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Circuit structures and passive devices. BACKGROUND 5 [0002] It is
desirable to provide decoupling capacitance in a close proxinmty to an

integrated circuit chip or die. The need for such capacitance increases as
the switcRiIMI'%pEdd and current requirenents of chi pECEFSHP¥E Becones
hi gher. Thus, the need for a high nunber of passive conponents for high

density integrated circuit chips or dies, the resultant increasing circuit
density of printed wiring boards éFME%“ and a trend to higher 10
frequencies in the nulti-gi iR DEYISAGERE B -hong the factors conbining to
i ncrease pressure on passive conponents surface-nounted on package
substratesLpr PWBs. By incorporating enbedded passive conponents (e.g.
capacitors, resistors, inductors) into the package substrate or PWB,

i mproved tformance, better reliability, smaller footprint, and | ower
cost can'’ jé%ﬁ%@ﬁ%@@nfﬁ&Féﬁﬁﬁ%”%QES%itors are the predomi nant passive

conponent in nost circuit designs. Typical materials for suitable enmbedded
capaci t cBACBKNUMENDs, such as pol yner and hi gh- dielectric constant
(high-k) ceram c powder conposites or high-k ceram c powder and gl ass

powder mxtures, ;.at.e;oeneh el edu,thi efatifné RARAGE bARGAnAEASI ty on the
ordergophéﬁﬂggééng énggaﬁgké.iLwlé%%%&#aaﬁgnﬂ_ At?enptgqhave_been made to
enbed t hintegfatddni20itchipaciticoi ke igst doiomginerrecigassippratsesas WUWHICA®But i | i zi ng
ceramc fillers. in .1 i &0 PighBr. 1iHuE AARLARSE el M
Fbmever,ﬂﬁ?o@%§§?ﬁ88§%¥wﬁ%%§P?ﬁaﬁ%$%¥ﬁéﬁsi%$eu*aningfes'has Ipr%@gd to be
di f i cul fumtBRoEFasESCRRTEION COf: giHENDRANE NES] 28 ioddx|or Heathr es, aspects,

the fol | BARRG: Wera Tea uaserrpt] oh oS aRIRug AP el e RREe D g "
dr awigsfreduebtie i the multi-gigaHertz range are among the factors combining to increase

pressure on passive components surface-mounted on package substrates or PWBs. By

incorporating embedded passive components (e.g., Capacitors, resistors, inductors) into the

package substrate or PWB, improved performance, better reliability, smaller footprint, and

lower cost can be achieved.

15 [6003] Capacitors are the predominant passive component in most circuit designs.
Typical materials for suitable embedded capacitor components, such as polymer and high-
dielectric constant (high-k) ceramic powder composites or high-k ceramic powder and
glass powder mixtures, are generally limited to a capacitance density on the order of
nanoFarad/cm? and 0.1 microFarad/em®. Attempts have been made to embed thin film

20 capacitors into organic substrates, such as utilizing ceramic fillers in polyimide or epoxy
resins in thin laminate form. However, processing and handling of thin-core laminates has

proved to be difficult.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0004] Features, aspects, and advantages of embodiments will become more thoroughly
apparent from the following detailed description, appended claims, and accompanying

drawings in which:



1 WD 2006/ 047189 PCT/ US2005/ 037626 [0005] Figure 1 shows a cross-sectional
schematic side view of an enbodinent of a chip or die package suitable for
nounting on a printed circuit or wiring board. [0006] Figure 2 shows a
cross-sectional schematic side view of the package substrate of Figure 1.
5 [0007] MQWPEH3%escribes a process flow for forni n§CENSEHHREHEd
capacitor. [0008] Figure 4 shows a schematic side view of a first conductor
sheet having a |layer of conductive material formed thereon. [0009] Figure
S ShOWSumsqerign"rcCI pevwderrdepasiohadcenatdedd viestof eoadueliorenshieethiof  Fi gure
4. 10 [0010] Figure q l[s)qulows a schematic side view,of a second conductor
sheet hﬁ\/ﬁ“ﬁﬁa%wcdi}‘et?be TEHELEST VR T AT VB IRed Fher eon. [0011] Fi gure
7 shows the stricture of Figure 5 with the first conductor (Figure 4) and
t he secpdsichizduct arow Ricgrs-ecdipnd crinmotieddt vecomp dippekegdedabstufe of cerami ¢
materra!l é{ 012] Figure 8 shows the structure of Figure 7 after sintering
and havi'HyTan overlay of 15 conductor material on the first conductor and
t he second conductor. DETAILED DESCRI PTI ON [0013] Figure 1 shows a

Cr 0ss- sambijofiahrs’ decnbeew ppdcesntlamtoe fpratredineimbedded cpeick@ge that can be
physically and electrically connected to a printed wiring board or printed
circuit oar.d ) I ronic
R O A o R S T
deskt oppoﬂdaptﬁ\@pnathamﬁmhaeﬂmer@er ver, etc.), wreless comrmunication device
(e.g., cellular phone, cordless phone pager, etc.), conputer-related

pert pheE b) i gieSE)l{o c'é?a’r 1§§§\9&?'&e o%'otnqrmsfns%cﬁldﬁctoﬁme%f terigent device
(e.qg., er §’| i pe and conpact disc player,

vi deocadsette recorder I\/P3 25 (Motion Picture Experts G oup, Audio Layer
3) player, etc.), and the like. Fi gure 1 illustrates the package as part

of al(}de?&ﬁ&lp}d‘ﬁgﬂgtpws}%ws a schematic side view of a second conductor sheet having a layer

of conductive material formed thereon.

[0011] Figure 7 shows the structure of Figure § with the first conductor (Figure 4) and

the second conductor (Figure 6) connected to opposite sides of a ceramic material.

[0012] Figure 8 shows the structure of Figure 7 after sintering and having an overlay of

15 conductor material on the first conductor and the second conductor.

DETAILED DESCRIPTION

100131 Figure 1 shows a cross-sectional side view of an integrated circuit package that

can be physically and electrically connected to a printed wiring board or printed circuit
20 board (PCB) to form an electronic assembly. The electronic assembly can be part of an

electronic system such as a computer (e.g., desktop, laptop, hand-held, server, etc.),

wireless communication device (e.g., cellular phone, cordless phone, pager, etc.),

computer-related peripheral (e.g., printers, scanner, monitors, etc.), entertainment device

(e.g., television, radio, stereo, tape and compact disc player, videocassette recorder, MP3
25 (Motion Picture Experts Group, Audio Layer 3) player, etc.), and the like. Figure 1

illustrates the package as part of a desktop computer.



2 WO 2006/ 047189 PCT/US2005/ 037626 [0014] Figure 1 shows electronic
assenbly 100 including die 110 physically and electrically connected to
package sugstratF 101. Die 110 is an integrated circuit die, such as a
processor die. E eptrical contact points (e.g., contact pads on a surface
of die 118)° AP¥4"Ednnected to package substrate 101 tﬁFBﬁﬁWmWBHaﬁctive bunp
llayer 125. Package 5 substrate 101 nmay be used to connect electronic
assenbly 100 to printed circuit board 130, such as a notherboard or other
ci rcui t [(9asir BigufODIB}vsIcheconeic essbobly et includiekiag bl Oabsseaiateed 101 i ncl udes one
or nore_capagcitor truct S ef er i ng. Fi £ e bstrate 101
i ncl udegl%gtglﬁébl %OSPCCZCtdr‘Lﬂ f Cﬂ{agc éﬂfgl a{eafr’]d&_ cﬂg%ga@l 1"tsz 81? leé‘%} %t%q[ ﬁfcgﬁﬁgos%ﬁbedded

t her ei nas Capaekdrafie. Stieadtarentid Poiande. cagacict prls 20 astrfarc pldie 116Grar e

connected to osjite si f rate 160. i
cobstr atemedet REREE iR D0 R RIEREL Rk s BRRET T Dergi ase

r e} ng or g@f{gtraﬁmbﬁl‘da_ﬁbe ugddse Cglﬂieh&!ic@dirﬁc peagbly THo & wonki oaniabéoh130ay be
referred to as an integrated.thin filmcapacitor (i TFC) system where the
capaci t 1S AR (ABFAEY Y9t D the package substrate rather than,
for exanple, an interposer between the die and the package substrate. 15
Over | yi n@1siapagicteaibosinien puciegd 4Bstizse Hlhadndn ohayenog Z8patikerg. , a pre-preg

material ). Underlying capacjitor structure 150 is adhesion 185.

Orerl yi ik i nagf EbRet gt f b i 2 dr S AR TaE R YN0 adhesi on

| a%'er 183% Epabitr :slducﬂﬁehﬁiyelﬁlﬁécﬁl@d thé;l@hzeﬂa@ﬁbidoaMﬂrctureﬂ.V@ addagdhasi on | ayer 185
act as adhesion layers to the overlying and und i ng bujl d- I 176
And 1136 HEEBARR PP Sry o EA OB 0] Syorr T s eracaeefey | Copper 20
traces) fQLub@herab id &raNghat tQPsRh £ ANdR&Y iRRIdNS: hetdee ridbeed 10 and
package substrate 101, and package substrate 101 and rinte% circuit board
130, resgpécrl.wbpyallefiee-pegi dhisrayEV s 81 CR& TSP APt BIFeBEcd Wers, 185,

150, 160,14 R&Q”ﬁiﬁy"- r &f¢ : Y : i >
ImtHrac sybiSml €H&L e dadaBicias ek fe)abtcphidd el aRaacicge e 120.
[ 0016] |gur€ 2 shoms 5 magni fi ed JiEMIO? a port%on of fuﬁctignal core 120.

Funct i onalistra2Batbortean 59 ckpeplagasnieppe: Bust 4e dior80 "amdcias FHg 4t hi ckness,
I'n gge mﬁgﬁlg@ﬂ;ﬁcit&'@trﬁ&ﬁrc 140 is adhesion layer 175 (e.g., a pre-preg material),
Underlying capacitor structure 150 is adhesion layer 185. Overlying adhesion layer 175 is
build-up layer 176. Underlying adhesion layer 185 is build-up layer 186. Adhesion layer
175 and adhesion layer 185 act as adhesion layers to the overlying and undetlying build-
up layers 176 and 186, respectively. Bach build-up layer includes lraces {e.g., copper
20  traces) for lateral translation of contact points between die 110 and package substrate 101,
and package substrate 101 and printed circuit board 130, respectively. The region made
up of the combination of layers, 185, 150, 160, 140 and 1735, is referred to herein as

functional core 120.

[0016] Figure 2 shows a magnified view of a portion of functional core 120, Functional
25 core 120 includes core substrate 160 and having a thickness, in one embodiment, on the
order of 200 microns (Hm) to 700 um. In another embodiment, core substraie 160 has a
thickness on the order of 200 um to 300 pm. In one embodiment, core substrate 160
includes core 162, such as a glass-fiber reinforced epoxy, and shell 165, such as a silica-

particle filled epoxy. In another embodiment, core substrate 160 includes only core 162.

30 [0017] Capacitor structure 140 is connected to one side of core substrate 160 (a top side as
viewed). Capacitor structure 140 includes first conductor 210 proximal to core substrate

3



order of 200 mcrons (pn) to 700 pm |In another enbodi nent, core substrate
160 has a thickness on the order of 200 pmto 300 pm In one enbodi nent,
core substrate 160 includes core 162, such as a glass-fiber reinforced
epoxy, and shell 165, such as a silica- particle filled egoxy | n anot her
embodi mentYO ¥8¥% Wibstrate 160 incl udes only core 162FCE§S8U%H2 capaci t or
structure 140 is connected to one side of core substrate 160 (a top side as
vi ewed). Capacitor structure 140 includes first conductor 210 proxinmal to
core subftandseosd WndRO062T4 PigesEOE! 38 HO05HTBTE2E O a8hsesael second

conduct ang&30. 5P 008l BRIBORo! Lk ARAUALS) KA Adgsand conductor

230 is dielectric mater tor struc ure IS connected to an
opp05|t@msmaembmfc@t@u5ﬂb®ﬁﬁ@ﬁéxm6mSﬁaszWM©ﬁMmd@@sa§nvﬂ@med) and has a

sim | arconﬁgr}%&'/ercif%tcﬁge%lg mgtena s%gsteii 'bgtwrr% &ld 8 Bdu%'tos %O%ﬁ%x 9 tvveen t wo

conductors capaci PUCtur capac 8r structure 150
of ﬂunahpmm@iﬂﬂmnmeniﬂhm@@npsn@eaummmpéebfﬁn&ﬂd@&oﬁﬁdﬂ@@xﬁﬁ&ﬁ substrate 160)

i s adhesjion |ayer 175 an on layer 185 _ respectivel de of, for
o SPegme oS b i B R R a0 1Pt AR B nese on e
order oksphftiwelGHAAS of PiexhifpldQnpaanBuhd:chlipnd Ry RE alitpraasstatnd | d-up | ayer
186 of Figure 1 would be deposited aon these adhesian As not ed

above, PIEIEOOBUF PHICIAL [AFERES ) PROHIes  Kagae St COHIE Boi nt s to

connectjaRag K@Qﬁb guﬁsj #8418 bk QciRsite@inRhRE adlicBioANGek 0 A& MtbdiiRAe Ghé CUi t board,
respectively. In one enbodi ment, first conductor 210 and second

con ctlblﬁldz@d%f% r%}blael.u%vaceg%fﬁ&@ﬂ@?@@ﬂﬁﬁﬂé@%ﬂ@é ekppesyate htluct i ve

mat e | alyip Suid #lE o FRhRLLALS: el MRl are not limited to, anickel or
a copper material. In one embodi nent dielectric material 220 is a 15

ceram c _material having a relativel h dielectric constant (high-k)-
Repr es it N@P%/le&’d”ﬁ?ltjhﬁl}?t PRSI éﬁlo KeWECARTE et S T £PPATHY ng a

di el ectyi6rufeOndta@ tic@ieat] 51%01%6{% 1@51311@08&1@1{)101)1@&9145 Suintbhe arafgrial s for
dielectric material 220 include, but are not linmited to, barium titanate

( BaTi C3ymilagde aniviet Ploheapins Pt habiene cpRodineyt. dielegyic maEriak428at f um ti t anat e

(ST QBkramic material having a relatively high dielectric constant (high-k). Representatively, a
high-k material is a ceramic material having a dielectric constant on the order of 100 to
1,000. Suitable materials for dielectric material 220 include, but are niot limited to, barium
titanate (BaTiOs), barium strontium titanate ((Ba, Sr) TiO3), and stroritium titanate

(S¥Ti03).

20 [0019] In one emboediment, capacitor structure 140 includes first conductor 210 and
second conductor 220 having a thickness on the order of 20 pm to 50 pum, and dielectric
material 220 of a high-k ceramic material of a thickness on the order of 1pum and, in
another embodiment, less than 1 um. Capacitor structure 150, in one embodiment, is

similar to capacitor structure 140.

25 [0020] In the embodiment of functional core 120 shown in Tigure 2, capacitor structure
140 includes overlayer 240 on second conductor 230. Overiayer 240 is an optional
electrically conductive layer that may be used in an instance where second conductor 230
is a material that may not be compatible or may be less compatible with materials or
processing operations to which functional core 120 may be exposed. For example, in one

30 embodiment, second conductor 230 is a nickel material. To render ftinctional core 120
transparent to subsequent processing operations or compatible with materials to which
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20 [0019] In one enbodi nent, capacitor structure 140 includes first
conductor 210 and second conductor 220 having a thickness on the order of
20 pmto 50 pin, and dielectric material 220 of a high-k ceram c nateri al
of a thickness on the order of I [pmand, in another enbodi nent, |ess than
1 pm Capd@ ¥PH¥H&B? ucture 150, in one enbodinent, is PSTHPY&YY3{BC capaci t or
structure 140. 25 [0020] In the enbodi nent of functional core 120 shown in
Figure 2, capacitor structure 140 includes overlayer 240 on second
Cﬁnducfmcticﬂﬁﬂcor?llm hay b ex@4@di svednyco p#0 srabppeehatenic Repysatnidealst i ve | ayer
t hat may_ he n_an instance. I o ) - 30 is a materia

t hat nﬁ%ﬁﬁﬁ?g%g”égﬁﬁ%¥T%Wémgfaﬁ%%Q%@%Pggggggﬁgggggﬁgg&F%h materials or
processi ng operations to which functional core 120 nay he exposed. For
exanpl &021inFigne: 3¢oerzodintent! cogbedrdvicontuding threggh fenctonl ekel mat eri al
To ren functianal,.core 1 to Nt essin

oper at § o r a3 Bital iR pa AR R R B RE 22 a0

PC17 us 20QI8¢03 762550 dreisiettiiciialconbicevca@emady(chee cegpesadilvayef dudylde 240 is a

copper terial. Representatively, overlayer. .24 Lf_pl

hF Cknal G PriorbrRes DaPVE ey Minee iR e M GE o T 12 ki BV ous o number - of
cogduCE$MQmM§ggn@Nhﬁ%dﬂm@cbh@ﬁqgms&uﬂeﬂubﬂﬂﬁgn@ﬂe.Iﬂﬂﬁshﬁﬁmmen surface 280
and surface, . _Representative conductive via 250 i i
360 ar EoRhSEErTLA P comat Ve tir St ane e R SRR ARl or © V'
sui t abkgsuh86,iahY cAfdckS seRNeqs@ ¢ dhaudpioveis 950 HDOLETmaphs metlapaj nts of die
1 10 (e.g., through conductive bunp |layer 125 to contac ads on die 110
of If guherefpsiredniToRiPeIphAleRPac RGOS 18 A Fapagitpr %fﬁl‘}“l{'%ﬁﬂﬁl&i ve via 260
ext end g f.hr.ouah, caRacktiPmagtiruct ure 140, core substrate 160, and capacitor

structure 150, Conductive vias 250 and 260 may be insul ated, to where
desired, fromportions of capacitor structure 140 or capacitor structure
150 by [008FlcBipaEe D53 BPIaFEY & (R R e 485 SUOSHAE ST UFES3 presents a
pr ocesgufsphie 196.MNG e 3PBGKRIC cHUBEN ERicRure SHBRs Bf pgakiegerugmdstoat e 120. In
one enbodi ment, capacitor structure such as the caBacitor structure 140
and capacitor structure 150 are formed and then separately connected to core substrate
15 160. Figures 4-8 show formation processes in connection with portions of the process

flow described in Figure 3, notably an embodiment of forming a capacitor structure.

[0023] In one embodiment of forming a capacitor structure of a package structure, a sheet
(e.g., foil) of a first conductor material is provided as an initial substrate.
Representatively, a sheet (e.g., foil) of nickel having a desired thickness is provided.

20 Representative thickness are on the order of several microns to tens of microns depending
on the particular design parameters, In one embodiment, the nickel sheet would be a
standard rolled or plated nickel sheet. The dimensions of a sheet suitable as a first
conductor may vary depending, for example, on the requirements of board shops involved
in their production. For example, it may be desirable to process a sheet having a length

25  and width dimension on the order of 200-400 millimeters from which a number of
capacitor structures can be singulated. Individual capacitor could have sizes varying

between silicon die dimensions to subsirate dimensions.

[0024] Directly onto a surface of the first conductor, a ceramic material is deposited as a
green sheet dielectric material (block 310). Representatively, ceramic powder particles

30 may be deposited onto a surface, including an entire surface of a first conductor sheet or

5



and capacitor structure 150 are formed and then separately connected to
core substrate 15 160. Figures 4-8 show formati on processes in connection
with portions of the process flow described in Figure 3, notably an

enbodi ment of form ng a capacitor structure. [0023] In one enbodi nent of
form ng a“ayae?'sP structure of a package structure, P&TSREEYIHH g, foil)
of a first conductor material is provided as an initial substrate.
Representatively, a sheet (e.g., foil) of nickel having a desired thickness
i s provifdedn o0 ciRbpdimsenit atdesesditbichnetdearelsger dfheghdrdarridhageyer al

m crons t eas f cr.ons de endi n on _the ) ar design paraneters.
I n one &H@%ﬂ Ighéﬁﬁp%ﬁgvIéﬁgQW%Wbdﬁ%l%%UQ&SHHH%&naVE%%IIed or plated
ni ckel ghegter o?ﬂtﬁb dHigrensi DQ[]En 190, 3au18 healcpssid abtie fas candiutwsliayeicdnduct or may
vary dependi ng, for ex on the ui.rements of board shops invol ved
o el Risatiep B FOFCaXERIRS Sl R b s SETE TS Bcbss. . sheet
havi Bg %nhl@é?%ﬁnﬁép@nﬁl Wirgdi&s b TEnSH ORoRahibe, t@ﬁﬁlﬁfa@lec&ﬁ@h@@ﬂ mllimeters
fromwhi ch a nunber of ~capacitor structures can be S|n <ﬁ§ﬁ | ndi vi dual
sio

capaci t 6?"1%&FTHCIWSV@“%%%@‘\%WHH@ to Gt {Re &HIS T IRSA g‘d‘i“eS ns to

substrat‘ngn(giﬁdg@gﬁ{n%qgmElgqgélgppgrﬁ@g%tIy onto a surface of the first
conductor, a ceramic material i's deposited as a green sheet dielectric

material (block 310 Represe tativel erani.c articles 30 may be
deposi té@g@npﬂa“é@&ﬁ&‘f‘ﬁéémtpﬁéﬁ émaﬁa%ﬁfﬂeﬁ% ?Oé]dg‘d{’)lf‘ggg 8¢ FaPst conduct or

sheet Okckd VR 20R4 104if2 83 cPLE0 JrHRROARAO 3L G2Brfade @t tirst $dhdadier AWedi nent, it

is desired to forma dielectric |ayer of hlg}h k materlal havi n

t hi dRnes® Bfaehe Bevrd) Jéifonbﬁ’élb?ﬁlﬁlﬁ%fﬁm‘%bl?“é‘ﬁl repoud igaed |"&‘i]é’§gﬁnavi ng an
average b%'umttﬁ'éte wﬁé}%d@i'{zgﬁsr m%f ded tcﬂ%‘oﬂﬂé 1 0ifsidn PR cBvadgpesi ted on the

first conductor ye I'n anot her enbodi nent, where a thickness of a
di el ect rllll@llyaggelrlclwé fq1 a@sd thersapn-tmle-fepeviish OvalEmmb B EEREs e pbiRler
particles are utilized. For exanple, to forma dielectric layer having a

t hi cknegg2en Fidige 8H8Hs Blicrel3BMiliQendc P, 430Na1iNS haviangcaigrai n si ze of
30 nanoneters (nm to 40 nm are appropriate. [10025 Figure 4 shows

st r uct urcenstps (i dealip: cEPeiteqd prEiEEHuITo Srorumio 1ge! 43051 seRupliekn a

15  one embodiment is laminated on underlying Ni paste layer 420.

£0027} Figure 6 shows structure 455 similar to structure 425 shown in Figure 4, including
second conductor (e.g., a nickel sheet or foil) 440 having layer 450 of nickel paste formed
thereon. Nickel paste-nickel foil laminate 455 would be subsequently laminated on top (as
viewed) of structure 435 in order to form structure 475 in Figure 7. In one embodiment,
20 following lamination, structure 475 is thermalily treated to burn-off organic contents.
Representatively, a thermal treatment would involve a temperature range of 300 to 500°C

for a duration of between two hours and a day.

[0028] Referring again to Figure 3, following the formation of a high-k dielectric material
between conductor materials, the composite structure is subsequently heat-treated in a

25  reducing atmosphere in order to densify (e.g., reduce the surface energy of) barivin
fitanate green sheet and nickel paste layers simultaneously. Once this heat treatment is
completed, the product will have sufficient strength for packaging and handling purposes,
and will have sufficiently dense microstructure, with very little amount of porosity,

resulting in a ceramic having a high dielectric constant. Figure 7 shows composite



ni ckel sheet or foil having | ayer 420 of nickel paste on a surface of first
conductor 410 (a to top surface as viewed). |In one enbodi nent nickel paste
| ayer 420 of Figure 4 will have bariumtitanate powder additions in order
to provide a adhesion | ayer between the wunderlying nic and the
soon- t 0- b&FEHHET8d overlying bariumtitanate green é%ﬂ@%m“mfaﬁﬁ6] Fi gure
5 shows structure 435 with ceramc | ayer 430 having a high dielectric
constant (e.g., BaTi G3) deposited on structure 425. Ceram c |ayer 430 or
green stheetrcids bbludng cerbidiaperto ispésadbaatedinronddtr My ny! Myepast e | ayer
420. { I i gu 6,sho st.r e 455 simlar to structure 425 shown in
Figuregg&E&ﬂ@ﬂ%ﬂ%@dmdé%@m%HN@Sﬁ@u tor (e.g., a nickel sheet or foil) 440
havi ng | ayer 450 of nickel paste forned thereon. Ni ckel past e- ni ckel foi
| ami naf@245 Folwuihghdetrsupssaghie ntcipd oaliguae drogidet bp qpasr bethewed) of
structure 4 norder to form.str n one
enbodlﬁﬁﬁi mﬂHFﬁ%ﬁ% g9 WL GHe mn{$ﬂ§¥&mgcﬂgggH% %F%ally treated to
bur g- Offﬁglﬁt Banbes COBRENSS. wheRepoes it &yiessdlaye bean tidsl;e»mltmil ontimeatche nt woul d
invol ve a tenperatu ran f 300 ti 500C f 4§0 iration. o tween two
nour s SRR SR i0bmET o 6B ot oo PR S Rbpfdafhs Fhe
f or mat 'afbrﬂegt)m@d hh oh: &niﬂjd@n@ﬁti[lio@glﬂalz(ﬁfdhﬁls delia:elhwee%be@]mdm&bmcl materials, the
conposite structure is subse ntly heat-treated in _a 25 N9

éd {& of ) barium

at mos pPRYEE 484 a5 465 1% S RHET ¥ depasifyd on resgerlive fi sois FuiEBr I

titanabgg 868N 5Ha80 bﬁ@l@{,’tmpﬂ%ﬁﬁlg pagice ol AWSES 480 zmulztpanawswq Once this heat
treatnent i's conpleted, the product wl] have suff|C|%nt stre th for

padRagilHgkardHARIPIR Afay sosens Alkwertiiel 2 VY 180 PR PEdPIFd

m cr O_Stdléﬁﬂh%rg%oply& Hal leVﬁEMdmgt:Mﬂ%I ARUAL ar@fsinR@me Siet¥iste. resul ting | n a
ceram c ‘havin di el ectrlc constant. Figure 7 shows conposite 6 WO
2006/ 047189 PCT/C82005/037626 structure 475 |nclud|ng ceram c |ayer 430

di spos 3Bk Grirs cpalingmay e dGEBl gk g CRRATEST SEUBHe UANFPACHL8r 440 and
second :;E&@%t ?A‘bccﬁégg OIBCQQ.%%]; Ld: Ohi l:l@M\ﬂc RgpeatsuiifieabieRtpacitdesstdad of Figure
3 provides that one or ﬁﬁ{ 410 and | ayer 443 are oated with a
di f f er ety bslcapased-chl llwe@ﬁm‘elﬁﬁw@g ucior 450 are

15 anickel material, for example, it may be desirable o coat an exposed surface of the first or

népq:taq 410 and sccond con

second conductor with a copper material.

[0031] Referring to technigque or method 300 of Figure 3, the capacitor structure may be
attached to a core substrate, such as an organic core substrate as discussed above (block
350). In the example where a copper layer overlays a conductor, the copper surface may
20 need to be roughened (e.g., by etching) in order to enhance lamination. The capacitor
structure may be attached to one surface of the base subsirate. A separate capacitor
structure formed in a similar manner could be laminated to another surface, such as shown

above in Figure 2 and described in the accompanying text.

[0032] Following laminating of one or more capacitor structures to a core substrate, the

25  package substrale may be patterned (block 360). Conventional patterning operations, such
as mechanical drilling, drilling via holes in epoxy with laser, lithography and copper
plating operations used in via formation may be employed. The capacitor structure may
also be patterned to form individual capacitors. A complete organic substrate may be
formed by adding build-up layers of an organic material (e.g., epoxy or glass particle-

30  filled epoxy) onto the substrate.



5 Figure 8 shows structure 495 where two copper |ayers have been deposited
on top and bottom surfaces of the structure 475, respectively. Copper

| ayer 460 and copper |ayer 470 are deposited, in one enbodinent t hr ough
el ectrol ess deposition. Subsequent copper |ayers 480 a
subsequenNF&”H&%%@nted on respective surfaces of copp@?”ﬂ%?gﬂmigﬁ and
copper |l ayer 470 by el ectroplating. Copper overlayers 480 and 490 may have
a 10 thickness on the order of a few mcrons. Alternatively, a copper |ayer
may h d0636t ribd abyve ddepptirt is megatebipp@ommpestapadive baging widpperckpea ticl es and
sintering.the to make the
capaci ts(t)lgsi al}elﬁugltndﬁaélef:glg 1;09%1}&5%?8? i ﬁ't t%%'fcﬂ%'le oIbcel gczlz)lsgllﬁgl]giper ations to

whi ch mheumamﬁm;hmhaskmnaMﬂnenngb¢h@&pagkggmL$ubmmmamé® ﬂﬁy be exposed. In
t he exaggp retflrst conduct or q g}{% L sonduct or le re 15 a

ni ckel EWF%‘”mfSPa€%g38V§C&V¥Cﬁ§§dB@\”c% WaBTI’ 4'°coa xposed

sur fsac ga@iks ﬁzbaeﬁdsﬁtﬁi onQdairics €eRRANE tundl lhGtedrio Whd dnoghee Qpﬂe.ﬁs 1l’rBsz1éﬂtlbail [ 0031]

Referring to techni que or nethod . 300 0 g he capa itor. structure
may be MAW{achREg “1“6“ BYFSFRMIG HORLRTS U\’éﬁgﬁ E%Steé‘a tB?& dé’gpgssg’dbst rate as
di scusseeh ahav@o{RAtadds ar8Bhed lirect heoex@mlbogiewher e a copper |ayer overlays
a conductor, the copper surface may 20 need to be roughened (e.g., by

etchin in _order to enhance |am.nati The ¢ tructure may be

at ¢ achdboid 1oke T fug Bt BHSR elBener bt wi PR S B Cor

st ruct Un&edOnimga, hdwedes bOtdiddnt ﬂﬁﬂ*ﬂﬁﬁmmﬂbcﬂﬂbe@whaﬁﬂm&@gi% hayasatder surface,
such as shown above in Figure 2 and, described. in tPe accongagilng t ext.
[0092] FoFiooviRY: %wfiﬁ%{lpﬁghfb*fmwé BHIBH &°PaPALFIIOVERS Hét to a core
substr 395)@011”1& A6n 4 PAGH2IReSHBSHMALE (FBY iR Ratl &f med (bt atler 360). o
Conventional patterning operations, such as nechanical drilling, drilling
Vi a hoHé@“ﬁﬁ@éﬁbﬁy with laser, |ithography and copper plating operations
used in via formati on nay be enployed. The capacitor structure may also he
patterned to formindividual capacitors. A conplete organic substrate may
be forned by adding build-up layers of an organic material (e.g., epoxy or
glass particle 30 filled epoxy) onto the substrate. 7



WO 2006/ 047189 PCP/ US2005/ 037626 [0033] The above description is rel ated
to formng capacitor structures within package substrates. Siml ar
techni ques may be used in the formation of capacitors in other
environnments, such as in printed wiring boards (e.g., printed circuit
boards). The techniques described avoid a processi ng operati on whereby
ceram ¢ and conductor powder 5 pastgssjaie deposited on carrier sheets and
| am nated to one another (such as in traditional manufacturing nulti |ayer
ceramc capacitors (M.CC). Instead, the ceram c and possibly both
conduct or. t.er re forned dlrectly on one another. [0034] In the
precedlnde%fapﬁ%d§H35crlptlon reference is nade to specific enbodi nents
thereof. It will, however, be evident that various nodifications and
changes may be nade 10 thereto wi t hout departing fromthe broader spirit
and scopd-of thBeHed|8RiPHg 8l ai ns. The speci fication and draw ngs are,
accordingly, t mla% e&@'ﬁgﬁqndt@uc nd1't<,<, ly%tnrgtu hte of ALAIEN cdfadBi & mheShf 1 ctive
sense. 8 CLAI | al me hod conprising: formng a
ceram c man$meLadnmetmhwueh a sheet of a flrst conductive materia
conprising a qjckel naterlal fornlnq @ ﬁfond conductive material on the
i'dl terh

ceranmi c mat er i GMMEAGECT FPRAYGYC ITHES SRRl i coating at

| east one of qnﬁﬁﬁggﬁggmgyﬁggﬁemgftkhe first conductive material and an
exposed surface of the second conductlve material with a copper material.

2. The nethod<oﬁmnﬂaHWhROHMhEWeLHth@%wéeemdﬂeoh@be@ﬂbeﬂw%ﬂeﬁ¥@lmﬁb a paste
and & _cqndii.on Lol S SLLag Lhe, seram e LGl 8l conuprLe the paste to a
Film 3. MREPHel RSO ARSI coldar Aras “” ( Pri s€s”plating the
copper material. 4. The met hod of claiml, mhereln coating conprises

dep05|t|ng a copper paste
The method of claim 1, wherein the second conductive material 1s a paste and

a condition for sintering the ceramic material converts the paste to a film.

3. The method of claim 1, wherein coating comprises plating the copper material,
4, The method of claim 1, wherem coating comprises depositing a copper paste

comprising copper particles and sintering the copper particles in the paste.

5. The method of claim 1, wherein the first conductive material, the ceramic
material, and the second conductive material comprise a composite structure and the

method comprises coupling the composite structure to an organic substrate.

6. The method of claim 5, wherein the composite structure is a first composite
structure coupled to a first surface of the organic substrate and the method comprises
coupling a second composite capacitor structure to an opposite second surface of the

organic substratc

7. The method of claim 1, whercin sintering the ceramic material comprises

sintering m a reducing atmosphere.



conprising copper particles and sintering the copper particles in the
paste. 5. The nethod of claim1l, wherein the first conductive material, the
ceramic material, and the second conductive nmaterial conprise a conposite
structure and the nethod conprises coupling the conposite structure to an
organi c substrate. 6. The nethod of claim5, wherein the conposite
structurg, i s ahtihsho® ¥MPEht €, whbfcUCHW Er¢Qdpd@divt Om@efiblr sdmsisef ace of the
organi ¢ substrate and the method conpri ses poupLinq a secon& conposite
capaci t otk wdtaud éha wean! epgesi teandacydrampuseacRiclhE Pate mabygani ¢

substrate. 7. The nethod of claim11l, wherein sintering the ceramc materi al
conprises sintering in a reducing atnosphere. 9 S. The nethod of claim1,
wher ei n ©he filhstmabnduftliaie Iratherdi@thcconpnicsiastedal nisck dlicidnesd cratid: t he
second conductjve material conprises a nickel paste material. 9. The net hod
of cl ai molder Rhepeian PRRMEEPANi ¢ naterial has a thickness on the order of

| ess than one mcron. 10. The nethod of claim1, further conprising plating
ni ckel material to forma nickel foil material. 11. The method of claim
10, furthér cdipmighmyosclhgullatiimger tchmpcdemgmilaingatiekéiahgterizlite Himst

conducti ve ,% rial, and the second conductive material. 12. The nethod of
cIaLn11,“FﬁgE gﬁ“%@ﬁﬂrising rolling nickel material to forma nickel foi
material. 13. The nethod of claim 12, further conprising singulating the
ceramc material, the first conductive material, and the second conductive
mat eri al 1114, Thhengtkacheliclafm ¢0.afunhar conprisiier siogplitsihggetaonainmgeslt hin-fil m
conduct | 0% ety ST IR Kot G e Fsrithg. o ceram ¢ material
directly on a sheet of a first conductive materi al

12. The methed of claim 1, further comprising rotling nickel materiat to form a

nickel {oil material.

13. The method of claim 12, further comprising singulating the ceramic material,

the first conductive material, and the second conductive material.

14. The method of claim 1, further comprising forming a thin-film capacitor from

the ceramic material, the nickel material, and the second conductive material.

{5. A method comprising:

forming a ceramic material directly on a sheet of a first conductive material
comprising a nickel material;

forming a second conductive material on the ceramic material so that the
ceramic material is disposed between the first conductive material and the second
conductive material,

thermal processing at a temperature and a duration of time sufficient to sinter
the ceramic material; and then

coating an exposed surface of at least one of the first conduciive material and

the second conductive material with a different conductive materiai.

10



conprising a nickel material; formng a second conductive material on the
ceramic material so that the ceramc material is disposed between the
first conductive material and the second conductive material; thermnal
processing at a tenperature and a duration of time sufficient to sinter

the ceramic material; and then coating an exposed surface of at |east one
of the filtst éﬁmdudmb&@fmumeriaMuaadllehéﬂseﬁomdcmdeunmLMQcnmnﬁhtal with a
di fferent conductive naterjal &6 The net hod of claim1, wherein the

di f f er ent““ B4t PPVB%ﬁQPB¥V&1ﬂd@ﬁp’F§8§“”@8ﬁﬁé and coating conprises
plating the copper material. 17. The nethod of claim 15, wherein the first
conductive material, the ceramc naterial, and the second conductive
naterial160npfﬂ@eﬂﬁheéﬁﬁ0%$ne %tw@mtmr@edhdiMh@udheuh@@ﬂchprb@@@ﬁcoupling
t he conposi,te,str re to a ubstrate. claim
17 wher dritHeh b SERed kAl IR B RIS Tesisa SR a6e e coupl ed
to a firsheissll aggief (,@Lhﬁ?mgr{ gasirgpsHb stk 1@bsl ofdagicrbiiage. conpri ses
coupling a second conposite capacitor structure to an opposite second

surface of the organic substrate. 19. The nethod of claim 15, wherein the

first Corl%UCt Il\fl% Fﬁ]’l&q f"chﬁﬁ”ﬂ?r lV%lSl%f(l &wryog]ﬁ)%kstc a{LILiLﬁ'qu ég‘?qt %ﬁl?ﬂgl

conductive materi t%od of
cl ai m 15 strudrercedompldieo @e{h@mx@f‘qﬂabénmﬂx galnﬂs sabstihicoledebs nﬁfho’fdhfbm}ﬁﬁéker of
less than one mcron, 21, The method of claim15, further conprising
formng &CVMI-4 PICAIE APREPY GreaPhs BisHE UK A PPREeTscand syrhse o dige|
naterlalwngﬂq:ulghﬁgcond conductive material. 22. An apparatus conprising:
a first electrode conprising a nickel naterial; a second el ectrode; and

9. The method of claim 15, wherein the first conductive material comprises a

nickel foil and the second conductive material comprises a nickel paste material.

20. The method of claim 15, wherein the ceramic material has a thickness on the

order of less than one micron.

21, The method of claim 15, further comprising forming a thin-film capacitor

from the ceramic material, the nickel material, and the second conductive material.

22. An apparatus comprising:

a first electrode comprising a nickel material;

a second electrode; and

a ceramic material between the first electrode and the second electrode,

wherein the ceramic material is sintered directly on one of the first and second
electrode,

wherein at least one of the first electrode and the second electrode comprises a
composite of a first film and a second film, the first film disposed between the second
film and the ceramic material, and

wherein the first {ilm comprises nickel foil and the sccond film comprises a
nickei paste.

11



a ceramc material between the first electrode and the second el ectrode,
wherein the ceramic material is sintered directly on one of the first and
second electrode, wherein at |east one of the first electrode and the
second el ectrode conprises a conposite of a first filmand a second film
the first filmdi sposed between the second filmand the ceramc material,
and wher ei3n th@ctﬁp&hukkﬂhﬂﬁ@m¢aieﬁmgmhﬁkéhuhmkmoaadntheuﬁﬂoﬂmmoiLIm

conpri ses ? ni ckel . paste, 23, The apparatus of claim 22, wpereln t he
first el d8fr§geccripi §@€6Wﬁ‘éW€&FPo@éﬂ’“dﬁﬁ YREEer A aPpRtys éﬂ1@onpr|se a
capaci t o, oﬁ%kﬁﬁ Y Ui op LAR ARRAKAL Yol LRE cap L HTPT h%t % ?sn 0915 Hanis o
substrate int e capaC|to? struct ure s couple surface of the
or gani ¢ subistercditles orgdnic Thistrafgpar at us of cl ai m 23, mhereln the capaci t or
structure is a first capacitor structure and the apparatus further
conprises a second capacitor structure coupled to an opposite second
surface ok theherganhts MRES5HEE® widRin T@c@@cﬁﬂﬁ %EH&L;FBC is¢d BlsedAciiwher ein
the ceramic material conprises a film thickness on the order of one

m cron. 28udmr¢emdr$beﬁancu@ubfuldicancnmesuswhsmcemchcctmeitcam@azlcanusombcrrbm ses a
package u arat.us Ia|n122 wherein the first
eIectrode§05H3“§e§5W ﬂ@%?%gp méﬁ@ﬁd“@ﬁ@ %eramc material forma thin-film
capacitor. 12

25. The apparatus of claim 22, wherein the ceramic material comprises a film

thickness on the order of one micron.

26. The apparatus of claim 23, whercin the apparatus comprises a package
substrate.
27. The apparatus of claim 22, wherein the first electrode, the second electrode,

and the ceramic material form a thin-film capacitor.

12



