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Capacitors and Method of Fabrication Therefor Technical Field of

I nvention 5 The present invention relates generally to apparatus for
‘provi di ngweaARASidance to an electronic circuit, and nore ly to
enbedded capac? ors in an integrated circuit package, 5Eﬁékhﬁﬂ29J

capaci tor and package fabrication. Background of the Inventlon 10 Electronic
‘circuits, and particularly conputer and instrumentation circuits, have in
recent years Hlednmic Rackage Haging Epdbedddéd Capanidors asd Methodoffabricationequenci es
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noi se in the power and ground lines i1ncreasingly becones a problem This
noi se can ari se due to inductive and capacitive parasitics, for exanple, as
.is well known. To reduce such Techmel Fiehefchetlavemtibnown as 15 decoupl i ng
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to danpen p ﬁlﬁﬂﬁeﬂ‘lb@rbft:ﬂﬁmﬂﬁ‘dhdlﬁck gibfgatiési Ng power. For exanple, a
processor that eglns performng a calculation may 20 rapidly need nore
current than can be supplied by the on-chip capacitance. In order to

provi de such-capacitance and t cbagsgroend of fts rantion dr oop associated with the
1 e, o et st vty s | [
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referred to as ots. cou capaci tors an ors for
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practicab t@ecoupling chptitoRrardsfien Sdito provide d eable Sighdl oF ealslesupbly of papaadt or s'
effectlvene& g n, the decoupli ng capacitors are surface nounted to the
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sufﬁcnent amount of time. If insufficient voltage is available to the processor, or if the
response time of the capacitance is too slow, the die voltage may collapse. The localized

25  portions of a die that require large amounts of current in short periods of time are often
referred to as die “hot spots.”

Decoupling capacitors and capacitors for dampening power overshoot or droop are
generally placed as close as practical to a die load or hot spot in order to increase the
capacitors’ effectiveness. Often, the decoupling capacitors are surface mounted to the die

30 side or land side of the package upon which the die is mounted. Figure 1 illustrates a
cross-section of an integrated circuit package 102 having die side capacitors 106 and land
side capacitors 108 in accordance with the prior art. Die side capacitors 106, as their name
implies, are mounted on the same side of the package as the integrated circuit die 104. In
contrast, land side capacitors 108 are mounted on the opposite side of the package 102 as

35 the die 104.

Figure 2 itlustrates an electrical circuit that simulates the electrical characteristics
of the capacitors illustrated in Figure 1. The circuit shows a die load 202, which may
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25 the package also includes connectors (not shown), such as pins or lands, located on its land
side. In some cases, placement of land side capacitors 108 on the package’s land side
would interfere with these connectors. Thus, the use of land side capacitors 108 is not
always an acceptable solution to the inductance problem.

Besides the inductance issues described above, additional issues are raised by the

30 industry’s trend to continuously reduce device sizes and packing densities. Because of
this trend, the amount of package real estate available to surface-mounted capacitors is
becoming smaller and smaller.

As electronic devices continue to advance, there is an increasing need for higher
levels of capacitance at reduced inductance levels for decoupling, power dampening, and

35  supplying charge. In addition, there is a need for capacitance solutions that do not
interfere with package connectors, and which do not limit the industry to certain device
sizes and packing densities. Accordingly, there is a need in the art for alternative
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35 supplying charge. In addition, there is a need for capacitance sol utions
that do not interfere with package connectors, and which do not j}&mit ZQUhe

i ndustry to certain device sizes and packing densities. Accordingly, ere
IS a need y rt for alternative 2 23 DEC2004 WO 02/ 034 [ \JS01/ 19225
capaci tanc‘gag%lpﬁts?ons in the fabrication and operation of Eﬁ?ﬁy%ﬁ devi ces
and their packages. Brief Description of the Drawing 5 Figure 1 illustrates
‘a cross-section of an integrated circuit package having die side and |and
si de capaci t@peritarcegelutipnsdn the feliricationraad pperationant electiingpdevices andithestt r at es an

el ectrical clackdged. that simulates the electrical characteristics of the
capacitors illustrated in Figure 1; Figure 3 illustrates a cross-section of
an el ectroni ¢ package including a set of z o enbedded capacitors in
accordance with one enbodi nent Bréf Ddseriptios ofthe Dirawiggit i on; Figure 4

Il lustrates a fl Qd.«f ar hr i cabi : - oni-¢ ..package |
I ncl udi ng§enbedde . ca%géﬁ%%sﬂ?{rﬂgggcégﬁgg%\'ﬁlg,{e\%}%%ﬁ cg%é?ﬂéﬁgdgg?l%ﬁdlo?l&?he =
present i nvASfA{andsidercapasers insacgordance yeithdhpanriog 2ty oss- sections il lustrating
various stages OfFiguad? iitusfritéstan eldbtriztl oircaic thansirh Glateathk sEtritdl chdtshtagti@nbedded

capacitors iﬁﬁcﬁg%%gggﬁumgmo&g??gﬁodi ment of the present invention;

Figure 10 il at es "a Cr oss-se h of an el ectronic package including an
enmbedded capaci t &Figurh3 diusaterancesswiation ohen eledyouic paskageincluding pset ofnt

inventiofy dnit@dded chaditbfsUShdcaidiceavith RS EmB&SMmER DS Bk pRiedt ifeitlofNi C package
Qrdance w t h, anaot her

including a set qf 2 edded, capacitors,in, a

embodi ment of th%‘%‘r%%@H‘?@‘?ﬁﬁaﬂﬂ%ﬁﬂ?&wa&?@fﬁg’%ﬁ"&w gleteonis PeEER har t of a
met hod for fisdudiogembagldedcapadiegyiaaedrdangecwitit onecmbedimentrofithe esetr dance with
one enbodi ”‘?H&enﬂf,v .the present invention; Figures 13-17 are schematic
cross-sections 1l ustrati ng various stages_of fabricating an, integrated
circuit capacitof ‘EUFFSa?CéﬁFG%E@t'W’PW'W“éHb‘é‘ﬁer“ﬁﬁm"%‘ﬁ stagrs of falEeating o5

i nvent i ors Fingileceori8 padkagesinelading embeaddebapsdtotsiimaccofdagye witht ahgeabedimentr cui t
capaci tor irhfmggmﬁ&n M.t h anot her enbodi ment of the present invention;

X . t . ) . )
1 Pourt " board, . G Ui MPHNER SCOUT PR R IGRON PR MRRR capac!  or o
i N accor danambsatided capddituin iacissdaacedoith orrehfbodimehi e tiy préseidinvemii@it i on; and
Figure 20 111 UStigyco) oy Oenes alc RULARSLoF RTINS c BRI ThRuRFERE GRnce Wi th
one enbodi nent 0O e present 1nventron.
20  embedded capacitors in accordance with another embodiment of the present invention;
Figure 12 illustrates a flowchart of a method for fabricating an integrated circuit
capacitor in accordance with one embodiment of the present invention;
Figures 13-17 are schematic cross-sections iilustrating various stages of fabricating
an integrated circuit capacitor in accordance with one embodiment of the present
25 invention;
Figure 18 illustrates a cross-section of an integrated circuit capacitor in accordance
with another embodiment of the present invention;
Figure 19 illustrates an integrated circuit package, interposer, and printed circuit
board, each of which could include one or more embedded capacitors in accordance with
30 various embodiments of the prasent invention; and
Figure 20 illustrates a general purpose computer system in accordance with one

embodiment of the present invention.

Detailed Description of the [nvention
35 Various embodiments of the present invention provide an electronic package that

includes one or more embedded capacitors. The various embodiments could be
implemented in a number of different types of electronic packages, including an integrated
3




Det ai'l ed Description of the Invention 35 Various enbodi nents of the present
I nvention provide an el ectroni c package that includes one or nore gfbedied
capacitors. The various enbodi nents could be inplenented in a nunber of

di ff er o 0/93a63 of el ectronic packages, including an i ngegusiAs8 23 DEC
2004 WO 02/ 03463 PCTI USO /19225 circuit package, a printed circuit board or
an interposer .e., acircuit board that provides a dinensi onaI interface
bet ween an 1. rat ed cui kage. and a r| nted c it boar The
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n
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capacitors 3081gu£d<bﬂluﬂi'mstarcms&lsectmnnfmﬁlecwbmlhpidk@edﬁmductnbludcsrﬁeeri al 306. -A

noncond | 306 and
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second t &arkagepiz welpd%swém aysr 3¢hdavieg 2 eonductive materighsOs El%?é%ﬁ Qgks 308 to a
top lsurIt@ﬁﬁlr@cf:e tN?I&uﬂémﬁﬁﬂdtb@tsutf&daae%/@k oBhOre emed&ﬂbﬁac;gﬂdﬂﬁeo@ﬂd te(r]I m tnal S
are el ec C conductli ve
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sol der t b?b{xd&ﬁfﬁlﬁt 1 Eﬁtbhﬂ ng6 f&?@me ahslod hgte tapagira308d Cﬁhﬂc?ﬁbds 33i|€le¢tﬁcaglyleft rically
connecte 0] e LI e usin 0 e a

ot sttt et RS siwrF RS AP Fuc S SHRSloBRA % | i 16 the
printed curfesgiof ﬁb@anwnslmwaMﬁgﬂUpﬂhsﬁm angtsprond teominals arsredectricallnddi ti on, the

i nt egr at @dnisekied W 4n iRkfratcdCirtuiP$1 S ORAEIEEbnHE S Bads BRE KPHE tdpSuftecewfT ebond
technol o or_sone other nounting technol ogy. 30 The el ectroni c package 302

shown i n "% B 3 is an integrated circuit package. In
In the embodiment shown, the package is electrically connected to a printed circuit

25  board 318 using solder ball connections 320, and the integrated circuit 314 is electrically
connected to the top surface of the package using other solder ball connections 322. In

another embodiment, the package could be mounted to the printed circuit board 318 using
pins or other connectors. In addition, the integrated circuit 314 could be mounted to the
package using wirebond technology or some other mounting technology.

30 The electronic package 302 shown in Figure 3 is an integrated circuit package. In
other embodiments, the embedded capacitor structure could be used in a printed circuit
board and/or an interposer.

Figure 4 illustrates a flowchart of a method for fabricating an electronic package
that includes embedded capacitors in accordance with one embodiment of the present

35  invention. Figure 4 should be viewed in conjunction with Figures 5-9, which are schematic
cross-sections illustrating various stages of fabricating an electronic package including
embedded capacitors in accordance with one embodiment of the present invention.
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D ook 0% U510 PERG% QYL HRBERSERESRo L s UL AAEROE 0K
phot ol i t hogreagkage buikd-up praressrs psHiknownto thesaof sigll in the art.| ﬁ?@e Pfﬁﬁqsﬁﬂslcﬁ‘g

l'am nation, paddQERek Iecaa§ §@§blﬁe@ﬁm aﬁbmﬁum@amﬁd@utMI @é’poﬁ:ﬂ&p\ﬁldﬁﬂg,zo

conductive a non-.co one or nore
| evel s of t tfg"q‘é?gee'il?tﬁ’ﬁr @mb‘é? ERY G ?th‘irl%%3?3%@5Sﬁ%’?%?‘éﬁﬁ?%?ferf“goﬁflg an organic
substratz swrotucise aml repesopdurtiveomitaials.and one or nore levels of patterned

conductive materifgbne debdinGE, S Une o?h&@ﬁetlé\ﬁ:lseofltlﬁ: ék%&émc ﬁka@éﬁﬁﬂﬁh@mét andar d

printed circuit bpard terlals such po | ass,
benzocycl oburéHE? ?e’f‘%lPP ! OTBANIUDHEIES SO ?‘é%?rlﬁ’ox‘g GH% dStPé‘ 86[5‘%4831 sed i n
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L norgani ¢ = Sy AR boM hafalf Gl E PR4/bx HRRPIdmibE g, | ous enbodi ment s,
25 benzocyclobutenc Teflon, other epoxy resins, or the like could be used in various

embodiments. In alternate embodiments, the package could include an inorganic
substance, such as ceramic, for example. In various embodiments, the thickness of the one
or more levels is within a range of about 10-1000 microns, where each level is within a
range of about 10-40 microns thick in one embodiment. The one or more levels could be
30  thicker or thinner than these ranges in other embodiments.
Fabricating the first layer also includes forming one or more plated through hole
(PTH) vias through one or more levels of the first layer, in block 406. Electronic packages
commonly include multiple interconnect levels. In such a package, patterned conductive
material on one interconnect level is electrically insulated from patterned conductive
35  material on another interconnect level by dielectric material layers. Connections between
the conductive matérial at the various interconnect levels are made by forming openings,
referred to as vias, in the insulating layers and providing an electrically conductive
5
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PCTI USGk/ 19225 Istvatieusienbodimehtst the diamkter gfzatheviasdvithimalnaogs ofabomt5e30@1 from

di fferent mr&&{scw&ﬁﬁﬁod ¥ Hrgth %f%ach%%& thelifih Panfe @&%ﬁﬁ@'w@@ﬁﬁ&&&s W th each
ot her. | ed,.W eelf?ctrlc |y con “tlve structure, vias are

r ef erred t ePagd*%Er?M&%?ansr uels each ViaEKiEn ugh. clhedipnetars ddenedidfor  nore of
t he i nt er cuianenid betarmesor smaller thav these sangesin dihsepsmitdinidnes. dl arreter of each via

viacould be | nom ?@'@9‘5’“‘% R 6T Rual L BN Sl el BREE, T 07"
| evel sl@ackKagpyd bgb e@aﬂorbvwlwwst#@ismﬂ@qfﬁﬂgms wra vias coul d be
| ar ger or Bmtlédadsn 6rhﬁﬂndéiﬂﬁi§oﬁem@ﬁﬁd b Bligf V12 2n@ F R Gtk 5a both @kdsGoul d be

t hr ough ho{a 2b g&g through all levels of the first layer), or each

l o via cou oun(ﬁ'@l Bove and/or bel ow by various |levels of the first

| ayer. A via d@@n@lemb@imem viaare meehanicallyairilled anddfilied avith adondugtivé a, and a via

bounded onmbeiidl, ﬁﬂféﬁ%ﬂ ias MY A5 Beﬁiuﬂﬁfédalaééklﬂﬂlﬁ@ Ur't@nneh%sﬁ@%th@ﬁbom metn}] vihas
oug

I d ] d |
3 |r :s mnggag*eglgnl%%s B{ﬁ%‘ﬁgﬁa ?ra?g’é’Pd‘B’FFﬁsWéﬁ faFt(iﬁff H@B “l?§$aﬁlj’ SBE%@FG fgzi't echni ques
i n vari ousasgetagtic, otiigo Holemformation echnigues knowm to thesa ofiskillamthensmgaid ke subst ance,

such as cesreanmex%Bﬁrmbqlrsﬂawcaalwbeeretn%@b«&h%@ah&a&)msﬂngtﬁé?aﬁe of skill in
use first er go be created with

the art would B'P %ﬁ
vias al ready exSPfHY ?‘H’EF‘& §pme,| Of th; EIB‘H'EC CPHEEPIBPY vias are
used to eIbmhtmnmlsyofamﬁnb@ided)mammrtomnbhrmeneruthcalasembfthnpmkb@dgted capaci tor
to one,or FRIR debdifed 'bél%@r%:&fxcrte'ﬂﬁm@iﬂﬁkﬁ%e ola‘ &gég so?gm edmbeddeiped bel ow.

¥

I n ot her enbodi men'éf or @Fm nal s capflm tor are
el ect ri cal fAPaQhaRE eégzcg Eﬁ“ﬂ%‘:rteditaﬁ Glaygrs ?fﬁgelﬁ‘ﬁ W"?" el ectrical
connect i onsonantivas 4toee thapagacitay as vail beidedoriteel betbacinicbigdndoieh exth iblock dhg.unct i on

wi th block 416. oﬁﬂ ev é{wﬁ%gr'afsﬁﬁnchﬁx 0 #1%9 gﬁt&?rleldqgéqufc&%%{}%ﬁ et ter ned

conducti ve rrEt erl a sur st i n bl ock
408. This Pbiheiapisyrfags oftetistipes ty blopldQge This formation process also could be

25  used to plate or fill the vias, although they could be plated or filledina scparate process as

well.

In one embodiment, the conductive material level is a copper layer, although other
conductive metals such as tin, lead, nickel, gold, and palladium, or other materials could
be used in other embodiments. In various embodiments, the thickness of conductive level

30 is within a range of about 5-15 microns. The conductive level could be thicker or thinner
' than that range in other embodiments.

In one embodiment, the conductive level is formed using standard techniques for
forming a conductive level. In one embodiment, the conductive level is formed by
depositing a seed layer, such as sputter-deposited or electroless~deposited copper, on the

35  top surface of the package, followed by electrolytic plating a layer of copper on the seed
layer. In another embodiment, the conductive level is formed using standard
photolithographic techniques. Other methods of depositing the conductive level will be
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25 used to plate or fill the vias, although they could be plated orafiijdp

In a separate process as well. In one enbodi nent, the conductive materia
level is a copper l|ayer, although other conductive netal s such as t|n

llead, nickepor8flesl, and palladium or other materials coul g, {2

other enbodi ments. In various enbodi ments, the thickness of con&uc fve Ievel
30 is within a range of about 5-15 microns. The conductive |evel could be
thicker or thinner than_that range in other enbodi nents. In one enbodi nent,
the conduct iaPBATERR Fhopeskillsd im the 8, Heh 3y SSFsEmPHAtNG Shothe pERtiTEGH condyetieng a
conducti ve ligelln stilDarftr aﬂb@ﬁhaﬁ,nﬁﬂmeﬁth@ &Q@Q@ékag@lay@‘meﬂhom coadugtice by

depositing a ut 05|t r eI eposi ted

copper, on th er?gof’g%%&f?ﬁg %?dlt%% %ﬂ?gg Bﬁ%%%f“‘ﬂ?/ @1%?8?%

plating a | ayer d’ﬁgtc@@dbustr@w atch@ssg@é@n of awtxon ¢fr4nahcjcmm;xpaemgmsnlﬁng the

anﬂduct I ;/sﬁ gfﬁiﬂi‘]blob@s tf(ﬁlutmdinldédoﬂﬁn&é@x’ﬂﬂ?’[e@mb@ﬂ‘iﬁfeﬁk'dfiﬂécp&rs&ﬁl‘}lv‘énﬁcﬁc|‘I‘ﬂbCCI:U(23804 "o
er nmethods 0 e0||n e ctiyv

02103463 PCRPOSH AP PO OB SR PR [ RSO T v st een

printing or ant!ipetterped cwhdumgv@n’nat:naddhyct 506e Patteritsl. cohductite thiteréah ey leit6 embodi ment

rather than il oBndiARed x@gaamaonwﬁdu%ﬁﬁﬂpgwf CoRCEN4 Abrriot 1 LS toP

Surface | am nat e sSucC as.a Cco COU e used
Figure 5 .||i9§tw%=edéf§oadtt9t%%§a°§%ﬂd{%ﬂa5 %cwwaﬂwéﬂm rlnevﬁ'eml Hbpackage

resul ting 5t1lda5trm paktaxtkenddOuve4dBions S8 elocteleally eomietttd torPFS Hevib 60K. B, of t he
present invepl q]l@@v(fzu%&ﬁg{m%nﬁ&%so%%uﬁhﬁ hla@Wifh o‘?l@gkcon '&l%?levg?éfa first

non- conduct | ve g pat terne ct Ive materi al
| evel 506. Hhe tles tﬁ@éFR?é ctive material | evel 506 includes conductive

porltigns 503 and mﬂcrﬁ@ﬂéﬂ.{ﬁé\hmlypﬁfs’tle@ﬂ$0?ik&noﬁ?@&(ﬂu€tﬁ\ie\tﬁml ﬁ:?ams 508

i ncl ude condygtive trac one

enbodi nent , #Eb d"??nga%tagzaltgrp%%l? (9 %\ﬁhﬂ:gt le&e?%%hid‘ﬁ% aggéfﬁ Eﬁ@e ec r'i cal ly

connect etb t candPAH via 5%W001¢Ih9 Stfllc“{@ﬁb’tm‘éﬂ‘lﬁ@dﬂ hww mewdtop@hcmwfﬂfakfes

2|s ect rlt cal g@ﬁﬁ@m{bwhb& dI@EillQitithE@fteTﬁéS gﬁziér doﬁcmlosmﬁd betfhﬁrtxdahﬁfiﬁeff?@ﬂ c }oackage

nmenti one 0 Y rs | eria In

one " onboa: mantsetve e and b fhersSirsnamer o RORRFPROLRE LS ERLSG B

conductive rmlle!:ptﬂal 15 and PTH via 504 woul d be struct urally nodified to

%ve at” '”“ﬂda”?{e@éﬁlﬁg bégl:ﬁgéi 84, orﬁ%r'nﬁlma a/cxtbiaqgﬁm?&d ﬁﬂﬁlld»dk 4109 thg ?Lt
e outer conductor,co e r conductive l.evel,. an e

e ¢ ot CROMOUIEN R oR BHIGCE B ST IR 410+ ROty cPeyRRi e

Ref erri ng bamkaditorsFiogldrbe plananshép e@paaitorsecepdmit hapacitops of sometifeatype 0ht ed i n

bl ock 402 204ia4&e Elﬂd@ﬁd?das(a@schh@d ﬁr@ﬂo@sw faGfu@hrel EFibure Stlnbﬁé/&ﬁbddﬂn&{t,OCk 410.
I n various enbodi nen acit

ceranic cap aﬁ?Flﬂ Eﬂpgcttqg%ﬂ% 5&%0“8{&3@? t %éssbt(f:zrct)mlnﬂ 68? op tLC capg.mtor m es [ e:ctnc:alor S

contact with a conductive portion 508 of the patterned conductive material level 506.
25 In one embodiment, the first terminal 604 is located along a bottom surface of
capacitor 602, and a second terminal 606 is located along a top surface. In other

embodiments, the first or second terminals could be along a side and/or top surface of
capacitor 602, and/or capacitor 602 could have multiple contacts that form a single
terminal. Most capacitor structures include the equivalent of two conductive surfaces
30  separated by a dielectric, and the term “terminal.” as used herein, means one or more
contacts on the capacitor package that electrically connect to one of the two conductive
surfaces within the interior capacitor structure.
Capacitor 602 is mounted to the top surface of the first layer, in one embodiment,
by attaching capacitor 602 to the top surface using a conductive adhesive film or paste (not
35 shown). In other embodiments, where the capacitor’s terminal is not along the bottom of
the capacitor 602, a non-conductive film or paste could be used. If an adhesive film is
used, it is cut and attached to the first layer at [ocations where the capacitors 602 are to be
7




di screte capacitor, as described previously. As illustrated in Figuy® e im
one enbodi nent, each capacitor 602 is nounted so that a first term nal

of the capaci tor makes electrical contact with a conductive portion 508 of
t he pattwongdiwonducti ve material |evel 506. 25 In one epp9RishBithes t he first
termnal 604 is |ocated along a bottom surface of capacitor 602, and a
second termnal 606 is Iocat ed along a top surface. In ot her enbodi nent s,

the first € dte l.s could be alo si de surface of
baeact 1 or Risst SR T pBTuho S samoi i sEend s A ot R ¥ Lar o m a
single teambodiaient. Wmmauaqdwh:t gthesive filo arpasie fowdd bﬂj@piltcbtoehnnapadmnt of two

conduct i ves8 BefRACER a Ealﬁe@%m% yBy a dielectric, and the term”termnal,”
as used herein,

nore contacts the capacitor ckage that
electrically céﬁgfg’c‘ﬁh‘tt Gmgﬂ‘gmﬁlits’t%caﬁ’mobg%ﬁ%& t{?é‘méﬁgf"a%%?l’ #n t he
interiar owiftbarietop mosd soldet cun@ecticap@ot shown)o (dthosglaxpadive6020is slivavii topesur f ace  of

the f1rS¢ shaEorkrh ARRBIPAMIPHne oiinrl ARMIBISEARIR o flE b e top

surface using a con aste I n ot her
enbodi nmentasnonyradustiveporidenrfdhe fyst layer by awalfgmate smbedimgniong t he bottom of the

capaci tor 602, AathBedh &Wﬂﬁélé b’e@aélto\- BO0K st Bowed oh tB@ﬁté;EﬁS’er mbrean adhesi ve

filmis used rst.la ations where
! he Canac 2arLolg B aBRSodt bERETRd SO Bist b p MBlnntisnfitBen ) S onne
pl acedio Sidesdribed later,dne ar marstcapacitons seuld b¢ montedstorothen paokiget layersfnot he capaci t or

| ocat i ons,spbhPgn)oRSvetembodi ment. Al ternatively, the adhe5| ve filmor paste
coul d be appli %d to the cg[_pam tor 602,before

d.t.o first
Cover Tn ol | R gting bk et e Anon et et lrer s mghsa s apriegn Lot ched (o
the top su¥lamhe fopwitiiie andoer thewne osnbrdeapacitors.eEigurrysligstates strewn) . Al t hough

capaci t or c@ﬂ&c’tﬁe gg%z%;fbéi@govm&%rﬁge&tﬁe ﬁﬂﬂﬁ&'&%&@v&?% o} 6@, the first

| ayer, capacit e nounte r —a nagn-conducti portion of the

first Yaydp °P‘?1¢‘H\’Pdam?'$r%@é‘ké‘?§58€ﬁ'w uckivs EH(N2 dhipg rﬁ’%l“ﬁ@'?oé‘t #&pacitor 602
i's shown nnﬂmxadngmatyhaotlcbﬂﬂhh@)aahgckmmmmﬁfahmtrmgsw(mhﬁr shown) al so coul d

be mount eq’.n‘ﬁ)%dmﬁtsf 'Als%t in &Fgfugochﬁe d@b hbr?—&bnd@tﬁw\é‘l%)er Eag Q:u"fjce scrib ed later,

one or nore capacltors’co a ersﬁ’éﬁ shown)
as wel | . Repgantimarapgecad 4d Iniogsr enhodﬂae%medemwﬁib@wad%w wemalgrerial s
appl i ed, |d131a{u@@¢@ngcﬂfit2 on the top surface and over the one or nore

capacl ZE ors- %j pue Wb‘olg{muﬁ%g gx%pmmgéﬁgwfq}n' %/ ?cnjze )égmtc%g)%?ramg ed over the

top su Oface of over enbodi nent
t he thi ckrﬁest"gccowrm;nmtmgsedéo fqm}z@pn-kumsveu lwea"’?%rlgéﬂ@ﬂ'lel‘about S0- 150

m crons. Le%Yd%HmYeQ@ nSbdriduttéQayer 107 zﬁdﬂﬁt&s Snéotrfidre @h&fs df @sfiligtearé N Ot her
CTo0 o S Sk GBS EERSTITE U b SRR ST 2
coul d haveheet bénrgeqonducngqﬁ]m,éhe number of sheets applied over the top surface could be in
25  arange of about 1-20 sheets. [n other embodiments, the number of sheets could be larger
than this range.
In some cases, application of the non-conductive layer 702 could result in a bump

-,

(not shown) in the top surface 704 of the non-conductive layer 702 over the capacitor 602.
This condition is less likely when a non-conductive liquid is used to form the non-

30  conductive layer 702, since a sufficiently viscous liquid is self-planarizing.

Referring back to Figure 4, the top surface 704 of the non-conductive layer 702 is
planarized, in block 414, if necessary. Planarization could be performed, for example, by
pressing, mechanically grinding, and/or polishing the top surface until it is sufficiently
smooth.

35 In block 416, the second terminal 606 of the capacitor 602 is electrically connected
to the top surface 704 of the non-conductive layer 702. In one embodiment, as illustrated
in Figure 8, this is done by forming one or more contact holes 802 through the top surface
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dielectric constant. 20 In one enbodi nent, a liquid, photoimagable filmis
scr een- printed over the top surface, cured, and photoi maged to fdrihC 200
non- conductrve | ayer 702. I n another enbodinent non- conductive | ayer 702

i ncl udes ;,ﬂpre sheets of dry filmthat are vacuum | ver the
top surface an ured. Depending on the thickness of eachlq?LeeHﬁg?g
~non-conductive film the nunber of sheets applied over the top surface could
be in 25 a range of about 1-20 sheets. |In_other enbodinments, the nunber of

sheets coul d¥and extsgding 9 tha secopd ermigal f06. Farmipgeontagtholes &%ﬁwiéh@ﬂm of the

non- conduct lfmthme,rbyﬂﬁa:hmwuglofasarldhumg oantbtmibles gOD0dr usingwn) in the top
surface 704 702 er t Thi s

. | 2.
condition i gﬁétgétg'g%ra nI i eﬁ"‘i’ aé/ IFP&UB?W% C"anaﬁ%gg?@%ﬁéeﬁnf' cplfslﬂgm t he
-non 30 condathet tﬁehmwssrsum lasgr arlvlﬁéloa. imgfifting, perforationi arothes less-epmirdori o
ﬁ glnf Cglngggr :dara@rnﬁeérﬁrng;b@qnea&é;?gdrarfw Ltroﬁtaé: holetasoz mealarai&e&gggén
Pl anari zat i 8ﬁe'%°(5'g¥(gg%o M SEPF o{‘%@a or F‘B?l?eéﬁé?ﬁﬁfeé o th‘éfse%o |"ﬂaﬁl "ﬁd‘ﬁr cally

grindi ng, antheoempmlimeits.ng the top surface until it is sufficiently snooth.
35 In block 416, 1 dif cﬁﬁ;@@iﬂﬁnﬁ e Bc0al teﬁ‘ﬁﬁrapﬁ lcicQt%d 8@9@%&@@;@@3&@2 and

eIectrrcaII conne syrface n- co ductive | ayer
702. In one l@ﬁﬁBﬂ?ﬁ%‘ fes 8‘5;?5“’?‘1 ‘ff?ﬂ‘r”&?réﬁgs P FPGﬁPFg%‘Q%Pa@“'th&A%s In %t tfone by forning
one or mor e embodimentstht eso@Zmiitul oaudth bt keated pn srtowardethe Bides ahdlokGottidd4 WO

02/03463 PCL L t%f#%&f%%@&tﬁrﬂnl%@og%uﬂﬂbe I&aﬁé&‘%céo“r“fiﬁm term nal 606.

Form ng cont'ac by nmechanically or
laser drilling cBvarderto plsstecallygonnset the pesgntermyng e e tasyFiaghiPor ocess. I n
;al ternate emiditlonaeedrRluctive iitenial is dégdeiteaiortotohctfholesBOR. USl iflgstratidHe Figure

techni ques. sSHe lofifichA36HePhes | S ol BhLQAT 1, RELLEA ARl 201 NET

| ess- common “br ntact hol es 802

have a cr|5anﬂ@l@rlonahlaaerrqimgéemeéfcoqb'sme gaferid) 904 Bhiy Fasilitatos thpsplecsical | er
di amet er cogbmfettidhdfeise BEohdeamingd]l 615 1o Hatkop Burfaoé ARy begsddodi ments. I n one

embodi rent  the seRgd Al WAL 4 3ol AIALETANIORALD ELpRRRAS! § §ocfO2 and

t hus cont act hol f rh openi n acl
other 1o entd8ii "ﬁ@ﬁu@matprémyeesdmwnémpmfswun&w@é, w@arr@mﬂdlt@mlt ovvards t he

si des and/ oipadMakd RYers ot mnaybmﬁdlﬁ,ﬂae a:mimwaﬂa@ﬁoe habeds &dbe\depdsded e

| ocat ed accord i n ctri onnect th mnal to
et oo 357 Akdrsogittive QalfiflHyct fa? 1€ b8 drtadbATRIert WS ORET bR
contact hol &p degads gustie paokegerdssion. Prring t§e beild @ pregess, é‘@rft!ﬂ@mi $SOPdht er | aI 902

Wi thin the ¢oRimeofMIR QApaditer Rniflelth E@blbbt_n@ﬂ?%ﬁ{ceﬁd txha bpkrfaddiftieonal | ayer
of patter ne%a&%géjuct ive material 904. This tacilitates the electrical

In one embodiment, part of the build up process includes mounting, embedding,
25  and electrically connecting one or more additional capacitors within one or more
additional layers of the package. Thus, embedded capacitors could be located within one
or more layers of the package. After the build up process is completed, the method ends.

Figure 10 illustrates a cross-section of an electronic package including an
embedded capacitor in accordance with one embodiment of the present invention. In the

30 embodiment shown, the package is an integrated circuit package, upon which an
integrated circuit 1002 is mounted.

One or more loads (not shown) within integrated circuit 1002 are electrically
connected to embedded capacitor 1004. The first terminal 1006 of capacitor 1004 is
connected to the load(s) via electrical connections 1008, 1009, 1010, 1011, and solder

35 bump 1012. The second terminal 1014 is connected to the load via electrical connections
1016, 1017, 1018, and solder bump 1012.
In addition, during operation, the first terminal 1006 is coupled to a first potential
9



onnection of the second termnal 606 to the top surface and beyond.

ef erring back to Figure 4, the build up process continues, if a?BL[@@r b[ﬁte,
in block 418. Thus, using techniques known to those of skill in ez ,
one or woexn3agddi ti onal package | ayers (not shown) of caPghsjiyesand

non- conductive materials can be deposited 20 over conductive material |ayer
904. The nunber of additional |ayers, if any, that are buiIt up depends on

th k d d d

tor ot nal 287 FRLAE secol¥ el (1 ko bst B G BPrentt ot Hnct et ro t he t op
surface otampig ﬂquél‘éﬂ@géecond pofiential adyoetis vambe, a greund pofentidl @ndaisupdlyup process

i ncl udes piesti, Im, vﬂ'ﬁ&?féﬁzﬁﬂl is c&%’m@ valcﬁ%tehtfa@katyceq%&%ﬁér oﬁges?@he pam)r e

addi ti onaI g‘égsam rs within e or nore "additional Iayers ckage.
Thus, enBtd CLDB?“?EC&S‘&F $H&UWScated within one or nore layers of the
package AfteAssﬁwmuiﬁgilrmw,phommohac&MDm-Hmandleomﬁetms)chmbtds Fi gure 10

||| uStT Bkimebg BEéﬁanﬁg%\iﬂgt’Hﬁ&& ARRFE AL ﬁg.p@qﬁ%%r WDGtatE enbedded

capaC| tor ccor one e odil nent resent nv nt I on. In the
30 errbodpmfrﬁﬂ SHEARPUS differsns eqandigaratignsfar ?‘?ﬂ“@@”h@%e“émgé’lﬁtﬁ et H98,  upon
whi ch an 10i4dfeaparitad] 004 te the topldiofdcd H200E1hE ﬁﬁtkaéa'uaulﬁfbemiﬁ?éde It padeuldrnot  shown)

Wi thin i 'ﬂ1te }EF#@%I{ %&' 'la&:et%%gévegn ﬁ1 %&%ﬁrﬂr 16@21 an)é th Conn%iﬁi?ioo e@ﬁ edded

capaci tor t erm na of "cap YR nected to
t he [t@adbedliffpreat, shedeeation of ﬂ@@m&@mmmmmdlb@oiﬁermmd thedacatioasnd sol der 35

bunp 1012nd diptbebLSTRRScdnStitid Lnsl&fbfectrﬁamms@ngdoésnmmw@m 18 el ectrical

connecti on 7,, 101 and sol der bunp 1012. In addition, during
operatloﬁ %?H%Q'#B‘Feg%&%ﬁﬂ“f?al 1006 is coupled to a first potential 9 23 DEC

7004 WO 02/ 03gee pabodiseat, 20836 sam nfdks erehedded lvepasitere h@D4 aee dispraéd 1014 i s

coupl ed {;Qicfnea®QR htddPhi&d Kitcalt 16@1 'R emfbedded eaiﬁsiﬁzlr«,ewoh%‘a Tl '&&Per@é&j second
potentlal S urces c he a gr.ound P éentlal and %fsqu% % ential, Vcc.

Whi cH°t eFYR™ d‘f"dFE'e E&'fﬂ’ geREdHrEh @ t FGPRegRirations of gmbed dﬁ&“F’é?’sof desi gn,

as eit heﬂOMeﬁoul:iabc mevld@hmpmdacb ddditensllitepacitoe ﬁnxhefdxeﬂlsotspmyyrmthmugn gure 10,

el ect | cohy QQARCLpARS: 1N ARMuaY] FRIEIC RlBackal oy olofd dRstalig one or more

vias and éfn; traces. ﬁb‘ﬁ | us rative purposes only,
and nunefRaeitass ffq"é# ispegsoe jupdRT & infegrated cireyit 1402)1n grdefaREYdeng t he
t er m nal suffi€iei,capat@iddteoin alteprents érﬁﬁod&ﬁkﬂé $cometdnall bf)me smbédiedcapdditbrof t he

T

t he capacitor ace t he
| ocation of t%meawﬁpfﬁvwweqam%@%@@mmb@dm Witkip apdtiplediffersRt | ocat i ons
and nunbéaysrsof a pikage istdrioueathbgiiihéms. Higieé eCillibteatds acfiBeatibvofanl 008- 1011 and

1016- 10 1§lect?o%‘g &cpfgeqﬁéhgﬁﬁfﬁct BP%%QQMpacitors in accordance with another
embodiment of the present invention. Capacitor 1102 is embedded within a first layer
25 1104 of the package, and capacitor 1106 is embedded within a second layer 1008 of the
package. Electrical connections are made between the capacitors’ terminals and the top
surface of the package, to which an integrated circuit 1110 is electrically connected.
Implementation of the embedded capacitor structure in an integrated circuit

package is just one embodiment of the present invention. In ancther embodiment, the

30 embedded capacitor structure is impiemented in a printed circuit board. In that
embodiment, a socket, pads or some other connectors are located on the top surface of the
package and interconnected to the embedded capacitors. In still another embodiment, the
embedded capacitor structure is implemented in an interposer. When used in an
interposer, the top surface of the package also includes a socket, pads or some other

35  connectors that are electrically coupled to the embedded capacitors.

As described previously, various types of capacitors can be embedded within an |
electronic package in various embodiments. In one embodiment, an “integrated circuit
10



I'n one enbodi ment, at |east some of the enbedded capacitors 1004 are
di sposed underneath the integrated circuit 1002. The enbedded capadﬁ By 04
1004 may be dispersed 15 evenly underneath the integrated circuit 1002, or
‘concentra*,,,i(pdﬂzﬁ,_,,g)dc enbedded capacitors 1004 coul d be provi q%qn}sg”pgﬂguce

a

addi tion capacitance for the die hot spots. Although only a si ngl e
capacitor 1004 is illustrated in Figure 10, in practice, many nore enbedded

“capacitors could be di spersed underneath the integrated circuit 1002 in
order to preapaeitor,” dysed.c Thamintegrgsd cirpuitrapacitprran g formsg en 25iiendiSHESTRE T sone or
al | of the gphesdn@dyeaiathstetesin2rid@Mhbadimedtacat ed in areas of the package

o et s L gy o

capacitors coul of a package
in various eodoctivesnifaces Ripgated by 2 diglgcirint ﬂraewndméwgs ﬂ@e@%&fﬁ?fi Gfculin

el ECLr onj ¢ 9@9&&9%&%& Hell Slnéte SBLtrddbs @ﬂb&ddﬂdﬁmam&l@ras}ers wheeo0igdance with
anot her

nt .o presen |nv c | tor, 1102 i.s enbedded
within a f i F‘&'t““ gﬁﬁ rcﬁ?“tt{% é@"’d'gﬁa 5?55’5??2!?‘”%& ™ enbedded
within a seeleacbdbaylemglleﬁtﬁﬁ fdin didie}:tnqdaydmgeed El ectrical connections are nade
bet ween the ca rs' t kage, to
paf gﬁdéé 13 co}rgs{pmidl}%ﬁilog@gp (b%uFeQﬂ? an§ H[ufs@e%‘s acﬁo“tchﬁ't preLkag

whi ch an |nte8@ Cl rcul ectricall nnecte enent ati on

of the enbemgtad frdakricating ayiptsgratsd SirPHt cIRRSiAR 1B "QF "?"Ftb?ﬂetemrgg e is
j ust oneo enbpgh pRSEnt Gvehtisn. (FQSETE shonlddavieond mldomambhemthélmmsllﬁelﬁt the 30

embedded c a%ﬁﬁk\taoer scgém#w tos -s%&mhﬂl:&%@%%&jioh Db f%rﬁgm?r fagard. In

t hat enbodi nnectors ated on the
top surfacecmmttqﬂeacltpa@wa@fed@ﬁ%lwithpeﬂrWHE‘E‘E@t‘E‘"oP"F?ﬁét ‘éYPBE‘EfHed capacitors.

In still anot herTryiaeEbdBstins, Infwockamwwneamgalsﬂmn substtacd. (Rigure £3
| npl ement ed, &Blétl‘%?%% r}%)%(r: eotiogof apoﬁxo f Wp& gluj:og s@t;’strafe rit.’;ﬁ B%Ec%?dagg\gltﬁ QR surface

of the pack 2oCR onpectors that
are el easri cmbb@xmcmqfltmr@&gmtlh‘@n@%éd@@@f W@F‘U‘@F elbwweem%e’e

previ ously, n}éﬁghhg%e}mggﬂi@@ng@ma%gdors can be enbedded within an

el ectroni ¢ packa e In yar mbodj n.o ‘integrated
circuit 10 2 3 “%’6 %@%Wh%%w %&Tb@ggca@g@h ogﬂr' i s used.
The i nt egr ahedngi reslstwlt')cczfdmlthaoﬁ lcQrmfesntimetame dhssrcha sipen S@bﬁra&}@% Bate or

Some ot hlef tcé{rﬂﬁct‘?\fe aﬁlutréﬁﬂsaat;j%mdnrbf%mt&ﬁl&nﬁmwh BB Behip apitiot. lIﬁraﬁd
previously,

many Bg{gltor structuref I ncl.ude l&F ﬂﬁ val ent. of
conduct i2fe §l§‘?"¥1§€§§‘ PSR Y OR/ YRS '@“M?l°8" hY5 avé%aorﬁflﬁr‘er’l? t he
i nt egrated ddss than 50 (]hnﬁ&:peﬁundtm In asthed elterataebodiment thelsdicon semta PN 1 t hi n

filmdiel ect oo Bgoad ThUS.
in the enbo d{ dd Qu%e{i’i da@?ﬁrto c%}hteﬁnfngle Iﬁk‘tﬁﬂ%’bm&ﬁtlﬁb&&ﬂfc odel{

le thin fil
dielectric |1ra9@auni°§°fu§“ Wgaqg??@lgflgg tﬁiﬁ‘ag’ﬂf% Blaﬁc Sﬂ%basnl( Elggﬁre I4)n an(rjn

i | | ustrat es embbdiment) detregidtivity ofitht bdtrdtot 302apndt enimipeganin i ntegrated circuit
capacitgg in aCC%gﬁQF&rM\M Sk (ROt HROEH A Riformed by depositing a barrier layer, in
block 1204, on the silicon substrate. Figure 14 illustrates barrier layer 1402 deposited on
the top surface 1404 of silicon substrate 1302.
In one embodiment, the barrier layer is made of a highly doped, conductive
substrate material having a low sheet resistivity. For example, materials such as titanium
30 or titanium nitride could be used. The barrier layer is deposited on the silicon substrate
using deposition techniques well known to those of skill in the art. In one embodiment,
barrier layer 1402 has a thickness in a range of about 1_00-1000 Angstroms. A layer
having a thickness that is greater or smaller than the above range can be used in other
embodiments.
s Referring back to Figure 12, a bottom electrode is deposited on the barrier {ayer, in
block 1206, using deposition techniques well known to those of skill in the art. Figure 15
illustrates bottom electrode 1502 deposited on the top surface 1504 of barrier layer 1402,
11



10 of the present invention. Figure 12 should be viewed in conjunction wth
Figures 13-17, which are schematic cross-sections illustrating var} HOEC 004
stages of fabricating an integrated circuit capacitor in accordance with
one enbu¢ioyaks3 of the present invention. The nethod begp@fysiifeRlsock 1202,
by fabricating a silicon substrate. Figure 13 illustrates a cross-section
of a portion of a silicon substrate 1302 in accordance with one 1is

enbodi nent_ of the F(é__ﬁsent i ventlf.)@. | n ot her. enbodi ments, substrates
conposed Slfacccﬁé"t"g IGHIRAAUPHL, AT GE Preseshin¥eiiofe ysed. In one enbodi ment,
sili con subst rBdtemled&2rois 1302kbmbletes d bptsah terminsi df itteasiiicon tiep cagasivirng a
resistivi f | ) ] 1 pbstrate
1302 15 _33}!’??3@6%?%@#’%?‘%%%fﬁ?%@?%ﬁ%@?&tﬁ%ﬂ"@ﬁﬁ%@? VIRE S T con
chip capatapegior’s digleginiciayen(degerihed kelesp diar eranple. materials such as plgtinum,| j con waf er
coul ﬂ be palladiufashfgens of RSiGH ¢oald be @fc_[. Tneter %rﬁlﬂdﬂitﬁ&tsgggig{dé_ﬁﬂﬁdﬁﬂ@t er. dl n

anot her A t .si.licon s t . I.s. not used as
part of fﬁé@%@?#@#}? ?%?S%i'%%ne FEHE de“élar,lt’ goo Rﬁ‘eei%"?re‘i'i"ta{?‘a? ilas[ %tgm Bthbde

(descri berngs of aboptjl ohkiomicons.win klegirasie hevinpothickness a6 grdater pramalléed t hr ough
vias. |In ge€thedabovR¥RQEIcAER used Hothe® Snbbdivbdty Oof the substrate 1302 is not as
| nportant. 25 Anoth ion of the bottomtermnal is for .by depositing
a barrier Iayet‘tl,xgi'?lgfoﬁfg%q%’ i%féf’mfiﬁayfﬂéd@olﬂfeg@ﬁ ﬂé"lﬁhﬁ‘f’?’eﬁ"’é@g% €14

i || uste at tsillustratesdieldctricclayet 4602 dépprited omthe tap sutfhe 1604 obthe battom 1404 of silicon
subst r at eeldiRde 1302, &%c&ﬁmgm%cerﬁlfh%hngé'lﬂiftﬁéplle%ﬂnﬁélﬁioﬂﬁde of a highly

doped, conductlve substrate nmateria ' ow sheet resistivity. For

A . ving a v L €
exanpl e, rmat erlPAPserPRAMEN, th ‘ﬂ_‘&hﬁ’tﬂﬁ{ayg’dsbhlgg_ﬂ?éﬁ?mﬁfﬁﬁ?ql?qféfem@@ul d be used.
The bar r i Baroyskijestrurtyrey sigd 95 S3d0pBaTles, PH(ZrJaR3.cubther higlediglsetig deposi ti on

t echni quegon¥@ht! maEHAM such aé M98, Ofhe Hkeldetrici layel RRIeAdsited dlthe BStdRTDOdI ment
barrier layer 1402 has a thickness in a range of about 100-1000 Angstrons. A

| ayer 15 hatlfstgdeusing dappeten teshaiqueswelt knpparto thosesofekilldn thetetn In pre above range
c?n be gsaﬁbddnnmm_wecmmihms:kgé’s5inaaﬁ@gerdf!aso@g?dcuim iﬁi@gmﬁ:@s.;@, a bottom
el ectrode A e rier Jayer, |i 0c usi

Gopost 1 oyt bETRER I Ge Qb Nl of ShatleBUE] e aPove Pt Sor & eq 4R

i |1 ustrat @8badER%sN el ect rode 1502 deposited on the top surface 1504 of
barrier |ayer [d4RRembodiméidEGi R4 196 ek 0AAB3IyREH 1i5103id SRkfand N

1502 Eomprardbe aRBoo e BT B gt mewE Y mhRePs SRS PES R S| 1 one
enbodi nmentelatively lagstamownofsbarge dehen geadedielnalteraatmambedinents,digledtric layerpat i bl e
et er ] ol 5 aer gt Sl ELRSR d g Aokl ik RE U pll’ CATd be used
I ot her " embodi e S HesuiHan ook dosted gt deBRrRBBE | n one.
enbodi mentlpckol@il 0.0Figeted Ttilustrated %0 2lebtasded 70hiepksited on ithe tap surface 1704 of
25  dielectric layer 1602, in accordance with one embodiment of the present invention.
In one embodiment, the top electrode 1702 is made of the same material using the
same deposition techniques as described in conjunction with depositing the bottom
electrode, in block 1206. In addition, the top electrode 1702 has about the same thickness
as the bottom electrode. In other embodiments, the material, deposition technique, and/or
30 electrode thickness can be different for the top and bottom electrodes.
After depositing the top electrode 1702, the capacitor structure is complete. Next,
in one embodiment, the bottom surface of the silicon substrate is back grinded, in block
1212. This is done in order to reduce the thickness of the substrate, as illustrated by 2
thinner silicon substrate 1706 in Figure 17. Back grinding is performed, in one
35 embodiment, by mechanically grinding or polishing the bottom surface of the silicon
substrate.
Finally, in block 1214, multiple capacitors are singulated by dicing the structure
12




range of about 1-10 microns. An el ectrode having a thickness that izﬁe%r@ﬁwer
or smaller than the above range can be used in other enbodinents. n
bl ock 1208, a dielectric layer is deposited on the bottom el ect rode Fi gure
"10 16 il dielectric layer 1602 deposited on the t 1604 of
t he bottoﬁégﬁ)&%ﬁ ode 1502, in accordance with one enbodi r@ﬁ\t ofl e%e pr esent
I nvention. In one enbodlnent the dielectric layer is a high-dielectric
ferroelectric in the perovsklte structure, such as, St Ti O3, BaTi O3,

Pb( Zr ) Ti OB, .iafo pisceserSinguiping the|canaeors is Pediorsied ip opnFabodiment, bylesir s Ta2c5. The
di elhect ric |1ﬁ‘<|56ﬁ£nll¢a$ sﬁﬁﬂ@%&d‘;n@ﬂlabhﬁtcftﬁlﬁq@w&iﬁﬁv&ﬂb tiseofskillig tikegposi t i on

t echni ques we nQwn t i ment,
dielectric I°§9g?“§’?§§“3ﬁl F@Q%‘gﬂ |Ir?11kié'arlt5'ﬁ'gt5 ﬁoag%ﬁttin%%%%%‘g&%%dstrons A
| ayer havi neprecessrioskihsgsed, whereiths prcesstof singwlatingghe @Paqlﬂﬁﬁr{blohlel%llﬂbv@ursange can
be used ifN YPRRE back PRGN k- 1217). one enbodi ment, dielectric |layer 1602 has

arelatively hig C nst 20 in.ar bout 2000 to
5000 or nore). | affh?gs‘ﬁﬁﬂ?ﬁ’r'@r‘ claﬂaé Bgscqtpgﬁn%f °£%§?§§?‘€e| y large
anount of chmcgms,anuatdepthaentedldttﬂmaaarlgepﬁdioetSetﬂ)mdllmenqtssm ogé embadimens. | ayer

1602 coul d Ngyeepeflb&ifbhs, Eﬁd‘frﬁ%foﬂ@&f eadlfda hc?topéﬁrb%r[argér ot SH&ller ARt he above
range. Referrlngaalnto %ure 12, a top ?tgg‘{?rge I's deposited on the

dielectric Ia&%"rfaﬂng Biftstsing i'egthﬁ%‘éf’fi#hw f-es top el ectrode 1702
deposi t eth on t he Figupe STlllusterees b dbplodapadfivediredterethaviog & fysetertid@id formed

accor dance erb?t;grgig 3&1 B%rriérhgyepraﬁéﬁl'g%li'cgﬂlg{ysﬁa?a a(!llae&ﬂ@laggfoom ment,

the top elec ro terl usi'n
% he bottom

“deposi tion t@éhﬁ@mﬂé@f’ésﬂmﬁ'ﬁ?ﬁ thesecond tegHnakn Af Mathbwhvipug iof s
el ectrode, 'tﬂebﬂtB&Kd & 02 dedcHptishchieteiin the chﬁﬁelﬁveptnﬂihﬁebdrdﬂmdﬁﬁhﬂ ilas about the

sane thi ckness. e t mat eri al ,
deposi tion t‘éaé'ﬂhﬁ" n%gt?ra\?o }g&.ﬂ%%‘ﬂa%é%?ﬂ %ﬁgéﬁﬁésgsﬁg‘g‘%h@gﬁdﬁﬁ%?gnt for the
top and bfottldimt@tee@tcmmhom@ftaerime@ﬁs%FlquHganaﬁeoftleﬁccewé’éqer“ﬂ nethg®  t he
capaci tor Sté‘[ﬁwduﬁ&tbﬁthgplmnﬁﬁ]%nnbbxt i n one enbodi nent, the bottom

surface of the siJlicon trat i This is

done in order to rEfAREE ?rl"f O‘Wﬂn gga%?o lﬁﬂ%‘? Eg%f‘ﬁcgtsg{cgg&bf#%s 02 ?ed by a
t hi nner si | i womersayies 1308t ebapoeeiscods Hiba C!IWICCtBaBkCFQ}W&]G!lchgtoiwleﬁ@ﬁfor med, in
one 35 e”bOdlannh?é’thErEEﬁiaerﬁﬁh re A1, Hote R, Wth E1edtiodky mstﬂsm bbb om sur f ace

of the silicon . substrat 1 I Jors are
si ngul at 84 BSAPRATET A 'g‘t‘fé?g?ﬁ;ﬁgﬁfﬂ?élyﬁm@ecggm g??oﬂfdlm ]é%}? Bétﬂ%ga%gg{

PCT/ US01/ 192Pke toptammeatmesare Siade) i erne empodiment agiag ¢anoeators 819and dBHl@, in one
enbodi ment, Dy ofi@figcofect tﬁ@ﬁdﬁ%ﬂ'aﬁ@bp%ﬁﬁks 1@6"?81(5[‘631515&1@1?,%&@?&”' ques
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connectors 1814 and 1816.

25 Although many of the same deposition, back grinding, and singulation techniques
can be used to fabricate the capacitor of Figure 18, additional steps are also necessary to
form and isolate connectors 1814 and 1816. For example, after the top electrode 1814 is
formed, portions of the top electrode are selectively removed, and an additional dielectric
layer 1818 is deposited on the top surface of the top electrode 1810.

30 Then, portions of dielectric layers 1318 and 1808 are selectively removed to
expose portions of the top and bottom electrodes 1810, 1806. Standard silicon via or plug
processing techniques are then employed, in one embodiment, to form connectors 1814
and 1816. Other techniques well known to those of skill in the art also could be employed

Q_

in other embodiments.

35 The capacitor shown in Figure 18 is a single-layer capacitor. In other
embodiments, portions of the build up process could be repeated in order to form a multi-
layer capacitor. In such embodiments, additional conductive and non-conductive layers
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process coul d be used, where the process of singulating the capaci tﬁrft o
(block 1214) occurs 5 before back grinding (block 1212). Each of 2t ) 2004
singul ated capacitors has a thickness in a range of about 30-150 microns,
and a d¥Qo2/ades wi dth in a range of about 5-10 milli et gicsyydol 1636

enbodi nent. I n other enbodi ments, the di nensions of each capacitor can be
| arger or smaller than the above ranges. After singulating the capacitors,

t he met hogoerRads buill: h tructure

naving & flet L fﬁfﬁﬁg}%& fﬁﬁn@‘ﬁ&‘%&ﬁ%@%%@%ﬁﬁ% barri er

layer, anfuft c%‘P‘F‘i“@ &9t holding agreateramountafeharge. and a top el ectrode

that forns t heAsészsonbtdtpewmuam oneAs miird bf tb@cagbﬂﬂomlﬂush@te@ﬂﬁl@fressw dnli in the
B

art based 9 bl A5RAHESHARLAS! &t BrnldiEd RRRASh il GUTE HIfasan D

nodi fied into con I gura ’sane
pur pose. F‘E?’P‘é“ﬁ'é ARsY/er prinfed siraiiy wpayd; ff'BlFrBé? Hlsteatesandntemsated eitcuit package an
i nt egr at ed9a, mupdsepmna,cunﬂcprmuemcmﬁwﬁm@es \ehdthofahadhhenid igidaedheent of the

present shq 0 i ncludes a thinned
silicon s%@%@%ﬁdﬁg&&&@%ﬁ&m rd&'i’“l“é e‘fmi‘ésd’%’ ° m}?BFtot CEE™ r ode 1806, a
di el ectri &vERtiger 1808, and a top el ectrode 1810. Unlike the capacitor of
Figure 17, hovguhg ﬁl@&ttﬂeﬁr%‘éﬂggéqf@ ér?ﬁ@gra@eﬁ%ﬂclﬁilﬁg?gsl%gseﬁ% aci tor of Figure

18 are _electri ca connec rface capacitor. The
top cohnelMIEH %’Pcét%"t!fég 9@9 ?ﬂ)‘dﬁﬁ%i 02 qpatajfg opg,onfarre 6Ffuiitd 814 and 1816
to elect whmalarqcl@mlé}ccomhaedioumtegmtamdxrctuttmaﬂdagswom@s()riu%&ﬁns (dat10,
respectivglggm)to the top surface 1812. In addition, an additional
dielectric | ay 18 P(ﬁd to electrically isolate connectors 1814 and
1816. 25 Alth h’@éﬁ;}fﬂ&f W3eodd be 2pepfanumbsiof types Rf igterratad sicuitn dn
si ngul at i ome énetoilimentiefthe prasenbiaversied, :htagrfa&blbirﬂﬁﬁ B Hﬁneﬁaaﬁﬂotésﬁorof Figure 18
addi tiona ¢ nd te connectors 1814
ho Llﬂﬁ)‘hﬁpﬁxt ?edaélt%@t et%ﬁlfab%oih%f Q/E?s of gc e% cltbg TR ?’ ments; d?

and 1816. For eﬁ ] e portlons
of the toﬁ‘eéf‘%?gﬁ’éwa‘r“éﬁg?éqdé‘éfﬁ%é?(ﬁ ‘Férr%li?éblp sive o'éwtewmdtctr@nm dielectric
| ayer 181mBaring Hahe inpeitbutput tehﬁmht@;ihs%ﬂ ﬂfe&:ﬁ@)cﬁfx o&dﬁﬁat p&ihesmtiisode 1810. 30

Th ] dt
Then, or LB R R SES b AU Al bl Gl 0" 10
si|icon vités fippediayer aﬂﬁﬁﬁ@éﬁ%lvrﬂgﬁﬁcbchmmbaﬂfrt@mat%mgentblquywpp| n one

enbodmen§urfat@off1@tegaa&eam@mt|ﬁe&gé$m @%&8&1&5 mz@gﬂaﬁa cir&ﬁth@bﬂétﬁéd pel I known
er enbodi nent s.

to th f t.h
Sg Thgsga‘gg dIF d s‘llfﬁltg%mslffoﬁ%p &9@1‘5@9'@&%cg?Wg‘]gg?¥ﬁ?€ngﬁﬁ%ﬁ Ragkage| n ot her
embodi men %94 %@Etbpmiwﬂf@ftopm dpuhd tdp swrizee ofitegratadigircuibmackazpé®®4ed in order to

forma multi- G@y&h&meémuﬁv&hm&%ﬁ@eﬂ u¥EI0D S actAAN ibddORfRich HR duct lve

and non-conductive | ayers 13 2 02/.03463 P / S01/ 19
require capacitance; noise suppression, and/or power dampening. Some o

25  capacitance is provided, in one embodiment of the present invention, by capacitors (not
shown) embedded within integrated circuit package 1904.

In this manner, one or more levels of additional capacitance are provided to
integrated circuit 1902, also providing power dampening and noise suppression, when
needed. The close proximity of these off-chip sources of capacitance means that each

30  source has a relatively low inductance path to the die. In other embodiments, the
capacitors are embedded within the printed circuit board 1908, interposer 1906, or some
combination thereof.

Integrated circuit package 1904 is coupled to interposer 1906 using solder
connections, such as ball grid array connections 1910, for example. In another

35 embodiment, integrated circuit package 1904 could be electrically and physically
connected to interposer 1906 using a pinned connection, as described below.

Interposer 1906 is coupled to printed circuit board 1908 through a socket 1912 on
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ywoul d be built upon the top surface 1812 of dielectric layer 1818, 27 pfr 00
essentially formng nultiple capacitors that are capable of holding a
~greater amount of charge. As described previously, one or nore of the

capaci torwgd2Jousgsr ated in Figures 17 and 18, or other appeeRikhiis:s
substitutes, are enbedded within an integrated circuit package, 5
.interposer, and/or printed circuit board. Figure 19 illustrates an

1908, each BTG EGHRATT R it ameE R o e R R e T
accor dance which matr withusongpidyoaticane pinsholss irt $oekey il Bide tltemavived intapeseSto6t i ng from

the top of El ; ' | h b ' drnt egr at ed
circuit pac %Lgdéﬁﬁg%%ma?g %ﬁ@ﬁﬁﬁlﬂnﬁéa&e@% rinkecircli® béHad 5508 ubg d8adr
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por nt on 1t ieified QR peckal ool ShTbARE] ARSIk MORTBE oRGBe BB ol BT
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1904 usi ng [ntemtated cigwit 1802 Athesepewendrauwsg, and otharsgnats araruppfiedthrgughi r cui t
pa;:kage 19?{@@3@ lﬁﬁeﬁmﬁh&fn}bﬂ;@rﬁitﬂiﬁlﬁiht_%{i\éir&ditiH&aﬂdﬂb@ﬂ)@@ik@ldl%i,mmit 13?2
acts as a , I C réequi re .capacitan noji.se suppressiqn, . and/ or
P L N L E e e R T
of the presaf@4.invention, by capacitors (not shown) enbedded within
i ntegrated CirCuirhe DRACKRYCsHBbollinlcBhjindHoA MG vaiiil cRbodiRERs EdilEbsa Of
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has a relat iugldanbOWi HLRBRRPH e beschlBvéttién. | N ot her enmbodi ments, the
capacitors are e 1t hi ' ' %8% I nt er poser
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1906, or some c ?W%EYSE%F%’S‘FS."B PHP&EfF%f‘éca“tc"f’P?’égQ@ B‘E’i‘ﬂwg £51904 is
coupl ed t o imitrepioossear 2004) Gntegsatedcismitgeckage 2i0acioteimons 20688, bis 2040jnower gri d
array conneghipn Sherdt @20 X AP IEmoly R 03B OtrfiGared IR AIRRRIEB6, | Nt egr at ed
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i nt er poser 19&rROsE 29A$, andir prmigd elsrHithoprdA0V2 iclude.ane qr More TRty | nt er poser
1906 i s 260U Rhmditére inpaccortiate wiith vaidusizodkodintsn 8f thh peseyhinsergivokdsscribed 2 on 14

above. Integrated circuit package 2006 and interposer 2008 couple microprocessor 2004

to bus 2010 in order to deliver power and communication signals between microprocessor

2004 and devices coupled to bus 2010. For the embodiment of the present invention

shown in Figure 20, bus 2010 couples microprocessor 2004 to memory 2014 and power

30  supply signal generator 2012. However, it is to be understood that in alternative
embodiments of the present invention, microprocessor 2004 can be coupled to memory
2014 and power supply signal generator 2012 through two different busses.

Conclusion
35 Thus, various embodiments of an electronic package having one or more embedded
capacitors and methods of fabricating that package have been described, along with a
description of the incorporation of a package within a general purpose computer system.
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23DEC2004 WO 02/ 03463 PCT/ US01/ 19225 printed circuit board 1908. In the
exanpl e shown, interposer 1906 includes pins 1914, which nmate vm'zt}'uﬂ%t 7004
conpl ementary pin holes in socket 1912. Alternatively, interposer 1906

coul d BEOSRE¥EI i cal | y and physical |y connected to printpgrgiksgidhis board 1908
usi ng sol der connections, such as ball grid array connections, for exanple.
In still another alternate 5 enbodi nent, integrated circuit package 1904 ‘
coul d be el : | LG oard 1908, w thout using an
I nt er pos Iﬁggq}ﬁ&iggh&gﬁﬁg%%‘ﬁr}%%ﬁgh Pégarberal ag‘aﬁé’? %B?ct%gepaé' I?%pga@“f904 and
printed dRVeHsabespdesgrinedos coul d be electrically and physically connected

usi ng bal | grwailamewe%mgméx&aﬁes S0dIRERsidne BRd rafded 8fe AR Ser typigAIN@et | N

i nt egratq’q.&lsre W2 g e.lQOél and prJint Eg cLr ui t board 08[ coul d al so be
used in other HOQUITISAS 3F e PEntion, 475, ol dimpfef i 01 fBSRSions s Fengi tiShe, for
exanple, recognieedethitdhe wendfwithirciodystry éto gepesallyreduds devirehlimensioms fr thes a vehi cl e
to suppl mmmacogwmfmﬁmcgg,{gg{s_types of signals to integrated circuit
1902. These povwer iround,, and other sjgnals are supplied through traces or
pl anes (not Qﬂﬁffmgﬂ“%&%@ﬁfwavmfﬁﬁe E‘F‘%CE’EF?‘E‘“*!?HH?@%W?“%& ket 1912,

pi ns is T4 to thadcaompanying drawingdrehninh fovm agrartihesebf, and intwhighaseshod@dy and

I nt egr at qghyGir SRk flr%?ﬁe ; Mo e in conjunction
with vari oa’s(\.ilﬁe[nb dtlwﬁggétegﬁgpgﬁl d éﬂ%ﬁ@@ﬁl{%&ﬁ?&%@&?&?ﬁcﬁfmﬁc age, interposer,
or prifnt é’dac{:‘F‘?chﬁ‘Fseﬁﬁg’P@"FBFﬁferﬁs‘ﬁﬁ’P@"bﬁ“ wicgbarsaibp ﬁﬂ%fﬁ@%kﬂgdﬁut er system
Fi gur e 2Qhd drt topracitethe mvgetivar al pur pose conputer systemin 20 accordance

w th one enbgg ; b A onputer systemis housed
on printed c?%Watg’g%?%gggggl%?%%c?r#lﬁ%&E%Qyﬂlﬁgaﬁg‘ ?lg'](::)aél?g%?n%gOA i nt egrated
circuit pHbsidgealewiael tojaphiaveshemerymse may boobeitutebios the spenific y si gnal

gener at orerrﬁ&(i)iﬁ‘:.entadhdwﬂE/. Fmrexz_uﬂﬁéﬁllusl_uﬁﬁﬁgin?doab %cﬁi:srzsﬁ%bg Eaﬁa&fdﬁﬁaﬁd bedd&P .

i nt er.poser: . ole. Rri Nt ed, Circui,t . i n¢l ude .one or nore
enbedded gl%céa%g%lgﬁ .OFSSOfIa a%k&é%&é%%eggr,w%%%k%i%&g a@r‘?ﬂgﬁqcﬂgﬂfcstgﬁtft{;? he present
i nvent i orfmbeddsd eapgeitprs eavisl/ee inglidedgn queser mare ot layess keapeord @06 weththe nt er poser
2008 couprRertiitieRidsn0 @aS0S BEside Rdving HphstSion thidh ihBg@fed Sfrclihatielgt MBE Power and
conmmuni cat l, 0 I gnal s be ween .m er oprocessor 2004 and devices coupled to
bus 2010 e KEPRRES PR FRCtF PG PLCEHLocrotG SHRHOBTCS ShEVATIOS® qur e 20,
bus 2010 o plrpecbeirawit boardrio othesambadinehts dn additiony a@itiohabiaykrpofpatterded suppl y

Si gnab geBRfuhv mAEals andGWEXEnects Forlciriifl Q&Mg@v@étﬁg%&%ﬂﬁn#% giternative
enbodi nent s of ﬁé‘?e &_é}%?en inve tion, mcroprocessor 04 ca ge coupled to
menory  JBTAChARRYSo °§"u‘%f) ayers p in Htor 2012 through two different
busses. ConclThs ivarious 8mbddiosents haveibeersdeserited imtha tentext ofyproelimglereess,c package

havi ng oRgr&ifp dipidtafithisddRd @@B@&Mhﬂﬁfsﬁﬁgﬂ aEEE0STd GlaefBiE] 180 &P that

b bed
package [GVE DG, HOSE haHk mabSld

25  applied in many other applications where an embedded capacitor having a low inductance
path to a circuit load are desired. Therefore, all such applications are intended to fall
within the spirit and scope of the present invention.

This application is intended to cover any adaptations or variations of the present

|

|

|

oy |
and apparatus of the present invention could also be ‘
\

\

invention. The foregoing detailed description is, therefore, not to be taken in a limiting

30  sense, and it will be readily understood by those skilled in the art that various other
changes in the details, materials, and arrangements of the parts and steps which have been
described and illustrated in order to explain the nature of this invention may be made
without departing from the spirit and scope of the invention as expressed in the adjoining
claims.
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description of the incorporation of a package within a general purpose
conputer system 15 2 3 DEL 7004 WO 02/ 03463 PCTI USO /19225 I n addi} pih7n0i
vari ous enbodinments relating to the fabrication of the package and capacitor
have al so been described. Wile the foregoi ng exanpl es of dinmensions and
ranges are_considered typical, the various enbodi nents of the invention are
not |ini tERAMMS ch di mensions or ranges. It is 5 recognized that the trend
within industry is to generally reduce device dinensions for the associated
cost and performance benefits. In the foregoing detail ed description of the
pr ef er r edl.enbodh ekntrénic peélesge oemptising:made to t he acconpanyi ng draw ngs which
forma part hereof, and in which are showmn by way of illustration specific
preferred embodfifbiysr ofithgalestoninpaskagehaviema to@subace o practiced. These
enbodi nents ar ' [ f1Cl il b h skilled in
the art to pr a%tl?%’z%[l%Q%?ﬁbgﬁeﬁ#é#rgﬁg%qd?ﬁ giee tg%%}@%ﬁe&t 5%‘3%?‘??0‘}&&%

ordi nary gHeédst onendibdiete @hpacitoPhasyrstlefmingediin secoiil ©©fningl;cal cul ated to

achi eve the sanme purpose may be substituted for the specific enbodinent
shown. For exagpop-condyctive rlayer \appbed o the dep serieny awbavdrt ibe atdedse@ded 15

W t hin ceé.tai n Ia%etrs_ of, a package. However, those skilled in the art wll
recogni ze S cpk; l%ﬁﬂgdded capacitors could be included in one or nore
other |ayers, ¢ectA6sPodanEiBnbétveththe MEERANInal MEINei s@fondALARInaDESthees
having application in an integrated circuit package, the enbedded

capaci t or& leashoneedisgretd capacitprnans atopwarfaceusf tk sor-eanductivepey@snt s on an
interposer or printed circuit board, in other enbodi nents. In addition,
additional layers of patterned 20 conductive nmaterials and interconnects for
carrying 3i gnafige cle@yétlic pAikagdiOURiEhdaBY cBXhST wHRRENERMbleckdR pacRigel§! oW t he

| ayers shown in the figures. The various enbodi nents have been described in
t he cont eatintsigradecbatiaditmpckagedba is eloftfically qunoegaldé toemciotegrated cirauit. One of
ordinary skill in the art would understand, based on the description
herein, that the method and apparatus of the present invention could also be
25 applied in TROMeQEIRE paAkBbd £24hIANY WRGHA 12N HRFDEHECd GRRRCHARIgeNGVI NY a

| ow i nductance path to a cifcuit |load are desired. Therefore, aI% such

appl i cat i anwtespaser tatisgbgtrically abinectableltp an trtegrated circuibpatksgope of t he
present invention. This application is intended to cover any adaptations or
variations of the present invention. The foregoing detail ed description is,
t her ef or &4 NOtTADCIDGrdrdk Bakkafe & dIhiflc iRQIairiCl, R tAWedulonl ddeidie ik eadi 1y
understood by those skilfed Tn the an that various other changes in the
detail s, aptimed aircyit boadd trat sredeemicaily cofinectableptaah sntegrdtedteapsit phdkabe.have been
described and illustrated in order to explain the nature of this invention
may be made wi thout departing fromthe spirit and scope of the invention as

expressedsin tfig adidmié Pckage as claimed in claim 1, wherein each of the at least one
capacitor comprises:
a bottom electrode, which forms at least a part of the first terminal;
a dielectric layer connected to the bottom electrode; and
a top electrode, connected to the dielectric layer, which forms at least a part of

the second terminal, wherein the bottom electrode is formed on a silicon substrate.

6. The electronic package as claimed in claim 1, further comprising:
one or more additional capacitors mounted on one or more additional layers of

the electronic package.

7. A computer system positioned on a printed circuit board, the computer system

comprising:

17




claims. 16 23 DEC 2004 CLAIMS 1. An el ectronic package conprising: aZ8il§t00
| ayer of the electronic package having a top surface; at |east one discrete
capacitor nounted on the top surface, wherein each of the at |east one

di screte capacitor has a first termnal and a second termnal; a

non- conducti ve {)‘ta%_/er applied on the top surface and over the at |east one

di screte capac? ; and el ectrical connections between the first term nal
and the secon ﬁﬂ.‘ n i ast one discrete capacitor and a top
surface of thga%%n-coﬁéc}l&géﬂtégﬁ?%%éﬁgﬁz The el ectroni c package as clained in
clai m1, wher eamintdgeated ecduiipackageaokplgéd to the bas incltdiggat ed circuit package
that is electrically connectable to an integrated circuit., 3. The electronic
package as cl ai med &helestsamis E?Ckﬁ%h%il?g%%&tg@yébt”ﬂbrﬁ top sufResg at feast opg,

| nt er poser t NalaphSrdlfGiePGh e (68 BARRRErehPinRabRUGORA! £ horfrilal
package. 4. The“electronic package as clainmed in clarmT1, erein the
el ectroni ¢ packrige secondaemiingl, @cthoti-dondudtiviedayed dppHéd ba thd et surfaae layd
connectable to an integrated circuit package., 5. The_el ectronic package as
clai med in cl a®¥er 1the ik deast pne sapagtors ard glecirisals comngationsabriwpe thec Bbr i ses: a

bottom el ectro . i f or y of _t £ i |: a
dielectric | ay@ﬁng%%@%hg%e?%dﬁ%gﬁ@%ﬁf&% gﬁ%%?r% é:; 8%0#8; gﬁq %g‘%‘g@’ﬁ ode,
connected to t&Rheheheshducve Ryer, andhi ch forms at least a part of the
second termnal, wherein the bottomelectrode is forned on a silicon

substrate. 6. The et gueropricessphlokalgd oag opanrfecs ofithe ekectipnic ppekagpethe

addr i onar 1 ayBgouPB Sttt HERE A gh MR ot i Il

A A PR AR S AR A
package coupled to the bus, including: an electronic package having a first
surt ace.  Siner of e CHBPREeRhr e b ee R 2 Cecond ¢ or i nal

a non-conduct i ¥ érayiBfc ARRIIMANcAACHARS nRRtedWr dkCordtre MMRlonahRyét oreast one
capacitor, and electrical connections between the first
the electronic package.

9. The computer system as claimed in claim 7, wherein each of the one or more
capacitors comprises:

a bottom electrode that forms at least a part of the first terminal;

a dielectric layer connected to the bottom electrode; and

a top electrode, connected to the dielectric layer, that forms at least a part of the

second terminal, wherein the bottom electrode is formed on a silicon substrate.

10. A method for fabricating an electronic package, the method comprising:
mounting a discrete capacitor on a top surface of a first layer of the electronic
package, wherein the discrete capacitor has a first terminal and a second terminal;
applying a non-conductive layer on the top surface and over the discrete
capacitor; and
electrically connecting the first terminal and the second terminal of the discrete

capacitor to a top surface of the non-conductive layer.

11, The method as claimed in claim 10, further comprising:
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termrnal and the second terminal of the at |east one capacitor and grj EP
surface of the non-conductive |ayer, and a m croprocessor | ocated EH]}B"
surface of the electronic package, the mcroprocessor containing a circuit
that is electrically connected to the first termnal and the second
termnal. 8. The conmputer systemas clainmed in claim7, further conprising:
one or nore admpumtmgannempﬂmf:a@chgomﬂi@mwdowsmndh@taprsurfee@ofahqﬁtsrt ket | ayers
of the electronic package. 9. The conputer systemas clained in claim?7,
wherein each of the one or nore capacitors conprises: a bottom el ectrode
that forngp at TeasbthedRthiméd inPaifnl 16 FurdiRe Bdmpdising:a di el ectric |ayer
connected to the bottom el ectrode; and a top el ectrode, connected to the
dielectric | ayl@puntmga@nef@rmreaaddlltmgt capagizars opfone jps mose o layersofiihe

wherein the botto electrode is formed on a silicon substrate. 10. A nethod
for fabri 3‘Etfoﬁlbc%aﬁ %ctronic package, the method conprising: nounting a

di screte capacitor on a top surface of a first |layer of the electronic
package, wherein the discrete capacitor has a first termnal and a second
term nal ; 13. apple mgthadmenlauwtimlalmelﬂ axylerelmmoumeng ihp capacitaceomprisesver t he
di screte capag nd el ctr C onnect1n t he rst termnal and the
second terni na"l1 Fmgﬁ e‘équf‘:‘? kh? g”&‘fc %3%318 ﬁ““ﬁace of the

non- conductive layer. 11. The net hod as claimed in claim 10, further
conprising: 18 23 DEC2004 nounting one or nore additional capacitors on the
top surfate of Thdmethiodss claimped in cl@m Ihevhersithogunigngthe icapagitpncanhprises: 10,
further corrprl untin or nore additional capacitors on one or

mor e ot her | ayaietioe TR Eragrsdt Msripe SR A onedt MOTE SHACHOTSLIoB ol red i n
claim 10, wher ein nmounting the capacitor conprises: attaching the capacitor
to the top surface with an adhesive film 14. The nethod as clainmed in claim
10, whereifh nolin imethodhes ctamadiin olairs d fpwheresy apphting thei nog-condudivedayeror to
the top surface with one or nore solder connections. 15. The nethod as

cl ai med i PRI 10, wherein applying the non-conductive |ayer conprises:
l'am nating onejffindiiiz@ns e &lode ﬂfeei%QﬂnGHJ&thﬁIchV@ﬁth bmtﬁl{‘tobr&ﬁrfﬁ&paﬁ”face and
curing the one or |ge sheets of non-conductive film 16. The nethod as

cl ai med in cl aturing3he d60r oteerechegss pEnogeondpttavedilnzi ng t he one or nore sheets
of non-conductive film

16.  The method as claimed in claim 15, further comprising:

planarizing the one or more sheets of non-conductive film.

17. The method as claimed in claim 10, wherein applying the non-conductive layer
COmprises:

screen-printing a photoimagable liquid on the top surface;

curing the photoimagable liquid; and

photoimaging the photoimagable liquid.

18.  The method as claimed in claim 10, wherein applying the non-conductive layer
comprises:
applying a non-conductive layer having a thickness in a range of about 80 to

150 microns.

19.  The method as claimed in claim 10, wherein electrically connecting the second

terminal comprises:
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17. The nmethod as clainmed in claim10, wherein applying the non-conductive
| ayer conprises: screen-printing a photoinagable liquid on the top ?%rfﬁgﬁn
curing the photoi magabl e |iquid; and phot oi magi ng the phot oi nagabl e i&ﬁi :
18. The method as clained in claim10, wherein applying the non-conductive
| ayer conprisgs: . applying a non-copductive |ayer having a thickness in a
range of aboutfoﬁﬁlrtgg&n{@bgﬂ]ﬁ%ﬁg%% tg@.to aﬁ%f’%@'ﬁ “&E‘%’Pg‘i‘?ﬁ’ﬁﬁ laygr tathe m 10,
wherein e&gs&;kﬁﬁﬁ&yaﬁgnnecting the second termnal conprises: 19 2 3 DEC
2004 formng contact holes through the top surface of the non-conductive

| ayer to the doposindgtiddinbnadlcondurtivel eposial inntbe astdadtiroted] conductive materia
in the contact holes. 20. The nmethod as clainmed in claim 10, further
conprising: building up one or nore additional package |ayers on the top

surface th [Ro¥ . Leally connecting the first
term nal Oﬁaorid t %@Jgg@gﬂg%g}@n&ggﬁrg@? op egg{) jgllgge}hé'of the one or nore

addi ti onal pachédliingd ayeme. or2thorePadditidrad! phelagt dbyer< ahithe tép s@lfRetsfodhe C
package, the method conprising: nounting a capacitor on a top surface of a
first | aydecteoniqpaskegeeard oni ¢ package, wherein the capacitor has a first

termnal and aysagond JehTldiene AASRRLE bl HISecARARIRANO hYG) YRS 2 bot tom

el ectrode that Torns-a ea a par ermnal, ctric

| ayer, angf the bpoehertddditonhhgdckigerlagerat | east a part of the second
termnal, wherein the bottomelectrode is forned on a silicon substrate;

appl ying a non-conductive |layer on the top surface and over the capacitor;

the capatitor MY BE Tlrube Sy betfoi SR s TR P BRE .| *re et o
as claimed in gbantiigld cagabitb @i a e Rirfade BHa firdlaRRS iof ititeldcthid pAkagsayer on a
silicon substrate; depositing the bottomelectrode on a top surface of the

barrier |aherein theegppatitarnipsaa dirstl teeminiat andyee pecond demupals @nd avkerein thhe bottom

el ectrode; and .d Siti th 0 | ectrode.on, a _tap rf.ace of. the
i o ec r 1 eoRehe MBS & hkyh MeclBhc Bhaf T a5 R b 30 SRRt R or 1 i g
si ngul at i Mmglekifie 1aARAGA @MtoP¥1eRBH BHat Meindsh® 16RPaPattosf the @BtdRdl fething], Ot her
capacitors deposited on the silicon substrate.
wherein the bottom electrode is formed on a silicon substrate;
applying a non-conductive layer on the top surface and over the capacitor; and
electrically connecting the first terminal and the second terminal of the

capacitor to a top surface of the non-conductive layer.

22.  The method as claimed in claim 21, further comprising:
depositing a barrier layer on a silicon substrate;
depositing the bottom electrode on a top surface of the barrier layer;
depositing a dielectric layer on a top surface of the bottom electrode; and

depositing the top electrode on a top surface of the dielectric layer.
23.  The method as claimed in claim 22, further comprising:
singulating the capacitor by separating the capacitor from multiple other

capacitors deposited on the silicon substrate.

24.  The method as claimed in claim 22, further comprising:

back grinding the silicon substrate to reduce a thickness of the silicon substrate.
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24. The nethod as claimed in claim22, further conprising: back grlgsd&ag t he

silicon substrate to reduce a thi ckness of the silicon substrate

20N 25. The nethod as claimed in claim22, wherein depositing the barrier

| ayer conprises: depositing a barrier layer having a thickness in a range

of about 100 to 1000 Angstroms. 26. The nmethod as clainmed in claim22,

wher ei n d&bosi Thegnethed ar ¢laiaed| iy shimc3hpwhewsin depesitisigr theg barrisarlayeer | ayer

of a hi ghﬁndﬁ% conductive substrate material. 27. The nmethod as cl ai ned
rei

inclaim n depositing the bottomelectrode conprises: depositing

a bottom el ect 44/GitiRg\d Béirier 1AECKRISS aithicRnds3MYQ @hgedBPMbout 100 tdQ 0041 Crons.
28. The nethod as clained in Claim wherei n dep05| ting the dielectric

| ayer cofpgstoms; depositing a diel ectric | ayer having a thickness in a
range of about 100 to 1000 Angstronms. 29. The nethod as clainmed in claim
22, wherein depositing the top electrode conprises: depositing a top

el ect rodeyfavi T Gndthod kBeagined  CRAECID! whBRH ddpdsRinkD theTh&fRPJayed 1

comprises:

depositing a barrier layer of a highly doped, conductive substrate material.

27.  The method as claimed in claim 22, wherein depositing the bottom electrode
comprises:
depositing a bottom electrode having a thickness in a range of about 1 to 10

microns.

28.  The method as claimed in claim 22, wherein depositing the dielectric layer
comprises:

depositing a dielectric layer having a thickness in a range of about 100 to 1000
Angstroms.

29.  The method as claimed in claim 22, wherein depositing the top electrode
comprises:
depositing a top electrode having a thickness in a range of about 1 to 10

microns.
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