 includes a voitage source 830 that
provides power to the integrated circuit 810. In some embodiments, the voltage
source 830 supplies current to the integrated circuit 810 through the system bus
820.

The integrated circuit 810 is electrically coupled to the system bus 820 and
includes any cii'cuit, or comnbination of circuits according to an embodiment. In an
embodiment, the integrated circuit 810 includes a processor 812 that can be of any
type. Asused herein, the processor 812 means any type of circuit such as, but not
limited to, a microprocessor, a microcontroller, a graphics processor, a digital
signal processor, or another processor, Other types of circuits that can be included
in the integrated circuit 810 are a custom circnit or an ASIC, such as a
communications circuit 814 for use in wireless devices such as cellular telephones,
pagers, portable computers, two-way radios, and similar electronic systems. Inan
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| ocating a die at a die land that is exposed during second patterning;

first wire-bonding the die by coupling the die to one of a power ring and a
ground ring; and second w re-bonding the die by coupling the die to a bond
finger uppWO200@78Tke process of claim 1, wherein coupPCAFS2NE04T e | ayer
with a die includes flip-chip coupling the die to the core layer. 9. The
process of claim1, wherein coupling the core layer with a die includes
flip-chip coupling the die to the core |ater, the process further including
filling an underfill material between the flip-chip and the core |ayer.

10. A process conpri sing: formng a first through-hole in a core

| ayer, wherein the core |ayer includes a first side and a second-si de;
forming a dielectric layer in the first through-hole through a stencil that
i s di sposed above the core layer; formng a bottomel ectrode on the

di el ectric | ay@pbodimgntythe procedser Sldrinctides on-dicnemetysil 6 @uch as SRAML.OIEnNg a t op

one of the tog oy SREAEEE biers @0 iHeca 0868 by M8 RS ORI <1 gt he
pl ated t hrough- hol gL’an embodiment, the electronic system 800 also includes an external
memory 840 that in tum may include one or more memory elements suitable to the
particular application, such as a main memory 842 in the form of RAM, one or
more hard drives 826, and/or one or more drives that handle removable media 848,
such as diskettes, compact disks (CDs), digital video disks (DVDs), flash memory
keys, and other removable media known in the art.
~ Inan embodiment, the electronic system 800 also includes a display device
850, an audio output 860. In an embodiment, the electronic system 800 includes a
controller 870, such as a keyboard, mouse, trackball, pame controller, micmpho-ne,
voice-recognition device, or any other device that inputs information into the .
electronic system 800,

As shown herein, integrated circuit 810 can be implemented in a number of
different embodiments, including an electronic package, an electronic system, a
computer system, one or more methods of fabricating an integrated circuit, and
one or more methods of fabricating an electronic assembly that includes the
integrated circuit and the RF-passive device-containing layer as set forth herein in

. the various embodiments and their art-recognized equivalents. The clements,
materials, geometries, dimensions, and sequence of operations can all be varied to
suit particular packaging requirements.

The Abstract is provided to comply with 37 C.F.R. §1.72(b) requiring an
abstract that will allow the reader to quickly ascertain the nature and gist of the
technical disclosure. It is submitted with the understanding that it will not be used
to interpret or limit the scope or meaning of the claims.

In the foregoing Detailed Description, various features are grouped
together in a single embodiment for the purpose of streamlining the disclosure.
This method of disclosure is not to be interpreted as reflecting an intention that the
claimed embodiments of the invention require more features than are expressly
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form ng a second through-hole in the core layer; formng a plated

t hrough-hol e fromthe second through-hole; and coupling the core

| ayer with a die, wherein coupling includes coupling a capacitor sol der

bunp on thg,(piﬂ .denihe top el ectrode, and coupling a peegwssweéeassibunp or a
e

si gnal sol unp on the die to the plated through-hole. 11. A process
conpri si ng: formng a first through-hole in a core |layer, wherein
the core layer includes a first side and a second si de; formng a

dielectric layer in the first through-hole through a stencil that is

di sposed above the core layer; formng a bottomelectrode on the dielectric
| ayer and bel ow the core | ayer second side; formng a top electrode on the
dielectric later and above the core |ayer; formng a second through-hole in
the core layer; formng a plated through-hole fromthe second through-hol d;

and recited in each claim. Rather, as the following claims reflect, inventive subject
matter lies in less than all features of a single disclosed embodiment. Thus the
following claims are hereby incorporated into the Detailed Description, with each
claim standing on its own as a separate preferred embodiment.

It will be readily understood to those skilled in the art that various other
changes in the details, material, and arrangements of the parts and method stages
which have been described and illustrated in order to explain the nature of this
invention may be made without departing from the principles and scope of the

invention as expressed in the subjoined claims.
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coupling the core layer with a die, wherein coupling includes coupling a
capacitor solder bunp on the die to the top electrode, and coupling a power
sol der bunmp or a signal solder bunp on the die to the plated through-hole
before coupling, the process further including: covering the first side

wi th a sol der nmask | ayer; patterning the solder mask | ayer to
ex[ posed SLAIMEst a portion of the top el ectrode and at |east a portion of
the plate -hale. 12. A process conprising: formng a sol der nmask
upon a sugg%?§3§g8f¢gst patterning the solder nmask to expose a bottom

el ectr ode; formng a dielectric filmupon the bottom el ectrode,
wherein the dieglectric filmand the sol der mask share copl anar surfaces;
second pattern O RRCULBHEE nask to expose at least a first bond finger

pad and a die Famhg Pt thighgh-Holintl e kpsewhieNahd fifte tivel BElLAdC firsd M
|l ocating a . die at a dLg | and that is exposed during second patterning;
first w r39p8Me $650848d9i ¢ by coupling the die to the top el ectrode; and

second W re- boRginig 4 Mielebthie 1% MAPlifPBrdddf-Hdlee to a bond finger upper.

forming a bottom electrode on the dielectric layer and below the core layer second
side;

forming a top electrode on the dielectric layer and above the core layer, wherein
forming one of the top electrode and the bottom electrode includes completing the plated
through-hole;

forming a second through-hole in the core layer;

forming a plated through-hole from the second through-hole; and

coupling the core layer with a die.

2. The process of claim 1, wherein coupling includes coupling a capacitor solder
bump on the die to the top electrode, and coupling a power solder bump or a signal solder
bump on the die to the plated through-hole.

3. The process of claim 1, wherein forming a dielectric layer includes forming the

dielectric layer through a stencil that is disposed above the core layer.

4, A process comprising:

forming a solder mask upon a substrate;

first patterning the solder mask to expose a bottom electrode;

forming a dielectric film upon the bottom electrode, wherein the dielectric film
and the solder mask share coplanar surfaces;

second patterning the solder mask to expose at least a first bond finger pad and a
die land; and

plating a top electrode above the dielectric film.

5. The process of claim 4, further including locating a die at a die land that is

exposed during second patterning.
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13. The process of claim12, wherein first w rebonding includes coupling
the die to a power ring in the substrate. 14. The process of claim 12,
wherein first w rebonding includes coupling the die to a power ring in the.
substrate, and wherein second w re-bonding includes coupling the die to 17
a ground ring in the substrate. 15. A process conpri sing: formng a
first thr&ugh- Abkerdcess®f cloine 4 fasther inclindingi n t he core | ayer includes a first

i ricessaal Sl 4| fatber indisbngi n | yer inel
Chr augh- ol o Frit o oL SR M} SeBieddiion SR PRebRE Phyer and bel ow

the core | ayer fseodarconiig the die by coupling the die to the top electrode.

7. The process of claim 4, further including:

locating a die at a die land that is exposed during second patterning;

first wire-bonding the die by coupling the die to one of a power ring and a ground
ring; and

second wirc-bonding the die by coupling the die to a bond finger upper.

8. The process of claim 1, wherein coupling the core layer with a die includes flip-

chip coupling the die to the core layer.

9. The process of claim 1, wherein coupling the core layer with a die includes flip-
chip coupling the die to the core later, the process further including filling an underfill
material between the flip-chip and the core layer.

10. A process comprising:

forming a first through-hole in a core layer, wherein the core layer includes a first
side and a second-side;

forming a dielectric layer in the first through-hole through a stencil that is
disposed above the core layer;

forming a bottom electrode on the dielectric layer and below the core layer second
side;

forming a top electrode on the dielectric layer and above the core layer, wherein
forming one of the top electrode and the bottom electrode includes completing the plated
through-hole;

forming a second through-hole in the core layer;

forming a plated through-hole from the second through-hole; and

coupling the core layer with a die, wherein coupling includes coupling a capacitor
solder bump on the die to the top electrode, and coupling a power solder bump or a signal
solder bump on the die to the plated through-hole.

11. A process comprising:
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formng a top electrode on the dielectric |ayer and above the core |ayer;
formng a second through-hole in the core layer; formng a plated

t hrough-hol e fromthe second through-hol e; and coupling the core

| ayer with a die, and before coupling, the process further including:
covering the first side with a solder mask | ayer; patterning the
sol der mask | ayeminga ﬁvspﬂxmgmholae'msatcoae Japert whereinfthd dvee laypr iatledésraofilet and at

| east a portlo of t Iat ed through-hole. 16. The process of claim 15,
wher ei n CSIL(}%HI ﬁoﬂ% s coupling a capacitor solder bunp on the die to
the top el ectrﬁdmmgataddlenctﬁbi1agerainpmaeﬁrssﬂird@h-}hﬂmmeﬁg1aas§tml thaoligder bunp
on the di ted through-hole. 17. The process of claim 15,
wherein f Fﬁ’sﬁ a‘?f’ LA | ayer includes formng the dielectric |ayer
through a st en%ﬂmﬁé@&oﬂo& dbsrased ﬂﬁbﬁé‘l@ch‘i@ﬁy&%@ blzl%%et'ﬁe coré&yef@é@oxﬂr ocess
of claim 15, wherein coupling the core layer " wth a die includes flip-clip
coupling Fll% die to the core Iayer 19. The process of claim 15, wherein
coupling the cerle: ] I ng the die to
the core | ayer %f?ﬁdegayp@gglgg{g ur Sh@dfeggﬁ{dqﬁérJnhfag?‘l%lthgc%%ﬁ%ﬂderf| Il material
bet ween t he f| ifqyming gpseaondl thivegl-bole ih theapre layer;

forming a plated through-hole from the second through-hold; and

coupling the core layer with a die, wherein coupling includes coupling a capacitor
solder bump on the die to the top electrode, and coupling a power solder bump or a signal
solder bump on the die to the plated through-hole before coupling, the process further
including:
covering the first side with a solder mask layer;
patterning the solder mask layer to ex[pose4 at least a portion of the top
electrode and at least a portion of the plated through-hole.

12. A process comprising:

forming a solder mask upon a substrate;

first patterning the solder mask to expose a bottom electrode;

forming a dielectric film upon the bottom electrode, wherein the dielectric film
and the solder mask share coplanar surfaces;

second patterning the solder mask to expose at least a first bond finger pad and a
die land;

plating a top electrode above the dielectric film;

locating a die at a die land that is exposed during second patterning;

first wire-bonding the die by coupling the die to the top electrode; and

second wire-bonding the die by coupling the die to a bond finger upper.

13. The process of claim 12, wherein first wirebonding includes coupling the die to a

power ring in the substrate.

14. The process of claim 12, wherein first wirebonding includes coupling the die to a
power ring in the substrate, and wherein second wire-bonding includes coupling the die to
17




a ground ring in the substrate.

15. A process comprising:

forming a first through-hole in a core layer, wherein the core layer includes a first
side and a second side;

forming a dielectric layer in the first through-hole;

forming a bottom electrode on the dielectric layer and below the core layer second

side;

forming a top electrode on the dielectric layer and above the core layer;

forming a second through-hole in the core layer;

forming a plated throﬁgh-hole from the second through-hole; and

coupling the core layer with a die, and before coupling, the process further
including:

covering the first side with a solder mask layer;
patterning the solder mask layer to expose at least a portion of the top

electrode and at least a portion of the plated through-hole.

16. The process of claim 15, wherein coupling includes coupling a capacitor solder
bump on the die to the top electrode, and coupling a power solder bump or a signal solder

bump on the die to the plated through-hole.

17. The process of claim 15, wherein forming a dielectric layer includes forming the

dielectric layer through a stencil that is disposed above the core layer.

18. The process of claim 15, wherein coupling the core layer with a die includes flip-

clip coupling the die to the core layer.
19. The process of claim 15, wherein coupling the core layer with a die includes flip-

clip coupling the die to the core layer, the process further including filling an underfill
material between the flip-clip and the core layer.
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